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Abstract

In recent years, the variability and agility are increasingly important for the development of software
systems due to globalization of products and sophistication and complication of market demands. SPLE
(Software Product Line Engineering) approach has been proposed to deal with variability, while ASD
(Agile Software Development) has been proposed to accelerate agility. To meet both variability and agility,
APLE (Agile Product Line Engineering), an integration of both approaches, has been proposed. However, it
is not established yet as a development methodology.

In this research, to accommodate both agility and variability in product releases, the authors propose a
development methodology that makes the entire development of SPL (Software Product Line) manageable.
The authors introduce a portfolio management as a driver to improve manageability of development for
SPL. The proposed development methodology reconstructs the development process, product variability
and architecture in SPLE and refines the granularity to the predictable development amount of software
products and stable productivity.

In the development process of SPLE, the authors focus on the fact that the highly iterative process
centered around the variation point is executed. And, the authors propose an agile development method
for SPLE with twofold iterative process structure. Conventionally, ASD is not expected to be applied to
short-term development projects. Therefore, embracing multiple projects into a development makes ASD
applicable to SPLE application engineering, and improves the total management of the development by
improving the productivity monitoring and estimation of development efforts.

In product variability, the authors propose a method to divide a project into a set of independent
development units by clarifying the ordering constraints of variation point development by modeling and
structuring the variability. By reengineering the development process from a single water-fall to multiple
incremental, the authors will enable to reduce resource consumptions, including test environment,
equalize the fluctuation of development volume arising from the shortage of resources, and improve
manageability of the entire development.

In architecture, the authors propose a refactoring method to architecture, which enables to parallelize
application engineering with domain engineering. By modularizing variability at the development view
level, possible collisions between domain engineering and application engineering, and between
application engineering activities are mitigated, and parallelization of development activities are
enhanced. Increasing concurrency in the development reduces the constraints in resource allocations, and
improves the manageability of the entire development.

The authors applied the proposed APLE development methodology to the actual project in software
development of automotive software systems, and proved the effectiveness and validity of the proposed
development methodology in the development of evolvable and variable products from the result.
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(1) Business : SPL /1 BFIGE 215 2 HkHg
(2) Architecture : V7 bV =T ZAESET D7 FER
(3) Process : V7 bU = TBIRIZEBIT b u—0HK, Bk
(4) Organization : 7 —/LCE B OFREE ~DOE Y 24T

3.1 |2 BAPO OET VAR T. KERIFMHAIKT L TWDH, KEICHER SR LIS, 2%
EZDEAFBWR L T DME 2R LTS, 2 G DRLFOREZFHES 5 Z & T, SPL OISO E A
HILENTES.

BAPO &5 /L Cl%, Business DOEILEDSZ OO LI U Tl b 2 1358 . Business & L COEE
MR b EVE ZNDDIL, SPL 2B VR A I— U TSI EPEATE CE TV AOREETH 5. T7¢
Db, HEAIRERNET D LIS, EVFALOTGHRARHCHEEOBIFHE & = 2 27 /L2 THIATHE
Thy, ®Wiha—RK~vy 7 EC7 40— RNy 7 TEXHRENEBLCEXTND Z EEHET.

EVRARAT—NEERL, MBORETAIEENED L HITEH SN TV A EEHL, FHElc” — P
v 7T HAEANS, SPL OEFFEEICMETH 5.

B (0]

Business Organization

A

Architecture

Process

K 3.1 BAPO 7 /v
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312 HER—IIHIATRIANPPM)

LT e Y27 NEAFELIEAR— N7+ U A, ERlO7m Y =7 hCiER < B VR RO DR
BO7oik T B 72b D a7 R TH D15l Ebert 1Z, [PPM (S AR—F 73 UV A~RP A M) 1T
TR A THRRDMEZ AT 7o OIZECTHICE S (HAWNEY Y a—a R —ER) 2R AT 50080
EEMIBT HHELEECH D bW B(138][15]. £7=, Bekkers 1%, PPM (% 4 SO E T3 A _EOFEHE
DOEDE LTI ENTEZHDTHY, ZUEkY 7 by =T8-S THD, L LTWBI6el5]. oo
3OOEVAA LOMEEL Ui mEHE, U U —AFHE, ELREBLAZZET TN\,

Jagroep 1%, N— N7+ VAT L — AT —7 Z4REZTHHT, aryawA L LTI A 70 A 71
VXA NIRRT 3 U AR A N, a2l MR— T3 VAR TAL D 3OOV R
A N AEEERLTWA[El. by Fat 20 A, Ik o 2 52EEL TS, PPM
L, BIE T e AR T A T A TR A L N TTRE SRS A KT A NE L TCHITT 7 rtk
ATHD.

AR — R 7+ VAR YA ML TR SN ARG 2, AR — N 7 o+ U A0 L » TRE
T2 HENRZ SN T 5[201[89). BUYLAR— b7 4 UASHT T, K 3.2 \ORT X HICHHOTSE Y =7 &
TSSO EES WO 2 i TR A 4 RIRIC0T, ESE LA RAT DO OREE ST 5. Ty
= 7MKL, TEASEE U CTRED I LTV % Poor Dogs MOFEIZIR D DT/ <, Hithy = 70vE < ith
DR THE D HIFF C& % Stars OFERA ST Y, TENEEA LT & Z AT Cash Cows DOERAfEIRT 5 &
VWV T B ERIE DN R 2 R — R 5.

LR — R 7+ U A O ORI 237 559 5 AR IR IRE SN T AR, 8RR — 7+ U 4~
VAL N ERTEYNEFATT 5 120 D BRI B TR S U TUVRU,

g High Question Marks Stars

2

(@)

+—

()

X

3

= Low Poor Dogs Cash Cows
Low High

Market Share

X 3.2 BlamR— b7+ VAo
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313  TFIONAIKR—RTAHI)FTRIAVE

A= T74 VAR AL NTIL, & & BEE OB 2RO CIREE L ClEUNE T 5 2 L 3BT
H5. Krebs 1%, 707 FE&H, BED3IOOR—F 7+ VA% ASD 7 L—2U—27 ZFH L TE
PRT 5 HIEEIRR L CNB([25]. 3 SOFR— N7+ U AOBE A L FITRT.

(1) 7mv=Z b:7uav=l NOREPIRZAEL, EHTLIR— N7+ U4
2 &R AEFROREE (A%L) ZHEL, BEHTLIHR—FT7+ U4
(3) &k : %%ﬁ&@%&ﬁk@%ﬁ@%#@ﬁﬁ%@mt, BT 2R— b7+ U A

ZNBDOR— N7+ VA EEIHS 572012, Serum 72 ED ASD OB 7 L—2h U —7 [32][45] 2 F 9 5.
INHOT7L—AU—71%, Tuvzs FORIEE MR OAPEE A EE TRED 20Tl l, 2~3 1 H
ORI DG HGHEE LT MR OAPEN: 23R, FHlZBREICEE b L T 7T e —F % L 5.

Leffingwell |37 — F 74 VA~ R AL hF—LEREL, N 2—A M) —AIZH L CEREZRE TS5
BEEARZE LT 5 [29]. BEEXNROEO BT —< ICBREIRAHI D 4 ¢, Bl o b — a2 F T3 5.
V7 MU =T OBFET— DHMEEAE L, BIRES B L L CWDIGEICIE, T — ADOEEMEZ IERLT 5.
KEEZ2BIRICBW TR Y e V=7 N2 L 72N S ERE N RE2ESO L EHFELE L THEDITH D
[40][47].

s ASD OB T L—2U—7 R LT HiEIL, F8Re 7 7 A F o AT ARRIEDBAM R E D
ASD OHIAHUZFEDN TN S,

314 4SEBEHICBITAIEEEADATEEaFO—IL

THHCRT HAPEEIClY, TRENZEHIEEL LTERL TV D191[24]. TREEH &1L, TN —E
HARS, WAAVEHMRRE TH D & X DEEN AV D . TREAMEFEHNCRE ) 24 L QW BRI TARAE & L CER
DHNR, JERRSH D —EDIESOE OHEPANICBWOTHIE, 2> ba— /LS TWDIREER, A
LVEHELRRECH DIRETH 5.

TAERENHMEEOXGZED THE/I L LTET 5. FliE, HIERSZWEIZEDT-HE1L QC (Quality
Control) 23A[REE 72 5[52]. —J7, THEEE _ﬁwT%Z%ELK%E%Iﬁﬁ BLIES V7 =T O
B %, BICER U CEEAERRREL T 5720121, HEBIME L Co—EHMOBM ZHEL, 150X
%Mmf%é;kbf@?ﬁ%ﬁmféz%#%é BELIZIEDDED, D5 —EOHFBANICINE S L9 =
Y RE— L ZNTWD I D, BIREOVEBLRIREREE L WA D RIHES M L 7R B

13



32K ITOEX

321 SPLE

SPLE I, k= A b, @i T SPLIZEIT 22472 B33 57 7 a—FTh 5[101[189]. ¥ 8.3 1R
T X912, SPLE TIZRAA VBT E 77U r—3 3 UBHFRED 2 SOBIFSHEIRIZ AT CER O LA 6
5.

KA A 2 BA%ClE SPL (281 D3kl & rIZEMEA o0 L Ca 7T EFEAE T 5. @kl 1y, SPL oMl
S CRl— DRSS DEA TH 5. A4 L1, SPL NORLLFE CRERNEN D FHEMSOESTH D, Bz,
&% SPL CTEGIEREZ 20 2 TR Z L ITHEREZE N 2V D THIUE, £ SPL IR TERAEIC 133
MYENSDH D, HEEOTZ U H I ) T 4 —BNADT—Z T HIOIRD BN EE 2 HDOTHIUE, £
D SPLIZBWT= o VAN S 5. a7 &Y, M EBT7-00Y 7 b7, &, 7A b
e, et Rl BRICRIAAEE RS DWW L EFELTET

TV r—a VRS TIE, a T EENOEBEG AT S, T r—a VERROBR Y ' AT,
BUREA%E, XAk, B, TR MEIERETT D89 £ vt R, aTvEETER L AIARICERLT,
Tat A, TAMEELEO TEEZFEAA L, 2R 2 & TNE, B, =X ok x5
[16]. UL, 77U r— g VBARICKBIT HEEIEICE B Lz, 2R 7 0t AGREOTER IS ST
[AVA4AN

SPLE 2B 5R— k7 4 U AEHOIZE30 720 [43][44]. SPL & LT, YD X 5 Exthiod %8l
BT A T T ERA D ENEE LVINEITRRT AT I —F IHRRINTWAN[39], x0T 7 r—
a3 VBT A AR BT D RN S TR,

L=
g

FAU R A EHETILEED)
=k 7-%F75Fr  AUR—FUb s

1
— ) —

BREH ET e FER

\ L - \

T7I)5—aoNOBEY (A EHETILEESD
T7IVr—a 1 OREY (AIEHETILEED)

2R 7—XTO9F¥ avR—HRb HER

77°'J’7—°/E|>H77“')’7—93>H77°'J’7—~>3>H77°'J’7—~’/z|>

X 3.3 SPLE DBAFEF /(39
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322 7FIvAILEAF(ASD)

ASD %, BLHBHFE & AR ORI E TR L CA v 7 U A 2T 5 2 & T, TihEsROBREE D4
IG5 7 7 a—FTh 5 [518][201[32][45]. A BHFETIUL LV, Eo X IR UE LW
AL TRNT B Y 27 MR LT, IR OHRIE BT ¢ — Ry 712 L 558 %0 iR 2
LTca—nan-sl.

XP, Scrum |2f8F Si5 ASD TiE, =—W A b—U LIRSV NFI 72 BRRE BN 2 R EDRERS, B, 7
A RNERELTITTH., 2—HF A S—=U1%, A b=V RTOBIREEA TN ZFED 572 A b=V RA
Mz &> CEIRREO 2R EZAET 5 [51[32][45]. BIRTF—LDEEMIT Y A LR v 7 A LFHEN D —E DA
HZFIH L TESND. A LRy 7 AOFTHFEE T LIA M=V DY A MNHEL, #HOZ A LR
0 7 ATONYEE(EA b—URA > 2B T2 2 & ChAERZRETS. /T 1L—2ay (AALRy 7 A
WNO—HEDBIR) ZNET 5 2 & TEEL SN DR OAEFEMICES X, FHEIC7 4 — RNy 7 LTRREZE
-2 [8][29].

Leffingwell 1T KHBULT v A VEHFE DT SAFe (Scaled Agile Framework) 7 L—ATU—7 2R 1L
T 5[29]. SAFe TIXKHIHEBHR A I D A 7 T AF—L[45] T L CBRRET D720 D7 L—L T — 7 &4
HEL T 5. Leffingwell X° Turek |38 F— L0701V =7 N /afE L CEHIT 57200 kL LT, A—
k7 4 U A THRE LTHRIEOER O Ny 7 7k, A =1 ZHiH L TF— 2By 7 b 7 2 FE S
I 5 kAR L 5[29][50].

L)L, %< @ ASD O 5L TlE, MPLE @ X 9 (BRI CHEBOBIR AT 25513 8E L TU7au,
LT g — KRy THASNWET T u—FTh A0, EHIERTE CIIBRR T — 203 H1EE FE T DRI
B EZKZ CLEHI =D TH .

3.2.3 APLE (Agile Product Line Engineering)

APLE (%, SPLE & ASD ##tA L7777 e—FTho11ll18l. —nbo7 7 ue—FTld, SPLEIZBIT5
SPL OZERMEICKIIET 2595 ORI L, ASD 12331) A &7 fiBas (8] [18][29] i 5 OF A TE T 5 Z &
ZHEEL TS,

Hanssen 13, SELOBREIC S UC SPLE & ASD @ 2 SO 7 7' —F Z3RANCE T2 HiEA R L
T 5[17]. F£72, Noor 13, SPL OFHHRTH D 7 4 —F ¥ OIREIER & 23 S 5 HiEE#EE L T 5[37].
Rumpe 1%, SPLZHWCRYLHE(L & WA T L7222 b a 7 EpEATER 3 2 HikERE L T 5[42]. 2 07 7'm
— T DA FHEIEL THD.

SPLE ©O7 7'V 7r— 3 VBPIZEWT, MPLE OB EZEHT 572012 ASD EHiAG 7= 5k T
Y (NQAVAIAY
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33 AEMESTETIL

SPLE Tl SPL (231} % SUAh[E @i & a 25534 A B O SEREIEEh & LT A[39]. AIZspkz 3l
SN D BIZE T X AN RIS L BREFOZEME T U TOMNE D S IFBIZR CE AW AT BRI TE 5
[39].

331 J4—F¥ETI

7 4 —F ¥ ET /ML SPL IR DINI AN Z 7 4 —F v OFEGE LTET/UET D0, 74 —F v i3
EOINTDBIELCE, ”RAFHAST DR ThD. 74 —F ¥ ET /ML, SPLZRE LI-AEETT 4 —
F v OREMEAZRELT 5.

FAMA (FeAture Model Analyzer) (%77 7 & L CKRARE/R 7 4 —F v ET /L TH S [7][20]. 3.412
AT L HIZ, FAMA Tl AR5 7 + —F ¥ %, Mandatory (ZH), Optional (ERi), Many-of

(<273, Oneof (NDOED) OWTINT, ENDT 4 —F vinh PO T 4 —F ¥ IIxtd 5Bk E
L CHEETS.

AECRB L7 4 —F ¥ ETAVEFHALT, 74 —F ¥ 0T 5 kL LT FODA

(Feature-Oriented Domain Analysis) <> FORM (Feature Oriented Reuse Method) MNERE I TW5
BMBHMNWMM.%%ﬁ%ﬁ%%?wkﬁé’kf SPL {ZRW TR L2 s, 74 —F v
[EEOBHRI T GBI 2V BN U TG 2 Z LDV AlRE L 72 5.

INERT M 2t R & LTz o ik, B, quﬁ“?DTﬁ%%fh@ VR GH T BB A TOMMARFL LR D, E,
SPL ZR & L7-AME CRILT A Z & D, TRBRE D EMV O AHEED RE < 2 b78, FEM
PREATICIZ IS Ul TRBEE L 72 5.

| SmartHome |~ Mandatory

m Optional

|Presence Simulation| | Security | | Automated lllumination |

o T

| Presence Detection | | Alarm

| Mandatory

Infrared 160 degree Volumetric 360
Detection degree Detection

X 3.4 FAMA &7 1 0fF[20]
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3.3.2 OVM(Orthogonal Variability Model)

R A2t 2 G n 2851 & LC, OVM (Orthogonal Variability Model) 232Z ST 5[8]. OVM
X7 4 —F v ET/VERRY, EEEZE O TR L TET /UET 5[34][39]. X 8.512, OVM D%
SR AZET VAT, OVM CIEAZEMEE LT, SPL ICIFET D AIEE LB RYRZ30 L, w28 fm =,
ZERRIA L, IR EZERR, OIERFRREET T 5. A2 (Variation Point) (X254 2 RH¥UA Th
vV, ERIK (Variant) 13A[ZS0CBIT 28R CH 5. Blz0E, 3.2.1 THRIFT-AIBMEOBITClE, =20
FERTHY, YV, Ta—BN, BT—EPERKERD.

RLILBHSE 7 0 A CARL S I D BRIE E & v R YR & DIRAFBIR RIS 25 Z & 723 OVM Tl rlEE
Thsb. 74—TFT¥ET VL UMLET LY, ZOMOET VEERIEDLZENTEHT2D, HRZIC
J& U T OVM BT /U~ 72 CEE L CRI Shvan 5 [21[14] [34].

Variation Point Variant Variability Dependencies
optional = 0o —_——
[name] [name] mandatory
Alternative Choice Artifact Dependencies
/1\ N artifact dependency
\/'_/\/ [min...max]
V2 < | N N VP artifact dependency —cocsooc——oo >

Constraint Dependencies

requires_V_V requires_V_v _  requires_V_VP requires_V_vp_  requires_VP_VP requires_vp_vp
—_—— —_——— —_——
excludes_V_V excludes_v_v  excludes V_VP excludes_v_vp  excludes_VP_VP excludes_vp_vp
—_— —_—
Requires Excludes Requires Excludes Requires Excludes
VP_VP VP_VP V_VP V_VP V_V V_V
[ ] [ ] [ ]
% {complete, disjoint} % {complete, disjoint} {7 {complete, disjoint}
Variation Point Variation Point to . .
) : . \Variant Constraint
Constraint Variant Constraint Dependenc
Dependency Dependency P 4
<«constrains | <«constrains <«constrains
0...n | |0...n
0...n . . .
Variation Point [1 [ 1..n Variant 0...n
Variability
AN 0...n
Internal = 0..n Dependency 3
Variation Point S 2
3 L N
el I{complete, d|SJomt}4l> 8| Artifact
«‘z Alternative 2|| Dependency
External Rz Optional Mandatory __Choice M
Variation Point = min
2 max
2...n| 0.1 1...n
VP Artifact part of P Development
Dependency represented by P Avrtifact

B 3.6 OVM KiiHi& » 7 E7/1134][39]
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34TOFVNSAVRT —XTIOF ¥

341 T—FTOFvE1—

T—=XT 7 Fxa—I/ 7 N =T OT7—FT7 7 Tyt AT N THD., 7T—FT 7 F v a—
T, AT =7 RNV OELFAKET DO 2 —IC Lo TT—F7 7 Fx 2 RKBT 5H[41].

Kruchten |7 —%7 7 F ¥ E=2—L LT 3.6 (TRT 441 E2—%EL72[26]. 4 DOEHEL = —(F,
WL Tat R, WP BRE —ThD. Y IV AT AOMREMm AR TS, ek A a—
L AT LAD[EHEWE R EOIRATOIMAIE 2RI T 5. WBEE 2 —II AT AZMET 2 ERON— R =7
~ORE e EWERIE A2 KBTS, R E - 3BARERREICBT 5 Y 7 U = 7 OREEIlE A2 KELT 5.
1 DOYEBEE 2 —I, VAT LADZ—Rr—ALF VAT 58 a—ThbH. 4+1 Ea—ERREIET,

Bk 7B 2 —FT UNERSIN TV 5[33][41].

Rozanski 137 —F 7 7 F ¥ Ea—¢ LT T OO 2—%RE L TWA41]. =72 |, HEe, W, W
171k, BRA%E, AlE, HEHE=2—CH5. Rozanski XX HIZ,
OMEZE 10 O/R—AXT T 4 7L UTIREL T 5. SPLE 1B AR EMEOREL, B X—2~r 5 4

B o — 2R 5 mERHEC Y AT DR

7L LT, Ea—%F L CRETTAREBELETHD V2 5(4][34]139][41].

Physical View
(MEE21—)

Development View

(BAFEE1—)

Senarios

(UFIA)

Process View

(FA+EREa—)

)

Logical View
(/EE21—)

X 8.6 4+1 ¥ a—FF /L
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3.4.2 Architectural Runway

T—XT7 7 FyEFHIT e b, HOWNERLT A T A ZVEBL T, VAT AOBBSITEBAC IR
THM1. TR A7 07 a Y= b, KRy s N, FEEEOT Y2 s K, TV AV
Tavxy "N, Tulel FOWEICL o TT—%T7 7 F ¥ Ret 7 o A2 HUNERET T AMERH .

Leffingwell |3, KEHET % A VB DT SAFe 7 L— AT —27 OHC, AR (Architectural Runway)
R LT 5[28][291[80]. AR 1%, AR OHBRIEE CRIE L CTA 7 U A #VZBR%ET D ASD 128\
T, V77720 TOMERMZ, BUEBXOSH% T SIS EREAGAD DT DOBEFD,  F 72133
ENTZA LT T THDEERL TS, K 3.712, AR OBR EFIHZRERYICER LIAEEXN 273, g
DERZEMIZT ZEIER LT A —TF v FT—L L3I, VAT LADOT —F7 7 F ¥ 2, HHVIIHEE
T 57200 AR BARTF— L&k T 5. LT, 74 —F ¥ F—LOBREHEFELRNELIIZ, 17U A
Z VBB D THERRINC T —F T 7 F ¥ DiuE - HatE+ 5.

7T —X%7 7 F ¥ OiEtE ASD O 7 L— AU — 7 ZH|o THEITT 286, AR IZHE SV E 7't 2
EEDISHARETH 5.

oA )LTad ok &15 &15 EME &15 Ji@
DxVIF2

A

: : : time
[ T4—F o F— LIl )} 5 ° >
| | |
1 1 /1 1 1 1
1 ] 1 1
! [ 47%¥% L2 4 . e >
| | |
[ Architectural Runway 1 / / I. I. S
SN B SRR
! ! ! ! ! !
Architectural
=2 Bikic Runway® #| FH F—LA
o > P>

3.7 Architectual Runway DBa¥ & Fl|H
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3.5 BEMEICHITHAEAMEDED T

351 BHIOTII/LOEEER

AT E ST SPLE (28175 PPM (3.1.2) £ 7 ¥ A VR— h 7 4 U A~ %P AL hD Sk (3.1.3)
OEETHDH. PPM TIIEEL 7 L— AU — 7 I IERINTNDD, EEMEZ M LS5 7200 B8R0 72 575
AR EINTE LT, BR— h 74 U DN S TR R O EAUEIEOMERICE £ 5. TV v AL
R— 7 VA~ A N O ERCTIEERMEZ 10 S8 2 B2 TG 2R L Q0D 0, A7 U A
VHNBIRERHEE LIZBRGIERTHY, T—FT 7 F v HulLd SPLE ~Oi#E 5 1AL S AU TR,

PPM O7 L—ALT—J T Vv A )VR— 74 VA~V A "D % SPLE L CRlE 3 2 HiE%z
NYHZ LT, #% SPL OuFFE A EEM M L& HCEH TS Z LR CE B,

352 FRIOtEXR

ARFFEONLE ST, SPLE (3.2.1) & ASD (3.2.2) ##tA L7- APLE (3.2.3) £ Lo, SPLE (ZHiF
L7V r— g LBFEA~D ASD OEATH 5. SPLE 137 —F7 7 F ¥ TLOBERGFETH L0, RS
HNES L7257 0 ZEEZ TR L TR, ASD 132 b~ DEBE iz Bi5 L CRERRT 5 2 L TF
Bt A B 505, EHBRE CIIIENIRERN THS. APLE X 2 DO FiEimatkx 728 THRE L TV 523,
R—r 7+ VI~ A FOEFMEN B2 BIE L= 7 0 ZR5EICE B LTS HIEITHE L S TUOR0.

SPLE ©7 7' r—=3 2 VB T < ORLL AR TGS EHORNSR L5 2 LT, fHx DBI%
EHIR T - T OB &2 GG LRI & A 2 E3ATRE L 70D, BT Y7 MY b
STHLFRCE DT 4 — R 7 2l S5 T aw AEGEEA ST 5 2 L ¢, BEWEZ M LT D% 7 L—
DT — 7 NI 5 2 E DN TE B,

353 TAIZEHESMMTETIL

ARFFEONLESF1E OVM  (3.3.2) ZIGH L= al S OBRRIEFHIO D HiEOIRETH D, 74 —F v
ETV (3.8.1) TIEAEME L ILEMED 2 SOMWEZ GRS E LTND7D, AEMDOHZZX G & LT AT
IICREARa A R 5. OVM ClE Al HEICRHM b T2 2 & TR DTS ATRE & 72 5708, HUE OURTFRIR
CIEBHFNEFFHR 2 @ AT T D T2 D ORBUFECAR RN A HID.

OVM #JtH LT OVM JE5RE 7 /L CRIFNARFHFI O T S EER B LA i5e 35 2 & C, A RIFE LD
BATS ARG 2 ] 5 73 U COMNE L7 AT R BS ORI T 2 Z LN ATEE & 72 5. ML LTEBHR DA D
SR, BAER7R X2 A LRy 7 A28 D ASD OB AR L, BIRERESCT A N TR OAN AR LT
EEEOM RIZH 5T 5 Z ERHIFTE 5.

354 TJOFOMNAVRRT—XTIFY

AGEDOALESITIE, T—FT7 7 F v Ea— (8.4.1) Ot 2— R 2—%2FH Lzttt y o
— b FEORRZE L, AR (8.4.2) 2RI LI-0ZEM DY 77 7 2 ) o P HIEOFERTHL. 7T—X%T 7 F %
Ea—TCiE7 =% 7 7 F Y iXatOBSE R L TWDD, BARIRERGEH AL VT X A MUERIFT 5 7= OB
WIFRENARD. RAL VBT ET 7Y r—2a VB A RIRRIATCHITT 5 2 7% A Maextg & L%
FFE BT SHUTURU,

B E 2 —IZF B L CRIEMEE Y 2— b LT RAAL VB3 & T 7Y r—2 a BB O T fesr 3
HZ LT, ASD D7 L— AT — 27128175 AR #3845 Z ENFRE L 70 5. BRI TIEORMELRIXBTE U
V—ZDEEOHHEZED, EHEMOM BICE5T5 2 ENHIRTE D.
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4 770—F
41 77O—F DLk

411  F77O—FOHE

SR DR DREIR R % SPL & U CHFRE RO FICBHIET 2720 DOARMIED T 7 u—F %K 4.11R7.
K7 Fo—FiL, R—br 7+ VARV ToT O AN~EIA LN, 2 JBAT L—3a T ab A, B%
BRI OfRAT, DT Y 20—/ UbdD 4 SOT 7 a—F MRS NS.

(1) A—=Fr7HVFRIToT v AN~wH T A b 0 ASD OFEMEIC L 0 B P rTREZc B A KL 5.
@) 2BA 7 L— a7 at A ASD 2/ rlRe/e 7 v AREEIC L, EEEE N T 2.

(3) BAFENEFFHRIDAEYT « FIZEMEIC K MR 28R L, BR¥E Y mt A0 AM & P L A lEZ A T 2.
(@) FIZENEDE Y 2 — Al BRSO 2RI L U TRRIRS & 38k L, BAFSEIROE S THF 2883 5.

%7 7a—F1% SPL 2B PR Ak L T 7 ) v U— RO IEERI I ST, B AfEEI
SPL OB L AR — R 7+ U A~ R T AL NOFERTHS. 77 /v P —E#I SPLE D7y =7/ &%
T 58k CTHD. B VFRATROX I FIZPPM (AR — b7 4 U A~ % A > b)) OfE&IciE-3< [138][15]
BEER DT 1Y = 7 MEFLTITA <, B2 S L T BV AOEBIN ik A e % 72 DI &2 PPM
Thsd. PPM 1THEAR— N7 4 U A O E 8T A 7 A 7 VDT CINLER SV HIEIZREW I T S,
TAAMEBIDO T 0P =7 "= R 7 U A~ 3P A b EALEST T 5 [138][15][201(39].

AT CTOT 70 —F Tk SPL OEEEEAfe/e bR 2 BT 5728, SPL OR—h 74 VA~ A
FOEBEGER G LSS K0, HEERICT T a—F 5. KT Fa—FIoONTRE D D Ak
XD, 7B, R—= N7 x VAR A O E 72 2RI O 25T OV CIEaENFFE[15] (201 [39] 22
WL, AWFZETIIREE Ly

Eo A8
SPL& F B B :SPL/-I-i’—w;rU?J-?%)xph
1 o | R
7 =0 =)
T—XTIOF% R IOER
2BATL—3>
TOtwRiEE
JOosHherE
Al EHED .
S Uik BAFRIERHl D AT

T4 /00 —4E1E

M

X 4.1 FEOT Fa—F D248
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412 TIO—FDOER

T7a—FOEMELT, V7 MU TRREN— R TRRICBT T 0 XY N T A L OBREEORE
72 2 2 MEEEEREORR T 1 ADOME R Z/RT. R 2 2 RO EEBRRSR T A3 5
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# 5.1 TukREEOH

‘ RHEY |
# |  HE% RIS JOwRES e |ROME
Node-to-node Analyze variation points in the communication specifications:
1 (None) communication 1. Compare with communication specification S1 of the similar product. 8 Y
analvsis 2. Confirm specification S2 of communication node with difference. es
y 3. Confirm the specification S3 of communication data. ...
Load testing on a special environment:
2 (None) Load test on 1. Load an execution object into the simulator Sim1. 5 N
a special environment 2. Set high load condition C1 on Sim1. 0
3. Try 10 times to calculate average and maximum CPU usage. ...
Identify the variant from a variation point list:
P 1. Compare product specification S4 with variation point list VL1.
3 (None) I\fiaer?;g‘ltc;atlon of 2. Determine variants at variation points. 8 Yes
2-1. At variation point VP1, variants are selected from V1, V2, V3 with
reference to specification S5. ...
4 Add engine type Add the engine type to a set of variants in the communication data X: 1 Y
Add type to (Design) 1. The function F1 in the module M1 of the component C2 is to be changed. es
5 variants in Add T/M type Add the transmission type to a set of variants in the communication data Y: 1 Yes
communication | (Design) 1. The function F1 in the module M1 of the component C2 is to be changed.
6 data (Design) [ Add drive system type | Add the drive system type to a set of variants in the communication data Z: 1 v
(Design) 1. The function F1 in the module M1 of the component C2 is to be changed. es
Implementation:
: 1. Implement according to design specifications.
/ (None) Implementation 2. Eliminate warning of static analysis tool TL1. 5 Yes
3. Self-check using self-check sheet CS1. ...
8 Add engine type Testing of #4: 1 Yes
Add type to (Test) 1. Inspect that the engine type is determined at timing T1. ...
9 variants in Add T/M type Testing of #5: 1 Y
communication | (Test) 1. Inspect that the T/M type is determined at timing T2. ... es
10 data (Test) | Add drive system type | Testing of #6: 1 v
(Test) 1. Add that the drive system type is determined at timing T3. ... es
11 (None) Add steering type Add the steering type as a variant point referring to the communication data W 3 No

(Design)
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void func (void)

{

/* AIERESOHEE */
#if PRODUCT == PRODUCT_A

el if PRODUCT == PRODUCT_B

ftend i f

return;

J

il
£

[\

#tdefine STRATEGY_A (1)
#tdefine STRATEGY_B (2)

#define STRATEGY STRATEGY_A

void func (void)

{

/¥ AIERZEOHIEER */
strategyMethod () ;

return;

}

#if STRATEGY == STRATEGY_A
void strategyMethod (void) {

}
&#elif STRATEGY == STRATEGY_B
void strategyMethod (void) {

}
f#tendif

Lk

X 9.6 YEIRIZEIT D Strategy 20T 2V 77 7 Z Y T RE—

void func (void)

{

#if PRODUCT == PRODUCT_A
if ( COND_A == TRUE )
#telif PRODUCT == PRODUCT_B
if ( COND_B == TRUE )
#telif PRODUCT == PRODUCT_C

/* No Condition */
#endif

{
}

return,;

}

|

#if PRODUCT == PRODUCT_A

#tdefine ENTRY_COND if ( COND_A == TRUE )
#elif PRODUCT == PRODUCT_B

#tdefine ENTRY_COND if ( GOND_B == TRUE )
#elif PRODUCT == PRODUCT_C

#define ENTRY_COND /% No Condition */
#endif

void func (void)

{

ENTRY_COND
{

}

return;

} Lk
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