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Proposal of a bifurcation analysis procedure of Core—Periphery model by computational bifurcatiori theory

oooo*ooooo=oooo~oooobo =ooooo ™
By Akito YANAGIMOTO **0J Kiyohiro IKEDA**[0 Takashi AKAMATSU**[0 Tatsuhito KONO*O Syunji YAMAKI **

1. 0OOO

000000000000o0oooOooooooo
00o000ooo 300000000 ooonDoon
O000ooOo0o0oooOoooooooooooo
00000000000ooO0O0oUooooOooooo
000 00 KrugmarPO Dixit and StiglitzO 0 0 0 0 O
0002000000000000000000000
0000000000000 UoooOooOoUooo
goooooobbbbbbobooooooooooo
O0000o0o0O000ooo0oooooOooOooooo
0000000200000000000000000
oo oouoo
00000o0oO0O000oooOOo0oOoooooOooooo
oooo

O0b00O00OKugmanO OO O OODOOOOODOO
gboooooobooboboooooooooan
oboooooooooboonOOO0OO0OOOnOOOOO
oooooooobobooooboooooboooo
gboooooobooboooooooooboooban
oboooooooOoobobooboooooooogon
ooooooooooooo

O00o0D0O0o0o0D 2000300000000
obooooooobooboboboooooooogn
ooooooooboboboooooooobooboo
gboooooooboobobobooooooooan
obooooooooboobobooboooooooogoon
000dW00000000000000000000
gboooooboooobooboooooboobooon

2. 00000

OobDOoO0OKugmanD OOOOOODOOOOODOO
gbooooooobobooooooboob nOOO
obooooooooobobooboooooooogn
ooooooooboo

*‘00o00oo00o0boO0o0oo0oOooOoooO0n
*0000o0o0o0oooooooooooo
0oO0O000O0O0OO0OO00oooo
(0980-8570 000D DOOOODO 6-6-06,
TEL: 022-795-7420; FAX: 022-795-7418)

(1) Dooooooo

0000000000 00000000000

e 000DO0DODOODODODODOODOD
0000000000 00000000
0000000000000 w(e(0,1)00000
00 1-w0OO0000
0000000000000000000000
0000000000000000000000
0000000000 000000000000n
0000010000
0000000000000000000000
000000000000 O0OO00oo

00000O0On0O0O0O0O0O0O0OOOOO0OOOO
000000000000 00D000000 r00o
s00D000000DO TMO

T = gosan )

oooO0Or-d000r0Q000sODOO0OO0O0OOOO
0000000000000000 Thax=€"0000
(2) Krugman O OO

ggoooobbbbbbooooooobobooboo
00000000000 KrugmanD OO OOOOOO
Or0000000O0O0WDOOOOOOO0OO0OOO
ggooooboooo

n
1-0
w' o= D YT e 2
s=1
Yr = pdw" + (1 - p)/n ()
n

Gr = [ AW TH) e ()
s=1

0000Y,000r0000G, 000r000000
000TM(El,+0]) 0000000 r0000 sO0
0000000000O0(e[1,+0]) 0000000
00020000000000004 000000
000000000000000000000000
0o00O0ooooo

A+ +,=1 (5)

-191 -



(3 DOOOOO

00000000000000000000000
00000000000000r00000000 w
000000000wW 00000000 G 0000
00000000000

wr = wW'G* (6)

oooobOobooooobooboooooooaon
oboooooooboobobooboooooooogon
good

=w if >0
{ wWr = w i P > @

0000e000000000000000000 (7)
goooooooon

{ (wr — @) =0,

w-w >0, A4 >0

(8)

O000oO0o0o0ooo@oooooooooo

3. JoOooooooo
00000000000000000000000
0000000000000000000000000
00000000000000000000%0000
ooooo
(1) Dooooo
0000000000 ud0

u= .. oW g, A )T (9)

0000000000000000000 00000
0000000000000000000p0 o000
0000000000000000000000000
0000000000000000O000Krugmand
0000000 (2)0000000 (50000000
0(@O0O00000 2n+1000000000000

F(u,7) = (F1,...,Fons1)T =0 (10)

0000000000000 000000000

K(WM, A, 1)
F(u,7) =| PWM, A, @, 1) (11)
L(2)

4 —O (30— O-

[ 2 Ys(T2)7Ge | - (w)
KwM, A, 1) = (12)

| £ varyoez] - (w)”

(w1 — w)A1
PWM, A, @, 7) =

(wn — w)An
LA=4+ -+Ap-1

(13)

(14)

0000000000 (10)000000000000
0000000000000000000 (8)0000
0000000000000000000000000
(2) 0000000

00000000 (10000000000 (u,r)000
0000000 (U+éu,r+6r)0000000006u
06 0000000.00200000000000
00000000000000000000000

§F(su, 67)
= F(u+6u, + 61) — F(6U, 67)
=%6U+Z—E(u,‘r)5‘r+0=0
gooooonoooooooOodar/oul F(uryOooOd
gooooogo

00000000 1)uooooooooooood

oK oK oK

(15)

JRN— —_— M —_— =

gé oA+ %"I’DM ow" + glg ot ;)P (16)
— — M — —_— 0 =

gﬁ oA+ o ow" + . ot + 656w o0 @17
—51=0 18

a1’ (18)

0oooo
(3) 00O0OO0OO

00000000 (10)0000000000000
000000000000000000000000
000000000000000000000000
0000000000 (10)000000000000
0ooo0o0ooo

ooooo
gooood

wWM Ao = 2

19
2n+1 (19)

= n

000000(6)0(17)0(18)0 0000w O 60
0000000000000O000000000000

JsA+ Ast=0 (20)

000000 JoAOOOOO

- P 0P [ 0K \'oK

I o= a‘m(m) a (1)

A - @_ﬂ(ﬁ)*%

or  owM\owM |  or

aL ~1[oP 9P [ 9K \'oK

Wii[ﬁ_ﬂﬂﬂﬂ?ﬂ
A AL ~-10P
1" dw

(22)

-192 -



0000wMO swD0sr0000

OK \ oK o1 K \ oK
M _ i _ _ __
ow _[(6WM) o) A (8WM) ar]& (23)

" ot owMlowM | or
oL 5-29P
a1~ dw

6L~4{3P aP(1m<)4aK]

5 = - 5t (24)

0000000000
(4 0O00

00000 (A, ) 00000000000 (20)0
000000000000000+70000dr000
000000000000 d 00000000000
0000000000

@, ) = @ +dd, +d)
= (' -J"Adr, o+ d7)

(25)
(26)

000000000 00ooooooooooo®o0

0000000000000000000000-100

0000000000000 0000000
ORRTF v T ONEIE

| st
O RRT TR

A
® £
.
dr
010000
(5) OO0

00000 JuO000000000000000
0(0)00000000000000000

00000000 JA-)000000000000
0000 (200000000000000000000
00000000000000 J700000 0O
000000000 ¢ 0000 (@(=4,...,N0000
ooooo

Jyi=ey, i=1..,n (27)

ocooboooooooooboooooOoooooD 1o
gbooooOooooooboooobooon

e1=---=ew=0 (28)

gooooooobooooooMbOOobOOoOoOooDo
gboooobooboooooboooon

00000 f0000000
0oooo (M=1)

20000 (M= 2) (29)

goo

00000000000000000000000
0000 200000000000
(6) 000D
00000000000 000000000000
00000000000JO000000000 r00
000000000000000000000000
000000000000 000000000000
0o00o0ooo
00000000000000000000000
000000y, 00000000000000000-
200

SRR

SN BAREE £ DT
EHEEOIZHET S
BEE~Y bL

U
I R
020000

ocoooooO0oooOoOooooObOo 2000000
go020000000D0000DOOO00O0O0DOOO0O
oooooooooooooo 20 w0y, 0000
gbooooboooocoogd

cosay,+sinay, (0<a<2r) (30)

0000e000000O0DO0O0O0ODOOOODOO
00000000000 D0O00DOOOODOODOO
000000 «00000D0000000D00000
Jo0oo0ooooo¥9 00000000000
0000000000000000000,0000y,
Oy, 0000000000000000000000
00 e00D00O0D0O0O0DO0

(7) 00O
00000000000000000000000

000D00000000D0000000 JoO0DOon
000000000000 0000090

- 193 -



4. J0O0OO0OO0OOO0ODOO

gooobobooobooboooboboooooooo
gbobobobobooboobooooobooooogn
ooo

(1) 200000

0.0

AQ

0 05 ]
e s

03000000000000000 (200)

20000000000000000000000-3
000 =040 =500000000000000
00000000 4000000000000000
0000000000000000000000000
0000000000000000000 r0000
1-1e"00000000000000000000
00000000000000000 1000000
000000000000000000000000
0000000000000000000000O0
0000000000000 0000000000
000000000000000000000000

000000000000000000 (13,4) =
(05,05)0(1,0)1(0,1)0000000000O0000
000000000000000000000000
002000000000000000000000
000000000000000000000000
000000000000000000000000
0000O0O0O0Kugmand 000000000000
000000000000000000000000

0-3000000000000000000200
000000000000000000000000
0000000000000000200000000
0000000000000000000000000
000000000000000000000000
0000000000000000000000000
000000000000000000000000
0ooooo

(2) 400000
a) 4000000

40000000000000-41u =0.400 = 10,00
00000-4~«(a)00000200000000000
000000000000000000000000
00000000000-4—~(b)0 400000000
000000000000000000000000
0000000004000000000000000
0000020000000 20000000000
0000002000000 10000000000
000000 200000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
000000000000000000000000
00000000000

400000000000000000000-4—()
000000000000000000000000
000000000000-4~(cH(d)O(e)00000
0000-4«(c) 00000000 7000000 40
00000 (1,2 43, A4) = (0.25,0.25,0.25,0.25) 0 O
000000000000 00000000000
000000000000 200000000000
0000000000000 2000000000
(11,2, 43,44) = (05,0,05,00)0 0000001000
00000000000000000 (A,A2,43,44) =
(1,0,0,00000000000000000-4—(c)00
00000-4~(d0(e)00000000000000
00000000000000-4-(c) 0000000
000000000000000000000000
00000000000000000

00000000000000000O0 50000
00000000000

40000000 0 0-4—(c)0 O
0002000000000 O00-4~(c)00
00020000000 00-4—(c)0 O
oooQ 0 0-4—(c)0 O
0002000000000 O00-4~d)D00

obooooobooboboooooboboooon
goocoboooobobooooooooboboo
ooogooo

0000000007 0000000000000000

-194 -



AOkE*E

0 0.5 1

O
BRI &0
eSSt O /égﬁﬁ Sl
(O, mas A <O atuniin
\ iﬁé}) u& O Ziﬁ“& N
o O or
Q ‘\'\o
\\Or;'\

(yOooooooooooooooo

Tpe
(o000
: O A0
1 i ‘VO\ 1 j Q ° |
L ‘ Q\\\j L OO\\\‘ ‘-Q\\v
OBO QO 1/ OE!
" \\{_ L g \ \ % -
Hos : ? g b ; X\O
< I G ﬁre O N [ ] < ‘\'\,o ,xjojA
"-’q}f‘ u Ney LD ey \CP///:\ L o" O350
O350 O \,),\( o SINF < )«fo\;
\/7&\;, j{ \’?J 7 d} )
r ok i o—‘-'"" *” - E
0 7] ! . 0 U os 1
0 05 1

0 05 1
Wikt

(00000000

(dooooooo

o3

(0000000

[op-S4

044000000 (u=0400 =100)

goboobOooboooobooboobobooooo
obooooooobOobobooooooooooan
goo.0o00,04-(c)0oooooooooooo
10000000000000000D00 abOO0O
OObOOOOOOOOOOOb-cOOO0OOOcOO
00000000 cdO00 cCc-d000000DO0O0O0
OcdOOc-d 0000000 DODOOOUOOOODODO
o0000O00opooOoO0.0dbobod cdooboon
00000dO0000O0e0O0O0OO0DOOOODOCfOO
goo

by 00000 uDeO00O

oooobpbo0OO0O00O0O0O0DOOOOOODO
gboobbobibpd ocubboboboobbaobnod
gbotdbpedobobOoobOobooboboobo
gbobooooooooooooootdesbonOOonO
gboobaoooboobooboobobodied
goboobogboobboobooboonbbo
gbobooboobobooboesO0O0oOoOoOoOOoOOoOgon
gbobooboaboobbooboaboaboba
gboboobooooboobotbsoboboobooon

(2000

(pooooooo

054000000 (u=0400=5.0)

gbobooboooooooboboboooobooogon
gboooobobooboooboo

4A00000000000-404 = 0400 = 10000
0-50u =040¢ = 50000-60u = 0.70 ¢ = 20.00
00000000000000

oooooobobo400b0b0ob0bobDon
gbobooobooooooobooboobobooooon
ggbodobtdebdodb ouoobooobooabod
gbobooobobobooboooobebObOOn

- 195 -



i 1 f—_— " 1
70 “1 ‘ @_ii,e
;o
# 1@ FE e
go.s — f:[jo.s :_‘,.H@,,/e
< 1< 0. { o
oo
d) ‘x'\()f/
| N
0170
op———— ™ . 71 oL SOT
0 05 1 0 05 1
FipeS g Wt

(@000 (yooooooo

064000000 (u=0.700 =200)

O00—-4—(a) o = 10000 0-5~@ o =5000000
0000-5-(@0¢=500000000000000
00000 4000000000000000000
00000000000
0-4—(c00-5~(b00-6-(b)0 000000000
00000004000000 -000 200000
0 -0000000000000000000000
0000000000000000000000

5. ooond

O000O0000000000 Krugamand 00O 0O
gooooooooobobooboooooooogoo
gooooooooooooooboooooooooon

gbooboooboboooboobooboooban
oboboooOobobooboooooboobobooooo
gbboogoboaoboboabboobboooaboa
gbogboobooobooboobbooobooboo
ooboooobooobooooooboobooooo
gbboooboabboooboooboooobad
obooboobooboobooooboobooog

goon

1) M. Fujita, P. Krugman,and A.J. Venables : The Spatial
Economy: Cities, Regions, and International Trade, MIT
Press, 1999.

2) AK.Dixit, and J.E. Stiglitz : Monopolistic Competition and
Optimum Product Diversity, American Economic Review,
67(3). pp.297-308, 1997.

3) J0000000oU0ooOoooooooooooon,a
goooooo 3,0000, 2005.

4) M. Golubitsky, I. Stewart and D.G. ScHée] Singularities
and Groups in Bifurcation Theory, Vol. 2. Springer-Verlag,
New York, 1988.

5) K. Ikeda, and K. Murota Imperfect Bifurcation in Struc-
tures and Materials : Engineering Use of Group-Theoretic
Bifurcation Theory, Appl. Math. Sci. Ser. 149, Springer-
Verlag, New York, 2002.

6) 000000000 OO0ODO,00000000000
gooooooooobooboooooooooooo
gooooooooo:obooog.

7) 000000000000 00oooooooooo
000000o00ogoo1989.

gbobbbooooboboboooobboboooobbboooobo s

oooo=ooooo~oooo~oooobo =oboobo -

00oobooO0oo0oo0oo00oo0obo0o000o0ooo0ooooo0o0o KrugmanDOOOOOOOOODOODOOO
0000ooo0o0ooo0o0ooooo0oo(@U)oo 2030000000000000O000OOOOO
O00000oooo0oo0ooo0o0o00ooooO0o00ooooOo0o0ooooO0o0o0UoD (oooon)
oooooooooooooooooooOOO0OC0OOOO0OO0O000o0oOo0o0o0oo0o0000Krugmand 000
goboooooboooboooooooboobooobooobooooooobooboobooobooboooon

gboboboboooooobooobobo

Proposal of a bifurcation analysis procedure of Core—Periphery model by computational

bifurcation theory

By Akito YANAGIMOTO **0O Kiyohiro IKEDA**0 Takashi AKAMATSU**[ Tatsuhito KONO*O Syunji YAMAK] **

It is known that the model that expresses the city accumulation phenomenon by the change of transportation cost
has multiple equilibria for two or three cities. However, there is no research on the pattern of spatial accumulation
and decentralization of the population when the number of cities was increased further. In this research, the numerical
analysis procedure based on computational bifurcation theory is carried out on the Core—Periphery model for many
cities with the same population that are located evenly on a circle. As a result, complex bifurcation behaviors of the
model has successfully been traced by means of this procedure.
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