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Where do I ome from?

Strutured Douments: Douments with logial struture, e.g.SGML or XML.Strutured doument retrieval in the overlap of InformationRetrieval and Database Systems.Tree Mathing formalizes queries and databases as trees, answersas mappings (Kilpel�ainen 93).Problems with ombinatorial explosion.Solution for Tree Mathing: Complete Answer Aggregates.Useful for general graph databases?
3



Graph Databases

Appliation domains: mediine, biology, multimedia data,semistrutured data, et.Query and database have graph struture, answers are mappings.Combinatorial explosion in the number of answers:

... ...
1 2 q 1 2 n

Database:Query:

has nq answers, where distint answers share ommon nodes.� high theoretial omplexity in omputation of answers� unsatisfatory answers for the user
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Example: Projet Database
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Goals of the Talk

� Point out problem of answer presentation in graph databases� (De�ne a simplisti graph database and query model)� Present a new, intensional answer onept: \Complete AnswerAggregate" (CAA)� Disuss omputation of CAAs� Disuss relation between CAAs and ar-onsisteny algorithmsin onstraint networks� Show use of CAAs for interative analysis and modi�ation
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Database Model

Database: D = (N;E;LN ; LE ;�N ;�E): ...
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� Nodes N with edges E � N �N� Sets of labels: LN for nodes and LE for edges� �N : N ! 2LN assigns set of labels to eah node� �E : E ! LE partial funtion assigning labels to edgesD an be a sequene, tree, DAG, or graph database depending onthe struture E imposes on N .
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Query ModelFour lasses of atomi formulae:� A(x) (labeling onstraints),� x! y (hild onstraints),� x!f y (f -hild onstraints),� x!+ y (desendant onstraints)for variables x; y 2 X, A 2 LN , and f 2 LE . u
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Query Q: �nite onjuntion of atomi formulae.Edge onstraints x!f y; x! y; x!+ y denoted with x! y.Queries as graphs: Variables orrespond to nodes. Edge onstraintsorrespond to edges.Query Q is a sequene, tree, DAG, or graph query depending on thestruture the edge onstraints impose on variables XQ in Q.8



Answers
An answer to Q in D is a variable assignment � : XQ ! N so that:� A 2 �N (�(x)) if Q ontains labeling onstraint A(x)� (�(x); �(y)) 2 E if Q ontains hild onstraint x! y� (�(x); �(y)) 2 E and �E(�(x); �(y)) = f if Q ontains f -hildonstraint x!f y� (�(x); �(y)) 2 E+ (trans. los. of E) if Q ontains desendantonstraint x!+ y

A(x) A

ffx y
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Hierarhy of Query Evaluation Problems

S-S evaluation problem (Q;XQ;D): Sequene query Q withvariables XQ and sequene database D.In the same way (S: sequene, T: tree, D: DAG, G: graph): S-T,S-D, S-G, T-S, T-T, T-D, T-G, D-S, D-T, D-D, D-G, G-G.
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Complete Answer Aggregate (Example)
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Complete Answer Aggregates (CAAs)

Complete Answer Aggregate (CAA) (Dom;�) for evaluationproblem (Q;XQ;D) with Dom : XQ ! 2N and� : f(x; y)jQ ontains x! yg ! 2N�N so that:� d 2 Dom i� exists answer � with�(x) = d� (d; e) 2 �(x; y) i� Q ontains x! yand exists answer � with �(x) = dand �(y) = e
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d 2 Dom(x): Target andidate in slot x.(d; e) 2 �(x; y): Link from d to e.For every evaluation problem there exists a unique CAA.
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Instantiation of a CAAAn instantiation of a CAA (Dom;�) is a mapping � : XQ ! N sothat� �(x) 2 Dom(x) and

� (�(x); �(y)) 2 �(x; y) for every edgeonstraint x! y.
... ...x d

......
... ...x

... ...y e
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� Every instantiation of a CAA for (Q;XQ;D) is an answer to(Q;XQ;D) and vie versa.� Every target andidate and every link ontributes to an instan-tiation of a CAA.
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Presenting CAAs

Present CAA to the user as a substitute for the set of all answersas at ontainer for all answers in order to enumerate them, overview over the set of all answers with its struture andtopology, making expliit dependenies,; tool for interative analysis, manipulation andquery reformulation.
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Size of CAAs

n: number of nodes in N , a maximal number of anestors for anode d 2 N , q number of variables in XQ.In general: nq answers to query evaluation problem.Size of an aggregate: #target andidates + #linksTheorem: The size of a CAA for an evaluation problem is of orderO(q � n � a).Better bound for rigid queries, or non-reursive databases andompletely labeled tree queries.
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Computation of CAAs
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� Sequene and tree queries (arbitrary database): reursivebottom-up omputation in time and spae O(q � n � a).� D-S evaluation problem: time O(q � e � n3 � a) with help ofar-onsisteny tehniques (e is the number of edges in Q).� D-T, D-D, D-G, G-G: NP-omplete. (Even deision problemwhether there exists an answer is NP-omplete.)16



Tree Database Projet

Implementation of ordered T-T evaluation problems for theappliation strutured doument retrieval:Algorithmi ore for query evaluation �nished.Index struture, node database, graphial user interfae: inprogress.Test databases:� Colletion of ourt deisions in SGML format� Database of noun phrases
17



Constraint Networks (CNs)
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Solution: onsistent variable assignmentAr-onsisteny: every node has a partnerLinks impliitTranslation for tree queries:Evaluation Problem ) CN ; ar-onsistent CN ) CAAFor DAG and graph queries: ar-onsisteny is too weak!18



CAA Analysis and Modi�ation

Use CAAs in a (possibly iterated) two-step retrieval proess:1. De�ne with a rih (many variables, few restritions) query the\sphere of interest".2. Analyse and modify in an interative and graphial way theresulting answer aggregate in order to �lter out interestingparts.Diret use Output number of entities found for given variable.List entities. Display additional information like attributes ortextual ontent of a hosen target andidate in another window.Count links \Whih manager has the largest number of projets?"\Whih projets have published at least two artiles?"19



Restrited view \Display only projets with at least threerelevant publiations!"
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Projetion \Hide the projet slot!"Ranking \Sort managers w.r.t number of artiles published intheir projets!"
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\Sort artiles w.r.t. date of publiation!"
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Equivalene Classes \Merge target andidates with sameattributes!"
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Problems and Open QuestionsProblems with DAG and graph queries:� NP-ompleteness for D-T, D-D, D-G, and G-G evaluationproblems (even for deision problem).� Enumeration of all answers in a CAA for DAG and graphqueries requires baktraking (f. Freuder 82).(Do we need DAG and graph queries often?)(Do we need the enumeration of CAAs?)Are approximate answer aggregates (ontaining all answers andmore) useful for DAG and graph queries? Computation?Path onstraints (e.g. Bertino and Kim 89, Abiteboul and Vianu97) with regular expressions over edge labels �t into CAAframework. Computation? 23



ConlusionCAAs as representation of the set of all answers� are general, sine they an be applied to formalisms based onanswers as mappings� provide an intensional overview over all answers� are intuitive and easy to understand due to their graphinature� make dependenies between answers expliit� redue size of result presented to the user� an be omputed eÆiently for sequene and tree queries� provide rih �eld of analysis and modi�ation tehniques ona visual level 24


