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Motivation

trdtion m  System family development is a way of systematic plannirdy an
T e e reuse of commonalities between different products
or . - . . . . . .
I —— Focus on variability in domain and application engineering
aiabililics m UML interactions are a possibility to describe component
Abstract Syntax b e h aVi our
Denotational . . . .
Semantics m Various forms (MSCs) are widely used in practice
Case Study m However, they lack an explicit notion of variability

Conclusions
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Concepts and Related Work

Constructs for an adequat language extension

With formal semantics

Uses UML but transferable to MSCs

Operatotvariant that specifies optional behaviour depending on
the system family configuration

Operatorrepeat to reduplicate instances with message
exchange patterns

Variable scoping concept

Ziadi et al. proposeoptionalLifeline> and<variant>
<variant> in KobrA

We emphasise parameteric nature of variability and use
operators

Formal semantics
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Features

Introduction rad | O

Interactions with
Variabilities

Variation Points and car radio

Vitris \O _ cassette player
Interactions with media reproductor <

Variants CD player

Repeat \O

Abstract Syntax R DS

Denotational ; .. . .
Semantics m  An essential aspect or characteristic of a system in a domain
Case Study m Distinctively identifiable abstractions

Conclusions m A system family is a collection of software products that are

similar but have varying features

m A feature can be mandatory, optional or alternative to other
features

m  Approaches (FODA, FORM) that organise features in and/or
trees
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Variation Points and Variants

Introduction I"ad | O

Interactions with
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car rado
T \o cassette player

Interactions with media reproductor

\F:aer;;aer:ts \O CD player
Abstract Syntax R DS
Denotational

Semantics m In use cases variability is mirrored byriation points
Case Study m Location where a variation occurs

Conclusions m Captured in one or moneariants
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Introduction

Graphical notations are often ambigous
I [ ith . . . . .
Variabiites UML interactions can also be interpreted in different ways
Abstract Syntax We introduce an abstract syntax to describe the interagtion

Use
Syntax Fragment

Textual and unambigous
Basis aresendandreceiveevents

Denotational
Semantics

Case Study

Conclusions
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m Syntax Fragment

Introduction

Interactions with

Variabilities Interaction ::= Event

Absract Syntax |  CombinedFragment
CombinedFragment:= sd({Instances$)(Interactior)
Denotational seq(Interaction Interactior)

Semantics

par(Interaction Interaction
alt(Interaction Interaction
repeat({Instance$)(Times (Times| oo),
Interaction)

| variant(BExplnteractior)

Instances::= Instancelnstances
| Instance

Case Study

Conclusions
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m Why a Formal Semantics?

Introduction

m Yetanother UML semantics?
S—— _ _ .
Variabiites = UML 2.0 interactions are not handled by other semantics
Abstract Syntax m  More precision and unambiguity in language extensions
|

Denotational
Semantics

Semantics?
Main Concepts
Satisfaction Relations

Important for effective tool support

Case Study

Conclusions
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m Main Concepts

itiedicon m Based on semantics of plain interactions from Cengarle and
Interactions with
Variabilities Knapp
Abstract Syntax m The semantics of a plain interactiéhstates whether a tra¢es
Denotationa| positiveor negativefor the interaction, writtent =, S and
B t =n S, respectively
m If ¢ IS neither positive nor negative fér, thent is called
Satisfaction Relations inconCIUSiVéor S
C Stud . .

e m The semantics of an extended interactfbdepends on a
Conclusions . .

configuratiorC.

n ¢ E=C Sandt =5 S
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m Satisfaction Relations

Introduction

Variabiites t =€ variant(B,5) if either C = Bandt S S

Abstract Syntax or C I# B andt ‘:g Sklp

[S)grr:](;ts:iigsnal t :g repeat(Y)(m,ﬁ, S) If ElO' U?:l{yl DY € Y} — 1.0

oy Al IS Injective and

tES par 1 (Sly = o(y:) sy € Y1)
oo Sty t =5 sd(Y)(S) if 30 : Y — I.ois injective and

Conclusions t ‘:g S[y — O-(y) - Y S Y]

m The negative satisfaction relations are written accolilgling
The boolean operators are defined as usual.
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Introduction i HFIxedA
Int ti ith .

Variabilties FixedRoute HVarA
Abstract Syntax HT HTF <

Denotational VarROUt H D |St
Semantics ..

Case Study H Neg
Interaction . . . .
Textual Represeniaion” ™ EXtENsive case study of a holonic flow of material in a
Trace production system

Conclusions s Autonomous vehicles (HTFs) transport engine parts between

machine tools where they are processed
m Several variations concerning the process are possible
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Interaction

Introduction sd NegOf Or der) IR -
| .

Interactions with  (HFixedAv HVarA) 1|

Variabilities oo .

Abstract Syntax | repearht-1, ht-l)) :

|

<vars <vars : <rep> !

H |
Denotational w: | nMachi ne h: HTF ! h': HTF l
Semantics . . | . :

| | | |
i |
Case Study 1 Qrder ' | : .
Overview | jader | | | I
: p— | — :
) , | createjob | ! create job .
Textual Representation | , | . |
Trace |variant (VarRoute) |, S I ] i
r-- -0 I I I
Conclusions ! ' | computev | : ! N
| L isid | ' | !
I |4 I o : I I :
I I I jBid | I : |
| | | | : !
I ! ! | compute v : |
| 1 | | T |
: : j EndOf Negot i ati on : : : : :
I I I I I
! ! j EndOf Negoti ati on ! : [ : :
| k t 1
| | | : | :_:
r l | l |
| | |
! update job status : update job status |
| ! j |
I I | I I
|
: : e :_ _______ |
| | |
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m Textual Representation

::IZZEEZEZW% SNegOfOrder= sd({w, h}, seq(Sord, S1, 52))

Variabilities Sord = seq(snd(w, h,] Order), rcv(w, h,] Or der))
Abstract Syntax

Denotational S1 = variant(VarRouteA —HFixedAA —HVarA seq(
Case Study snd(h,w,j_ Bi d),rcv(h,w,_] Bl_d),
Overview snd(w, h,] EndCF Negot i1 at 1 on),
rev(w, h, j EndOf Negot i at i on)))
Trace

Conclusions

Sy = variant(HFixedAv HVarA repeat({h'}, ht — 1, ht — 1, seq(
snd(w, h’,j Or der ), rev(w, h’,j Or der), S7)))
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m Textual Representation — |l

:Ezzzgzzwnh S1 = variant(VarRouteseq(

Variabilities snd(h, w,] Bi d), rcv(h, w,| Bi d),
Abstract Syntax snd(h, h',j Bi d),rcv(h, k', Bi d),
Seatondt snd(w, h,] EndCf Negot i ati on),
Case Study rcv(w, h,] ENdOf Negot | at i on),
e snd(w, h’,j EndOf Negot i ati on),
rev(w, ', j EndCF Negot i at i on)))
Conclusions
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Introduction

Interactions with

Variabilities t1 = sndW3: 1 nMachi ne,hl: HTF,) O der).

Abstract Syntax snd(W3: | nMachi ne, h2: HTF,] O der)-

penotational snd(\W3: | nMachi ne, h3: HTF,j O der)-

— rcv(wW3: | nMachi ne, hl: HTF,] Or der):

ﬁ:eerr;';vgn rcv(W3: | nMachi ne, h3: HTF,j] Or der)-

Textual Representation SR

snd(\W3: | nMachi ne, hl: HTF,j EndOf Negot i ati on)-
conclusions snd(W3: | nMachi ne, h3: HTF,j EndOf Negot i at i on)-

snd(W3: | nMachi ne, h2: HTF,] EndCFf Negot 1 at 1 on)-
rcv(W3: | nMachi ne, h3: HTF,] EndOf Negot i at 1 on)-
rcv(W3: | nMachi ne,hl: HTF,) EndOf Negot i ati on)
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penotational snd(\W3: | nMachi ne, h3: HTF,j O der)-

— rcv(wW3: | nMachi ne, hl: HTF,] Or der):

ﬁ:eerr;';vgn rcv(W3: | nMachi ne, h3: HTF,j] O der)-

Textual Representation .

snd(W3: | nMachi ne, hl: HTF,j EndOf Negot i at i on)-
Lonels one snd(W3: | nMachi ne,h3: HTF,j EndCf Negot i ati on)-

snd(W3: | nMachi ne,h2: HTF, ] EndOFf Negot | at | on)-
rcv(W3: | nMachi ne, h3: HTF,] EndOf Negot i at i on)-
rcv(W3: | nMachi ne,hl: HTF, ] EndOf Negot | at i on)

t1 |:g SNegofordes SINce Int; the receipt of message
] EndCF Negot i at i on from thel nMachi ne to the first
repeated instand&2 is missing.
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Introduction m Extensions to the UML interactions to represent variapilit
Interactions with . - g . . .

Variabilities m  Operatowvariant specifies an optional interaction that depends
Abstract Syntax on a configuration

Denotationa m  Operatorepeat for copying analogous lifelines with their

Case Study message excha_ng_e patterns | |
N The number of lifelines depends then on the configuration
Binding operatosd for the declaration of instance variables

Future Work ..
Sufficient means for the purposes of our case study

There may be other variations that we did not consider

Stefan Wagner — Technische Univeasiinchen FACS’05 — Macao China—25/ 26



m Future Work

Introduction m Dynamic reconfiguration

Interactions with

Variabilities m Incorporation of MSC connectors
Abstract Syntax [ | Interplay with other UML diagl’amS

Denotational
Semantics

Case Study

Conclusions
Summary

Future Work
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