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Abstract: This paper proposes an approach to concurrent feedback development method for innovative soft-
ware products under uncertainty. In automotive software development, innovative new software products
need to develop with high-quality while the development team works together with the research team to
create new technologies and components. However, it has become more difficult to ensure quality. At the
same time, automobile manufacturers demand to shorten the development time. Conventionally, we devel-
oped the software in the two phases of “prototype development for developing requirements specifications”
and “product software development based on the requirements specifications”. In this article, we propose
the concurrent feedback development method using the prototype in the specification development. The
proposed concurrent feedback loop model consists of three patterns of feedback loop to evolve the product
concurrently. We demonstrated a reduction of the development time and improved the internal quality of
the product from the application to our automotive system development.
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1. FU®IC

TGy 27 LR TIE, mmEREREM L, o, &
HHICHBTAZEMIRKOLNT VS, 51T, 4/ RX—
TA TR AT L OB T, REEEOEVERE
Ty A L) BB EL, FhE R S5
M7y Ay FHREBRENTNS (6. 728218, A
HY 7 b T Y AT LAORSETIE, HEIETR EONER
CWRRLSTEER VAT AR BWESEER EOWE % i
72LTHI%T 5 2 AR 5T WA [10], [24].

HBJH Y A7 ABHBOSTFIZBWT, E5 51, HljE
WoOREEL Yy 7 L CHmGI#H S 2 BB HES A7 4%
B LTWA., SOV AT LT, 2—FOEMLHEREDE
BrzibRd <, BiOBERFR O WEZHL L Tniwy
22T, 2O00FMTERMSR EHEGEFEDO T £ — X% 5
ALTHELTWS (1), TR T = — XTI, %t
BHZETRIIATHG X — 77 Ll L 2 A5 5 FEH 1122 AT 4
DOTa YA TR D, BRPUN L R, HE:
ez g L TR SE LAHTE [12) #2245, 8
% 7 = — X TIE, BEFEHMZY 7 by o TR E
BZEd 5. ZORMARE L HlAREFICER S S, VFRIET
VEREH L 72 CEGOITWE R 5.

AR, VAT A0, ML ED—), EamE
DEHIB TORFEARD NTW 5 [10]. ZOMEF, #5
%7 = — ZA0OBRABSHB oMM RO b/, ZOFER
IR R, HWETE T by 4 ¥y ZI2HEownrz 2
7 x— ARG SHEAT T O b 5 A Y T ADfiRi)S
WL 7o 72 (9], [11], [14].

Lo L, AT -7 L BELEMOENNL, FRKEH
57 1= A TIRELHIIRD 5N B T _TOIERLE % Flefr
TAHZEIFE LY., 22, BEREE T 2 — XTI, #
SFHEDIRIETH A B IR L TRE L R
D, SEOETARSN [11). BEEKT = — X Tlap
RO S, EREROMI AT & il RE
W d 5. FHEE ORTIESCHERERIR SR T 5 &, #
P BB OIREFIZEICB W THE ) A7 R A 7 % 4%
L, #aRHz0T5.

Frlga AL IO TY IO T T —FI2 &
D, BRSO TE NS A4 TR L CRGAK T = —X
RIS A FERIRE L, BEMOEMEEY R L
72 1. AT, S5 EOMREH- T, 3>
WL NI PZT) D7 14— KNy ZEREICER L
arAaVLy 74— Ny JBBFERRET S, KF
BT, FORBE 7 = — X0 5 8RN T kv 4
THEICBWT L, FLT, 38 —=DT 4 — KNy
V=T TEBE R L 7 a by A TR S
b, KEZEFEZBEE L Y v AT A OFr BB 128
L7z, BZEMIR MR & /R0 AR RD R 1 & 0 2%
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Fig. 1 Conventional 2-phase development method.
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2. BAEME

2.1 EFIAN— IR

ETINAN—ABFEE, BEL-ETV L THRGEY HEL
L, MEEEAO I — FE2HBEIAERT 2 2 & THREHMZ 8
M5 [22], [29]. L2 L, MEORWETFTVERHLIZ0IC
i, BARKHRO N XA Y EM O miHE & % 5.

2.2 EERTOMZIELT

FWECTH 7O Ny A ¥ I LT, fERIICOC R L
THGAL T 2L 70 b & 4 ¥ 0 71%, RIS o5
AR TH L (9], [14]. LArL, 7O bS A TREED,D
DT 4= KNy 7 %8B EETHME LB, HEN
JOREREEDSER SN, VI NI 2T T =% 77 F ¥ D
FBALHHZ Y ) % [25]. TORER, HHEEIE OMERATTRE
L h.

2.3 ZANAZIVETIV/T I v 1 IV

V7T TaEAEFLELT, F0ETH T E b
YATRBMATHI LT, FEPOEREGIEL L, Kif
N OFMAEBGEL A5, BRY A7 EZBERLTY 7 b
YT EBETHANA TVETUDPREIN TN D [4].

T, BHMIMIZ7 =Ny 2280 KIBEET IV
ELTT VX ANEEPIRES N TS [16]. RFENLRT
Ty ANVESEE LT XP[3], Scrum [23] KIS N TV 5,
TIXANEETIE, BEREA 200 A5 VICHET A
Z LT, HELBVEFOERE MY TIHEAE L TR
) —A¥ % (3], [16], [23].
WENORRETETY, 7—%7 27 F v xEtoME 5!
WA ICHERR L, Bk L T OMERAT— T2 @MYICED 5
Z LT, MR &I EE T A 5 [5).

Lo L, HEOHBHE Y A5 20V 7 7 = TR TIE,
EEHAMZRE L TTO N7 A T EEET LSS
T HMAKE, SHREE & MRS B i E 0T E S A AR

1176



BRAIEF =R G Vol.59 No.4 1175-1191 (Apr. 2018)

B oTwh, HEEPBEE LW Ens, 25D
BIZE R AT A 2 LA HEL W,

24 dA HLPRILTYZT7YLY (CE)

CE \ZBHZS IR 2 63 5 720 12 TR <0 5B P B o Heafi
EERAELCEGSEAHET L7 7u—FTh 5 [7], [13].
COT7T7Ta—=FIIV 7 My o TEGHEICOEH SN, #
DAHEMEATRENT WS [1]. T4FE, HEJEEFRICBIT S ¥
AT ABSICBWT Y, CE#EBATAZ LT, BIKEYIM
ERIZET A P 2T 2IREN D S [15]. TORFETIL,
7 ZEMBE OIFENESE L@ LT, WIRFHERED S AR,
Et, AESEEMBICRBELT A L) 71— PNy 75
BT TIBIEZ ) K

L2 L, B% Ll L CERMARZ BSE T 556, R
W7 4= Ny 7SR SN, TR A RIE S &
BT 4 = BNy TN TH D,

25 TJ4—KNyTETFTIL

T4 — KNy ZEREOETF IV E LT, 70t 2Dk
e & HiY & L7z, Plan (FHED), Do (417), Check (FFHif),
Act (2£3) ® PDCA %4 27 V5L HS TV 5 [26].
REAC BT 5 5O & HIFk O 4 % AL L T Check % Study
CHEEHZ 7 PDSA YA 7 VB RRESN TS [26].

F7o, HERERNOFER VR EZHE L7z, Build (B
%), Measure (FHll), Learn (%4%) @ BML Vv — 7 [20]
DHRBEEN T W AT, Observe (BIZS), Orient ([HZH
Wr), Decide (EE#E), Act (TH)) @ OODA %1 7 )V
EWVo ERPE TUE AL RE SN TV [18].
WENOET IV, EOEE Z At L L7k R T4
ELTWA, BIFEA I — 79587 ARSI FEET 5
HlE, B E¥ELRET LMAMAPLETHS.

3. 77AO—FBET14— KNy ITDOEE

3.1 MRFFEE77O0-FOBE

ARETid, BEHEY 7 by = 7SI CE Z@#H L <H
FEWIM 28 L 729 2T, R Ll L 7o 2R IR
IS, RHEGHED O O E iR T 5
BISE SRR SA 2 L 2 fZCiEE T 5.

Ko7 7u—F1&, HEEY 7 by = THZETT 0
Ny AT ERTUY 7 ML S EH72DIC, 387 — 2D
TA—= NNy PR ETHLIEICEKFHT .

RETIE, 3830 =2 DT 4 — )Ny 2 PW0ETH LB
&, T4 =K Ny 2 OLETELLMELZRL, 74—
RNy 7 BRI ET 570D 7 4 — KNy 7 EF VDR
RBVETHDLZ LR,

3.2 TJ4—KNyID3INZ—~"DH4E
HEjHB G OETIE, 70 Ny A4 TRHBICESE, 7
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Fig. 2 Feedback of three patterns from stakeholders.
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L) —XF%, V) - ARBNERESEL 3007 2 —
A6 bHEEEZ LI LT, HEBEHOKEZ N
T 2B AR LT\ 5 [27). 20720, HBEIE Y 7 b
T TR THELEI YO Ny A Y S ERAT AGE, 2
N5 3207 2= XTHIET XL, 7R MY A 712525
TA—=KNRNy 7% 3005 = VIIHHTELLEEZT
INHDT 4 — Ny 7%, Wtk E e, WTFED 3
OOMEE Y7 M 2 TERMIIG 25, FREEEDAD
LEMFBIIRE L ->TwD (H 2).

(1) Mt

Fadn i, BEEOMiE % m LSRG EZTL 7200 0E
THb., HEEY 7 b o 7R TIIR4 Ry EREEICE
TR 122 4 T 70 B & i L 72 [10).

VI AT LT OMEETN 12 1B S, FIHGEOA
w1 (Effectiveness), et (Satisfaction), ') A 7 [a]:#
P (Freedom from risk), FHIRUHEFEE (Context cov-
erage) MMz T, YHEREE O (Usability), g
&1 (Functional Suitability) O gI4FETdH 5 Hfee et
(Functional Completeness) *H#%AEZ 241 (Functional ap-
propriateness), EHEM: (Reliability) ORI TH 5
FM (Fault tolerance) 2SR &7 5.

INGOMBEREL, BaORKE L EREMETZZ 5
EHRBMOBFEIC L o TEBINL. BEREEIZBNT,
B LA LTRSS M OEMiE S 70 by 4 T
TA—=FKNY 7 §DHIENTES.

(2) REM

ML, DS ERE LIGEEETH 5 2 & 2 REE
THWETHAH, BEEY 7 by o 78S E L TRERE)
(%o RIATTRET LT & & I3RS S [27].

VI M T OMEETVICEBIT S, YRERE O
EMEO I T H B FREEIEMEY: (Functional Correctness)
RAFHEEORFFETH 5 it Maturity), £F=21) 74
(Security) A% E % 5.

NS OB, BB M OB E A%, ERAL
e HIEALAR I BT B EREEE R & 704 L 72ik&EE, 7 A b,
BREEEZBLTCTE NI A TIZT A= F RNy 73528
NTEL,

(3) fRePME

PRAFIENE, a2 ikie L CR%E TE 2IRELZ RO 70D

WETHAH. HEEY 7 by 2 7EBIAET AN F
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77 OWRERSL %L, VI VNI 2T THEET T v
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DWAGE LD,

INLOMERMEE, FERREEREEOTT—FT 7
FYRET A LT, BHaHEHMOT—F 77 M3 T
FEATIZTA = N I THIENTEL.

3.3 ZET7++— NNy UiEETEL 2HE
ZELLIT7 4 — PNy 7 HEER BT A2 8T, 71
YA TORSEI Y b=V T2 — Y 3 DM

{LICHE L7k e 2 REAEL S (K 3).

(1) FE%3> bO—ILOEHL

VI T ORBEESIKRELS o722 LT, RO
HBFARCTE 2 HEBUIR SN L., 74— FNy 2 05%
BEIZETENYE, 70N A TOREa Y ba—)uis
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TA = RNy ZRFDY 7 b= TEE AL L TR
WAF %D, To& 2 0E, BN Lo 7o I BARRA T
KEaEBRF LM E 7O by 4 FICKML L) & Lz
&, BORBAZEIC BT A HAREETHmZ D b DD HIBR S
TWLZENRIN D 5.
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Fig. 3 Problems with multiple feedback structure.
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Fig. 4 Concurrent feedback loop model.
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Table 1 The characteristic of loop patterns.
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Fig. 5 Development period shortening mechanism.
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FSSHAMI A A A HIR S N 2. (d) RV —TET IV T,
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4.2 JOrgAELTIV—T

T7ary ATV —7 (LF, PIV—7&mE&it) X
PSR ER B 2SI, watkom ks 23—
TE LT, PABORBEE TSI TV — 7 %0 L CTH
MDTO NI A TERBEETSH, FTRWT 4 — NNy 7 TR
FZOEREGI S L, FATERRD R L TR OEREI
BT 5.

AV — FIEFES LI L CRBEBRC T FIREEATIC
HEISND., 121200 =7, BEPSLDT 4 — KNy
7 RERPAM OFHMiFE R &2, SHBERSAFNIIE
T35, 7YY AVBREIZBIFA A =1 BI% (3], [23] &
ik, 407 A7 LBFEMEL DN —TIZHLT 5.

Kv—=TE7uy =7 FOFIREFAEISET L. BE
MODOERE, T—FT77F ¥ V=TT %77
F v REF L REISGE AR A E L, Ta Ny A T ERER
T 5. ZORMAARE SRR AR I A 2 LTV — TiEE R
WTT 5. WFEBZEEMIZ & 5 BML V— 7 TOETHHE
LTw5b,

4.3 IKRY)a1i—-a =7

IR 2= aryb—7 (LU, EV—7LIEE) 1%, &
EWOMEE A a—TE LT, £ NBOREEI N %2
FTT7u N A TR Tuy s MOELEES, PL—TT
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OOT =% 77 F v RERMET S, 33 HTRLAMEICK
WS D7z, V7 by THEEOERZ/PLL7z) 2T
EHES DR RET AEL, Ty A TOHEF%E
Y ba— VT ARERE, V- TR B LM O T I 2
== arvEEET LY, AV—T1Mz 5 (X 6).
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Fig. 16 Transition of complexities with sub-components.
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