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ES OF A DATASET WITHIN A DATA
MANAGEMENT SYSTEM

} BACKGROUND

This description relates to mapping instances of a dataset within a data
‘management system. '

A modern data managcrﬁcnt system may include a multitude of elements
re‘p'rcsenting different aspects of the system. Systems of lesser complexity often allow
data to be viewed directly without additional processing for thc purpose of accurate
'visualizaﬁon Systcnis'of greater complexity may require additional mechanisms for the

.data to be mcanmgfully v1ewcd A complex data managcmcnt gystem made up of many
“elements may store data in many different forms and process data in many different
ways. These forms of storage and processing many relate to egch other in ways that are

not apparent without a way to analyze the relationships.

'SUMMARY.

In a general.aspect, a method for mapping data stored in a data storage system for
use bya compﬁtcr system includes proccssing speciﬁcationé of dataflow graphs that
include nodes. rcprcsenhng computations interconnected by links representing flows of
data, with at least one of the dataflow graphs receiving a flow of data from at least one
input dataset and at least one of the dataflow graphs providing a flow of data to at least
.one output dataset; identifying one or more sets of datasets, where gach dataset in a given
set matches oné or more criteria for identifying dlffcrent versions of a single dataset;
: prowdmg a user interface to receive a mapping betwecn at least two datasets in a glvcn
set; and storing the mapping received over the user interface in association with 2

dataflow graph that provides data to or receives data from the datasets of the mapping.
In one aspect, each version of the single data set represents data received or provided

by a different one of the data flow graphs.

In anothcr general aspect a system for mapping data stored in a data storage

system mcludes a data storage systcm stormg specifications of dataﬂow graphs that
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include nodes fcpresehting computations interconnected by links representing flows of

. data, with at least one of the dataflow graphs receiving a flow of data from at least one

" .input dataset and at least one of the dataflow graphs providing a flow of data to at least

_ one output dataset; a mapper that identifies one or more sets of datasets associated with
the:dataﬂow graphs, where each dataset in a given set matches one or more criteria for
identifying different versions of a single dataset; a user interface that receives a mapping
between at least two datasets in a given set, and stores the mapping in the data storage

. system in association with a dataflow graph that provides data to or receives data from

" the datasets of the mapping. |

In another general aspect, a system for mapping data stored in a data storage

sys,fem includes: means for processing specifications of dataflow graphs that inclu_de
nodes representing computations interconnected by links representing flows of data, with
at least one of the dataflow graphs receiving a flow of data from at least one input dataset

. and at least one of the dataflow graphs providing a flow of data to at least one output

" -dataset; means for identifying one or more sets of datasets, where each dataset in a given

~ set matches one or more criteria for identifying different versions of a single dataset,
mejans for providing a user interface to receive a mapping between at least two datasets in
a given set; and means for storing the mapping received over the user interface in
‘association with a dataflow graph that provides data to or receives data from the datasets

of the mapping. In one aspect, each version of the single data set represents data received

*-or provided by a different one of the data flow graphs.
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In another general aspect, a computer program for mapping data stored in a
data storage system is stored on a computer-readable medium, and includes instructions for
causing a computer to process specifications of dataflow graphs that include nodes
representing computations interconnected by links representing flows of data, with at least one
of the dataflow graphs receiving a flow of data from at least one input dataset and at least one
of the dataflow graphs providing a flow of data to at least one output dataset; identify one or
more sets of datasets, where each dataset in a given set matches one or more criteria for
identifying versions of a single dataset; provide a user interface to receive a mapping between
at least two datasets in a given set; and store the mapping received over the user interface in
association with a dataflow graph that provides data to or receives data from the datasets of

the mapping.

In another general aspect, there is provided a computer-readable medium
storing a computer program for mapping data stored in a data storage system, the computer
program including instructions for causing a computer to: process specifications of dataflow
graphs that include nodes representing computations interconnected by links representing
flows of data, with at least one of the dataflow graphs receiving a flow of data from at least
one input dataset and at least one of the dataflow graphs providing a flow of data to at least
one output dataset; identify one or more sets of datasets, where each dataset in a given set
matches one or more criteria for identifying different versions of a single dataset, each version
of the single dataset representing data received or provided by a different one of the dataflow
graphs; provide a user interface to receive a mapping between at least two datasets in a given
set; and store the mapping received over the user interface in association with a dataflow

graph that provides data to or receives data from the datasets of the mapping.

-2a -
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Aspects can include one or more of the following features.

The set is presented over the user interface.

A list of possible mappings ordered according to a quantification of a match to the
one or more criteria is presented over the user interface.

The list of possible mappings includes candidates that are more likely to be an’
instance of a given dataset ordered higher in the list.

One of the criteria is built into a mapper that identifes the one or more sets of
datasets. _

One of the criteria is received from the user interface.

At least one of the possible mappings indicates a component of a dataflow graph
that represents a dataset, and at least one of the possible mappings indicates a component
of a dataflow graph that does not represent a dataset.

A sub-graph of a dataflow graph including multiple components represents a
dataset. V

The sub-graph includes a data component.

The sub-graph includes an executable component.

Identifying one or more sets of datasets includes using heuristics for determining
if a dataset in a given set has one or more characteristics in common with another dataset.

The characteristics include the quantity of bytes and records in a representation of
the dataset.

The characteristics include the name of a representation of the dataset.

The characteristics include the date of creation of a representation of the dataset.

The characteristics include the data format of a representation of the dataset.

At least one of the datasets of the mapping belongs to a group of datasets known
to a data management system.

A format mapping is provided between datasets in a given set.

The mapping includes an identifier that points to a record in the data management
system that keeps track of the dataset. |

| The mapping is updated based on a change in a dataset.

Some embodiments of the invention can include one or more of the following advantages.

-3-
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By identifying sets of datasets according to version identification criteria, a match
between two instances of a dataset can be made more efficiently than purely manual
operation. Further, by providing a user interface to receive a mapping between at least
two datasets, the mapping will be more accurate than if the system was purely automatic.

In one aspect, therc is provided a method, including:

receiving a specification of a first data processing program that receives data from
at least one input dataset and outputs data to at least one output dataset;

receiving a specification of a second data processing program that receives data
from at least one input dataset and outputs data to at least one output dataset;

identifying a first dataset candidate, the first dataset candidate matching one or
more criteria for identifying different versions of a first dataset, a representation of the
first dataset candidate associated with the first data processing program;

identifying a second dataset candidate, the second dataset candidate matching one
or more criteria for identifying different versions of the first dataset, a representation of
the second dataset candidate associated with the second data processing program;

providing a user interface to receive an indication that the first dataset candidate
and the second dataset candidate both represent the same dataset; and

storing the indication received at the user interface in association with a data
processing program that provides data to or receives data from the first dataset candidate
or the second dataset candidate.

In one aspect, there is provided a system for mapping data stored in a data storage
system, the system including

a memory for storing instructions;

a processor for executing the stored instructions; and

a data storage system storing a specification of a first data processing program
that receives data from at least one input dataset and outputs data to at least one output
dataset and storing a specification of a second data processing program that receives data
from at least one input dataset and outputs data to at least one output dataset;

the instructions including

identifying a first dataset candidate, the first dataset candidate matching
one or more criteria for identifying different versions of a first dataset, a

representation of the first dataset candidate associated with the first data

4
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processing program, identifying a second dataset candidate, the second dataset

candidate matching one or more criteria for identifying different versions of the

first dataset, a representation of the second dataset candidate associated with the
second data processing program, and

receiving, at a user interface, an indication that the first dataset candidate and the
second dataset candidate both represent the same dataset, and stores the indication
received at the user interface in association with a data processing program that provides
data to or receives data from the first dataset candidate or the second dataset candidate.

In one aspect, there is provided a system, including:

a data storage system including at least one data storage device, the data storage
system storing a specification of a first data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset and storing a
specification of a second data processing program that receives data from at feast one
input dataset and outputs data to at least one output dataset;

means for

identifying a first dataset candidate, the first dataset candidate matching

one or more criteria for identifying different versions of a first dataset, a

representation of the first dataset candidate associated with the first data

processing program, and
identifying a second dataset candidate, the second dataset candidate
matching one or more criteria for identifying different versions of the first dataset,

a representation of the second dataset candidate associated with the second data

processing program;

means for providing a user interface to receive an indication that the first dataset
candidate and the second dataset candidate both represent the same dataset; and

means for storing the indication received at the user interface in association with a
data processing program that provides data to or receives data from the first dataset
candidate or the second dataset candidate.

In one aspect, there is provided a computer-readable storage device embodying
computer-readable code for mapping data stored in a data storage system, the computer-

readable code including instructions for causing a computer to:

-4a -



receive a specification of a first data processing program that receives data from
at least one input dataset and outputs data to at least one output dataset;

receive a specification of a second data processing program that receives data
from at least one input dataset and outputs data to at least one output dataset;

identify a first datasct candidate, the first dataset candidate matching one or more
criteria for identifying different versions of a first dataset, a representation of the first
dataset candidate associated with the first data processing program;

identify a second dataset candidate, the second dataset candidate matching one or
more criteria for identifying different versions of the first dataset, a representation of the
second dataset candidate associated with the second data processing program;

provide a user interface to receive an indication that the first dataset candidate and
the second dataset candidate both represent the same dataset; and

store the indication received at the user interface in association with a data
processing program that provides data to or receives data from the first dataset candidate
or the second dataset candidate.

In another aspect, there is provided a method, including:

receiving a specification of a first data processing program that receives data from
at least one input dataset and outputs data to at least one output dataset;

receiving a specification of a second data processing program that receives data
from at least one input dataset and outputs data to at least one output dataset;

identifying a first dataset candidate, the first dataset candidate matching one or
more criteria for identifying different versions of a first dataset, a representation of the
first dataset candidate associated with the first data processing program;

identifying a second dataset candidate, the second dataset candidate matching one
or more criteria for identifying different versions of the first dataset, a represcntation of

the second dataset candidate associated with the second data processing program;

receiving, at the user interface, an indication that the first dataset candidate and
the second dataset candidate both represent the same dataset; and

storing the indication received at the user interface in association with a data
processing program that provides data to or receives data from the first dataset candidate

or the second dataset candidate.

-4b-
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In another aspect, there is provided a computer-readable storage device
embodying computer-readable code for mapping data stored in a data storage system, the
computer-readable code including instructions for causing a computer to:

receive a specification of a first data processing program that receives data from
at least one input dataset and outputs data to at least one output dataset;

receive a specification of a second data processing program that receives data
from at least one input dataset and outputs data to at least one output dataset;

identify a first dataset candidate, the first dataset candidate matching one or more
criteria for identitying different versions of a first dataset, a representation of the first
dataset candidate associated with the first data processing program;

identify a second dataset candidate, the second dataset candidate matching one or
more criteria for identifying different versions of the first dataset, a representation of the
second dataset candidate associated with the second data processing program;

provide a user interface;

receive, at the user interface, an indication that the first dataset candidate and the
second dataset candidate both represent the same dataset; and

store the indication received at the user interface in association with a data
processing program that provides data to or receives data from the first dataset candidate
or the second dataset candidate.

Other features and advantages of some embodiments of the invention will become

apparent from the following description and drawings.

DESCRIPTION OF DRAWINGS
FIG. 1 is a dataflow graph.
FIG. 2 is an overview of a dataset mapper and associated components.
FIGS. 3A-3E are diagrams of different scenarios handled by a dataset mapper.

FIG. 4 is a flowchart of dataset mapper operation.

FIG. 6 is a dataset format mapping.

-4c -
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DESCRIPTION

1 Overview

A data processing element may be in the form of a graph. A graph-based
computation is implemented using a "dataflow graph” that is represented by a directed
graph, with vertices in the graph representing components (either data storage
components corresponding to stored data or computation components corresponding to
executable processes), and the directed links or "edges"” in the graph representing flows
of data between components. A dataflow graph (also called simply a "graph") is a
modular entity. 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 graphic development environment (GDE)
provides a user interface for specifying executable graphs and defining parameters for the
graph components.

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
components 104a-104j of the dataflow graph 101. For example, the dataset 102 can

include data records associated with a database system or transactions associated with a

_4d -
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transaction processing system. Each executable component is associated with a portion
of the computation defined by the overall dataflow graph 101. Work elements (e.g.,
individual data records from the data collection) 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 graph 101, output work elements from components 104e,
104g, and 104;j are stored in output data components 102a — 102c.

A dataset is an object (e.g., stored in an object oriented database) that represents a
particular collection of data. In the context of a system of dataflow graphs, a component
is capable of representing a dataset. In these cases, a graph may interact with the
component representing a dataset (or simply “dataset component”) in one or more ways.
A dataset component includes instructions for accessing the physical data represented by
a given dataset, so a graph can accept input from a dataset using a dataset component,
provide output to a dataset using a dataset component, and process data of a dataset using
a dataset component at an intermediate step. A dataset component can include various
kinds information associated with a given dataset object including an instance of the
dataset object. Such a system could have many dozens, hundreds, or thousands of graphs
and associated dataset components. As the complexity of such a system increases, the
relationships between different graphs and dataset components become more difficult to
manage. More than one dataset component in the system can represent the same data
source and each such dataset component can be associated with a different graph, graph
subset, or executable component.

For example, in one possible scenario, a single dataset may be stored in more than
one location associated with the data management system. In this scenario, two or more
data sources contain similar or identical versions of the same data. Two graphs in the
system might handle this single dataset, but each graph reads from and writes to a
different data file, a different database table, or another type of dataset component.

In a similar scenario, the data (e.g., data files) represented by a given dataset may
be not only storcd in morc than onc location, but also interpreted using diffcrent data

storage formats. As with the above example, two graphs may opcrate on two separate
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data files containing the same data, differing only in format. Each data file may have a
different arrangement of data types, despite containing instances of the same data.

In an alternative scenario, one graph may operate on a data file containing an
instance of the dataset, and another graph may operate on a database table also containing
an instance of the dataset. In such a case, a data file and a database table will generally
have two different data formats.

In another scenario, the data management system may access different versions of
the same dataset each in different ways. One graph may access an instance of the dataset
directly, such as by reading in a data file through a standard file input/output mechanism.
Another graph may retrieve a file by querying an external source, such as a data
repository available via a network. A graph may also access a database table retrieved
through a similar external query, such as a query to a networked database.

The data management system may also make reference to different instances of
the same dataset each in different ways. For example, a graph may be capable of
accessing different data locations according to a parameter. Such a parameter could point
to any number of data locations over time. A graph that operates multiple times may
access different locations on different occasions if the parameter varies between
executions of the graph.

In some scenarios, the representation of a dataset within a graph may not be a
single component, but rather a collection of components, such as a “sub-graph”
component within a graph that is itself implemented as a graph with multiple
components. The collection may include one or more dataset components, and could also
include one or more executable components.

All of these scenarios can potentially pose a problem for visualizing and
analyzing the data handled by the data management system. If a user requires a
consolidated view of the components that interact with a given dataset, various
approaches can be used to reconcile the different instances of the dataset that may exist.

One approach is an automatic mechanism that identifies multiple instances of the
samc datasct and creates linkages between them. Howcever, some automatic mechanisms
have drawbacks, such as the following three drawbacks. First, the mechanism may

require that each instance of a dataset be stored in particular manner, such as under a
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unified naming scheme and directory structure. This provides the mechanism with a way
to identify and locate each one in the storage system associated with the data
management system. However, this arrangement limits the flexibility of the data
management system and may be too restrictive for some uses of the system.

Second, under several scenarios of operation, the mechanism may not properly
identify instances of the same dataset and form the correct linkages. For example, this is
likely if a dataset is accessed using an externally-referenced entity, and the automatic
mechanism does not have access to that entity. Similarly, this is likely if a component
accesses a dataset according to an independent parameter in a parameter list, and the
mechanism does not have a way to access or interpret the parameter list. Further, this is
likely if a dataset is represented by a complex entity made up of one or more dataset
components and executable components, such as a sub-graph. An automatic mechanism
may be unable to discern what particular combination of components represents a
particular dataset.

Third, the mechanism may form redundant or unnecessary linkages between
dataset instances. For example, some of the datasets handled by the data management
system may represent extraneous data, such as the contents of error logs. Any linkages
between instances of these datasets are unnecessary. Further, some of the instances of a
dataset handled by the data management system may be redundant instances, such as
cached data or other temporary copies of data. A linkage that connects to this type of
data quickly becomes obsolete and would be confusing to a user examining the data
management system.

An alternative approach is a system in which a user manually consolidates
instances of the same dataset via a user interface. A user is less likely to miss essential
linkages between instances of a dataset, and is also less likely to create redundant or
unnecessary linkages between instances of a dataset. However, if the data management
system has hundreds or thousands of components, the amount of time needed for the user
to manually create the necessary linkages is prohibitively large.

In a partially-automatcd approach, a datasct mappcer is uscd to provide some
automatic analysis, and to enable some interaction with a user in a way that is not

prohibitive for a user of a large and/or complex system.
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FIG. 2 is a block diagram of one embodiment of an exemplary dataset mapper
100 showing the interrelationship between associated principal elements. A dataset
mapper 100 is capable of analyzing a set of one or more graphs 180, 180a, 180b, 180c.
Each graph is associated with one or more dataset components 182, 182a, 182b, where
each dataset component could correspond to a data file, a database table, a sub-graph, or
another kind of component representing a dataset. The mapper 100 analyzes the graphs
for the purpose of forming linkages between dataset components that contain instances of
the same dataset 186. The mapper 100 processes each dataset component according to a
combination of built-in rules 110, user-defined rules 120, and heuristics 130, to determine
if a dataset component 182 may contain an instance of one of several datasets
representing data sources 176, 176a, 176b known to a data management system 170. The
mapper 100 passes this information to a user interface 160, which allows a user 162 to
select the proper dataset, if any, that corresponds to the dataset component 182. For
example, the user interface 160 presents a list of possible candidate mappings based on a
match to one or more criteria for identifying different versions or instances of a single
dataset. Examples of such criteria, including criteria based on built-in rules, user-defined
rules, and heuristics, are described in more detail below. The list can be ordered
according to quantification of the match to the one or more criteria (e.g., candidates that
are more likely to be an instance of a given dataset are ordered higher in the list). The
mapper 100 then generates a dataset linkage mapping 140 that indicates that the dataset
component 182 contains an instance of the dataset representing a data source 176.

Further, the dataset component 182 can have a data format 184 that differs from
the format 174 of a corresponding linked data source 176. Depending on the
requirements of the data management system 170, the user may choose to establish a
single data format for all instances of the dataset. The system stores a format 174, 174a,
174b for each data source 176, 176a, 176b. Alternatively, the user can choose to create
an optional mapping 142 between the format 184 of the dataset component 182 and the
established format 174 of the corresponding data source 176. The optional data format
mapping 142 allows the systcm 170 to rctain information about the data types for cach

instance of the dataset.
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The mapper 100 also enables a user to indicate a linkage between an executable
component and a single dataset component, which may have no other linkages to it. For
example, a dataset component may correspond to a source dataset with only one reader or
a target dataset with only one writer. If the dataset object already exists in the system and
has other relevant metadata, such as the correct record format, documentation, data
profiles, etc., the linkage enables the dataset component to be mapped to the correct

dataset.

2 Mapping Process

The mapper 100 is capable of handling common scenarios that arise in complex
data management system. In a first scenario, shown in FIG. 3A, one graph 210 provides
a dataset component 212 as output, and another graph 220 accepts a different dataset
component 222 as input. Each dataset component contains an instance of the same
dataset 216. This dataset may be the same as a dataset representing a data source 176
known to the data management system. Further, the first dataset component 212 has a
data format 214 that may be the same as the format belonging to the second dataset
component 222, or, alternatively, the second component may have a different format 224.
The mapper 100 is capable of identifying the second dataset component 222 as being an
instancc of the datasct 216 represented by the first datasct component 212 and creating an
appropriate linkage mapping 140.

In a second scenario, shown in FIG. 3B, a graph 230 is associated with an external
dataset component 232 using an external reference 238 to an external source 239. The
external dataset component 232 has a data format 234 and is an instance of a dataset 236.
As in the first scenario, the dataset 236 represented by the external dataset component
may be a dataset representing a data source 176 known to the data management system
170. The mapper 100 is capable of identifying this external dataset component 232 as
being an instance of another dataset and creating an appropriate linkage mapping 140.

In a third scenario, shown in FIG. 3C, a graph 240 is associated with a dataset
component 242 using a parameter 248 in a parameter list 247. The referenced dataset
component 242 has a data format 244 and is an instance of a dataset 246. As in the first

and second scenarios, the dataset 246 represented by the referenced dataset component
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may be a dataset representing a data source 176 known to the data management system
170. The mapper 100 is capable of identifying this referenced dataset component 242 as
being an instance of another dataset and creating an appropriate linkage mapping 140.

In a fourth scenario, shown in FIG. 3D, a graph 250 is associated with an external
component 251 using an external reference 258 to an external source 259. The external
component 251 is not a dataset component, but rather another kind of component, such as
an executable component. The mapper 100 is capable of identifying this external
component 251 as inapplicable to the dataset linkage mapping process.

In a fifth scenario, shown in FIG. 3E, a graph 260 is associated with a sub-graph
component 263, itself made up of several components. These components include at
least one dataset component 262, and, in this example, one or more executable
components 261a, 261b, 261¢c. Under this scenario, the sub-graph 263 as a single entity
represents at least one dataset. Other exemplary sub-graphs may include multiple dataset
components, and any number of executable components, including zero. Further, this
sub-graph 263 has multiple outputs 265a, 265b. Each output is capable of providing a
different instance of a dataset to the component that receives the output. Another
exemplary sub-graph could also have any number of inputs. A further exemplary sub-
graph may have no inputs or outputs that correspond to a respective dataset. For cases
where the sub-graph does represent at least one dataset, the mapper 100 is capable of
identifying the sub-graph 263 as being an instance of at least one dataset and creating at
least one appropriate linkage mapping 140.

An example of a sequence of operation of the mapper is shown in FIG. 4. In step
302, the mapper first identifies, of the elements associated with a graph, which elements
represent datasets. Generally, a graph will have one or more inputs and outputs, and each
input and each output could be an instance of a dataset. Each graph may also handle an
instance of a dataset at some intermediate step. As a result, each graph can be connected
to multiple components that are capable of being dataset candidates. In some cases, the
data management system has information about the characteristics of some of the
componcents, including information about whether or not the component represents a
dataset. In those cases, the mapper adds the potential dataset components to a table of

dataset candidates in step 304. In some cases, a component could be a sub-graph made
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up of multiple components, including dataset components and executable components. A
sub-graph could represent at least one instance of a dataset. Accordingly, the mapper
compiles a list of all such sub-graphs and adds them to the table of dataset candidates as
part of step 304. In other cases, the nature of the component may not be available to the
data management system. The component could be accessed through a reference to an
external entity, where the reference may be a query to a database table, a Uniform
Resource Locator pointing to an Internet server, a parameter in a parameter list, or
another type of reference. In these cases, the mapper generally has no means by which it
can independently access the entity pointed to by the reference. Accordingly, the mapper
compiles a list of all such references and adds them to the table of dataset candidates as
part of step 304.

Next, in step 306, for a given dataset candidate, the mapper generates a list of
known datasets that the dataset candidate could map to. The mapper uses a combination
of user-defined rules, built-in rules, and heuristics to evaluate which known datasets
could map to a dataset candidate.

Next, in step 308, the user then selects the known dataset that corresponds to the
dataset candidate. The user may also access a full list of all known datasets, if none of
the suggested known datasets is the correct match. In addition, the user can indicate that
the dataset candidate is not a dataset. For example, a reference to a remote server could
be a call to a remote executable procedure, which is not a data entity. As another
example, the dataset candidate may represent data, but it may be data of a kind not
pertinent to the data management system, such as an error log. In this case, the user may
indicate to the user interface that this data is to be ignored in the mapping process.

Next, in step 310, the user identifies the data format of the newly-mapped dataset.
The system may have a set of data format templates, one of which can be selected.
Alternatively, the user can create a new data format in the user interface.

Next, in step 312 the mapper uses this information to generate a linkage mapping
for the dataset candidate, and, optionally, a format mapping.

Next, the mapper offcrs the next datasct candidate to the uscr for linkage
gencration in another iteration of steps 308, 310, and 312, unless the mapper has

processed all dataset candidates.
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Next, in step 314, the user views the components associated with the data
management system, to ensure that a visualization of the associations between graphs and
dataset components is accurate based on the new linkages between components. In step
316, the user has the option of making any adjustments to the linkage and format
mapping.

Finally, in step 318, the mapper delivers the linkage and format mapping to the
data management system. The mappings can be stored alongside one or more graphs, or
in a separate storage entity associated with the data management system, or by another

mecans.

3 Dataset Mapping Maintenance

The mapper 100 is capable of handling multiple scenarios that may arise that
affect the integrity of the dataset linkages.

The first scenario includes identifying new dataset candidates when new
components are added to the data management system 170. Under this scenario, the
mapper 100 analyzes each component and presents possible linkages to the user. The
mapper 100 is capable of operating on any new components to generate the appropriate
linkages as needed.

The sccond scenario includes maintaining the cxisting linkages as the data
management system 170 changes over time. For example, new instances of a dataset
may have come into existence over the course of the normal operation of the graphs
associated with the system. As another example, a dataset may have changed its identity,
such as its name or location in the system. As a further example, a dataset may have been
deleted entirely. As another further example, a dataset candidate may have been
overlooked in a previous round of linkage creation, and so the collection of linkages is
incomplete. The user interface 160 of the mapping system allows a user 162 to modify
the existing linkages to remedy any mappings that are incomplete or outdated.

The third scenario includes automatically updating linkages for dataset references
that invariably follow a known pattern. For example, a graph may handle a dataset that is
referenced in a parameter list 247. Such a parameter list may change over time. If the

parameter list follows a standard format known to the data management system, the
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mapper can identify changes in the parameter list and update the existing linkages

accordingly.

4 Dataset Linkage Mapping

As shown in F1G. 5, a dataset linkage mapping 140 contains a component name
402, a dataset name 404, a dataset type 406, a format 408, a master dataset location 410,
and a flag 412. The component name 402 is the dataset component or sub-graph that
represents this instance of the dataset. The dataset name 404 is an identifier that points to
the dataset represented by this component. The dataset type 406 indicates the category
that this instance of the dataset falls under, for example, a data file, or a database table, or
another type. The format 408 is the format or arrangement that this instance of the
dataset uses to represent its data. The master dataset location 410 is an identifier that
points to the record in the data management system that keeps track of this dataset.
Finally, the flag 412 indicates whether or not this instance of the dataset should be
ignored, for example, if the user has identified this instance of the dataset as not
applicable to the data management system and should be excluded from the set of

linkages.

5 Built-in Rules

The mapper 100 has a set of built-in rules 110 that operate according to standard
conventions of the data management system. The mapper can identify datasets
corresponding to a dataset component with the highest degree of accuracy if the dataset
component follows the built-in rules 110. In one exemplary implementation of a rule,
cxternally-referenced databasc tables containing datasct candidatcs must be placed in
persistent storage under a standardized directory structure used by the data management
system. Further, a graph that accesses an externally-referenced dataset component
according to a parameter must use a parameter that the data management system is also
capable of accessing and resolving. Further, the format of a dataset component must be
available in persistent storage and accessible by the data management system. Other

built-in rules are also possible, depending on the data management system.
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6 User-defined Rules

In addition to the built-in rules that the mapper uses to identify dataset candidates,
thc mapper 100 also has a collcction of optional uscr-defined rules 120. These rules 120
may be enabled or disabled by a user, depending on which are applicable to the user’s
particular data management system. In one exemplary implementation, the mapper has
six user-defined optional rules. The mapper can ignore some of the information in the
name of a database table, if some of the information in the name obscures the identity of
the table, such as information about the a user who defined the table. Further, the mapper
can eliminate this information from the name of a database table. Further, the mapper
can ignore a particular category of data files that are known to contain data that is not
pertinent to the datasets associated with the data management system. Such a category
could be a data file type or data file extension. Further, the mapper can resolve
references to a particular parameter in a parameter list and replace the reference with the
name of the parameter itself. Further, the mapper can eliminate references to a parameter

entirely. The user can also create other rules for the mapper to follow.

7 Heuristics

In addition to following the built-in and user-defined rules to evaluate dataset
candidates, the mapper 100 also uses a set of heuristics 130. The heuristics 130 allow the
mapper to analyze the characteristics of a given dataset component and compare those
characteristics to known datasets. A dataset component with similar characteristics to a
known dataset is likely to be an instance of that dataset. In one exemplary
implementation, the mapper uses two heuristics. One heuristic is the characteristics of
the data of a given dataset component. For example, if the data associated with a dataset
component has the same quantity of bytes and records as does the data associated with a
known dataset, then that dataset component is likely to be an instance of that dataset.
Further, if the dataset component has a name or date of creation similar to that of a
known dataset, then the dataset component is likely to be an instance of that dataset. A
second heuristic is the data format of a dataset component. If a dataset component shares

a data format with a known dataset, then the dataset component is likely to be an instance
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of the dataset. This heuristic is less reliable in situations where multiple distinct datasets

use the same data format.

8 Dataset Formats and Mapping

Each dataset representing a data source has an associated data format that
indicates, for each element in the dataset, what type of data the element represents. For
example, the data format of a database table indicates the data types of each field within a
given record. The data management system 170 retains a single data format 174, 174a,
174b for each dataset representing a data source 176, 176a, 176b.

If the mapper 100 has encountered a dataset component 182 that represents a new
dataset 186, then the mapper 100 creates a corresponding data format to be stored by the
data management system, based on the data format 184 of the dataset component 182.

In some cases where a dataset component 182 represents a known dataset
representing a data source 176, the dataset component 182 has a different data format 184
than the data format 174 of the known dataset representing a data source 176. The data
management system 170 handles the dataset representing a data source 176 as a single
entity, independent of the number of instances of that dataset that may exist.
Consequently, the data management system 170 relies on the mapper 100 to consolidate
the diffcrent formats 174, 184 when these situations arise. In one implementation, the
mapper is capable of addressing each situation in one of four different ways depending on
the requirements of the user and the data management system. The user 162 can choose
any one of the four methods of consolidation for each situation.

Under the first method of consolidation, the mapper 100 uses the data format 184
of the dataset component 182 as the master data format of the dataset and updates the
data management system 170 accordingly.

Under the second method of consolidation, the mapper 100 uses the data format
174 of the existing dataset as the master data format of the dataset and updates the data
management system 170 accordingly.

Under the third method of consolidation, the mapper 100 retains both data
formats, and generates a mapping 142 between the fields of each data format. As shown

in FIG. 6, the dataset format mapping 142 indicates which fields 512a, 512b, 512¢ of the
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datasct format 510 correspond to which ficlds 522a, 522b, 522¢ of the format of the
dataset instance, e.g. the dataset component.
Under the fourth method of consolidation, the mapper generates a new union data

format capable of acting as either data format.

9 General Computer Implementation

The dataset mapping approach described 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 architectures such as distributed,
client/server, or grid) each including 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 design and configuration of dataflow 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.

The software may be provided on a storage medium, such as a CD-ROM,
rcadablc by a gencral or special purposc programmable computcer or delivered (encoded
in a propagated signal) over a communication medium of a network to the computer
where it is 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 in a distributed manner in which different parts of the computation
specified by the software are performed by different computers. Each such computer
program is preferably 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
purpose programmable computer, for configuring and operating 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 considered to be implemented as a

computer-readable storage medium, configured with a computer program, where the
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storage medium so configured causes a computer system to operate in 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
- scope of the invention. For example, some of the steps described above may be
order independent, and thus can be performed in an order different from that described.
1t is to be understood that the foregoing description is intended to illustrate and
not to limit the scape of the invention, which is defined by the scdpe of the appended -
~claims. For example, a number of the function steps described above may be performed
~ in a different order without substantially affecting overall processing. Other

" embodiments are within the scope of the following claims.
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The embodiments of the invention in which an exclusive property or privilege is

claimed are defined as follows:

1. A method, including:

receiving a specification of a first data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset;

receiving a specification of a second data processing program that receives data from
at least one input dataset and outputs data to at least one output dataset;

identifying a first dataset candidate, the first dataset candidate matching one or more
criteria for identifying different versions of a first dataset, a representation of the first dataset
candidate associated with the first data processing program;

identifying a second dataset candidate, the second dataset candidate matching one or
more criteria for identifying different versions of the first dataset, a representation of the
second dataset candidate associated with the second data processing program;

providing a user interface;

receiving, at the user interface, an indication that the first dataset candidate and the
second dataset candidate both represent the same dataset; and

storing the indication received at the user interface in association with a data
processing program that provides data to or receives data from the first dataset candidate or

the second dataset candidate.

2. The method of claim 1, including presenting the first dataset candidate and the

second dataset candidate over the user interface.

3. The method of claim 1 or 2, including presenting over the user interface a list of
possible mappings between datasets, the mappings ordered according to a quantification of a

match to the one or more criteria.

4, The method of claim 3, wherein the list of possible mappings includes candidates

that are more likely to be a version of a given dataset ordered higher in the list.
-18-
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5. The method of claim 3 or 4, wherein one of the criteria is built into a mapper that

identifies the first dataset candidate and the second dataset candidate.

6. The method of any one of claims 3 to 5, wherein one of the criteria is received from

the user interface.

7. The method of any one of claims 3 to 6, wherein at least one of the possible
mappings indicates a component of a dataflow graph that represents one of the dataset
candidates, and at least one of the possible mappings indicates a component of a dataflow

graph that does not represent one of the dataset candidates.

8. The method of claim 7, wherein a sub-graph of a dataflow graph including multiple

components represents one of the dataset candidates.

9. The method of claim 8, wherein the sub-graph includes a data component.

10.  The method of claim 8, wherein the sub-graph includes an executable component.

11.  The method of any one of claims 1 to 10, wherein identifying a first dataset candidate
and a second dataset candidate includes using heuristics for determining if the first dataset

candidate has one or more characteristics in common with the second dataset candidate.

12.  The method of claim 11, wherein the characteristics include the quantity of bytes and

records in a representation of one of the dataset candidates.

13. The method of claim 11 or 12, wherein the characteristics include the name of a

representation of one of the dataset candidates.
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14.  The method of any one of claims 11 to 13, wherein the characteristics include the

date of creation of a representation of one of the dataset candidates.

15.  The method of any one of claims 11 to 14, wherein the characteristics include the

data format of a representation of one of the dataset candidates.

16.  The method of any one of claims 1 to 15, wherein at least one of the first dataset
candidate and the second dataset candidate belongs to a group of datasets known to a data

management system.

17.  The method of any one of claims 1 to 16, further including providing a format

mapping between the first dataset candidate and the second dataset candidate.

18.  The method of any one of claims 1 to 17, further including storing an identifier that
points to a record in the data management system that keeps track of the first dataset

candidate and the second dataset candidate.

19.  The method of any one of claims 1 to 18, further including updating a stored
mapping based on a change in at least one of the first dataset candidate or the second dataset

candidate.

20.  The method of any one of claims 1 to 19, wherein each version of the first dataset is

associated with a different dataflow graph, dataflow graph subset, or executable component.

21.  The method of any one of claims 1 to 19, wherein each version of the first dataset is

stored in a different location associated with a data storage system.

22.  The method of any one of claims 1 to 19, wherein each version of the first dataset is

interpreted using a different data storage format.
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23. The method of any one of claims 1 to 19, wherein each version of the first dataset is

accessed using a parameter that varies between executions of the data processing program.

24.  The method of any one of claims 1 to 23, wherein at least one of the data processing
programs includes a dataflow graph that includes nodes representing computations
interconnected by links representing flows of data, the dataflow graph receiving a flow of
data from the at least one input dataset and providing a flow of data to the at least one output

dataset.

25.  The method of any one of claims 1 to 24, wherein the first data processing program is
a subgraph of a dataflow graph and the second data processing program is a subgraph of the
dataflow graph.

26. A system for mapping data stored in a data storage system, the system including
a memory for storing instructions;
a processor for executing the stored instructions; and
a data storage system storing a specification of a first data processing program that
receives data from at least one input dataset and outputs data to at least one output dataset
and storing a specification of a second data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset;
the instructions including
identifying a first dataset candidate, the first dataset candidate matching one
or more criteria for identifying different versions of a first dataset, a representation of
the first dataset candidate associated with the first data processing program,
identifying a second dataset candidate, the second dataset candidate matching one or
more criteria for identifying different versions of the first dataset, a representation of
the second dataset candidate associated with the second data processing program, and
receiving, at a user interface, an indication that the first dataset candidate and the

second dataset candidate both represent the same dataset, and stores the indication received
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at the user interface in association with a data processing program that provides data to or

receives data from the first dataset candidate or the second dataset candidate.

27.  The system of claim 26, wherein the user interface presents the first dataset candidate

and the second dataset candidate.
28.  The system of claim 26 or 27, wherein the user interface presents a list of possible
mappings between datasets, the mappings ordered according to a quantification of a match to

the one or more criteria.

29.  The system of claim 28, wherein the list of possible mappings includes candidates

that are more likely to be a version of a given dataset ordered higher in the list.

30.  The system of claim 28 or 29, wherein one of the criteria is built into a mapper.

31.  The system of any one of claims 28 to 30, wherein one of the criteria is received by

the user interface.

32.  The system of any one of claims 28 to 31, wherein at least one of the possible
mappings indicates a component of a dataflow graph that represents one of the dataset
candidates, and at least one of the possible mappings indicates a component of a dataflow

graph that does not represent one of the dataset candidates.

33.  The system of claim 32, wherein a sub-graph of a dataflow graph including multiple

components represents one of the dataset candidates.

34.  The system of claim 33, wherein the sub-graph includes a data component.

35.  The system of claim 33, wherein the sub-graph includes an executable component.
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36.  The system of any one of claims 26 to 35, including a mapper that uses heuristics for
determining if the first dataset candidate has one or more characteristics in common with the

second dataset candidate.

37.  The system of claim 36, wherein the characteristics include the quantity of bytes and

records in a representation of one of the dataset candidates.

38. The system of claim 36 or 37, wherein the characteristics include the name of a

representation of one of the dataset candidates.

39.  The system of any one of claims 36 to 38, wherein the characteristics include the date

of creation of a representation of one of the dataset candidates.

40.  The system of any one of claims 36 to 39, wherein the characteristics include the data

format of a representation of one of the dataset candidates.

41.  The system of any one of claims 26 to 40, wherein at least one of the first dataset
candidate and the second dataset candidate datasets of the mapping belongs to a group of

datasets known to a data management system.

42.  The system of any one of claims 26 to 41, including a mapper that generates a format

mapping between the first dataset candidate and the second dataset candidate.

43,  The system of any one of claims 28 to 35, wherein at least one of the mappings
includes an identifier that points to a record in the data management system that keeps track

of the first dataset candidate and the second dataset candidate.

44,  The system of any one of claims 28 to 35, including a mapper that updates at least
one of the mappings based on a change in the first dataset candidate or the second dataset

candidate or both.
-3 -
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45.  The system of any one of claims 26 to 44, wherein each version of the first dataset is

associated with a different dataflow graph, dataflow graph subset, or executable component.

46.  The system of any one of claims 26 to 44, wherein each version of the first dataset is

stored in a different location associated with the data storage system.

47.  The system of any one of claims 26 to 44, wherein each version of the first dataset is

interpreted using a different data storage format.

48.  The system of any one of claims 26 to 44, wherein each version of the first dataset is

accessed using a parameter that varies between executions of the data processing program.

49.  The system of any one of claims 26 to 48, wherein at least one of the data processing
programs includes a dataflow graph that includes nodes representing computations
interconnected by links representing flows of data, the dataflow graph receiving a flow of
data from the at least one input dataset and providing a flow of data to the at least one output

dataset.

50.  The system of any one of claims 26 to 49, wherein the first data processing program
is a subgraph of a dataflow graph and the second data processing program is a subgraph of

the dataflow graph.

51. A system, including:

a data storage system including at least one data storage device, the data storage
system storing a specification of a first data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset and storing a
specification of a second data processing program that receives data from at least one input
dataset and outputs data to at least one output dataset;

means for
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identifying a first dataset candidate, the first dataset candidate matching one
or more criteria for identifying different versions of a first dataset, a representation of
the first dataset candidate associated with the first data processing program, and
identifying a second dataset candidate, the second dataset candidate matching
one or more criteria for identifying different versions of the first dataset, a
representation of the second dataset candidate associated with the second data
processing program;
means for providing a user interface to receive an indication that the first dataset
candidate and the second dataset candidate both represent the same dataset; and
means for storing the indication received at the user interface in association with a
data processing program that provides data to or receives data from the first dataset

candidate or the second dataset candidate.

52. A computer-readable storage device embodying computer-readable code for mapping
data stored in a data storage system, the computer-readable code including instructions for
causing a computer to:

receive a specification of a first data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset;

receive a specification of a second data processing program that receives data from at
least one input dataset and outputs data to at least one output dataset;

identify a first dataset candidate, the first dataset candidate matching one or more
criteria for identifying different versions of a first dataset, a representation of the first dataset
candidate associated with the first data processing program,;

identify a second dataset candidate, the second dataset candidate matching one or
more criteria for identifying different versions of the first dataset, a representation of the
second dataset candidate associated with the second data processing program;

provide a user interface;

receive, at the user interface, an indication that the first dataset candidate and the

second dataset candidate both represent the same dataset; and
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store the indication received at the user interface in association with a data processing
program that provides data to or receives data from the first dataset candidate or the second

dataset candidate.

53.  The computer-readable storage device of claim 52, the computer-readable code
including instructions for causing the computer to present the first dataset candidate and the

second dataset candidate over the user interface.

54,  The computer-readable storage device of claim 52 or 53, the computer-readable code
including instructions for causing the computer to present over the user interface a list of
possible mappings between datasets, the mappings ordered according to a quantification of a

match to the one or more criteria.

55.  The computer-readable storage device of claim 54, wherein the list of possible
mappings includes candidates that are more likely to be a version of a given dataset ordered

higher in the list.

56.  The computer-readable storage device of claim 54 or 55, wherein one of the criteria
is built into a mapper that identifies the first dataset candidate and the second dataset

candidate.

57.  The computer-readable storage device of any one of claims 54 to 56, wherein one of

the criteria is received from the user interface.

58.  The computer-readable storage device of any one of claims 54 to 57, wherein at least
one of the possible mappings indicates a component of a dataflow graph that represents one
of the dataset candidates, and at least one of the possible mappings indicates a component of

a dataflow graph that does not represent one of the dataset candidates.
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59.  The computer-readable storage device of claim 58, wherein a sub-graph of a dataflow

graph including multiple components represents one of the dataset candidates.

60.  The computer-readable storage device of claim 59, wherein the sub-graph includes a

data component.

61.  The computer-readable storage device of claim 59, wherein the sub-graph includes

an executable component.

62.  The computer-readable storage device of any one of claims 52 to 61, wherein
identifying a first dataset candidate and a second dataset candidate includes using heuristics
for determining if the first dataset candidate has one or more characteristics in common with

the second dataset candidate.

63.  The computer-readable storage device of claim 62, wherein the characteristics

include the quantity of bytes and records in a representation of one of the dataset candidates.

64.  The computer-readable storage device of claim 62 or 63, wherein the characteristics

include the name of a representation of one of the dataset candidates.

65.  The computer-readable storage device of any one of claims 62 to 64, wherein the
characteristics include the date of creation of a representation of one of the dataset

candidates.

66.  The computer-readable storage device of any one of claims 62 to 65, wherein the

characteristics include the data format of a representation of one of the dataset candidates.

67.  The computer-readable storage device of any one of claims 52 to 66, wherein at least
one of the first dataset candidate and the second dataset candidate belongs to a group of

datasets known to a data management system.
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68.  The computer-readable storage device of any one of claims 52 to 67, the computer-
readable code including instructions for causing the computer to provide a format mapping

between the first dataset candidate and the second dataset candidate.

69.  The computer-readable storage device of any one of claims 52 to 66, wherein the
stored indication includes an identifier that points to a record in a data management system

that keeps track of the first dataset candidate and the second dataset candidate.

70.  The computer-readable storage device of any one of claims 52 to 69, the computer-
readable code including instructions for causing the computer to update the stored indication

based on a change in the first dataset candidate or the second dataset candidate or both.

71.  The computer-readable storage device of any one of claims 52 to 70, wherein each
version of the first dataset is associated with a different dataflow graph, dataflow graph

subset, or executable component.

72.  The computer-readable storage device of any one of claims 52 to 70, wherein each
version of the first dataset is stored in a different location associated with the data storage

system.

73.  The computer-readable storage device of any one of claims 52 to 70, wherein each

version of the first dataset is interpreted using a different data storage format.

74.  The computer-readable storage device of any one of claims 52 to 70, wherein each
version of the first dataset is accessed using a parameter that varies between executions of

the first data processing program.

75.  The computer-readable storage device of any one of claims 52 to 74, wherein at least

one of the data processing programs includes a dataflow graph that includes nodes
-28-
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representing computations interconnected by links representing flows of data, the dataflow
graph receiving a flow of data from the at least one input dataset and providing a flow of

data to the at least one output dataset.
76.  The computer-readable storage device of any one of claims 52 to 75, wherein the first

data processing program is a subgraph of a dataflow graph and the second data processing

program is a subgraph of the dataflow graph.
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