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Problem description

Running example: a fantasy world

Actions update the database: cast

Efficiency

Get a robot or agent to reason efficiently about action and change
under the following three conditions:

The agent is trapped inside a dungeon. The main door can only
be unlocked by casting a magical spell. The agent has to cast the
spell while being in the same room with a magical orb that is hidden somewhere in the dungeon, otherwise the spell has no effect.
Finally, even though the agent cannot find the magical orb, she
knows that it is hidden somewhere in rooms Room1 or Room2.

The agent executes action cast. This affects the fluent door
but now the outcome depends on the fluent orb which has
two possible values:

Worst-case scenario:

1. the agent has incomplete knowledge about certain changing elements in the world (fluents);
2. the agent has both physical (world-changing) and sensing
(knowledge-producing) actions at its disposal;
3. the agent is long-lived and may have performed thousands or
even millions of actions to date.
The challenge is to reason efficiently about the overall state of the
world, taking into account what has been done and what has been
sensed, as a large number of such actions are performed.

• Represent the world as a situation calculus [1] basic action theory [2] of a special form.
• Use a regular database to represent the possible values for
each dynamic element (fluent) of the world.
• Update the database after each action keeping track of the constraints that arise between the fluents.
Formally, solve the projection task for situation calculus basic action theories of a special form using a progression mechanism.
(See the paper for the details!)

There are two actions available.

orb
Room1
Room2

door
Closed

• Use functional fluents to represent the dynamic elements of the
world. E.g. for the temperature of a room:
instead of

temp(22).

In general, focus on atoms of the form τ = d, where τ is a
ground fluent term and d is a constant.
• There can be incomplete knowledge about the value of a ground
fluent term, but not about its arguments. E.g.,
temp = 22 ∨ temp = 23 ∨ temp = 24.
In general, we only allow for incomplete knowledge of the form
~τ = d~1 ∨ · · · ∨ ~τ = d~n
where ~τ is a tuple of ground fluent terms and each d~i is a constant tuple of the same length.
• Actions have local effects [3].

In the updated database, we need to store the possible values
for the pair horb, doori instead of each of the fluents orb and door
separately.

• The table has two rows: each row is a possible value for the pair
horb, doori.

The initial state as a database
hero
Room1

• If the orb is located at Room1 then the door remains closed.

• The table for horb, doori has two columns, one for each of the
fluents orb and door.

hero
Room2

orb
Room1
Room2

door
Closed

⇒

hero
Room2

orb
door
Room1 Closed
Room2 Open

• orb = Room1 ∨ orb = Room2
• door = Closed

The general case
At any given time:

• Each table in the database has one column and stores the
possible values for a ground fluent term.
• Whenever there is complete knowledge about the term, the corresponding table has exactly one row.

• Whenever there is incomplete knowledge, the table has more
than one rows that list all the possible values for the term.

• All ground fluent terms in the language are grouped into disjoint
tuples.
• The possible values for each such tuple are stored in a separate
database table.
• The result of doing a database join operation on all the tables is
a relation that lists all the models of the underlying theory.
When an action is performed:

• In the general case, a table in the database may store the possible values for a tuple of ground fluent terms (read on!).

• The grouping of the ground fluent terms changes so that
interconstrained fluents appear in the same tuple.
• The possible values for fluent tuples are updated according to
the axioms describing the effects of actions.

Actions update the database: go
The agent executes action go(Room2) and moves to Room2. This
affects the fluent hero and therefore the corresponding table.
orb
Room1
Room2

door
Closed

⇒

• The worst-case scenario may arise often when representing
logical puzzles, but it appears rarely when reasoning about the
effects of actions in agent worlds.
• In practice, only small bundles of ground fluents are both interconstrained and unknown at any time.

Conclusion
Under reasonable assumptions our approach is an appealing solution for long-lived agents that constantly need to reason about
action and change in incompletely known worlds.

hero
Room2

orb
Room1
Room2

door
Closed
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E.g., the table for orb has two rows: Room1 and Room2.

hero
Room1

Nevertheless, we argue that our method can be kept practical:

• hero = Room1

E.g., the ground fluent term door has only one possible value
(Closed ) and so the table for door has exactly one row: Closed.

Action theories
temp = 22

• hero holds the location of the agent. E.g. hero = Room1.
• orb holds the location of the orb. E.g. orb = Room1
• door holds the state of the door. E.g. door = Closed.

• go(y): the agent moves to room y;
• cast: the agent casts the magical spell.

Our approach

use

We use three (functional) fluents to represent this scenario.

• If the orb is located at Room2 (i.e. at the same room where the
agent is) then the door gets opened.

• All ground fluents are interconstrained and there is incomplete
knowledge about their value. All ground fluents need to be
grouped into one huge table!
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