Probabilistic BDI Agents: Actions, Plans, and Intentions

Blair Archibald, Muffy Calder, Michele Sevegnani, Mengwei Xu

Project: Multi-Perspective Design of loT Cybersecurity in Ground and Aerial Vehicles (funded by Petras)
Project: Science of Sensor System Software (funded by EPSRC)

University

of Glasgow



http://blairarchibald.co.uk/
http://www.dcs.gla.ac.uk/~muffy/
http://www.dcs.gla.ac.uk/~michele/
https://mengweixu.netlify.app/
https://petras-iot.org/project/multi-perspective-design-of-iot-cybersecurity-in-ground-and-aerial-vehicles/
http://www.dcs.gla.ac.uk/research/S4/

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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Belief-Desire-Intention Framework

Overview

Logics
[Cohen & Levesque, 1990]

[Rao & Georgeff, 1991]

[Shoham, 2009]

.

Programming Languages
AgentSpeak [Rao, 1996]

CAN [Winikoff et al., 2002]

3APL [Dastani et al., 2005]

/

Software Platforms

Jason [Bordini et al., 2007]
Jack [Winikoff, 2005]

Jadex [Pokahr et al., 2013]
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Summary

BDI agents

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

BDI agents

oy

Blair Archibald et al. (2021): Modelling and Verifying BDI Agents with Bigraph:s.
published Dec 2021 in Science of Computer Programming
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https://www.journals.elsevier.com/science-of-computer-programming
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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.
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Our approach

Quantitative properties analysis

actions probabilistic effects of an action

plans which plan to select if there is more than one available

intentions which intention to progress if there is more than one available



Building Trustworthy BDI Agents

Actions
original BDI semantics! act:p < (¢”,¢") By act
(B, act) = ((B\¢~ U ¢*),nil)
act:p < u u(@-,¢")=p BEg act?

probabilistic BDI semantics

(B, act) =, ((B\¢~ U ¢*),nil)

U= [(qbl_! ¢il_) = Pl:"':(¢ﬁ; ¢TT) = pn] and Z?=1pi =L

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

original BDI semantics

probabilistic BDI semantics

p:P €A BEg
(B, e: (|1AD) = (B, P = e: (|A\{¢: P}])

select

p:P €A SP(BA=u pu+l ulp:P)=p
(B, e: (|A])) —p (B, P = e: (|A\{e: P}|))

selectP

probabilistic plan selection function:  §p. 2By Il _, Dist(IT) U {1}
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Intentions

PeTl (B,P)— (B, P') ;
(E€,B,T) = (E¢,B’,(I'\{PH u{Pr'}) step

original BDI semantics

PeT (BP)»

Aupaat
(E¢,B,T) = (E¢, B, T\{P}) e

Pel nP(BDD)=u u+l uP)=p (B,P)-, (B,P)

Ap
(E¢,B,T) =p.p (E¢,B', (T\{P}) U {P'}) step
probabilistic BDI semantics
P — — '’
Pel n?(B,I)=u p+l plP)=p" (BP)+», AD tate

(E¢,B,T) =,, (E¢,B,T\{P})

probabilistic intention selection function:  gp. 2By ol _, Dist(I") U {1} and an p'" + Zp oD p =1
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Building Trustworthy BDI Agents

Summary on distribution

Action: U= [(¢1_r ¢i|_) = P10y (¢1;r 1-{) = pn] and Zln=1 bi = 1.

pre-designed distributions

Plan: 6P: 2Bx21 - pist(MH u {L}

situational distributions

Intention:  6P: 2Bx2T > Dist(M u {L}

situational distributions

situation value description

(dOr {(§01; dl): Y (gonr dn)}' f)

default value d, if ¢; holds, it will be aggregated according to the function f
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Evaluation

production line storage line

decay over time when temperature
rise if not wrapped

intention selection

plan selection

i g

(cheap) standard bag may break (expensive) premium bag
during transferring never breaks

probabilistic effects of action
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Analysis

production line

Table 2. Plan and intention selection strategies.

Plan Selection Strategies

Intention Selection Strategies

SMP: Select Most Preferred
PSD: Preference Situational Distribution

SMU: Select Most Urgent

FIFO: First-In-First-Out

RR: Round Robin

PUSD: Pure Urgency Situational Distri-
bution

LUSD: Layered Urgency Situational Dis-
tribution

OLUSD: Optimised Layered Urgency Sit-
uational Distribution

storage line
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Plan Selection Strategies Intention Selection Strategies

SMP: Select Most Preferred SMU: Select Most Urgent

PSD: Preference Situational Distribution FIFO: First-In-First-Out
RR: Round Robin
PUSD: Pure Urgency Situational Distri-
bution
LUSD: Layered Urgency Situational Dis-
tribution
OLUSD: Optimised Layered Urgency Sit-
uational Distribution

Table 3. Probability of product 1, product 2 for the properties, e.g. (S1, S2) with
different plan and intention selection strategies listed in|[Table 2

Intention
SMU FIFO RR
s (S1;S2) (S1,F2) [(S1.;S2) (S1,F2) {(ST;S2) (S1,F2)
0 0.9 0 0 (0] 0

M

Bp~H

P
P

S
D

(F1,S2) (F1; F2)
0 0.1

(S1,82) (S1.F2)

0 0.93
(F1,S2) (F1,F2)
0 0.07

(F1,S2) (F1,F2)
0.9 0.1

(S1,82) (S1,F2)

o 0
(F1,S2) (F1,F2)
0.93 = 0.07

(F1,S2) (F1,F2)
0 1

(S1,82) (S1,F2)|
0 0

(F1,S2) (F1,F2)
0 1

Bp~H

M
P

S
D

S

P

PUSD

0.03 0.48
(F1,52) (F1;F2)
0.08 0.41
(81,82) (S1,F2) |
0.03 0.49

(S1,82) (S1.F2)

(F1,S2) (F1F2)
0.08 0.4

LUSD

(S1,82) (S1,F2)
0

0.510

(F1,S2) (F1,F2)

0.482 | 0.008

(S1,82) (S1,F2).

0.513 0

(F1,S2) (F1,F2)

0.481 0.05

OLUSD

(S1.82) (S1.F2)]
0

- 0.97
(F1,S2) (F1,F2)
0.037 0

(S1.52) (S1.72)]

098 0
(F1,S2) (F1,F2)
0.02 0




Building Trustworthy BDI Agents

Analysis

. . Table 2. Plan and intention selection strategies. i
production line storage line

Plan Selection Strategies Intention Selection Strategies

SMP: Select Most Preferred SMU: Select Most Urgent

PSD: Preference Situational Distribution FIFO: First-In-First-Out
RR: Round Robin
PUSD: Pure Urgency Situational Distri-
bution
LUSD: Layered Urgency Situational Dis-
tribution
OLUSD: Optimised Layered Urgency Sit-
uational Distribution

Table 4. DTMC generation: final size and timing.

Strategies States Transitions Build time (s) Rule Applications
(SMP, SMU) 31 30 66.57 217
(SMP, FIFO) 31 30 65.85 211
(SMP, RR) 19 18 52143 143
(PSD, SMU) 36 36 92.26 273
(PSD, FIFO) 36 36 92.25 268
(PSD, RR) 19 18 51.72 143
(SMP, PUSD) 572 845 2447.37 5300
(SMP, LUSD) 323 478 1518.36 3116
(SMP, OLUSD) 323 478 1481.07 3116
(PSD, PUSD) 697 1039 17435.90 6836
(PSD, LUSD) 417 614 2106.64 4157

(PSD, OLUSD) 417 614 2098.51 4157
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Fig. 2. Probability of reaching the end state (product 1, product 2) with increasing
failure probability in (PSD, SMU) and (PSD, OLUSD).
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1. different external events (e.g. tasks)

2. different plan libraries (e.g. methods)
3. custom situation value descriptions
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Note

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

! \ In principle, our approach allows users to “run” any example with

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
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