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Feature Models
e A Feature Model = Features + Relationships

- Capturing the end-user’s understanding of the general
capabilities of products in a domain.

- capturing the common and variable requirements of the
products in the domain.

Reuse the requirements
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Example: Mobile Phone

Mobile Phone
Legen m
ﬁl Optional ~ %
®7  Mandatory GPS Screen Calls Media
—> Require
—<  Exclude >< A A
Basic Color ngh. Camera MP3
Resolution
A

Complex Constraints:

All-Group({Screen}) requires Single-Group({Basic, Color, High Resolution)
All-Group({Media}) requires Multi-Group({Camera, MP3})
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Example: A Product Configuration
N
Mobile Phone

Legen

&l Optional

m Mandatory Screen

—> Require
—<  Exclude >< A A
AV/ A\l/
Basic Color ngh. Camera MP3
Resolution

0

Complex Constraints:
All-Group({Screen}) requires Single-Group({Basic, Color, High Resolution)
All-Group({Media}) requires Multi-Group({Camera, MP3})
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Inconsistency in Feature Models

e A feature model contains inconsistencies, if the
model includes contradictory information.

e Inconsistency leads to the fact that no consistent
product configuration can be derived from the
feature model.
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Example: An Inconsistent Feature Model

T ¢
@

5?1-!1(
LWI 2010, September 21, 2010 3 ,Xs Loking

' University




e When constructing feature models, it is difficult to

always ensure the consistency of feature models.
- Hard to find a suitable solution to the inconsistency

- Existing constraints may be useful

Tolerating inconsistencies is important during the

7

construction of feature models.
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Existing Approaches

The usual way of tolerating inconsistencies is to

find the minimal unsatisfied core, and put it away
from the system.

Two limitations:

- Time consuming

- No efficient mechanism to recover the constraints in the
minimal unsatisfied core
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Our Approach

e We propose a priority-based approach to dynamically
tolerating inconsistencies in feature models.

- Priorities are dynamically assigned to constraints according to
the domain engineers’ confidence on the constraints

- Weaker unsatisfied constraints can be incrementally updated

- The feature model is always consistent if the weaker unsatisfied
constraints are excluded
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(Extnesion of) Constraint Hierarchy Method (SkyBlue)
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Basic Idea

Feature
Weaker Unsatisfied Model
Constraints /\
Pending Consistent
Constraint Set Feature Model
r---- - =-=-==" STt T 0T I r—- -~~~/ = === "
! Operations : ! Operations
1 | 1
: Raise the : | | Reduce the Add / Delete
! Priority : ! Priority a Constraint
| | |
1 | 1
|
: Delete a Reduce the | | : Raise the
' | Constraint Priority : ! Priority
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An Example

Root Feature
Priority 6

Add excludes
between C and D
Composite Constraint:
All-Set(B) c-requires Single(FG) Priority: 4
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An Example

PCS CFM
Root Feature
A Priority 6
3
4
D <1 E
5 3
F G

Composite Constraint:
All-Set(B) c-requires Single(FG) Priority: 4
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An Example

PCS CFM
Root Feature
A Priority 6
3
D E

Composite Constraint:
All-Set(B) c-requires Single(FG) Priority: 4
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An Example

PCS CFM
Root Feature
A Priority 6
5
D E
5 3
F G

Composite Constraint:
All-Set(B) c-requires Single(FG) Priority: 4
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An Example
PCS CFM

Root Feature
Priority 6

Composite Constraint:
All-Set(B) c-requires Single(FG) Priority: 4
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SkyBlue (1/2)

e A constraint solver widely used in GUI Construction.
- Very efficient: Incremental Consistency Checking
- Dynamic: Constraint Hierarchy Method

Each constraint is associated with a set of methods
- Constraint . Feature A excludes Feature B

- Methods -
e A.bindstate := unbind

e B.bindstate := unbind

A X B O—.:— A excludes B —O
A ="* B
16
LWI 2010, September 21, 2010 .
Constraint Graph

Feature Model
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SkyBlue (2/2)

e SkyBlue checks the consistency by selecting a proper
method for each constraint in the constraint graph.

A

/LGB (Local-graph-better) method graph \

no method conflicts

no unenforced constraints that could be enforced by
revoking one or more weaker constraints
changing the selected methods for enforced constraints

The unenforced constraints in the LGB consist of the PCS.
\ihe enforced constraints in the LGB consist of the CFM/A}
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Our Implementation

e How to extend SkyBlue to support tolerating
inconsistency in feature models?

- Define the methods for constraints in feature models

- Revise the algorithm for constructing LGB method graphs
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Define the methods for constraints in

feature models

: . Number of
Relationship Methods Methods
Mandator
andaioy LA 5 {Bind(A), Bind(B)} or
_g_ {Unbind(A), Unbind(B)}
Optional ) {Bind(A)} or
R:S {Unbind(B)}
Composite-Requires .
Predicate Predicate 5 {Predfcate(Set-A) = False} or
Set-A _A Set-B {Predicate(Set-B ) = True}
Composite-M-requires {Predicate(Set-A) = False,
Predicate Predicate 2 {P;edéc.:atte((sset;?)_ F_I_alse} or
redicate(Set-A) = True,
SetA SetB Predicate(Set-B) = True}
Composite-Excludes .
Predicate Predicate 2 {Predicate(Set-A)= False} or
SetA % Set-B {Predicate(Set-B)= False}
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Define the methods for constraints in
feature models

Number
Predicat Val Method
redicate alue Of Methods Snocs
) All True 1 {Bind(A,),Bind(A,) ...Bind(A,))}
Set-A ] Il InhindA/A M_Aar [l InhinA/A \_Ar

/’
[ All-Set(A,B) composite-excludes Alternative-Set(C,D) \—

Four methods:

1) {Unbind(A)}; 2){Unbind(B);;
3) {Unbind(C), Unbind(D)};
-F) {Bind(C), Bind(D)} T

Set-A J
(ALA,. A}

False 1 {Unbind(A,), Unbind(A,) ...Unbind(A,)}
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Experimental Results

e Generate feature models randomly.

Time
(Seconds)A

. /

60

50 /
40 /
/ With different

30
/ Priorities

20 /./
10 W et
. L ‘——————*——.-
-— . S
400 800 1200 1600 2000 2400 2800 3200 3600 4000 4400
242 425 605 765 1023 1364 1705 2046 2387 2728 3069 3410 3751 4092 4433 Number
/30 /50 /70 /110 /130 /150 /170 /130 /210 /230 /250 /270 /290 /310 /330 of Features

/Constraints

Up to 4000 features and 330 explicit constraints.
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Conclusion

e Adopt constraint hierarchy method to divide feature
models into the PCS and CFM.

e Provide six priority-based operations to construct
feature models.

e Extend SkyBlue to support tolerating inconsistency in
feature models.
- Introduction of compound features
- A feature can be bounded multiple times
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Thank you!
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