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ABSTRACT 1. INTRODUCTION

Keyword search in XML repositories is a powerful tool for interac- ~ Querying highly heterogeneous XML collections is very chal-
tive data exploration. Much work has recently been done on mak- lenging. The heterogeneity in the structure of the XML instances
ing XML search aware of relationship information embedded in in such data repositories is often the result of data integration and
XML document structure, but without a clear winner in all data and Schema evolution. There are also scenarios, where there exist
query scenarios. Furthermore, due to its imprecise nature, searctschemas, but they are highly generic, producing structurally dif-
results cannot easily be analyzed and summarized to gain more inferent XML documents. For example, in the healthcare scenario,
sights into the data. We address these shortcomingsSfiDA: a HL7 provides XML schemas for the Clinical Document Architec-
system for Search, Exploration, Discovery, and Analysis of XML ture (CDA) documents, but they have highly varying structure.
Data. SEDA is based on a paradigm of search and user interaction Querying such collections using schema-dependent languages like
to help users start with simple keyword-style querying and perform XQuery[5] and XPath is cumbersome and not always viable be-
rich analysis of XML data by leveraging both the content and struc- cause XPath expressions are designed to allow structural navigation
ture of the dataSEDA is an interactive system that allows the user 0f XML data and hence require a high-degree of schema knowl-
to refine her query iteratively to explore the XML data and discover edge. Searches based on keyword matches alone provide a simple
interesting relationships. way of retrieving information from such repositories but are insuf-
SEDA first employs a top-k algorithm to compute the most rele-  ficient for generating meaningful query results that also capture the
vant top-k answers fast, and returns tuples of nodes ranked by rele-connections between data elements and for generating summariza-
vance.SEDA provides several novel data structures and techniques tions necessary for gaining more insights into the data.
for efficient top-k computation over graph-structured XML data.  In recent years, the problem of deriving meaningful results from
SEDA also computes all the contexts in which the query terms are “underspecified” queries on XML data, i.e., queries expressed with
found and all the connection paths that connect the query terms inlittle or no knowledge of the underlying schema of the data, has re-
the XML data. These two summaries enable the user to refine herceived a lot of attention. There have been several proposals that use
query by disambiguating the contexts and connections relevant tovarious heuristics to automatically determine the objects and con-
her query. With the user feedback, the system has enough informa-nections that are most meaningful given a set of XML fragments
tion to computaall query results, not just the top-k. From the com- which have been identified (typically by applying keyword search
plete results SEDA automatically deduces a star schema, which or value-based selections in a user’s query). However, as shown in
is then instantiated with the query results and augmented with ad- [4], each of these techniques is well-suited for certain types of data
ditional values required for a well-defined data cube. The tables scenarios, and hence work in some scenarios but fail in others. In
computed at this step are input into an OLAP engine for further order to reliably determine the set of relationships that are of inter-

analysis. est to the user, the system would have to somehow infer the true
user intent behind the keyword query, which is an “Al complete”
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ranking heuristic based on the content of nodes satisfying each ofeither a root-to-leaf path or just a node name (including wilcards),
the query terms and the compactness of the graph connecting thosend searclyuery is any full-text search expression comprising a
nodes. We augment the results with a system of user disambigua-simple bag of keywords, a phrase query or a boolean combination
tion of context and connection information. The system employs a of those. INSEDA the search_query is evaluated over the content
top-k processing algorithm that uses several novel data structuresof an individual node, as opposed to an entire XML document.
and techniques for efficient processing. Unlike traditional rela-  The result of aSEDA query is a set of tuples, where each tu-
tional and XQuery joins where join conditions are specified in the ple represents a connected sub-graph witinodes, one for each
query, the computation of these ranked tuples involves determining query term. Query results ISEDA are ranked by both theaon-
if the set of nodes in a result tuple are connected in the data graph,tent score, as well as theitructural score. The content score is ob-
and ranking them based on their content and the compactness otained by combining the TF/IDF-based content scores of the match-
the computed subgraph. ing nodes. For structural scor8EDA employs a common and
We provide tools that allow the user to explore a given XML col- practical approximation, namely the Euclidean Minimum Spanning
lection and discover relevant objects and relationships in the data. Trees (EMST) [1] of the nodes in result tuples. FGBBDA query
After this exploration step, the user is also provided with the option result tuplet =< ni,ns, ..., n,, > and its connected data graph
of using the results of her query to compute a data-cube. Next, we g(V’, E’), we define the scor§(t) as:
provide an overview of the system and illustrate how it operates . S

through an example. S(t) = Z Se(na) + E dl 0
2. SYSTEM OVERVIEW 1

i=1 1=1

whereS.(n;) is the content score of node, andd, ..., dm—1
arem — 1 edge weights in the MST af(V', E').
When a user submits a query$&DA, it first employs the top-k

User Interface join processor to compute the most relevant top-k answers fast. The
Query ‘ Context Connasian ‘ Result ‘ Data Cube SEDA top-k algorithm retrieves the results from full-text searches
Panel | |[Summary Panel| | Summary Panel Panel | | Analysis Panel and calculates top answers according to its ranking function. The

algorithm is based on the family of threshold algorithms (TA)[2]. It

Execution Engine employs the multi-way symmetric join, the Bloom filter index, and
Top-k Join Context Connection Complete Data Cube dy_rllﬁgnc Join reorderlng f%;gflent quer)]{. p(rjqceshsmg. d
broceicor | | Summary Summary Result Set | | Processor & query processing | A requires finding how two nodes

Generator Generator Generator Analyzer are connected. Computing this efficiently is challenging. In order
to calculate the score of a query result tuple using EMST, we need

Storage and Indexing = to find the shortest distance between every pair of nodes. However,

Index Builder : e g : :
storing the complete transitive reachability table, which contains
WL Data the shortest paths betwe_en every pair of nodes in the data graph, is
Storage Julioinder, | Reachablly e DaaGuide very costly. Also, searching the shortest path at runtime can be very
support Index Index expensive. To handle these challeng8&DA utilizes a Bloom
filter indexto support efficient connectivity tests during top-k pro-
Figure 1: Architecture of SEDA cessing over graph data. The bloom filter index encodes the shortest

paths between node pairs, excluding paths that traverse only par-
ent/child edges, as these paths can be computed using their Dewey
C'Hds[S]. In our actual implementation, we store the Bloom filters in

a B+-tree index, such that we can locate each filter efficiently. Note
that Bloom filters may generate false positives and this will boost
the structure score of some answers, but will not affect the correct-
ness of the returned answers. Because we test connectivity based
on component ids as the first step.

In addition to the set of resultsSEDA also computes all the
contexts in which the query terms are found, and all the paths that
connect the nodes that satisfy the query terms in the XML data.
If the top-k answers contain what the user is looking for, the user
™ may stop her exploration at this point. Otherwise, she may refine
pB2® pureXML 2. In addition, the storage component contains her query and resubmit, or use the context and connection sum-
several indexes to efficiently support these operations, including a maries to further refine her search. To efficiently find all distinct
Lucene full-text index. paths (corresponding to all distinct contexts) in which the query

SEDA operates on collections of XML documents and models terms appear within the entire collection, we maintain a full-text
XML data as a graph in which nodes represent element or attribute index which maps individual keywords to the set of distinct paths
nodes and edges represent various relationships between nodesn which they appear. If the user refines her query by choosing a
Each data node has context and content. Gdwtextof a node subset of contextsSEDA employs the top-k algorithm again, but
is its root-to-leaf path, starting from a root node and following only  restricts the results to the subset the user is interested in.
parent/child edges. Theontentof a node is its textual content. A There are various heuristics proposed in the literature to decide
query in SEDA consists of a set afuery terms A query term is which connections are more meaningful. But as shown in [4], these
a pair of the form(context, search_query), where the context is heuristics work in some scenarios but fail in others. It is very hard
to find an approach that will work in all possible data and query

The architecture o6EDA is provided in Figure 1. It contains
three major components: a user interface, an execution engine, an
a storage and indexing component.

The user interacts with the system through various panels in a
GUI. The goal ofSEDA is to help users in the formulation of com-
plex queries through search and discovery. For this puri8sBA
provides context and connection summary panels, as well as an
OLAP panel, in addition to the query and result panels. The exe-
cution engine contains several units for processing a user’s query,
guiding her to refine her search for increasing precision and finally
for computing an OLAP-style data cube. XML data is stored in

3DB2 pureXML is a trademark of the IBM Corporation
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scenarios, because each different connection represents ardiffere ~ ExampPLE 1. Query Q1: Find information about the trade part-
semantic relationship and it is impossible to know what the user ners of “United States”.

intention really is. Furthermore, it is very expensive or even infea-

sible to show all possible connections between matching nodes of In SEDA, a user might approach the initial formulation of this

a query to the user. Based on these observations, the solution emguery by specifying two query ternis, “United States”), and
ployed bySEDA is to choose a subset of “meaningful” connections  (tradex, *), with the intention of exploring the dataset to see what
to present to the user, and let her specify the ones that are relevaninformation about “United States” and “trade” is available.

for her query.SEDA computes a set of connections from the top-k ~ The context summary of the system interface (see Figure 2) shows
results by using dataguide summaries of the data graph. The usethat keyword “United States” occurs in 69 distinct paths in the data.
has an option of increasing “k” if an interesting connection is miss- The user will browse this list of paths and quickly discover that
ing. Furthermore, we expect the user to restrict the contexts first soonly the first one is needed to focus the search on the United States
that the number of possible connections is reduced. When the usemrticles.

selects a subset of connections she is interestesHNA has suffi-
cient information about the users’ intentions to computeettidre
result set, not just the top-k.

The context summary for the second term contains only two
paths:*/ factbook /economy /imports _partners/item/trade_-percent”,
and*/ factbook /economy /exports_partners/item/trade_percent”.

At this point, the user has the option of using the results of this At this point the user may decide to focus the search only on the

exploration to specify an OLAP-style aggregation querySEDA

a dimension (or a measure) is defined in terms of a set of root-to-

United States imports by un-selecting the second path.
While exploring the XML results, the user may notice that the

leaf paths that contain the values of the dimension (or the measure) trade_percent nodes are always associated withrtner_country,
SEDA matches these paths to the contexts of a query term to de-and decide to include these nodes in the result tuples. One way to
cide whether the query term corresponds to a known dimension do this is to add a third term to the query that regggrtnersx, ).

(or measure).SEDA also augments the results with extra values, Once again, this term will have two paths in its context summary -
such as keys, that is required to create well-defined fact and dimen-one for import partners and one for export partners. Let's assume
sion tables, and computes an instantiation of the corresponding staithat the user selects only the import one.

schema. To populate the fact and dimension tab#s)A gen-

erates and runs several SQL/XML queries. These tables are then

input into an OLAP engine, DB2 AIphaBIcT»hg4 to compute data country o

cubes, as well as the desired aggregation functions. It is importa sesl T ——oiinjg\

to note that each user query may identify different sets of facts ar / / \ \\\\\ Pamflc Seean

dimensions, resulting in a different star schema. This is in cor economy  Year | bordering

trast with traditional data warehouses, where there is one fixed st agography C(;umry

schema. This dynamic behavior of the system allows the users / \\ “Philippines”

draw useful insights from aggregation of the data that matches the ~ epp_ppp ~ import export | bordering

initial set of query terms. 28T pariers partners ‘

“Ch’isnea%ea"

3. DEMO SCENARIO ftem " pordering

We will demonstrateSEDA on a dataset constructed by com- pecplgnt;e,\ge ngg?y per}e%gge traé p\e,rcentage

countt
trade “Canada’ Canadrg,

bining the World Factbook 2007 and the Mondial XML® data. country-—_ »
An example fragment from this data set is shown in Figure 3. Th """ I vade B
World Factbook is a publicly available database created and mai T parmer--
tained by the Central Intelligence Agency (CIA)t contains com-

prehensive statistics for every country and territory in the world fo  Figure 3: Example data graph from World Factbook and Mon-

each year. The “schema” of this data evolves from year to year. O... dial datasets

dataset contains the six most recent versions of the dataset from

2002 to 2007. The Mondial dataset is a rich compilation of geo-  After this round of context disambiguation, the user is left with
graphical Web data sources on global statistics of world countries, two different ways to connegiartner countryandtrade percent
cities, provinces, seas, and international organizations. data nodes, shown as dotted lines in Figure 3. The shorter connec-

In addition to the “containment” relationships represented by the tion is intuitively much more likely to be meaningful to the user,
tree-based parent/child connections between nodes, the instanceand its results are going to be ranked first. However, we still give
also contain non-tree relationships depicting (1) geographical ob- the user a choice to include the results of the second one.
jects (e.g., countries and oceans) bordering other geographical ob- At every stage of the search and disambiguation, the current re-
jects and (2) participation of countries in economic trade relation- sulting tuples of nodes are shown to the user on the right side of the
ships. screen. Every node is shown with its document title, unique Dewey

Consider a scenario where the user is interested in finding factsID, relevance score, and a snippet of text. In our example, this text
about various countries and continents using this data set. In thisis sufficient to show that Germany provided 5.2% of US imports in
section, we will illustrate howSEDA enables a simple search driven 2002 and provided 5.3% of US imports in 2004. (first and second
exploration of the data by using the following example query. result tuples of Figure 2, respectively).

Usually, search systems stop at this point mandating the user to
browse the result documents of interest and manually collecting all
the data they need for analysiSEDA goes one step further by al-
lowing users to build data cubes out of search results. In this exam-
ple, the system will identify that the three terms of the query corre-

,COUnlI’y
“China”

“DB2 AlphaBlox is a trademark of the IBM Corporation
*https://www.cia.gov/library/publications/the-world-factbook/
®http://www.dbis.informatik.uni-goettingen.de/Mondial/
"https://www.cia.gov/
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=Countrv=United States</Country>
Path Keyword ‘ Fj{nted States ;DUZ . ) ;
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Query term 3 [pariner = Na Semantic Expansian [v] [ <Trade percent dewey="1 8 28 6 3">5 2</Trade percents
United States 2002
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@ (docID 1515:deweyl 82862
] /cia_factbook'economy/imports_-_partners/item/partner_country) 0.00
Context Summarles: plesse select the paths(s) that you vish ta Stininie[Restore] ERATCECotnIEy deveyn L 828 0 Dy s P RO
eanAl =] |1210.00 United States 2004
[[Reset 15/ L Jeia_factbool/countrs —- (docID 1517:dewey 1.3 /cia_factbook country) 0.00
[ Context for "=z United States”" (27) [ SelectAll | [ UnselectAll | <Country=United States</Country>
Bl [/eia_factbook/country (1577) Befcdb o5 G- .
B[] /cis factbook introduction/backsronad (1565) ‘ua:fanhunk'e:nnn?:yv|mpurts;Jarmers-‘nemrtraéIEJ)ercem - (docID
# [/cia_factbook/economy/economy_-_overview (1565) 131 -Ede“‘e}'].SAOﬁ._\ -
s btk Meamermihonsl oo alibsmes. . Soesmatonal (1555) cia_facthook/sconomy ports - ijﬂx_}as.‘tmmde . percent) 0.00
i e e e ey @ <Trade_percent dewey="1.8.40.6.3">5.3< Trade_perceat>
el 5 i 2 | United States 2004
- - — - - fcia_factbook/economy/imports - partmers/item/partner_country --
Relation Summaries: select the connection(s) that you wish to consider (docID 1517:-dewey1 8.40.6.2
1 connections were discovered: (YogaViz} /cia_factbool/economy/imports_-_partners/item/partner_country) 0.00
© View all results O Create DataCube! [[Go:| [ Reset | [ SelectAll | [ UnselectAll | <Partner_country dewey="1.8 40.6.2">Germany=< Partner_country>
. i . [310.00 United States 2006
"Ewited Smms”""f’def" ~£ Cmfmmmf’k ORI ICAT BEDOTl, = fcia_facthook/country -- (docID 1319:dewey 1.3 /cia_factbook/country) 0.00
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(R fb_mk SRt mpnm{}mﬁ_g ]tfmtrudtpe"mt} o /cia_factbook/economy/imports_-_parmers/item/trade_percent -- (docID
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i Satoskecolbin/inports s fanielsten <Trade percent desvey="1§ 42 6 3'>5</Trade percent> [
cia_facthoolk /economy/imports_-_partners item partner_country } [v] [<1] m | [2
Done @

Figure 2: Example screen shot ofSEDA, depicting the results for the example query

ﬂDa[aCube Query Template

Country [V] Add a new dimension
Import_Partners_Trade_Amount M

SELECT
measure Import_Partnes_Trade_Amount

GROUP BY

dimension |Country
dimension Import_Partnzrs
dimension Year

Generate DataCube

Figure 4: Data Cube specification user interface.

PresentBlox Generate Blox Tag
File Edit View Bcokmarks Data Chart Tcols Acticn Help L
Bla|e-v-@aalr

Drill Down ~ 5B

Counfry  All Year 2002 2003] 2004] 2005 FIER]

AllCountry 11.057 11.14 11.18 11.04 111

Canaca 175 19 178 174 17 I I
China 12717 88 11| 125| 138 15 B
Germany. 5187 52 53 &3 52

Japan 9317 111 104 93 &7
Mexico 10633 1158 113 107 103

Percent
=

2002 Z003 z004 2005 2005 2007
Year

¢ Canada @ China @ Germany & Japan @ Mexico

Maie| m BT}

Figure 5: Resulting data cube in DB2 AlphaBlox.

spond to two dimensions “Country” and “ImpaoRartners” and one

fact “ImportPartnersTradePercent”. Figure 4 shows the user in- 4. REFERENCES
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