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The ability of a software system or artefact
to be efficiently extended, changed, customised or configured

for use in a particular context [Svahnberg et al. 2005]

|::> Many Perspectives:

* Managerial/Engineering Perspective
* Modeling Perspective
e Technology Perspective

= For a programmer the essential question is:
How to write flexible software (efficiently)?

e Software Product-Lines, Frameworks, DSLs,
Programming Language Support, ...
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I A Varlablllty Example...

=94,94

94,94 * 40,3399
=3829,870106
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I Per Perspective - Many Dimensions

What should vary!?

* Functionality (data, behavior, control flow), ...
e User Interface (context, user, task)
* Platform (hardware, OS, infrastructure), ...

When should it vary?

* Source-time (manual programming, generators)
* Compile-time (precompiler, aspect weaving)
* Runtime (reflection), ...

Who should make it vary?

* Developer (configuration files, macro’s)
* Domain expert (DSL, Meta-CASE tools)
* End-user (Preferences dialog), ...
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I A Variability Example...

0060 Calculator 6 O 1 Paper Tape
13,75 + 24,99 + 56,20
=9494

94,94 * 40,3399
=3829,870106

)




I A Variability Example...

-1 ~ 1® O M Paper Tape POS ‘ de2842005  |Operater; JohnDoe (129) |
) O O Calculator % . :{B " Paper Tap 99 15:03 | :
& 13,75 +24,99 + 56,20

g | =9494

| 94,94 * 40,3399
=3829,870106
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Recalculate Totals

TOTAL
TOTAL PAID

SUBTOTAL

Recelptno, 114 No. of items

do 2342005

13 Prometion €000 |

€20,60 |
€0,00

€ 20,60

Weicome al Toshiba TEC
15:05

BPROMOTION

Buy 3 cola get one for free

“EX MENEHAL WA
MINERAL WATER X 6
SNAIL'S
CIDER DE PAYS

5% BEER KRONENBOURG /S5¢l
%  Bottle deposit 1€

6X Loyalty point

.

TOTAL
TOTAL PAID

SUBTOTAL

Receipt no. 1

Py

€ 20,60
€ 0,00

4 No. of tems
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I And how to do so Efficiently?

‘Efficiently’ = ‘Clean’ + ‘Easy’ + ‘Digestible’ ...

Lightweight Programmer Techniques

e Use of standard OO techniques
e.g. inheritance, polymorphism, delegation,
meta programming

.0~ e Use of design patterns
e.g.Abstract Factory, Strategy, ...

e Use of analysis patterns

e.g. Party, Portfolio, Quantity, Observation, ...

>> Programmer sets up own “meta” infrastructure
“

\) >> Generic code results in implicit domain knowledge
>> Connection of domain knowledge and code is lost




I C3-CoBro in a Nutshell

‘Efficiently’ = ‘Clean’ + ‘Easy’ + ‘Digestible’ ...




‘Efficiently’ = ‘Clean’ + ‘Easy’ + ‘Digestible’ ...

Provides a mechanism that makes it possible to NS
capture domain knowledge in an explicit form

Provides a mechanism that makes it possible to O,
couple this domain knowledge to an implementation “
-+
p
Provides a mechanism that makes it possible to involve vc%

= domain knowledge actively to provide software functionality

Implements the interaction with the domain knowledge 4
. . R
environment as transparently as possible e
$ N



I Active Domain Meta Layer
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Configurational Level

Operational Level

Active Domain Meta Layer

#{StoreConfigurationAmazon}

storeConfiguration

#{StoreConfigurationProxis}
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Active Domain Meta Layer

#{StoreConfigurationAmazon} R un- ti me #{StoreConfigurationProxis}
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Close Integration Visualworks
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I StoreConfiguration in CoBro-CML

EXPLICIT "1 ACTIVE

NS N\S

TRANSPARENT

N

(Concepts
defineConcept: #{StoreConfigurationAmazon}
displayName: ‘StoreConfigurationAmazon’
superconcept:Concepts.StoreConfiguration)
sellsProductCategory: Concepts.DVD ;
sellsProductCategory: Concepts.Book ;
sellsProductCategory: Concepts.Game ;
sellsProductCategory: Concepts.CD.




I StoreConfiguration in CoBro-CML

EXPLICITI | ACTIVE
TRANSPARENT

NS

(Concepts
defineConcept: #{sellsProductCategory}
displayName: ‘sellsProductCategory’
superconcept:Concepts.DomainRelationship)
multiplicity: #(1 5) ;
destinationType: Concepts.STClass.

(Concepts
defineConcept: #{StoreConfigurationAmazon}
displayName: ‘StoreConfigurationAmazon’
superconcept:Concepts.StoreConfiguration)
sellsProductCategory: Concepts.DVD ;
sellsProductCategory: Concepts.Book ;
sellsProductCategory: Concepts.Game ;
sellsProductCategory: Concepts.CD.




I StoreConfiguration in CoBro-CML

EXPLICIT "1 ACTIVE

N NN
TRANSPARENT
(Concepts ®0e6e X Concept Editor
defineConcept: #{sellsProductCategory} conceptiame: [ #(StoreConfigurationAmazon;
: . 4 J
displayName: sellsProducthtegorg . PRI o Coniurationimazon
superconcept:Concepts.DomainRelationship)
mul t 1 P]. 1 Ci tl_.j e # ( 1 5) N superconcept: | Concepts.Store Configuration Search
° b
destinationType: Concepts.STClass. - TS =] se
comment 'Configuration for Amazon store. § o

sellsProduct Category

Concepts.Root.Smalltalk. CoBro.DVD

sellsProduct Category

Concepts.Root.Smalltalk. CoBro.Book

( Conce P ts sellsProduct Category

Concepts.Root.Smalltalk. CoBro.Game

defineConcept: #{StoreConfigurationAmazon} |seisrodutCategory
displayName: ‘StoreConfigurationAmazon’

superconcept:Concepts.StoreConfiguration)
sellsProductCategory: Concepts.DVD ;
sellsProductCategory: Concepts.Book

we o

sellsProductCategory: Concepts.Game
sellsProductCategory: Concepts.CD.

Concepts.Root.Smalltalk.CoBro.CD §...°
[ £
=0
Cancel | Accept |




I StoreConfiguration in CoBro-CML

EXPLICIT "1 ACTIVE

O\ 4
TRANSPARENT
A 4
(Concepts ®0e6e X Concept Editor
defineConcept: #{sellsProductCategory} conceptiame: [ #(StoreConfigurationAmazon;

displayName: ‘sellsProductCategory’
superconcept:Concepts.DomainRelationship) )
mu 1 t 1 p 1 1 C 1 tl_.j . +# ( 1 5 ) ; superconcept: | Concepts.Store Configuration Search

destinationType: Concepts.STClass.

display Name: l Store Configuration

Relationship Destination 5 {5 5
comment 'Configuration for Amazon store. § o
sellsProduct Category Concepts.Root.Smalltalk. CoBro.DVD —_—

sellsProduct Category Concepts.Root.Smalltalk. CoBro.Book

( Conce P ts sellsProductCategory | Concepts.Root.Smalltalk.CoBro.Game
defi neConcep t: # { StoreConfi gura t1i OhAI'hClZOh} sellsProductCategory | Concepts.Root.Smalltalk.CoBro.CD $uo
displayName: ‘StoreConfigurationAmazon’ 8

superconcept:Concepts.StoreConfiguration)

sellsProductCategory: Concepts.DVD ; :j Arid
sellsProductCategory: Concepts.Book ;
sellsProductCategory: Concepts.Game ; Carcel || bcoept |

sellsProductCategory: Concepts.CD.

Concepts.StoreMgr storeConfiguration: StoreConfigurationAmazon.



| Mixing coBro-cML with smalitalk |

#{StoreConfigurationAmazon} #{StoreConfigurationProxis}

storeConfiguration

&
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| Mixing coBro-cML with smalitalk

#{StoreConfigurationAmazon} #{StoreConfigurationProxis}

Q storeConfiguration

E
— % Domain
Meta Layer
| | | |
| | | |
StoreMgr 1 producthtegor‘iels : * ProdCats : : COde
: : : : Layer
| | NG |

StoreMgr>>addCategoryToConfig: aCategory
| |myConfigl
| myConfig := self class asConcept storeConfiguration.
maxCategories := Concepts.sellsProductCategory multiplicity second.
myConfig sellsProductCategory size <= maxCategories
ifTrue: [ myConfig sellsProductCategory: aCategory ; save.]
ifFalse: [ Dialog warn: ‘No more categories allowed !’ ].

___——




I More Variability: ShippingRestrictions

International Shipping
Items from Amazon Marketplace can be shipped to several

international regions, but cannot be shipped to Africa,
Island Nations, Israel, South America, or the Middle

East.

Read more about shipping to U.S. protectorates or APO/FPO

addresses.

Restrictions

The following items can be shipped to almost

all destinations outside the U.S.:

books*
DVDs
music

VHS videos

' —*




I More Variability: ShippingRestrictions

_ o (Concepts
International Shipping defineConcept: #{SouthAmerica}
Items from Amazon Marketplace can be shipped to several displayName: ‘South America’
international regions, but cannot be shipped to Africa, superconcept: Concepts.GeographicalRegion).
Island Nations, Israel, South America, or the Middle ¢ . ~ ~ AR —
AR Y L Europe 1
East. ~ superconceptﬁ—'
. /
superconcept
Read more about shipping to U.S. protectorates or APO/FPO -
addresses. - _\*

Restrictions

all destinations outside the U.S.:

The following items can be shipped to almost '/ / g

books*
DVDs
music

VHS videos

c EuropeanUnion ]
— o ||

e 06 "\ Concept Inspector

r

| #{Southamerica) | South America

‘Superconcepts l Subconcepts | Referrers Users

|»
N\

oo
/

supefconcept
uperconcept
: A

UnitedKingdom

+{€3 GeographicalRegion

o= conceptMame: #{GeographicalRegion}

aio=y displayName: 'Geographical Region'

i=io=» superconcept: Concepts.CashRegisterDomain

£:.4€3 CashRegisterDomain

i:0=» conceptName: #{CashRegisterDomain} P

o= displayName: 'CashRegisterDomain’

#io=» superconcept: Concepts.DomainConcept =
'l i

Rl |

'i, C Metherlands i

Bt | --
—_—
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I More Variability: ShippingRestrictions

(Concepts

defineConcept: #{RestrictionForInternational}

displayName: ‘Shipping Restriction For International’

superconcept: Concepts.ShippingRestriction)

restrictedLocations: #(Concepts.LatinAmerica Concepts.Israel
Concepts.Africa ...) ;

restrictedProductCategories: #(Concepts.Jewelry Concepts.KitchenItems

Concepts. SportlngGoods ces) 3
comment: ‘Items of our market place can be ...




I More Variability: ShippingRestrictions

(Concepts

defineConcept: #{RestrictionForInternational}

displayName: ‘Shipping Restriction For International’

superconcept: Concepts.ShippingRestriction)

restrictedLocations: #(Concepts.LatinAmerica Concepts.Israel
Concepts.Africa ...) ;

restrictedProductCategories: #(Concepts.Jewelry Concepts.KitchenItems

Concepts.SportingGoods ...) ;

b
comment: ‘Items of our market place can be ...’ .
8 6 e Manage Shipping Restrictions
Make a selection and take some action... I Trippy
RestrictionFor AlaskaHawaii Eaiit D eiete
RestrictionForUSProtectorates
RestrictionFor&AFPOFFO Star [Jaioate
RestrictionFor Prisons
- = i RestrictionFor International ; )
U.S. Protectorates (including Puerto Rico) Referrers | Users
: . orates:
Only the following items can be shipped to U.S. Protect Tompiates | | Grous
e baby items
e books Alaska and Hawaii Addresses et |
e DVDs Most items can be shi %
Y music pped to Alaska and Hawaii addresses, except:
e software ® grocery items
s .
. tlol-‘l,s videos ® gourmet food items
e video games
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Concepts.StoreConfiguration
configurationValidator:
‘[:config |
config sellsProductCategory reject:
[:each | each asSmalltalk
inheritsFrom: ProdCat]]’

(Concepts
defineConcept: #{Belgium}
displayName: ‘Belgium’
superconcept: Concepts.EuropeanUnion)
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I Fun with Validators & Interpreters

Concepts.StoreConfiguration
configurationValidator:
‘[:config |

config sellsProductCategory reject:

[:each | each asSmalltalk
inheritsFrom: ProdCat]]’

(Concepts
defineConcept: #{Belgium}
displayName: ‘Belgium’
superconcept: Concepts.EuropeanUnion)
flag: ‘Flags/Flag of_Belgium.png’.

Concepts.Belgium flag inspect

e 606 N\ 1:a Depth32Image

| Object Edit Go History Explore Tooks Help

Go| BB a@

Preview | Basic | Methods |

-self _T_l

hits

width

height

depth
hitsPerPixel
palette
maxPixelValue

rowByteSize v
4 .ﬂJ




I Fun with Validators & Interpreters

Concepts.StoreConfiguration
configurationValidator: .
‘[:config |

. _ Concepts.Belgium flag inspect
config sellsProductCategory reject:

[:each | each asSmalltalk

1 i \  1:a Depth32l
inheritsFrom: ProdCat]]’ 860 X LaDepthidimage
| Object Edit Go History Explore Tools Help
(Concepts C:" ':D l ’é‘ o 9§§ g ‘ a |

defineConcept: #{Belgium}

Preview | Basic | Methods I

displayName: ‘Belgium’
superconcept: Concepts.EuropeanUnion)
flag: ‘Flags/Flag of_Belgium.png’.

IIII—‘-I |

e

(Concepts - B
defineConcept: #{flag} ol
displayName: ‘flag’ height
superconcept:Concepts.DomqinRelqtionship)nﬁme
multiplicity: #(1 #n) ; axpielvalue
destinationType: Concepts.STImage. ETM*W .dd




I Fun with Validators & Interpreters

Concepts.StoreConfiguration
configurationValidator:
‘[:config |

Concepts.Belgium flag inspect

config sellsProductCategory reject:

[:each | each asSmalltalk

inheritsFrom: ProdCat]]’ 866 ___X] 1: a Depth32image
. Object Edit Go History Explore Tools Help
(Concepts G2 |2 B8Ry a6
defineConcept: #{Belgium} proiew | Basc | ethous |
displayName: ‘Belgium’ =l Al
superconcept: Concepts.EuropeanUnion) . .
flag: ‘Flags/Flag of_Belgium.png’. ,Jd
(Concepts E& 53
defineConcept: #{flag} ol
displayName: ‘flag’ height
superconcept:Concepts.DomqinRelqtionship)nﬁme
multiplicity: #(1 #n) ; axpielvalue
destinationType: Concepts.STImage. jfmﬁm .ﬂd ]

(Concepts defineConcept: #{STImage}
displayName: ‘STImage’
superconcept: Concepts.SmalltalkTerminal)
valueValidator: ‘[:receiver :relation : destination]
destination asFilename exists]’ ;
valueInterpreter: ‘[:receiver :relation : destination]
(ImageReader fromFile: destination asFilename)

imaie]' :
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® Feature Diagrams to model the variability

¢ Explore the power of
valueValidators & valuelnterpreters

® Explore CoBro as a Meta-CASE tool
® Establish “Methodology”-side of C3

® Guidelines, Patterns, Considerations, ...

® How to check if the variability is indeed
supported “efficiently”? Quality Measures




I W. Hogarth - “The Analysis of Beauty”
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Each technology for variability has its particular
advantages/drawbacks

Always consider the cost/benefit of variant features!

Introducing software variability
requires the correct state of mind for all perspectives

Renewed interest in dynamic languages
a coincidence?
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