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Abstract: This paper proposes the software development method based on Software Product Line approach
employed for Analyzer Integration Management Software (AIMS) to systemize heterogeneous clinical analyz-
ers. It is difficult to make a development plan to connect a new analyzer to AIMS because an analyzer requires
its own particular management and various portion of AIMS software should be changed to implement the
new management. To solve this problem, we devised the method called Architecture Domain Matrix (ADM)
method in which each architecture component is further decomposed into clinical operation flow elements
and core asset of software is extracted from those elements. This method controls development cost of core
asset in a cost estimate phase and enhances productivity of software development because Work Breakdown
Structure (WBS) can be generated by collecting all change specifications for each operational flow element
and a development team suitable for change can be designed by adding up all changes for each architecture
component. After applying this method to a real project, we integrated embedded software of three different
analyzers in one year and a half and achieved 2.5 times embedded software productivity compared with our
previous methods.

Keywords: product line technologies, software reuse, software architecture, embedded software development
methods
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Fig. 2 Development cost estimate for product A, B, and C.
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Fig. 5 Architecture Domain Matrix.
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Fig. 6 Development workflow of ADM method.
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L, ENLHWEL Y — AT — FERRITT 2212 b IKFF
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Db, INLEEB 7O —EEOEHRO O DOLE—
E, oF ) WBSIZF LD TFD LI ITIGEHT 5.

O© 7—F7 7 FvEROWGEDS KD o202, VAT AL
R LTRYMZTANT AL EDOMYFTET 5.

Q@ T—FTI7FYEZMOA YT AT WHIEIZLT
KT —FT 0T VvEREEET LT —AMTL Y 2 —
A NS5,

4. ADM FEDEH

4.1 ®®RZ7OI 7k

ADM T2 L72ETAY 27 FIZOWTIHRR S,
WD S 52 6 N7 S 72 % 3 B 75T %€
Bx 15 ETHETHIDTH 72, BN A HALOR
FEU—Fvy 72R 1IRET. WEE3HETICETT
LB AENR=ZA T 7 & Lz, BT A 38 TR
ThH5b.
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#iho ADM

Table 2 ADM of P, A, B, and C products.

KA F—XTIFv
X548 P8 ul DB BAERE KBEBEIE DHEE SHERIRIE
1|STARTUP(SU) ~ ellcleclc|d]d]d]d oalE d[d[d Ml alalala
2| & AEE(GM) GM1 d{d|d|d|d|[d|d|d|aflala|lald|d|[d|d]a|a|a]|a
3 GM2 d|d|d|d|d|d|d|[d|a|alala|]d|[d|d|[d]a|a|la]|a
4 GM3 d d|d[d]|d alalald|d|[d|d]a|a|a]|a
5 GM4 d|d|d]|d
6|3t FE £ (i5(RP) RP1 d{d|d|dfd|[d|d]|d d|d|[d|d]alalala
7 RP2 d|d|d|d]|]d|[d|d|d d{d|d|d]alalala
8 RP3 dld|d|d|d|d|d]|[d d{d|d|d]a|afa]a
9 RP4 d{d|d|d]d|d|d]|d d|d[d|d]afa|a]|a
| 10} (M) M1 dld|[d]|d dld|d]|d]|alala]a
11 M2 d{d]|d]|d d{d|d|[d]al|a|a]|a
12 M3 d|d[d]|d d{d|d|[d]a|a|a]|a
13 M4 d{d|d[d]|d|d[d]|d
14]%F¥)IL—32(C) |C1 d|d|d|d]|d|d|d|d clclcl|e
15 C2 d{d[d|d]|d|[d|d]|d cleclc]lc
16|45 EI(QC) QcCt dld|d|dfd|d|d]|d clclecle
17 Qc2 d|d|d|d clclele
18 QC3 d|d|d|d clclclc
1| BREEHQD 11 d|d|d|d|d]|d|d]|d clelelec
20 12 d|d|d[d]d|d]|d]|d cleclcle
21 I3 d(d[d|d]d|d|d|d]c]|¢c cleclcle
22 14 dfd|[d|d|d|d|d[d]c]|ec clclclc
23 15 d{d|d|d clc d{d|d|d]alafa]a
24 16 clc d|d|[d|d]Jafala]|a
25|SHUTDOWN (SD) clclclclclclcleclclec d|ld|d|dJalala]a
otEE [ PlAlBlCclPlAlBlCIP[A plalBlclrplalBlclPlAlB|C
% 1 ADM FE#EHR 70 =7 M OdH ®3 MIEaAX MR
Table 1 Plan of the projects that ADM was applied to. Table 3 Development cost estimate.
DER REE ~R—=2 EPI=DETTS
4 |5 |6 |7 |8 |9 |1w0[1n|12]1 |2 3|4|5|6|7|8]39 j‘ngab :7§E A?ﬁ%}f B?ﬁ%ﬁ C?ﬁ%ﬁ %
R—27FA5 5k 100 11.3 18.9 34.0 52.8 117.0
SHEEA
SHTEEB
DIEEC

AT INT T ORETHY), INEEZDLETATLD
Tk T IR BB e Y AT N F—3 g AN
BIXUHNTERENL, COVATFLN)F =3 38
T LTS TEEREICHEME LT AT a0t s
L. BOAY— FDPENTWDLDEIHHEEN—- KT 2T
DRI L SRR TH B,

4.2 N=ZX70%7 FOFRE 3EEODRIEY

R2IIN—AT0F 7 L EGHEE A, B, CO 3 HKE
Z R 72 ADM O3l f&f R 2R 3. 471213 AIMS @
(B 7 U —EHEORGEHERGEE LR, FIIET—F
FUOFXEFEELELRTWVA, K TRICOITEEDX 51T
R ENTWE, PIN=—270%5 7 /R, £HICIE
V—A3— FEGHLTHIED (Step 3) THHL-5 v
Yvaffitg o, &, & #fFFTwa.

(Step 2) 225 (Step 3) OO E L, I T ERELTHE
FRAG TR T B T ISR L 7260 & L CTHIREH, Zosif
CIARB LA L 72 & L CREEBRED D - 72, MRS
QAT LERETY V7T AHEATH D MR H T RE & H)
Wr Lo 7 EEOIEZ L7z, 2EEE TIEAIEE A, B,
C OBEERDENIKRE , #ENE T XTI 5 HEK
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B AT BEAELIETENKRET 5 7-DRKRD
a7 B E L.

WA, FHRATHICH 725 25 D N A 4 ¥l 6 48
WIZBWT (ZZEZIERAL D No2 5 L) £k
FELEZVWLOD, T’V D19 KX A ¥ (76%) IZIFZEHEH

P EHIWT I N, TOF Y v ald, XR=AT7a¥y s A
DATEFEN3EGEWINT HI2H7- ) EEISELET L &

W) ZEEREERT A, FEFTEICB A HEN R ETER
TH5IWHELIEY 12, SO MR TEX L7012
BAP®EZAPICEDLNL T BERL TV,

4.3 REVER

KR3WIN—270% 7 MIELAZHEIEE 100 & L
rmrEsoARrav ey bPEEY ZRT.

N—ATU5 7 b OBFEFRBIIIRT, BED T3 17%H
LC 3RO L 2157, Ak L7-X 912 ADM F
FECIHENAEIA N a7 EREIA L EORMERS &
W REMTADTE I N T WA, 1T%8 LIZID 5 3%5
HCTE&Izbwz b, 22T, CERORBELIES Mz
TREVD, THERGITEEBRICHBERD D 72720
Thb. REVIARTOY =27 FORBTEZHEST SR
EHRTHY, COFRIEIATOY 27 FOFEIIREZ EHT2

1802



BERAIEF =R EE Vol.55 No.8 1796-1806 (Aug. 2014)

T4 T Ll GEET ORI

Table 4 Summary of development team design result.

ul DB RAEE | £EEE | HWEE | SHEEIE
a7 EERRE O O O O O
SITEB AL
cF—o@mm | © © ©
No. AT =hmE
EECRRTY_L | EECERORTY-_LERFT .
METa Uy b Exn | BRE | BE BEIA L
P A B C
o
F_%707v | HEER R MERE Wi
=% £
AEEE
System NIA—ABERVETOBEEFEM,
ur Overview BFORARROER.
DB RTINS A5 B,
e BFRATHREAE
i REmE REOREE=51> 7
B
EEEE REDIEBENS A— A,
BrEE BFORAHE L RTRARE,
pinEE

B 7 ADM FiEn5E M S s WBS
Fig. 7 WRBS illustration to be introduced by ADM.

T2, EBETU—BERLEV)TRAME T —F T 7 F Y E
FL W) EBRREES RIS 2 ) Vv — A0 — FOHHEDTR
ESINZEDRBOBELMLSETNS.

4.4 F—LRKEES

R AT — LRI OMAEMELRT. 7T—F7 7
F X BERENAC T T EERBEEZE) U TLD, HirEE
HAICF — 2K E 7502 L2 (FhoO). 27
BREORBIIIRT — %7 7 F ¥y BHETHMMIZ) — FT
EDHLNMERIR1 %H T,

DB, #@E#E, JMEREEIC O WIS E SR
BNWC L EZOBHERN LRSS, SHTEERA DT — 4
MW T 3 T EERBEOALEE L7z, SHrEEd
FTRCATEELXETE L VWIITEREKFOI— FTh L7
O, SHEEEBAOT — L% E L7,

DL M) 7 ARIHBRE 2 M35 2 & 12k
D, TR S & BRI R AOAF IV E 2RI SE 5
ZEDUREL LD, BHED ) R BRI SN,

4.5 WBS %3

B 7 3AR7mY 2y b TR L7z WBS AERE O — 6
WAL CRL T . BIEGHE L OMEIS, 7
O—EEFEIN, TROT—F7 7 F v EHXTLICEH
WEDEPN T L. ZOPITRIRTY —VOFATO0
\<, Wi, DB, MEEE, HEHE, SHEEOLHE)
WS L Z e AR E NG, TO WBS 2GS, T—F%77
FyEFHLBFEHREEL TS, T2 EPF> TS H%R
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x5 TOVLr OEBEE
Table 5 Actual progress of the projects.
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AHEEA
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AHRIEC

EVEFTY L2 —2ITWERICAL. FERITHFEIC
FEOIHE SN, BICHAGDELIFNT, VATLT A
N [250E CEA OIS Y — VA ETT S| 10k - TR
ANEWZD.

ZDXHIZ, ADM FETld WBS # BHTE 5720,
T=FT 7 F v IBITAEREMITOERERNPESLTHY,
RIERERD B ) AR EN D 720, BEBRITEAET 5
ZENTE, AR EANOHEBAK E V.

5. ADM FHEABRICHT 5EE

ADM FEEx@H L TEL N E0 &) 2 BEY 25
W I2HED X T b, FOREER 5 1IRT.

FERIZIE, KTOY 2 M ON—ATE Y b D
BHZEDY 2 W HBIE L 72728, K70 =7 bORMBIE2 4
HEIEL 7, L2L, 78y M AIZBWTIZ3 VA,
7OV 27 PBIZBVWTIR2HRBE L TR TTAI &8
T&7z., 7Y x2 b ClZoWTIEOHTEEE DR BINA
Tl O 2 AORIEE o700, &k LT,
15 ECT 3RO Y T SEEIWICHEE L3 A MK
HlAT &7z, WEOHLNERETIE SPL 2 2 W%
T2 HMERSSIC 25 EZ T T, 20 2 RS L b
IZEDOBUEIL, KELITBIT 200 E A, B, C&2FH
LB L TR w2 b, L2 T, 240
DOFAFERMERUT 0.8 (BfE/ ) 25 2.0 (BEfE/4FE) Lo
L, 25 fEDEEEEH/IZL VR 5.

O T— VAR ERT A ENTELMBE LT, A
DREENI EL22E, B, HAMH - Rz Tk
BERENZONZEDHITONS, 3BT TT
LH200RB) THIIER3 LY, R=2A70¥ 7 b
B LEICENRIITRETH o7, N—=A 70 ¥ 7 Fps
& SPL & v 1 THh - 72720, £ THIL
2.5 (4F) /2 (1) x (&AB) =1.25 (ff- & AB) L% 5.
INE LT L7z 146 (4E - £ ANB) A3 BRI IS 0 H Ak
DIETHD. THIHLTEBLRIE, X—270%5 s
MASSEAR 7B Y 27 M EDMTHEABIZEZZIT TV
HWILEERETLE, 15 (F-e&ANER) Thol. W
DL 42.7%TH ) ERWARRBEIEONI L0
25,

BAMI—-FZowTE, a7 &80T %% § UL-
DB - BAEEHOK Y — 22— FITRICBIT 23T EED
EEEEK 6 IR, ITEEDIOITEIL AT SR B A
DY —Aa—F& %&b, BEDITHLTHERFT A BOE
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& 6 Ul-DB - MAEEEICEIT 2 a7 HEOEHE

Table 6 Ratio of core asset in Ul, DB, and sample manager.

AR BIE#R CHEfR
RiEY 95.4 93.7 76.0
S 96.5 98.1 60.8

BIZBWTEPD R, ERRFELRED E% A7) REL
RAEVBERES Y. $72, A, BOEFTREMY U LD
ITEERTFEBCTHLTBY, BEOmE LICEBL T
W5, INER=A70F 7 bOSEOR T LY 5B
HHIHENERTE2720THbH. —7F, HHEECT
ERBEY ICHRTaTEEFOEBFTA>TWES, Th
(LTS [ A OREREIBINC X A 720T, EREHOEN
BHTWS, WERIED 720 DB IZIIHHEDIZS X
DEBEEY U LB TWA. UL, Sk
& A, BOBRHE LAZOENE I N—FTLFERY,
F72, 60%LL Lo a7 EERITaTEEOAERMEERLT
W5,

¥ 72, ADM T TR S 7z WBS 2550 T %)
IR SNz, BRIC7 —F 7 7 F v AL S 7z 7 —
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WBS 2@ L CL¥a—, YATFLT A NTEAOELM
EFFrv T AIENTEL. COETITEERETH
FEEMORE S AR TE oL D,

%R, TITHMENTaTEEL, FO%k4ERTH
SIMTHETE 5 BRAE, ETRRERE 2 BRI ST » A,
TR SN a T BESENN TH 722 L 2 RT.
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BOHASN TV AEREDBICB W I LE L%
BIO—=D R AL VB ERE LTHATE S, LA
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, RFBTZENZFIRL TS,
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