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(57) Abstract: A computer-implemented method for debugging an executable control flow graph that specifies control flow among

a plurality of functional modules, with the control flow being represented as transitions among the plurality of functional modules,
the computer-implemented method including: specifying a position in the executable control flow graph at which execution of the
executable control flow graph is to be interrupted; wherein the specified position represents a transition to a given functional module,
a transition to a state in which contents of the given functional module are executed or a transition from the given functional module;
starting execution of the executable control flow graph in an execution environment; and at a point of execution representing the
specified position, interrupting execution of the executable control flow graph; and providing data representing one or more attributes
of the execution environment in which the given functional module is being executed.
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DEBUGGING AN EXECUTABLE CONTROL FLOW GRAPH THAT SPECIFIES
CONTROL FLOW
TECHNICAL FIELD

The present description relates to methods, system and computer-readable media for
debugging an executable control flow graph that specifies control flow among a plurality of
functional modules.

BACKGROUND

A debugger or debugging tool is a computer program that is used to test and debug other

computer programs.
SUMMARY

In a general aspect 1, described herein is a computer-implemented method for debugging an
executable control flow graph that specifies control flow among a plurality of functional modules,
with the control flow being represented as transitions among the plurality of functional modules,
with each functional module being configured to execute one or more actions on a computer
system, the computer-implemented method including: specifying a position in the executable
control flow graph at which execution of the executable control flow graph is to be interrupted;
wherein the specified position represents a transition to a given functional module, a transition to a
state in which contents of the given functional module are executed or a transition from the given
functional module; starting execution of the executable control flow graph in an execution
environment; and at a point of execution representing the specified position, interrupting execution
of the executable control flow graph; and providing data representing one or more attributes of the
execution environment in which the given functional module is being executed.

In an aspect 2 according to aspect 1, the executable control flow graph is represented as a

plurality of hierarchical levels, with the executable control flow graph itself being represented in a

1
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first one of the hierarchical levels, and with each functional module being represented in a second
one of the hierarchical levels that is distinct from the first one of the hierarchical levels that includes
the executable control flow graph.

In an aspect 3 according to any one of aspects 1 to 2, a functional module is configured to
perform methods that perform the one or more actions of the functional module, wherein each of
the methods configured to be performed is represented in a third one of the hierarchical levels that
differs from each of the first one of the hierarchical levels and the second one of the hierarchical
levels.

In an aspect 4 according to any one of aspects 1 to 3, the specified position is a first
specified position, wherein the executable control flow graph includes transitions among the
methods configured to be performed, and the method further includes: configuring the executable
control flow graph to interrupt execution of the executable control flow graph at a second specified
position that represents a transition to a given method of the functional module, before execution of
contents of the given method or a transition from the given method; at a point of execution
representing the second specified position, interrupting execution of the executable control flow
graph and providing data representing one or more attributes of runtime environment in which the
given method is executed.

In an aspect 5 according to any one of aspects 1 to 4, an attribute of the given method
includes a local environment of a system executing the given method.

In an aspect 6 according to any one of aspects 1 to 5, a first computer system executes the
executable control flow graph, wherein a second computer system executes a spawned process of
the given functional module, wherein the first computer system differs from the second computer

system, and wherein the method further includes: responsive to the interrupting, causing display of
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a user interface that renders one or more visual representations of one or more attributes of a
runtime environment of the second computer system.

In an aspect 7 according to any one of aspects 1 to 6, the method further includes providing
a graphical user interface that when rendered on a display device displays one or more controls for
configuring interruption of the executable control flow graph.

In an aspect 8 according to any one of aspects 1 to 7, specifying the position includes
inserting a breakpoint into the executable control flow graph at the specified position.

In an aspect 9 according to any one of aspects 1 to 8, the given functional module is a first
functional module, and the method further includes: while the executable control flow graph is
interrupted, modifying one or more values of one or more attributes of the first functional module,
wherein the one or more values of those one or more attributes are accessed by one or more second
functional modules from the first functional module; resuming execution of the executable control
flow graph; and modifying behavior of the executable control flow graph by causing the one or
more second functional modules to execute with the one or more modified values of the one or
more attributes.

In an aspect 10 according to any one of aspects 1 to 9, an attribute is a parameter.

In an aspect 11 according to any one of aspects 1 to 10, the given functional module is a
conditional functional module that is configured to perform one or more first actions upon
satisfaction of a condition and to perform one or more second actions upon failure of satisfaction of
the condition, the method further includes: modifying control flow of the executable control flow
graph by altering a success or failure state of the conditional functional module.

In an aspect 12 according to any one of aspects 1 to 11, the executable control flow graph is

configured to loop, and the method further includes: configuring the executable control flow graph
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such that each iteration of the loop or a particular iteration of the loop is interrupted before, in or
after execution of the executable control flow graph.

In an aspect 13 according to any one of aspects 1 to 12, the executable control flow graph
includes a sub-executable control flow graph that is configured to loop, and wherein the method
further includes: configuring the sub-executable control flow graph such that each iteration of the
loop or a particular iteration of the loop is interrupted.

In an aspect 14 according to any one of aspects 1 to 13, the method further includes
configuring the executable control flow graph such that execution of the executable control flow
graph is interrupted at the specified position when a particular condition is satisfied.

In an aspect 15 according to any one of aspects 1 to 14, the method further includes
configuring the executable control flow graph to interrupt execution of the executable control flow
graph on failure of any functional module.

In an aspect 16 according to any one of aspects 1 to 15, the given functional module is a first
functional module that is configured to start a second functional module, and the method further
includes: configuring the executable control flow graph to pause execution at a start of execution of
the second functional module.

In an aspect 17 according to any one of aspects 1 to 16, the executable control flow graph
includes a graphical layer and a control processing layer, the graphical layer includes visuals for a
graphical user interface and a visual program in a visual programming language that is programmed
with the visuals, with the visual programming language being for specifying the control flow,
wherein the control processing layer includes functional modules, methods, underlying data
structures used in executing the methods, and code that executes the methods using the underlying

data structures to effect the control flow specified by the visual programming language.
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In an aspect 18 according to any one of aspects 1 to 17, the method further includes
executing the graphical layer by rendering the graphical user interface with the visuals; receiving,
through the graphical user interface, data representing user manipulation of one or more of the
visuals displayed in the graphical user interface, with the received data representing the visual
program in the visual programming language; and executing the control processing layer in
accordance with the visual program created in the graphical layer, with execution of the control
processing layer including executing one or more functional modules specified by the visual
program, with execution of a functional module causing execution of a method of that functional
module by executing code using one or more data structures of the method to effect the control flow
specified by the visual programming language.

In an aspect 19 according to any one of aspects 1 to 18, a particular functional module
represents a controlled application included in a data processing layer, the method further includes:
executing a particular method of the particular functional module; and responsive to executing the
particular method, launching the controlled application.

In a general aspect 20, a computer-implemented method for debugging an executable
control flow graph that specifies control flow among a plurality of functional modules, with the
plurality of functional modules being represented by graphical program elements and with the
control flow being represented by transitions between the graphical program elements, with each
functional module being configured to execute one or more actions on a computer system, the
computer-implemented method including: specifying a position in the executable control flow
graph at which execution of the executable control flow graph is to be interrupted; wherein the
specified position represents a transition to a given functional module of the plurality of functional

modules, a transition to a state in which some of the one or more actions of the given functional
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module start executing or a transition from the given functional module; starting execution of the
executable control flow graph in an execution environment, wherein the execution environment is
hosted on one or more computers and is configured to execute the plurality of functional modules;
and at a point in time of the execution representing the specified position, interrupting the execution
of the executable control flow graph; and providing data representing one or more attributes of the
execution environment prevailing at the point in time.

In a general aspect 21, described herein is one or more machine-readable hardware storage
devices storing one or more instructions for debugging an executable control flow graph that
specifies control flow among a plurality of functional modules, with the control flow being
represented as transitions among the plurality of functional modules, with each functional module
being configured to execute one or more actions on a computer system, the one or more instructions
being executable by one or more processing devices to perform operations including: specifying a
position in the executable control flow graph at which execution of the executable control flow
graph is to be interrupted; wherein the specified position represents a transition to a given
functional module, a transition to a state in which contents of the given functional module are
executed or a transition from the given functional module; starting execution of the executable
control flow graph in an execution environment; and at a point of execution representing the
specified position, interrupting execution of the executable control flow graph; and providing data
representing one or more attributes of the execution environment in which the given functional
module is being executed.

In an aspect 22 according to aspect 21, the executable control flow graph is represented as a
plurality of hierarchical levels, with the executable control flow graph itself being represented in a

first one of the hierarchical levels, and with each functional module being represented in a second
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one of the hierarchical levels that is distinct from the first one of the hierarchical levels that includes
the executable control flow graph.

In an aspect 23 according to any one of aspects 21 to 22, a functional module is configured
to perform methods that perform the one or more actions of the functional module, wherein each of
the methods configured to be performed is represented in a third one of the hierarchical levels that
differs from each of the first one of the hierarchical levels and the second one of the hierarchical
levels.

In an aspect 24 according to any one of aspects 21 to 23, the specified position is a first
specified position, wherein the executable control flow graph includes transitions among the
methods configured to be performed, and the one or more operations further include: configuring
the executable control flow graph to interrupt execution of the executable control flow graph at a
second specified position that represents a transition to a given method of the functional module,
before execution of contents of the given method or a transition from the given method; at a point
of execution representing the second specified position, interrupting execution of the executable
control flow graph and providing data representing one or more attributes of runtime environment
in which the given method is executed.

In an aspect 25 according to any one of aspects 21 to 24, an attribute of the given method
includes a local environment of a system executing the given method.

In an aspect 26 according to any one of aspects 21 to 25, a first computer system executes
the executable control flow graph, wherein a second computer system executes a spawned process
of the given functional module, wherein the first computer system differs from the second computer

system, and the one or more operations further include: responsive to the interrupting, causing



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

display of a user interface that renders one or more visual representations of one or more attributes
of a runtime environment of the second computer system.

In an aspect 27 according to any one of aspects 21 to 26, the one or more operations further
include providing a graphical user interface that when rendered on a display device displays one or
more controls for configuring interruption of the executable control flow graph.

In an aspect 28 according to any one of aspects 21 to 27, specifying the position includes
inserting a breakpoint into the executable control flow graph at the specified position.

In an aspect 29 according to any one of aspects 21 to 28, the given functional module is a
first functional module, and the one or more operations further include: while the executable control
flow graph is interrupted, modifying one or more values of one or more attributes of the first
functional module, wherein the one or more values of those one or more attributes are accessed by
one or more second functional modules from the first functional module; resuming execution of the
executable control flow graph; and modifying behavior of the executable control flow graph by
causing the one or more second functional modules to execute with the one or more modified
values of the one or more attributes.

In an aspect 30 according to any one of aspects 21 to 29, an attribute is a parameter.

In an aspect 31 according to any one of aspects 21 to 30, the given functional module is a
conditional functional module that is configured to perform one or more first actions upon
satisfaction of a condition and to perform one or more second actions upon failure of satisfaction of
the condition, the one or more operations further include: modifying control flow of the executable
control flow graph by altering a success or failure state of the conditional functional module.

In an aspect 32 according to any one of aspects 21 to 31, the executable control flow graph

is configured to loop, and the one or more operations further include: configuring the executable
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control flow graph such that each iteration of the loop or a particular iteration of the loop is
interrupted before, in or after execution of the executable control flow graph.

In an aspect 33 according to any one of aspects 21 to 32, the executable control flow graph
includes a sub-executable control flow graph that is configured to loop, and wherein the one or
more operations further include: configuring the sub-executable control flow graph such that each
iteration of the loop or a particular iteration of the loop is interrupted.

In an aspect 34 according to any one of aspects 21 to 33, the one or more operations further
include configuring the executable control flow graph such that execution of the executable control
flow graph is interrupted at the specified position when a particular condition is satisfied.

In an aspect 35 according to any one of aspects 21 to 34, the one or more operations further
include configuring the executable control flow graph to interrupt execution of the executable
control flow graph on failure of any functional module.

In an aspect 36 according to any one of aspects 21 to 35, the given functional module is a
first functional module that is configured to start a second functional module, and the one or more
operations further include: configuring the executable control flow graph to pause execution at a
start of execution of the second functional module.

In an aspect 37 according to any one of aspects 21 to 36, the executable control flow graph
includes a graphical layer and a control processing layer, the graphical layer includes visuals for a
graphical user interface and a visual program in a visual programming language that is programmed
with the visuals, with the visual programming language being for specifying the control flow,
wherein the control processing layer includes functional modules, methods, underlying data
structures used in executing the methods, and code that executes the methods using the underlying

data structures to effect the control flow specified by the visual programming language.
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In an aspect 38 according to any one of aspects 21 to 37, the one or more operations further
include executing the graphical layer by rendering the graphical user interface with the visuals;
receiving, through the graphical user interface, data representing user manipulation of one or more
of the visuals displayed in the graphical user interface, with the received data representing the
visual program in the visual programming language; and executing the control processing layer in
accordance with the visual program created in the graphical layer, with execution of the control
processing layer including executing one or more functional modules specified by the visual
program, with execution of a functional module causing execution of a method of that functional
module by executing code using one or more data structures of the method to effect the control flow
specified by the visual programming language.

In an aspect 39 according to any one of aspects 21 to 38, a particular functional module
represents a controlled application included in a data processing layer, the one or more operations
further include: executing a particular method of the particular functional module; and responsive to
executing the particular method, launching the controlled application.

In a general aspect 40, one or more machine-readable storing one or more instructions for
debugging an executable control flow graph that specifies control flow among a plurality of
functional modules, with the plurality of functional modules being represented by graphical
program elements and with the control flow being represented by transitions between the graphical
program elements, with each functional module being configured to execute one or more actions on
a computer system, the one or more instructions being executable by one or more processing
devices to perform operations including: specifying a position in the executable control flow graph
at which execution of the executable control flow graph is to be interrupted; wherein the specified

position represents a transition to a given functional module of the plurality of functional modules,
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a transition to a state in which some of the one or more actions of the given functional module start
executing or a transition from the given functional module; starting execution of the executable
control flow graph in an execution environment, wherein the execution environment is hosted on
one or more computers and is configured to execute the plurality of functional modules; and at a
point in time of the execution representing the specified position, interrupting the execution of the
executable control flow graph; and providing data representing one or more attributes of the
execution environment prevailing at the point in time.

In a general aspect 41, described herein is a data processing system for debugging an
executable control flow graph that specifies control flow among a plurality of functional modules,
with the control flow being represented as transitions among the plurality of functional modules,
with each functional module being configured to execute one or more actions on a computer
system, the data processing system including one or more processing devices and one or more
machine-readable hardware storage devices storing one or more instructions that are executable by
the one or more processing devices to perform operations including: specifying a position in the
executable control flow graph at which execution of the executable control flow graph is to be
interrupted; wherein the specified position represents a transition to a given functional module, a
transition to a state in which contents of the given functional module are executed or a transition
from the given functional module; starting execution of the executable control flow graph in an
execution environment; and at a point of execution representing the specified position, interrupting
execution of the executable control flow graph; and providing data representing one or more
attributes of the execution environment in which the given functional module is being executed.

In an aspect 42 according to aspect 41, the executable control flow graph is represented as a

plurality of hierarchical levels, with the executable control flow graph itself being represented in a

11
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first one of the hierarchical levels, and with each functional module being represented in a second
one of the hierarchical levels that is distinct from the first one of the hierarchical levels that includes
the executable control flow graph.

In an aspect 43 according to any one of aspects 41 to 42, a functional module is configured
to perform methods that perform the one or more actions of the functional module, wherein each of
the methods configured to be performed is represented in a third one of the hierarchical levels that
differs from each of the first one of the hierarchical levels and the second one of the hierarchical
levels.

In an aspect 44 according to any one of aspects 41 to 43, the specified position is a first
specified position, wherein the executable control flow graph includes transitions among the
methods configured to be performed, and the one or more operations further include: configuring
the executable control flow graph to interrupt execution of the executable control flow graph at a
second specified position that represents a transition to a given method of the functional module,
before execution of contents of the given method or a transition from the given method; at a point
of execution representing the second specified position, interrupting execution of the executable
control flow graph and providing data representing one or more attributes of runtime environment
in which the given method is executed.

In an aspect 45 according to any one of aspects 41 to 44, an attribute of the given method
includes a local environment of a system executing the given method.

In an aspect 46 according to any one of aspects 41 to 45, a first computer system executes
the executable control flow graph, wherein a second computer system executes a spawned process
of the given functional module, wherein the first computer system differs from the second computer

system, and the one or more operations further include: responsive to the interrupting, causing
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display of a user interface that renders one or more visual representations of one or more attributes
of a runtime environment of the second computer system.

In an aspect 47 according to any one of aspects 41 to 46, the one or more operations further
include providing a graphical user interface that when rendered on a display device displays one or
more controls for configuring interruption of the executable control flow graph.

In an aspect 48 according to any one of aspects 41 to 47, specifying the position includes
inserting a breakpoint into the executable control flow graph at the specified position.

In an aspect 49 according to any one of aspects 41 to 48, the given functional module is a
first functional module, and the one or more operations further include: while the executable control
flow graph is interrupted, modifying one or more values of one or more attributes of the first
functional module, wherein the one or more values of those one or more attributes are accessed by
one or more second functional modules from the first functional module; resuming execution of the
executable control flow graph; and modifying behavior of the executable control flow graph by
causing the one or more second functional modules to execute with the one or more modified
values of the one or more attributes.

In an aspect 50 according to any one of aspects 41 to 49, an attribute is a parameter.

In an aspect 51 according to any one of aspects 41 to 50, the given functional module is a
conditional functional module that is configured to perform one or more first actions upon
satisfaction of a condition and to perform one or more second actions upon failure of satisfaction of
the condition, the one or more operations further include: modifying control flow of the executable
control flow graph by altering a success or failure state of the conditional functional module.

In an aspect 52 according to any one of aspects 41 to 51, the executable control flow graph

is configured to loop, and the one or more operations further include: configuring the executable
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control flow graph such that each iteration of the loop or a particular iteration of the loop is
interrupted before, in or after execution of the executable control flow graph.

In an aspect 53 according to any one of aspects 41 to 52, the executable control flow graph
includes a sub-executable control flow graph that is configured to loop, and wherein the one or
more operations further include: configuring the sub-executable control flow graph such that each
iteration of the loop or a particular iteration of the loop is interrupted.

In an aspect 54 according to any one of aspects 41 to 53, the one or more operations further
include configuring the executable control flow graph such that execution of the executable control
flow graph is interrupted at the specified position when a particular condition is satisfied.

In an aspect 55 according to any one of aspects 41 to 54, the one or more operations further
include configuring the executable control flow graph to interrupt execution of the executable
control flow graph on failure of any functional module.

In an aspect 56 according to any one of aspects 41 to 55, the given functional module is a
first functional module that is configured to start a second functional module, and the one or more
operations further include: configuring the executable control flow graph to pause execution at a
start of execution of the second functional module.

In an aspect 57 according to any one of aspects 41 to 56, the executable control flow graph
includes a graphical layer and a control processing layer, the graphical layer includes visuals for a
graphical user interface and a visual program in a visual programming language that is programmed
with the visuals, with the visual programming language being for specifying the control flow,
wherein the control processing layer includes functional modules, methods, underlying data
structures used in executing the methods, and code that executes the methods using the underlying

data structures to effect the control flow specified by the visual programming language.
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In an aspect 58 according to any one of aspects 41 to 57, the one or more operations further
include executing the graphical layer by rendering the graphical user interface with the visuals;
receiving, through the graphical user interface, data representing user manipulation of one or more
of the visuals displayed in the graphical user interface, with the received data representing the
visual program in the visual programming language; and executing the control processing layer in
accordance with the visual program created in the graphical layer, with execution of the control
processing layer including executing one or more functional modules specified by the visual
program, with execution of a functional module causing execution of a method of that functional
module by executing code using one or more data structures of the method to effect the control flow
specified by the visual programming language.

In an aspect 59 according to any one of aspects 41 to 58, a particular functional module
represents a controlled application included in a data processing layer, the one or more operations
further include: executing a particular method of the particular functional module; and responsive to
executing the particular method, launching the controlled application.

In a general aspect 60, a data processing system for debugging an executable control flow
graph that specifies control flow among a plurality of functional modules, with the plurality of
functional modules being represented by graphical program elements and with the control flow
being represented by transitions between the graphical program elements, with each functional
module being configured to execute one or more actions on a computer system, the data processing
system including one or more processing devices and one or more machine-readable storing one or
more instructions that are executable by the one or more processing devices to perform operations
including: specifying a position in the executable control flow graph at which execution of the

executable control flow graph is to be interrupted; wherein the specified position represents a
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transition to a given functional module of the plurality of functional modules, a transition to a state
in which some of the one or more actions of the given functional module start executing or a
transition from the given functional module; starting execution of the executable control flow graph
in an execution environment, wherein the execution environment is hosted on one or more

5 computers and is configured to execute the plurality of functional modules; and at a point in time of
the execution representing the specified position, interrupting the execution of the executable
control flow graph; and providing data representing one or more attributes of the execution
environment prevailing at the point in time.

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

10 description, and from the claims.

DESCRIPTION OF DRAWINGS

FIGS. 1A-1G, 2 and 11 are each a diagram of a plan.

FIG. 3 is a diagram of a task, its methods and insertion of breakpoints relative to the task
15 and its methods.

FIGS. 4, 7A and 7B are each an example of a user interface of a various aspects of a plan

defined in a graphical development environment.

FIGS. 5, 6, 9B-9C are each an example of controls in a plan debugger.

FIGS. 8 and 9A are each diagrams of a breakpoint inspector for viewing and editing
20  attributes of elements of a plan.

FIG. 10 is a diagram of an execution environment for a plan.

FIG. 12 is a diagram of a task.
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FIG. 13 is an example process for interrupting execution of a graphical control flow
application.

FIG. 14A is a diagram of inherited methods.

FIG. 14B is a diagram of setting a breakpoint on inherited methods.

FIG. 15 is a block diagram of a data processing system.

DETAILED DESCRIPTION

Referring to FIG. 1A, diagram 2 illustrates graphical portion 1 of a plan. For purposes of
convenience, and without limitation, the entirety of the plan (that includes graphical portion 1) is
hereinafter referred to as plan 1. Generally, a “plan” as used herein (also called herein an
“executable control flow graph” or a “graphical control flow application”) includes a visual
program with graphical program elements each representing a functional module. Inturn, each
functional module represents a controlled application.

The plan specifies control flow among the functional modules. By specifying the control
flow, the plan provides a visual organization of the execution of the various functional modules of
the plan. Generally, the control flow specified by the plan is represented by transitions or
connections between the graphical program elements in the plan. The plan can be run or executed
and encapsulates information through the functional modules for the various controlled applications
to be executed.

Generally, a controlled application includes a program that is external to the plan and is run
by the plan. Examples of a controlled application include a computer program, a script, a dataflow
graph, another plan, and so forth. Generally, a graphical program element includes an element of
the visual program in a visual programming language (VPL) that can be manipulated graphically

rather than textually. Generally, a functional module includes data structures of the plan, methods
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of the plan and code for implementing the methods with the data structures. In an example, a type
of functional module is a task that includes a series of actions (within the plan, rather than the
controlled application) to be executed. For purposes of convenience, a functional module may also
be referred to herein as a “task,” without limitation. In this example, control flow expresses logic
about a sequence of execution of the functional modules of the plan. Generally, a functional
module represents conditional logic, a program, a user script, a process, and so forth. A functional
module may be implemented using a dataflow graph or may represent another executable control
flow graph (called a “subplan” or a sub-executable control flow graph). For example, a subplan is a
plan embedded in a larger plan and is used in a plan for organizational convenience and can include
various functionality, e.g., looping functionality. The subplan can represent many different tasks,
as well as further nested subplans. The plan controls the sequence, relationships, and
communication between tasks by how the tasks are connected and how methods and parameters are
specified. In the plan, the tasks, the run sequence, the conditional logic, and the relationships
between tasks are represented graphically.

In this example, the plan includes a graphical layer (previously referred to as the graphical
portion) and a control processing layer, each of which are distinct from a data processing layer (e.g.,
the controlled application). The graphical layer includes the visuals in the graphical user interface
and the visual program in the VPL. The control processing layer includes the tasks, methods,
underlying data structures (used in executing the methods), and code that executes the methods
using the underlying data structures to effect the control flow specified by the visual programming
language.

The plan, subplan and graphical program elements include graphical entities that are part of

a visual program, and the tasks and other functional modules of the plan are represented by the
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graphical entities and are controlled by the visual program called the “executable control flow
graph”. That is, the executable control flow graph does not specify control flow among graphical
icons but controls the execution order of real data processing.

In an example, the executable control flow graph (or plan) includes a directed graph with
nodes representing the functional modules, e.g., tasks, subplans, and so forth. The nodes are
connected by directed links (also called “transitions” herein) representing control flow among the
functional modules. In particular, each of the directed links is specified by data structures
specifying control flow among the functional modules. In this example, execution of the plan itself
causes execution of the underlying control processing layer represented by the node in the plan in
accordance with the control flow specified by the plan. The plan may be run on one or multiple
computing nodes (e.g., central processing units (CPUs)), e.g., in a distributed manner such that each
graphical program element is run on a different one of the computing nodes, wherein the different
computing nodes are communicatively interconnected by network connections.

The construction of an executable control flow graph can be highly technical in nature in
some cases. The executable control flow graph may implement graph-based control flow among
various subplans and tasks. The executable control flow graph is specified by data structures in a
data storage, the executable control flow graph having a plurality of nodes being specified by the
data structures and representing the subplans and/or tasks connected by one or more links, the links
being specified by the data structures and representing data flows between the nodes. A runtime
environment (or execution environment) coupled to the data storage and being hosted on one or
more computers may be used, the runtime environment including a pre-execution module
configured to read the stored data structures specifying the executable control flow graph and to

allocate and configure computing resources such as processes for performing the computation of
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the tasks and subplans that are assigned to the executable control flow graph by the pre-execution
module, the runtime environment including an execution module to schedule and control execution
of the assigned processes such that any one of the methods described herein is executed.

There are different types of tasks, including, e.g., a program task (e.g., a task that represents
a specified program, which is a process that is distinct from a process running the plan, and/or that
enables automatic incorporation of executable code in the plan), a plan task (e.g., a task
representing a child plan, which is a process (for execution of another plan) that is distinct from a
process running the plan), a graph task (e.g., a task that represents a dataflow graph, which is also a
process that is distinct from a process running the plan, and/or is configured to run a separate
executable dataflow graph from within the plan), and a conditional task that implements conditional
logic in a plan. In this example, each task represents an ordered series of actions to be executed on
a computer system.

The main action of a task is called its Perform method. For example, the Perform method
may be implemented to perform the main functionality of the task. In addition to the Perform
method, each task can optionally execute other actions at specific times or in response to specific
conditions — as described in further detail below. The Perform method gives the task its identity.
The rest of the task supports the Perform method. Various optional actions prepare for or set-up the
execution of the Perform method, report on its outcome, and clean up after it. In some examples, a
plan includes an underlying data structure that stores the logic representing the various tasks and
subplans and the relationships among these various tasks and subplans.

In this example, execution of the plan causes the underlying data structure to be executed or
run, e.g., by instantiating appropriate objects for the various tasks and methods in a plan. For

example, the system stores the contents of a plan in a file that includes a hierarchical representation
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of the plan. The hierarchical representation includes nodes, with each node corresponding to an
element (e.g., task, method, or subplan) of the plan. The system instantiates the plan by traversing
the nodes in the hierarchical representation. For each node, the system instantiates an object for an
element represented by that node. For example, when a node represents a task, the system
instantiates a task object for that node. Additionally, when the plan specifies to run a method on
that task, the system instantiates a method object for that method.

In the example of FIG. 1A, plan 1 is a plan for processing data records to determine which
actions (e.g., running an intraday process or calculating an end of day position) are appropriate for
execution, e.g., based on the processing of those data records. In this example, the system executes
plan 1 in a financial services setting as part of a procedure for determining intraday trade prices or
closing out trading for the day, e.g., by determining whether to run a particular process (i.e., an
intraday process) or to perform a particular calculation that determines end of day positions. Plan 1
includes graphical program elements 1a, 1b, 1c, 1d, le, 1f, 1g, 1h and transitions 11, 1j, 1k, 11, 1m,
lo. The graphical program elements 1a, 1b, Ic, 1d, le, 1f, 1g, 1h represent respective tasks as
introduced above and the transitions 11, 1j, 1k, 11, 1m, 1o represent control flow, as introduced
above, that is specified by plan 1. For the convenience of the reader, whenever reference signs
indicating graphical program elements or transitions are referred to, the respective tasks and control
flow, respectively, are directly referred to when describing the corresponding figures. As such, plan
1 includes program tasks la and 1h, graph tasks 1b and 1d, conditional task 1c, plan tasks le and 1f
and subplan 1g. Each of program tasks la and 1h, graph tasks 1b and 1d, conditional task Ic, and
plan tasks le and 1f may be referred to herein as a “task,” for purposes of convenience.

In this example, task 1b can only execute after task 1a has completed. Task 1f can execute

only after task le has completed. Plan 1 also shows that a condition specified in conditional task 1c
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is subsequently evaluated (“Should the intraday process run?”), and if found to be “No”, then the
end-of-day position is calculated, by the system, for each office by iterating over subplan 1g. If
“Yes,” then the system executes task 1d to perform an intraday run. In this example, various tasks
can also be triggered on the failure of other tasks — this is illustrated in plan 1 by the “Error
Actions” task (i.e., task 1h), which is run if Task 2 (i.e., task 1f) fails for any reason.

In this example, each of program tasks la, 1h points (or otherwise refers) to an external
program, or to an external or embedded script. Each of graph tasks 1b and 1d points (or otherwise
refers) to an executable dataflow graph (e.g., that is stored in storage). Generally, an executable
dataflow graph (also referred to as an executable graph) includes a directed dataflow graph, with
vertices in the graph representing components (either data files or processes), and the links or
“edges” in the graph indicating flows of data between components. A system for executing such
graph-based computations is described in prior U.S. Pat. No. 5,966,072, titled "EXECUTING
COMPUTATIONS EXPRESSED AS GRAPHS," incorporated herein by reference.

The construction of a dataflow graph can be highly technical in nature in some cases. The
data flow graph may implement a graph-based computation performed on data flowing from one or
more input data sets through a graph of processing graph components to one or more output data
sets, wherein the data flow graph is specified by data structures in a data storage, the dataflow graph
having a plurality of nodes being specified by the data structures and representing the graph
components connected by one or more links, the links being specified by the data structures and
representing data flows between the graph components. A runtime environment (or execution
environment) coupled to the data storage and being hosted on one or more computers may be used,
the runtime environment including a pre-execution module configured to read the stored data

structures specifying the data flow graph and to allocate and configure computing resources such as

22



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

processes for performing the computation of the graph components that are assigned to the data
flow graph by the pre-execution module, the runtime environment including an execution module to
schedule and control execution of the assigned processes such that any one of the methods
described herein is executed.

While written to achieve specific business ends, the underlying structure and construction of
the graph is determined based upon technical considerations. For example, graph components may
be selected to maximize reusability, or to support parallel processing. On the other hand, how and
where a graph is used may be largely a business decision. Some of the parameters associated with a
parameterized dataflow graph can be used to enable business users to customize dataflow graphs
without requiring the user to understand the technical complexities behind its implementation. The
parameterized dataflow graphs simplify customization and facilitate reuse.

Each of plan tasks le, 1f points to a plan located in an external file. Conditional task 1c
implements decision logic in plan 1 — based on a specified expression or program. Subplan 1g
groups tasks (included in subplan 1g) as part of a plan, and allows these tasks to be run iteratively.
Plan 1 also includes transitions 1li-1o that indicate a dependency among tasks, e.g., and thus control
an execution order among tasks. That is, transitions li-1o represent connections among these tasks
and thus specifies an execution dependency.

A task provides a framework for executing methods, e.g., by the task specifying which
controlled applications are to be executed and encapsulating information about the controlled
applications (e.g., location, arguments, etc.). The programming code for the controlled applications
can be stored in storage and referred to by the task. These methods perform the actions of the task.
That is, the plan is not a visualization of an underlying code source. Rather, the plan itselfis a

visual program that can be run or executed and that also encapsulates information for or
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representing the various executables to be executed. A plan also includes attributes (e.g.,
parameters) for the passing of values among tasks. In an example, a change in parameters can
affect subplans, methods and other tasks at the same (or different) hierarchical level of the task for
which the parameter values are changed. A plan also has specified relationships that govern the
order in which the tasks are run. The plan controls the sequence, relationships and communications
among the tasks, in accordance with connections among the tasks and specification of the methods
and parameters.

Referring to FIG. 1B, diagram 1p illustrates that there are various locations at which a
breakpoint may be inserted into the plan 1. Generally, a breakpoint includes an instruction (e.g., an
indication, directive, or specification) to pause or stop an execution of the plan in an execution
environment. When the executing plan encounters a breakpoint, the plan pauses to enable
evaluation (e.g., automatic evaluation or user evaluation) of internal attributes of the plan (e.g., such
as operational parameters and associated values of the plan, dynamic parameters that the plan is
using and associated values, and if the breakpoint is before a graph or plan is launched, the input
values that are going to be sent to that graph or plan) and/or evaluation of attributes that are external
to the plan (such as attributes of the execution environment or system that is executing the plan
and/or external states and resources (e.g., states of databases and repositories used by the execution
environment when executing the plan)). These breakpoints enable monitoring of the attributes, and
thereby of the internal states of the underlying system (e.g., plan and/or execution environment),
that are prevailing at the time when the executing plan encounters the breakpoint. For example, a
user is enabled to view the parameter values used for a task and also to change the functionality of
that task (and other tasks that are downstream or dependent on that task), e.g., by changing the

values of the parameters. Alternatively or in addition, the user is enabled to view aspects that are

24



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

external to the plan, such as values of operational parameters of the execution environment
indicating a performance (e.g., CPU usage, usage of primary memory, available or occupied data
storage capacity, consumed or available network bandwidth, etc.) of the execution environment
during the execution of the plan before the plan encountered the breakpoint.

In this example, a breakpoint may be inserted at position 1q that represents a transition to a
given functional module, namely, task 1b. A breakpoint may also be inserted at position 1r in task
1b. The setting of a breakpoint at position 1r interrupts execution of task 1b just before task 1b
prepares to spawn the represented process (or task) that runs a program or before other functionality
or actions. Generally, the setting of or insertion of a breakpoint by the system described herein
refers to the recording of a breakpoint by the system. That is, position 1r represents a time just
before or at which the execution of task 1b or some of its actions starts. A breakpoint may also be
inserted at position 1s that represents a transition from task 1b (e.g., position 1s represents a time
after the execution of the task 1b completed).

Referring to FIG. 1C, diagram 3 includes breakpoint indicator 2a that illustrates that a
breakpoint is recorded for task 1b in plan 1. Breakpoint indicator 2a specifies that one or more
breakpoints have been recorded on task 1b (i.e., the breakpoints are associated with task 1b), but
does not specify a position of the breakpoint as being before, in or after task 1b. In this example,
the details of where the one or more breakpoints are set are available "on demand," e.g., by
selecting or hovering on breakpoint indicator 2a. Generally, a breakpoint indicator is an indication
of or a visual representation of the presence of one or more breakpoints. In this example, execution
of plan 1 pauses when the system executes the breakpoint represented by breakpoint indicator 2a
and an inspector user interface (e.g., referred to as a “Breakpoint Inspector”) is presented. The

Breakpoint Inspector is presented whenever plan execution is paused (e.g., either by break-on-
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failure mode, described below, being on and a failure occurring, or by a breakpoint that was set by
the user being encountered during the course of plan execution).

Referring to FIG. 1D, diagram 4 illustrates that plan 1 has encountered the breakpoint
represented by breakpoint indicator 2a, as indicated by the dotted line around task 1b. That is, task
1b is stopped due to the breakpoint represented by breakpoint indicator 2a being reached, but the
rest of plan 1 continues to run. In this example, arrows 11, 1j, 11 are shown as thicker lines (e.g.,
relative to a thickness of the other arrows shown in FIG. 1D) to represent that plan 1 executed tasks
la, le, 1f. In this example, tasks la, le, 1f execute (e.g., in parallel or with task la executing in
parallel with tasks le and 1f, which execute in serial order) and plan 1 progresses as far as it can
given that plan execution pauses at task 1b. Because the breakpoint represented by breakpoint
indicator 2a was recorded for plan 1, a graphical user interface (e.g., the Breakpoint Inspector) is
displayed for a user to inspect attributes of task 1b prior to executing task 1b, as described below
with reference to FIG. 1E. The display of the graphical user interface may be triggered or initiated
in response to plan 1 encountering breakpoint indicator 2a. The graphical user interface may be
displayed while the rest of plan 1, e.g. tasks le and 1f, continues to run. In this example, task lc
will not run until task 1b completes and succeeds, and task 1b will not complete while execution is
stopped at the breakpoint represented by breakpoint indicator 2a.

Referring to FIG. 1E, graphical user interface Sc is displayed, e.g., when a point of
execution (of plan 1 in FIG. 1D or of the underlying data structure representing plan 1) representing
the specified position of the breakpoint represented by breakpoint indicator 2a (FIG. 1D) is reached.
In this example, graphical user interface Sc displays the reason for the execution pause in the title,
namely, “breakpoint” after the name of the task (i.e., “Run the Main Daily Process™). Graphical

user interface Sc also includes data source portion 4a that specifies a data source for task 1b (FIG.
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1D) in plan 1. In this example, the data source has failed to resolve correctly, e.g., as it has resolved
as “/inputsrc#dat.” Through input portion 4a, a correct data source path can be specified. The data
source is used herein as an example of a parameter used by the task, represented by the graphical
program element 1b, during execution of the task and the data source path is an example of the
value of such a parameter that can be modified or corrected by a user through the input portion 4a
of the graphical user interface. Referring to FIG. 1F, graphical user interface 5d is a version of
graphical user interface Sc after a correct data source has been entered into portion S5a (or portion 4a
in FIG. 1E). In this example, upon the input of new information (e.g., the modified parameter
value) into portion Sa, graphical user interface 5d displays continue control 5b, selection of which
causes task 1b (FIG. 1D) to continue execution and, optionally, each of graphical user interfaces Sc,
5d to stop being displayed. This is an example of how changes are made to tasks while a plan
continues to run. In this example, continue control 5b is selected. In a variation, when a task has
failed, a graphical user interface is displayed to enable modification of various values (e.g., of
parameters used by the task during its execution) and/or inputs used by the task. Upon
modification, the graphical user interface displays a control to restart that failed task, e.g., while the
rest of the plan still continues to run.

In still another variation, after a task has failed, a user may set a breakpoint (e.g., the
breakpoint represented by breakpoint indicator 2a) at the start of task 1b. After doing so, the user
executes a command, e.g., the “plan-admin restart <task>” command, in a command line to restart
task 1b. Then, when task 1b pauses at the start, the value of the DATA SOURCE parameter can be
changed, as described above, so that when task 1b restarts, it will use the corrected value. In this
example, the new value is only in effect for that run of plan 1. To permanently change the value of

the parameter, the plan itself is edited.
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Referring to FIG. 1G, diagram 6 shows re-execution of task 1b (e.g., following selection of
continue control 5b in FIG. 1F or following execution of the command (e.g., the “plan-admin restart
<task>" command, described above). In this example, task 1b uses the correct value of the DATA
SOURCE parameter (based on task 1b pausing at the start due to the breakpoint represented by
breakpoint indicator 2a and the value of the DATA SOURCE parameter being changed to the
corrected value). As such, plan 1 progresses through tasks 1b to conditional task 1c, as shown by
the thickness of arrows 1m, 11.

Referring to FIG. 2, control flow diagram 10 (also referred to as plan 10) includes graphical
program elements 12, 14, 16 and transitions 18, 20. The graphical program elements represent
respective tasks 12, 14, 16. The transitions 18, 20 represent the control flow specified by the plan
10. For the convenience of the reader, whenever reference signs indicating graphical program
elements or transitions are referred to, the respective tasks and control flow, respectively, are
directly referred to when describing the corresponding figures. That is, graphical program elements
12, 14, 16 are referred to as tasks 12, 14, 16, respectively, and transitions 18, 20 are referred to as
connections 18, 20, respectively. In this example, plan 10 includes connections 18, 20 that specify
that task 12 is executed first, followed by execution of task 14 and then task 16. In this example,
behavior of plan 10 can be modified to include one or more breakpoints that cause plan 10 to stop
or pause execution, thereby allowing for review and/or modification of the plan, tasks, subplans
and/or parameters.

This plan debugging functionality provides flexibility on where breakpoints are set, e.g., by
enabling the setting of breakpoints at various hierarchical levels. For example, the system can set a
breakpoint at the level of the entire plan, at the level of the subplan, at the level of the task, or even

at the level of a method of a task. Additionally, a breakpoint can be set at the following three
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positions: before the plan, subplan, task or method; in the plan, subplan, task or method, and after
the plan, subplan, task or method, each of which are described in further detail below.

In this example, a breakpoint can be recorded at position 22 before task 14. A breakpoint at
position 22 stops execution of task 14 before it starts. For program, plan and graph tasks, this
stopping of the execution occurs before resources (e.g., a constrained element, such as, a specified
number of available tokens) are acquired. For graph tasks, this stopping of the execution also
occurs before the graph is compiled for execution. A breakpoint can be recorded at position 24 in
task 14. In this example, task 14 is configured to run computer program 28. As such, the
breakpoint at position 24 interrupts execution of task 14 before task 14 executes its Perform
method. The breakpoint at position 24 provides for modification of environment variables of plan
10 and viewing and editing of input values (e.g., expressions for input parameters) to be used in
program 28. A breakpoint can be recorded at position 26 after task 14 to stop the execution of task
14 after it finishes.

In this example, the places where breakpoints can occur are very efficient places for
checking whether breakpoints have been requested. As such, there is no (or only minimal)
measurable increase in consumption of computing resources, such as CPU consumption, due to the
checking for breakpoints. This is because the programming code that is used in the plan to check
for breakpoints is minimal and thus not computationally expensive. In an example, the program is
configured to check a hash table for an occurrence of a breakpoint each time the program
progresses to a location in which a breakpoint could be inserted (e.g., at each location representing
before, in or after a plan, subplan, task or method). In an example, a first plan (“plan A”) includes a
breakpoint before a first task (“task A”). In this example, the hash table includes the following

entry “/planA/task A/before” to indicate that there is a breakpoint before task A, which is included
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in plan A. As such, when the system executes the portion of the program that corresponds to a
location before execution of task A, the system performs a look-up (e.g., a string look-up) to
identify if there is an entry representing that location before the execution of task A. In this
example, that entry is populated with the string “/planA/taskA/before.” As such, the system
executes a breakpoint before task A. In another example, the hash table is empty. In this example,
the system does not check for entries specitying breakpoints.

Referring to FIG. 3, diagram 40 displays graphical program element 42 representing a task.
For the convenience of the reader, whenever reference signs indicating graphical program elements
are referred to, the respective tasks are directly referred to when describing this figure. As such,
graphical program element 42 is also referred to as task 42. In this example, a breakpoint can be
recorded at position 44 before task 42, another breakpoint can be recorded at position 46 in task 42
and yet another breakpoint can be recorded at position 48 after task 42, as previously described. In
this example, task 42 includes or references a script and further includes several methods (each
method including one or more actions as previously described) that can be executed on a computer
system (e.g., in an operating system of the system described herein). These methods are existing
methods provided by the system described herein. In this example, task 42 is configured with
“Trigger” method 49, “At Start” method 50, “Perform” method 52, “At Success” method 54, “At
Failure” method 56, and “At Rollback” method 59, each of which executes one or more actions of
task 42 or represents one or more states of task 42. In this example, Trigger method 49 may be
implemented to represent the starting point of the task 42. It may include the condition for starting
the execution. There may be various conditions, including, e.g., whether a specific file exists,
whether a flag has been set to true, and so forth. At Start method 50 sets-up execution to perform

the actions of task 42. For example, At Start method 50 may be implemented as a method that
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prepares the system for the Perform method, such as setting environmental variables to desired
values, or setting up log files to log runtime information. Perform method 52 performs specified
actions of the task, e.g., by running the executable represented by task 42. For example, Perform
method 52 may be implemented to perform the main functionality of task 42. If Perform method 52
succeeds during its execution, At Success method 54 is executed to exit task 42. If Perform method
52 fails during its execution, At Failure method 56 is executed to exit task 42. In this example, At
Rollback method 59 is executed after At Failure method 56. In this example, the methods before
and after the Perform method are referred to as “framework methods.” The framework methods
before the Perform method set up the environment (and/or situation) for the controlled application
to run, but are not part of the controlled application. The framework methods after the Perform
method (i.e., the At Failure, At Success and At Rollback methods) are also part of the plan and
execute based on the result of the run of the controlled application. The framework methods are not
performing the actions of the controlled application. These framework methods are part of the
plan's control processing layer.

In this example, breakpoints can be set before, in and after Trigger method 49, as specified
by breakpoints 49a, 49b, 49¢. In this example, breakpoints can be set before, in and after At Start
method 50, as specified by positions 50a, 50b, 50c, respectively. In this example, a breakpoint at
position 50a specifies that execution of task 42 is paused or interrupted before At Start method 50
starts. A breakpoint at position S0b specifies that execution of task 42 is paused or interrupted at
the start of At Start method 50. A breakpoint at position 50¢ specifies that execution of task 42 is
paused or interrupted at the completion of At Start method 50. Breakpoints can be recorded before,

in and after Perform method 52, as specified by positions 52a, 52b, 52¢. In this example, the
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recording of a breakpoint at position 46 in task 42 is the same as recording a breakpoint in position
52a before execution of Perform method 52.

Additionally, breakpoints can be recorded at positions 54a, 54b, 54c for At Success method
54 to interrupt the At Success method 54 before it performs the actions of the At Success method
54, while it is performing the actions of the At Success method 54, and after it performs the actions
of the At Success method 54, respectively. In an example, breakpoints can be recorded at positions
56a, 56b, 56¢ - before, in or after (respectively) At Failure method 56. For example, a breakpoint
can be recorded at position 56a for At Failure method 56 to determine a setup of attributes of task
42 before At Failure method 56 runs. In this example, At Rollback method 59 rolls back failed
tasks, e.g., by rolling back what has been done in reverse execution order starting at the point of
failure. For example, the system described herein may store a recovery file for a graph or a plan.
The system uses that recovery file (along with the At Rollback methods) to clean up as necessary.
In an example, breakpoints can be recorded at positions 59a, 59b, 59¢ representing before, in or
after (respectively) At Rollback method 59. A breakpoint at position 59a specifies that execution of
task 42 is paused or interrupted before At Rollback method 59 starts. A breakpoint at position 59b
specifies that execution of task 42 is paused or interrupted at the start of At Rollback method 59. A
breakpoint at position 59¢ specifies that execution of task 42 is paused or interrupted at the
completion of At Rollback method 59. In a variation, the At Success, At Failure and At Rollback
methods are optional. As such, when those methods are not included in a task, then no breakpoints
would be able to be set for those methods.

In addition to or rather than setting breakpoints, a plan can also be run in break-on-failure
mode, which causes execution of the plan to be interrupted when the plan encounters a failure. For

example, if a Perform method for a graph, plan, or program task fails because the graph, child plan,
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or program that it ran failed, then the execution of the plan will pause after the Perform method
finishes. When a plan is running in break-on-failure mode and a failure is encountered, the
Breakpoint Inspector is displayed to enable a user to view a cause of the failure and attributes of the
functional module for which the failure occurred.

In some examples, a user can set break-on-failure, wait for a task to fail (at the perform
method’s after breakpoint), diagnose the problem, fix the problem, then rerun the plan to avoid the
failure. In this example, the system can execute a command to restart a task, e.g., any point of a
task’s lifetime. That is, even if the task is stopped at its “before” breakpoint, the command can still
be issued successfully. Then, when the task has finally failed and finished, it will restart
automatically, as follows:

The system executes a plan in the break-on-failure mode (or sets a breakpoint after the
Perform method). In cases where the breakpoint has been set, the system waits for the breakpoint
to be encountered during plan execution. After the plan’s execution pauses, a user or the system
examines the state to diagnose the reason for the failure. Following diagnosis, the user sets (or the
system records) a “before” breakpoint on the task or Perform method. The user or the system issues
a command to restart the task and the system waits for the “before” breakpoint to be encountered
(when the task is automatically restarted). The user or the system corrects the cause of the failure
(e.g., by overriding a parameter value, changing a file, and so forth) and continues on from the
“before” breakpoint so that the task will succeed.

Unlike a breakpoint that specifies a particular position (e.g., before, in or after) with regard
to a particular plan element (e.g., a plan, subplan, task or method) at which to pause execution,
break-on-failure mode does not specify this type of particular plan element and position. Rather,

break-on-failure mode is a mode in which to execute a plan (and cause execution to pause upon
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failure) and does not specify a particular plan element. Instead, execution will automatically pause
at a failed task. In some examples, break-on-failure mode always causes execution to pause at the
after position of the Perform method of the failed task.

Referring to FIG. 4, graphical user interface 100 displays graphical layer 102 of a plan
(collectively referred to herein as “plan 102,” for purposes of convenience and without limitation),
which includes graphical program elements 104, 106, 108, 110 representing respective tasks and
also graphical program element 112 representing a subplan. For the convenience of the reader,
whenever reference signs indicating graphical program elements are referred to, the respective tasks
and subplan are directly referred to when describing the following FIGS. 5-7. As such, graphical
program elements 104, 106, 108, 110 are referred to herein as tasks 104, 106, 108, 110,
respectively, and graphical program element 112 is referred to herein as subplan 112.

In this example, task 106 is a Move and Reformat Graph task (hereinafter also referred to as
“Move and Reformat Graph task 106”). Move and Reformat Graph task 106 is a functional module
that includes or references an executable dataflow graph (e.g., a Move and Reformat Graph). The
executed dataflow graph is part of the data processing layer, whereas Move and Reformat Graph
task 106 is part of the graphical layer and encapsulates information about how to execute the
dataflow graph. In this example, task 108 is a child plan, hereinafter also referred to as “Simple
Dependency Plan 108.” Generally, a child plan is a plan that is executed as a new process (i.e., a
“child process”) that is distinct from a process that is running the plan that executes the child plan.
The dataflow graph (e.g., the Move and Reformat Graph) is executed in a different process than the
process running the plan.

Additionally, in this example, task 104 is a conditional task, including, e.g., a task that is

configured to perform one or more first actions (e.g., by executing one or more methods) upon
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satisfaction of a condition and to perform one or more second actions (e.g., by executing one or
more other methods) upon failure of satisfaction of the condition. In an example, every task can be
configured as a conditional task. Additionally, a conditional task may specify conditions other than
success or failure — such, e.g., a specific value. In this example, task 104 checks whether a file
exists. Task 104 is also hereinafter referred to as “Check if File Exists Task 104.” Check if File
Exists Task 104 is an implementation of conditional logic, directing the control to either Move and
Reformat Graph 106, or Simple Dependency Plan 108 depending on whether a particular file exits.
Subplan 112 is itself a control flow diagram and executes in the same process that is running plan
102.

Referring to FIG. 5, graphical user interface 120 includes controls 122, 124, 126, 128, 130
for setting a breakpoint. In this example, control 122 enables a user to set a breakpoint (generally
for a plan) and control 124 enables a user to set the breakpoint before a plan starts. Control 126
enables a user to set the breakpoint in the plan and before the plan contents run. Control 128
enables a user to set the breakpoint before the plan exits. Control 130 enables the user to set a
breakpoint for various methods and conditions.

Referring to FIG. 6, graphical user interface 140 provides controls for setting a breakpoint
on a task. Inthis example, a user selects Check if File Exists task 104 (FIG. 4) and selects the “Set
Breakpoint” option 142 from debug menu 144. Following this selection, graphical user interface
140 displays controls 146, 148 to enable setting of a breakpoint before task 104 starts or after task
104 finishes, respectively. In this example, the user selects control 146 to set the breakpoint before
task 104 starts.

Referring to FIG. 7A, graphical user interface 160 displays plan 102, in which a breakpoint

has been recorded (as indicated by breakpoint indicator 164a) on task 104. In this example,
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breakpoint indicator 164a specifies that one or more breakpoints has been set on task 104, but does
not specify a position of the breakpoint as being before, in or after task 104. Additionally, a
breakpoint has been recorded (as indicated by breakpoint indicator 164b) on subplan 112, e.g., by
selecting subplan 112 and then selecting the “Set Breakpoint” option 142 (in FIG. 6), which enables
a user to specify whether to set a breakpoint before subplan 112 starts or after subplan 112 finishes.
In this example, a breakpoint is set on subplan 112 before subplan 112 starts. More than one
breakpoint can be encountered at the same time, e.g., causing execution of plan to be paused in
different places of the plan simultaneously. In this example, the breakpoints represented by
breakpoint indicators 164a, 164b can be encountered at the same time. In an example, once
breakpoints have been set, the debug menu may provide a “Show All Breakpoints™ control,
selection of which displays a breakpoint editor dialog with a list of the breakpoints that have been
set in the plan. Through this breakpoint editor dialog, a user can add, remove, edit and work with
the set of breakpoints that have been defined. Once one or more of the breakpoints represented by
breakpoint indicators 164a, 164b is reached, graphical user interface 160 is updated to present an
overlay or interface (referred to as “breakpoint reached” pane) that lists the locations of plan 102
that are now paused due to execution of the various breakpoints.

Referring to FIG. 7B, breakpoint reached user interface 170 is displayed (e.g., in proximity
to or juxtaposed to graphical user interface 160 in FIG. 7A), e.g., once one or more of the
breakpoints represented by breakpoint indicators 164a, 164b are encountered. In this example, both
of the breakpoints represented by breakpoint indicators 164a, 164b are encountered, e.g., at a same
time. Because a breakpoint reached user interface lists the locations of a plan that are currently
paused, breakpoint reached user interface 170 includes portion 171a that specifies that plan 102 is

currently paused at a particular functional module, namely, at task 104 due to a “before task starts”
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breakpoint (represented in area 172a of portion 171a) - as specified by breakpoint indicator 164a.
Breakpoint reached user interface 170 also includes portion 171b that specifies that plan 102 is
currently paused at another functional module, namely, subplan 112 due to a “before subplan starts”
breakpoint (represented in area 172b of portion 171b) — as specified by breakpoint indicator 164b.
In this example, upon selection of one of portions 171a, 171b (or of areas 172a, 172b in portions
171a, 171b, respectively, that specify the type of breakpoint encountered), a breakpoint inspector
user interface is displayed and presents parameters, environment variables, and so forth for the
functional module represented in the selected portion.

Referring to FIG. 8, graphical user interface 180 is displayed once a breakpoint is reached
and is an example of a breakpoint inspector user interface. In this example, graphical user interface
180 is displayed once the breakpoint represented by breakpoint indicator 164a (FIG. 7A) is reached
and following selection of portion 171a in breakpoint reached user interface 170 in FIG. 7B. In this
example, graphical user interface 180 displays parameters tab 172 for displaying parameters and
associated parameter values of the task (which in this case is task 104 in FIG. 7A). In this example,
controls 182, 184 provide for editing of various parameter values. In this example, selection of
control 184 provides for editing of a parameter value that specifies a value for an expression, i.e.,
specifying whether the expression has a value of “0” or “1.”

Graphical user interface 180 includes input values tab 174 that displays input values for task
104, environment tab 176 that displays execution environment variables or parameters and
associated values for plan 102 (FIG. 4 and FIG. 7A) and evaluation tab 178, which provides
controls and/or input boxes for writing expressions that are then evaluated against the state of

execution of the plan and the current paused location.
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Each of tabs 172, 174, 176, 178 provides controls for editing appropriate values (e.g., of
variables, parameters, input values and environment variables or parameters). Once a user is done
editing values in one or more of tabs 172, 174, 176, 178, a user can specify (e.g., via selection of a
control) to continue running the plan, e.g., from all of the breakpoint locations that might have been
reached. In a variation, a user can select a particular breakpoint location and just continue from that
breakpoint location.

Referring to FIG. 9A, graphical user interface 190 is displayed following selection of
control 184 (FIG. 8). Graphical user interface 190 includes input portion 192 for modifying the
values of the parameters or variables, e.g., for modifying a value of a parameter that specifies an
expression. In this example, input portion 192 allows for entry and modification of a parameter
value that specifies whether the expression evaluates to true (value of “17) or false (value of “07).
In this example, the breakpoint represented by breakpoint indicator 164a can be used to modify
control flow, e.g., by forcing traversal from the process (or task) represented by task 104 to the
process (or task) that is represented by task 106 (e.g., when the parameter expression is set to a
value of “17) or by forcing traversal from task 104 to task 108 (e.g., when the parameter expression
is set to a value of “07).

Referring to FIG. 9B, graphical user interface 191 is displayed, e.g., following completion
of editing in FIGS. 8 and 9A. In this example, graphical user interface 191 displays continue
control 191a, selection of which continues execution of plan 102 from the breakpoint locations (i.e.,
represented by breakpoint indicators 164a, 164b) that are encountered.

Referring to FIG. 9C, graphical user interface 192 also displays controls (or selectable
portions of a user interface) that a user can select to continue plan execution from a particular

breakpoint location. In this example, graphical user interface 192 includes breakpoint reached user

38



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

interface 170 (previously shown in FIG. 7B) with overlay 193. Selection of area 172a in portion
171a of breakpoint reached user interface 170, causes overlay 193 to be presented. Overlay 193
includes control 193a, selection of which instructs the system to continue plan 102 from the
breakpoint represented in area 172a, namely, the breakpoint represented by breakpoint indicator
164a in FIG. 7A.

Referring to FIG. 10, execution environment 200 is hosted on one or more computers. Each
element within execution environment 200 (e.g., plan 202, subplan 204 and graphical program
element 206 (that represents a task) included in plan 202) evaluates parameters as those parameters
enter the scope of execution. For the convenience of the reader, whenever reference signs indicating
graphical program elements are referred to, the respective tasks are directly referred to when
describing the following FIGS. 10-12. As such, graphical program element 206 is hereinafter
referred to as task 206. As described herein, breakpoints can be set to provide for viewing and
modifying of these parameter values at various levels of a plan. Generally, a plan environment
includes a computerized environment for execution and definition of a plan. In general, the order in
which parameters enter the scope of execution is as follows. Execution environment 200 includes
execution environment parameters 208, including, e.g., parameters defined in a plan’s environment,
perhaps through the plan’s sandbox or project. Execution environment parameters 208 are
available to plan 202 before it begins to run. Plan 202 includes or accesses plan-level parameters
210, including, e.g., parameters that are declared at the plan level and evaluated when plan 202
starts running. Plan 202 may also reference parameters (i.e., execution environment parameters
208) from its execution environment (i.e., execution environment 200); these values are also

resolved when plan 202 starts to run.
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In this example, plan 202 includes subplan 204 with subplan-level parameters 212, which
the system resolves when subplan 204 starts running. In this example, subplan 204 is a looping
subplan, as indicated by looping symbol 214. Generally, a looping subplan includes a subplan that
is configured to loop a specified number of times or until a condition is satisfied. In this example, a
looping subplan is a functional module that loops and can be repeated. As such, for each loop, a
breakpoint can be set before, in or after that loop. The system (or an engine running on the system)
also re-evaluates subplan-level parameters 212 each time subplan 204 starts a new loop. When
subplan 204 loops, the values of its parameters can be made dynamic and passed from one loop to
the next. By using breakpoints for subplan 204, the values of those parameters can be viewed and
modified for use in a next loop. However, if subplan 204 is configured to loop concurrently, the
parameter values remain private to each iteration.

In this example, subplan 204 includes task 216 (with task-level resources 218) and plan 202
includes task 206 (with task-level resources 220). When a plan’s flow of control reaches a
particular task’s input port, that task enters execution scope. Before the system can run the methods
of a task, the system locates and acquires resources for that task. In this example, apart from hidden
parameters it needs to access resources, the system does not resolve parameters at the task level. As
such, the parameters that are viewable and editable for a task (e.g., through tab 172 in FIG. 8) are
evaluated when a Perform method for the task starts.

In this example, task 206 includes Trigger method 222, At Start method 224, Perform
method 226, and At Success method 228. In this example, Trigger method 222 and At Start method
224 set up the environment (and/or situation) for the controlled application to run. Perform method
226 causes the controlled application to run. At Success method 228 runs, when the results of

execution of the controlled application indicate a successful run of the controlled application.
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Trigger method 222 may be implemented to represent the starting point of task 206. Trigger
method 222 may include various conditions for starting the execution. These various conditions
include, e.g., whether a specific file exists, whether a flag has been set to true, and so forth. In this
example, task 206 includes method-level parameters 230, 232, 234, 236. After resources have been
acquired, the task’s methods begin to enter execution scope. In this example, the system executes
methods in a predetermined order. As such, the system described herein resolves method-level
parameters in the same order.

The first of a task’s methods to enter the scope of execution is Trigger method 222. When
this happens, the systems resolves method-level parameters 230 declared on or referenced by
Trigger method 222. In this example, parameter values that are set by the system in Trigger method
222 can be passed on to methods that follow, e.g., by declaring those parameters as dynamic
parameters. Assuming Trigger method 222 succeeds, the next method to enter the scope of
execution is the At Start method 224, which includes method-level parameters 232, e.g., dynamic
parameter values that were set in Trigger method 222.

In this example, method-level parameters 234 of Perform method 226 are set in a user
interface (e.g., in a task properties dialog parameters tab). The system evaluates these parameters
when the Perform method 226 enters the scope of execution — after Trigger and At Start methods
222, 224, respectively, have run. As with the preceding methods, a breakpoint can be set before
Perform method 226 to enable modification of parameter values and to pass those modified values
to subsequent methods, e.g., an At Failure method (not shown) and At Success method 228.
Method-level parameters 236 of At Success method 228 have access to parameter values set by
Perform method 226. In this example, when a task’s methods finish running, their local parameter

values are not saved. However, the next task has access to plan parameters, as well as to any values
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exported to the execution environment. A task also leaves behind the altered values of any
parameters that it declared to be dynamic. These can be seen by successor tasks. The system can
be configured to set breakpoints, relative to where parameters get resolved, as described in FIGS.
11 and 12.

Referring to FIG. 11, diagram 300 illustrates that breakpoints for plan 308 or subplan 310
can be set (e.g., recorded by the system, as described above) at various positions, with each position
providing for the ability to monitor or edit various types of parameter values, including those
described above. In this example, execution environment parameters 302 are set before plan 308 is
run. Plan 308 includes or accesses plan-level parameters 304. Subplan 310 includes or accesses
subplan-level parameters 306. In this example, the system can set a breakpoint at position 312 to
stop execution of plan 308 before it starts. The setting of the breakpoint at position 312 provides
for modification of plan-level parameters 304. The system can set a breakpoint at position 314
(within plan 308) to stop execution of plan 308 just before it starts its contents. The system can also
set a breakpoint at position 316 to stop the execution of plan 308 after it finishes and before it exits.
The system can set a breakpoint at position 318 to stop execution of subplan 310 before it starts.
The setting of the breakpoint at position 318 provides for modification of subplan-level parameters
306. The system can set a breakpoint at position 320 (within subplan 310) to stop execution of
subplan 310 just before it starts its contents. The system (and/or a user) can also set a breakpoint at
position 322 to stop the execution of subplan 310 after it finishes and before it exits.

Referring to FIG. 12, diagram 340 illustrates that breakpoints for task 342 can be set at five
distinct positions 344, 345, 346, 348, 350. In this example, task 342 includes methods 349 (e.g.,

Trigger and At Start methods, each of which may be optional and are framework methods), Perform
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method 356 and methods 352 (e.g., an At Success method, an At Failure method and/or an At
Rollback method, each of which may be optional and are also framework methods).

Task 342 also includes task-level resources 358 and method level parameters 360. In this
example, a breakpoint at position 344 stops the execution of task 342 before it starts. When task
342 is a program, plan or graph task, this is before task-level resources 358 are acquired. For a
graph task, this is also before the graph is compiled. The setting of a breakpoint at position 344
enables modification of method parameters 360.

In this example, position 345 is the “in” breakpoint position on task 342 (e.g., which is the
same as “before” position 52a (FIG. 3) on Perform method 52 (FIG. 3)). That is, the setting of a
breakpoint at position 345 stops the execution of the Perform method (of task 342) before that
Perform method starts (not right before the Perform method runs its script or executable). For
graph and plan tasks, this breakpoint positon 345 causes a launching of a breakpoint inspector
through which input expressions (used or executed by the graph and plan tasks) are editable. As
such, these new expressions will be evaluated and sent to the launched graph or plan.

The system may also set a breakpoint at position 346, in Perform method 356. That is,
position 346 is the “in” position for Perform method 356 (e.g., the same as position 52b in FIG. 3).
When the breakpoint is set at position 346, the system stops the execution of a program task just
before its Perform method runs its script or executable, stops the execution of a plan task just before
its Perform method runs its child plan or stops the execution of a graph task just before its Perform
method runs its graph. For plan, graph and program tasks, a breakpoint at position 346 enables
modification of environment variables (e.g., the changing of environment variables for those
processes that will be spawned for plan, graph and program tasks). For graph and plan tasks, a

breakpoint at position 346 also enables viewing of the input values to be used for graph 354.
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In this example, Perform method 356 is configured to initiate or spawn graph 354. (In a
variation, Perform method 356 may be configured to initiate a child plan, rather than a graph 354).
In this example, a breakpoint can be set at position 348 to stop execution at the start of graph 354,
and open that graph 354 in a new tab (e.g., window 370 that shows contents of graph 354).
Window 370 displays contents of graph 354 (which in this example is graph 374) and shows that
execution is paused, e.g., through visualization 372. From the opened graph or child plan, a user
can inspect the current state, set additional breakpoints, or use a “continue control” to resume
execution of the graph or child plan. This type of breakpoint is referred to as “break within
graph/child plan” or as a “within breakpoint.” This creates a situation where the plan starts a graph
or child plan, and a debugger is automatically started for that graph or child plan - the debugger
then stops the graph or child plan, right at the beginning of its execution. For example, this
capability is useful when the graph or child plan to execute is determined dynamically as the plan
runs — that is, when which graph or child plan to execute is not predetermined at edit time prior to
the running of the plan, so no breakpoint can be set explicitly for it. In this example, the within
breakpoint will result in stopping the execution of the graph or child plan that is actually run.

For a within breakpoint, a debugger for the launched process is automatically started, and
the GDE essentially represents a relationship between what are two separate, individual processes.
This is because one machine has the process of the parent plan and the process of the debugger for
the parent plan. A second machine has the process of the launched graph or child plan. This second
machine also has the process of the debugger for the launched graph or child plan. As such, one
graph in a plan could be running on the system described herein and another graph could be running
on another machine, and the user could use the graph debugger to investigate the local environment

on that machine.
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In another example, the break within graph causes the GDE to switch over (the debugger) to
view aspects and attributes of the graph (e.g., graph 374), rather than viewing aspects of the parent
task (e.g., task 342). Additionally, the graph or child plan (even though it is being executed as a
distinct process from task 342) can be debugged in the same user interface and in the same
graphical development environment (GDE) as task 342. In this example, the system can set a
breakpoint at position 350 to stop execution of task 342 after it finishes.

In some examples, once task 342 is stopped, the user can specify whether task 342 should
continue as though it has succeeded or as though it has failed. The system records these user
changes and specifications and acts on them, e.g., by modifying the state of a task (or method) in
accordance with the user changes, and by doing so, controlling which tasks or methods are executed
next. The system implements control flow by changing the state of the method from success to
failure and vice versa.

Additionally, in some examples, a graphical user interface is presented (at an “after”
breakpoint, e.g., breakpoint at position 350 on task 342) that enables modification of a record of
whether the task succeeded or failed (which then affects where the control goes next). In some
examples, the user interface enables modification of records after execution of particular types of
tasks or methods, e.g., a conditional task and after the Perform method of a graph task or a plan
task.

Additionally, the system described herein provides for the setting of breakpoints at
specialized positions. For example, a plan or subplan may be a looping plan or a looping subplan
(e.g., that is configured for serial loops or concurrent loops). Generally, a looping plan includes a
plan that is configured to loop a specified number of times or until a condition is satisfied. For a

looping plan or subplan, a breakpoint can be set to pause on each iteration of the loop or an

45



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

iteration-specific breakpoint (“iteration breakpoint”) can be set that will pause only on a specified
iteration. For example, in the recording of a breakpoint, the system can specify that the pause in
execution only happens for an instance of the plan/subplan/task/method that corresponds to a
particular iteration of that loop (e.g., thereby specifying which instance of the
plan/subplan/task/method the breakpoint applies to, given that the plan/subplan/task/method is
within a loop and because of that there will be many separate instances of it that are executed).
Additionally, the system can be configured to set a conditional breakpoint, including, e.g., a
breakpoint that is configured to interrupt execution of the plan, subplan or task only when a
particular condition is satisfied. In this example, the breakpoint includes or is associated with an
expression and the system is configured to execute the breakpoint only when the expression
satisfies a specified value, such as “1” or “0.” The system can set or otherwise specify a condition
for any of the various types of breakpoints described herein to make a breakpoint stop only if a
specified condition is true — thus making each of the various type of breakpoints a conditional
breakpoint. For example, an iteration breakpoint can have a condition specified for it. That is, a
breakpoint set on the instance of a task that is part of a second loop execution, for example, can also
specify that execution should only pause when a condition (that is independent of the looping) is
satistied.

In addition to the graphical plan debugger, the system provides a command line version.
The system can connect the command line debugger to a running plan and provide the various types
of debugging that could be performed graphically.

Referring to FIG. 13, process 400 is implemented by the system in debugging a graphical
control flow application that specifies control flow among a plurality of functional modules, with

the control flow being represented as transitions among the plurality of functional modules and with
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each functional module being configured to execute one or more actions. In operation, the system
specifyies (402) a position in the executable control flow graph at which execution of the
executable control flow graph is to be interrupted. The specified position represents a transition to a
given functional module, a transition to a state in which contents of the given functional module are
executed or a transition from the given functional module. The system also starts (404) execution
of the executable control flow graph in an execution environment. Generally, an execution
environment is the environment provided to a plan or software by an operating system, e.g., at run-
time. In this example, at a point of execution representing the specified position, the system
interrupts (400) execution of the executable control flow graph and provides (408) data representing
one or more attributes of the execution or runtime environment in which the given functional
module is executing, e.g., internal attributes of the execution or runtime environment running the
plan (e.g., such as parameters and associated values, dynamic parameters that the plan is using and
associated values and so forth) and external attributes of the execution or runtime environment
running the plan (such as a local environment or system that is executing the plan and external
states and resources (e.g., databases and repositories)).

In some examples, the executable control flow graph includes a graphical layer and a control
processing layer, wherein the graphical layer includes visuals for a graphical user interface and a
visual program in a visual programming language that is programmed with the visuals, with the
visual programming language being for specifying the control flow, wherein the control processing
layer includes functional modules, methods, underlying data structures used in executing the
methods, and code that executes the methods using the underlying data structures to effect the
control flow specified by the visual programming language. In this example, the method also

includes executing the graphical layer by rendering the graphical user interface with the visuals;
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receiving, through the graphical user interface, data representing user manipulation of one or
more of the visuals displayed in the graphical user interface, with the received data representing the
visual program in the visual programming language; and executing the control processing layer in
accordance with the visual program created in the graphical layer, with execution of the control
processing layer including executing one or more functional modules specified by the visual
program, with execution of a functional module causing execution of a method of that functional
module by executing code using one or more data structures of the method to effect the control flow
specified by the visual programming language. In this example, a particular functional module
represents a controlled application included in a data processing layer, wherein the method further
includes: executing a particular method of the particular functional module; and responsive to
executing the particular method, launching the controlled application.

In a variation of FIG. 13, the configuring (e.g., setting) of breakpoints can occur while the
graphical control flow application is executing, in addition to or rather than configuring breakpoints
prior to executing the graphical control flow application.

In an example, the system described herein can be configured to single-step through
breakpoints. A single-step is a control or other command that, when a breakpoint is hit, instructs
the system to go to the next place where the plan execution can be interrupted, without having to
explicitly set a breakpoint there. In this example, a user instructs the system to single-step through
a plan. In this example, the system (or a user) would specify a given level (e.g., a task level or a
method level) through which to single-step. In this example, a plan can have multiple paths of
control flow, resulting in more than one "next" place. As such, the system would stop execution at

all of those places.
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Referring to FIG. 14A, diagram 450 shows plan 452 — both being defined in portion 461a
and being executed in portion 461b. In this example, plan 452 includes graphical program elements
454a ... 454n that are representing respective tasks. For the convenience of the reader, whenever
reference signs indicating graphical program elements or transitions are referred to, the respective
tasks and control flow, respectively, are directly referred to when describing the corresponding
FIGS. 14A-14B. As such, graphical program elements 454a ... 454n are hereinafter referred to as
tasks 454a ... 454n.

Each of tasks 454a ... 454n includes one or more methods, each method including one or
more actions to be executed on a computer system. For example, task 454a includes method 456
and task 454n includes method 458. Method 456 may be a same method or a different method from
method 458. In this example, each of tasks 454a ... 454n inherit inherited method 460 from plan
452. Generally, an inherited method includes a method that is defined once at the plan level, and
that applies to (is inherited by) the tasks within the plan. That is, inherited methods are actions
defined at the plan (or subplan) level that apply to the tasks below that level. Through use of an
inherited method, the system can apply the same method to the tasks in a plan. The inherited
method is defined once for the whole plan rather than separately for every task, enabling
assignment of the same action to many tasks at once. As shown in portion 461b of diagram 450,
when the system executes plan 452, inherited method 460 executes in every task inside plan 452,
namely, in each of tasks 454a ... 454n in plan 452. In some examples, when a task includes both
inherited and non-inherited methods, the system executes the methods in a different order
depending on whether the methods occur before or after the task’s Perform method. Before the

task’s Perform method, the system executes the inherited method first, followed by the analogous
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non-inherited method for that particular task. After the task’s Perform method, the system executes
the non-inherited method first, followed by the analogous inherited method.

Referring to FIG. 14B, diagram 470 illustrates that the plan debugger enables the setting of
breakpoints on inherited methods. In particular, diagram 470 illustrates plan 452 — both being
defined in portion 471a and being executed in portion 471b. Inherited method 460 is defined once
on the plan level (shown in portion 471a). During execution (shown in portion 471b), each element
(i.e., each of tasks 454a ... 454n) within plan 452 will inherit that method definition by creating a
specific instance (i.e., instances 460a ... 460n) of the inherited method 460 for that particular
element. In this example, a breakpoint — for an instance of inherited method 460 - is set or recorded
per task, e.g., one or more of tasks 454a ... 454n. That is, a breakpoint can only be set on a specific
instance of an inherited method. In this example, the system records a breakpoint before, in or after
instance 460a of inherited method 460 of task 454a, by recording a breakpoint at one of positions
461a, 461b, 461c, respectively. In this example, the system may record a breakpoint at one or more
of positions 461a, 461b, 461c (even though all of positions 461a, 461b, 461c¢ are shown in FIG. 14B
for purposes of completeness).

Referring to FIG. 15, a block diagram of an application development and execution system
500 is shown. The debugging techniques described herein may be implemented within system 500.
The system 500 includes two graphical development environments, a GDE 512 used for dataflow
graph development and a GDE 514 used for control flow diagram development. Alternatively, one
graphical development environment can be used for development of both dataflow graphs and
control flow diagrams. Or a graphical development environment can be used for developing control

flow diagrams and a command line user interface can be used for dataflow graphs, or vice versa.

50



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

Using the GDE 512, a data processing application 518 is built that includes a dataflow graph
580. Using the GDE 514, a task managing application 516 is built that includes a control flow
diagram 550.

The system 500 also includes a database 520. The database 520 may be a scalable object-
oriented database system that provides storage for various kinds of information (e.g., metadata) for
the system 500. The database 520 may be, for example, an enterprise metadata database, which can
support the development and execution of graph-based applications and the interchange of data
between the graph-based applications and other systems, e.g., operating systems.

The system 500 further includes an operating system 524. The operating system 524 may
be, for example, a parallel operating environment. The operating system 524 provides support for
running application development environments, such as GDE 512 and GDE 514, and provides for
scalable parallel and distributed execution of the applications developed.

In FIG. 15, a stream of input data 530 goes through the dataflow graph 580, as the data is
being processed by the data processing application 518. The dataflow graph 580 includes a
computation component, which is reformat component 584. In the dataflow graph 580, the data
flows from input dataset 582 to output dataset 586.

After being reformatted, the data flows out of the data processing application 518 and into
the task managing application 516, and is used to drive the task managing application 516, which in
turn drives the control flow diagram 550. In an example, iif the data processing application 518
succeeds, the task scheduling application 516 will launch the control flow diagram 550. The
control flow diagram 550 shows two tasks, task 552 and task 554, each of which may be
programmed with breakpoints (before, in or after the task) as described herein. A task may be a

computation performed, for example, by executing a dataflow graph or a script, such as a Perl
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script. A time sequence 556 shows the running sequence of the tasks specified in the control flow
diagram 550. In this case, the task 552 is executed before the task 554.

As shown in FIG. 15, the task 552 in the control flow diagram 550 is a Perl script and the
task 554 includes several methods that can be executed in an operating system 524 of the system
described herein. These methods may be existing methods provided by the system described herein.
The user can customize the behavior of these methods by specifying their own content for various
parameters and scripts that makeup a method. Breakpoints may be inserted before, in or after each
of these methods, as described herein. As shown in FIG. 15 as an example, the task 554 includes
five methods: Trigger, At Start, Perform, At Failure, and At Success.

In some examples, the above five methods may be implemented as follows.

Trigger method may be implemented to represent the starting point of the task 554. It may
include various conditions for starting the execution, including, e.g., whether a specific file exists,
whether a flag has been set to true, and so forth.

At Start method may be implemented as a method that prepares the system for the Perform
method, such as setting environmental variables to desired values, or setting up log files to log
runtime information.

Perform method may be implemented to perform the main functionality of the task 554.
Task 554 may also contain conditional logic to handle what happens after Perform method. If
Perform method succeeds during its execution, At Success method is executed to exit task 554 with
a return code of zero. If Perform method fails during its execution, At Failure method is executed to
exit task 554 with a return code of non-zero. Optionally, additional methods can be added for

rollback, error handling, and recovery. For example, a method of rollback can be added to roll back
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what has been done in reverse execution order starting at the point of failure. Alternatively, a
method of cleanup can be added to clean up the failed conditions, by resetting flags, registers, etc.

As described herein, a functional module encapsulates information for or representing a
controlled application, wherein the controlled application is an instance of an executable computer
program or an executable portion of the computer program, and wherein the functional module is
configured to execute one or more actions on a computer system. The control flow is the order in
which individual functional modules are executed or evaluated.

Using the techniques described herein, a system and method debugs plans and subplans.
For example, a plan debugger is described herein to troubleshoot these plans — the debugger has
both a command line and a graphical interface. The plan debugger enables execution of the plan to
pause (or “break”) at many key points within these plans. This plan operates in a distributed
manner on heterogeneous machines and technologies. The debugger provides for debugging and
debugger functionality, such as conditional breakpoints, or breaking on a particular iteration of a
loop, or break-on-failure. The debugger enables breaking at different levels of the plan: plan,
subplan, task or method. The break can be set (a) before, (b) after, or (c) in (in the case of tasks and
methods) and within (in the case of controlled applications that are graphs and child plans)
execution of any of the above — except as noted here. As described herein, setting and running with
breakpoints does not slow down the plan. Additionally, a plan does not need to be put into “debug
mode” to use the debugger. A user can either set breakpoints before starting the plan or while the
plan is running.

The techniques described herein provide for numerous computation and resource allocation
efficiencies. For example, by being able to set a breakpoint before, in and after a task and also

before, in and after each of the methods of the task, the system is able to reduce a number of
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executions of a task required to debug a task and/or its methods. This is because rather than waiting
for a task or plan to run to completion to identify failures, the techniques described herein provide
for identification of a failure when it occurs and provide the ability to modify variable and/or
parameter values that may be causing the failure. Once the values are modified, the plan or task can
resume execution from the point at which is previously failed. That is, “downstream” tasks and/or
methods (tasks and/or methods that are dependent on another task and/or method) are executed
once the failure has been identified and addressed, rather than being executed immediately after the
failure and then repeatedly as the failure is debugged. This results in a decrease of consumption of
processing power (as fewer executions of the plan are required to debug the plan), relative to an
amount of processing power required when the plan is allowed to run to completion and then
debugged after completion and then run again to assess whether the failure has been successfully
addressed. This also results in a decrease in memory consumption, as the plan may only be run
once and successfully debugged during that single run, relative to an amount of memory required to
run the plan multiple times to debug the plan.

Additionally, the level of granularity provided by being able to set breakpoints before, in
and after each of a task’s methods provides for increased flexibility in the defining of the data
structures that represent the task’s methods, as well as increased flexibility in the investigation and
control of execution behavior. Rather than having to pre-define these data structures and change its
values only after a plan has executed, the values of parameters and/or values for these data
structures can be modified “on-the-fly” as a plan is being executed. These on the fly modifications
provide for smaller memory requirements, as the plan does not need to be executed multiple times

to assess the impact of these changes.

54



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

The techniques 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 can 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 can form one or
more modules of a larger program, for example, that provides other services related to the design
and configuration of charts and flowcharts. The nodes, links and elements of the chart 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 techniques described herein can be implemented in digital electronic circuitry, or in
computer hardware, firmware, software, or in combinations thereof. An apparatus can be
implemented in a computer program product tangibly embodied or stored in a machine-readable
storage device (e.g., a non-transitory machine-readable storage device, a machine-readable
hardware storage device, and so forth) for execution by a programmable processor; and method
actions can be performed by a programmable processor executing a program of instructions to
perform functions by operating on input data and generating output. The embodiments described
herein, and other embodiments of the claims and the techniques described herein, can be
implemented advantageously in one or more computer programs that are executable on a
programmable system including at least one programmable processor coupled to receive data and
instructions from, and to transmit data and instructions to, a data storage system, at least one input

device, and at least one output device. Each computer program can be implemented in a high-level
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procedural or object oriented programming language, or in assembly or machine language if
desired; and in any case, the language can be a compiled or interpreted language.

Processors suitable for the execution of a computer program include, by way of example,
both general and special purpose microprocessors, and any one or more processors of any kind of
digital computer. Generally, a processor will receive instructions and data from a read-only
memory or a random-access memory or both. The essential elements of a computer are a processor
for executing instructions and one or more memory devices for storing instructions and data.
Generally, a computer will also include, or be operatively coupled to receive data from or transfer
data to, or both, one or more mass storage devices for storing data, e.g., magnetic, magneto optical
disks, or optical disks. Computer readable media for embodying computer program instructions
and data include all forms of non-volatile memory, including by way of example semiconductor
memory devices, e.g., EPROM, EEPROM, and flash memory devices; magnetic disks, e.g., internal
hard disks or removable disks; magneto optical disks; and CD ROM and DVD-ROM disks. The
processor and the memory can be supplemented by, or incorporated in special purpose logic
circuitry. Any of the foregoing can be supplemented by, or incorporated in, ASICs (application-
specific integrated circuits).

To provide for interaction with a user, embodiments can be implemented on a computer
having a display device, e.g., a LCD (liquid crystal display) monitor, for displaying information to
the user and a keyboard and a pointing device, e.g., a mouse or a trackball, by which the user can
provide input to the computer. Other kinds of devices can be used to provide for interaction with a
user as well; for example, feedback provided to the user can be any form of sensory feedback, e.g.,
visual feedback, auditory feedback, or tactile feedback; and input from the user can be received in

any form, including acoustic, speech, or tactile input.

56



10

15

20

CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

Embodiments can be implemented in a computing system that includes a back end
component, e.g., as a data server, or that includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client computer having a graphical user
interface or a Web browser through which a user can interact with an implementation of
embodiments, or any combination of such back end, middleware, or front end components. The
components of the system can be interconnected by any form or medium of digital data
communication, e.g., a communication network. Examples of communication networks include a
local area network (LAN) and a wide area network (WAN), e.g., the Internet.

The system and method or parts thereof may use the "World Wide Web" (Web or WWW),
which is that collection of servers on the Internet that utilize the Hypertext Transfer Protocol
(HTTP). HTTP is a known application protocol that provides users access to resources, which may
be information in different formats such as text, graphics, images, sound, video, Hypertext Markup
Language (HTML), as well as programs. Upon specification of a link by the user, the client
computer makes a TCP/IP request to a Web server and receives information, which may be another
Web page that is formatted according to HTML. Users can also access other pages on the same or
other servers by following instructions on the screen, entering certain data, or clicking on selected
icons. It should also be noted that any type of selection device known to those skilled in the art,
such as check boxes, drop-down boxes, and the like, may be used for embodiments using web
pages to allow a user to select options for a given component. Servers run on a variety of
platforms, including UNIX machines, although other platforms, such as Windows 2000/2003,
Windows NT, Sun, Linux, and Macintosh may also be used. Computer users can view information
available on servers or networks on the Web through the use of browsing software, such as Firefox,

Netscape Navigator, Microsoft Internet Explorer, or Mosaic browsers. The computing system can
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include clients and servers. A client and server are generally remote from each other and typically
interact through a communication network. The relationship of client and server arises by virtue of
computer programs running on the respective computers and having a client-server relationship to
each other.

Other embodiments are within the scope and spirit of the description and the claims. For
example, due to the nature of software, functions described above can be implemented using
software, hardware, firmware, hardwiring, or combinations of any of these. Features implementing
functions may also be physically located at various positions, including being distributed such that
portions of functions are implemented at different physical locations. The use of the term “a”
herein and throughout the application is not used in a limiting manner and therefore is not meant to
exclude a multiple meaning or a “one or more” meaning for the term “a.” Additionally, to the
extent priority is claimed to a provisional patent application, it should be understood that the
provisional patent application is not limiting but includes examples of how the techniques described
herein may be implemented.

A number of embodiments of the invention have been described. Nevertheless, it will be

understood by one of ordinary skill in the art that various modifications may be made without

departing from the spirit and scope of the claims and the techniques described herein.
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WHAT IS CLAIMED IS:

1. A computer-implemented method for debugging an executable control flow graph
that specifies control flow among a plurality of functional modules, with the control flow being
represented as transitions among the plurality of functional modules, with each functional module
being configured to execute one or more actions on a computer system, the computer-implemented
method including:

specifying a position in the executable control flow graph at which execution of the
executable control flow graph is to be interrupted;

wherein the specified position represents a transition to a given functional module, a
transition to a state in which contents of the given functional module are executed or a transition
from the given functional module;

starting execution of the executable control flow graph in an execution environment; and

at a point of execution representing the specified position,

interrupting execution of the executable control flow graph; and
providing data representing one or more attributes of the execution environment in

which the given functional module is being executed.

2. The computer-implemented method of claim 1, wherein the executable control flow
graph is represented as a plurality of hierarchical levels, with the executable control flow graph
itself being represented in a first one of the hierarchical levels, and with each functional module
being represented in a second one of the hierarchical levels that is distinct from the first one of the

hierarchical levels that includes the executable control flow graph.
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3. The computer-implemented method of claim 2, wherein a functional module is
configured to perform methods that perform the one or more actions of the functional module,
wherein each of the methods configured to be performed is represented in a third one of the

5  hierarchical levels that differs from each of the first one of the hierarchical levels and the second

one of the hierarchical levels.

4. The computer-implemented method of claim 3, wherein the specified position is a
first specified position, wherein the executable control flow graph includes transitions among the
10 methods configured to be performed, and wherein the method further includes:
configuring the executable control flow graph to interrupt execution of the executable
control flow graph at a second specified position that represents a transition to a given method of
the functional module, before execution of contents of the given method or a transition from the
given method,
15 at a point of execution representing the second specified position,
interrupting execution of the executable control flow graph and providing data
representing one or more attributes of runtime environment in which the given method is

executed.

20 5. The computer-implemented method of claim 4, wherein an attribute of the given

method includes a local environment of a system executing the given method.

6. The computer-implemented method of claim 1, wherein a first computer system

executes the executable control flow graph, wherein a second computer system executes a spawned
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process of the given functional module, wherein the first computer system differs from the second
computer system, and wherein the method further includes:

responsive to the interrupting, causing display of a user interface that renders one or more
visual representations of one or more attributes of a runtime environment of the second computer

system.

7. The computer-implemented method of claim 1, further including:
providing a graphical user interface that when rendered on a display device displays one or

more controls for configuring interruption of the executable control flow graph.

8. The computer-implemented method of claim 1, wherein specifying the position

includes inserting a breakpoint into the executable control flow graph at the specified position.

0. The computer-implemented method of claim 1, wherein the given functional module
is a first functional module, and wherein the method further includes:

while the executable control flow graph is interrupted, modifying one or more values of one
or more attributes of the first functional module, wherein the one or more values of those one or
more attributes are accessed by one or more second functional modules from the first functional
module;

resuming execution of the executable control flow graph; and

modifying behavior of the executable control flow graph by causing the one or more second

functional modules to execute with the one or more modified values of the one or more attributes.
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10.  The computer-implemented method of claim 9, wherein an attribute is a parameter.

11. The computer-implemented method of claim 1, wherein the given functional
module is a conditional functional module that is configured to perform one or more first actions
upon satisfaction of a condition and to perform one or more second actions upon failure of
satisfaction of the condition, wherein the method further includes:

modifying control flow of the executable control flow graph by altering a success or failure

state of the conditional functional module.

12.  The computer-implemented method of claim 1, wherein the executable control flow
graph is configured to loop, and wherein the method further includes:

configuring the executable control flow graph such that each iteration of the loop or a
particular iteration of the loop is interrupted before, in or after execution of the executable control

flow graph.

13.  The computer-implemented method of claim 1, wherein the executable control flow
graph includes a sub-executable control flow graph that is configured to loop, and wherein the
method further includes:

configuring the sub-executable control flow graph such that each iteration of the loop or a

particular iteration of the loop is interrupted.

14.  The computer-implemented method of claim 1, further including:
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configuring the executable control flow graph such that execution of the executable control

flow graph is interrupted at the specified position when a particular condition is satisfied.

15.  The computer-implemented method of claim 1, further including:
5 configuring the executable control flow graph to interrupt execution of the executable

control flow graph on failure of any functional module.

16.  The computer-implemented method of claim 1, wherein the given functional module
is a first functional module that is configured to start a second functional module, and wherein the
10  method further includes:
configuring the executable control flow graph to pause execution at a start of execution of

the second functional module.

17. The method of claim 1, wherein the executable control flow graph includes a
15  graphical layer and a control processing layer, wherein the graphical layer includes visuals for a
graphical user interface and a visual program in a visual programming language that is programmed
with the visuals, with the visual programming language being for specifying the control flow,
wherein the control processing layer includes functional modules, methods, underlying data
structures used in executing the methods, and code that executes the methods using the underlying

20  data structures to effect the control flow specified by the visual programming language.

18. The method of claim 17, further including:

executing the graphical layer by rendering the graphical user interface with the visuals;
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receiving, through the graphical user interface, data representing user manipulation of one or
more of the visuals displayed in the graphical user interface, with the received data representing the
visual program in the visual programming language; and

executing the control processing layer in accordance with the visual program created in the
graphical layer, with execution of the control processing layer including executing one or more
functional modules specified by the visual program, with execution of a functional module causing
execution of a method of that functional module by executing code using one or more data

structures of the method to effect the control flow specified by the visual programming language.

19. The method of claim 18, wherein a particular functional module represents a
controlled application included in a data processing layer, wherein the method further includes:
executing a particular method of the particular functional module; and

responsive to executing the particular method, launching the controlled application.

20. A computer-implemented method for debugging an executable control flow graph
that specifies control flow among a plurality of functional modules, with the plurality of functional
modules being represented by graphical program elements and with the control flow being
represented by transitions between the graphical program elements, with each functional module
being configured to execute one or more actions on a computer system, the computer-implemented
method including:

specifying a position in the executable control flow graph at which execution of the

executable control flow graph is to be interrupted;
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wherein the specified position represents a transition to a given functional module of the
plurality of functional modules, a transition to a state in which some of the one or more actions of
the given functional module start executing or a transition from the given functional module;
starting execution of the executable control flow graph in an execution environment,
5  wherein the execution environment is hosted on one or more computers and is configured to
execute the plurality of functional modules; and
at a point in time of the execution representing the specified position,
interrupting the execution of the executable control flow graph; and
providing data representing one or more attributes of the execution environment

10 prevailing at the point in time.

65



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066

1723

2™

Establish 1m Should the
Environment Run the Main Intraday
Daily Process / Process Run?

Run Intra
Day

¢ 1a ’-7"" 1b v 1d 4
. 1 ° N n .
0 Calculate End of
10~ Day Position for
Task 1 Task 2 _ Each Office
7 7 v
1_e ﬂ S lg_ %
. Error
1] 1l Actions g
= 1h @
/ LEE)
1k .

FIG. 1A



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
2/23

1p ™~
.
1
Establish 19 "y Should the
Environment | Run the Main Intraday Run Intra
Daily Process / / Process Run ? Day

¢

L

Yes 4

® 1_a 07—» m
o= ®

. 7 1n °
. 1r No Calculate End of
10 Day Position for
N Each Office
7 \
S— _’]__g 'y
Error
Actions
- m @

FIG. 1B



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
3/23

SN
-
: 2a
Establish 1m Should the
Environment \ Run the Main Intraday Run Intra
Daily Process  / Process Run ? Day
¢ la ’7—" 1b ? 1d 7
. 1i . N o
0 Calculate End of
10 Day Position for
N Each Office
= \
R _’]__g B
Error
Actions
-G m )

FIG. 1C



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
4/23

N
( 2a
Establish Should the
Environment | Run the Main 1™ Intraday Run Intra
Q?i_l}’f_r?_(i‘%?ﬁ Process Run ? Day
| 2
. 1d ¢
Calculate End of
Day Position for
13 1o\ Each Office
" \
S — lg &
Error
Actions
¢ 1h @
/
1k
\\ -

FIG. 1D



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

41 Old

TWINOO ec
\

J Jepisinduy 304N08 Y1¥ged
C anjes alueN
X JulodyeaJg - $53301 Ajleq] Ule} 8Uj uny .10j0adsu juiodyesig

=[SIE
ey
N

4 Jepgousinduy 40dN0S YLY(Jd
G anep QUEN
X] Juiodyesig - 580014 Ajleq] Uteyy aup uny ioj0adsu Julodyesig




CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
6/23

o™
( 2a
Establish Should the
Environment | Run the Main 1™ Intraday Run Intra
Daily Process | Process Run ? Day
7 7
1d

‘1_37.' 1b
1i .

) Calculate End of
Day Position for
1< 1o Each Office
7 \
S— _’]__g 'y
Error
Actions
¢ 1h @
/
1k
k 48

FIG. 1G



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
7/23

14
12 22 / 16
/ k vBefore After 26 f
2(4 T2 \ /—

> — T
187/ V (Run Program) 20 °

In

28

FIG. 2

)]

[1)]

[Y)

s S E 2

o D s/ 9

A2 )
@v® P b @ (59
4a VeV VIRV IS WV vAVEVEVAVEIVE vaY liva v,

ba
49b 49c 50a . 506529 52b 5c O+ 54b /540502 561 56¢°7259b Sgc

FIG. 3



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

8/23

¥ "Old

\ﬂ N
ZLL
ue|dgng
801
0 s i
o Ueld
2014 fouspusdaq
b o E— ojduwig
&
1duog L | &
finon o0l 14 vol
ydeo S50
Jeuwiojoy 94 #3900
pUB A}
L ue|d-uejdgns-uym-ouapusdap [BUOCIIPUCD £X8 )
% Ue|dueldqyipuod ¢x8 /
¥ Flhelb Q- Qi -0l 4@ [%0c[a]|EEE; &¢I ETE <€
deH mopuipy sBumeg ssaunossy Bngeg uny  1oeloid

/oow



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

9/23

G "Old

l [
4
s Ueld
fouspuada
® nuH_ ajduwig
**DUBLLIO?) Bnga(] 8jnoexs
1o 10}08dsu| sjuiodyealg moys uu.w vu
funoN payoeay sjuiodyeaig moyg |se
_ *sjulodyealg [y moys | 8
UBld &Jug wioy Sjuiodyealg sroway | 2 )
o€l —1_ §[9A7 Pa)SON pue ¥se| ue|dqng wouj sjuiodyealq srowsy | o i
8¢} —~I— "uojipuog pue spouiely | sjuiodyealg srowsy | |
gzl — || T six3 ueld a10jeg 3IM[ieq UQ) YeaJg ojqeu | Ge 09 £X9
- uny sjuaju0) ueiq a10j0g N “obpag I3 | &
pg —ft  HAS ARG | |« - uodyeaig jog | Q. puov gxe/
s %bQQQE ) sjuiodyeal sjesig | Q B & B €
\ dioq mopuipy sbBumes ssaunossy |Bngag| uny oeloid
;
zel

v/om_\



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

10/23

Ueld
fouspuada(

ojduig

*PUBLILIO7) Bngag a1ndex3
10j0adsu| sjulodyesig moys

<«
wm__“wm paydeay sjuiodyesig moyg | s Vo
*sjulodyesiq ||y mous | &
UB|d 8Jnu3 Wwoyj sjuiodyeaig snowsy | &
$[0AS7 PaISSN pue ¥se| uejdqng wouj sjuiodyeaig snowsy | & &
sjuiodyeaiq anowsy |
8VL —J{_uopipuo) pue spoup | aImiied UQ) Yealq S[aBU7 | S 00 ¢Xa
@Sl/,//mgm_:_n_ ySe Jayy “uiodyeaigip | &
SJE)S XSe] ai0jog < Juiodyeaig les | @ oo ¢xa,/”
2808lexgBlAQ-QRED ] sjuiodyeaig olqesiq | Q@ B T B €
\ digH mopuipy sBunieg  $8aunosey @38 uny 108l0id
\ 7
Al 144"

I/:ovr



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

11/23

V. "Old

\ﬂ - ™
ZLL
uejdqng
801 avol
oLl 4 .
. / ueld
201< fouspuadeq
¢ b S E— ojdwig
S
1duog I | e
AjoN Sl vol
ydelo SI8INT
JeULI0jeY 3)i4 11 Yooy BY 9L
pUB A0
L X uejd-uejdans-tym-fouspusdap [eUORIpUCY £X8 )
M
,_ % uejdueidqypucs gxe
X lAQ-QQEDI-014i ® [{[%000c [4][E[EE i - I STE €
dioH mopuiyy sBumes seaunossy Bngag uny 1oeloid

v/omr



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
12/23

170~
Breakpoints Reached; ex... B X
"~ [} Check if File Exists
171a
©) Before Task S§rts/ frea
(-] Subplan
171b
—@ Before Subplan Starts
— /
172b

FIG. 7B



PCT/US2019/022066
13/23

CA 03095562 2020-09-29

WO 2019/190750

8 "Old

P81 —
8l —

/AT Jueuuoinug Ysanje Indu;y SiejouEd\

Neg/L -0/l Nyl N2lL

% Jepjnduy HLYd LNdNj><
% epindinoy H1Yd 1NdIN0
% 84| 09 d00T NYld
SBPUIBAQ) JIWeUAQ &
V2 fuy | "8l SBYOUEIq pajgeUToq
saiuadold snosugjeasipy =1
g 9Sfed | 9|y JiIndino puaddyoq
g O 0} LIBpIS PusSeq
% ani| Uejd 0] LSpIS pusge<
saiuedold LepIS =
anpe \P/ 9Se4 | o)l §1indino pusddyod
voissaldx3 :awe) feidsig 911 0} ¥10pi5 PLoS <
UISSaIdXe UORIPUO :BWEN o] Ueld 0} Jnopjs puaged
N $3]3d01 INOPIS 1
o F L0IssaIdxgod
4 Uoissaldx3 adf] uoyipuoyed
anjea SleN

SIS ¥SE) alojeq - SISIXT |14 Jl Yoeys) Joyadsu] juiodyesig




CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

14/23

V6 "Old

dey || (BoueQ | | Yo
<] B
(&) =57
1oAY
""UOIJBLLIOJU] JajoUWeled]| 1) 0
ERIETN

X]

uoissaldx3.is1pweledE

v/om«



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

15/23

d6 9Old

/ r ™
O
uejdgng
) p
° Ueld
201< fouspuada
¢ —— ajdwis
o g4  puewwo’) ajndexd
1duo - JUSWUOJIAUT Ysaljey]
a_am 4 ! Z4+4US  ojuj bumoel] a198(]
desg VUL *sanjep indu| 109je
JeULIO}OY sanje Indu) josey
DU SAO| L 4HIYS *'sanfeA Induj
Yoele(
\ (Aug peay) ueiduejdans-yymy < |04U0T Xse
< umopinyg Jo dojg
GHlY  uBld el m..ﬁ.wﬁmw,m q
— + UB]d SIju3 anu
BF (30 5101 4 Q- QQEHI-OR < B[] %000 o [ ][EE ] SN

~

deH mopuipy sbumes seaunossy Bngsg| uny |pslold lerst

/Hmﬂ



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

16/23

06 Old

€6l

G4+lV ue|d a41ju3j snunuo)

G4 ﬁ aNURUOD

-Echl

Ue|d 411U wods suiodyealg sAaowsy
Juiodyeslg snoway

uiodyesig saowsy

sjulodyealg 1p3

s|ie}aq bunjoel] 0] 09

SBAURD O] 09

Jojoadsu| juiodyesig moys

> QAN

Qcll

ng alojag @ "
=L/l
ueldang [ H—
ﬂ@ e[ aJiojog T
—el/|
S1SIX3 oI 1 o8yD 0 =) 9

X ¥

X8 [payoeay sjuiodyealqg




CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

17/23

0l "Old

9¢€c 1474 A4 0cc
§ | } }

/~ \ \ \ \\

coe —B B A

(SS800NG 1Y ~Wlioked —~uelS Iy —Jebbu]

_ ‘ [ [
822 9zz vez  zze

1404

9l¢
wMI—I..‘

Olc 80¢

—¥ic




CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
18/23

316

322

(op

Subplan
320
FIG. 11

//*308
318
g
(s
2
\

Plan
314
306

304

312

éi?SOZ




WO 2019/190750

CA 03095562 2020-09-29

19/23

PCT/US2019/022066

7

Perform
method

~\

Task h
352

Methods Y% 350

:: Graph A\
- J
g
374 370
—

FIG. 12



CA 03095562 2020-09-29

WO 2019/190750 PCT/US2019/022066
20/23

Configure the graphical control flow
application such that execution of the
graphical control flow application will be
interrupted at a specified position that
represents a transition to a given

400 functional module, before execution of

contents of the given functional module

\ or a transition from the given functional
module 402

!

Execute the graphical control flow
application

|

Interrupt execution of the graphical
control flow application and provide data
representing one or more attributes of the

runtime environment in which the given
functional module is executing

404

406

FIG. 13



PCT/US2019/022066
21/23

CA 03095562 2020-09-29

WO 2019/190750

Vil Old

ELO

£

N s - 09¥ I
(POYISIA pelliayul)

)
SEIET ) | N
paliiayu] POUIBIN POUIBIN

8¢V
=i 99V [ep6y
utse] | T Lsel

B ueld | | %5 ueld |

/emv



gyl ‘Ol

qily BLly

P £

PCT/US2019/022066

I ' N

qL9v

oL9y ) Eloy
e /A\lI \Ao_ 09y
uogy 95y

22/23

€09% (pPOyUISN _om__hmcc_t

CA 03095562 2020-09-29

) _
POUISIA POUIBN)| naysyul POUIBA POUISIN
_ _ _ _ 121%14
v BYSY <= | [wer 95 &35y
uyse] "o L ise] usel | T |1 ysel
414 Ueld | . 417 UBld |

WO 2019/190750

I/lONv



CA 03095562 2020-09-29

PCT/US2019/022066

WO 2019/190750

23/23

Gl 9Old S
wiaisAg bunesado
0cS
aseqele(
A
T 91S
o
—» V16 ayos yse
....... H H H--:v a 201d eleq 1425 pay mv_ 1
il 109
o_omm Jao
eleq 1nduj Jo weans \
Q— 755 0D
535 lewlosoy |
indinp _ 8sg
085 Induy|
weibeiq mo|4 eleq
__ +
99S
-
A
alnjied 1y ﬂ
e (yduog
005 wiopad L))
¢SS
(5550015 1) ¥sel
\ 055
weibeiq mo|4 |ouoD




Breakpoint Inspector; Run the Main Daily Process - Breakpoint
Name Value D),
poDATA SOURCE finputsrc.dat %

N
>a CONTINUE

Sb

FIG. 1F




	Page 1 - COVER_PAGE
	Page 2 - ABSTRACT
	Page 3 - DESCRIPTION
	Page 4 - DESCRIPTION
	Page 5 - DESCRIPTION
	Page 6 - DESCRIPTION
	Page 7 - DESCRIPTION
	Page 8 - DESCRIPTION
	Page 9 - DESCRIPTION
	Page 10 - DESCRIPTION
	Page 11 - DESCRIPTION
	Page 12 - DESCRIPTION
	Page 13 - DESCRIPTION
	Page 14 - DESCRIPTION
	Page 15 - DESCRIPTION
	Page 16 - DESCRIPTION
	Page 17 - DESCRIPTION
	Page 18 - DESCRIPTION
	Page 19 - DESCRIPTION
	Page 20 - DESCRIPTION
	Page 21 - DESCRIPTION
	Page 22 - DESCRIPTION
	Page 23 - DESCRIPTION
	Page 24 - DESCRIPTION
	Page 25 - DESCRIPTION
	Page 26 - DESCRIPTION
	Page 27 - DESCRIPTION
	Page 28 - DESCRIPTION
	Page 29 - DESCRIPTION
	Page 30 - DESCRIPTION
	Page 31 - DESCRIPTION
	Page 32 - DESCRIPTION
	Page 33 - DESCRIPTION
	Page 34 - DESCRIPTION
	Page 35 - DESCRIPTION
	Page 36 - DESCRIPTION
	Page 37 - DESCRIPTION
	Page 38 - DESCRIPTION
	Page 39 - DESCRIPTION
	Page 40 - DESCRIPTION
	Page 41 - DESCRIPTION
	Page 42 - DESCRIPTION
	Page 43 - DESCRIPTION
	Page 44 - DESCRIPTION
	Page 45 - DESCRIPTION
	Page 46 - DESCRIPTION
	Page 47 - DESCRIPTION
	Page 48 - DESCRIPTION
	Page 49 - DESCRIPTION
	Page 50 - DESCRIPTION
	Page 51 - DESCRIPTION
	Page 52 - DESCRIPTION
	Page 53 - DESCRIPTION
	Page 54 - DESCRIPTION
	Page 55 - DESCRIPTION
	Page 56 - DESCRIPTION
	Page 57 - DESCRIPTION
	Page 58 - DESCRIPTION
	Page 59 - DESCRIPTION
	Page 60 - DESCRIPTION
	Page 61 - CLAIMS
	Page 62 - CLAIMS
	Page 63 - CLAIMS
	Page 64 - CLAIMS
	Page 65 - CLAIMS
	Page 66 - CLAIMS
	Page 67 - CLAIMS
	Page 68 - DRAWINGS
	Page 69 - DRAWINGS
	Page 70 - DRAWINGS
	Page 71 - DRAWINGS
	Page 72 - DRAWINGS
	Page 73 - DRAWINGS
	Page 74 - DRAWINGS
	Page 75 - DRAWINGS
	Page 76 - DRAWINGS
	Page 77 - DRAWINGS
	Page 78 - DRAWINGS
	Page 79 - DRAWINGS
	Page 80 - DRAWINGS
	Page 81 - DRAWINGS
	Page 82 - DRAWINGS
	Page 83 - DRAWINGS
	Page 84 - DRAWINGS
	Page 85 - DRAWINGS
	Page 86 - DRAWINGS
	Page 87 - DRAWINGS
	Page 88 - DRAWINGS
	Page 89 - DRAWINGS
	Page 90 - DRAWINGS
	Page 91 - REPRESENTATIVE_DRAWING

