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Problem Formulation
Partially-observable Markov decision processes (POMDPs)
• important model for sequential decision-making under

uncertainty and limited observability
• states with the same observation are indistinguishable

exit

crashed

near obstacle

other

observations:

Specification:
• minimise the number of steps to reach the exit
• keep the probability of crashing below 1%
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Problem Formulation

Find the optimal strategy for the given specification
• indefinite-horizon specifications - no discounts, long-term

planning – finding an optimal policy is undecidable
• focus on compact, verifiable and easy-to-use strategies

Finite-state controller (FSC) based on Mealy machines

0 1

Execute FSC
========⇒

Many practical applications:
• planning of autonomous agents and robotics
• games with imperfect information (e.g texas holdem)
• medical treatment strategies (e.g heart disease)
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Belief-based Methods
Belief - probability distribution over the states of a POMDP

Enco
ding

imperfe
ct

inform
ation

Construct and analyse the reachable belief space
• it might be huge or even infinite
• various approximations of the unexplored belief space,

namely, cut-offs and point-based
Limitations:
• cut-offs (implemented in the tool Storm) are not sufficient
• point-based methods, notably SARSOP, perform poorly for

long-term planning
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Inductive Synthesis of FSCs
Inductive exploration of the family of candidate FSCs

• iterative expansion of the family by adding memory
• uses fully-observable abstraction and counter-examples to

steer the search
• implemented in the tool PAYNT (developed at FIT)

Family of
FSCs

Family of
FSCs

Searching
the family

Adding
memory

Limitations:
• the family size grows exponentially with the memory (states)

added to the FSCs
• if a lot of memory is needed or the POMDP is too large,

exploration becomes computationally intractable
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Proposed improvements

Two novel ideas

Using FSCs as cut-offs to
obtain a better approxima-
tion of the unexplored belief
space

Execute
FSC

Using reference POMDP poli-
cies to guide the inductive
synthesis search

Family of
FSCs

Subfamily inferred
by a reference policy

Optimal FSC

Search and Explore: Symbiotic Policy Synthesis in POMDPs 6 / 10



SAYNT - novel symbiotic synthesis algorithm

SAYNT is an iterative anytime synthesis algorithm
• combining the inductive synthesis and belief exploration
• closing the integration loop between Storm and PAYNT
• Storm provides reference policies for PAYNT, and

PAYNT provides cut-off FSCs for Storm
• in each iteration two FSCs FI and FB are obtained

Family of
FSCs

Subfamily inferred
by a reference policy

Optimal FSC
FSC cut-offs

Reference policy
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Experimental Evaluation

SAYNT vs. state-of-the-art tools (Storm and PAYNT)

1.7

1.74

1.78

1.82

1.86

1.9

Va
lu

e
[R

m
a

x]

4x3-95
SAYNT FB SAYNT FI STORM PAYNT

0

0.05

0.1

0.15

0.2

0.25

Va
lu

e
[P

m
a

x]

Refuel-20

0 2 4 6 8 10 12 14415

435

455

475

495

515

Time [min]

Va
lu

e
[R

m
a

x]

Query-s3

0 2 4 6 8 10 12 14

0.4

0.8

1.2

1.6

2

·104

Time [min]

Va
lu

e
[R

m
in

]

Lanes+

SAYNT steadily outperforms both baselines on a wide range of
benchmarks from AI and formal verification communities
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The quality of improvements grows with the complexity of
POMDPs and reaches up to 40%
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SAYNT gives the users a unique choice of which FSC to use,
smaller FI or slightly better but much larger FB
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Conclusions

We present a novel symbiotic algorithm SAYNT that is built on
two novel ideas

• SAYNT outperforms current state-of-the-art methods on a
wide range of benchmarks

• the presented ideas are not tool specific

This work strengthens the position of formal methods for the
POMDP synthesis problem

Future research:
• discounted vs. undiscounted specifications
• FSC minimisation
• extracting more information from reference policies
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