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Computational logic approach
Reasoning: Resolution, Unification & Backtracking

KB

� �
should take(Person,Drug)←

complains of(Person, Symptom),
surpresses(Drug, Symptom),
not unsuitable(Drug, Person).

unsuitable(Drug, Person)←
aggravates(Drug,Condition),
suffers from(Person,Condition).

surpresses(aspirin, pain).
complains of(peter, pain).
aggravates(aspirin, peptic ulcer).� �
KB ` should take(peter, aspirin)

is expressed as:

?- should take(peter, aspirin).

Interpreter

� �
s o l v e (KB, not Goal )←

not s o l v e (KB, Goal ) .
s o l v e (KB, Goal )←

r u l e (KB, Goal , SubGoals ) ,
s o l v e A l l (KB, SubGoals ) .

s o l v e (KB, Goal )←
a s k U s e r ( Goal ) .

s o l v e A l l ( , [ ] ) .
s o l v e A l l (KB, [ Goal | G o a l s ] )←

s o l v e (KB, Goal ) ,
s o l v e A l l (KB, G o a l s ) .� �

?- solve(’KB’, should take(peter, aspirin)).

No: if suffers(peter, peptic ulcer)

Yes: otherwise.
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Computational logic approach
Temporal Reasoning

kb

� �
initially(rank(john) = lecturer).
initially(rank(mary) = ra).

next rank(ra, lecturer).
next rank(lecturer, senior lecturer).
next rank(senior lecturer, reader).
next rank(reader, professor).

initiates(promote(X), rank(X) = N,T )←
holds at(rank(X) = O, T ),
next rank(O,N).

happens at(promote(mary), 1).
happens at(promote(john), 3).
happens at(promote(john), 4).� �

Event Calculus [8]

� �
h o l d s a t ( F = V , T)←

i n i t i a l l y ( F = V) ,
not broken ( F = V , 0 , T ) .

h o l d s a t ( F = V , Tn)←
happens ( Ei , Ti ) ,
Ti < Tn ,
i n i t i a t e s ( Ei , F = V , Ti ) ,
not broken ( F = V , Ti , Tn ) .� �� �

broken ( F=V , Ti , Tn)←
happens ( Ej , Tj ) ,
Ti < Tj , Tj < Tn ,
t e r m i n a t e s ( Ej , F=V , Tj ) .

t e r m i n a t e s (E , F = V , T)←
i n i t i a t e s (E , F = Vnew , T) ,
h o l d s a t ( F = V , T) ,
V \= Vnew .� �
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The Living Memory Project
Agent technology for neighbourhoods (Stathis et al [11])

Social cohesion in a community:

personal agents manage user’s
profiles and acquaintances

system agents as disseminators
of community events

agents implemented in Jade
containers [10]

deployed in a community in
Edinburgh

Jade Issues

Everything a reactive agent?
Directory facilitator unintuitive!
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The SOCS Project
Societies of Logic-based Agents

Mind-body distinction (Bell [3]):

“mind” with logical and
planning capabilities [7]

“body” can be discovered

observations & actions as
events [9]

society infrastructure [1]

P2P implementation [4]

PROSOCS Issues

No explicit environment mediation.
Interaction with objects an issue.
Grounding.
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The ARGUGRID Project
Argumentation for GRID services

Agents operate services and manage
contracts:

“mind” with argumentation [7]

interaction with objects

explicit environment mediation

PROSOCS ⇒ GOLEM.

GOLEM Requirements

How do we model the environment?
How is interaction mediated?
Environment distribution?
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GOLEM
Entities in a Container

A container is (a portion of) the
environment.

Its state describes bodies of

agents (software/avatars)
objects (passive/active,
internal/external)

Mediates interaction between
bodies.

Can be open or closed.

Key issues

Approach, particularly choice of
– evolving container state
– mediated interaction
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GOLEM
Approach

Interactors are producers and
consumers of events:

sensors/actuators for agents

triggers/emitters for active
objects

gateways for containers

State representation

Temporal logic program
Physics = what mediates events
Use the Event Calculus

Environment as a Distributed Event Processing System (Bromuri & Stathis [5]).
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Test-bed
Packet-World (Weyns [12])
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Container State
Representation

Data model:� �
c l a s s ( agent ) .
a t t r ( agent , s e n s o r o f , m u l t i ) .
a t t r ( agent , l o c a t i o n , s i n g l e ) .
. . .
i s a (X , Z) ← i s a (X , Y) , i s a (Y , Z ) .
. . .� �
Static knowledge:� �
isa(do, physical act).
isa(look, sensing act).
. . .
location((0, 1)).
location((0, 2)).
. . .� �
Initial state:� �
initially(agent(a1) = true).
initially(location(a1) = (1, 1)).
initially(sensor of(ag1) = s1).
initially(listener(s1) = true).
initially(status(s1) = open).
. . .� �
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Environment events
Event Declaration

Domain events are logical terms according to the data model e.g.:

do(Agent,move(ToB)).

Events are instantiated by agents actions as:

do(ag1,move((0, 2)).

Instances of events must be available in the container:

available(do(Ag,move(ToB), T )←
holds at(agent(Ag) = true, T ),
location(ToB).
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Mediated occurrences
Action execution

Notion of attempts. They happen if they are valid:

happens(Event,T) ← attempt(Event,T), valid(Event,T).

Validity means that the event is physically feasible/executable:

valid(Event, T) ← available(Event, T), possible(Event, T).

Domain specific definitions of what is possible are written as:

possible(do(Ag, move(ToB)), T )←
holds at(position(Ag) = FromA, T ),
within boarder(ToB),
adjacent(FromA, ToB),
not occupied(ToB, T ).
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Mediated occurrences
Active sensing

Some events happens necessarily as a result of the environment:

happens(Event, T) ← necessary(Event, T).

We may define necessary events as:

necessary(Event, T) ←
happens(Event*, T),
causes(Event*, Event, T),
available(Event, T).

E.g. Active sensing of an agent perceiving a specific environment property:

attempt(look(ag1, s2, pos(ag2)), 120).

Environment’s physics “response” is formulated as:

causes(look(A,S, P ), see(A,S, P = V ), T )← holds at(P = V, T ).
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Mediated occurrences
Event subscription

How to link happenings of events to sensors:

speech acts - simulate “audioception”;

sensing and physical acts - simulate “ophthalmoception”.

Default subscription to events:

subscribes(S, E, T) ←
holds at(senses(S) = EventClass), T),
instance of(E, EventSubClass),
isa(EventSubClass, EventClass),
holds at(status(S) = open, T).

E.g. Requests:

instance of(request( , , ), request).
isa(request, speech act).
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Event Notification
Passive perception

Events are notified to sensors once they happen:

notify(E, S, T) ← happens(E, T), detectable(E, S, T).

detectable(E, S, T) ←
subscribes(S, E, T), perceivable(E, S, T), not interfered(E, S, T).

An interfering entity between two agents in packet-world:

interfered(E,S, T )←
instance of(E, physical act),
actor of(E,AgentB),
holds at(position(AgentB) = PosB, T ),
holds at(sensor(AgentA) = S, T ),
holds at(position(Entity) = PosE, T ),
in between(PosE,AgentA,AgentB).
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Distributing containers (1)
Super/sub containers

locally at/4:

� �
l o c a l l y a t (C , Path , [ C | Path ] , Query )←

not member (C , Path ) ,
s o l v e (C , Query ) .

l o c a l l y a t (C , Path , Path∗ , Query )←
t i m e o f ( Query , T) ,
s o l v e (C , h o l d s a t ( s u b c o n t a i n e r (C)=Ci , T) ) ,
l o c a l l y a t ( Ci , [ C | Path ] , Path∗ , Query ) .� �
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Distributing containers (2)
Neighbourhoods

neighbouring at/5:

� �
n e i g h b o u r i n g a t (C , Path , Path∗ , Max , Query ) ←

Max >= 0 ,
l o c a l l y a t (C , Path , Path∗ , Query ) .

n e i g h b o u r i n g a t (C , Path , Path∗ , Max , Query )←
Max > 0 ,
s o l v e (C , h o l d s a t ( n e i g h b o u r (C)=Ni , T) ) ,
not member ( Ni , Path ) ,
Max∗ i s Max − 1 ,
n e i g h b o u r i n g a t ( Ni , [ C | Path ] , Path∗ , Max∗ , Query ) .� �
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Distributing containers (3)
Regions

regionally at/6:

� �
r e g i o n a l l y a t (C , Path , Path∗ , MaxH, MaxW, Query )←

MaxH >= 0 ,
n e i g h b o u r i n g a t (C , Path , Path∗ , MaxW, Query ) .

r e g i o n a l l y a t (C , Path , Path∗ , MaxH, MaxW, Query )←
MaxH > 0 ,
h o l d s a t ( s u p e r c o n t a i n e r (C)=Si , T) ,
not member ( Si , Path ) ,
MaxH∗ = MaxH − 1 ,
r e g i o n a l l y a t ( Si , [ C | Path ] , Path∗ , MaxH∗ , MaxW, Query ) .� �
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Distributing containers (4)
Example of distributed physics

Picking up a packet:

� �
possible(do(A, pick(Packet)), T )←

holds at(hand(A) = free, T ),
holds at(position(A) = PosA, T ),
neighbouring at(this, [], , 1, holds at(packet(Packet) = PosB, T )),
adjacent(PosA, PosB).� �
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Implementation Issues
GOLEM Reference Model [5]

K. Stathis (RHUL) Agent Environments in AEC 18.06.2015 26 / 36



Outline

1 Introduction

2 Motivation

3 Modelling an Agent Environment

4 The Ambient Event Calculus

5 Applications
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The COMMODITY12 Project
Personal Health System for Diabetes

Agents support a variety of tasks:

activity recognition, monitoring
and online advice to patient

recommendations to doctors

model based diagnosis vs data
driven predictions

Agent Environment Issues

Linking agent and physical
environment
– grounding agents
– what approach is best to take?
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Cyber-Physical Environments
Ubiquitous agents

Ambient Intelligence & IoT:

UIi = SAi +AVi

BIL - body interaction language

Service-oriented middleware
EVATAR [6]

Key Issues

Mapping between environments e.g.:
– Robots as Agent Avatars?
– Agents as Robot Avatars?
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Large-scale simulations
Negotiation in Electronic Markets

Experimental Evaluation of
Concurrent Negotiation Strategies:

Simulation of an Electronic
Market (e.g. E-Bay);

Large no. of agents & models;

RECON: Specialisation of
GOLEM [2];

Simulation vs deployment.

Key Issues

Stochastic Environments e.g.:
– Analytics & UIs
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Summary

Ambient Event Calculus

Framework for specifying agent environments

Abstractions to model the environment in terms of

containers, agents, objects, events and physics

Underlying distributed event processing for interactions

Implementation in GOLEM

Challenges

Hybrid languages for Agent Environments

Openess, Reuse and Plug-and-play

Managing large scale

Applications (e.g. serious games in mixed realities)
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