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BUILDING A UNIFIED QUERY THAT SPANS 
HETEROGENEOUS ENVIRONMENTS 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

[0001] Under 35 USC §120, this application is a continua 
tion application and claims the bene?t of priority to US. 
patent application Ser. No. 11/368,293, ?led Mar. 3, 2006, 
entitled “Building a Uni?ed Query that Spans Heterogeneous 
Environments”, all of Which is incorporated herein by refer 
ence. 

[0002] The present application relates to co-pending US. 
patent application, titled “System and Method for Generating 
an Xpath Expression,” Ser. No. 11/368,292, Which is ?led 
concurrently hereWith, and to co-pending US. patent appli 
cation, titled “Query Builder Using Context Sensitive Grids,” 
Ser. No. 10/985,431, ?led on Nov. 10, 2004, both of Which 
applications are assigned to the same assignee as the present 
application. 

FIELD OF THE INVENTION 

[0003] The present invention generally relates to data stor 
age in structured or semi-structured, or unstructured format. 
In particular, the present invention relates to a method for 
generically constructing a uni?ed query for locating and for 
matting data in one or more heterogeneous environments. 

BACKGROUND OF THE INVENTION 

[0004] Conventional databases store data in tables With 
columns and roWs. In a relational database, tables are related 
or linked to one another. A neW paradigm for databases com 
prises adding XML data to cells Within a relational database. 
With the addition of native XML support in databases, the 
queries required to ?nd, manipulate, and publish data stored 
in a conventional database have become more complex. Not 
only has the structure of the data changed, the language used 
to query and publish this data has also changed to support this 
neW database paradigm. 
[0005] A conventional query language comprises either 
XQuery to support XML or SQL to support relational data 
bases. To query data in this neW database paradigm, XQuery 
is added to query the XML portions of the relational database. 
XQuery is capable of querying hierarchical XML data. For a 
conventional database that is primarily a relational store, the 
existing SQL querying capabilities remain intact. Besides 
alloWing the ability to publish relational data as XML, addi 
tional SQL/XML functionality decomposes XML data and 
publishes the decomposed XML data as a relational table. 
Added to this functionality, this database paradigm also sup 
ports functions that can perform XSL transformations to pub 
lish XML data in another XML format. 
[0006] In general, this neW database paradigm can support 
relational and XML mapping capabilities in querying and 
publishing language such as, for example, relational structure 
mapped to XML structure and vice versa, XML structure 
mapped to XML structure, and relational structure mapped to 
relational structure. 
[0007] Conventional databases typically use a conventional 
query builder to aid a developer or user in the generation of 
complex queries for a relational database. Although this tech 
nology has proven to be useful, it Would be desirable to 
present additional improvements. These conventional query 
builders are designed for only relational to relational query 
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ing and publishing cannot build queries over data structured 
in the neW database paradigm. Users currently build queries 
that combine aspects of XML and relational searches by 
bringing up an XQuery builder and a SQL query builder, 
cutting and pasting partial queries from the XQuery builder 
and the SQL query builder, and manually integrating the 
partial queries. Neither the XQuery builder nor the SQL 
query builder is able to publish relational data as XML or 
decompose XML data as relational data. Publishing rela 
tional data as XML or decomposing XML data as relational 
data requires a separate mapping tool. Consequently, the pro 
cess of querying over XML data and relational data is cum 
bersome; a user is required to build combined queries using 
more than one tool, each With a different user experience. 
[0008] What is needed is a uni?ed query builder that que 
ries and publishes across relational data and XML data in a 
transparent manner such that the development experience of 
the user does not change With respect to the type of data being 
queried. The user should be able to store both relational and 
XML data in a database Without understanding the internal 
storage mechanism. Similarly, the user should be able to 
query the data and publish the results Without having to 
understand semantic changes in the querying and publishing 
languages. Provided the user understands the structure of the 
data, the user should be able to identify any data or any part of 
the data to query, publish, and modify the data. The present 
method for building a uni?ed query spans heterogeneous 
environments from any data source such as, for example, 
relational databases, XML data stores, Web-based data, data 
feeds, a ?le system, etc. The need for such a solution has 
heretofore remained unsatis?ed. 

SUMMARY OF THE INVENTION 

[0009] The present invention satis?es this need, and pre 
sents a system, a service, a computer program product, and an 
associated method (collectively referred to herein as “the 
system” or “the present system”) for building a uni?ed query 
that spans heterogeneous environments. 
[0010] The present system comprises generating a source 
structure comprising nodes from a data structure input of an 
identi?ed data source, displaying the generated source struc 
ture in a logical vieW, adding a selected node from the nodes 
to a design query canvas, generating a query object from the 
selected node based on a source type of the selected node, 
presenting a logical vieW of a query function of a selected 
query object, and generating a uni?ed query comprising the 
generated query objects. Any of the selected nodes may com 
prise a node or an element. The logical vieW is displayed in a 
graphical user interface. 
[0011] The design query canvas comprises a query design 
vieW With functions corresponding, for example, to SQL or 
XML. The design query canvas comprises a return grid and a 
Where grid for generating a query for SQL. The design query 
canvas comprises, for example purpose only, a for grid, a let 
grid, a Where grid, an order by grid, and a return grid for 
generating a query for XML. The generated uni?ed query is 
displayed in an actual query vieW. An outline of the generated 
uni?ed query is displayed in a query outline vieW. 
[0012] The present system may be embodied in a utility 
program such as a uni?ed query building utility program. The 
present system also provides a method for the user to identify 
a data source by specifying a location of the data source and 
then invoking the uni?ed query building utility to generate a 
data structure input. The present system further provides a 
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method for the user to select nodes or elements from the data 
structure input for inclusion in a uni?ed query. The present 
system generates objects corresponding to the selected nodes 
or elements and displays these objects to the user such that the 
user can select objects for expansion. The present system 
provides a method by Which the expanded objects can be 
manipulated or otherWise modi?ed by the user. The present 
system provides a method for the user to invoke the uni?ed 
query building utility to generate the uni?ed query from the 
selected nodes or elements. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0013] The various features of the present invention and the 
manner of attaining them Will be described in greater detail 
With reference to the folloWing description, claims, and draW 
ings, Wherein reference numerals are reused, Where appropri 
ate, to indicate a correspondence betWeen the referenced 
items, and Wherein: 
[0014] FIG. 1 is a schematic illustration of an exemplary 
operating environment in Which a uni?ed query building sys 
tem of the present invention can be used; 
[0015] FIG. 2 is a block diagram of the high-level architec 
ture of the uni?ed query building system of FIG. 1; 
[0016] FIG. 3 is an exemplary screen shot illustrating use of 
the uni?ed query building system of FIGS. 1 and 2 in building 
in a uni?ed query an XQuery segment for XML data in a 
relational database; 
[0017] FIG. 4 is an exemplary screen shot illustrating an 
XQuery segment formed by use of the uni?ed query building 
system of FIGS. 1 and 2 on XML data in a relational database; 
[0018] FIG. 5 is an exemplary screen shot illustrating use of 
the uni?ed query building system of FIGS. 1 and 2 in applying 
operators to an XQuery segment for XML data in a relational 
database; 
[0019] FIG. 6 is an exemplary screen shot illustrating use of 
the uni?ed query building system of FIGS. 1 and 2 in gener 
ating an XPath for an XQuery for XML data in a relational 

database; 
[0020] FIG. 7 is an exemplary screen shot illustrating an 
expanded vieW generated by the uni?ed query building sys 
tem of FIGS. 1 and 2 of the XQuery shoWn in FIG. 6; 
[0021] FIG. 8 is an exemplary screen shot illustrating for 
mation by the uni?ed query building system of FIGS. 1 and 2 
of an SQL object from the XQuery shoWn in FIG. 7; 
[0022] FIG. 9 is an exemplary screen shot illustrating for 
mation by the uni?ed query building system of FIGS. 1 and 2 
of a uni?ed query comprising an item from an external argu 

ment; 
[0023] FIG. 10 is an exemplary screen shot illustrating 
inclusion of an external argument in as an internal variable in 
a uni?ed query generated by the uni?ed query building sys 
tem of FIGS. 1 and 2; and 
[0024] FIG. 11 is comprised of FIGS. 11A and 11B, and 
represents a process How chart illustrating a method of opera 
tion of the uni?ed query building system of FIGS. 1 and 2. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0025] The folloWing de?nitions and explanations provide 
background information pertaining to the technical ?eld of 
the present invention, and are intended to facilitate the under 
standing of the present invention Without limiting its scope: 
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[0026] Data source: any source of data. Examples of data 
sources comprise a database in any format (relational, XML, 
etc.), a ?le system, a Web site, Web services, a ?le system, any 
program, any computer, any netWork, etc. additionally, the 
data source may comprise data passed in an argument. 

[0027] FLWOR: an XQuery expression that contains the 
folloWing clauses: For, Where, Let, Order By, and Return. 
[0028] World Wide Web (WWW, also Web): An Internet 
client-server hypertext distributed information retrieval sys 
tem 

[0029] XML: eXtensible Markup Language. A standard 
format used to describe semi-structured documents and data. 
During a document authoring stage, XML “tags” are embed 
ded Within the informational content of the document. When 
the XML document is subsequently transmitted betWeen 
computer systems, the tags are used to parse and interpret the 
document by the receiving system. 
[0030] XPath (XML PATH): XPath is a W3C.org de?ned 
path language for identity nodes in an XML document. It is a 
sub-language of XSLT and of XML Query used to identify 
XML elements for processing, to calculate numbers, and to 
manipulate strings. 
[0031] XSL (extensible Stylesheet Language): A standard 
for describing a style sheet for XML documents. XSL com 
prises XSL Transformations (XSLT), XML Path Language 
@(Path), and XSL formatting objects (XSL FO). XSL Trans 
formations QiSLT) is the processing language for XSL. 
XLST is used to convert XML documents into HTML or 
other document types and may be used independently of 
XSL. XML Path Language @(Path) is used to identify and 
select tagged elements Within an XML document. XSL For 
matting Objects (XSL FO) provides a format vocabulary. 
[0032] XQuery (XML QUERY Language): A language for 
querying XML documents. Based on the XQuery data model, 
XQuery processes a query by parsing an XML document, a 
schema for the XML document, and the query into hierarchi 
cal node trees. XQuery further generates an output schema 
With the query results. 

[0033] FIG. 1 portrays an exemplary overall environment 
in Which a system, a service, a computer program product, 
and an associated method (the “system 10”) for building a 
uni?ed query that spans heterogeneous environments accord 
ing to the present invention may be used. System 10 com 
prises a softWare programming code or a computer program 
product that is typically embedded Within, or installed on a 
computer such as computers 15, 20, 25. Alternatively, system 
10 can be saved on a suitable storage medium such as a 

diskette, a CD, a hard drive, or like devices. 

[0034] The present invention can take the form of an 
entirely hardWare embodiment, an entirely softWare embodi 
ment or an embodiment containing both hardWare and soft 
Ware elements. In one embodiment, the invention is imple 
mented in softWare, Which includes but is not limited to 
?rmware, resident softWare, microcode, etc. Furthermore, the 
invention can take the form of a computer program product 
accessible from a computer-usable or computer-readable 
medium providing program code for use by or in connection 
With a computer or any instruction execution system. For the 
purposes of this description, a computer-usable or computer 
readable medium can be any apparatus that can contain, store, 
communicate, propagate, or transport the program for use by 
or in connection With the instruction execution system, appa 
ratus, or device. 
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[0035] The medium canbe an electronic, magnetic, optical, 
electromagnetic, infrared, or semiconductor system (or appa 
ratus or device) or a propagation medium. Examples of a 
computer-readable medium include a semiconductor or 
solid-state memory, magnetic tape, a removable computer 
diskette, a random access memory (RAM), a read-only 
memory (ROM), a rigid magnetic disk and an optical disk. 
Current examples of optical disks include compact disk-read 
only memory (CD-ROM), compact disk-read/Write (CD-R/ 
W) and DVD. 
[0036] A data processing system suitable for storing and/or 
executing program code Will include at least one processor 
coupled directly or indirectly to memory elements through a 
system bus. The memory elements can include local memory 
employed during actual execution of the program code, bulk 
storage, and cache memories that provide temporary storage 
of at least some program code to reduce the number of times 
code is retrieved from bulk storage during execution. 
[0037] Input/output or I/O devices (including but not lim 
ited to keyboards, displays, pointing devices, etc.) can be 
coupled to the system either directly or through intervening 
l/O controllers. 
[0038] NetWork adapters may also be coupled to the system 
to enable the data processing system to become coupled to 
other data processing systems or remote printers or storage 
devices through intervening private or public netWorks. 
Modems, cable modems, and Ethernet cards are just a feW of 
the currently available types of netWork adapters. 
[0039] Users are represented by a variety of computers such 
as computers 15, 20, 25, and can query data on a source of 
data such as, for example, a data source 30 or a server 35 
through a netWork 40. Computers 15, 20, 25 each comprise 
softWare that alloWs the user to interface securely With the 
server 35. The server 35 is connected to netWork 40 via a 
communications link 45 such as a telephone, cable, or satel 
lite link. Computers 15, 20, 25, can be connected to netWork 
40 via communications links 50, 55, 60, respectively. While 
system 10 is described in terms of netWork 40, computers 15, 
20, 25 may also access system 10 locally rather than remotely. 
Computers 15, 20, 25 may access system 10 either manually, 
or automatically through the use of an application. 
[0040] FIG. 2 illustrates an exemplary high-level hierarchy 
of system 10. System 10 comprises a tree vieW module 205, a 
text vieW module 210, an outline vieW module 215, a micro 
vieW module 220, an XML representation module 225, and an 
XML parser 230. The XML representation module 225 gen 
erates a logical vieW 235 of a data source such as data struc 
ture input 240 generated, for example, from a data source 
such as data source 30, a ?le structure on server 35, data on the 

World Wide Web (WWW) accessible through the netWork 40, 
etc. System 10 receives as input user input actions 245 and 
generates as output a uni?ed query model 250. System 10 
presents the uni?ed query model 250 and the logical vieW 235 
in a graphical user interface 255 that may be manipulated by 
a user. An XSL transformation @(SLT) 231 is implemented 
on the query model to generate the text vieW 210. 

[0041] The tree vieW module 205 provides a tree vieW of a 
source model that enables the user to manipulate the data 
structure input 240. The tree vieW of the source model com 
prises context menus that further alloW the user to manipulate 
the source and query model. The XML parser 23 0 instantiates 
the source model as a hierarchy of objects. System 10 gener 
ates the query model as an XML structure created by user 
actions via the graphical user interface 255. The graphical 
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user interface 255 presents to the user one or more vieWs of 

the uni?ed query model 250. The graphical user interface 255 
further comprises one or more controls and actions to build 
and edit the uni?ed query model 250. As system 10 builds the 
uni?ed query model 250, the uni?ed query model 250 is 
modi?ed; system 10 generates a resulting query string and 
presents the resulting query string in one of the vieWs. 

[0042] The XML representation module 225 generates an 
XML representation of the source model from data sources 
and variables. The text vieW module 210 generates a text vieW 
of a query generated from a query model using, for example, 
XSLT. The outline vieW module 215 generates an outline 
vieW of a query model that displays a query hierarchy of the 
query model. The outline vieW can be used for navigating the 
uni?ed query model 250 in the graphical user interface 255. 
The micro-vieW module 220 generates a micro-vieW of the 
query model that alloWs a user to expand a vieW in a query 
model of a logical functional block such as a “SELECT” 
statement or a “FLWOR” statement. The micro-vieW displays 
a sub-tree representing the query model; this sub-tree repre 
sents one or more functional blocks as a set of grids. The user 

can manipulate the micro-vieW to modify the query. 

[0043] System 10 develops uni?ed queries such as, for 
example, SQL queries, SQL/XML queries, XQueries, and 
XSLT queries across data such as, for example, XML and 
relational data using interactive methods such as drag and 
drop in the graphical user interface 255. The XML represen 
tation module 225 provides in the logical vieW 235 a sample 
structural representation of the data that can be queried as a 
resource. This structural representation comprises data such 
as relational data and XML data in the database that is to be 
queried (i.e., data source 30), relational data and XML data 
passed as an argument to the query, data in any other data 
sources such as, for example, a Webservice, a ?le structure, 
etc., and transient data created inside the query. 

[0044] The XML representation module 225 blurs the dis 
tinction betWeen various and differing data structures by cre 
ating the logical vieW 235 of the sources to be queried. The 
logical vieW 235 blurs the lines betWeen related sources, 
alloWing the user to generally vieW the related sources as one 
source in the same or a similar format. The XML representa 
tion module 225 displays as a single hierarchy the relational 
tables and columns in the relational data and the XML docu 
ments that the relational tables and columns contain. The 
logical vieW 235 alloWs the user to identify any part of the 
data to search and retrieve, apply transformation on the data 
before or after retrieval, and perform analytic and computa 
tional actions on the data. 

[0045] System 10 and the graphical user interface 255 uti 
liZe a minimal number of user actions, providing an easy-to 
use and easy-to-learn graphical interface for generating uni 
?ed queries from heterogeneous environments. The logical 
vieW 235 comprises a common source vieW represented as a 
tree; different source types are shoWn as branches on the tree. 
The logical vieW 235 comprises a “design canvas” compris 
ing a set of grids. The grids abstract the language functionality 
of the uni?ed query by presenting common query language 
logical constructs via the logical vieW 235. The user actions 
comprise a (select and copy) drag or drop action that drags 
from a tree vieW of the data structure input 240 to a design 
grid. The user action further comprises using a context menu. 
As system 10 generates a uni?ed query With user input, the 
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user receives feedback on each action by vieWing the gener 
ated uni?ed query and the structure of the generated uni?ed 
query. 
[0046] System 10 blurs syntactical differences in the het 
erogeneous query languages used to query the heterogeneous 
data sources by alloWing the user to act through a logical 
abstraction of the query shoWn in the logical vieW 235. Query 
languages have similar logical constructs. For example, the 
“SELECT” clause in SQL is similar to the “FLWOR” expres 
sion in XQuery; each has a selection clause, a Where clause, 
etc. Therefore, system 10 abstracts query languages to a simi 
lar set of logical constructs. The grid set of the logical vieW 
235 alloWs the user to manipulate these logical constructs to 
build a uni?ed query Without having to understand the com 
plexities of the underlying languages or hoW the underlying 
languages are combined to generate the uni?ed query. 
[0047] FIG. 3 illustrates an exemplary screen shot 300 of 
the graphical user interface 255 comprising a logical vieW 
235 of the data structure input 240 for an exemplary database. 
The graphical user interface 255 comprises a sources display 
305, a query design vieW 310 (interchangeably referenced 
herein as a query design canvas 310), an actual query vieW 
315, and a query outline vieW 320. When system 10 generates 
a neW query using an existing connection to a database such 
as data source 30, the database schema is queried and added 
to the source model represented by the data structure input 
240. The sources display 305 displays a source tree that is a 
source model of the data structure input 240. 

[0048] The expanded vieW of the sources display 305 in 
FIG. 3 illustrates tables and a column in the structure of the 
source data. The database structure is listed as a node 325, 
“database:db”. A schema of the database structure is listed as 
a node 330, “SCHEMAI‘HARDEEP’”. Tables 335 in the 
schema “HARDEEP” comprise CATEGORIES, ORDER 
CONTENT, PRODUCT, SQLCUSTOMER, SQLPORDER, 
SQLPRODUCT, and XMLCUSTOMER. 
[0049] Any column of type XML displays the XML data 
structure of that column, as illustrated by a node 340 labeled 
“CUSTOMERINFO”. XML columns can be expanded to 
shoW the structure of the XML data stored in the XML col 
umn. For example, node 340 is shoWn expanded (expanded 
vieW 345) to display the structure of the XML data stored in 
node 340. Sources display 305 further displays any external 
arguments 350 or internal variables 355. External arguments 
350 alloW users to add one or more external arguments that 
can be passed into the query at runtime. For arguments of type 
XML, system 10 shoWs the structure of the XML. Internal 
variables 355 shoW in scope internal argument structure. As 
used herein, “in scope” means that an internal variable 
declared/created inside the query that is visible or usable at 
any other location in the query. If the variable cannot be used 
at that point it is not in scope. While sources 305 illustrates a 
data source structure for a database schema, it should be clear 
that target sources displayed in sources 305 can be any data 
source such as, for example, Webservices, message queues, 
http Web sites, ?le structures, etc. 
[0050] FIG. 4 illustrates an exemplary screen shot 400 in 
Which an SQL query segment is generated by selecting one or 
more nodes in the source tree shoWn in sources display 305. 
To generate a query, a user identi?es a node of interest in the 
source tree such as, for example, node 405 (labeled CID 
‘PK’). The user selects and drags node 405 to the query design 
vieW 310, as indicated by the dashed arroW 410. System 10 
identi?es node 405 as a database column and generates an 

Nov. 13, 2008 

SQL statement object in the mode, represented as SQL object 
415 in the query design vieW 310. System 10 generates an 
object in the query design vieW 310 based on the type of 
object that the user drags into the query design vieW 310. For 
example, system 10 generates an SQL object for nodes 
dragged from an SQL data source and an XML object for 
nodes dragged from an XML data source. The user can see the 

modi?ed query model in the query design vieW as SQL object 
415, in the actual query vieW 315 as query text 420, and in the 
query outline vieW as query outline 425. The user can expand 
the SQL object 415 by, for example, selecting the SQL object 
415 or selecting an expansion button (not shoWn). 
[0051] FIG. 5 illustrates an exemplary screen shot 500 in 
Which the SQL object 415 is expanded and operators are 
applied to an XQuery segment for XML data in a relational 
database. Screen shot 500 displays a logical vieW of the query 
being built by system 10 With interaction from the user. After 
expansion, the SQL select statement represented by the SQL 
object 415 ofFlG. 4 is represented by a return grid 505 and a 
Where grid 510. The return grid 505 comprises a “return” 
menu bar 515. The Where grid comprises a “Where” menu bar 
520. The user can drag additional nodes into the return grid 
505 or the Where grid 510. For example, the user can drag 
node 405 to the Where grid 510, as indicated by the dashed 
arroW 525. The user can further select an operator such as “I” 

from a pull-doWn operator list 530. The user can drag a node 
535 (labeled “INFO”) to the return grid 505 as indicated by 
the dashed arroW 540. System 10 generates an SQL select 
statement comprising node 405 and node 535 and displays the 
generated statement in the actually query vieW 315. 
[0052] FIG. 6 illustrates an exemplary screen shot 600 dis 
played by system 10 When generating an XPath for an 
XQuery for XML data in a relational database. System 10 
generates an XQuery in response to a user dragging an XML 
node from the source tree in the sources display 305 to the 
query design vieW 310. As previously discussed, the source 
tree expands any database column of type XML and shoWs a 
sample of the XML data stored in that column. If the user 
drags a node in this sample XML data to the query design 
vieW 310, an XPath object is created in the underlying query 
model displayed in the actual query vieW 315. For example, 
the user drags node 605 (labeled “CUSTOMERINFO”) to the 
query design vieW 310, as represented by a dashed arroW 610. 
System 10 forms an XPath object 615, “CUSTOMERINFO”. 
In comparison, system 10 creates an SQL object When the 
node dragged to the query design vieW 310 is a column in a 
source database. System 10 implicitly describes different ele 
ments in the uni?ed query based on the source nodes selected, 
hiding from the user transitions in the storage structure. 
[0053] FIG. 7 illustrates an exemplary screen shot 700 
illustrating an expanded vieW of an XPath object generated by 
system 10. The user can expand the XPath object 615 by, for 
example, selecting the XPath object 615 or selecting an 
expansion button (not shoWn). System 10 changes expanded 
vieWs based on a selected item. If a user selects an SQL object 
to expand, an expanded SQL screen is shoWn such as screen 
shot 500. If a user selects an XPath item to expand, an 
expanded FLWOR screen is shoWn such as screen shot 700. 

[0054] The expanded vieW of an XPath object comprises a 
“for” grid 705, a “let” grid 710, a “Where” grid 715, an “order 
by” grid 720, and a “return” grid 725, collectively referenced 
as FLWOR grids 730. Each of the FLWOR grids 730 can be 
expanded, as shoWn by the “for” grid 705, the “Where” grid 
715, and the “return” grid 725. Alternatively, each of the 
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FLWOR grids 730 can be collapsed, as shown by the “let” 
grid 710 and the “order by” grid 720. The “for” grid 705 
comprises a “for” menu bar 735. The “Where” grid 725 com 
prises a “Where” menu bar 740. 

[0055] The “for” grid 705 loops over nodes at this path. The 
“for” grid 705 is similar to the return grid 505 that de?nes all 
columns over Which a loop is performed to obtain roWs. The 
“Where” grid 715 speci?es search criteria of ?lters to elimi 
nate unWanted nodes. The “Where” grid 715 is similar to the 
“Where” grid 510. The “return” grid 725 identi?es one or 
more nodes to be returned from the query. Unlike a SQL 
select that implicitly returns all selected roWs, a FLWOR loop 
can return only a subset of selected nodes. 

[0056] System 10 replaces the XPath object 615 With a 
FLWOR object 745, labeled “CUSTOMERINFO”. The user 
can drag additional nodes from the sample XML structure to 
any of the FLWOR grids 730. For example, the user can drag 
a node 750 (labeled “country:US”) to the “Where” grid 715, 
as indicated by a dashed arroW 755. The user can apply an 
operator to node 750 in the “Where” grid 715 by selecting an 
operand from the pull-doWn operator list 530. The user can 
drag a node 760 (labeled “name”) to the “return” grid 725, as 
indicated by a dashed line 765. The user can further drag a 
node 770 (labeled “addr”) to the “return” grid 725, as indi 
cated by a dashed line 775. System 10 generates a query in 
response to these user actions and displays the query in the 
actual query vieW 315. System 10 generates a query outline 
for the generated query and displays the query outline in the 
query outline 320. 
[0057] FIG. 8 illustrates an exemplary screen shot 800 in 
Which system 10 embeds an SQL select inside an XQuery. A 
user drags a node 805 (labeled “PODATE”) to the “return” 
grid 725, as represented by a dashed arroW 810. Node 805 
represents a database column. System 10 creates an SQL 
object 815 in the underlying query model. In the generated 
uni?ed query, system 10 embeds a select statement in the 
XQuery, as shoWn by a query segment 820. The user can 
expand the SQL object 815 and further re?ne the SQL. 
Although the user did not explicitly create an inner SQL, 
system 10 extrapolates the source type of the dragged node 
805 to use SQL instead of XQuery, as indicated by the query 
segment 820. This abstraction by system 10 from the data 
structure input 240 to a logical model of the data structure 
input 240 (a hierarchy) blurs the lines betWeen the source 
types and alloWs the user to see and act upon all sources in the 
same Way, making it easier for the user construct a query logic 
that spans the query sources represented in the data structure 
input 240. 
[0058] FIG. 9 illustrates an exemplary screen shot 900 in 
Which system 10 embeds a query comprising an item from an 
external argument in an XQuery. Users can pass XML data 
into a uni?ed query as a runtime argument and use the XML 
data in the resulting uni?ed query. System 10 treats a runtime 
argument passed into a query in the same manner as any other 
data source. Users can de?ne arguments in the source tree of 
the sources display 305. These de?ned arguments are passed 
to the uni?ed query as runtime parameters. For example, a 
node 905 (labeled “item”) representing an XML document is 
added to the source tree as an external argument. Since the 
argument is of XML type it expands to shoW XML document 
structure in the source tree. The user can drag and drop nodes 
from this structure to any of the FWLOR grids 730 to create 
an XPath object in the uni?ed query model displayed in the 
actual query vieW 315. As used herein, FWLOR refers to an 
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XQuery expression that contains the folloWing clauses: For, 
Where, Let, Order By, and Return. 
[0059] For example, a user drags a node 905 (labeled 
“item”) to the “return” grid 725, as represented by a dashed 
arroW 910. Node 905 represents an XML document in, for 
example, a shopping cart. System 10 adds an ITEM object 
915 in the underlying query model. In the generated uni?ed 
query, system 10 passes the XML argument into the uni?ed 
query as a runtime parameter, as shoWn by a query segment 
920. System 10 identi?es data coming from input arguments 
identi?es as a variable and passes the identi?ed data into the 
query using “7” to identify runtime parameters. 
[0060] FIG. 10 illustrates an exemplary screen shot 1000 in 
Which system 10 includes an external argument as an internal 
variable in a generated uni?ed query for data such as, for 
example, XML data and variables created for internal SQL 
queries. The user drags a node 1005 (labeled “item”) from the 
source tree into the “let” grid 710, as represented by a dashed 
arroW 1010. System 10 generates a variable, an “item” 1015, 
representing node 1005. System 10 displays “item” 1015 
along With the data structure it represents as a node 1020 
under node 1025 (labeled “inputitems”) under internal vari 
ables 355. System 10 thus enables the user to drag child nodes 
in this variable represented by node 1020 into the query 
design vieW 310. For example, the user can drag node 1030 
(labeled “coupon:’”) to the return grid 725, as represented by 
a dashed arroW 1035. System 10 generates query segment 
1040 in response. Query segment 1040 comprises @coupon, 
a child attribute in the variable “inputitmes”, created from the 
input argument “cart”. 
[0061] With a single source structure type (a hierarchy or 
additional hierarchies), the user can proceed in dragging 
nodes from the node hierarchy (tree) into one or more grids in 
the query design canvas 310 to generate a uni?ed query. 
System 10 further simpli?es the process of generating a uni 
?ed query by blurring the distinction betWeen languages. 
Generating a uni?ed query is accomplished by abstracting the 
query logic rather than by directly exposing the query syntax 
or logic to the user. System 10 utiliZes knoWn relationships 
betWeen different data types in the de?ned data source sche 
mas of the data structure input 240 and uses this information 
to generate nesting of queries. 
[0062] FIG. 11 (FIGS. 11A, 11B) illustrates an exemplary 
method 1100 of system 10 in generating a uni?ed query. A 
user enters a location of one or more data sources from a 

heterogeneous environment to obtain metadata of the data 
source (step 1105) to use as the data structure input 240. 
System 10 generates a source structure from the data structure 
of the located data sources (step 1110). System 10 displays 
the generated source structure as a logical vieW in a graphical 
user interface such as the sources display 305 (step 1115). In 
one embodiment, the source structure is a tree. The user 
selects one or more nodes or one or more elements in the 

source structure (step 1120). The user adds the selected nodes 
or selected elements to the query design canvas 310 (step 
1125). System 10 generates one or more query objects for the 
selected nodes or selected elements based on the source type 
of the selected nodes or the selected elements (step 1130). 
[0063] If the user expands the query object (decision step 
1135) by selecting the query object, selecting an expansion 
button, etc., system 10 presents a logical vieW of the query 
function according to the query object selected for expansion 
(step 1140). If the user does not expand a query object, the 
user determines Whether additional nodes or elements or 
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desired in the query (decision step 1145). If yes, processing 
returns to step 1120 and the user selects one or more nodes or 

elements in the source structure. Otherwise, system 10 gen 
erates a uni?ed query for the heterogeneous environment 
represented by the source structure comprising the generated 
query objects (step 1150). The generated uni?ed query is 
based on relationships betWeen sources selected in step 1105. 
For example, if tWo objects placed in the query design canvas 
310 by the user Were from the same database and in tWo 
different columns, system 10 determines Whether those tWo 
columns are in the same table, in the same schema, etc. 
[0064] System 10 alloWs a user to directly query data 
sources, generating results that can be transformed into vari 
ous formats. An application using system 10 does not need to 
import data into the application. For example, a user can use 
system 10 to query an invoice, perform an XLST transforma 
tion, and generate a Web page. Querying data sources directly 
implies that data does not need to be imported into an appli 
cation. Consequently, system 10 reduces resources required 
to manage data transfer from the data source 30 to users. For 
example, conventional database management systems com 
prise a middle tier of computers and application servers for 
managing data. System 10 eliminates the need for this middle 
tier. System 10 enables a ?exible, secure, and relatively inex 
pensive environment for querying data in data sources. This 
tool creates the queries that the database actually executes. 
[0065] It is to be understood that the speci?c embodiments 
of the invention that have been described are merely illustra 
tive of certain applications of the principle of the present 
invention. Numerous modi?cations may be made to the sys 
tem and method for building a uni?ed query that spans het 
erogeneous environments described herein Without departing 
from the spirit and scope of the present invention. 

What is claimed is: 
1. A processor-implemented system of building a uni?ed 

query that spans heterogeneous environments, comprising: 
a data structure input for generating a source structure 

comprising a plurality of nodes from a data structure 
input of an identi?ed data source; 

a parser for presenting the generated source structure in a 
logical vieW; 

user input actions for adding a node selected by a user from 
the plurality of nodes to a design query canvas; 
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a presentation module for generating a query object from 
the selected node based on a source type of the selected 

node; 
a display module for presenting a logical vieW of a query 

function of a selected query object; and 
a transformer for generating a uni?ed query comprising the 

generated query object. 
2. The system of claim 1, Wherein the selected node com 

prises an element. 
3. The system of claim 1, further comprising a graphical 

user interface for displaying the logical vieW. 
4. The system of claim 1, Wherein the design query canvas 

comprises a query design vieW. 
5. The system of claim 1, Wherein the parser includes an 

XML parser. 
6. A computer product having a computer readable 

medium tangibly embodying computer executable code 
building a uni?ed query that spans heterogeneous environ 
ments, comprising: 

a program code for generating a source structure compris 
ing a plurality of nodes from a data structure input of an 
identi?ed data source; 

a program code for presenting the generated source struc 
ture in a logical vieW; 

a program code for adding a node selected by a user from 
the plurality of nodes to a design query canvas; 

a program code for generating a query object from the 
selected node based on a source type of the selected 

node; 
a program code for presenting a logical vieW of a query 

function of a selected query object; and 
a program code for generating a uni?ed query comprising 

the generated query object. 
7. The computer program product of claim 6, Wherein the 

selected node comprises an element. 
8. The computer program product of claim 6, further com 

prising a graphical user interface for displaying the logical 
view. 

9. The computer program product of claim 6, Wherein the 
design query canvas comprises a query design vieW. 

10. The computer program product of claim 6, Wherein the 
parser includes an XML parser. 

* * * * * 


