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History and Predecessors

The UML is the “lingua franca” of
software engineering.
1870 | Objectory SADT SARA 1994 | umL0.8
It subsumes, integrates and 1995
consolidates most predecessors. e 199 | UML 0.9
1980 '
00SE 1997
Through the network effect, UML has a OMT 1908 | umL 1
much broader spread and much better Y e
support (tools, books, trainings etc.) 1990 _
than other notations. 009F P93 oppTrga 2000
N oL JyLos 2000 | s
The transition from UML 1.x to UML 2000 2002 1 L 1.4
2.0 has / umlRT 2003 | ymL 1.5
- resolved a great number of issues; Mz 2004
- introduced many new concepts and 5519 Y 2005 | UML 2.0
notations (often feebly defined); Y UML3.07 Y
- overhauled and improved the
internal structure completely.
While UML 2.0 still has many problems, current version (“the standard’)
it is much better than what we ever had formal/05-07-04 of August ‘05
before.
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Usage Scenarios

UML has not been designed for specific, limited usages.

There is currently no consensus on the role of the UML:

- Some see UML only as tool for sketching class diagrams
representing Java programs.

- Some believe that UML is “the prototype of the next generation of
programming languages’.

UML is a really a system of languages (“notations”, “diagram types”)
each of which may be used in a number of different situations.

UML is applicable for a multitude of purposes, during all phases of
the software lifecycle, and for all sizes of systems - to varying
degrees.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Diagram types in UML 2

UML is a coherent system of languages rather than a single language.
Each language has its particular focus.

Structure

Behavior

Class Diagram

Composite Structure Diagram
Component Diagram
Deployment Diagram
Package Diagram

Use Case Diagram

Activity Diagram

Sequence Diagram
Communication Diagram
Timing Diagram

Interaction

Interaction Overview Diagram
State Machine Diagram

static structure (generic/snapshot)
logical system structure

physical system structure

computing infrastructure / deployment
containment hierarchy

abstract functionality

controlflow and dataflow

” o message exchange over time
S S
'ﬁ a S structure of interacting elements
o O : .
5 E O coordinated state change over time
el
@ : :
S E‘ flows of interactions

event-triggered state change
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Diagram types also depend on their usage

Each diagram type may be used in
a multitude of settings, for each of
which different rules and best
practices may apply.

For instance, class diagrams may
be used during analysis as well as | |
during implementation. B C

>

During analysis, this class diagram
is bad, or at least suspicious.

During implementation, it is bad if
and only if it does not correspond
to the code (or other structure) it
is used to represent.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Internal Structure: Overview

- The UML is structured using a metamodeling approach with four layers.
- The M,-layer is called metamodel.

- The metamodel is again structured into rings, one of which is called

superstructure, this is the place where concepts are defined (“the
metamodel” proper).

. The Superstructure is structured into a tree of packages in turn.

‘ Classes
-~ "\.

” ~
M,  Meta-Metamodel MOF ~ o7 Va

Composite Common
------------ StFUCtUFeS Behaworﬁ

7 AYN
M,  Metamodel UML ;I\ L : I ~
Fd
____________ Components Activities || Interactions State UseCases
Machines
M;  Model AAA vy X
| |

------------- Deployments' Actions
M, System

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Internal Structure: Layers

M, EBNF Meta Object Facility (MOF)

Metamndel

Unified Modeling Language (UML)

IM | Metamodel | Java grammar | Common Warehouse Metamodel (CWM)

a Java program Albatros Air Autopilot |

an execution of

a Java program

a runtime state in
a deployment of Albatros Air Autopilot

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Internal Structure: Layers

Meta-

2 Metamodel

Class

«instarWeof,I Wm%

Attribute Class InstanceSpecification

Metamodel

My

m:Movie

A

Hitle:String

L

«instanceOf- «instanceOf-

Movie | :
+itle="Fight Club" +itle="Fight Club

Mo System

I I I 'y A I
«instanceOf» /mtanceOf» «instanceOf>

Movie - "
IM‘I Model I snapshot I

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Internal Structure: Rings

Profiles

UML

Core

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Internal Structure: Packages

Composite ‘ Common
Structures i
- Behaviors v

-

A\ TN N
! AR -4 ' 4Aa' 2 A 000
Components Activities | | Interactions State UseCases
Machines

A A

I - |
‘Deplnyments Actions

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

1 - Introduction

Diagrams and models

diagram name=---<_
\

_ \
(pragmatic)-” “gg :
Example

diagram kind

Flight

Passenqger

diagram
(concrete syntax)

represent

instanc

present

amodel

model
(abstract syntax)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML is not (only) object oriented

A popular misconception about UML is that it is “object oriented” by
heart - whatever that means.

It is true that

- UML defines concepts like class and generalization;

- UML is defined using (mainly) a set of class models;

- UML 2.0 rediscovers the idea of behavior embodied in objects.

However, UML 2.0

- also encompasses many other concepts of non- or pre-0OO origin
(Activities, StateMachines, Interactions, CompositeStructure, ...);

- may be used in development projects completely independent of
their implementation languages (Java, Cobol, Assembler, ...);

- is not tied to any language or language paradigm, neither by
accident nor purpose.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML 1.x vs. UML 2.0

UML 1.x UML 2.0
Collaboration diagram - Communication diagram
ActivityGraph is a StateMachine . Activity is a Behavior (“Petri-like”)

New features in UML 2.0

Activities: exceptions, streams,
structured nodes, ...

traverse-to-completion
Timing diagram

interaction overview diagram
composite structure diagram
interaction operators
collaborations

Other novelties
Detail changes everywhere
New overall structure

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML 1.x vs. UML 2.0

UML 2.0 has several advantages over UML 1.x:
- many powerful new concepts

- much better definitions (i.e. semantics)

- improved internal structuring

However, even though UML 2.0 is much better defined than UML 1.5, the
state is still not satisfying, e.g.
- syntax

- overloaded notation: too many synonyms, too much sugaring,
- lack of notational orthogonality, some people don’t even want this,

- semantics
- lack of precise semantics: informal, unclear and contradictory definitions,

- pragmatics
- lack of methodological basis such as model consistency conditions, usage types etc.

Still, it‘s the best comprehensive (“unified”) modeling language we ever had.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Wrap up

UML is the lingua franca of software engineering.
It has many problems, yet it is better than anything we had before.

It may be used during the whole software lifecycle. UML may help to
plan, analyze, design, implement, and document software.

The UML is structured
- by a 4-layer metamodeling approach
(My: system, M;: model, M,: meta model, M3: meta meta model),

- the metamodel is structured into 3 rings
(infrastructure, superstructure, extensions),

- the superstructure is organized as a tree of packages.
(e.g. Actions, Activities, Common Behaviors, Classes, ...)

UML is not “object oriented” by heart.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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A first glimpse

kind ame
date firstName
=l middlelnitial FlightHandling
pay() surname boardingGate
cancel() salutation delay
Passenger change() title date : Date
name :Name startOff() time:Time
creditCard [0..1] handle() startCheckin()
milesCard [0..1] booking » ) S R checkinPassenger()
status : stopCheckin()
/ currentMiles ikt . closeFlight()
creditMiles(b :Booking) 2"+ I IFlight Tote fh | delayFlight()
consumeMiles(b : Booking) |” *[time : Time 1 1| passengerBoard()
cancelMiles() miles : int delay() : Minutes
0.1 l ma from l to l —
MilesAccount Airport Airline
number shortname 1S
flightMiles name shortname
statusMiles country 950
fee
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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History and predecessors

Structured analysis and design
- Entity-Relationship (ER) diagrams (Chen 1976)

Semantic nets
- Conceptual structures in Al (Sowa 1984)

Object-oriented analysis and design

- Shlaer/Mellor (1988)

- Coad/Yourdon (1990)

- Wirfs-Brock /Wilkerson/Wiener (1990)
- OMT (Rumbaugh 1991)

- Booch (1991)

- OOSE (Jacobson 1992)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Usage scenarios

Classes and their relationships describe the vocabulary of a system.
- Analysis: Ontology, taxonomy, data dictionary, ...

- Design: Static structure, patterns, ...
- Implementation: Code containers, database tables, ...

Classes may be used with different meaning in different software
development phases.
- meaning of generalizations varies with meaning of classes

Analysis | Design | Implementation
Concept v x
Type Vv Vv
Set of objects X V vV
Code x vV

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Analysis class diagram (1)

kind ame
date firstName
=l middlelnitial FlightHandling
pay() surname boardingGate
cancel() salutation delay
Passenger change() title date : Date
name :Name startOff() time:Time
creditCard [0..1] handle() startCheckin()
milesCard [0..1] booking » ) S R checkinPassenger()
status : stopCheckin()
/ currentMiles ikt . closeFlight()
creditMiles(b :Booking) 2"+ I IFlight Tote fh | delayFlight()
consumeMiles(b : Booking) |” *[time : Time 1 1| passengerBoard()
cancelMiles() miles : int delay() : Minutes
0.1 l ma from l to l —
MilesAccount Airport Airline
number shortname 1S
flightMiles name shortname
statusMiles country 950
fee
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Classes

- Classes describe a set of instances with common features (and
semantics).

- Classes induce types (representing a set of values).
- Classes are namespaces (containing named elements).

~

- Structural features (are typed elements)

- properties -
- commonly known as attributes T~ Passenger

~

. describe the structure or state of class instances =~ nan;EéNT[g ]
. . e it N
- may have multiplicities (e.g. 1, 0..1, 0..*%, *, 2..5) f?,:ﬁe;c:rh 0.1]

(default: 0..* = *, but 1 for association ends) status
/ currentMiles

- Behavioral features (have formal parameters) |creditMiles(b:Booking

— |consumeMiles(b :Booking)
— Operations _ - cancelMiles()
- services which may be called

- need not be backed by a method, but may be
implemented otherwise

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

2 - Classes and packages

Associations
- Associations describe sets of tuples whose values refer to typed

instances.
- In particular, structural relationship between classes

- Instances of associations are called links.
reading .~ -{connectingflights: — 3ccncjation name

direction ﬂ
5 fh . =
Flight M FlightHandling X>

time :Time \ |
Ll ol qualified end (fh per date) ternary association

Association ends are properties.
_ _ Passenger
- correspond to properties of the opposite class name -Name

(but default multiplicity is 1) =< creditMiles(b - Booking)
Association ends may be navigable. ~ - l
= ~0.1 ma

‘5

‘5
‘5
—_—

In contrast to general propertles MilesAccount
< -V number
flightMiles
statusMiles

navigable not navigable
association end

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Association classes

- Association classes combine classes with associations.

- not only connect a set of classifiers but also define a set of
features that belong to the relationship itself and not to any of

the classifiers

Booking - - — equals association name
kind
date
reserve()
pay() 0
cance
e dd
creditCard [0..1] handle()
milesCard [0..1] booking 1
status .
/ currentMiles -
creditMiles(b : Booking) _Lessengers , Mights [Efight
consumeMiles(b :Booking) |~ " [time : Time
cancelMiles() miles :int

- each instance of Booking has one passenger and one flight
- each link of Booking is one instance of Booking

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Data types and enumerations

- Data types are types whose instances are identified by their value.

- Instances of classes have an identity.
- may show structural and behavioral features

«datatype»
Name «enumeration»>
firstName BookingKind | _ _ _compartments for attributes
middlelnitial economy d . d
surmame business and operations suppresse
salutation firstClass = = ~|_ _
title enumeration literals

- Enumerations are special data types.

- instances defined by enumeration literals
- denoted by Enumeration::EnumerationLiteral or #ZEnumerationLiteral

- may show structural and behavioral features

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Analysis class diagram (2)

EJFIights

Flights
Card
owner
number
validuntil _ CreditCard Passenger
checkﬁalldlty{) validErom 0.1 name
I i r controlNumber |cc creditMiles()
_— consumeMiles()
(disjoint, complete} | | MilesCard 0.1 r.canceIMilesﬂ
status mc K
AccessCard 5
ccessCar s MilesAccount
securityLevel / number
company { mc.number = ma.number }&rf flightMiles
statusMiles
status

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Inheritance (1)

- Generalizations relate specific classes to more general classes.
- instances of specific class also instances of the general class
- features of general class also implicitly specified for specific class

if decorated with { root }: no superclass

{ abstract } class = = = |Card
(no direct instances, owner AccessCard
e . number < securityLevel
only specializations validUntil company
may have instances) checkValidity()

if decorated with { leaf }: no subclass

- does not imply substitutability (in the sense of Liskov & Wing)
- must be specified on specific class separately by { substitutable }

- Generalizations also apply to Passenger 9-1I MilesAccount
associations. T T
- as both are Classifiers

AlbatrosAccount

PremiumPassenger

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Inheritance (2)

- Generalization sets detail the relation between a general and more
specific classifiers.

- { complete } (opposite: { incomplete })

- all instances of general classifier are instances of one of the specific
classifiers in the generalization set

- { disjoint } (opposite: { overlapping })

- no instance of general classifier belongs to more than one specific classifier
in the generalization set

- default: { disjoint, incomplete }

B Card
name of generalization set ~ ~ _ = -‘%--?--%-{disjmm,mmmete}

I |
AccessCard CreditCard MilesCard

- several generalization sets may be applied to a classifier
- useful for taxonomies

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Constraints

- Constraints restrict the semantics of model elements.
- constraints may apply to one or more elements

- no prescribed language
« OCL is used in the UML 2.0 specification
- also natural language may be used

—user defined constraint

Card {mc.number = ma.number}bﬁr -
number Py
)‘”
? Passenger MilesAccount
n name number
ﬂ;{ﬁscard 01 glcreditMiles) ™ flightMiles
me consumeMiles() statusMiles
cancelMiles() status
UML predefined constraint ==~ ~— /"{;EJ"\
. . h ) owner owner
(owner is either a person or a company Person Company

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Packages (1)

- Packages group elements.
- Packages provide a namespace for its grouped elements.
- Elements in a package may be

Flights

- public (+, visible from outside; default) ‘
- private (-, not visible from outside) :uﬂg:f'qcm”"t
- Access to public elements by qualified names MighthiLss
. e.g., Flights::MilesAccount status
Notational variants
Project AAA m—
— Project AAA
. Design )
Analysis | — . — — —
b ST Analysis | | Design Implementation

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Packages (2)

- Package imports simplify qualified names.

private Elementimport public Elementimport
\ /
A ! B ! C
B f<_af:5?515i>_ )_(_ R | _ _fl_n_qP?[t?_ . _)| + X
«access> Y
_cimporr> | L2 e sr ] L2
I \ -Z
I \
public Packagelmport renaming private Elementimport

Package | Element | Visibility

A X private separate private element import
(otherwise public overrides private)

public all remaining visible elements of B

public public import

public default visibility

w|w| wm| >
PIOIX|IO

private private import, renaming
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Packages (3)

- Package mergings combine concepts incrementally.
- ... but use with care

R

- The receiving package
defines the increment.

- The receiving package
is simultaneously the
resulting package.

W > >
R\
-
p
N

’
f‘ «Merge::

- Merging is achieved
by (lengthy)
transformation rules
(not defined for
behavior).

> — O

- Package merging is B I A C D — A C

used extensively in \
B

the UML 2.0
specification.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Metamodel

ownedMember

owningPackage 4 0..1

*

>| PackageableElement

Package |——=

Namespace

T

T

Type

T

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp

general
Feature |< {.:?;r;} Classifier ‘1 Generalization
ure
flk A specific *
DataType Interface
BehavioralFeature StructuralFeature
A
‘T“ Class Signal
Operation / ownedAttribute
* { subsets feature }
Property | @ end Association
Reception 2
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Design class diagram

IE:Travel /

Connection { dep = cp.dep->min() and I‘_\]

arr = cp.arr->max() }

+ from : Location 71
+ o : Location ;f \ «interfaces
+/ dep : Time —d-- \ :
+/ arrF?Time ---------- beely ‘N‘ Travel (travel TraveIHandllng
- status: String = "planned” S~ J4/ dep :Time ,.r +/ delay : Minutes
# addOne(cp : ConnectionPart) +/ arr:Time gl |-
+ add(cps : ConnectionPart[0..#]) [~ - - _ + class : String /. + delay() {query}
y A ! (X ) . $
forallcp in cps: B\ 0.1 {delay =
addOne(cp) tsh.delay->sumf) }
+out +return
cp {ordered, unique, {ordered, unique, /tsh
{sequence} subsets travelHandling.tsh} subsets travelHandling.tsh} {union}
1. 1.#| |o.* 1.*
nnectionPar «interface:
ConnectionPart e Travelgtage ltravel | ravelSta ge
+ flightNo : String {readOnly} maxDuration :int = 10 .
_ Handling
- addOne(c : Connection)
{redefines addOne} +delay : Minutes
+ boardingGate : String

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Features

... belong to a namespace (e.g., class or package)

TravelStage
Handling

+ delay : Minutes
+ boardingGate : String

Visibility kinds (no default)

visible to elements ...

+ | public that can access owning namespace
(by membership, import, or access)

Connection

# | protected | with generalization to owning namespace

# addOne(cp : ConnectionPart)

~ | package |in the same package as the owning namespace

i

ConnectionPart

- addOneilc : Connection)

{redefines addOne} 1

... can be defined on instance or class level [TravelStage

- | private in owning namespace only

- ... are redefinable (unless decorated by { leaf })
- in classes that specialize the context class

—-—

maxDuration :int = 10=|—=default value

isStatic = ~

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Properties

. . ordered unique llection type
Aggregation kinds (default: none) { }|{unique} ) Co ypP
v vV OrderedSet
none reference
shared {O——— | undefined (1) v X Sequence
, ult
composite | g——— | value x v Set (default
X X Bag
T | _ travel «interface>>
ia\:e : TravelHandling
0.1
+out| |+return /tsh
{ordered, unique, {ordered, unique, {union}
subsets travelHandling.tsh} subsets travelHandling.tsh} 1.7
L |o.x «interface»
TravelStage [«—<! TravelStage
Handling
/ ({ derived }) can be computed from other information (default: false)
{ readOnly } can only be read, not written (default: false = unrestricted)
{ union } union of subset properties (implies derived)
{ subsets ... } which property this property is a subset of

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Behavioral features

- ... are realized by behaviors (e.g., code, state machine).
- { abstract } (virtual) behavioral features declare no behavior
- behavior must be provided by specializations
- Exceptions that may be thrown can be declared

- Limited concurrency control
- { active } classes define their own concurrency control

BoardingControl | — = active class (with own behavior which
starts on instance creation)

- in passive classes:

Call concurrency kinds (no default)
{ sequential } | no concurrency management

{ guarded } only one execution, other invocations are blocked

{ concurrent } | a/l invocations may proceed concurrently

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Operations (1)

- An operation specifies the name, return type, formal parameters,
and constraints for invoking an associated behavior.
- «pre» |/ «post»
- precondition constrains system state on operation invocation
- postcondition constrains system state after operation is completed
- { query }: invocation has no side effects
- «body»: body condition describes return values
- { ordered, unique } as for properties, but for return values
- exceptions that may be thrown can be declared

Parameter direction kinds (default: in)

Connection
in one way from caller
+ add(c ps: C?n nection Parts[(}.*])
out one way from callee T 7
/ /
inout | both ways parameter name, /
parameter type / /
return | return from callee (at most 1) Y
parameter multiplicity/ -

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Operations (2)

Several semantic variation points for operations
- What happens, if a precondition is not satisfied on invocation?

- When inherited or redefined

- invariant, covariant, or contravariant specialization?
- How are preconditions combined?

No predefined resolution principle for inherited or redefined
operations

- “The mechanism by which the behavior to be invoked is determined from
an operation and the transmitted argument data is a semantic variation
point.”

- a single-dispatch, object-oriented resolution principle is mentioned
explicitly in the UML 2.0 specification

Operation invocations may be synchronous or asynchronous.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Signals and receptions

A signal is a specification of type of send request instances
communicated between objects.

- Signals are classifiers, and thus may carry arbitrary data.

- A signal triggers a reaction in the receiver in an asynchronous
way and without a reply (no blocking on sender).

A reception is a declaration stating that a classifier is prepared to
react to the receipt of a signal.

- Receptions are behavioral features and thus are realized by
behavior (e.g., a state machine).

«signal>

BoardingControl
Cardlnserted oardingLontro

«signal» Cardinserted - | —Reception

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2 - Classes and packages

Interfaces

- Interfaces declare a set of coherent public features and obligations.
- i.e., specify a contract for implementers (realizers)

«interface»
TravelHandling

+/ delay : Minutes = == o
+numOfBag:int=0 =y =— =

features to be offered

—
- —
h -

+ delay() {query} =

Several notations for client/provider relationship

client (l: C C
| . C
; a T
«interface» B B joint B
2 lollipop ? B J
1
|
. A
: A
provider A A

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Templates

subtype polymorphism vs.

parameteric polymorphism

Travel MeansOfTransport MeansOfTransport
A\ I\ A
— JourneyByAir — Plane — Plane

E T: MeansOfTransportE
— TrainJourney —  Train — Train Travel == 7777777777777~
— CoachTour — Bus — Bus

exposed parameterable elements e )
\ 1 O :Object, n:int |— — template parameters

Template class | List
(ParameterableElement)

\

contents : O [n] {sequence}

A

«bind» (O -> Flight, n=20) |

FlightList

B

template binding

-

i «bindss ¢O -> Passenger, n=300)

PassengerList

Bound class

(TemplateableElement)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2 - Classes and packages

Object diagram

InstanceSpecification Insta}nceVaIue
c42 :Connection t42 : Travel raw4711 : TravelHandling
conn — travel
from="MUC" < i dep=2003-09-23 numOfBag=2
to="AKL" I arr=2003-09-24
dep=07:45 link class="economy"
arr=06:30 (+24)
status="planned"
 { 1 ks
cp1:ConnPart ts1 : TravelStage tsh1 : TravelStageHandling
= - conn travel ]
from="MUC < dep=2003-09-23 gate="D12" — — — = Slot with
to="LHR" arr=2003-09-23 . .
fINr="LH4754" ValueSpecification
cp2:ConnPart ts2 : TravelStage tsh2 : TravelStageHandling
from="LHR" | 3ep=2003-09-23 |¢ 22 gate="A55"
to="LA" arr=2003-09-23 »
fINr="NZ4550V"
¢p3 :ConnPart ts3 : TravelStage tsh3 : TravelStageHandling
— conn travel
from="LA < dep=2003-09-23 & gate="C3"
to="AKL" \ arr=2003-09-24
fINr="NZ2V" \
underlining and association end adornments are optional
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2 - Classes and packages

Instances specifications

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp

UML metamodel
M, type : :
Class InstanceSpecification
A N
«instanceOf> , «instanceOf>» E
|
| ]

MI . 4 - 1
BoardingPass b :BoardingPass
surname :String surname = "stoerrle"
firstName :String firstName = "harald"
address :String address ="mr"
from :String from ="AKL"
to : String _“snapshot>» |to ="MUC"
carrier :String carrier ="ANZ"
flightNr :String flightNr ="NZ02"
boardingTime: Time boardingTime= 15:55
seat :String seat ="45("
class :Char class ="V
numOfBag :Int numOfBag =2

user model
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2 - Classes and packages

UML 1.x vs. UML 2.0

Most changes from UML 1.x to UML 2.0 on the technical side

Metamodel consolidated in UML 2.0

- categorization of elements by their properties
 NamedElement, PackageableElement, RedefineableElement

- only one level of modeling
* |InstanceSpecification (in contrast to Instance in UML 1.x), ValueSpecification

- association ends are properties
- clarification of template mechanism

Only few new modeling elements in UML 2.0
- properties ({ unique, union, ... }) of properties
- generalization sets (and powertypes)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2 - Classes and packages

Wrap up

« Classifiers and their Relationships describe the vocabulary of a
system.

« Classifiers describe a set of instances with common Features.
— StructuralFeatures (Property’s)
— BehavioralFeatures (Operations, Receptions)

 Associations describe structural relationships between classes.
- Association ends are Property’s.

« Generalizations relate specific Classifiers to more general Classifiers.

« Packages group elements
- and provide a Namespace for grouped elements.

* InstanceSpecifications and links describe system snapshots.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Unified Modeling Language 2.0
Part 2a - Object Constraint Language

Prof. Dr. Harald Stoérrle Dr. Alexander Knapp
University of Innsbruck University of Munich
MGM technology partners

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

A first glimpse

EJ Booking/

milesCard[0..1]
status

[ currentFlights : Sequence(Flight)

inv: ma.statusMiles > 10000 AN
implies status = Status::Albatros Booking
: kind :int
' I
Passenger passenger , flight| Flight
name :Name * %[ date : Date
creditCard[0..1] miles :int

consumeMiles(b : Booking) _
cancelMiles()~ _

creditMiles(b : Booking)-=-"~"

-

0..1xyr,mk

MilesAccount
number
flightMiles
statusMiles

AN

pre: ma->notEmpty()
creditMiles(b : Booking)
post: let fm = ma.flightMiles,
sm = ma.statusMiles
in fm = fm@pre + b.flight.miles and
sm = sm@pre + fm@pre * b.kind

pre: ma->notEmpty() and
ma.flightMiles >= b.flight.miles
consumeMiles(b : Booking)

post: ma.ﬂightMTles = ma.flightMiles@pre - b.flight.miles

pre: ma->notEmpty()
cancelMiles()
post: ma.flightMiles <= ma.flightMiles@pre

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

History and predecessors

Predecessors

- Model-based specification languages, like
- Z, VDM, and their object-oriented variants; B

- Algebraic specification languages, like
- OBJ3, Maude, Larch

Similar approaches in programming languages
- ESC, JML

History
- developed by IBM as an easy-to-use formal annotation language
- used in UML metamodel specification since UML 1.1

- current version: OCL 2.0
- specification: formal/06-05-01

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Usage scenarios

Constraints on implementations of a model
- invariants on classes

- pre-/post-conditions for operations
- cf. protocol state machines

- body of operations

- restrictions on associations, template parameters, ...

Formalization of side conditions

- derived attributes

Guards

- in state machines, activity diagrams
Queries

- guery operations

Model-driven architecture (MDA)/query-view-transformation (QVT)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Language characteristics

Integration with UML

- access to classifiers, attributes, states, ...

- navigation through attributes, associations, ...

- limited reflective capabilities

- model extensions by derived attributes

Side-effect free

- notan action language

- only possibly describing effects

Statically typed

- inherits and extends type hierarchy from UML model
- Abstract and concrete syntax

- precise definition new in OCL 2.0

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Simple types

Predefined primitive types

— Boolean true, false

— Integer -17, 0, 3

— Real -17.89, 0.0, 3.14
— String “Hello”

Types induced by UML model
- Classifier types, like

- Passenger no denotation of objects, only in context
- Enumeration types, like
- Status Status::Albatros, #Albatros

- Model element types
e OclIModelElement, OclType, OclState

Additional types

— OcllInvalid invalid (OclUndefined)
— OclVoid null
— OclAny top type of primitives and classifiers

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Parameterized types

Collection types

— Set(T) sets

— OrderedSet(T) like Sequence without duplicates
— Bag(T) multi-sets

— Sequence(T) lists

— Collection(T) abstract

Tuple types (records)

— Tuple(a, = T,, .., a, - T)

Message type

— OclMessage for operations and signals

Examples
— Set{Set{ 1 }, Set{ 2, 3 }} : Set(Set(Integer))
— Bag{1l, 2.0, 2, 3.0, 3.0, 3} : Bag(Real)
— Tuple{x =5, y = false} : Tuple(x : Integer, y : Boolean)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Type hierarchy

Type conformance (reflexive, transitive relation <)
— OclVoid, OclIlnvalid<T for all types T
— Integer < Real

- T<T =C(T) <C(™) for collection type C

- C(T7T) <Collection(7) for collection type C

- generalization hierarchy from UML model

— B <0OclAny for all primitives and classifiers B

Counterexample
- —(Set(OclAny) < OclAny)

Casting
— v.oclAsType(T7) ifv:T" and (T<T orT <T)

- upcast necessary for accessing overridden properties
- but are (still) forbidden in the specification

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Expressions

Local variable bindings
let X =1 In X+2

Iteration
c->i1terate(i-T;a:T =¢e|e)
I _ 4 \ I
source collection 7 \ iteration expression
iteration variable \\ (using variables i and a)

(bound to current value inc)

\
accumulator with initial value e’
(gathers result, returned after iteration)

Example:
Set{l, 2}->1terate(i1 : Integer; a : Integer =

0 | ati) = 3

Many operations on collections are reduced to iterate

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Expressions: Standard library (1)

Operations on primitive types (written: v.op(...))
- operations without () are mixfix
OclAny |=, <>, ocllIsTypeOf(T), oclIskKindOf(T), ...

Boolean | and, or, xor, implies, not

Integer |+, -, *, /, div(i), mod(i), ...

Real +, -, *, /, floor(), round(), ...

String |size(), concat(s), substring(l, u), ...

Operations on collection types (written: v—>0p(...))
Collection | size(), includes(v), 1sempty(), ...

Set unton(s), including(v), flatten(), asBag(), ...
OrderedSet | append(s), First(), at(i), ...

Bag uniton(b), including(v), flatten(), asSet(), ...
Sequence append(s), First(), at(i), asOrderedSet(), ...

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Expressions: Standard library (2)

Finite quantification

— c—>ForAlI(i-T|e) = c->iterate(i : T; a : Boolean = true | aand e)
— c->exists(i:T|]e) c->iterate(i : T; a : Boolean = false | a or e)
Selecting values

— c->any(i:T]|]e) some element of ¢ satisfying e
— c—>select(i:T]e) all elements of ¢ satisfying e
Collecting values
— c->colllect(i:=T]e) collection of elements with e applied to
each element of ¢
- C.p collection of elements v.p for each vinc

(short-hand for collect)

C.alllnstances() all current instances of classifier C
o.ocllIsInState(s) is 0 currently in state machine state s?
v.oclIsUndefined() |is value v undefined (null) or invalid?
v.ocllslnvalid() is value v invalid?

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Evaluation

. Strict evaluation with some exceptions
e (if (1/0 = 0) then 0.0 else 0.0 endif).ocllisinvalid() = true
e (1/0).oclisinvalid() = true

- Short-cut evaluation for and, or, implies

e (1/0 = 0.0) and false = false
e true or (1/0 = 0.0) = true
e false 1mplies (170 = 0.0) = true
e (1/0 = 0.0) mmplies true = true
e« 1T (0O = 0) then 0.0 else 1/0 endif = 0.0

- In general, OCL expressions are evaluated over a system state.

42 : Connection conn 142 : Travel _— raw4711 : TravelHandling
e.g., represented from="MUC" [ dep=2003-09-23 f&—— numOfBag=2
. . to="AKL" arr=2003-09-24
by an object diagram  |gep=07.45 class="economy"
arr=06:30 (+24)
status="planned"

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Connection to UML

Import of classifiers and enumerations as types
Properties accessible in OCL

- Attributes peo
e p-milesCard (with p : Passenger) Kk
- Association ends Passenger passengeri flight | Flight
milesCard[0..1] * * | miles :int

« p.flight, p.booking, p.booking[flight]
- { query } operations

Representation of multiplicities

a[l]: T a: Tl

al0..1]: T a:Set(MorT
alm..n]: T a:Set(T)

a[*] : T {unordered } |a:Set(T)

a[*]: T {ordered} a:OrderedSet(T)
a[*]: T { bag} a:Bag(T)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Invariants

context cIassifier\ boolean expression

context Passenger d
INnV: ma. statuleles > 10000 implies
status = Status: :Albatros

Notational variants
explicit self (refers to instance of discourse)

context Passenger Pie
inv statuslelt self.ma. statuleles > 10000 mmplies
t self.status = Status: :Albatros

optional name

context p : Passenger
inv statlsLimit: p.ma.statusMiles > 10000 implies

/ _ p.status = Status::Albatros
replacement for self —

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Semantics of invariants

Restriction of valid states of classifier instances
- when observed from outside

Invariants (as all constraints) are inherited via generalizations
- but how they are combined is not predefined

One possibility: Combination of several invariants by conjunction

context C

inv:o |, " context C
context C inv: I, and I,
inv: |,

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Pre-/post-conditions

In UML models, pre- and post-conditions are defined separately
- not necessarily as pairs

- «precondition» and «postcondition» as constraint stereotypes

context Passenger::consumeMiles(b : Booking) : Boolean
pre: ma->notEmpty() and
ma.flightMiles >= b.flight.miles

context Passenger::consumeMiles(b : Booking) : Boolean

post: ma.flightMiles = ma.flightMiles@pre-b.flight.miles and
result = true

Some constructs only available in post-conditions

- values at pre-condition time p@pre

- result of operation call result

- whether an object has been newly created o.oclIsNew()

- messages sent o™op(), o™Mop()

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Semantics of pre-/post-conditions

Standard interpretation

- A pre-/post-condition pair (P, Q) defines a relation R on system states
such that (o, ¢’) € R, if 6 E P and (o, ") = Q.
- system state o on operation invocation
.+ system state ¢’ on operation termination (Q may refer to c by @pre).

- Thus (P, Q) equivalent to (true, P@pre and Q).

Meyer’s contract view
- A pre-/post-condition pair (P, Q) induces benefits and obligations.
- benefits and obligations differ for implementer and user

obligation benefit

user | satisfy P Q established

implementer | if P satisfied, establish Q | P established

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Combining pre-/post-conditions

Standard interpretation
- joining pre- and post-conditions conjunctively
context C::op()

pre: P, post: Q context C::op()

A pre: P, and P,
context C::op(Q) post: Q; and Q,
pre: P, post: Q,

Alternative interpretation

- case distinction (like in protocol state machines)
- only useful for pre-/post-condition pairs

context C::o0p(Q)
pre: P, post: Qq

context C::op()

pre: Py or P,

context C::op() post: (P,@pre implies Q)
pre: P, post: Q, and (P.@pre implies Q)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Messages

context Subject: :-hasChanged() in calls on hasChanged,

post: observer*update(self) - - - - some update message with argument
self will have been sent to observer

context Subject::hasChanged()

post: Observer/\update(’) - SUbJeCt)— o the actual argument

does not matter

context Subject::hasChanged()
post: let messages : Set(OclMessage) =

observer™update(? : Subject)- - - - ﬁ,'llezzggis
In messages->notEmpty() and
messages->forAlI(m |
result of message call == —-m.result().ocllsUndefined() and
whether it has finished = = = -m.hasReturned() and
its actual parameter value = —= —-m.subject = sel¥T)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Initial values and derived properties

Initial values
- fix the initial value of a property of a classifier
package Booking -- which package
context Passenger::status  -- which property
init: Status::Swallow —— initial value
endpackage

{ derived } properties
- define how the value of a property is derived from other information

context Passenger::currentFlights : Sequence(Flight)
derive: self->collect(booking)
->select(date = today()) .flight->asSequence()

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Query bodies and model features

Bodies of { query } operations
- define the value returned by a query operation

- can be combined with a precondition

context TravelHandling::delay() : Minutes
body: tsh.delay->sum()

Definition of additional model features

- defined for the context classifier

context TravelStageHandling

def: iskEarly() : Boolean = self.delay < O

context TravelHandling
def: someEarly() : Boolean = tsh->exists(iskEarly())

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML/OCL 1.x vs. UML/OCL 2.0

Improvements in OCL 2.0

- Model extensions by definitions

- Explicit flattening of collections

- Clarification of type hierarchy

- Precise abstract and concrete syntax

- Formal semantics
- but only as a non-normative appendix

New features in OCL 2.0
- Specification of initial values, derived attributes
- Specification of messages

(still) Open problems

- semantics of definitions
- inheritance, recursion

- semantics of pre-/post-conditions

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2a - Object Constraint Language

Wrap up

Formal language for specifying

Invariants
pre-/post-conditions

query operation bodies

initial values

derived attributes

modeling attributes and operations

Side—effect free
Typed language

OCL specifications provide
- verification conditions
- assertions for implementations

context C 1nv: |

context C::op() - T

pre: P post: Q

context C::op() - T body: e
context C::p:-T Init: e
context C::p : T derive: e
context C def: p:T = e

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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aprofile» Java
wstereotypen
Javalnterface

«metaclass
Interface

» «stereotype» ﬁ?—\
RemOte ustereotype» | |  «stereol type»
Remote Serializable

serialld : String

Dr. Alexander Knapp
University of Munich

[ 1

«profile» «apply»
Java [NTTTTTT Flights

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

A first glimpse

[ZX6] «profile» Java |

Interface |=

«stereotype»
Javalnterface

i

«stereotype» «stereotype»
Remote Serializable

serialld : String

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b -

Profiles

Usage scenarios

Metamodel customization for

adapting terminology to a specific platform or domain
adding (visual) notation

adding and specializing semantics

adding constraints

transformation information

Profiling

packaging domain-specific extensions
“domain-specific language” engineering

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

Stereotypes (1)

- Stereotypes define how an existing (UML) metaclass may be

extended.

optional — — | — «metaclass»

< I

Interface

.
extension

«stereotype»
Remote

- Stereotypes may be applied textually or graphically.

Iowe\r—case initial

- -

\ \«interface,
remote»

TravelHandling

The UML specification does not tell how to define a il e

visual stereotype.

Visual stereotypes may replace original notation.

«interface» 7'[_1
TravelHandling

TravelHandling oA

Database

- But the element name should appear below the icon... —

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

2b - Profiles

Stereotypes (2)

Stereotypes may define meta-properties.
- commonly known as “tagged values”
Stereotypes can be defined to be required.

- Every instance of the extended metaclass has to be extended.
- If a required extension is clear from the context it need not be

visualized.
Class
T{ required } «creator»
«stereotype» Passenger
Creator

author[1] : String
date[1] : String

«creator»
author = “storrle”
date = “05/08/17”

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

Profiling

- Profiles package extensions.

m «profile» Java /

Interface |«

«stereotype»
Javalnterface

i

«stereotype» «stereotype»
Remote Serializable

serialld : String

«profile» «apply»
Java [ ———7-- Flights

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

Metamodel

Based on infrastructure library constructs
— Class, Association, Property, Package, Packagelmport

Package Packagelmport Association
A
* |, appliedProfile
Paiille Class metaclass —1 Extension
Appllcatlon 1 extension
1
*l importedProfile T 11
. * type * .
Profile — dStemtype>| Stereotype |< 1 ExtensionEnd

7

Icon

l

Property

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Metamodeling with Profiles

Profile extension mechanism imposes restrictions on how the UML
metamodel can be modified.

- UML metamodel considered as “read only”.
- No intermediate metaclasses, no meta-associations

- “As part of a profile, it is not possible to have an association
between two stereotypes or between a stereotype and
metaclass.”

Stereotypes metaclasses below UML metaclasses.
How to introduce meta-associations between stereotypes?
1. Add constraints specializing some existing associations

2. Extend metaclass Dependency by a stereotype and define
specific constraint on this stereotype

Access to stereotypes in OCL via v.stereotype
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

UML 1.x vs. UML 2.0

UML 1.x UML 2.0
String-based extension - Stereotypes are metaclasses
mechanism - Tagged values replaced by
- Stereotypes meta-properties

- Tagged values
Required extensions

Packaging of extensions into
profiles

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2b - Profiles

Wrap up

Metamodel extensions

- with stereotypes and meta-properties
- for restricting metamodel semantics
- for extending notation

Packaging of extensions into profiles
- for declaring applicable extensions
- “domain-specific language” engineering

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Unified Modeling Language 2.0
Part 2c - Systems Modeling Language

(SysML)
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2¢ - SysML
SysML as an example for a UML profile

Nowadays very much talked
about: Systems Modeling
Language (SysML).

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2¢ - SysML

SysML vs. UML

Protract_ed struggle between two e
competing proposals fueld by described with UML means?
massive commercial interests.
New standard “ptc/06-05-04" M_EV
finally adopted by OMG just now /,/ \
(May 2006). / \
. UML 2 SysML
Apart from mere customization to \ ySIM ‘J\\
match systems engineering \ \ / / [ Symus
standards and terminology, it also N 4 U
introduces some physical aspects: ,QK ‘*xm_igf”
] by SysML “x%__. UML reused by
- continuous flows, ~ e SyshiL
. . . {UML4SysML)
- handling of physical items.
official OMG diagram
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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2¢ - SysML

Diagram tpes of SysML

significant new aspects:
—|tem.flow _ class diagram
—continuous variables
—activation disabling SysML Diagram

- control operators
| ___L__//

Behavior Requirement |
Dig ram I Diagram I

EP il
| . |

Block Definition internal Block Package
Diagram Diagram Diagram

| Pamamatric :
Diagram

Sameas UML 2 - .

Ftructure
Diasg ram

Lige Case
Diagram

State Machine
Diagram

Seguence
Diagram

Activity
Diagrarm

Madified from LML 2 assembly diagram

I MNew diagram type I
official OMG diagram

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

2¢ - SysML

Wrap up

Tries to extend UML towards systems engineering, i.e.
physical/continuous systems.

Probably the most talked about and largest UML profile.
After a long and fierce debate, now finally OMG approved.

Semantics completely unclear, seems to go even more into the
direction of Petri-nets.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

A first glimpse

AAA.CheckinMachine
O

check in passenger AAA.Bookin
(machine) ' 9

Passenger

<<primary >>

check in luggage select flight

Displayed aspects

- System boundary and context of system

- Users and neighbor systems

- Functionalities

- Relationships between functionalities (calling/dependency, taxonomy)

- Functional requirements

- Some non-functional (“quality”) requirements as comments/annotations

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

History and predecessors

1970’s

- Structured methods (SADT etc.) use top-level DFD as context
diagram
- Structured methods use function trees

1980’s

- Jacobson (Objectory) introduces the concept of use case as an aid
for communicating with domain experts

1997
- UML 1.3 encompasses Use Cases

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Usage scenarios

Use case inventory/ domain architecture

- complete catalog of all subdomains and (groups of)
business processes and business functions

- overview of system’s (domain) capabilities

“Classical” use cases
- illustrate context of individual functionality

- useful in design/documentation of business processes
(i.e. analysis phase and reengineering)

. Use Case / Test case table ]
- schematic detail description of business e
process/function/test case -
- Function tree e
- describe functional decomposition of system behavior =
- useful for non-00 construction and for re-architecting
pre-00 systems = .

(c) 2005-2006, Dr. H. Stérﬂé, Dr. A. Knapp
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3 - Use Cases

Types of use cases

- The UML provides only the concept of use case. In many

applications, however, there are two fundamentally different kinds of
use cases:

- business processes (“processes”)
- white box, large scale, long running (suspendable), customized processes
- either dialogue or batch processes
- directly support the business or domain of the system, create or destroy value
- are subject to rearrangement when business changes
- may contain some manual steps and business functions

- business functions (“services”)

- black box, small(er) scale, short(er) running, atomic, reusable function
- small recurring functionality, plausibility, user dialogue, interface call, . . .

- implements stable functionality likely not to be affected by business changes
- is executed fully automatic

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Main concepts (concrete syntax)

Class (also possible: Component)
\

\
check in passenger' (machine)/

AAA ChecklnMachine
O

Actor = - - T~ " , (machine)

AAA Booking

|
Passenger \
<4 primary = ‘
—— check in luggage seleft flight ‘|
UseCase--1-—~ ‘
1 1 I
I ] 1
extends / Association
(is a Dependency) |
Includes

(is a Dependency)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Inclusion & extension

- Inclusion Travel processing

- plain old call _
- directed from caller to callee 5
- may occur once or many times E

r--

-X_select flight details
- select date

- X select destination

-  EXxtension

- covers variant or exceptional
behavior

- relationship is directed from
exception to standard case

- may or may not occur
- occurs at most once

«includes»

o~

«includes:
F======Fr======r==
]

B e e L

--X_determine ticket kind

-X_Flight processing

e 1 I

-X Bonus processing

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Extension points

- An extension occurs at a (named)
ExtensionPoint, when a specific

S e ExtensionPoint
condition is satisfied. .

/
/
L[] L[] /
- |In a way, ExtensionPoints are /

similar to user exits or hooks. select flight «extends . :
__ extension points ¢ EELE c EEEEE determine alternative
ailability check: no more seals avadab v

%

Londstion: {no more seats available} E‘}

extension point: avalability check

selectflight <>
extension points
availabilidy chack:
no more seats available [ N
~
\\
. In real world systems, there are UseCase with ExtensionPoint,

many ExtensionPoints, most of alternative syntax swtab_le for_
which are poorly documented large numbers of ExtensionPoints

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Any level of abstraction is ok

A use case represents an individual
functionality of a system. Journey

!

Systems exist on every level of ﬁ
granularity. E
Thus, use cases may be used for
functionality of any granularity :
- from high level business
processes, @
- via (web) services,
- to individual methods or 4 select date
functions. E

select place

11

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Emulating function trees

Structured methods relied on
functional decomposition.

--X_ Flight booking

log on user

-X_select flight details
. I
s select date

select destination

i

Although this is not state of the art
these days, and UseCases have
been introduced in an attempt to
get away from it:

- many systems out there are
constructed using these
principles,

- many people out there have
this mindset.

- —-—

«includes»

e itttk o

o
L

«includes

~

«includes»
=27

«includes:
22

rFr======r===-<=

e T o

For e.g. reengineering purposes, it
is frequently helpful to be able to
represent function trees.

This can be done using UseCases
and Includes—-Relationships.

--X_determine ticket kind

- -X_Flight processing

- -X Bonus processing

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Generalization

As for all Classifiers, UseCases
may be arranged in taxonomic
hierarchies.

This is particularly useful for
catalogues of functionalities.

From methodological point of
view, abstract use cases are similar
to functional subsystems.

pay journey

i

pay jouney
credit card)

pay journey
(receipt)

pay joumney
bonus miles)

pay journey

pay journey
credit carg

pay journey
receipt

pay journey
homus miles

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

3 - Use Cases

Semantics

Use cases have no semantics in UML.

There are many consistency conditions in conjunction with other
models, but that’s methodology, and beyond the scope of this

tutorial.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

UML 1.x vs. UML 2.0

no changes conceptually
slight adaptations in the metamodel

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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3 - Use Cases

Wrap up

Use cases may be used to represent a high-level view of
functionality, as in

- functionality overview / domain architecture
- detail description of context of individual use case

- function tree (particularly for reengineering and documentation
purposes)

The UML still does not come with a (textual) schema for describing
use cases.

Basically, use cases in UML 2.0 are the same as in UML 1.x.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Part 4 — Architecture
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4 — Architecture

A first glimpse

Context & domain architecture Composite structure
B Automated Travel Processing/ “ T .
(“assembly”) diagrams

X ﬁ Hﬂﬂ Check-In/ |

bt: GUI [1..10) bm: GUA [1..10]

Distribution Partner Partner Airline

Albatros Air
Check-In-

@) Autopilot QO "
Machine

100

Bonus Partner

Personnel
on Ground

[Z0) Automated Travel Processing /

Albatros Air Autopilot (AAA)

Booking Check-In AlbatrosMiles
Deployment O—{ TsmaseO .ﬂ ot _rh
Boarding : Check-In Check-In
Machine Gate Terminal Machine Terminal

0] 2.80 0.20 10150 C (@) | I d b 0) rat I on

max. throughput: 5 1.3 R
20 Fassengers/minute _._-'_"___F___‘_— ______ M?fl'ﬂl_eg _B_‘:’_clk_”ﬂ S :__:_":-
hirport -0 T
’ 0 Bookmg .

Mainframe B
. mkm
for every .f’ _._'_'_,_,d--"'"" g ]
el ] 1000 Passengers/day i Customer \ / |
2 redundant ADSL I \ ‘
! with £h'rt.{s sach f;r:e;mup N i F‘assenger Suppliar Custamar Suppler -
99,99% availability Tl e
il ot} -~ Albatros . Travel Agent J—
downtime) Datalenter ) T e T -

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

History and Predecessors

Context and domain architecture diagram
- 1970’s: SADT et al. use top level DFD as context diagram
- 1988: Shlaer/Mellor introduce domain chart

Part/port/connector-concepts, composite structure (“assembly”) diagram
- 1976: SDL (block/gate/channel)

- 1978: SARA (module/socket/interconnection)

- 1993: RAPIDE (module/type/binding)

- 1994: ROOM (actor/port/connector)

- 1999: UML/RT,... (capsule/port/connector)

- 2000: UML 1.3  (subsystem/-/-)

collaboration
- 1997: Catalysis (D’Souza, Wills)

computing system structure diagram (“deployment”)
- traditional

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Usage Scenarios / Architectural views

E futmatn u rtar Fugkairak:

Context diagram

- define the system’s boundaries in terms of its users and neighbor
systems

- define names/abbreviations for systems and neighbor systems

Domain architecture
- provide overview of high-level domain components
- define names/abbreviations for subsystems

Composite structure diagram (system assembly diagram)
- define ports (“system interfaces”) with names and abbreviations
- define connections between interfaces

Composite structure diagram (class assembly diagram)
- as above on fine level of granularity
- define (programming language) interfaces for ports, too

Collaboration
- document design decisions (“patterns”) on any level of granularity

System structure diagram P
- physical nodes and connections between them BRI

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Main concepts: Composite structure diagrams

better name: assembly diagrams

Automated Travel Processing /’

Actor ~
N o N O
~ X
Passenger
===y
Part =~
d system dS a
Class or a Personnel on Ground

Component

X

Distribution Partner \

-Port
[ with visual

stereotype

_ — Part
with visual

stereotype

1
Port
interface
of a Part

Connector

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Usage: Stepwise refinement

B0 Automated Travel Processing/ m Automated Travel Processing/
O O, Passagier
O O X
Distribution Partner Partner Airling
Albatros Air — @)
O Autopiiot O Booking AlbatrosMiles X

Partner Airline

Personnel Bonus Partner

on Ground

Air Partner Abfertigung

Bonus Partner

Eﬁﬂ Check-ln

bt: GUI [1..10] bm: GLA [1.10] cim: GUI [1..10]

Check-In O

o
[

ution Partner

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Usage: Quantity structures

- Quantity structures are
indispensable for the dimensioning
of large systems:

numbers of (concurrent) users,

amount of data traffic on a
given interface,

availability, MTBF,...

number of (collaborating)
systems or components
(dynamic architectures).

- Quantity structures are not
covered directly in UML so we need
to use comments (but that’s no
problem).

Distribution Partner
Albatros Air Au

Booking

Availability %
= 9%

Personnel on Ground

Passenger

topilot

Check-In

Availability:
99,99%

Database

Aummated Travel Pmtess.ing/.’:

number: 10° ;

transportations: 10" /day

2 years: O
number: 10° B

transportations: 10°/day  10-50

Partner Airline

AlbatrosMiles
{Bvailability=90%)

Availability
= 99,85%

Bonus Partner

HHH Check-In /

bt: GUI [1..10]

Check-In

Boarding-
Terminal

[1..10]

bm: GUA [1..10]

am: GUl [1..10]

Check-In-
Machine
100

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Usage: Plumbing components together

Connecting Ports amounts to
delegate/call-Dependencies.

g 1 3
O— i e GREE O S

Using the joint-notation reveals A 3 0 3
details about the number and c E
direction of connections. D_éﬁ

I | S

From left to right:
- two connectors, one in each

direction » o T
- one connector with direction {} % I
- and one connector without i ] (]
direction.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Components

UML 1.x components were just binaries. In UML 2.0, components are
defined much more comprehensively.

- “A component represents a modular part of a system that
encapsulates its contents and whose manifestation is replaceable
within its environment.

- A component defines its behavior in terms of provided and
required interfaces. As such, a component serves as a type,
whose conformance is defined by these provided and required
interfaces (encompassing both their static as well as dynamic
semantics). One component may therefore be substituted by
another only if the two are type conformant. [...]

- A component is modeled throughout the development life cycle

[...]."

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Metamodel: Parts and ports

ConnectorEnd

Property
£

TE..‘.
0.1

< ~  ConnectorEnd

iEncapsuIatedGiassﬁﬁe ,

Port

required

Interface

________ AT = me=mmee

Component
aN

Class

)

provided

dashed outlines:
defined in another package

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Collaboration
- The purpose of collaborations is to [Ecaingcais] [BoardingList ,s"”FlilgSLHandlir?é“‘- .
abstractly describe a form of Qaw o oo SRR
linkage without being specific. ¢~ FiightHandiing ™, /[BoardingCard| [BoardingList |
. {?bSEWEI‘ e " Observe Observar
o . Subj Subject
. Declared as the way to describe Fightlist I
design and analysis patterns. T
. Might help in early stages of ‘,_._,_a_—:_-::_‘_‘_‘_'__hﬁéﬁ_fa_'téiﬂ_b_bﬁ_ﬁjd_'_’j_'_‘_‘:::::_-:_~_=,L
architectural design. Oﬂ Booking Booing
:‘ Passen rﬂ;rmmm } (
. . Lipplier O
- Could also be used to describe S
- Travel Agent -

global constraints.

o -
-
bl T - —
T e —

- May be nested and composed. O |
X S Mediated Buukin’g_r:“—s”mn
Passenger T

- Methodologically, Collaborations Bk [

are the structural equivalent to %

UseCases.
Travel Agent

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

System structure

CommunicationPath

is a kind of
Node Association
~ ~
S o I
~ ~ ’
' Check-I ' Check-I
Boarding Gate Terminal i K eee
Machine Machine I Terminal
; 0.50 2..80 0..20 " 0..150
max. throughput: 1.3
20 Passengers/min
Airport
Mainframe
for every
120 1000 Passengers/day
T 2 redundant ADSL lines
with 3Mbit/s each for backup
99.99% availability BN 1 ppan !
(i.e. less than 1h/year of /
downti me} Data Center /
Comment

for quantitative information

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Stereotyping

Airport
Server

000 A

000

Albatros Air
Mainframe

visual
Stereotype

—
| —
—

'\I

textual
Stereotype

< UNiX-5eryers»

““mainframe>>

<<suitch >>

<< UNIX-SErvers»
T
< gitch ==
= e e -
< UNIX-5Eryers» = |INiX-5erver = =< UNix-Seryers»
_'I_..r"
<< gitich ==
_I_,rl"

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Deployment
- A Deployment is a mapping of P
. < device >*
artifacts to system nodes. Server
e _ Artifact
- Artifacts may include name [ 1111
binaries ——
component instances Name
- System nodes may include d .
hardware (Device) Ve
software (ExecutionEnvironment) ““‘*‘::“p_;:‘r‘::':'"“‘”
Name
. N
. Formally, a deployment is a A 4
. . Ve ~
Deployment Relationship. R *\\\
~
y IR
- It may be presented either as N o Y,
placing the deployed items or their SOd_e may be specialized to either -
names on the deployment target. eviceor -
ExecutionEnvironment =~
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 - Architecture
Metamodel: Deployment

DeployedArtifact o Deployment  ——&|Deployment Target
nestedArifact £|>
" |
Artifact InstanceSpecification
Manifestation * I|ﬂ|a|'~|arna. Biring
DeploymentSpecification
Deployment Target
£
G b | Rasocaion
nashedhode T ‘T
‘ ;| Node CommunicationPath
| = |
dashed outlines: Device ExecutionEnvironment
defined in another paCkage (c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Semantics

Mappings from assemblies to Architecture Description Languages
(ADLs) or SDL should be possible. Is it much use? Can there be a
uniform semantics for all kinds of ADLs?

Collaborations seem to have no formal semantics.

System structures may be mapped to quantitative models for
analytical purposes.

Deployments might be turned into deployment descriptors of
application servers.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

UML 1.x vs. UML 2.0

UML 1.x UML 2.0
“system boundary” - Parts/Ports
artifacts
components are binaries - components are life cycle units
patterns as templates - patterns (=collaborations) are now

first class citizens

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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4 — Architecture

Wrap up

Popular concepts of architectural modeling (“capsule”/“actor”, “port”)
have finally been included into UML. The metamodeling is a little

dodgy, though.

Deployments, artifacts and related concepts have been extended,
and they are now first-class citizens.

Components have finally got a decent definition as life cycle units,
artifacts and deployments are now first-class citizens.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Part 5 — Activities
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¥ - i et
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(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

A first glimpse

Flight processing /

Bookin Processin Mileage Awardin
(Bookng J—s{Processig 1| gé 9

Activity diagrams present all kinds of control flow and data flow.

They are kind of dual to state machines: focus is on actions rather than
states.

The UML 1.x notation has been kept (with a different meaning), and much
extended.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

History and predecessors

1962
- Petri—-nets

1969
- Flow charts (IBM, ISO)

1970°s
- Nassi-Shneiderman-diagrams

1980°s
- Structured Methods (SADT etc.) introduce data flow diagrams
- Methodologies like IDEF are based on these notations

1990°s
- event process chains (particularly in BPR & SAP R/3 context)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

Usage scenarios

- Activity diagrams have applications throughout the whole
software life cycle for many purposes.

- Analysis
- design or document processes in the application
domain (business processes)

- Design
- design or document processes as compositions of

preexisting elements like manual tasks or automated
jobs

- Implementation
- document existing programs (i.e. functions, services, ...)

- design algorithmic processes with an intention of
turning them into implementation language code

(c) 2005-2006, Dr. H.
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5 - Activities

Main concepts

ObjectNode” -

4

7/
ActivityNode”

/
/

ObjectFlow 7

ActivityEdge— —

Partition— —

Miles processing  /
. AlbatrosMiles
AR Pariner Systam MilesManagement Customerigmt
s Il el
7’
[ lookup F’assenger]
/7 k_—,
’ 7 (_open account ]
( 4 Miles&ooount
,’ . -~
, W »b B
/ compute
N bonus miles s! 1u |Ies
v
award au.rard
bionus miles status miles _ L
[-wm-:ﬂ!wulmm]—
- [ upgracle ]
________ Fazzenger
v
i o —— -
[ cbsemur‘rt_]
_——— | Iogtransaction |

— -|nitialState

- ForkNode

L -=DecisionNode

+ “MergeNode
-~ JoinNode

FinalState

(c) 2005-2006,

Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

Main concepts

awarding miles retrospectively /

O o O <«subsystem »
X X X AlbatrosMiles
Passenger Mail office Clerk
\
J \
((_deimmies ] " Partitions
- 8 | g may be represented
- U letter EXDIICItly

stereotyped _ -1
ObjectNode

claim

]
%[ check claim J

-refined Activity

( justify compute |

\L L rejection bonus miles |

generate & print y

letter book
bonusmies || ), I
SO< ( award miles
' h
FlowFinal = <[ _

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

Pins

Data flow may be represented

- explicitly,

- by dataflow nodes attached to control flow,
- by “Pins” on Activities, or

- as combinations.

Pin
/
/
[Imkup passengerj [Iﬂukup passengerj [Iﬂnkup passfenger] [Imkup passenger]
Passenger $F’assenger
V
Passenger Passenger Passenger
WV i Passenger }Jﬂ Passenger
[ lookup accuuntj [ lookup account ] [ lookup account ] |: lookup account ]

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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5 - Activities

Activity parameters

Pins act as parameters for Activities.

| F— —)[ Action ]—> —| |
[_] >EL Action J: :{_]

(Aot )
Action )
o= =)
e ]
, \_ )

Ve
ActivityParameter

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

5 - Activities

Pin types

Pin type
L ) ) ( J L ! J L {Etreang a) streaming
4 b) streaming
(streamm) I C) exception

! ceptior
. ] ( ) ( ) ( ) ( ) d) unidirectional

e) collection data

"

{stream}
Passenger| | Passenger Passenger

ParameterSet may be used to define applicable sets of parameters

' B | Parameter sets

1 r o) {x, vy}
b) {x}, {y}

[—&y ) {x}, {X, v}
(¢ ]

(@) (b) () N

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Data flow details

Data flow defines the transport of [ Procedure,

data items between buffers by A k]
activities. (_procedure, J "J —
[ Emor ) M
- « centralBufier » :
Buffers may have capacities and ErmorCases —>|:£F*u5thceasmgﬂ
orderings.

_____ ‘ Booking
[ reserved |

Apart form the transport as such,

data flow may also define submit
_ _ booking
- selection of a particular data — +sslecton
i d (Walght=1} b e e e :umlz:t boxking for nexd
Iitem, an fupperBouns=3} [ Booking
- transformation of data items. forderingmerdered; | [ booked | ——
------------ RF0 |
. confirm
It is often useful to denote the booking J

wlransformation = E
____________ Booking. passangar

state of a data item in a buffer.

Passenger — =
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Streaming
Streaming means that data is A Bllat [ |[= |[=
processed pipeline-style. ! %
(receive dataitem | =
Streaming-like behavior was not
expressible in UML 1.x. E bl | b2 J[ 53 || b4
- (poces )
Streaming is expressed by !
- solid black pins c || 2 |[ ][ ot
- explicit annotation at pins '
- black arrowhead arcs, or [sa"ddfmmj
- stream mode at expansion 5 ralnirnler
regions.
Time
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Exceptions

Excepﬂonﬁdge

Check In (Maching) / Ii

I /

E_ identify passenger

\
[ selectfight
W
[__ zelect seal
y
[__ submit luggage

> Y

!

[ lnad luggage item ]

k4

4

[ print luggage tag ,-B

!

Caﬂach luggage tag j

L

; E move luggage item rB

Submit luggage /

7

E check luggage item &—1
7
2

LuggageErfnr

kind: Slring

handler Activity *

W
Cpnm boarding pass _ﬂa [: shaw emor ]
= \\ @
z
/

Exception

”

N
N

unhandled
Exception

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Raising exceptions

InterruptibleActivityRegion

wmgh Iuggage item

age item |s removed
[ w:alght>15 kg ] i
:LuggageError

:LuggageError e kind="item is removed"
luggage welght
kind="item too heavy" [ wright>20 kg and
status < "Albatros" ]
weight>15 k },
E—m gtams < ,id,er.] & :LuggageError
kind="item too heavy"
[ weight>12 kg and
no bonus miles card | j\

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Expansion regions for mass data processing
award miles (individual case)  /

Activities are often used to specify
processing of mass data (batch
runs) rather than individual items.

UML offers ExpansionRegions to
support this usage scenario.

An expansion region declares a
portion of an activitiy as applicable
to a whole bunch of items.

«lransformation = H

BordingPass

ProcessingEmer.p

award miles
LogRecord

. Passenge .
L =[] ermor analysis [
ProcessingError

~centralBufier .
Errors

ProtocolDB |~ Lﬁgﬂemmt[indiﬁdual healmentJ:K—)

--------------------

Bag(LogRecord)

Y

:: & ! . Passenge
1N
: award miles E—)D L >{] error analysis [
! E 55| ProcessingError
L} (]

award miles (batch) /
Boarding
Records
. «transformation »»
........ VBE'_QEB_O?FPTE’F:’H_SE) ProcessingError.p
“concurrent ] :

«centralBuffer »
Errors

LogRecord o individual treatment J:IeJ

«datastore »
ProtocolDB <
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Expansion Regions

- An expansion region may be processed in one of three modes

- |terative,
oo~ 1TTd--{TT3-~-~, e--ITTd--{1T3--~, - I--{I---~,
- concurrent, ' concurrent : ' stream : 'iterative :
- stream. : ) : ) : )
R O------ g e I13------ g Seeeo-- oa------ -

o o

mode ) ¢

instance name: ( award miles D
award miles
™ ) |

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp

—
u]
S
=1
3
@
o

-
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Structured nodes

Structured nodes for
- sequence,

- loop,

- conditional.

No/insufficient syntax (let alone semantics) defined by standard.

We’re probably best of with a Nassi-Shneiderman-like notation.

etu
setup = [condition ]
body test L yes [no]
body action, | "
condition,, ]
[yes ] no |
action,, action,,
test

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Metamodel

A4| ExecutableNode |
T—Adion ]
——otructuredActivityNode |
T—[ConditionalNode |
Il oopNode |

- [ExpansionRegion |
Activity | [SequenfiaNode |
‘ Qb MNod

ACtIVItYEdgE ObIECtHOW [ [CentralBufferNode |

quard: Guard N transformation: Behavior Lo
selection: Behavior (Pin_]

2 OubpuPin |
L {InputPin |

: ——ActivityParameterNode |
target |1 11source ODJECtNDdE __ [ConfrolNode |

. ACtiVitYN Ude q_ inState: State | ForkNode |

upperBound: ValSpec | [JoinNode |

[MergeNode |
| DecisionNode |
[nifalNode |
______[FinalNode |
T FlowFmalNode |
L [ActivifyFinalNode |

incoming outgoing

L *

[ ActivityEdge |
T [ConfrolFlow |
—[ObjectFlow | .

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Semantics

The standard declares “Petri-like
semantics”. The naive approach is — Y

- intuitive for simple control and
data flow

- reasonable for structured il order
nodes

- technically difficult for
exceptions

- a little awkward for streams
and ExpansionRegions. i good) Coond o)

._IM1H
aﬁa@

O

v

|prcduce_gands| | send_invoice |

«—{ <

There are a number of semantical
problems, though, and integrating Gewme) (=) [ ship_goods | [receive_payment|
the bits and pieces is a challenge.

)

Still, it is the most convincing
approach so far.

close order

close_order
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Semantics: Petri-net vs. CCS

receive order

fill order

close orde

receive_order

. aux

|pmduce_goods| | send_immice|

I
v

| ship_goods | |receive_payment|

close_order

Activity = a.P
P = receive_order.(

Q=R+85

S =fill_order T
R=tT

T = U|V \ {join,join}

U = produce_goods.V/
V' = ship_goods. W

X = send_invoice.Y
Y = receive_payment.y"

II:|é
%

S
=

Z = close_order.0

storrle, Dr. A. Knapp
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Problem 1: Scope of exceptions

Receive Order

®
Fill Cirder

®
lark
Invoice

Sand Inwalce

B

| Wake F‘a:.-rrlenl| Ship Order

Uirder cancel
resquesl

TOEr Canie

==

Cance| Order
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(v4) 21

Problem 2: Accidental synchronization of streams

E A-Unit [

AudioNViden

receiving

AudioVideo

processing

Audio/Video
displaying

Enudiuﬁfﬂm Processing .l'r

Audio
processing

Video
processing

ITEM list

i
<N 1>

process S@

<1
|

TEM x SequenceNumbers
i

1+1
TEM x SequenceNumbers

10 i

INT i1

tream

(x.1)

split stream ,‘_\

INT

—

ltem
X

h 4

Region

X
ltem
X

1Te

“&AE

join stream I,

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Problem 3: Traverse-to-completion

Transforming an Activity into a Petri-net following the naive
approach results in artificial places that have no direct equivalent in
the underlying Activity.

The UML, however, disallows buffering in control nodes.

(B8]
:

Jr. H. Storrle, Dr. A. Knapp
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Semantics

The standard declares that activities have a “Petri-like” semantics,
but lacks a formal definition of what that means.

A straight-forward approach of mapping activities to Petri-nets soon
runs into a semantic quagmire.

Other algorithmic target languages (e.g. BPEL or Workflow Execution

Languages), and other formalisms (e.g. CCS) would encounter the
same problems, plus their own.

Abstract descriptions using special-purpose logics are only at the
beginning.

Many open questions that will trouble us for some time to come.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML 1.x vs. UML 2.0

UML 1.x

e ActivityGraph subclass of StateMachine
thus implicit rtc-semantics

UML 2.0

Activity on same level as StateMachine

new “Petri-like” semantics

Many new concepts

- Exceptions

* InterruptibleActivityRegion
* ExceptionEdge, ProtectedNode

— StructuredNodes

— FlowFinal
- Streaming

- Collection data
— ActivityParameters

Many new notations

- Pins, “attached” dataflow
notation, ...

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Wrap up

Presents control flow and data flow for analysis, design, and implementation
level models.

Not a special kind of StateMachine any more.
Petri-net inspired semantics, though currently not entirely clear.

Many new concepts and notations, including

- Exception handling

- Data streaming

- Collection data handling

- Structured nodes (loops, expansion regions)
- Pin-notation for dataflow.

Overall: Activity diagrams are now the algorithmic description language -
nhot only within the UML.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Part 6 - State machines

Dr. Harald Storrle Dr. Alexander Knapp
University of Innsbruck University of Munich
MGM technology partners

i

closeFlight

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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History and predecessors

1950’s: Finite State Machines
- Huffmann, Mealy, Moore

1987: Harel Statecharts

- conditions

- hierarchical (and/or) states
- history states

1990’s: Objectcharts
- adaptation to object orientation

1994: ROOM Charts
- run-to-completion (RTC) step

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Usage scenarios

E!! FlightHandling F e Checkn

nnnnnnnnnnn i

=
choseChecin

Object life cycle
- Behavior of objects according to business rules
- in particular for active classes

Use case life cycle
- Integration of use case scenarios
- Alternative: activity diagrams

Control automata
- Embedded systems

Protocol specification
- Communication interfaces

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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States and transitions

. State machines model behavior
- using states interconnected ...

- with transitions triggered ... (TS ﬁ"”"’ggmg”m"ﬂfﬁffe‘?( S )
- by event occurrences.

J

initial Pseudost\ate trigger (CallEvent) gu/ard (Constraint)
|
. r 4
EMSbcoking/
\ changel() [ kind <> #Economy ]
l () tartOff()
G{eservea} I il {Bﬂnkedj 7 )@tartedO@
cdncel() : cancel() handle() /
/ passenger.creditMiles(self)
/ : /
/ I /
/ | / \
7 1 o y 4 _ \
simple State Transition effect (CallAction) FinalState

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Relation to class diagrams

. State machines are defined in the context of a BehavioredClassifier.

Context———————- Booking
defines which kind
- events can ot
OoCcCur /| startOff()
/ |change()
- features are ; |handle
available II change() [ kind <> #Economy ]
/ | i
II Rese E) pay() @ k_) startOff()
O pe rati on i < canceld passen ger.creditl':.:l?lggtgllff
corresponding CallEvent 7 ——= - >(e)
=" - i booking
CallAction— —— |
called Operation\ FEESETEEr passenger | flight |Flight
\ |name:Name - . - I

‘| creditMiles(b : Booking)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Triggers and events (1)

-Boardlng_/

- = T SignalEvent

[Bua rdingControl boafd'“ﬂpﬂﬁﬁﬁead BoardingPass )

Ready J entry / check validity
il exit / read passenger id
LcluseFllghtfdefer completion
PR - event
ChECkBDﬂFdiﬂgPﬂSg (no exp“cit
entry / start query trigaer
def d do / blink 99 )
EleMme0e 4 - e el e e e e == = EloseFlightIdefer
event )
queried
[ passenger has / [ passenger has
checked in ] W( not checked in ]
ﬁcceptBoarding Paﬁ ﬁ!ejectBna rding Pasﬂ
entry / eject entry / eject
do [/ release turnstile closeFlight / defer
TimeEvent closeFlight / defer

(relative) ~ T = after(10s) when(turnstile sensor="turn")* = 7~~~ ~ | ChangeEvent
/ block turnstile / block turnstile

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Triggers and events (2)

CallEvent
- receipt of a (a)synchronous Operation call

- triggering after Behavior of Operation executed

SignhalEvent
- receipt of an asynchronous Signal instance

- reaction declared by a Reception for the Signal

TimeEvent
- absolute reference to a time point (at t)
- relative reference to trigger becoming active (after t)
- presumably meaning relative to state entry
ChangeEvent

- raised each time condition becomes true

- may be raised at some point after condition changes to true
- could be revoked if condition changes to false

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Triggers and events (3)

completion event

- raised when all internal activities of a state are finished
- do activity, subregion
- no metamodel element for completion events

- dispatched before all other events in the event pool

deferred events

- events that cannot be handled in a state but should be kept in
the event pool

- reconsidered when state is changed
- no predefined deferring policy

internal transitions
- ... are executed without leaving and

entering their containing state
- normally, on transition execution states are left and entered

( S 0
Q‘igger [ guard]/ gﬁ’ecej

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Behaviors
Boarding/
'\’

[Boa rdingControl | boafdingpaﬁsﬁead BoardingPass )

Ready J entry / check validity exit Behavior
7~ exit/read passengerid = = = = = — — — - ~
 closeFlight / defer (on exiting a state)
(CheckBoardingP i -
CheckBoardingPass) do activity Behavior
E“‘H}f.“f”ﬂ“e_”_ N _ (concurrently while
o/ blin .
| closeFlight / defer !n state, mday be
queried interrupted)
[ passenger has 9 [ passenger has
checked in ] W not checked in ]
ﬁcceptBnardingPaQ ﬁiejectBnardingPasﬂ _
entry / eject entry / eject™ — — = - — |- entry Beh_awor
do / release turnstile closeFlight / defer (on entering a state)

closeFlight / defer

after(10s) when(turnstile sensor="turn")
/ block turnstile / block turnstile

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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How state machines communicate

event pool event pool
L :B
=
A 4
!
=L o o
!
duri starts new RTC-ste
uring network W P

run-to-completion (RTC)

sighals: asynchronous (no waiting)
calls: asynchronous or synchronous (waiting for RTC of callee)

No assumptions are made on timing between
event occurrence, event dispatching, and event consumption.

Event occurrences for which no trigger exists may be discarded
(if they are not deferred).

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Hierarchical states (1)

Hierarchical states allow to encapsulate behavior and facilitate reuse.
However, they are rarely used this way.

UML 2.0 provides concepts supporting this usage.

- entry and exit points

F|Ig htHa ndllng_;/ passengerCheckln
wstartﬂheckln
«—>| Preparation ) :{ Checkin
closeCheckin passengerlLeave
' [ Boardin
@e( Closing )( L S

closeFlight —~
[ 5 min.to start & =
all checked-in passengers boarded ] — ~ -

W
~

composite State

Transition triggering is prioritized inside-out, i.e., transitions deeper in the hierarchy
are considered first.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Hierarchical states (2)

FIightHandIing/

oe( Preparation

3
J

closeFlight
[ 5 min.to start &
all checked-in passengers boarded ]

passengerCheckin

startChecklin
Checkln
CID5eCheckln passengerlLeave
_\ V L ﬂ /
(Boarding_ — K

Ia)

@e[ Closing j(

\

[DardmgCDntmIReaﬁadBoardmgPa5
@hecanardlngPass

[ passenget h.as
checked in]

[ passenger has
not checked in ]

Accept

HEJect
BoardingPass | | BoardingPass

passengerBoard

detailed
¥ (non-orthogonal)
composite State

" default entry

- Region

b substates

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Orthogonal regions

- Simple State: containing no Region

-  Composite State: containing at least one Region
- simple composite State: exactly one

- orthogonal composite State: at least two

[ Client/Server

/ callService(parameter)
calls +=1

[calls =11
receiveResult{e) ~
/calls =1

="

Serverldle
v
queue.dq(parameter) / iveResul ”
{ execute(parameter) itz el ule
ServerBusy

callService(parameter)
/ queue.ng(parameter)

\.

N

2

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp

~

~

orthogonal Regions,
~ both active if

r . .
_~ Client/Server active

orthogonal states are “concurrent” as a single event may trigger a transition
in each orthogonal region “simultaneously”
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Forks and joins

all Regions are left

all Regions must be simultaneously
(if FinalStates are reached)

Y
entered simultaneously £ ~ )
o oL o)

e
o
_bo
N

join Pseudostate

(restrictions dual to forks)
/7

! \
e P
2 3/
, D
/
fork Pseudostate

(one incoming, at least two outgoing Transitions;
outgoing Transitions must target States in different Regions of an orthogonal State)

-g:
y——---"

/

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Entry and exit points (1)

- Entry and exit points (Pseudostates)
- provide better encapsulation of composite states

- help avoid “unstructured” transitions

exit point (on border of state machine
_ -~ diagram or composite state)

Chec I(In/ ﬁ canceled
.\’ choose seat

> insert card eject card > K—W
[ card not i Seat
readable ] Chﬂsen

[else] l confirm

(cardccepted) Lnobooking ((checkedin)

readCard /
preparePassengerData eject card >
entry _ O )G’EESEHQEF choose seat ¢ -
pOi nt other Accepted print boarding pass>

identification [else] [

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Entry and exit points (2)

Notational alternatives

W

[ Checkln
~ [

other canceled
identification

[ Personal
Authentification

Semantically equivalent

o ~
' p

I
I

\ /
“unstructured” transitions

.\’

via i
via
'other identification” "canceled"

g

{ Checkln
o

Personal
Authentification

ey

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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History states

- History states represent the last active

- substate (shallow history), or
- configuration (deep history)
of a region.

deep history Pseudostate

shallow history Pseudostate (enter last States in this Region
(enter last State in this Region) and all sub-Regions)
S /
suspend / wait(1s) \ suspend / wait(1s) suspendlf wait(1s)

CS-Protocol CS-Protocsl' CS-Protocol
o Y @) (L véo

restart / defer restart / defer restart / defer
Operatmg o Operatmg . Operating _o
\|/ JT\rESI:art,«'r \l/ Treﬂartf oft/ \l/ /[\restartf
[ Idle [ Idle é[ Idle
/ j

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Metamodel
Behavior trigger ;
T X1 Trigger
& .. "_ )
Transition |le—293"%! Constraint
- - . o 0.1
StateMachine [&— Region > cfroct -
e 1.* T - Behavior
subvertex
. >
Trigger |* N State Pseudostate
deferrableTrigger T
entry
0.1 FinalState
Behavior 3’“:
doActivity
0..1
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step: Overview

Activities State

configuration
\Transition handle’rg

| N
Event pool > O Event dispatcher

Choose an event from the event pool (queue)
Choose a maximal, conflict-free set of transitions enabled by the event
Execute set of transitions

- exit source states (inside-out)

- execute transition effects

- enter target states (outside-in)

thereby generating new events and activities -
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step: Preliminaries (1)

Active state configuration
- the states the state machine currently is in

- forms a tree
- if a composite state is active, all its regions are active

Least-common-ancestor (LCA) of states s; and s,
- the least region or orthogonal state (upwards) containing s and Sy

MBS

A

s 1L

—F

A2

bold: active state configuration bold: LCA of states Al and A2
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step: Preliminaries (2)

- Compound transitions

- transitions for an event are “chained” into compound transitions
- eliminating pseudostates like junction, fork, join, entry, exit

- this is not possible for choice pseudostates where the guard of outgoing
transitions are evaluated dynamically (in contrast to junctions)

- several source and target states

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step: Preliminaries (3)

Main source / target state m of compound transition t

- Let s be LCA of all source and target states of t
- If s region: m = direct subvertex of s containing all source states of t
- If s orthogonal state: m = s

- Similarly for main target state

- All states between main source and explicit source states are exited, all
state between main target and explicit target states are entered.

Conflict of compound transitions t; and t,
- intersection of states exited by t; and t, not empty

Priority of compound transition t; over t,

— s; “deepest” source state of transition t;
— 84 (direct or transitive) substate of s,

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step (1)

RTC(env, conf) =

| event « Fetch()

step «— choose steps(conf, event)

if step = & A event e deferred(conf)
then defer(event)

fi

for transition e step do

conf « handleTransition(env, conf, transition)

od

if isCall (event) A event ¢ deferred(conf )
then acknowledge(event)

fi

conf |

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Run-to-Completion Step (2)

steps(env, conf, event) =
| transitions < enabled(env, conf, event)
{step | (guard, step) e steps(conf, transitions) A env = guard } |

steps(conf, transitions) =
[ steps « {(false, @)}
for transition e transitions do
for (guard, step) e steps(conf, transitions \ {transition}) do
if inConflict(conf, transition, step)
then if higherPriority(conf, transition, step)
then guard « guard A —guard(transition) fi
else step <« step U {transition}
guard <— guard A guard(transition) fi
steps « steps U {(guard, step)} od od
steps.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

6 - State machines

Run-to-Completion Step (3)

handleTransition(conf, transition) =

| for state e insideOut(exited(transition)) do
uncomp lete(state)
for timer e timers(state) do stopTimer(timer) od
execute(exit(state))
conf «— conf \ {state}

od

execute(effect(transition))

for state € outsideln(entered(transition)) do
execute(entry(state))
for timer e timers(state) do startTimer(timer) od
conf <« conf U {state}
comp lete(conf, state)

od

conf |

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Semantic variation points

Some semantic variation points have been mentioned before.
- delays in event pool

- handling of deferred events

- entering of composite states without default entry

Which events are prioritized?
- Completion events only
- All internal events (completion, time, change)

Which (additional) timing assumptions?
- delays in communication

- time for run-to-completion step
- zero-time assumption

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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State machine refinement

. State r_nachines are [ e Control
behaviors and may thus ::r‘:’] 1 { (extended) _o

be I’EfII’IEd. not refined
(may be omitted)
i
EH Control / Control { extended } f ’ ,’
>~ // I
Mo . Y
Ready Waiting ) (>[ Ready F---<> Waiting !
cardinsered | | | [ AT cardlnserted =~~~ : -----
/ loadCard() after(1s) I —— / loadCard() | after(1s)
E! :
W A R
@ = ~
[Ca rdRea dyj ¥ CAcceptedj [ CardReady |
/ if check successful E = [ check E
then green light read — successful ]  read
else red light E 5 / free(); green light :
] K \
CheckData \_: CheckData 1
»{final} ' {final } I

. /7 .
no refinement possible

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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6 - State machines

Protocol state machines

- Protocol state machines specify which behavioral features of a
classifier can be called in which state and under which condition and
what effects are expected.

- particularly useful for object life cycles and ports
- no effects on transitions, only effect descriptions

Client {protocol} / [true]
when(isAssigned(order))/
l [ calls = calls@pre+1 ]

T\ connect()/
( ldle J(' { Connected
/

disconnect() / &

| _precondition

—

/ -
/

, [calls>1]— = =~ _ | —specified operation
receiveResult(order,e) /= = _y
/ [ calls = calls@pre-1]- — — — |- —poOStcondition

/
7

ProtocolTransition

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Protocol state machines

Several operation specifications are combined conjunctively:

context C::o0p(Q)

[P 1op() /10 ]
pre: InState(S;) and P, C S| j ' ' >( 53 j
post: Q; and InState(S3)

context C::op(Q) (P o0/ 1O ]
pre: inState(S,) and P, (% P > Sy )
post: Q, and InState(S,)

results in

context C::op(Q)

pre: (InState(§S;) and P;) or (inState(S,) and P,)

post: (inState@pre(S;) and P,@pre) implies (Q; and iInState(S3))
and (inState@pre(S,) and P,@pre) implies (Q, and InState(S,))

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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6 - State machines

UML 1.x vs. UML 2.0

Consolidated metamodel
- introduction of regions instead of composite states only

- no transitions between regions of an orthogonal state
- the “more esoteric case” of UML 1.x

New encapsulation means
- entry and exit points
Protocol state machines

- side-effect free

Clarification of semantic variation points
- but, still, no formal semantics

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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6 - State machines

How things work together

Static structure
- sets the scene for state machine behavior

- state machines refer to
- properties
- behavioral features (operations, receptions)
- signals

Interactions

- may be used to exemplify the communication of state machines
- refer to event occurrences used in state machines

OCL

- may be used to specify guards and pre-/post-conditions

- refers to actions of state machines (OclIMessage)

Protocols and components

- state machines may specify protocol roles

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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6 - State machines

Wrap up

State machines model behavior

- object and use case life cycles
- control automata

- protocols

State machines consist of

— Regions and ...

- ... (Pseudo)States (with entry, exit, and do-activities) ...

- connected by Transitions (with triggers, guards, and effects)

State machines communicate via event pools.

State machines are executed by run-to-completion steps.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Unified Modeling Language 2.0

Part /7 — Interactions

Dr. Harald Storrle
University of Innsbruck
MGM technology partners

Dr. Alexander Knapp
University of Munich

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

/ - Interactions

A first glimpse

Bl C/s-Protocol 1 /

Client Server
R ot

receivaRasull] jobNo |

[&55] C/S-Protocol 1 / all three are
communication :
d |a ram Client T:dﬁﬂl‘u‘it&: salf, paramatar | Sarver Semant|ca| Iy
9 G receiveResult jobo) . jobo equivalent
BBJ C/s-Protocol 1 /
S compulation
erver racaive quary
idle | .
H H H call- | jobika racaiveResull] jobia )
timing diagram - TS;'WG v
Client job issued _I—,
busy B
I'-IIIII‘1I|II%Illl!"llIllglllléllllg; 'Ts]

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

History and predecessors

simple sequence diagrams
- 1990°s
- Message Sequence Charts (MSCs) used in TelCo-industry
- several OO-methods use sequence diagrams

complex sequence diagrams
- 1996: Complex MSCs introduced in standard MSC96
- 1999: Life Sequence Charts (LSCs)

communication diagrams
- 1991: used in Booch method
- 1994: used in Cook/Daniels: Syntropy

timing diagrams
- traditionally used in electrical engineering
- 1991: used in Booch method
- 1993: used in early MSCs

interaction overview
- 1996: high-level MSCs (graphs of MSCs as notational alternative)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage scenarios

. . . B
- Class/object interactions =
- design or document message exchange between objects =
- express synchronous/asynchronous messages, signals =N S
and calls, activation, timing constraints :
BEun -'._:,
- Use case scenarios 7
~ illustrate a use case by concrete scenario N, =
- useful in design/documentation of business processes T —
(i.e. analysis phase and reengineering) e ————
- Test cases illE:.Z.;‘:.‘i%ﬂ’:‘i?ii’.?‘.:'.:?i‘.’f.’:‘"""
- describe test cases on all abstraction levels v
- Timing specification/documentation .
- Interaction overview R
- organize a large number of interactions in a more visual et
StYIE "‘fujm-m--_ |
- defined as equivalent to using interaction operators ———
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Syntactical variants

Sequence diagram

- traditional sequence diagrams + interaction operators

focuses on exchanging many messages in complex patterns
among few interaction partners

it fuben] 4 ol pad el

Communication diagram

- “collaboration diagram” in UML 1.x %’;‘;‘_“M
- focuses on exchanging few messages between (many) g
interaction partners in complex configuration
Timing diagram =
- new in UML 2.0, oscilloscope-type representation, not o
necessarily metric ttme " g
- focuses on (real) time and coordinated state change of
interaction partners over time
= [y
Interaction overview diagram 7 ] |
- looks like restricted activity diagram, but isn’t ==
- arrange elementary interactions to highlight their interaction r—

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Simple Interactions

Main concepts

e C/S-Protocol 1 /

Interaction= —|—= — _ _ _ _ Client Server
partner _
_ callSarvice! salf, parametar | >
. . B . - < _r:ll:lI"If.'l\
Lifeline = [ TTTTTTTTTTTTTTTOT SN
\
A rocaiveRasul{jobNo } [\~
- \ﬁ | \ N\
-" I \ S
-
_-" I \ S call
OccurrenceSpecification | reply €4
aka. EventOccurrence !

asynchronous signal

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Simple Interactions

Message types

instantiation Event

lost & found Messages
(i.e.: very slow messages)

termination Event

1
> i
0] Message types1 / i
! I
A | C I\ D
[ 1
PETTIN R EN
charTolnt( a") . | - Irl
{.I._.ﬁ"';--------;( '—-—-_._______________-_-_._Q.
| / '&_H##\_.ﬂfl
/ \
/ hon-instantaneous

Message

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Activation

external
Event

C/S-Protocol 2/

~
~

N

Client

Server

activation bar— |

activation — |
suspended

warp lines =
(non-UML)

callService(self, parameter)

>

jobNo = nextNumber()

1A

jobParameter.store(jobNo, parameter, client)

|

waitingClients.nqg(client)
é

;Ipendingﬁequests,nqﬂnbﬂn} A

receiveResult(jobNo, result)

I:I result = execute(jobParameters.dq())

\

J

\
waitingClients.dq()
\

KN

A J

\
nested activation

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage: Use case scenarios

- Interaction participants
are actors and systems
rather than classes and
objects.

- May be refined
successively.

- Useful also for specifying
high-level non-functional
requirements such as
response times.

- All kinds of interaction
diagrams may be applied,
depending on the
circumstances.

Check-In at terminal /

O Check-In-
Machine
Passenger
I
insert card - I
<= 25 Z initialisation, load data
greeting with name
] { ___________________ ]
Check-In at terminal / O Check-In-
Machine
Passenger
insert card -
ref analyse card
at ) [ credit card | check data with
L ZI bookings database
P greeting with name _ |
[ bonus miles card ] greefing with name [« read name
Bttty check data with
ZI bookings database

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage: Class interactions

done

. Interaction participants are [ C/S-Protocol 1/
classes and objects rather Client Server
than actors and systems. cllonioo{ s, pararter)
R jobio _
- Again, successive refinement < receiveResul e )
may be applied in different
styles:
- break down processing of EeEl C/s-Protocol 2 /
messages Client Server
start() | _
- break down structure of ~ | callServco(sef parameter) |
interaction participants. o IPemnextiumberd
jobParameter.store(jobNo, parameter, client)
<
. All kinds of interaction T T i
diagrams may be applied, gpendingﬂeq“emqﬂf-"b"f’} A
depend”‘]g on the /‘L, result = execute(jobParameters.dq())
circumstances. )

receiveResult{jobNo, result) I:I
|

waitingClients.dq() !

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage: Test cases

- Like any other interaction, but with a different intention.

- Typically accompanied by a tabular description of purpose, expected
parameters and result (similar to use case description).

idﬁﬂgg_mg_g, ™ Check In (automatic) too much luggage

test poal
If a passenger has too many pieces of luggage and tries to check in

using the check in maching, he should be referred to the check in
counter.

precondition
passenger is booked on respective flight

arguments
luggage, bonus mile card, booking data

result
passenger is referred to counter

postcondition
luggage 1s not checked in, passenger IS checked In

remarks, open quaslions
none

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage: Timing specification

- For embedded and real-time
systems, it may be important to
specify absolute timings and state
evolution over time.

- This is not readily expressed in
sequence diagrams, much less
communication diagrams.

- UML 2.0 introduces timing
diagrams for this purpose.

IEXN server behavior /

[ job processing |

( :
Lo )
@é idle

\

S~

[EXN client behavior / |

]

J

C‘!S protocol / Client Server
=
t=now callService( self, parameter )
<2
jobNo
( -------------------

<=t410s < receiveResult{ jobNo )

| |
REN C/S protocol  /

computation
Server idle |—|7
receive query I—! :
/?tall- 1 jobNo | receiveResult( jobNo )
P 1Service VY !
Client busy —
waiting
LI | (I | (I | (I | (I | (| }
S T RN NAY SRRRY SRR N
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/ - Interactions

Abstraction in timing diagram

IEXN server behavior /

- An alternative syntax presents bproceesg ]

states not on the vertical axis but S Y eceive query) J

S o)< idle .
as hexagons on the lifeline. [

[EXN client behavior /
. . . gate job |
- Timing diagrams present the

coordination of (the states of) ® ]
J

several objects over (real) time.

Protocol abstraction /

Sewer( idle chv.queryX idle ><:omputation>< idle >

1 )
1'call- 1jobNo IreceiveResult(jobNo)

!Service W A4
Client< busy onb issued waiting X busy >
i i i >
= now <=t+2s <={+10s

Protocol abstraction /

computation
Server ide —( job processing >—
recaie quany {

A

1cal- | MecaivaRasull{jobNo)
| Sarvios

Job Issued .
Client busy —< delegate job >—

waiting
ulIII.%I.IIélpllélllléllllélllIé %.S]
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Usage: Interaction overview

- Organize large number of interactions in a more visual style
- Defined as equivalent to using interaction operators

IXelv! Check-In (automatic) /

v
ef ) login passenger

sequence probably
equivalent to seq L

- w}r

ref ) submit luggage
choice/merge ~ ~ - J
equivalent to alt/opt

ref J print boarding pass

v
®

also allowed: fork/join
(said to be equivalent to par, but ...)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Complex interactions

- A complex interaction is like a functional expression:
- an InteractionOperator,
- one or several InteractionOperands (separated by dashed lines),
- (and sometimes also numbers or sets of signals).

s8] Check-In (automatic) /(O Check-In-
Machine
Operator ~|~ —
ref log-in Passenger
Interaction\ I s S e e
Fragment = choose flight & seat

Interaction™ |
Operand | | 7 ref "" e

print boarding pass

brk J canoel S

ejact card

=
s

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Interaction operators (overview)

strict
- operand-wise sequencing

- lifeline-wise sequencing
loop
- repeated seq

par
- interleaving of events

region (aka. “critical”)
- suspending interleaving

consider
- restrict model to specific messages
- i.e. allow anything else anywhere
ignore
- dual to consider

ref
- macro-expansion of fragment

- alternative execution

- optional execution

- syntactic sugar for alt
break

- abort execution

- sometimes written as “brk”

assert
- remove uncertainty in specification
- i.e. declare all traces as valid
heg
- declare all traces as invalid
( — three-valued semantics)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Main concepts (metamodel)

InteractionFragment

AF

Specification

Lifeline —&|  Interaction CombinedFragment
interactionOperator:
InteractionOperator
Message i T
<<enumeration>> 5 8 InteractionOperand
InteractionOperator g % P |‘_
seq, alt, opt, par, strict, = 3
loop, break, region, - S
neg, assert, ignore, consider
Messagektnd
paN
EventOccurrence Gate

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Semantics

- The meaning of an interaction is
- a set of valid traces, plus
- a set of invalid traces.

(ignore the latter for the time being)

- Traces are made up of occurrences
of events such as

- sending/receiving a message,

- Instantiating/terminating an
object, or

- time/state change events.

- Two types of constraints determine
the valid traces:

1) send occurs before receive,
2) order on lifelines is definite.

B C/S-Protocol 1 /

Client Server
a | callServica| sell, paramelar | > d
bleocoo ] bt fa
Cle receivaRasult] FdMr ) f

This diagram contains the following
seven constraints:

1) a—d, e—b, f—c
2) a—b, b—c, d—e, e—f

The set of resulting traces is:
{ a.d.e.b.f.c, a.d.e.f.b.c }.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Interaction operators seq & strict

seq

- compose two interactions sequentially lifeline-wise (default!)
strict

- compose two interactions sequentially diagram-wise

@i/ strict
A B ef ) P SND(a) —— RClV(a)
d } Looooooooooooaoooc e
‘ ef J q SND(b) —— RCV/(b)
SND(a) RCV(a)
A B ref /P SND(a) —— RCV(a)
b . - -
>
‘ ef ) Q \ SND(b)>= RCV(b)

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Interaction operator loop

loop
- repeated application of seq
loop(P, min, max) = seq(P, loop(P, min-1, max-1))
loop(P, 0, max) = seq(opt(P), loop(P, 0, max-1))
loop(P, *) = seq(opt(P), loop(P, *))
e C/S-Protokall 1/ (O
for some interaction
fragment P - Passenger
stnct
ol g log in passenger
_______________________ _I_____________________|____________
et g choose flight & seat
....................... .|--.------.----------.I--------.---
loop(0.3) / ref ) submit luggage
_______________________ _|_____________________I____________
o g print boarding pass

(c) 2005-20006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Interaction operators: interleaving

par

- shuffle arguments

region

- execute argument atomically, i.e. disallow interleaving

SND(a).RCV(a).SND(b).RCV(b)
par_) SND(a).SND(b).RCV(a).RCV(b)
ref ) p SND(a) —— RCV(a) SND(a).SND(b)RCV(b)RCV(a)
R R EEEEEEEEErrE - - SND(b).SND(a).RCV(a).RCV(b)
ref ) Q SND(b) —— RCV(b)  snp(b).sND(a) RCV(b).RCV(a)

SND(b).RCV/(b).SND(a).RCV(a)
par_)
ef J p SND(a).RCV(a). SND(b).RCV(b)

---------------------- SND(a).SND(b).RCV(b).RCV(a)
region J - SND(b).RCV/(b).SND(a).RCV(a)
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Interaction operators alt, opt, brk: choice

alt

- alternative complete execution of one of two interaction
fragments

opt
- optional complete execution of interaction fragment:
opt(P) = alt(P, nop)

break

- execute interaction fragment partially, skip rest, and jump to
surrounding fragment

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Interaction operators: abstraction

- ignore, consider

- dual way of expressing:
- allow the ignorable messages (!) anywhere

« [ ignore(P,Z) 1 = shuffle( [P] , Z%)

- present only those messages that are to be considered

=0 C/S protocol 1
- 2 / Client Server
ignore { start, nextNum ber,l store, ng, process, da, dnlne } )
ref CIS protocol 2
[ |
=10 C/S protocol 1
- P / Client Server
consider { callService, rer_:;iveFi'.esult} ) :
ref C/S protocol 2
|

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Complex Interactions

Interaction operator ref & parameters

. ref

diagram head.

diagram border.

/7
declaration”

7/

7/

/

- refers to a fragment defined elsewhere (macro-expansion)
- Formal and actual parameters (bindings) are declared in the

[0 callService(in service: String, in name: String, in cardNo: int) —/

DB-Client DB-Server

slartname, cardha) | |

= callSarvica( salf, (4711, nama, cardMa))

out = stalus | status=racaiveResull] jobMo |

N

GIS protocol 1 f

Controler
1

DB-Client
1

DB-Server
|

'ﬂ) callService(service="get status”, name="Storrle", - ) :

Client.status = callService("get status®, "Storrle”, - ) : "Albatros”

- Signals to the containing classifier appear as arrows form the

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Interaction operators: negation

The semantics of neg and assert is unclear.

In contrast to that the other operators, they refer not just to the
positive traces, but to invalid and inconclusive traces as well.

all traces

inconclusive traces

neg
- declare all valid traces as invalid
- inconclusive traces: unknown

assert
- remove uncertainty by declaring all inconclusive traces as invalid

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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UML 1.x vs. UML 2.0

UML 1.0 UML 2.0

collaboration diagram - communication diagram
timing diagram
interaction overview diagram
complex interaction

Lifeline is now a first-class citizen

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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/ - Interactions

Wrap up

Complex interactions like high-level MSCs added.

New diagram types:

- timing diagrams (like oscilloscope), and

- interaction overview (similar to restricted activity diagram)
- renamed collaboration diagram to communication diagram

Completely new metamodel.

Almost formal three-valued semantics of valid, invalid and
inconclusive interleaving traces of events.

Some semantical problems are yet to be solved.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Unified Modeling Language 2.0
Part 8 - Tools

Dr. Harald Storrle Dr. Alexander Knapp
University of Innsbruck University of Munich

MGM technology partners

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

8 - Tools

Overview

UML 2.0 modeling tools
- subjective selection for test

IQWelojb. gl Rhapsody

- not an evaluation }?ele!og" TAU
P
What has been covered hb MagicDraw
- UML 2.0 diagrams i
- UML 2.0 metamodel % [T T software Software
- Import/export Modeler

- special features g

ware Poseidon

just model

There are many more, like
- Omondo: Omondo for Eclipse Borland
- Sparx Systems: Enterprise Architect

Together
Architect

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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|I-Logix: Rhapsody

Rhapsody in C++ by I-Logix Inc. - [Statechart of : check in.CheckIn]
E Fil= Edit Yew Code Layout Tools Window Help _|ﬁ'|5|
hed|:=age oz ko x|aaBarmfo o2 || 6 a %) ]
J 0 L |DefauItComponent leefauItEonfig j HJ | o} B J | |
JEEE M™oped (I Il=E =S| =0 | T H]\I_B.EI Lo OAlL | A s B =438
Iy canceled =
Entire Model Yiew - — i \i Checkin h
E--D albatros [ 4
--{:I Components ~ [ cad not readable [fejectCard
-3 Object Model Diagrams )
-5 Model1 ~ finzertCard
-3 Packages 0 chooseSeat
E& Default —_—
\ Events @
14> Use Cases @
B check in | CardAccepted
---E Operations @ | | [na boaking far checkin)fejectCard
E|°&. Statechart °
-] States
- Checkin 5] readCard/passengerdccepted
-] States s |
B-{] Personalau | Passengerfccepted
- PredefinedTypes (RO} b - Y
=0 Use Case Diagrams — | identifzation » O
-3¢ Flight handling B8 = [else]
fejectCard; printBoardingPass
“a)
State CheckIn in Default: :check in: :StatechartOfCheck
in, CheckIngiSkatecharbOFCheckIn
b, v
K| | _'I_I
il | o 55 Modell | #] Flishthand.. | | checkin | checkinCh...|
Statechart : StatechartOfCheckIn in CheckIn E
General IHeIationsI Tags I Propertiesl
Nams:  |StatechartlfCheckin e
Stereotype: | = LI
Locate | 0K | Apply | |
For Help, press F1 GE MODE [Thu, 4, Aug 2005 [5:02 PR 2
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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8 - Tools

|I-Logix: Rhapsody

Tested version: Rhapsody V6.0 in C++

- mainly targeted on embedded systems design and real-time
operation systems

Fair UML 2.0 support
- but sometimes deviating terminology

Nice features

- code generation based on templates
- mainly for state machines

- support for structured analysis/design

www.ilogix.com

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Telelogic: TAU/Developer

F grc.ttw - Telelogic TAU - [

Tzl File Edit Wiew Project Buld Link Tools ‘Window Java Help ;Iilﬂ
(S| 3 Igrc.ttp leefauIt jl,& Application Builder j = =
REEVEYE B o> o e =0 =
=l P f[editproperties ]|

E‘%?;;;;r Element: T Server Options. . |
B-Ea e : : Flee  [Gtne =] 5 |
"B} |DlassDiagram sd C/S-Protocol 2 J interaction Intere ||| ILfebne tEreolypes

=& iClient .
EE Interactionl[] Constramts|
ioE- Tfilnteractionlmpler

Tg] i C#5-Frotoco .
7 Client : Client - Server

: e T Server
oH=| ;Sewer

#-{Predefined ||| Comrments Hl A S

B Library ta ] }
o iFiles callService(this, 1)

D ependencies
~ifpplied Stereotypes

P jobMo = nextMumber])
i I starefjohMo, paramett Typ 2 =l
E ; Operation j

waltingClients,ngf{client)

T o -
File iew | (of Model Viewl F] | | _pl_l
:‘:Il Subject | Sewverity | Information ;l
d Errar THROO034: Failed ta find Instance0f jobM of InstanceExpr.
d Errar THROO47: Failed ta find definition of [while lacking for Gate).
2 Interactionimpl... Information THROO04:  Mame rezolution - no Gate matched ",
d Error THROO34: Failed to find Gate of OperationCallReceive.
| Error THROO47: Failed to find definition of jobParameter [while looking for Instance0f). —
d Errar THROO34: Failed ta find Instance0f jobParameter of InstanceE spr.
E calService Errar TJW0002: Operations in non-abstract clazses must have a bodw,
B calService Error TJW0002: Dperations in non-abstract clagees must have a body.
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For Help, press F1 [ T s
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8 - Tools

Telelogic: TAU/Developer

Tested version: TAU V2.4

Fair UML 2.0 support
- import from XMI (Rose, Together)

Nice features:
- code generation based on libraries

- continuous consistency checks
- Ssome messages not overly instructive

- UML 2 textual syntax

Felelogi

www.telelogic.com

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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NoMagic: MagicDraw

DERELDER-S-&
r&h “o. | & inh. |40 Dia. | <> Mo
Diagrams O R x

{3~ Activity Diagrams

~ ] Business Process Diagrams
=] Class Diagrams
;5—: Communication Diagrams
] Compaosite Structure Diagram
] Content Diagrams
] CORBA IDL Diagrams
] Generic DDL Diagrams
Implementation Diagrams

Eile Edit Wiew Layout Diagrams Options

E|—-':| Diagrams ;‘-:

7] Oracle DDL Diagrams

1 Robustness Diagrams
77 Sequence Diagrams

= ] State Machine Diagrams
L = Struts Diagrams e
1 |

&5 Zoom | B

Properties

cume Properties
O a8 x

¥ Messages Window

Messages Window

Clear

Package (386, 569)

[EWMF XM Stereotype UML STandard Profile MagicOraw Profile designiodel metaclass (s changed o Element
(EMF XMI: Property UML Profile for Schedulabilty, Performance and Time Specification::Ceneral Resource Modeling Fram ework::RTtimeModeling::RTaction::RTend type is changed to String (Property type is not Ecore DataType.)
EMF M1 Property UML Profile for Schedulabilty, Performance and Time Specification:Analysis Models: PAprofile; PAhost:PArate type is changed to String (Property type is not Ecore DataType.)

;EMF XMI: Stereotype UML Standard Profile:MagicDraw Profile:Diagraminfo metaclass is changed to Element

_ MagicDraw UML 115 - flights-md:11.5,xm|.zip [/lfe/psthome/usersiknapp/uml/tutorialibrighton-06/too =1o1X]
Tools Analyze Teamwork Window Help x
. E;Ife,‘...s;l‘lighlslma-ll.S.me.... v CERLGDEETEZNE BREC  REHENEESRE B
|1 Flights 1 b X
s /T 77k A [ S8 8 Q&afm]
: Tiad
[ Common |-~
B Note v
sbe Text Box v
= Anchorto Note Booking Name
P Containment ~kind +middlelnitial
-date +firstName
A
' Dependency ‘Leurname
- Separator v +resenve) +salutation
- +payy) +litle
|| Class Diagram +cancel{)
= +change()
El class /| +stanorfg
— Interface Passenger + |+handieg
P Package v -name ; Name <o
-passengers
/ Ceneralization = -cr_edutard (0..1] = g
-milesCard [0..1] FlightHandling
/ Association ¥ -status Qrifghts :
. < <derived> >-currentMiles{derived} 0." [Risht -boardingGate
oty creditMiles( b - Booking ) : E L
e = + itM il : =T -date
J: Compositlon +consumeMiles( b : Booking ) -tr'lrm:s LEES) 1 -test
7 Interface Reall.. » +cancelMiles(
- = +starChecking
iy Usage » 0.40.. +checkinPassenger()
3 Abstraction * +5}achr|1_e;|IdOn0
+closeFligl
[=] Instance Airline +delayFlight(
/¢ Link \ —name +passengerBoard()
/4 _ 1 < ~shortname hElayy
%] Use Case Diagram -logo
=) 0.1 —ma ~fromto
fg Implementation ...
: ir
1 Composite Struc. . MilesAccount Alpott
. -shortname
B3 Profiling Mechan... —number e
s ~flightMiles ~country
~statusMiles -fee
=
d o]
........................... Ij‘ ﬂ_ ®

e

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

8 - Tools

NoMagic: MagicDraw

Tested version: MagicDraw 11.5 Enterprise

Very good UML 2.0 support

- sometimes deep nesting of property sheets

- export as XMI 2.1, EMF

Nice features
- OCL syntax check

- but not more
- metamodel-based model comparison

- model metrics

7

www.nhomagic.com

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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8 - Tools

IBM: Rational Software Modeler
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8 - Tools

IBM: Rational Software Modeler

Tested version: Rational Software Modeler Trial

Good UML 2.0 support
- some features are deep down in property sheets
- export as UML2 (XMI 2.0), EMF, ...

Nice features
- Integrated into Eclipse

- ensures consistency by selection from available features and
drawing restrictions
- but not for constraints

www.ibm.com/rational

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Gentleware: Poseidon

t;a albatros - Poseidon for UNL Communify Edition - Not for Commercial Use. J—ggﬂ
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8 - Tools

Gentleware: Poseidon

Tested version: Poseidon 4.2.1 community edition

- professional versions include code generation, version control,
Eclipse integration, ...

Good UML 2.0 support
- but no templates, composite structures, ...
- export as XMI 1.2

Nice features
- UML 2.0 diagram interchange
- Community edition for free !

ware

just model

www.gentleware.com

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Borland: Together Architect
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8 - Tools

Borland: Together Architect

Tested version: Together Architect 2006, version 8.0

Fair UML 2.0 support
- export as XMl 2.0

Nice features
- Eclipse integration
- Good OCL support

- OCL-based model transformations

- ECore API

www.borland.com

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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8 - Tools

Comparison (1)

Rhapsody TAU/ Magic | Software | Poseidon | Together
Developer | Draw Modeler CE Architect
Trial

Class ® ° ° ® °
Composite X O ® ° x
structure
Component O ° ° O ® O
Object ® X ° ° ° O
Deployment O ° ° o o
Package O o) O O O

® | good (all important features present)

O | average (some important features missing)

%x | not available

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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8 - Tools

Comparison (2)

® | good (all important features available)

O | average (some important features missing)

not available

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp

Rhapsody TAU/ Magic | Software | Poseidon | Together
Developer | Draw | Modeler CE Architect
Trial
Activity O ® ° ° ° o)
Use case O O ° o) ° O
State machine ° o) ° ° ° °
Sequence O ° ° ° ° °
Communication ® X ® ° ° °
Interaction X ® ® X X X
overview
Timing X X X X X X
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8 — Tools

Which one is best for me?

Many tools claim to support UML (or even UML 2.0), but few do
justice to this claim.

Of those that come anywhere close to UML 2.0, there is no single
best tool.

If you want to select a tool for you, your company, or your
organization, go ahead as follows.

- Make a short list of 3-6 candidate tools following crude criteria like
price, platform, size of tool manufacturer, previous experience, and
expert advice.

- Determine evaluation criteria like required notations, input/output file
formats, reporting/printing capabilities, code generation facilities and so
on.

- Evaluate all candidate tools - a UML expert will be able to do a
reasonable (superficial) analysis of any tool in half a day.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Unified Modeling Language 2.0

Part 9 - Best Practices for the
management of large models

Dr. Harald Storrle Dr. Alexander Knapp
University of Innsbruck University of Munich
MGM technology partners
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9 - Best practices

Management of large models

Creating and handling small models presents some challenges.

But managing large models is a problem in its own right, which
comes in addition to all of these:

- versioning, diff/patch, merge

- migration between tool platforms

- long term maintenance of models

- round-trip with manual interference

- measures, queries, checks, analysis of models
- simulation, code generation

- reporting

Today, we don’t have appropriate tool support for the majority of
these tasks, and it is very cumbersome to do it by hand.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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What exactly means “large” for a model?

Project size (only model-related activites!)

- Manpower: 5-100 Persons (rather: Person-equivalents)
- Duration: 1-10 Years
- Budget/Cost: 1-50 Mio €

Number of model elements (“population”)

- 200-5.000 classes (times 10-20 attributes)

- 100-1.000 business processes (times 10-20 functions, steps)
- 5-10/10-20/20-50 systems/subsystems/segments

- 50-200 interfaces

Compare with large scale software systems, e.g. SAP R/3
- over 100 Mio LoC, more than 33.000 database tables
- 14 systems, 35 subsystems, ca. 32.000 programs
- ca. 2.500 interfaces

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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9 - Best practices

Probleme and gaps in large modeling projects

Characteristics of large projects

overal situation
- often extremly ,political® environment
- inhomogeneous, large organisation
- long and critical previous project history
- very long project duration

- extreme expectations, big
dissappointments

- hostile competitors involved
(,Mehrfrontenkrieg®)

Qualifications

- Customer

- Colleagues

- oneself
Work organisation

- several companies and organisations
involved

- distribution over several places

many gaps...

Specific for modeling projects

Tools

- inappropriate tools previous decisions
Untaugliche Werkzeuge gesetzt

- uberhaupt keine Werkzeuge verfuigbar
- Versionsverwaltung/Diff selten
- Releases, Auslieferung, Sicherung

structuring of models and method
- “the usual suspects” are insufficient

Quality of models
- what does it mean in the first place?
- consistency
- coherene and validity
- clear focus (,big picture®)
- adherance to conventions

...but each gap is also a starting point!
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Starting points in large modeling projects

Model structure and methodology

- no/few established standards thus
much leeway

- impact on almost all other areas

- requires intensive training and
coaching (,Navigation overview")

Model design
- Layout, naming conventions

- Guidelines for mc_)del sizes and
levels of abstractions

- Change markers
- Plan header

- Attribute states (open questions,
defaults, errors)

Organisation of project
- Quality assurance criteria
- Distributed work
- Process of modeling, tasks

Conviction

- large and demotivated teams must be
convinced and activated

- support for standards such as

- poster of model inventory

- navigation overview

- coaching (less useful: trainings)

- handzettel mit Arbeitsanleitungen

Automatisation / Integration
- XMl (e.g. Modelbridge)
- self-made tools, e.g.
- naming conventions
- measures for size/complexity
- reporting
- generating

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp




UML 2.0 - Tutorial

9 - Best practices

Model, Diagram, Plan

Modell + visuelle Darstellung

B THESS PROCEEE MODEL <b&atls
«BIEMEfachl ADOO-UMLIE GF
Bilbliothek 2005.11 .03

VERSION == Diagrﬂmm +

TYPE <ARCIVITACEA1agranm-

ATTRIBITE Autors
VRLOE "hag®

Plan

ATTRIBITE <Ahgelegt ans
VALUE "05.02.2006, 11:26"

ATTRIBITE <Le&Czte 5.|:n.1e1|.'.|'.g L B
VRLIOE "05. 02 _Z00&, 11:3&"

ATTREIBUTE =zLetzter EBearbelters
VALIOE "hag”

ATTRIBITE <SchlaguWortes
VRLIOE **

ATTRIEBITE =Kommantaxs
TETIE =*

XMI, MDL, ADL, ...

B fi | E:u.'r

UML, EPK, ERD, ... I

projectspecific
(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Model, Diagram, Plan

Model
- A Modell is an abstract entity, existing e.g. in a data structure

- Parts of models may be modles again
- standardised (XMI) or proprietary (MDL, ADL, ...)

Diagram
- a diagram is a either

- the visual presentation of a model,
- or an informal sketch.

- A diagram defines a model: the one consisting of those model
elements that are presented visually.

Plan
- A planis a diagram in a frame of reference.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Model information

. Title @C/S-Pw
- Name

- Fa matIC t e type usage view unit
prag yp lJ]CD Taxonomy functionality ERH.ZA
scale section customer or project logo
_ subsystem
- Text field o . .
omain functions overview
_ version a status last modified
Author/Manager 101b  |pending |10.5.2005
. author responsible manager customer/project
- Customer/Project S. Kahlau G. Blaschke OFD Hannover
- date/version .
- view, phase, intention —
egen
- scale, section, unit T e
- QA Status - <<unix-server>>
 —
—
- Legend
<<mainframe>>
- Stereotypes ﬁ
E < switch>>
2006, Dr. H. Storrle, Dr. A. Knapp
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Role model civil architecture: detail section

of a plan

Gleichschenkliger
L-Slahl 60/6
horizontal
Decleschienen
Flachslohl 60/10
Slahiblech gekantet
VSG-Verglasung

2 x Sem

aussenliegender
Sichischutz
teststehand
siehe AP 2781
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horizontal
Oimensionerung

nach Statk

Flachstaht mil
ongeschweissler
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Abstizung 130/60/9

L- Slahiprofi
00/65/9
Quadrat/Hohiprofi
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platten d = 30cm

Morleibelt
d= 50 em
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d =00 cm
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286

B

5 AN DSOS . 4

ey

2 x ESG Enscheberverglasung
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nach Stafik

Flachstahl 250/10 punkduell 4 572
<z

i _.___r_

' Uk abgehdingte Decle
nach Absprache mil
nenarchiekt

< |

+ 183

2 x Flachsiah
L080/00/10

mii Verbindungsblechen
nach Angabe Slatk

Fussbodenaufbau
| nach Absprache
[ mil Inmenarchileld
‘ Stahischwer! mit
‘ Kapfplatte aul
| Magerbelon befesligl
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Role model civil architecture: plan header (DIN 6771)

perwencungsbersich

fzul. Abwe )

(Cherliache)

i3 Bstah

| [Gewicht)

W\ ek stofl
R afisi inummer

[Aodell-MNr

Datum

Mame

Ecarty

IGEM.

Mo

iBenennung)

Firma. Zeichnungshersie ler

£ eichrungsnummer)

Blatt

st

AnsErung

Catum

Marme

Urspr.)

(Erst 1)

LErst.d_:

other relevant ISO standards
- ISO 128:1996 Technical Drawings (in 29 parts)
- 1SO 3098:1997 Lettering (in 7 parts)
- ISO 7200:1984 Technical drawings — Title blocks
- ISO 5455:1979 Scales
- I1SO 5457:1999 Drawing sheet formats for technical documentation

- 1SO 13567:1998 Technical product documentation — Organization and
naming of layers for CAD

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Role model civil architecture: plan header real life example
Aqm;m xﬁm

ENTWURF FUR EINE MARKTUBERD
AM RATZINGERPLATZ, MUNCHE!

LEGENDE

ANGABEN MATERIAL: R T P
E2777777] Kalksar werk  [77-7-7] stahibeton \:ﬂg‘;‘g“m“"g
V77777777 Ziegemauerwerk ; HH (\":';;H;Edammuns
ZeTeteleX MM mCmrmr Sperrschicht
,—‘ Ia[r:MeTralnnwanﬂ 7 : ‘ Soiteamgen
| ANGABEN AUSSPARUNGEN: ANGABEN ZEICHEN UND KURZEL:
'_:'_ __| Deckendurchbruch DD Deckendurchbruch ST Sturz H Heizung
e Decksnmsparng) | o MRS BR Bristung L Lifung
= | Dockenschiiz e LT T UZ Unterzug E Elektro
WD Wanddurchbruch Rb Ringbalken S Sanitar
E Hederiae WA w:;uaz:;p;::ng BA Betonaufkaniung RR Regenrinne/-rohr
Wandaussparung/ WS Wandschlitz RH Rsumhoch HK  Heizkbrperstandort
Wandschlitz . . -
BD FuBbod —
"] Futbodendurcnoruch | rzp Fusbodel | LEHRSTUHL STUDENTEN
————— FuBboder - g —~ ~ B T
=] Fitwccenscniz * | Fuo Furcame [ Tchnische Universitat Miinchen Philipp Trumpke / Michael Kaufmann
EBB - Lehrstuhl fir Baukonstruktion und Baustoffkunde | ASSISTENTIN g piEs
] G Prof. Florian Musso, WS 2003/04 Dipl. Ing. Sonja Weber
Technische Universitat Mnchen S——

EBB - Lehrstuhl fur Baukonstruktion und Baustofik UBUNG |
Prof. Florian Musso, WS 2003/04

UBUNG {
ok i Ausian Tragwerk und Ausbau

___ Obung 23 Ducherbeit Ubung 2.3: Durcharbeitung Tragsystem
Schniti-Ansicht A-A, [ |PLANINHALT | : s —

Ax 1rie (ohne Manstan)
s Schnitt-Ansicht A-A, Details M 1/ 10,
— — A)(Dnometrle {ohne Malstab)

[PLAN - NR. MASSTAB DATUM INDEX_ R B _
WP 02 1/50 m, em e RSl s e
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Role model civil architecture: plan header in tools

Tip Jiack Sicht Elrheit
o : : : UCD | Taxonomie functionalit ERH.ZA
Ad_mwystratwe informationen of - — e
this kind should be presented subsystem -
. . Marme
(partially) in a plan header. Domain functions overview
Varsion O5-Status latzte Anderung
1.01.b pending 1_[].5.2[][]5 _
Filling slots like predefined Values S Kahlay G Bleschke  |OFD Hannover

and state transitions should be
supported.

Partner Kommunikation Fachmodell

arstallt won Woss
gedndeart wvon WA

4

in Bearbeitung

21022004 um 13:00
21022004 um 13:00

- Reports on ga-status, version,
model type etc. are important.

Verantw ortlicher; -

Freigabedatum: -
Modelltyp: SOLL-Modell

- If ther is no support for model
headers (almost always the case)
use comment boxes: more effort
but feasible and better than
nothing.

<<Plankopf==

Ausschnitt: ERH.ZA

Geschaftsprozess: Einzahlung ohne Angabe der Verwendung
Ansicht: Ablauf

Projekt: BIEME

Stand: 10.12.2005

Bearbeiter: hsh

15-Stand: worgelegt

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Contents of a legend

- legend

- Depending on the audience,
one might need descriptions of

- the complete notation
- stereotypes only

- colour coding of model
changes

- change marker

- Lists of added, removed, and
modified modell elements

Ty Jweack Sicht Elrhait

UCD | Taxonomie functionality ERH.ZA
Maflstfah Abschnift Kunden- oder Projektlone
subsystem -

MNarma

Domain functions overview

Varsion Q5-Stafus latzte Anderung

1.01.b pending 10.5.2005 _

Beavbafor laranfwontbchar FimoeProjiekt

S. Kahlau G. Blaschke OFD Hannover
Lagands

fial i diesar Varsion artfalen i dieser Wersion | verdndedt in deser Virsion

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Putting a legend in a plan

Biel |~ Schreiben ffnen & _
Anfrag :[ digitaisieren

L
Anirag ﬁ&.nsprum prﬂfe Legende

ria eEPK, UML AD
& O (™ame
ED e O E=
berechnen
e ® Hhegly
Ablehnung —
formulieren Emus.meilen_@ @ .kvli fex ﬁ
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eI ¢
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Change markers

Bibliothek /
Madien _
auslaiben]  Leihwerkehr
O Bibliothekar
MNeuer
1 Katalog
Leser
Katalog
varlighars
Madian
Legende
G Sk ieur E:nl:-ern
Eine Rolle, de mi sinem I Eine bestehende oder ge-
Syt inkeragiert. plante Applkation inmehalb
der dgplikatio mslandschalt,
Verbindung Anschiull
— Verbinded SyetemschnBisielen D Eime Schnittstells sines
oder Akbeure mitainander. S yaberms.
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Change markers

Bibliothek /

Medien

aushelnar Leihverkehr

'-.-Eﬂl:lghara

Madian

Legende

Rot entfallt

Calr kommt hinzu

Blauy adndert sich

Sk bEur

Eime Raolk=, di= mil srnem
Eysiem inberagier.

Werbindumg
Verbindel Sysiemechnitisbeli=n
afer Akfare milsirander.

Sysfem

Eire besb=hende oder ge-
planbz Appliation innerhal
der Applkadionsiandschafl.

fmschiul
D Eire Schniltstelle aines
SyEhams.
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States of attributes

attribute state

C check i y )
oe(unchecked ):[ checked ) i _)( work in )
\_ . progress
& modify !
........................................ - v
- ~ ! submitted )
MOEINNEE ! _(for approval
2?2 | ([ : |
l [ /Qpen questloa i
‘ | \_( partially \2
(unchanged )07{ empty ) i approved /
: v
L <Va|ue>C%\( filled ) i
2N i (qa approved)e‘
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Alternatives for model storage - Pros/cons

File

e.g. Magic Draw, Rose

storage in a single file
- Size

- conflicting access
- distributed work

storage in redundant files
- consistency

storage of non-overlapping parts
in a directory tree

- references
- integration

Repository/database

e.g. StP, Adonis

storage in tool-repository
- distributed work

- versioning

- back up

structuring facilities
- ...of the tool

- grouping / tree

- ...of the modeling language
- packages, classes
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Versioning - the problem

Only very few tools have appropriate functionality. Marketing is
often more advanced than reality.

It is possible to store your models in a CM tool, but...

- Some tools are DB-based (e.g. StP, Adonis), so that models must
be extracted/exported first (often manually), which is error prone
and tedious.

- The extraction format may be (that is, in reality it always is)
difficult to interpret and process (e.g. diff of XMl files including
diagrams).

- Even if the modell is well structured, this does not guarantee that
the modell-Dump is well structured, too.

So, probably there is no model version control system available
when you want it!

Therefore, you need to resort to the ,poor man‘s repository“.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Versioning — Alternatives

Case 1: a small group of modellers
- versioning only by backups
- coordination directly (bilaterally) between all people involved
- may become critical under spatial distribution

Case 2: model structure similar to project structure

- The whole model is structured in 1 overarching part and n more
specific parts, depending only on the overarching part.

- Each of these n+1 parts is created and modified by exactly one
group (everybody else may read). Within each group, case 1
applies.

- The groups are coordinated by a special group, e.g. formed by
the group leaders.

Case 3: Chaos
- Get a new job.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Creating good diagrams

Naming conventions
- There must be conventions for names and abbreviations.

- There must be a glossary to describe the terminology of the project,
including domain-specific names.

Graphic design conventions

- The graphic of a diagram (layout, color, size, pen etc.) is essential for
the usability of the model it represents, e.g.:
- discussing and modeling,
- presentation,
- quality assurance,
- implementation.

- Thus, a good graphical design is an essential part of the model, equally
important than the “contents itself”.

- Bad diagrams often indicate bad models, for modeling errors are less
apparent when there are many other errors around.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Creating good diagrams: Names

A name should express what an element is about. Good names are
important!

The same things should follow a consistent naming schema, so that
the name already hints at what an element is supposed to be.

- system/subsystem/group of use cases: noun, gerund + noun,
e.qg. Payment

- business process: gerund + noun, e.q. awarding Miles
- business function: verb noun, e.qg. select flight
- class/attribute: noun, e.qg. passenger number, flight, booking

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Creating good diagrams: Names

Subsysteme
— Noun | Nounphrase
(also substantivised verb)

- Names of previously used
systems (abbreviations!)

-> ,Document management”

- ,Order book “
- Invoice”

Schnittstellen

— From “-° To

- fixed and well known names
> DS052"

> DMS-BInfo“

Business process and functions
— Verb Nounphrase
-> file application”

> ,assess payment according to
law XY and check solvency
(manually)”

Conditions

— [Nounphrase] (Adjective |
Adverb)

- tax identification code
present”

> done”

Adherence of conventions
- Glossary
- Automated checker

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Creating good diagrams: Layout

A model should be complete, non-redundant, clear, and adequate.

Completeness
- All relevant facts are contained in the model and displayed according to
their importance.
Non-redundancy
- No part of a model is displayed more than once except there is a good
reason.
Clarity
- There should be around 7+2 (main) elements per screen/paper page.
- If necessary, split diagrams or introduce abstractions. If the resulting
system of diagrams is a tree, the tree should be balanced.
Adequacy
- know your audience: what aspect is particularly interesting for this
audience?
- What is the purpose of this diagram, why do | draw it in the first place? Is
this goal achieved?

- Is there a better way to achieve this goal, such as using another diagram
type, another layout altogether, or something else?

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Creating good diagrams: Layout

Observe the Gestalt-laws

- present similar things similarly
- Things presented differently will be perceived as different things.

- uniform size, color, orientation, alignment
- Things of similar importance should be present in approximately the same size.
- Things presented in the same way will be perceived as similar.

- Non-uniform presentation transports (unwanted) information

Observe reading order
- left right, top bottom (at least in the west)
- clockwise arrangement for states

Layout
- Avoid crossings, strive for clarity

Further aspects
- Use colors, pen sizes, fonts, etc. very sparingly (consider printability)

- |If ?/ou do use them, use them carefully, and make sure who you’re
talking to.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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Industrial experiences

Contrary to common belief, many domain experts are quite happy
when confronted with UML diagrams - analysis level only, of course.

With UML 2, many things may now be captured, which were difficult
to capture before.

The tool support is not yet sufficient, however, partly due to the
enormous complexity of the UML.

Bottom line: it’s a step ahead, but we’re not yet there.
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A look into the crystal ball

It’s very likely, that a version UML 2.1 will be coming to sort out the
problems that are currently contained in the UML.

There might also be UML 2.2 and UML 2.3 - but will there be a UML
3.0?

There can only be one unified modeling language, though there will
probably be simpler modeling languages.

Domain-specific languages are neither unified, nor (usually) simpler
than UML, and hard evidence of their other claimed benefits are
nowhere to be seen.

(c) 2005-2006, Dr. H. Storrle, Dr. A. Knapp
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