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Software Product Line Engineering

A software product line is defined as

a set of software products sharing a set of common features
satisfying the needs of a particular market but containing
significant and predictable variability (Weiss, 1999)

In Software Product Line Engineering (SPLE) variability is
represented through a set of variation points (VPs)

Each VP represents a requirement selection decision (i.e.
Decision) that have to be made for developing a new product

Each VP is associated with a set of possible variants
representing its possible solutions

Successful SPLE requires to make decision at variation
points effectively and efficiently
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SPLE Issues and Challenges

< Requirement variability is crucial but very complex in SPL
% Large population of VPs

% Exponential number of inter-dependencies (IDs)

J/

% Different types of IDs

s SPL complexity transforms requirement selection decision
activities into an error-prone activity
% Requirement engineer often forgot something that should be in the

final product or include something that should not be in the final
product

L)

»  Difficult to represent and present visually a holistic view of
the full set of decision

»  Difficult to produce a consistent and coherent models of
decisions and IDs

»  Difficult to see the full impact of a decision change and
selection
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Decision & Inter-dependency Model

A Decision Model is defined as

A document that defines the decisions that one must
make to specify a member of a domain (Weiss, 1999)

« A DM gathers all decisions that should be made for
developing a specific product and represent and
structure them in a logical way for supporting the
requirement selection decision making

 An Inter-dependency Model (IM) gathers all inter-
dependencies that have to be respected when a new
product is developed
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DM Examples

"= V-Define -[D:\PhD\Development\V-Visualise\V-Visualise Application\testfile\dm2. dmf]
File Edit Yiew Options About

=73 CONFIGURATOR
=@l Company_Information
7 Company_Name
“/ Client_Name
7 Client_Phone
Line_Type
Line_Machines
Speed_Line_Specification
Failure_Management_System
Non_Functional_Requirements
75 NFR_Name
“» NFR_Value
=13 Generic_Function
.. ? Line_Machines_CO0
7 Speed_Line_Specification_CO0
=gl SPEED_SELECTION_CONF
? Speed_Line_Specification_S5C
? Line_Machines_SSC
“/ Speed_Consign
“/ Default_Speed_Conf
-3 SPEED_VARIABLES
75 Speed_Move_On
75 Speed_Move_Backward
“» Speed_Move_On_Fast
7 Speed_Move_Backward_Fast
=333 JOGS_CONF
7 Jog_Number
2 Line_Machines_JOG
=1, Selected_Machine_List
7 Machine_Name
“» Machine_acronym
? Selected_Machine
Machine_Break
Grease_System
NFR_Machine
7 NFR_Machine_Name
7 NFR_Machine_Value

Define Dependency
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Name:

Description:

Data Type:

List of values:

[tick the
value(s) you
want by
default)

New Value:

Speed_Line_Specification

Specified the number of speed supported by the line: 1 = one speed supported 2 =
two speeds supported  |If the line support two speeds, some of the selected
machines will have a reducter

Ixs:slring ﬂ

i~ Decision Type

QO Simple ® Single Choice
O Min Max O Multiple Choice
mh

022

|

¥

| |
Add value

Modify value | Delete
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Visualisation and SPLE

Visualisation techniques can support SPLE:

. Understanding the whole structure of a DM, the decisions
relationships and their inter-dependencies

. Understanding the consequence of a requirement selection
decision making on the decisions

. Preventing and avoiding inter-dependencies conflicts

. V-Visualise is a tool for visualising DM and IM which includes
functionalities:

« Searching

* Highlighting decision and inter-dependency operation

« Browsing decision and inter-dependency operation

« Highlighting inter-dependency length (priority and cost evaluation)
« Spanning

The 2" International Workshop on Requirement Engineering 6
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Decision & IDs Model Visualisation

. 2 visualisations: one for

DM, one for ID Model ﬁ¢ —
Decision Model InterDependency
° DM and |D mode' are Meta Model | Meta Model
underpinned by meta-
model

Visualization
Meta Model

. DM and ID model

visualisations are / N\
underpinned by a

Decision Model Visualization InteDependency Model Visualisation
Meta-Model Instance Meta-Model Instance

/

Visualisation of Decision Model
& Inter-dependency Model

visualisation meta-model

The 2" International Workshop on Requirement Engineering 7
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Visualisation Meta-Model
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Visualisation Elements

DM Visualisation ID Model Visualisation
DM Element Visu. Element Repr Visu. Element Repr
Decision Model Graph-Map-Tree Graph Graph-Map-Tree Graph
Classes
DM (Root) Node Node
Decision N/A N/A N/A N/A
Unrestricted decision Node ? Node ?
Bounded decision Node ?! Node ?!
ChoiceListDecision (Simple choice) Node ?8 Node ?8
ChoiceListDecision (Multiple choice) Node ?E Node ?E
Choice N/A N/A N/A N/A
DecisionGroup Node il Node L
Collection Node 333 Node 333
Instance Node 13, Node 13,
Hierarchical relationship Edge —_— N/A N/A
The 2" International Workshop on Requirement Engineering 9
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Inter-dependency Visualisation Elements

ID Model Visualisation

Inter-dependency Model Element Visu. Element
Inter-dependency Node [ ]
Inter-dependency triggered by a decision model element Edge
Inter-dependency affecting a decision model element Edge

Inter-dependency Actions

W 20218

SetValue Edge

Set ListValue Edge

SetDefaultValue Edge

SetValidity Edge

SetRestriction Edge
The 2" International Workshop on Requirement Engineering 10
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V-Visualise

i

File Visualisation Display

Decision List

( Decision Model | Dependency Model

Visualisation

331 NFR_Machine

2 NFR_Machine_Value

2 NFR_Machine_Name

& Compan

? Failure_Management_System

? Grease_System
? Machine| Breal

2 Client_Name
“? Company_Name 7?2 Client_Phone

nformanop?é Line_Type

2% Line_Machines .
2% Speed Line_Specification

? NFR_HName

= Insés—— ? NFR Value

3 Non_Fun(liont[Req{'emenks

2% Line_Machines_COO

78 Speed _Line_Specification_COO

il Generi

il SPEED_SELI

28 Speed _Line_Specification_SSC
1311065 _CONF 28 Line_Machines_SSC
2% Speed_Consign

\? Default_Speed_Conf

? Selected_Machine .
34, Ingtances il SPEED.

7?1 Speed_Move_On
1 Sheed_Move_Backward

2| Speed_Move_On_Fast

? Machine_Name
? Jog_Humber

8 Line_Machines_JOG “?! Speed_Move_Backward_Fast
28 Line ! »

3
nents

lements

=
CONFIGURATOR —
[y company_Information

[ company_Name

[ client_Name

[ client_Phone

D Line_Type

[ Line_machines

[ speed_Line_Specification

[ Failure_Management_System
[ Non_Functional_Requirement
D Instances

[ NFR_Name

[ NFR_value

D Generic_Function

[} Line_Machines_coo
D Speed_Line_Specification_CQ
D SPEED_SELECTION_CONF
[} speed_Line_Specification_sS
D Line_Machines_SSC

[ speed_consign

[ Default_Speed_conf

D SPEED_VARIABLES

[ speed_move_on

D Speed_Move_Backward

[ speed_Move_on_Fast

[ speed_move_Backward_Fast
[} JoGs_conF

[ Instances

D Jog_Number

[ Line_Machines_J0G

[«]

DeCIS'/'on N\ version: 2.8.0

Information

i dasiadMashinabinb
?xml version="1.0" encoding="UTF-8"?> =
Decision Model Name: CONFIGURATOR u
CONFIGURATOR
Element Type: Group

|_Information | search
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DM Visualisation: Holistic IDs Visualisation

? Client_Name
“? Company_MName 2 Client_Phone

« Show an holistic view of
the inter-dependencies

al Company_lnformatioo,: Lin
0

. ?5-Spe inawSpecification
? Failure_Management_System \\\ '?)ER_Name
\ 32, Instances ? NFR_Value
[l CONFIGURATOR 43 Non_Functional_Requira ﬁ

133 Selected_Machine_List 28 Line_Machines_COO

'?é Speed/Line_Spécification_COO

Fr

13 Instances

332

[l Generic_Function

[l SPEED_SELECTION_CONF ?8 Speed_Line_Specification_SSC

3133 NFR _Machine
Line_Machines_SSC

1311065 _CO

13 Instances ? Grease_System eed_Consign

2 Machine_Break

2 NFR_Machine_Value # Gelectad-Maching

2 NFR Machine—{+ame 17 Instances [l SPEED/VARIABLES
: ? Machine:&tranvf'n/ ‘

? Machine_Mame

4 Speed_Move_On

2! Epegd_Move_Backward
21 Spged_Move_On_Fast

78 Line Machines JOG 2?1 Speed_Move_Backward_Fast
75 Line_| _
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DM Visualisation: ID Strength Visualisation

? Client_MName
? Company_Mame 2 Client_Phone

'?E Line_Machines

dll Company*Information

LI
?g Line_Type

2 Speed_Line_Specification + Decisions having inter-
2 dependencies are

__— b 7 highlighted by increasing
333 Non_Functiorat Requirements 1_ hel.r' Sl.z e

? Failure_Management_System

i SeI?‘Machine_ it '?E Line_Mac:ines_COO ° Easy 1'0 de fer'm /.ne
8 Speed_Line_Specification_COO . o e
EJI ances [j_]] Generi ion o ’ WhICh deCISIonS af'e
e e difficult to reuse,

75 Speed_Line_Specifica . .
Hwemanessc  Change, and evolve (i.e. in
25 Speed_Consign f'el"ms of I‘mpacf on The
#\ Default_Speed_Conf . .

other decisions )

il SPEED_SEL

333 %Machine

133 JOG§_CONF
24, Instances ? Grease_System
2 Machine| Breal

? NFR_Machine_Value % Gelected Machine

? NFR_Machine_Mame RIABLES

33, Ingtances il SPEED

? Machine_Acrapym

21 Speed_Move_On
2 Machine_MName
! Speed_Move_Backward

? Jog_Number
’ 9- 7?1 Speed_Move_On_Fast

728 Line Machines JOG 2?1 Speed_Move_Backward_Fast
73 Line_| _
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DM Visualisation: ID Impact Visualisation

? Client_Name
? Company_MName 2 Client_Phone

*Shows IDs triggered
by a requirement
it decision (red arrows)

- . o .
?g Speed_Line_Specification

nformatio

? NFR_Mame

e 21 * Shows IDs affecting
a requirement decision
(green arrows)

i3, Ingtances (il Generic_Function
/ !l SPEED_SEL

333 ﬁéMachine

43, Instances ? Grease_System
“? Machine| Brea
? NFR_Machine_Value

? Selected_Machijne

131 10G§_CONF £a|Line_|

? Default_Epead_Conf

2 NFR_Machine_Name 44, Ingtances il SPEED

? Machine_Acr

ym

2| Speed_Move_On
2| Speed_Move_Backward
2| Speed_Move_On_Fast
Y

? Machine_Name

2 Jog_Mumber

78 Line Machines JOG 2| Speed_Move_Backward_Fast
73 Line | _
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ID Model Visualisation: Detailed ID View

@, Set default min max speed consign (slow)

B ?: Speed_Move_On_Fast
v

—
7: Speed_Move_Backyvard_Fast
?:Speed_Move_On -~ v g

le able Fast speed for paper

7 DEPENDERIES
2% Li
8 2?8 Speed_| LuL cification

Mot ot ol e @ Set default min max speed c0n5|gn (f;.t); .D € Tal’/ ed Vl.eW Of a I D
] sequence
@ Copy of spee!line specification * V/:S‘UG / /.5'a f/’on (0] f h ow I D
7 impact on decisions
8 Speed_Line_Specification_COO N * Visualisation o f poss ible
3 coreic rurcion iNCoherence and

inconsistencies
* Visualisation of detailed

impact on other decisions

?! Speed_Move_Backward
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Discussion and Further Work

. Visualisation techniques provide significant efficiency for
supporting software product line and Visualisation artefacts
(e.g. highlighting, colour) bring cognitive benefits

. The mapping of meta-model helps to ground any toolkit in
consistency of representation and presentation

. V-Visualise application
«  Supports domain model construction, navigation, and browsing

 Makes straightforward to determine which decisions are parts of an ID
and which ones are affected by an ID

 Makes easy to determine which decisions are difficult to reuse,
change, and evolve

. ID visualisation provides
« detailed support for understanding interaction between requirement
decisions

« facilitates the understanding of large amount of ID

The 2" International Workshop on Requirement Engineering 16
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