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Memoisation

(stochastic)
 Memoisation

Is this difference fundamental?
Or

Can we transform one to 
the other and vice versa?
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Distribution Semantics

Sato, T.: A statistical learning method for logic 
programs with distribution semantics. 
In: ICLP. pp. 715–729. MIT Press (1995)

 

Program =
 Probabilistic Facts + Logical Clauses
{ p1 :: f1, … , pn :: fn }

F
p :- q1,...,qn

R
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P(C) = ∏ pi x ∏ (1-pi)
Total Choice C ⊆ F

PF U R(q) = 



Distribution Semantics

fi ∈ C fi ∉ C

Probability of Query (atom) q

C ⊆ F;
C U R ⊨ q 

facts true in C facts false in C

all partial choices 
satisfying q
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P(C) = ∏ pi x ∏ (1-pi)
Total Choice C ⊆ F

PF U R(q) =   ∑    P(C)
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values_x(i,[t,f],[0.5,0.5]).

p :- msw(i,t),msw(i,t).

0.5:msw(i,t) ; 0.5:msw(i,f)

p :- msw(i,t),msw(i,t).
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values_x(i,[t,f],[0.5,0.5]).

p :- msw(i,t),msw(i,t).

0.5:msw(i,t) ; 0.5:msw(i,f)

p :- msw(i,t),msw(i,t).

1 2 1 1
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values_x(i,[t,f],[0.5,0.5]).

p :- msw(i,t),msw(i,t).

0.5:msw(i,t) ; 0.5:msw(i,f)

p :- msw(i,t),msw(i,t).
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PRISM to ProbLog

values_x(i,[t,f],[0.5,0.5]).

p :- msw(i,t),msw(i,t).

0.5:msw(i,t,_) ; 0.5:msw(i,f,_)

p :- msw(i,t,g1),msw(i,t,g2).

Labelling Each Goal
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1 2 p Pr
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PRISM to ProbLog

values_x(i,[t,f],[0.5,0.5]).
p :- msw(i,X),q(X).
q(t).
q(f) :- msw(i,f).

0.5:msw(i,t,_) ; 0.5:msw(i,f,_)
p :- msw(i,X,g1),q(X).
q(t).
q(f) :- msw(i,f,g1).

Labelling Each Clause
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values_x(i,[t,f],[0.5,0.5]).
p :- msw(i,X),q(X).
q(t).
q(f) :- msw(i,f).

0.5:msw(i,t,_) ; 0.5:msw(i,f,_)
p :- msw(i,X,c1(g1)),q(X).
q(t).
q(f) :- msw(i,f,c3(g1)).

Labelling Each Clause
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PRISM to ProbLog

values_x(i,[t,f],[0.5,0.5]).
p :- q,q.
q :- msw(i,t).

0.5:msw(i,t,_) ; 0.5:msw(i,f,_)
p :- q,q.
q :- msw(i,t,c2(g1)).

Labelling Context

32
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values_x(i,[t,f],[0.5,0.5]).
p :- q,q.
q :- msw(i,t).

0.5:msw(i,t,_) ; 0.5:msw(i,f,_)
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PRISM to ProbLog

values_x(i,[t,f],[0.5,0.5]).
p :- q,q.
q :- msw(i,t).

Labelling Context
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0.5:msw(i,t,_) ; 0.5:msw(i,f,_)
p(C) :- 
    q(c1(g1(C))),
    q(c1(g2(C))).
q(C) :- msw(i,t,c2(g1(C))).

1 2

1 2
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PRISM to ProbLog

Summary

ci(gj(C))

Clause 
position in 
program

Goal position 
in clause

Call context
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⇒ Label traces SLD-resolution

ci(gj(C))
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Translate a fact

values_x(fct,[t,f],[p,1-p]).
fct :- msw(fct,X).

p :: fct

into



ProbLog to PRISM
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Translate a fact

into

every fct is a 
different factp :: fct

values_x(fct,[t,f],[p,1-p]).
fct :- msw(fct,X).



values_x(fct,[t,f],[p,1-p]).
fct :- msw(fct,X).

p :: fct

ProbLog to PRISM
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Translate a fact

into
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Assume 

is finite, and choose a value for each 
f
i
 up front.

p
i
 :: f

1
, … , p

n
 :: 

f
n
 



ProbLog to PRISM
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0.5 :: f1.
0.5 :: f2.
p :- f1, f2.

values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.5,0.5]).



ProbLog to PRISM
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0.5 :: f1.
0.5 :: f2.
p :- f1, f2.

values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.5,0.5]).
p(Fs) :- f1(Fs), f2(Fs).
f1(Fs) :- member(f1,Fs).
f2(Fs) :- member(f2,Fs).

Passing total choice 
along



ProbLog to PRISM
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query(p).

query :-
  choose(f1,[],F1),
  choose(f2,F1,F2),
  p(F2).

choose/3 probabilistically 
decides to place f

i
 in the list

input list output list
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Assume 
p
i
 :: f

1
, … , p

n
 :: 

f
n
 

is finite, and choose a value for each 
f
i
 up front.

this works, but...
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Assume 

p
1
 :: f

1
, p

2
 :: f

2
, …  

is potentially infinite, and choose a 
value for each f

i
 dynamically.
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        (2) choose a value and extend
              the partial choice
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● Pass a partial choice: a fact is 
either true, false, or unknown

● when encountering an unknown 
fact: (1) abort
        (2) choose a value and extend
              the partial choice
        (3) restart the computation
        (4) backtrack over (2) when 
             needed
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0.5 :: f1.
0.4 :: f2.
p :- f1.
p :- f2.
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0.5 :: f1.
0.4 :: f2.
p :- f1.
p :- f2.
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).

p :- f1.
p :- f2.



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).

p :- f1.
p :- f2.

true and false 
test the truth value 
in the partial choice



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).

p :- f1.
p :- f2.

throw/1 throws an exceptiontrue and false 
test the truth value 
in the partial choice



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).
f2(Pc) :- true(f2,Pc), !.
f2(Pc) :- not(false(f2,Pc)),throw(unknown(f2)).
p :- f1.
p :- f2.



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).
f2(Pc) :- true(f2,Pc), !.
f2(Pc) :- not(false(f2,Pc)),throw(unknown(f2)).
p(Pc) :- f1(Pc).
p(Pc) :- f2(Pc).

 



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).
f2(Pc) :- true(f2,Pc), !.
f2(Pc) :- not(false(f2,Pc)),throw(unknown(f2)).
p(Pc) :- f1(Pc).
p(Pc) :- f2(Pc).
query(Pc) :-
  catch(once(p(Pc)),unknown(F),extend(F,Pc)).

catch(Goal,Ball,Handler), calls Goal. If an 
exception is thrown, it is unified with Ball and 
Handler is called



ProbLog to PRISM - Example
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).
f2(Pc) :- true(f2,Pc), !.
f2(Pc) :- not(false(f2,Pc)),throw(unknown(f2)).
p(Pc) :- f1(Pc).
p(Pc) :- f2(Pc).
query(Pc) :-
  catch(once(p(Pc)),unknown(F),extend(F,Pc)).

call p only once to avoid counting a partial choice 
twice. (Exclusiveness condition)
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values_x(f1,[t,f],[0.5,0.5]).
values_x(f2,[t,f],[0.4,0.6]).
f1(Pc) :- true(f1,Pc), !.
f1(Pc) :- not(false(f1,Pc)),throw(unknown(f1)).
f2(Pc) :- true(f2,Pc), !.
f2(Pc) :- not(false(f2,Pc)),throw(unknown(f2)).
p(Pc) :- f1(Pc).
p(Pc) :- f2(Pc).
query(Pc) :-
  catch(once(p(Pc)),unknown(F),extend(F,Pc)).
extend(F,Pc) :-
    msw(F,V), extend_pc(F,V,Pc,ExtendedPc),
    query(ExtendedPc).
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pp :- f1.
p :- f2.
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p

f1

p :- f1.
p :- f2.

{}
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p
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p
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p

f1
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{}

p
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p

f1

p :- f1.
p :- f2.

{}

p

f1

{f1}

{f1}

⃞

p

{f1}

f1

{f1}

fail

f2

{f1}

p

{f1,f2}

...



ProbLog to PRISM - Discussion
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★ The transformation in the paper also 
deals with facts with arguments, and 
flexible probabilities.

★ It explores partial choices only 
as far as necessary to satisfy the query

★ It can still restart the program an 
exponential number of times in the 
worst case
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2 transformations:

PRISM ProbLog

ProbLog PRISM



Summary
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2 transformations:

PRISM ProbLog

ProbLog PRISM

⇒ PRISM and ProbLog are not so different



Future Work - Observations
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evidence(p(1), true).

?



Future Work - Correctness

78

When found, contact
alexander.vandenbroucke@kuleuven.be



Future Work - Performance
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PRISM evaluation is highly efficient

ProbLog is #P worst-case

Simulating ProbLog in PRISM could 
add an exponential factor worst-case



Read the paper
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Read The Paper:
→ Implementation details

→ More examples

→ Background
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