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Abstract

A conventional planned development process or an adaptive development process is in
adequate for "the embedded software evolution" developing continuously in response to
rapidly changing market requirements. As a result, maintainability decreases and
whole re-factoring is needed. In this study, I propose a method for improving
maintainability in embedded software evolution. This method is consisted of three
techniques, the extensibility visualization technique, the extensibility reinforcement
technique and the extensibility evaluation technique. These techniques are
corresponded to each requirement that I defined three necessary requirements in
developing for "the embedded software evolution". We applied the proposed method to
an actual product’s code continuously and could verify an improvement in the target

software’s extensibility.
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K DOTavAETIAPEEINTND.
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TIRTIITENIRBIZE D IR b TN D,
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#, Ny rnrZ V) FEINLF AT O, {227 DOHREGY HiE, A7V ok
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2.3. IREFFE

2.3.1. AR
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MUTINDOFETIE, 7 REy ZIZAMTbND T, BREIFEIZBANT, HEL
RN AT EGLZENDD.

232.Y2 k77045890 54 URFE (SPL)

BT 7 2V ZEECERT HBEFIETH D, WELEBRTLY 7 by 2T 22T
EFEL, Xy NEEICYEILERT S, aTvEELE, M7 I VIETEHRT S
Me—Da—RThY, ey s NEELIL, BEIRSICHT HIRETICONTOa— T
bbb, oF0, BEIX, aTEECHL, W ODDOBRSNTa Xy NEEERAET
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BEOHATICL s TERINTERGL T 7 IV EZEKT 20D, V7 o7 Fay
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HRLENRT, FRZ, MIARY 7 =T TiE, N— Ry =7 U Y —ZADOHIE0E L2
bbby, a—FOHIBZBENE LTEZIHANLNDS. LLERG, &z A
a— RORGHEMET T 52 &0, UIBAEMFE L TRGEAEZRAWESE, WY W%z
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KoL, ZOXRIRAEAT=ANX, FERE, BRGE, U241 7 Thin
T TELE LTS,

AU N SIS
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25. Y27 bz 7EE

V7 b =T LR, AT FUATERRALELULTWAR, KV EmRAICEE A
HHDHZ LT, BEY 7 b T 25 bS8 E T 527nexThsd. o7 uk
AT, BEFEY 7 Ny =T OREEZME LR S, MEEERD, =—F RIS C-HH
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Fio, V72T OBERATLISELL AL, VYT =T O, Y7 hY
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11
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— AR L CRIH ST A2 RERH Y, V7 Y= T OEERESCTHH=— X D%
IR LT, V7 b =7 OMfEZK T S0 & 5 ICHEBAICET 217> T 2 &,
IHFRFICEEIZ > TE TN D.

DXV T MU =THBEOERIIBNT, BETIHE, TVYANLERBIRY 7 b
DT Tad s N4 VEBENERRLCOAEHM, KA N, BRERY 7 MU 2T O
ERR %, Y7 =T DA T7HA 2 ARIKIChE>TRMT 52 LT, BLER - fik
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ARETIE, ARFRIZET 20, AERFIEEERT 2 oW B O R & 7 2 Ml
FOMERD Y 7 b U = 7o HikimFEIZ oW T T 5.

F9, 328 T, AFRICEBNT, EE L TELR YT T =2T DA TF A
WZBL, LMY 7 MU =T OREREICOWTOEREZBATS. Thb Y 7 b
U7 OWEESITT 2700 FEE LT, &EHE#RE b &I Lo FiE% 3.3 filirL,
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3.3. XEtEHZTHL LIC L= FE
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Fr—liy, WY 7 by =777 IVICHT 50 E KBTS 7 b B R A
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T, "L O EREERNT I ENTES.

F72 SPL Tix, W57 7 I VIFET 2@ & A2 EHT 572018, 74—T %
—ETNEFHT L2 HD. 74 —TFT ¥y —ETNAEHNDLIET, RASM V=
TV T TavART FY r—yarxary V=7 ) 2B S EAIH AR 2 T EHED
BAREIEET HZ N TE D, ok, 74 —F vy —FE7 /&, W77 I VEICEBTS
MA@ & AR A R LB XA T 7T L THY, 74 —F XX AT 77 LDk
I%, CBFM %° featureRSEB, COVAMOF O X 572, S¥IDOX AT 7T Wi bikiE Sz
R H L AAET S[13]

332.7—FT VU F ¥l

T XTI FYICEHEENDEEY AT OIS, WEBEEET —FT 7 F ¥ 03Tz LT

WO a5,
SAAM

Scenario-Based Architecture Analysis Method DHEFRTH 5.

RONZ RF¥ =2 A Meah, SR LET X7 7 F v FIETHY, U A—2
TT—X7 7 F ¥ ZfffrT 5. HEPRERTCD, REICFEBARTHD. Yo, £F
ROGWELFTMT 27200 FEE UTIRE SN, BUETIIEENE, BRElE, JEaRMS%E, ke
IREVEREICK LT, T—F T 7 F Ay BRUSTEDES T T 5. T EEOBEM T —
XTI F XD EIT) Z LN TED.

ATAM

The Architecture Trade-Off Analysis Method DHEFRTH 5.

VAT KZEREND SEREICHIS LIy ) AR ERR L, BEEEOR WY A%
FET 272007 =7 7 F ¥ FEEHLNITHZ LT, VFHFIAERALEDOY A7
L= RAT7ZHALNCT D, SEFMESROBUEN O T —F% 7 7 F ¥ IE DIk 2 747
5.

SBER

Scenario-Based Architecture Reengineering OISR TH 5.

BRI Y 7 U =7 OEFMERSES TS, WEREE I Y AR A THE
TOHFETHD. BERZMZIBRWVWERMEAZSET 272012, ERIZ—HTLHET, 7
TAA N ETPA EL AT L—T 4 TITHED RT

ALPSM

Architecture Level Prediction of Software Maintenance DIEF#CTH 5.

VT RNT 2T T =T 7 FvREEET, Y7 =T OA T F AR THT 57
WOFETHL. HREE, 7—F7 7 F¥ikat, Y7 MU= T7 o U=75MmA, &
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JEF—2 2 AT1E L, REFICD D) TEO T HZES.
SAEM

A Software Architecture Evaluation Model OWEFRCTH 5.

BB LTOY 7 MU =7 7 —% 7 7 Fx LRIRHC, &7 7' X codEfm,
LCDY T NI =T T —FXT7 7 F v EXRETH
ARID

Active Review for Intermediate Designs OIEFRCTH 5.

AR P OFERREEBEZIAL, T—XT 7 F¥RDOLE2—%1T5 2 & T, &
RIT7 70 —F OEEMMREER L OREFOIAIETT 5. BEERT ORFRT —%7 7 F

AT 50 & RHNCEHET 5. FEMERFHIEDRTE TIZ, REH7 e —FDIEEL I %
ﬂﬁfé.

CBAM

Cost Benefit Analysis Method DISFRTH 5.

BExZIR ROD #Ei# L TV —X%7 7 F ¥ i i 5. ROLIZH ESNWTT—F 77
Ty BGERR 2RI L, FHEZ L TH OOz 3 %.

LAAAM

Lightweight Architecture Alternative Assessment Method ¢ H%%/’F’C“ H5.

BHAE G o AT LR 2 MERHEDAEZ 27 — 7 SNV XA TERICIA L, £h
EH LT =X T 7 F it ORLEETMET S, VAT A :bb\’C%FEﬁ"\‘?if nE R
R EM OB EIAN % AL L CAT — 7 RV THRET S, Ehe b LITEED
T XTI F ¥R ROES ERFBHN BT 5.

34. ERIFEHZ L EICLI=0MFX

KEICENMEST 2 Y 7 b =T Oa—KNeAJE L, FEZLICERSNEREEZANWT
ST HFETHS.

34.1. A ) RAHT

ANV AN L, Y7 hy=TIZRL, OMEEZERIT L EICED9TTH
L. ANV IR, Tavel NA NI ZRET a7 NA RNV ZARDS., Tav=e
7%%%)721,7DVI7F®EEE WZEbNALDOTHY, Tav=s FNOIEE)

ERLT . 7n& 7 AN 7237027 NOREYMOSEEHICHEDNLS B O
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a7 NA NI 7R, FATV s MEMGEHEEA TV =7 MERSIEICBW TR

5. FIZC FBOXOBRIFEAT V=7 MEMFIETIE, HTHARA NI 7 A THLHA
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ra~F oy JEME, FA X, a X hOEEENHVLRTWE4] L —FH, ATV
7 MEMSFEIZH WV TIE, Chidamber H[15]232R L CK A VU 27 X LIS WMC
( Weighted Methods Per Class ), DIT ( Depth of Inheritance ), NOC ( Number of
Children ), RFC ( Response For a Class ), CBO ( Coupling between object classes ),
LCOM ( Lack of Cohesion in Methods ) ® 6 2D X N 7 At v hINFL4THDH. FT-,
Melol16]i%, 1 7L, K, RV E—7 4 XA, A vE— > 7IZBF % MHF (Method
Hiding Factor ), AHF ( Attribute Hiding Factor ), MIF ( Method Inheritance Factor ),
AIF ( Attribute Inheritance Factor ), POF ( Polymorphism Factor ), COF ( Coupling
Factor) &9 MOOD 2 F U 7 ZA&EFEL TS, BES[LT] 1%, AV v FRICET D2
— RA MY 7 2ZAWEHERREZEL T 5. Martin[18]1%, KFELHHSREAN LV &K
CoONHNZ =0 DT A ThHHZ it T oA = AL N) AN T 2%
RELTND.

ShIZ, BEDOA N 7 AMEEZNOREEESND AT T ABEELRESA TS, Y
7 MU =T OMEE, ZENRMNEERT S0, Bo0A M) 7 2TIERLS, HER
A MY 7 2ECEY, WEEZHELLS 5770 —FTHS.

3.4.2.1N\3 — 20T

V7 M =T RRBICBTAEARICLEIEZOT, BRIH LT WL SIS Z e Zk
LiebDaNZ = Y, GIREDY 7 U =T, EOL DR E— &N Tn
LDMNZONWTHNTHFETHD. V7 MU =T HAERT DIFIC, 2= E N2 &
T, VY—=APRONT =< REN, AT T ADENY 7 Y =7 & E B
T D ENTE L. WIS, ERLIEY 7 hU = TRIICE N D37 — v Z T
HTLT, EOXIRYT MY =THMKIZ/R> TWLD), £EDL D REREAL
NODMEHRITHZ LR TH L. REWNRANY — 2 FREIRT.

T—XTIFxRNa—

POSA (Pattern Oriented Software Architecture) TREINTWAH LI, Y7 hU=
TEEELT, ROLINWT —FT7 7 F v Dl Z2a 7L TNLHDTH L.

il 21X, Layers /N¥—2TliX, 77UV —a U EEBOMBENRED LA VIToT
T, A7 T DOWMEEAT O T —F T 7 Fx "\ F—Thb. £72, MVC (Model—View
—Controller) /X —>TiL, 2P A L X T =2—RE b H TV r—va &350
VR —=F 2 MIEIL, 2—FA X7 2—ADOH NS (View) &Y 7 by =T A
TLABRKRGELT LT =2V AnY v 7 (Model) Z47HEL, 2—H A F T =2 —2D

A5y (Controller) 2O DO EFHZWHT D, XY, 22—V A X T = — R0 %
BOZ D ERRHTRDT—FT 7 F ¥ Th .
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THANRE—

T—=XT 7 FxR"Z—r L%, REONSWRE—ThY, EIZAHT7 V=7 MiW
SRENR A EFIA LT b OB Z . FL T A X — L LT, & 1I1TRT GoF
(Gang of Four) OF WA 3% —2 013 5[19][20].

GoF OFT A L3 F— 2T, 28 DF— U BERLTEY, T 23 ORF — 0,
AR B 37—, RREICET 2 3% — 2, BREWICET 23— onTiniisy
mEnb.

# 1GoF OFT YA Ly —r

HF Y INH
ERRIZRES9 5 | Abstract Factory, Builder, Factory Method, Prototype, Singleton
INF—

i&IZB89°% | Adapter, Bridge, Composite, Decorator, Facade, Flyweight, Proxy
NP =
JREEVIZEJ | Chain of Responsibility, Command, Interpreter, Iterator, Mediator,
DHINF— Memento, Observer, State, Strategy, Template Method, Visitor

7o & 2L, ARIZBET 232 = UBETIE, IRD 5 DDRZ— NG ETW 5. Abstract
Factory /X% —> L, 7 7 A %A T D Factory 7 7 ADOMAEE N R/ D L5 2GR H
H%602, Factory 7 7 ZADMMAEEZ AT D & 5 78 Factory OfigHb/ % — 2 Th 5.
Builder /"% —> L, "I RA—FEZEETHZ LT, WBEEIDHIENTEDH LI
TZAZBNT, HxDEBULLINTA—=2y MG L7 JAZHELTREL 2L
T, NI A—FOiMERMT 5L 572/ %—>2Ths. Factory Method /X% — &3,
7T A& T D Factory 7 7 A2, MR F A4 A2 o 2AARBEEEREL,
Factory 7 7 ZAZMK L1227 7 AZEBNT, FFED Y TAAL LV AZ LV AZERTDH LD A —
N=F A RTDHNREZ—=2Thd. ZHIZXKY, xR FATEIINEETDH T T A
Dty hERETDHIENTELHNRE—2THD. Prototype /3% —2 LiL, /XT A—HFMN
ZE, JITADA VAR AEERTDHZEDRRAETHLLEIC, —HIEK LY 7R
DI —rEHERTHZENTEDLAY y REHE L TEB /XY —2Th%. Singleton /3
Bt b, VTADA VAL AV AT ANT—OR T EERL, ETHZLRT
XHNRE—2ThD.

Fo, MEICEAT LI NF =2, FEOHREEZR > TWD 7 7 AZ2FMT 5 X5 70%
FEOBRE e DG ME L, TR LTV 7 AOBKEEITEIM OB 21T 5 0 721 & 523k
T5HZ L THRRDIERNEFEIT D Decorator /X¥ —ENEE S, REWVICBET 5%
— T, IWEWEBOORIEAER L TR E, A7 V=7 MEMEEICRIT DKot
WAEFAL, OREEERLTZZ 7 ADIRES 7 A TUBOEELZITH Z LITX - T,
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REWEZYIRZ 5 Z £ TE 5 X972 Template Method /X% — V0N EF LD,
T IOFINE—

R R U7k % 72 REIC R L, RZ— bl b D THh Y, KKk A JRASC, =
DFRRFIEIZONWTLEE LTELEDLNTWD., T FRZ—F, GoF OFT A X
H— AR E A, 1995 4E1C Koenig[21 @B L7z, 7o F/_NZ—FY 7 N =T O%
AR I I T ORI LT, ST vt A, xR0 BICBW TS TN S
EZHTHD.

Brown 5[22li%, Y7 b= TBEOT v FNREZ— L LT, —0DF TV x7 MIH
BONEPLTLEIEMBEAZY =0, Y I NI 2T T —X%T 7 FXxDT o F -k
LT, EBNCERE SNT-EEO VAT ALY, MEERECHAAEZ T CLE > 2
AR ANEATERL RS — U R LTS, £, SFBEIcRIT 2@ mitn 7 a
Uzl NOERICEN DL T ED T e 2y NEBICET AT T RE — bR L
TW5.

Ujhelyi 5[2311%, default 77— 2D Z A v F3L, Null LFEOFER, FISMLELN T
XN T\ 5 instanceof (XD XA 7 F = v 7, equalOlil k5 XF5NY 7 7 VDL,
equal(Q Z 72V SUF IR, R XT A — 2 %0 Java E LB WTREAIZS7
NhHA—RET o FNE— L LTHREBL TS,

O—FX AL

V777800 73R&, V7 Uo7 ORSFEEZART S 5@ ORF#E 23— FA A
N (REREAWV) ORI LI DO THY, a— RRAANEZBRE LGS OIS
RENTWD Z LR, a— FRAUT, BRIIETLIEEZOLDTHLHEL, A
U7 ZEEBET SO0, MEEREVIERERL TS H0%, SEIETHD.
7 212, Fowler[24] 32 L7222 D a— R A A ZHOWTC ERBlAlc L LR AR
KR

# 2 Fowler D1 — KX A /L

ibat=8)] R ANV
o — Rk FART —HRA~DEE, A v T L, —FENE
AN 7R BHEHLI-a—F, ETE52A Yy R, BEXRI TR, T35,

B, BEORARE, T—F% 7T

BETWDIER | BRTHEZ 7 X, BbLE—t, 7—FXDkth, T Laflk, AR
IZOWTOMES | OFHL, BEONE, Avv—To#H, AN, REvlepEtg, 7
TADA BT 2 —AR—E, KRNV T AT7A47 7Y, HEHER,
a A b
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2 — ROV, BET— FICHT 2 BAIRZRTH Y, Eelipse S0 AHI%
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