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Abstract

The Feature model can not be guaranteed the syntactic accuracy of its model and be difficult
the validation using automatic tool for its syntax, because this model is expressed by a graphical
and informal structure in itself. Therefore, there is a need to formalize and check for the feature
model, to precisely define syntax for construct of the model. This paper presents a Z formal
specification and a model checking mechanism of the feature model to guarantee the correctness of
the model. It first defines the translation rules between feature model and Z, and then converts
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the syntax of the feature model into the Z schema specification by applying these rules. Finally,

the Z schema specification is checked syntax, type, and domain errors using the Z/Eves validation

tool to assure the correctness of its specification, With the use of the proposed method, we may

express more precisely the construct of the feature model. Moreover the domain analyst are able to

usefully verify the errors of the generated feature model.

» Keywords : Feature model, Z, Formal specification, Model checking, Z/Eves
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Notation of
Rel'znonshlg Feature model Z Description
Feature mo [two feature]
opt_ab [4_ID.B_ID]
optional *40 A B
(including 0.% 0.1 Fident:A_l]) Eaem:s_m
Multiplicity) optional

— opt_ab
n:N ; multiplicity
—

opt_ab:A—-B

=

Vs:ranopt_abe#(opt_abp{s})<n
A#(opt_ab{s}) >0

Vt:dom opt_ab e#({t} <opt_ab) =0
V#({t} <topt_ab)= 1

opt_ab €0..9 %D,ﬂe. b]

Domain Range

12 8. %7t optional ¥ CIEME 2b= Z AF|o} wig
Fig. 8. Z translation for optional and multiplicity between
two features
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2e19] 313 R “wireless” A @ TAHo] F71E 2
g 92 it s ALAl|E Bt}

‘Wireless

‘ Basic H Color Hngh Resalunon‘ ‘Camera‘ ‘M]’(hree‘ ‘Three(}‘ ‘ ‘WIPT ‘

1% req HR Ca 71 17 exc_TG_Wi'1
L & mandatory /O, alternative - requires
é optional 4. OR «--» excludes

J%l 9. BHIY E A|AHIS| B|X ZH
Fig. 9. Feature model of mobile phone system
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Agdle & F el FAYNe] EAEjop slRR
exculdes® WERAITE  gA, A A WS
mandatoryﬁ’} optional®ll tiall ¥d8}a1, alternative, OR

9 generalized-by¢l A5 49 27|wl2 R F&ton
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42 ZHid E 31X ZEel 7 HA
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AAG 84, A B o5 7] W 3312 283,
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EAlstE 2 FAHER 27nkE Aot 7 HAe] 75
An2A, 71EERI o R 570 31A Bl A, 84 7)uk 137
271m} A, A 79 ) 270k wAR FE5E 7
Aol gl dR2 FHsle] 71&)

4.2.1 32| 7|=2Ef) Mo

ERe] e 712 el A Elleg vlsHn 7R
ERJe] Mde 3 3-10] 9AsIA, 27 99] F|A =l

BE FAEC teiA 2t FAEE 712 ElE A

gt} o 3]A7) alternative/OR/generalized?] <
£ Zte D (leal) A= At g AAA], AL
gk 2 S 98 [DE AT 712 Eljle] dade

rs?i

¥

(Calls_ID, GPS_ID, Screen_ID,
wireless_ID, Mobile Phone ID)

S, A ERgle] e FATT BRI (ER) S AlIA
role EF9= 711 A5l At} 2rld £ 313 2dofA]
£ role Ejlo] EAEHA] @ong 7&skA] geth

Media_ID,

4.2.2 z2HIY
271w}k BAlE

(3A) aglx

£ 3N zHo| Z AF(0} HA|
mutd E A mduel] X3HE RE a4
HAE Helld 7 27|v= WAE gt
4.2.2.1 Z 3% 4 7|4t 7 A7|o} @A

719k 7 2710k WA F1A Rl FAde 2 2
71ukE AR gt ole] dF-E a8 1004 HolErt FAE
o] 271mke] A Al T 3-39) wel - FAoA
49l A o 2v)mkE Addd] Uitk 71 a2 109
A “Screen’ #|A ] 271w} FolE basic’ 2719k 9 o]
o A =lolo} gt} ks, A4 FA7L i A REH
A& ool ] wiEelth  IAEI ALY
mandatory/ alternative/requires &l HElX= 24 7]
HE ~7mpellx] B 0w wAlEn, 2 ~7nke 14 3-2
o Wt HE e PAEE AR T3 Az AulE
< X¥3e Eoi = t‘“ﬂﬁhﬂr Mobile_Phone 27]vF=
- FAR Calls, GPS 55 2710l ol 27|utE AR
o X372, goliel FY AHA AAdH e FE

element(Object) Identifier
- [~ Mobile_Phone

Calls
|7d€EHT Calls_ID ident : Mobile_Phone_ID

calls : Calls // mandatory
GPS gps: GPS // optional
’Tdenl GPS_ID screen : Screen //1:1
media : PMedia //1:0..%

Screen wireless : Wireless
ident: Screen_ID

Basic
’:creen : Screen

unique_ids[Calls]
unique_ids[GPS]
unique_ids[Screen]
unique_ids[Media]
unique_ids[Wireless]
#Calls=1
HGPS=0v1
#Screen=1

#Media >0
#Wireless =1

Wi 1rele55
Fdem ‘Wireless_ID

ThreeG
’7“ ireless : Wireless

02 10. 2HIY £ 3K REe| Q4 J[d Z AF|D} HHA|
Fig. 10. Element-based schema specification for mobile
phone feature model
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£9], Mobile Phone” 27|7}e] &ojid] 71&3t “#Media
> ("2 EWA Aree B33 o)A Zald EofA
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4.2.2.2 7 3|x A 718t Z 270} BA|

A 79 27n) WAE F A $A7ke] TAEE 7]
27)nkR golditt, o] ~7lvke AT WSS i8S
A sl FojEth Bald E 31A mde] #A 7
gk 27)mp wale] dRE vepd Zlo] 1 110l

__.mandatory relationship requires relationship

— mda_MP_Ca* — req HR_Ca*’
mobile_phone: Vobile Phone o high_resolution : High_Resolution
calls : Calls 1:1 multiplicity | pyop " yesolution’ : High_Resolution

camera : Camera
camera’: Camera
req_hr_ca:camera »» high_resolution

mda_mp ca: mob{le phone Hcalls

unique_| 1ds[rgoblle phone, calls]

Ve : calls * ¢ emobile_phone.calls,
Vsiranmda_mp_ca*#(mda_} mp}ap{s}) 1
Vi:dommda_mp_ca<#({t} xmda_mp_ca)=1

unique_ids[camera ,high_resolution]
(camera # camera®) —>
(high_resolution # high_resolution®)
Vs:ramreq hr_cae
H(req_hr _cap{s})=1
Vt:domreq hr cae
#({t} <treq_hr_ca)=1

___._. optional relationship
— opt_MP_Me«————

mobile_phone: Mobile_ Phone
media : P Media
opt_mp_me:mobile_phone — media

unique_ids[mobile_phone, media]
Vm: ranopt_mp_me-*#(opt_mp_mer> {m})<n
A#(opt_mp_mep>{m})=0
Vn:dom opt_mp_me- #({n} qopt_mp_me)=1
T2 11, =i Z S REe| o JjEh Z 27|10} A
Fig. 11. Element-based schema specification of mobile
phone feature model
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Z/EVES - C:/MobilePhone-FeatureModel-Checking/test-feature-model

Z/EVES - C:/MobilePhone-FeatureModel-Checking/feature-model-checking (2 ][5

File | Edit | Command | Window ‘EEQEI Lazy

File ‘ Edit | Command | Wfindow ‘

Syntay Proof Speciication

¥ | ¥ |[Calls_ID, GPS_ID, Screen_ID, Media_ID, Wireless_ID, Mobile_Phone_ID] B
|y .

ident: Calls_ID
r|r GF)

Fm.- GPS_ID
41 | f
J2l 12, 712 B Z HAMle| 2 ZAL &1

Fig. 12. Syntax checking screen for basic type of Z
specification

Z/EVES - C:/MobilePhone-FeatureModel-Checking/test-feature-model

File | Edit | Command | Window Eager | Loy
Syntax Prook

v [v [ __mir Ef
ident: WIPI_ID

virelegs: Wireless

¥ | ¥ | —Mabilz Phos J
ident: Mabile_Phone_ID

calls:P1 Calls

g P1 GPS

screen: P Screen

media: Py Media

wirgless: P Wireless

Weal, cal: calls « cal . ident = cal . ident & cal =cal s
< | »

O% 13, 24 7|2t Z AF7|p} WA|e| FEZAAL 51
Fig. 13. Syntax checking screen for an element-based
schema specification
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@ 4 99

Eager | Lazy
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¥ [ ¥ [ mda 0P C El
mobile_phone: F1 Mobile_Phone
callsi:Fy Calls

mda_mp_ca: Calls =+ Mobile_Phone

#ealls] =1

dotn wda_wmp_ca = callsl

& mobile_phone = 1

ran mda_mp_ca = mobils_phans

eall, calZ: calls] « call . ident = call . ident © call = cal?

Wi, mphd: mobile_phone « mphl . ident = mph? . ident < mphi = mph2
Veal: callsl; mph: mobile_phone - cal = mph . calls

4] | ﬂﬂ

2 Ao ZAL

(a) ‘'mandatory’

Z/EVES - C:/MobilePhone-FeatureModel-Checking/test-feature-model (28]
File | Edit | Command | Window Eager | Lazy
Syntaw Proof
v | ¥ [ _req #R C. [=

ligh_resolution, hrl, hr2: Fi High_Resolution
camera, cal, cal: F1 Camera

req_hwr_ca: High_Resoltion =» Camera

¥ lnigh_reanhition = 1
dom req_hr_ca = ligh_resolution
¥ camera =1
ran req_kr_ca = camera
Weal, cal: camera « cal . ident = cal . ident & cal = cal
Phrd, Jirl: high _resolution « kel . ident = bl . ident > Jr] = bl Bl
if bl # b2 then cal = caZ else kel 2 hrd

| | ﬁ

(b) requires” 3IX| TS| ZA}
T2 14, 2| 7|2t Z A7 WAle| LEZAL S
Fig. 14. Syntax checking screen for a relationship-based
schema
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