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* We suppose there are TWO possible reasons for the nodes’ failures:

INTERNAL and EXTERNAL.

1. INTERNAL failure: intrinsic reasons inside a nod

2. EXTERNAL failure: damage “imported” from neighbors

RECOVERY: A node can also recover from each kind of failure.

LET’S SPECIFY/MODEL THE RULES.



]

During interval dt, there is
probability pdt that the node
fails.

Recovery: A node recovers from an
internal failure after a time period t.




THEN: There is a probability 7° dt that the node will experience externally-induced
failure during dt.

- external failure rate

A node recovers from an external failure
after time t’.




FAILURE TYPE RECOVERY

Internal failure With rate P on each node After time t
External failure [F(<=m active neighbors) After timet’
THEN
Extra rate I on each
node

Out of these 5 parameters, we fix three of them:
m=4, t=100 and t '=1.

We let (p,r) to vary.

It turns out it is convenient to define p*=exp(-p1).
So we use (p*,r) instead of (p,r).

We measure activity Z of the network as a function of (p*,r).



internal failures external failures

p* 0,
activity [0,1]
REGULAR NETWORK (k=10, m=4) 7

e  r=0.40 simulation
r=0.40 MFT

e  r=0.78 simulation We fix r, and

r=0.78 MFT
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Regular network (k=10, m=4)

CRITICAL POINT

PHASE II
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In the hysteresis region
both phases exist,
depending on the
initial conditions or the
memory/past of the
system.

Blue line: critical line
(spinodal) for the

abrupt transition
1> 1l

Red line: critical line
(spinodal) for the

abrupt transition
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FAILURE TYPE RULE RECOVERY

Internal failure With rate P on each After timet
node

External failure [F(<=m active After time t”’
neighbors)
THEN

Extra failure rate I
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* 4 triple points

e 10 allowed transitions
e 2 forbidden transitions

AR

e 21

v

22

13



Using network representation to model
phenomena in finance
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Regular network (k=10, m=4)
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Sudden transitions

Is there any
forewarning?

0 1000 2000 3000 4000 5000 6000
timestep t

( Remember : Z = Fraction of active nodes )
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(ra(t), pA™(t))

- Regular network (k=10, m=4) |

1000 2000 3000 4000 5000 6000
timestep t




g ) h
ool &) ™ ]
3906200 :ooi U UM VT B L JE

18



0.4 | U S U S (SN S N S N SN S S S SR S S T S S S S T N S S "'
5400 5500 5600 5700 5800 5900 6000
timestep t

A

U.S. Markets on May 6, 2010
Percent Change, Time Shown in EST
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Real stock markets also show a
similar phenomenon.
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“Flash Crash
2010”
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Q: Possible relation?
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6: Collective states in simulated and real interacting networks.




