
Study of Most Probable Shortest 
Path Problems in ProbLog 

Context 
Most Probable Shortest Path (MPSP) in probabilistic graphs 
      cf. “regular” shortest path problem in deterministic graphs 

What is a probabilistic graph? 

 Edge existence probability  Probabilistic edge weights 
 Dynamic graph states   Multiple possible edge weights  

 Logic programming: represent graph background knowledge  
   Path construction, search algorithm, pruning of search tree… 

 Probabilistic facts: represent probabilities  
  Edge existence probability, probabilistic edge weights… 
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 No standard probabilistic graph model, probabilistic features 
 spread across several models found in literature 
 Design a probabilistic graph model integrating most probabilistic features 

ProbLog (Kimmig et al. TPLP 2011) 
 edge(a,b). 

0.6:: edge(b,c). 

0.9:: edge(a,c). 

 

 weight(a,b,2). 

 weight(b,c,3). 

0.5:: weight(a,c,4); 

0.5:: weight(a,c,9). 

Example 

edge(b,c) edge(a,c) weight(a,c) Probabiliity WorldNr 

(0.6) (0.9) 4 (0.5) 0.6 * 0.9 * 0.5 = 0.27 1 

(0.6) (0.9) 9 (0.5) 0.6 * 0.9 * 0.5 = 0.27 2 

(0.6) (0.1) 4 (0.5) 0.6 * 0.1 * 0.5 = 0.03 3 

(0.6) (0.1) 9 (0.5) 0.6 * 0.1 * 0.5 = 0.03 4 

(0.4) (0.9) 4 (0.5) 0.4 * 0.9 * 0.5 = 0.18 5 

(0.4) (0.9) 9 (0.5) 0.4 * 0.9 * 0.5 = 0.18 6 

(0.4) (0.1) 4 (0.5) 0.4 * 0.1 * 0.5 = 0.02 7 

(0.4) (0.1) 9 (0.5) 0.4 * 0.1 * 0.5 = 0.02 8 

Possible world analysis 
 Generate possible worlds  
 for probabilistic properties 

 Example possible world:   
  Graph is in world 5  
  with 18% probability 

Path Worlds where path is 
shorter than 7 

Summed probability for path 

a -> c 1,5 0.27+0.18 = 0.45 

a -> b -> c 1,2,3,4 0.27+0.27+0.03+0.03 = 0.6 

MPSP1 from a to c (with θ = 7)  = a -> b -> c 
MPSP2 from a to c  = a -> c 

 Path has existence probability & probabilistic weight 
           Design MPSP based on desirable path properties 

 MPSP1:  (Threshold-based) User defines threshold weight θ, find path 
  most likely to exist with weight < θ 
  Application: Routing over network with time constraint 

 MPSP2:  (Shortest-based) Find path most likely to exist with 
  a weight smaller than any other path 
  Application: Routing based on shortest existing path 

What is the MPSP? 

ProbLog encoding 

Probabilistic graph 

Possible world analysis 

MPSP1(θ=7) from a to c 

Path Worlds where path shortest Summed probability for path 

a -> c 1,5,6 0.27+0.18+0.18 = 0.63 

a -> b -> c 2,3,4 0.27+0.03+0.03 = 0.33 

MPSP2 from a to c 

Results 


