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“Lossless Value Directed Compression of Complex User Goal States for Statistical Spoken Dialogue Systems” Paul A. Crook and Oliver Lemon, Heriot-Watt University, Edinburgh
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Outline • The problem: • Real user goals vs. simplified dialogue state representation in POMDP SDSs



• The idea: • Automatic state space compression • Value–Directed Compression (VDC)



• Experiment and results: • Lossless VDC (using Krylov iteration) 2



The Problem • A spoken dialogue system (SDS) must: 1. Determine the user’s goal (e.g. plan suitable meeting times or find an Indian restaurant ) 2. Do this under uncertainty (e.g. from ASR) 3. Compute the optimal next system action (e.g. offer a restaurant, ask for clarification).



• POMDP systems address these problems e.g. Young et al. [2010 CSL]



•



….. but they use impoverished user goal representations to ensure tractability of planning. 3



Typical POMDP b



b(s) = P(s|b)
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A POMDP is defined as a tuple 4



Current POMDP Systems • Use simplified state spaces and/or hand-crafted state space compressions • For example the state s is typically factored into some dialogue history h and some user goal g 5



Current POMDP Systems • The next design decision is what level of complexity should ‘g’ represent



• Typically the set of user goals G (g ∈ G) is either • the set of domain objects, e.g. the set of restaurants { Tail-end, Pizza Express, Maison Bleue, … }



• or features of the domain objects that are assumed to be independent, e.g. food { fish, pizza, french … }, price { budget, mid-range, expensive }, location { city centre, ... } 6



Current POMDP Systems • Even when a independence assumptions aren’t used the state space is often summarised and a compressed state space is used by the policy learner/executer.
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“Real User Goals” • Independence assumptions dramatically reduce the size of the POMDP belief space: • e.g. from over 300K real-valued space to a 4-valued space



• But `real user goals’ can be sets of targets, with complex combinations of attributes [Crook and Lemon 2010 SIGDIAL]
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“Real User Goals” “A cheap Thai nearby or an expensive Italian downtown” “Chinese as long as it’s not too cheap”



• The former would be a problem for a system where the user goal states assume users are only interested in one domain object (one restaurant) at a time. • The latter is a problem for systems where food type, price range, quality are modelled as independent. 9



“Real User Goals” • Use of real, complex, user goals should lead to more flexible and natural SDS.



• However….
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“Real User Goals”



Simple example:



sets of objects with two attributes attribute u with values u1, u2, u3, and attribute v with values v1



Generates 8 possible user goal states.



In general: leading to a very large state spaces!
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Research Question • Can we build POMDP systems with more realistic representations of user goals WHILE maintaining tractability ? • And can we automatically compute the compressed state spaces — thus reducing design effort ?



• Initial method: Value Directed Compression using Krylov iteration for lossless compression [Poupart 2005 PhD thesis] 12



VDC using Krylov Iteration • This is an off-line compression algorithm. • Data driven: • The POMDP to compress has to be fully specified including transition and observation probabilities.



13



Algorithm • Construct a vector for each action which contains the associated rewards for that action in each state. • Retain those vectors that are linearly independent — these are the initial basis vectors • Generate new vectors by applying observation and transition matrices



• Test and retain new linearly independent vectors • Repeat until no new linearly independent vectors found or number of vectors = number of states. 14



Algorithm • Basis vectors = compressed state space • Value of being in a state is computed via linear sum of basis functions



• No loss in precision • Policy can then be learnt and executed in the reduced state space.
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Example Dialogue Task • Search task over objects with 3 attributes: • One attribute with 3 different values, the other two attributes can each take 2 values.



• • • •



Generates 4,096 user goal sets (states) System has 23 dialogue actions There are 49 possible observations Reward function: • +10 if presented with goal • -10 if presented with non-goal • -1 per step 16



Transitions & Observation Probabilities • Assume a user goal doesn’t change during a dialogue, i.e. transition probabilities = identity • Thus degree of compression obtained is indirectly related to the observation probabilities • Artificial but realistic set of observation frequencies e.g. system confirms an attribute value in users goal set user response: 0.16 yes, 0.16 yes & provide an additional goal attribute, 0.13 no & provide alternative attribute goal value, 0.11 provide an additional goal attribute, ⋮ 0.01 no & provide object from goal set. 17



Results • 4096 state problem gets compressed to 630 states. • a compression of approximately 6.5 times



• The same task using two values per attribute (=256 states) failed to compress. • Speculate: larger tasks may exhibit greater compression? 18



Summary • A lossless 6 fold reduction in the state space of a small but fairly realistic POMDP SDS task • The first time that automatic compression has been demonstrated for complex user goals • Should result in more natural statistical SDS, without loss in tractability.



19



Future Work • Apply this work to a real system. • To that end – coming soon... a statistical SDS for obtaining restaurant recommendations in Edinburgh



http://sites.google.com/site/abcpomdp



Thank you for listening! 20
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