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production network
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Studies on models of production
notably in overlapping communities between physics and economics
e.g.
Inventory dynamics: Bak,Chen, Sheinkman, Woodford (1992)
Sheinkman, Woodford (1994); Nirei (2000)
suppliers/consumers NW: Weisbuch, Battiston (2007)
credit NW:
Battiston, Dell Gati, Gallegati, Greenwald, Stiglitz (2007)

Random NW or Regular NW assumed
due to lack of empirical study
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Data: Production NW
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Nation-wide production network

Data: archived for credit-risk management (Tokyo S. Research)

ldea for collecting links:
A link is recorded when considered as “crucial”’ either by A or B

firm — @ firmB

1 million firms (most all active firms) in japan
4 million directional links

September 2006
firm-size data and misc information provided
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degree distributions
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correlation to firm-size
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clustering coefficient

Cg ~ 1.87 x 1073

cf. randomized NW with same deg. seq.

k) [(k2)—(k _
cg =¥ [< <I>€2>< >] ~1.81 x 1072

A supplier of your suppliers is not your supplier.

Degree correlation 10*
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community structure
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0.14M manufacturing sector

Modularity optimization (Yutaka Leon Suematsu)
Force-directed spring+Coulomb-+resistence
N-body simulation by GRAPE (gravity pipeline)
(Yuji Fujita, Atsushi Kawai)




Modularity optimization for undirected graph of 8.dillion manufacturers

. annotation firms {major groups; primary /secondary /tertiary), ... community-size|
heavy Mitsubishi Heavy Industries (30/26), Kawasaki Heavy Industries (26/30),
industry Ishikawajima-harima Heavy Industries (30/26), Sumitomo Heavy Industries (26), N heavy |ndtry
ota Industries (30/27/23), Mitsui Engineering and Shipbuilding (30), Hitachi Zo5¥®
Sumitomo Metal |]Iil1lh|.T]n'.‘-=- L H.-
foods ltoham Foods (09), Prima Meat Packers (09), Yamazaki Baking (09), Nisshin Seifr ".[aruhrl
Nichiro Foods (09), Nippon Flour Mills (09), Q.P. Foods (09), Nihon Shokken Ft fOOdS 0 H:u-um
Foods (09}, Ichiban-foods {09}, ... 7.115
transportation Honda (30/27), Nissan (30), Toyota Motor (30), Aisin (25/30/27), Mitsubishi Moto
equipment Fuji Heavy ]l1ill]'~11]:‘- (30), Toyota Industries (30/26), Suzuki Motor (30), Isuzu M aUtomOblle
construction  Sumitomo Osaka Cement (22), Air-Water Industrial Gas (17/18), Kyowa Concrete (2],
material (22), Marukin Steel Materials (23), Mitsubishi Construction Materials (25/22),
(23/22), Nihon Kogyo Industrial (22/13), Lafarge Aso Cement (22), Maeta Concre
pulp/ paper Oji Paper (15), Rengo Paper (15), Nippon Paper (15), Oji Chiyoda Container (15), T
Morishigyo Paper (15), Settsu Carton (15), Morishigyo Paper Sales (15), Crown I .
shiki Paper (15/19), ... HN"
» electronics{a) Hitachi (28/29/27), Fujitsu (32/28), NEC (28/29), TDK (27/29), Oki Electric (28/29), Hitachi High-
Technologies (31/26), Rohm Semi-conductors (29), Murata Electronics (27), IBM Japan (28), Japan Radio
Communication Equipment (28/27), ... '3.082]
7 electronics({b) "-.le1L~s.11~s.’t]it<1 (Panasomic) (2v/31), Sharp (29/27/28), Sanyo (27/25), Panasonic
(20/27 /28), Pioneer (27/28), Matsushita Battery (27), Sanyo Tottori (28)

(27 ’!’:J Kenwood (28), CMK Electronic Devices -.;‘FJ.-
i electronics(c) Canon (28/26/31), Seiko E peEon (28/29), Omron (27) "'-.Ll-.ml (31/26), Ricoh (26 /28 (a) (d)
Hoya Optics [".-t'l Casio (26/ i[a_-"‘fxl Pentax U}Jl]nl 41 /28), Sony EMCS Electronic (27 12,65
electronics{d) Toshiba (27/28/29), Stanley Electric (27/26), Toshiba ].;L.hlmg and Technology (27/ _}F.I-I. 29), I.. Z-‘-]]l-| Electric
(2527 /26), ]]-:'I.'I?Il-:l'l]'l-:’l.thl] Photonics (29/ 27) ), Nippon Electric Glass (22), Toshiba Tec (26/27), GS Yuasa
Industry (27/29), Iwasaki Electric (27), Topcon Electric (31), ... 2 320]
apparel Renoun Apparel (12), Onward Kashivama Apparel (12), MC Huit Apparel (12),
Sanyo Shokai Apparel (12), Itokin Apparel (12), Fujii Fabrics (11), Sanei-Internatior
]mﬂc*mug and Accesaries (32), World Apparel (12), ...
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Data: Bankruptcy
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_ #bankruptcies in 1-yr
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Fg Chain of bankruptcy
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black: failed ﬂﬂ

triangle: entry of new firm
(ignored)

Yoshi Fujiwara at NetSci on 27 june 2008




200701065
o621
40

4
14716
WEAL A RLE (B
20070708
o592
40
b

0.1

FiRimER (B

20070306
0592
30

Nodes all bankrupted
Links: PN

Yoshi Fujiwara at NetSci on 27 june 2008

1. accounts receivable lost

Supplier-customer links




at the time of
0228 / 2006
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at the time of
0306 / 2006
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at the time of
0405 / 2006
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at the time of
0405 / 2006
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at the time of
0411/ 2006
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2. Failures of sibling firms

Creditor-debtor relation
Ownership relation
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#clusters of falled nodes surrounded by
active nodes

m
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Avalanche-size distribution
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Ripple effect of avalanche
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debt when bankrupted

exhaustive (16,526)
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Y.Fujiwara, Physica A 337 (2004) 219-230
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Secondary effect
example : bankrupted firm (regional retailer)

firms upstream

financial institutes

#
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1. Most vulnerable nodes are for firms

who have only a limited number of customers (out-degrees)
depending on modular structure of

Industrial sectors / geographical locations.

2. Large firms are not irrelevant to those small failures.

Due to the heavy tall distribution of degrees,

the vulnerable paths that influenced small-sized firms
would be abundant in two or more links away

from each of the large firms.
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summary

Production network

1M nodes / 4M supplier-customer links
heavy-tail degree distribution, relation to firm-size
modular structure depending on industries and locations

Chain of bankruptcies on PN

Distribution of chain-size
much more frequent than accidental-chain-size
Vulnerable paths and nodes in PN
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Total-debt and ratio to nominal GDP (yrs:1996-2004)
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Link effect occupies 20% of total debts
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Causes of bankruptcy

1. “Solo” failure
- poor performance (business depression, excessive competition)
- loose management (speculative investment)
- accumulated deficit in long-term
- insufficient working capital
- etc.

2. “link” effect

- secondary effect from bankruptcy of customer,
subsidiary or collateral companies and failure of business-related firms
- failure of accounts receivable

N.B. a bankruptcy can have more than one causes.
classified according to largest weight in investigation.
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