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METHODS AND SYSTEMS FOR DATA 
INTEGRATION 

BACKGROUND 

[0001] In the past, support for complex data models 
requiring integration Was provided Within each data source 
or through code Written by the customer or consultant. For 
example, the complex data hierarchy used in Beilstein 
databases is built into Beilstein itself. Relational databases 
such as Oracle have no such capability and require expert 
knoWledge of the underlying table structure, SQL, and 
programming in order to integrate the data in a Way that is 
accessible to end users. 

[0002] One existing integration system is ISIS (“Inte 
grated Scienti?c Information System”), a product of MDL 
Information Systems, Inc. of San Leandro, Calif. ISIS is a 
leading informatics system in the life science and chemical 
industries. The ISIS/Host API is a C interface that provides 
integration of data sources and structure searching. The 
HvieW is an editable text ?le that informs ISIS/Host of hoW 
the end user Will see this integration. Using the HvieW, 
ISIS/Host can open similar databases that reside on one or 
more host computers and present a uni?ed vieW of the data 
to ISIS users. 

[0003] Although the HvieW provides a very poWerful Way 
of describing data models, it has some serious limitations. 
First, it is too rigid. For example, a given data model may be 
vieWed as many different hierarchies; sometimes it even 
makes sense to query one hierarchy and retrieve another. In 
the ISIS domain, vieWing data via different HvieWs is 
problematic, and may require a programmer to Write custom 
code. Second, HvieWs support a limited set of data relation 
ships. Pivoting of data is functionality that almost every 
customer requires, yet it is not supported directly by ISIS/ 
Host. Even in the simplest pivoting case, searching and 
retrieving data is a tWo-step process; in most cases, it is far 
more complex. Finally, the syntax of HvieWs is arcane; some 
companies have experts dedicated to Writing and maintain 
ing HvieWs. Although the underlying process of describing 
complex data models may alWays require experts, the syntax 
used should make the process easier, not harder. 

[0004] Goals of a preferred system embodiment of the 
present invention comprise the folloWing. First, the system 
should be ?exible and make it easier to provide multiple 
hierarchical vieWs of the same data model. Second, the 
system should be extensible to alloW, neW unforeseen data 
relationships to be de?ned. Third, the process of describing 
a data model should not be made more dif?cult via an arcane 

syntax. 

SUMMARY 

[0005] In a preferred embodiment of the present invention, 
integration is provided via an Integrating Data Source (IDS). 
This data source may be accessed and manipulated using 
standard interfaces; queries may be made using hierarchical 
extensions to SQL (UQL) and data may be returned in 
hierarchical recordsets. (UQL (Uni?ed Query Language) is 
discussed in greater detail beloW.) 

[0006] IDS provides a method for posing hierarchical 
queries across multiple data sources through a prede?ned 
data netWork. In the IDS, data netWorks are constructed 
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from “nodes” and “connectors.” One data netWork replaces 
multiple HvieWs. Each node in the netWork is a relational 
table or other source of data. Each edge in the netWork is an 
XML-de?ned connector that describes the relationship 
betWeen the tWo nodes. The connectors may be de?ned in 
static ?les or created in simple java code at run time. 

[0007] In contrast to the HvieW model, the hierarchical 
vieWs assembled by the IDS are not static. Many different 
hierarchies can be constructed dynamically from a single 
data netWork depending on the path taken through the 
netWork. The starting point in the netWork becomes the root 
of the constructed hierarchy. Given a single query, there may 
be many Ways the query could be applied to the netWork, 
resulting in different hierarchies. These hierarchies re?ect 
different relationships of the data involved in the query. 

[0008] Each edge in the netWork is de?ned by a connector 
Which describes the data relationship betWeen the tWo 
nodes. This data relationship can have a multiplicity of 
one-to-one or one-to-many and can be involved a transfor 
mation of the resulting data (e.g., pivoting). Connectors are 
directional; to have a connection in both directions, tWo 
connectors are de?ned. 

[0009] A given connector encapsulates the implementa 
tion of a particular data relationship, including translating 
the query and retrieving data. Most connectors are built by 
extending one of a small set of basic connectors, then 
overriding a feW methods. General points about connectors 
comprise: 
[0010] 1. Connectors describe a relationship betWeen tWo 
sets of data. 

[0011] 2. Agiven set of data can be a relational table, SQL 
statement, calculation, data source, etc. 

[0012] 3. Relationships can be 1-1, 1-many, many-many. 

[0013] 4. Connectors are responsible for generating SQL 
for searching and retrieval of their associated data. 

[0014] 5. Connectors either retrieve data immediately or 
defer retrieval until requested. 

[0015] 6. Connectors can transform data transparently 
(e.g., pivoting). 
[0016] 7. Connectors are easily extended to support neW 
relationships or functionality. 

[0017] A preferred method embodiment of the subject 
invention comprises a method for dynamically creating 
hierarchies to be used in database searches, comprising the 
steps of: (a) de?ning a data netWork; (b) receiving a query 
regarding data stored in one or more databases; and (c) based 
at least in part on said query and on said data netWork, 
dynamically building a hierarchy. In related embodiments: 
(1) the data netWork comprises nodes and connectors; (2) the 
step of de?ning a data netWork comprises linking one or 
more source nodes to one or more linked nodes via connec 

tors; (3) the connectors comprise output ?eld elements and 
de?ne relationships betWeen the nodes; (4) a hierarchy is 
built based on output ?elds and relationships; (5) there is a 
step of identifying a root connector in a data netWork based 
on a query; (6) the data netWork is de?ned based on a 
relational data model; (7) the step of de?ning a data netWork 
comprises analyZing a data model to identify objects to be 
exposed; (8) the step of de?ning a data netWork comprises 
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analyzing an inheritance tree of identi?ed objects; (9) the 
step of de?ning a data network comprises analyzing rela 
tionships betWeen objects; (10) relationships betWeen 
objects comprise multiplicity relationships and reciprocal 
relationships; (11) the step of de?ning a data netWork 
comprises de?ning connectors for each of the objects; (12) 
the step of de?ning connectors for each of the objects results 
in exposing relevant data in a hierarchy appropriate for the 
object; (13) the connectors form subnetWorks; (14) for each 
subnetWork, the connectors therein are modi?ed to re?ect 
relationships betWeen objects in the netWork; (15) the con 
nectors comprise connectors that transform data; and (16) 
the connectors comprise connectors that integrate data from 
external sources. 

[0018] Another preferred method embodiment of the sub 
ject invention comprises a method of querying a data 
network, comprising the steps of: (a) selecting desired ?elds; 
(b) specifying a root; (c) specifying a search condition; and 
(d) specifying a path to each of one or more of said desired 
?elds. In related embodiments: (1) the step of specifying a 
root comprises specifying a FROM clause; (2) each path 
corresponds to a set of connectors; and (3) the set of 
connectors comprises one or more of the folloWing: one to 

many connector, one to one connector, pivot connector. 

[0019] A preferred system embodiment of the subject 
invention comprises a a system for dynamically creating 
hierarchies to be used in database searches, comprising: (a) 
means for de?ning a data netWork; (b) means for receiving 
a query regarding data stored in one or more databases; and 
(c) means for, based at least in part on said query, dynami 
cally building a hierarchy from said data netWork. 

[0020] Another preferred system embodiment of the sub 
ject invention comprises a system for querying a data 
netWork, comprising: (a) means for selecting desired ?elds; 
(b) means for specifying a root; and (c) means for specifying 
a search condition. 

[0021] Another preferred system embodiment of the sub 
ject invention comprises a system for querying databases, 
comprising: (a) an electronic query server operable to 
receive electronic communications from and transmit elec 
tronic communications to a user terminal via an electronic 

communication netWork; and (b) one or more database 
servers in electronic communication With the query server 
and operable to search one or more databases; Wherein the 
query server is operable to receive an electronic query over 
an electronic communication netWork from the user terminal 
and, based on that query, dynamically create one or more 
hierarchies. In related embodiments: (1) one or more hier 
archies are created based on data netWorks; and (2) the data 
netWorks comprise nodes connected by connectors and each 
node corresponds to a set of data. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0022] FIG. 1 depicts a simple exemplary data netWork of 
a preferred embodiment. 

[0023] 
netWork. 

[0024] FIG. 3 is a graphical vieW of the netWork described 
in Appendix A. 

FIG. 2 depicts a graphical vieW of an exemplary 

[0025] FIG. 4 shoWs basic portions of a preferred con 
nector description. 
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[0026] FIG. 5 shoWs exemplary connector de?nitions for 
a source node and a linked node and the netWork they form. 

[0027] FIG. 6 shoWs a root connector added to the net 
Work of FIG. 5. 

[0028] FIG. 7 shoWs tWo additional connectors added to 
the netWork of FIG. 6. 

[0029] FIG. 8 shoWs an entity-relationship diagram that 
illustrates a simple reaction data model. 

[0030] 
FIG. 8. 

[0031] FIG. 10 shoWs tWo additional connectors added to 
those of FIG. 9. 

FIG. 9 shoWs connectors for the data model of 

[0032] FIG. 11 shoWs a graphical vieW of a data netWork. 

[0033] FIG. 12 illustrates a query applied to the netWork 
of FIG. 11. 

[0034] FIGS. 13-17 depict ?oWcharts that detail hoW a 
UQL query is translated into standard SOL. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

[0035] In a preferred embodiment, an integrating data 
source (IDS) is a data source combined With one or more 

other data sources (typically including a relational data 
source) to form a data netWork. Based on a provided data 
model, a data model expert may create a data netWork. This 
transforms the data into one or more hierarchical vieWs and 
provides the ability to search across these data sources and 
return sets of integrated results. Connectors specify the data 
relationships betWeen the sources of data. FIG. 1 depicts a 
simple data netWork. 

[0036] Connectors With one-to-one or one-to-many data 
relationships may be used to build a netWork. Connectors 
generate SQL statements for search and retrieval of the 
connectors’ associated data. 

[0037] Data sources in the data netWork can be a single 
relational table, a calculation, the results of a SELECT 
statement, an external data source—potentially anything that 
supplies data. 

[0038] The data netWork can be a simple one—connectors 
betWeen several sources of data. Or it can be much more 
complex—thousands of sources of data With connectors 
linking them. Adata netWork using IDS connectors provides 
a customiZed set of data vieWs tailored to the Work?oW and 
requirements of a particular usage. In contrast to the HvieW 
model, one data netWork may replace multiple HvieWs and 
a given data model may be vieWed as many different 
hierarchies. The hierarchical vieWs assembled by the IDS 
are not static. Flexibility is highly desirable and is an integral 
feature of IDS. A Well-designed data netWork Will alloW 
hierarchies to be built Which the designer did not foresee. 
For example, sometimes it is advantageous to query one 
hierarchy but retrieve from another. 

[0039] Another advantage to using IDS is that it permits 
data transformations, such as pivoting, to occur dynamically. 
This is just one example of the ability to transform data from 
the form in Which it is stored in a database into a form to 






















































