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(57) Abstract: This specification describes technologies relating
to generating transforms based on rule sets. In general, one aspect
described in this specification can be embodied in methods that
include receiving a rule set including execution cases, where at
least one execution case in the rule set includes one or more trig-
ger conditions and a specification of an output that is to be gener-
ated when the one or more trigger conditions are all satisfied. The
methods may further include generating a control structure in-
cluding a sequence of rows corresponding to one or more execu-
tion cases in the rule set. Each row may include a sequence of
one or more trigger conditions and information specifying the
output for a corresponding execution case. For at least one of the
trigger conditions, when the trigger condition is failed, the con-
trol structure may direct processing to skip at least one row in the
sequence of rows.
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SYSTEM FOR TRANSFORM GENERATION

BACKGROUND

This description relates to a system for generating a transform for data based ona
rule set.

Complex computations can often be expressed as a data flow through a directed
graph (called a "dataflow graph"), with components of the computation being associated with
the vertices of the graph and data flows between the components corresponding to links (arcs,
edges) of the graph. The components can include data processing components that receive
data at one or more input ports, process the data, and provide data from one or more output
ports, and dataset components that act as a source or sink of the data flows. A system that
implements such graph-based computations is described in U.S. Patent 5,966,072,
EXECUTING COMPUTATIONS EXPRESSED AS GRAPHS.

SUMMARY

According to an aspect of the present invention, there is provided a method,
performed by one or more data processing apparatus, for encoding a rule set for transforming
data, including: receiving a rule set including a sequence of execution cases, at least one
execution case in the sequence of the execution cases including one or more trigger conditions
and a specification of an output that is to be generated when the one or more trigger
conditions are all satisfied; generating a control structure including a sequence of rows
corresponding to one or more execution cases in the rule set, each row including: a sequence
of one or more trigger conditions and information specifying the output for a corresponding
execution case, wherein the generated control structure is configured to direct processing to
continue at a different row when one of the trigger conditions is failed and wherein the
generated control structure is configured such that, for at least one of the trigger conditions in
the control structure, when the at least one of the trigger conditions is failed, the control
structure will direct processing to skip at least one remaining row in the sequence of rows that
has the failed trigger condition; and storing or transmitting the control structure.

According to another aspect of the present invention, there is a computer-readable

medium storing software for encoding a rule set for transforming data, the software including
-1-

CA 2889884 2020-01-27



10

15

20

25

30

81787819

executable instructions for causing a computing system to: receive a rule set including a
sequence of execution cases, at least one execution case in the sequence of the execution cases
including one or more trigger conditions and a specification of an output that is to be
generated when the one or more trigger conditions are all satisfied; generate a control
structure including a sequence of rows corresponding to one or more execution cases in the
rule set, each row including: a sequence of one or more trigger conditions and information
specifying the output for a corresponding execution case, wherein the generated control
structure is configured to, during future processing to transform input data, direct processing
to continue at a different row when one of the trigger conditions is failed and wherein the
generated control structure is configured such that, for at least one of the trigger conditions in
the control structure, when the at least one of the trigger conditions is failed, the control
structure will direct processing to skip at least one remaining row in the sequence of rows that
has the failed trigger condition; and store or transmit the control structure.

According to another aspect of the present invention, there is provided a computing
system for encoding a rule set for transforming data, the computing system including: an input
device or port configured to receive a rule set including a sequence of execution cases, at least
one execution case in the sequence of the execution cases including one or more trigger
conditions and a specification of an output that is to be generated when the one or more
trigger conditions are all satisfied; and at least one processor configured to perform
operations, the operations including generating a control structure including a sequence of
rows corresponding to one or more execution cases in the rule set, each row including: a
sequence of one or more trigger conditions and information specifying the output for a
corresponding execution case, wherein the generated control structure is configured to, during
future processing to transform input data, direct processing to continue at a different row
when one of the trigger conditions is failed and wherein the generated control structure is
configured such that, for at least one of the trigger conditions in the control structure, when
the at least one of the trigger conditions is failed, the control structure will direct processing to
skip at least one remaining row in the sequence of rows that has the failed trigger condition;
and an output device or port configured to transmit the control structure.

According to another aspect of the present invention, there is provided a computing

system for encoding a rule set for transforming data, the computing system including: an mnput
-la-
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device or port configured to receive a rule set including a sequence of execution cases, at least
one execution case in the sequence of the execution cases including one or more trigger
conditions and a specification of an output that is to be generated when the one or more
trigger conditions are all satisfied; means for generating a control structure including a
sequence of rows corresponding to one or more execution cases in the rule set, each row
including: a sequence of one or more trigger conditions and information specifying the output
for a corresponding execution case, wherein the generated control structure is configured to,
during future processing to transform input data, direct processing to continue at a different
row when one of the trigger conditions is failed and wherein the generated control structure is
configured such that, for at least one of the trigger conditions in the control structure, when
the at least one of the trigger conditions is failed, the control structure will direct processing to
skip at least one remaining row in the sequence of rows that has the failed trigger condition;
and a data storage system configured to store the control structure.

In a general aspect 1, a method, performed by one or more data processing apparatus,
for encoding a rule set for transforming data, is including: receiving a rule set including a
sequence of execution cases, at least one execution case in the sequence of the execution cases
including one or more trigger conditions and a specification of an output that is to be
generated when the one or more trigger conditions are all satisfied; generating a control
structure including a sequence of rows corresponding to one or more execution cases in the
rule set, each row including: a sequence of one or more trigger conditions and information
specifying the output for a corresponding execution case, wherein the generated control

structure is configured to, during future processing to

-1b-
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transform input data, direct processing to continue at a different row when one of the
trigger conditions is failed and wherein the generated control structure is configured such
that, for at least one of the trigger conditions in the control structure, when the at least
one of the trigger conditions is failed, the control structure will direct processing to skip
at least one row in the sequence of rows; and storing or transmitting the control structure.

Aspect 2 according to aspect 1, further including: receiving input data; checking
trigger conditions against the input data in a sequence determined using the control
structure; and storing or transmitting data based on an output specified by the control
structurc.

Aspect 3 according to any one of aspects 1 to 2, in which at least one of the rows
omits a trigger condition for the corresponding execution case, where the omitted trigger
condition occurs in an execution case prior to the corresponding execution case in the
sequence of execution cases.

Aspect 4 according to any one of aspects 1 to 3, in which the sequence of trigger
conditions in a row is a sequence of portions of code that each direct processing to a
trigger condition in a list of unique trigger conditions from the rule set.

Aspect 5 according to any one of aspects 1 to 4, in which the information
specifying the output in a row is a portion of code that directs processing to an output
expression in a list of unique outputs from the rule set.

Aspect 6 according to any one of aspects 1 to 5, further including: sorting the
sequence of trigger conditions for a row based on a different row to which processing
will be directed when a trigger condition in the sequence fails during processing of data.

Aspect 7 according to any onc of aspects 1 to 6, further including: sorting the
sequence of trigger conditions for a row based on execution times for the trigger
conditions.

Aspect 8 according to any one of aspects 1 to 7, further including: receiving input
data; checking trigger conditions against the input data in a sequence determined using
the control structure; updating the execution time for a trigger condition in the list of
unique trigger conditions based on the time it takes to execute the trigger condition with
the input data; and sorting the pointers to trigger conditions for a row in the control

structure based on the updated execution time.
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Aspect 9 according to any one of aspects 1 to 8, further including: sorting the
sequence of trigger conditions for a row based on failure rates for the trigger conditions.

Aspect 10 according to any one of aspects 1 to 9, further including: receiving
input data; checking trigger conditions against the input data in a sequence determined
using the control structure; updating the failure rate for a trigger condition in the list of
unique trigger conditions based on whether the trigger condition is satisfied by a record in
the input data; and sorting the pointers to trigger conditions for a row in the control
structurc based on the updated failure rate.

Aspect 11 according to any onc of aspects 1 to 10, whercin a row of the control
structure further includes a portion of code that directs processing to a difterent row of
the control structure that is to be processed next when all of the trigger conditions for the
row are satisfied.

Aspect 12 according to any one of aspects 1 to 11, wherein the rule set is
specified through a graphical user interface.

Aspect 13 according to any one of aspects 1 to 12, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single
trigger condition in the control structure.

Aspect 14 according to any one of aspects 1 to 13, wherein at least two outputs
for different execution cases in the rule set are combined and represented by single output
expression in a row of the control structure.

Aspect 15 according to any one of aspects 1 to 14, wherein the control structure is
an acyclic directed graph with nodes corresponding to the trigger conditions and output
expressions in the rows of the control structure.

In a general aspect 16, a system that includes a data processing apparatus and a
memory coupled to the data processing apparatus. The memory having instructions
stored thereon which, when executed by the data processing apparatus cause the data
processing apparatus to perform operations including receiving a rule set including a
sequence of execution cases, at least one execution case in the sequence of the execution
cases including one or more trigger conditions and a specification of an output that is to
be generated when the one or more trigger conditions are all satisfied. The operations

may further include generating a control structure including a sequence of rows
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corresponding to one or more execution cases in the rule set, each row including a
sequence of one or more trigger conditions and information specifying the output for a
corresponding execution case, wherein the generated control structure is configured to,
during future processing to transform input data, direct processing to continue at a
different row when one of the trigger conditions is failed and wherein the generated
control structure is configured such that, for at least one of the trigger conditions in the
control structure, when the at least one of the trigger conditions is failed, the control
structure will dircct processing to skip at least one row in the sequence of rows. The
operations may further include storing or transmitting the control structure.

Aspect 17 according to aspect 16, the operations further including: receiving input
data; checking trigger conditions against the input data in a sequence determined using
the control structure; and storing or transmitting data based on an output specified by the
control structure.

Aspect 18 according to any one of aspects 16 to 17, in which at least one of the
rows omits a trigger condition for the corresponding execution case, where the omitted
trigger condition occurs in an execution case prior to the corresponding execution case in
the sequence of execution cases.

Aspect 19 according to any one of aspects 16 to 18, in which the sequence of
trigger conditions in a row is a sequence of portions of code that each direct processing
to a trigger condition in a list of unique trigger conditions from the rule set.

Aspect 20 according to any one of aspects 16 to 19, in which the information
specifying the output in a row is a portion of code that directs processing to an output
expression in a list of unique outputs from the rule set.

Aspect 21 according to any one of aspects 16 to 20, the operations further
including: sorting the sequence of trigger conditions for a row based on a different row to
which processing will be directed when a trigger condition in the sequence fails during
processing of data.

Aspect 22 according to any one of aspects 16 to 21, the operations further
including: sorting the sequence of trigger conditions for a row based on execution times

for the trigger conditions.
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Aspect 23 according to any one of aspects 16 to 22, the operations further
including: receiving input data; checking trigger conditions against the input data in a
sequence determined using the control structure; updating the execution time for a trigger
condition in the list of unique trigger conditions based on the time it takes to execute the
trigger condition with the input data; and sorting the pointers to trigger conditions for a
row in the control structure based on the updated execution time.

Aspect 24 according to any one of aspects 16 to 23, the operations further
including: sorting the sequence of trigger conditions for a row based on failure rates for
the trigger conditions.

Aspect 25 according to any one of aspects 16 to 24, the operations further
including: receiving input data; checking trigger conditions against the input data in a
sequence determined using the control structure; updating the failure rate for a trigger
condition in the list of unique trigger conditions based on whether the trigger condition is
satisfied by a record in the input data; and sorting the pointers to trigger conditions for a
row in the control structure based on the updated failure rate.

Aspect 26 according to any one of aspects 16 to 25, wherein a row of the control
structure further includes a portion of code that directs processing to a different row of
the control structure that is to be processed next when all of the trigger conditions for the
row are satisfied.

Aspect 27 according to any one of aspects 16 to 26, wherein the rule set is
specified through a graphical user interface.

Aspect 28 according to any one of aspects 16 to 27, wherein at least two trigger
conditions for an cxecution case in the rule set are combined and represented by a single
trigger condition in the control structure.

Aspect 29 according to any one of aspects 16 to 28, wherein at least two outputs
for different execution cases in the rule set are combined and represented by single output
expression in a row of the control structure.

Aspect 30 according to any one of aspects 16 to 29, wherein the control structure
is an acyclic directed graph with nodes corresponding to the trigger conditions and output

expressions in the rows of the control structure.
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In a general aspect 31, a computer readable storage media storing software
including instructions executable by a processing device that upon such execution cause
the processing device to perform operations that include receiving a rule set including a
sequence of execution cases, at least one execution case in the sequence of the execution
cases including one or more trigger conditions and a specification of an output that is to
be generated when the one or more trigger conditions are all satisfied. The operations
may further include generating a control structure including a sequence of rows
corresponding to onc or more exccution cascs in the rule sct, cach row including a
sequence of one or more trigger conditions and information specifying the output for a
corresponding execution case, wherein the generated control structure is configured to,
during future processing to transform input data, direct processing to continue at a
different row when one of the trigger conditions is failed and wherein the generated
control structure is configured such that, for at least one of the trigger conditions in the
control structure, when the at least one of the trigger conditions is failed, the control
structure will direct processing to skip at least one row in the sequence of rows. The
operations may further include storing or transmitting the control structure.

Aspect 32 according to aspect 31, the operations further including: receiving input
data; checking trigger conditions against the input data in a sequence determined using
the control structure; and storing or transmitting data based on an output specified by the
control structure.

Aspect 33 according to any one of aspects 31 to 32, in which at least one of the
rows omits a trigger condition for the corresponding execution case, where the omitted
trigger condition occurs in an exccution case prior to the corresponding execution casc in
the sequence of execution cases.

Aspect 34 according to any one of aspects 31 to 33, in which the sequence of
trigger conditions in a row is a sequence of portions of code that each direct processing
to a trigger condition in a list of unique trigger conditions from the rule set.

Aspect 35 according to any one of aspects 31 to 34, in which the information
specifying the output in a row is a portion of code that directs processing to an output

expression in a list of unique outputs from the rule set.
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Aspect 36 according to any one of aspects 31 to 35, the operations further
including: sorting the sequence of trigger conditions for a row based on a different row to
which processing will be directed when a trigger condition in the sequence fails during
processing of data.

Aspect 37 according to any one of aspects 31 to 36, the operations further
including: sorting the sequence of trigger conditions for a row based on execution times
for the trigger conditions.

Aspect 38 according to any onc of aspects 31 to 37, the operations further
including: receiving input data; checking trigger conditions against the input data in a
sequence determined using the control structure; updating the execution time for a trigger
condition in the list of unique trigger conditions based on the time it takes to execute the
trigger condition with the input data; and sorting the pointers to trigger conditions for a
row in the control structure based on the updated execution time.

Aspect 39 according to any one of aspects 31 to 38, the operations further
including: sorting the sequence of trigger conditions for a row based on failure rates for
the trigger conditions.

Aspect 40 according to any one of aspects 31 to 39, the operations further
including: receiving input data; checking trigger conditions against the input data in a
sequence determined using the control structure; updating the failure rate for a trigger
condition in the list of unique trigger conditions based on whether the trigger condition is
satisfied by a record in the input data; and sorting the pointers to trigger conditions for a
row in the control structure based on the updated failure rate.

Aspect 41 according to any onc of aspects 31 to 40, wherein a row of the control
structure further includes a portion of code that directs processing to a difterent row of
the control structure that is to be processed next when all of the trigger conditions for the
row are satisfied.

Aspect 42 according to any one of aspects 31 to 41, wherein the rule set is
specified through a graphical user interface.

Aspect 43 according to any one of aspects 31 to 42, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single

trigger condition in the control structure.
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Aspect 44 according to any one of aspects 31 to 43, wherein at least two outputs
for different execution cases in the rule set are combined and represented by single output
expression in a row of the control structure.

Aspect 45 according to any one of aspects 31 to 44, wherein the control structure
is an acyclic directed graph with nodes corresponding to the trigger conditions and output
expressions in the rows of the control structure.

Aspect 46 according to any one of aspects 1 to 15, wherein the control structure is
part of a transform that is executed on plurality of processing devices in parallel.

Aspect 47 according to any onc of aspccts 16 to 30, wherein the control structurc
is part of a transform that is executed on plurality of processing devices in parallel.

Aspect 48 according to any one of aspects 31 to 45, wherein the control structure
is part of a transform that is executed on plurality of processing devices in parallel.

In one aspect, in general, a method for generating a transform based on a rule set
includes receiving a rule set including a sequence of execution cases, at least one
execution case in the sequence of the execution cases including one or more trigger
conditions and a specification of an output that is to be generated when the one or more
trigger conditions are all satisfied. The method may further include generating a control
structure including a sequence of rows corresponding to one or more execution cases in
the rule set, each row including a sequence of one or more trigger conditions and
information specifying the output for a corresponding execution case, wherein the
generated control structure is configured to, during future processing to transform input
data, direct processing to continue at a different row when one of the trigger conditions is
failed and wherein the generated control structure is configured such that, for at lcast one
of the trigger conditions in the control structure, when the at least one of the trigger
conditions is failed, the control structure will direct processing to skip at least one row in
the sequence of rows. The method may further include storing or transmitting the control
structure.

In general, one aspect of the subject matter described in this specification can be
embodied in a system that includes a data processing apparatus and a memory coupled to
the data processing apparatus. The memory having instructions stored thereon which,

when executed by the data processing apparatus cause the data processing apparatus to
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perform operations including receiving a rule set including a sequence of execution cases,
at least one execution case in the sequence of the execution cases including one or more
trigger conditions and a specification of an output that is to be generated when the one or
more trigger conditions are all satisfied. The operations may further include generating a
control structure including a sequence of rows corresponding to one or more execution
cases in the rule set, each row including a sequence of one or more trigger conditions and
information specifying the output for a corresponding execution case, wherein the
generated control structure 18 configured to, during future processing to transform input
data, direct processing to continue at a different row when one of the trigger conditions is
failed and wherein the generated control structure is configured such that, for at least one
of the trigger conditions in the control structure, when the at least one of the trigger
conditions is failed, the control structure will direct processing to skip at least one row in
the sequence of rows. The operations may further include storing or transmitting the
control structure.

In general, one aspect of the subject matter described in this specification can be
embodied in a computer readable storage media storing software including instructions
executable by a processing device that upon such execution cause the processing device
to perform operations that include receiving a rule set including a sequence of execution
cases, at least one execution case in the sequence of the execution cases including one or
more trigger conditions and a specification of an output that is to be generated when the
one or more trigger conditions are all satisfied. The operations may further include
generating a control structure including a sequence of rows corresponding to one or more
execution cases in the rule set, cach row including a sequence of one or more trigger
conditions and information specifying the output for a corresponding execution case,
wherein the generated control structure is configured to, during future processing to
transform input data, direct processing to continue at a different row when one of the
trigger conditions is failed and wherein the generated control structure is configured such
that, for at least one of the trigger conditions in the control structure, when the at least
one of the trigger conditions is failed, the control structure will direct processing to skip
at least one row in the sequence of rows. The operations may further include storing or

transmitting the control structure.
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In general, one aspect of the subject matter described in this specification can be
embodied in a system that includes an input device or port configured to receive a rule set
including a sequence of execution cases, at least one execution case in the sequence of
the execution cases including one or more trigger conditions and a specification of an
output that is to be generated when the one or more trigger conditions are all satisfied.
The system may include a means for generating a control structure including a sequence
of rows corresponding to one or more execution cases in the rule set, cach row including:
a scquence of one or more trigger conditions and information specifying the output for a
corresponding execution case, wherein the generated control structure is configured to,
during future processing to transform input data, direct processing to continue at a
different row when one of the trigger conditions is failed and wherein the generated
control structure is configured such that, for at least one of the trigger conditions in the
control structure, when the at least one of the trigger conditions is failed, the control
structure will direct processing to skip at least one row in the sequence of rows. The
system may include a data storage system configured to store the control structure.

In general, one aspect of the subject matter described in this specification can be
embodied in a system that includes an input device or port configured to receive a rule set
including a sequence of execution cases, at least one execution case in the sequence of
the execution cases including one or more trigger conditions and a specification of an
output that is to be generated when the one or more trigger conditions are all satisfied.
The system may include at least one processor configured to perform operations, the
operations including generating a control structure including a sequence of rows
corresponding to onc or more exccution cases in the rule sct, cach row including: a
sequence of one or more trigger conditions and information specifying the output for a
corresponding execution case, wherein the generated control structure is configured to,
during future processing to transform input data, direct processing to continue at a
different row when one of the trigger conditions is failed and wherein the generated
control structure is configured such that, for at least one of the trigger conditions in the
control structure, when the at least one of the trigger conditions is failed, the control
structure will direct processing to skip at least one row in the sequence of rows. The

system may include an output device or port configured to transmit the control structure.
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Aspects can include one or more of the following features. Input data may be
received and trigger conditions may be checked against the input data in a sequence
determined using the control structure. Data based on an output specified by the control
structure may be stored or transmitted. At least one of the rows may omit a trigger
condition for the corresponding execution case, where the omitted trigger condition
occurs in an execution case prior to the corresponding execution case in the sequence of
execution cases. The sequence of trigger conditions in a row may be a sequence of
portions of code that cach direct processing to a trigger condition in a list of unique
trigger conditions from the rule sct. The information specifying the output in a row may
be a portion of code that directs processing to an output in a list of unique outputs from
the rule set. The sequence of trigger conditions for a row may be sorted based on a
different row to which processing will be directed when a trigger condition in the
sequence fails during processing of data. The sequence of trigger conditions for a row
may be sorted based on execution times for the trigger conditions. The execution time
for a trigger condition in the list of unique trigger conditions may be updated based on the
time it takes to execute the trigger condition with the input data. The pointers to trigger
conditions for a row in the control structure may be sorted based on the updated
execution time. The sequence of trigger conditions for a row may be sorted based on
failure rates for the trigger conditions. The failure rate for a trigger condition in the list of
unique trigger conditions may be updated based on whether the trigger condition is
satisfied by a record in the input data. The pointers to trigger conditions for a row in the
control structure may be sorted based on the updated failure rate. A row of the control
structure may include a portion of code that directs processing to a different row of the
control structure that is to be processed next when all of the trigger conditions for the row
are satisfied. The rule set may be specified through a graphical user interface. At least
two trigger conditions for an execution case in the rule set may be combined and
represented by a single trigger condition in the control structure. At least two outputs for
different execution cases in the rule set may be combined and represented by single
output in a row of the control structure. The control structure may be an acyclic directed
graph with nodes corresponding to the trigger conditions and outputs in the rows of the

control structure.
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Aspects can include one or more of the following advantages.

Some implementations may reduce the per-record processing time for a transform
based on a rule set. Some implementations may reduce compilation and start-up time for
a transform based on a rule set. Some implementations may reduce memory usage during
compilation for a transform based on a rule set. Some implementations may provide
more efficient processing of data that represent physical entities, such as airplanes, cars,
computers, buildings, or other infrastructure, among others. Some implementations may
reduce a cognitive burden of a user handling huge amounts of data, ¢.g. a processing of
the huge amount of data (e.g., millions or billions of records) may be more casily
specified by the user allowing the user to understand the processing of the data more
ecasily and thus apply the user’s domain knowledge of a particular application without
worrying about finding an efficient structure for a rule set specification.

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

following description, and from the claims.

DESCRIPTION OF DRAWINGS

FIG. 1 is a schematic diagram of an example dataflow graph.

FIGS. 2A-2B are illustrations of an example graphical user interface for
spreadsheet-based rule entry.

FIG. 3A illustrates an example of a list of unique trigger conditions for a rule set.

FIG. 3B illustrates an example of a list of unique outputs for a rule set.

FIGS. 4A-4B illustrate an example control structure for a transform based on a
rule set that is represented as an acyclic directed graph.

FIG. 5 illustrates an example control structure for a transform based on a rule set
that is represented as a displayed table.

FIG. 6 is a block diagram of a system for executing graph-based computations.

FIG. 7 is a flowchart of an example process for generating and executing a
transform that is based on a rule set.

FIG. 8 is a flowchart of an example process for executing a transform that is

based on a rule set.
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DESCRIPTION

Graph-based computations may be used to process large sets of data. For
example, a credit card issuer may use a graph-based computation to process transaction
data for millions of credit cards to issue award points and select products of affiliates for
presentation in offers for redemption of award points. In another example, an airline may
use a graph-based computation to update frequent flier mileage accounts for millions of
airline passengers. In another example, a bank may use a graph-based computation to
process consumer data from a varicty of sources and gencrate a loan approval for loans
up to a maximum amount that depends on the available data for a particular consumer. In
another example, an airline may use a graph-based computation to track and control
maintenance of a fleet of airplanes. In another example, a rental car company may use a
graph-based computation to track and control maintenance of a fleet of cars. In another
example, an online service provider may use a graph-based computation to track and
control maintenance and/or load balancing for one or more clusters of web servers. In
another example, a city may use a graph-based computation to control road traffic signal
lights based on road traffic data. In another example, a wireless network operator may
use a graph-based computation to control wireless network access and bandwidth
allocation for personal wireless communication devices (¢.g., smartphone or tablet
devices). These are just a few illustrative examples of applications for graph-based
computations and many other applications are possible.

A graph-based computation may include one or more components that correspond
to a transform that is applied to records (or other data elements) in a set in input data. In
genceral, a transform processcs input records to generate (¢.g., create or update) one or
more output records. For example, a credit card issuer may process transaction records
associated with a credit card account record to generate transaction approval or denial
record for a proposed credit card transaction. The details of how a transform processes
input records to generate outputs records can be complex and may depend on a great deal
of domain knowledge regarding a particular application. It may be useful to allow a user
(e.g., an operator or developer) with little software development or coding knowledge to

easily configure a transform based on their knowledge of a particular application. A
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system that generates efficient transforms based on rules specified through an easy to
understand interface may help to reduce the cognitive load for such a user.

In some implementations, a user may be enabled to configure a potentially
complex transform through a spreadsheet-based graphical user interface (GUI). For
example, a user may specify a rule set that includes execution cases, by creating rows in a
spread sheet-based graphical user interface for each execution case. Each execution case
may include one or more conditions, called trigger conditions, that may be tested against
input data and onc or more outputs. When all of the trigger conditions for an execution
case are satisfied by input data, the one or more outputs for that execution case may be
generated. For example, trigger conditions and outputs may correspond to columns of a
spreadsheet-based GUI that allows a user lacking software coding skills, but having
domain knowledge and comfort with spreadsheets, to specify a rule set. In some
implementations, formats other than a spreadsheet-based GUI may be used to specify a
rule set (e.g., in a data manipulation language (DML)).

Once a user has specified a rule set, one or more transforms capable of processing
input data records may be generated based on the rule set. The rule set may include
trigger conditions and/or outputs that occur within multiple execution cases. A transform
may be generated in a manner that exploits redundancy in the rule set to decreasing the
memory and processing time required to compile the transform and apply it to input data
records. For example, where a trigger condition occurs in multiple execution cases, the
transform may skip checking the remaining execution cases with that trigger condition if
the input data fails to satisfy that trigger condition. Exploiting redundancy in the rule set
may allow a transform to be executed on large scts of input data while using less memory
and processor cycles. A transform may be encoded in part as a control structure that
controls the execution flow the transform. The control structure may include logical
groupings, called rows, of trigger conditions and outputs that each correspond to an
execution case from the rule set. During execution of the transform, when an evaluation
of a trigger condition passes, the next trigger condition in the sequence of trigger
conditions in the row is evaluated. If the last trigger condition in a row passes when
evaluated with input data, then the corresponding output(s), specified at least in part by

the row, are generated. If a trigger condition fails when it is evaluated with input data
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(e.g., the trigger condition is not satisfied), then the control structure may direct
processing to a different row corresponding to a different execution case. For example,
on failure of a trigger condition, execution flow may skip over a number of execution
cases by jumping to begin evaluation of trigger conditions in a row that is not next on the
sequence of rows within the control structure. In some implementations, the control
structure references a list of unique trigger conditions and unique outputs, so that these
trigger conditions and outputs only need to be stored once in the encoding of the
transform(s), cven where they occur many times throughout the rule set.

In some implementations trigger conditions and references to trigger conditions
that occur in the specification of a rule set may be omitted from a control structure for the
corresponding transform(s). For example, a trigger condition may be omitted from a row
of the control structure when the same trigger condition occurs elsewhere in the rule set
that will necessarily be evaluated before the current instance of the trigger condition is
evaluated. Omitting trigger conditions from a row may reduce memory consumption and
processing time for a corresponding transform.

In some implementations, the trigger conditions within or referenced by a row of
the control structure may be sorted based on parameters of the trigger conditions. This
sorting may be performed to reduce the average processing time for records to which the
transform(s) are applied. For example, the sequence of trigger conditions may be sorted
based on execution times of the trigger conditions, the number of rows that will be
skipped if the trigger condition fails upon evaluation (e.g., jump size), or the frequency of
failures for input data that has been previously processed with the transform(s). In some
implementations the sequence of rows within the control structure may be sorted to
increase jump sizes for trigger conditions (e.g., by grouping execution cases with
common trigger conditions together). In some implementations, changing the sequence
of trigger conditions within rows and/or the sequence of rows may reduce processing
time required to execute a corresponding transform on a large set of data with statistics
similar to the previously processed data.

In this specification, the term “rule set” refers to a collection of one or more rules,
where each rule is made up of one or more execution cases. The execution cases within a

rule may have an ordering, that may determine the order in which the execution cases are
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evaluated during processing of input data. An “execution case” is a collection of one or
more trigger conditions associated with one or more outputs. A “trigger condition” is a
condition that is used, together with any other trigger conditions for an execution case, to
determine whether the execution case will fire. When all of the trigger conditions for an
execution case are determined to be satisfied by input data, the execution case “fires,”
meaning the one or more outputs for the execution case are generated. An output may be
static, in the sense that it is generated based on constant parameters specified as part of
the rule sct, or an output may be dynamic in the sense that it is generated based in part on
input data values and/or intermediate result values. Rules may be single-fire or multi-
fire. In a single-fire rule, only the first execution case to have all of its trigger conditions
satisfied fires. In a multi-fire rule, all of the execution cases that make up the rule are
checked and outputs are generated for all execution cases for which all of its respective
trigger conditions are satisfied. Multiple rules in a rule set may be applied to data flows
in a sequence. For example, a transform based on a first rule from a rule set may take
records from multiple input data sources and generate output records. These output
records may in turn be passed as input records to a second transform based on a second
rule from the rule set to generate a second set of output records.

FIG. 1 shows schematic diagram of an example dataflow graph 100, including
one or more transforms. Data is passed through a sequence of data processing
components of dataflow graph 100 that processes a flow of data from one or more data
sources to one or more data sinks. Any of the various data processing components in the
dataflow graph can be implemented by processes running on separate processing devices,
or multiple data processing components may be implemented by onc or more processes
running on a single processing device. In some implementations, the input data records
may be processed continuously as they arrive (e.g., in response to a request for a credit
card transaction). In some implementations, data may be processed in batches that
identify a set of input data records to be processed by the dataflow graph 100.

The processing of a batch of data by the dataflow graph 100 may be initiated by
user input or some other event, such as the expiration of a timer. When processing of a
batch of data is started, input data records are read from one or more input data sources.

For example, the input data may be read from one or more files stored on a computer-
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readable storage device, such as represented by data storage component 110. Input data
records may also be read from a database running on a server, such as represented by data
storage component 112. A join component 120 reads data (e.g., records) from multiple
data sources in a sequence and arranges the input data into a sequence of discrete work
units. The work units may represent records stored in a predetermined format based on
input records, for example, or may represent transactions to be processed, for example.
The work units (e.g., records) are passed in sequence to the next component in the
dataflow graph.

The example dataflow graph 100 also includes transform components 130 and
140. The transform executed by transform component 130 is based on a single-fire rule.
That is, only one execution case will fire for each work unit (e.g., record of input data
from the join process). The transform component 130 generates output records that are
passed to the next data processing component, in this case transform component 140.

The transform executed by transform component 140 is based on a multi-fire rule.
The output data records generated by transform component 140 may include a list of
outputs values corresponding to each of the execution cases that fired for an input work
unit.

For example, the transform component 130 may process input data records from
join process 120 corresponding to credit card transaction records from a variety of data
sources. Transform component 130 may generate output records reflecting an amount of
award points assigned to a credit card as a result of the transactions reflected in the
records. In this example, transform component 140 may then process the award points
assigned to a credit card account to gencrate one or more product offerings to be
presented to the corresponding credit card account holder.

Transform component 130 and transform component 140 may be grouped
together as a larger component 150 corresponding to a rule set including both the single-
fire rule corresponding to transform component 130 and the multi-fire rule corresponding
to transform component 140.

As work units make their way through the data processing components of the
dataflow graph, the result output records associated with each work unit are passed to a

data queue 160 where they are accumulated, before being transferred to the data sink 170.
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The data sink 170 can be a data storage component that stores the work units or some
accumulated output based on the work units, for example, or the data sink 170 can be a
queue to which the work units are published, or some other type of sink for receiving the
final results. In some implementations, the batch processing ends when the results for all
work units in the batch have been transferred to the data sink 170. At this point, the
components in the dataflow graph may be terminated.

FIG. 2A is an illustration of an example GUI 200 for spreadsheet-based rule
entry. GUI 200 has been configured by a user to specify a single-fire rule that determines
an “award points” valuc for credit card accounts bascd on transaction data availablc in
one or more records associate with the credit card accounts. GUI 200 includes five rows
specifying five rule cases for the rule. GUI 200 is used by a user to specify trigger
conditions and outputs for execution cases of the rule, and to display meta-data from a
test run of a transform based on the rule that may be used by a user to facilitate
debugging or tuning of the transform. For example, GUI 200 may be presented to a user
through application specialist environment 622 of FIG. 6. In some implementations, a
rule set specified through GUI 200 may be received through a network interface of
execution environment 604 of FIG. 6.

The first column 204 specifies trigger conditions that are applied to a variable in
the input data records reflecting the average monthly charges for a credit card account.
The down-arrow 206 in the third row, first column indicates that the first trigger
condition for the third execution case is the same as the trigger condition for the first
trigger condition for the second execution case. In some implementations, a user may
manually select a down-arrow icon to insert a down-arrow in onc or more cells of
spreadsheet-based GUI 200, thus specifying trigger conditions for the execution cases the
down-arrow passes through that are the same as a trigger condition directly above the
start of a down-arrow. In some implementations, the user may manually enter the same
trigger condition in adjacent cells of spreadsheet-based GUI 200 and GUI 200 may
automatically recognize that the trigger conditions are the same and generate the down-
arrow indicating this repetition.

The second column 208 of GUI 200 specifies trigger conditions that are applied to

a variable derived from the input data records for credit card accounts reflecting the
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number of years a credit card account has been active. Column 208 also includes two
down-arrows 210 that each indicate a pair of matching trigger conditions.

The third column 214 of GUI 200 specifies outputs that are generated when all of
the trigger conditions for an execution case are evaluated and found to be satisfied.
Column 214 also includes a down-arrow 216 indicating that the first two execution cases
have the same output. Because the user has specified through GUI 200 that this is a
single-fire rule 218, the execution cases may be evaluated one at a time until one is
found to fire (e.g., all of the execution cases trigger conditions are satisfied by a work
unit of input data). When an cxccution casc fircs, the output specificd for that cxecution
case will be generated and the transform based on this rule will complete processing of
the work unit. At this point the transform may begin processing the next work unit in a
dataflow or terminate.

The last row of GUI 200 has all of its trigger condition cells set to the keyword
“any” 230, which indicates there is no corresponding trigger condition or equivalently
these trigger conditions always evaluate to true. Since this fifth row has no trigger
conditions and is evaluated last, the corresponding output for this fifth execution case is
specified as a default output.

The fourth column 220 displays meta-data from a traced test run of a transform
based on the rule that may be used by a user to facilitate debugging or tuning of the rule.
Generally, different transforms may be generated based on a rule set for at least three
different operation modes: production mode, record test mode, and file test mode. A
production mode transform implements the logic of a rule set and applies it to input data
with little if any additional code. A record test mode transform is encoded to enable
stepping trough the execution of the transform for individual work units (e.g., input data
records representing accounts, transactions, airplanes, cars, computers, mobile devices,
buildings, etc.). In addition to encoding the essential logic of a rule set, a record test
mode transform may include code that generates detailed logging messages (e.g.,
reflecting value of each input field, output, trigger condition result (true or false), lookup
key, lookup field, and which execution cases fired, as well as some intermediate
parameters). A file test mode transform is encoded to enable applying the transform to a

large batch of test data and reviewing a log summarizing the test results for many work
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units. In addition to encoding the essential logic of a rule set, a file test mode transform
may include code that generates logging messages (e.g., reflecting number of times each
execution case fired and/or number of times each trigger condition was evaluated, passed,
and/or failed). In this example, column 220 displays counts for each execution case of
the number of times that execution case fired during a run of a file test mode transform
during which thousands of work units (¢.g., records for credit card accounts) were
processed.

FIG. 2B is an illustration of an example GUI 250 for spreadshect-based rule entry.
GUI 250 has been configured by a user to specify a multi-fire rule that generates a list of
product offerings for presentation to a credit card account holder based on an “award
points” value determined using a transform based on the rule specified in the example
GUI 200 of FIG. 2A and other data associated with a credit card account. GUI 250
includes five rows specifying five rule cases for the rule. GUI 250 is used by a user to
specify trigger conditions and outputs for execution cases of the rule, and to display
meta-data from a test run of a transform based on the rule that may be used by a user to
facilitate debugging or tuning of the transform. For example, GUI 250 may be presented
to a user through application specialist environment 622 of FIG. 6. In some
implementations, a rule set specified through GUI 250 may be received through a
network interface of execution environment 604 of FIG. 6.

The first column 254 specifies trigger conditions that are applied to a variable
reflecting the “award points” for a credit card account. These “award points” values may
be set and written to records in a dataflow by a transform based on the rule specified in
GUI 200 of FIG. 2A. The down-arrow 256 through the second and third rows of the first
column indicates that the first trigger condition for the second and third execution cases is
the same as the trigger condition for the first trigger condition for the first execution case.

The second and third columns 258 of GUI 200 specify trigger conditions that are
applied to other variables derived from the input data records associated with credit card
accounts reflecting a type of a credit card and the population of country of residence for a
holder of a credit card account. Columns 258 also include down-arrows that each

indicate a pair of matching trigger conditions.
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The fourth column 264 of GUI 250 specifies outputs that are generated when all
of the trigger conditions for an execution case are evaluated and found to be satisfied.
Because the user has specified through GUI 250 that this is a multi-fire rule 268, the
execution cases may be all be evaluated. When an execution case fires, the output
specified for that execution case will be generated and may be appended to a list of
output values for the current work unit. When all the execution cases have been
evaluated, the transform may begin processing the next work unit in a dataflow or
terminate.

The fifth column 270 displays mcta-data from a traccd test run of a transform
based on the rule that may be used by a user to facilitate debugging or tuning of the
transform. In this example, column 270 displays counts for each execution case of the
number of times that execution case fired during execution of a file test mode transform
during which thousands of work units (e.g., records for credit card accounts) were
processed.

FIG. 3A illustrates an example of a list 300 of unique trigger conditions for a rule
set. In some implementations, when one or more transform(s) are generated based on a
rule set, part of the transform generation process is generating a list of unique trigger
conditions that may be referenced by a control structure for a transform to save memory
that may otherwise be used to store duplicate copies of the trigger conditions for each
execution case in which they occur. In some implementations, portions of rules,
including list 300, may be generating a transform based on a rule specification may
include converting names for data used by an application specialist specifying the rule to
technical backend names used in a transform encoding. For example, the conversion
operation may be performed based on a fixed key or other mapping of variable names. In
this example, the rule set consists of the rule specified through GUI 200 of FIG. 2A (Rule
1) and the rule specified through GUI 250 of FIG. 2B (Rule 2).

The list of unique trigger conditions may include a single copy of each trigger
condition that occurs in the rule set one or more times. In this example, each trigger
condition is encoded as a data manipulation language (DML) expression. The DML

encodings of the trigger conditions are illustrated in the first column 310 of FIG. 3A.
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Other encoding formats for the trigger conditions are possible (e.g., C, C++, Java, or
Cobol code).

In some implementations, a list of unique trigger conditions may also include a
list of usage pointers that facilitates reverse look-up of occurrences of a trigger condition
in a transform. For example, the second column 320 of FIG 3A illustrates lists of usage
pointers for the rule set including Rule 1 and Rule 2. Each pointer is a triplet of numbers
identifying a rule id (Rule 1 or Rule 2), a row_id (e.g., corresponding to a particular
cxecution case), and a column_id (¢.g., corresponding to a trigger condition sequence
position within the execution casc). In this example, the first five unique trigger
conditions occur in Rule 1 and the next seven unique trigger conditions occur in Rule 2.
In some implementations, usage pointers are not included in a list of unique trigger
conditions.

In some implementations, list 300 may include data structures for caching a result
of complex computation specified by an expression in the list 300 so the result may be
reused and re-computation of the result based on the same inputs may be avoided where
the input data is recognized to be the same during execution of the transform.

The list 300 of unique trigger conditions may be stored in wide variety of formats
or data structures (¢.g., as a linked list or an indexed array). In this example, the list 300
of unique trigger conditions is stored as an indexed array to facilitate look-up of trigger
conditions based on reference to a trigger condition by its index in a control structure for
a transform.

FIG. 3B illustrates an example of a list of unique outputs for a rule set. In some
implementations, when one or more transform(s) are generated based on a rule set, part of
the transform generation process is generating a list of unique outputs that may be
referenced by a control structure for a transform to save memory that may otherwise be
used to store duplicate copies of the outputs for each execution case in which they occur.
In this example, the rule set consists of Rule 1 and Rule 2.

The list of unique outputs may include a single copy of each output that occurs in
the rule set one or more times. In this example, each output is encoded as a DML

expression. The DML encodings of the outputs are illustrated in the first column 360 of
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FIG. 3B. Other encoding formats for the outputs are possible (e.g., C, C++, Java, or
Cobol code).

In some implementations, a list of unique outputs may also include a list of usage
pointers that facilitates reverse look-up of occurrences of an output in a transform. For
example, the second column 370 of FIG 3B illustrates lists of usage pointers for the rule
set including Rule 1 and Rule 2. In this example, the first four unique outputs occur in
Rule 1 and the next five unique outputs occur in Rule 2. In some implementations, usage
pointers arc not included in a list of unique outputs.

The list 350 of unique outputs may be stored in wide varicty of formats or data
structures (e.g., as a linked list or an indexed array). In this example, the list 350 of
unique outputs is stored as an indexed array that is jointly indexed (e.g., in disjoint index
value intervals) with the list 300 of unique trigger conditions.

Part of the transform generation process is the generation of a control structure
that controls the execution flow of a transform and may reference a list of unique trigger
conditions and/or a list of unique outputs. In this specification, the term “control
structure” refers to a wide variety of encoding formats and is not limited to dual indexed
two dimensional arrays. For example, the acyclic directed graphs of FIGS 4A and 4B
and the doubly linked list illustrated in FIG. 5 are examples of control structures that
control the execution flow of a transform. A control structure has rows corresponding to
execution cases. In the context of transform control structures, the term “row” refers to a
logical grouping of one or more trigger conditions and one or more outputs wherein when
all of the trigger conditions in the row have been determined to be satisfied, the output(s)
for the row arc executed. In this context the term “row” is not limited to a horizontal
subset of a displayed table.

FIGS. 4A-4B illustrate an example control structure 400 for a transform based on
a rule set that is represented as an acyclic directed graph. In this example, the rule set on
which the transform is based includes Rule 1 and Rule 2. In this example, the transform
may be implemented in component 150 of dataflow graph 100, or equivalently, the
transform may be implemented as first transform based on Rule 1 implemented in

component 130 in series with a second transform based on Rule 2 implemented in

- 23-



10

15

20

25

30

CA 02889884 2015-04-28

WO 2014/093232 PCT/US2013/073899

component 140. In FIGS. 4A and 4B, each node is labeled by a usage pointer (rule id,
row id, column id) as described in relation to FIG. 3A.

Nodes in the control structure 400 correspond to trigger conditions or outputs. A
node corresponding to a trigger condition has two edges egressing from the node. One of
these two edges is followed when the corresponding trigger condition for the nodes is
determined to be true when applied to input data. The second of these two edges is
followed when the corresponding trigger condition for the nodes is determined to be false
when applied to input data. A node corresponding to an output has onc edge cgressing
from the nodc that is always followed after the corrcsponding output is generated. A row
in control structure 400 may include a sequence of one or more trigger condition nodes
connected successively by the “true” edges egressing from the previous trigger condition
node. The last trigger condition node in the sequence for a row may be connected to the
first of one or more output nodes for the row by its “true” edge. The edge egressing from
an output node in a row may connect to additional output nodes in the row. The edge
egressing from a last output node in a row may connect to a node in another row
corresponding to a different execution case or rule or may direct execution flow to the
end 448 of the transform processing for a work unit. Similarly, a “false” edge egressing
from a trigger condition node may connect to a node in another row corresponding to a
different execution case or rule or may direct execution flow to the end 448 of the
transform processing for a work unit.

The control structure 400 encodes a starting point 402 for the execution flow of
the transform. The transform starts by evaluating the first trigger condition for the first
cxecution case 404.

In some cases, a “false” edge may cause execution flow to jump to row that is not
adjacent to the current row and in doing so to skip the evaluation of some execution
cases. This skipping of rows may reduce the complexity and reduce the processing time
for a transform as it processes units of work (e.g., corresponding to input data records
which may represent accounts, transactions, airplanes, cars, computers, mobile devices,
buildings, etc.).

In the example, some of the nodes, including trigger condition node 420, have no

edges that connect to them. The lack of edges connecting to a node reflects the fact that
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the corresponding trigger condition or output will never need to be processed under the
logic of the rule set that the transform is based on. As a result, these connectionless
nodes and there corresponding trigger conditions may be omitted from the control
structure 400. This omission of unnecessary trigger conditions is illustrated in control
structure 450 of FIG. 4B.

In some cases, nodes may be combined and represented by a single node in a
control structure. For example, nodes 454 and 456 may be combined by creating a single
trigger condition node that directs cvaluation of a logical AND of the trigger condition
referenced by node 454 and the trigger condition referenced by node 456. This is
possible because if both trigger conditions are true output node 458 is processed next and
if either of these trigger conditions is false the trigger condition for node 460 is processed
next. In this manner, two trigger conditions for an execution case in the rule set may be
combined and represented by a single trigger condition in the control structure 450. If the
combined nodes correspond to the only instances of these trigger conditions, then the
trigger conditions may also be combined in a single entry in a list of unique trigger
conditions. Similarly, output nodes 470 and 472 may be combined because there
corresponding outputs are always gencrated together. In this example, by combining
output nodes 470 and 472 their corresponding rows may be combined into a single row
corresponding to two execution cases from the rule set on which the transform is based.
These node combination techniques may reduce the memory usage and processing time
for a transform by reducing the amount of control flow code that must be generated and
executed.

FIG. 5 illustrates an example control structure 500 for a transform based on a rule
sct that is represented as a displayed table. Control structure 500 may be stored, for
example, as doubly linked list (e.g., a linked list of rows, where each row includes a
linked list of trigger conditions and outputs for the row). In this example, control
structure 500 controls execution flow for a transform based on a rule set including Rule 1
and Rule 2. In this example, control structure 500 references trigger conditions in the list
300 of unique trigger conditions and outputs in the list 350 of unique outputs.

The first column 510 of FIG. 5 depicts an index for the rows of control structure

500 (e.g., an execution case number). This index may be used to reference rows in the
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control structure to facilitate jumps in the execution flow to avoid unnecessary
processing. The second column 520 depicts a sequence of trigger conditions for each
row. For example, control structure 500 may include a portion of code for a trigger
condition that references the trigger condition in the list 300 of unique trigger conditions
and that further directs processing of the transform after the trigger condition is evaluated
based on the outcome (e.g., pass or fail / true or false). If the trigger condition fails,
processing of the transform is directed to a different row that may be more than one row
away from the current row in the sequence or rows in the control structure 500. For
cxample, the portion of code 522 in the third row directs processing to evaluate the third
trigger condition in the list 300 of unique trigger conditions and, if the trigger condition
fails, portion of code 522 directs processing to the fifth row of the control structure 500,
thus skipping over the fourth row.

If all of the trigger conditions listed for a row in the control structure are passed,
then processing is directed to an output for the row. The fourth column 530 of FIG. 5
depicts references to outputs in the list 350 of unique outputs. Finally, after execution of
an output for a row in the control structure 500, processing may be directed to continue in
another row of the control structure 500 or to end processing for a current work item.
The third column 540 of FIG. 5 depicts references to other rows in the control structure
500 that are referenced a row index for the control structure (e.g., an execution case
number).

FIG. 6 shows an example data processing system 600 in which the transform
generation techniques can be used. The system 600 includes a data source 602 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 (¢.g.,
database tables, spreadsheet files, flat text files, or a native format used by a mainframe).
An execution environment 604 includes a transform generation module 606 and an
execution module 612. The execution environment 604 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 execution environment 604 can include a
multiple-node parallel computing environment including a configuration of computer

systems using multiple central processing units (CPUSs), either local (e.g., multiprocessor
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systems such as SMP computers), or locally distributed (e.g., multiple processors coupled
as clusters or MPPs), or remote, or remotely distributed (e.g., multiple processors coupled
via a local area network (LAN) and/or wide-area network (WAN)), or any combination
thereof.

The transform generation module 606 receives a rule set including a sequence of
execution cases, at least one of the execution cases including one or more trigger
conditions and a specification of an output that is to be generated when the one or more
trigger conditions are all satisfied. The rule set may also include execution cascs that
include onc or more outputs but lack trigger conditions, or cquivalently have trigger
conditions that always evaluate to true (e.g., the default execution case in the Example
Rule 1). For example, the rule set may be specified by a user 626 that accesses the
execution environment 604 through an application specialist environment 622. In some
implementations, the application specialist environment includes client software running
on a remote computing device that provides the user 626 with a GUI for specifying a rule
set. For example, the application specialist environment 622 may allow the user to
specify the rule set in a spreadsheet-based GUI, as described in relation to FIGS. 2A and
2B. In some implementations (not shown), the development environment 618 and the
application specialist environment 622 may be combined and accessible by a single user
or group of users that edits both dataflow graphs and rule set specifications for transforms
instantiated in those dataflow graphs.

The transform generation module 606 generates one or more transforms based on
the received rule set. A control structure may be generated that controls execution flow
of one or more transforms. The control structure may include a rows corresponding to
execution cases in the rule set. Each row may include a sequence of one or more trigger
conditions and information specifying the output for the execution case. Some of the
trigger conditions may direct processing to continue at a different row that is more than
one row below the current row when the trigger condition is failed during processing to
transform data, thus skipping the evaluation of some execution case to reduce the
required processing time for the transform.

The control structure may be stored or transmitted along with any other data

encoding the generated transform(s). For example, the generated transform(s) including
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the control structure may be stored in the data storage system 616. In some
implementations (not shown), the transform generation module 606 may be implemented
as part of the application specialist environment 622 and data encoding the generated
transform(s), including the control structure, may be transmitted from a remote
computing device running the application specialist environment 622 to the execution
environment 604.

The execution module 612 uses the one or more transforms generated by the
transform generation module 606 to process input data records and gencrate output data
rccords for transmission or storage. Once the onc or more transforms in a graph bascd
computation have been generated, the computation, including the transform(s) may be
applied by the execution module 612 to input data. The execution module 612 reads data
from the data source 602 and generates output data records 614 that may be stored in a
data storage system 616 accessible to the execution environment 604. For example, data
storage system 616 may include a database server and/or server running a version control
application.

In some implementations, the execution module also logs executions times and/or
results for trigger conditions that are evaluated during processing of input data records.
For example these logs may be used by the transform generation module 606 to update a
transform by changing the ordering of trigger conditions in the control structure

Storage devices providing the data source 602 may be local to the execution
environment 104, for example, being stored on a storage medium connected to a
computer running the execution environment 604 (e.g., hard drive 608), or may be
remotc to the ecxecution environment 604, for example, being hosted on a remote system
(e.g., mainframe 610) in communication with a computer running the execution
environment 604, over a remote connection.

The data storage system 616 is also accessible to a development environment 618
in which a developer 620 is able to create and manage graph-based computations that
may include components corresponding to transforms. The operation of these transforms
may be configurable by a user (e.g., user 626) who may have specialized knowledge of
an application to which the graph-based computation will be applied. The development

environment 618 is, in some implementations, a system for developing applications as
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dataflow graphs that include vertices (representing components ar datasets) connected by
directed links (representing flows of work elements) between the vertices. For example,
such an environment is described m more detail in U.S. Publication No. 2007/0011668,
entitled “Managing Parameters for Graph-Based Applications.”

A system for executing such graph-based computations is described in U.S.

Patent 5,566,072, EXECUTING COMPUTATIONS EXPRESSED AS GRAPHS.
Datafiow graphs made in accordance with this system

provide methods for getting information into and out of individual processes represented
by graph components, for moving information between the processes, and for defining a
running order for the processes. This system includes algorithms that choose mterprocess
comnmmication methods (for example, communication paths according to the links of the
graph can use TCP/IP or UNIX domain sockets, or use shared memory to pass data
between the processes).

The exccution module 612 can receive data from a variety of types of systems
including different forms of database systems. The data may be organized as records
having values for respective fields (also called “attributes” or “‘columns™), including
possibly null values. When first reading data from a data source, the execution module
612 typically starts with sorme initial format information about records in that data source.
In some circumstances, the record structurc of the data source may not be known initially
and may instead be determined after apalysis of the data source. The initial information
about records can include the number of bits that represent a distinct value, the order of
fields within a record, and the type of value (e.g., siring, signed/unsigned integer)
represented by the bits.

FIG. 7 shows 2 flowchart for an example transform generation and execution
process 700. For examplé process 700 may be performed by the execution environment
604 of FIG. 6.

Process 700 may start when a rule set is received 702. The Tule set may include a
sequence of execution cases. An execution case in the rule set may include one or more
trigger conditions and a specification of an output that is to be generated when the one or
more trigger conditions for the execution case are all satisfied. In some implementations,
the rule set is received through a user interface (e.g., a text file editor, a spreadshest-
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based GUI, or some other type of GUI) including hardware that is locally connected (e.g.,
a computer monitor and a keyboard and/or mouse) to a processing device that receives
the rule set. For example, the rule set may be received through a user interface of the
execution environment 604 of FIG. 6. In some implementations, the rule set is received
by a server through a network interface from a remote processing device. For example,
the rule set may be received through a network interface of the execution environment
604 from remote processing device that is running an application specialist environment
622.

A transform, including a control structure, is generated 704 based on the reccived
rule set. The control structure may be used to control the execution flow of the transform
when the transform is applied to input data. A control structure may reference other
portions of a generated transform (e.g., a list of unique trigger conditions and/or a list of
unique outputs). A control structure may be encoded in a variety of formats. Examples
of control structure formats include a executable file compiled for one or more processors
in an execution environment, a text file including text that may complied by an computer
language interpreter or compiler at run-time, a dual indexed (two dimensional) array of
text records including portions of code that may be interpreted or compiled, the acyclic
directed graphs of FIGS 4A and 4B, and the doubly linked list illustrated in FIG. 5,
among others.

The generated control structure may include rows corresponding to one or more
execution cases in the rule set. A row in the control structure may include a sequence of
one or more trigger conditions and information specifying the output for an execution
casc. A row of the control structure may be a logical grouping of execution control flow
code corresponding to one or more trigger conditions and one or more outputs for an
execution case in the rule set. In some implementations, a row of the control structure
includes sequence (e.g., stored as a linked list) of portions of code that direct execution
of the transform to cause a processing device to check a trigger condition or generate an
output. A portion of code for a trigger condition may also direct execution of the
transform to another portion of code corresponding to a different trigger condition or
output based on the result of the evaluation of the current trigger condition. A trigger

conditions in the control structure may, when it is failed during processing to transform
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data, direct processing to continue at a different row that is more than one row away the
current row in a sequence of rows. In this manner, execution of trigger conditions and/or
outputs for some rows may be skipped to reduce processing time for a work unit (¢.g., an
input data record).

In some implementations, a sequence of trigger conditions for a row may be
sorted based on a row number of a different row to which processing will be directed
when a trigger condition in the sequence fails during processing of data. For example,
the sequence of trigger conditions for a row may be sorted during the transform
generation process by placing trigger conditions that will cause big jumps through the
control structure upon a failure condition earlier in the sequence of trigger conditions for
a row, while placing trigger conditions that will cause smaller jumps through the control
structure upon a failure condition later in the sequence of trigger conditions for the row.

In some implementations, a row of the control structure is generated 704 in a
manner that omits a trigger condition for the corresponding execution case that also
occurs in an execution case immediately prior to the corresponding execution case in the
sequence of execution cases. This omission may reduce memory requirements for
compiling and/or executing the transform.

In some implementations, a list of unique trigger conditions for the rule set is also
generated 704 as part of the transform. List 300 of the unique trigger conditions for the
rule set including Rule 1 and Rule 2 is an example of a list of unique trigger conditions
that may be generated. For example, where a sequence of trigger conditions in a row is
stored as a sequence of portions of code , one of the portions of code may direct
processing to a trigger condition encoded in a list of unique trigger conditions from the
rule set.

In some implementations, a list of unique outputs for the rule set is also generated
704 as part of the transform. List 350 of the unique outputs for the rule set including
Rule 1 and Rule 2 is an example of a list of unique outputs that may be generated. For
example, where an output in a row is stored as a portion of code, the portion of code may
direct processing to an output in a list of unique outputs from the rule set.

In some implementations, a row of the control structure may further include a

portion of code that directs processing to a different row of the control structure that is to
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be processed next when all of the trigger conditions for the row are satisfied and the
output(s) for the row have been generated.

For example, the transform including the control structure, may be generated 704
by the transform generation module 606 running in the execution environment 604 of
FIG. 6.

The generated transform, including the control structure, may be stored and/or
transmitted 706. In some implementations, the transform is stored in a memory device
(c.g., arandom access memory) and passed to an exccution module that may apply the
transform to input data. For cxample, the transform may be stored 706 by the transform
gencration module 606 in a volatile memory device that is part of the execution
environment 604, where it may be accessed by execution module 612 of FIG. 6. In some
implementations, the transform may be stored in a data storage device including non-
volatile memory (e.g., database server or server running a version control application).
For example, the transform may be stored 706 in data storage system 616. In some
implementations, the transform may be transmitted to remote device (e.g., through an
¢electronic communications network). For example, the transform may be transmitted 706
from a transform generation module running in an application specialist environment to a
remote execution environment for application to input data.

Once the transform has been generated and made available a processing system
that will execute the transform, the transform may be applied to input data. For example
the transform may be accessed by processing system running a dataflow graph including
onge or more components that implement the transform (e.g., components 130 and 140 of
dataflow graph 100). Input data may be reccived 708 from one or more data sources
(c.g., data source 602). In some implementations, input data is pre-processed (e.g., by
component 120 implementing a join process) to create work units for a dataflow that may
be passed to one or more components implementing the transform. As each work unit is
prepared based on the received input data, it may be passed to the transform. In some
implementations, groups of work units are passed to a transform in batches. For
example, input data may be received 708 through a network interface of the execution

environment 604 of FIG. 6.
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The transform is executed 710 to process the received input data. In some
implementations, the transform is also interpreted and/or compiled at run-time when
processing new input data. For example, the transform may be executed 710 and applied
to input data using a process 800 described in relation to FIG. 8. Applying the transform
to the input data may include checking trigger conditions against the input data in a
sequence determined using the control structure. For example, the transform may be
executed 710 by execution module 606 running in execution environment 604 of FIG. 6.

Exccution of the transform may continue until 712 there is no more input data
available. Data reflecting results of the application of the transform to the input data may
be stored 714 (c.g., as output data records that are written to a data sink). The stored
results data may be have been generated based on output(s) specified by the control
structure. For example, the results may be stored in by execution module 612 in data
storage system 614 of FIG. 6. In some implementations (not shown), results data based
on output(s) specified by the control structure is transmitted (e.g., to application specialist
environment 622) over an electronic communication network (e.g., through a network
interface of the execution environment 604).

FIG. 8 is a flowchart of an example process 800 for executing a transform that is
based on a rule set. For example, process 800 may be performed by execution module
612 running on execution environment 604 of FIG. 6.

The process 800 includes retrieving 802 a control structure for the transform that
will be applied to input data. In some implementations, the control structure is retrieved
802 when a component in a dataflow graph that implements the transform is passed a
work unit in a dataflow. In some implementations, the control structure is retricved 802
from a memory device (e.g., a random access memory). In some implementations, the
control structure is retrieved 802 from a data storage device including non-volatile
memory (e.g., database server or server running a version control application). In some
implementations, the control structure is passed to an interpreter and/or compiler at run-
time to prepare the control structure for execution.

The first trigger condition is checked 810 against input data for a work unit. For
example, a DML expression encoding the trigger condition may be interpreted and

executed to access any reference input data fields in the record(s) associated with a work
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unit and test the accessed data by applying logic of the trigger condition. The result of
this evaluation may be pass or fail (true or false).

The result of the evaluation of the trigger condition may be logged (e.g., for
testing, debugging, or optimization purposes). In some implementations, the execution
time (e.g., measured in microseconds or processor cycles) for the trigger condition may
be logged. Data regarding failure rates or execution times for trigger conditions when
they are applied to input data may be used to dynamically update the control structure in
an cffort to reduced average processing time for future records.

If the trigger condition is not satisfied 815 (e.g., the result is fail or false) by the
input data for the work unit, then execution of the transform may be directed to a
different row of the control structure, based in part on control flow code associated with
the trigger condition (e.g., a portion of code that references or includes the trigger
condition). In accordance with the control structure, execution may jump 820 to a
different row of the control structure. For example, some failure conditions may cause
the execution to jump 820 to a different row that is more than one row away the current
row in a sequence of rows for the control structure. In this manner, execution of trigger
conditions and/or outputs for some rows may be skipped to reduce processing time for a
work unit. The next trigger condition for the new row may then be checked 810. In
some implementations (not shown), the execution of the transform may jump to a row
without trigger conditions (e.g., corresponding to a default execution case) or directly to
the END of the control structure.

If the trigger condition is satisfied 815 (e.g., the result is pass or true) by the input
data for the work unit, then execution of the transform may be directed to the next
element in the current row of the control structure. If there are more trigger conditions in
the sequence of trigger conditions for the row 825, then the next trigger condition in the
row is checked 810. Otherwise, one or more outputs for the row may be generated 830.

For example, a DML expression encoding an output may be interpreted and
executed to access any reference input data fields in the record(s) associated with a work
unit and/or apply logic of the output to generate 810 one or more output records. The
resulting output record(s) may be completely new, or existing records may be updated or

expanded to include additional fields or other data.
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After the output(s) for the current row are generated 830, execution of the
transform may be directed to a different row corresponding to additional execution
case(s). In some implementations, the row includes a pointer that directs execution of the
transform to a different row in the control structure. If there are more execution cases to
be processed 835, then the control structure may cause execution of the transform to
jump 840 to a different row in the control structure. For example, for a multi-fire rule,
additional rows corresponding to additional execution cases may need to be processed. If
the transform corresponds to rule set with multiple rules, then the control structure may
causc cxccution of the transform to jump 840 to a different row in the control structurc
corresponding to a different rule. The next trigger condition for the new row may then be
checked 810.

When no more execution cases, and thus no more rows, need to processed 835,
the control structure may be dynamically updated based on log information for the
processed input data. For example, trigger conditions in the sequence of trigger
conditions for a row may be sorted 850 based in part on new log information about the
average failure rates of execution times for the trigger conditions.

In some implementations, a measurement of the execution time for a trigger
condition in a list of unique trigger conditions may be updated based on the time it takes
to execute the trigger condition with the input data. The trigger conditions in the
sequence of trigger conditions for a row may be sorted 850 based in part on the updated
measurement of the execution times for the trigger conditions. In some implementations,
a measurement of the failure rate for a trigger condition in a list of unique trigger
conditions may be updated based on whether the trigger condition is satisfied by one or
more record(s) in the input data. The trigger conditions in the sequence of trigger
conditions for a row may be sorted 850 based in part on the updated measurement of the
failure rates for the trigger conditions.

An updated version of the control structure may be stored 852 for application to
future input data. In some implementations, the updated control structure may be stored
852 in a memory device (e.g., a random access memory). In some implementations, the
updated control structure may be stored 852 in a data storage device including non-

volatile memory (e.g., database server or server running a version control application).
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The transform generation approach described above can be implemented using
software for execution on a computer. For instance, the software forms procedures in one
or more computer programs that execute on one or more programmed or programmable
computer systems (which may be of various architectures such as distributed,
client/server, or grid) each including at least one processor, at least one data storage
system (including volatile and non-volatile memory and/or storage elements), at least one
input device or port, and at least one output device or port. The software may form one
or more modules of a larger program, for example, that provides other services related to
the design and configuration of dataflow graphs. The nodes and clements of the graph
can be implemented as data structures stored in a computer readable medium or other
organized data conforming to a data model stored in a data repository.

The software may be provided on a storage medium, such as a CD-ROM,
readable by a general or special purpose programmable computer, or delivered (encoded
in a propagated signal) over a communication medium of a network to a storage medium
of the computer where it is executed. All of the functions may be performed on a special
purpose computer, or using special-purpose hardware, such as coprocessors. The
software may be implemented in a distributed manner in which different parts of the
computation specified by the software are performed by different computers. Each such
computer program is preferably stored on or downloaded to a tangible, non-transitory
storage media or device (e.g., solid state memory or media, or magnetic or optical media)
readable by a general or special purpose programmable computer, for configuring and
operating the computer when the storage media or device is read by the computer system
to perform the procedures described herein. The inventive system may also be
considered to be implemented as a computer-readable storage medium, configured with a
computer program, where the storage medium so configured causes a computer system to
operate in a specific and predefined manner to perform the functions described herein.

A number of embodiments of the invention have been described. Nevertheless, it
will be understood that various modifications may be made without departing from the
spirit and scope of the invention. For example, some of the steps described above may be

order independent, and thus can be performed in an order different from that described.
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It is to be understood that the foregoing description is intended to illustrate and
not to limit the scope of the invention, which is defined by the scope of the appended
claims. For example, a number of the function steps described above may be performed
in a different order without substantially affecting overall processing. It bears emphasis
that the details of the particular business rules regarding credit accounts that are described
in the examples of FIGS. 2A and 2B and referenced throughout this specification only to
illustrate capabilities of the GUI 200 and GUI 250 and the transform generation system
that they provide a user interface for. The details of the particular business rules
presented arc not essential features and should not be construed to limit the scope of the

claims. Other embodiments are within the scope of the following claims.
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CLAIMS:

1. A method, performed by one or more data processing apparatus, for encoding a
rule set for transforming data, including:

receiving a rule set including a sequence of execution cases, at least one execution
case in the sequence of the execution cases including one or more trigger conditions and a
specification of an output that is to be generated when the one or more trigger conditions are
all satisfied;

generating a control structure including a sequence of rows corresponding to one or
more execution cases in the rule set, each row including: a sequence of one or more trigger
conditions and information specifying the output for a corresponding execution case, wherein
the generated control structure is configured to direct processing to continue at a different row
when one of the trigger conditions is failed and wherein the generated control structure is
configured such that, for at least one of the trigger conditions in the control structure, when
the at least one of the trigger conditions is failed, the control structure will direct processing to

skip at least one remaining row in the sequence of rows that has the failed trigger condition;

and

storing or transmitting the control structure.

2.  The method of claim 1, further including:

receiving input data;

checking trigger conditions against the input data in a sequence determined using the
control structure; and

storing or transmitting data based on an output specified by the control structure.

3.  The method of claim 1 or 2, in which at least one of the rows omits a trigger
condition for the corresponding execution case, where the omitted trigger condition occurs in
an execution case prior to the corresponding execution case in the sequence of execution

cases.
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4.  The method of any one of claims 1 to 3, in which the sequence of trigger
conditions in a row is a sequence of portions of code that each direct processing to a trigger

condition in a list of unique trigger conditions from the rule set.

5.  The method of any one of claims 1 to 4, in which the information specifying
the output in a row is a portion of code that directs processing to an output expression in a list

of unique outputs from the rule set.

6.  The method of any one of claims 1 to 5, further including:
sorting the sequence of trigger conditions for a row based on a different row to which

processing will be directed when a trigger condition in the sequence fails during processing of

data.

7.  The method of any one of claims 1 to 5, further including:

sorting the sequence of trigger conditions for a row based on execution times for the
trigger conditions.

8.  The method of claim 7, further including:

receiving input data;

checking trigger conditions against the input data in a sequence determined using the
control structure;

updating the execution time for a trigger condition in the list of unique trigger
conditions based on the time it takes to execute the trigger condition with the input data; and

sorting the pointers to trigger conditions for a row in the control structure based on

the updated execution time.

9.  The method of any one of claims 1 to 5, further including:
sorting the sequence of trigger conditions for a row based on failure rates for the

trigger conditions.

10. The method of claim 9, further including:
-39-
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receiving input data;

checking trigger conditions against the input data in a sequence determined using the
control structure;

updating the failure rate for a trigger condition in the list of unique trigger conditions
based on whether the trigger condition is satisfied by a record in the input data; and

sorting the pointers to trigger conditions for a row in the control structure based on

the updated failure rate.

11. The method of any one of claims 1 to 10, wherein a row of the control structure

further includes a portion of code that directs processing to a different row of the control
structure that is to be processed next when all of the trigger conditions for the row are
satisfied.

12. The method of any one of claims 1 to 11, wherein the rule set is specified

through a graphical user interface.

13. The method of any one of claims 1 to 12, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single

trigger condition in the control structure.

14. The method of any one of claims 1 to 13, wherein at least two outputs for
different execution cases in the rule set are combined and represented by a single output

expression in a row of the control structure.

15. The method of any one of claims 1 to 14, wherein the control structure is an
acyclic directed graph with nodes corresponding to the trigger conditions and output

expressions in the rows of the control structure.

16. A computer-readable medium storing software for encoding a rule set for
transforming data, the software including executable instructions for causing a computing

system to:
-40 -
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receive a rule set including a sequence of execution cases, at least one execution case
in the sequence of the execution cases including one or more trigger conditions and a
specification of an output that is to be generated when the one or more trigger conditions are
all satisfied;

generate a control structure including a sequence of rows corresponding to one or
more execution cases in the rule set, each row including: a sequence of one or more trigger
conditions and information specifying the output for a corresponding execution case, wherein
the generated control structure is configured to, during future processing to transform input
data, direct processing to continue at a different row when one of the trigger conditions is
failed and wherein the generated control structure is configured such that, for at least one of
the trigger conditions in the control structure, when the at least one of the trigger conditions is
failed, the control structure will direct processing to skip at least one remaining row in the
sequence of rows that has the failed trigger condition; and

store or transmit the control structure.

17. The medium of claim 16, including instructions for causing a computing
system to:

receive/input data;

check trigger conditions against the input data in a sequence determined using the
control structure; and

store or transmit data based on an output specified by the control structure.

18. The medium of claim 16 or 17, in which at least one of the rows omits a trigger
condition for the corresponding execution case, where the omitted trigger condition occurs in
an execution case prior to the corresponding execution case in the sequence of execution

cases.

19. The medium of any one of claims 16 to 18, in which the sequence of trigger
conditions in a row is a sequence of portions of code that each direct processing to a trigger

condition in a list of unique trigger conditions from the rule set.
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20. The medium of any one of claims 16 to 19, in which the information specifying
the output in a row is a portion of code that directs processing to an output expression in a list

of unique outputs from the rule set.

21. The medium of any one of claims 16 to 20, including instructions for causing a
computing system to:
sort the sequence of trigger conditions for a row based on a different row to which

processing will be directed when a trigger condition in the sequence fails during processing of
data.

22.  The medium of any one of claims 16 to 20, including instructions for causing a
computing system to:
sort the sequence of trigger conditions for a row based on execution times for the

trigger conditions.

23. The medium of claim 22, including instructions for causing a computing
system to:

receive input data;

check trigger conditions against the input data in a sequence determined using the
control structure;

update the execution time for a trigger condition in the list of unique trigger
conditions based on the time it takes to execute the trigger condition with the input data; and

sort the pointers to trigger conditions for a row in the control structure based on the

updated execution time.

24. The medium of any one of claims 16 to 23, including instructions for causing a
computing system to:
sort the sequence of trigger conditions for a row based on failure rates for the trigger

conditions.
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25. The medium of claim 24, including instructions for causing a computing
system to:

receive input data;

check trigger conditions against the input data in a sequence determined using the
control structure;

update the failure rate for a trigger condition in the list of unique trigger conditions
based on whether the trigger condition is satisfied by a record in the input data; and

sort the pointers to trigger conditions for a row in the control structure based on the

updated failure rate.

26. The medium of any one of claims 16 to 25, wherein a row of the control
structure further includes a portion of code that directs processing to a different row of the
control structure that is to be processed next when all of the trigger conditions for the row are
satisfied.

27. The medium of any one of claims 16 to 26, wherein the rule set is specified

through a graphical user interface.

28. The medium of any one of claims 16 to 27, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single

trigger condition in the control structure.

29. The medium of any one of claims 16 to 28, wherein at least two outputs for
different execution cases in the rule set are combined and represented by a single output

expression in a row of the control structure.

30. The medium of any one of claims 16 to 29, wherein the control structure is an
acyclic directed graph with nodes corresponding to the trigger conditions and output

expressions in the rows of the control structure.
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31. A computing system for encoding a rule set for transforming data, the
computing system including:

an input device or port configured to receive a rule set including a sequence of
execution cases, at least one execution case in the sequence of the execution cases including
one or more trigger conditions and a specification of an output that is to be generated when
the one or more trigger conditions are all satisfied; and

at least one processor configured to perform operations, the operations including
generating a control structure including a sequence of rows corresponding to one or more
execution cases in the rule set, each row including: a sequence of one or more trigger
conditions and information specifying the output for a corresponding execution case, wherein
the generated control structure is configured to, during future processing to transform input
data, direct processing to continue at a different row when one of the trigger conditions is
failed and wherein the generated control structure is configured such that, for at least one of
the trigger conditions in the control structure, when the at least one of the trigger conditions is
failed, the control structure will direct processing to skip at least one remaining row in the
sequence of rows that has the failed trigger condition; and

an output device or port configured to transmit the control structure.

32. The system of claim 31, including:

an input device or port configured to receive input data;

at least one processor configured to perform operations, the operations including
checking trigger conditions against the input data in a sequence determined using the control
structure; and

an output device or port configured to transmit data based on an output specified by
the contro] structure.

33. The system of claim 31 or 32, in which at least one of the rows omits a trigger
condition for the corresponding execution case, where the omitted trigger condition occurs in
an execution case prior to the corresponding execution case in the sequence of execution

cases.
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34. The system of any one of claims 31 to 33, in which the sequence of trigger
conditions in a row is a sequence of portions of code that each direct processing to a trigger

condition in a list of unique trigger conditions from the rule set.

35. The system of any one of claims 31 to 34, in which the information specifying
the output in a row is a portion of code that directs processing to an output expression in a list

of unique outputs from the rule set.

36. The system of any one of claims 31 to 35, in which the operations further
include:

sorting the sequence of trigger conditions for a row based on a different row to which
processing will be directed when a trigger condition in the sequence fails during processing of
data.

37. The system of any one of claims 31 to 35, in which the operations further
include:
sorting the sequence of trigger conditions for a row based on execution times for the

trigger conditions.

38. The system of claim 37, in which the operations further include:

receiving input data;

checking trigger conditions against the input data in a sequence determined using the
control structure;

updating the execution time for a trigger condition in the list of unique trigger
conditions based on the time it takes to execute the trigger condition with the input data; and

sorting the pointers to trigger conditions for a row in the control structure based on

the updated execution time.

39. The system of any one of claims 31 to 35, in which the operations further

include:
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sorting the sequence of trigger conditions for a row based on failure rates for the

trigger conditions.

40. The system of claim 39, in which the operations further include:

receiving input data;

checking trigger conditions against the input data in a sequence determined using the
control structure;

updating the failure rate for a trigger condition in the list of unique trigger conditions
based on whether the trigger condition is satisfied by a record in the input data; and

sorting the pointers to trigger conditions for a row in the control structure based on

the updated failure rate.

41. The system of any one of claims 31 to 40, wherein a row of the control
structure further includes a portion of code that directs processing to a different row of the
control structure that is to be processed next when all of the trigger conditions for the row are

satisfied.

42. The system of any one of claims 31 to 41, wherein the rule set is specified

through a graphical user interface.

43. The system of any one of claims 31 to 42, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single

trigger condition in the control structure.

44. The system of any one of claims 31 to 43, wherein at least two outputs for
different execution cases in the rule set are combined and represented by a single output

expression in a row of the control structure.

45. The system of any one of claims 31 to 44, wherein the control structure is an
acyclic directed graph with nodes corresponding to the trigger conditions and output

expressions in the rows of the control structure.
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46. A computing system for encoding a rule set for transforming data, the
computing system including:

an input device or port configured to receive a rule set including a sequence of
execution cases, at least one execution case in the sequence of the execution cases including
one or more trigger conditions and a specification of an output that is to be generated when
the one or more trigger conditions are all satisfied;

means for generating a control structure including a sequence of rows corresponding

to one or more execution cases in the rule set, each row including: a sequence of one or more

trigger conditions and information specifying the output for a corresponding execution case,
wherein the generated control structure is configured to, during future processing to transform
input data, direct processing to continue at a different row when one of the trigger conditions
is failed and wherein the generated control structure is configured such that, for at least one of
the trigger conditions in the control structure, when the at least one of the trigger conditions is
failed, the control structure will direct processing to skip at least one remaining row in the
sequence of rows that has the failed trigger condition; and

a data storage system configured to store the control structure.

47. The system of claim 46, including:

an input device or port configured to receive input data;

at least one processor configured to perform operations, the operations including
checking trigger conditions against the input data in a sequence determined using the control
structure; and

an output device or port configured to transmit data based on an output specified by
the control structure.

48. The system of claim 46 or 47, in which at least one of the rows omits a trigger
condition for the corresponding execution case, where the omitted trigger condition occurs in
an execution case prior to the corresponding execution case in the sequence of execution

cases.
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49. The system of any one of claims 46 to 48, in which the sequence of trigger
conditions in a row is a sequence of portions of code that each direct processing to a trigger

condition in a list of unique trigger conditions from the rule set.

50. The system of any one of claims 46 to 49, in which the information specifying
the output in a row is a portion of code that directs processing to an output expression in a list

of unique outputs from the rule set.

51. The system of any one of claims 46 to 50, including:
means for sorting the sequence of trigger conditions for a row based on a different
row to which processing will be directed when a trigger condition in the sequence fails during

processing of data.

52. The system of any one of claims 46 to 50, including:
means for sorting the sequence of trigger conditions for a row based on execution

times for the trigger conditions.

53. The system of claim 52, including:

an input device or port configured to receive input data;

at least one processor configured to perform operations, the operations including:

checking trigger conditions against the input data in a sequence determined using the
control structure; and

updating the execution time for a trigger condition in the list of unique trigger
conditions based on the time it takes to execute the trigger condition with the input data; and

means for sorting the pointers to trigger conditions for a row in the control structure

based on the updated execution time.

54. The system of any one of claims 46 to 50, including:
means for sorting the sequence of trigger conditions for a row based on failure rates

for the trigger conditions.
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55. The system of claim 54, in which the operations further include:

an input device or port configured to receive input data;

at least one processor configured to perform operations, the operations including:

checking trigger conditions against the input data in a sequence determined using the
control structure; and

updating the failure rate for a trigger condition in the list of unique trigger conditions
based on whether the trigger condition is satisfied by a record in the input data; and

means for sorting the pointers to trigger conditions for a row in the control structure

based on the updated failure rate.

56. The system of any one of claims 46 to 55, wherein a row of the control
structure further includes a portion of code that directs processing to a different row of the
control structure that is to be processed next when all of the trigger conditions for the row are
satisfied.

57. The system of any one of claims 46 to 56, wherein the rule set is specified
through a graphical user interface.

58. The system of any one of claims 46 to 57, wherein at least two trigger
conditions for an execution case in the rule set are combined and represented by a single

trigger condition in the control structure.

59. The system of any one of claims 46 to 58, wherein at least two outputs for
different execution cases in the rule set are combined and represented by a single output

expression in a row of the control structure.
60. The system of any one of claims 46 to 59, wherein the control structure is an

acyclic directed graph with nodes corresponding to the trigger conditions and output

expressions in the rows of the control structure.
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