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Poisson Tucker decomposition
A Tucker decomposition…

…with a Poisson assumption.

 

Interaction event data

  number of instances country i took 
  action a towards country j 
  during time t

y(t)
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who did what to whom,  when

Picture © Kalev Leetaru, available on the GDELT blog
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Comparison to other models

Multirelational Gamma process
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BPTD generalizes many previous models for 
interaction events including:

Bayesian Poisson Tucker Decomposition for Learning the Structure of International Relations
Aaron Schein
UMass Amherst

Mingyuan Zhou
Univ. of Texas Austin

David M. Blei
Columbia Univ.

Hanna Wallach
Microsoft Research

 Inverse perplexity on heldout data.  Higher is better.  Top: Events involving most active countries are heldout.  Bottom: Events for least active are heldout.

⌫k

�

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20

20
19

18
17

16
15

14
13

12
11

10
9

8
7

6
5

4
3

2
1

Ukraine
Georgia

Azerbaijan
Armenia

SudanEthiopia
Somalia

Libya
KenyaSouth Africa

Nigeria
UgandaZimbabwe
CanadaSpain

Cuba
Mexico

Colombia
Chile

Argentina
Brazil

Venezuela
Peru

PortugalNew Zealand
Australia

Indonesia
Switzerland

Italy
Holy See
GermanyNetherlands
Bulgaria
Belgium

Lithuania
Latvia

Romania
Poland
Austria

Czech Rep.
Slovakia
HungaryIran

Kazakhstan
Uzbekistan
KyrgyzstanAfghanistan

Tajikistan
Taiwan

SingaporePhilippines
Malaysia
Vietnam
Thailand

Cambodia
MyanmarMacedonia

TurkeyGreece
CyprusPalestine

Lebanon
Israel

France
Kuwait
Yemen
Algeria

Saudi Arabia
Syria

EgyptJordan
Japan

North Korea
South Korea

Belarus
Russia
China

BangladeshPakistan
Sri Lanka

India
Iraq

Croatia
Albania
Bosnia
Kosovo
Serbia
Ireland

UK
USA

U
SA U

K
Ire

la
nd

Se
rb

ia
K

os
ov

o
B

os
ni

a
A

lb
an

ia
C

ro
at

ia
Ira

q
In

di
a

Sr
i L

an
ka

Pa
ki

st
an

B
an

gl
ad

es
h

C
hi

na
R

us
si

a
B

el
ar

us
So

ut
h 

K
or

ea
N

or
th

 K
or

ea
Ja

pa
n

Jo
rd

an
Eg

yp
t

Sy
ria

Sa
ud

i A
ra

bi
a

A
lg

er
ia

Ye
m

en
K

uw
ai

t
Fr

an
ce

Is
ra

el
Le

ba
no

n
Pa

le
st

in
e

C
yp

ru
s

G
re

ec
e

Tu
rk

ey
M

ac
ed

on
ia

M
ya

nm
ar

C
am

bo
di

a
Th

ai
la

nd
Vi

et
na

m
M

al
ay

si
a

Ph
ili

pp
in

es
Si

ng
ap

or
e

Ta
iw

an
Ta

jik
is

ta
n

A
fg

ha
ni

st
an

K
yr

gy
zs

ta
n

U
zb

ek
is

ta
n

K
az

ak
hs

ta
n

Ira
n

H
un

ga
ry

Sl
ov

ak
ia

C
ze

ch
 R

ep
.

A
us

tr
ia

Po
la

nd
R

om
an

ia
La

tv
ia

Li
th

ua
ni

a
B

el
gi

um
B

ul
ga

ria
N

et
he

rla
nd

s
G

er
m

an
y

H
ol

y 
Se

e
Ita

ly
Sw

itz
er

la
nd

In
do

ne
si

a
A

us
tr

al
ia

N
ew

 Z
ea

la
nd

Po
rt

ug
al

Pe
ru

Ve
ne

zu
el

a
B

ra
zi

l
A

rg
en

tin
a

C
hi

le
C

ol
om

bi
a

M
ex

ic
o

C
ub

a
Sp

ai
n

C
an

ad
a

Zi
m

ba
bw

e
U

ga
nd

a
N

ig
er

ia
So

ut
h 

A
fr

ic
a

K
en

ya
Li

by
a

So
m

al
ia

Et
hi

op
ia

Su
da

n
A

rm
en

ia
A

ze
rb

ai
ja

n
G

eo
rg

ia
U

kr
ai

ne

1

2

3

4

⇤(r)
k1: slice of core tensor for k=2 and top r 

✓ic

VX

j=1

CX

d=1

✓jd �
(r)

c
k�!d

2: sender rates 
for k=2, top r

NX

n=1

CX

c=1

CX

d=1

�
⇥
en = (i

a�!j, t), zn = (c
k�!d, r)

⇤4:  
thinned counts for k=2, top r 

✓jd

VX

i=1

CX

c=1

✓ic �
(r)

c
k�!d

3: receiver rates 
for k=2, top r

Countries are color-coded 
according to the maximum 
value of their sender rate (2).

Example results on 
1995–2000 data

BPTD outperforms these models when 
predicting out-of-sample events. 

• Bayesian Poisson CP-decomposition (BPTF) 
• Stochastic block model (SBM)
• Infinite relational model (IRM)


