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Q: When does bidirectional (heuristic) 
search perform well? 
A: Performance of bidirectional search 
is positively correlated with the 
number of states that have heuristics 
that are both low and inaccurate.

BIDIRECTIONAL SEARCH

Caveat:	Not	enough	time	in	talk	to	be	completely	precise.



A strong heuristic expands a majority 
of the states in the first half of the 
search. 
BK2: Unidirectional search 
outperforms bidirectional search with 
a strong heuristic.

BARKER AND KORF (2015)



MM is guaranteed to meet in the 
middle. 
If |FF| > |RN|, A* will expand more 
states than MM if the heuristic is 
weak, fewer if the heuristic is 
accurate.
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Front-to-end bidirectional search 
- admissible heuristic 
- not necessarily consistent 

Corresponds to finding a minimum 
vertex cover on a bipartite graph

ECKERLE ET AL (2017)



Necessary expansions for a pair of 
states: 

ff(a) < C* 
fb(b) < C* 
gf(a) + gb(b) < C* 
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ASYMMETRY

• Sample states near goal and 
find heuristic inaccuracies 

• Sample the heuristic to find 
how many low heuristic values 
there are 

• Look at the asymmetry of the 
state space



EXAMPLE: TOH WITH PDB HEURISTIC

 is close to the goal and has a low heuristic value 
 is far from the goal 

Low heuristics are inaccurate 
Bidirectional heuristic search outperforms unidirectional search
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EXAMPLE: UNINFORMED SEARCH

Low and inaccurate heuristics for almost all states



CONCLUSION

Critical states have both low and inaccurate heuristics 
Need critical states for bidirectional search to perform well 

       More critical states → bidirectional search will do better

https://webdocs.cs.ualberta.ca/~nathanst/papers/sturtevant2020unibidi.pdf

https://webdocs.cs.ualberta.ca/~nathanst/papers/sturtevant2020unibidi.pdf

