
Characterizing Information 
diffusion

Giuseppe Manco
Institute of High Performance Computing and Networking

National Research Council

Social Influence, Propagation Speed, Polarization

Integrity 2022
Third Workshop in
Integrity in Social Networks and Media
February 25, 2022



Disclaimer & Acknowledgements

• Summary of results of joint works with Francesco Bonchi, Nicola 
Barbieri, Corrado Monti, Ettore Ritacco



Agenda

• The Information Diffusion flow
• Influence and susceptibility
• Speed of propagation
• Polarity and echo chambers



Context
Information propagation in on-line social networks 

users perform actions
post messages, pictures, video

buy, comment, link, rate, share, like, retweet

users are connected with other users
interact, influence each other

actions propagate

nice 
read indeed!
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Relevant Questions

• What makes a content popular?

• Which creators are able to trigger a cascade?

• Who will share a content?
• When will someone share a content?

• Who is expert in a topic characterizing a set 
of contents?

• Who is interested in a topic?

• Which are the most popular topics?
• …



Basic Notation

• A graph G = (V,E)
• Users u,v in V

• Items i 
• A cascade all (time-sorted) users who adopt that item

• binary indicator
u adopts i

Node Action Time

u1 i1 t0
u2 i1 t1
u3 i2 t3
… … …

yi,u
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A Basic Tool: Probabilistic modeling

• Treat data as observations that arise from a generative probabilistic process that 
includes hidden variables
• For cascade data, the hidden variables reflect the behavior of single users or the 

commonality in actions

• Infer the hidden structure using posterior inference
• What are the latent behaviors that describe this group of users?

• Situate new data into the estimated model.
• How does a new user fit into the estimated behavioral structure?



Key Insight 1
Propagations are topic-dependent

Barbieri, Bonchi, Manco: Topic Aware social influence propagation models, ICDM2012



Key insight 1: 
Propagations are topic-aware

Generalization of the IC Model: the probability of a user become 
active depends on the strength exerted by one of its precedessors, 

which in turn depends on the topic k of interest.

Probability that some of the
potential influencers in activating u

Probability that none of the the “out-of-
react” influencers succeeds in activating u

P i,+
u,k = 1�

Y

v

(1� pku,v)
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Nicola Barbieri, Francesco Bonchi, Giuseppe Manco: Topic-aware social influence propagation models. Knowl. Inf. Syst. 37(3): 555-584 (2013)
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L(i, u) = yi,y · log
 
X

k

P i,+
u,k

!
+ (1� yi,u) ·

X

k

logP i,�
u,k



Topic-aware Social Influence Propagation Models
Input:
Social Network + Propagation Log 

+ number of topics K

Output:
Topics +

Topic-Aware propagation 
Strengths

Node Action Time

u1 i1 t0
u2 i1 t1
u3 i2 t3
… … …



Probability of a link 

(source) (destination)

Probability of an action being propagated

(influencer)                                                         (susceptible)

Key insight 2
Adoptions and connections depend on influence

#u = SoftMax(⇧s)
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'v = SoftMax(⇧d)
<latexit sha1_base64="6/yaM7zXCsPR/U/29E2tD/h6Da0=">AAACGnicbVC7TsNAEDzzDOYVoKQ5EYFCE9kICRokBA0NUhAEkOIQrS+bcMr5obt1RGTlD/gEvoIWKjpES0PBv2CHFBCYajSzq90ZP1bSkON8WBOTU9Mzs4U5e35hcWm5uLJ6aaJEC6yJSEX62geDSoZYI0kKr2ONEPgKr/zuce5f9VAbGYUX1I+xEUAnlG0pgDKpWdzyeqDjW9ns8QPuEd6RUel51KZTuBuUvaq8aW3btt0slpyKMwT/S9wRKbERqs3ip9eKRBJgSEKBMXXXiamRgiYpFA5sLzEYg+hCB+sZDSFA00iHeQZ8MzFAEY9Rc6n4UMSfGykExvQDP5sMgG7NuJeL/3n1hNr7jVSGcUIYivwQSYXDQ0ZomRWFvCU1EkH+OXIZcgEaiFBLDkJkYpI1l/fhjqf/Sy53Km7Gz3ZLh0ejZgpsnW2wMnPZHjtkJ6zKakywe/bIntiz9WC9WK/W2/fohDXaWWO/YL1/AUmtn+Q=</latexit><latexit sha1_base64="6/yaM7zXCsPR/U/29E2tD/h6Da0=">AAACGnicbVC7TsNAEDzzDOYVoKQ5EYFCE9kICRokBA0NUhAEkOIQrS+bcMr5obt1RGTlD/gEvoIWKjpES0PBv2CHFBCYajSzq90ZP1bSkON8WBOTU9Mzs4U5e35hcWm5uLJ6aaJEC6yJSEX62geDSoZYI0kKr2ONEPgKr/zuce5f9VAbGYUX1I+xEUAnlG0pgDKpWdzyeqDjW9ns8QPuEd6RUel51KZTuBuUvaq8aW3btt0slpyKMwT/S9wRKbERqs3ip9eKRBJgSEKBMXXXiamRgiYpFA5sLzEYg+hCB+sZDSFA00iHeQZ8MzFAEY9Rc6n4UMSfGykExvQDP5sMgG7NuJeL/3n1hNr7jVSGcUIYivwQSYXDQ0ZomRWFvCU1EkH+OXIZcgEaiFBLDkJkYpI1l/fhjqf/Sy53Km7Gz3ZLh0ejZgpsnW2wMnPZHjtkJ6zKakywe/bIntiz9WC9WK/W2/fohDXaWWO/YL1/AUmtn+Q=</latexit><latexit sha1_base64="6/yaM7zXCsPR/U/29E2tD/h6Da0=">AAACGnicbVC7TsNAEDzzDOYVoKQ5EYFCE9kICRokBA0NUhAEkOIQrS+bcMr5obt1RGTlD/gEvoIWKjpES0PBv2CHFBCYajSzq90ZP1bSkON8WBOTU9Mzs4U5e35hcWm5uLJ6aaJEC6yJSEX62geDSoZYI0kKr2ONEPgKr/zuce5f9VAbGYUX1I+xEUAnlG0pgDKpWdzyeqDjW9ns8QPuEd6RUel51KZTuBuUvaq8aW3btt0slpyKMwT/S9wRKbERqs3ip9eKRBJgSEKBMXXXiamRgiYpFA5sLzEYg+hCB+sZDSFA00iHeQZ8MzFAEY9Rc6n4UMSfGykExvQDP5sMgG7NuJeL/3n1hNr7jVSGcUIYivwQSYXDQ0ZomRWFvCU1EkH+OXIZcgEaiFBLDkJkYpI1l/fhjqf/Sy53Km7Gz3ZLh0ejZgpsnW2wMnPZHjtkJ6zKakywe/bIntiz9WC9WK/W2/fohDXaWWO/YL1/AUmtn+Q=</latexit><latexit sha1_base64="6/yaM7zXCsPR/U/29E2tD/h6Da0=">AAACGnicbVC7TsNAEDzzDOYVoKQ5EYFCE9kICRokBA0NUhAEkOIQrS+bcMr5obt1RGTlD/gEvoIWKjpES0PBv2CHFBCYajSzq90ZP1bSkON8WBOTU9Mzs4U5e35hcWm5uLJ6aaJEC6yJSEX62geDSoZYI0kKr2ONEPgKr/zuce5f9VAbGYUX1I+xEUAnlG0pgDKpWdzyeqDjW9ns8QPuEd6RUel51KZTuBuUvaq8aW3btt0slpyKMwT/S9wRKbERqs3ip9eKRBJgSEKBMXXXiamRgiYpFA5sLzEYg+hCB+sZDSFA00iHeQZ8MzFAEY9Rc6n4UMSfGykExvQDP5sMgG7NuJeL/3n1hNr7jVSGcUIYivwQSYXDQ0ZomRWFvCU1EkH+OXIZcgEaiFBLDkJkYpI1l/fhjqf/Sy53Km7Gz3ZLh0ejZgpsnW2wMnPZHjtkJ6zKakywe/bIntiz9WC9WK/W2/fohDXaWWO/YL1/AUmtn+Q=</latexit>

✓u = SoftMax(⇧d)
<latexit sha1_base64="jZuY81LsXUuXwr5V26184ZXO1l0=">AAACGXicbVC7TsNAEDzzxrwMlDQnokjQRDZCggYpgoYGKQgCSHGI1pdNOHF+6G6NEln5Aj6Br6CFig7RUlHwL9ghBRCmGs3sancmSJQ05Lof1sTk1PTM7Ny8vbC4tLzirK5dmDjVAusiVrG+CsCgkhHWSZLCq0QjhIHCy+D2qPAv71AbGUfn1E+wGUI3kh0pgHKp5ZR9ukGCVsoPuE/YI6Oys7hDJ9AbbPk1ed3etm275ZTcijsEHyfeiJTYCLWW8+m3Y5GGGJFQYEzDcxNqZqBJCoUD208NJiBuoYuNnEYQomlmwzgDXk4NUMwT1FwqPhTx50YGoTH9MMgnQ6Ab89crxP+8Rkqd/WYmoyQljERxiKTC4SEjtMx7Qt6WGomg+By5jLgADUSoJQchcjHNiyv68P6mHycXOxUv56e7perhqJk5tsE22Rbz2B6rsmNWY3Um2D17ZE/s2XqwXqxX6+17dMIa7ayzX7DevwBdPp9l</latexit><latexit sha1_base64="jZuY81LsXUuXwr5V26184ZXO1l0=">AAACGXicbVC7TsNAEDzzxrwMlDQnokjQRDZCggYpgoYGKQgCSHGI1pdNOHF+6G6NEln5Aj6Br6CFig7RUlHwL9ghBRCmGs3sancmSJQ05Lof1sTk1PTM7Ny8vbC4tLzirK5dmDjVAusiVrG+CsCgkhHWSZLCq0QjhIHCy+D2qPAv71AbGUfn1E+wGUI3kh0pgHKp5ZR9ukGCVsoPuE/YI6Oys7hDJ9AbbPk1ed3etm275ZTcijsEHyfeiJTYCLWW8+m3Y5GGGJFQYEzDcxNqZqBJCoUD208NJiBuoYuNnEYQomlmwzgDXk4NUMwT1FwqPhTx50YGoTH9MMgnQ6Ab89crxP+8Rkqd/WYmoyQljERxiKTC4SEjtMx7Qt6WGomg+By5jLgADUSoJQchcjHNiyv68P6mHycXOxUv56e7perhqJk5tsE22Rbz2B6rsmNWY3Um2D17ZE/s2XqwXqxX6+17dMIa7ayzX7DevwBdPp9l</latexit><latexit sha1_base64="jZuY81LsXUuXwr5V26184ZXO1l0=">AAACGXicbVC7TsNAEDzzxrwMlDQnokjQRDZCggYpgoYGKQgCSHGI1pdNOHF+6G6NEln5Aj6Br6CFig7RUlHwL9ghBRCmGs3sancmSJQ05Lof1sTk1PTM7Ny8vbC4tLzirK5dmDjVAusiVrG+CsCgkhHWSZLCq0QjhIHCy+D2qPAv71AbGUfn1E+wGUI3kh0pgHKp5ZR9ukGCVsoPuE/YI6Oys7hDJ9AbbPk1ed3etm275ZTcijsEHyfeiJTYCLWW8+m3Y5GGGJFQYEzDcxNqZqBJCoUD208NJiBuoYuNnEYQomlmwzgDXk4NUMwT1FwqPhTx50YGoTH9MMgnQ6Ab89crxP+8Rkqd/WYmoyQljERxiKTC4SEjtMx7Qt6WGomg+By5jLgADUSoJQchcjHNiyv68P6mHycXOxUv56e7perhqJk5tsE22Rbz2B6rsmNWY3Um2D17ZE/s2XqwXqxX6+17dMIa7ayzX7DevwBdPp9l</latexit><latexit sha1_base64="jZuY81LsXUuXwr5V26184ZXO1l0=">AAACGXicbVC7TsNAEDzzxrwMlDQnokjQRDZCggYpgoYGKQgCSHGI1pdNOHF+6G6NEln5Aj6Br6CFig7RUlHwL9ghBRCmGs3sancmSJQ05Lof1sTk1PTM7Ny8vbC4tLzirK5dmDjVAusiVrG+CsCgkhHWSZLCq0QjhIHCy+D2qPAv71AbGUfn1E+wGUI3kh0pgHKp5ZR9ukGCVsoPuE/YI6Oys7hDJ9AbbPk1ed3etm275ZTcijsEHyfeiJTYCLWW8+m3Y5GGGJFQYEzDcxNqZqBJCoUD208NJiBuoYuNnEYQomlmwzgDXk4NUMwT1FwqPhTx50YGoTH9MMgnQ6Ab89crxP+8Rkqd/WYmoyQljERxiKTC4SEjtMx7Qt6WGomg+By5jLgADUSoJQchcjHNiyv68P6mHycXOxUv56e7perhqJk5tsE22Rbz2B6rsmNWY3Um2D17ZE/s2XqwXqxX6+17dMIa7ayzX7DevwBdPp9l</latexit>

Nicola Barbieri, Francesco Bonchi, Giuseppe Manco: Cascade-based community detection. WSDM 2013: 33-42
Nicola Barbieri, Francesco Bonchi, Giuseppe Manco: Who to follow and why: link prediction with explanations. KDD 2014: 1266-1275

'v = SoftMax(⇧s)
<latexit sha1_base64="5RhPI23eLY0DU5S2GrpGDtUWqsQ=">AAACGnicbVC7TsNAEDzzxrwClDQnIlBoIhshQYMUQUODFAQhkeIQrY9NOHF+6G4dEVn5Az6Br6CFig7R0lDwL9ghBRCmGs3sanfGj5U05Dgf1sTk1PTM7Ny8vbC4tLxSWF27NFGiBdZEpCLd8MGgkiHWSJLCRqwRAl9h3b89zv16D7WRUXhB/RhbAXRD2ZECKJPahW2vBzq+ke0eP+Qe4R0ZlZ5HHTqFu0HJq8ors2PbdrtQdMrOEHycuCNSZCNU24VP7zoSSYAhCQXGNF0nplYKmqRQOLC9xGAM4ha62MxoCAGaVjrMM+BbiQGKeIyaS8WHIv7cSCEwph/42WQAdGP+ern4n9dMqHPQSmUYJ4ShyA+RVDg8ZISWWVHIr6VGIsg/Ry5DLkADEWrJQYhMTLLm8j7cv+nHyeVu2c342V6xcjRqZo5tsE1WYi7bZxV2wqqsxgS7Z4/siT1bD9aL9Wq9fY9OWKOddfYL1vsXYUqf8w==</latexit><latexit sha1_base64="5RhPI23eLY0DU5S2GrpGDtUWqsQ=">AAACGnicbVC7TsNAEDzzxrwClDQnIlBoIhshQYMUQUODFAQhkeIQrY9NOHF+6G4dEVn5Az6Br6CFig7R0lDwL9ghBRCmGs3sanfGj5U05Dgf1sTk1PTM7Ny8vbC4tLxSWF27NFGiBdZEpCLd8MGgkiHWSJLCRqwRAl9h3b89zv16D7WRUXhB/RhbAXRD2ZECKJPahW2vBzq+ke0eP+Qe4R0ZlZ5HHTqFu0HJq8ors2PbdrtQdMrOEHycuCNSZCNU24VP7zoSSYAhCQXGNF0nplYKmqRQOLC9xGAM4ha62MxoCAGaVjrMM+BbiQGKeIyaS8WHIv7cSCEwph/42WQAdGP+ern4n9dMqHPQSmUYJ4ShyA+RVDg8ZISWWVHIr6VGIsg/Ry5DLkADEWrJQYhMTLLm8j7cv+nHyeVu2c342V6xcjRqZo5tsE1WYi7bZxV2wqqsxgS7Z4/siT1bD9aL9Wq9fY9OWKOddfYL1vsXYUqf8w==</latexit><latexit sha1_base64="5RhPI23eLY0DU5S2GrpGDtUWqsQ=">AAACGnicbVC7TsNAEDzzxrwClDQnIlBoIhshQYMUQUODFAQhkeIQrY9NOHF+6G4dEVn5Az6Br6CFig7R0lDwL9ghBRCmGs3sanfGj5U05Dgf1sTk1PTM7Ny8vbC4tLxSWF27NFGiBdZEpCLd8MGgkiHWSJLCRqwRAl9h3b89zv16D7WRUXhB/RhbAXRD2ZECKJPahW2vBzq+ke0eP+Qe4R0ZlZ5HHTqFu0HJq8ors2PbdrtQdMrOEHycuCNSZCNU24VP7zoSSYAhCQXGNF0nplYKmqRQOLC9xGAM4ha62MxoCAGaVjrMM+BbiQGKeIyaS8WHIv7cSCEwph/42WQAdGP+ern4n9dMqHPQSmUYJ4ShyA+RVDg8ZISWWVHIr6VGIsg/Ry5DLkADEWrJQYhMTLLm8j7cv+nHyeVu2c342V6xcjRqZo5tsE1WYi7bZxV2wqqsxgS7Z4/siT1bD9aL9Wq9fY9OWKOddfYL1vsXYUqf8w==</latexit><latexit sha1_base64="5RhPI23eLY0DU5S2GrpGDtUWqsQ=">AAACGnicbVC7TsNAEDzzxrwClDQnIlBoIhshQYMUQUODFAQhkeIQrY9NOHF+6G4dEVn5Az6Br6CFig7R0lDwL9ghBRCmGs3sanfGj5U05Dgf1sTk1PTM7Ny8vbC4tLxSWF27NFGiBdZEpCLd8MGgkiHWSJLCRqwRAl9h3b89zv16D7WRUXhB/RhbAXRD2ZECKJPahW2vBzq+ke0eP+Qe4R0ZlZ5HHTqFu0HJq8ors2PbdrtQdMrOEHycuCNSZCNU24VP7zoSSYAhCQXGNF0nplYKmqRQOLC9xGAM4ha62MxoCAGaVjrMM+BbiQGKeIyaS8WHIv7cSCEwph/42WQAdGP+ern4n9dMqHPQSmUYJ4ShyA+RVDg8ZISWWVHIr6VGIsg/Ry5DLkADEWrJQYhMTLLm8j7cv+nHyeVu2c342V6xcjRqZo5tsE1WYi7bZxV2wqqsxgS7Z4/siT1bD9aL9Wq9fY9OWKOddfYL1vsXYUqf8w==</latexit>

pku,v / ✓u,k · �k,v
<latexit sha1_base64="hA7hYDy/XinY/9eHRXZ2vRHbzjE=">AAACKXicbVC7TsNAEDzzJrwClDQnIhAFQjYCQYmgoQSJAFIcrPVlISef7dPdOhKy8iV8Al9BCxUdIFHxI5xDCl5TjWZmtbsTayUt+f6rNzI6Nj4xOTVdm5mdm1+oLy6d27wwApsiV7m5jMGikhk2SZLCS20Q0ljhRZwcVf5FD42VeXZGtxrbKdxk8loKICdF9V19lURlsdnr83UeapNrynlIXSSo5KTPQ9HJyVldGZWJy9UconrD3/IH4H9JMCQNNsRJVH8PO7koUsxIKLC2Ffia2iUYkkJhvxYWFjWIBG6w5WgGKdp2OXivz9cKC+4qjYZLxQcifp8oIbX2No1dMgXq2t9eJf7ntQq63m+XMtMFYSaqRSQVDhZZYaTrDXlHGiSC6nLkMuMCDBChkRyEcGLhiqz6CH5//5ecb28Fjp/uNA4Oh81MsRW2yjZYwPbYATtmJ6zJBLtjD+yRPXn33rP34r19RUe84cwy+wHv4xOP66Wz</latexit><latexit sha1_base64="hA7hYDy/XinY/9eHRXZ2vRHbzjE=">AAACKXicbVC7TsNAEDzzJrwClDQnIhAFQjYCQYmgoQSJAFIcrPVlISef7dPdOhKy8iV8Al9BCxUdIFHxI5xDCl5TjWZmtbsTayUt+f6rNzI6Nj4xOTVdm5mdm1+oLy6d27wwApsiV7m5jMGikhk2SZLCS20Q0ljhRZwcVf5FD42VeXZGtxrbKdxk8loKICdF9V19lURlsdnr83UeapNrynlIXSSo5KTPQ9HJyVldGZWJy9UconrD3/IH4H9JMCQNNsRJVH8PO7koUsxIKLC2Ffia2iUYkkJhvxYWFjWIBG6w5WgGKdp2OXivz9cKC+4qjYZLxQcifp8oIbX2No1dMgXq2t9eJf7ntQq63m+XMtMFYSaqRSQVDhZZYaTrDXlHGiSC6nLkMuMCDBChkRyEcGLhiqz6CH5//5ecb28Fjp/uNA4Oh81MsRW2yjZYwPbYATtmJ6zJBLtjD+yRPXn33rP34r19RUe84cwy+wHv4xOP66Wz</latexit><latexit sha1_base64="hA7hYDy/XinY/9eHRXZ2vRHbzjE=">AAACKXicbVC7TsNAEDzzJrwClDQnIhAFQjYCQYmgoQSJAFIcrPVlISef7dPdOhKy8iV8Al9BCxUdIFHxI5xDCl5TjWZmtbsTayUt+f6rNzI6Nj4xOTVdm5mdm1+oLy6d27wwApsiV7m5jMGikhk2SZLCS20Q0ljhRZwcVf5FD42VeXZGtxrbKdxk8loKICdF9V19lURlsdnr83UeapNrynlIXSSo5KTPQ9HJyVldGZWJy9UconrD3/IH4H9JMCQNNsRJVH8PO7koUsxIKLC2Ffia2iUYkkJhvxYWFjWIBG6w5WgGKdp2OXivz9cKC+4qjYZLxQcifp8oIbX2No1dMgXq2t9eJf7ntQq63m+XMtMFYSaqRSQVDhZZYaTrDXlHGiSC6nLkMuMCDBChkRyEcGLhiqz6CH5//5ecb28Fjp/uNA4Oh81MsRW2yjZYwPbYATtmJ6zJBLtjD+yRPXn33rP34r19RUe84cwy+wHv4xOP66Wz</latexit><latexit sha1_base64="hA7hYDy/XinY/9eHRXZ2vRHbzjE=">AAACKXicbVC7TsNAEDzzJrwClDQnIhAFQjYCQYmgoQSJAFIcrPVlISef7dPdOhKy8iV8Al9BCxUdIFHxI5xDCl5TjWZmtbsTayUt+f6rNzI6Nj4xOTVdm5mdm1+oLy6d27wwApsiV7m5jMGikhk2SZLCS20Q0ljhRZwcVf5FD42VeXZGtxrbKdxk8loKICdF9V19lURlsdnr83UeapNrynlIXSSo5KTPQ9HJyVldGZWJy9UconrD3/IH4H9JMCQNNsRJVH8PO7koUsxIKLC2Ffia2iUYkkJhvxYWFjWIBG6w5WgGKdp2OXivz9cKC+4qjYZLxQcifp8oIbX2No1dMgXq2t9eJf7ntQq63m+XMtMFYSaqRSQVDhZZYaTrDXlHGiSC6nLkMuMCDBChkRyEcGLhiqz6CH5//5ecb28Fjp/uNA4Oh81MsRW2yjZYwPbYATtmJ6zJBLtjD+yRPXn33rP34r19RUe84cwy+wHv4xOP66Wz</latexit>

P ((u, v) 2 E) = #u,k · 'v,k
<latexit sha1_base64="p4PtXPSV/b8+bNvVLT6w0J3UZs0="></latexit><latexit sha1_base64="p4PtXPSV/b8+bNvVLT6w0J3UZs0="></latexit><latexit sha1_base64="p4PtXPSV/b8+bNvVLT6w0J3UZs0="></latexit><latexit sha1_base64="p4PtXPSV/b8+bNvVLT6w0J3UZs0="></latexit>
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Fig. 11: A and S matrices on Twitter-Large (8 topics) and Twitter-small (16 topics).
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Fig. 12: Execution times for the learning algorithm on Twitter.

Topic 1 (economy) Topic 2 (France/Germany)

market
financial
economic

business

world
global

customers

he
lp

need

economy companyi
nd
us
trygrowth

years

risk

sy
st
em

energy

work

mobile

technology

consumers
be
lie
vechange

credit

in
te
rn
et

know

products

services

users

co
nd
iti
on
s

future

crise
france
jetzt

ei
ne
m

bin

deux

suis

toutes

gouvernement

deutschland

wollen

al
le
s

euro

mesures
etat

pe
rs
on
ne
s

zeit
politique
droit

we
lt

besoin

krise

alors

Topic 3 (presidential elections) Topic 4 (family)

obama
president

mccain
america

time

government

co
un
try

states

world
united

ba
ra
ck

john

senator

state

ca
m
pa
ig
n

palin

change

war

bush

political

ec
on
om

y

crisis life

fin
an
ci
al

washington

iraq

today

governor

m
on
ey

security

power

vo
te

ta
x

love
life

se
egreat

right
fe
el

work

wo
rld

family

kind ga
m
e

friends

kidsm
ov
ie

happy
music

children
girl

home

story

give

play

money relationship

beautiful

hope

woman

al
bu
m

excited

young

Topic 5 (international crisis) Topic 6 (news in Spanish language)
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TABLE 7: Most relevant terms for each topic on Memetracker.

• The most-likely cascade tree for each cascade T̃c by
computing the parent of each active node (excluding
the root) as par(u)c = arg maxv ⌘k̃c

c,u,v ;

Topic 1 (economy) Topic 2 (France/Germany)

businessweek.com
ft.com

pr−inside.com
prnewswire.co.uk

telegram.com

markets.chron.com
invertia.com

finanzas.com

money.canoe.ca

priceofoil.org

blogs.wsj.com
forexfactory.com

fr.biz.yahoo.com
finanzas.com

de.reuters.com
focus−fen.net

stjude.com.ve
tagblatt.ch

wellingtonhive.blogspot.com
presseportal.ch

tembam.wordpress.com
tagesspiegel.de

de.eonline.com

Topic 3 (presidential elections) Topic 4 (family)

cnjonline.com
freepressinternational.com

washingtonmonthly.com

electionfraudblog.com

blogrevolution.com

sj−r.com

democraticpartyofgeorgia.org

politicalsalsa.blogspot.com

mattjohnston.blogspot.com

mccaindemocrats.wordpress.com
washingtonindependent.com

pentictonherald.ca
theusreport.com

610cktb.com

retroskank.com

koreanpower999.wordpress.com

environmentalrepublican.blogspot.com

topix.net

justbarkingmad.com

factsoflife.wordpress.com

popcritics.com

mtv.co.uk

gamesarefun.com
celebglitz.com

tmrzoo.com

rss.computerandvideogames.com

dlife.com

Topic 5 (international crisis) Topic 6 (news in Spanish language)

us.oneworld.net
alertatotal.blogspot.com

breaktheterror.wordpress.com

timesofoman.comnews.balita.ph
earthside.com

stanvanhoucke.blogspot.com
swampland.blogs.time.com

abc.com.py
laurennroth.com
elnuevodiario.com.ni

laopiniondegranada.es

elmtreeforge.blogspot.com
howrah.org

ellitoral.com

eldigital.net
cooperativa.cl

Topic 7 (religion) Topic 8 (sport)

canadian−catholic.blogspot.com
inspiremagazine.org.uk

thepagansphinx.blogspot.com

breaktheterror.wordpress.com

stopwarblog.blogspot.com

all4jesus.wordpress.com

sermonaudio.com

uk.eurosport.yahoo.com
sportgate.de

smdailyjournal.com
news.cincinnati.com

sportal.com.au

ecanadanow.com

cricket.timesofindia.indiatimes.com
kltv.com

TABLE 8: Most influential hosts for each topic on Memetracker.

• For each cascade c the delay �c
u,v for each pair u, v such

that par(u)c = v, and compute the average delay over
cascades in each topic;

• The Wiener index for each cascade tree, and use this
information to compute the average Wiener index for a
topic k as w̄k = avgc: k̃c=k W (T̃c);

• The depth of each cascade tree, which is averaged
across cascades in the same topic to compute the av-
erage cascade topical depth.

The outcome of this analysis is summarized in Table 9.
The topic labeled as “sports” exhibits the shortest average
transmission delay, followed by “international crisis” and
“news in Spanish language”. In general, cascade trees are
shallow, which suggests that the propagation of information
is due to few influencers. The highest average Wiener index
is observed on the topic “religion”.

Finally, Table 8 shows the top influencers for each topic,
computed by counting the number of children of each node
in each cascade and aggregating this info at the topic level.
The top influential blogs are well aligned with the topical
structure shown in Table 7.
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Fig. 11: A and S matrices on Twitter-Large (8 topics) and Twitter-small (16 topics).
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Fig. 12: Execution times for the learning algorithm on Twitter.
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TABLE 7: Most relevant terms for each topic on Memetracker.

• The most-likely cascade tree for each cascade T̃c by
computing the parent of each active node (excluding
the root) as par(u)c = arg maxv ⌘k̃c

c,u,v ;

Topic 1 (economy) Topic 2 (France/Germany)

businessweek.com
ft.com

pr−inside.com
prnewswire.co.uk

telegram.com

markets.chron.com
invertia.com

finanzas.com

money.canoe.ca

priceofoil.org

blogs.wsj.com
forexfactory.com

fr.biz.yahoo.com
finanzas.com

de.reuters.com
focus−fen.net

stjude.com.ve
tagblatt.ch

wellingtonhive.blogspot.com
presseportal.ch

tembam.wordpress.com
tagesspiegel.de

de.eonline.com

Topic 3 (presidential elections) Topic 4 (family)

cnjonline.com
freepressinternational.com

washingtonmonthly.com

electionfraudblog.com

blogrevolution.com

sj−r.com

democraticpartyofgeorgia.org

politicalsalsa.blogspot.com

mattjohnston.blogspot.com

mccaindemocrats.wordpress.com
washingtonindependent.com

pentictonherald.ca
theusreport.com

610cktb.com

retroskank.com

koreanpower999.wordpress.com

environmentalrepublican.blogspot.com

topix.net

justbarkingmad.com

factsoflife.wordpress.com

popcritics.com

mtv.co.uk

gamesarefun.com
celebglitz.com

tmrzoo.com

rss.computerandvideogames.com

dlife.com

Topic 5 (international crisis) Topic 6 (news in Spanish language)

us.oneworld.net
alertatotal.blogspot.com

breaktheterror.wordpress.com

timesofoman.comnews.balita.ph
earthside.com

stanvanhoucke.blogspot.com
swampland.blogs.time.com

abc.com.py
laurennroth.com
elnuevodiario.com.ni

laopiniondegranada.es

elmtreeforge.blogspot.com
howrah.org

ellitoral.com

eldigital.net
cooperativa.cl

Topic 7 (religion) Topic 8 (sport)

canadian−catholic.blogspot.com
inspiremagazine.org.uk

thepagansphinx.blogspot.com

breaktheterror.wordpress.com

stopwarblog.blogspot.com

all4jesus.wordpress.com

sermonaudio.com

uk.eurosport.yahoo.com
sportgate.de

smdailyjournal.com
news.cincinnati.com

sportal.com.au

ecanadanow.com

cricket.timesofindia.indiatimes.com
kltv.com

TABLE 8: Most influential hosts for each topic on Memetracker.

• For each cascade c the delay �c
u,v for each pair u, v such

that par(u)c = v, and compute the average delay over
cascades in each topic;

• The Wiener index for each cascade tree, and use this
information to compute the average Wiener index for a
topic k as w̄k = avgc: k̃c=k W (T̃c);

• The depth of each cascade tree, which is averaged
across cascades in the same topic to compute the av-
erage cascade topical depth.

The outcome of this analysis is summarized in Table 9.
The topic labeled as “sports” exhibits the shortest average
transmission delay, followed by “international crisis” and
“news in Spanish language”. In general, cascade trees are
shallow, which suggests that the propagation of information
is due to few influencers. The highest average Wiener index
is observed on the topic “religion”.

Finally, Table 8 shows the top influencers for each topic,
computed by counting the number of children of each node
in each cascade and aggregating this info at the topic level.
The top influential blogs are well aligned with the topical
structure shown in Table 7.

Topics on Memetracker Influential nodes on Memetracker



Key insight 3
The speed of propagations depend on influence

Modeling the contagion process

TimeRecent carrierOld carrier Observation

• Contagion is carrier-dependent
• Some carriers are more infectious than others

• Influence exerted in the diffusion process

TimeRecent contentOld content Observation

• Contagion is time-dependent
• the probability of contagion depends on the time when the target gets in 

touch with the content

TimeRecent carrierOld carrier Observation

• Contagion is topic-dependent 
• Susceptibility and influence are relative the content
• Content is characterized by topics

Two topics per transmission



Modeling time as a random variable
Survival Networks

History, 

t = T

time

Intensity: 
Probability between [t, t+dt) but not before t

Prob. between [t, t+dt)

Prob. not before t

density

It is a rate = # of events / unit of time 
Source: Gomez-Rodriguez, Valera: Learning with Temporal Point Processes, ICML2018
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Modeling time as a random variable
Survival Networks

History, 

t = T

time

Intensity: 
Probability between [t, t+dt) but not before t

Prob. between [t, t+dt)

Prob. not before t

density

It is a rate = # of events / unit of time 
Source: Gomez-Rodriguez, Valera: Learning with Temporal Point Processes, ICML2018
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Node Action Time
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u3 i2 t3
… … …

Idea: model the intensity function as the effect of influence and susceptibility

Nicola Barbieri, Giuseppe Manco, Ettore Ritacco: Survival Factorization on Diffusion Networks. TKDE 2019
Giuseppe Manco, Giuseppe Pirrò, Ettore Ritacco: Predicting Temporal Activation Patterns via Recurrent Neural Networks. ISMIS 2018: 347-356

�(ti|u, v, k) / ✓u,k · �u,k
<latexit sha1_base64="2xB6TL0Tor2n/ItJomVwSaaOPvg="></latexit><latexit sha1_base64="2xB6TL0Tor2n/ItJomVwSaaOPvg="></latexit><latexit sha1_base64="2xB6TL0Tor2n/ItJomVwSaaOPvg="></latexit><latexit sha1_base64="2xB6TL0Tor2n/ItJomVwSaaOPvg="></latexit>



Summary so 
far 

It’s all about representation 
learning!
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Authoritativeness of a user in a topic:

Interest of a user for a topic:

Relevance of an item for a topic: �i,k
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Key insight 4
Polarization 
and ideological 
leanings

• We can also use latent representations
for modeling polarization
• Authoritativeness of a user in a topic:

• Interest of a user for a topic:

• Relevance of an item for a topic:

• Polarization

• Probability of positive polarization
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Polarization
and ideological
leanings

• Many works in opinion modeling
assume a single axis
• Often ill-defined too

Why Ideological Embeddings?

• Many works in opinion modeling assume one axis

• Often ill-defined too

2



Why ideological embeddings?

• Multi-dimensional ideological
spaces



Why ideological embeddings?

• Multi-dimensional ideological
spaces



Which behavior makes this observable?

• Spreading news on social media
• A graph of agents that spread news content
• They spread the same item if they are ideologically aligned



Which behavior makes this observable?

• We model actions that produce cascades on a graph through
homophily: 

a node imitates a neighbor
if they are similar in ideological

space. 



What is an ideological space?

• User-defined
• Each item must be tagged
• a news can be “healthcare’ or “migration” • Manually or LDA
• Can be fuzzy



Item 1
0.9 healthcare + 0.1 migration



Item 2
0.9 healthcare + 0.1 migration



Item 3
0.1 healthcare + 0.9 migration



Item 4
0.1 healthcare + 0.9 migration



Item 1
0.9 healthcare + 0.1 migration

Item 2
0.9 healthcare + 0.1 migration

Item 3
0.1 healthcare + 0.9 migration

Item 4
0.1 healthcare + 0.9 migration



Healthcare

Immigration



The Generative model
Generative ABM-like model

• Interests ϑu,k ∼ Beta(α,β)

• Polarities φu,k ∼ Beta(p−1, p−1)

• Generate an item i :

• topic distribution γi ∼ Dir(q)

• initial activator vi ∼ U(V )

• For (v , u) ∈ E s.t. v activated and u has not seen i :

1. Node u sees i from v

2. topic k ∼ Multinom(γi )

3. u is interested with probability ϑu,k

4. If interested, attitudes of u and v are Bernoullis with φu,k and φv,k

5. If equal attitudes, u activates on i

8



Modeling diffusion as ideological alignment

Relevance Interest Alignment in polarities
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Polarity alignment

p(u, v, k) = �u,k · �v,k + (1� �u,k) · (1� �v,k)
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Positive alignment Negative alignment



Learning the model 

• Fast and effective gradient-
based optimization
• Each potential activation u → v 

is an example
• Scales to a large number of 

cascades

• Extensible to support
variational inference

Modeling Information Cascades in Multidimensional Ideological Space ACM, ,

given that � 2 Fi,u . In other words, from the topic distribu-
tion of an item and one of the nodes active on it, we try to
predict whether one of its followers will activate or not.
We can compute a sequence of examples X from the set

of observed activations D. Then, maximizing the likelihood
is equivalent to minimizing the log loss of each example:

�,� = argmin
�,�

�
’

x,�2X
� log (Pr (x)) + (1 ��) log (1 � Pr (x))

where Pr (x) is the likelihood of a single example given the
latent variables � and � .

Algorithm 1 Inference algorithm.
Input:

• Graph (V ,E)
• For every item i 2 I:
– Its topic distribution �i on K topics
– Its activated nodes Di ✓ V

Output: Polarities �u and interests �u for all u 2 V .
1: Initialize � and � as |V | ⇥ K matrices.
2: for number of epochs do
3: for i 2 I do
4: for � 2 Di do
5: for u 2 {u 2 Di |(�,u) 2 E} do
6: Update �,� by ascending the gradient:

r�,� log
 ’
k

�i,k · �u,k · p(u,�,k)
!

7: end for
8: for u 2 ������ ({u < Di |(�,u) 2 E}) do
9: Update �,� by ascending the gradient:

r�,� log
 
1 �

’
k

�i,k · �u,k · p(u,�,k)
!

10: end for
11: end for
12: end for
13: end for
14: Return � and � .

We can then use stochastic gradient descent and sample
examples to maximize likelihood. The algorithm thus de�ned
is outlined in Algorithm 1. For gradient descent, we employed
AdaGrad [11] with a linearly decreasing learning rate to
avoid undesirable local minima.
In real data sets, non-activated nodes largely outnumber

the activated ones for a given item. For this reason, we use
negative undersampling (line 8) to reduce the number of
negatives; in practice, we found the best results when the
number of considered non activated followers for a certain
pair (i,u) is twice the number of activated ones.

Moreover, we can further reduce the training time by not
considering all the seed nodes for each item (line 4). We

therefore recognize three options: (i) considering all � 2 Di
(ii) considering only the �rst node that activated on i (iii) con-
sidering a sample ofDi of �xed size.We found that (iii) seems
to work well in practice. We speculate that this might hap-
pen because items that are shared by a very large number of
nodes are not informative for the polarities, and bounding
the number of considered activators help in reducing the
importance of such items. Option (ii) – considering only the
�rst activator – might also be appropriate in some real cases,
where the ideological alignment is likely to happen mostly
between the creator of the item and whoever adopts it, more
than between followers (e.g. retweets on Twitter).

5 EXPERIMENTAL ASSESSMENT
We conduct an extensive empirical evaluation of the pro-
posed model and the inference algorithm on synthetic and
real-world datasets. Our goal is twofold. First, we would like
to validate our inference algorithm by demonstrating its ca-
pability tomake correct predictions whenever the activations
follow the generative process assumed by our propagation
model. To this end, we conduct experiments on a synthetic
dataset in which activations are generated according to our
model and explore the main factors that contribute to the
prediction accuracy of our inference algorithm. Second, we
would like to understand how well our model can capture
and predict the real-world activation dynamics in compari-
son to natural baselines. To do so, we conduct experiments
on two real-world datasets extracted from Twitter on Italian
politics and from Reddit on U.S. politics. We also provide an
anecdotical evaluation on the Reddit dataset to understand
how well our model can obtain an accurate representation
of the political leaning of the nodes in a multidimensional
ideological space.

Experimental setting. In all our experiments, we split the
items into training (90%) and test (10%) sets at random. We
run our inference algorithm on the training set to estimate
the values of the variables � and � which are then used to
compute the likelihood of activations in the test set. In par-
ticular, we consider the following prediction task: given that
a node � has activated on an item i with topic distribution
�i , what is the probability that node u will also activate on
item i?

Given that the rate of negative examples (i.e., failed activa-
tions) is usually much higher than of the positive examples
(i.e., successful activations), we undersample the negative
examples in the training set so that they are at most twice
the number of positives. We note that this implies an aver-
age precision of 0.33 in expectation when predictions are
performed randomly.
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Results
Real data & Interpretability
• Reddit
• Nodes: 50 political subreddits
• Actions: Posting a Url

• 22.047 items
• 5 topics identified

• Economy, emailgate, Foreign policy, Campaign, Minorities









Conclusions

• Representation learning for modeling information propagation
• Susceptibility and influence
• Interest and relevance
• Speed of the propagation process
• Polarity and alignments

• Advantages
• Interpretability, predictive power, scalable learning

• A unified perspective
• Can we put all these pieces together?

• Why is it important?
• Echo-chamber detection
• Moderating discussions, mitigation policies
• Fighiting misinformation



Thank you
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