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POMDP deployment

• Development cycle:

POMDP 
model policy

Optimize policy

Adjust model

Does the  
algorithm 

return optimal 
policies?



Motivation

• Most POMDP algorithms
– Output: value function or policy
– No error bound

• Exceptions: HSVI2, Symbolic HSVI, SARSOP

• Cassandra’s repository (www.pomdp.org)
– 68 POMDP benchmarks (10‐15 years old)
– Unknown optimal value for most benchmarks



Contributions

• New algorithm: GapMin
– Tighter bounds on the optimal value
– More compact bounds

• Cassandra’s repository 
– (near) optimal value in < 1000 sec

• SARSOP: 31 problems
• HSVI2: 32 problems
• GapMin: 46 problems
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POMDP Graphical Representation
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Optimal value function

• Piecewise linear and convex 
[Smallwood & Sondik, 73]
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Bounds

• Lower bound:  ‐vectors
• Upper bound: belief‐value pairs with interpolation

V

Belief space



Lower Bound

• Lower bound at reachable beliefs:

• Point‐based value iteration
– For each  

• ← max , ∑ Pr , max ′

V



Upper Bound

• Belief‐value pairs with LP interpolation
– s.t.

– Polynomial complexity (expensive)
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Upper Bound

• Belief‐value pairs with sawtooth interpolation
–

– Linear complexity: 
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Belief search

• Find beliefs where the bounds are loose
– Action selection:                    

– Observation selection: 

• Depth first search
• Guaranteed to find 
belief to be improved



Generic Bounding Algorithm

Update UBUpdate LB Search



Comparison

HSVI2 & SARSOP GapMin

Search Depth first Priority queue
Breadth first

LB ‐vectors ‐vectors

LB update Path backup PBVI

UB interpolation sawtooth LP

UB update Path backup FIB



GapMin belief search

• Priority queue 
– breadth first
– fewer shallow beliefs
– More compact bounds

– Action selection: most promising action

– Priority queue score: largest weighted gap    



UB update

• Point‐based update:
– For each  

• V ← max , ∑ Pr ,

– Costly: because of UB interpolation



Caching

• Lovejoy 91, Hauskrecht 00:
– Cache interpolations 

• i.e., for each  store convex combination 

– For each  
• V ← max , ∑ Pr , ∑

• Equivalent to value iteration in a belief MDP or 
augmented POMDP



UB update

• UB update with augmented POMDP:
– QMDP

• Policy:  →
• , , ∑ Pr , max ,

– Fast Informed Bound (FIB)
• Policy:  →
• , , ∑ max∑ Pr , Pr	 , ,

• ∗



Experiments

• Cassandra’s repository (10‐15 years old)
– Tested 64 problems
– Max time: 1000 sec

HSVI2 SARSOP GapMin
(near) optimal solutions
(out of 64)

32 31 46

Smallest gap
(out of 18)

2 4 12



Experiments

• Max time: 
50,000 sec



Experiments

o: gapMinLP *: gapMinST : HSVI2     ‐‐‐: SARSOP



Experiments

o: gapMinLP *: gapMinST : HSVI2     ‐‐‐: SARSOP



Conclusion

• New algorithm: GapMin
– Tighter bounds
– More compact representation
– Online code: 
www.cs.uwaterloo.ca/~ppoupart/software.html

• Future work
– Factored GapMin


