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You and your colleague share an office without windows. You are
talking on the phone to your friend who is sitting in a street café. You
want to know whether the sun is shining outside or not.

@ Friend: “Everything your colleague says is false; the sun is shining!”

@ Colleague: “Everything your friend says is false; it is cloudy !”
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A real life situation

You and your colleague share an office without windows. You are
talking on the phone to your friend who is sitting in a street café. You
want to know whether the sun is shining outside or not.

@ Friend: “Everything your colleague says is false; the sun is shining!”

@ Colleague: “Everything your friend says is false; it is cloudy !”

What to believe?
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@ Agents’ opinions represented by labelled edges (I : E — {+,-}).
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Directed labelled graphs

@ Agents and facts represented by vertices (V).
@ Agents’ opinions represented by labelled edges (I : E — {+,-}).

@ Directed labelled graph (DLG) G = (V, E, ).
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@ Ac - your colleague
@ As - your friend
@ S - sun is shining
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@ Ac - your colleague
@ As - your friend
@ S - sun is shining
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Definition (Assertion network semantics (AN))
Given G = (V,E,I):
@ Observer’s initial degree of belief (initial hypothesis):

H:(VUE)—- (Qn[-1,1])
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What to believe?

Definition (Assertion network semantics (AN))
Given G = (V,E,I):
@ Observer’s initial degree of belief (initial hypothesis):

H:(VUE)—- (Qn[-1,1])
@ New degree of belief from previous ones:

H; = V(H)
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What to believe?

Definition (Assertion network semantics (AN))
Given G = (V,E,I):
@ Observer’s initial degree of belief (initial hypothesis):

H:(VUE) - (@Qn[-1,1])
@ New degree of belief from previous ones:
H; = V/(H)
@ Ag stable value of s € (VUE) if limjLe Hi(S) = As

Sty(G, s) = As
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A particular v

Focus on belief changes in opinions (edges) and facts (terminal
vertices).

SN TS
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non-terminal vertices terminal vertices edges
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Assertion Network Toolkit
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UpperThresh: | |
LowerThesh: [o500 4
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Edge Font: Arial Norml | 8
Functin Trer: s Y 2 X

]

£l Table

D - | val

vo v0 |+0.00

v1 vl 4000

v2 v2 | +0.00

VO->vii- 40,00

vi>v0i- i +0.00

V0>v2 + 4100

VI>v2i- i40.00
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This work
Goal

Goal:

to define a logic to reason about assertion
networks
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Assertion network

This work

Restrictions

Some restrictions for this initial work:

@ Finite graphs.

@ Initial opinions just for facts (s ¢ T = H(s) = 0).
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Graph operations

Intuitive idea

@ New agents with opinion about existing agents.

@ A distinguished non-terminal node (an already considered
agent).

@ New nodes and edges representing new agents and their
opinions.
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V4

Gi

oG+
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Negation, conjunction and disjunction

G1 = (Gy, v1) and G2 = (G, v2) two pointed DLG:

% +V1 A V2+
- /O
Gi G G2
eG1 G10G2
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Graph operations

Negation, conjunction and disjunction

G1 = (Gy, v1) and G2 = (G, v2) two pointed DLG:

ViV Vo
=1Vy Vi A V2+ 7¢
-{ YN\ e
Gi G Go Y\
G G2
oG 1 G10G2 G1oG2
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Graph operations

Analyzing simple graphs

+ +
Gi= Vi——WwW and Go= Vo ——= W,

H(wy) Stu(G1) Stu(eG1)
(0,1] 1 -1

0 0 0
[-1,0) -1 1
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Graph operations

Analyzing simple graphs

+ +
Gi= Vi——WwW and Go= Vo ——= W,

H(wy) Stu(G1) Stu(eG1)
1] 1 -1
0 0 0
[-1,0) -1 1
H(wi) [ H(wo) Stu(G1) | Stu(G2) || Stu(G10G1) || Stu(G1©G2))
01 1 0] g 1 1 7
(0,1] 0 1 0 0.5 1
©1] | [-1,0) 1 - 0 0
0 ©,1] 0 1 0.5 1
0 0 0 0 0 0
0 [-1,0) 0 N 05 4
[=1,0) | (0] 4 1 0 0
1.0) | o0 4 0 05 4
[-1,0) | [-1,0) -1 - -1 -1
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@ Duality for e:
Sty(G1) = Sty(e 0 G1)
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Some properties for simple graphs

+ +
Gi=Vi——=W; and Go= Vo——= Ws,

@ Duality for e:
Sty(G1) = Sty(e 0 G1)

@ |dempotence for © and &:

Stu(G1) = Stu(G1 0 G1) Stu(G1) = Stu(G1 @ G1)
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Graph operations

Some properties for simple graphs

+ +
Gi=Vi——W; and Go= Vo ——> W2,

@ Duality for e:
Sty(G1) = Sty(e 0 G1)

@ |dempotence for © and &:

Stu(G1) = Stu(G1 0 G1) Stu(G1) = Stu(G1 @ G1)

@ Commutativity for ® and &

StH(G1 © G2) = Sth(G2 © G1) Sth(G1 © G2) = Sth(G2 ® G1)
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A logical language

Syntax

Definition (Syntax)

Given a set ® of atomic propositions (agents), Lant is the smallest
set of agent terms containing ¢ and closed under —, A, V.
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Semantics
G the class of all pointed DLGs.

Definition (Semantic model)
A pair (K, H) where
@ K: & — G is an Lp, g-assignment, extended for Lant as

Kl Av) =K(p)oK(y)  K(=¢):=6K(p)
Kle V) :=Klp) ®K(y)

Definition (Semantics)
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Semantics
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Definition (Semantic model)
A pair (K, H) where
@ K: & — G is an Lp, g-assignment, extended for Lant as
Kl Ap) :=K(p)oK(y)  K(-¢p):=oK(p)
Klp Vi) :=Klp) o K(y)
@ H is an initial hypothesis.

Definition (Semantics)
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Semantics
G the class of all pointed DLGs.

Definition (Semantic model)
A pair (K, H) where
@ K: & — G is an Lp, g-assignment, extended for Lant as
Kl Ap) :=K(p)oK(y)  K(-¢p):=oK(p)
Klp Vi) :=Klp) o K(y)
@ H is an initial hypothesis.

Definition (Semantics)
K H)Es ¢ iff  Stu(K(g)) >0
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A logical language

Semantics
G the class of all pointed DLGs.

Definition (Semantic model)
A pair (K, H) where
@ K: & — G is an Lp, g-assignment, extended for Lant as
Kl Ap) :=K(p)oK(y)  K(-¢p):=oK(p)
Klp Vi) :=Klp) o K(y)
@ H is an initial hypothesis.

Definition (Semantics)

KHE@ iff Sty(K()) >0
KHE-¢ iff Sty(K(p))=0
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@ How beliefs over one agent influences the beliefs in other.

@ Same general situation (discarding disjoint graphs and unrelated
initial hypothesis).
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@, P agent terms, with one of them a subterm of the other.
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Intuitive idea:
@ How beliefs over one agent influences the beliefs in other.

@ Same general situation (discarding disjoint graphs and unrelated
initial hypothesis).

Definition (Entailment relation)
@, P agent terms, with one of them a subterm of the other.

pExm Y if (K H) s ¢ whenever (K, H)y == ¢
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Intuitive idea:
@ How beliefs over one agent influences the beliefs in other.

@ Same general situation (discarding disjoint graphs and unrelated
initial hypothesis).

Definition (Entailment relation)
@, P agent terms, with one of them a subterm of the other.

pExm Y if (K H) s ¢ whenever (K, H)y == ¢
pEcY if @ Ewn W forall H
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Semantical entailment relation

Intuitive idea:
@ How beliefs over one agent influences the beliefs in other.

@ Same general situation (discarding disjoint graphs and unrelated
initial hypothesis).

Definition (Entailment relation)
@, P agent terms, with one of them a subterm of the other.

pExm Y if (K H) s ¢ whenever (K, H)y == ¢
pEcY if @ Ewn W forall H

Believing in ¢ forces the observer to not disbelieve in {

A Logic for Assertion Networks



Logic for Assertion network
000080

A logical language

Examples

A Logic for Assertion Networks



Logic for Assertion network
000080

A logical language

Examples
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K(p) K(=p)
H(S) || Stu(K(=p)) | Stu(K(p))
(0,1] -1 1
0 0
[—1,0) 1 -1
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Examples

S S
K(p) K(=p)
H(S) || Stu(K(=p)) | Stu(K(p))
(0,1] -1 1
0 0
[—1,0) 1 -1

® —plkp
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Examples
Vp A Vg
° /——:—\ Vp Vq ) / \
S l N v
x / B v P 9
"’ " NS 5
Wp Wy
K(p) K(a) K(p A q) = K(p) 0 K(q)
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A logical language 00000e
Examples
° /-_:—\ Vo Vq
SN~—— j/
- +
xw / v
p
K(p) K(q)
H(wp) H(wg) | Stu(K(p A Q) | Stu(K(p))
(0,1] (0.1] 0 =
(0,1] 0 05 B
(0,11 | [-1,0) 1 P
0 (0,1] 05 0
0 0 0 0
0 | =10 05 o
[-1,0) | (01] 1 ]
[-1.0) 0 0.5 1
[-1,0) | [-1,0) 0 b

K(p A q) = K(p) ©K(q)

We have
@ pAglkp

Similarly:
@ pExkpVva
@ (-pA-q)Fk~(pVaQ)
@ —(pV Q) (~pA-q)
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Final notes

Summary

@ DLGs for representing communication situations.
@ Assertion network semantics.
@ A logical language modelling AN.

@ Simple graph operations defined and analyzed.
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Final notes

Further work

@ Alternative definitions of V.

@ Generalization of the whole scenario (too much restrictions has
been imposed).

@ Another graph operations (relating facts instead of agents)

@ A more universal entailment relation rather than the very
contextual one given here.
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