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Epidemics: SIS model $.
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“One dog barks at something, and a hundred bark at the sound.” --- Chinese proverb
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Epidemics: SIS model
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Epidemic transition $.

Basic reproductive ratio (Ro):
the avearge number of extra events induced by a single event.

The occurrence rate

04y : dl |
Pandemic O BST—~T
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| Ro Reproductive ratio Ry = 3/ 8

cf: Keeling & Rohani, Modeling Infectious Diseases 2008



Self-exciting processes $.
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nuclear, tweets, neural $.
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nuclear, tweets, neural $.
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Revise the SIS model $.

by taking account of external stimulation or spontaneous activity.

The occurrence rate

04r
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The (original) SIS model
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Ro Reproductive ratio
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Revise the SIS model $.

by taking account of external stimulation or spontaneous activity.

The occurrence rate
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Ro Reproductive ratio

>>> Epidemic transition disappears.

The (original) SIS model

dI
C = ST — 1
dt *

with spontaneous activity ‘

dl
 — BST —~I
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I+S=1 Ry=08/y
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Hawkes process 1%

A(t) =p+ Ry ; F(t =) A(t) IR\J\
/0 ft)dt =1 v(t)A T T A iM 1A >

the self-exciting process

The occurrence rate
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cf: Pernice, Staude, Cardanobile, and Rotter, PLoS Comput Biol 2011



Revise the Hawkes process ¥

by taking account of refractory effect.

>>> pandemic divergence disappears.

The occurrence rate
The Hawkes process
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Hawkes and SIS revised ¥

Hawkes process + refractory effect = SIS model + spontaneous activity
A(t I
/\(t)p+(1— Ef))Bto(t—fk) L = %—BS]—’y[—l—p
/ th

The occurrence rate
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Epidemic transition disappears.
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Bursting

—

Elementary process for the SIS model.

external or
spontaneous
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Estimating the rate

/ Shimazaki

. Underlying rate /\
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Shimazaki & Shinomoto, Neural Computation 2007. Cf., Rudemo 1982.
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Estimating the rate ...

himazaki
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Shimazaki & Shinomoto, Neural Computation 2007. Cf., Rudemo 1982. 25



Fluctuation in the occurrence ff

_
Onaga

Rate fluctuation or burst of events suggested by a finite optimal bin size A=

05t
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bin size A* finite

bin size A# finite
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Hawkes process

Hawkes process:

detectability condition
1 > N
) /;OO (OA(t + s)0A(t)) ds > 1

critical excitability
Ry =1—1/v2=0.2929

1
Ry P
1
1

P

-

Exponential kem{?lgﬁ w.=0.291+0.006
= ] .
= Stationary Bursting
a
Alpha kermmel o.=0.287+0.003
0.015
o
Power law kemel 06 o.=0.296+0.004
=
o3 01 02 03 04 05 08 07 «

Onaga & Shinomoto, Phys Rev E 2014
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Hawkes process

Hawkes process:

MO =pta) f—n)

Ro=>a &
J” fdr =1

detectability condition
1 > N
) /;OO (OA(t + s)0A(t)) ds > 1

critical excitability
e =1—1/v2=0.2929
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Onaga & Shinomoto, Phys Rev E 2014
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Limit of detecting fluctuation

P2

oyama Shimokawa Shintani

(a) rate process
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Rate fluctuation is undetectable, if
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Koyama Shimokawa & Shinomoto, J Phys A 2004; 2007; Shintani & Shinomoto, Phys Rev E 2012 29



Optimal histogram binsize /a!-.ﬂ

oyama Shimokawa Shintani

Lt f
S(A)= lim — ((A(1) — Aa(2))")dt M | S E

T—00 0

1t 1t
"underlying rate| | histogram

L, 2K K? K: spike count
S(A) = <f [?r(r)— Mr)} dr + ><: piRescon
A Jo A A [ < A: binsize

Poisson: E[K*] = E[K]*+ E[K]

A l A t o - . ; )
S(A) = 6(0) + r) 1[ dr [ o(s)ds =] Finite binsize:
& AT E K ZTC 1S
T>T, G _ 0
d(s) = (SA(1 4 5)81(1)) — d(1/A) | ,_,

l o0

>>> Rate fluctuation is detectable, if —) f (OA(t + 5)01(t))ds > 1
A — 00

Koyama Shimokawa & Shinomoto, J Phys A 2004; 2007; Shintani & Shinomoto, Phys Rev E 2012 30



Hawkes process e

At)=p+ cx-:z f(t —tg) >>> correlation: ¢(s) = (SA(t + s)5A(2))
k

Hawkes, Biometrica 1971 _ A+ — 0 fo fow .
ﬁbw — ('”‘*>

>S>>>>> (1 —af )l —af_y,)

Our detectability condition:

f\u o0

a. =1 — 1/\@ ~ 0.2929.| >>>independent of temporal excitation profile

Onaga & Shinomoto, Phys Rev E 2014

o0 Dor — 2 | o0
_f (531 + 5)51(1)) ds — o 052 =1 <<< — / (OA(t 4+ 5)0A(1))ds > 1
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Multivariate Hawkes process ﬁg—

Onaga

N oo
multi-dimensional Hawkes process: Ai(t) = pi + Z%/ f(t = s)vj(s)ds

j=1
4 Bursting Y4 Statinnar?( N
max(CACTA™), > 2 max(CACTAY), < 2
G = e e e ] ) ——
DR, 5 > IR
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4
2 > T : 2
L L O ——
'\ : L : Y,

bursts of event occurrences take place, if

> 9]

max (O‘ACTA_I)M >2 ,where C=) o"={T-a) and A = diag((A))

n=>0

Onaga & Shinomoto, Phys Rev E 2014 33



Conclusion 5

1. Epidemic transition disappears if there is spontaneous activity.

2. Bursting transition occurs at ?;, = 1 — 1/\/5 ~ 0.3 (<<1).

The occurrence rate
Bursting transition

Ry=1-1/V2=03

( 0,=0.2960.007
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Ongoing project: Construct a method for taming bursts in tweets
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Thank you

You are (individually) welcome to Kyoto (though | cannot organize workshops).
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