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(57) ABSTRACT 

Methods and apparatus for integrating relational and hier 
archical data, schema de?nitions, and queries in a data 
processing system are provided. It is determined if one or 
more schema de?nitions or one or more query expressions 
are provided as input to the data processing system. The one 
or more schema de?nitions are converted into an interme 
diate schema language component of an intermediate data 
language When one or more schema de?nitions are provided. 
The one or more query expressions are converted into an 
intermediate query language component of the intermediate 
data language When one or more query expressions are 
provided. The intermediate schema language component or 
the intermediate query language component is compiled in 
an intermediate data language processing engine into a 
run-time representation in accordance With a relational 
hierarchical analysis. 
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FIG. 6 
OPERATORS FUNCTIONAL DEPENDENCY INFERENCE RULES 
EXTEND THE FUNCTIONAL DEPENDENCY OF A NEW COLUMN IS A UNION OF ALL 

FUNCTIONAL DEPENDENCIES OF ALL COLUMNS USED IN THE ARITHMETIC 
EXPRESSION TO DEFINE THIS NEW COLUMN. 

SELECT IN THE GENERAL CASE, SELECTION DOESN’T AFFECT FUNCTIONAL 
DEPENDENCIES. HOWEVER, UNDER THE CIRCUMSTANCE WHERE SELECTION 
ESTABLISHES EOUIVALENCE BETWEEN COLUMNS (e.g. SELECT R WHERE 
0 == IT CREATES NEW FUNCTIONAL DEPENDENCIES. SINCE THE 
COLUMN SPECIFIED IN THE EQUALITY TEST WILL HAVE THE SAME 
VALUES, WHATEVER WAS DEPENDENT ON ONE COLUMN WOULD NOW BE 
ALSO DEPENDENT ON THE OTHER, AND VICE VERSA. 

JOIN THE JOIN OPERATION DOESN'T CREATE OR DESTROY FUNCTIONAL 
DEPENDENCIES. THE JOIN AS DEFINED ABOVE IS PERFORMED 0N 
COLUMNS THAT NAMED SIMILARLY AND IF NO SUCH COLUMNS ARE 
PRESENT, THE FULL JOIN IS PERFORMED. IN EITHER CASE, THE 
FUNCTIONAL DEPENDENCIES OF THE RESULTING RELATION ARE JUST 
FUNCTIONAL DEPENDENCIES OF TWO INPUT RELATIONS. 

MERGE SINCE MERGE OPERATION TAKES A UNION OF TWO RELATIONS WITH THE 
SAME SCHEMA, BOTH INPUT RELATIONS HAVE THE SAME LIST OF 
FUNCTIONAL DEPENDENCIES. THEREFORE, THE RELATION PRODUCED BY 
THE MERGE OPERATION WILL HAVE THE SAME FUNCTIONAL 
DEPENDENCIES AS THE INPUT RELATIONS. 

TOP K TOP K DOESN'T AFFECT FUNCTIONAL DEPENDENCIES IN GENERAL CASE. 
HOWEVER, WHEN K = I, THE RESULTING GROUP IN WHICH TOP K 
SELECTION WAS PERFORMED WILL HAVE ONE ROW. THIS CREATES A 
FUNCTIONAL DEPENDENCY BETWEEN THE COLUMN BEING SELECTED AND 
THE COLUMNS USED TO DEFINE THE GROUP. 

PROJECT THE PROJECT OPERATION DOESN’T REMOVE OR CREATE FUNCTIONAL 
DEPENDENCIES. 

SPLIT WHEN SPLITTING A COLUMN, ALL OTHER COLUMNS THAT USED TO 
DEPEND ON THE SPLIT COLUMN WOULD AFTER THE SPLIT DEPEND ON 
TWO RESULTING COLUMNS. FOR EXAMPLE, CONSIDER T IN THE “BOOKED 
SEATS" TABLE FROM EXAMPLE ABOVE BEING SPLIT INTO “MINUTES” 
AND "SECONDS”, THEN “FLIGHT NO.” WILL DEPEND ON BOTH 
“MINUTES" AND “SECONDS". 

IN THE SAME TIME, THE TWO NEW COLUMNS RESULTED FROM SPLIT 
WILL HAVE THE SAME FUNCTIONAL DEPENDENCIES AS THE ORIGINAL 
COLUMN. FOR EXAMPLE, IF COLUMN I WAS DEPENDENT ON 
HYPOTHETICAL T’, THEN BOTH “SECONDS” AND MINUTES” WOULD HAVE 
HAD DEPENDENCY ON T’ AFTER THE SPLIT. 

COMBINE COMBINE IS A REVERSE OPERATION FROM SPLIT. THEREFORE, THE 
FUNCTIONAL DEPENDENCY FOR A NEW COLUMN IS A UNION OF 
FUNCTIONAL DEPENDENCIES OF COLUMNS BEING COMBINED. MOREOVER, 
ALL COLUMNS THAT USED TO DEPEND ON EITHER OF COMBINED 
COLUMNS WILL DEPEND ON THE COMBINED COLUMN AFTER THIS 
OPERATION IS PERFORMED. 
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METHOD AND APPARATUS FOR 
INTEGRATING RELATIONAL AND 

HIERARCHICAL DATA 

FIELD OF THE INVENTION 

[0001] The present invention relates generally to data 
processing techniques and, more particularly, to techniques 
for integrating relational and hierarchical data, schema de? 
nitions, and queries in a data processing system. 

BACKGROUND OF THE INVENTION 

[0002] TWo main standards of describing and querying 
data have evolved. One of these standards is based on a 
relational model that is used by most modern databases. The 
other is based on a hierarchical model, examples of Which 
include, XML (Extensible Markup Language), XML 
Schema Language @(SD) and XQuery Language. 
[0003] XML is a speci?cation language created to 
describe data interchange formats and data semantics. An 
XML document consists of data annotation tags that repre 
sent relationships betWeen data values. An XML schema is 
an auxiliary document describing the structure of an XML 
document making it easier to interpret. XQuery is a language 
for querying information from XML documents. 
[0004] Before the inception of XML, the majority of data 
Was stored in relational tables. A relational table is a data 
structure that represents a mathematical mapping betWeen 
one or more types of data. Relational databases store infor 
mation by organiZing data in normaliZed tables Where the 
stored information can be retrieved through querying lan 
guages based on Relational Algebra, an example being 
Structured Query Language (SQL). 
[0005] As XML continues to gain popularity, the need for 
effective integration of hierarchical data expressions and 
relational data expressions groWs. Effective integration 
betWeen the tWo has proven di?icult because of key differ 
ences betWeen them. For example, XML documents orga 
niZe data in a hierarchical structure With multiple levels of 
nesting, While the relational model organiZes data in ?at 
tables With inter-table functional dependencies. Addition 
ally, in hierarchical data expressions, document order of a 
node (the position each node occurs in the document) is 
important, While in relational data expressions document 
order is not relevant. 

[0006] Previous attempts have been made at developing 
techniques to effectively integrate hierarchical data schemas 
and relational data schemas. These attempts have suffered 
from problems such as excessive use of the computationally 
very expensive “join” operation. Such attempts include, 
XML shredding, as described in P. Bohannon et al., 
“LegoDB: Customizing Relational Storage for XML Docu 
ments,” 2002, mapping XML data values to a set of pre 
de?ned tables based on node type, and mapping XML data 
to a relational table by number-encoding each of the XML 
data values. 

[0007] Attempts have also been made to convert queries 
Written over hierarchical data into queries over relational 
data. These attempts have suffered shortfalls similar to those 
described above. These attempts are described in Y. Diao et 
al., “ToWards an Intemet-Scale XML Dissemination Ser 
vice,” VLDB, 2004, and C. Koch et al., “FluXQuery: An 
Optimizing XQuery Processor for Streaming XML Data,” 
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VLDB, 2005. These attempts include a pure XML engine to 
handle processing, and translating hierarchical queries into 
relational queries. 
[0008] Various techniques have been proposed for speci 
fying “continuous queries” over steams. In these environ 
ments, data is not ?xed, but arrives one message at a time in 
one or more continuous streams. Queries de?ne vieWs over 
the entire history of one or more streams. Rather than 
receiving a single result set, subscribers to continuous que 
ries receive a continuously updated result set re?ecting hoW 
the vieW changed as a result of the changes to the streams on 
Which it depends. In a mixed environment, any of the 
folloWing combinations are possible: schemas de?ned in a 
relational (SQL) or hierarchical style @(ML); messages 
delivered in a relational (?at) or hierarchical format @(ML); 
and queries Written in a relation language (SQL) or hierar 
chical language (XQUERY/XSLT). 

SUMMARY OF THE INVENTION 

[0009] The present invention provides techniques for inte 
grating relational and hierarchical data, schema de?nitions, 
and queries in a data processing system through the use of 
an intermediate data language. While not limited thereto, 
such techniques have been developed and tested for use With 
XML documents and schemas, and XQuery and SQL lan 
guage for querying. 
[0010] By Way of example, in one aspect of the invention, 
a method for integrating relational and hierarchical data, 
schema de?nitions, and queries in a data processing system 
is provided. It is determined if one or more schema de?ni 
tions or one or more query expressions are provided as input 
to the data processing system. The one or more schema 
de?nitions are converted into an intermediate schema lan 
guage component of an intermediate data language When 
one or more schema de?nitions are provided. The one or 

more query expressions are converted into an intermediate 
query language component of the intermediate data lan 
guage When one or more query expressions are provided. 
The intermediate schema language component or the inter 
mediate query language component is compiled in an inter 
mediate data language processing engine into a run-time 
representation in accordance With a relational-hierarchical 
analysis. 
[0011] In an additional embodiment of the present inven 
tion, the one or more schema de?nitions may be relational 
schema or hierarchical schema. Further, the one or more 
query expressions may be one or more relational query 
expressions or one or more hierarchical query expressions. 

[0012] In another additional embodiment of the present 
invention, the compiling step may include analyZing the 
intermediate schema language component or the intermedi 
ate query language component to capture relationships 
betWeen at least one of relational tuples and hierarchical 
data. The steps of determining, converting and compiling 
may be repeated for additional input data, and the compiling 
step may be performed in accordance With relationships 
betWeen at least one of relational tuples and hierarchical data 
captured from previously input data. 
[0013] In further embodiments of the present invention, 
the analyZing step may include the step of computing 
functional dependency information for augmentation With 
the intermediate schema language component or the inter 
mediate query language component. The functional depen 
dency information may be utiliZed to determine redundant 



US 2008/0082514 A1 

cells and a hierarchical representation of the intermediate 
schema language component or the intermediate query lan 
guage component. 
[0014] These and other objects, features and advantages of 
the present invention Will become apparent from the fol 
loWing detailed description of illustrative embodiments 
thereof, Which is to be read in connection With the accom 
panying draWings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0015] FIG. 1 is a block diagram illustrating a process for 
integrating relational data expressions and hierarchical data 
expressions, according to an embodiment of the present 
invention; 
[0016] FIG. 2 is a table illustrating a set of ?at relations, 
according to an embodiment of the present invention; 
[0017] FIG. 3 is set of tables illustrating a set of nested 
relations having functional dependencies, corresponding to 
the ?at relations of FIG. 2, according to an embodiment of 
the present invention; 
[0018] FIG. 4 is a table illustrating a set of ?at relations 
With corresponding functional dependencies, according to 
an embodiment of the present invention; 
[0019] FIG. 5 is a set of tables illustrating a naming 
scheme alloWing nested relations to be treated as ?at, 
according to an embodiment of the present invention; 
[0020] FIG. 6 is a table illustrating rules used by the 
intermediate data language for deriving functional depen 
dencies during querying, according to an embodiment of the 
present invention; 
[0021] FIG. 7 is a How diagram illustrating a relational/ 
hierarchical data expression conversion methodology, 
according to an embodiment of the present invention; and 
[0022] FIG. 8 is a diagram illustrating an illustrative 
hardWare implementation of a computing system in accor 
dance With Which one or more components/methodologies 
of the present invention may be implemented, according to 
an embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0023] The folloWing description Will illustrate the present 
invention using exemplary data processing system architec 
ture. It should be understood, hoWever, that the invention is 
not limited to use With any particular system architecture. 
The invention is instead more generally applicable to any 
task that Would bene?t from the integration of hierarchical 
data expressions and relational data expressions. 
[0024] As Will be illustrated beloW the present invention 
introduces techniques for integrating relational and hierar 
chical data, schema de?nitions, and queries through the use 
of an intermediate data language. 
[0025] As discussed herein the term “hierarchical data” 
may generally refer to a structure of data having several 
levels arranged in a tree-like structure. The term “relational 
data,” as used herein, may refer to a structure of data that is 
represented as a series of mathematical relations. By Way of 
example, a relational database stores information by orga 
niZing data into normaliZed ?at tables, Without the multiple 
levels of nesting seen in a database With a hierarchical 
structure. The term “functional dependency” as used herein 
may refer to a mathematical relation betWeen sets of col 
umns in a given database. If a ?rst column set depends on 
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a second column set such that for a unique combination of 
values for the ?rst column set there is at most one value for 
each column of the second column set, then a functional 
dependency exists betWeen the tWo columns. 

[0026] Referring initially to FIG. 1, a block diagram 
illustrates a process for integrating relational data expres 
sions and hierarchical data expressions, according to an 
embodiment of the present invention. The process converts 
relational and hierarchical inputs into a relational like inter 
mediate data language. Relational and hierarchical data 
expressions 100 are input to an intermediate data language 
converter 110 resulting in the conversion of relational and 
hierarchical data expressions 100 into an intermediate data 
language 120. Relational and hierarchical data expressions 
100 noW expressed in intermediate data language 120, are 
passed to an intermediate data language processing engine 
130 that uses the data de?nitions and queries to process the 
data. Data 140 can then be stored in a database system or any 
system designed for processing structured, schematiZed 
data. By Way of example, this process alloWs for queries 
Written in a relational language (SQL) to be processed 
against hierarchical data and vice versa. 

[0027] As shoWn in FIG. 1, relational and hierarchical data 
expressions 100, may include schematiZed data in relational 
form 102, schematiZed data in hierarchical form 104, query 
expressions Written in a relational language 106 and query 
expressions Written in a hierarchical language 108. Sche 
matiZed relational data 102 is input into a relational schema 
to IDL converter 112 Which converts the data into an 
intermediate schema language 122. Once in intermediate 
schema language 122, the data may be input into block 130 
in accordance With the steps described above. SchematiZed 
hierarchical data 104 is input into a hierarchical schema to 
IDL schema converter 114 Which converts the data into 
intermediate schema language 122. Once in intermediate 
schema language 122, the data can be input into block 130 
in accordance With the steps described above. 

[0028] Relational query expressions 106 are input into a 
relational query to IDL query converter 116 Which converts 
the data into an intermediate query language 124. Once in 
intermediate query language 124, the data can be input into 
block 130 in accordance With the steps described above. 
Hierarchical query expressions 108 are input into a hierar 
chical query to IDL query converter 118 Which converts the 
data into intermediate query language 124. Once in inter 
mediate query language 124, the data can be input into block 
130 in accordance With the steps described above. 

[0029] The intermediate data language is based on classi 
cal relational algebra. This intermediate data language is 
extended hoWever, to be substantially compatible With 
nested data. The intermediate data language encompasses 
core relational operators for queries, including, the “select”, 
“extend”, “project”, “top k”, “join”, “merge”, “combine” 
and “split” operators in addition to several other arithmetic, 
logical and comparison operators. 
[0030] Referring noW to FIG. 2, a table illustrates a set of 
?at relations according to an embodiment of the present 
invention. This is a more detailed example of block 102 of 
FIG. 1, Which shoWs schematiZed relational data. The set of 
relations shoWn in this ?gure is typical of What Would be 
stored in a relational data structure. The ?gure shoWs a ?at 
table With relations “T”, “Flight No”, “Seats Booked”, 
“Passengers.ID.” and “Passengers.Name.” 
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[0031] Referring noW to FIG. 3, a set of tables illustrates 
a set of nested relations having functional dependencies, 
corresponding to the ?at relations of FIG. 2, according to an 
embodiment of the present invention. The nested relations 
shoWn in FIG. 3 are an example of a hierarchical schema 
tiZed data expression as shoWn in block 104 of FIG. 1. The 
table of functional dependencies demonstrates that With the 
data in ?eld “T” the data in ?elds “Flight No” and “Seats 
Booked” may be determined, and With the data in ?elds “T” 
and “Passengers.ID” the data in the ?eld “Passengers .Name” 
may be determined. As can be seen from the ?gures, the set 
of nested relations is equivalent to a corresponding set of ?at 
relations With identical functional dependencies as shoWn in 
FIG. 2. 

[0032] The set of nested relations is also equivalent to a 
denormaliZed ?at relation Which is the join of the set of 
normaliZed ?at relations. The intermediate language treats 
the query as if it Were executed over this denormaliZed 
relation, hoWever, at execution time, the compiler actually 
represents the data more compactly either as a hierarchical 
structure, or as a set of normaliZed tables. The denormaliZed 
form is one that Would be very inef?cient if actually mate 
rialiZed, but it alloWs queries either in an SQL-like form or 
in an XQUERY-like form to be interpreted appropriately. 
This assumes that the compiler retains the functional depen 
dencies. 
[0033] Referring noW to FIG. 4, a set of tables illustrates 
?at relations With corresponding functional dependencies, 
according to an embodiment of the present invention. FIG. 
4 illustrates a typical set of functional dependencies for a ?at 
set of relations. As can be seen from FIGS. 2, 3 and 4, the 
nesting structure of a given relation can be inferred from the 
given relation’s functional dependencies. 
[0034] Referring noW to FIG. 5, a set of tables illustrates 
a naming scheme alloWing nested relations to be treated as 
?at, according to an embodiment of the present invention. In 
this naming scheme, the names of the inner columns are 
prepended With the names of the inner relations. This 
naming scheme is important in alloWing intermediate data 
language, speci?cally block 120 of FIG. 1, to extend the 
traditional relational algebra to be substantially compatible 
With nested relations. If the nested relations are analogiZed 
to a tree like structure, then the column name outlines a path 
in that tree to Where the column Would be located. 

[0035] The upper table of FIG. 5 shoWs relations “T”, 
“Flight No.”, “Seats Booked” and “Passengers”. Within the 
?eld “Passengers”, there are the nested ?elds “ID”, “Name” 
and “Emergency Contacts”. Within the nested ?eld “Emer 
gency Contacts” there is the further nested ?elds of “ID” and 
“Name”. The loWer table of FIG. 5 shoWs hoW to express 
these nested relations as ?at. This table contains the ?elds 
“T”, “Flight No” and “Seats Booked,” hoWever, unlike on 
the upper table of FIG. 5, the relations nested Within the ?eld 
“Passengers” are expressed differently. The term “Passen 
gers” is simply prepended onto the ?elds of “ID”, “Name” 
and “Emergency Contacts”, and both the term “Passengers” 
and “Emergency Contacts” are prepended onto the ?elds of 
“ID” and “Name”. The prepending of terms alloWs the 
information of the nested relations to be accurately 
expressed in a table of ?at relations, thus alloWing interme 
diate data language to use classical relational algebra to 
express both hierarchical and relational data expressions. 
[0036] Referring noW to FIG. 6, a table illustrates the rules 
used by the compiler for the intermediate data language for 
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deriving functional dependencies during querying, accord 
ing to an embodiment of the present invention. To interpret 
queries Written in the intermediate data language, column 
names and functional dependencies need to be derived. For 
relations speci?ed by hierarchical data expressions or rela 
tional data expressions the rule for deriving functional 
dependencies is that When each non-key column depends on 
the key column in the current relation and on all key 
columns of outer relations (if there are any) then there is a 
functional dependency. For relations derived via querying, 
the rules in FIG. 6 are used. FIG. 6 discloses functional 
dependency rules for the classical relational operators: 
“Extend”, “Select”, “Join”, “Merge”, “Top K”, “Project”, 
“Split” and “Combine”. 
[0037] In a streaming system, the compiler for the inter 
mediate data language has the additional task of generating 
ef?cient code for continuously updating vieWs of stream 
data as messages appending neW tuples to streams arrive. A 
type analysis step computes additional properties of columns 
of relation given the intermediate language expression that 
derived that relation, and given the properties of the relation 
or relations that Were input to that expression. Starting With 
the user-speci?ed schema of the input streams, the system 
Will successively apply steps of type analysis to vieWs 
derived from these streams, and then to vieW derived from 
these vieWs, until these properties are derived for all vieWs. 
These properties alloW the run-time to e?iciently compute 
not just the current value of each roW and column of the 
relation, but also Will compute Whether and to What degree 
that value can change. 
[0038] This information is used both to advantageously 
compute Whether an intermediate value needs to be saved, 
and it can also be used to signal to the consumer of such a 
vieW Whether the value is ?nal. A value Which cannot change 
any more is ?nal, and once it has been propagated to any 
vieWs Which need to knoW the vale it can be discarded. A 
consumer may Wish to distinguish betWeen the case Where 
the number of responses received Within the deadline is 
currently Zero and the case Where the number of responses 
received Within the deadline is ?nally Zero, because the 
deadline has passed. 
[0039] The additional information computed by type 
analysis includes: the maximum positive and negative com 
ponents of values of aggregate types and the maximum 
number of steps needed to reach ?nality; and Whether the 
column is masked as a result of another Boolean selection 
value, as in SELECT*FROM T WHERE X>Y, in Which an 
intermediate column representing the Boolean intermediate 
value of X>Y is created, and each column is typed as being 
masked by this intermediate value. 
[0040] Functional dependencies alone can specify hoW 
many values are in a given column. For example, if column 
X depends on columns (K1, K2,) and there are 100 values 
for K1 and 4 values for K2, there could be at most 4*100 
values of X. 

[0041] Referring noW to FIG. 7, a How diagram illustrates 
a relational/hierarchical data expression conversion meth 
odology, according to an embodiment of the present inven 
tion. In block 702 it is determined Whether the data is 
schematiZed. If the data is schematiZed, block 704 deter 
mines Whether the data is relational. If the data is relational 
then in block 706 a relational schema converter converts 
data to intermediate schema language. If the data is not 
relational, it is assumed that the data is hierarchical and then 
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in block 708 a hierarchical schema converter converts data 
into intermediate schema language. 
[0042] If it is determined that the data is not schematiZed 
in block 702, it is assumed that the data is a query. Block 710 
then determines Whether the data is relational. If the data is 
relational, then in block 712 a relational query converter 
converts data to an intermediate query language. If the data 
is not relational, it is assumed to be hierarchical, and in block 
714 a hierarchical query converter converts data to interme 
diate query language. Once the data is in intermediate form, 
block 716 processes the data through an intermediate data 
language processing engine. 
[0043] Referring noW to FIG. 8, a block diagram illus 
trates an exemplary hardWare implementation of a comput 
ing system in accordance With Which one or more compo 
nents/methodologies of the invention (e.g., components/ 
methodologies described in the context of FIGS. 1-7) may 
be implemented, according to an embodiment of the present 
invention. 
[0044] As shoWn, the computer system may be imple 
mented in accordance With a processor 810, a memory 812, 
I/O devices 814, and a netWork interface 816, coupled via a 
computer bus 818 or alternate connection arrangement. 
[0045] It is to be appreciated that the term “processor” as 
used herein is intended to include any processing device, 
such as, for example, one that includes a CPU (central 
processing unit) and/or other processing circuitry. It is also 
to be understood that the term “processor” may refer to more 
than one processing device and that various elements asso 
ciated With a processing device may be shared by other 
processing devices. 
[0046] The term “memory” as used herein is intended to 
include memory associated With a processor or CPU, such 
as, for example, RAM, ROM, a ?xed memory device (e.g., 
hard drive), a removable memory device (e.g., diskette), 
?ash memory, etc. 
[0047] In addition, the phrase “input/output devices” or 
“I/O devices” as used herein is intended to include, for 
example, one or more input devices (e.g., keyboard, mouse, 
scanner, etc.) for entering data to the processing unit, and/or 
one or more output devices (e.g., speaker, display, printer, 
etc.) for presenting results associated With the processing 
unit. 
[0048] Still further, the phrase “netWork interface” as used 
herein is intended to include, for example, one or more 
transceivers to permit the computer system to communicate 
With another computer system via an appropriate commu 
nications protocol. 
[0049] Software components including instructions or 
code for performing the methodologies described herein 
may be stored in one or more of the associated memory 
devices (e.g., ROM, ?xed or removable memory) and, When 
ready to be utiliZed, loaded in part or in Whole (e.g., into 
RAM) and executed by a CPU. 
[0050] Although illustrative embodiments of the present 
invention have been described herein With references to the 
accompanying draWings, it is to be understood that the 
invention is not limited to those precise embodiments, and 
that various other changes and modi?cations may be made 
by one skilled in the art Without departing from the scope or 
spirit of the invention. 

[0051] The folloWing listing of claims Will replace all 
prior versions and listings of claims in the above 
referenced application: 
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1. A method for integrating relational and hierarchical 
data, schema de?nitions, and queries in a data processing 
system, comprising the steps of: 

converting one or more schema de?nitions into an inter 
mediate schema language component of an intermedi 
ate data language When one or more schema de?nitions 
are provided; 

converting one or more query expressions into an inter 
mediate query language component of the intermediate 
data language When one or more query expressions are 
provided; and 

compiling, in an intermediate data language processing 
engine, at least one of the intermediate schema lan 
guage component and the intermediate query language 
component into a run-time representation in accor 
dance With a relational-hierarchical analysis. 

2. The method of claim 1, Wherein, in the step of con 
verting the one or more schema de?nitions, the one or more 
schema de?nitions comprise at least one of relational 
schema and hierarchical schema. 

3. The method of claim 1, Wherein, in the step of con 
verting the one or more query expressions, the one or more 
query expressions comprise at least one of one or more 
relational query expressions and one or more hierarchical 
query expressions. 

4. The method of claim 1, Wherein the compiling step 
comprises the step of analyZing at least one of the interme 
diate schema language component and the intermediate 
query language component to capture relationships betWeen 
at least one of relational tuples and hierarchical data. 

5. The method of claim 4, further comprising the step of 
choosing a preferred run-time representation for the inter 
mediate schema language component in accordance With the 
analysis of at least one of the intermediate schema language 
component and the intermediate query language component. 

6. The method of claim 4, further comprising the step of 
repeating the converting and compiling steps for additional 
input data, Wherein the compiling step is performed in 
accordance With relationships betWeen at least one of rela 
tional tuples and hierarchical data captured from previously 
input data. 

7. The method of claim 4, Wherein the analyZing step 
comprises the step of computing functional dependency 
information for augmentation With at least one of the inter 
mediate schema language component and the intermediate 
query language component. 

8. The method of claim 7, Wherein, in the analyZing step, 
the functional dependency information is utiliZed to deter 
mine redundant cells and a hierarchical representation of at 
least one of the intermediate schema language component 
and the intermediate query language component. 

9. The method of claim 7, Wherein at least one of the 
intermediate schema language component and the interme 
diate query language component comprises inner column 
names prepended With the names of the inner relations. 

10. The method of claim 7, Wherein the analyZing step 
comprises the step of computing at least one of maximum 
value ranges, maximum steps to value ?nality, and masking 
of columns as a result of a Boolean selection value. 

11. The method of claim 1, Wherein the one or more query 
expressions comprise continuous queries over streaming 
data. 
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12. The method of claim 1, wherein at least one of the 
intermediate schema language component and the interme 
diate query language component comprises classical rela 
tional algebra. 

13. The method of claim 1, Wherein the intermediate 
schema language component comprises one or more of the 
core relational operators. 

14. Apparatus for integrating relational and hierarchical 
data, schema de?nitions, and queries in a data processing 
system, comprising: 

a memory; and 
at least one processor coupled to the memory and opera 

tive to: (i) convert one or more schema de?nitions into 
an intermediate schema language component of an 
intermediate data language When one or more schema 
de?nitions are provided; (ii) convert one or more query 
expressions into an intermediate query language com 
ponent of the intermediate data language When one or 
more query expressions are provided; and (iii) compile, 
in an intermediate data language processing engine, at 
least one of the intermediate schema language compo 
nent and the intermediate query language component 
into a run-time representation in accordance With a 
relational-hierarchical analysis. 

15. The apparatus of claim 14, Wherein, in the operation 
of converting the one or more schema de?nitions, the one or 
more schema de?nitions comprise at least one of relational 
schema and hierarchical schema. 

16. The apparatus of claim 14, Wherein, in the operation 
of converting the one or more query expressions, the one or 
more query expressions comprise at least one of one or more 
relational query expressions and one or more hierarchical 
query expressions. 

17. The apparatus of claim 14, Wherein the compiling 
operation comprises the step of analyZing at least one of the 
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intermediate schema language component and the interme 
diate query language component to capture relationships 
betWeen at least one of relational tuples and hierarchical 
data. 

18. The apparatus of claim 17, further comprising the 
operation of repeating the converting and compiling steps 
for additional input data, Wherein the compiling operation is, 
performed in accordance With relationships betWeen at least 
one of relational tuples and hierarchical data captured from 
previously input data. 

19. The apparatus of claim 17, Wherein the analyZing 
operation comprises the step of computing functional depen 
dency information for augmentation With at least one of the 
intermediate schema language component and the interme 
diate query language component. 

20. An article of manufacture for integrating relational 
and hierarchical data, schema de?nitions, and queries in a 
data processing system, comprising a machine readable 
medium containing one or more programs Which When 
executed implement the steps of: 

converting one or more schema de?nitions into an inter 
mediate schema language component of an intermedi 
ate data language When one or more schema de?nitions 
are provided; 

converting one or more query expressions into an inter 
mediate query language component of the intermediate 
data language When one or more query expressions are 
provided; and 

compiling, in an intermediate data language processing 
engine, at least one of the intermediate schema lan 
guage component and the intermediate query language 
component into a run-time representation in accor 
dance With a relational-hierarchical analysis. 

* * * * * 


