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TRANSFORMING A SPECIFICATION INTO A PERSISTENT
COMPUTER PROGRAM

TECHNICAL FIELD
The present application relates methods performed by a computer system,
computer systems and computer-readable media for transforming a specification into a
computer program that processes one or more values of one or more fields 1n a structured

data item.

BACKGROUND

Complex data processing systems typically process data in multiple stages, with
the results produced by one stage being fed into the next stage. The overall flow of
information through such systems may be described in terms of a directed datatlow
araph, with nodes or vertices in the graph representing components (either data files or
processes), and the links or “edges” 1n the graph indicating flows of data between the
components. A system for executing such graph-based computations 1s described 1n prior
U.S. Pat. No. 5,966,072, titled "EXECUTING COMPUTATIONS EXPRESSED AS
GRAPHS," incorporated herein by reference.

Graphs also can be used to invoke computations directly. 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. Systems that invoke
these graphs include algorithms that choose interprocess communication methods and
algorithms that schedule process execution, and also provide for monitoring of the

execution of the graph.

SUMMARY
In a general aspect 1, described 1s a method performed by a computer system in
transforming a specification into a computer program that processes one or more values
of one or more fields 1n a structured data item, including: accessing a specification that
specifies a plurality of modules to be implemented by the computer program for

processing the one or more values of the one or more fields in the structured data item;
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transforming the specification into the computer program that implements the plurality of
modules, wherein the transtorming includes: for each of one or more first modules of the
plurality of modules: 1dentifying one or more second modules of the plurality of modules
that each receive input that 1s at least partly based on an output of the first module; and
formatting an output data format of the first module such that the first module outputs
only one or more values of one or more fields of the structured data item that are each (1)
accessible to the first module, and (11) specified as input into at least one of the one or
more second modules at least partly based on the output of the first module; and saving,
1n persistent memory, the computer program, with the saved computer program
specifying the formatted output data format for each of the one or more first modules. A
system of one or more computers can be configured to perform particular operations or
actions by virtue of having software, firmware, hardware, or a combination of them
installed on the system that in operation causes or cause the system to perform the
actions. One or more computer programs can be configured to perform particular
operations or actions by virtue of including instructions that, when executed by data
processing apparatus, cause the apparatus to perform the actions.

In an aspect 2 according to aspect 1, contents of one or more portions of the
computer program are distinct from the specification and are generated automatically
without user 1nput.

In an aspect 3 according to any one of aspects 1 to 2, the computer program 1s
persistent and editable.

In an aspect 4 according to any one of aspects 1 to 3, the computer program 1s a
datatlow graph, wherein each of the modules 1s a datatlow graph component represented
by a node of the dataflow graph, and wherein datatlow graph components are coupled by
data flows represented by links between nodes.

In an aspect 5 according to any one of aspects 1 to 4, the method further
including: accessing, in data storage system, a data structure that maps data representing
portions of the specification to the datatlow graph components; identifying, in the data
structure, an item of data representing a particular portion of the specification;
1identifying, in the data structure, which datatlow graph component 1s mapped to the

particular portion of the specification; and adding the 1dentified datatlow graph
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component to the datatlow graph 1n accordance with an order of execution of operations
specified by the specification.

In an aspect 6 according to any one of aspects 1 to 5, the method further includes
1dentifying dependencies among the datatlow graph components; and at least partly based
on these 1dentified dependencies, specifying output data formats of the datatlow graph
components.

In an aspect 7 according to any one of aspects 1 to 6, the method further includes:
for a particular first module, determining that only one of one or more second modules
accesses a particular one of one or more fields that are accessible to the particular first
module; determining that the only one of the one or more second modules accesses the
particular one of the one or more fields from a third module of the plurality of modules
that 1s distinct from each of the particular first module and the one or more second
modules; and formatting the output data format to not output one or more values for the
particular one of the one or more fields accessed by the only one of the one or more
second modules.

In an aspect 8 according to any one of aspects 1 to 7, the method further includes:
providing data for display of a user interface; receiving, via the user interface, data
representing a selection, from among a plurality of modules, of one or more modules for
inclusion 1n the computer program; and receiving, via the user interface and for each
selected module, a value of a parameter of an operation implemented by that selected one
or more modules.

In an aspect 9 according to any one of aspects 1 to 8, the method further includes:
determining whether the value received via the user interface complies with a
predetermined criterion associated with the operation; and outputting a notification via
the user interface indicating whether the received value complies with the predetermined
criterion, wherein in case the received value 1s determined not to comply with the
predetermined criterion, the notification including guiding information how the received
value has to be changed to comply with the predetermined criterion.

In an aspect 10 according to any one of aspects 1 to 9, the method further

includes: configuring a selected module with the value of the parameter; and storing the



10

15

20

25

30

WO 2019/084172 PCT/US2018/057361

configured module for subsequent inclusion in and implementation by another computer
program.

In an aspect 11 according to any one of aspects 1 to 10, the method further
includes: executing, before executing the computer program, first, second and third
passes for each particular module of the plurality of modules to determine and save the
formatted output data format for the particular module specifying which fields are
required by modules downstream to the particular module and to determine and save an
input data format for the particular module specifying which fields are accessible to the
particular module, the executing including: during the first pass, the particular module
broadcasts, to modules upstream to the particular module, one or more messages that
include data representing those one or more fields that are required by itself and by any
modules downstream of the particular module, wherein the particular module that
performs the broadcast 1s a broadcasting module and wherein the upstream modules that
recei1ve the broadcast are recipient modules; during the second pass, the recipient
modules transmit to the broadcasting module one or more messages specifying which
recipient modules can provide values of the required fields; and during the third pass, the
broadcasting module analyzes the messages received from the recipient modules and, in
response, the broadcasting module transmits back to the recipient modules one or more
messages specifying which recipient module 1s responsible for transmitting which field to
the broadcasting module.

In an aspect 12 according to any one of aspects 1 to 11, the method further
includes: receiving, in a data stream, the structured data item including one or more data
records; and for at least one of the one or more data records, executing the computer
program to process the at least one of the one or more data records; and based a saved
output data format of at least one of the one or more first modules, removing, prior to
submission of the at least one of the one or more records to one of the one or more
second modules, one or more fields from the at least one of the records that are not
specified as input 1nto at least one of the one or more second modules at least partly
based on the output of the first module.

In an aspect 13 according to any one of aspects 1 to 12, the method further

includes: defining, in the specification, one or more new modules; and saving at least one
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of the one or more new modules to a global palette that specifies entities that are
available for inclusion in other specifications.

In an aspect 14 according to any one of aspects 1 to 13, the method further
includes: defining, in the specification, one or more new modules; and saving at least one
of the one or more new modules to a local palette that specifies entities that are available
for inclusion only 1n the specification and not in other specifications.

In an aspect 15 according to any one of aspects 1 to 14, the method further
includes: accessing a previously defined module that 1s included 1n a global palette for
specification definition; modifying one or more attributes of the previously defined
module; and performing an operation including: storing the modified previously defined
module to a local palette that specifies entities that are available for inclusion only 1n the
specification and not 1n other specifications; or saving the modified previously defined
module to the global palette such that the modified previously defined module 1s
accessible to other specifications.

In an aspect 16 according to any one of aspects 1 to 15, the method further
includes: defining, 1n the specification, one or more new first modules; defining, in the
specification, one or more new second modules; and configuring at least one of the one or
more new first modules to be a data source for at least one of the one or more new second
modules.

In an aspect 17 according to any one of aspects 1 to 16, a module includes one or
more other modules.

In an aspect 18 according to any one of aspects 1 to 17, the method further
includes: configuring a selected module with a value of a parameter; and storing the
configured module for subsequent inclusion 1n another program.

In an aspect 19 according to any one of aspects 1 to 18, the method further
includes: determining that only one of the one or more second modules accesses a
particular one of the one or more fields that are accessible to the first module;
determining that the only one of the one or more second modules accesses the particular
one of the one or more fields from a third module that 1s distinct from the first module;

and formatting the output data format to not output one or more values for the particular
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one of the one or more fields accessed by the only one of the one or more second
modules.

In an aspect 20 according to any one of aspects 1 to 19, a structured data item
includes a data record.

In a general aspect 21, a method performed by a computer system in transforming
a specification into a computer program that processes one or more values of one or more
fields 1n a structured data item, includes: transforming a specification that specifies a
plurality of modules into a computer program to implement the modules for processing of
the one or more values of the one or more fields 1n the structured data item, wherein the
transforming includes: for each of one or more first modules of the plurality of modules:
1dentifying one or more second modules of the plurality of modules that each receive
input that 1s at least partly based on an output of the first module; determining one or
more of the fields for which one or more values are processed by the one or more second
modules by: for each of the one or more second modules, determining one or more of the
fields for which one or more values are processed by that second module, when that
second module 1s configured to process one or more values of one or more fields;
determining, from among the one or more fields for which the one or more values are
processed by the one or more second modules, one or more of the fields for which one or
more values are accessible to the first module; for each of the one or more fields for
which the one or more values are accessible to the first module, determining whether a
value of the field 1s specified as input into at least one of the one or more second modules
at least partly based on the output of the first module; and formatting an output data
format of the first module such that the first module outputs only one or more values of
one or more fields that are each specified as input into at least one of the one or more
second modules at least partly based on the output of the first module; and saving, in
persistent memory, the computer program, with the computer program specifying an
output data format for each of the one or more first modules. Other embodiments of this
aspect include corresponding computer systems, apparatus, and computer programs
recorded on one or more computer storage devices, each configured to perform the
actions of the methods. A system of one or more computers can be configured to

perform particular operations or actions by virtue of having software, firmware,
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hardware, or a combination of them installed on the system that in operation causes or
cause the system to perform the actions. One or more computer programs can be
configured to perform particular operations or actions by virtue of including instructions
that, when executed by data processing apparatus, cause the apparatus to perform the
actions.

In a general aspect 22, a computer system for transforming a specification into a
computer program that processes one or more values of one or more fields 1n a structured
data item, the computer system includes: one or more processing devices; and one or
more machine-readable hardware storage devices storing instructions that are executable
by the one or more processing devices to perform operations including: accessing a
specification that specifies a plurality of modules to be implemented by the computer
program for processing the one or more values of the one or more fields 1n the structured
data item; transforming the specification into the computer program that implements the
plurality of modules, wherein the transforming includes: for each of one or more first
modules of the plurality of modules: 1dentifying one or more second modules of the
plurality of modules that each receive input that 1s at least partly based on an output of
the first module; and formatting an output data format of the first module such that the
first module outputs only one or more values of one or more fields of the structured data
item that are each (1) accessible to the first module, and (i1) specified as input into at least
one of the one or more second modules at least partly based on the output of the first
module; and saving, in persistent memory, the computer program, with the saved
computer program specifying the formatted output data format for each of the one or
more first modules.

In an aspect 23 according to aspect 22, contents of one or more portions of the
computer program are distinct from the specification and are generated automatically
without user input.

In an aspect 24 according to any one of aspects 22 to 23, the computer program 1s
persistent and editable.

In an aspect 25 according to any one of aspects 22 to 24, the computer program 1s

a dataflow graph, wherein each of the modules 1s a datatlow graph component
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represented by a node of the datatlow graph, and wherein datatlow graph components are
coupled by data flows represented by links between nodes.

In an aspect 26 according to any one of aspects 22 to 25, the operations further
include: accessing, in data storage system, a data structure that maps data representing
portions of the specification to the datatlow graph components; identifying, in the data
structure, an item of data representing a particular portion of the specification;
1identifying, in the data structure, which datatlow graph component 1s mapped to the
particular portion of the specification; and adding the 1dentified datatlow graph
component to the datatlow graph 1in accordance with an order of execution of operations
specified by the specification.

In an aspect 27 according to any one of aspects 22 to 26, the operations further
include 1dentifying dependencies among the dataflow graph components; and at least
partly based on these 1dentified dependencies, specitying output data formats of the
datatlow graph components.

In an aspect 28 according to any one of aspects 22 to 27, the operations further
include: for a particular first module, determining that only one of one or more second
modules accesses a particular one of one or more fields that are accessible to the
particular first module; determining that the only one of the one or more second modules
accesses the particular one of the one or more fields from a third module of the plurality
of modules that 1s distinct from each of the particular first module and the one or more
second modules; and formatting the output data format to not output one or more values
for the particular one of the one or more fields accessed by the only one of the one or
more second modules.

In an aspect 29 according to any one of aspects 22 to 28, the operations further
include: providing data for display of a user interface; receiving, via the user interface,
data representing a selection, from among a plurality of modules, of one or more modules
for inclusion 1n the computer program; and receiving, via the user interface and for each
selected module, a value of a parameter of an operation implemented by that selected one
or more modules.

In an aspect 30 according to any one of aspects 22 to 29, the operations further

include: determining whether the value received via the user interface complies with a
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predetermined criterion associated with the operation; and outputting a notification via
the user interface indicating whether the received value complies with the predetermined
criterion, wherein 1n case the received value 1s determined not to comply with the
predetermined criterion, the notification including guiding information how the received
value has to be changed to comply with the predetermined criterion.

In an aspect 31 according to any one of aspects 22 to 30, the operations further
include: configuring a selected module with the value of the parameter; and storing the
configured module for subsequent inclusion in and implementation by another computer
program.

In an aspect 32 according to any one of aspects 22 to 31, the operations further
include: executing, before executing the computer program, first, second and third passes
for each particular module of the plurality of modules to determine and save the
formatted output data format for the particular module specitying which fields are
required by modules downstream to the particular module and to determine and save an
input data format for the particular module specitying which fields are accessible to the
particular module, the executing including: during the first pass, the particular module
broadcasts, to modules upstream to the particular module, one or more messages that
include data representing those one or more fields that are required by itself and by any
modules downstream of the particular module, wherein the particular module that
performs the broadcast 1s a broadcasting module and wherein the upstream modules that
receirve the broadcast are recipient modules; during the second pass, the recipient
modules transmit to the broadcasting module one or more messages specifying which
recipient modules can provide values of the required fields; and during the third pass, the
broadcasting module analyzes the messages received from the recipient modules and, in
response, the broadcasting module transmits back to the recipient modules one or more
messages specifying which recipient module 1s responsible for transmitting which field to
the broadcasting module.

In an aspect 33 according to any one of aspects 22 to 32, the operations further
include: recetving, 1n a data stream, the structured data item including one or more data
records; and for at least one of the one or more data records, executing the computer

program to process the at least one of the one or more data records; and based a saved
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output data format of at least one of the one or more first modules, removing, prior to
submission of the at least one of the one or more records to one of the one or more
second modules, one or more fields from the at least one of the records that are not
specified as input 1into at least one of the one or more second modules at least partly
based on the output of the first module.

In an aspect 34 according to any one of aspects 22 to 33, the operations further
include: defining, 1n the specification, one or more new modules; and saving at least one
of the one or more new modules to a global palette that specifies entities that are
available for inclusion in other specifications.

In an aspect 35 according to any one of aspects 22 to 34, the operations further
include: defining, in the specification, one or more new modules; and saving at least one
of the one or more new modules to a local palette that specifies entities that are available
for inclusion only 1n the specification and not in other specifications.

In an aspect 36 according to any one of aspects 22 to 35, the operations further
include: accessing a previously defined module that 1s included 1n a global palette for
specification definition; modifying one or more attributes of the previously defined
module; and performing an operation including: storing the modified previously defined
module to a local palette that specifies entities that are available for inclusion only 1n the
specification and not 1n other specifications; or saving the modified previously defined
module to the global palette such that the modified previously defined module 1s
accessible to other specifications.

In an aspect 37 according to any one of aspects 22 to 36, the operations further
include: defining, in the specification, one or more new first modules; defining, in the
specification, one or more new second modules; and configuring at least one of the one or
more new first modules to be a data source for at least one of the one or more new second
modules.

In an aspect 38 according to any one of aspects 22 to 37, a module includes one or
more other modules.

In an aspect 39 according to any one of aspects 22 to 38, the operations further
include: configuring a selected module with a value of a parameter; and storing the

configured module for subsequent inclusion in another program.

- 10-
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In an aspect 40 according to any one of aspects 22 to 39, the operations further
include: determining that only one of the one or more second modules accesses a
particular one of the one or more fields that are accessible to the first module;
determining that the only one of the one or more second modules accesses the particular
one of the one or more fields from a third module that 1s distinct from the first module;
and formatting the output data format to not output one or more values for the particular
one of the one or more fields accessed by the only one of the one or more second
modules.

In an aspect 41 according to any one of aspects 22 to 40, a structured data item
includes a data record.

In a general aspect 42, one or more machine-readable hardware storage devices
for transforming a specification into a computer program that processes one or more
values of one or more fields 1n a structured data item, the one or more machine-readable
hardware storage devices storing instructions that are executable by one or more
processing devices to perform operations including: accessing a specification that
specifies a plurality of modules to be implemented by the computer program for
processing the one or more values of the one or more fields in the structured data item;
transforming the specification into the computer program that implements the plurality of
modules, wherein the transforming includes: for each of one or more first modules of the
plurality of modules: 1dentifying one or more second modules of the plurality of modules
that each receive input that 1s at least partly based on an output of the first module; and
formatting an output data format of the first module such that the first module outputs
only one or more values of one or more fields of the structured data item that are each (1)
accessible to the first module, and (11) specified as input into at least one of the one or
more second modules at least partly based on the output of the first module; and saving,
1n persistent memory, the computer program, with the saved computer program
specifying the formatted output data format for each of the one or more first modules.

In an aspect 43 according to aspect 42, contents of one or more portions of the
computer program are distinct from the specification and are generated automatically

without user 1nput.

-11-



10

15

20

25

30

WO 2019/084172 PCT/US2018/057361

In an aspect 44 according to any one of aspects 42 to 43, the computer program 1s
persistent and editable.

In an aspect 45 according to any one of aspects 42 to 44, the computer program 1s
a dataflow graph, wherein each of the modules 1s a datatlow graph component
represented by a node of the datatlow graph, and wherein datatlow graph components are
coupled by data flows represented by links between nodes.

In an aspect 46 according to any one of aspects 42 to 45, the operations further
include: accessing, in data storage system, a data structure that maps data representing
portions of the specification to the datatflow graph components; identifying, in the data
structure, an item of data representing a particular portion of the specification;
1identifying, in the data structure, which datatlow graph component 1s mapped to the
particular portion of the specification; and adding the 1dentified datatlow graph
component to the datatlow graph 1n accordance with an order of execution of operations
specified by the specification.

In an aspect 47 according to any one of aspects 42 to 46, the operations further
include 1dentifying dependencies among the dataflow graph components; and at least
partly based on these 1dentified dependencies, specifying output data formats of the
dataflow graph components.

In an aspect 48 according to any one of aspects 42 to 47, the operations further
include: for a particular first module, determining that only one of one or more second
modules accesses a particular one of one or more fields that are accessible to the
particular first module; determining that the only one of the one or more second modules
accesses the particular one of the one or more fields from a third module of the plurality
of modules that 1s distinct from each of the particular first module and the one or more
second modules; and formatting the output data format to not output one or more values
for the particular one of the one or more fields accessed by the only one of the one or
more second modules.

In an aspect 49 according to any one of aspects 42 to 48, the operations further
include: providing data for display of a user interface; receiving, via the user interface,
data representing a selection, from among a plurality of modules, of one or more modules

for inclusion 1n the computer program; and receiving, via the user interface and for each

-12-
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selected module, a value of a parameter of an operation implemented by that selected one
or more modules.

In an aspect 50 according to any one of aspects 42 to 49, the operations further
include: determining whether the value received via the user interface complies with a
predetermined criterion associated with the operation; and outputting a notification via
the user interface indicating whether the received value complies with the predetermined
criterion, wherein in case the received value 1s determined not to comply with the
predetermined criterion, the notification including guiding information how the received
value has to be changed to comply with the predetermined criterion.

In an aspect 51 according to any one of aspects 42 to 50, the operations further
include: configuring a selected module with the value of the parameter; and storing the
configured module for subsequent inclusion in and implementation by another computer
program.

In an aspect 52 according to any one of aspects 42 to 51, the operations further
include: executing, before executing the computer program, first, second and third passes
for each particular module of the plurality of modules to determine and save the
formatted output data format for the particular module specifying which fields are
required by modules downstream to the particular module and to determine and save an
input data format for the particular module specifying which fields are accessible to the
particular module, the executing including: during the first pass, the particular module
broadcasts, to modules upstream to the particular module, one or more messages that
include data representing those one or more fields that are required by itself and by any
modules downstream of the particular module, wherein the particular module that
performs the broadcast 1s a broadcasting module and wherein the upstream modules that
receive the broadcast are recipient modules; during the second pass, the recipient
modules transmit to the broadcasting module one or more messages specifying which
recipient modules can provide values of the required fields; and during the third pass, the
broadcasting module analyzes the messages received from the recipient modules and, in
response, the broadcasting module transmits back to the recipient modules one or more
messages specifying which recipient module 1s responsible for transmitting which field to

the broadcasting module.

- 13-
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In an aspect 53 according to any one of aspects 42 to 52, the operations further
include: recerving, in a data stream, the structured data item including one or more data
records; and for at least one of the one or more data records, executing the computer
program to process the at least one of the one or more data records; and based a saved
output data format of at least one of the one or more first modules, removing, prior to
submission of the at least one of the one or more records to one of the one or more
second modules, one or more fields from the at least one of the records that are not
specified as input into at least one of the one or more second modules at least partly
based on the output of the first module.

In an aspect 54 according to any one of aspects 42 to 53, the operations further
include: defining, in the specification, one or more new modules; and saving at least one
of the one or more new modules to a global palette that specifies entities that are
available for inclusion in other specifications.

In an aspect 55 according to any one of aspects 42 to 54, the operations further
include: defining, 1n the specification, one or more new modules; and saving at least one
of the one or more new modules to a local palette that specifies entities that are available
for inclusion only 1n the specification and not in other specifications.

In an aspect 56 according to any one of aspects 42 to 55, the operations further
include: accessing a previously defined module that 1s included 1n a global palette for
specification definition; modifying one or more attributes of the previously defined
module; and performing an operation including: storing the modified previously defined
module to a local palette that specifies entities that are available for inclusion only 1n the
specification and not 1n other specifications; or saving the modified previously defined
module to the global palette such that the modified previously defined module 1s
accessible to other specifications.

In an aspect 57 according to any one of aspects 42 to 56, the operations further
include: defining, in the specification, one or more new first modules; defining, in the
specification, one or more new second modules; and configuring at least one of the one or
more new first modules to be a data source for at least one of the one or more new second

modules.

- 14-
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In an aspect 38 according to any one of aspects 42 to 57, a module includes one or
more other modules.

In an aspect 59 according to any one of aspects 42 to 58, the operations further
include: configuring a selected module with a value of a parameter; and storing the
configured module for subsequent inclusion in another program.

In an aspect 60 according to any one of aspects 42 to 59, the operations further
include: determining that only one of the one or more second modules accesses a
particular one of the one or more fields that are accessible to the first module;
determining that the only one of the one or more second modules accesses the particular
one of the one or more fields from a third module that 1s distinct from the first module;
and formatting the output data format to not output one or more values for the particular
one of the one or more fields accessed by the only one of the one or more second
modules.

In an aspect 61 according to any one of aspects 42 to 60, a structured data item
includes a data record.

There are numerous advantages to formatting an output data format of the first
module such that the first module outputs only one or more values of one or more fields
of the structured data item that are each (1) accessible to the first module, and (11)
specified as input into at least one of the one or more second modules at least partly
based on the output of the first module. These advantages includes reduced consumption
of computational resources (such as memory and CPU), because only those data fields
are forwarded and processed deeper within the computer program that are needed to
fulfill the data processing requirements of downstream data processing in the computer
program. Furthermore, decreased latency 1n data record processing i1s achieved, because
the data processing system 1s able to process smaller records (e.g., which result from
dropping of fields) more quickly, relative to a speed of data processing when the data
processing system has to process an entire data record through a dataflow graph. Other
advantages include decreased memory and resource consumption, as a smaller record
(e.g., due to the dropping of fields) consumes less memory space during the processing of

the record.

- 15-
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Other features and advantages will become apparent from the following

description, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1A 1s a schematic diagram of a database management system.

FIG. 1B 1s a schematic diagram of a data processing system.

FIG. 2A 1s an example graphical user interface for defining a module.

FIGS. 2B, 2C and 2D are each an example transformation of a specification to a
persistent computer program.

FIG. 2E 1s a diagram showing receiving user input for a specification and
generating an entity from the specification.

FIGS. 3A and 9 are each a diagram of a datatlow graph that includes entities.

FIG. 3B 1s a diagram showing receiving user input for a specification and
generating a computer program from the specification.

FIG. 4 1s a diagram of processing of data records through a datatlow graph.

FIG. 5 1s diagram of a process flow for field identification.

FIGS. 6-8 are each an example of a user interface for specifying parameter values
for a specification.

FIG. 10 1s a diagram of a process of transforming a specification into an entity for
generating a dataflow graph.

FIG. 11 1s a diagram of a process for transforming a specification into a computer

program.

DESCRIPTION

Each of the examples and optional features described below may be combined
with any of the appended claims. Also, each of the examples and optional features
described below may be combined with any one of the other examples and optional
features described below and the combination may be combined with any of the
appended claims.

Referring to FIG. 1A, a system 1 for transforming a specification into a computer
program, such as a datatlow graph, includes a transtormation environment 5 that includes

a spectfication configuration module 7, and optionally an entity generation module 6and
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a user interface module 8, as well as a data storage system 3 and a data processing system
4. Generally, an “entity” includes a portion of a computer program (e.g., a pre-defined
portion of a computer program for inclusion 1n another computer program) or one or
more dataflow graph components (e.g., that are encapsulated together into a pre-defined
module). Throughout this document, an “entity” may also be referred to as a “module”,
without limitation and for purposes of convenmience. Datatlow graph components may
include data processing components and/or datasets such as a data sink and/or a data
source. The datatlow graph can be represented by a directed graph that includes nodes or
vertices, representing the datatlow graph components, connected by directed links or data
flow connections, representing flows of work elements (1.e., data) between the datatlow
ograph components. The data processing component may include code for processing data
from at least one data input and providing data to at least one data output of the data
processing component. The dataflow graph can thus implement a graph-based
computation performed on data flowing from one or more 1input data sets through the
agraph components to one or more output data sets.

Generally, the specification configuration module 7 includes a module for
configuring a specification. There are various types of specifications, including, e.g., a
specification for an entity, a specification for a datatlow graph, and so forth. Generally, a
specification for an entity may 1dentity datatlow graph components and may 1dentitfy
particular components for which certain functions can be performed while the user 1s
configuring the graph, such as viewing sample data. A specification for a datatlow graph
may define which entities (1.e., datatlow graph components) are to be included 1n a
datatlow graph, values of parameters for those included entities and a flow of data among
included entities.

System 1 also includes the data processing system 4 for executing one or more
computer programs (such as dataflow graphs), which were generated by a transformation
of the specification into the computer programs using the transformation environment 3
and using the techniques described herein. The data processing system 4 may be hosted
on one or more general-purpose computers under the control of a suitable operating
system, such as the UNIX operating system. For example, the data processing system 4

can include a multiple-node parallel computing environment including a configuration of
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computer systems using multiple central processing units (CPUs), either local (e.g.,
multiprocessor systems such as SMP computers), or locally distributed (e.g., multiple
processors coupled as clusters or MPPs), or remotely distributed (e.g., multiple
processors coupled via LAN or WAN networks), or any combination thereof.

The entity generation module 6 (e.g., which may be optional in some examples)
generates entities, as described in more detail below. The user interface module 8 (e.g.,
which may be optional in some examples) displays configuration information to a user
and receives data representing configuration actions from the user. In particular, the user
interface module 8 displays a visual representation that enables a user to select which
entities to be included in the computer program or the datatlow graph and to input value
of parameters for those entities. The term “parameter” used herein may influence the
outcome of an operation executed or implemented by the entity and may thus also be
called an “operational parameter.” The user interface module 8 also enables a user to
generate an entity, €.g., by inputting parameter values that specity which components are
to be included in the entity and the configuration of components relative to each other.
The user interface module 8 also communicates with the specification configuration
module 7, which configures a specification based on the actions (such as the mentioned
user-initiated selections or input) of the user at the user interface. In this example, the
specification configuration module 7 configures a specification based on the entities
selected (or an entity definition, when a user 1s defining a new entity) or otherwise
specified in the user interface. Based on contents of the specification, the entity
generation module 6 generates an entity for inclusion in or implementation by a dataflow
agraph and for execution. In general, the entities, datatlow graphs and/or specifications
can be stored in the data storage system 3, which 1s accessible to the transformation
environment 3.

The transformation environment 5 1s in communication with the data storage
system 3, which includes data used by the user interface module 8 to display a user
interface. The data storage system 3 1s also accessible to an optional development
environment 2, 1n which a developer 9 1s able to develop user interfaces, stored in the
data storage system 3, that can be used by the user interface module 8 to display a user

interface, such as user interfaces 10, 11, 15 or 38 described below. The transformation
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environment 5 1S, 1n some implementations, a system for developing applications as
dataflow graphs that include entities.

As 1llustrated in FIG. 1B, the data processing system 4 may include one or more
data sources 9a that include one or more sources of data as well as an execution
environment 9 coupled to the data storage system 3 (FIG. 1A) and being hosted on one or
more computers, the execution environment 9 may include a pre-execution module 9b
configured to allocate and configure computing resources (such as CPU and/or primary
memory) for performing the computation (such as data processing operations) of the
computer program, e€.g., data processing operations performed by the datatlow graph
components. The execution environment 9 may also include an execution module 9¢ to
schedule and control execution of the computation of the computer program. The
computer program may be specified by programming code and/or data structures stored
in the data storage system 3, which may be read by the pre-execution module 9b or the
execution module 9¢ during execution of the computer program.

The entity 1s a portion of a computer program executed within the execution
environment that processes data from the one or more data sources 9a. The data from the
data sources are manipulated and processed according to the entities included in the
computer program or dataflow graph and exported to one or more data sinks 9d. In other
words, the execution module 9c 1s configured to process data from the data sources 9a
according to the computer program, such as the dataflow graph, using computational
resources of the execution environment 9 allocated by the pre-execution module 9b to the
computer program to generate output data that may be exported to the one or more data
sinks 9d. Data sources and sinks 9a, 9d, respectively, can include files, databases, data
streams, or queues, for example.

As already mentioned, the data processing components may each include code for
processing data from at least one data input and providing data to at least one data output.
The entities are included 1n datatlow graphs that also include nodes representing dataset
objects for accessing the data sources and/or sinks. The nodes are connected by directed
links representing flows of data between the components, originating at the data sources
and terminating at the data sinks. The data output ports of upstream datatflow graph

components are connected to the data input ports of downstream datatlow graph
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components. The datatlow graphs and/or entities may be reused for different data
sources and different data sinks represented by the dataset objects. The data structures
and computer program code used to implement datatlow graphs and/or entities can
support multiple different configurations by being parameterized via parameters to enable
different sources and sinks to be substituted readily, for example. Furthermore, in some
arrangements, the flow of the entity may be altered by the use of parameters, such that a
component or a series of components may be bypassed. In general, a parameter
represents a property of an entity that can be configured or changed and that has an
influence on the operations performed by the entity. In general, a parameter or property
of the entity can be changed between uses of the entity, and the entity may perform
operations (e.g., e.g., processing of data) differently as a result of the changed property or
parameter.

The construction entity can be highly technical 1n nature in some cases. The
underlying structure and construction of the entity 1s determined based upon technical
considerations. For example, graph components may be selected to maximize reusability,
or to support parallel processing. Some of the parameters associated with an entity can
be used to enable user, who are not experts in computing, to customize entities without
requiring the user to understand the technical complexities behind 1ts implementation.
The parameterized entities simplify customization and facilitate reuse for a larger variety
of applications, circumstances and user backgrounds.

A user interface for identification of entities and associated parameter values for
constructing a datatlow graph and/or entity can be presented on a client machine or user
device. In some implementations, the client may be accessing the development
environment 2 (FIG. 1A) running on a server using a web browser on the client that
provides the parameter interface, and using a scripting language which provides some
capability for client side processing. The scripting language may communicate with the
server to update parameters and perform other necessary operations. This
communication may occur via a bridge machine which translates the communications
between the client and the server running the development environment storing objects

and associated parameter values for the graphs and entities being constructed.
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The user interface allows a user to select entities to be included 1n a datatflow
agraph and to configure the parameters of an entity even 1f the user lacks technical
knowledge relating to datatlow graphs and datatlow graph configuration. In particular,
the datatlow graph 1s converted into executable logic for processing of data records. That
1s, the execution of the executable logic produces code (e.g., compiled code) for
processing of records.

In a vanation, system 1 also includes a data source that may include one or more
sources of data such as storage devices or connections to online data streams, each 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). This data source
may be 1dentical to the one or more data sources 9a or may be an additional data source.
In any case, storage devices providing the data source may be local to the data processing
system 4, for example, being stored on a storage medium connected to a computer
running the data processing system 4 (e.g., a hard drive), or may be remote to the data
processing system 4, for example, being hosted on a remote system (e.g., mainframe) in
communication with a computer running the data processing system 4 over a local or
wide area data network.

Referring to FIG. 2A, diagram 10 1llustrates a graphical user interface (hereinafter
“oraphical user interface 10”) for configuring one or more modules or entities. In this
example, graphical user interface 10 includes palette portion 10a for selecting one or
more pre-configured modules (i.e., visual representations 10c-101f of modules). In
general, palette portion 10a represents a plurality of modules (e.g., also referred to as a
palette of modules) that are available for inclusion in a computer program or a datatlow
agraph. Palette portion 10a may also include add control 101 for creating a new module to
be added to the plurality of modules. Graphical user interface 10 may also include
configuration portion 10b for configuration of a new module.

In this example, upon selection of add control 101 for creating a new module to be
added to the plurality of modules, configuration portion 10b prompts a user to configure
the new module, e.g., by presenting input portion 10g for input of information specifying
the module such as information specifying a module name. Configuration portion 10b

may also include data source input box 10h for specifying a data source for the module

-21-



WO 2019/084172 PCT/US2018/057361

specified by input portion 10g. In this example, a user may input into data source input
box 10h a name of a data file or may drag and drop a data source module (e.g.,
represented by one of visual representations 10d, 10e) into data source input box 10h. In
this example, a user has dragged and dropped visual representation 10d into data source
5 1nput box 10h to specify that “A customers” 1s the data source for the “Filtered Customer
Transactions” module. Configuration portion 10b may also include controls 10;-10p for
adding and configuring one or more parameters, transforms or operations for the module
being created or defined 1n configuration portion 10b. In this example, each of controls
107-10p enables a user to select a value for a parameter, an operation or a transform and
10  to thereby configure that parameter, operation or transform. For example, control 10j
specifies that the module being created includes a filter operation, e.g., the filter operation
may format an output data format of the module, as described herein. In this example, a
user selects a filter option from a drop down box included 1n control 10;. Control 100 1s
juxtaposed to control 107. Selection of control 100 enables a user to configure the filter
15  operation specified by control 10y. In this example, upon selection of control 100,
overlay 10q 1s displayed. Overlay 10q includes controls 10r, 10s and input portion 10t
for specifying a condition or expression to be implemented (or evaluated) by the filter
operation.
Control 10k specifies that the module being created includes a join operation. In
20  this example, a user selects a join option from a drop down box included 1n control 10k.
Control 10p 1s juxtaposed to control 10k. Selection of control 10p enables a user to
configure the join operation specified by control 10k. In this example, upon selection of
control 10p, overlay 10u 1s displayed. Overlay 10u includes controls 10v-10z specifying
the actions or operations implemented as part of the join operation. In this example,
25  records output from the A customers module (e.g., formatted records indicative of
customer transactions) are joined with records output from the B name address module
(e.g., formatted records specifying customers’ name and address) to create a dataset that
includes customer names and addresses for various transactions. Control 10v enables a
user to specity whether key names for the data source specified 1n data source input box
30  10h differ from the key names specified by the data source specified in control 10w. For

example, a user may be joining two data sources that have different formats for a
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particular data field or key, e.g., a customer 1dentifier key. In this example, the data
source specified 1n control 10w 1s the B name address module specified by visual
representation 10e. In this example, when a user specifies, via control 10v, that the key
names are different, overlay 10ae 1s displayed. In this example, overlay 10ae enables a
user to specity the various key names for the various data sources. In this example,
control 10ag enables a user to specify the key name for the data source specified in
control 10af. Additionally, control 10a1 enables a user to specity the key name for the
data source specified by control 10ah. Configuration portion 10b includes add control
10n, selection of which enables a user to add additional transforms. In this example, the
customer transactions module (represented by visual representation 10c¢) 1s the same as
the filtered customer transactions module, except for excluding the filtering operations.
Referring to FIG. 2B, diagram 11 illustrates a “real-world” example of
transformation of a specification into a program (e.g., a computer program), which 1n this
example 1s a datatlow graph. In this example, diagram 11 shows graphical user interface
12, which may be disjoint or different from the graphical user interface 10 described
above 1n context of FIG. 2A, 2B, and which includes palette portion 12a and
configuration portion 12e. Palette portion 12a displays a plurality of modules available
for defining a computer program. In this example, palette portion 12a displays visual
representations 12b, 12¢, 12d, 12da, 12db, 12dc, 12dd. In this example, visual
representation 12b represents the filtered customer transactions module that was defined
in FIG. 2A. Visual representation 12¢ represents a previously defined customer
transactions module, e.g., the same customer transaction module that was represented by
visual representation 10c¢ in FIG. 2A. Visual representation 12d represents a send offer
module, as described below. Visual representations 12da, 12db represent an
A customers module (e.g., that specifies a particular data source and how to format data
records from that data source) and a B name address module (e.g., that specifies another
particular data source and appropriate reformatting). In this example, visual
representations 12da, 12db represent the same data sources as those represented by visual
representations 10d, 10e. Visual representation 12dc represents an output module that
specifies an output file to which data 1s stored. In this example, visual representation

12dc represents the same output module represented by visual representation 10f in FIG.
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2A. Each of visual representations 12b, 12¢, 12d, 12da, 12db, 12dc, 12dd 1s selectable
and can be “dragged and dropped” into configuration portion 12e, for example, to add a
module to a computer program. Configuration portion 12e provides a user interface for
specifying parameters for modules selected from the palette displayed in palette portion
12a (e.g., visual representations 12b, 12¢, 12d, 12da, 12db, 12dc, 12dd) representing
modules to be included 1n a computer program or a datatlow graph. Configuration
portion 12e includes portion 12ac (for modiftying the previously defined filtered customer
transaction module, represented by visual representation 12b) and portions 12aa, 12ab for
defining new modules: a send offer module (represented by visual representation 12d)
and an output file module (represented by visual representation 12dd).

Portion 12ac displays controls 121, 121, 12;, 12k, 12m, 12n for modifying one or
more parameters or attributes of the filtered customer transaction module represented by
visual representation 12b. In particular, each of controls 121, 121, 12y, 12k, 12Zm, 12n 1s
prepopulated based on data specified in data source input box 10h (FIG. 2A) and
selections or data input into controls 10r, 10s, input portion 10t, and controls 10v, 10w,
10y (FIG. 2A), respectively. The data 1in each of controls 121, 121, 12j, 12k, 12m, 12n 1s
modifiable to enable user customization of the module.

In this example, following modification of one or more values of parameters or
attributes that are adjustable by one or more controls 12f, 121, 127, 12k, 12m, 12n, the
modifications can be saved as a global save via global save control 12¢g or as a local save
via local save control 12h. In this example, a global save results 1n updating of a module
across all palettes (currently used in defining graphs and that will be used in the future -
not just palette 12a) in a global palette and across graphs and computer programs that
access the module. Generally, a global palette 1s a definition or listing of the modules
that are globally available in defining a graph. That 1s, these modules 1n the global
palette are not constrained to stmply the specification or graph being defined. A local
save updates the module locally — only for the particular palette that 1s displayed and only
for a particular graph that 1s being defined. That 1s, 1n a local save, the scope of the
modification of the module 1s limited to only that palette and graph. In this example, a
user has selected global save control (as specified by the dotted line around global save

control 12g). Based on selection of global save control 12g, the modifications to the
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filtered customer transactions module will be made globally — across all palettes and
across all graphs and computer programs that include that module. Had the user selected
local save control 12h instead, the modifications would have only been applied to palette
12a and the graph that 1s being defined in configuration portion 12e.

Configuration portion 12e also includes portion 12aa with controls 120a, 120-12u
for the configuration and definition of a new module — a send offer module. Control
120a specifies a data source for the send offer module. In this example, the data source
for the send offer modules 1s the filtered customer transactions module. In this example,
controls 120-12q specitfy a trigger to occur — namely, to send an SMS message asking a
user whether he/she wants to upgrade to unlimited texts. In this example, control 12r
specifies a particular event to be waited for (i.e., to be received prior to performance of an
action, specified by a subsequent trigger). Controls 12s-12u specify an action or trigger
to be performed (e.g., the sending of a SMS message that states: “upgrade texting for
$12.99/month). In this example, because the send offer module 1s being newly defined 1n
portion 12aa, there 1s no option for a local save (which would result 1n a version of a
previously defined module being saved locally for palette 12a). In this example, portion
12aa includes global save control 12v, selection of which results in the send offer module
being added to a global palette, a palette which 1s used 1n generating all graphs. In this
example, a user has not selected global save control 12v. As such, the send offer module
will only be available on the local palette, palette 12a. In this example, configuration of
the send offer module 1tself causes visual representation 12d to be included 1n palette 12a
— as a module that 1s being defined locally and available locally for the graph that 1s being
defined through configuration portion 12e.

Configuration portion 12e¢ also includes portion 12ab for defining an output file
module (represented by visual representation 12dd) in which to save results of sending
the offers. Portion 12ab includes control 12w for specifying a data source for the output
file module. In this example, control 12w specifies that the data source 1s the send offer
module. A user may specity this by dragging and dropping visual representation 12d into
control 12w. Portion 12ab also includes control 12x for specifying a data target. In this

example, a user drags and drops visual representation 12dd into control 12x to specity
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that the output module (represented by visual representation 12dc) 1s the data target for
the output file module defined through portion 12ab.

In general and thus applicable to all examples and embodiments, contents of
configuration portion 12e (and/or data generated from or based on the contents of
configuration portion 12¢) define a specification that specities which modules are to be
included 1n a computer program and values of parameters for those modules.
Configuration portion 12e may also include submission control 12t, selection of which
causes a computing system, such as the transformation environment 5 described 1n FIG.
1A, to transform the specification specified by contents of configuration portion 12e into
a computer program, which 1n this example 1s depicted by computer program 14 (which
1n this example 1s a datatlow graph).

In this example, computer program 14 includes data sources 14a, 14b, filtered
customer transactions module 14c, send ofter module 14d and output file source 14e. In
this example, the computerized system configures data source 14a to access data records
and/or files from “A Customers,” which specifies a particular external module (e.g., a
data warehouse) from which to pull data. The computerized system configures data
source 14b to be the B name address module. The computerized system configures
filtered customer transactions module 14¢ 1n accordance with the information input into
portion 12ac for filtered customer transactions module 14¢. In particular, filtered
customer transactions module 14c¢ includes datatlow graph 14y with components (e.g.,
datatlow graph components) 14f, 14h-141. In this example, component 14f 1s a filter
component (hereinafter filter component 14f). Components 14h, 141 are partition
components (hereinafter partition components 14h, 141). Components 14y, 14k are sort
components (hereinafter sort components 14, 14k). Component 141 1s a join component
(hereinafter join component 141).

In this example, filter component 14f 1s configured 1n accordance with the input
specified 1in controls 121-12k. That 1s, filter component 141 1s configured to filter out
records which fulfill a predetermined condition, such as those data records with an
aggregate transaction amount less than $260. In this example, join component 141 1s
configured 1n accordance with the information specified by controls 12m-12n, namely, to

join data records with matching or similar values for a Customer ID field. In this
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example, partition components 14h, 141 and sort components 14, 14k are not specified in
the specification, 1.e., are not specified by input into configuration portion 12e. However,
the computerized system includes partition components 14h, 141 and sort components
147, 14k based on execution of executable logic (by the computerized system) that
specifies that a join component 1s preceded by a partition component, which 1s preceded
by a sort component. In this example, send offer module 14d 1s configured 1n accordance
with information input into controls 120a, 120-12u. In particular, send offer module 14d
1s configured to wait for a data record (e.g., an event) specifying that a response has been
sent. Upon detection of that event, send offer module 14d 1s configured to send an SMS
message with the following contents: “Upgrade to unlimited texting for $12.99/mo.”
Output file source 14e 1s configured to save an output of execution of computer program
14 1n a data repository, 1n accordance with contents of portion 12ab.

In this example, each of data sources 14a, 14b, filtered customer transactions
module 14¢, and send offer module 14d includes output ports 14m-14p, respectively, that
specify an output data format that specifies which fields (e.g., from structured data items
such as data records received from data sources 14a, 14b) are output from that source or
module. In other words, each module and source 1s configured to output only values of
those fields that are accessible to that module/source and are accessed by one or more
downstream modules. In this example, filtered customer transactions module 14c¢
includes input ports 14q, 14r (for data sources specified by controls 12f and 12m) and
output port 140 (e.g., to output data and/or data records that are input into the sender offer
module 14d), send offer module 14d includes input port 14s and output port 14p and
output file source 14e includes input port 14t. An input port 1s configured to receive one
or more structured data items from another module. An input port may also be
configured with one or more data formats required for the received structured data items.

Referring to FIG. 2C, diagram 15 shows a variation of FIG. 2B, in which the
filtered customer transactions module (e.g., the filtered customer transactions module
generated through graphical user interface 10 in FIG. 2A) 1s used as part of a computer
program that differs from computer program 14 depicted in FIG. 2B.

Diagram 15 shows graphical user interface 16, which includes palette portion 16a

and configuration portion 16e. Palette portion 16a displays a plurality of modules
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available in defining a computer program. In this example, palette portion 16a displays
visual representations 16b-16d and 16da-16dd. Each of visual representations 16b-16d
and 16da-16dd 1s selectable and can be “dragged and dropped” into configuration portion
16e, for example, to add a module to a computer program or in defining a new module.
In this example, visual representation 16b represents the filtered customer transactions
module that was originally created through specification of input into graphical user
interface 10, as shown 1in FIG. 2A, and was then updated (through a global save) in
portion 12ac of FIG. 2B. In this example, palette portion 16a does not include a visual
representation for the send offer module defined in FIG. 2B, as the send offer module
was only defined locally and not added to the global palette. Configuration portion 16e
provides a user interface for selecting, from the palette displayed in palette portion 16a,
data (e.g., one of visual representations 16b-16d and 16da-16dd) representing modules to
be included 1n a computer program or a datatlow graph. In this example, configuration
portion 16¢ includes portions 16h, 16aa, 16ab.

In this example, portion 16h provides for modification (via controls 16f, 161-16k
and 16m-16n) of the filtered customer transaction module originally defined in FIG. 2A
and modified in FIG. 2B. In this example, the user saves the modifications to the filtered
customer transaction module locally, via selection of local save control 160. In this
example, portion 16h also includes global save control 16p, to provide the option of
saving the modifications to the filtered customer transactions module globally (1.e.,
defining a global scope for the modifications, rather than a local scope). Each of controls
161, 161-16k and 16m-16n 1s prepopulated based on selections or data input into controls
10r, 10s, 10t, 10v, 10w, 10y (FIG. 2A), respectively, and then modified through controls
121, 121-12k and 12m-12n 1n FIG. 2B. The data 1in each of controls 16f, 161-16k and
16m-16n 1s modifiable to enable user customization of the filtered customer transactions
module.

Configuration portion 16e also includes portion 16aa with controls 16q-16v for
the configuration of a transaction aggregates module, which 1s being newly defined in
portion 16aa. In this example, control 16q specifies a data source for the transaction
ageregates module. In this example, the data source 1s the filtered customer transactions

module. Visual representation 16b, representing the filtered customer transactions
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module, 1s dragged and dropped into control 16q. Control 16r 1s for specifying a data
source to be unioned (joined) with the output from the filtered customer transactions
module. Control 16s 1s for receirving data specifying a key on which to perform a data
roll-up, e.g., from the records included in Warehouse A.dat and output from the filtered
customer transactions module. Control 16t specifies an operation to be performed on a
field (1included 1n the rolled-up records) specified by control 16u and another field
(included 1n the rolled-up records) specitied by control 16v. In this example, portion
16aa includes global save control 16w to add the transaction aggregates module to the
global palette, e.g., to be accessible to all users in all palettes. Because transaction
aggregates module 1s being newly defined in portion 16aa, there 1s no local save control,
e.g., which provides for local saving of modified versions of a globally accessible
module.

Configuration portion 16e also includes portion 16ab for defining an ouput file
module for saving an output. In this example, control 16x specifies that the data source
for the output file module 1s the transaction aggregates module. A user may specify this
by dragging and dropping visual representation 16d into control 16x. Additionally,
control 16y specifies that the output module, represented by visual representation 16dc, 1s
the data target for the output file module defined 1n portion 16ab. In this example, once a
user has specified values for controls 16x, 16y, palette 16a 1s updated to include visual
representation 16dd representing the output file module.

Configuration portion 16e also includes submission control 16ac, selection of
which causes a computing system, such as transformation environment 5 1n FIG. 1A, to
transtform the specification specified by contents of configuration portion 16e into a
computer program, which in this example 1s depicted by computer program 18 (which 1n
this example 1s a datatlow graph).

In this example, computer program 18 includes data sources 18a, 18b, filtered
customer transactions module 18c, transaction aggregates module 18d and output file
source 18e. In this example, the computerized system configures data source 18a to
access data records and/or files from the A Customers module. The computerized
system configures data source 18b to be the B name address module. The computerized

system configures filtered customer transactions module 18c 1n accordance with the
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information input into portion 16h for filtered customer transactions module 18c. In
particular, filtered customer transactions module 18c includes datatlow graph 18y with
components 18f, 18h-181. In this example, component 18f 1s a filter component
(hereinafter filter component 18f). Components 18h, 181 are partition components
(hereinafter partition components 18h, 181). Components 18;, 18k are sort components
(hereinafter sort components 18j, 18k). Component 181 1s a join component (hereinafter
join component 181).

In this example, filter component 181 1s configured in accordance with the input
specified 1n controls 16g, 161-16k. That 1s, filter component 181 1s configured to filter out
those data records, which fulfill a predetermined condition - such as those records with an
aggregate transaction amount less than $250. In this example, join component 181 1s
configured 1in accordance with the information specified by controls 16m-16n, namely, to
join data records with matching or similar values for a Customer ID field. In this
example, partition components 18h, 181 and sort components 18, 18k are not specified 1n
the specification, 1.e., are not specified by input into configuration portion 16e. However,
the computerized system includes partition components 18h, 181 and sort components
187, 18k based on execution of executable logic (by the computerized system) that
specifies that a join component 1s preceded by a partition component, which 1s preceded
by a sort component. In this example, transaction aggregates module 18d 1s configured 1n
accordance with information input into portion 16aa. In particular, transaction aggregates
module 18d 1s configured to aggregate values in the “transaction amount” field with
values 1n the “total transaction amount to Date” field. Output file source 18e 1s
configured to save an output of execution of computer program 18 1n a data repository, as
specified by the output file module defined in portion 16ab. In this example, each of data
sources 18a, 18b, customer transactions module 18c¢, and transaction aggregates module
18d includes output ports 18m-18p, respectively, that specify an output data format that
specifies which fields (e.g., from data records received from data sources 18a, 18b) are
output from that source or module. As described above and below, each module and
source 1s configured to output only values of those fields that are accessible to that
module/source and are accessed by one or more downstream modules. In this example,

customer transactions module 18c¢ includes 1input ports 18q, 18r, transaction aggregates
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module 18d includes input port 18s and output file source 18e includes input port 18t.
An 1nput port 1s configured to receive one or more structured data items from another
module. An input port may also be configured with one or more data formats required
for the received structured data items.

Referring to FIG. 2D, diagram 20 1llustrates a transformation of a specification
into a graph. In this example, graphical user interface 19 1s shown in diagram 20. In this
example, graphical user interface 19 includes palette portion 19a and specification
portion 19b for defining a specification. Palette portion renders visual representations
19¢, 19d, 19e, 191, 19g, 19h, 191, 19;, 19k, 191 of various modules that are previously
defined available for use in defining a specification (e.g., the filtered customer
transactions module, the customer transactions module, the transaction aggregates
module, the A customers module, the B name address module, and the output module,
represented by visual representations 19¢, 19d, 19e, 191, 19¢, 19h, respectively) or that
have been added to palette 19a only after having been newly defined 1n specification 19b
(e.¢., modules 1, 2, 3, 4, represented by visual representations 191, 19y, 19k, 191,
respectively).

In this example, a user defines a new module — module 1 — 1n module 1 area 19m
of specification portion 19b. Module 1 area 19m includes control 19ma for defining a
data source for module 1. In this example, a user drags and drops visual representation
19d 1nto control 19ma to specify that the customer transactions module 1s the data source
for module 1. Module 1 area 19m also includes controls 19mb, 19mc, 19md for defining
a filter operation to be performed on the data records output from the customer
transactions module. In this example, module 1 area 19m also includes controls (not
shown) for selecting a type of operation to be performed, which 1n this case 1s a filter
operation. Module 1 area 19m also includes global save control 19mf for adding module
1 to the global palette. Module 1 area 19m does not include a local save control, because
module 1 1s being newly defined — as such it 1s not possible for the system to save down a
local copy of a previously defined module. In this example, the user does not select
global save control 19mf. Rather, the defining of module 1 itself 1s sufficient to add
module 1 to a local palette (for the graph being defined) by adding visual representation
191 to palette portion 19a.
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In this example, specification portion 19b also defines another new module —
module 2 — 1n module 2 area 190. In this example, module 2 area 190 includes control
190a for defining a data source for module 2. In this example, visual representation 19e
1s dragged and dropped into control 190a to specity that the transaction aggregates
module 19e 1s the data source for module 2. Module 2 area 190 also includes controls
190b-190d to specity attributes of a filter operation, e.g., that was itself specified through
selection of another control (not shown). Module 2 area 190 includes global save control
190f, selection of which adds module 2 to the global palette. In this example, the
specification of a definition of module 2 1n module 2 area 190 causes visual
representation 19; to be added to palette portion 19a.

Specification portion 19b also defines new module 3 1n module 3 area 19n.
Module 3 area 19n includes control 19na for specitying a data source for module 3. In
this example, module 1 1s the data source for module 3 and this 1s specified by dragging
and dropping visual representation 191 into control 19na. Module 3 area 19n also
includes controls 19nb, 19nc, 19nd to specify the attributes of a join operation (which 1s
itself specified through selection of another control for selecting an operation type). In
this example, the output of module 1 1s joined with the output of module 2, as specified
by control 19nb. In this example, a user may have dragged and dropped visual
representation 197 into control 19nb. Additionally, controls 19nc, 19nd specify the names
of keys (i.e., fields) of the records output from modules 1, 2, respectively, on which to
perform the join. Module 3 area 19n also includes global save control 19nt, selection of
which adds module 3 to a global palette. In this example, global save control 19nf 1s not
selected. Rather, defining module 3 1s 1tself sufficient to add visual representation 19k to
palette portion 19a.

Specification portion 19b also defines new module 4 1n module 4 area 19p, which
includes control 19pa for specifying a data source for module 4 and control 19pb for
specifying a data target for module 4. In this example, module 3 1s the data source for
module 4 and the output module (represented by visual representation 19h) 1s the data
target. In this example, defining module 4 in module 4 area 19p adds visual

representation 191 to palette portion 19a.
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Specification portion 19b also includes submission control 19s, selection of which
causes the system, such as the transformation environment 5 in FIG. 1A, to transform the
specification defined 1n specification portion 19b into a graph 19q. In this example,
agraph 19q includes customer transactions data source 19qa, transaction aggregates data
source 19gb, module 1 19qc, module 2 19qd, module 3 19ge and module 4 19qf. In this
example, many of the data sources and modules included 1in graph 19q encapsulate other
modules, data sources and/or components. In this example, graph 19r shows an
uncollapsed view of graph 19q, in which the contents of each encapsulated module and/or
data source are shown. Graph 19r includes components (some of which are data sources)
19ra-19rp. In this example, components 19ra -19rg are included 1n the customer
transactions module, which 1s defined as the data source for module 1. In this example,
component 1911 represents the filter functionality defined by controls 19mb-19md. In
this example, components 19rh and 19r) represent module 2. Components 19rk-19ro
represent module 3. As previously described, the system 1s configured to insert partition
and sort components before a join component. Lastly component 19rp represented
module 4. As shown in FIGS. 2B-2D, a module can be used in different ways in different
specifications in defining different graphs. In some examples, the data processing system
describes herein transforms a specification into a dataflow graph as follows. The data
processing system accesses, 1n data storage system, a data structure that maps data
representing portions of the specification to the datatlow graph components and
1dentifies, 1n the data structure, an item of data representing a particular portion of the
specification. The data processing system also identifies, in the data structure, which
datatlow graph component 1s mapped to the particular portion of the specification; and
adds the i1dentified datatlow graph component to the dataflow graph 1n accordance with
an order of execution of operations specified by the specification.

Referring to FIG. 2E, diagram 30 includes user interface module 32, specification
configuration module 34 and entity generation module 36 that are also described above 1n
context of FIG. 1A. The user interface module 32 displays (or causes display of) user
interface 38 for configuring a particular entity (e.g., “entity 1”7 in FIG. 2E). User
interface 38 includes portion 40 for receiving one or more values of parameters for an

operation, such as a mapping operation, that 1s included in the entity being configured
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through user interface 38. In this example, portion 40 includes fields 40a, 40b for input
of values of parameters used 1n the operation. User interface 38 may also include portion
42 for input of values of parameters for another operation, such as a join operation. In
this example, portion 42 includes fields 42a, 42b for input of those values. In this
example, user interface 38 1s for configuring an already defined entity. In a vanation, the
user interface can be rendering for defining a new entity, e.g., by specifying which
parameters, operations and/or dataflow graph components are to be included 1n the entity.
Based on data entered into fields 40a-40b and 42a-42b of user interface 38,
specification configuration module 34 generates specification 44 specifying the particular
entity. The data processing system (e.g., the transformation environment 5 (FIG. 1A) that
performs the specification to dataflow graph transformation and includes one or more of
user interface module 32, specification configuration module 34, and entity generation
module 36) may receive (e.g., from a client device displaying or rendering user interface
38) a request (e.g., an XML message or other data) that specifies the one or more values
for the fields 40a-40b, 42a-42b. The request may also specity the type of operation (e.g.,
a mapping operation, a join operation and so forth) for which each value 1s specified.
Based on contents of the request, specification configuration module 34 generates the
specification 44. The transformation environment 5 (FIG. 1A) may check the values
recerved via the user interface 38 or via the request for compliance with predetermined
criteria associated with the corresponding operation of the particular entity and may
output a notification to the user (e.g., via the user interface 38 or via a response message
to the client) whether the received values comply with the predetermined criteria. In case
the transformation environment 5 determined that some of the received values do not
comply with the predetermined criteria, the notification (such as a warning) may also
include information guiding the user in submitting new one or more values for the
corresponding operation of the particular entity that comply with the predetermined
criteria. In other words, the transformation environment 5 (e.g., the user interface 38)
may provide a guided user-machine interaction process, which ensures proper operation
of the underlying system or entity, e.g., by ensuring that that the finally received values

do comply with the predetermined criteria.
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The above mentioned request may include the content shown 1n the below Table

Operation Type: Mapping
Parameter 1: Value 1 (40a)
Parameter 2: Value 2 (40b)

Operation Type: Join
Parameter 1: Value 1 (42a)
Parameter 2: Value 2 (42b)

Table 1

As shown 1n the above table, contents of the request include data specitying
various operation types. For each operation type, the request specifies one or more
parameters and one or more specified (e.g., user input) values for each parameter. The
specification configuration module 34 uses contents of the request to generate
specification 44 for the particular entity. For example, specification configuration
module 34 1s configured with a set of rules that parse the request and generate the
specification, e.g., specification 44. In this example, the specification specifies various
operations for the particular entity (e.g., to be executed by that entity) and various
parameters for each operation (along with associated parameter values).

The specification configuration module 34 may access a template for a

specification (e.g., for an entity), as shown 1n the below Table 2:

Entity

Operations

1: <Parameter(s)>

Operations

1: <Parameter(s)>

Table 2
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As shown 1n the above Table 2, the template for the specification includes fields
to be populated, e.g., based on contents of the request. In this example, there 1s a field for

an operation type (1.e., Operations) and there 1s another field to specity a

first instance of that operation (1.e., 1). There 1s also another field to specity

parameters (and associated values) for that instance of the operation. The populated
version of the template 1s shown in FIG. 2E as specification 44. In a variation, the
contents of the request itself (e.g., as shown in Table 1) are the specification, e.g., rather
than having a separate template to be populated from contents of the request.

The entity generation module 36 may transtform specification 44 into entity 46,
e.g., by selecting from a data repository those datatlow graph components or data
representing components that are specified by the operation types 1n specification 44. For
example, specification 44 includes a “mapping” operation type and a “join” operation
type. Based on these operation types, entity generation module 36 selects the datatlow
graph components “mapping component 48” and “join component 54” for inclusion 1n
entity 46.

The entity generation module 36 may access, 1n data storage system 3, a data
structure that maps data representing portions of a specification to data representing
components or dataflow graph components. Entity generation module 36 1dentifies, 1n
the mapping, an item of data representing a particular portion of the specification. Entity
generation module 36 1dentifies, in the mapping, which data representing a component or
a dataflow graph component 1s mapped to the identified portion of the specification; and
adds the i1dentified data representing component or datatlow graph component to the
entity 46 1n accordance with an order of execution of operations specified by the user
interface 38. In some examples, there 1s not a one-to-one mapping between data
representing portion of a specification and data representing a particular one of the
components. Rather, data representing a join can be mapped to multiple, different join
components (or data representing the join components). In this example, the entity
generation module 36 1s configured to select an appropriate component.

Entity generation module 36 also selects other components, e.g., sort components
50, 53 and partition components 51, 52, which are not specified by either the

specification or by input into user interface 38. In this example, entity generation module
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36 1s configured with rules specifying various operation types that precede various other
operation types. For example, a key-based operation (e.g., a join or roll-up operation) 1s
preceded by a partition and sort operations, e.g., to save memory during execution of the
key-based operation. Generally, a key-based operation includes an operation that
operates on data based on a key (or other unique 1dentifier) for the data. In this example,
the entity generation module 36 1s programmed with a rule specifying that partition and
sort operations precede a join operation. Based on this rule, entity generation module 36
includes sort components 50, 53 and partition components 51, 52 1n entity 46, e.g., prior
to the occurrence of join component 54 1n entity 46.

In another example, entity generation module 36 1s also programmed with a rule
specifying that a partition operation follows a mapping operation, e.g., to save memory
following execution of the mapping operation. Based on execution of this rule, entity
generation module 36 includes sort component 50 in entity 46. Entity generation module
36 1nserts edges 56, 58, 59, 60 and 61 (e.g., representing data flows) between components
48, 50, 52, 54 based on an order 1n which the various operations are listed (or otherwise
occur) in specification 44 and/or based on an order specified by the rules. For example,
based on execution of the above-described rule, sort component 50 1s inserted between
mapping component 48 and join component 54. Following this insertion, entity
generation module 36 inserts edge 56 between mapping component 48 and sort
component 50. Entity generation module 36 also inserts edge 358 between sort component
50 and partition component S1. Entity generation module 36 inserts edge 59 between
partition component 31 and join component 54. Additionally, following insertion of
partition component 52, entity generation module 36 inserts edge 60 between sort
component 53 and partition component 52. Entity generation module 36 inserts edge 61
between partition component 52 and join component 54.

In a variation, specification configuration module 34 1s configured with the
above-described rules. Based on execution of these rules, specification configuration
module 34 1s configured to identify additional operations (e.g., a partition operation and a
sort operation) to be included in specification 44 and 1n entity 46.

A system described herein 1s configured to reveal to a user (through user interface

38) only the minimum amount of complexity required for configuration of an entity.
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That 1s, a user 1s prompted for input specifying parameter values for the data operations
that require user input for configuration (e.g., join and filter operations that require a user
to input keys values on which to perform the join and/or the filter). However, other
operations (e.g., partition and sort operations) that can be configured independently of
user input are automatically configured and added to the entity — without the complexity
of those data operations being revealed to the user. As such, only the minimum amount
of complexity 1s revealed to the user.

Reterring to FIG. 3A, diagram 70 1illustrates datatlow graph 71 generated from
multiple entities 46, 76, 78, 80, 82, each of which are generated using the techniques
described herein. In this example, each entity itself may include multiple other entities.
As described 1n further detail below, the data processing system provides various user
interfaces for selecting which entities to include in the datatlow graph and an execution
order for the entities. In this example, datatlow graph 71 also includes data sources 72,
74. In this example, user interfaces are also provided for specification of the data sources
and of the relationships among the data sources and entities included 1n the datatlow
oraph. In this example, a data source 1s field modifiable 1n that 1t 1s customizable on the
user end and does not need to be specified ahead of time (e.g., can be specified at
deployment or installation). Referring to FIG. 3B, diagram 83 illustrates a variation of
FIG. 2E in which a specification 1s generated, based on user input, for a dataflow graph
comprising multiple particular entities, rather than for an individual particular entity.
However, the description in the context of FIG. 2E, with respect to the individual entity,
also applies 1n a corresponding manner to each entity mentioned in context of FIG. 3B. In
this example, user interface module 32 displays a user interface 85 for collecting all the
parameter values (and/or configuration options for a dataflow graph). Based on the input
collected through user interface 85, specification configuration module 34 generates
specification 86 for all the entities included 1n the datatlow graph, e.g., using the
techniques described herein such as in context of FIG. 2E. Based on specification 86,
agraph generation module 84 generates dataflow graph 71, which 1tself includes the
various entities. By generating the entire dataflow graph, the system 1s able to identity

and generate necessary dependencies and/or data flows among the entities. At least
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partly based on these dependencies and/or data tlows, the system 1s able to specity input
and output data formats for the entities and for the components of the entities.

In other words, the user interface module 32 displays (or causes display of) user
interface 85 for configuring the multiple particular entities (e.g., “customer transactions
entity”’ and “purchase entity” in FIG. 3B). User interface 85 includes a portion for
recerving one or more values of parameters for an operation, such as a mapping
operation, that 1s included 1n the entity (e.g., “customer transactions entity” in FIG. 3B)
being configured through user interface 85. In this example, user interface 85 includes
fields 85d, 85e for input of values of parameters used in the operation. User interface 85
may also include a portion for input of values of parameters for another operation for the
same entity, such as a join operation. In this example, the portion may also include fields
for input of those values. Based on data entered into fields of user interface 83,
specification configuration module 34 generates specification 86 specifying the multiple
particular entities.

In this example, user interface 85 displays a palette of entities (e.g., pre-defined
entities) for selection. In this example, user interface 85 includes control 85a, selection
of which displays a listing of various entities to be included in a computer program
and/or a dataflow graph. In this example, a user has selected to include a “customer
transactions’ entity 85b and a “purchases” entity 85¢ in the computer program, e.g.,
among other entities. In this example, “customer transactions” entity 85b includes a
mapping operation and a join operation. For the “customer transactions” entity 85b, user
interface 85 enables a user to configure values of the mapping operation, e.g., via input
boxes 85d, 85e for inputting values of parameters of the join operations. Input boxes are
provided for configuring values of parameters of the join operation that 1s part of the
“customer transactions entity” 85b and for configuring values of parameters of the sort
and join operations that are included in “purchases” entity 85c.

In this example, user interface 85 includes control 85d, selection of which causes
a client device rendering user interface 85 to send a request (e.g., an XML message or
other data) to a data processing system, such as transformation environment 5 (FIG. 1A),
executing specification configuration module 34. In this example, the request specifies,

for each particular entity, an entity name, types of data operations (e.g., a mapping
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operation, a join operation and so forth) performed by that entity and, for each type of
data operation, values of respective parameters for that data operation. The request 1s
sent to specification configuration module 34. Based on contents of the request,
specification configuration module 34 generates the specification 86. The specification
configuration module 34 may identify 1f there are any additional data operations to be
included 1n the specification — using the techniques described herein. These additional
data operations include data operations required to perform other data operations or data
operations upon which specified data operations are dependent — but for which the user 1s
not prompted to enter input values. The data processing system may check the values
recetved via the user interface 38 (FIG. 2E) or the user interface 85 or via the request for
compliance with predetermined criteria associated with the corresponding operation of
the particular entity and may output a notification to the user (e.g., via the user interface
85 or via a response message to the client) whether the received values comply with the
predetermined criteria. In case the data processing system determined that some of the
recerved values do not comply with the predetermined criteria, the notification (such as a
warning) may also contain information guiding the user in submitting new one or more
values for the corresponding operation of the particular entity that comply with the
predetermined criteria. In other words, the data processing system (e.g., the user interface
85) may provide a guided user-machine interaction process, which ensures proper
operation of the underlying system or entity, e.g., by ensuring that that the finally
recerved values do comply with the predetermined criteria.

From specification, graph generation module 84 generates datatlow graph 71,
e.g., by selecting, from memory, entities (e.g., entities 76, 78, 80, 82, 46) corresponding
to the entity names included 1n specification 86 and configuring values of parameters of
those entities 1n accordance with values input into user interface 85. In an example,
where an entity 1s not already pre-defined and stored in memory, graph generation
module 84 generates the entity, e.g., by selecting from memory those components with
names corresponding to the names of the various operations specified by the
specification.

Reterring to FIG. 4, diagram 90 illustrates how the data processing system, such

as the data processing system 4 of FIG. 1A, 1s configured to “drop” or otherwise remove

- 40)-



10

15

20

25

30

WO 2019/084172 PCT/US2018/057361

a field from a data record once the data processing system determines that the field 1s not
required by any downstream or subsequent entities (or components included 1n an entity)
in datatlow graph 91, which may be dataflow graph 71 (FIG. 3A). In this example,
dataflow graph 91 includes data sources 92, 94, data sink 97 (e.g., a data repository for
storage of data) and entity 98. Datatlow graph 91 may also include one or more other
entities — as indicated by the ellipses (“...”") shown 1n datatflow graph 91.

There are numerous advantages to dropping fields once they are no longer used or
processed by the dataflow graph. These advantages includes decreased latency 1n data
record processing, because the data processing system 1s able to process smaller records
(e.g., which result from the dropping of fields) more quickly, relative to a speed of data
processing when the data processing system has to process an entire data record through a
datatlow graph. Other advantages include decreased memory and resource consumption,
as a smaller record (e.g., due to the dropping of fields) consumes less memory space
during the processing of the record.

In this example, dataflow graph 91 includes entity 98, which in turn includes
datatlow graph components 100, 102, 104, 106. Each of components 100, 106 1s a filter
component that filters records based on a geolocation field. As such, each of components
100, 106 requires that a data record has a geolocation field to properly perform the
filtering. Component 102 1s a sort component that 1s configured to sort data records, e.g.,
based on an ID or key of the data records. As such, component 102 requires an ID field
to properly perform the sort. Component 104 1s a join component that 1s configured to
perform a join on data records associated with a same or similar key or ID. As such,
component 104 requires an ID field to properly perform a join operation. In this
example, data sink 97 1s configured to store data records (e.g., data record 96) with four
fields (e.g., fields 96a-96d) for each processed data record. In this example, the four
fields include an ID field 96a, an SMS field 96b, a timestamp field 96¢ and a data usage
field 96d. As such, based on the fields specified for storage by data sink 97, processed
records should include these four fields — to enable values of these fields to be stored in

data sink 97.

In this example, data source 92 receives a structured data item, such as data record

108, which includes ID field 108a, GeoLocation field 108b, SMS field 108c and
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timestamp field 108d. In this example, each of fields 108a-108d 1s required by a
downstream entity or data sink. For example, field 108a 1s required by components 102,
104 and data sink 97. Field 108b 1s required by component 100. Field 108c 1s required
by data sink 97. Field 108d 1s required by data sink 97. As such, the data processing
system does not drop any fields from data record 108 and data record 108 1s sent in its
entirety to the next entity in datatlow graph 91.

In this example, data source 94 receives data record 110, which includes ID field
110a, GeoLocation field 110b, data usage field 110c, timestamp field 110d and voice
field 110e. ID field 110a 1s used by downstream entities and components (1.e.,
component 104 and data sink 96) in datatlow graph 91. GeoLocation field 110b 1s used
by component 106. Data usage field 110c 1s used by data sink 97. Timestamp field 110d
1s used by data sink 97. However, voice field 110e 1s not used by any of the downstream
components or entities. As such, the data processing system drops voice field 110e from
data record 110 (as visually shown by the strikethrough of “Voice”). In this example,
data source 94 sends data record 112 (with fields 112a-112d and not with the dropped
field 110e) to the next entity in datatlow graph 91. Data record 112 1s a version of data
record 110 with field 110e removed. That 1s, in this example, data record 112 is the same
as data record 110, except that data record 112 does not include field 110e. In this
example, fields 112a-112d are the same as fields 110a-110d, respectively. This may be
done by formatting the output data format of the data source 94 betore execution of the
datatlow graph for data processing during transtormation of the specification, which is
associlated with the data source 94, into the data source 94 such that the voice field 110e
1s removed or dropped from the data record 110 before the data record 110 1s outputted as
data record 112 by the data source 94 for further downstream processing by downstream
entity 98.

In this example, entity 98 receives data record 108. The data processing system
executes component 100 against data record 108, e.g., to determine whether to continue
processing data record 108 or i1f data record 1s filtered out without further processing. In
this example, based on the value 1in geolocation field 108b, the data processing system
determines that data record 108 does not satisty the criteria of data records that are

filtered out without further processing. The data processing system also determines that
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geolocation field 108b 1s not used or required by any of the downstream entities or
components. For example, none of components 102, 104 or data sink 97 use a
geolocation field. As such, the data processing system drops geolocation field 108b from
data record 108, as shown by the strike through of “GeoLocation” above component 100.
This may be done by formatting the output data format of the component 100 during
transformation of the specification, which 1s associated with the entity 98, into the entity
98 such that the geolocation field 108b 1s removed or dropped from the data record 108
before the data record 108 1s outputted as data record 114 by the component 100 for
further downstream processing by downstream components 102, 104. The removal of
geolocation field 108b results 1n data record 114, which 1s a version of data record 108.
That 1s, data record 114 1s a version of data record 108, in which geolocation field 108b 1s
removed. In this example, data record 114 includes fields 114a-114c, which correspond
to fields 108a, 108¢c-108d, respectively. Components 102 and 104 each process data
record 114. In this example, no fields from data record 114 are dropped after processing
by components 102, 104, because each of fields 114a-114c 1s required by data sink 97.

In this example, data record 112 1s passed to entity 98, which executes component
106 against data record 112, e.g., to determine whether to continue processing data record
112 or 1f data record 112 1s filtered out without further processing. In this example, based
on the value 1n geolocation field 112b, the data processing system determines that data
record 112 does not satisty the criteria of data records that are filtered out without further
processing. The data processing system also determines that geolocation field 112b 1s not
used or required by any of the downstream entities or components. For example, neither
component 104 nor data sink 97 use a geolocation field. As such, the data processing
system drops geolocation field 112b from data record 112, as shown by the strike through
of “GeoLocation” below component 106. This may be done by formatting the output data
format of the component 106 during transformation of the specification, which 1s
associated with the entity 98, into the entity 98 such that the geolocation field 112b 1s
removed or dropped from the data record 112 before the data record 112 1s outputted as
data record 116 by the component 106 for further downstream processing by downstream
component 104. The removal of geolocation field 112b results in data record 116, which

1s a version of data record 112. That 1s, data record 116 1s a version of data record 112, 1n
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which geolocation field 112b 1s removed. In this example, data record 116 includes
fields 116a-116¢, which correspond to fields 112a, 112¢-112d, respectively. Component
104 processes data record 116. In this example, no fields from data record 116 are
dropped after processing by component 104, because each of fields 116a-116¢ 1s required
by data sink 97.

In this example, component 104 joins together data records 114, 116 (e.g., as each
of the data records has a same ID). The output of component 104 1s data record 118,
which includes data records 114, 116. In this example, each of data records 114, 116 1s a
sub-record of data record 118. Entity 98 transmits data record 118 to data sink 97 for
storage.

In an example, a data processing system (such as data processing system 4 or
transformation environment 5) executes three passes for each entity in a dataflow graph
(e.g., dataflow graph 71 in FIG. 3A or dataflow graph 91 1n FIG. 4) to identify which data
fields can be deleted or otherwise removed from storage and when. That 1s, to decrease
consumption of computing and memory resources, the data processing system 1s
configured to “drop” or delete a field as soon as it can, e.g., when that field 1s no longer
required by the datatlow graph and/or by entities in the dataflow graph. During a first
pass, an entity of the dataflow graph broadcasts to other entities (e.g., other upstream
entities) fields required by itself and any entities downstream of the entity. The entity
that performs the broadcast 1s referred to as a broadcasting entity. In an example, the
broadcasting entity broadcasts the required fields to one or more recipient entities (e.g.,
upstream entities) by sending to those upstream entities one or more messages that
include data representing the required fields.

During a second pass, the recipient entities transmit to the broadcasting entity one
or more messages specifying which recipient entities can provide (e.g., transmit to the
broadcasting entity) values of the required fields. During a third pass, the broadcasting
entity parses (or otherwise analyzes) the messages received from the recipient entities. In
response, the broadcasting entity transmits back to the recipient entities data (e.g.,
messages) specitying which recipient entity 1s responsible for transmitting which field
(and/or value of a field) to the broadcasting entity. In some examples, the data

processing system executes these three passes. By doing so, each entity 1s configured
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with data (e.g., a formatted output data format) specitying which fields are required by
downstream entities, including, e.g., the broadcasting entity. Generally, an entity (e.g.,
each entity) 1s configured with data specitying required fields by saving 1n memory
and/or 1n a data repository data representing required fields and saving that data in
association with a unique i1dentifier for the entity. Then, during execution of the datatlow
agraph, the data processing system queries for this stored data, during execution of an
entity. For example, upon execution of a particular entity, the data processing system
looks up, 1n the database, the data for that entity (e.g., based on a unique identifier for the
entity). As previously described, the looked-up data specifies which fields are required
by downstream entities. In this example, the data processing system 1s configured to drop
those fields (e.g., by deleting them from storage or by preventing storage of data for those
fields) that are not required by downstream entities — e.g., upon completion of data
processing by a current entity (e.g., an entity being currently executed and associated
with stored data specifying which fields are and are not required by downstream entities).

Referring to FIG. 5, diagram 120 illustrates a process performed by the data
processing system 1n 1dentifying which fields of a data record to drop and when. In this
example, a dataflow graph include data sources 122, 124 and entities 126, 128, 130, 132,
134. In this example, an entity 1s transient 1n that the entity does not store values of the
fields. In this example, entity 132 requires three fields: x, y, z. Entity 130 requires one
field: A. Entity 126 requires two fields: x and y. Additionally, 1in this example, data
source 122 stores (or otherwise has access to) data records with fields x, y, A.

To track which fields are required by which entities and when the data processing
system can drop a field, the data processing system performs the following techniques as
part of configuration of a datatlow graph and prior to data processing by the datatlow
ograph. First, entity 132 sends message 170 to entity 130, during a first pass as shown by
arrow 136. Message 170 includes data specifying the fields that are required by entity
132. In this example, message 170 includes data specitying that fields x, y, z are required
by entity 132. In turn, entity 130 receives message 170 and adds to message 170 any
fields that are required by entity 130. In this example, entity 130 generates message 180,
which 1s a version of message 170 and includes contents of message 170 (i.e., data

representing fields x, y, x) as well as other data representing field A. During the first
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pass, the data processing system transmits message 180 from entity 130 to entity 126, as
shown by arrow 138. In this example, entity 126 requires fields x and y (e.g., because
entity 126 reads fields x and y). As such, entity 126 can respond to message 180 that
entity 126 will have values for fields x, y. Entity 126 sends message 190 to data source
122 during the first pass, as shown by arrow 193. In this example, message 190 specifies
that fields x, y, z, A are required, e.g., by one or more downstream entities. Because data
source 122 stores (or otherwise accesses) values for fields x, y A, the data processing
system causes message 192 to be transmitted from data source 122 to entity 126, as
shown by arrow 194 during a second pass. In this example, message 192 specifies that
data source 122 stores or otherwise has access to values for fields x, y, A. In turn during
the second pass, the data processing system causes entity 126 to transmit message 182 to
entity 130, as shown by arrow 140. In this example, message 182 specifies that entity
126 can transmit values for fields x, y, A to entity 130. In an example, the data
processing system identifies which fields to specity or include 1n a message (transmitted
from an entity) by identifying specified fields in an incoming message (to that entity) and
then determining which of the specified fields are either required by an entity receiving
the message or are accessible by the entity receiving the message. In this example,
message 180 (which 1s received by entity 126) specifies fields x, y, z, A. Entity 126
requires fields x, y. Therefore, entity 126 has access to values for fields x, y (by
receiving these values from data source 122). As such, fields x, y are included in
message 182. Even though entity 126 does not require field A, entity 126 has access to
field A through data source 122. As such, entity 126 includes field A 1n message 182.

In this example, entity 130 receives message 182 and i1dentifies which, 1f any, of
the fields specified in message 182 are required by downstream entities. To make this
determination, entity 130 compares contents of message 182 to contents of message 170.
In this example, the data processing system 1s configured to generate another message
specifying fields that represent overlap (e.g., overlapping fields) among fields specified in
message 182 and fields specified in message 170. As such, the data processing system
generates message 185 with data representing fields x, y, e.g., to specity that entity 130
can provide fields x, y to entity 132. During the second pass, entity 130 transmits

message 185 to entity 132, as shown by arrow 142. Entity 130 also stores in memory or
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1n a data repository data specifying that field A can be dropped or otherwise removed
from storage, once field A 1s processed by entity 130. Now, when the dataflow graph
shown 1n FIG. 3 1s executed (1n real-time) by data processing system 4 (FIG. 1A), the
data processing system 4 (executing the dataflow graph) can determine to drop field A,
following processing by entity 130, e.g., based on a data look-up in memory (or a data
repository) of the data specifying to drop field A upon completion of data processing by
entity 130.

In parallel with (or subsequent to) transmittal of message 170, entity 132 also
transmits message 172 to entity 134, during the first pass as shown by arrow 150. In
some examples, message 170 1s a same message as message 172. In this example,
message 172 specifies that fields x, y, z are required by entity 132. Entity 134 receives
message 172. In this example, entity 134 does not require any fields of its own. As such,
entity 134 forwards message 172 to entity 128, during the first pass as shown by arrow
152. Entity 128 forwards message 172 to source 124, which 1n turn responds with
message 184, specifying that source 124 can provide fields y, z. In turn, entity 128
responds with message 184 specifying that entity 128 can provide values for fields y, z.
In this example, entity 128 transmits message 184 to entity 134, as shown by arrow 154
during the second pass. In this example, entity 134 forwards message 184 to entity 132,
as shown by arrow 156 during the second pass.

In this example, entity 132 has received two messages (1.e., messages 184, 185),
each of which specify which fields that are required by entity 132 can be provided by
upstream entities. In particular, message 184 specifies that fields x, y can be provided by
entity 130. Message 184 species that fields y, z can be provided by entity 134. Since
entity 132 can receive a value for field x from two different entities, entity 132 selects
one of the entities from which to request and receive values for field x. In some
examples, entity 132 randomly makes this selection. In other examples, entity 132 may
select that entity that responded first.

In this example, entity 132 selects entity 130 for receipt of field x. As such,
during a third pass, entity 132 transmits message 179 to entity 130, as shown by arrow
144. In this example, message 179 specifies that entity 132 1s choosing to receive fields

X, y from entity 130. In turn, entity 130 generates message 178 that specifies that entity
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130 will recerve values of fields x, y, A from entity 126. During the third pass, message
178 1s transmitted from entity 130 to entity 126, as shown by arrow 146. During the third
pass, entity 126 transmits message 178 to data source 122, as shown by arrow 148. In
this example, data source 122 compares contents of message 178 to fields 1t stores or
otherwise accesses, e.g., to determine which (if any fields) data source 122 can drop and
delete from storage. In this example, the data processing system determines, based on
contents of message 178, that all fields of data source 122 are required by downstream
entities. As such, data source 122 1s not configured to drop any fields.

In this example, entity 132 transmits message 176 to entity 134 specifying that
entity 132 will recetve field z from entity 134, as shown by arrow 158 during the third
pass. In turn, entity 134 1s configured by the data processing system to transmit a value
of field z to entity 132. Entity 134 also transmits message 176 to entity 128, as shown by
arrow 160 during the third pass. As such, entity 128 1s also configured to transmit values
for field z to entity 134. In turn, entity 128 forwards message 176 to data source 124, as
shown by arrow 162 during the third pass. In this example, data source 124 compares
contents of message 176 (1.e., specitying field z) to fields accessed by data source 124,
which 1n this example are fields y, z. Based on the comparison, the data processing
system determines that field y 1s not included in message 176. As such, the data
processing system determines that no downstream entities are relying on data source 124
for values of field y. As such, data source 124 1s configured to drop field y, e.g., upon
execution of the dataflow graph shown in FIG. 5. In this example, data source 124 is
configured to drop a field by not saving values for that field in memory.

In the foregoing description, 1t 1s described that entities transmit messages and
recelve messages. In an example, an entity transmits and/or receives messages by
executable logic or code that represents the entity being executed and causing data to be
generated that 1s then analyzed or interpreted by other executable code that represents
another entity.

In the foregoing examples, the entities, e.g., entity 126 had read access to fields,
e.g., rather than storing values for fields. In a variation, an entity may also store a value
for a field. In this example, when an entity stores a value of a requested field, the entity

does not need to go to an upstream entity and/or data source to determine 1f that upstream
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entity and/or data source can provide a value for the field. Rather, the entity — on 1ts own
—can respond to the downstream entity (requesting the field) that the upstream entity can
provide the value of the fields.

In this foregoing example, an entity knows which fields to drop and when,
because each entity either stores or has access to data specifying an input data format and
an output data format for that entity. The output data format specifies fields for which
the entity needs to output values. In an example, the output data format (or output fields
or output format) specifies which fields that are required by one or more downstream
(e.g., subsequently occurring) entities can be provided by a particular upstream entity. In
this example, the upstream and downstream entities are part of a same dataflow through
the datatflow graph. That 1s, the upstream entity 1s configured, via the output format, to
provide these fields. The input data format specifies the fields for which the entity 1s
configured to receive values. Generally, the input data format includes those fields
required to be accessed or processed for an entity. As such, to determine which fields to
drop and when, an entity parses or otherwise analyzes contents of its respective output
data format.

In a variation, entity 132 1s configured as follows: receive value of field y from
entity 130, unless that value 1s null — in which case, receive value of field y from entity
134. In this vanation, each of entities 126, 128, 130, 134 are configured with field y as
part of the output data format.

Referring to FIG. 6, graphical user interface 200 1s displayed (e.g., by the client
device or the data processing system) to enable a user to configure a specification for an
entity and for a datatlow graph that includes the entity. In this example, graphical user
interface 200 includes portion 202 for configuration of one or more portions of a
specification pertaining to input data set. Graphical user interface 200 also includes
portion 204 for input of values specifying various operations (e.g., a data join) to be
performed on the input data sets. Graphical user interface 200 also includes portion 206
for input of values and data specifying an output data set and storage of an output data
set.

Referring to FIG. 7, graphical user interface 209 1s a variation of graphical user

interface 200. In this variation, overlay 208 1s displayed for configuration of an entity.
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In this example, the entity 1s configured upon selection of one or more selectable portions
of portion 204. In this example, overlay 208 includes configuration controls 210, 212,
214, 216 for configuration of operations (e.g., joining operations, mapping operations and
filtering operations) to be performed as part of data processing. In this example, a user
selects configuration control 210 to specify that a join operation 1s to be performed on the
data records.

Referring to FIG. 8, graphical user interface 220 displays overlay 222 for
configuration of a join operation that 1s included in the entity. In this example, overlay
222 1s displayed upon selection of configuration control 210. In this example, overlay
222 displays controls for configuring a join operation. In particular, overlay 222 displays
configuration controls 224, 226, 228, 229, 230. In this example, configuration control
224 allows a user to specify a dataset on which to perform the join. Configuration
control 226 allows a user to input a name for the join operation. Configuration control
228 enables a user to specity whether the user wants to remove duplicate data records.
Configuration control 229 enables a user to specify keys (1.e., unique 1dentifiers) on
which the join 1s performed. Configuration control 230 enables a user to specify a type a
join to be performed.

Referring to FIG. 9, the data processing system generates datatlow graph 240,
e.g., based on a specification generated from specified values (e.g., those values input or
otherwise specified in the user interfaces shown in FIGS. 6-8). In this example, the
specification 1s generated using the techniques described herein, e.g., with regard to FIG.
2E. Additionally, datatlow graph 240 1s generated from the specification, also using the
techniques described herein.

In this example, datatlow graph 240 includes input data sources 242, 244, 246,
248, 250, entities 252, 254, 256, 238, 260, 262 and output data source 264. In this
example, each of entities 252, 254, 256, 258, 260, 262 includes a dataflow graph (e.g., a
datatlow graph to be included within a parent dataflow graph, such as datatlow graph
240).

Referring to FIG. 10, diagram 300 depicts a process for transforming a
specification into an entity for generating a datatlow graph. In operation, a system (e.g.,

the system 1 in FIG. 1A described herein) provides a user interface including at least a
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first portion for input of a value of a first parameter of an entity and at least a second
portion for input of a value of a second parameter of the entity. The system receives
(302) data representing the input value of the first parameter and data representing the
input value of the second parameter. Optionally, the system may check the data
representing the input values for compliance with predetermined criteria associated with
the corresponding parameter of the entity and may output a notification to the user (e.g.,
via the user interface) indicating whether the input values comply with the predetermined
criteria. In case the system determined that some of the input values do not comply with
the predetermined criteria, the notification (such as a warning) may also include
information guiding the user 1n inputting new one or more values for the corresponding
parameter of the entity that comply with the predetermined criteria. In other words, the
system may optionally provide a guided user-machine interaction process, which ensures
proper operation of the entity, e.g., by ensuring that that the finally received values do
comply with the predetermined criteria.

Based on the input values, the system generates (304) a specification for the
entity, wherein the specification specifies a plurality of data operations for processing
data records 1n accordance with the input values, with at least one of the data operations
being specified by a portion of the received data representing the input values, and
optionally with at least another one of the data operations being identified by the data
processing system (e.g., automatically and without (independent of) user input — for
example, based on specified rules) for inclusion 1n the specification to enable execution
of the at least one of the data operations specified by the portion of the received data
representing the input values. For each of a plurality of portions of the specification, the
system 1dentifies (306) a component that encapsulates one or more data operations
specified by that portion of the specification.

The system generates (308) the entity with the identified components for
executing the data operations, with a first one of the components configured to perform
one or more operations in accordance with the value of the first parameter and with a
second one of the components configured to perform one or more operations 1n
accordance with the value of the second parameter. Additionally, based on entities

generated with respective components identified from respective specifications, the
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system generates (310) a computer program or a dataflow graph representing a flow of
data among the entities.

Referring to FIG. 11, a data processing system (e.g., system 1 in FIG. 1A, data
processing system 4 1n FIG. 1A, or transformation environment 5 in FIG. 1A)
implements process 320 1n transforming a specification into a persistent computer
program. Generally, persistence refers to a characteristic of state that outlives the process
that created 1it. Generally, a computer program includes a series of coded instructions that
are executable by a data processing system. In operation, the data processing system
receives (322) specification data that specifies a first entity and an input value of a first
parameter of a first data operation implemented by that first entity and that further
specifies a second entity and an input value of a second parameter of a second data
operation implemented by that second entity.

Based on the input values of the parameters of the first and second entities, the
data processing system generates (324) a specification for the computer program that
executes the plurality of distinct data operations in processing the one or more data sets,
wherein the specification specifies that the first entity 1s included 1n the computer
program and that the first entity implements at least the first data operation for processing
data 1n accordance with at least the input value of the first parameter, wherein the
specification further specifies that the second entity 1s included 1n the computer program
and that the second entity implements the second data operation for processing data in
accordance with at least the input value of the second parameter, and wherein optionally
at least one data operation specified in the specification as being implemented by the first
entity or the second entity 1s selected by the data processing system for inclusion in that
entity independent of being specified 1n the user interface as a data operation for that
entity.

Using the techniques described herein, the data processing system transforms
(326) the specification into the computer program that executes the plurality of distinct
data operations 1n processing the one or more data sets, wherein optionally contents of
one or more portions of the computer program are distinct from 1nput into the user
interface. That 1s, transformation of the specification results in a new computer program

that 1s stored in memory, e.g., for subsequent execution and/or modification. The data
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processing system also saves (328) the computer program in memory. This computer
program 1s persistent and editable. Additionally, this computer programed 1s saved, e.g.,
for execution at a later date.

For each entity, the data processing system saves (330) input and output data
formats for that entity. The input data format specifies one or more fields of one or more
data sets that are accessed by the entity. The output data format specifies one or more
fields accessed by one or more entities occurring 1n the computer program after (1.e.,
downstream) that entity. In this example, the data processing system automatically
determines the input and output data formats, e.g., using the techniques described herein
in context of FIGS. 4 and 5. For determining an output data format, these techniques
include 1dentifying another entity that occurs after (1.e., downstream) the entity in the
computer program, wherein the other entity and the entity are part of a datatlow through
the computer program; determining one or more fields that are accessed by that other
entity; determining which of the one or more fields that are accessed by that other entity
are accessible by the entity; and formatting the output data format of the entity to include
those one or more fields that are accessed by that other entity and that are accessible by
the entity.

In this example, the data processing system also identifies (332), for each entity;,
whether one or more fields accessed by that entity can be dropped from a data record
after processing of data (e.g., values) in those one or more fields by that entity. The data
processing system does so by, for each entity in the computer program that 1s part of a
same dataflow as one or more other entities that occur 1in the computer program after (1.e.,
downstream) the entity, determining one or more fields that are read by the entity of the
computer program and that are not read by any of the one or more other entities that
occur after (1.e., downstream) the entity; and following reading of those one or more
fields by the entity, removing the one or more fields from further processing by the
computer program.

In a vanation, the data processing system provides data for a user interface for
selecting, from among a plurality of entities, one or more entities for inclusion in a
computer program that executes a plurality of distinct data operations 1n processing one

or more data sets and for inputting, for each selected entity, a value of a parameter of a
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data operation implemented by that entity. In another variation, the data processing
system provides a spreadsheet or rules editors for input of data specitying which entities
to include 1n the computer program and parameter values for those entities.

By enabling selection of one or more entities from among multiple entities, the
data processing system enables reuse of software modules and code and promotes
flexibility and ease of use in generating computer programs. For example, once an entity
1s defined, that same entity can be reused 1n multiple different computer programs.
Doing so reduces errors in generating computer programs. This 1s because a computer
program can be developed via selection of already defined computer programs and code
(which are error free), rather than having to start computer programming a computer
program with new code. Additionally, by enabling a user to select an entity — from
among multiple entities — the data processing system 1s able to only reveal — in a user
interface — a decreased (e.g., minimum) amount of complexity necessary to configure the
entity and to generate the computer program. The data processing system does so by
only prompting a user for values of parameters for which user input or specification 1s
required. Other data operations for which no user input 1s required are hidden from view
in the user interface and are added into the specification, by the data processing computer
program, as part of generation of the specification.

In this example, specification data (and/or the user input) 1s semantic specification
of what 1s done (e.g., what 1s the result). Based on the semantic specification, the data
processing system generates a logical specification (e.g., generally referred to as a
specification herein) that specifies how it 1s done, e.g., how the result 1s achieved.
Through this distinction between the semantic specification and the logical specification,
the data processing system can implement end-to-end optimization when generating the
computer program, €.g., by leaving out steps that the user has specified in the semantic
specification (via a user interface or flowchart). An example optimization 1s when a user
specifies that a particular entity performs a partition and a sort. However, 1f an entity
preceding the particular entity 1s configured for a partition and a sort, the computer
program 1s optimized to not perform the operations of partitioning and sorting — twice 1n

a row. In this regard, creation of the graph or computer program 1s following
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recommended best practices — which the user 1s free from having to know about. As
such, people having lesser skills can create computer programs professionally assembled.

In some examples, an entity includes computational components corresponding to
nodes that are coupled by data flows corresponding to links. In this example, the
computer program 1s a datatlow graph including entities corresponding to nodes that are
coupled by data flows corresponding to links. In this example, the memory includes
volatile or non-volatile memory. Additionally, in some examples, the entity includes one
or more other entities.

The graph and entity configuration 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 computer programmed or
computer 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 computer program, for example, that
provides other services related to the design and configuration of computation 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
1n 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
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 1s read by the computer system to perform the procedures
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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 have been described. Nevertheless, 1t will be
understood that various modifications may be made without departing from the spirit and
scope of the techniques described herein. For example, some of the steps described
above may be order independent, and thus can be performed 1n an order different from
that described. Additionally, any of the foregoing techniques described with regard to a
datatlow graph can also be implemented and executed with regard to a program.

It 1s to be understood that the foregoing description 1s intended to 1llustrate and
not to limit the scope of the techniques described herein, 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 IS CLAIMED IS:

1. A method performed by a computer system in automatically transforming a
specification into an executable computer program that processes one or more values of one or
more fields in a structured data item, including:

accessing a specification that specifies a plurality of modules to be associated with the
executable computer program for processing the one or more values of the one or more fields in
the structured data item;

automatically transforming the specification into the executable computer program based
on the plurality of modules, wherein the automatically transforming includes:

for each of one or more first modules of the plurality of modules:

identifying one or more second modules of the plurality of modules that each
receives input that is at least partly based on an output of the first module, wherein fields
are accessible to the first module;
identifying which of (i) the fields accessible to the first module, correspond to (ii)
one or more fields relied upon by one or more operations to be performed by the one or
more second modules,
identifying one or more fields to not include in an output data format of the first
module, by:
identifying which of the fields accessible to the first module, do not
correspond to any field relied upon in any operation to be performed by any of the
one or more second modules; and
formatting the output data format of the first module such that an output of
the first module specifies only one or more values of one or more identified fields
corresponding to (i) one or more fields accessible to the first module, and (ii) one
or more fields relied upon by the one or more operations to be performed by the
one or more second modules, wherein the output data format does not specify the
one or more fields that are not relied on by any operation to be performed by any

of the one or more second modules; and
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saving, in persistent memory, the executable computer program, with the saved,
executable computer program specifying the formatted output data format for each of the one or

more first modules.

2. The method of claim 1, wherein contents of one or more portions of the
executable computer program are distinct from the specification and are generated automatically

without user input.

3. The method of claim 1, wherein the executable computer program is persistent
and editable.
4. The method of claim 1, wherein the executable computer program is a dataflow

graph, wherein each of the modules is a dataflow graph component represented by a node of the
dataflow graph, and wherein dataflow graph components are coupled by data flows represented

by links between nodes.

5. The method of claim 4, further including:

accessing, in data storage system, a data structure that maps data representing portions of
the specification to the dataflow graph components;

identifying, in the data structure, an item of data representing a particular portion of the
specification;

identifying, in the data structure, which dataflow graph component is mapped to the
particular portion of the specification; and

adding the identified dataflow graph component to the dataflow graph in accordance with

an order of execution of operations specified by the specification.

6. The method of claim 5, further including: identifying dependencies among the
dataflow graph components; and at least partly based on these identified dependencies,

specifying output data formats of the dataflow graph components.

7. The method of claim 1, further including:
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for a particular first module,

determining that only one of one or more second modules accesses a particular
one of one or more fields that are accessible to the particular first module;

determining that the only one of the one or more second modules accesses the
particular one of the one or more fields from a third module of the plurality of modules
that is distinct from each of the particular first module and the one or more second
modules; and

formatting the output data format to not output one or more values for the
particular one of the one or more fields accessed by the only one of the one or more

second modules.

8. The method of claim 1, further including:

providing data for display of a user interface;

receiving, via the user interface, data representing a selection, from among a plurality of
modules, of one or more modules for inclusion in the executable computer program; and

receiving, via the user interface and for each selected module, a value of a parameter of

an operation implemented by that selected one or more modules.

0. The method of claim 8, further including:

determining whether the value received via the user interface complies with a
predetermined criterion associated with the operation; and

outputting a notification via the user interface indicating whether the received value
complies with the predetermined criterion, wherein in case the received value is determined not
to comply with the predetermined criterion, the notification including guiding information how

the received value has to be changed to comply with the predetermined criterion.

10. The method of claim 8, further including:
configuring a selected module with the value of the parameter; and
storing the configured module for subsequent inclusion in and implementation by another

executable computer program.
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11. The method of claim 1, further including:

executing, before executing the executable computer program, first, second and third

passes for each particular module of the plurality of modules to determine and save the formatted

output data format for the particular module specifying which fields are required by modules

downstream to the particular module and to determine and save an input data format for the

particular module specifying which fields are accessible to the particular module, the executing

including:

and

during the first pass, the particular module broadcasts, to modules upstream to the
particular module, one or more messages that include data representing those one or more
fields that are required by itself and by any modules downstream of the particular
module, wherein the particular module that performs the broadcast is a broadcasting
module and wherein the upstream modules that receive the broadcast are recipient
modules;

during the second pass, the recipient modules transmit to the broadcasting module
one or more messages specifying which recipient modules can provide values of the
required fields; and

during the third pass, the broadcasting module analyzes the messages received
from the recipient modules and, in response, the broadcasting module transmits back to
the recipient modules one or more messages specifying which recipient module is

responsible for transmitting which field to the broadcasting module.

12. The method of claim 1, further including:

receiving, in a data stream, the structured data item including one or more data records;

for at least one of the one or more data records,

executing the executable computer program to process the at least one of the one
or more data records; and

based on a saved output data format of at least one of the one or more first
modules, removing, prior to submission of the at least one of the one or more records to

one of the one or more second modules, one or more fields from the at least one of the
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records that are not specified as input into at least one of the one or more second modules

at least partly based on the output of the first module.

13. The method of claim 1, further including:
defining, in the specification, one or more new modules; and
saving at least one of the one or more new modules to a global palette that

specifies entities that are available for inclusion in other specifications.

14. The method of claim 1, further including:

defining, in the specification, one or more new modules; and

saving at least one of the one or more new modules to a local palette that specifies
entities that are available for inclusion only in the specification and not in other

specifications.

15. The method of claim 1, further including:
accessing a previously defined module that is included in a global palette for
specification definition;
modifying one or more attributes of the previously defined module; and
performing an operation including:
storing the modified previously defined module to a local palette that
specifies entities that are available for inclusion only in the specification and not in other
specifications; or
saving the modified previously defined module to the global palette such

that the modified previously defined module is accessible to other specifications.

16. The method of claim 1, further including:

defining, in the specification, one or more new first modules;

defining, in the specification, one or more new second modules; and

configuring at least one of the one or more new first modules to be a data source for at

least one of the one or more new second modules.
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17. The method of claim 1, wherein a module includes one or more other modules.

18.  The method of claim 1, further including configuring a selected module with a
value of a parameter; and

storing the configured module for subsequent inclusion in another program.

19. The method of claim 1, further including:

determining that only one of the one or more second modules accesses a particular one of
the one or more fields that are accessible to the first module;

determining that the only one of the one or more second modules accesses the particular
one of the one or more fields from a third module that is distinct from the first module; and

formatting the output data format to not output one or more values for the particular one

of the one or more fields accessed by the only one of the one or more second modules.

20. The method of claim 1, wherein a structured data item includes a data record.
21.  The method of claim 1, wherein the computer program is associated with the
plurality of modules by:

the computer program including at least one or more of the modules in the plurality; or

the computer program referencing at least one or more of the modules in the plurality.

22. The method of claim 1, further including:

generating a graphical user interface that includes one or more visual representations of
one or more of the modules, wherein a visual representation is selectable, with selection of the
visual representation causing the specification to specify that a module represented by the

selected visual representation is included in the executable computer program.
23. The method of claim 22, wherein the graphical user interface further includes a

selectable control, selection of which causes the specification to be automatically transformed

into the executable computer program.
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24.  The method of claim 1, wherein the executable computer program includes an
executable dataflow graph that includes nodes and links, with the nodes in the executable
dataflow graph representing data processing components, and with the links in the executable

dataflow graph indicating flows of data among the data processing components.

25. The method of claim 1, wherein identifying the one or more second modules
includes:

determining if each of the one or more second module receives input that is at least partly
based on the output of the first module; and

wherein the method further includes formatting the first module such that input is

provided to the one or more second modules based on the results of that determining step.

26. The method of claim 25, further including,
identifying values of fields of the structured data item that are accessed by the first
module;
wherein determining if each of the one or more second module receives input includes:
determining that input to each of the one or more second modules is at least partly
based on at least one of the values of at least one of the fields of the structured data item
accessed by the first module; and
wherein formatting includes:
formatting the first module to only output the at least one of the values of the at

least one of the fields of the structured data item.

27.  The method of claim 1, wherein formatting includes:
if:
(1) the one or more fields are specified as input into the first module, and
(i1) the one or more fields are specified as input into at least one of the one or
more second modules,
then:
formatting an output data format of the first module such that an output of the first

module specifies only one or more values of one or more identified fields corresponding
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to (i) one or more fields specified as input into the first module, and (ii) one or more

fields specified as input into at least one of the one or more second modules.

28. The method of claim 1, wherein identifying one or more fields to not include in
the output data format of the first module, includes:
identifying which fields to remove from output of the first module, when the structured

data item is processed.

29. A computer system for automatically transforming a specification into an
executable computer program that processes one or more values of one or more fields in a
structured data item, the computer system including:

one or more processing devices; and

one or more machine-readable hardware storage devices storing instructions that are
executable by the one or more processing devices to perform operations of the method of any

one of claims 1 to 28.

30.  One or more machine-readable hardware storage devices for automatically
transforming a specification into an executable computer program that processes one or more
values of one or more fields in a structured data item, the one or more machine-readable
hardware storage devices storing instructions that are executable by one or more processing

devices to perform operations of the method of any one of claims 1 to 28.
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