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Simple(?) Problem
• Given two Q-functions  f1 ,  f2, one of which is Q*
• Can we identify Q*  from a “small” exploratory dataset of (s, a, r, s’)? 

(“small” = no |S| or exponential-in-horizon dependence)
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• Is realizability alone sufficient for training?
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• A surprising positive result: BVFT
• Handles exponentially large function space F with 
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Why the problem seemed impossible

Simple(?) Problem
• Given two Q-functions  f1 ,  f2, one of which is Q*
• Can we identify Q*  from a “small” exploratory dataset of (s, a, r, s’)? 

(“small” = no |S| or exponential-in-horizon dependence)

Attempt 1: Off-policy Evaluation (OPE)
• Induce two greedy policies and evaluate them
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Simple(?) Problem
• Given two Q-functions  f1 ,  f2, one of which is Q*
• Can we identify Q*  from a “small” exploratory dataset of (s, a, r, s’)? 

(“small” = no |S| or exponential-in-horizon dependence)

Attempt 1: Off-policy Evaluation (OPE)
• Induce two greedy policies and evaluate them
• Problem: OPE itself is a hard problem—importance sampling 

incurs exponential-in-horizon variance, and other methods (e.g.,  
FQE/MIS) requires additional function approximation
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Why the problem seemed impossible

Simple(?) Problem
• Given two Q-functions  f1 ,  f2, one of which is Q*
• Can we identify Q*  from a “small” exploratory dataset of (s, a, r, s’)? 

(“small” = no |S| or exponential-in-horizon dependence)

Attempt 2: Estimating Bellman Error
•  , so try to estimate  ?

<latexit sha1_base64="axjrWDUvHgywX8atwWpzZ5WeX0M="></latexit>

f = Q? , kf � T fk = 0 kf � T fk22,µ + �2E(s,a)⇠µVars0⇠P (s,a)[max
a0

f(s0, a0)]

<latexit sha1_base64="kc8Cz6dbbz9SIT9OXXCndgWpKWU="></latexit>
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• Problem: cannot be estimated in stochastic environments! 
• The infamous double-sampling difficulty: the only natural estimator 

 is positively biased
<latexit sha1_base64="DVaATMZu2AHrGHFh2nZpVLCFXJI="></latexit>⇣
f(s, a)� (r + �max

a0
f(s0, a0))

⌘2
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New Algorithm: Batch Value-function Tournament 
(BVFT)

•  , where  is  projected 
onto a function space G satisfying [Gordon’96]
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Q? 2 G
• G is piecewise constant

• Where can we find such a 
magical G?
• out of f1 ,  f2 themselves!
• O(1/ε2) complexity

   

same block

f2

f1

 
<latexit sha1_base64="hvVwEg0hSNla8+dRwzwPDfMAK6U="></latexit>

Q? 2 {f1, f2} ⇢ G~
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New Algorithm: Batch Value-function Tournament 
(BVFT)

•  , where  is  projected 
onto a function space G satisfying [Gordon’96]

<latexit sha1_base64="2+/qUR69ZkT0Q/aPqf9HvBJBxec="></latexit>

f = Q? , kf � TGfk = 0
<latexit sha1_base64="2+/qUR69ZkT0Q/aPqf9HvBJBxec="></latexit>

f = Q? , kf � TGfk = 0kf � T fk22,µ + �2E(s,a)⇠µVars0⇠P (s,a)[max
a0

f(s0, a0)]

<latexit sha1_base64="kc8Cz6dbbz9SIT9OXXCndgWpKWU="></latexit>

•
<latexit sha1_base64="I9rMSs07MqvhcIeClBd+wH2p0N4=">AAACAHicbVBNS8NAEN3Ur1q/oh48eFksgqeSFFGPRQ96bMF+QBPLZLttl242YXcjlJCLf8WLB0W8+jO8+W/ctD1o64OBx3szzMwLYs6Udpxvq7Cyura+UdwsbW3v7O7Z+wctFSWS0CaJeCQ7ASjKmaBNzTSnnVhSCANO28H4Jvfbj1QqFol7PYmpH8JQsAEjoI3Us48aD57SILHHBPZC0CMCPL3NenbZqThT4GXizkkZzVHv2V9ePyJJSIUmHJTquk6s/RSkZoTTrOQlisZAxjCkXUMFhFT56fSBDJ8apY8HkTQlNJ6qvydSCJWahIHpzE9Ui14u/ud1Ez248lMm4kRTQWaLBgnHOsJ5GrjPJCWaTwwBIpm5FZMRSCDaZFYyIbiLLy+TVrXiXlSqjfNy7XoeRxEdoxN0hlx0iWroDtVRExGUoWf0it6sJ+vFerc+Zq0Faz5ziP7A+vwBXNGWRQ==</latexit>

Q? 2 G
• G is piecewise constant

• Where can we find such a 
magical G?
• out of f1 ,  f2 themselves!
• O(1/ε2) complexity

• Extend to exponentially many 
candidates by pairwise 
comparison (“tournament”)

   

same block

f2

f1

 
<latexit sha1_base64="hvVwEg0hSNla8+dRwzwPDfMAK6U="></latexit>

Q? 2 {f1, f2} ⇢ G~


