
Belief-Desire-Intention 
(BDI) Architecture
MICHAL JAKOB
Agent Technology Center, 
Dept. of Computer Science and Engineering, 
FEE, Czech Technical University

AE4M36MAS Autumn 2013 - Lect. 2

03 October 2013 MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE 1

http://michaljakob.net/
http://agents.fel.cvut.cz/
https://cw.felk.cvut.cz/doku.php/courses/ae4m36mas/start


Where are we?

Agent architectures (inc. BDI architecture)

Logics for MAS

Non-cooperative game theory

Coalition game theory

Mechanism design

Auctions

Social choice

Distributed constraint reasoning 
(satisfaction and optimization)
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Intro and Motivation
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Basic Agent Architectures

Reflex agent Model-based 
agent

Goal-based 
agent

Utility-based 
agent
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Goal-based agents
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Big Picture

Practical 
reasoning 

BDI 
architecture

Agent 
programming 

languages

Interpreters / 
Execution 

architectures

BDI logics

philosophical 
foundations

analysis and 
design

implementation

MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE03 October 2013 6



Practical Reasoning
CONCPTUALIZING RATIONAL ACTION
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Practical Reasoning
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Theoretical vs Practical Reasoning
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The Components of Practical Reasoning
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Deliberation
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Desires
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Intentions
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Functional Components of Deliberation
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Properties of Intentions

1. Intentions drive means-end reasoning.

2. Intentions constrain future deliberation (i.e., provide a “filter”).

3. Intentions persist.

4. Intentions influence beliefs concerning future practical reasoning.

5. Agents believe their intentions are possible.

6. Agents do not believe they will not bring about their intentions.

7. Under certain circumstances, agents believe they will bring about 
their intentions.

8. Agents need not intend all the expected side effects of their 
intentions.
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Plans
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Commitments

Dynamic environment
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Commitments to Ends and Means
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Degrees of Commitments
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Optimality of Intention Reconsideration  (IR) 
Strategy?

In situation (1), the agent did not choose to deliberate, and thus, did not change intentions. 
Still, if it had deliberated, it would not have changed.
 IR was not worth it! :-)

In situation (2), the agent did not choose to deliberate, but if it had done so, it would have 
changed intentions.
 IR must have been done! :-(

In situation (3), the agent chose to deliberate, but did not change intentions.
 IR was a waste of time! :-(

In situation (4), the agent chose to deliberate, and did change intentions.
 IR was worth it! :-)
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When is an IR Strategy Optimal?
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BDI Architecture
OPERATIONALIZING PRACTICAL REASONING
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BDI Programming
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An Example: Gold Mining Game
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Some Constraints / Requirements

MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE03 October 2013 25



Belief-Desire-Intention (BDI) Model of Agency

PERCEPTS
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Technology Development
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Building Agents: BDI Agent-oriented 
Programming
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Key Features of BDI Agent-oriented Systems
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Key Features of BDI Agent-oriented Systems 
(cont.)

static vs. dynamic

external vs. internal
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Intentions
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The BDI Execution Cycle [Rao&Georgeff 92]
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AgentSpeak
IMPLEMENTING BDI
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Implementing BDI

We need:
1. Language for describing agent control programs

2. Runtime infrastructure (interpreter) to execute such programs
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AgentSpeak (L)

Developed by A. S. Rao and has been influential in the design of other 
agent programming languages.

Programming language for implementing BDI architectures.

Extended to make it a practical agent programming language (R. 
Bordini).

AgentSpeak programs can be executed by the Jason interpreter (R. 
Bordini et al.).
 http://jason.sourceforge.net/

Based on logic programming (Prolog) using restricted first-order 
language with events and actions.
 There are also non-logic-based agent programming languages.
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AgentSpeak: Beliefs

The belief language is based on first-order literals.
 𝑝 𝑡1, … , 𝑡𝑛 , ¬𝑝 𝑡1, … , 𝑡𝑛 ∈ 𝑏𝑒𝑙𝑖𝑒𝑓𝑠

 if 𝜙,𝜓 ∈ 𝑏𝑒𝑙𝑖𝑒𝑓𝑠, then 𝜙 ∧ 𝜓 ∈ 𝑏𝑒𝑙𝑖𝑒𝑓𝑠

The belief base of an AgentSpeak(L) program is a ground subset of the
belief langauge
 e.g. 𝑝𝑜𝑠 𝑟2,2,2 ∧ 𝑎𝑑𝑗𝑎𝑐𝑒𝑛𝑡(𝑎, 𝑏)
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AgentSpeak: Desires / Goals

Desires are based on first order atomic formulae.
 A goal is a desire that has been adopted for active pursuit by the agent. 

Achievement goals: ! 𝑔(𝑡1, … , 𝑡𝑛)
 state that the agent wants to achieve a state of the world where the associated 

predicate is true.

 initiate the execution of subplans

 e.g. ! 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛(𝑟𝑜𝑏𝑜𝑡1, 𝑎)

Test goals: ? 𝑔(𝑡1, … 𝑡𝑛)
 returns a unification for the associated predicate with one of the agent’s beliefs; it 

fails if no unification is found.

 e.g. ? 𝑙𝑜𝑐𝑎𝑡𝑖𝑜𝑛(𝑟𝑜𝑏𝑜𝑡1, 𝑋)
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AgentSpeak: Events

Events initiate the execution of a plan.

Types of plan triggering events:
+b (belief addition)

-b (belief deletion)

+!g (achievement-goal addition)

-!g (achievement-goal deletion)

+?g (test-goal addition)

-?g (test-goal deletion)

External events generated from belief updates as a result of perceiving 
the environment or communication from other agents

Internal events generated from the agent’s own execution of a plan.
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AgentSpeak: Plans

Plans are context-sensitive and event-invoked recipes to fulfil goals:

𝑇𝑟𝑖𝑔𝑔𝑒𝑟𝑖𝑛𝑔𝐸𝑣𝑒𝑛𝑡: 𝐶𝑜𝑛𝑡𝑒𝑥𝑡 ← 𝑃𝑙𝑎𝑛𝐵𝑜𝑑𝑦

 𝑇𝑟𝑖𝑔𝑔𝑒𝑟𝑖𝑛𝑔𝐸𝑣𝑒𝑛𝑡 denotes the purpose of the plan

 𝐶𝑜𝑛𝑡𝑒𝑥𝑡 is a conjunction of beliefs representing circumstances in which the plan can 
be used; context must be a logical consequence of that agent’s current beliefs for 
the plan to be applicable.

 𝑃𝑙𝑎𝑛𝐵𝑜𝑑𝑦 a sequence of basic actions or (sub)goals that the agent has to achieve 
(or test) when the plan, if applicable, is chosen for execution
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Example

+concert (A,V) : likes(A) <-
!book_tickets(A,V).

+!book_tickets(A, V) :

¬busy(phone)

<- call(V);

…;

!choose seats(A,V).

Triggering 

event Context

Achievement 

goal added

Basic action
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Plan Example
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AgentSpeak: Intentions

Intention = plans the agent has chosen for execution.

Intentions are executed one step at a time.

A step can
 query or change the beliefs

 perform actions on the external world

 suspend the execution until a certain condition is met

 submit new goals.

The operations performed by a step may generate new events, which, 
in turn, may start new intentions.

An intention succeeds when all its steps have been completed. It fails 
when certain conditions are not met or actions being performed report 
errors. 
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AgentSpeak Interpretation Cycle

MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE03 October 2013 43



AgentSpeak: Semantics
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AgentSpeak: Selection functions

Selection functions are agent-specific
 they should make selections based on an agent’s characteristics.
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AgentSpeak: Example

During lunch time, 

forward all calls to Carla. 

 When I am busy, 

incoming calls from 

colleagues should be 

forwarded to Denise. 

ALICE
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AgentSpeak: Example Beliefs

user(alice).

user(bob).

user(carla).

user(denise).

~status(alice, idle).

status(bob, idle).

colleague(bob).

lunch_time(“11:30”).
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AgentSpeak(L) Example Plans
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AgentSpeak Example Plans

user(alice).

user(bob).

user(carla).

user(denise).

~status(alice, idle).

status(bob, idle).

colleague(bob).

lunch_time(“11:30”).

+invite(X, alice) : lunch_time(t)    !call_forward(alice, X, carla).   (p1)

+invite(X, alice) :     colleague(X)   call_forward_busy(alice,X,denise).(p2)

+invite(X, Y): true    connect(X,Y). (p3)

+!call_forward(X, From, To) : invite(From, X)

 +invite(From, To), - invite(From,X) (p4)

+!call_forvard_busy(Y, From, To) : invite(From, Y)& 

not(status(Y, idle)))

 +invite(From, To), - invite(From,Y).     (p5)
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AgentSpeak Example

user(alice).

user(bob).

user(carla).

user(denise).

~status(alice, idle).

status(bob, idle).

colleague(bob).

lunch_time(“11:30”).

+invite(X, alice) : lunch_time(t)

 !call_forward(alice, X, carla).           (p1)

+invite(X, alice) :     colleague(X)

 call_forward_busy(alice,X,denise).        (p2)

+invite(X, Y): true    connect(X,Y).                   (p3)

+!call_forward(X, From, To) : invite(From, X)

 +invite(From, To), - invite(From,X) (p4)

+!call_forvard_busy(Y, From, To) : invite(From, Y)& 
not(status(Y, idle)))

 +invite(From, To), - invite(From,Y).             (p5)
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Execution - 1

A new event is sensed from the environment, +invite(Bob, 
Alice) (there is a call for Alice from Bob).

There are three relevant plans for this event (p1, p2 and p3) 
 the event matches the triggering event of those three plans.

Relevant Plans Unifier

p1: +invite(X, alice) : lunch_time(t)

!call_forward(alice, X, carla)

p2: +invite(X, alice) : colleague(Bob)

 !call_forward_busy(alice, X, denise).

{X=bob}

p3 : +invite(X, Y): true  connect(X,Y). {Y=alice, X=bob}
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Execution - 2

Context of plan p2 is satisfied - colleague(bob) => p2 is applicable.

A new intention based on this plan is created in the set of intentions, because the
event was external, generated from the perception of the environment.

The plan starts to be executed. It adds a new event, this time an internal event:
!call_forward_busy(alice,bob,denise).

Intention ID Intension Stack Unifier

1 +invite(X,alice):colleague(X)

<- !call_forward_busy(alice,X,denise)

{X=bob}
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Execution - 3

A plan relevant to this new event is found (p5):

Relevant Plans Unifier

p5: +!call_forvard_busy(Y, From, To) :

invite(From, Y) & not(status(Y, idle)))

 +invite(From, To),

- invite(From,Y).

{From=bob,

Y=alice,

To=denise}

 p5 has the context condition true, so it becomes an applicable plan and it

is pushed on top of intention 1 (it was generated by an internal event)

Intention

ID

Intension Stack Unifier

1 +!call_forward_busy(Y,From,To) :

invite(From,Y) & not status(Y,idle)

<- +invite(From,To); -invite(From,Y)

{From=bob,

Y=alice,

To=denise}

+invite(X,alice) : colleague(X)

<- !call_forward_busy(alice,X,denise)

{X=bob}

MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE03 October 2013 53



Execution - 4
A new internal event is created, +invite(bob, denise).

three relevant plans for this event are found, p1, p2 and p3.

However, only plan p3 is applicable in this case, since the others don’t have the context 
condition true.

The plan is pushed on top of the existing intention. 

Intention

ID

Intension Stack Unifier

1 +invite(X,Y) : <- connect(X,Y) {Y=denise,

X=bob}

+!call_forward_busy(Y,From,To) :

invite(From,Y) & not status(Y,idle)

<- +invite(From,To); -invite(From,Y)

{From=bob,

Y=alice,

To=denise}

+invite(X,alice) : colleague(X)

<- !call_forward_busy(alice,X,denise)

{X=bob}
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Execution - 5
On top of the intention is a plan whose body contains an action.

The action is executed, connect(bob, denise) and is removed from the 
intention.

When all formulas in the body of a plan have been removed (i.e., have been 
executed), the whole plan is removed from the intention, and so is the 
achievement goal that generated it.

Intention ID Intension Stack Unifier

1 +!call_forward_busy(Y,From,To) :

invite(From,Y) & not status(Y,idle)

<- -invite(From,Y)

{From=bob,

Y=alice,

To=denise}

+invite(X,alice) : colleague(X)

<- !call_forward_busy(alice,X,denise)

{X=bob}

 The only thing that remains to be done is –invite(bob, alice) (this event is removed from 

the beliefs base). 

 This ends a cycle of execution, and the process starts all over again, checking the state of 

the environment and reacting to events.
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BDI Programming 
Guidelines

Time check!

03 October 2013 MICHAL JAKOB: BELIEF-DESIRE-INTENTION ARCHITECTURE 56



Key Points of BDI Programming

BDI Programming = 
implicit goal-based programming + rational online executor
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Possibility of Many Options
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Making Use of the BDI Framework

1. Provide alternative plans where possible.

2. Break things down into subgoal steps.

3. Use subgoals and alternative plans rather than if... then in code.

4. Keep plans small and modular.

5. Plans are abstract modules - don’t chain them together like a 
flowchart.
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Plan Structure
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Structuring Plans and Goals

Make each plan complete at a particular abstraction level.
 A high-level but complete plan for Attend Conference.

Use a subgoal - even if only one plan choice for now.
 Decouple a goal from its plans.

Modular and easy to add other plan choices later.
 Booking a flight can now be done with the Internet, if available!

Think in terms of subgoals, not function calls.
 What way-points do we need to achieve so as to realize a goal?

Learn to pass information between subgoals.
 How are these way-points inter-related w.r.t. data?
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BDI Summary

Practical way to implement goal-oriented agents.

Based on the theory of practical reasoning that human appear to use in 
daily lives.

Programming using mentalistic concepts of beliefs, desires and 
intentions.

BDI languages and executors/intepreters exist for implementation of 
BDI agents
 logic-based AgentSpeak language together with Jason interpreters probably the best 

known

Reading
 BDI agent programming in AgentSpeak using Jason Sections 1-3

 BDI lecture notes (Tambe/Greenstadt)
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