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Growing interest in networks

How Everything Is Connecéted to
Everything Else and What It Means for

Business, Science, and Everyday Life
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"Linked could alter the way we think about all of the

networks that affect our lives.” —The New York Times
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SIX
Degrees

) The phrase *six degrees of separa-

1t's back o e e
tions in the 1ggoz, and now, the scientific network theory
behind the phrase is being touted as = prescription for regulat-
ing systemic risk in the wake of the finandial crisis.

In 1957, researcher Stanley Milgram asked test subjects
inOmaha, Nebraska, to s=nd a letter to 3 panticular stockbroker
inBoston throwsgh peaplew hom the test subjects and their
subsaquent contacts knew on a first name basis. The subjects
typically estimated it would take hundreds of jumgs for their
latter tc reach the tanget, but the sverage rezult tumed cutta
be close to sic.

Milgram's werk was popularized in the play Six Degrees of
Separation by John Guarz. Meanwhile, the science continued to
advance. In 1598, Watts and Strogatz published their seminal
article “Collective Dynamics of ‘Small-World Networks ™ in the
journal Noture, which had ramifications for such disparate fields
as physics, biclogy, saciology, finance, and beyond. Netwark
theary came to the public's attention ance againwith the publi-
cation in 2003 of Duncan Watts’ pop science book Six Degrees:
The Science of @ Conmected Age. The book jacket Breathlessly
preclaimed that netwerk theory is “nothing less tham 2 now way
to understand our connected planct.

Memwark theary has already led 1o some surprising
inzightz. One iz that distance can be decebring—a small shock
Far away can rascsde through an entire wide-srea system. The
197 decoupling of the Thai babt from the U.S. dollar started
a chain of events that wound through the Russian bond market
and ended up on the doorstep of the U.S. Federal Reserve,
‘where decision makers concluded that they had to orchestrate
a rescue of Long-Term Capital Management (LTCM) or risk a
meitdown of the antine US. market.

Small shocks can hawe big effects, and big shocks cam be
absorbed—this = the paradegical rature of high ceanectivity
between netwark nodes that makes systems robust and vulner-
able st the same time, a theme that continises to play aut in the
research literatisr: today.

Network theory has been used to cxamine interbank pay-
ment systems, the tapology of banking networks in several
countries (such as the Unied States. the United Kingdom.
Brazil, Hungary. and the Netherlands), comelations between dif-
Ferent types of hedge funds, insider trading netwarks, and ather
topice in finance. Bust the application of nebwork theary to
financs is still in is infancy.

The exciting thing, says Kimme Soramiki, an indzpendent
research cansaltant who perfoms netwark analysis for central
bank clisnts, is that insights gained in one field of nework
analysis are proving to be transferable to other fskds. Tnis
means that researchers may someday come closar io under-
standing firancial contagian because of work done on =pi-
demics ar may be able ta ilhminate the herding mentality of
stock traders by studying how thousands of refies can Aash
onand offin synchrony.

(— Small shocks can have big effects,
and big shocks can be absorbed:
this is the paradoxical nature of
high connectivity between network
nodes that makes systems robust
and vulnerable at the same time.

NEWS FEATURE

Meltdown modelling

Could agent-based computer models prevent ancther financial crisis? Mark Buchanan reports.
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‘Is network theory the
best hope for regulating
systemic risk?”

“Meltdown modeling -
Could agent-based
computer models prevent
another financial crisis?”

fundamental
understanding of the
structure and dynamics of
economic networks.”

CFA Magazine, July 2009 Nature, August 2009 Science, July 2009



We are talking about systemic risk # systematic risk
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A
News articles mentioning “systemic risk”, Source: trends.google.com

e The risk of disruption to a financial entity with spillovers to the real
economy

e Risk of a crisis that stresses key intermediation markets and leads to their
breakdown, which impacts the broader economy and requires
government intervention

e Risk that critical nodes of a financial network cease to function as
designed, disrupting linkages

-> some chain of events that starts or gets magnified in the finance sector
and makes us all worse off



III

“Too big to fai
+

“Too interconnected to fail”



We need some cartography
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19th century reconstruction of Eratosthenes'
map of the known world, c.194 BC.



... on the interconnections

facebook

Paul Butler, December 14, 2010



Payment flows in Fedwire

Soramaki, K, M.L. Bech, J. Arnold, R.J. Glass and W.E. Beyeler (2007), “The topology of interbank
payment flows”, Physica A, Vol. 379, pp 317-333, 2007.



Overnight lending networks

Federal funds Italian money market

Bech, M.L. and Atalay, E. (2008), “The Topology of lori G, G de Masi, O Precup, G Gabbi and G Caldarelli (2008):

the Federal Funds Market”. ECB Working Paper No. 986. “A network analysis of the Italian overnight money market”,
Journal of Economic Dynamics and Control, vol. 32(1), pages
259-278



Network theory and related fields

Financial
Network
Analysis
Social Network Network
Analysis Science
NETWORK
THEORY
Graph & Matrix Computer
Theory Science
Biological
Network

Analysis




Main premise of network analysis:
Structure of links between nodes matters

 The properties and behaviour of a node cannot be analysed on
the basis its own properties and behaviour alone.

e To understand the behaviour of one node, one must analyse
the behaviour of nodes that may be several links apart in the
network.

 Bottom up approach. Generalize and describe.

 Financial context: network of interconnected balance sheets

e Should we let the next Lehman fail?



Systemic importance = “centrality”

Degree: number of links

Closeness: distance to other
nodes via shortest paths

Betweenness: number of shortest
paths going through the node

Eigenvector: nodes that are linked by/to
other important nodes are more central

Markov: probability that a random
process is at a given node



We need to model the process

 We need better models of systemic risk and
contagion

 The models must incorporate

— Topology of interactions
— System dynamics
— Economic behavior



Payment systems
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Example on system dynamics: payment systems

Payment
System

Payments > | ims———————emay

Time

S ——————— |n3tru0ti0n>

Time

Summed over
the network,

Instructions When liquidity is high
arrive at a steady payments are submitted i
rate promptly and banks F

process payments
independently of each
other

Instructions

Source: Beyeler, Glass, Bech and Soramaki (2007),
Physica A, 384-2, pp 693-718.



... have complex dynamics

Payment
System
————— Instruction> Payments >
| | s I AL Mk
Time - s Time
Liquidity
Reducing liquidity leads to
episodes of congestion X

when queues build, and
cascades of settlement
activity when incoming
payments allow banks to
work off queues. Payment
processing becomes

Frequency
Payments

1
Cascade Length Instructions

coupled across the
network



... and economic agents

E.g. Banks liquidity choice in a payment system depends on other
banks’ liquidity choice

Red = high price for liquidity, Blue = low price for liquidity

%000 — C(liyl_1) = Ali+kD(li,1_y)
=
——

-

4000 -

3000 -

mn?

Source: Galbiati and Soramaki (2010), Journal of Econ.
Dynamics and Control, in press



The road ahead

 We need better models of systemic risk and
contagion

 We will have much more frequent and granular
data

e \We need better tools that can run the new
models with the new data



fna

e Open source project with a commercial
support option

e Sponsored by
Norges Bank
European Central Bank
Bank of England

e Version 2.0 will be released in April.



Objectives of FNA fna

e Provide a tool for time series analysis of network data
in finance

e [ntegrate data analysis, visualization and exploration

e Provide a platform for building agent based and
simulation models

e Make advances in research available to policy



Roots fnal

e Bof-PSS2
— Bank of Finland, 1997-

— Payment system simulator
— Used in ~60 central banks

o Loki
— Sandia National Laboratories , 2004-

— Toolkit for network analysis and ABM



The big picture fna

Network analysis Transaction analysis Simulation models

File input/output File input/output File input/output

Payment Cascading

Generate Operate Extract Edit . . .
simulation failures
Algorithms Statistics Algorithms Syﬁ;in 3
Graph database Transaction database

Charts and network . : : L
Visual explorer Run-time visualization

layouts



fna

ANALYSIS CHARTS

Analyzing network 2010-2Q" ..

Result saved as vertex property ‘degree’
Execution time 00:00:01.125

net_id,vertex_id,degree
2010-2Q,United States,18.000
2010-2Q,United Kingdom,18.000
2010-2Q, Turkey, 17.000
2010-2Q,Switzerland, 18.000
2010-2Q,Sweden, 18.000

5 vertices listed

Execution time 00:00:00.027

Analyzing network "2005-1Q" ...

This analysis needs normalized weights.

Result saved as arc property ‘n_normalizegnormweight’
Result saved as arc property 'v_normalize#normweight'
Result saved as vertex property ‘evc’

Analyzing network "2005-2Q" ..

4| I

peek -file results/rrgs-out-offsetfifo-test.txt
chart -scatter evc,degree -saveas scatter2.html
chart -line value_sum -saveas line.html

list -n

aggregate -a2n value -operation sum

Demo

chart -graph id=2010-1Q,vertices=15,vp=evc,ap=value,af=0.0003 -saveas graph3.html

chart -graph id=2010-1Q, vertices=15,vp=evc,ap=value,af=0.003 -saveas graph2_html

list -v -desc -range 1-5
analyze -name evc

list v -desc -ranne 1-5

wersion 2.0.1 (dev)

»

m

User Manual

Uploads

Results

Charts

Scripts
Sort by Last modified

validations.txt
transpose.txt
validate.txt
testerrors.txt
testall_txt
test.ixt
t2fixtime. txt

T2 it
symmetrize txt
savepajek.txt
savelist.txt
run.txt
peek.txt
paymentsimulation.txt
memaory.txt
match._txt
manual.txt
loadproperties. txt
loadpajek. txt
list.txt
loadlist.txt

Logout

11:07 *

11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
11:07
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Thank you
More information:

www.financialnetworkanalysis.com

Follow us
. L | ”a
B in JIORONN g

... or get posts by mail

My e-mail: Send

Contact us:
kimmo.soramaki@fna.fi



http://www.financialnetworkanalysis.com/
mailto:kimmo.soramaki@fna.fi
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