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ABSTRACT

This literature survey on the architectural studies explores the relationship between architectures of
complex systems and forms of division of labor. The architectural studies started in the 1960s, focusing on the
dependencies among design elements to understand the features of complex systems.

With increasingly complex systems, studies in management of technology introduced the architecture
concept to reveal the innovation process of complex products. Complex products have a hierarchical structure
that is consisted from upper to lower levels. Innovation in the upper level is defined as architectural
innovation, and that in the lower level is defined as component innovation.

Studies in the early 1990s demonstrates that architectural innovation strongly affects a firm’s
competitiveness while component innovation does not, and that architectural innovation often causes
established firms to be overwhelmed by new ones. The major explanation for the failure of existing firms is
the lack of organizational recognition. Existing firms tend to ignore architectural changes because their
organizational structures are adapted to handle complex system effectively, but lack flexibility.

The following studies in the mid 1990s found noticeable difference between two types of architectures,
namely integral and modular, among complex systems. Integral architecture has complex independencies
among modules, and modular architecture has simple ones. The comparative studies examined that the two
architectures differently affect innovation process, emphasizing the different keys to success: Organizational
integration for integral architecture and industrial standardization for modular architecture.

Since the two architectures have opposing characteristics, architectural change from integral to modular
makes a severe impact on industrial structure and competitiveness. Many researchers focus on this
architectural dynamics, investigating how the two main dynamic processes, design evolution and
standardization, lead to changes in architecture. Further researches expect to determine effective strategies in
the dynamic process of architectural changes.
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and match) 2’ 12k % (Baldwin and Clark, 2000), [ L2 24k S d7zi gt — b ) & IFPESEAEERIS & o
THRWEA I AT REEMEDIEN 5 Z &2 K- T, B OBERA G BE R OITIERT 5,
(ZEEFERRTIATAIZRBHTE (ERah MR35 B 72050 il & fth O AR Rk & S HE LB T %)
MEBT D720, ERRHS TS ) X—va UIMTh D FE M L,

Y AT DEWOERIZE 5T, EO LS AR LS &%) BEELVLOD
EWV DRIV, ISR PR A N—R L LEE b bitbiviz, £ LT, 20458 TH, 1990
FREFET =K T 7 F v DX A TR D EARERPBERONZ = BRIRDDOTERWN, L
9 RAEHHEH & 7= (Chesbrough and Teece, 1996),

b &b L1990 FREFTOIG = A b _R—2ADWFJEIL, EHES 2T L&t 5 PESE CITHHHE S 25 K
HLEETHD LWV FEEITo T, 728 203 Teece(1986) 1% [EHMEZR S AT AT, RFHEFEM O
BIFRARPEMETH Y . A 7 N—a 1EE) (WFZER%E - RIEIRTESE) MHTRUMEFBIRD B 5,
En, ol 2B HEENIEMBE TEN A/ RN—va B RILEELTEH, TORENHS
EAFNCRD Z LidRFES RV, T L ABRLERGE TH > TV DN, MOEFEDA /) N— =
YEEHLTHIEZ EFTLES b Lt | L ERL TV, 20X 5 RERMTOI IO
PIIDOIG| 7 A b _R—=2ADIFIEIIEMEIR L AT DET_XTA T 7 TN THDIITIEL VDI REERD
WEND ST TH D EBbivs,

LIAN, TOX I RERT, 1990 FRUITEENTH LA ) R—va "y —r TRbLE
aTd =T XTIV FxEIRBELIA ) N—a URBEHE RS TL DI T, BESMLEL
ol
Teece [ FHIOMFFEND 10 BT [A ) _— 3 L OX — N2 Lo THEEMFEA DR F — o b2
DLHOTIERWMD] L) K HICEEEZHLK L (Chesbrough and Teece, 1996), &5 A / X— 3
Y MGERTRA S N—=Ta BB E L, MERNRA S N— g v ORFEERB RS E
(systemic innovation D55E) ., MMEMSITH VPO LTEETH S, Ll fisElieA 2 ~—
Ta RN, PEERERME TEBICIX T 5 2 AR 5E . MBS ITEE TR RY,
BAAREDIMNL L CTA ) N— g &l 2T HERR A/ ~X—2 = (autonomous innovation) 23 = %,
ZOY%E. MRS ITEE CTIIEI 2D | FHEMSETFZ VNS EF KL 20NN EEIZRD
(Chesbrough and Teece, 1996),

Z O WFSE(Chesbrough and Teece, 1996)138 & 22 AT DO HJF 5t (Teece, 1986) & #2720 | 7 —F% 7 7 F v
A TNERRDGE, BRG0S0 FRRRLZEEERHL WD, T72bb 2R
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—X 77T ¥ ThHORLIE), MMHREITEETIT R D] LW ERMTONTZOTH S,

1990 SR FIFEDHFFE & 1990 R FITDRFFEDFLiE R « AHESR
F LDl 1990 FERYIBEDOMIE & 1990 FERAITLBED T — X7 7 F ¥ e 0MIix, kot
WA - FE S NMEET 5 (3 1),

1990 F K HEED AR 1990 FER FE(EDHE
tﬁﬁﬁ%tun%xlw BHETALIY BHETALIY
T REEES(ECa L) B ELi)
HNET—XTIF¥ AT I EDa5—
EVA-ILEIOE SRR |BH fE8A
Has R ER HBEEHE T HIL EEZEETETSHL
AL EINFRLEICT BEARSEENZRERRC FHREENRVET V580
LA MNSNDIER KWK BT B8 [CKYUBE B EHEETL-D

F1 1990 FERYIEE & HX DR DILFES - FHES

MAFZE Tl LTV 2 DU, BHER AT TIRBEILTON D E WO RTh D, (ZHITHESE
VAT AOOORHETH D), & TORFERM RN EICRET Db Tidie | #&itEH
BOEREMEREWNESY (=E Y 2—AN) & REFERMOKEEMRNER S (=F Y 2 —/VIH)
WaRlEnG, ZOEY a—/BEE#ERT 5,

SV UL, BV AT M, BV a2 — L OKREEE WD B (T —% T 7 Fr L
) &L BV 2= VRNORFIEE WD IR (2 R—F o b LoUL) TR C 5 mSHeERS
SINTDOTHD,

MAFZEDE L (HBILESNT —F T 7 F ¥ Do H, EITA/ R_R—va URRE 505
G —ESEL L) REERFEELFISEH T OTHA I N ITONTDOELETH D,

1990 FERMEADHIFETIE, [T —=FT 7 F ¥ LA DA ) N—=2a VOLBPEETH D | & ORF
ERLTCWE, HDEaviR—3xr M TA / _R—=va VBRI o728 LThH, fEREh. K7
Bt H Do = R —x v M2 LSRG & U CEBT L HTHkAR ., 2nn, arR—x
VRLARADA ) R—=a XD T XTI Ty LN DA ) R—=a Y REETHDLEB X
bIFTHD, ZOYRICE B AT LEIA T I INT =T 7 F ¥ ThHhDH] & ORKRORFIE
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o7,

1990 FARWIFAIZ T —F 7 7 F A R THY HIF bivic DX, P8k HRELEE #E 3 (Henderson and
Clark, 1990), /~— KT ¢ A 7 pE3(Christensen, 1992a, 1992b), H3 %3 (Henderson and Cockburn, 1994)
Tholz, IHIT, ZNHLDOMROFMERE FEN—BT 5098 & LT HE)EL#EZ(Clark and Fujimoto,
199D HITF B D, b DOEXEIT Ulrich(1995) D43 TE 2 1E, R EFE M O 5 BRI M EME7R
AT ITINT —%T 7 F v WROFEETH D,

INHLOMEIEa A= LNV TOAL ) RXR=Y a VCEEEBNT, 7T—F%7 27 F v L
NDA ) _N—=2 g VPNEBETHHZEEFRYVRLEEL W, TLTT—F7 27 F v LULTH
WHEFNBE 2 & FHBEENRAFEEITEBOWRREN G RDER, 7—F 77 F ¥ LUb
DEM R 2~ A b T DT OER AR o~ R A PP EETH D RA B L TV
7o

&AM, 1990 I LARE DRI TIL, MDY AT AOQODFHEAEBE L, 7T—F%7 7 F v
LAULDOFEEIREE (TR HEY 2 — /L OFEIRE) IZL->TE, w3V A b EOBHEBEFIHEN
BRDE LT, TWObT =% T 7 F ¥ LXLDA ) _X—= g UMM A PN EETH D LITEFW
Uiy EFERLIZOTH 5,

WP, EY 2 — VBIOERIFERTRNA T I NVT —% 7 7 F v OFE ., MEMKEENEET
b5, L, bLE T X7 7Ty NET 2T T —F7 7T ¥ Tholzb, MHEEA KD
HETHDHEEFEARY, EV a7 =T —F7 7 F ¥ TILEY 2 — VHABIZZENZERE I
ENT DBENTIR, RERGEY 2 — VI EERKK] &v ) [EREhr— ) BERES T
L7, BEI ZSFUUTHETHEMEZHAG DY TR ZEL Z LN TE D, ZO LD RFEIT
TUANVEETIXIZFHBELTRD Z AR D,

ZLCEIDICHEBERAL, M7 —F%7 7 F ¥ Tt DIHEERBEFEEEICHT BB 0o Blg
KT 2MAN R 2 ETH D, ZOBGIT, IR LI L 9121990 DT A U W EEDA 7
N—= g VRS = NTHBEIZA O N R M TH S (BH, 2001),

AT ITINT —XT 7 F ¥ CZOBRENKRZ H501%, BFERERT —FT 7 F XA /) _X—
3 U AOXUSIZRIT 2006 Th D, 2 L CTREAFARENKRT 2 Bl E TR 725857 /1 DR
ThHO., HEZEoTE (o T THITEIT 2HRHRZRVWE WS ] Tho7z, LUK
RE L GHBEMIMANEETH D Z LITITED Y 20,

LIAN, BV 2aT—T—F T 7 F v T, 2R —3 b EEEL TV B FRAENROELS
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NaeBHTLHILITL-oT, BFEEEICHBB O ENEZY 25, ZHVUIBEFEZED KRR
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2aD LS RHHRERIIERR Y AT AOTDORONIZES (72T L) 2ty 2018
oo, FEEEMELRSTIZOT D Z L IC Lo T IBM EDBEFRES LT B> Toiz, —
FE. PEFERFENIRD UL, £ IRy P U — I NBIER AT 5720, ZOEEZR > TV 52
WETEITHRL 2D &) BIZRDE Z 5 (Varian and Shapiro, 1999; Economides, 1996), = D7z
2T =T =% T F ¥ FTOEETIE, & ABFEENRBLAR TS, FHEENPEEDO TR L
RHTENHKRLDTH D,

PESEAEAE D EEM: O FERGIX. L HAEE(Langlois and Robertson, 1992), #Z#E(Chesbrough and Teece,
1996). .z Bk & =it /L — L (Baldwin and Clark, 2000)72 £, k& 72 R CTEFRICA LN D X
I D, BV 2T =7 —=F%7 7 F ¥ TITHMMEF A (20 - THERIERE (BEXEL) PEEREE
ETAHOTH Y BT vt ZAOFEMZRBFIEA 2000 4-LAEIZ 72 - TIThiv b X 9 1272 - 7= (Gawer,
A. and Cusumano, M., 2002; lansiti, M. and Levin, R., 2004; Winn, 2005; Chesbrough, Vanhaverbeke and
West, 2006; Greenstein and Stango, 2007; #75 - VL%, 2008; /NI, 2009; A - &4, 2010),

2.4 FHRIBRRD 5 BIRIBRFR (2000 LR DAR)

2000 fELARE, 77— T 7 F ¢ WRIRIEEIIRE SR DENAUAFJE~ & > 7 R LT\ D, IR CIET
—XT I F v BATOENN, A ) _N— g 88— EICHBBRA IR EE 5 2 TWD
ZENy Mo T, MREEHAEOH Y TNRERDDT, 2 DOT —%T 7 F ¥ FTlEA /) _X—v 3
DRRTAY NIRRT D, AT T INT —F%T 7 F ¥ TIHHBBRA T EE RN ER Th - 7=,
L LEYaT7—7T —F7 7 F ¥ T, MR A L EXEEEL FFR D 2 ENEERRE
FETHD, EeT2L, v VAL M EOBHBRREWE, [7T—F7 7 F ¥ T ED L) RIEFITA
TITINBRT =X T 7 F xR DHDIEAI M, Flo, EOXIRKITEY 27T —FT7 7 F ¥IT
BRDIEAI D] LWV T —=FT 7 F v ZbOE T vk ZZmT b5,

FEHE(L T 1 2 2 DAL

REHEIL T o RZHONWT, 1T UDTER LEDIE, FICH Lz Simon(1962) Tdh 5, Lol
ZO%, ZOBEZIFIFEVEKE ST\, 2000 ELBEOBEIN 7 v ¥ AR TH, BEEHRSNT
WL EEEVER, L LE 3HTHRRD LI, T—FT I/ F X EREL LD LB DB,
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BMEZR N T, BHEME AR D I~ ERGHE(L T m e 2 %2R 5, LinL, 207 rE AT
H—DfEClde <, BEMIZEW Db D) =—va v (BRI B, —HIZEZLNT
Wb E DT, HEHERNTERERRICEY 27 =T —F7 7 F ¥y ~tlbT5) Lo, %
Hfffb LT Ei@mch v, REZRE L TREnd b,

BERRAL NI, £V2T7 =T —F 77 Fr~L#{bT 5T 6, & F IERERENE
TEICHFET D2 L VI R Th D, REHEMIT—ARBETIERVWOTH D, £ LT, EIREKEFHMIC
Bt 52 LICkoT TEDEIR) TV 2T =T —F7 7 F v ~LHHR N T EGFHEL L T
WS DONEFD Z EBRHKD, BREHE(LD—AE TRV EFIERIC, REHEIZ L > THEEIND
EV2T =T —=FT 7 F ¥ b —OTIERVDOTH S,

V2T EIT LI I, BRAERT Y27 —T =X 7 7 F v IV SO b FEET D, *
LTHMICARAREY 2 7 —T —%7 7 F v RdbbH— 5T, AFUCARIREY 27 =T —F 77 F
X BIFET Do 1205, E(LIREEICEREN - BB X T, BHRICHMREY 27 —7 —%
T F X BRETLEN, AV A N ERETH D,

BV 2T =T =% T 7 F ¥ ~OMLRE DD 5 F 4 Baldwin and Clark(2000, pp.123-146) Tl
(B 2T—F_L—4] LLTHHALTWS, B2 T7—F b —F Lid, BMeM 288 55
2, BREENEDO LD RERFEFETEEZRAL, TR EDOL I REY 2 — /HLEEL O)EEE
HLIEEX TS, T2& 2F Simon ORFFHIRADOHFNZ T TS & 21c, 77 vk 7TV =L
SHRMRIEAED Z L b EV 2T — 4L —Z D 1-5Th5, Baldwin and Clark(2000) Tl 6 S D%
AR —=FZRELTND, EV a7 —FAXV—FEIIERRDLIED 27T —F7 7 F v HHE
THZ LT D,

L 72> L7223 5 Baldwin and Clark(2000) Tid, #EfICHRFT LTEEY 2 7 —F4 XL —XZ6 DDEV o
T—bA XL =2 DI HbD—HIZE EE D, o, EOEV 2T —F R —FNED LD RRFE
RENDDNITOVTEEMTHRFT L TWRY, 207, WMEOMETIE B L THRREY 25
—(L2MToOND L9 HIREEZ D, 726 DOEV 2T —F XL —H L, BEORHMTEI2S5%
WIRELIE LD THY | AIHBARER RO DD FEITHRE ST,

290MFY 25 —{bDFR : b FEMMEA L —& L EELAFRL—&
AKFETIE, A7 V=7 MR HFEEZSEBIZLT, LOAREHNTHLILEZONDAEY 2T —
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FRV—Z T T D, A7V =7 MERRGEH TGS, RETERMOBRRIEICER L TEY 2 —
MEZBZ R OFFHIETHY, V7 N 2T VAT AR TIHAS AL TN D,

A7V MEMEFHEZEY 2 7 —LOBRAPLRFT 5L, REMREY 27 —(bA X1 —
BIX 2 DHDLENRIND, 120N (W Tenfbd~SL—4] THY, 22003 @kt~ —
B ThbH, ELOHLT—FT 7 F v 2EVaT7—T—FT77Fv|ZH8L, FVaT7—F—H
THDH(H2),

ERTLE57—FTIFv

hFeiEARL—5—

a

HBEARL—5—

X 2 hFerpA R —F LImeA N —4

AT NMMEA XL —21F, Thas-al BAMR & PRI DFFEICER L TEY 2 — k%175 7 e X T
bD, HOLRFNEREE 2T L X2, TORGTERPMMORERICOE S NDHHEE, Thas-a) B
FRD 2 SOFRFHEFITHES LT 5D, Thas-al BILR THREIZILDREIER ZHEH TUNFIE, Simon DO
FHRADOBICTH T L 5T T v —F A TDEY 2 —MEM T D, I 72 AGITE @RI
EBMEEN D,

Hdfb A~ —2%, Tis-al BIfRE VO BREFEGEZER LT 22— bE1TH> vk A ThH
%, Tis-al BIREIE, HHED2a— L EdHDEY2— N, KEWIZ TRIL] bOTHLOM, TH
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5] bOTHLONEHFLIEERTHS, bLE RL] bOTHLOTHNIE, FrLWVEY
2= %D 5D TIERLS, ALEYa2a— Az /AR (FEE) LT, A TOEFEHFITHONTOH
BIEZMZIUT L, ORI BREEEZ AT V=7 MERRRGHE TR E L5, fKE1X, S0
iz nE, EY2a—nodbiboETh D,

By A7 LT Tis-al BIfRZ RO H L TV, HEE Y 2 —v (Gh@irdh) Nlf o
LEPFAIIE 2, Y 2 — b HETe, [is-a) BIRCREIEN DXFHER ZEO TR, HDREHD
WNIBIZRICZ A4 7ol Gt@Ehal) 2H0n5, W) L5 edtEk (L) Y4 70EY 2—
LB TN D,

FY 2 — LD TIE FIHEND DITH TR b AL —% Th H(FHAR, 1995), —HDOHF5E
T T EMEREY 2= HbDT X THLEESNDHT &b H D0, FHITIEL S 220, ERRITIX
(BT ekt —% ) & BEEbA XL —% ] OLIIEBOEY 2 7 —F XL — X BNFEET
o EDEV 2T —FRXL—FbEFV 27— (bRl T D, LNLEYV 2T =X —FRERD
LV BRDEDV 2T =T —FT IV FANERTLH, HEIICERINDIEY 2T =T —F 77 F ¥
Rk A N m— g UNVEER S,

BV 2Tt BEEME L HEE

RIZEY 22— VREDOREICOWTHIT 5, 72 & ZTHBEIL, BHEAOHMMTHRTWS &
HWNZ DL, SHICHIPN LD ETEZ D EHTAOHMMTHRTWD E b2 D, 12D
NRLRERDPEEY LLT, REFEROEEVEZRLFVRLODEA I, ZheE b, R/ EW
MIZE ) TREEROEEV 2RI HBRNDIES S,

TV 2 VREORBEIE, Wzl EOREE CREIERENZEV ELTRRTORE
WO, EWHRETH D, ZORBEERIZIE, Y 27— ks 2 DOl (BEEME & 2 FIME)
Lo TWAHZEICERTOMERDD, TV 27— beid TE¥a— VNOIRFMERRE D | H»
D [V a—VOERFENIEL 725 FTHHOT, TEREENEL 2D, 2o, HEWENEL 72
5] EWOBRETHD, DFV, BEMEESFIEITED 27— (bR EIT LI L T ORE—LOBG
T

BREME « BRI (agglomerativeness) & 1 [ & D L 9 ICEREFEENES L TIKEMER S L 2B D0
CWIHIHBEDZ L THAE RO 2T —F X —2 13, ZOBRESEEZET L LD TH D,
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ARTEEY 2T ARV =2 LT 7oA —2) & Bh@fbd~r—2] @il
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ki s L<ix7m vy 74k, £V a2 — bk, BEke I %,
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EH004)1X 77 ZimDSEGN D, Y a— VNOEGFEEZRRIE L, 22 20F Y 2 — LRIOERF
PWREMES /NS KTV 2 — VR REMELEE EBT 5] fFIEMEL LT DM o4 L
V%, Newman(2006)I3#H#kN D = I = =7 ¢ il &2 &FAICE S RN D [ Y 2 — VINORIFE %
KL, Y a— VORI E R/MET 288 L LTCEY 27 U7 ¢ QHKUE (Modularity Q) %
22 LT\ 5%, Baldwin and Clark(2000)i%, #FERIRESND, BV 2 — L OESIK (T72bbH Ak
VAT L) MHORNIEE | BETV a— L ~OREEDOLD L o L b RE RDHEENE] L UTRENA
7" =z (Design Options) S HEA 22 L TN 5, LAENTET THEIZIT 5 O TidZe | BEEREKTU R
T L ENEIT AEAIIE, BT o 2AOMEE bHDhE TEETHINERD S,

ED XD B EIRERZRAT 2oL, EREO X9 ICEBOBERER S, oL 57
1 CoEl % WCRELSEGFT D, ZORIZONTIE, MEED TR LW EES,

WAL EEN . £ 2T 7T Mk L EEL DR

T—=XT 7 FxDEATOMETIE, AT 7 INEETaT—E0) IR K > THHFR
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