BEAIEF =R EE Vol.55 No.2 922-938 (Feb. 2014)

7 4 —F ¥ o & SR T ReEIE A 7z
VAT LT A MIANT 2V 2 T AREEE T

B ) NI A B BAE?

ZftH 2013F5R17H, #*$%H 2013F11R1H

BE R 2 HASDE THEEZIRMIET AV AT 2128V T, KBBOHMBIIERINTVED,
BOMEAETICL > TERHET LV AT 2 EHER, ¥ AT 2 LR L SR OAERE L ORIFRIIBEERI & 72 > TW
LIENHDL, FLENSDVATFATANTIE, TAMNAH L IZHET 2 HAGDETY AT A
WA ER LT A N EE_BTAILENH L. 22T, HBEEOMETIEER, Moz oEe L, %
S OBEMA DY), T A MEHEICWH LTRHRAD) A2 2305, AETIE, S Tldnd, i
PRAGD SN ELLMARRITTLTE 74 —F v 0 eiTv, Z2O#EREHWTT A MHEZ00L, 7
SRR ER2FA L CTF A NEB R T 5 Y AT LREREE LSS 2 HFERIRET L. 2, F— 2R
A% 74 E LT, REFEZFEHEOLIESNT POS LYY AFAGEA L. ¥ —ZAAYF4I12BWT
kDT AT AHEBGEH I IRET T, T A MEH 2T LEY 7% Y AT LR OE D 7 w»
B CHgECTH - 7o,

F-—T-R:VI7b YT, TANIA, T4 —F o

Selection Method for System Configuration for System Testing Using
Feature Analysis and SAT Solver
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Abstract: In a system composed of multiple products, a specification of each product is defined well. Oth-
erwise a specification of the system and relational definitions between the specification of products and the
specification of the system become implicit knowledge in mature developers frequently. When a new product
is developed and the product is tested, the implicit knowledge is needed for selecting peripheral products for
composing system. This paper proposes models of the specification of the system and the relation definition
and proposes method of the selection using feature analysis and SAT solver. The proposed method is applied
to virtual POS register systems as a case study. The result of the case study indicates the proposed method
can select suitable peripherals in shorter time than selecting by hand.

Keywords: software engineering, software testing, feature analysis

1. HL®IC Pefot SAGHEE L CRRE R IRt T 2 AV AT A0% B o

TWh., TOX)BREEY AT LR T AEEDY AT
BB TR Z IRt T 2 D TId %2, HEOBED LT A ME, TANONET LMo PR EE % w1258
RL, TAMSROBER R L TT A M EE/T LHLE

ookt B LSRR R 7T T Wb, T A MNFEII L CTR#EY) 2 By O BIRAT S 7z
Hitachi, Ltd., Yokohama Research Laboratory, Yokohama, Ba, HEOBREISEAY A7 A FICERSNE, 72 b
Kanagawa 244-0817, Japan ’ ’

2 RARHAF TEHVIREWEYD 5. AL TR, BEY AT AZHEK
Waseda University, Shinjuku, Tokyo 169-8555, Japan T AR DBEINE RS VAT AR LT 5.

) daisuke.shimbara.gk@hitachi.com

© 2014 Information Processing Society of Japan 922



BEAIEF =R EE Vol.55 No.2 922-938 (Feb. 2014)

EHI, 12DV AT AR TEL DT A MEE R 7 A
MR & O 1B R A BIRT &K, T A M ERERIC S A
T AR OMAM R THEEHIMTE S, 2070, Shn
VAT LREBETT A MHH T A L) Bk D B,

WA BN L T AT AR 28T A E%1C
&, BREHROMBRIZTTh L, EERPHASD S oI
H U ARk A AL ERR W O MRS E L B, L L, 52
BOBISEHE T, BERSHAED S o 72BICE L A HR
LHFE, o EEEEI TN T, Z20% I
BHE o TLE-oTWD, ZO720, VAT LN EE
g BRI, BERME R ORBE B AN R, %%
B7 s AT A2 SR 2 e L <, EH LY
AT AHEBBEDSTRTOT A NHB 288 L TV Wil hE
AL T 5,

KWFFE T, BEME AL L TBAEEZHS 3720
2, BT 2 7 4 —F ¥ G720 Tl <, BRI
AEDEVEEI AT Lo BICER TS 74 —F %
L HAEVATLAICER LT —F v LD T 4 —
F v OBERMEO S Z TV, ZOMREEHWTT A MHEH
AL, FERWREEHEEZFA LT A MHE 85T
By AT AEHHE A SN T A HEEAIRET 5.

KL T T 20 5eitE s 3 5.

RQ1 7 A MHHD?S ¥ AT AMERE EH 4 BE8, B2

e & OJE NG REA 2

RQ2 7 A MNEHZMET 52 AT A xS REA ?

RQ3 7 A MNHHZMET H720 852 A7 L1

R OFAIREMN AT W ?

RQ4 7 A MHHD?S VAT LR EEH 4 518, BHER

70 R CEIG T RED ?

KRG LOERII T &% 5.

o WHIFEIEZ /-3 ik LT, 74 —F ¥ oMz v,
ZOMEREFTREHEEFAL T A NHE 2 85#ET
BT AT AMEBHE A EI T A R RE L.

o METLFULELEBTLY —VOFEREELITo 72,

o FEHELAY—NVEHVT, BEFTOBIIH LT —
ARY T4 mATo72.

KT, Y7 b7 708 27 s34y 1128
5T EEREE MR EET, BEHOBEMBAKET DY AT
LATANMIBWC, V7 727 70% 7 bI 4 O
THbETA—F oM e VTR EREL TV,

de B2
2. B®

2.1 #HEVAT L

B DDA G D S o THO TR R IREtT 286
VAT LTI, EBHERESL POS LY VAT AR EN
Hh. ¥HHERAKETE, BRIHLEIMELBNOEN
IT7aAYHHY, FIEHERD 20O OMER &GS TR
SNCERREERMB LTS, 72, POS LYY, 5

© 2014 Information Processing Society of Japan

uE LEREY o
ik B :

& e ~

EESE e

T )r—av

I =7y

KA OZ7) 7
FACC R
&5
WRE ]

7

SRT L
AR FLIY

O Frg

;"Lé ‘y_)lli%

fg ER4D

68

M1 BEYATLIBT 5O T A b
Fig. 1 Existing testing process for a system composed of

multiple products.
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Fig. 2 POS register system for chain stores.
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Table 1 Products and their specification.
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Fig. 3 Test cases and system configurations in for a system
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composed of multiple products.
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Fig. 4 Overview of the proposed approach.
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Fig. 5 Product feature tree for each category.
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Table 2 Product map of center server.
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B[ FL

CENTER_No.1 X

CENTER_US X
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Table 3 Product map of shop server.

nEa BIE  [HEE| BE
#|||A|A|[FL

SHOP_PERFECT X x| x
SHOP_PRO X X
SHOP_STANDARD X | x| x
SHOP_CLASSIC X X
SHOP_PERFECT_US | X X X
SHOP_PRO_US X X
SHOP_STANDARD_US X | x X
SHOP_CLASSIC_US X X

x4 POSLYOTUY sy T
Table 4 Product map of POS register.
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REGISTER_PRO X X X
REGISTER_STANDARD X X | X
REGISTER_CLASSIC X X | X
REGISTER_PRO_US X X
REGISTER_STANDARD_US | X X X
REGISTER_CLASSIC_US X X X
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Fig. 6 Subsystem feature tree.
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Table 5 Example of communication feature in subsystem.
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Table 6 Constraints between subsystem features.

[ @& HAE BE
#||B|®|A|[B|C|A|FL

“ ﬁ . -
g -
B -
A - [ Ex| = | =~ | - | -
e -
c| - -
& A Ex
Bk - [ Ex| -

F XD TIE, YT IATLATA—F V) —% A
NELT, VAT LERIIEET LI TV AT LT 4 —
F v OHF % AT LETERT .

22 HiOFITIE, BEiE A &9 L oFf=e il O HEME 2
ML, INBIE, VAT AICEINDLY T AT AR
THELLZH TV AT LT 4 —F v DIt (Co) 2P (Ex)
ELTHMTEL, M6ICELLIY TV AT LT 4 —F %
EATEHNCE Y, ~AHICHIFZRER L TR 6 O L )15
Wy 5.

# 6 D47 TA] TH] [A] D ZAD Ex ¥, ¥ AF AN
BREA 2OV TV AT LADFEAET L LS, oF T2 A
FLRKEREA # o TR bawnwe I HKzEzERL, 17
[F] <% TH] TlE, Y27 2HOME FLVodiHbz
#z7.

3.2 T4 —F+ES

T4 —F v BT, BAIHTHIT L7 4 —F v &1—
Y —=WIZATIL, RAAL =27 v 7roOfkEs
LCEMT L, 74 —F v ETNVEERFTL OO —
A% 72— A%, HWHEEDD LRI EER Z & h b HE
ERXeHHT 5. ANTHEEZUTIIRT.
MERATIUR W7 T2 EET 5.
BRI —FvER BTV, 7 —F v
V) —HLDEHREEE LTATT S, M5 128,
TAZv by F2-EK3-KA4DLHIT, BEREN
ENRATE LT, HERsFH27 4 —F v 2 AT 5.
YTV RTLEER V7 VAT LARRERTAEA T T
JEENLORBRELER L L TERT .
YVYITORTLTA—F4FR YT VAT LT A —F x>
V=SS B IERE AT 5. X6 OTFHRIZHNA.
Y ITORXT LR T —FvdioR® 7 AT A4
TA—F v BT —FxOMBREATIT S, £5
VZAHY.

DRATLEER VATLEMETAYTUATLLEENR
LORBELEEE L TANTA.
YTV RTLREENE YATLAHADOH TV AT LT 4 —
F il ATIT 5. 26 124,

V= VIZINEDT 4 —F viEHREATITHE, VI
BN TT— Y BTNV EMET S, 77— 7T IVOFM

927



BEAIEF =R EE Vol.55 No.2 922-938 (Feb. 2014)

SubSystemFeature << ENUM >> << ENUM >>
name: String QUANTIFICATION || IMPLEMENTATION|
ALL DON'T_CARE
cases EXIST NOT_HAVE
1.% IMPLEMENTED
FeaturueCoordinationCase e
' - :
impls  —
1.* features
CoordinateImplRelation 0.*

status : IMPLEMENTATION feature|_ProductFeature
quantify : QUANTIFICATION _%

M7 YTYVATLTA—F % LERT 4 —F v
Fig. 7 Relations between subsystem feature and product

feature.

: SubSystemFeature
name = $7Oka3L
type = COORDINATION

: SubSystemFeature
name = ;BE7AkraL
type = COORDINATION

¢

nam SR X
: Featur rdination ¢ : FeaturueCoordinationCase
: CoordinateImplRelation 0% : CoordinateImplRelation
status = IMPLEMENTED status = IMPLEMENTED
quantify = ALL quantify = ALL
: ProductFeature : ProductFeature
name = #7°0b)b
: CoordinateImplRelation =>__: CoordinateImplRelation
status = IMPLEMENTED status = IMPLEMENTED
quantify = ALL - quantify = EXIST
: ProductFeature : ProductFeature
name = #7 0kl
~>|_: CoordinateImplRelation
; Category status = IMPLEMENTED
name = POSLS quantify = EXIST -
: ProductFeature

L >name = |7 0pL]
8 WEILIrINIBITAFT TV LY M

Fig. 8 Object diagram for communication protocol.
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KT VTVATLEM
Table 7 Candidates of subsystem.

5 B e
AT s |l ﬂg AlB|cC
JEE

Sub a X X

Sub b X X X
Subc X X

Sub d X X
Sub e X X X

Sub f X X X
Sub g X X

Sub h X X
Sub i X X X

Sub j X X X
Sub k X X

Sub | X X
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®8 FAMHEH-VTYATLT 4 —F v

Table 8 Relations between test case and subsystem.

| & HEAE BE |
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Table 9 Relations between test case and product feature.
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W,
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R 10 TAMHHEH 7Y AT LEFHOIEZE

Table 10 Relations between test case and subsystem

candidate.
© o o = -— x —
o o o o o o o
F|la|a|3|3|3]&
TC1 X
TC2 X
TC3 X
TC4 1 | X | X X | X
TC4_2 X | X X
TCS X X

2THTCEER

BRSh-TCE
REFI =3
SRTLDNEET B

VILINTHEK

FErELALY

<>
(##153)
FRBDTCE

AT LIZEY L TE

TCEL2TER
X, (C#ERaY
ESELE V)

BREN-TCRD
SEREZ RS
BERA BRI

)

B9 7 X MHEHHZHHEST DY AT LHEBEE

Fig. 9 Generation of system configurations.
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RO - ||

Selected Object (Systembaveaiaton e

10 V= IVDOAZ)—rav b
Fig. 10 Screen shot of the tool.
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® 11 REFLEOM AR
Table 11 Result of proposed approach.
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33YTVRTFLEAS | SHEEM 158
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BEE VRSB 304
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* 12 TAERIZLDHR
Table 12 Result by hand.
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Fig. 11 Generated system configuration by the proposed

Sh sy

approach.
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ategory ProductFeature
1 1 features
from

ProductFeatureConstraint

——————>|_constraint: CONSTRAINT

constraints

[ ProductFeatureConvertiblePoint
! convertible: CONVERTIBLE

convertibles *

<< ENUM >> << ENUM >>
CONSTRAINT CONVERTIBLE
DON'T_CARE DON'T_CARE
OPTIONAL
¢0_OCCUR ALTERNATIVE
EXCLUSIVE o
MONDATORY

B Al 74 —FvDr 7 AKX
Fig. A-1 Class diagram of product feature.

Cateaory | features * ProduciFeature |
name: String name Strln
1 category

products

feature

ProductImplRelati
status: IMPLEMENTATION

categow

oduct

<< ENUM >>
IMPLEMENTATION
DONT_CARE

NOT_HAVE
IMPLEMENTED

A2 H#HD7 7 AKX
Fig. A-2 Class diagram of product.

[ SubSystemDefinition |
 ——— —

subSystemFeatures
*

components SubSystemFeature
* name: String
[__ComponentCategory __|
multiplicity: MULTIPLICITY << ENUM >>
MULTIPLICITY
category
l/ 1 ZERO
ONE
ZERO_ONE
ZERO_MULU
ONE_MULTI

A3 HTVATLATA—F YD T AKX
Fig. A-3 Class diagram of subsystem feature.
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A2 TlX, EBoOKEREEFET 7 7 AL LT Product
»EFLTWA. Product 1X, FOWEIEDT 4 —F %
% o TW A D% $E T ProductlmplRelation 7 7 A % 4%
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75 AD T UINT 4 status |21Z IMPLEMENTED 5% &
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WREESNSL. 22T, HIZEE IMPLEMENTATION O
T, DON'T_.CARE (7 A FHHZETETNVTHAT S
T2k g 5.
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SubSystemFeature << ENUM >>
name: String QUANTIFICATION
ALL
@ ases EXIST
1.%
L 1
P impls
1.*

CoordinateImplRelation

status : IMPLEMENTATION | faqture [ ProductEeatire
quantify : QUANTIFICATION %

convertible J/ *
. features

ProductFeatureConvertiblePoint

A4 BHTUATLHTA =T v ERET A —F v
Fig. A-4 Relation of subsystem feature and product feature.

: SubSystemFeature
name = AL
: FeaturueCoordinationCase

: CoordinateImplRelation
status = IMPLEMENTED
quantify = ALL

: ProductFeature
[ name=#r |

: CoordinateImplRelation
status = IMPLEMENTED
quantify = ALL

name = POSL-&
: ProductFeature
name = #f

A5 FH7ubarorrves b
Fig. A-5 Object diagram of new protocol.
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FreWEm7 1 —F Y EOEBREELEL TS, AT I,
TTVATLBBOFRT, $TATLT A —F ¥ HOD
e PR, AR EHTAETIVERT. K A8
i3, NN T AT LT A —F XY 52O 7L A7 24
FOLDOEFRRTHET N ERT.
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O zKT., [ 7 APEET % ComponentCategory 7
FAL, WTVATLORD 5 AL T T BET
7 I ADEERY FEOME 7 7 AT, SEEZRTHIER
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POS L YD HIBGETD, 120 7Y AT L2 HET 5
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DA A% v AE, MULTIPLICITY % ONE & LIJE&HMA
=30 Category % $53 ComponentCategory 1 ~ A ¥
YAE, 1B EEKA % £ T ONEMULTI %5 POS
L ¥ ® Category % i3 ComponentCategory % F5.

A4 TI¥, SubSystemFeature & ProductFeature
O M o B $ % , FeatureCoordinationCase &
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: SubSystemFeature
name = ;EEJOrIL

: FeaturueCoordinationCase
¢

=>__: CoordinateImplRelation
status = IMPLEMENTED

quantify = ALL

: ProductFeature
=>|__: CoordinateImplRelation

status = IMPLEMENTED
quantify = EXIST

name = POSL-¥

: ProductFeature
>[__: CoordinateImplRelation

status = IMPLEMENTED
quantify = EXIST

: ProductFeature

A6 RESTNIVDOFTI 2 b
Fig. A-6 Object diagram of mix protocol.

SubSystemDefinition |¢, SUbS stemFeaturis

¢ SubSystemFeature
name: String
1 1
from to features

SubSystemIntraConstraint
> —constraint; CONSTRAINT

subSystemIntraConstraints

————>| SubSystemIntraConvertiblePoint
* convertible: CONVERTIBLE |

subSystemIntraConvertibles

AT YTV ATFLTA—F ¥iilfIn s I A

Fig. A-7 Class diagram of feature constraint of subsystem.

subSystemFeatures
[ SubSystemDefinition | *
e — |
3 SubSystemFeature
name: String
subSystems
0.% 1
impls subSystemFeature
SubSystem 0..* [ SubSystemImplRelation

valid : Boolean |@—>{ status: IMPLEMENTATION

{ have
0.* product
SubSystemHaveRelation 1 Product
‘ have : Boolean } name: Strin

A8 Y TVATLDY T AN
Fig. A-8 Class diagram of subsystem feature.
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UIADA Y AY Y A% A DRSS B,

ZNEFN D FeatureCoordinationCase 1 ~ X ¥ » X4,
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subSystemInterConstraints
SystemDefinition * min nstrain

’components
*

subSystemFeatures

A9 VATFTLDOTA—F XD s 7 AKX

Fig. A-9 Class diagram of feature constraint of system.

[SystemDefintion}e- =" 5[ Svstem |
I — I —
3 have 3

components 0..%
*

S_y%gmH%ngélggfn
Com onentSubS stem

multiplicity: MULTIPLICITY
subSystem SubSystem
1

[ SubSystemDefinition } [_SubSystem _| stem
0.% valld Boolean

su bSystems

A10 YATLDI T AN
Fig. A-10 Class diagram of system.
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TestCase
name : String
valid : Boolaen

1 | systemDef

S¥stemDeﬁnition 3
subSystems
1.%
1 subDef
TestCaseSubSystem
Subs¥stemDeﬁnition e
1 impls
0”*

TestCaseSubSystemFeatureImplRelation,
feature status: IMPLEMENTATION
1
SubSystemFeature

A1l VATLARE LY T AT LRBREOT A MIEH
Fig. A-11 Test case at system layer and subsystem layer.

candidateSubSystem
SubSystem 0.* TestCaseSubSystem
valid : Boolean

products
1 category

0..1 [product

impls
0.*

/

TestCaseProductFeatureImplRelation
status: IMPLEMENTATION

1 feature
ProductFeature

A-12 HEREEO 7 A MEE
Fig. A-12 Test case at product layer.
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% 72 SubSystemDefinition ~DZHE % FD . KREHL Tl
77 A MEHEOHITIX, TC1, TC2, TC3, TC5 DT A

FMEEWE, 120 7Y AT LAICHETWEHNERDT,
TestCaseSubSystem 7 7 ADA Y A ¥ Y AL 12k %5,
TC4 OFITIE, JEHNY — YL POS L Y DHEED 1D
DY T Y AT LEFRL, KIEB 28520 72 A7 A L%
BECEFOT TV AT ADW SN Y AT LAPNIAAEL TH)
i 2 2 &2 tfERE L7279, TestCaseSubSystem A > A
¥ AL, 2O0HMT BLEND L.

TestCaseSubSystem 27 7 X &, € O % 7 ¥
AT LANRFORET A4 —Fx 2 RKT DD,
TestCaseSubSystemFeaturelmplRelation B 7 7 X % #F
Y, #0777 7 A1E SubSystemFeature # 2§44, T DR
W7 A&7 N7 1 L LTHIER IMPLEMENTATION
D status #H5H, BELTVWEF TV AT LT 4 —F XD
HFIEOHEERZFBT A, 22T, 7AMHEEZETEF
T, COMES FADPZRLTVALT T VAT LT A —
FYOFENTAMEH L LTEIELE LTS LWIGE, 5
2R IMPLEMENTATION @ DON’T_CARE % v 5.

ZZ2FTOETIVCE, TCL, TC2, TC3, TC4 DT Ak
HHARHETAHAZENTEL, /22T TC2TIE, 12
? TestCaseSubSystem 1 >~ A % ¥ A % & TestCase { ~
A% v AR L, €O TestCaseSubSystem { » A ¥ ~
Alx, $T VAT LT 4 —=F ¥ & LTHAM, HIARED
A5, HEEE C 120 LT status % IMPLEMENTED (123 %
TestCaseSubSystemFeaturelmplRelation B 7 7 A & | Z
DEPDY TV AT LT 4 —F %120 LT DONT_CARE
T BEE Y 7 AR 5.

A2 13K O F A PEEH 27T, TC5 D X9 1
BEOBRRE GO LI BT AN r — A%, Bl 7 1 —F %
ZHELTVWATAMNAHZ RIS B7200D7 T AL 2 5.
TAMGGEDOY T2 AT L% FKHT 5 TestCaseSubSystem
X, ZOHTIATACEEINL T A MG OKEYRT
77 A & LT TestCaseProduct ZFf>. TestCaseProduct
75 A, EOREH 5 T) & EKT P ERT 720, Category
7 I ANDBR D, F72, TestCaseProduct 1%, J55%E
D RIT 2068, FFEoREcet T2
WP ORE T4 —F v 2 ET DT —AD 2 OOKP %
.

TC5 EHIE DA 123% Y4 L, TestCaseProduct 25F 2
Product 7 7 AND# 2 X - T SHOP_.SERVER_PERFECT
EtwokHr B LTKHATLZ. BH DY
& &, TestCaseProduct 70 & & 248 7 4 — F ¥
% 3% 9 ProductFeature ~ ® B # 7 7 A2 & L T
TestCaseProductFeaturelmpleRelation 7 7 A @ 4 »
A5 VAERFSETRIAT S, COMEY 7 AU,
TestCaseSubSystemFeaturelmplRelation 254 7 ¥ A 7 A
T4 —=F ¥ ~OMHETH - - L FFOMEEZ L, FI%
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B IMPLEMENTATION @ DON'T_CARE E#I12 X 5T
ST 4 —F vy OEEOLLELTH Iy — AL ERBT
=

A.1.2 FERATREMFHIER
ARETIE, FRRTREMEHEICHV 5% OCL Ttk
b, RiE, ANENTZT7 4 —F v IERORUEEMGEET 5
K&, WREMAGDELT T AT LEHIHLTZD
AR AR L, T VAT AEMEMAS DR
VAT LHT A NEH E MRS 2 hEBEEY 2 TS
ns.
A1.21 T4 —FrETFIVORBAREEHE
AHTIE 328D 7 4+ —F ¥ B TANSNIZT 4 —
T X BRI E T B V2GS 5 B THRE
TR E TRAMEHEET 5. KT 7 1 —F v B OBR
ThrANSFT4T7edT MR E 2 5.
FNEFT AT T4 —F v
context Category inv:
self.convertibles->forAll( ¢ | c.convertible = ALTERNATIVE
implies
self.products->forAll(p |
p.impls->sellect( status = IMPLEMENTED)
->collect( feature)
->select( I | c.features->includes(f) ) ->size() =1) ) )
*T77 4 —=F+
context Category inv:
self.convertibles->forAll( ¢ | c.convertible = OR
implies
self.products->forAll(p |
p-impls->sellect( status = IMPLEMENTED)
->collect(feature)
->select( f | c.features->includes(f) ) ->size() >=1) ) )
HAEEHIK
context Category inv:
self.constraints->forAll(c | c.constraint = CO_OCCUR
implies
self.products->forAll( p |
p.impls->select( status = IMPLEMENTED)
->collect( feature)
->includes( c.from )
implies
p.impls->select( i | i.status = IMPLEMENTED)
->collect(feature)
->includes( c.to ) ) )
Hr{th %
context Category inv:
self.constraints->forAll(c | c.constraint = CO_OCCUR

implies
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self.products->forAll( p |
p.impls->select(status = IMPLEMENTED)
->collect(feature)
->includes( c.from )
implies
p.impls->select(status = IMPLEMENTED)
->collect(feature)
->excludes( c.to ) ) )

AR OXIER 7 1 —F ¥ ET VAT TH 5755,
BT YAT LT A —F ¥ ET VBT B ERRHIE D Ak
DR TRUMTHET 5.

A1.2.2 YT O XTLBEHEOTERTREMEHTE

TRTOF TV AT LB LT, €O TV AT 4
BHPERT LTI AT LT A —F ¥, ZOHT LA
T MERDRE ORI L o TEHTE 2002 MAET 5.
Context SubSystemDefinition inv:

self.subSystems->forAll( ss |

ss.impls -> select( status = IMPLEMENTED)

-> collect (subSystemFeature)
-> forAll( ssf |
ssf.cases->exists( case |
case.impls-> select( status = IMPLEMENTED
and quantify = ALL)

-> forAll( cir |

ss.have ->select( have = true)
-> collect( product)
-> select (cat = cir.feature.cat)
-> forAll( p |

p.impls -> select( status = IMPLEMENTED)
->collect( feature)
->includes(cir.feature) ) ) ) ) )

EROARERE, $T VAT LT 4 —F v ossf 2T
2OIE, YT VAT A s IZEENLTRTORBEEp I,
ssf ICBAE 3 28847 7 1 — F ¥ cirfeature AFERE ST W
LI EPWERr—A%RL TN,

—HT, TV AT L ss IZHE TN L™, 1DOTH
cir.feature 23FEHE SN TVWIUTH 7TV AT L ssf ZEHTE
HAENIL, EREEIZIZRBEOAZLN E 2 D, quantify %
EXIST 12 LT, & p I2h %2 % forAll % exists 1273 5.

IS DROFTRTREMHIE A7) 2 L12& Y, 7
AT WM W7 SR OREIRE TS . £72, ThH o
MW7z SNV G, TV 7Y AT LR = EHT B
WOMEEVHFAEL LW LR ERT 5.

Al123 FRMERBEY T X7 LBEEORERIAEM
HIE

T A MEH %39 TestCase 7 7 AL, 7T AT 412
X9 A7 A MEHHETR TestCaseSubSystem 7 7 A D A
VAY Y AR T B, 2 D TestCaseSubSystem =
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L, BT VAT LEME DT R REHE T, €D
TAMHADBEDY 7Y AT LEHTEBIT & 2 0 % MGE
T5.

T, UTORERICE-T, ¥ 7V ATL 714 —F %
WEATAMNHB LT TV AT LERHOFTRHEXIT .
Context TestCase inv:

self.subSystems ->forAll( tcss |

tess.candidateSubSystem -> select(valid = true)

-> forAll( ss |
ss.impls-> select( status = IMPLEMENTED)
-> collect( subSystemFeature)
-> includesAll(
tess.impls->select (status=IMPLEMENTED)
->collect(feature) ) ) )

KiZ, 7AMHBIEBT 287 1 —F v OfFRE T 7
VAT AEROTETT R D720, DT OAERE R
ElRC
Context TestCase inv:

self.subSystems ->forAll( tcss |

tess.candidateSubSystem -> select(valid = true)

-> forAll( ss |
tess.products ->forAll(tp |
ss.have->select(have=true)
->collect(product)
->exists(sp |
sp.impls-> select(status=IMPLEMENTED)
-> collect(feature)
->includesAll(
tp.impls-> select(status=IMPLEMENTED)
-> collect(feature) ) ) ) ) )

w12, 7 A PIEH TestCase IZBWT, &N
WSEFE TestCaseProduct 7 7 A DB product |Z45%E S 11
T2 7 = ADAERNE L TIIRT.

Context TestCase inv:
self.subSystems -> forAll( tess |
tess.candidateSubSystem -> select(valid = true)
-> forAll( ss |
tess.products -> forAll(tp |
ss.have->select( have=true )
->collect(product)
->includes( tp.product) ) ) )

INSDORERETRT Y7 AT LERHT A b
HHAZEBRTEZLOL LTHEHINTE S, ZO#EFHRIC,
3.5 Hi TR/ L) ICHMETH 72 AT L ffl 2 A G
bETY AT LEHRT 5.
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