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Abstrat
We introdue a new dialogue manager for limited-domaindialogue systems:the dialogue domain is spei�ed in type theorythe user and system utteranes are spei�ed as atype-theoretial grammarThe dialogue manager tries to build a omplete type-orret treeby suessive re�nement.similar to how Dynami Syntax builds an analysis of a sentene
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Yet another dialogue manager
So, why a new dialogue manager?well-de�ned underlying logi (type-theory)all-in-one spei�ation: the whole domain, both syntaxand semantis, is spei�ed within the same frameworkan use type-heking to ensure onsisteny
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Simple type theory
The types that are used in this talk are:basi types: A, B, C , . . .funtions: T1 × · · · × Tn → TThe orresponding terms are:onstants: a1, a2, . . . : A, b1, . . . : B , . . .funtions: f : T1 × · · · × Tn → Ti� f (t1, . . . , tn) : T whenever t1 : T1, . . . , tn : TnNote: in this framework we only use atomi funtions (i.e., no lambdas).
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Dialogue as proof editingType Theory is based on the Curry-Howard isomorphism:type T ⇐⇒ proposition T ◦funtion T1 × · · · × Tn → T ⇐⇒ impliation T ◦1 ∧ . . . ∧ T ◦n → T ◦term t : T ⇐⇒ proof of T ◦building a term t : T ⇐⇒ proving a proposition T ◦An interative proof editor builds a term interatively:metavariable ?T ⇐⇒ type (proposition) that has no term (proof)
⇐⇒ question (from the system):�what is the proof for T ◦?�term ontaining metavariables ⇐⇒ inomplete proof treePeter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 5 / 26
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Speifying a theory
Speifying a theory onsists of giving:the basi types (Ation, Prie, Event, Date, City)the onstants (sthlm : City , today : Date, ¿450 : Prie)the funtions (book : Event → Ation, hotel : City × Date → Event)
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Speifying the utteranesTo eah type, onstant and funtion we have to speify utteranes:system questions orresponding to basi types(?Ation 7→ �What do you want to do?�,
?Date 7→ �What date do you mean?�)utteranes orresponding to onstants:(sthlm 7→ �Stokholm�, ¿450 7→ �fourhundred and �fty Euros�)omplex utteranes for funtions:(book(x) 7→ �book (an event | x), please�,hotel(x , y) 7→ �a hotel ?(in x) ?(y)�)This means that �book a hotel, please� is interpreted asbook(hotel(?City , ?Date)).Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 7 / 26



An example domainA travel ageny: spei�ed as inomplete treesbook(?Event),prie(?Prie),when(?Date) : Ationevent(?Event) : Prieoneway(?Route, ?Date),return(?Route, ?Date, ?RDate),hotel(?City, ?Date),onferene(?Conferene) : Eventroute(?Dest, ?Dept, ?Means) : RoutereturnDate(?Date) : RDateto(?City) : Destfrom(?City) : Dept
2009, 2010, . . . : Yearjan, feb, . . . : Month1st, 2nd, . . . : Daylon, sthlm, . . . : City�ight, boat, . . . : Meanssemdial, al, . . . : Conferene¿450, ¿600, . . . : Prietoday, tomorrow,date(?Month, ?Day),onf-date(?Conferene, ?Year) : DatePeter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 8 / 26



Terms and TreesAn example termbook(oneway(route(to(sthlm), from(lon), boat), tomorrow))) : Ation
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Terms and TreesA fully typed variantbook(oneway(route(to(sthlm:City):Dest, from(lon:City):Dept,boat:Means), tomorrow:Date):Route):Event):Ation
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Terms and TreesA fully typed variantbook(oneway(route(to(sthlm:City):Dest, from(lon:City):Dept,boat:Means), tomorrow:Date):Route):Event):AtionThe orresponding tree book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Meanstomorrow:Date
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Dialogue management by suessive re�nementThe dialogue system builds a omplete tree by suessive re�nement.similar (but not equivalent) to how Dynami Syntax worksUninstantiated nodes in the tree are represented with typed metavariables:a metavariable of type T is written ?T as a wh-questionor ?f1 ∨ . . . ∨ fn : T for the orresponding alt-questionThere is always one ative node in the urrent tree:it is alled the fous node (and is highlighted)The tree is operated with ommands:moving fous, inserting subtrees, re�nining metavariables, . . .The initial tree is the single foused node ?Ation.Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 10 / 26
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System-driven dialogue ?Ation

S: ask(?Ation) ⇒�What do you want to do?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue?prie∨book:Ation

refine-downPeter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue?prie∨book:Ation

S: ask(prieIssue(?Prie):Ation ∨ book(?Event):Ation) ⇒�Do you want to ask for the prie or book an event?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue?prie∨book:Ation
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System-driven dialogue book:Ation?Event
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System-driven dialogue book:Ation?Event
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System-driven dialogue book:Ation?Event
S: ask(?Event)⇒�What event are you interested in?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ation?oneway∨return∨hotel∨onferene:Event
refine-downPeter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ation?oneway∨return∨hotel∨onferene:Event
S: ask(oneway ∨ return ∨ hotel ∨ onferene) ⇒�Oneway trip, return trip, hotel or onferene?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ation?oneway∨return∨hotel∨onferene:Event
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System-driven dialogue book:Ationoneway:Event?Route ?Date
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System-driven dialogue book:Ationoneway:Event?Route ?Date
S: ask(?Route) ⇒�Whih route do you want?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Route?Dest ?Dept ?Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Route?Dest ?Dept ?Means?Date
S: ask(?Dest) ⇒�To whih ity are you heading?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Route?Dest ?Dept ?Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
S: ask(?Dept) ⇒�From where are you leaving?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
U: �from London� ⇒answer(from(lon:City):Dept)Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City ?Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City ?Means?Date
(etetera. . . )Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Means?Date
(etetera. . . )Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Means?Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Meanstomorrow:Date
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System-driven dialogue book:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Meanstomorrow:Date
Voilà!Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 11 / 26



Underspei�ed tree nodesI have borrowed the idea of underspei�ed (or un�xed) nodesfrom Dynami Syntax (or rather the Logi of Finite Trees):t:Ation?Ab:B :C ?De:EThe type A (D) must dominate B, C (E); i.e.: A ⇒
∗ αBβ, . . .All dominating nodes (A, D) must be uninstantiatedPeter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 12 / 26



Underspei�ed informationWe use underspei�ed tree nodes for inorporating underspei�edinformation; when the user says something whih the system annotintegrate into the urrent tree.This is similar to how Dynami Syntax does it:
◮ if the syntati funtion of a phrase is unknown,its node/tree beomes underspei�ed
◮ e.g., a noun in initial position an be subjet or objetCorresponds to issue/ation lari�ation in GoDiS
◮ within plans or between plansThere are (at least) three di�erent re�nement strategies.Correspond to known dialogue strategies?Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 13 / 26



Strategy 1: Top-down re�nement?Ation

S: ask(?Ation) ⇒�What do you want to do?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 14 / 26



Strategy 1: Top-down re�nement?Ation
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Strategy 1: Top-down re�nement?prie∨book:Ation
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Strategy 1: Top-down re�nementbook:Ation?Eventroute:Routeto:Deststhlm:City ?Dept ?MeansU: �book an event�⇒answer(book(?Event):Ation)Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 14 / 26



Strategy 1: Top-down re�nementbook:Ation?oneway∨return:Eventroute:Routeto:Deststhlm:City ?Dept ?MeansS: ask(oneway(?,?):Event ∨ return(?,?,?):Event)⇒�Do you want a oneway trip or a return trip?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 14 / 26



Strategy 1: Top-down re�nementbook:Ationoneway:Event?Routeroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 1: Top-down re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 1: Top-down re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 1: Top-down re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
S: ask(?Dept) ⇒�From where are you leaving?�Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 14 / 26



Strategy 1: Top-down re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Deptlon:City ?Means?Date
U: �London�⇒answer(lon:City)Peter Ljunglöf (Univ. Gothenburg) Tree-Based Dialogue Management DiaHolmia 2009 14 / 26
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Strategy 1: Top-down re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Means?Date
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Strategy 2: Bottom-up re�nement?Ation
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Strategy 2: Bottom-up re�nement?Ation
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Strategy 2: Bottom-up re�nement?Ation
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Strategy 2: Bottom-up re�nement?Ation?prie∨book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 2: Bottom-up re�nement?Ation?prie∨book:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 2: Bottom-up re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Dept ?Means?Date
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Strategy 2: Bottom-up re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City ?Deptlon:City ?Means?Date
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Strategy 2: Bottom-up re�nementbook:Ationoneway:Eventroute:Routeto:Deststhlm:City from:Deptlon:City boat:Means?Date
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Strategy 3: �Bottom-down� re�nement?Ation
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Strategy 3: �Bottom-down� re�nement?Ation
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Linked treesAn underspei�ed node is (will be) a subtree of its parent nodein DS, underspei�ed nodes are used when their funtion is unknownhere, they are used for underspei�ed/ambiguous user answersA linked tree is not dominated by its �parent�: it is a di�erent treein DS, linked trees are used for relative lauses, PPs, de�nites,anaphori expressions and suh things
◮ links are hard: they determine the semantis of the �parent�here, links are used for answers, sub-dialogues, anaphori expressions
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Linked trees
t:Ation

?A
q:Ationlink-type
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Summary
The dialogue system domain is spei�ed in type theoryA dialogue manager an be implemented using interative tree buildingUn�xed tree nodes represent underspei�ed informationLinked trees are used for sub-dialogue and anaphori expressionsFuntion de�nitions represent system answers to user questionsUser and system utteranes are spei�ed in type-theoretial grammar,ensuring onsisteny between surfae form and internal representation
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What have I not disussed?
Commands: whih they are and how to de�ne themFeedbak: how it an be inorporatedCorretions: ommands for deleting nodes in the treeDependent types: an be used for info depending on other infoImplementation: the dialogue model is not implemented yet
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