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Abstract

Hybrid probabilistic logic programs extends probabilistic logic programs by adding the possibility to
manage continuous random variables. Despite the maturity of the field, a semantics that unifies discrete
and continuous random variables and function symbols was still missing. In this paper, we summarize the
main concepts behind a new proposed semantics for hybrid probabilistic logic programs with function
symbols.
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1. Contribution

This paper is a technical summary of [1]. Probabilistic Logic Programming [2] extends Logic
Programming with probabilistic facts, i.e., logical atoms with an associated probability. These
are usually indicated with the syntax [3]:

II: f

where f is an atom and II €]0, 1]. Intuitively, f is true with probability II and false with
probability 1 — II. To illustrate probabilistic logic programs, let us start with a simple example:

Example 1. Card single round.

1/3 :: spades(X).

1/2 :: clubs(X).

pick(0,spades) :- spades(0).

pick(0,clubs) :- \+ spades(0), clubs(0).
pick(0,hearts) :- \+ spades(0), \+ clubs(0).
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This program describes a game of card with only 1 round (identified with 0) and 3 cards. A player
draws a card that can be either of spades, clubs, or hearts. These have all the same probability.
Note that, to describe three possible cards we only need 2 (probabilistic) facts, since the third can
be represented with the negation of the other two (see line 5). The predicate pick/2 describes the
three possible outcomes.

The probability of a query asked on the program of Example 1 is easy to compute. For
example, the probability of pick(0,hearts) is (1 —1/3) - (1 — 1/2) = 1/3. However, we
can make the program more interesting by adding multiple rounds. To do this, we introduce a
function symbol s/1 to the program of Example 1.

Example 2. Cards with multiple rounds. We extend Example 1 by considering multiple rounds.
We introduce the function symbol s/1 to indicate a round and with s (X) we indicate the round
after the round X. So, starting from 0 (first round), we have s (0) for the second round, s (s(0))
for the third round and so on. We introduce an additional rule: the game stops when the player
picks a card of hearts. The program thus became:

1 1/3 :: spades(X).

2 1/2 :: clubs(X).

3 pick(0,spades) :- spades(0).

4 pick(0,clubs) :- \+ spades(0), clubs(0).

5 pick(0,hearts) :- \+ spades(0), \+ clubs(0).

6 pick(s(X),spades):- \+ pick(X,hearts), spades(s(X)).

7 pick(s(X),clubs):- \+ pick(X,hearts), \+ spades(s(X)), clubs(s(X)).
8 pick(s(X),hearts):- \+ pick(X,hearts), \+ spades(s(X)),
9 \+ clubs(s(X)).

10

11 at_least_once_spades :- pick(_,spades).

12 never_spades :- \+ at_least_once_spades.

A possible question could be: “what is the probability that the player picks at least one time
spades?” This probability can be computed by asking the query at_least_once_spades.

To compute the probability of the query at_least_once_spades from Example 2, we need to
consider pairwise incompatible covering set of explanations [4]. If we replace spades with f;
and clubs with f, and we use 0 and 1 to indicate respectively not selected and selected, we get
a pairwise incompatible covering set of explanations K = {ko, k1, . ..} with

ro = {(f1,{X/0}, 1)}
k1 = {(f1,{X/0},0), (fo, {X/0}, 1), (f1, {X/s(0)}, 1)}

ki = {(f1,{X/0},0), (f2,{X/0},1),..., (f1,{X/s"1(0)},0),
(f2.AX/s"10)},1), (f1,{X/s'(0)}, 1)}



From here, we can compute the probability of the query ¢ = at_least_once_spades as
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since we have a sum of a geometric series.
We can even further extend the previous example by also considering continuous random
variables. To represent these, we use the syntax

a : density
where a is an atom and density is a special atom that denotes its probability density.

Example 3. Cards multiple rounds and continuous random variables. We extend Example 2 by
adding another rule: the player still draws a card but, in addition, he/she need to spin a wheel. If
the axis of the wheel is between 0 and 180 degrees the game stops. This scenario can be encoded
with:

angle(_,X) : uniform_dens(X,0,360).

1/3 :: spades(X).

1/2 :: clubs(X).

pick(0,spades) :- spades(0), angle(0,V), V > 180.

pick(0,clubs) :- \+ spades(0), clubs(0), angle(0,V), V > 180.

pick(0,hearts) :- \+ spades(0), \+ clubs(0), angle(0,V), V > 180.

pick(s(X),spades):- \+ pick(X,hearts), spades(s(X)), angle(s(X),V),
VvV > 180.

8 pick(s(X),clubs):- \+ pick(X,hearts), \+ spades(s(X)), clubs(s(X)),

angle(s(X),V), V > 180.
9 pick(s(X),hearts):- \+ pick(X,hearts), \+ spades(s(X)),
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10 \+ clubs(s(X)), angle(s(X),V), V > 180.
11

12 at_least_once_spades :- pick(_,spades).

13 never_spades :- \+ at_least_once_spades.

In line 1 we have a continuous probabilistic fact angle/2 where its argument X follows a
uniform distribution between 0 and 360.

We may be still interested in computing the probability of the query at_least_once_spades
from Example 3. Differently from Example 2, we now need to consider a mutually disjoint
covering set of worlds w. First, we partition the random variables in two sets: a countable set
X of continuous random variables (identified by 0, s(0), ..., where each element has a range



[0, 360]) and a countable set Y of discrete random variables (where each element can be true or
false). The set w = wg Uwy ... is such that:

wo = {(U)X,’LUY) ’ wx = ($0>$17 o -)>wY = (y(()jvy(s)vyf)yfv .. ')7
2o €]180,360], y = 1}

w1 = {(U)X,’U)Y) ’ wx = (3707171) .. .),U)Y = (ygvy(ﬁ?yiyfa . ')a
70 €]180,360], 53 = 0,5 = 1,1 €]180,360], yi = 1}

In other words: for wy, spades was selected at round 0 (y5 = 1) and the wheel (o) in the same
round was in the range |180, 360]; for wy, spades was not selected at round 0 (y§ = 0), clubs
was selected at round 0 (y§ = 1), the wheel (z() was in the range |180, 360] at round 0, spades
was selected at round s(0) (yj = 1) and the wheel (1) was in the range ]180, 360] at round
5(0), and so on.

The probability for each w; can be computed by multiplying the discrete and continuous
components. For wy (the process is similar for all the w; € w) we have:

360
(o) = / (698950 | 96 = 1) d

/3601 1d 11 1
180 3 360 3 2 6

where % is the contribution of the discrete random variable (spades) and ﬁ is the contri-
bution of the continuous one (angle). By considering all the values obtained for all the w;,
weget s 3.3 X (2.1 1) =1.5% (1) = 1.8 = 1 asprobability for the query
at_least_once_spades.

In [1], we prove that this semantics is well defined, i.e., it assigns a probability value to queries
for a large class of programs. However, as discussed in [5], these programs must met some
requirements, mainly needed to ensure the existence of the sets of discrete and continuous
random variables. These requirements are: 1) the set of random variables must be countable; 2)
clauses with the same head but different bodies must be mutually exclusive; 3) the value of a
continuous random variable must be used only as a parameter for another distribution, and not
as a variable for another term; 4) clauses must be range restricted (every variable in the head
also appears in a positive literal in the body): this ensures that answers to queries are ground
instantiations of it. For a more in-depth discussion see [5].
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