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Description
BACKGROUND

[0001]
ries.
[0002] Data can be stored in databases and arranged
in various forms such as database tables. A database
table can contain a set of data having a common theme
or purpose. The arrangement of a database table can be
defined by a database scheme, and multiple database
tables can have similar or identical arrangements. Fur-
ther, the contents of a database and its associated da-
tabase tables can change over time as data is adjusted,
appended or deleted. Various techniques can be used
to transfer data into and out of a database and to manip-
ulate the data in the database.

This description relates to managing data que-

SUMMARY

[0003] Inoneaspect,ingeneral, amethod of preparing
a database query for use by a data management system
includes receiving a database query, receiving informa-
tion about a data source, such as a database table, from
a data storage, the database table being populated with
data elements, producing a structural representation of
the database table wherein the structural representation
includes a formatted data organization reflective of the
database table and is absent the data elements of the
database table, and providing the structural representa-
tion and the database query to a plan generator capable
of producing a query plan representing operations for
executing the database query on the database table.
[0004] Aspects caninclude one or more of the following
features.

[0005] The database query includes an SQL query.
[0006] Producing the structural representation of the
database table includes determining data types from data
structures in the database table, and assigning the data
types to corresponding data structures in the structural
representation.

[0007] Producing the structural representation of the
database table includes determining data storage sizes
of the data elements in the database table, and assigning
the calculated data storage sizes to the structural repre-
sentation.

[0008] Receiving the information about the database
table includes identifying the database table based on a
data source registry.

[0009] The data source registry contains data formats,
keys, and indices of data sources.

[0010] In one aspect, in general, a method of generat-
ing a dataflow graph representing a database query in-
cludes receiving a query plan from a plan generator, the
query plan representing operations for executing a data-
base query on a database table, and producing a data-
flow graph from the query plan, wherein the dataflow
graph includes at least one node that represents at least

10

15

20

25

30

35

40

45

50

55

one operation represented by the query plan, and in-
cludes at least one link that represents at least one da-
taflow associated with the query plan.

[0011] Aspectscaninclude one ormore of the following
features.

[0012] The database query includes an SQL query.
[0013] Thee dataflow graph includes atleast one node
receiving a flow of data from at least one input dataset,
and at least one node providing a flow of data to at least
one output dataset.

[0014] The method further includes providing the da-
tabase table to the dataflow graph, and executing the
dataflow graph.

[0015] The method further includes receiving the out-
put of the database query from the dataflow graph.
[0016] The plan generator includes a query optimizer.
[0017] Generating a specification of a dataflow graph
includes mapping query operations of the query plan to
components of the dataflow graph.

[0018] The query plan includes data types of parame-
ters in the database query.

[0019] The database query contains a reference to an
executable function, and the specification of a dataflow
graphincludes a componentrepresenting the executable
function.

[0020] Inone aspect, in general, a method of generat-
ing a dataflow graph representing a database query in-
cludes receiving an SQL query, receiving information
about a database table from a data storage, the database
table being populated with data elements, producing a
structural representation of the database table wherein
the structural representation includes a formatted data
organization reflective of the database table and is ab-
sent the data of the database table, providing the struc-
tural representation and the SQL query to a plan gener-
ator capable of producing a query plan representing op-
erations for executing the SQL query on the database
table, receiving a query plan from the plan generator, and
producing a dataflow graph from the query plan, wherein
the dataflow graph includes at least one node that rep-
resents at least one operation represented by the query
plan, and includes at least one link that represents at
least one dataflow associated with the query plan.
[0021] Inoneaspect,ingeneral, asystemforpreparing
adatabase query for use by a data management system
includes a data storage containing information about a
database table, the database table being populated with
data elements, and a computer system configured to re-
ceive a database query, produce a structural represen-
tation of the database table wherein the structural repre-
sentation includes a formatted data organization reflec-
tive of the database table and is absent the data elements
of the database table, and provide the structural repre-
sentation and a database query to a plan generator ca-
pable of producing a query plan representing operations
for executing the database query on the database table.
[0022] In one aspect, in general, a system for gener-
ating a dataflow graph representing a database query
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includes a computer system configured to receive a que-
ry plan from a plan generator, the query plan representing
operations for executing a database query on a database
table, and produce a dataflow graph from the query plan,
wherein the dataflow graph includes at least one node
thatrepresents at least one operation represented by the
query plan, and includes at least one link that represents
at least one dataflow associated with the query plan.
[0023] Inoneaspect,ingeneral, a system for preparing
a database query for use by a data management system
includes means for storing information about a database
table, the database table being populated with data ele-
ments, and means for processing database queries, the
processing including receiving a database query, pro-
ducing a structural representation of the database table
wherein the structural representation includes a format-
ted data organization reflective of the database table and
is absent the data elements of the database table, and
providing the structural representation and the database
query to a plan generator capable of producing a query
plan representing operations for executing the database
query on the database table.

[0024] In one aspect, in general, a system for gener-
ating a dataflow graph representing a database query
includes means for processing a query plan, the process-
ing including receiving a query plan from a plan genera-
tor, the query plan representing operations for executing
a database query on a database table, and producing a
dataflow graph from the query plan, wherein the dataflow
graph includes at least one node that represents at least
one operation represented by the query plan, and in-
cludes at least one link that represents at least one da-
taflow associated with the query plan.

[0025] In one aspect, in general, a computer-readable
medium storing a computer program for preparing a da-
tabase query for use by a data management system in-
cludes instructions for causing a computer to receive a
database query, receive information about a database
table from a data storage, the database table being pop-
ulated with data elements, produce a structural repre-
sentation of the database table wherein the structural
representation includes a formatted data organization re-
flective of the database table and is absent the data el-
ements of the database table, and provide the structural
representation and the database query to a plan gener-
ator capable of producing a query plan representing op-
erations for executing the database query on the data-
base table.

[0026] In one aspect, in general, a computer-readable
medium storing a computer program for generating a da-
taflow graph representing a database query includes in-
structions for causing a computer to receive a query plan
from a plan generator, the query plan representing op-
erations for executing a database query on a database
table, and produce a dataflow graph from the query plan,
wherein the dataflow graph includes at least one node
thatrepresents at least one operation represented by the
query plan, and includes at least one link that represents
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at least one dataflow associated with the query plan.
DESCRIPTION OF DRAWINGS
[0027]

FIG. 1 is a block diagram of a dataflow graph.

FIG. 2 illustrates a database query and a dataflow
graph.

FIG. 3 is an overview of a database system and as-
sociated components.

FIG. 4 represents the execution of a dataflow graph.
FIG. 5 is a database table and a structural represen-
tation of a database table.

FIG. 6 illustrates a database query and a dataflow
graph each containing an executable function.
FIGS. 7-8 are flowcharts for operations of a database
system.

DESCRIPTION
1 Databases, Queries, and Graphs

[0028] A database management system handles data
stored in one or more data sources. Such data sources
can take one or more forms such as database tables,
which canbe collections of data organized into data struc-
tures such as rows and columns. In one construct, each
row represents a record of data, and each column rep-
resents a field within each of the rows.

[0029] The information contained in a database canbe
accessed and processed (e.g., modified) using database
queries. A database query is a set of instructions describ-
ing a subset of the database contents and actions to take
upon the data in that subset. For example, some data-
base systems perform database queries written in a ded-
icated database query language such as Structured Que-
ry Language (SQL). In theses database systems, an SQL
query is the primary instrument for manipulating the con-
tents of the database.

[0030] In some implementations, database queries
and other computations associated with adatabase man-
agement system in a graphical representation. For ex-
ample, data may be represented as passing through a
collection of operations, referred to as a dataflow. In one
arrangement, a dataflow may be provided through a di-
rected graph, with components of the computation being
associated with the vertices of the graph and dataflows
between the components corresponding to links (arcs,
edges) of the graph. A graph is a modular entity and may
be connected to or combined with other modular graphs.
Each graph can be made up of one or more other graphs,
and a particular graph can be a component in a larger
graph. A graphical development environment (GDE) pro-
vides a user interface for specifying executable graphs
and defining parameters for the graph components. A
system that implements such graph-based computations
is described in U.S. Patent 5,966,072, EXECUTING
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COMPUTATIONS EXPRESSED As GRAPHS, which is
incorporated herein by reference in its entirety.

[0031] Referring to FIG. 1, an example of a dataflow
graph 101 includes an input component 102 providing a
collection of data to be processed by the executable com-
ponents 104a- 104j of the dataflow graph 101. In some
example example, the input component 102 is a data
source that can comprise data records associated with
a database system or transactions associated with a
transaction processing system. The data records may be
stored in various forms such as a database table, for
example. Each executable component 104a - 104jis as-
sociated with a portion of the computation defined by the
overall dataflow graph 101. Work elements (e.g., individ-
ual data records from the data collection or database
table) enter one or more input ports of a component, and
output work elements (which are in some cases the input
work elements, or processed versions of the input work
elements) typically leave one or more output ports of the
component. In dataflow graph 101, output work elements
from components 104e, 104g, and 104j are stored in out-
put data components 102a- 102c.

[0032] Some graph-based database systems are used
to process database queries. For example, a database
query can be applied to one or more database tables to
extract an identified subset of the database table con-
tents, for example, for processing in a dataflow. In some
implementations, a graph-based database system ac-
cepts and executes database queries in the form of da-
taflow graphs. Other database systems may use other
types of database queries.

[0033] In some cases, one or more database tables
are moved to a graph-based database system from an-
other kind of database system that uses SQL. The other
database system may have many SQL queries already
written that are incompatible with the graph-based data-
base system. In some implementations, the SQL queries
can be converted to database queries compatible with
the graph-based database system.

[0034] FIG. 2 shows an example of a database query
200 written in SQL. This example database query 200 is
intended to operate on database tables 202, 204 man-
aged by a graph-based database management system.
The graph-based database management system can
recognize the data in the database tables 202, 204 be-
cause the database tables are in a format native to the
graph-based database management system. The data-
base tables 202, 204 might contain data obtained from
otherdatabase tables, forexample, database tables orig-
inating from a database system that recognizes SQL que-
ries and does not use dataflow graphs.

[0035] However, the graph-based database manage-
ment system does not have built-in functionality for
processing SQL queries, so a graph-based database
query can be produced to emulate the SQL database
query 200. The graph-based database query is recog-
nizable by the graph-based database system. For exam-
ple, the database query 200 can be converted 206 from
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an SQL query into a dataflow graph 208. The dataflow
graph 208 operates on the database tables 202, 204 by
accepting them as input, and provides the execution re-
sults of the database query 200 as output.

2 Query Plans

[0036] Some database systems carry out database
queries such as SQL queries based on a query plan (also
sometimes called an explain plan). A query plan is a de-
scription of the database operations that may be per-
formed if the database query is executed. The query plan
may describe one possible arrangement of database op-
erations, even if other arrangements of the operations or
a different set of operations would accomplish the same
result.

[0037] To provide such query plans, a database sys-
tem may include a query plan generator (also sometimes
called a query planner). For example, the query plan gen-
erator can produce a query plan when a database query
is being executed, or the query plan generator can gen-
erate a query plan before any decision about executing
the query is made.

[0038] In some arrangements, database operations
may be executed in various orders while still providing
equivalent outputs. As such, the query plan generator
may have functionality that determines an optimal query
plan. For example, an optimal query plan could be the
query plan that describes the arrangement of database
operations for executing the database query in the least
amount of time, or using the least amount of database
resources such as data storage space, or otherwise ac-
complishing the database query within constraints that
have been identified by the database system. The query
plan generator’s functionality for determining an optimal
query plan may include functionality that scores or ranks
many possible query plans, and may also include func-
tionality that rearranges possible query plans to an opti-
mal or efficient configuration.

[0039] A single database query can be executed mul-
tiple times, and each execution could have a unique op-
timal query plan. For example, the data within a database
table could change between two executions of a data-
base query. In this example, the operations described in
the query plan that was generated for the first execution
of the database query may need more or less execution
time during the second execution of the database query
than during the first execution. In this case, a different
arrangement of operations may be better suited to the
second execution of the database query, for example, a
different arrangement of the same operations, or an ar-
rangement of different operations. A query plan opti-
mized for the second execution of the database query
can be generated for that execution, taking into account
the momentary state of the database table.
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3 System Overview

[0040] A query plan generator can be used in produc-
ing a graph-based database query that emulates another
kind of database query such as an SQL query. FIG. 3
shows a database query management system 300 for
preparing a database query 302 for execution on a da-
tabase management computer system 304. The data-
base management computer system 304 shown includes
a graph execution engine 306 that handles database op-
erations implemented as dataflow graphs. The database
query management system 300 also includes a graph
generation computer system 308 having a graph gener-
ation engine 310 that can build a dataflow graph 312 from
a description of operations to be performed by the data-
flow graph. For example, the description of operations
could be a query plan 314.

[0041] The database query management system 300
alsoincludes a query planning computer system 316 that
executes a query plan generator 318. The query plan
generator 318 can be any query plan generator that pro-
duces a query plan from a database query, and need not
be designed with any functionality related to dataflow
graphs or graph generation. Further, the database query
management system 300 also includes a database com-
puter system 320 having a database 322 in a data storage
(e.g. a hard drive, optical disc, etc.) and containing one
or more database tables 324a, 324b, 324c.

[0042] Although separate computer systems are
shown for the database management computer system
304, the graph generation computer system 308, the que-
ry planning computer system 316, and the database com-
puter system 320, two or more of these computer sys-
tems could be the same computer system, or compo-
nents of the same computer system. All of the computer
systems have at least one processor for executing their
respective executable components and at least one data
storage system. The computer systems can be connect-
ed to each other using a computer network such as a
local area network (LAN), a wide-area network (WAN),
a network such as the Internet, or another kind of com-
puter network.

[0043] To demonstrate the production of a dataflow
graph 312 from one or more database queries 302, a
database query and a database table 326 are received
and processed by the graph generation computer system
308 prior to an execution of the dataflow graph. The graph
generation computer system 308 receives the database
table 326 from the database computer system 320.
[0044] The database table 326 can take any of several
forms. For example, the database table 326 could be a
relational database table, a partial database table, a flat
file, or another kind of data file or collection of data files.
In some examples, the database table 326 could be re-
ceived in the form of information about the database ta-
ble, e.g. metadata about the database table, or a descrip-
tion of the database table.

[0045] In some implementations, the database table
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326 could be identified by a data registry associated with
the database computer system 320 or otherwise acces-
sible to the graph generation computer system 308. The
data registry could be in the form of lookup file catalog,
for example, which may contain a data file location as-
sociated with the database table 326, and primary key
and index information associated with the database ta-
ble. The data registry could also provide information
about the data formats for different types of database
tables. Further, the data registry could also provide in-
formation about how a dataflow graph 312 can access
the database table.

[0046] The graph generation computer system 308 al-
so receives a database query 302 to be applied to the
database table 326. For example, the database query
could be an SQL query. The database query 302 could
be received from any number of possible sources. For
example, the database query 302 could be received from
a user interface 328 where a user 330 has entered the
database query. In some examples, the database query
302 is received from a data storage, or the database que-
ry is received from a computer network such as the In-
ternet, or the database query is generated based on an-
other previously-received database query.

[0047] Insomeimplementations, the graph generation
computer system 308 provides (as represented by an
arrow 332) a version of the database table 326 to the
query planning computer system 316, produced from in-
formation about the database table 326. For example,
the version of the database table 326 provided to the
query planning computer system 316 could be a struc-
tural representation 334 of the database table that is
smaller in size than the database table and thus requires
fewer computational resources to process. The structural
representation 334 of the database table 326 may con-
tain information about the database table, but is absent
some or all of the data of the database table. For example,
the structural representation 334 of the database table
326 could contain a format that reflects the format of the
database table, such as the columns, rows, or fields of
the database table. The structural representation 334 of
the database table 326 could also contain information
about the data, such as data storage sizes of elements
in the database table, or the data types of elements in
the database table.

[0048] The graph generation computer system pro-
vides (as represented by the arrow 332) the database
query 302 and the structural representation 334 of the
database table 326 to the query planning computer sys-
tem 316. The query planning computer system 316 ex-
ecutes the query plan generator 318, which produces a
query plan optimized for executing the database query
302 over the database table 326. The structural repre-
sentation 334 of the database table 326 supplies the
same information used by the query plan generator 318
as would be supplied by the database table 326 itself,
forexample, data sizes, data types, and other information
about the data contained in the database table. In some
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implementations, the structural representation 334 of the
database table 326 includes an index of data elements
that is used to optimize data lookup and retrieval. The
query plan generator 318 can use the index to calculate
the speed of identifying and retrieving data elements from
the indexed database table 326.

[0049] The graph generation computer system 308 re-
ceives a query plan 314 from the query planning compu-
ter system 316. The query plan 314 describes an ar-
rangement of database operations that can be used to
execute the database query 302 over the database table
326. For example, the operations in the query plan 314
can correspond to nodes of a dataflow graph 312. The
query plan 314 can also include information about the
data types used by the operations in the query plan. For
example, the operations in the query plan could have
parameters, and the data types of the parameters could
be described in the query plan.

[0050] Once produced, the query plan 314 is provided
to the graph generation computer system 308 for data-
flow graph 312 production by the graph generation en-
gine 310. The graph generation engine 310 outputs a
dataflow graph 312 corresponding to the query plan 314.
In some implementations, the dataflow graph 312 has
nodes representing operations described in the query
plan, and node links representing flows of data between
the operations. Because a dataflow graph 312 may be
generated for each instance of preparing a database que-
ry for execution, the graph generation engine 310 can
generate a dataflow graph quickly enough to respond to
real-time requests to execute a database query. In some
implementations, the graph generation engine 310 can
generate a dataflow graph from a query plan in less than
one second.

[0051] The graph generation computer system 308
provides (represented by an arrow 336) the dataflow
graph 312 generated by the graph generation engine 316
to the database management computer system 304. In
some implementations, the graph generation computer
system 308 also prepares the database table 326 for use
by the database management computer system and pro-
vides the prepared database table 338. For example,
graph generation computer system 308 might convert
the database table 326 from a format used by the graph
generation computer system 308 to a format used by the
database management computer system 304.

[0052] Once provided to the database management
computer system 304, the dataflow graph 312 is pre-
pared for execution. As shown in FIG. 4, the database
management computer system 304 can execute opera-
tions of the dataflow graph 312 and use the database
table 326 in order to produce results 402 of the database
query. The database management computer system 304
provides the database table 326 to one or more nodes
404a,404b, 404c of the dataflow graph 312 and executes
the dataflow graph using the graph execution engine 306.
The graph execution engine 306 performs the operations
represented by the nodes 404a, 404b, 404c of the data-
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flow graph 312, which correspond to database operations
for executing the underlying database query. Further,
links 408a, 408b, 408c between the nodes represent
flows of data between the database operations as the
database table is processed. The dataflow graph 312
outputs the results 402 of the database query.

4 Structural Representation

[0053] FIG. 5 shows an example of a database table
500 and a structural representation 502 of the database
table (containing none of the data from the database ta-
ble). The database table 500 has columns 504a-504i that
may contain similar or different types of data. The data-
base table 500 also has rows 508a-508e each containing
afield corresponding to each column. Each field of a row
contains a data element 510a, 510b, 510c of the data
type of the corresponding column (e.g. character string,
integer, floating point number, etc.). Further, each row
508a-508e has an inherent data storage size 512a-512e.
For example, the data storage size 512a-512e might be
the amount of storage space used by the data elements
of the row when the row resides in data storage such as
memory.

[0054] The structural representation 502 of the data-
base table 500 (produced by the graph generation com-
puter system 308 as shown in FIG. 3) has columns 514a-
514i identical to the database table, including the same
data types as the original columns 504a-504i. The struc-
tural representation 502 of the database table 500 also
has rows 518a-518e corresponding to the rows 508a-
508e of the database table. However, the rows 518a-
518e do not contain the data elements 510a, 510b, 510c
from the database table 500. Each row 518a-518¢ is as-
sociated with a data storage size value 520a-520e. While
the data storage size 512a-512¢ of a row in the database
table 500 could be calculated from the data storage sizes
of the individual data elements 510a, 510b, 510c, the
data storage size value 520a-520e of each row 518a-
518e can itself be a data element stored alongside each
row in the structural representation 502 of the database
table. The total data storage size of the structural repre-
sentation 502 of the database table 500 may be a small
percentage of the total data storage size of the database
table, because the fields 522a, 522b, 522c of the struc-
tural representation of the database table are absent the
data elements 510a, 510b, 510c from the fields of the
database table. In some implementations, the structural
representation 502 of the database table 500 may retain
some data elements from the database table, for exam-
ple, the structural representation of the database table
may retain data elements corresponding to key values
524, 526 or other data elements used in the structure,
organization, or format of the database table. In some
implementations, the structural representation 502 of the
database table 500 may contain an index or another data
structure that provides information used in data retrieval.
In some implementations, the structural representation
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502 of the database table 500 may contain other statistics
about the data contained in the database table.

5 Function Calls

[0055] As shown in FIG. 6, in some implementations,
a custom graph function 602 can be embedded in a da-
tabase query 604. For example, the custom graph func-
tion 602 might represent an operation that a dataflow
graph 606 can carry out during the execution of the da-
taflow graph. The custom graph function 602 might not
have any functionality within the context of the database
query 604, and is placed in the database query to be
passed to the generated dataflow graph 606. For exam-
ple, the custom graph function 602 might be added to a
database query 604 to prepare it for conversion to a da-
taflow graph but replacing or augmenting part of the ex-
isting database query. Further, the query plan generator
might not have information about the functionality of the
custom graph function 602. The custom graph function
602 may be a function that has no equivalent function in
the language of the database query 604. In some imple-
mentations, the query plan generator may be aware of
the input data type or output data type for the custom
graph function 602. When the dataflow graph 606 is gen-
erated 608, the custom graph function 602 could act as
a node 610 of the dataflow graph.

[0056] In some implementations, the custom graph
function 602 may be a function used for accessing data
in a special or customized format, or the custom graph
function may be a function used to execute a regular
expression or pattern matching expression, or the cus-
tom graph function may be a function implemented by a
user, for example, a user of the database management
computer system.

6 Flow of Operation

[0057] FIG. 7 is a flowchart 700 showing exemplary
operations of the graph generation computer system 308
(shownin FIG. 3). In step 702, the graph generation com-
puter system receives a database query, for example,
from a user interface or from data storage. In step 704,
the graph generation computer system receives informa-
tion a database table from a database on a database
system, e.g., the graph generation computer system may
receive the database table itself from a data storage, or
the graph generation computer system may receive
metadata about the database table, or the graph gener-
ation computer system may receive information about
the database table as entered by a user at a user inter-
face. In step 706, the graph generation computer system
generates a structural representation of the database ta-
ble that includes a formatted data organization reflective
of the database table and is absent the data of the data-
base table. In step 708, the graph generation computer
system provides the structural representation of the da-
tabase table and the database query to a query planning
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computer system for use by a query plan generator. In
step 710, the graph generation computer system re-
ceives a query plan, produced by the query plan gener-
ator, from the query planning computer system. In step
712, the graph generation computer system uses a graph
generation engine to generate a dataflow graph from the
query plan based on the operations described in the que-
ry plan. In step 714, the graph generation computer sys-
tem provides the dataflow graph for execution (e.g by a
graph execution engine of a database management sys-
tem).

[0058] FIG. 8 is a flowchart 800 showing exemplary
operations of the graph generation computer system 308
(shownin FIG. 3). In step 802, the graph generation com-
puter system receives information about a database ta-
ble, for example, the graph generation computer system
may receive a database table previously received from
a user interface or from data storage, or may receive
metadata describing the database table. In step 804, the
graph generation computer system generates a new da-
tabase table having the same column and row format of
the received database table. In step 806, the graph gen-
eration computer system identifies the data types asso-
ciated with the received database table by extracting the
data types from the columns of the database table. In
step 808, the graph generation computer system assigns
the identified data types to the columns of the new data-
base table. In step 810, the graph generation computer
system calculates data statistics about the received da-
tabase table, for example, the data storage sizes of the
data elements of the rows of the received database table.
In step 812, the graph generation computer system as-
signs the calculated data statistics to the new database
table, which serves as the structural representation of
the received database table.

[0059] The database query managing approach de-
scribed above can be implemented using software for
execution on a computer. For instance, the software
forms procedures in one or more computer programs that
execute on one or more programmed or programmable
computer systems (which may be of various architec-
tures such as distributed, client/server, or grid) each in-
cluding at least one processor, at least one data storage
system (including volatile and non-volatile memory
and/or storage elements), at least one input device or
port, and at least one output device or port. The software
may form one or more modules of a larger program, for
example, that provides other services related to the de-
sign and configuration of computation graphs. The nodes
and elements of the graph can be implemented as data
structures stored in a computer readable medium or other
organized data conforming to a data model stored in a
data repository.

[0060] The software may be provided on a storage me-
dium, such as a CD-ROM, readable by a general or spe-
cial purpose programmable computer or delivered (en-
coded in a propagated signal) over a communication me-
dium of a network to the computer where it is executed.
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All of the functions may be performed on a special pur-
pose computer, or using special-purpose hardware, such
as coprocessors. The software may be implemented in
a distributed manner in which different parts of the com-
putation specified by the software are performed by dif-
ferent computers. Each such computer program is pref-
erably stored on or downloaded to a storage media or
device (e.g., solid state memory or media, or magnetic
or optical media) readable by a general or special pur-
pose programmable computer, for configuring and oper-
ating the computer when the storage media or device is
read by the computer system to perform the procedures
described herein. The inventive system may also be con-
sidered to be implemented as a computer-readable stor-
age medium, configured with a computer program, where
the storage medium so configured causes a computer
system to operate in a specific and predefined manner
to perform the functions described herein.

[0061] A numberof embodiments of the invention have
been described. Nevertheless, it will be understood that
various modifications may be made without departing
from the spirit and scope of the invention. For example,
some of the steps described above may be order inde-
pendent, and thus can be performed in an order different
from that described.

[0062] Various embodiments have been described.
The present invention may also (alternatively) be de-
scribed by the below numbered aspects 1 to 22:

1. A method of preparing a database query for use
by a data management system, the method includ-

ing:

receiving a database query;

receiving information about a data source from
a data storage, the data source being populated
with data elements;

producing a structural representation of the data
source wherein the structural representation in-
cludes a formatted data organization reflective
of the data source and is absent the data ele-
ments of the data source; and

providing the structural representation and the
database query to a plan generator capable of
producing a query plan representing operations
for executing the database query on the data
source.

2. The method of aspect 1, wherein the database
query includes an SQL query.

3. The method of aspect 1, wherein producing the
structural representation of the data source includes:

determining data types from data structures in
the data source; and

assigning the data types to corresponding data
structures in the structural representation.
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4. The method of aspect 1, wherein producing the
structural representation of the data source includes:

determining data storage sizes of the data ele-
ments in the data source; and

assigning the calculated data storage sizes to
the structural representation.

5. The method of aspect 1, wherein receiving the
information about the data source includes identify-
ing the data source based on a data source registry.

6. The method of aspect 5, wherein the data source
registry contains data formats, keys, and indices of
data sources.

7. A method of generating a dataflow graph repre-
senting a database query, the method including:

receiving a query plan from a plan generator,
the query plan representing operations for exe-
cuting a database query on a data source; and
producing a dataflow graph from the query plan,
wherein the dataflow graphincludes atleastone
node that represents at least one operation rep-
resented by the query plan, and includes at least
one link that represents at least one dataflow
associated with the query plan.

8. The method of aspect 7, wherein the database
query includes an SQL query.

9. The method of aspect 7, wherein the dataflow
graph includes:

at least one node receiving a flow of data from
at least one input dataset, and

at least one node providing a flow of data to at
least one output dataset.

10. The method of aspect 7, further including:

providing the data source to the dataflow graph;
and
executing the dataflow graph.

11. The method of aspect 10, further including re-
ceiving the output of the database query from the
dataflow graph.

12. The method of aspect 7, wherein the plan gen-
erator includes a query optimizer.

13. The method of aspect 7, wherein generating a
specification of a dataflow graph includes mapping
query operations of the query plan to components
of the dataflow graph.
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14. The method of aspect 7, wherein the query plan
includes data types of parameters in the database

query.

15. The method of aspect 7, wherein the database
query contains areference to an executable function,
and the specification of a dataflow graph includes a
component representing the executable function.

16. A method of generating a dataflow graph repre-
senting a database query, the method including:

receiving an SQL query;

receiving information about a data source from
a data storage, the data source being populated
with data elements;

producing a structural representation of the data
source wherein the structural representation in-
cludes a formatted data organization reflective
of the data source and is absent the data of the
data source;

providing the structural representation and the
SQL query to a plan generator capable of pro-
ducing a query plan representing operations for
executing the SQL query on the data source;
receiving a query plan from the plan generator;
and

producing a dataflow graph from the query plan,
wherein the dataflow graphincludes atleast one
node that represents at least one operation rep-
resented by the query plan, and includes atleast
one link that represents at least one dataflow
associated with the query plan.

17. A system for preparing a database query for use
by a data management system, the system includ-

ing:

a data storage containing information about a
data source, the data source being populated
with data elements; and

a computer system configured to

receive a database query,

produce a structural representation of the data
source wherein the structural representation in-
cludes a formatted data organization reflective
of the data source and is absent the data ele-

ments of the data source, and

provide the structural representation and a da-
tabase query to a plan generator capable of pro-
ducing a query plan representing operations for
executing the database query on the data
source.

18. A system for generating a dataflow graph repre-
senting a database query, the system including:

a computer system configured to
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receive a query plan from a plan generator, the
query plan representing operations for execut-
ing a database query on a data source, and
produce a dataflow graph from the query plan,
wherein the dataflow graphincludes atleastone
node that represents at least one operation rep-
resented by the query plan, and includes at least
one link that represents at least one dataflow
associated with the query plan.

19. A system for preparing a database query for use
by a data management system, the system includ-

means for storing information about a data
source, the data source being populated with
data elements; and

means for processing database queries, the
processing including

receiving a database query,

producing a structural representation of the data
source wherein the structural representation in-
cludes a formatted data organization reflective
of the data source and is absent the data ele-
ments of the data source, and

providing the structural representation and the
database query to a plan generator capable of
producing a query plan representing operations
for executing the database query on the data
source.

20. A system for generating a dataflow graph repre-
senting a database query, the system including:

means for processing a query plan, the process-
ing including

receiving a query plan from a plan generator,
the query plan representing operations for exe-
cuting a database query on a data source, and
producing a dataflow graph from the query plan,
wherein the dataflow graphincludes atleastone
node that represents at least one operation rep-
resented by the query plan, and includes at least
one link that represents at least one dataflow
associated with the query plan.

21. A computer-readable medium storing a compu-
ter program for preparing a database query for use
by a data management system, the computer pro-
gram including instructions for causing a computer
to:

receive a database query;

receive information about a data source from a
data storage, the data source being populated
with data elements;

produce a structural representation of the data
source wherein the structural representation in-
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cludes a formatted data organization reflective
of the data source and is absent the data ele-
ments of the data source; and

provide the structural representation and the da-
tabase query to a plan generator capable of pro-
ducing a query plan representing operations for
executing the database query on the data
source.

22. A computer-readable medium storing a compu-
ter program for generating a dataflow graph repre-
senting a database query, the computer program in-
cluding instructions for causing a computer to:

receive a query plan from a plan generator, the
query plan representing operations for execut-
ing a database query on a data source; and
produce a dataflow graph from the query plan,
wherein the dataflow graphincludes atleast one
node that represents at least one operation rep-
resented by the query plan, and includes atleast
one link that represents at least one dataflow
associated with the query plan.

[0063] Itistobe understood thatthe foregoing descrip-
tion is intended to illustrate and not to limit the scope of
the invention, which is defined by the scope of the ap-
pended claims.

Claims

1. A computer-implemented method of operating on
data from a data source, the operating based on a
query that is written in accordance with a database
query language, the operating including:

identifying a data source;

receiving a query to be applied to the data
source;

identifying a requesting system (308) other than
asystem (320) having arelational database that
stores data of the data source;

generating, by the requesting system, a request
to a query planner (318) based on the query;
providing, by the requesting system, the request
to the query planner;

receiving a query plan generated by the query
planner based on the request, the query plan
including a description of database operations
for executing the query on the data source;
generating, from the query plan based on the
database operations described in the query
plan, a dataflow graph that includes:

a first node that is configured to receive in-
put data and that represents at least one
operation to be executed on the input data,
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wherein the at least one operation is de-
scribed in the query plan, and

at least one link that represents a flow of
output data of an operation of the first node
being provided as input data to an operation
represented by a second node of the data-
flow graph;

receiving data from the data source;
identifying an executing system (304) other than
the system (320) having the relational database
that stores data of the data source; and
executing, on the identified executing system
(304), one or more operations of the dataflow
graph using the data of the data source to pro-
duce results of the query.

2. The method of claim 1, the method further compris-

ing:

embedding a custom graph function (602) in the
query (604), the custom graph function (602) re-
placing or augmenting a part of the query (302,
604), wherein the custom graph function (602)
represents an operation the dataflow graph
(100, 312, 606) that carries out during execution
of the dataflow graph.

The method of claim 2, wherein the custom graph
function (602) is a function having no equivalent
function in the database query language of the query
(302, 604).

The method of any one of claims 1 to 3, wherein
generating a request to a query planner based on
the query includes

producing a structural representation of the data
source wherein the structural representation in-
cludes a formatted data organization reflective of the
data source and is absent data of the data source;
and

including the structural representation in the request
to the query planner.

The method of claim 2, 3 or 4, wherein the request
comprises the query (302, 604) with embedded cus-
tom graph function (602).

The method of any one of claims 1 to 5,

wherein the first node is associated with information
usable by the executing system to invoke executable
program code to perform the at least one operation,
wherein the first node is associated with information
usable by the executing system to make data avail-
able to the program code, and

wherein the executing of the one or more operations
ofthe dataflow graphincludes executing the program
code to perform the at least one operation.
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The method of any one of claims 1 to 6, wherein the
data source includes a relational database table.

The method of any one of claims 1 to 7, including
outputting the results of the query.

The method of any one of claims 1 to 8, wherein the
query plan generator includes a query optimizer.

The method of any one of claims 1 to 9, wherein the
query plan includes data types of parameters in the

query.

The method of any one of claims 1 to 10, wherein
the query contains areference to an executable func-
tion, and the dataflow graph includes a node repre-
senting the executable function.

The method of any one of claims 1 to 11, wherein
the dataflow graph is generated by the identified re-
questing system (308).

A computer-readable medium storing a computer
program including instructions for causing a compu-
ter to perform the operations of the method of any
one of claims 1 to 12.

A system for operating on data from a data source,
the data stored in a tangible, non-transitory compu-
ter-readable medium of the data source, the operat-
ing based on a query that is written in accordance
with a database query language, the system includ-

ing:
a computer system configured for:

identifying a data source;

receiving a query to be applied to the data
source;

identifying a requesting system (308) other
than a system (320) having a relational da-
tabase that stores data of the data source;
generating, by the requesting system, a re-
questto a query planner (318) based on the
query;

providing, by the requesting system, the re-
quest to the query planner;

receiving a query plan generated by the
query planner based on the request, the
query plan including a description of data-
base operations for executing the query on
the data source;

generating, from the query plan based on
the database operations described in the
query plan, a dataflow graph that includes:

afirst node that is configured to receive
input data and that represents at least
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one operation to be executed on the in-
put data, wherein the at least one op-
eration is described in the query plan,
and at least one link that represents a
flow of output data of an operation of
the first node being provided as input
data to an operation represented by a
second node of the dataflow graph;

receiving data from the data source;
identifying an executing system (304) other
than the system (320) having the relational
database that stores data of the data
source; and

executing, on the identified executing sys-
tem (304), one or more operations of the
dataflow graph using the data of the data
source to produce results of the query.

15. The system of claim 14, wherein the executing sys-

tem (304) and the requesting system (308) are dif-
ferent systems.
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