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Autonomous Agents
Definition:

An entity

which perceives its situated environment,
which deliberates accordingly,
which takes actions autonomously,

in order to achieve its design objectives

Michael Wooldridge. An Introduction to Multiagent Systems. John Wiley and Sons Ltd, February 2002

http://www.cs.ox.ac.uk/people/michael.wooldridge/pubs/imas/
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Autonomous Agents
Belief-Desire-Intention (BDI) Framework
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Sensors

What is the 
world like now

What should I 
do now

Action to
be done
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actions

Beliefs

Desires
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what agents know

what agents want to do
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Belief-Desire-Intention Framework
Overview

AgentSpeak [Rao, 1996]

CAN [Winikoff et al., 2002]

3APL [Dastani et al., 2005]

Jason [Bordini et al., 2007]

Jack [Winikoff, 2005]

Jadex [Pokahr et al., 2013]

Programming Languages

Software PlatformsLogics

[Cohen & Levesque, 1990]

[Rao & Georgeff, 1991]

[Shoham, 2009]

…

…

…



Autonomous Agents
Belief-Desire-Intention (BDI) Framework

sensors

Pending Events

Relevant PlansPlan 
Library

Applicable Plans

Beliefs

check context
intentions

Execute
Intentions

actions

1 event selection

2 plan selection 

3 intention selection  
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Action to 
be done

What should I do now



Building Trustworthy BDI Agents 
Question



Building Trustworthy BDI Agents 
Solution

specifications

verification



Building Trustworthy BDI Agents 
Solution

specifications

verification

complete confidence



Building Trustworthy BDI Agents 
Solution

BDI agents

translate

state transition system



Building Trustworthy BDI Agents 
Solution

BDI agents

model checker

translate

verify

state transition system
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Building Trustworthy BDI Agents 
Summary

BDI agents

Bigraph

PRISM

our approach

Bigraphs: a universal graph-based rewriting formalism, developed by Milner 
as a unifying theory for process algebras such as CCS and 𝜋-calculus.  



Building Trustworthy BDI Agents 
Summary

BDI agents

Bigraph

PRISM

our approach

Blair Archibald et al. (2021): Modelling and Verifying BDI Agents with Bigraphs.
published Dec 2021 in Science of Computer Programming

https://www.journals.elsevier.com/science-of-computer-programming
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Building Trustworthy BDI Agents 
Limitation

BDI agents

Promela Java Maude

translate

SPIN JavaPathFinder Maude
LTL model checker

analyse qualitative properties
e.g. whether an intention completes
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Our approach

BDI agents

BDI agents operate in uncertain 
environments with dynamic behaviours

analyse quantitative properties
e.g. the probability of eventually 

completing an intention. 

Probabilistic Bigraph

PRISM



Building Trustworthy BDI Agents 
Our approach

Quantitative properties analysis

actions

plans

intentions

probabilistic effects of an action

which plan to select if there is more than one available

which intention to progress if there is more than one available



𝑎𝑐𝑡: 𝜑 ← 𝜇 𝜇 𝜙#, 𝜙$ = 𝑝 ℬ ⊨ 𝜑
ℬ, 𝑎𝑐𝑡 →% ℬ\𝜙# ∪ 𝜙$ , 𝑛𝑖𝑙

𝑎𝑐𝑡%probabilistic BDI semantics

original BDI semantics1

Building Trustworthy BDI Agents 
Actions

𝑎𝑐𝑡: 𝜑 ← 𝜙#, 𝜙$ ℬ ⊨ 𝜑
ℬ, 𝑎𝑐𝑡 → ℬ\𝜙# ∪ 𝜙$ , 𝑛𝑖𝑙

𝑎𝑐𝑡

𝜇 = (𝜙!", 𝜙!#) ↦ 𝑝!, ⋯ , (𝜙$", 𝜙$#) ↦ 𝑝$ and ∑%&!$ 𝑝% = 1.

1CAN Semantics in [Winikoff et al., 2002]



Building Trustworthy BDI Agents 
Plans

probabilistic BDI semantics

original BDI semantics
𝜑: 𝑃 ∈ ∆ ℬ ⊨ 𝜑

ℬ, 𝑒: ∆ → ℬ, 𝑃 ⊳ 𝑒: ∆\ 𝜑: 𝑃
𝑠𝑒𝑙𝑒𝑐𝑡

𝜑: 𝑃 ∈ ∆ 𝛿%(ℬ, ∆) = 𝜇 𝜇 ≠⊥ 𝜇 𝜑: 𝑃 = 𝑝
ℬ, 𝑒: ∆ →% ℬ, 𝑃 ⊳ 𝑒: ∆\ 𝜑: 𝑃

𝑠𝑒𝑙𝑒𝑐𝑡%

𝛿!: 2ℬ×2# → 𝐷𝑖𝑠𝑡(Π) ∪ ⊥probabilistic plan selection function:



Building Trustworthy BDI Agents 
Intentions

probabilistic BDI semantics

original BDI semantics

𝑃 ∈ Γ ℬ, 𝑃 ↛
𝐸& , ℬ, Γ ⇒ 𝐸& , ℬ', Γ\ 𝑃

𝑃 ∈ Γ ℬ, 𝑃 → ℬ', 𝑃'

𝐸& , ℬ, Γ ⇒ 𝐸& , ℬ', (Γ\ 𝑃 ) ∪ 𝑃'
𝐴()&%

𝐴*%+,)&

𝑃 ∈ Γ 𝜂% ℬ, Γ = 𝜇 𝜇 ≠⊥ 𝜇 𝑃 = 𝑝 ℬ, 𝑃 →%' ℬ', 𝑃′
𝐸& , ℬ, Γ ⇒%-%' 𝐸& , ℬ', (Γ\ 𝑃 ) ∪ 𝑃'

𝐴()&%
%

𝑃 ∈ Γ 𝜂% ℬ, Γ = 𝜇 𝜇 ≠⊥ 𝜇 𝑃 = 𝑝′′ ℬ, 𝑃 ↛!

𝐸& , ℬ, Γ ⇒%'' 𝐸& , ℬ, Γ\ 𝑃
𝐴*%+,)&
%

𝛿!: 2ℬ×2$ → 𝐷𝑖𝑠𝑡(Γ) ∪ ⊥ and ∑!%% 𝑝′′ + ∑!,!% 𝑝 4 𝑝′ = 1probabilistic intention selection function:
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Summary on distribution

𝛿': 2ℬ×2) → 𝐷𝑖𝑠𝑡(Π) ∪ ⊥

𝛿': 2ℬ×2* → 𝐷𝑖𝑠𝑡(Γ) ∪ ⊥

𝜇 = (𝜙!", 𝜙!#) ↦ 𝑝!, ⋯ , (𝜙$", 𝜙$#) ↦ 𝑝$ and ∑%&!$ 𝑝% = 1.Action: 

pre-designed distributions

Plan: 

situational distributions

Intention: 

situational distributions

𝑑., 𝜑!, 𝑑! , ⋯ , 𝜑/, 𝑑/ , 𝑓

situation value description

default value 𝑑!, if 𝜑" holds, it will be aggregated according to the function 𝑓
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Building Trustworthy BDI Agents 
Evaluation

production line storage line

decay over time when temperature 
rise if not wrapped

(cheap) standard bag may break 
during transferring

(expensive) premium bag 
never breaks

intention selection

plan selection

probabilistic effects of action
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1. different external events (e.g. tasks)
2. different plan libraries (e.g. methods)
3. custom situation value descriptions



Building Trustworthy BDI Agents 
Note

In principle, our approach allows users to “run” any example with 
1. different external events (e.g. tasks)
2. different plan libraries (e.g. methods)
3. custom situation value descriptions

provide probabilistic support 
to deliver quantitative assurance of agent behaviours 
in more realistic industrial systems prone to failures



Building Trustworthy BDI Agents 
Future Work

1. multi-objective analysis: obtaining high success rate while keeping the overall bag cost low

2. dynamic environment: new product being reduced and more robots being employed



Many thanks for your attentions
Muffy Calder

Blair Archibald Mengwei XuMichele Sevegnani


