MoSiSﬂ

Standardizing Variability -
the process towards CVL -
a Common Variability Language

by
@ystein Haugen, SINTEF

oystein.haugen@sintef.no
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e Outline of the talk

E | 1 '

 Motivation
= Technical
= Political
= Commercial
« The MoSiS Common Variability Language
= Language
= CVL Tool
= Canned demo
- Standardizing CVL
= Why OMG?
= OMG process
= Initial submission
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Motivation for standardizing CVL

 Political / Commercial « Technical
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Interoperability
Opportunities for SMEs

Goals for projects -
valuable deliverables

Value over time

« beyond the scope of the
individual European
project

Quality label (?)

SINTEF

Many dialects — more
ambiguity
More tools
Bigger educational
market
* university
« commercial courses
 tutorials

Serious technical
assessment
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MoSiS CVL

coming out of the ITEA project
MoSiS

with SINTEF, Univ. of Oslo and ESI
as main contributors
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TCL - Train Control Language
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Station EL

« TCL represents train signaling domain knowledge

« Using TCL provides automation

= MoSiS has made code generators for 3 different kinds of
representations

« TCL is a domain specific modeling language
= MoSiS has created several such DSMLs
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MoSiSa
e Several Similar Stations
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« By using TCL you create each train station from scratch

« This means also maintaining each station separately
« and making test suites for each station separately

- How can we capture the obvious similarities between
stations

= beyond the concepts of the TCL language

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT

0
(9]
o
(o]
(@]
2
o
O
o
o
P
o
Q]
<
LU
=
)
£
£
©
[t
(@]
o
o
o
v
N~
(o]
™
N
@
X
o
o
-}
L




Feature Diagrams for variability

# Regional Station

1 Parking Track
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#* Rural # Urban
01) (.
# Additional Track | |# Parking & With Parking # No Parking
8 Track 2
Two-track

SINTEF

Two solutions to similarity

« Include concepts for
reuse inside the
language

= add e.g. types or macros
to TCL

= blurs the domain
specifics

= requires deeper
language engineering
knowledge

« Add similarity with a
separate description
= CVL = Common
Variability Language
» Feature Diagrams as

partial comﬁte syntax
for CVL ITEAZ



Common Variability Language

Generic &
Standardized CVL UML/DSL The base language
Description Domain

of possible / model of a
variations in Variation Base particular

the system model (family) model family of

systems
il
resolution Execute CVL
models variation
o— Systems fully described in the
oae domain specific language.

Selection of a set

of options in the All regular DSL tools can be

variation model applied to these models
Resolved

specific models

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT



Common Variability Language

CVL Model .. -
=

=m

= OEm

Resolution Model

Variability Model

A4 \ 4 A\ 4

Feature Specification Layer

A 4 y

Product Realization Layer

FIFEED ) FEI ) EDE]
‘ | o o o
A
Base Model S
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MoSiSs‘

CVL Metamodel (important classes)

Variability
Specification

.

CVLModel

Resolution
Specification

Executable
Primitive

A\

-

Declaration

§

type

Replacement
Literal

Constraint

/

Composite S . . Placement
Variability Substitution Assignment Invocation Type Literal
Zﬁ body

Iterator Replacement

Fragment

tnet.rbject ZT

Reference

Replacement
Fragment

constraints

theRef
Product abstraction
realization

Feature
specification

SINTEF

Product
realization
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MoSiSs‘
‘ Feature Specification Layer

+ Station
Mandatory
Feature
Number of Additional
TraCkC|rCU|tS % Base Track + Additional Track:
(optional)

Eureka }! 3674 Programme, ITEA2 project ip06035 i

* Additional TC * Side Track p
Base Track Pla... ﬂ Side Track Pla... .
gBaseTraclmrit... Va r|ant Featu res
(only one)
# Mo SideTrack # One SideTrack # Two SideTrack + lp + Down ]
{3 sideTrackRef oo | eftSwitch ]
“@ pightSwitch
“= DownYalue
= ciiler 1ame
] v
rrm Chllas oy
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MoSiSﬁ‘
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Semantics |Symbol | CVL Element Comment
] CompositeVariability makes the
Mandatory l :CompVar resolution of a node mandatory for any
instantiation
Ootional :Iterator The multiplicity [0..1] reflect the fact that
ptiona Lower =0 the sub-node can be chosen or not.
Upper = 1
-CompVar CompositeVariability makes the
AND m P resolution of all sub-nodes mandatory
for any instantiation
. The multiplicity [0..*] means that any
‘lterator number of sub-nodes can be chosen.
OR A\ Lower =1 IsUnique specifies that each sub-node
IUBpt?r =-1 . can only be chosen once (which
sonique = true corresponds to the usual OR semantics)
Iterator The multiplicity [1..1] means that one
XOR /&\ Lower =1 and only one of the sub-nodes can be
Upper = 1 chosen (which corresponds to a classic
XOR semantics).
:Iterator The multiplicities associated to a choice
e Lower = x are mapped to an Iterator containing the
Multiplicity Upper =y same multiplicities

[x..y]

IsUnique = true

SINTEF

The Feature Diagrams - CVL mapping

3 ITEAZ
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MoSiSs‘
‘ CVL Metamodel (important classes)

Resolution
Specification

Variability
Specification

.

— | CVLModel D —

Product
realization
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Product Realization Layer
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How CVL relates to any base language

« Any base model defined in a MOF-defined base
language can be seen as a general graph of
objects and references

- All operations when executing CVL is on general
graphs

- Type of the eObject can be obtained through
reflection - for the purpose of type checking

LA B
FEN
(p]
™
o
(o}
o
2
-
(@]
2.
o
| .
o
A
<
LU
=
)
£
£
©
[
(@)
o
| .
o
v
N
O
(9p}
N
©
X
o
| -
>
LU

aP r,"’. .\".
cP a.: 5 \'\ o 5 \\
1 4 14 : 1 7 4
bp dP I.\. .I dr \ D
br:-\ 6 ,,/' 6 /
Base model plus Placement Fragment Replacement Fragment Resolved product model
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CVL Metamodel (important classes)

\
Variability Resolution
Specification CULNEE] Specification
| |
Exe_cu_t::xble Declaration
Primitive
. type
Composite L . . Placement Replacement .
Variability Substitution Assignment Invocation Type Literal Literal Constraint
body 4
tnet{bject
Iterator theRef Replacement Replacement
Fragment Fragment
Reference

abstraction

() SINTEF S ITEAZ
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MoSiSs‘

Station Product Line

* Station

< Additional Tra...

-~ Direction }

* Additional Track

Number of
SideTracks

[ * Additional TC

* Direction
SBase Track Pla...
/ agn \ BaseTrackwit...
Additional
T kC A 't @ Mo SideTrack [® Ore SideTrack [® Two SideTrack [ Up ft- Dowh
ra C I rC u I ™ cideTrackref == | eftSwitch
= RightSwitch
both on
O O &

* Side Track

1 Two SideTrac...
{3 side Track Pla...

base track

= Stiler 1Name

=
and e

* Ro Additional TC

& Down T Twa SideTrack ...
ad d 0n0 O n a {:SideTrackwith... Track }
I t I I we= T Mame

= SideTrackSwitch Two SideTrack
wm Diown'alue
we= TCHumber

[® Up

[® Up [® Dawn
w0 alLe

J

x ITEAZ
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Type and Invocation

&

Additional TC

SBHSE Track Pla...
BazeTrackwit. .. .
Invocation

e

Additional TC

Ly sideTrackwith...
e TIZMarme 1

s TR Umber

Type

© aAdditional Track...|
Track with TC
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CVL Metamodel (important classes)

|
Variability Resolution
Specification CULNEE] Specification

\
Executable .
L, Declaration
Primitive

A\

-

. type
Composite L . . Placement Replacement .
Variability Substitution Assignment Invocation Type Literal Literal Constraint
i
body
tnet{bject
Iterator theRef Replacement Replacement
Fragment Fragment
Reference

constraints

() SINTEF S ITEAZ
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and the constraint
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right
1 = H Constraint
left
1
H Binary H NOT H ExecutablePrimitiveTerm B VariabifitySpecification
B O ]
primitive o, *
1 variabilitySpacification
HoR 5 &ND  TMPLIES H Ererutablerrimitive H Declaration

() SINTEF

H Compositevariability
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MoSiSs‘
CVL Editor Integration

& Java - CVIL./StationPL.cvl_diagram - Eclipse

File Edit Refactor Run Diagram Mavigate Search Project  wWindow Help
: B f
IR R ) R I

: St atin & stationD.skat

CVL Editor (feature diagram) TCL Editor

* Station

¥ Additional Tra..,

| O | | | O |
= _Jk [

* Baze Track = Additional Track

/ L stati;nF_rac
) —Z - TCL Editor

(fragments)

* Mo SideTrack # Cne SideTrack * Tweo SideTrack
u SideTrackRef

Eureka }! 3674 Programme, ITEA2 project ip06035

x ITEAZ
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Specify Variability

& Java - CVL/StationPL.cvl_diagram - Eclipse

File Edit FRefactor Run  Diagram Mawigate Search  Project  Window Help

* | Tahoma wlo B T A~ & — - |y BB e | P W H B
Fiesear Selected elements }
StationPL.cvl_diagram X ’. skationD, skation_diagral 1=
] b =K alq
Create Placement =

Additional Tra...

from Selection R O 4 O | O | [
O k]

= additional Track

w4 5 000 ™
o
vz S 5\ o
3 2 ) 3 s
| = 4 + =
L Ia_ ||stamn I ] v
= |l= | >
@ E 2 stationFragments,station_diagram 23
Side Track ) )
198 TEEE | ) add Mote 4

i Two SideT)

Mavigate 4

ditional T File »
B ¥ ¥ ¥ ' |
Edit 4
* Mo SideTrack * One Sid | ¥ Delete from Model o . o .
AT tp—1 tr——t
Format e N
Filters 4 o) oo
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Create Placement from selection L4
WikiText 4 v

] show Properties View l ?

T ! el eRBEBE

SINTEF N 1TEAZ

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT




24

Highlight Variability

& Java - CVI./StationPL.cvl_diagram - Eclipse

File Edit Refactor Run Diagram Mavigate Search Project  wWindow Help
D R L e e A P a= T v T 1 S
RN ST
*StationPL. cvl_diagram 3 & stationD,station_diagram &2 =&
=
alq =
&
# Station
'E: T Additional Tra..,
= JEN - - - |E
- e[ | |~ ]
o
® Base Track & Additional Track e ]
00 ™
vz _Ioo—@—lﬂ =a
g S PN
i [raen] . b’
/ —| || >
’.stationFragm tation_diagram &3
@ * Side Track | * Direction ~ 4
I Tiweo SideTrac,., F
- ide Track Pla,.,
Jitianal TC \
I — ¥ 1
* Mo SideTrack * One SidaTrack \I’wo SideTrack [ 1
ideTrackRer
H
=R
aInsert TiZ on Ba... \
< ' ' {‘ Placement highlighted 1
0 Placement e :

() SINTEF J ITEAZ
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LR g
ANy

Feature Specification Layer
Editor
Product Realization Layer — @“
Editor R =
CVL Model Validator ‘

Resolution Editor

L

Generated Code

Generated TCL Model
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MoSis & .
o Evaluation of CVL - Case Study

StationB .
Direction: Down }
EEJEIFEIE P ] ) )

(O O S O

One SideTrack J

a A
[sssss] o0

o ° StationD
E)E)E)E ) E)E IR A

(O N O O O YOO

[ Two SideTracks

StationS T o
S [ st
TrackCircuits

Eureka }! 3674 Programme, ITEA2 project ip06035

B E g_j c - ET:‘ A A
m t{ No SideTracks ]
Q00 Q00
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Station Product Line

* Station

< Additional Tra...

-~ Direction }

* Additional Track

Number of
SideTracks

* Side Track

1 Two SideTrac...
{3 side Track Pla...

+ additional TC

* Direction
e [BEEE
Additional K /A
Tra CkC I rC u It * Mo SideTrack ‘* One SideTrack ;:T;LZ_ISE?:;ZC: *Up f:;[;v%r%g‘tihh
== RightSwitc
both on base | L

track and

= Stiler 1Name
* Additional TC

!

o Cillee T

additional

* Mo Additional TC & Down T Twa SideTrack ...
Y sideTrackwith. ., i e = SideTrackawitch Two SideTrack
tra C k w= TCMame = Dowinialue
we= TCHumber

[® Up

[® Up [® Dawn
w0 alLe

x ITEAZ
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iy Station Product Resolution

| 1 [ | ."l-

Direction: Down }

No Additional
TrackCircuit

Two SideTracks
with direction
Down
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ORIV Generated Products

e e £ . T_Tsp_Rn_Rnn_1{H_dut := LB.H_kut,
Uyfaw smara) $p_kut := LB.Sp_kut,
T_Utl_Rn_Rnn
Frmstetn b |10 B T SR R Rum 45
= R K SR_Rn_Rnn_8S0
i - B B Tsp_Rn_REnn
w e e HURT_UTL T
w I T TP1 := TID.tTsp_Rm_Rnn NU,
- T TPz := TID.tTsp_Rm_Rnn HU,
- = - - T TI_Tsp_RBn_Rnn => TV.TI_Tsp_RE_RI,
- - TO_Tsp_Rn_Rmn => TV.TO_Tsp_RB_RN);
ot nBont| A0 — |- R LD _Tep R e _RE

NP WL | EEEEEEE)E)
o o o o [ o [ o [

[z ) [em ][ [ M2 Jfor | [ae | [am

a
=
e 7o = — T_Top_Rn_Rmn_1(R_Aut i= LB.H_Auc,
bbbt L | 0 (g B e et v A Sp_dut = LB.Sp_kut,
—_— - T Ul R Rnnm t= Fra C.T_Ucl RB R,
- — SR_Rn_Rnn_45 := TV.SR_RE_RM 45,
LR} SR_Rn_Rnu_90 := TV.SR_RB_RM 45,
z M. : Tsp_Rn_Rnn := TV.Tep_RE_RN, panpaan| b g ke .
XX k- _Rn_| _FE_] s P pmman T Tep Rn Rnn LK dut := LB.H_Aut,
- — HURT UTL := Felles.HURT UTL, =i hut T Lpagm hut,
; P TP1 3= TID.tTsp_Rn_Run NU, = . LAANEEAS 5 T Ttl_Rn Rnnm i= Fra_C.T Utl RE RM,
B RN W TPZ := TID.tTsp_Rn_Rnn_HU, ) EEEIRTI SR Fo Rem 45 1~ TU.E% K5 RN 45,
NS TI_Tsp_Rn_Rnn => TV.TI_Tsp_RB_RI, 7 B Fr s A %R Rn Ron 90 = TV.SR RE R 45,
TO_Tsp_Rn_Rnn => TV.TO_Tsp_RB_RH) ; G X R Tsp_Ra_Rmn := TV.Tsp_RB_RN,
@ i D HURT UTL := Felles.HURT UTL,
G g el ] -- TP1 T= TID.tTsp_Rn_Run_HU,
- [ - - N EEEEETS TPZ := TID.tTsp_Rn_Rnn HU,
o - —_— T TI_Tsp_Ru_Run => TV.TI_Tsp_RB_RIH,

TO_Tsp_Rn_Run => TV.TO_Tsp_RE_RM] ;
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MoSis

Standardizing CVL in OMG

why?

who?
when?

how?
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Standardization: Why OMG?

« CVL is modeling and OMG is standardizing
modeling
= MOF, UML, SysML, SoaML, UPDM, BPMN, .....

- Eclipse has a set of tools well suited for
implementing an OMG standard
= eCore, EMF, GMF, ...

- Some of us have a long history in OMG
= and sometimes it helps to know someone

- OMG is not the only choice
» [TU - The International Telecom Union (SDL/MSC)
= Qasis —standard languages in the business domain
= W3C - the web standards
= [SO - a lot of other standardards

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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Who participates?

Tool vendors
= Protecting their earlier and current investments
= Opening up new markets

Industry partners of different domains

= Big companies want standards that comply with their
needs

« This will ensure proper tooling now and in the future

= Small companies want standards such that they are
better protected against the wims of the big ones

Research Institutes
= Fulfilling dissemination deliverables

Academics
= Bringing their brilliant thoughts to the people

32

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT



33

The Challenges of Standardization

Nobody is interested
= Forget the whole idea (?)

Few tool vendors are interested

= And in OMG that means the technology will not
become available

There is not enough agreement
= Within the consortium, or within the organization

A lot of effort is put into the technology,
but the quality is not good enough
= There are not enough users of the technology

Your competitors are better
= Other standards become more popular

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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wiwitey  Contents of a good language standard
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Subsumes de facto standards
= CVL will cover feature diagrams

Takes advantage of academic advances
= CVL can gain experience from
 MoSiS CVL
« Staged Feature Models
« Aspect orientation
Incorporates general language stuff
= Types, instances
= Functions, parameters
= Inheritance

Is easy to implement in tools

= CVL: both reference prototypes and emerging
functionality of a commercial product

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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T CVL in OMG - the early process

| 1 [ | ."l-

 Presentations for ADTF on variability modeling
2005: Product families — another area for OMG technology?
2008: Should the OMG standardize variability modeling?
2009: CVL - Common Variability Language

2009: Common Variability Language DRAFT RFP

e Current resources

= ad/2009-12-03: CVL RFP (iteration after AB meeting)
« RFP = Request For Proposals

= Wiki: http://variabilitymodeling.org
= E-mail list: cvi@omg.org
= Series of WebEx meetings

Eureka >! 3674 Programme, ITEA2 project ip06035  ,
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http://variabilitymodeling.org/

36

MoSiSa
variabilitymodeling.org

2 Login
article dizcussion show pagesource old revizions

QMG R

ORIECT MANAGEMENT GROUP

Welcome to the Common Variability Language Wiki rabie of Cortents
This is a wiki for variability modeling intended to support the waork to standardize a language for variability modeling in the OMG. Kenlzz::;zvtlﬂf Femmon Varability
it . !
fnevgsmon Variability Modeling is to eficiently describe mare than one variant of a system. “ariability modeling is often closely lgz:fa':ms

search associated with product lines. The resulting systemns are often fairly complex and variations are described explicitly. “ariability
can be expressed in stand-alone models, such as feature diagrams. Software Product Lines refer to methods, tools and techniques for creating and maintaining a

collection of similar software systemns from a shared set of software assets.

The intention of wvariability modeling is to create and manage many variants of a product, also known as mass customization. Yariability modeling is regarded as the

toolbox ) L . . ) Lo . . . .
) enabling technology for delivering a wide wariety of software systerns of high quality in a fast, consistent and comprehensive way. The key is to build a base on the
= et “n'fs here commonalities and efficiently express and manage the variability of the systems.
m Upload file
® Special Pages “ariability can also be described in annotations or extensions to the base model, or totally separated out to represent in an independent variability model.
= Printable ersion = Click far further Variahility Modeling Resources
m Permanent link
= Cite this Article News items

= OMG issued the CWL RFP on 12 December 2009. The issued RFP cleaned up can be found @here. The official page is following this link &
= Presentation of the CvL RFP by @ystein Haugen can be found % here

Contact

SIMTEF & (@ystein Haugen) and the ITEAZ & project MoSiS & are responsible for this initiative and if you are interested in joining the efforts (you do not need to be
an OMG member), please register for this wiki through the login in upper right comer of the page, and then you may contact us by filling out this farm.
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Event or Activity Actual Date
Preparation of RFP by TF September 2009
RFP placed on OMG document server September 2009
Approval of RFP by Architecture Board December 2009
Review by TC
TC votes to issue RFP December 2009
LOI to submit to RFP due May 2010

Initial Submissions due and placed on OMG document server (*'Three
week rule”)

August 2010 (changed to November 2010)

Voter registration closes

Initial Submission presentations

September 2010 (changed to December 2010)

Preliminary evaluation by TF

October 2010

Revised Submissions due and placed on OMG document server February 2011
("'Three week rule”)

Revised Submission presentations March 2011

Final evaluation and selection by TF June 2011

Recommendation to AB and TC

Approval by Architecture Board June 2011

Review by TC

TC votes to recommend specification June 2011

BoD votes to adopt specification June 2011
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RFP Objective

The objective of this RFP is to enable the specification of
the variability in product line models in order to support
seamless product line modeling across the whole
product line engineering process.

This CVL RFP requests a specification language including
a metamodel, semantics and concrete syntax for
variability specification.
Variability specifications shall relate to a base product
line model that describes the whole product line and
shall comprise:

= a variability model with the following elements: a model of possible

choices and relationships between those choices and the base
model

= resolution models which resolve variability (by a set of choices)
and thus define specific product models.
CVL shall support base models in languages that are
defined by means of MOF-compliant metamodels,
including UML and Domain Specific Languages.

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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 6.5.1.1 Proposals shall define a language
that can express variabilities on models in
any language that is defined by means of
a MOF-compliant metamodel.

- The language shall support:

= The most common variability mechanisms, like
optionality, alternatives, etc. that have been
acknowledged as mature within the fields of product
line modeling and feature modeling.

= Constraints on the variabilities;

= Abstraction mechanisms that support the definition
and application of compound variability specifications.

= Resolutions of the variabilities, defining the set of
actual choices.
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CVL RFP 6.5.1 Coverage (cont.)

6.5.1.2 The proposed language shall specify
variability as a model separate from the base
model on which the variabilities apply.

6.5.1.3 The proposed language shall have
mechanisms for relating variability specifications
to those base model elements that are subject to
variation. These relationship mechanisms may
assume that base models are made in languages
that are defined by MOF-compliant metamodels.

6.5.1.4 The proposed language shall be defined by
means of a MOF-compliant metamodel.

6.5.1.5 Proposals shall provide a non-normative
demonstration of a CVL description applied to a
base model in UML including profiles.
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CVL RFP 6.5.2 Semantics

* 6.5.2.1 The proposal shall define the
semantics of the variability language e.q.
by using QVT or other transformation
languages. The execution of a variability
model with specific resolutions should
result in either alterations (at runtime) of
an executing product (system), or
materialize (by filtering or by generation)
as a specific product model in the base
language.
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CVL RFP 6.5.3 Notation

« 6.5.3.1 Proposals shall specify the
complete concrete syntax for CVL,

« 6.5.3.2 Proposals shall demonstrate how
the notation of Feature Diagrams can be
integrated within the concrete syntax of
the proposed language.

« 6.5.3.3 Proposals shall define the
notation for relationships either in
separate descriptions or as annotations
to the base model notation.
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Initial Submission: Letter Of Intent

LOI List:

| Company | Date ‘ Notes
Fraunhofer FOKUS May 19, 2010 |
|Fundacion European Software Institute |May 18, 2010 ‘
|Interna1iona| Business Machines |Nlay 24,2010 \

ITCS |April 26, 2010 |

ITHALES IMay 21, 2010 |

« TCS is in one consortium, and the rest is in another
- for now
 adding also technical supporters

= SINTEF, INRIA, University of Waterloo and IT-Univ. of
Copenhagen

« The main challenge for a large consortium is to
merge our ideas and attempts — but we need not
do this perfectly in the first round
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Our consortium - who are we?

Tool vendor

= IBM - represented by the Rhapsody tool people and
by the research department

Industry partners of different domains
= Thales — a big company of users

Research Institutes

= SINTEF - initiators through MoSiS

= ESI - in MoSiS and making the tool PLUM

= INRIA - long term players in the product line area
= Fraunhofer FOKUS - likewise
Academics

= U. of Waterloo (K. Czarnecki)

= IT Univ of Copenhagen (A. Wasowski)

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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CVL - the future?

« In December 2010 initial submissions are
presented
= Next phase can start

« Can the different submissions merge?

« Are there comments that should be taken
into account?

 Should more supporters be added?

« One (or more) revised submissions with
complete CVL will be created

« CVL will be adopted
= and tools made to support it

INFORMATION TECHNOLOGY FOR EUROPEAN ADVANCEMENT
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