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Abstract

Feature models are widely used in domain engineering phase of software product lines development to model the common
and variable concepts among products. From the feature model, the feature configurations are generated by selecting the
features o be included in target product. The feature configuration represents the requirements for the specific product fo be
implemented. Although there are a lot of researches on how to build and use the feature models and feature configurations, the
researches on the formal semantics and reasoning of them are rather inactive. This paper proposes the feature configuration
verification approach based on JESS, javarbased rule-base system. The Graph Product Line, @ standard problem for evaluating the
sofftware product line technologies, s used throughout the paper to llustrate this opproach. The approach in this paper has
advantage of presenting the exact reason causing inconsistency in the feature configuration. In- addition, this approach should be

eoslly opplied into other soffware product lines development environments because JESS system can be easily integrated with
Java language.
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(multislot sameGroupMembers)
(multislot requires) ;; the names of required
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(multislot excludes))  ;; the names of
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(defrule d1ecktMandatoryFeatures

"Mandatory SHEE ZolA] o o] B4 7
ol TYAYEAT AR 7R

(feature (name ?name) (type mandatory) (parent
?parent)  (sameGroupMembers — $?sameGroupMembers)
(requires $?requires) (excludes $?excludes))

(not (selectedFeature (name ?name)))

=

(printout t "Consistency Frror[Mandatory]: "
fname " which is mandatory should be selected to
feature configuration" crlf)

(modify ?*finalResult* (result inconsistent))
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(defrule checkAlternativeFeatures

"Alternative 555 Zobr o] Fo gt £
A Ao AHEREAE Ak A

(selectedFeature (name ?namel))

(feature (name ?namel) (type alternative)
(parent ?parent) (sameGroupMembers
$2sameGroupMembersl) (requires $?requiresl) (excludes
$?excludesl))

(selectedFeature (name ?name2é&~?namel))

(feature (name  ?name2&c(member$  name?
$?sameGroupMembersl))  (type alternative)  (parent
?parent)(sameGroupMembers  $?sameGroupMembers2)
(requires $?requires?) (excludes $?excludes?))

=

(printout t "Consistency Error[Alternative]: Both
of " ?namel " and " ?name2 " which are alternative
features were selected to feature configuration.” crlf)

(modify ?*finalResult* (result inconsistent))
)
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(defrule checkAlternativeFeatures2

‘alternative 54 1§ 2ok o] ol Hol
= Shel B4o] §4 74 AuEdEAE A
'

(feature (name ?namel) (type alternative)
(parent ?parent) (sameGroupMembers
$2sameGroupMembers1) (requires $?requiresi)
(excludes $?excludesl))

(not (selectedFeature (name ?namel)))

(feature (name ?name2&c(member$ ?name2
$?sameGroupMembersl)) (type alternative) (parent
?parent)(sameGroupMembers ~ $?sameGroupMembers2)
(requires $?requires2) (excludes $?excludes?))

(not (selectedFeature (name
name2&~?namel)))

=

(assert (final AlternativeResult (result
inconsistent) (parent ?parent)))
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(defrule checkOrFeatures
'Or S5 Fobr o] Fol Holx sl
S0] 39 P4l HESIHEAE AT T
(feature (name ?namel) (type or) (parent

(requires $?requires?) (excludes $?excludes?))

(not (selectedFeature (name
?name2&~?namel)))

=

;(printout t "Consistency Error{OR]: At least
one of OR features under " ?parent " should be
selected to feature configuration.” crif)

(assert  (finalOrResult (result inconsistent)
)(parent ?parent)))
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(defrule checktRequiredFeatures

17} B HES B o B4
o 54 740 TFAREAE BN TF4

(selectedFeature (name ?namel))

(feature (name ?namel) (type ?typel) (parent
?parentT)(sameGroupMembers $?sameGroupMembersl)
(requires $?requires) (excludes $?excludesl))

(feature (name ?r&:(member$ 7r $Prequires))
(type. ?type2) (parent ?parent?)(sameGroupMembers
$2sameGroupMembers2) {requires $?requires?)
(excludes $?excludes?))

(not (selectedFeature (name ?r)))

=

(printout t "Consistency Error[Required]: " 7"
which is required feature of " ?namel " should be
selected to feature configuration." crif)

(modify ?finalResult* (result inconsistent))

)
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?parent) (sameGroupMembers $2sameGroupMermbers1) 29 92, 54 4] excludes AE W3}
(requires $?requires]) (excludes $?excludesl)) TE AAL gibxlg bl }s]- 73e Ao
(not (selectedFeature (name ?namel))) FTo EX 20 MY =43

(feature (name ?name2&c(member$ ?name2 I 54 74 L\_ ; shel =48 EOH
$’sameGroupMembersl)) ~ (type o)  (parent A excludes BAY Ae S0 MHH B¢
?parent)(sameGroupMembers $?sameGroupMembers2) 2% HAIAE 3hdd) =83}
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(defrule checktExclusiveFeatures

"2t BAJ9] required SAES ol o] EA
o] 54 T4 THHNEAE Al FA

(selectedFeature (name ?namel))

(feature (name ?namel) (type ?typel) (parent
?parentl) (sameGroupMembers
$2sameGroupMembers]) (requires  $?requires])
(excludes $?excludes))

(feature (name ?eéc(member$ % $lexcludes))
(type ?type2) (parent ?parent?) (sameGroupMembers
$?sameGroupMembers?) (requires $?requires?)
(excludes $excludes2))

(selectedFeature (name ?e))

=

(printout t "Consistency Error[Exclusive]: " ?e
" which is exclusive feature of " ?namel " should not
be selected to feature configuration." crlf)

(modify ?*finalResult* (result inconsistent))

)

(3% 9) excludes HAIE &t 74|
4. 54 74 2% 2% 9 )

4.1 54 29 3 EM FME I8t Fact ZM

54 7AE AF] ddiME U4 54 =
ol 3t factE AD(assert)3for et 3.1 Ao
A BojE 548 A% dER Ao et B4
Fdo| E8l= B8 EAY U3 factE A3
o 2% 10& 23 1904 Hel GPL EA 2dd
H& factE Adeke Z=E HAF.

U HAR AFIaA e B4 7 b
B facts: AL B4 AL AR e
AF E44 wet deka, 1d 9=, o
2L o7 A A 21S s 54 7Y
& g Yeile FZ=o|th
- StronglyConnected 5733} requires #A] U=

DFS 543} Unweighted S4J0] 54 740 £

gelo] QA gtk
- Algorithms 54 3191¢] OR 54E FolA 3

o EAQE B4 74 2EHA A @k

2o 998 B4 1§ 31 Undirected 5
X3} Directed S40] FA0) 54 F40] ¥
o} it

» GPL

(assert (feature (name GPL) (type mandatory) (parent
nil) (sameGroupMembers nil ) (requires nil) (excludes
nil)))

5 GraphType + 2 Alternative Groups

(assert (feature (name GraphType) (type mandatory)
(parent GPL) (sameGroupMembers nil ) (requires nil)
(excludes nil)))

(assert (feature (name Directed) (type alternative)
(parent GraphType) (sameGroupMembers Undirected)
(reqires i) (excludes nil)

(assert (feature (name Undirected) (type alternative)
(parent GraphType) (sameGroupMembers Directed)
(requires nil) (excludes nil}))

(assert (feature (name Weighted) (type alternative)
(parent GraphType) (sameGroupMembers Unweighted)
(requires nil) (excludes nil)))

(assert (feature (name Unweighted) (type alternative)
(parent GraphType) (sameGroupMembers Weighted)
(requires nil) (excludes nil)))

5 Search + Alternative Group

(assert (feature (name Search) (type optional) (parent
GPL) (sameGroupMembers nil ) (requires nil)
(excludes nil)))

(assert (feature (name DES) (type alternative) (parent
Search) (sameGroupMembers BFS) (requires nil)
(excludes nil}))

(assert (feature (name BFS) (type alternative) (parent
Search) (sameGroupMembers DES) (requires nil)
(excludes nil)))

;; Algorithms + OR Group

(assert (feature (name Algorithms) (type mandatory)
(parent GPL) (sameGroupMembers nil ) (requires nil)
(excludes nil)))

(assert (feature (name Number) (type or) (parent
Algorithms) (sameGroupMembers Connected
StronglyConnected Cycle MST Shortest) (requires DFS
BFS Directed Undirected Weighted Unweighted)
(excludes nil)))

(assert (feature (name Connected) (type or) (parent
Algorithms) (sameGroupMembers Number
StronglyConnected Cycle MST Shortest) (requires DFS
BFS Undirected Weighted Unweighted) (excludes nil)))
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(assert (feature (name StronglyConnected) ( or)
(parent  Algorithms)  (sameGroupMembers Number
Connected Cycle MST  Shortest) (requires DFS
Directed Weighted Unweighted) (excludes nil)))

(assert (feature (name Cycle) (type or) (parent
Algorithims) (sameGroupMembers Number Connected
StronglyConnected MST  Shortest)  (requires DFS
Directed Undirected Weighted Unweighted) (excludes
nil)))

(assert (feature (name MST) (type or) (parent
Algorithms) (sameGroupMembers Number Connected

StronglyConnected ~ Cycle  Shortest)  (requires
Undirected Weighted) (excludes nil)))
(assert (feature (name Shortest) ( or) (parent

Algorithms) (sameGroupMembers Number Connected

StronglyConnected Cycle MSI) (requires Directed
Weighted) (excludes nil)))

(3% 10) GPL &M 220 Ci5t fact

++ FeatureConfguration #1

(assert (selectedFeature (name GPL)))

{assert (selectedFeature (name Algorithms)))
(assert (selectedFeature (name BFS)))

(assert (selectedFeature (name GraphType)))
(assert (selectedFeature (name Weighted)))

(assert (selectedFeature (name Undirected)))

(assert (selectedFeature (name Directed)))

(assert (selectedFeature (name StronglyConnected)))
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o] YUAYAE BIYT B e A
§ doe] HEOE vjR=E OWL %8 o
S 54 w9 2 54 74
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