
Logic of Visibility in 
Social Networks

Rustam Galimullin, Mina Young Pedersen & Marija Slavkovik



• Context and motivation


• Our social network models


• Static visibility logic


• Example: A malicious agent in the system


• Dynamic extension: Visibility logic

Outline



• Logic for social networks


• Reasoning about visibility and reachability


• Exploiting our network

Context and Motivation
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Context and Motivation

• Outcomes: 


- A new logic to analyze posting and sharing 
information in a social network


- Formalize different quantitative and qualitative 
measures of visibility and reachability


- Use this logic to understand real-life networks

Prove mathematical results

about this system



Social network where agents can:


• Post information on a topic


• Share other agents’ posts


• Follow and unfollow each other


• Have a pro or a contra opinion 
about a topic

Our Models

<latexit sha1_base64="3hbKrEJv1D3yxjdQy4EKRMufWmY="></latexit>
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pa pa
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<latexit sha1_base64="h0ndorsOV3Tp8isfiSSEbt2j9xo="></latexit>
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<latexit sha1_base64="wtd5lIGzy7/MxIXrbUEmrVB6BHA="></latexit>
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<latexit sha1_base64="6LN4HMT6Eu3X46BhwX15svw8wgY="></latexit>

M

a : {p+, i}

b : {j}

c : {p�, k}

pa

Reflexive pa-arrow:

"a has posted on p"

pa-arrow from a to b:

"b has seen a’s post on p"



• Four rules:


1. When an agent posts, all her followers can see the post.


2. If an agent sees a post on a topic she likes, she will reshare 
the post and follow the original poster.


3. If an agent sees a post on a topic she dislikes, she does not 
reshare and unfollows the agent she saw the post from.


4. If an agent sees a post on a topic she is indifferent to, she 
does nothing.

Our Models



• Interpretation: Observe a situation after it has happened

Our Models

<latexit sha1_base64="oQV3bJ4NuWVxET5KdRa442HVqes="></latexit>
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Static Visibility Logic
<latexit sha1_base64="PbIWbWZIDjxit9c8XaG2iY0oa80="></latexit>

Nom = {i, j, k, ...}
Countable set of nominals

<latexit sha1_base64="MdwdftBejoby65Ql6x16UAUtOCQ="></latexit>

Top = {p, q, r, ...}
Countable set of topics

<latexit sha1_base64="m4UWKQbsDvIGHK3Ru8BjJVdnsUg="></latexit>

Nom \ Top = ;

Syntax
<latexit sha1_base64="IRtFr1e49kobKLo1FgO0OIh18JI="></latexit>

' ::= p+ | p� | i | ¬' | (' ^ ') | ⌃i:p' | ⌃�1
i:p' | ⌥' | ⌥�1' | @i'

<latexit sha1_base64="UjJIBAFQPIUDNm+dqe+IFRM6THI="></latexit>

where p 2 Top and i 2 Nom.



Static Visibility Logic
Syntax

<latexit sha1_base64="IRtFr1e49kobKLo1FgO0OIh18JI="></latexit>

' ::= p+ | p� | i | ¬' | (' ^ ') | ⌃i:p' | ⌃�1
i:p' | ⌥' | ⌥�1' | @i'

<latexit sha1_base64="UjJIBAFQPIUDNm+dqe+IFRM6THI="></latexit>

where p 2 Top and i 2 Nom.

<latexit sha1_base64="3F3JKYhR5E30N9171YDQHzPfpT4="></latexit>⌃i:p'
<latexit sha1_base64="SW/rVEeLqG97oaYq8Z5IPA6CB8Q="></latexit>

“there is an agent satisfying ' who
sees the (re)post of agent i on topic p”

<latexit sha1_base64="nWbKEpGfE1z2nyaNtMZlapaQFoI="></latexit>

“the current agent is followed by
an agent that satisfies '”

<latexit sha1_base64="Tkm31ZH1/GGXQ41B4DgkZ/eKWSg="></latexit>

⌥�1'



Static Visibility Models
<latexit sha1_base64="OFkoWMFE/pOHx/fRPAv7/2vdgeY="></latexit>

M = (A,F,+,�, V, R)

<latexit sha1_base64="+oSj8ljxiXUZvX9W+00TNbOybow="></latexit>

A is a non-empty set of agents;
<latexit sha1_base64="qhaQwEe2Pb5NYOTTV6Gl9WxaWiQ="></latexit>

F : A ! 2A is an irreflexive followership relation;
<latexit sha1_base64="cIPlHxhQyddX0gbawBqOOKi4Bi8="></latexit>

+ : A ! 2Top valuation function for pro topics;

<latexit sha1_base64="NduC708cm5amFiHE+QAc0KSjTzs="></latexit>

� : A ! 2Top valuation function for contra topics
such that +(a) \ �(a) = ;;

<latexit sha1_base64="Ary3JCkPOh/haR38T7Q4WbkJWik="></latexit>

V : Nom ! 2A valuation such that
for all i 2 Nom: |V (i)| = 1;



Static Visibility Models
<latexit sha1_base64="OFkoWMFE/pOHx/fRPAv7/2vdgeY="></latexit>

M = (A,F,+,�, V, R)

<latexit sha1_base64="0GwQb9Iy7bf3FpNkLHHNycfzpjI="></latexit>

R : Top⇥A ! 2A⇥A is a visibility relation:
<latexit sha1_base64="s3sWk1Dns8K6n5oYQgHe9y1zXpU="></latexit>

p 2 Top and a, b, c 2 A

<latexit sha1_base64="HyYU0YwSCXgAhg+KO0g4A2u7y6I="></latexit>

1. If (a, b) 2 R(p, c), then (a, a) 2 R(p, c).

2. If (a, a) 2 R(p, c), then (a, b) 2 R(p, c) for all b such that b 2 F (a).

3. If (a, b) 2 R(p, c), p 2 +(b), and b 6= c, then (b, b) 2 R(p, c) and b 2 F (c).

4. If (a, b) 2 R(p, c), p 2 �(b), and a 6= b, then (b, b) 62 R(p, c) and b 62 F (a).

5. If (a, b) 2 R(p, c), p 62 +(b), p 62 �(b), and a 6= b, then (b, b) 62 R(p, c).



Semantics
<latexit sha1_base64="bKcGlwgHi5KWFuCmC1Bl7g0C8fs="></latexit>

Ma pointed visibility model
<latexit sha1_base64="Tjpiwz2cgIoP/fTNJrw1nlgEX50="></latexit>

Ma |= p+ i↵ p 2 +(a)
Ma |= p� i↵ p 2 �(a)
Ma |= i i↵ a 2 V (i)

<latexit sha1_base64="N+seJt/c53XTp77R+3IaoQ9Tka8="></latexit>

Ma |= ¬' i↵ Ma 6|= '
Ma |= ' ^  i↵ Ma |= ' and Ma |=  

<latexit sha1_base64="nfwCKUMn5K1jSG5fxXborVx/Qv0="></latexit>

Ma |= ⌃i:p' i↵ 9b, c 2 A : (a, b) 2 R(p, c)
and V (i) = {c} and Mb |= '

Ma |= ⌃�1
i:p' i↵ 9b, c 2 A : (b, a) 2 R(p, c)

and V (i) = {c} and Mb |= '



Semantics
<latexit sha1_base64="bKcGlwgHi5KWFuCmC1Bl7g0C8fs="></latexit>

Ma pointed visibility model

<latexit sha1_base64="sd+vBYmWovq2Jic0O2c5Zf+JvAE="></latexit>

Ma |= ⌥' i↵ 9b 2 A : a 2 F (b) and Mb |= '
Ma |= ⌥�1' i↵ 9b 2 A : b 2 F (a) and Mb |= '

<latexit sha1_base64="Go4gCgJB/kBVrXsfCVwuOta7qFA="></latexit>

Ma |= @i' i↵ Mb |= ' and {b} = V (i)



Semantics
<latexit sha1_base64="o2NdlIdeuyIzAXKutGWS2JSct6M="></latexit>

M

a : {p+, i}

b : {j}

c : {p�, k}

pa pa

pa

<latexit sha1_base64="WN89RRGCRZSOxoMCuBo63YfRdiA="></latexit>

Mc |= ⌃�1
i:p> ^⌅¬p+



Visibility

Quantitative (in finite models):

<latexit sha1_base64="zEmr69cqq7I6IFkYlhkdd9t+dqU="></latexit>

How many agents that are pro p have seen

the agent called i’s post on p:

|{a 2 A | Ma |= p+ ^ ⌃�1
i:p>}|



Visibility
Qualitative:

<latexit sha1_base64="wWMe1BKlmwL5kcwKpLpv7uNSvsk="></latexit>

All the followers of the current agent i have shared i’s post on p:

i ^⌅�1⌃i:p>

<latexit sha1_base64="CMKtfFCDev0nt0rnh3x9+NYFnIM="></latexit>

The current agent i shared a post to a follower j,

but j also saw the post from another source:

i ^ ⌥�1(j ^ ⌃�1
i:p i ^ ⌃�1

i:p (¬i ^ ¬j))

<latexit sha1_base64="88INb+hSLciFr91qohe6A4ENbNc="></latexit>

Ma |= '?



Soundness, Completeness and Model Checking

• SVL is sound and complete with respect to visibility 
models


• Model checking SVL is in P



How can an agent exploit these networks?
Example

<latexit sha1_base64="VD4D7xvuu0DbTmVB9ppbLU+dJP0="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

M

<latexit sha1_base64="NnIA8MS+0t0rT1nSE0UZdnNPib4="></latexit>

v: vaccination
d: dogs



How can an agent exploit these networks?
Example

<latexit sha1_base64="VD4D7xvuu0DbTmVB9ppbLU+dJP0="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

M

<latexit sha1_base64="WxVMrzoiesrb8Bvj6vdCpBLgXjc="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

v

v

v

v

Step 1: Visibility update

<latexit sha1_base64="sj4ekeWRKeZR8bZR2vFsZPURp7k="></latexit>

Ma:v



How can an agent exploit these networks?
Example

<latexit sha1_base64="VD4D7xvuu0DbTmVB9ppbLU+dJP0="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

M

<latexit sha1_base64="jklfmodyTdIEjutoumz4zuR2/AU="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

v

v

v

v

Step 2: Followership update

<latexit sha1_base64="sj4ekeWRKeZR8bZR2vFsZPURp7k="></latexit>

Ma:v



How can an agent exploit these networks?
Example

<latexit sha1_base64="VD4D7xvuu0DbTmVB9ppbLU+dJP0="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

M

<latexit sha1_base64="+abUEweJ2vzMJebtGwXErTwAZBY="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

d

d

d

d

d

d

d

d

d

d

d

St. 1: Visibility
update

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

St. 2: Followership
update

<latexit sha1_base64="eLaKFKDFLcjBZOriZ13h+3WNLNU="></latexit>

Ma:d



How can an agent exploit these networks?
Example

<latexit sha1_base64="VD4D7xvuu0DbTmVB9ppbLU+dJP0="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

M

<latexit sha1_base64="gO/O8vWo/grMx3lHt4IjeOarJAM="></latexit>

Ma:d,a:v

<latexit sha1_base64="2M3UGpbaEoxqtcgYqYp4UaN7UxI="></latexit>

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

v

vv

v

v

v

v

v

St. 1: Visibility
update

a : {v+}

b : {v�, d+}

c : {v+, d+}

d : {v�, d+}

e : {v�, d+}

f : {v+, d+}

St. 2: Followership
update



How can an agent exploit these networks?
Example

• Posting on dogs before vaccines makes more 
agents exposed to the post on vaccines


• Order of posting is important


• Agents’ interests matter


• Exploit an underlying notion of trust



Dynamic Operator: Visibility Logic

Syntax
<latexit sha1_base64="fPONREGkUWREUsSwkxg9r4uO3XA="></latexit>

SVL +
<latexit sha1_base64="RH4NB/O++fS6fFUEaZTO0CVmtL0="></latexit>

' ::= [⇡]'
⇡ ::= p | (⇡ [ ⇡)

<latexit sha1_base64="xqjlyv/R6kga4ecFuF4EcOY7fFk="></latexit>

[⇡]': “after the current agent executes action ⇡, ' holds”

<latexit sha1_base64="Y7GPyIUKA+OEuEWG3izOIoCo4pI="></latexit>

[p [ q]': “whichever topic the current agent posts on,
p or q, ' will be true (in both cases)”



Dynamic Operator: Visibility Logic
Semantics

<latexit sha1_base64="dW5i11xMC/reUCdtG7QWljWAeQw="></latexit>

Ma |= [p]' i↵ Ma:p
a |= '

Ma |= [⇡ [ ⌧ ]' i↵ Ma |= [⇡]' and Ma |= [⌧ ]'

<latexit sha1_base64="Uyufz1I0Q7P/0KqN5Sc8QwOUok0="></latexit>

Ma:p
a is defined in two steps:

Visibility update: <latexit sha1_base64="Pl5QxNNlg/gL2jc1QaYKcSipFmA="></latexit>

M⇤ = (A,F,+,�, V, R⇤)
<latexit sha1_base64="f5HHqmMQYIow18F++c28hyVGf+Y="></latexit>

R⇤(a, p) is the least fixed point of f : 2A ! 2A:

<latexit sha1_base64="KexSXUdE9N3A2eAKEXyWk/rYCiI="></latexit>

f(X) =X [ {(a, a)} [ {(b, c) | (b, b) 2 X and c 2 F (b)} [
[ {(c, c) | p 2 +(c) and 9b : (b, c) 2 X}.



Dynamic Operator: Visibility Logic

Followership update: 
<latexit sha1_base64="UqW85p7EUr89KEpRl2wfxin4V14="></latexit>

1. F a:p(a) = F (a) [ {b}, if a 6= b, p 2 +(b),

and 9c : (c, b) 2 R⇤(p, a)

<latexit sha1_base64="Vi5GAQ+VsmxCXuXFYjdE2sBqSzQ="></latexit>

2. F a:p(b) = F (b) \ {c}, if p 2 �(b)

and (c, b) 2 R⇤(p, a)



Expressivity and Model Checking

<latexit sha1_base64="OvTnlgkrgy45pWlrh+vq0ZYYmws="></latexit>

SVL < VL
• VL is more expressive than SVL


• No reduction axioms for VL are possible


•  The model checking problem for VL is PSPACE-
complete



• Sound and complete axiomatization of VL


• Triggering? Posting pro or contra a topic


• Discriminate between different posts on the same 
topic

Future Directions

Thank you!


