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Motivation

Given: Large set of epidemiological data

e.g., Measles cases in the U.S.

x 10
5  Linear

e ala ol
7 0 WA/U\.}U\A& ‘AI‘J] ] U(J’ LJLJ i MI mﬂ//\zAjU\ﬂMMAMM—_&_
1930 1940 1950 Year 1960 1970 1980
(Weekly)

SIGKDD 2014 Y. Matsubara et al. 2



Motivation

Given: Large set of epidemiological data

e.g., Measles cases in the U.S.
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Motivation

Given: Large set of epidemiological data

e.g., Measles cases in the U.S.
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Motivation

Given: Large set of epidemiological data

e.g., Measles cases in the U.S.
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Motivation

Given: Large set of epidemiological data

e.g., Measles cases in the U.S.

Goal: summarize all the epidemic
time-series, “fully-automatically”
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Data description

Project Tycho: infectious diseases in the U.S.
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Data description

Project Tycho: infectious diseases in the U.S.

PROJECT

¢
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o 1 X
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© < > N

g 1888 Time (weekly) (> 125 years)

Element x : # of cases
e.g., ‘measles’, ‘NY’, ‘April 1-7, 1931’, ‘4000’




Given: ‘
Tensor X (disease x state x time) X




Problem definition

Given:
Tensor X (disease x state x time) X

Find:
Compact description of X, “automatically”
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Problem definition

G Seasonality Discontinuities
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Problem definition

Given:
Tensor .

Find:
Compac

NO magic numbers !

*
>/ X

Parameter-free! jcally
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Overview - main ideas
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Experiments

Discussion
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Questions about epidemics
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Questions Q1 ||[e2i)|es]||eif|[es;

Are there any periodicities?
If yes, when is the peak season?

Y
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Answers

Seasonality

Radius:

seasonality
strength

FUNNEL:

Polar plot

Angle:
peak season
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Q: Does Influenza have seasonality? If yes, when?
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Seasonality

Detected!
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Answers Q1 ||[G2]){[as]|
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Q: How about measles ?
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Answers

Seasonality

[oF] || [fer | [les7])

Measles
(children’s)
in spring
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Answers Q1 ||[G2]){[as]|
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Q: Which disease peaks in summer?
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Answers
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Answers Q1 ||[G2]){[as]|
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Q: Which disease has no periodicity?
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1965: Detected
by FUNNEL

-

€ © Qriginal
3 1)
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1963:

Vaccine licensure




What’s the difference between
measles in NY and in FL?




Answers Qalilaz AHGS5

area sensitivity

FUNNEL’s guess of susceptibles (measles)
W

CA —,

NY, PA

(more

! . ‘/ \
Q children)
" FL (fewer children) |
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Are there any external
shock events, like wars?

)

— PV WA




external shock events

Funnel can detect external shocks

“fully-automatically” !
|
Scarlet fever | Detected by Detected!

FUNNEL |

' ' ' ' ' o Original
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World war I
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How can we remove mistakes

and incorrect values? P
TYPO!

x ° |/\N\IAM




Answers Qdl||[e2]|as]){[ea)| as |

mistakes

It can also detect typos, “automatically” !!

Typhoid fever cases Mistake

> QOriginal
)

19;10/ \1950 Von 10 1970 Detected!

Missing values
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Modeling power of FUNNEL

Our model can capture 5 properties

Seasonality

Area sensitivity

External events
Mistakes
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41



¢ Motivation

¢ Modeling power of FUNNEL
Overview - main ideas
Proposed model - idea #1
Algorithm - idea #2
Experiments

Discussion

Conclusions

J

==




Problem definition

Given:
Tensor X (disease x state x time) X

Find:
Compact description of X, “automatically”

fFUNNEL ﬁ /= -

s e

> P1P2 =3 |

SIGKDD 2014 Y. Matsubara et al.




Two main ideas

ldea #1: Grey-box model

 FUNNEL
|- =)
— .

ldea #2: MDL for fitting

NO magic numbers !
(parameter-free)

SIGKDD 2014 Y. Matsubara et al.



Two main ideas

ldea #1: Grey-box model - domain knowledge

" FUNNEL

(SIRS+) : 6 parameters

S(t) — B()e(t)S()I(t
I(t) + B(t)e(t)SE)I (¢
V(t) + 8I(t) — AV (¢t

S(t+1)
I(t+1)
V(t+1
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Two main ideas

|dea #2: Fitting with MDL -> parameter free!

 FUNNEL ———n
X = LI H ﬂ fga _____ Q M. _________ 9

v
/
o
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U
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Costr(X; F) = log*(d) + log* (1) + log™ (n) NO magic numbers

—|—COStM(B) + Costys (R) —+ COStM(N)
+Costy(E) + Costyr (M) + Coste(X|F)
Parameter-free!
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Proposed model: FUNNEL

e’ in idemi
§ A
('U ° °
¢ d X Multi-evolving
S v epidemics
< 7 > Time

(a) FUNNEL-single —

(b) FUNNEL-full
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Proposed model: FUNNEL

eC’ . . .
§ A
¢ d X Multi-evolving
S v epidemics
< 7 > Time

(a) FUNNEL-single

(b) FUNNEL-full
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FUNNEL - with a single epidemic

Given: e.d., measles in NY
10000 - :

“single” epidemic

50007 ‘
sequence

q b,

Q|930 1953 1970

ear

Find: 10000 FUNNEL ' —
. . O rgina

nonlinear equation, S

model parameters

4 1%
EELRE
.

SIGKDD 2014 Y. Matsubara et al. 50




FUNNEL - with a single epidemic

With a single epidemic: Funnel-RE

People of 3 classes

' briginal
S : Susceptible

_— I(t)

I . InfeCted |(t) ’ n
V : Vigilant/ T bt i N
vaccinated v 1870
ear > Original
S(t) e’ Y

PR Y

R T

1930 1950 1970

Year
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FUNNEL - with a single epidemic

With a single epidemic: Funnel-RE

SE+1)= S) —BR)e®)SEIE) +~V(t) — 0(t)S(¢)

I+ 1= I +BM)e®)SH)I() — sI(t)

V(t+1)= V() +8I{) —yV(t) +0()S(t) 3)
(1)

S(t) : susceptible p (1)
| (t) : Infected \
V(t) : Vigilant <<
14 6
O

t
/Vaccinated ( )}]
V
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FUNNEL - with a single epidemic

S(t+1)=S(t) —BE)et)SH)I(E) +~V (t) — 6(t)S(t)

It+1)= I(t)HB[E)e(t)SE)I(t) — 6I(t)

Vit+ 1= V() +6I1t) —yV () +0()S(t) 3)
B(t) : strength of infection g(t) /g’(t)

With a single epidemic: Funnel-RE

(yearly periodic func)

B(t) = Po - (1+P 003(2”( —I—P))) <<3(t)
P, = 52
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FUNNEL - with a single epidemic

With a single epidemic: Funnel-RE

St+1)|=S(t) — B)e®)SE)I(t) + vV (¢) —0(t)S(¢)
I(t+1)|= I(t)+ B(t)e(t)S(t)I(t) — oI (t)
V(E+1) = V(&) +oIt) —yV(t) +0o(t)S(¢) 3)

EDW gy

0 : healing rate
6(t) : disease reduction effect < - \
Y

0 (t<tp) (t)}]
o ={ 5 G5 .
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FUNNEL - with a single epidemic

SCrD= S - BUEQISOIE) + 1V () — 6(0)S()
It+1)= I(t)+ Bt)e(®)S®)I(t) — dI(t)
Vit+1) = V(&) +6I() —V () +0()S () 3)
A
£ gy

With a single epidemic: Funnel-RE

£(t) : temporal susceptible rate
(o

S \
(t)}]
V O
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Proposed model: FUNNEL

eC’ . . .
§ A
¢ d X Multi-evolving
S v epidemics
< 7 > Time

(a) FUNNEL-single —

(b) FUNNEL-full
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Proposed model: FUNNEL-full

global/country local/state
A
%@6 l ! A \ f l \
& /
to / N,pB,.0,v,P,,P 0,.t, /
¢ d = N
< X d B d| R d /
s .
time « > 2 «— ?
n 6 2

{

d‘ E 4 ________________________________ d‘m ..... e,
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Proposed model: FUNNEL-full

m i 2 global/country

|
P r \

\)Q)
%\)(b l Naﬁoacsay,Paan HO’IH
0 —_—
d[ X = d B d R
< time Y
n ) 9 - 59
6 2

Base matrix B (d x 6)
Disease reduction matrix R (d x 2)
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Proposed model: FUNNEL-full

local/state

\9% [

% \
A N
> time d /
n v

Geo-disease matrixN (d x |)

Sx
'YA

diseases
Q
=2
[

={N,, } p . potential population of
I disease i in state j
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diseases

Proposed model: FUNNEL-full

External shock tensor E
Mistake tensor ‘M

time

[
[

:m extra - E: shocks & M: mistakes
\

F 4 ________________________________ p ‘ j\/[ _____ . .

I
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Challenges

Q1. How to automatically /=
- find “external shocks” ? [Z” s ~
- ignore “mistakes” (i.e., typos) ? |Ms

Q2. How to efficiently estimate model parameters ?

- Lt

-
L=
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Challenges

Q1. How to automatically
- find “external shocks” ?
- ignore “mistakes” (i.e., typos) ? |
ldea (1) : Model description cost

Q2. How to efficiently estimate model parameters ?

" FUNNEL ﬁ
e J L
L

ldea (2): Multi-layer optimization (linear)

=
I
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(@) FUNNEL at work - forecasting

Forecasting future epidemics

Train: Forecast:

2/3 sequences 1/3 following years
S 105'A | | |
o
= /\J\J\/\A,/\/\)WW
3 Funnel
© || AR(2

1077 AR@86) |5 1940 1945 1950

AR(8) Year

(a) Influenza
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(@) FUNNEL at work - forecasting

Forecasting future epidemics

Train: Forecast:
2/3 sequences 1/3 following years
S 105"J\ | | | :
fe)
= /\J\N\#\.A/\J\/WN
3 Funnel '
© AR(52) .*
107 AR(26) |5 1940 1945 1950

AR(8) Year
(a) Influenza ‘

Funnel can capture future epidemics (AR: fail)
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(@) FUNNEL at work - forecasting

Forecasting future epidemics

Train: Forecast:
2/3 sequences 1/3 following years

.
—_ I ;. |
: —)
= 102WWWWW J( - _
5 Funnel MWW 2
S AR(52) WY AT
10 -~ AR(26)

1930 AR(8) 50 Yea: 960 1970 1980

(¢) Typhoid fever
Funnel can capture future epidemics (AR: fail)
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(b) Generality of FUNNEL

Epidemics on computer networks

Spread via email Spread through
attachment corporate networks

. . / a ran\ /Netsky . (1)

% 2000 -Slrcam
O 1000 |

e e e e L e e O e e P PP
2001 2002 2003 2004 2005 2006 2007 2008 2009 201 0
Year (per month) (1 0 yea rs)

Funnel is general: it fits computer virus very well!
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Conclusions

FUNNEL has the following advantages
v/ Sense-making

Captures all essential aspects: [ J

April (4
<« pn‘( )0.5

v/ Fully-automatic oy )

March (3)

No training set June (6) , RUbe"a "\ February (2)
V Scalable Rocky moudntlair(\;po”eld fever \ .......... J ¢ N
It scales linearly R

/' December (12)

V G €nera l ohus fever |\ Typhoidever
Cryptosporidiosis -
September (9) : November (11)

Real epidemics (+ computer virus) oueo —»
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'hank you!
*
6“[04 : :
) Vacci?ation
= 4 ! ’
% o 88 8 o881 Original
© 2y L I(t)
i’.‘ LAY i '....'u ' IR SO0 { :
1930 1940 1950 1960 1970 1980 |
vear Original June (6) / N \ February (2)
S S deme -] - -S() ox/_ % 2o 0‘
810°: e — I®) FR BT T
Yo ) V() nountain spofted fever-
32 - N - %
8 IV July (7) - ' January (1)
19|30 19|40 19|50 v 19'60 1950 19|é0 L Streptococca sore throat
ear LW

August (8) December (12)

phus fe\)er Typhmdfever

CryptosporldeIs

\ i September (9) November (11)
October (10) —W

Data: http://www.tycho.pitt.edu/

Code: http://www.cs.kumamoto-u.ac.jp/~yasuko/software.html
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Proposed model: FUNNEL-full

What’s the difference?? g4=ﬂ VS. (Mg @

9
External shock vs. Mistake
15000 —— 10000 ——————
© Original > Original
10000} —1®) ~ —
5000
5000f | giardiasis | giardiasis
QU mana—— _CS)('t')g'"a' 0 2007 2008 2009 2010 2011 2012
Year () g(n)glnal
~ T T T — - — — t
~ v 5|
g | ® B R L LR )
= | L 0
3 | 3
ol — §0° ‘ - -
2007 2008 2009 2010 2011 2012 2007 2008 2009 2010 2011 2012
External shock fitting Mistake fitting .
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Proposed model: FUNNEL-full

What’s the difference?? |
External shock vs. Mistake

15000 v 10000

10000y

5000

5000¢

© Qriginal 0
-8
B Bt (0
V()

0 010 2011 2012

» Original
-~ - S

2007 2008

o

g é,o B, — 1
z | g1 v
I vV ‘
0 - 8 0
10 10

2007 2008 2009 2010 2011 2012 2007 2008 2009 2010 2011 2012

External shock fitting Mistake fitting .
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Proposed model: FUNNEL-full

PN
. ll f: {E(D),E(T),E(S)}
A li

= L e ]
(e1) Disease Time State

1 matriy matriv m:i-r"ix
] T A CTr 17X TTTCACT 17\ TTTICAULT |
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ldea (1): Model description cost

Q1. How should we
- find “external shocks” ?
- ignore “mistakes” (i.e., typos) ?

ldea (1) : Model description cost
* Minimize coding cost
* find “optimal” # of externals/mistakes
« “automatically”
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ldea (1): Model description cost

===CostM
===CostC
CostT

ldea: Minimize encoding cost!

min (|Costy(F) |+ |Cost (X]| 1) )
Model cost Coding cost

12345678910

(# of | E|+|M])

Good Y Good
compression |[®.4  description
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ldea (1): Model description cost

Total cost of tensor X, given F m
F={B,R,N,E,M}

Costr(X; F) = log™ (d) + log™ (1) + log™(n)
+Costy(B) + Costyr(R) + Costar (N)
+Costpy (E) + Costpyr (M) + Coste (X|F)
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ldea (1): Model description cost

Total cost of tensor X, given F m
F={B,R,N,E, M}

Dimensions of X

Costr(X; F) =|log™(d) + log™ (1) + log™(n)
Costy(B) + Costyr(R) + Costar (N)
Costpy (‘E) + Costar (M) + Coste (X |F)

\ J

v
Model description ~Coding cost
cost of F of X given F
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ldea (2): Multi-layer optimization

Q2. How to efficiently estimate model parameters ?

/FUNNEL

P1

\_

o=

P2

ldea (2): Multi-layer optimization

* Find “optimal” so

S Global fIRYE
— level

Darameters

Darameters

lution w.r.t.
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ldea (2): Multi-layer optimization

Find “optimal” solution w.r.t.
" FUNNEL

N0

o
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ldea (2): Multi-layer optimization

Find “optimal” solution w.r.t.
" FUNNEL

=] [2]
_ @ A

B RI:
G
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ldea (2): Multi-layer optimization

Multi-layer fitting algorithm

Global
fitting

e

Local
fitting

v f
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Experiments

We answer the following questions...

Q1. Sense-making
Can it help us understand the given epidemics?

Q2. Accuracy
How well does it match the data?

Q3. Scalability

How does it scale in terms of computational time?
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Our preliminary observations:

yearly periodicity

disease reduction effects

area specificity and sensitivity
external shock events
mistakes, incorrect values




Q1. Sense-making

Disease seasonality

4— April (4)
0.5
May (5) :

March (3)

Measles 04 >

Radius:
seasonality strength
September (9) November (11)

Angle:
peak season October (10) _—r

December (12)

phus fe\)er Typhmdfever
Cryptospor|d|OS|s
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Q1. Sense-making

Disease seasonality Influenza
<« Al in Feb.
: ’ May (5) —
(;hlldrgn S " Measies 04
1IN Spring ~_I?L_{k‘)éila '
June (6) .~ LN February (2)
Rocky mountain spojted fi.aver.-'. B W W |nf|uenza T
; January (1)

. Streptococcal/sore throat
.. Gonorrhea

July (7) \ .....

Auaust (8) v .

. phus fever :

Tl ck-borne Cryptosporidiosi
N summer :

December (12)

Gonorrhea
no periodicity

SIG



Q1. Sense-making

Disease reduction effect

> Original
— (1)

1970

1980

Original
| T e \“—wi ______ - -8(1)
S10°L, L ana R Ao ()
€ A
=
(@]
0 1
1930 1940 1950 1960 1970 1980
Year
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o o Original |
A R | - - -S(t)
— 1
. - - V(1)

> (_){ “ CAD
oo

1970 1980 1990 2000
Year

(c) Mumps (P1), (P2), (P4)

. Original
3000f ;4 i |
1S 841
g 2000 ":; X ‘Z O |
1000f 4 ¢ im
0 1970 197 1980 1985 1990 1995 2060
Year
s - ,
L o Original | _ _]
- e ---8()
§ I(t)
o )
1o° . . ‘ o v VR A
1970 1975 1980 1985 1990 1995 2000

Year

(d) Rubella (P1), (P2), (P4)
90



Q1. Sense-making

area specificity and sensitivity

Potential population of susceptibles (measles)

*‘&,J M
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e ¢
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Q1. Sense-making

area specificity and sensitivity

Measles in NY and PA
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Q1. Sense-making

external shock events

We can detect external shocks “automatically” !!

2000 Er=1.07e+02 (1.9e+04, 0.58, 0.44,0.09) , P=(0.1, 47), (1041, 0.03), k=8 Er= 2.95¢+01 (3.4¢+03, 0.51, 0.46, 0.12) , P=(0.2, 27), (4889, 0.00), k=1
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Q1. Sense-making

mistakes, incorrect values

We can also detect typos “automatically” !!
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Q2. Accuracy

Fitting accuracy for sequences
(lower is better)

B Global
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Q3. Scalability

Wall clock time vs. diseases , states , Time

Wall clock time (s)
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FunnelFit is linear w.r.t. data size : O(dln)
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