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Industrial competitiveness and  “mild selection” : Basic concept and mathematical simulation

Takahiro Fujimoto, Ryoki Maekawa, and Shumpei Iwao (The University of Tokyo)

Abstract : This paper explores the concept of industrial competitiveness and get insights on its
dynamics and typology through a series of simulations based on the logic of survival analysis.
Competitiveness here is defined as a subject's ability to be selected, including (i) profit
performance of firms selected by capital markets, (ii) market (surface-level) performance of
products selected by product market, (iii)and productive (deep-level) performance of sites or
"genba" selected by firms, which compose a multi-layer structure of competitiveness.

Next, we defined an industry as a collection of manufacturing sites, or genba, that develop and/or
produce products of similar designs, and describe industry competitiveness or industry performance
by the shape of the distribution of market performances (e.g., prices) of the products or productive
performances (e.g., productivities) of the sites within the industry in question.

We then classified basic situations of industrial competition into four types: (Dintense domestic
competition (Alchian type);@intense international competition (Ricardo type): @mild domestic
competition (Hotelling type);@mild international competition (Clark-Fujimoto type) and regarded
the distribution of productive performances of surviving sites (genba), after a period of such
competitions, as representing this particular industry's deep-level competitiveness.

To analyze the dynamics of industrial competitiveness, we used an analogy of survival analysis,
assumed Ricardian cost functions with unit prices as market performance indicators and physical
labor productivities (inverse of labor input coefficients) as productive performance indicators, and
made some predictions regarding the shapes of their distributions in the above four cases.

Finally, we made a set of simulation models based on survival analysis and examined if there are
any specific set of parameters that can reproduce the predicted patterns of the four cases mentioned
above. We made simulation models of survival analysis with the survival functions that follow
exponential distribution, each site's unit cost gaps against the minimum cost sites as covariates, and
parameter B, of the exponential distribution as intensity of competition. Assuming
thatpre-competitive performance distribution of a given industry and country follows a truncated
normal distribution, we observed the shape of the distribution of surviving sites after a certain period
of competition by a series of simulations of survival analysis by adjusting such parameters as
competition intensity, wage rates, and the initial distribution of labor input coefficients. We also
analyzed the relations between the above-mentioned simulation parameters and found that, as the
value of competition intensity increases, genba’s survival rate rapidly decreases and approaches from
1 to 0, apparently following cumulative exponential distribution curve. We also fund that, when
international competition is not intense, the survival rates of genba in the country that is on average

less competitive in Ricardian cost competition increases -- what we may call "border-crossing."



Key Words : surface-level competitiveness, deep-level competitiveness, industrial competitiveness,
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HEFRFICE S DD,

BE DA E DRTOBGEEO FEBAREL (@) X, SEIFRERICEBINDHER,
EZ L ICERSRICE > TR LT D D ET5, ZRAIHE&ETH D,
—EOHFHM AT L, ZOHR%ORRIZBT 2 & EBIGRE OB AEFEMED /3 D3,
MHE - MEEEICBIT D [HOEERST) 27T Hb0EERD,

B 218 U CRBGIE. ERNBES CONERERERF CThIL, 2 X M3 R BIR TR
B LOaxMOEW (2R My o) (TS U T, BRH(56HIH, ©F 35
HECTOWME G2 b5, BUIGHSHIIMERER TH Y | ZIUIRTEDEFREE
— FREUZIEY b D LT 5,

B DL L OBV DNT LY | AR — RBEBOBIIE R D, —EHR OB4
DFNAFRE L TV DB O THOFES S | O53AIE, WIIOAFEW S OIE S S & | g
DBETROBEIROBFELE, 2 A My v 7| HDOWIEOERICH L EEEMREE
N T DORESEORBELZ T 5,

7elZL. a A My v 72z TR Oz Bk L 728l 05, B PRI RE IS
Zhzamib L, BrEEEO R B2 gt d 5 &9 X5 eSS 7 4 — KXy 71
WX A EIOE T T AAIA LN TR, W2, FBGIEIEAEAO 3 R FEEZZITA
. ELTHRKZRFD &V ) MRk ET L & 72> T % (Hannan and Freeman,
1989), ZiE, LV HATHMARET VNGIEDD LW BBITHDLA, VT VT 1 DR
THBEDOE L EMILTIE®H D, 74—y 7HEEZEZT L0 U 7 ARET LOBEITS %
DRETH 5,

FANCRET DT A =2, VI—FOEMETMZHEL T, LITD 4 BETHD :
Ot 5-OEiDOEE EaRw, (HIZ & I2H)—L35) ; QiENNLHT 2 55 T35 0 57 AR
B (i Gr B ERENYE D) a;; OBEFBIAGETO W3 AR10 s @BEFIRE S F 0 IHIKE DRI
B ¥ L OB ELIN T T PHEHIC B D50 54B, ; @i g+ HIfHIT,

Btk oo, FEOBIGIE, £, 2 X MEFOFE LRV THFBRLEAT ORFHIC
WAL S HL, ORGSR, BEPBRMARHCIE 1 EoPic—EH (V) OB FEEL TV
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PEVED M DIE (T & AT T TR0 LT 5,

ZOIREET, BENMEE D, BRI, 1 EHOP oL TOIRESMOENBS & EikE
(ZOEFTAT2EH) OMOBELSMOEREF R 65, T HORE S BigLd 58 E (B,)
Zbo T—EHM (T) BEAIND, Fixld., OGN KED S IR R THIEZFTHY)
0. ZORER TR L TV DB 04 FENE OD/W‘H%EQ 3 R

FEERIZ 2 X MERICE T 2 AEBGOBSITE ChUT., HAHFEB & OEBEESL
wa/wp (F@NUT), HEESNLDRBHT L ORI A FDOF v v TACy. B LOHEFO
RE (WL S) BaBE Lo, AtDLEN ;DM LD DT EERDD L5 it
*%755‘— KH)THAH D, L LARET VO HBL, FEEBS I OER G TIER, £DE

CIRRIIE CH D720, T ZCIIHEMAL L, BGEIEE 5 LI AR o TET,
*EOD/m%ﬂ;@F“ﬁ@Fa ZaARMFY v TACy; LHFIRER FITIE U T H DR TRERIICTH
IKEND V) | MR FIZIWEmEE A2 48E LTV % (Hannan and Freeman 1989), LA T,
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(D EEHOHMSA : 7. HOFFENT IV —OERERF OB Z0E L, Hixi
mnld, EmEEOERE (AE) LEESOHEE (BE) © 2 SOEOZEAEND, HDH
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X, T, TROLLIERMNMEERaL 70D, ZORAIE, 72 & X TA - Ke/8LEL AT
Th D, BEINIT AEOFjZHE B OB (7 & 213 3 # &l T5) O 7@ AREIXay;.
BEIOHj#E H OBy (o & ZIXEF BB ERE TY) 1dap; L £B SN D, £ B
JOTBBAEE a (% LT MR EREMEITL a; L EFR S LD,

AL oD 728 | W ENZ VR, 54 IR BR AART O AR B IC W T L 2 N ZHLEE (Ny = Ng = )
DBGHENFE L, T O BBEAREL., & 58 & f/IME (2 DE O &8 T35 0 A FEM)
EboTHmTHEEZD, LFOOHTTIE, FEIZ 500 32 DB BEF B AGIR I AT
THHLDET D,

Fo. BRI OBIGHTERIL, — BRI T CERBMEEZ > TR Z 2 S {RET H DT,
ZHUTIE U, FEBSEEOAFELEDOIE S > X 1XIERY \ﬁ% 512{’9"7!0 HDLET D, T2EL
FE O EEEDOBY (/NI B MR DY) | iﬁl@%ﬁﬂﬂ MY (K
BRELG) ONEZRDDNENRG DT80, )#ﬁlJ%@Jot@JU?Eﬁ Mk L. EmEENED
BRGI—HOUWRITEET 200 LT 5, ZORORKMFEIZIEVHZT 1 &1}52/33?”50

Ul bzrndic, S AR a2, i, oie?. RIEME 1 OUIEIER 52 b A
¥, Zhafkee GigebRtaan OEEMESME T 5, ZONMITU FTORXTEET
&5,
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(2) 2 A PBEKEL AR ERY vy 7 ADRD L 1T, KR OB 2 X MIT N TEETH
I ESND EW ) Y I — FEGET /L (TRITESIIELR S %) o= 2 FEEEAET
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Do ZOLE, EREwW T OO, AEERAEZY 3R RC;iE, TrEEAREUCE R
EHITTL b0, bbb,

Cij = aijwi

s, Zob &, BEEFENS L WIZESOMOBS L FES L, ZOBRICITMOBY -
DIRAEE7R T A FOEN (TR FF v v ) NS H 2 LIl d, 3 A My v 7AC;IT,
EESs ThHTEMRIB T 2 &KIEK= X MG OHAL = X bmin, ; C;; & EFEiTLSj 0 =
ARCiD TH] THhDH LTS, bbb, LLTo#@y,

min C;;
ij

ACU =

DA T aA RNy 75 KX NRBOEA I A K ERBSEO T R R (3]
EtdrERbbARETH D, Tbb, LTy,

ACij = Cij — n?in Cij

LR G, ZOXIICTH TR FDOEDHIMELZ > 7256, BAiia X FAROKRE
SNEMHLTH, A MEOENRFRILRo N —REFRILCEZR>TLED, =& 21X 100
F95F 200 4> 100 74 %, 10000 5} 10100 > 100 25 & [7] Ui 2h R a2 FFo> Z L1272 0 |
ERER S D, PRICARTIE, 29 LEMEEZRERETE S (2 X by 12X A bF
¥ oo TR EEINT D,

REFTNLTIE UL ED L S 723 A A JeteEA L FBLEB O 2 [E OB EH 35,
IELMOENFFIT, AB, EHO0 1 EHO G —2ADh%x L5, BHMOEEESDOY;
AlE. A, BEIEOEE L AEEOKEECHSOWTRIEZ B LEENRH 503, ERSOEBRRE
TBESR SN ERN 2 FREBE 2. 5 EEICE T 5 /e EBS TR @&
SRR E AR PENE . BT BLE B IR S AR E B0 > E AR A FENE L ET D, T
DB, us <pg. DOwW,>wpThb, £V I— RETMZHOENIZRE— &4 L IET
ol

SeHE[EA & FrEEB DM O MFEITIB T 5 FHEEEO MR OB FTL VR, 22
TIE, B 1 BTS20 TAENEEA 80 A - /R HLAL . BIEEEIAY 120 A - IRF /S5 BLAT
ERRET D, BRACZIOETFIX, UV —F [REFBIOHBORE] (Ricard 1817) %
7% WNEEHIZHONT) IZhHIELREER, T72bbLARN NIV TLENOD A &t
PET2DIZ80 A A F Y ATI120 A& W EFHTES N TV D3 ZREL EDOERITZR N,

WTNIZE L ZOETMTEWT, et EA & FREBIZSIHT 5 & 5 EEDOBUGHEIL,
FowXREFEMa TRERENHLGHTH, BUEMACTIIEOEI/NE L, K0#EHILT
WD ATREPEAS RV,

(3) ATFBEEK L BFHRE - iR D L 510, ARETI/VITAELFRF M DE 2 7120 5 23,

21



FIET —Z OIS Tlae, ¥Yab—var s ET L TRAESEET—ZD
BIZE1TH, 2F 0, BEKICL o TRESETZaRA NT =X 2RISR LT 5,

BARENZIE, BB QAR M 1337 A — 2 4, OB ANORET DD LT 2,
DD, AFREBITHEEOAMICE S, ThiE, BISOABRE OHEERERIT—E (Hfi
P—=FR) Lo THHL, FLIOET AT, FEOBIGHIIFRFHIZ (K84 0 12)
BEMIIC A D DT, EAFREHE; O 5040 & 1E, BUBHIRE W\ 5 A X2 b OFAERZ| O 5341
IZH LW, BUGOMEBIT., B2 A T 2RI 2MEHaDOREbHL L, £0r¥E
HIEOWHKIZ L2560 H 2,

25 LIEBUGOAEFRFENCIE, FHGNEE T 53 X FF v v FAC;ORE SBEET L,
A RNKE v v TRREWVEGL, REER00T <, MO RERFEDFIK & 7 D h
HbThD, L2l BEOBFBERLZEETLHE, aRXA My v IRRELELEEDIC
PASH-CHIPE L IXIR O3, —EOMTHIRNAFAET D2 2 &%V, 295 LTI o R
T BATRE D D VITIRIKE L B 2D,

D, AL TIX, FBGOEFRBBNEE MWD EWHIIREEEL, By
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f(tU | Al]) = lijexp(—lijtij),lij >0
ZORED F T 2361 2 AAFMER 2 R RIS () | 41 L F O XL 51275,
S(tij | 4ij) = exp(—4y;t;)

e BN, ZOMED FTIE, MR T ORISR A 3 — RESA(t;|4;)1%. A
TOLHT7 5,

h(ti1Ai) = Ay
ZDOEMEDO T T, BBLOAGFRFRIIIEEERZ MVORNEICILHT 5D &0 ) E%
W<, B, héz&ﬁfﬁ@/wx—mﬂ_/aﬁw b

B, =PBo+BiAC, By >0, =0,AC =0

VT D, TIT, Bl HBIEANHBEIERZ R L, BUTIEIKEEZR L TV D, BT 0L 1

DEHTHY . ZOMEPRKEWVIEE, IRERRS 20 | EFHENMETT 5,
Ubzgslwn e, LTFTDOLXIICa X MNgESZAT O FE OB OALERFE N R IC

WD LWIIRED T CTAEFEBEZHRE L, MERLE L TAaA My v FACEBEAT S LW
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tij~Exponential (Aij)
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MIRERNGE, BORENBSD 4 DOFEIRPIZOWT, PRI EERS IO
Z—UBHBEINLDERET L, £, BELESNTZSAE DT A —Z DFHEIZ OV THHT
ENzZ5Z it 5,

FT, T A—ZOPIHIREDOWEIZONWTHE 2 [T T, dFIZ OV TIEI%RIRT 523,
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LTBE®D 155 Th 2 LRET D, EWNBEFOGE DIE MO B AFREIx 100 A -
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ZHUE, AR 7 O TR, HDHWNEZ T —2 - AR (Clark and Fujimoto 1991) O
FECTRENTZEESEDA O — % FEFERTEY 32— a U BREES 2L D,
Thbb, YL TERAEEROEICSH, JAEEEOEIZS, B EiF) OBITIT—E
BoBGRF L, 2 BOBRGERORIITHFIICE B FIEOZERKZL D TH 5,

0 TR EERG S 1BV TR, BT OTEBRARBOEIIC b HEEN D
%o B OFEBAREOTENL, WEE b, BEATO T EEAREOTE L0 b3
EMELS 2o TV D, o, BHEREL DT NRNP LS 2o TS,

212 L. AKRROET VT, Hx OBG RO T2 DIZAEFEM N a2 X5 ThE IS5
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K3 BERIEROFTBRALED t RE

BRRT BER p
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% p < 0.001
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K4 A, BEDOHBHEAREKD t HiE

AlE] BIx p
BRIl 80.028 120.066  ***
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#% p < 0.001

K5 BERIEDOAE & BEDHBRARKOEFERFRZE

LRI PR
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~(Cij = ajwy) DARIE, WEOTBRAMRE (a;;) OHMEY bEESFL, EELTWD
(X 12),
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N —N—=F v LTN5D,
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