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Series of weighted multinetworks

Interaction event counts



Three representations

tokens

count tensor

multinetworks



Poisson Tucker decomposition



Poisson Tucker decomposition

yi!j ⇠ Pois

 
CX

c=1

CX

d=1

✓ic ✓jd �c!d

!

Y
how much country i  

participates in community c



Poisson Tucker decomposition

yi!j ⇠ Pois

 
CX

c=1

CX

d=1

✓ic ✓jd �c!d

!

Y
how much country j  

participates in community d



Poisson Tucker decomposition

yi!j ⇠ Pois

 
CX

c=1

CX

d=1

✓ic ✓jd �c!d

!

Y
how much community c 

acts towards community d



Poisson Tucker decomposition

yi!j ⇠ Pois

 
CX

c=1

CX

d=1

✓ic ✓jd �c!d

!

Y ' ⇥

⇥T

⇤



Poisson Tucker decomposition

⇥

⇥T

⇤ core matrix

country-community 
factor matrix



Poisson Tucker decomposition

⇠ Pois

 
CX

c=1

CX

d=1

KX

k=1

RX

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

y(t)
i

a�!j



Poisson Tucker decomposition

⇠ Pois

 
CX

c=1

CX

d=1

KX

k=1

RX

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

y(t)
i

a�!j

how relevant action a 
is to topic k



Poisson Tucker decomposition

⇠ Pois

 
CX

c=1

CX

d=1

KX

k=1

RX

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

y(t)
i

a�!j

how well regime r 
explains to time t



Poisson Tucker decomposition

⇠ Pois

 
CX

c=1

CX

d=1

KX

k=1

RX

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

y(t)
i

a�!j

how much community c 
takes actions in topic k 
towards community d 

in regime r



Poisson Tucker decomposition

⇠ Pois

 
CX

c=1

CX

d=1

KX

k=1

RX

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

y(t)
i

a�!j



⇠ Pois

 1X

c=1

1X

d=1

1X

k=1

1X

r=1

✓ic ✓jd �ak  tr �
(r)

c
k�!d

!

Poisson Tucker decomposition

y(t)
i

a�!j



Example results on GDELT (1995-2000)

topics of actions

�ak



topics of actions

�ak

Example results on GDELT (1995-2000)



topics of actions

�ak

Example results on GDELT (1995-2000)

“Lip service” topic



Example results on GDELT (1995-2000)

for “Lip service” topic k 
and top regime r

�(r)

c
k�!d

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1



Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1

1 2 3 4 5 6 7 8 9 10 11 12
Estonia

Denmark
Slovenia
Finland
Sweden

Holy See
Austria

Lithuania
Switzerland

Latvia
Hungary

Netherlands
Belgium
Bulgaria
Slovakia
Romania

Czech Rep.
Poland
Croatia

Italy
Germany

France
Macedonia

Cyprus
Greece
Turkey

Montenegro
Kosovo
Albania
Bosnia
Serbia

✓ic

VX

j=1

CX

d=1

✓jd �
(r)

c
k�!d



Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1

1 2 3 4 5 6 7 8 9 10 11 12
Estonia

Denmark
Slovenia
Finland
Sweden

Holy See
Austria

Lithuania
Switzerland

Latvia
Hungary

Netherlands
Belgium
Bulgaria
Slovakia
Romania

Czech Rep.
Poland
Croatia

Italy
Germany

France
Macedonia

Cyprus
Greece
Turkey

Montenegro
Kosovo
Albania
Bosnia
Serbia



2

1 2 3 4 5 6 7 8 9 10 11 12
Estonia

Denmark
Slovenia
Finland
Sweden

Holy See
Austria

Lithuania
Switzerland

Latvia
Hungary

Netherlands
Belgium
Bulgaria
Slovakia
Romania

Czech Rep.
Poland
Croatia

Italy
Germany

France
Macedonia

Cyprus
Greece
Turkey

Montenegro
Kosovo
Albania
Bosnia
Serbia

7

Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1



2

1 2 3 4 5 6 7 8 9 10 11 12
Estonia

Denmark
Slovenia
Finland
Sweden

Holy See
Austria

Lithuania
Switzerland

Latvia
Hungary

Netherlands
Belgium
Bulgaria
Slovakia
Romania

Czech Rep.
Poland
Croatia

Italy
Germany

France
Macedonia

Cyprus
Greece
Turkey

Montenegro
Kosovo
Albania
Bosnia
Serbia

5
7

Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1



2

1 2 3 4 5 6 7 8 9 10 11 12
Estonia

Denmark
Slovenia
Finland
Sweden

Holy See
Austria

Lithuania
Switzerland

Latvia
Hungary

Netherlands
Belgium
Bulgaria
Slovakia
Romania

Czech Rep.
Poland
Croatia

Italy
Germany

France
Macedonia

Cyprus
Greece
Turkey

Montenegro
Kosovo
Albania
Bosnia
Serbia

2

5
7

Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1



Example results on GDELT (1995-2000)

topics of actions

�ak



topics of actions

�ak

Example results on GDELT (1995-2000)

“Protest” topic



Example results on GDELT (1995-2000)

for “Protest” topic k 
and top regime r

�(r)

c
k�!d

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1



Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12

12
11

10
9

8
7

6
5

4
3

2
1

1 2 3 4 5 6 7 8 9 10 11 12

Moldova

Armenia

Azerbaijan

Ukraine

Georgia

Belarus

Russia

Estonia

Denmark

Slovenia

Finland

Sweden

Austria

Lithuania

Latvia

Hungary

Belgium

Slovakia

Romania

Czech Rep.

Poland

Germany



Example results on GDELT (1995-2000)

1 2 3 4 5 6 7 8 9 10 11 12
12

11
10

9
8

7
6

5
4

3
2

1

1 2 3 4 5 6 7 8 9 10 11 12

Moldova

Armenia

Azerbaijan

Ukraine

Georgia

Belarus

Russia

Estonia

Denmark

Slovenia

Finland

Sweden

Austria

Lithuania

Latvia

Hungary

Belgium

Slovakia

Romania

Czech Rep.

Poland

Germany



1 2 3 4 5 6 7 8 9 10 11 12

Moldova

Armenia

Azerbaijan

Ukraine

Georgia

Belarus

Russia

Estonia

Denmark

Slovenia

Finland

Sweden

Austria

Lithuania

Latvia

Hungary

Belgium

Slovakia

Romania

Czech Rep.

Poland

Germany

2

1 2 3 4 5 6 7 8 9 10 11 12
12

11
10

9
8

7
6

5
4

3
2

1

Example results on GDELT (1995-2000)



9

122

1 2 3 4 5 6 7 8 9 10 11 12

Moldova

Armenia

Azerbaijan

Ukraine

Georgia

Belarus

Russia

Estonia

Denmark

Slovenia

Finland

Sweden

Austria

Lithuania

Latvia

Hungary

Belgium

Slovakia

Romania

Czech Rep.

Poland

Germany

2

91 2 3 4 5 6 7 8 9 10 11 12
12

11
10

9
8

7
6

5
4

3
2

1

Example results on GDELT (1995-2000)



9

122

1 2 3 4 5 6 7 8 9 10 11 12

Moldova

Armenia

Azerbaijan

Ukraine

Georgia

Belarus

Russia

Estonia

Denmark

Slovenia

Finland

Sweden

Austria

Lithuania

Latvia

Hungary

Belgium

Slovakia

Romania

Czech Rep.

Poland

Germany

2

91 2 3 4 5 6 7 8 9 10 11 12
12

11
10

9
8

7
6

5
4

3
2

1

Example results on GDELT (1995-2000)



Prediction
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We are yellow.   Higher is better.
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