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CROSS-REFERENCE TO RELATED APPLICATIONS
This application claims priority to U.S. Application Serial No. 61/406,438, filed

on October 25, 2010, incorporated herein by reference.

BACKGROUND

This description relates to managing data set objects.

Dataflow graphs process data. Dataflow graphs include data sources, data sinks,
and components. Data sources, data sinks, and components are connected by connections
that enable data to flow from one component to another, or from data sources to
components, or from components to data sinks. Dataflow graphs can be represented
visually by a directed graph having nodes (also called vertices) representing data sources,
data sinks, and components connected by links (also called arcs) representing the

connections.

SUMMARY

In one aspect, 1in general, a method for managing data set objects for graph-based
data processing includes: storing a group of one or more data set objects 1in a data storage
system, the data set objects each representing a respective data set; and generating an
association between at least a first data set object in the group and at least a first node of a
dataflow graph for processing data in a data processing system, the first node
representing a source or sink of data in a flow of data represented by a link 1n the
dataflow graph, and the first data set object including a plurality of modes i which
different transformational logic 1s applied to data processed by the first node.

Aspects may include one or more of the following features.

Generating the association between the associated data set object and the
assoclated node 1ncludes: accessing data structures corresponding to the dataflow graph,
the datatlow graph including a plurality of nodes, including the first node, and links
connecting the nodes, the links representing flows of data between the nodes; receiving a

selection of the first data set object from the group based on user input, the first data set
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object including a plurality of modes, each mode including transformational logic and at
[east one of an input port or an output port; receiving a selection of a mode for the first
data set object based on user input; generating the first node 1 the datatlow graph after
recerving the selected mode, the first node including the transformational logic, any mnput
ports, and any output ports of the selected mode; and connecting the first node to at least
on¢ node 1n the dataflow graph using a link.

The first data set object further includes at least one parameter and the first node
further includes a value for the parameter.

The transformational logic of a first mode of the plurality of modes includes
transformational logic that reads data records from a data store.

The transformational logic of a second mode of the plurality of modes includes
transformation logic that writes data records to the data store.

The first node includes mmformation that identifies the first data set object.

The method may further include: receiving a selection of the first data set object
from the group based on user input; and 1dentifying a plurality of datatlow graphs, cach
of the dataflow graphs including a node that identifies the first data set object.

Each mode of the data set object 1s represented by a distinct dataflow graph
including nodes and links connecting the nodes, the links representing flows of data
between the nodes.

Generating the association between the associated data set object and the
associated node includes: accessing data structures corresponding to a plurality of
dataflow graphs, including the dataflow graph that includes the first node, each datatlow
oraph including a plurality of nodes and links connecting the nodes, the nodes including
transformational logic and the links representing flows of data between the nodes;
identifymg a plurality of nodes of the plurality of datatlow graphs that access the same
data store, at least one 1dentified node including one or more parameters; generating a
data set object including: 1dentifying a plurality of modes for the gencrated data set object
based on the transformational logic of the 1dentified nodes, and 1dentifying parameters for
the generated data object based on parameters associated with the 1dentified nodes; and

storing the generated data set object in the group.
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The method may further include updating each of the plurality of nodes to access
the data store based on information that identifies the generated data set object.

Identifying a plurality of nodes of the plurality of datatlow graphs that access the
same data store includes: executing each of the plurality of datatlow graphs; recording
parameter values assigned to parameters of the nodes of the plurality of datatlow graphs
during the execution of the dataflow graphs; and 1dentifying the plurality of nodes based
on the recorded parameter values.

In another aspect, in general, a computer-readable storage medium stores a
computer program for managing data set objects for graph-based data processing. The
computer program includes instructions for causing a computing system to: store a group
of one or more data sct objects 1n a data storage system, the data set objects each
representing a respective data set; and generate an association between at least a first data
set object 1n the group and at least a first node of a datatlow graph for processing data in
a data processing system, the first node representing a source or sink of data in a flow of
data represented by a link in the datatlow graph, and the first data set object including a
plurality of modes 1n which different transformational logic 1s applied to data processed
by the first node.

In another aspect, in general, a computing system for managing data set objects
for graph-based data processing. The computing system includes: a data storage system
storing a group of one or more data set objects, the data set objects each representing a
respective data set; and at least one processor coupled to the data storage system
configured to generate an association between at least a first data set object in the group
and at least a first node of a datatlow graph for processing data 1n a data processing
system, the first node representing a source or sink of data in a flow of data represented
by a link 1n the dataflow graph, and the first data set object including a plurality of modes
in which different transformational logic 1s applied to data processed by the first node.

In another aspect, in general, a computing system for managing data set objects
for graph-based data processing. The computing system includes: means for storing a
oroup of one or more data set objects, the data set objects each representing a respective
data set; and means for generating an association between at least a first data set object in

the group and at least a first node of a datatlow graph for processing data in a data
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processing system, the first node representing a source or sink of data 1n a flow of data
represented by a link 1n the datatlow graph, and the first data set object including a
plurality of modes 1n which different transformational logic 1s applied to data processed
by the first node.

Aspects can include one or more of the following advantages. Data set objects
may be reused 1n multiple datatflow graphs. Updating data records may be simplified.
Data dependencies may be determined. Application development may be simplified.

Other features and advantages of the invention will become apparent from the

following description, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 shows an exemplary data processing system 100 1n which data set object
techniques can be used.

FIG. 2A and 2B show flowcharts for an exemplary procedure 200 that can be
used to manage data set objects.

FIG. 3 illustrates an example user mterface of the development environment.

FIG. 4 illustrates exemplary personalities associated with a data set object.

FI1G. 5 illustrates relationships between dataflow graphs and the data set objects 1n
a catalog.

FIG. 6 1llustrates associating existing nodes with a data set object 1n a catalog.

FI1G. 7 1llustrates associating a node with a data set object based on parameter

values.

DESCRIPTION

FIG. 1 shows an exemplary data processing system 100 mn which the data set
object techniques can be used. The system 100 includes a data source 102 that may
include one or more sources of data such as storage devices or connections to online data
streams, cach of which may store data in any of a variety of storage formats (e.g.,
database tables, spreadsheet files, flat text files, or a native format used by a mainframe).
An execution environment 104 includes a pre-execution module 106 and an execution
module 112. The execution environment 104 may be hosted on one or more general-

purpose computers under the control of a suitable operating system, such as the UNIX
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operating system. For example, the execution environment 104 can include a multiple-
node parallel computing environment including a configuration of computer systems
using multiple central processing units (CPUs), either local (¢.g., multiprocessor systems
such as SMP computers), or locally distributed (e.g., multiple processors coupled as
clusters or MPPs), or remotely, or remotely distributed (e.g., multiple processors coupled
via a local area network (LAN) and/or wide-area network (WAN)), or any combination
therecof.

The pre-execution module 106 1s configured to perform various tasks 1n
preparation for executing dataflow graphs and other executable programs such as
compiling dataflow graphs, storing/loading compiled dataflow graphs to/from a data
storage system 116 accessible to the execution environment 104, or other tasks associated
with managing dataflow graphs. The execution module 112 reads data from the data
source 102 and processes the data using executable programs including programs
expressed 1n the form of a datatlow graph.

Storage devices providing the data source 102 may be local to the execution
environment 104, for example, being stored on a storage medium connected to a
computer running the execution environment 104 (¢.g., hard drive 108), or may be
remote to the execution environment 104, for example, being hosted on a remote system
(¢.g., mainframe 110) 1n communication with a computer running the execution
environment 104, over a remote connection.

The execution module 112 uses a catalog 114 of data set objects stored 1n a data
storage system 116 accessible to the execution environment 104 for executing dataflow
graphs. The catalog 114 1s managed by the pre-processing module 106 to provide data
set objects that can be configured 1n different modes, as described in more detail below.
The catalog may store a group of dataset objects in a data structure or a particular
location (e.g. a file system directory), or may include information that identifies a group
of data objects stored 1n a variety of locations. In some implementations, the catalog
includes information such as an index or metadata to enable searching or other
operations. The data storage system 116 1s also accessible to a development environment
118 1 which a developer 120 1s able to develop dataflow graphs and interact with the
catalog 114.
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The development environment 118 1s, in some implementations, a system for
developing applications as datatlow graphs that include vertices (representing
components or datasets) connected by directed links (representing flows of work
clements) between the vertices. For example, such an environment 1s described 1n more
detail in U.S. Publication No. 2007/0011668, entitled “Managing Parameters for Graph-
Based Applications,” mcorporated herein by reference. A system for executing such
oraph-based computations 1s described in U.S. Patent 5,566,072, EXECUTING
COMPUTATIONS EXPRESSED AS GRAPHS, incorporated herein by reference.
Dataflow graphs made 1n accordance with this system provide methods for getting
information into and out of individual processes represented by graph components, for
moving information between the processes, and for defining a running order for the
processes. This system includes algorithms that choose interprocess communication
methods (for example, communication paths according to the links of the graph can use
TCP/IP or UNIX domain sockets, or use shared memory to pass data between the
Processes).

The execution module 112 can receive data from a variety of types of systems
including different forms of database systems. The data may be organized as records
having values for respective fields (also called “attributes” or “columns”), including
possibly null values. When first reading data from a data source, the execution module
112 typically starts with some 1nitial format information about records in that data source.
In some circumstances, the record structure of the data source may not be known 1nitially
and may 1nstead be determined after analysis of the data source. The 1nitial information
about records can include the number of bits that represent a distinct value, the order of
fields within a record, and the type of value (e.g., string, signed/unsigned integer)
represented by the bits.

The development environment 118 provides an interface used by a developer 120
for constructing and/or editing dataflow graphs to be executed 1n the execution
environment 104. The dataflow graph 1s associated with executable data structures stored
in the data storage system 116, and 1s represented 1n the development environment 118 as
a directed graph that includes nodes and links connecting the nodes. The development

environment 18 capable of accessing the data structures corresponding to the dataflow
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oraph being developed. The nodes of the datatlow graph represent data sources, data
sinks, and data processing components. The links represent a flow of data between the
nodes. The development environment 118 18 also capable of providing access to the
catalog 114 of data set objects. The catalog 114 may be located 1n a data store 1n the data
storage system 116 or in another data store.

The catalog 114 contains one or more data set objects that can be selected based
on user input. A data set object 1s a datatflow graph node that includes multiple modes
(called “personalities™) that determine the functionality that the data set object will
provide. For example, a data set object may include a data source personality and a data
sink personality. When a data set object 1s selected for use as a node 1n a dataflow graph,
the data set object adopts one of the personalities, for example based on user input. For
example, the development environment 118 may include a graphical user interface (GUI)
that includes a representation of the catalog and a canvas that includes a representation of
the datatlow graph (¢.g., nodes connected by links). A user (e.g., developer 120) can
drag and drop a data set object from the catalog onto the canvas. Once a representation
of the data set object 18 placed on the canvas, the user can select a personality for the data
set object.

The selected personality 1s used to generate a new node 1n the dataflow graph.
The selected personality 1s associated with transformational logic that alters data in some
way. For example, a data source personality can include transformational logic that reads
data records from a data store (¢.g., a database table, file, or other data store) and
performs some transformation. A data sink personality can include transformational
logic that writes data records to the data store after performing some transformation. In
some 1mplementations, the transformation logic of a personality of a data set object can
be implemented using a datatflow graph. In some implementations, cach personality of
the data set object 1s associated with a different respective datatlow graph, including
nodes and links connecting the nodes.

Each personality can have iput ports (for example, a data sink personality),
output ports (for example, a data source personality), both input ports and output ports
(for example, a data transformation personality) or no ports at all (for example, a lookup

table personality). The new node generated by receiving a selection of a personality for a
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data set object reflects the transformational logic and the ports of the selected personality.
In some implementations, the data set object identifies a location of a data source. The
data set object may include a parameter that identifies the location of the data source. In
some 1implementations, the parameter 1dentifies the location of the data source using
dynamic parameters that include values determined during the execution of the dataflow
oraph. The data set objects that access data sources can 1dentify the format of the data
and whether data 1s compressed or encrypted.

The generated node can be incorporated into the dataflow graph by connecting the
generated node to at Ieast one node in the dataflow graph using a link. In some
implementations, the generated node provides data from the data source to the dataflow
graph or stores data from the dataflow graph into the data store.

FIG. 2A shows a flowchart of an exemplary process 200 that can be implemented
by a system for managing data set objects. For convenience the process will be described
in relation to a system performing the process.

The process 200 accesses 202 data structures corresponding to a dataflow graph.
The data structures include nodes and links connecting the nodes where the links
represent a flow of data between the nodes.

The process 200 provides 204 a catalog of data set objects. As described above,
the catalog can contain one or more data sct objects.

The process 200 receives 206 a selection of data set objects from the catalog. For
example, a user can select a data set object from the data catalog by dragging the data set
object from the catalog onto a canvas. As discussed above, the data set object includes
multiple personalitics, cach personality includes transformational logic and at least one
input port and/or at least one output port.

The process 200 receives 208 a selection of a personality for the data set object.
As discussed above, a user can select a personality of the selected data set object, for
example, by selecting a value on a radio button or a drop down menu.

The process 200 generates 210 a node 1n the datatflow graph. The generated node
includes the transformational logic and any input and output ports of the selected

personality.
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The process 200 connects 212 the generated node to at least one node 1n the
dataflow.

FIG. 2B shows a flowchart of an exemplary process 230 that can be implemented
by a system for managing data set objects. For convenience the process will be described
in relation to a system performing the process.

The process 230 accesses (232) a plurality of dataflow graphs. As discussed
above, cach dataflow graph includes nodes and links connecting the nodes. The nodes
include transformational logic and the links represent a flow of data between the nodes.

The process 230 1dentifies 234 a plurality of nodes that access the same data store.
Each of the nodes includes parameters and transformational logic.

The process 230 generates 236 a data set object. To generate the data set object
the process 1dentifies 238 a plurality of personalities based on the transformational logic
of the plurality of nodes. The process 230 also 1dentifies 240 parameters based on the
parameters associated with the nodes. The process 230 stores 242 the generated data set
object 1n a data catalog.

FIG. 3 illustrates an example user intertace 300 of a development environment,
for example, the development environment 118 of FIG. 1. The user mterface 300
includes a catalog 302 of data set objects that includes multiple data set objects 304a-c.
The user interface 300 also includes a canvas 306 1n which a user can create or modify a
dataflow graph. The canvas displays representations of the nodes included 1n the
dataflow graph. In this example, the dataflow graph includes a first data source 310, a
second data source 312, a first component node 314, a second component node 316, a
data sink 320, and a lookup table 308. The flow of data through the dataflow graph 1s
defined by the links. For example the first data source 310 includes an output port 322,
which 1s connected to the mput port 324 of the component node 314 by a link 326.

A user (not shown) drags a data sct object (e.g., data set object 304b) from the
catalog 302 to the canvas 306 to generate a new node 318. The user selects a personality
for the new node 318, for example, by sclecting a personality using radio buttons on a
properties mterface element 332. Once a personality 18 selected the new node 318 will

present the input ports, output ports, and/or transformational logic associated with the
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personality. As discussed below, the new object may also include parameters, which may
be set by the user.

FIG. 4 1llustrates exemplary personalities associated with a data set object. A data
set object 400 can be associated with one or more parameters 414. For example, the data
set object 400 can be associated with parameters with values that define a label, a file
name, a record format, a database table name, or any other information. In some
implementations, the parameter values can be dynamically determined at run time.

The data set object 400 can include multiple personalities, each personality with
its own characteristics including 1its own mput ports, output ports, and/or transformational
logic. For example, the data set object can include a data source personality 404 that
rcads data from a file, database table, or other data structure and provides it to the
dataflow graph. The data set object 400 can also include a data sink personality 410,
which accepts a flow of data records on an input port and stores them in a data store, for
cxample, a database table, a file, or some other data store. The data set object 400 can
include a parallel data source personality 402, which reads data from multiple parallel
data structures and provides them to the dataflow graph. Similarly the data set object 400
can 1include a parallel data sink personality 412 that divided a stream of data records into
multiple data stores.

The data set object 400 can include a lookup table personality 418. In general, a
lookup table includes no 1mnput ports or output ports. The lookup table personality reads
the data source into memory for rapid data lookups in other nodes.

The data set object 400 can include one or more component personalities, for
example, the personality 406. In general, a component personality may include at least
on¢ 1nput port and at least one output port and performs an operation on a datatlow. For
example, a component may filter the dataflow to identify data records having particular
values.

In some implementations, parameters can be associated with a data set object
personality. For example, the parallel data sink personality 412 1s associated with
parameters 416 that define the names of the files to which the datatlow 1s to be

partitioned.

- 10-
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In some scenarios, the data set object can include multiple data sinks and sources.
For example, a data set object can include a first data sink personality that writes data to a
database table, a second data sink personality that writes data to a flat file, and a third
data sink personality that writes data to a remote server using the file transfer protocol
(FTP). Similarly, a data set object can include a first data source personality that reads
data from a database table, a second data source personality that reads data from a flat
file, and a third data source personality that accesses data on a remote server using FTP.
In some implementations, other protocols and data access methods can be used (e.g., the
Hyper Text Transport Protocol (HTTP) and Extensible Markup Language (XML)
documents). In some implementations, all data source personalities for a data set object
produce 1dentical outputs and all data sink personalities for a data set object accept
identical inputs. Therefore, which data source personality or data sink personality 1S
included 1n a dataflow graph may be transparent to the other nodes 1n the datatflow graph.

As discussed above, in some implementations, a data set personality can be
associated with transformational logic implemented as a dataflow graph that performs
transformations on data. For example, a data source personality of a data set object may
read an XML file and transform the hierarchical XML data into a series of sequential
records for processing. Similarly, a data sink personality of a data set object may accept
a serics of sequential records and transform the records into hierarchical XML data to be
stored in an XML file.

Other personalities that may be associated with a data set object include
personalities that refresh data from a data source and personalities that update records 1n a
data source.

FIG. 5 illustrates relationships between dataflow graphs and the data set objects 1n
a catalog. When a data set object from the catalog 1s used to generate a node 1 a
dataflow graph the relationship between the component and the data set object 1s
maintained. In this example, data set object 504 was used to generate node 508a 1n
dataflow graph 506a. Similarly the same data set object 504 was used to generate nodes
508b-¢ 1n dataflow graphs 505b-¢.

Represented by line 510a, the catalog 502 maintains the relationship between the
data set object 504 and the node 508a. As represented by lines 510b-¢, the relationships
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between the data set object 504 and the nodes 508b-¢ are similarly maintained, as
represented by lines 510b-¢. In some implementations, the nodes 508a-¢ maintain the
identity of the data set object 504 that was used to generate the node.

In some 1implementations, the dataflow graphs 506a-¢ implements the nodes 508a-
¢ by referring to the data set object 504. In this implementation, changes made to the
personalities of the data set object 504 are automatically reflected in the executing
dataflow graphs 506a-¢.

A user of a development environment, for example the development environment
118 of FIG. 1, can use the maintained relationships to analyze dependencies between
dataflow graphs. For example, the user can identify each of the dataflow graphs 506a-¢
that will be affected by changes to the data set object 504 or a data source 1dentified by
the data set object. The 1dentified dataflow graphs can be modified as necessary to
accommodate the changes.

FI1G. 6 illustrates associating existing nodes with a data set object 1in a catalog. In
some scenarlos, a user may have generated nodes (¢.g., a data source, a data sink, or a
lookup table) that accesses a data store without using a data set object from the catalog.
This may occur because an appropriate data set object did not exist at the time of the
creation of the dataflow graph, or stmply because the developer neglected to use one
provided. Referring to FIG. 1, the development environment 118 in conjunction with the
data storage system 116 and, potentially, the execution environment 104 can 1dentify
these nodes and associate them with an appropriate data set object, as described below.

Referring again to FIG. 6, a data sink 612 1s a sink for a data store 618, and
includes transformational logic for accessing the data store 618. The development
environment determines that a data set object 620 1n the catalog includes a data sink
personality (not shown) that 1s also a sink for the data store 618. Represented by arrow
624, the data sink 612 1s associated with the data set object 620. In some
implementations, the transformational logic in the data sink 612 1s replaced with
transformational logic in the data sink personality of the data set object 620. In other
implementations, the transformational logic 1s not replaced. In some scenarios, the data
sink 612 may be added to the data set object 620 as a distinct personality (for example, 1f
the data set object 620 does not include a data sink personality).
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In another scenario, a data sink 614 1s a sink for the data store 626, and includes
transformational logic for accessing the data store 626. The development environment
determines that no data set object exists 1n the catalog 622 that corresponds to the data
sink 614. Consequently, the development environment creates a new data set object 630
with a data sink personality (not shown) based on the data sink 614. The new data set
object 630 1s added to the catalog 622. The new data set object 630 1s associated with the
data sink 614.

In some 1mplementations, the development environment can associate a node
(data source, data sink, lookup table, or other component) based on the value of the
parameters of the node. For example, if the parameters and the parameter values of the
data set object match the parameters and the parameter values of the node, then the node
can be associated with the data set object. In some implementations, nodes and data set
objects may be associated even if the parameters and parameter values are not an exact
match. For example, some parameters may be deemed required parameters (¢.g., both the
parameter and the value of the parameter must match before a node and the dataset object
can be associated). Other parameters may be deemed optional parameters that do not
have to be present or match the parameter value of the data set object for the node to be
assoclated with the dataset object.

As discussed above, some parameters can have values that are not determined
until the graph 1s executed. In this scenario, the system can track the values of the
parameters for the nodes of the datatlow graph during execution. The parameters and
their values determined during execution can be compared to the parameters and their
values of the data set object, as discussed above.

Referring to FIG. 7, in some implementations, parameters and their values
determined during execution are compared to the parameters and their values of other
nodes associated with data set objects during execution. For example, a data catalog 702
includes a data set object 704 with a parameter 706 "FileName" with a value "$inputfile”,
where "$inputfile” indicates that the parameter 706 1s a dynamic parameter whose value
1s determined during execution. As represented by the connecting line 708, the data set
object 704 1s associated with a data source 710, which was previously generated as a data

source personality of the data set object 704. During execution, the value of the
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parameter 712 "FileName" 1s determined to be "X:\Input 20101001.dat." A data sink
714 not associated with the data set object 704 includes a parameter 716 "FileName" with
a value of "X:\Input 20101001.dat." Based on the matching parameters 706 and 716,
and the value of parameter 716 matching with the value of another parameter 712 already
assoclated with the data set object 704, the data sink 714 1s determined to be associated
with the data set object 704, as a data sink personality of the data set object 704.
Generally, matching a node (data source, data sink, or lookup table) to a data set object
may require matching multiple parameters and their values. For example, associating a
node to a data set object may require matching parameters identifying a location of a data
store and a record format.

The data set object approach described above can be implemented using software
for execution on a computer. For instance, the software forms procedures 1n one or more
computer programs that execute on one or more programmed or programmable computer
systems (which may be of various architectures such as distributed, client/server, or grid)
cach including at least one processor, at Ieast one data storage system (including volatile
and non-volatile memory and/or storage clements), at Ieast 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 design and
configuration of dataflow graphs. The nodes and elements of the graph can be
implemented as data structures stored 1n a computer readable medium or other organized
data conforming to a data model stored 1n a data repository.

The software may be provided on a storage medium, such as a CD-ROM,
readable by a general or special purpose programmable computer, or delivered (encoded
in a propagated signal) over a communication medium of a network to the computer
where 1t 1s executed. All of the functions may be performed on a special purpose
computer, or using special-purpose hardware, such as coprocessors. The software may
be implemented 1n a distributed manner in which different parts of the computation
specified by the software are performed by different computers. Each such computer
program 1s preferably stored on or downloaded to a storage media or device (e.g., solid
statc memory or media, or magnetic or optical media) readable by a general or special

purpose programmable computer, for configuring and operating the computer when the
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storage media or device 1s read by the computer system to perform the procedures
described herein. The inventive system may also be considered to be implemented as a
computer-readable storage medium, configured with a computer program, where the
storage medium so configured causes a computer system to operate 1n a specific and
predefined manner to perform the functions described herein.

A number of 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 independent, and thus can be performed 1n an order different from that described.
It 15 to be understood that the foregoing description 1s intended to 1llustrate and not to
l[imit the scope of the invention, which 1s defined by the scope of the appended claims.
For example, a number of the function steps described above may be performed 1n a

different order without substantially affecting overall processing. Other embodiments are

within the scope of the following claims.
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What 1s claimed 1s:

1. A method for managing data set objects for graph-based data processing,

the method including:

storing a group of one or more data set objects 1n a data storage system, the data

set objects each representing a respective data set; and

generating an association between at least a first data set object in the group and
at least a first node of a dataflow graph for processing data in a data
processing system, the first node representing a source or sink of data in a
flow of data represented by a link 1n the datatflow graph, and the first data
set object including a plurality of modes in which different

transformational logic 1s applied to data processed by the first node.

2. The method of claim 1, wherein generating the association between the

assoclated data set object and the associated node includes:

accessing data structures corresponding to the datatflow graph, the datatlow graph
including a plurality of nodes, including the first node, and links

connecting the nodes, the links representing flows of data between the

nodes;

receiving a selection of the first data set object from the group based on user
input, the first data set object including a plurality of modes, cach mode
including transformational logic and at least one of an input port or an

output port;
recerving a selection of a mode for the first data set object based on user input;

generating the first node 1n the dataflow graph after receiving the selected mode,
the first node including the transformational logic, any input ports, and

any output ports of the selected mode; and

connecting the first node to at Ieast one node 1n the dataflow graph using a link.
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3. The method of claim 2, wherein the first data set object further includes at

[cast one parameter and the first node further includes a value for the parameter.

4. The method of claim 2, wherein the transformational logic of a first mode
of the plurality of modes includes transformational logic that reads data records from a

data store.

5. The method of claim 4, wherein the transformational logic of a second
mode of the plurality of modes includes transformation logic that writes data records to

the data store.

6. The method of claim 2, wherein the first node includes information that

identifies the first data set object.

7. The method of claim 1, further including:

recerving a selection of the first data set object from the group based on user

input; and

identifying a plurality of dataflow graphs, each of the dataflow graphs including a
node that 1dentifies the first data set object.

8. The method of claim 1, wherein each mode of the data set object 18
represented by a distinct dataflow graph including nodes and links connecting the nodes,

the links representing flows of data between the nodes.

9. The method of claim 1, wherein generating the association between the

assoclated data set object and the associated node includes:
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accessing data structures corresponding to a plurality of datatlow graphs,
including the dataflow graph that includes the first node, cach dataflow
graph including a plurality of nodes and links connecting the nodes, the
nodes including transformational logic and the links representing flows of

data between the nodes;

identifymg a plurality of nodes of the plurality of datatflow graphs that access the
same data store, at least one 1dentified node including one or more

parameters,
generating a data set object including:

identifying a plurality of modes for the generated data set object based on

the transformational logic of the identified nodes, and

identifying parameters for the generated data object based on parameters

associated with the identified nodes; and

storing the generated data set object in the group.

10.  The method of claim 9, further including:

updating each of the plurality of nodes to access the data store based on

information that identifies the generated data set object.

11.  The method of claim 9, wherein 1identifying a plurality of nodes of the
plurality of datatflow graphs that access the same data store includes:

executing cach of the plurality of datatlow graphs;

recording parameter values assigned to parameters of the nodes of the plurality of
dataflow graphs during the execution of the datatlow graphs; and

identifying the plurality of nodes based on the recorded parameter values.

12. A computer-readable storage medium storing a computer program for
managing data set objects for graph-based data processing, the computer program

including instructions for causing a computing system to:
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store a group of one or more data set objects 1n a data storage system, the data set

objects each representing a respective data set; and

generate an association between at least a first data set object in the group and at
lcast a first node of a dataflow graph for processing data in a data
processing system, the first node representing a source or sink of data in a

flow of data represented by a link 1n the datatflow graph, and the first data
set object including a plurality of modes in which different

transformational logic 1s applied to data processed by the first node.

13. A computing system for managing data set objects for graph-based data

processing, the computing system including:

a data storage system storing a group of on¢ or more data sct objects, the data set

objects cach representing a respective data set; and

at least one processor coupled to the data storage system configured to generate

an assoclation between at least a first data set object in the group and at
lcast a first node of a dataflow graph for processing data in a data
processing system, the first node representing a source or sink of data in a
flow of data represented by a link 1n the dataflow graph, and the first data
set object including a plurality of modes in which different

transformational logic 1s applied to data processed by the first node.

14. A computing system for managing data set objects for graph-based data

processing, the computing system including:

means for storing a group of on¢ or more data sct objects, the data set objects cach

representing a respective data set; and
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means for generating an association between at least a first data set object 1n the
ogroup and at least a first node of a datatflow graph for processing data in a
data processing system, the first node representing a source or sink of data
in a flow of data represented by a link in the dataflow graph, and the first
data set object including a plurality of modes in which different

transformational logic 1s applied to data processed by the first node.
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