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1. %65

11.HARER

2015 EDNEEY I v MIBWT, AR, HiERE X OBRO-ODTENEFE L U TRl
Al RE7FIF EHHE (SDGs: Sustainable Development Goals) #3#8(F & 417z (United Nations,
2015b). ZDHT 17 DBEED 1 DIZHHEAIBERIEE L EED/NZ — Y ORI RS
Nz, 206, HROKEAE, KEHE, KEEZEEOHSNOBEL, FHftAlEE
BHREERTHIILTHD. PRI, REFEFEAER AFEEEE RREARZ
EIRTHIREOY —CADRAK LTS LEFIC, HEZOELX DREMEZ M E#HL,
DB+ BREBEEE 2175 Z L RD 6 NS (RESE, 2014). 2 LT, BUNTIE,
FEMEHIRFE 1S, BEIFEORFEPEREEDIER L LI & - TlifERE D&KL %
HIREFEY AT LTH B MEEEFE (Circular Economy) D IV 7 MAMRIEX h, BER/NNY
r—o & UTAB I N TV B (European Commission, 2017). — A TIo6D I 7 b
%, EDI Y DEEAMEMNNE T LT3 — 0y NATOESBEREERT T VIR
HIDIULMWBERINTEY, TOZOHARTIE, 7V 7EOHFEEDEERE % ER
REDY AT AEFRNITHARAA, I 61T, [ERBREELIZE>TZORET 1 791
JIVHHET U7-BLEIZIBES 2 REMME (72 > N, W#EREiiiliiE, SMmE, =
MMES) 25| SHUTHARBECIER T 2L 2B E UAREIVFNY o —1ER
DAVt T IHER, BREINTVS(RE, 2018). ZNETEFIZIE, 1997 FITHIR
INERERES TIE, BIEEAFZ 2008 £ 5 2012 FITED, BEZNRA A (CO,,
ARy, —fE{t "%, HFC : Hydrofluorocarbon, PFC : Perfluorocarbon, SF6 : Sulfur
hexafluoride) M 1990 FELLDHIBEEMNED &1, HATIX 6%DHIE, SEELEKT 5%
DHEIFEEENE D 6 N (BREEE, 2000). F7z, 2015 FICFE I W= [IIBEEHEEN
221 ERFESE (COP21) IZBWTH /A RIENMEA L 25N HEE & COP R
TE DRI X 17~ (United Nations, 2015a).

Inenave 7 MIBWT, ERMERRCEGEFERICNTS 7 Tu—FidE L
UCTEERILEBEID 2 DIZKBII NS, B IIFEAS LOEZETLIERZHIFT
5ZLEEKRL, VA—APVUI=ZaT77IF ¥ VI (Masui, 2009), 7v 7L —R
it (Yamada et al.,, 2016) &2 150 & T BRIBALEREI NI NIE TS, &£FIX, €/ Tl
< O MRMBERRM T2 7 O —F 2 BIRL, HEEERTE (- ALY R R) PHEE
P —E AV AT A (Product Service System: PSS) (Mont, 2002)23Z NIZE L, BEDIRLE
IZBWT, ZOETIVEREREFFEDREINT X (TR, 2005). EREIF—L2AY
AT A, YA ERE UTHEREZRMEL, REEMETCS A 72XV 2R
HITIEIXRAETINTHY, BAEA A== T VU T 2thd L 52 D%
ENERL TS (HHEM, 2006). FEARREIAAETIVEBET DI LMRREIC
EOTRERARTH DM, TD-OHIZIE, REMICE > TEEMNMEALKITSIZ L%
BB LT —ECADEFANBRETH L. RICANZBEMEOS S 2 EONIE, ¥ —
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CAIAMBET 2 HEIE, HEEOER2RIFEKE IE5DATIIRL, K& THY
BMNOZEDOHREEE EFEAERNOEERER CTEXRTE D I L NBRERARTHSD. U
MU, HEETHFUODEMCEE2F OFRENEST5 L, L ZEHOF O EEN
HWELTWRLSTE, LVRVWI—FEY 571 2RO THEFITEWEZ 25680355
(Pialot et al., 2014). W 212, KEREIOKBL & EIZHEBEL L -0y — A2 EH L,

ZHICHSATRE R BB 2 IR L, ZOMBEE2TOIEIYARETANRDONTEY,
HER/NROEFBRERERE, BINTEZ LI2L > TREXY - ADBELEF
BiL, REARICE > TR, FEEERETHES IALEDERE, 12— 7+ 2 E#
957y T — REEY —E AT A5 LA (Upgradable Product Service System: Up-PSS)
DE Z FHMREXINTWV B (Pialot et al., 2017). K 1.1127 v 727 L — NIZ X3 HEDE
[E, MEFaOEROEBXEZRY. KITHERIZE>T, Up-PSS TREIND T Y
TV — RERERBGE (7Y 77V — R IX, /ERDF D) B8 & B L T,

SHEDOKEER E2EHRURNS, BRI 7Y A 7N TIRS A 71 VO,
RIREER, Sfm% ERFIGERAETH S 2 EARIN TV S(Inoue et al., 2016). 7§
%HH, Up-PSS IZBERLLBMEEZEE L ZBSTHY, BARREIIH U TERE
fir, BLERZFEIIW L TERE, EHEEIIW U TRMIEE2ERT 720, Zhs 3HDE
BAREMEICN U CTERTH S Z LAVRINT VD,

Increase
Valuel!!

Value of products

Time

Value life |

Extended value life

Fig. 1.1 Schematic illustration of the change in the product value with time (Bracke et al., 2014)

BEDTYy TV —RIE, VI NI 7I2&3 7y 77— ReN—RI 723
YTV —RD2EICKHII NS, BRTIE, V7 b0z 7IlEke 7y IV —R
XYV AVYRAI—FTAVDOSRT IV r—a V7 bz 7EEEBEL THEAIS
+HRFELTWE EEZOND. FIZIE, Ay =— - ava -4V &51V
A ¥ N A3 2006 FEIZFEFE L 7= PlayStation®3 T, 2010 FIZITONSEV AT LT v 7V
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— RIZTEDRIFEIZHIE X N7z Bluray 3D FAEITS IR I /2. £/2EETIE, Microsoft
fﬁ Windows 7 F 7zl Windows 8.1 231 V' A M —I)L X N/=/\Y 3 & X412 Windows 10
WEY YTV —Re 201587 ANSERL, EET VA MEEPHLOTIUY

#®%% EEI—PITREL, FETLIIRBEDO Yy - b eEfETHI LT
VY54 DEENMTONTWSE. N—=RU 72k 7y 77— RIBRTIE—KRH
TR, —EHDA—AWPN—RI =z T7DT7 Y TV — Ri&it 217> BB DORE %
FoTW3B. 74 )F Y KO iameco Micropro Computers 1%, &I NP —H— R
RERTEILTTYY SV —REFEEL U2 — bXY OV d4r laptop 2 3%5T, BRGE
LTWd., ZORFIE, HEABOER, BAERREM, VYA 2IUMOFERZFICLY
BED ) — MY OV L HEBRU CTAEROIRENR AAHEE 30%, BREVEEZ
70%, KEFRFEHEE 75%L EHIBATBE L U /=(Ospinaetal., 2014). X 512, V) I—IZH
WTIE, —HRLV 77X 50 K-1 Mark 11 #FERHIZHARIIRE CRIEETH D K-1 D7 v 7
A% %% CAZERUKZ. ZOY—Y AT, K-1 DFEL/NEMIED 25%FEEDH
BTATOOY Y 7 R— RERHEL, K-1Mark 1l & FEDKEENT v 77— R&475
EDTH- /.

AWMETIE, 7Yy 77V —RERY—UE AV AT LDHKRHAZEZ2ENL T5. KIfiE
?ﬁiﬁémﬁiﬁi O —CADEE, @Y —EL ADEREZDRE, ORMEY
Y AEHEDOVIHIREE, @Y —C ABREROEHFE (A7 7NV ATV a V)
DRE, OFFHES LV R— MIBORE, 8LTZDZLEDOWKREE, ©FH % A
BELTEN—RNY =T DEE, OBHEBEOY —CADIATIAY DT O2OTULAT
BRINED, BEFIEL, O —EADEENCOFEFHES LUV R — MIFDH®
EETDSD2DOTORACBITIHEFZBELEHNL L, KT ATHW O REXZEF
Ee, BREREXEFIE, RETFEOREZITD. £/, FRUBLHEEK2ERTL -
DIz, BEOALST, BEY—CADERETHIEED, TIEEZTLHES
D 3 EFEDOFRAREE 2 ERTILENH D20, KMFETIE, EREERE, &%,
{EffiFE (KXH) 2FRRFICERTSZ L % BEL UCHKEFEERETD. £/, TV
TV — RERY —E AL KT 5720121, MRRKD SN D LELIRLBEREY, Bl
%i@ﬁmﬁﬂlﬁ§%ﬂﬁéﬁgﬁ%éﬂ,gﬂbiTﬁ%@ﬂﬁlﬁ%é@km,
HEHHARBEICH W T ERICFHIT S Z L IXFEEICREETH 5. D212, AETIEF
WELREFR2HEMETRL, 2B XMz EH AR Y hAR—AFEF
£ (Sobek, et al. 1999) % Hi5R U 7= PSD (Preference Set-based Design)Fi£(Inoue et al., 2013) %
FAWdZ LT, THEEEZEZERL, K& LS, Sfg L BREGRDO LS 2
L= RA7BRIZHZDIRE, £, HEEIEHDORGURME2HE IR EEH
5. Vv 77V — NS —EANREDOE I XA ZE TN E B TRREEAR, &
Flag, EMIEEERTEX D LD IR T DI LN REFEOHEBEETHY, Zhitk-
T, BRECHBY—EADHFIIEWT, Vv 77— NEFOBA R EE XY, 21—
YWNT Y 77— NAlge R 8 2 BRI, AT 2 &5 BRHEEY A5 LADERMN
AMFEDHMLZBRTH 5.



1.2. REmX DIERL

AL, 26EZETHERINDS. F1ETIE, AFEOETRY, 7Y 7L — REE
=AYV AT LAEETOBIR, AAEDEHMIZDOWTERT S.

%ZET I3, ?znn7’r 7%’(7}1/’(5?151@6)’5:&:&‘ §E7’I’ 794 NI T a vz
DWTHENL, RFETHWSE S 7Y A7V A TV avDERE2TLRT 5.

B3 ECEREERTLS VY IV —REEY - AV AT ARFFEEER IS L
T*—avt& 7 he/d PSD FEDFHAE, ERORA Y hR—AFZEHL LY bR—

an"“@ﬁ%&yt »gaﬁ'd_é

FTAZETE, 7 /77V—P§%ﬁ CAY AT AZEET BIFHEDREN, TV
JV— REGEY—C AV AT LAEEFHIB TP EHPRER L I, BETIHEFED
TRt ARFEME LR T S.

ESETIE, BREFEEZ3IDOEL (V—MNNVIVDI) ALV XA, RERED
NwIr—=oL Y&, EEEKD) — AT X ADHKREE) ICEAT5I LT, #FEF
EDOBEMEEMRIES 5.

6 ETIY, ARTTERINAT L, SHAMENRY MO NI BEHOVTR
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2. 8WEmZ A T4 UL ERBERERKE

2AEBTATHA4IL

BT A 794 70X, MEEEE, MRELEN SRR FEE E TORR, HifflzR7.
BERERFOFIIE, VA7), VA=A, AVFF VA, YUR=_aTZ77F vV
VIREDFENFET DN, TNODFEIE, BHEDT A 791 7 IVDOEERIZE N
T, BRIEAMEIRECCHEREARGIEBE T SMECBEEROAEL LTI N5, #
T A 7Y A IV ERFMECHMEROBGKRERN 2.1 IIRT. VYA 27, &EY 31—
2, VRZaT7ZyIF ¥V VT, VI7Ey Y aldBEEIZ L > THENEEIN-E
7 hh, MREEECTRSEE, HREE, MEDE T 1 7Y 1 JIVEREANE 2 &H%
;i MENRINS., — AT, RV 32— R |FE o FHEAR IR ERER
REVa—NDOFBELITEM, V7 NIz T7OEHFELTH I LI2kY, SRk
BSME % MR, MEXERZ2T, 2—VIZLEETHEARZIGE L, BREIZEE
THFEAMEZERIES I LT, HEEICEHROMGEFEAZEY. Vx=aT770F
YUV Ty Y ald, BEEEINE, o, BE vE BN TERTOL
ENRHDED, VI—ARYRTDGE BFIZTY TV —RNe2455E) 1&, BINET
DIICERTEXDGENHY, TOBEFMEENIBELRV. §T4bb, FrEHEN SR
LBWZ S, INETOFEAERMHERARN, XO5ICEFOEEMEIINT 2 RERM
5, RV I—ARDOEA, FHEEITTIAEEEL2BRUAZY—CADY AT A
BRIZSIMXER LA aEEL 25, 61T, URTRYI—RAETH5BRICERZET Y
TV — RIETLY)EWAEEZBRITET D LI, BET LB FOMAMEZ M
EXE, ZOBREIVIEEIEDLIENTEEL R D, ZTDED, Vv 77 L — NE&KE
P2 DY —EADHBADIREL, VA I7NVT 5V NEANDEHEZERTX 51
BEMEND B, £/, BEBANMENS LRV E VWS EETRNEINEIN TS EERE
MERBTEX5Z LR, dEDT I AF v 7 ZTADEAIRHIZEE T 2 BEEY DM EM
AR, 2018)DFRIZ, —HDEIHKRE U ZRERDBEZEAF—LNOHETEET, B
F7REE L REORFEA L R DA REMENH 5. EERFZDOREIZLD L, 2014 FiZLih
FT 4100 5 MV DEFEEYNFEELTEY, TOK 15%TH 5 600 5 b > DA E
NI Yo T IVEDIIRN X /- (Akbar, 2015). BAEDNS, 7y 7L — RE4£S &G
MEDEERIE, IhE CORBERBHRITFRICLIVAEINZERIVEIDVEZD
A—-YREEL, BEHFROEKRICKEEN THLLEZOLND.



Dispose
. , -
Material Part Product
production production production
z

2
&

Reutilization as use value
(Product reuse, Repair)

N

Reutilization as functional value
(Part reuse Remanufacturing, Refurbish)

Reutilization as material value

(Material reuse, Recycle)

Fig. 2.1 Product lifecycle and residual value reutilization



22.594 YA ONA T a > DEEETELE

T4 THAIIINF TV avid, BEPZTDOWENERET A T 7 IVIZENTULTE
BREERL, VI—ARUR a7 77F v ) UV ITENINTEYT . RIFFETIL,
P 2AEREZOEFFERLE U THWVDS. KBS 742N A TV avidIhiEzT
2, A RBENSES, HEEMNTONTE 2D, BEN ORI EEIIMTHNT
567, EBEDPEIZERR TS NI BN XFEED 1 D Tdh 5 (Italian G7 Presidency,
2017). GT RO —= ¥ BB RESETIE, VY=o 77 7F ¥V V7, V7 78y ¥,
YRY, &4 L2 M) —Z (RRRDR: Remanufacturing, Refurbish, Repair, Direct Reuse)
I U T, ZDEZDRMEM L G7 BWRAEZTREIOMETIE LU TERMNMTONZ. £ /7,
StEP Initiative (5 1 7H 1 2NV A 7> a ViERARICET 5 0BOEE, #EHAROEE
MDA, EERT YA VOBLESND 3 DDEENS, VRZa 77 2F v ) V7,
D77y va, URY, Vv 77— ROFERL % 1T - /=(StEP Initiative, 2009). AAF
5%, 3R DEENS FEDSA TV A INA TV aryDARSS, 7Y 7V 3o
IR = N)HA I IVDEIIZ, KVFEMBRATY a VA ADODEET>TWVWB(K
FHtt, 2004). KEFZETIE, EERDODFEEEAD LFERKFIZ, EBRIZINGDT A 7814
WNATY a vNERAIN, REINTVWHAEE L, TOFBETULAE2FEET LI LT,
BETOLADOZR L ERBZOMEMS K OEEE (BREE) ICEDW=I5414 73170
TV a v DREETo. R21IZEDODEERT.

Table 2.1 Differentiation of lifecycle options ([LIFHAt, 2018)

. . . . Output specification /
Lifecycle option Disassembly (Inspection) depth reliability
Remanufacturing Complete disassembly (Part level) Original ~ functionality ~ and
reliability
Remanufacturing . Improved functionality and
with upgrade Complete disassembly (Part level) original reliability

. . Original or less functionality
Refurbish Complete disassembly (Module level) and not original reliability
Refurbish with

upgrade

Improved functionality and not

Complete disassembly (Module level) original reliability

Repair (Maintenance) Not complete, only to ensure required Original or less functionality

specification and not original reliability
Repair (Maintenance) Not complete, only to ensure required Improved functionality and not
with upgrade specification original reliability
. Not disassemble, Only clean and Original functionality and not
Direct Reuse . . B
inspection reliability
Long life Not disassemble, clean and inspection No change




3.ty kR—X an'I'%Elf

3A.7RA4 2V FR—REEZiHEEY FR—XERET

ARETIE, 7y 77V —REGY—EAY 2T ADOHFHIB T, BHFOHEE YR
— FOHIEDEREZTD L THF—a e b e bty PR=AFEFHFEIIOWVT, &
%@ﬁ Y MR—ZEEFE, Alll, 2005) & DHE>TY v T 7L — REFEHF—E AT R

anftOD%E*D‘IEIE%E’Ri Z.fnali'd_é /'j‘:’l' M ]‘/\\““Xan"“%‘dﬁ i . 3.1 \-/—.r—d—J:
’)G:, BEMEIRFET 1 DOREREREL, TOELERT HMEREEFTML, ERY
MéﬁﬁéﬁtﬁifmﬁiﬁﬁEéﬁﬁiﬁfﬁé ZDFEE, ROBENSE
FENE—AAIZBEIAEEZ T > T ARTHEAINTE 20, BEOREHHR2E X

~%U@bmﬁ$@%£ﬁ%%&&ét , BRETMNEHMEL T X oMz 5| X
ZIRNNHD. /2, REARZEILNTETH, BETOETITONTEHUZE
PERREEETAEYI LY, RE LU AREFTEEZHFHEEL 2T i@:%@K ALY ey
LW, Ty TV — REGEY—EAY AT ADFREHIB O TIXLARETRETHRE L
72 1 DODREHED, BFBRICERINOHEE, MEEZH/ZLTWDH LIRS 2. 7
Y7 V= RESREAICEEL TWAET Yy TV — Fﬂ%@%%%%ﬁn—wuﬂw
7 707“1/—‘ ]\“fﬁflﬁ\gtiiﬁfatﬁ%‘f, /'j‘:’l' M ]"\\““Xan‘l“%diéﬁﬁh\ann‘l“kmt_
JUV—REETE, Vv 7TV —=RMTARVWETTRL, 7Yy 7V —FK J(UL'T\?S'E‘
B1DDMELEDRE (A—N—ARY 7)) ZEEERE LY, HFITBEEERIINIG
TORBERT RO, HiEeTAE, CROBF LY ERFEEFTEPIZA FDOKRE
WEIF L RS> TUESHEEME HD. Lo THRA Y MAR—REFHFETIE, 21— qj‘L’.')
TAPREEFE, JAMRABIIERL, MROTHEEMEICREKIINIGTESY
'V — N OB CEHRHADOELNATRETH S LEZO6ND. DRI, TV 7°9°
V= NEEY AV AT LARFHIES T AR TFENLEL LD,

31 WTRTEDITRA Y PR=ARETFENFREEARET | DOFRGFTEZRE
U, ThZzMESFHE, BETOIFETHE—AT, Yy MR—AFEEFEIL, K
HIBRBE TRV BIRVIEZFZEZ N — A T7DOBRKRZ2ED L EHNMEMRTDH

an‘F%@%A%g‘Z., an‘l’7DJ@X7PL‘t\) OMTTﬁtﬂ&anJriﬁﬁ?f’P%ﬁt&%
ﬁ:@ﬁbﬂéﬁb\ RSB EY R RIZINR S BB FETH S, ZOFETIH, KAV b

AR FENEASHERTH DRFTEDEIE 2 EEE, KETE A% H Y
Eﬁ%ﬂ@&mf%?ﬁ?iéif@ﬁ%?ﬁé%ﬁﬂﬁ’&é LINTE S, Yy R—AFEEHIARA
¥ hR— Xan"“tHﬁ’\VC, an"“%ﬂﬁsﬂﬁxgbb HWT ian‘l’%%A@L&;ﬁ %é*l}ji#@ﬁ#ﬁﬁﬁ
- YN mﬁ)&ﬂﬂﬁx[‘ 'C FERECRELREEZROD Z ENARETHS. M 32
12y MR—=ZARETFIEIC LEEHRESDEHOBIEX 2 /RT.

AIFETIE, 21— 47‘%21?0)41‘512%{% = iﬂé?‘ﬁﬁ%lﬁf\ﬂm?‘é 728, BRI
Y R— MABDORE ITEET SRAZTHE R Y METR A <EHEEL LTHKS
T, #E U ZHESHFENTH LY —E AT 0N IPBRIE, BERORGE TN %

8



RRICHE R I 2 EHEE LI 2 B BRI CHE T 3 FEDREZIT
5. FD-HIZ, BEEHmENCRIEANSE, Fa, JAME W22V —RAT7DEERIZ
HEHELZDHRFAERERRICHOHFEME UTHERD 2 WALty MR—AHKFF
H(Inoue et al, 2013)%, 7 v I 7L — NZEHIZEAT 5.

If not
satisfied Multi-disciplinary
design reviews
and analysis

If satisfied

Fig. 3.1 Procedure for the point-based product design method (Murakami et al, 2011)

Initial Design Space
Change Condition
Section A

’ Section A

Section B
Section B
Final design space

Additional
Section D

Design Lead Time

Fig. 3.2 Schematic illustration of set-based product design method (Murakami et al, 2011)



3.2.Preference Set-based Design (PSD)Fi%

AWFETIL, FEREER T D201, FIDIZHRERRVIEBLVEESZ2EEL, &
FREY L BRIZ AT CEIATARARERRERET LI LI2LY, SBOEEE2IR~2 D TR
XETWK Yy MR=22V AV NV V=T VI FHETH S Preference Set-based
Design (PSD)Fi%(Inoue etal, 2010) = AWV 5. AKFiEIL, By MAR—RAFETFIEZHKETE
DEXZ KM X1 5 ZEFE (Preference) DBEZZ FAWTIEIR LU 2FETH S, PSD Fi&
I& Set Representation, Set Propagation, Set Modification, Set Narrowing O 4 &% TR X 1
5. M33IIPSDFEDOT7U—2RTLLEID, REICTKBEOHEMEIRT .

’

——> Set Représentation

Set Modification Set Propagation
No Possible

solution set?

\L Yes

- Set Narrowing

!

No Desired degree
— of robustness
and flexibility

\L Yes

Fig. 3.3 Procedure for the preference set-based design method (Inoue et al, 2010)
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3.2.1.Set Representation (FZEFTZE#, ERMEELESDRET)

?ﬂ@t:;&“:ﬂr%@ .%nx:{ E;&%—t}_—%f\_&)’ an &#ﬁtg*'lﬁﬁgwgﬁ%}gﬁy(PN
Preference Number) % 2% €9 5. i J@E’E;&c‘: &, BEDLRNOFE UWEZRTIEZETH
‘) [0, |DETRIND. FFE 0 IFHEFEVRERFE T HEOEHFEZRL, EFE

IFEREE I L > THROFEF LWVEFZ2RT. X 3.4 [ZESkMERE, FRETEHOZEIFED
W%/T'd_
3.4 IZBVTREEIRALERR X DVHFETIHEMEZ (X, X EREL TV, 205
BXEKHESE L Xy 2 BB U A EIFNEYREETHY, X WREFELUVERETDH
5L eRIKT D, —F, R BB Y Tl[Y., Ve &SI E UOBREIER#EFE L REL,
[V, YU FBRTHEEATHE L 2 BHEK TS, BERMEEAIZAVUTTHNTHFET S
MEEEEFTHY, ALUTFTTHNEREFELVI L ERLUTWD., EFEIIEFTED
BN & - TERETE Z ORRICEMLTIRICEREIND. 2D X S ITERMERECRETE
BOEIFEZHRETEIIEHIRE TS I LWARETH 5.

1 1

() ()

o o

c c

o o

QL QL

o o

o o

0= X Bpm— NV Ys ot
Design variable X Design variable Y
Target interval |(Most proper region)
1 | 1

() ()

(@] (@]

c c

o o

D D

o o

o Allowable interval o
(Not best but allowable)

0 A A A 0'%% P pe—

Required performance A Design variable Z

Fig. 3.4 Representation of design variables and required performance criterion
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3.2.2.Set Propagation (FXEtfE&E A DIGHE)

ARIHIE 3.2.1 THTRE U LRERE, EFEORHREEIL, BREFIEBOEHHE L ER
MRES L UG ERREOBERNZ AV TREERE 2TV, Tho D#iFE» S EHR AR
EORMBED AR 2 EH TS, AN THEIRFAERDENEETEZIONT VS
O, HATHLTEESHEERAEL UTHEONSD. TR RILERET B oD X fEiE
BhoH A INDEHAIRRRMRIEDEHE 2 EKT 5. X 3.5 (ZAREMES A DOEHHS] 2
Y

Preference
Preference

XL

Y. .Ya Yo Yu
Design varia‘bje X .D'esign variable Y

. R

?\, Required performance’A

>
.
*

Possible distribution A’

A=f (X, Y)

Preference

Al Au Au
Required performance A

Fig. 3.5 Schematic illustration of the procedure for the set propagation
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3.2.3.Set Modification (EXEtZ %, EKRMEREESDIEIE)

AEFETIE, 3.2.1 HTHREU/EFERRATHERDEBEELITH. 322 HIZTE
H U ZZATREME DD 3.2.1 THTEHRE U ZERMEREEHFEAIZL A2 TWRWES, RE
U=t B REE CIEE R 2 - THEIBEE LRV L ERT., TDLD, RitE
IR T BEFE DBIE%1TS . Set Modification |ZEXEHE DB EHKFE % 2R 28T
HY, M3.6I12FD7T0t ADOMIKX % RT.

1 10
[} o)
o o
c c
o Q
QL QL
o Q
o o
X X x X VT % v d
Design variab‘fq X D’esign variable Y
/':‘Required pen‘ormance':é\
Modified Possible 4 | *
distribution A’’ - _ o
§ /—Inltlal Possible distribution A
o
D
<
a
0= Au Au A
A L
Redcuired performaince A
1 1 F----"s
[} [0
© Modified range © " Modified range
L Q \
Q o
o o
0 X- x, X Y v. v v Y
Design variable X Design variable Y

Fig. 3.6 Schematic illustration of the procedure for the set modification
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3.2.4.Set Narrowing (FZEHFEER S DY AH)

AIEIX 32,1 IHTHRE U -RERHLTHEGEENS, EREEL2HEZIDVESEREL
TWL 2T, RHIRERGHRANDNR I 5. Set Propagation (2 & > TEH I N/~ AEE
ML, K3.70E51 g?léﬁﬁ%{ﬁﬁ_i‘&b‘ﬁFﬁxﬂ%A%é\(ﬁ% NHd. TDJ-
O, IEEMNEESERET S0, 321 HTERE LU KRR EAIEHEHEHE2ELETS. &
REIERHEEFHDONEIU 2B oEES2MAEHLET, B4XDOAEEIFE2ELET L. EH
INZAREMESFEZHRL, REFEUWVEEE2EH TS, ZOBREZIEBEIEESN
BB FETHEDRTILIZE ST, EITERMREZ2 ZRIH - TR RES 2B
52 ENTHETH D, X 38122 DEFEDOHIKK%RT.

38ICHBVT, FIDIIEEIRRH X LERFTER X, DEE2EDET L. RIZXi DE
RIDEFH & X DABIDEIF % FIWNT Set Propagation & 17\, AIREM DA EBEH TS, &
ETRINTVWEIIY) PHERIZTKRDOSNAZFREESHETH Y, FIHIDRREME DA &
DEIFENRD SNT VWS Z ENFERTX 5. [ARRIZ Xy OLEBIOFHRH & X, DARIDEFH,
X, OERIOHRFH & X DEBIOEE, X1 DERIOEF L X, DERIOHFE TE /JREME D1
ZRkDD. BoNz 4 DDABEMESHROF N S HEFHED R W& ’Db"C, X512
Set Narrowing 179 . Z DEE% AIREME S DEFH N ERKMEREDEFICELIZINE S £
"C‘%?T‘é' ViRY. X 3.8 DFITIX, FIREME DR OEFNERMEREDEFIZTERIZNE > TV

BB EF DM EEDEFEET 5720, ZHLLE Set Narrowing Z1TH7Z8W, &Y IA
EN/AREMESTEOFR CERMEELZ TR AT AR, ZEFELUVERHENRK
HIRERETHR & 72 5.

/Required performance distribution

/ Possible distribution

Preference

asible design subspac

Infeasible design subspaces

Fig. 3.7 Representation of the feasible and infeasible design subspace
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Design variable X ™., Design®ariable Y
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Fig. 3.8 Schematic illustration of the set narrowing process
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4. 7T L—FRARY—ERVRATLEREAFED
IRE
417V T L—FEARH—ERXR R TLOBE

B, HRITEAD» SRR DI ONT, FEE, BMEEOESEEIZ L - T

X, MENEELTS. 7y 77— RGBS —EAV AT LATREINE Y TV
—P%&ﬁ,im%ﬁ%ﬁ CAD—EBDOBRERD A% M, BIIT S Z & TREFHN
ICBREIL L - R fEE BR LYY, 2 —VORBEZRTE2IHIES, 74005,
BFEDOFEMEIIRIE S Z L 2B E UZEETFiE (DLE: Design for Lifetime Extension)
Td % (Ospina et al., 2014) (Kobayashi, 2005). B FH —E 22K TIIR <, —BORHEE,
BINERERLE, i, BETL20, SROFEAES LU0EEEONAZHIET 5 Z
EMEIREI NG, 8K, Ty TV — REIEY — AV AT AR FIEORETIE, &
FDETHHEEZ A EX VI L 2ENE UAEFRESIUOZOXEY AT A(A LA,
2002)%°, M EXE2RHIDKRES L CHNRIBIEZ ATEEL § 5 FIE(TAH, 2006)H35
RINTEX7-, Zhold, ERgEomR E2HNE UAFETHED, EESCDBEED
—EBEDWFFET, 7v 77— NEIFEGFRIIEEEREDOR DAL ST, INEDOHE
’P;@ﬁ%ﬁ%j}@ﬁi, FEEOM EOREEEZE T 5 Z L AVR I N/ (Yamada et al.,
2015). B 41127 v 77— RBEH - AV 257 AREHIET 2E AN, TEeM 2
RIZRT.

K 4.1128WC, 7y 77— RELRIIERE, IN25M, Week:, S, £E, &8
D 6 DD/ wfﬁ%®7/7ﬁv R%1 b@wﬁ&@%&t%fbfﬁ%@
DEET S, FlzE, BEICETAIHEETIE, VaI—2, BXOUFa—2ADEENZE
Fohd. Insid, 7y 77V — REUEWEHRFEIC —E DO H DA % 33 #, JBANL,
ZOMDEEE (FoY b7+ —L) 2ZDFEMESZDEHRTXS, 753V b T+ —4
ERDEEIIF UL =N EDE FHENRIT I ENARETH D720, BENELED LS 2
BRIEBET, MYEDISBRA—FVRENTEZONNRHAETH S & WO EET, R
A—2BBDOFAEBET T Z2—FIIRHLTE 7Y 77V — REGRIT) 22— 2AD{E
HEMNFRETH .

INZEME, HEIZBET AT, 7y 77— REROR M, BINE&IIEIY—
ATUNA BNEE T HHEFEDHFEBATILENHD LV ENG, TuNS &
WA= DEVIAAZAREL THAEIVRAAETIVHAMRETEX 5. X617, BIF DR,
A—PDEREEH T LIL Y, EENKRELZHBERZITET L Z LA TRETH
D, B5&Ea A MOHIE, FEEHEEBADOEKBNMARTXS. —AT, EFHHHEOENRML
BREY—EATONS INRFETEI LT, EROEEEDSAREL, FEFOERE
EEPTI L, ROV —EAIINTEHmMEREEINIES I LIZEHATH S LFK
2, BROEDHEIIIZA—T V1 )RV a VR BEITIIENFTE 5.
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BEEEMEIZRE T A AT, 7y 7V — NELRIZE R 2R EBEVE X5 Z L <HL
WIERE R N9 5 Z &%, x@% LNZAE RS E, BEWE X L HE U T &Y (KA,
EHEEICMREEEM EI TR I ENTEETH Y, RIS, MEEDMEREEHMEMMIE CTHIEE
Th5.

E5EME, MEDOHETIE, REHHEORMEAIE, HEIKET 2 NEROEFEN A
U, ARy TV — RELE DY Y 3 ZAETFIVIZHT B EFEENE LT 5. 12T,
RPN 2B EZ W TORVICEEDLS TEROMEREMICLVEEINTEX -
TS5 N7 x—0% L) EVEBMERT 20, BEALMASEGS L BRI RE DK
BNATRETH 5.

FROTVY TV — RERY— AR T D201, BEFTERN—RT 7D
HEtDALRST, BET LIV —ECADREPY — Y ADEHHEE, Y R— bR %2 F

DREL, BRTIIEBETHS. Thabb, ¥—LADTaNA1 X, UTDEHE
RRRRT B2 L ANERI NS,

O #EtT2—EL2ADHE
@ ZTDY—ERAEERTIERDHE
@ BREZEIGREETLE51 7 A I2NA T a v DBEE
@ 7w T TV — ROERFEDHRE
® YV —EABREZROEFHEE, V—C AREHRORKE
A@®RXTIE, TNODREEXETLH-ODFEEREL, 44 HIZFOFHMEELT.

i ili Customer Reuse : Maintain .
Yieldability i promotion s operability Quality
Provide new promotion

L aste durability
business model reduction
Necessarily and possibility of
Up-PSS
Production

volume prediction

Add new
function

Maintain latest Low
performance production
- cost

Functionality Production

Fig. 4.1 Necessity and possibility of upgradable product service system
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42. 79T L— FEGY—ERS XA TLOBERE

42179 T L— FERHAXEVATLA

AEITIE, 7y — REEY—C AV AT AOEERELBNTS. GL5IT,
Ty TV = REROBRHTZEBV AT LTy 7V — RBHEOZEL TN TV XA
RIRELU (G LM, 2002). ZOFETIE, FHEEEEZ2ELI—FOERIIHIGT 57
O, BExkMEgEr L VOB (FEEE) THRY, RRPRHRREE L TZDERL VI %
ERT RGBT RHEL FORARLUZBRT —ZR—ANSEH U 7=, FREHEE KD
5701, #EE/NF A — & FP (Functional Parameter) & §%5F/% 5 A — & DP (Design
Parameter) D 2 DDNTA—ZEEHEL/=. FP X7V 7V —R&{T75 LT —¥n
ERT DB MEE, HEEEZRIT NI A—ZTHY, DP IFEFENEEBETEX BN
BRULNTGA—ZTS. ZDOFP & DP DRI 42 1TRT L D12, Mz (187Y),
FEEE (CBY), #UHE (STE) D 3BEICHEINS. 18X 1 2D DP A 120D
FP IZEIE T 354 THY, CEUX 1 DD DP HEED FP IZEET 254 THD. CHY
Di5E, DP 2 Z{L I W3 LEHMD FP BET D720, FHHEARFP OELEHEL. £
DEANZINT B 72012, SIFLEEET S, SIEIE 4.2 D FP5 & DP4 DRERTH 5.
DP4 |% FP4, FP5 D5 &= 24t X553, FP4 13 DP3 12 & » THEERGETH 5. W 212,
FP5 & DP4 DOERIIELCIHNIIHNI TH D L ART I LM AHEETHS. A ESDFETIE
ETOFP IR TBE AL SIBEDERE/NT A —Z DA AVTEET S.

ESTDFP &2 1B E /I SIBIDERHNT A —ZDATRIRT 5/2012, FHERRTH
BERT 5. K 4312RT L HIZFP 24712, DP 2% EIZE&E L, Wisd % FP-DP i
BndhiX1 22X o 25835, bk, ROBEEZFONALTS.
Operation 1. FIAIZ 1 D723 1 2 &L i 5L, i FIIT 1 THEITIZ1 288 5N6 i 5

Y 5.
Operation 2. 75D i F & j 5= ANE 2 5.

WNAMNZTUES, ERXINEZFP LYY~ T DP L > Y% FP-DP D& A
23, Set-Based Theory (Finch and Ward, 1995)% FIW\TEH T 5. [FRDOFHEEMEIZH I
G520, EXRFPIIVVIEATREINS., BHIN/ZDP LY aE-TEGE
FREB B & SR T — A N—AMGIEIRL, R41ITRT I D ICHREHRIERL T, B
HNEREETIGEEISERBEAOTFEEERLREZZREL | DOMEAEITRY AD.

' FP1 «——— DP1 DP2 DP3
DP4
Independent type (I type) Coupling type (C type) Spurious | type (Sl type)

Fig. 4.2 Mapping type of parameters (£ _EAffl, 2002)
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DP1 DP2 DP3 DP2 DP1 DP3
FP1 0 1 1 FPF1 1 0 O
FP2 1 1 1 FF2 0 1 O
FPF3 0 0 1 FPF3 0 0 1

Initial Causal Matrix Obtained Causal Matrix

DP1 DP2 DP3 DP2 DP1 DP3
FP1 |0 1 1 0 1] 1 0 110 FP1 1 0 O
2 (101 1 W 1 (0| 0 mp 1 0 [O/MP F20 1 0
FP3 [0/ 0 1 0 |0] 1 0 0 |1 FP3 0 0 1

I-type

Operation 1 Operation 1 Operation 2

Fig. 4.3 Deriving process of DP (£ _EAftl, 2002)

Table 4.1 Design Solutions (5 _EA, 2002)

1st Generation

Number of

2nd Generation 3rd Generation

total parts

Turbin3 Turbin3 Turbinl
Design Body1 Body3 Body3 9
Solution 1  Motorl Motor7 Motor3

Filter3 Filter3 Filter4

Turbin3 Turbin3 Turbinl
Design Body1 Body3 Body3 9
Solution 2  Motorl Motor7 Motor9

Filter3 Filter3 Filter4

Turbin3 Turbin3 Turbinl
Design Body1 Body3 Body4 10
Solution 3  Motorl Motor7 Motor3

Filter3 Filter3 Filter4

Turbin3 Turbin3 Turbinl
Design Body1 Body3 Body4 10
Solution 4  Motorl Motor7 Motor9

Filter3 Filter3 Filter4
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ALEOSDFETIE, 2—FDEKRELVVIFNTHRL, Set-Based Theory (Finch and
Ward, 1995)2 AW CZDER 2/~ DP L VY 2EHT 3 Z & TRERDREEMEAND
XinEAREE LT\ 5., FP 2#{ET5/-HIZ, FP & DP DR %E 181 /213 ST BN
DIAABMALEIT> T30, B8O DP 2T FP 2#/EL2BED AN BREEH
P IANDOHETCEALREEEEZRONDAIREENFIET S, TD/-0, BED DP T FP
FEOEIZIRET D HIEDOERMNRETH S, £/, TODOFIETIL Set-Based Theory % F
WT DP LY UREHTSHERIZ FP-DP DGR E R E ARENISEFA L ER TR
WER SN2, EHLEROBEERZ D FEDOREE F/2FETH5.

4227y FUL— FEtEERTFE

THROIE, R —FEREZERLU DOWHBIBRAINSGEMZ FRIL, ThilE
DWETY 7V — RFEOERAEL 2D T N&Z A TYAT A, BEO—VER
DEALIZIT S 2 ERMEIE FIEERE L (TR, 2006). TR SDFETIE, AES
CERRICERBR LT OREEE 2 EL = — XTI T 5720, 2 —VERZHFEET
U, MATA—YENAIZY RPO—Z Y RRLICEEIZOFEL 2. HHET—8N

JIIREAFRREES LU, [R5 IRNS L FRIL 2 ROEHRE EHZL,
A—YOERL VLT LD BEEERTI SMRDEAEDOEERD, DR
RIERzFEFEEEREL 2. TORFETEHZELT520I1T, FHfi/NT A —4% VP
(Valuation Parameter) & %&t/3 5 A — & DP (Design Parameter) % €3 L 7=. VP [ —HH3
R EHME T OBRICAVWA NI A—2THY, HEOKEE, MeEEE2RT. —7%, DPIE
HETENREEREROFTEZTOBRICAVE NI A—ZTHY, HEEBHRERDORD
REEHERL TS, FOARLUZBRT —ZR—AIZEEND VP & DP DFHM

5, TNEDEERTIERTHS VP, DPO— R TEIERTS. K44 I12CPU O Y
BB D VP O— Ry T&RT.

CPU Clock
frequency [GHZ]

A

High-end user

Middle-end user

2.4
Low-end user

0 » Time

Fig. 4.4 Example of VP roadmap (F#fH, 2006)
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THSITHBICHE 2B FEOMEN L —FEROTRICHELE XD LREL . T
DR, T—FPEEOERZHE - TEFZ2BAL C—EREMRET S &, HiHER
N—F I, MEEARLHELTLY SR SRELEEITHGICHRTS. 12—
ISR e - ICHIR U -8R DOMEEE LR L, ZOENH 5 —EDHEEZEZ 7~
BRIZ2—HVIIEEGDEREZEFH L, TOBEREH ZTHRBIENEZS, £4ET7y 7
TV —ROERETS LIREL .

REXNETY F7 L — RBHEFEZEY AT AT, NEHMFOERKLEEER
MNOBET MBI A2 GO THEL, BRT—EN—ALICERT L. BRT—EN
— APNZEFR I NDE 4 DEHD DP BRI, [FRFEE2ED-OHEEETRINSG.
Z O DP [FHRE FZLIRHOTIGHRARE T EHmMNS, DP u— Ry FLlEINnd
DP DfFRFHI % &L RFRIEREERT S, DP U— K< v 7L VP-DP HDE 512
REBHTEILIZL->T VP DFRFHEIZEORRFIBERTHS VP U— R v 7%
BT 5. VPO — RY v 722 —HYER T L IZHBEOK Y AAZITY, BRI Nz VP
VU U%NE9 DP DL VY% Set-Based Theory 2 FHWVTEHL, ZDDP LV IU%NE
I EROMEAELEERI—VER, £7v 7L — FREAICHIGL TEHRL, 7V
TV — NETHEIR L ER L .

THODREFIER, MRFHZ2EOTEELL—VERLHFETRTILT, £
DREEEADIIGE TEEIZL TS, UL, BEAERCRFEIZE T 2 BAMEDE
MBMTHON TR, F/2, 2—FERIIFHBICERING T Y 77V — NREFD
MEEIZ L > T, BEHINSLIREL TS0, BEH U AHSHAUADER N
—HDERFRIZED LD RFELEZ 200 2EEL, FHHEZEDL I LHNE
Thd. mERIT, TOFHRIIEROFRFELZIRTT D, HRNLREDRERIIFEED
HWrizERoNDd. 2T, ZORFEDERICET 5188, TEOREINRDSNS.

423. 7T L— F&HAXZECAD VR T L

BEOSIL, BEREAHREEORMARIELHEIEY DD, #EHRICES 7Y 7
L— REAREL T2 ERHRHFIE, BICEBHREKDOT v 77V — N & & Mr 2 Al
MNOEHRTIHEEET IVDIEKTE CAD (Computer Aided Design)¥ AT LA &REL /-
({fBEAth, 2011)(Fukushigeetal.,2012). fBE S DFEIE, TH S, AESDFEEHIRL
UT, 7v 77V — NEHEREBRDBRFEREICBENTTY v 77 L — NATRE R B DOREE,
REES Z 2 BNE ULRBRFTEFETHD. ZOFIEIIBIFDEANERIIUTD
4DTHB.

HREFDARE T

FERRED G D 3% I I SR A %

7w 77— REHHE
TV TV — NEEICEDXREINZT Y TV — REY 2a—IVODIRERH

AR RELR & IXED R DR EIR®, MERRICN T 2R RS ERL, BEMN

KODONDHEEEZ R T D2 DIIHERRMG 2 R AMROBERNOSFREINLZEDT
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H53. FlzIE, K 451RTHBE L HEE, SAAEERRE LT IROHDOEEER]
ET5. ZOMIZE, HEEEFEO [EEEG CEERLEO ETER, EE
Ff%) FORMWIERBRNEET S, MESDOFETIE, 7y 77— RIS Fil
ERELDAZH, BANZ & > TIDEREIEREL 2\ 2 témkymn z2175.

Ty 77— RETEIL, MROTEOEMD MLV K, HEED=—X, BFEOEA
B, 7w 77— REFH5HRE, 7Y 77V — RONEEEENTR X NABIRTH
D, TRODFHEIZBIIET7Y 7V —RHBEERIZFEDEDTH 5.

Ty TV —REY a—IVOEMIL, HROZMRTEM RBEINEEHE, EVa
—IVDBEFTHY, BRERETINVOETRIND. BESDOFIEL, Exoh/-85
ETFMZXHUT, 7Y T TV —=RBIZWTIADT v T 7L — RED 2 — )VDEEHINER
INEN, REINAZL UTEEITRMAMRBERIMZIND LS ITEHHEEFEETTOZ
ENEWTHS.

BESOFER, FROKZHRIZBIIZ 7Y 77— RIIBRMNIG U R EE 21T
F3EDTHY, BEEIZIE, BIIOT Y 77— RIZkoTEM, XBXhdT7y 77
V—REYa—IUERIZRIG T 2REFEE2{To /2112, 2@BO7 Y 77— R
IGUERBRHEEZTS. TDEHI, 7y 77V — REHEHICEH I W -BEBEOHKRET
DTV RAETHILIZELT, 2RO T Y 77 L — RIS U EBERRE T IV
BEKT S, ZORAZTEO IO AILUTO 3 BETERINS.

(1) 7w 77V —REY 2 —)URHOMESEBRHDIER
() KRBT TFIVO/ER
(3) TEFHER A DE B DX G

MESWREIIK 46 ITRIND LD, PV T TV —REIVa—ILOBRETINVEE

@Abﬁtﬂﬁéﬁﬁ%10®%%tbfﬁjft%®T%é ITRDb, /7@&
12 & MR RREEM DRI, FESIBR ﬁﬁﬁﬁéwﬁﬁﬁtbfi

.%%HM%Twi,w% HEIZEDhE ﬁnﬁﬁéﬁw,ﬁmem,x@~
> THRLETIWHEED T, BMAMKEROMIEE:2TEEL BB ETNTHS.
@%@HM%?»@W&%~H%@7v7ﬁV~R%V:—wﬁﬁmﬂﬁéﬂnxEé
9. (2), QDT at AL > TERBDOFHRPRMMHERDOIENFEET 515
X, UTD 4 20EL2EFZET VI U TITS 2 & THEET 5.

- BEEZEE

FRERE

R O HIRR
- EREODBN, A

ZD4DDEEEREITE | #HREZBET I T IHRHATEREL, 7Y SV —FR
AT h N2 R ﬁ%ﬁﬂé.ﬁ%@ﬁ%é%%wkm,Q@u&é&ﬁ%ﬁmﬂﬂ
LT, PORFOEBENROEE, WREZELTBIETHRTSILTHY,
v7ﬁV—FKﬂbf$§@%ﬁéﬁ¢575v%7%~Aémﬁ¢ét®®&¢f

5. BEIEXTY TV —REY2a—IEEN, KEBTIRICHMOBROEEEE,

22



REHE, R, HIBRZ2T5 e TRILICHIGT 2 BETH L. ZhoDBEIZLY, &
T IVADERIER 4.7 IZRT 3EEOMRHIIAEIND. BESBIINSDERER
3SRTGET NV ETRALEDOZ LM EHRL, BRERDT v 77V — NTEMAH
EHDOXIEY B - ORFREE L ATHBRNICEH TORFEY AT L &AL .

Cylinder

Fig. 4.5 Example of constraint between two components (concentric circle)

Zesss Candidate COMPONENES wxssmrrsanssansssnnaas :

»

Fig. 4.6 Union region of candidate components (Fukushige et al., 2012)

Union region
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Replace

Adaptive  Target

Fig. 4.7 Platform, target, adaptive, and candidate components (Fukushige et al., 2012)
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4241y FR—RFEIEDIKT v T L— FRBREREFIE

Murakami 5%, PSD FEIZEODW/Z7 v 77 L — RERZHFELZ2REEL
(Murakami et al., 2011). ZDFETIL, [FROFMEIA =2 FEELZFTBERTH D LA
72U, TOFHz&#HBEETTY, #HEEZHAVCTEEEESZEE 5. Murakami 5
&, R EERTIBH(EVa—) 2TV TV —RTBEELELRVEDIZHFEL,
7w 77V — RN ZEDMDEIBRIZHEEE 25 L 2R T 272D 48 ITRT
MEREBEXI 2 IRE L /2. BEREEERIE, BEEAIE L ZDOMHEBDOAEFIBEREZRL
72EDTHY, HEEFHERBU BRI E LRI 5= EMMICHEET S Z &N
HETHD. ZOHRT7Y 77V —RIZLPFELRINT 572012, Murakami 5 DFi%
T, HEEZIT2HRIIFOA—N—ARY I 2{15F 5, —ATHELRA—/IN—A
Ry 7 DN EIFIRBEEMEOEMZB S BNIH B 720, ZOFETIE, FREHEHELE
BERIDAR ST, MEEL ML — RA 7ERICH I REBEFMEFDOBEBRRNE/ER L, WH
DERMEIFRE ML T DT OEHFEEE PSD FEICEVEHT S, Murakami 513,
RBELUAFEZORY N7 —LADFRGHIEAL, MEELBREBEERNOER T 5 E KL
WAz U 72 3REHREAEZEH L, TOFAMERLE. — AT, 7y 77— RBIRERE
IZ X BRBEDFHEDMTHONT VRN =80, ZOFHEE EE U 3% EHRESDEHNN
EThd.

Side effects
Output 3

Input 4-1 Output 4
' Input 6-1 Output 6

Output 1-1 M6

Input 3 Output 2-1
Input 4-2 Size change
requirement

Output 1-2 Output 5-1

Input 2 Input 6-2
Output 2-2

Input 1-2 ~ Input 5-1

Input 1-1

M5 Output 7
s
Output 5-2
Input 7

Fig. 4.8 Functional structure diagram
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4257y T L— FalgetEIc T B REHAE

Pialot 5%, 7V 77V — NE[REHICE S SH LU WHEB/AEET — P@ﬁ@éﬁot
(Pialotetal.,2017). Pialot 5%, 7v 77 L — Pm@ﬁfma — X =RT B0
REDREEN (RS X UIX7V/V7//) BT, %@%%@E@ﬁaé
75yx,P%v,1N4/®3ﬁaf£%LKQMNaagm®.%@%%,w%u
EOHEENEZHEEET ZREBTHIDICEEDLST, EWVEZONTWD I LAHERY
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THENRXTYy IV —RE, Thzill, b, RPENIGER T XRINE D &Yk
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Bl ZIE, 75V RPEEEDOMGMETH B, /-, BEEINEROEEEIZET 2% &+
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AEND L BFIET2HEEIERINSZ. EIRXRET VDY -V ay T T,
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2017). FIDIZ, BEENURZEATIRICEERTIEMEREZ2FAE TS0, =
VIUZTIZEBT RN ALEBEA VA2 —2FEHL, 7Y 7L — ReHEifom
LIz B48407 WEEFEGOEEEEWNE LT Y TV —NR) LR EIZL S X
4 7 (ffifEFROERE2BHE L2 1 7) 1298 L, BREOBMERIE, B2 IXHER
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ik, I, EEFR, RMAE, FEEAE FRENVEEHINSIERBERTHDZ
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ERIIAVIA VT U= DOERT I8 EN6DEEEF/TEY, TOMRIE, ¥
BEILTY YTV — FHRLRERICERKREZ RS, $220BARTNH S Z EHHERY
N, 7v 77V —RNIZET S IR NDEFIE, 2TOHERBITENT, HRIRFEMEDK
25%~50%TdhHd I ENERIN-. £/, TV T TV —RDY A ZIVIZEL T, B
FaFEN, 7Y 77V —RDAFEIZEAL T, "EREIEKETS W HERIN-. T
ht, I—RUARHBED ) — b XY I VIZELTE, 2—VEENEHRTLII %
FHA, Fr AR —BIRREOUEEKICBIL TIE, TV Y= TICX3EHRVTFEND
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FEEEEMEDM L2 B DT U T, ZEIXFERABRCRII2EER/ TSI L NE T o
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427. 54740 IA TS arnEE T

Umeda 51, 86 L OHFOYEE MG L MEFGNS T 7L INATVa v e
RET B FEEREL /2 (Umeda, etal., 2005)CK I, 2005). FEdaDHEEIZEBUTIE, ™
BHRABELVNEHBORESHEBREL, 2—VHEENSEONEEEERIZEL-T,
WIHER DN L MEERDDHICDEL . BoNERLADON0H LY, SR oy
e MESEGOHE LT/~ $AWBETIE, BROEEER YL ZhIIHEL 52 55
mOERMEE R TEEERSIREZ AT, FFGOHR BRI IZEVHIT 2T
LT, HEDOYEEG L MEFEGEZHEL~. Uneda 5DOFEL, #HEL ~YHEHR L
MEFG» SR (4.1) &R (4.2) IR ARTHEMIRIEE Ife LIAXNEMIER I 28
HU, IR TEARNCE > TSA 79470V ATV aveRreEsTs. N 41) &R
(42) 1IZBWT, o ldEB&, vit \XfiifEFa, pit (IYEFa, I IXEBRFS, Al 3L
mDEEFEMERT. ZOFER, TROWEEG LMEFGD 2 2OHANS Y 21—
A, AVFFVA MV IS47), Ty T T — ROBEEEDHIMMNATEETH SH, 1
A N PBREBEM 2 I U L T 2FEMUADHERIIMRET SN TN, FHGEAEER T
Y I — REIEY —CADHFRFHIHNS D12, TNEDEEFIEEZRETTEHE
NhH 5.

_ vlt(c;)
lfe(c;) = ) (4.1)
lt(c;
Ifr(e) = A0 42)
It(c;)) < Alt Alt < It(c)
\ s ————)
o Reuse
"'\; Maintenance
-é LomgK @\ ? plt(c;) < vit(c))
0 Components
£ 1.0
(<))
£ o E/ vit(c) < plt(c)
S Upgrading
-
1.0

Relative lifetime /Ifr

Fig. 4.9 Lifecycle option selection chart (Umeda et al., 205)
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Kobayashi (3B GTDOZEBEENE LT 7Y A IV TS V=V TFiER
FEZE U 7z(Kobayashi, 2005). Z DFIEIIELGFT LR T, |RIE, 22 N, FEOEHSA%2E
BUEERIA THAINA T aVvDOEEEZETI LB LTEY, 7v 7/
TV—=R, AvFFUv A, BEalt (Qyr75147), Va—2, V¥ 7)) FE) O
FATHAINATVavedBZe LTWS, LML, A4 7Y A4 7)0F T arnit
fliicbVTiE, FIZE 7Yy 77V —=RPAVFF UV RIZEL T, A, YHEEa,
MEFE DR CTIHMI 21T > T30, VI—ARUY A ZIVIBELTIE, Zhsizhn
ZCHREBEMOHVCIEE2FoTEY, 4 7Y A 7 IVATY a Iz &k > TEHHEDRE
BEAERY, HE—EXN TR, X512, ZTh6DS5A 7Y A4 2 IVA TS a v hivER
ICHBITEA I NS DI, 2T 5BRBE LY ER/RTHY, TORDI A MPEREEA
DERDFENI SV TUE—EIIZEL K OFHEEREFT T 5D, TOREEEADIIRIE
BREFX TR,

429 F—ABJILINTA—T AN

RS, BT 1 794 7 NERHENRWIIZE TSI 2HNE LT, HRDE
BERN R % F1li 3 % Total Performance Index: TPI % #2ZE U 7~ (Kondoh, et al., 2009). iTEE 5
IR EOBEMNRIEECTRANAR TS TH -2, “@WENS A 71 2 IVEETERT
LAMEDFHE” X, “WREOIRBEMNRICROFE L5 2 586, BeezmE L, &EHEIC
T4—RKNY 755287 IZEAEZYTTWS, R 43) IZTPIDFHEREZRT. b—
BIVNT =< VA%, (1) MfEEERE (PP) 1 8E TS 791 72Kz @ 0 TH
EREAHTMENLEL TS IA M LCREAR, (i) MEEENR (CP) : £ffi
ELHEBEIZL > THBINZMEDLERD 2 DOBENSERET A 7Y A I IVEET
fligsd. X (43) ITHWT, UVIZHRBMEDRMERES, LCEIXT A 7Y A 7 IVE{RT
FETLBIBAMNE, LCCIESA 7Y A 7INAANE&LRT. AESDFEIL, BT
DR—=BIWNRT A= VA% T THA 7 INEEIZE T % B G HERE DR 2 Mi{E 2L
fEXaA b, REBEARELZHREWIIEERL CGRME2/TH 2N TS, —F, ftE O
Y RIIEMTH Y, b—FNWNT 4 —< v AFHADFER» SHIMr X NS EFHOHERE S 1
THA NI TV avid, BlziE, 7v 77— RDEGEIL, BEEORBILEIE IR
BRI ND Z e h s, HEEEEDMEDFERS 2 EIZHET X 5.

uv
TPl = PP X CP = ——— (4.3)
VLCE X LCC
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T TV — RBEY —EADEEHE, BHETOVHARE CERMAROB RIS T ST
BOHENCDEREBMEITDIIENNRETHD. LRIy 7L — REEY—E
ARGETFIE R EA T S BRICEREHE VR %%ﬁéN%ﬁ%ﬁ&%ﬁ.

REHHARBEICE T A TEEEDEE

T T T U= RINDEREREY 2 —I)VDRE, BEFeHE LR IHIERE T T“’W}’L
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ICRHEEMEZE A, FREICTHEIT S ZLI3ERICRETHS. DI, Ty T IV
— FER Y —CAREHITHEELNRFHEEET 2 LRI, FHRITRDOLERDE
fEIZRERIZHIGTEX D DR ETH S,

SHUBEER, EIAVFDERE

Michaud > Lobasenko S DFFAETRINZ L DI, HEHIIEFRICH U TERSZENR
2RO, —AT, Y—EYAOMLEIIEMITITHEHEPZEOHFE T Y T7 LV — R§ BRI,
YV—CABIZERIEEDTY Y 77V — REBRERE LGS, EFOEETOoL 2D
FKEt, EENEH L L5 E50H5. T4HL, VDLW RBERCLRLERIIN
JIGFIRETH D Z ENEEN, TOLRLERY, HEEDOHEZBUNIIRIAL, RBE
ROHWIHEET DI ENRBRETHS. DI, BROBEELZIT AV NaEZEER LU TEHR
FTEINIY—UEADELEZ A, T2 LNBRETHS.

AT—IFRILE DEHATREE DR ST

Ty TV = REFBY— AV AT ADOEWIIERATRLEC YA RAETILREEY
X%Awﬁﬁﬁﬁé.%ﬁﬂ%ﬁ%%@?éiﬁ,ﬁ%@%&@iﬁﬁ%ﬁ@&&%ﬁ
TEH5DOTERL, Y= RA7aNA X THZLEP, TOBEETHIHEEEDRFHAHE
MEERICEETLIEETD I LIIBNERTARTHS. §4bL, LD 3 HDFE
BEMEICBEIMRT DRFABHMEIZL, TNO2 TR ARICERTIERY LAY AT LD
BEL, TOXRFEIETEIFERP IV LTI DHEENDLETH 5.

EHFERORFETOERREXE

Lobasenko 5 DFETRINA LI, BERIZL>T2—FDZEDT7Y STV —FKD
FEIINTLEEBERD I ENERINTVDS, Thbb, 2—FNEETEHRTX
BLARTIEYE, BETEHRITDII L &2IFA, BHTIRVEARTIZY, BEL VY
ZVIEBEFEFO I ENRINA, ZOI—FDERMUMIEEFTHIZEVTIE, £
DEFAEZICERINDEM (2 —FDZEL TRV EDEED) ®, ZeleERE
FTEIENRETHY, £z, TOEERBEANOEREIECHZEIZE T 548, EFk
ICHET D EEY ORI D X 5 R FENS S GFETD. DRI, THH6DE
FEEOZT ISR 2 ERB LU -BEREDTENRETHS.

BHYA VI, Y—ERRHBBDRTE

Michaud 5 DFFEIZ LY, —RIZEFOV A ZINVIFREVEANFEND Z EHFEZEI N
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5L, SHELBEFIIERFACEEZELZEEITLIANEH LI LEFETHS. T4D
Y, EHOYA ZIIVDOWREIZBWNTIE, B, 0% HMEBZEOZTWEWOERBTINL
— RATBERNRH D ENHERTX S, E£7/-, Pialot GDREBETRINSEZLDIZ, HE
ZHIZRIEIZE->T, 1 DOEFEY —ERIKET S I LIZH U TREZREEAS 2N
HERINTWEH, REIZBVTIX F%@bt@%é%@ﬁﬁ%?é L EED,
W21z, Y—Y A HIB DB EIC Bwf% TELHBEEMTEOEMIZI ML — A 7H
RINEET D720, Th6D bV — KA 7 % kK ;{%Eﬁﬁéﬁ%ﬁﬁfr 7, ¥—¥Y 2R
R ORE & DX EHEMPILETH .

IEXY, RiFFEE, EEREORESDOEREZENE L, INFETREINTV AN
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MY — AV AT ARG DZBE2ERTL5FE2RET 5.
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A4 BEEFEDRER

42 BICRUZBERETRR L1, 7Yy TV —REREY—EC AV AT LDE
HEHEDBREFERTA 7V A 2NATY a vOBEESEHIMFERE, A—N—ARY I %
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TV — REEY—EAZDEDDFKBE2EZETHIFRIFEEINTVRY., 2, ¥
—EABHREROEHFAERCEFOERZHE 75 FEICEVTIE, Umeda 5%
Kobayashi IZ&L > TIREINT VI, TNOSDFERIFROFTEEEZERL, TIA
N OIREER, BERHECHFM2IEUD LT H5EBOBARN S FHE 217 > TTW AW,
7z, BFHY A ZNVOREIZEVTIE, TRHOPAELESIZES>TREINTWED, 7
—BAR=ANMKIFEUZFETHY, TOT—ERXR—ZADEEIZET 5 I A MK, #
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(LU, 2014a)(Yamada et al., 2015a)(Inoue et al. 2015) %2 ZE L T\ 5 L [ERFIZ, BEEFED
ROV EDOEIY XA AETINEHEKLUT, MaE, BE, X, FEOAIE CEAMEN
% Z & HREREE(Yamada et al., 2014a)(Inoue et al., 2014)(LLU A, 2014b), / — kXY 3
> (Yamada et al., 2014b)( (L FH ffi, 2015)(Inoue et al. 2016), # & #% (Yamada et al.,
2015b)(Yamada et al., 2016)DEHHEHA CTHR INT WS, —AHT, EENINETIZE
%bt%&é%mfﬂ—szﬁwgﬁtﬁﬁﬁﬁrﬁﬁé%#éﬁﬁ’%ﬁb;%
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ZDRERPN— R 27 DEHIZH DN, HDWIE, BEHFEEIC %ﬁé%ﬁbié%
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AIWFETIE, TNETEREINTILR ok, Y=L ADHRHANSEHI 127, ¥
— MABDZREETENEL LT Y TV — REES -V AV AT LADHEFiE
BRET L, BEFHERBRHEDOT Y 7V — RERH - AV AT LAIE, RIEDOX
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BEIECZOWEER TS5 4 7V A 2N A Ty a v (EFHE), BEHROERTE,
EFOHEE ON— RV 7OHEY —REA L), N—RUz7OEHFEK (LHELREF
AEARE), SHARTHATREZIZ NS, BEARLREERmEERL, BREFEE
BT OEFREBRBEIIEVT, 2N 28N 500 FFECEREREXEFEE
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R EHAESDOEET—EADHFIZEVTHEMMENH L. Ty 77— RELE Y —
CAY AT LTI, BEOHBY—C AL HEBELTLY) REMICE > THEE L HRDZ
ERHY, ZOY—EADRBEABIZENT, 1 ) RX—=2 3 UBFEEL, LBIIDOEEMN
LN BT A IEANH D, Y— R N— R 2 7 2EBICEEL 2% 52T~
BE, "Rz T7DOBXMZIIRHETH S LRI, BEHAETHDI LKL
IN— R = 7HEERE RBAREENE. — AT, DEELZ&FHIBWTIE, y—E A
DERGFHRFIIN—RU 2 7DEXMZI2BEL, TOEBEIBZIIIHISTE S L5 RHIKD
FTECHARMERIA NPEBERMEEHTLII LT, 1/ RX—Ya UNKELZKIZ,
TS TR Z e AREL b, TRbhL, EE-—ADHREERELRLE LT Y T
TV — REIRY—EZADHREHIBWTERTH 5.

INERCEUENISTJSI) v Consumer segment
of customer lifestyle v Consumer lifestyle

. Definition of providing service ; Essggge of ne'eds&& dits)satisfaction
Service and service component roviding service & sub service
design v Service component

: » Tangible asset: product & part

invalid > Intangible asset: sub service

Pre-verification of validity

of designing service v Stakeholder

v' Leverage point

............................................................................................ Research
B e e e e e L e L L L A L L L L L LA L : r— area

Evaluation of lifecycle option Component’s lifecycle option

adaptability of service component Parameter of evaluation variables :

Planning service providing
period and upgrade cycle

Upgrade provision way
Upgrade cycle
Necessary generation

Provision :
planning :

AN

invalid

Verification of validity
of obtained plan

valid

Hardware
design

Service i
management

Fig 4.10 Design procedure of proposed upgradable product service system design
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AEITIX, BEFEOTO L AZHETS. X4.1112 [BEES A1 7 AXAIIVOHEE,
BE] 7ot ABFH T 0 A2 RT. BEFETIE, DICRETEIV—ER
DELEETOIN, 7Yy 77V —RERS—EC AV AT LOENEEAS L, RO
FPAETINEYERBICE -S> THESE (LY —N) BRIFANZVWEELY—E AT
HBZENEENDS. TD-DIZIE, BRI —EANL Y —NDT A 7 ARAIVZERE
ITEEL, TOZRMITHRURAS XV REIZTEIIENBRETHD. §480L, ¥—
VADREEIZBNTIE, LY—NDISA TARAINET Vv ir—  NETHRE, BTS2
EMBETHS. —HT, LY—NRDI5A4 T7ARAINVIILTELRHETH R0, AENE
LBV Y—NERDAD I ENBEENR) — RZ A LATREZITOZDIZLETH
5. TDED, BEFETIIEMRY —ELADT—TE2FOEEL, TOT—<I/K-T
VY—N2E/ET D, Y—EAT—IDHREIZEVTIE, FHEFEIEITONA INFO®
BT T4 VYEDY Y —AR, BIZERLUTVWOERZITETLI I LANETHS.
BIZIE, ASR—b 74 VDA=HTHNE, ThFEFTOEBFERIZEEL 2V —L 2%
HEL, TOMAZEEZ2Y—ECADLY—NE LUTEETEZIENFRETHY, AX—h
T4V eERTEIEDIATARANET/ETS. BFRHIZE>T, 4 T7AZAINTHE
ETHANRY MOHEEIRELRS 2D, HABITHRABEONEICEREILILENH S, X
=y, VY—=NDEEIZEWTIE, =T T4 VITRE®, BEDY—EAFKFTTHWS
NBRVYFETINEMFERTEI LT, FHHEFATHAL 2L Y —NDOEKK LAY
R, HETHIENAEETH D LRI, T—FHREADREEL2RA EXES Z LA

BETH5B.
Service theme assumption

provider’s product
provider’s resources

A\ 4

Estimation of service receiver

+ Consumer segment

Method
L > Questionnaires
> Persona model

A\ 4

Detailing receiver’s lifestyle

+ Daily lifestyle
+ Monthly lifestyle
¥ « Yearly lifestyle

Fig. 4.11 Sub-process of “Investigation and supposition of customer lifestyle” stage
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B 4.12 12 TREY —CAB IV —EABREROHE] T AIZBII58 770
Y AERY. LY—=NDIA TAZAINVDRFEDEKE, TORFENS LY —N\hHE<
==X, REOME 24T 5. HEDOFEL UTT v — MDOEHX, KI E(IIEH, 1970),
I 2D v MEEEM, 20000 EFHTHS. BRI, ZhSDFEERNTLY—N
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LEABETHD. ;.0)1‘/36/20)?33& IZBWTIE, 7Y v RiEE2AWT, =—X
ORED ENE&E A VA2 —FT B WEMEFETH 5.

Z—ARTHDL Y & v A g, REHEMTRETLI Y- Y ADEREETS. 7
LA YA R—3 YT (Brownetal,2002)I2FR X N5 EHEREY, ¥ M) 7 RAEOA X
R—YDF v 7 A N(Felder, 1988)D & 5 7 5& ] #E 8%, Pugh Concept Evaluation(Pugh,
19D —E ADRBEEZE, 3612, TOV—C AR SFEMRELOY 7Y —L
ADFAE, FERI ﬁ%&%ﬁf%é I6IC, TOV—ERIME LU TREINEER
DY —ERAIAVR—F3 Y N THIEMPZDERmOERE EELOFETHEL, S
#ri% (Analytic Hlerarchy Process: AHP) (Mathivathanan, 2017)X° i B F4EEER (Quality
Functional Deployment' QFD) (Yazdanietal., 2017)2 FHVTRVIAAEEMRL, RIS
P—E2a2VKR—2V NERETS.
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» Monthly lifestyle
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Analyzing need and
dissatisfaction Method
. o . » Questionnaire
| Needs & dissatisfaction > Affinity diagram (KJ method)
Extracting essence of » Evaluation grid method
need and dissatisfaction

* Essence of needs &
dissatisfaction

Service determination Method

» Free association method
» Forced association method
» Pugh concept evaluation

» Providing service —
Detailing service

* Providing sub-service

Determination of
service component
* Service component —
» Tangible asset: product & part
» Intangible asset: sub-service

Method
» Analytic Hierarchy Process: AHP

From “Analyzing » Quality Functional Deployment: QFD

loops”

Fig. 4.12 Sub-process of “Definition of providing service and service component” stage
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4.5 3R Y — EXFRAEOMEARREE

H4w’F%f%~Exﬁ%%@@%@ﬁj7mﬁzuﬁwéﬁ77mﬁ2%%?.
B -2, ¥—E 22V KR—2 Y bORERE, TOV—VYRAE2EHTL ETKRE
CIRBAT—I HRIVEDFENEL %ﬁ5 AT —7FHIVAIL, —E2DTanN1 X,
BETHDILY—N, BEOEEDA =70, BEPAVFVF VR, VYT TV—FR
2ITHOEE, MECVREZTIEEY, EEBHEORREZEIEENEELDS. Th
SDAT— 27 RIIVETRIIE T SMEXME, SEOFMNEIEEY 5201, BEEMEE
$HHr (Customer Value Chain Analysis: CVCA) %#1T75. CVCA & AT — 27 BV X DA
BLZDiNEry NT—IRTREL, £8OWHE, 7V —02FNTHIIHIGL -
B TERT Z L THIIT 5 (Donaldson et al., 2006). X 4.14 IZEHFAIGERAY— N7 4~
DEFEY —EAIZEIT S CVCA DI ZRT. K414 IZ8WT, ATF—27FRNVAIE, ¥
—UEATONA X THDBEE%EE (Mobile Network Operator: MNO, & %\ M Mobile
Virtual Network Operator: MVNO), BAER TH D LV —/N, AX— 7+ VDELEE, ZD
N=YDELEH, BHEs, BHEESE, FRELTEBRINTEY, ThThDAT—
7 RIIVEE TR T 2 880K BRENDAY— 74V, Y—VY R, &, BHK 7L
— ADBHEMINTEY, BEHEBIIAT—IHRVAEORY VT =7 2L, BRIZFD
AR 2T 5 Z ENABETH . BB DEFE I — T (Sterman, 2000)DVERLIZER L
T, IV—TROEREE ATEERIRY BB 572012, —EBDOAT—27 RKIVEDHHE, £
WEERTS. 414 DFNZENTIE, AR—b 740 08EE L X—YDEIEE% |
REFELUTHEL, EFEFELBHEERZ 2REEL U THEET>TWA.

» Service component

Back Preparation of
» ac .t(.) service stakeholders
Detailing

ailin Method
service . B
i Stakeholders » Customer Value Chain

\ 4

Definition of the relationship Analysis: CVCA
among stakeholders _
» Stakeholders
l- Information flow

Creating causal
loop diagram
» Causal loops | Method

_Conf.irr.n ¥ > Causal Loop
invalidity Diagram: CLD

Analyzing
loops

+ Consumer segment
* Providing service
» Service component

Confirm validity

Fig. 4.13 Sub-process of “Pre-verification of validity of designing service” stage
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RM : Money
S :Service
P : Phone (Normal condition)
P(B): Phone (Broken)
P(R): Phone (Repaired)
P(U): Phone (Upgraded)
PU) Pr : Parts
# : Information
| . Complaints

Pr Upgrader

m RM, #
Br P Service Provider P S
\ — (MNO/MVNO \
Manufacturer

RM, ! '\B% Receiver
(User

-

RM, ! )
Pr /
RM, #

RM Compan
=
Company

P(B)

Primary company
Secondary company

Fig. 4.14 Relationship among stakeholders in upgradable smartphone service

CVCA DEREE, RETT 28 MY —E ADERN, ZFUMOEMWNRKREE, BT~
Y R— MABODOREICB T 2EES BB T 52017, BAT— 7 HRIVEDHRSR
BT EREN—THE2ERT S, RELV—THE, SHNE2TRICOEL, M
DEREDEHEBEASNITEII LT, YVATLARNIZEEND 71— KNy IS
AT B20D, RIADHY —IVTHb. RRERERKITDIV V7L T — KNy
BEZRHATIN—FIE-oTREIN, VU270, EORRY V7 LEORRY v
IMWEET D, EORRY 7 Lid, 2 0D0ZBENZENTIENDH 5D BEHEMNEU
THDLIREL, BEANENLZGE8ICEH B EEINL, »D, BHANBDSL A
BEIIEHRBORBALTIEREEKRTS. $4b05, ZHA LZH B HMREUAMIZE)
<ERMETHD. BEOREY V7L, 2 20ZBEIZECTIENDH 5 5 MHE
UCTHhdEREL, BEAMENMUAZBEIZERB NEADL, D, BEA»EDSL
B EIIEH BIMENTSEMREERTS. T4bb, THA LEH B NHEHRAIZE)
CERMETHE. ERBINV—TIZBEIT2EDERY) V7D EER L, B THNIZ,
H 2@ tE L — 7 (R: Reinforcing loop), T TH X, /NF > AL —7 (B: Balancing
loop) & UTHEZITHIH, KMFETIE, FRAEEICETIHAATH HRE, Mg,
FIZs, BEEBREDBEANSEHRIN—TRIOZEHEHEL, ThOoDRRERBRK, 714 —F
Ny ZEEEHOMNIT DI, FAT =7 HRVAIIBITREN—TREERT 5.
H (LR — TR I NZEE, Y- ADERIZE > TZDN—TNAT— Ik
WEIZBWTIFE LWAR GREEROERCHEDOENE) ICERTL I L 2EKY
5720, RATEIY—UECANRNZDAT—IHRNVEIZHUTHEYUTHEEDEHET 5.
— /T, NG VARBODV—TINEHETBHEIE, TOREBN—THADLVNNL Y VRSV b
2RAL, TNE2EHYA 7003 R— MIEDOREICTEITIEER L UTEET 5.
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RIZ, ZDUNLV Y IRA Y NORENEF YA 7 I)V0HR— MABORRER ICHE#T
H5LHWLUEBEE, Y—EADEBEOAT =7 RIVEDODREL 217\, BEREIL
— TR X BRIEZITS. K 4.15 LK 4.16 ICEFARER AT — N7 4 v OEFEY—
2IZBF B3 —EATaNS ZFOREN— TR L EBRETDOREN—THOH 2 & %
RY. B4151280WTC, BEEHRELHBIZEAT V-7, EEHE LY — A REIZHE
TEIN—T, BREELARIIETILV-TD3I >OREN—THEEL, 2 TCEHDHA
fEEIN—FTHdIENHERTEXD. Thbb, &I —LRIL, FanNs Zof
RICBWTEHTH RNV LI AIETH . —FH T, X 4.16 DEREFEDIV
— 7%, BEAEREEREEOFIRIETIN T, AX—b 74 VORBELEBES
HOFZEIZETEN—TD 2 DODNT VAR —TNEET S, Zhik, AX—K~7#
Y OEEMEIZE > THESENEA U, SEABROETIZES BEEZDFEETO
Bhddhzd e, FEMEIZL > THRERSEANDZENED U, RERSEOFZEHN
BADTERNDNHD L 2RT. ZOHE, FIZIFBEL ZHEEBP LN v VRS
YR UTHMERETH Y, 2EDY—EAIIBWT, WMEOEHEREZRIFDZZ LT
BHEEDEBR 2T TR, Y-V RAIGEREZEE IR LT, BBREEA
DERHMOMFE 22X W 7 Tu—F 2 H\ 5.

Receiver’s
satisfaction

Service - Review
quality

Receiver’s

expenses Contract
Stakeholders’ R1
competition R2

Service price Serv_ice
- provider’s sales Phone sales
\ Service
Service provider’s profit
choice
Investment
(service provider) @
Stakeholders’ R1 : Satisfaction & expenses loop
Investment profit R2 : Satisfaction & service quality loop
(stakeholders) R3 : Satisfaction & stakeholders’ profit loop

Fig. 4.15 Service provider’s CLD in upgradable smartphone service

39



Receiver’'s
satisfaction \;’
-
Receiver’s
expenses
R1

Insurance price
-_—

company’s profit

Repair price G @/

Repair

Review

\,*

: Satisfaction & insurance price loop

: Satisfaction & insurance price & repair company’s profit loop
: Repair order & insurance company’s profit loop
: Phone quality & repair company'’s profit loop

: Satisfaction & insurance price & phone manufacturer’s profit loop

+ Phone sales
Contract /

(Service) \ +

Phone
manufacturer s profit

Contract
(Insurance)

\ Insurance +/

company'’s profit

Broken
phones

\

Phone quality

Investment

(phone manufacturer)
Repalr /
order

Fig. 4.16 Insurance company’s CLD in upgradable smartphone service
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454 —ERBRERDSA IHAIOILLA T a o DEFE

A THA NI Ty a v OFEFEIL 42 HiTRUZEITHETREINT VS,
LUFD 4 DORBERIIHTIG U - S IEDERNBETH S, 1 DBIFEHOERZHR
EHNZAWAZFHETH Y, ZOFHIHIIHE LR ADVNE U L AL IEDHEILTHS.
2 DEIRNREFENCERT D2 REEEANDNRTH D, T4 791 7)IVATYa Vg,
Vv TV — RBIFOE | iHRFEAIETRICHO THEAIND A, FHiiEARIZE 1 it
ROBETFITOMBRENRH B, 205, [FROFHEIZX M REDFHEELRFHRDE &
THo>TEHAEZTO ZENTEXBZUNA MEPREL I N5, 3 DBIXSHRLBERED
EROERIIHIG U2 T TV A INA T a VORETH S, Y —EY ADMH EIZFAIS
THEPZTOWRET Y 77V — RN§BHBI, Y—CABICERIEEOTY I 7L —
RERR 2 RE LGS, BHROEET O ADHE, BENEME L5805 5. T
BRHhH, | EEORBESETEHRERIIHISAETH I ENEFN, TOERER
WHEETH D Z e NERINDG. 4DBIE, FHMEAEDOEEITHS. HlIZIE, 7y 7
TV — RDBEFHDEBEE FOREL, TNENDITA THA I INA TV a v EBEBRHL X
BROYF U AMNS, FMRARDOEEZ SR T 5 AIEEERM, 20172 AW-54,
DREEMNE LY 2 EeMEILH S0, FHUIICE T SR, BEROMBEPT A 71 I
Z 7T a v OBIZHEIUTHEAL, FMEEDEE L REAREMENH B, F/-, EHLETE
i ADERI, FHMEERICLSHREY — &A1 AOEMEFIZLY, y—L2 70
NA ZEDEABMEHI SHEEMEND B 728D, —MRINERETEY 7 NETHETRER,
EERHETCIMEMETH D I eFE LW, T2 T, KFETIE, FLVIHMEFEZ
BEL, 777V —NEEY—E AV AT LADHRFFFIEIEET 5. BETI5HOF
HBiE, BESATHAINATY a v OBEEUEEFHET LA T A INA TV a ViE
EMHFHIFERE (Lifecycle option Adaptability evaluation Indicator: L4I) (LM, 2017)%#
BOBEL AV FOEMIIWNETE D LS ITHRUE, ESA 7Y A I IVA TV 3
ViEES M EHMmEE (Revised Lifecycle Option Adaptability Evaluation Indicator: RLAI) & Z D
FBIEENSBHINE A 7Y A 2NV A TV a VEEE (Lifecycle Option Adaptability:
LOA) 12L& > THERIN.

— AT, Y—CADREERIIEVT, BEFPA YTV A% 5 BEOHMRH A
ILEBRINEGEIE, REBELERTOILERRL, ROTOLATHETF—EL AR
WHEAR E BBV A JIVDBRELITI ZENAIRETH 5.

REBEZEDBEME LU

ARIETIE, BROBEEREBEL-T71 7Y I7NVA Ty a VEEWIHMEEZE L.,
ZTOFHMEERFIE LR TS, BEBEIIERD LA 2IERTHEDTHY, ZTDEETE
IfRRICEAM T 2175 2L T, BRLABEEZEOEMORKZITS. £/, MRFHENI
PES TRESEMICNINT 5728, FHlIZHW 2 EHE % #HFETFEB L ORE 2TV,
#HFAEZ AW CEHMEi 2175 . FMERERIE, BETE7y 77V — FRET—E A2 ER
TE5ET, BFRTOINIHAECTIY N T7A—LeTEIRIHFEEZHWTL2EDTH 5.
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HIESA 72HA VLA T 3 VEEETMmIEE

X (44) TRETIMHETA 7Y A INATY a VEESMFHEEE (*LAL Revised
Lifecycle Option Adaptability Evaluation Indicator) %/R79. I (4.4) IZHWVT, &Y —t
2AaAVR—=32V b (BEPZOEHS, EVa—) &RU, XS4 T4 INVETY
aVERY. X617, sIFNRLTIEEL T AV MEBWKT S, LANIZTDEART
HdFATHAINATY a v EEMEFTFMIERE (LAL Lifecycle Option Adaptability
Evaluation Indicator) (Zxf U T, {EISGHZEEIEEL (RAE: Range Adjustment Exponent) % 23
UBEE UTERIND. LAl & RAE &R (4.5) BLUR (46) IZZhTiuRd. X

(45) IZBWT, jITEKRRFMEZE (LBV: Larger-is-Better Variable) DEX, k IXE/NEFMH:
Z#8 (SBV: Smaller-is-Better Variable) D%, p,lL, 7 AV b s IZE1T 2 5l R EE
R TEIEEEEZRL, HMEGARERTHD LBV & SBVIF 0 LV KRXWMEL LT
EETDH. AFETE, ZOEZEEp 2ZEOILT, ELOBELI AV FOER
RRILT D, £/2, RAEIL, ENEHIN LA ODRKETHY, EREZ2LEELE
HEHTHAS.

RLAL;, = LAIRA®! (4.4)

ils

n_ L BYE
JE1TT Y (4.5)

LAl = —————
ils l_[';Z;lSBVi,IZSk

RAE; = 108max(rary,) 2 (4.6)

REEETIE, FMEOREMELZBET S/-012, AR U - IHMEE S OEEEDIZELELL
21795, BoNnAEROHFEOHREEZEEL, X (4.7) 2HVTLY—ERI VR
— 2V MOFHER R A OHFEEDOHREDFIEE 1 T2 L5112, KFY—LRaY
R—2 v NOHHEELZZEEAL TS, XN (47) ITBWT, NEV IFY—EAIVER—3V
N i OEEALINZFMEREDER, EV: IV —ERAIVER—322 b i DFHERSRDE
B, cldV—CRAaVKR—FV NOREER42RY. £/, K417 ITEEACOBIIRK %
RY. Z OB, FHMEREDOBEN T A T A I IVA T a ik > TEDEF (B
BUENWLERIEENE/NFMED) WERD-80, TOEBEDOEEY a—IVDOEEEEE
WL LTI1IZT5. HlzlE, HBREY 2 —IVOEENAL ZIHERSDOTEMENET 1D
BE, B CDIA 7Y A I NATY a VESGHEOTHEEIZ 1 &78Y, TOEY 2 —IVIE,
EDTATHAIIINATYa VIZEBEBRTES=a— b INRRETHD I L ERT.

c -1
1
NEV; = EV; X {ZZ Median(EVi)} (4.7)
i=1

N (4.7) EAWEEENE, 2TOY—ER3VHR—% Y b OISR EHEN S,
THODHREEZHEL, TOFRIEN1 725 &5 ITEEMTS. ZOFETIE, FF
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fiEDOY—C A3V R—3 > NETHMWRESE REAETH M, VI I T
D &S ICEERDORIBEEREDEH SRR EILOER®, NV AV RREDHEESN
DEHIZ, —HOWBRHICEF U THRETLIYHEICEAL TIX, BBMPRETHS. Hlx
X, FEONESRISMFERARFICREERELRETL I LIRS, TOEIZ 0 &1 5.
Tibhb, FHBOBREERENE/MIEDOEER L UTHEINEIGEE, LA LA D
EIXER L 2, ZOFMBEIIRBEY THDELEZONS. DX, ZDLIREH%
FAWTEME 2175 5A1L, EEMIIERTTIC, 205, EYVa— Lo TRET
ZEEOEARER S, T4bb, FMENEDEHRE, EYVa— k> TEUSHE?2
HROFBEELFOFHL, TOREELE I HROBEELDOHEAVD LT, &
BIEOE#EZ1TS. FROAEHLRZOBEIE, F1#K, F2HARNSFOREETIFEE
ThHd7-H, BT L U TEETX 5.

AR R B BOIEELDERERE, K71 7V A ZNA T a VTR U TR A EREM
EENFEDERICHFEL, EREMEEHIEIZN (4.5) DT, B/NFEEHIEIXS
BIZRALUCHESH2EE TS, £/, L4 OFEIFFTHERSESEENRHETS Z & T,
FMBDOEEMEN 1 LEFEIN, 0 LV AXL 1 REDHEILESEIMELS, 1 LV KX
WIEESILEAMENE VVIREEZBKRT S, ZhIHMEEEM L S@EA M 2R IHEEDE
BNERBZILE2EBRT S, TD/D, RAE % LAIIZRETDH LT, ThThDIA
THALINA T a BT, BWVEEME RITIEEEORAESL 2 IZHIEL TWNA
DIEHDZESE 1 IZHIET 5. X 4.18 12 RAE IZ X 5 LAI DIESZEALOBIEN % R .

Average: 36.9 ¢ :Median
Module 1 o
Module 2 o
i
Mode 3 e i
Module 4 o
Module 5 B &
Module 6 e
o 10 20 3 4 s e 70 Average: 1
Original parameter of evaluation variable: EV i
Module 1 i o
i
Normalization Module 2 R
by eq. (4.7) Module 3 —
H
# Module 4 o E
Module 5 e
H
Module 6 :—
0.00 0.50 1.;)0 1.50 2.00

Normalized parameter of evaluation variable: NEV

Fig. 4.17 Schematic of the parameter normalization process of evaluation variable
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Fig. 4.18 Schematic of the parameter revision in LAl (Laptop module case)

- BEEEZRAVETEEIOER  SA TSI T 3 U DER
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W, EYVa—) I UTERINS. @wk,ﬁmQﬂ2t15747ﬁ4awﬁ
TavEBETSH. Jhik YL ADOTONS ENEFDOY AT ABRICETSHEE
HREICKEFET 5. B2, 7DA4&%ZT—7mw&#ﬁﬁ&E$=W%ﬁ?éaé
&, V=277 27F %)V ITDERNPAIEETH 570, RIENEATIELRVEEIE, Y
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+ Consumer segment
» Providing service
+ Service component

Preparation of target service component
» Evaluation target component

Selection of lifecycle option for evaluation

» Evaluation target lifecycle option

Preparation of evaluation variables Method
» Parameter of evaluation variables |_ » LCA
: » LCC
Setting consumer segment and
o : . » AHP
priority of evaluation variables _
 Priority of evaluation variables
Calculation of evaluation index
Method
* Results of RLA/ & LOA — 3 RLA
Determination of lifecycle option > LOA

+ Component’s lifecycle option
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Fig. 4.19 Sub-process of “Evaluation of lifecycle option adaptability of service component”

stage
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REEEZEZAVEIEME IO LR  SHEEAEHOE

FENED S A 7Y IIA TV ay DRERIE, FHMEREROEREITD. KITHE
IZEVT, FHMIRAIIEEROIREAEMEX I A N, HEPOETY 2 —ILOYIEE a1
EFMRENAVONTVS, ZThSDFHMERRICIAT, ¥y¥—E22VR—% 2V bD
FHARCEERDOEREATEX IA N, X617, #fHY—VLAI/HTEZY—EL AT VR
— 2V NOBEBESNTMMOELA L UTHAVS I ENTRTH S, T4bb, TiRA
I, L UTERE, &%, GFEE, BERED 4 DDBRICKININSG. HEHEIE
IhSDFMERE LY, BETLIHET - ADOEMIIKE > THEYNSGERL, FMNE
DY —CRAAVR—3 Y MBEILKFTAERRE RO FHEE AR T 5. TR S O FH &
DFEIZEVTIL, BEOBEDCEEPLHR 2EER L THREEZITOILENDH DD, BF
DT —ZADPEE UGS, BT IV R—2 2 NOBEBNSHRIL, REET.
X 61T, TOFMEREREBOLERRE, BNFEDOIRELZITHIN, TOREIL, it
FTRIEBY—EADYF ) AIMEETS. HIZIE, BRDOVI=aT777F vV 0%
HETIHEE, TOHREBEETIBROBEERRAZEDEISIZL->T, BEATRED
ERENFUENET D, T0hH, BEEFRBEAENDLWVEGEEIX, FTREFERRAN
%7257, TOMHOEERDREAMEIIE/MFEREL R0, HFDHEIL,
BIERICHRERE S DB TAMENIR a7 77 F ¥y )V ITINERETH
5LEZ25-0, EXEERERS. DX, BV AOHREIEHMEE LV #ETIZ T
5 DIEBE RIS TITOREND S.

REEZZHAVFTMIO0ER . BEEIT AL FOKRE, MBSO EHF(T
452 HTHREL ULV Y—NDEHRNS, RFFTI2V—LADEELIAV L E
DHEEFZREL, BT/ AV NBILKRFTHMAERODEEE 2R ET . T AV MOFREIC
BWTIE, 75AX—DHNERRFETHS. FHMEESOEEEL, I A Y MNEIZ
BEL, TORFEIZEWTIE, AHP THWONS —WHBENERRFIETH 5. T D&,
FMBDEEELFRET S22, THIHRSEBDOELENEITS.

REBEZZAVEEEIOER . BEENEY, SAI7HAILF T avDRE
EEADEREIZREY AT VR MIXHLUTIA 7Y INVA TV ay
BOD RLAI DEET 3. BREABIIIDOFAEEZBRE L/ AV bMETIZHLTITS. B
420 IZEHMEFS R OB % RT. RLAI DFERNS, BREIa—NDIA THAINA T 3
VEDHEEE (LOA: Lifecycle Option Adaptability) &EH 35, N (4.8) ITHEEE Lo4
DEEREZRT. L04 1%, RLAI DEESIZE T2 EEME 1 DL EDEROEIE 2 BT
5. 12720, RLAI OF/IMENEEE 1 L) ERKIWGEE, Lo4 DEITEEEDRKET
HB1 R, RLATOEN 1 RKFETHD X%, HEEIZLEETD. HRRWLES
FE LOA7a DEHIL, 2T AV MOBEIZIGU/ZEMA Sc 28T AV D LOA ITFEE
U, ThozMELTEHTS. R (4.9) IZFOEEREZRT. /2, X420 FEHic2
DD T AV ND RLAT DFERN S B LOApw B HET 2D 710X A DL
BRT. X6, SATHA VATV a VOREIZBWTIE, BEE LOAnw %R
UESATHAINATYa v BIRTE5I 8, LOAma D TRIEZZHEL TE2ITD.
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Bl Z 1XK] 420 FTEIZEWT, LOAnm D TFIRMEZ 0.70 LFRELHE, EYVa—I2,

6,

Adaptability Segment 1

9, 10 DADNHERERINZIEDE L THIMT 5.

- ILWZ;C(LAI%_ zAI Max(LAL) = 1, Min(LAl,,) < 1
LOA; = ax(LAlys) _1 in(LAlys) Min(LAIL;) > 1 (4.8)
0 Max(LAI;;) < 1

LOArorq = z Scg X LOA, (4.9)
2 2
18 1.8
1.6 1.6

_'I_'hreshold

o o
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=
= (2]
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o - -
(o] - N S
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_
.
.
Adaptability Segment 2
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0 0
N9 o © A & o N T N S S G SR
< < < < < < < < Q N
F & PSS S S P o o S o S S S e
RCERCRC AR SR F PP
Modules
M M2 M3 M4 M5 Me M7 M8 M9 M0
LOAseg 1 (70% of Receiver) 012 100 059 000 080 087 015 000 100 100
LOAseg 2(30% of Receiver) 041 084 076 051 000 072 067 011 100 020
LOArou (0.7 X LOAseg, 1#0.3XLOAsegz) 021 095 064 015 056 083 031 003 100 076

Fig. 4.20 Derivation process of LOA o from XLAI

46
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FA TV A IINF T a3y DFEEMEIEIERLAI L EEE LOA M SHBr I n/=&Y—1
AAVR=F2V I NDIATHAIINA T a v ORERIIY— Y AR L By
A 7INVDEEZEITS. ZOFETOX AL, SODOY 77O ATERINTEY, X
42112 T — U AIRMEAR L BV 1 7V OEE] Tav A28l 3Y 77 av A &R
7.

FOIZ, 454 HCRELU Y —VCAAVR—XV MNDIA T A INFTVarn
Bz EIL, EHNBEOIVR—2 Y NOEBEHE, ®fFEE2{T5. 22T, BHNROIA
THAINATY a VDM E2BRNE LYY 77V — RSO 7912
WATYarvDARR6T, VR=a 77 I7F vy VIR Y Ty Va, YRY (XY
TFUVR) BEL. TRHLL, R21IIRULAEFAIZVAIINVA TV avDRN, V)—
AeT v T4 TUNAPRETONR LS.

2FBIZ, TNEFNDY—EAIAVR—F Y NOEFREHMFERERET D, [ERIFE
IZBWT, ZOFEZHMT L FEITREINTOARW D, RIFETIE, REFEDOE
FFEROBRARERZIETLIZODOFHELLUTCTY TV —REEBRET N 7 A
(Upgrade Way Decision Matrix: Up-WDM) (Yamada etal., 2018)%* 89 %. Up-WDM D
EES R SN S

3ZBHIZ, EEY—CRAVER—FXV MDA THA NV FIVAEEEL, TA K
PHRBANENDREFE2EE TS5, KFETIE, BE, ¥, HBEDIEDFRAR
MEERT L0, RREAM, S8, Kl (BHE) 2EKBICERTLSI—EX
RAEAR, BV A VI ERETDE-H, TNoDFR2EHE, BT 5.

4 ZBICETERBRICB I S ERERERETS/-20DIZ, HBEEEOLI X ZETIVD
BEEFTH. TOLIVFXIAETIVOHREIZENTIE, BETEZH—EXaVR—F Vb
DEFEDRGHEEHETS. FliE, a—Tv heRZ2IAVE—F V"NV =L L
TIELRFEINTWBIEE, XitT567 v 77— REFI—LRIE, ZDV—ADY
VARAETNEHEBELTEY, RREAR, S, Kig (KEE) 2RRICERT
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» Component’s lifecycle option
« Parameter of evaluation variables
A

Preparation of upgrade target :l__ Method

_ > RLAI
service component > LOA

l Upgrade target component

Determination of upgrade way Method
of each upgrade target » Upgrade Way
« Upgrade provision wa L Decision Matrix:
v P9 P y Up-WDM
Understanding the generation sources of cost > LCA
and environmental loads in target’s lifecycle | > LCC

+ Design variables for planning

\ 4

Definition of comparison criteria for the definition

of requirement and obtainment of design solution

» Design variables for planning p— l\>/leg1sog Method

Applying requirements and design variables

to multi-objective optimization method

+ Upgrade provision way
From “Verification of » Upgrade cycle

validity of obtained plan” v * Necessary generation

Fig. 4.21 Sub-process of “Planning service providing period and upgrade cycle” stage
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Provider

(ii) User-s upgrade
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(iif) User-b upgrade

ﬁ

e et
. Use Use Use
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Provider Serviceman Dispose / Recycle Dispose / Recycle

(iv) Serviceman upgrade

Fig. 4.22 Service component (product and part) flow in each upgrade way
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Up-WDM IZEHHEZDY—C ATV R—F Y M1 D120 ULT, LEDIEHD
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5. FIOIZ, EEHNEDIAVR—F Y ML, Vv 7L —REERICHIEL = 4 5K
FDONRT MVeEREL, ETORSTIZ02RATEH.RIZKR42DY M) I RS,
BRI LD 3 REDBEENETS. HlIXIE, 7Y 77— RMEZIZET MM
High D54, & 4.2 & V) (Send-back, User-s, User-b, Serviceman) = (High, Low, Low, Middle)
ThHhd-0, BHEARZIVE—22 ORI MU (1,-1,-1,0) 2IETS. —5T,
ERINLBEMMNFREDGE, BEHNEIVAR—F Y bDOXZ MLIZ (0, 0, 0, 1)
ENET 5. ZOBAMITE IEHETY, REABIPIEVVENELYTEITY STV —
RAEEEZMETS. X423 12 Up-WDM 2HW=A37 )V ZDHIERT. ZDHE,
RO @A X Send-back Tdh 5 728, Send-back upgrade HER I NS,

Table 4.2 Upgrade way decision matrix: Up-WDM

Criterion "\, Upgrade way Send-back  User-s User-b  Serviceman
Necessary technique High Low Low Middle
Influence on receiver’s life or work by ) ) )
upgrade-operation time Low Middle Middle High
Weight of entire product Light Heavy Heavy Middle
Weight of target part Middle Light Light Heavy
Size of entire product Small Large Large Large
Size of target part Large Small Small Middle
Reusability of exchanged part High Low High High
Disposal cost occurrence of exchanged part Yes No Yes Yes
Inclusion of hazardous substance in Yes No No Yes

exchanged part

50



Evaluation Criterion Characteristics Send-back User-s User-b Serviceman

* Necessary technique High Score 1 -1 -1 0
+ Influence on receiver’s life or work by
e Low 1 0 0 -1
upgrade-operation time ]
» Weight of entire product Middle Scoring 0 0 0 1
»  Weight of target part Light 1 0 0 0
+ Size of entire product Small 1 -1 -1 -1
+ Size of target part Middle 0 0 0 1
» Reusability of exchanged part High 1 -1 1 1
+ Disposal cost occurrence of
Yes 1 -1 1 1

exchanged part
 Inclusion of hazardous substance in
No -1 1 1 -1
exchanged part

Result 5 -3 1 1
Recommended
upgrade way

Fig. 4.23 Scoring by Up-WDM and decision process of upgrade way
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Fig. 4.24 1deal relationship between product price, cost, and profit (Yamada et al., 2016)
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Fig. 4.25 Ideal relationship in environmental load
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Fig. 5.2 CLD of upgradable laptop service provider
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Table 5.1 Characteristics of evaluation variables and evaluation indicators

Lifecycle  Higher is Lower is Indicator Indicator
option better better Segment S» Segment S,
Env. Load
e C n% Cni1'73
RFup Contribution  Cost LAIRgy,s,i = m LAlRpy,s,i = ELY78 X CtO78 X DL}
Durable life
Env. Load Contribution EL} x Ct} ELY7® x Ct?7°
RM LAI == LAI =
Cost Durable life LT Cnt x DL MMt Cnl 73 X DL
Env. Load
o EL} x Ct} x DL} ELY7¢ x Ct?7¢ x DL}
LL Cost Contribution LAl 15,; = B wa— LALys,: = 73
' i
Durable life L

[0.2, 1] [0.1, 0.3] [0.1, 9]

[0.3, 3] [0.1,0.3] [0.2, 9]

1 [0.2,1 [0.3,1]

[1, 5] 1 [1,9]

1,3] [0.1,1 1

[0.1, 0.3][0.1, 0.3][0.2, 0.3]

[0.3,1] [0.1,3] [0.1,7]

[0.3, 1] [0.2, 0.3] [0.2, 3]

[0.2, 0.3][0.1, 0.2][0.2, 0.3]

Fig. 5.4 AHP result of user demand’s contribution for laptop’s usability
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User Demand

Product Function

T
5 = = B = 3 .§ -
= o S i o S 9 4 2 g =
- g g 2 3 Z £ = = 5 5
= g © o 8 2 = 2 = 8§ 2 e
£ £ ) g 3 @ 2 8 = o 52 £
5 I © 2 @ @ = = o0 =
2 & 5 = e Q 153 o O g o a
= = [} = O <] 3 <
§ %) = 8 = o o
Fast Activation  [0.3, 2.4] 9 3 9 9 3
Record many data [0.5, 1.7] 9 3
Visibility of LCD  [1.3, 1.7] 9 3
Fast Behavior  [2.2, 4.9] 9 3 9 9 1 1 1
Energy saving  [0.5, 3.0] 1 3 3 9 3
Highly portability [0.3, 1.4] 9 1 1 9
User-friendliness [0.8, 1.7] 9 3 1 3 9 9 1 3 3 1 3
Tough [0.5,1.4] 9 3 1
Low heat generation [0.3, 0.5] 1 3 9 3 1 9 1

Contribution (Function)  [37.2, 77.9] [6.9, 19.9] [9.0, 23.1] [29.5, 70.0][28.1, 37.6][46.5, 82.1][11.7, 33.0][12.4, 23.8][10.8, 22.0][12.7, 20.6][11.9, 20.2]

Fig. 5.5 Translation of contribution for laptop’s usability from user demand’s to product

Product Function

function
Module
5= g 2 g g £
(2 ¢ f ¢ s 3 % & @
£S5 £ 2 & = £ 5 5 S
8= 3 S = 8
Start-up time [87.2, 77.9] 9 1 9
Storage capacity [6.9, 19.9] 9 1
Memory capacity [9.0, 23.1] 3 9 1
Data access speed [29.5, 70.0] 3 3 9
LCD Resolution [28.1, 37.6] 3 9 1
Processing speed [46.5, 82.1] 9 1
Power consumption [11.7, 33.0] 9 1 9 9
Weight [12.4, 23.8] 9 9 9 3
Operability [10.8, 22.0] 9 3 3 9 1
Amount of heat generation [12.7, 20.6] 9 3 3 3 3 1
Dimension [11.9, 20.2] 3 9 3 9 1 1

Contribution (Module) [0.73, 1.00][0.11, 0.24][0.35, 0.67] [0.29, 0.43][0.05, 0.05][0.22, 0.25][0.09, 0.19][0.01, 0.02]

Fig. 5.6 Translation of contribution for laptop’s usability from product function to module

Table 5.2 Parameter ranges of evaluation variables in upgradable laptop leasing

Module Contribution Durable life Production cost Environmental Load
[Year] [Yen] (Production) [kg-COze]
Motherboard [0.76, 1.00] [5, 10] [30000, 40000] [13.60, 17.04]
Memory [0.11, 0.24] [10, 15] [6500, 11000] [1.38, 1.48]
Storage [0.36, 0.68] [3, 6] [6000, 15000] [10.69, 12.35]
LCD [0.30, 0.45] (8, 12] [9000, 15000] [19.49, 19.49]
Optical drive  [0.05, 0.05] [10, 12] [3000, 7000] [0.97, 1.33]
Chassis [0.23, 0.26] [5, 10] [10000, 12000] [11.68, 12.62]
Battery [0.09, 0.20] [3, 6] [6000, 10000] [6.74, 6.87]
Cooling unit  [0.01, 0.02] [10, 15] [3000, 4000] [0.30, 0.63]
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Fig. 5.7 Evaluation results of *LAT value range of segment S, and Sp
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WIS UTHRET 20, AEHITIE, LL AL, UBROEFHEE, K- MNiHOE
HZz1T9.
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Table 5.3 Evaluation results of LOA of segment S, Sp, and total

Mother- Optical Li-ion Cooling
Memory Storage LCD Chassis
board drive Battery Unit
RFy
0.29 1.00 0.98 0.00 1.00 0.27 0.83 0.92
P
LOA Segment Sh
RM 1.00 0.00 0.73 0.92 0.00 1.00 0.97 0.00
LL 0.82 0.00 0.05 1.00 0.00 0.81 0.30 0.15
Appropriate
Lifecycle RM RFuyp RFyp LL RFyp RM RM RFu,
option
RFy
0.78 0.62 0.97 0.00 0.00 0.00 0.40 0.00
P
LOA Segment Sp
0.60 0.23 0.67 0.90 1.00 1.00 1.00 1.00
LL 0.30 0.51 0.06 1.00 1.00 1.00 0.72 1.00
Appropriate
Lifecycle RFyp RFyp RFyp LL RM/LL RM/LL RM RM/LL
option
RFy
0.53 0.81 0.97 0.00 0.50 0.13 0.61 0.46
LOATotal
RM 0.80 0.12 0.70 091 0.50 1.00 0.98 0.50
LL 0.56 0.26 0.06 1.00 0.50 0.90 0.51 0.58
Appropriate
Pp P RFy, /RM /
Lifecycle RM RFuyp RFyp LL L RM RM LL
option
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524 EHHEE, Y—EXARMAROZIMRIE (FH1)

523 &Y, Vv TV —RREDY—ERAIVKR—FX VY MIAERVEY a2k
ANV —=UMNBIRINE, KBTI, 7y 77V —RDKEE, EFEE, VR— NI/
DEH Y ZDEBRMEDRIEZITS. AIDIZT Y 7V — REFEERETDE-HDHIZ, J—
~XY 23 UT Up-WDM 2B U 72, Z0ER %K 5.8 IZRT. Up-WDM DFER
NG, REFITIE Userb 7y 77— REHIRL, BEY—E2Dffik, 7Y LIS, F
%, REAREEHO-ODBEBRADIERETH. KEHITIL, 2208 T AV NS &
S,#MELTEY, BT AV NIGUT, BEHFDOY A VIVDNERIGENFETD. €
D=8, BHROY A 7V EFTH) —AHIBIZE DIV T 2~5 EDOR L B, Y — L 2R
2, 2 RO L HRET S, £/, BTLELVY—NNT Y TV —REFS
IR SN2, 7Y T TV — RDOEHE UR % 08 5 09 LIKEL, EEDOEH
YA 7)), EERTH> CEHEMIE, SREE2ERTEDHER P, OFEOEH 21T
W, TOROBREAMHIRESEHT 5.

Y= AD VY —NDOHENS, 2RERME PP 2B E L, T0N1 ZAD/H
L U TattRFE L 1Ps, 2tRFIZE TPR 2EHET 5. UTORG. DS RNG8)IZEHIZ
FAWBERRAETLEHTS. /2, REDNSRGY)WNDER, ZEOFHMILRE 5.4 ITRT.
HEBEREZDOECI R AETIVIET Y 77V — RefTFbiR @R RORTE L &REL, Mg
i, 1 HARE XU 2 HAREE % 100,000Yen EIREL, FIZEEE 10%EREL .

- SRR TPP[Yen]

TPP[Yen] = PP, + PP, (5.1)
72U, %2 RESMmME PP,
CC, + SP
PP,[Yen] = (5.2)
2[Yen] = —— Py
Evaluation Criterion Characteristics Send-back User-s User-b Serviceman
* Necessary technique High Score 1 -1 -1 0
* Influence on receiver’s life or work by Middle 0 1 1 0
upgrade-operation time )
»  Weight of entire product Light Scoring 1 0 0 -1
» Weight of target part Light 0 1 1 -1
» Size of entire product Small 1 -1 -1 -1
» Size of target part Small -1 1 1 0
» Reusability of exchanged part High 1 -1 1 1
+ Disposal cost occurrence of Yes 1 A 1 1
exchanged part
+ Inclusion of hazardous substance in
No -1 1 1 -1
exchanged part
Result 3 0 4 -2

Recommended
upgrade way

Fig. 5.7 Up-WDM result of an upgradable laptop
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- itARFE_E TPS[Yen]
TPS[Yen] = PS; + PS, (5.3)

==L, %1 i#RFEE PS

PS,[Yen] = NSP; + PP, (5.4)
552 7% L PS,
PS,[Yen] = NSP, + PP, (5.4)
B 1 RIS NSPL B LU 2 HRIRFEEE NSP XA T ORGSR TERE &
D
NSP, = NSP, x UR (5.5)
- 21 RF]2E TPR[Yen]
TPR[Yen] = PPr, + PPr, (5.6)

7=72U, 21 HRFIZE PP

PPri[Yen] = NSP; x 10000 (5.7)
- 5 2 HARFIZE PPy
Pr,
PPr,[Yen] = NSP, X (CC, + SP) X (5.8)
1 - Prz

Table 5.4 Details of variables and constants in formula 5.1 to 5.8

Variable  Detail Value, unit
PP, 1®' product price 100,000 [Yen]
CcC Upgradable components cost (include Maintenance) Variable [Yen]
SP Upgrade support fee 30,000 [Yen]
Pry Profit rate of upgradeable component Variable

NSP, Number of 1st gen sales volume 10,000

UR Upgrade rate Variable
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SOITRTERFMEICEDOTEH U2, EERD CO BIHEIIERIHH 22 THED
YTTH2EDLIRELVTERELE. FHRED COHEHE ELue IZATORG.9)ZHWT
BHUZD, HEBENE % 20W LIREL, FHKRE T 2K 5.9 IZRT@EY 24~60 DA
WCERELEHR U, £/, CIIHE COHFBREAMZ/RL, 0.55 [kg-CO/kWh]TdH 5.

E Ly [kg-CO,] = E[kW] x T[h] x C[kg-CO,/kWh] (5.9)

Replace

<,

Use 24 ~ 60 month

> E
(8 hour / day, 22 day / month) \§/

Use 24 ~ 60 month

Usual
\f\/< (8 hour / day, 22 day / month) \’\/<
" - . End of life
Inside Dispose (Return & Landfill) (Landfill)
Use 24 ~ 60 month m Use 24 ~ 60 month
Up-PSS b P
(8 hour / day, 22 day / month) Ty (8 hour / day, 22 day / month) \§/

Exchange

—
& 4
Y "7

Fig. 5.9 Upgrading scenario in case study 1

Dispose (Return & Landfill)

Trucking: Landfil
200km andfi
Up-PSS . Memory Only Memory

All components Trucking 24~60 g Storage & Storage

Airlift: 5400km, Trucking:60km :200km month T .
Trucking: )

200km Landfill

All All components
components

2nd Generation —> Distribution —>—>—> Disposal

Trucking:

Only Memory & Storage 200km

P Airlift: 5400km, Trucking:60km Memory
& Storage 24 ~60  Trucking:  Landfill
"""""""""""""""""""""""""""""""""""""""""" month 200km All components

Trucking:

All components 200km

Airlift: 5400km, Trucking:60km  pj

components

Fig. 5.10 Product lifecycle and boundary condition in case study 1

65



PLEDSME%EIZ PSD FEICEA L. B 511 IZEHR XN~ A MORERICET
5% e EIFAR & BOREFH, 7y SV — NREDHRE ULKERMGERT. 35612, K
502 LR 513127y 77V — NG LEEHBEO2MRAME PP OHE, 2HARFEY
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513 &Y, 7v 7V — REFOLEREFOFE L TPS 1, EEAMEOETICE-
27.3%M5-14.0%E T T 50, 2HEARFIZE TPR 13+6.7%D 5+58.0%EINT 5 Z & A HEER
Iz,

X 5.14 IZEFET A 7Y A 7 IVERIZEITS CO, BEHEB L, ZDERBE2RT.
X514 &V, 7y 77— &I, 52 HHRFZERES L CELEERED Co, HiHE
HIRIZ &Y, S04 T84 ZIVEIEKT, -23.4%056-14.9%DBEHEHIBATEETH S Z &
NHER XN, DLEEY, BEFRIZIVEHUZSA IV INA TV 3y, EFY
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1

0.9 ]
Conditions Value, range 0.8 « |
o 0.7
: Upgradeable components cost B 206
cC, (include memory and storage) 12,500 ~ 26,000 [Yen] E 0.5
© 0.4
UR  :Upgrade rate 0.8~0.9 003 e
0.2 T
0.1 i
0
0 0.1 0.2 0.3 0.4 05 0.6
Profit rate of upgradeable component Pr,
: Required range : Solution range

Fig. 5.11 Obtained ranged design solutions and estimated conditions

-21.7% ~-10.0%

0 50000 100000 150000 200000
Total product price TPP [Yen]

’ m 1st Price 1st Price range m2nd Price 2nd Price range
Fig. 5.12 Solution ranges of the total product prices of usual and Up-PSS products
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Fig. 5.13 Solution ranges of the total product sales and profits of usual and Up-PSS products

-23.4% ~ -14.9%

orss [

0 50 100 150 200 250 300 350 400
Total CO, Emission EL;[kg]

m 1st Emission 1st Emission range =~ m2nd Emission 2nd Emission range

Fig. 5.14 Comparison of the CO; emissions entire laptop lifecycle stages
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ARIETIE, BETS Up-PSS DFE 70 At > CTHAREH THDHRE, FEDNN
v#~9yy&wﬁ~ex®mﬁ7uﬁxémﬁ AREHTIX, yY—ECATaONS X%
VY ANSHEEEEEE LHME U CRHEITD. /2, 2oV —EATaNT XS,
Bto C DEEE L OREHARI Fé:% VavOWREELEDEIREL, BEICEEL
Y —C2ADRHESKFEIZBENTWVDREDE TS, IDIZ, LY—NEFDSA4TAX
AINVDHBE T AL A% BNRE, LY —NF—AES U EBRDZREZERHEEANEE
U, TDIATAZANTHEETDIAXRY NOFELERL /=. FEDOHER, AZED,
MFETIT, FrziER, REREO%E R, SHEZEO®RFTOI L 2MRAL, /-, A
2, MHRIE, |HYZVDS A 7 ARA1IIL, B, @%, £, EBZDOZHE, E#7
NEIFoN, ZEDHAIL, 46 ETREIZLDFHBL, HEEAITEWTIE, #EEP
FEIBEICL DB >BUNREL, ZORICREPREDEVVEACREELTOI I L2
2N, B /-,

ZIT, VY—NIIEFEIIETEIZ—ZAPRHEDA Y EEa—2fTW\, TOI vtV
ADWMHET> 72, EBRIZIE, EEVMBTOIMREDZAL I UREE4KITA VX
La—%fToTEY, TOMRER S5 ITRT. RSSITRTZ—APRENS, FHf
JUw REAWTHHELUAZY R AZUTO®BY THD.

- XVZMTHEZ L

BRECHEENRNI L

AR, BEENRVIE

FEFE2/-FHEHAL-V L

Table 5.5 Need and dissatisfaction regarding habitation

Classification Detail

Need Good design furniture
Useful household appliance
Reasonable price furniture and household appliance
High quality furniture and household appliance

Dissatisfaction Bad design furniture and household appliance in furnished apartment
Hard work (assembly and disposal of furniture and household appliance
Bad texture (cheaper furniture and household appliance)

Burdensome maintenance of furniture
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Table 5.6 Tangible service components and their treatment in upgrade time

Tangible service . .
Treatment in upgrade time

component

Dining chair : Repair and maintenance deterioration (e.g. dent, scratch, and painting)
Dining table : Repair and maintenance deterioration (e.g. dent, scratch, and painting)
Low table : Repair and maintenance deterioration (e.g. dent, scratch, and painting)
Cabinets : Repair and maintenance deterioration (e.g. dent, scratch, and painting)
Work desk : Repair and maintenance deterioration (e.g. dent, scratch, and painting)
Television : Upgrading functionality (logic board and/or LCD panel upgrading)

Air conditioner  : Upgrading functionality (refrigerant and/or heat pomp upgrading)
Refrigerator : Upgrading functionality (refrigerant and/or compressor upgrading)

Washing machine : Upgrading functionality (adding wash menu and motor maintenance)
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F(U) : Furniture (Used)

S, Pr

F(R) : Furniture (Repaired) Secondary company
Pr :Parts
# :Information Other
| : Complaints

Fig. 5.15 CVCA result of furniture and household appliance packaged leasing case
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Fig. 5.16 CLD of Primary companies (furniture and household appliance manufacturers)
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Fig. 5.17 CLD of Secondary companies (upgrader and repair & maintenance company)
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Table 5.6 Design information of upgrade target household appliance and furniture

Upgrade target  Size (W, D, H) Weight Up-WDM score Determined
service component [mm] [kg] bearl(ll; User-s User-b Serviceman upgrade way
Dining chair 460, 460,800 4.0 1 3 2 -3 User-s
Dining table 1800, 900, 700 42.5 -1 -1 0 3 Serviceman
Low table 1000, 750,350 24.0 0 2 3 -2 User-b
Cabinets 890, 590, 1870 77.0 -1 -3 -2 3 Serviceman
Work desk 1000, 550,730 71.9 1 -5 -4 3 Serviceman
Television 900, 190, 570 11.0 6 -2 3 2 Send-back
Air conditioner 800, 150,250 8.0 5 -7 -2 7 Serviceman
Refrigerator 600, 700, 1820 79.0 3 -7 -2 7 Serviceman
Washing machine 600, 610, 1000  40.0 4 -6 -1 6 Serviceman
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(iv) Serviceman upgrade (Dining table, Cabinets, Work desk, Air conditioner, Refrigerator, Washing machine)

Fig.5.20 Product and part flow in case study 2
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RY. FHMAEEROHERE X, BEOEVWEZDBEDELXRAVTEY, Tho ke
EAfiFE, SFla, ERBERNERINS LD ICERINIEHEEZREL /.

(PELtv + PELfu + PELha)

SELpG = {1+ UAR(UGN — 1)} x ToN +REL+TEL (5.10)
1+ UAR(UGN — 1) PCtv PCfu PCha
SPpG = ( + ; )
UGN 1—UpPRtv  1—UpPRfu 1— UpPRha (5.11)

+WC+RC+TC

SRpG =

1+ UAR(UGN —-1) (PCtv - UpPRtv 4 PCfu-UpPRfu PCha-UpPRha

UGN 1 — UpPRtv 1— UpPRfu 1—UpPRha) (5.12)
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Table 5.7 Initial value ranges of Up-PSS and conventional sellout case

Constant Up-PSS Conventional
Environmental load of transportation phase [kg-
TEL 300 190
CO2]
REL Environmental load of recycling phase [kg-CO-] 7.0 32
C Transportation cost [ Yen] 60000 55000
RC Recycling cost [Yen] 6300 16000
wcC Working cost [Yen] 38000 38000
Constraint of design variable
Environmental load of furniture production phase
PELfu [36.2, 39.8] 36.2
[kg-CO2]
Environmental load of household appliance
PELha . [522.7, 575.0] 522.7
production phase [kg-CO:]
Environmental load of television production phase
PELtv [50.0, 55,0] 50.0
[kg-CO2]
PCfu Production cost of furniture production phase [ Yen] [96000, 225000] 9600
Production cost of household appliance production
PCha [161500, 209000] 161500
phase [Yen]
Production cost of television production phase
PCtv [45000, 63000] 45000
[Yen]
Design variable
UpPRfu Profit rate of furniture [0.4, 0.6] 0.20
UpPRha Profit rate of household appliance [0.05,0.1] 0.05
UpPRtv Profit rate of television [0.1,0.15] 0.10
UAR Rate of upgradable amount [0.35, 0.50] -
UGN  Upgrade generation [2, 6] -
Evaluation variable Requirement
Environmental load emission by service provision
SELpG . [360, 719] 719
per generation [kg-CO2]
SPpG  Price of service provision per generation [ Yen] [220000, 449000] 449000
SRpG  Profit by service provision per generation [ Yen] [37500, 75000] 37500
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Fig. 5.23 Comparison of the environmental load per service generation
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Fig. 5.25 Result of user demands’ priorities in a multi-function printer
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Fig. 5.26 QFD result between user needs and product functions in a multi-function printer
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Fig. 5.27 QFD result between product functions and product units in a multi-function printer
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% 2 HARLIERIZE PP
PPr,[Yen] = NSP, X PP, x DPR, (5.22)

Table 5.8 Details of variables and constants in formula 5.13 to 5.22

Variable Detail Value, unit
Tu Upgrade time Variable [month]
DC Drum unit cost Variable [Yen]
DPR>» Over 2™ gen drum unit profit rate Variable
NSP, Number of 1* gen sales volume 10000
UR Upgrade rate Variable
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Fig. 5.29 Upgrading scenario in case study 3 (Yamada et al., 2016)
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Fig. 5.30 Product lifecycle and boundary condition in case study 6
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Table 5.9 Investigation data of a multi-function printer component, material, weight, and

processing method

Unit Sub-Unit Material Weight [kg] Processing method
PE Film 0.068 Filming
Drum Unit ABS 2.992 Injection
Carbon steel 0.34 Press
) ] ABS 0.131 Injection
Print Unit Toner box
Toner 0.62 Complex
PC+ABS 8.17 Injection
Chassis PPE 8.17 Injection
Zinc-coated steel plate 245 Press
PPE 1 Injection
Censor Unit  Carbon steel 1 Press
Acrylic 0.4 Injection
Board Epoxy + Glass fiber 0.4 Complex
. ABS 0.7 Injection
. Drive parts
Scan Unit Carbon steel 1 Press
PC+ABS 4 Injection
ADF ABS 1.6 Injection
Carbon steel 1 Press
. PC+ABS 6 Injection
Chassis )
Zinc-coated steel plate 6 Press
Zinc-coated steel plate 7 Press
Paper Feeder PC+ABS 4 Injection
ABS 2.5 Injection
. Mother board Epoxy + Glass fiber 1 Complex
Computer Unit : -
Chassis Zinc-coated steel plate 6.8 Press
Chassis PC+ABS 0.8 Injection
Control Panel = Mother board Epoxy + Glass fiber 0.1 Complex
LCD Complex 0.1 Complex
i Carbon steel 3.1 Press
Base Unit )
Zinc-coated steel plate 20 Press
Total 204
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