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WORKFLOW COMPILATION

BACKGROUND

[0001] A workflow management application may be designed to enable a user to

automate a workflow. The user may define the workflow that may then be executed

automatically by the workflow management application.

[0002] Such a workflow management application may provide a graphical user interface

that enables a user with limited or no programming skills to correctly define the

workflow. For example, the user may select steps of the workflow from a menu and

define connections among the steps. The selection and connection may be done in a

graphical manner. In some such applications, the user may graphically select and drag

one or more blocks that represent steps into a region of a user interface. Connections

between the blocks may be drawn to represent various connections or transitions

between steps of the workflow.

[0003] For example, a workflow may check for communication with a server. In such a

workflow, a signal may be transmitted via a communications channel to a server. A

response signal from the server ("ping") may be received (or not, if the server or the

communications channel is not functional). A response time between transmission of

the signal and reception of the response may be measured. The measured response

time may be compared with a timeout value. In the event that the measured time

exceeds the timeout value, corrective action may be performed. For example, the

corrective action may include rebooting the server. Thus, in defining this workflow, a

user interface may include a block to represent sending and receiving the signal, a

block representing a comparison between the measured response time and the timeout

value, and blocks to represent operations in the event of timing out (e.g. rebooting) and

in the event of receiving the response before the timeout (e.g. ending the workflow or

performing). Connections defined or drawn by the user may define the order of the

steps.



BRIEF DESCRIPTION OF THE DRAWINGS

[0004] Fig. 1 is a schematic illustration of a system for workflow management that

implements an example of workflow compilation;

[0005] Fig. 2 is a flowchart depicting an example of a method for workflow management

that implements workflow compilation;

[0006] Fig. 3 is a flowchart depicting an example of execution of an execution unit that

was generated by compilation of a workflow;

[0007] Fig. 4A depicts an example of a defined workflow; and

[0008] Fig. 4B depicts an example of division of the workflow depicted in Fig. 4A into

smaller parts.

DETAILED DESCRIPTION

[0009] In accordance with examples of workflow compilation, a workflow is defined for a

workflow management application in terms of flow objects or steps. Various steps of the

workflow may be defined by a user. Steps may include, for example, activities, events, or

gateways (e.g. decision, or other forking or merging of flow paths).

[0010] A step may defined by a user using a high-level flow language. A high-level flow

language may include a standard flow language such as, for example, Advance Flow

Language (AFL), Process Definition Language (XPDL), Yet Another Workflow Language

(YAWL), Business Process Execution Language (BPEL), or Business Process Model and

Notation (BPMN). A high-level flow language may include a proprietary flow language e.g.,

that is associated with a particular workflow application or engine. Various steps of the

workflow may be written in different flow languages. For example, a user that defines a

workflow using a workflow engine may incorporate into the workflow various steps that had

been previously defined using different workflow engines or applications.

[001 1] A workflow management application that applies an example of workflow

compilation as described herein may provide a user interface for graphical definition of a

workflow. A user may thus operate the graphical user interface so as to define the



workflow in the form of steps. The workflow management application may include a library

of types of steps and relationships among steps. For example, a user interface may

enable a user to graphically select or manipulate screen objects that represent various

types of steps for inclusion in the workflow.

[0012] A user interface of a workflow management application may further enable a user

to define connections among the steps, e.g. by connecting the screen objects that

represent the steps with a selected connector that represents a connection (e.g. sequence

flow showing an order of execution, flow of a message or information, or other

association). The user interface may enable a user to input data that characterizes a step

or a connection.

[0013] An appropriate interpreter or similar application may interpret a graphically

described workflow in terms of a high-level flow language. In other examples, a user may

directly write commands in a high-level flow language so as to define the workflow. Tools

may be provided to assist a user who is not familiar with the high-level flow language to

define a step or to modify a workflow.

[0014] Various defined steps of the workflow may be executed by different "workers," e.g.

by different machines, by different execution modules within a single machine, or by

various instances of programs or applications that are running on a single machine. In

some examples of workflows, two or more steps may be executed in parallel while in

others, steps are executed sequentially.

[0015] A step of the workflow may include a series of sub-operations or tasks that are to

be executed as part of the step. The high-level flow language may be designed such that a

user that defines the workflow need not be aware of those individual tasks. For example,

a single step may include a pre-processing phase during which preparation is made to

execute an action, a phase in which the action is executed, an post-processing phase in

which results of the action are processed, and a transition phase that leads to execution of

the next step. Each of these phases, in turn, may include multiple tasks. For example,

tasks in a phase may include locating data required for execution of the phase, applying

filters to the data, processing outcomes or results, and running various scripts.



[0016] For example, a simple workflow may check whether a server is responding, and

take corrective action if it is not. This simple workflow may include a step that represents

performing a ping operation (transmitting a signal to the server and measuring the time

until a response is received from the server, if at all), a step that represents comparing the

response time with an acceptable value, and a step that represents restarting the server.

Workflow relationships may indicate that the comparison step is to follow the ping step,

and that the restarting step is to be performed depending on the result of the comparison

step.

[0017] In accordance with examples of workflow compilation, a workflow is compiled to a

representation that is referred to herein as an "execution plan". The execution plan

includes a series of execution units. A single execution unit may represent a particular

sub-operation or task of a step of the workflow. Compilation of the workflow may be

performed by a compiler module of a workflow management system. Execution units of

the workflow are selected from a limited library of execution units. The execution units in

the library each represent a basic operation that could be combined into a step. A compiler

module may analyze each step (or phase of a step) and identify the execution units that

are to be executed in order to execute the step.

[0018] A compiler may be provided for each flow language that is supported by a workflow

manager application. Thus, a workflow management system that implements an example

of workflow compilation may handle workflow steps that are defined in a plurality of flow

languages. The workflow management system then handles execution units that are

generated by compilation of a workflow step that is defined in any of the supported flow

languages in a substantially identical manner.

[0019] The workflow management system may be adapted to support an additional flow

language that was not previously supported. Support for the additional flow language may

be added to the workflow management system by creation of a compiler for the additional

flow language. Thus, a step that is defined by any supported flow language may be

compiled to execution units of an execution plan.

[0020] Similarly, a workflow management system that implements an example of workflow

compilation may be adapted to correctly execute a previously undefined type of step. For



example, a compiler may be modified to compile a previously undefined type of step (e.g.

a step that involves a new type of operation or device that had not been utilized in previous

workflows). Thus, adapting the workflow management system to a new or previously

undefined type of step may only require modification of the compiler. The new type of step

could then be compiled to an execution plan in the form of previously defined execution

units. Thus, when the step is incorporated into the modified compiler, no further

modification of the workflow management system would be entailed in order to adapt the

workflow management system to the new type of step.

[0021] Once a workflow is compiled, the compiled workflow may be executed by a

processor or system that is configured to execute execution plans. Thus, a compiled

workflow may be made available to a system that is not provided with a suitable compiler.

(This may be considered to be analogous to creation of an executable file from a program

that is written in a high-level programming language. Such an executable file may be

executed on any suitably configured machine, whether or not that machine is provided

with compilation capability.)

[0022] A system may be configured to implement workflow management that implements

an example of workflow compilation. Fig. 1 is a schematic illustration of a system for

workflow management that implements an example of workflow compilation. Workflow

management system 10 includes a processor 12. For example, processor 12 may include

one or more processing units, e.g. of one or more computers. Various processing units of

processor 12 may be interconnected, or may intercommunicate via a communications

channel, such as network 15. Processor 12 may be configured to operate in accordance

with programmed instructions stored in memory 18. Processor 12 may be capable of

executing an application for workflow management that implements workflow compilation.

[0023] Processor 12 may communicate with output device 14. For example, output device

14 may include a computer monitor or screen. Processor 12 may communicate with a

screen of output device 14 to display a result or progress of a managed workflow.

Processor 12 may communicate with a screen of output device 14 to display elements of a

user interface for enabling a user to define a workflow. In another example, output device



14 may include a printer, display panel, speaker, or another device capable of producing

visible, audible, or tactile output.

[0024] Processor 12 may communicate with input device 16. For example, input device 16

may include one or more of a keyboard, keypad, or pointing device for enabling a user to

inputting data or instructions for operation of processor 12. A user may operate input

device 16 so as to define a workflow, or to initiate or control execution of a workflow.

[0025] Processor 12 may communicate with one or more external devices via a

communications channel that is represented by network 15.

[0026] Processor 12 may communicate with memory 18. Memory 18 may include one or

more volatile or nonvolatile memory devices. Memory 18 may be utilized to store, for

example, programmed instructions for operation of processor 12, data or parameters for

use by processor 12 during operation, or results of operation of processor 12. For

example, processor 12 may be utilized to store execution units that result from compilation

of a workflow by processor 12.

[0027] Processor 12 may communicate with data storage device 20. Data storage device

20 may include one or more fixed or removable nonvolatile data storage devices. For

example, data storage device 20 may include a computer readable medium for storing

program instructions for operation of processor 12. In this example, the programmed

instructions may take the form of a compiler module 22 for compiling a defined workflow to

form an execution plan, workflow definition module 24 for defining a workflow, or execution

module 26 for executing a compiled execution plan. It is noted that storage device 20 may

be remote from processor 12. In such cases storage device 20 may be a storage device

of a remote server storing compiler module 22, definition module 24, or execution module

26 in the form of an installation package or packages that can be downloaded and

installed for execution by processor 12. Data storage device 20 may be utilized to store

data or parameters for use by processor 12 during operation, or results of operation of

processor 12.

[0028] A plurality of compiler modules 22 may be stored. For example, each separate

compiler module 22 may be configured to compile a workflow step that is defined in a



particular supported flow language. Thus, a separate compiler module 22 may be provided

for each supported flow language.

[0029] In operation, processor 12 may execute a method for workflow management that

implements workflow compilation.

[0030] Fig. 2 is a flowchart depicting an example of a method for workflow management

that implements workflow compilation. Workflow management method 100 may be

executed by a processor of a system for workflow management implementing workflow

compilation. Workflow management method 100 may be executed upon a request or

command that is issued by a user, or automatically issued by another application that is

running on a processor.

[0031] For example, workflow management method 100 may be executed when a user

has defined a workflow and has instructed a workflow management system to execute

the defined workflow, or to prepare the workflow for execution.

[0032] It should be understood with respect to flowcharts that are referenced herein that

the division of an illustrated method into discrete operations represented by blocks of

the flowchart has been selected for convenience and clarity only. Alternative division of

the illustrated method into discrete operations is possible with equivalent results. Such

alternative division of an illustrated method into discrete operations should be

understood as representing other examples of the illustrated method.

[0033] Similarly, it should be understood that, unless indicated otherwise, an illustrated

order of execution of the operations represented by blocks of a flowchart has been

selected for convenience and clarity only. Operations of the illustrated method may be

executed in an alternative order, or concurrently, with equivalent results. Such

reordering of operations of the illustrated method should be understood as representing

other examples of the illustrated method.

[0034] Workflow management method 100 may be applied to a defined workflow (block

110). The defined workflow may include one or more workflow steps that were defined

using one or more flow languages that are supported by the workflow management



system. The workflow may be defined by a user or automatically by an application that

is running on a processor of a system.

[0035] A defined step of the workflow may include one or more sub-processes or

phases. These phases may not be made explicitly apparent to a user that defines the

workflow. For example, a defined step may include a pre-processing phase during

which preparation is made to execute an action, a phase in which an action is executed,

a post-processing phase in which results of the action are processed, and a transition

phase that leads to execution of anther step of the workflow.

[0036] One or more steps of the workflow may be compiled to yield execution units of an

execution plan (block 120). For example, each phase of a step may be compiled to a

sequence of standard execution units. An execution unit may include a single task of a

step or phase that includes multiple tasks. A single execution unit may include a task

that is common to many types of steps or phases. An execution unit itself may include a

plurality of operations that are defined in a lower level language (e.g. machine language

or assembly language instructions).

[0037] For example, an execution unit may include a task such as binding input (e.g.

importing input from a particular location), processing a filter on data, processing a

scriptlet (or other defined operation), or processing a result.

[0038] Although a step may be defined in any supported flow language, compilation of

the step creates an execution plan that is specified in terms of a common set of

execution units. Thus, steps that are defined in multiple flow languages may be

compiled into execution units that are interpretable by any workflow management

system that is configured to operate on compiled workflow steps.

[0039] The execution units of the execution plan may be executed so as to automatically

run the defined and compiled workflow (block 130). The execution plan may be

executed by a machine or system that is configured to execute an execution unit. For

example, the execution units of the execution plan may be executed in an order that is

specified by the execution plan. Various portions of the execution plan (e.g.

corresponding to different steps of the workflow, or to different phases of a workflow



step) may be executed by different workers (e.g. different machines, or different

instances of an application that are running on a single machine).

[0040] A machine or system that executes execution units of an execution plan need not

be provided with a compiler or compilation capability. Thus, a compiled execution plan

may be made available to a user that is not provided with capability to define or compile

a workflow. For example, a compiled execution plan may be made available to a

subscriber to a service. A subscriber to the service may be provided with a capability to

execute an execution plan. The subscriber may then access a compiled execution plan

via a network. The subscriber may then run the execution plan or install the execution

plan so as to run automatically.

[0041] An execution unit of an execution plan may include information that enables

execution of the execution unit by a processor that is configured to execute execution

units. For example, an execution unit may include an identifier that uniquely identifies

the execution unit (e.g. to enable referencing to this execution unit by other execution

units). The execution unit includes a reference to an action that is to be performed

during execution of the execution unit. The execution unit may also include a transition

reference to another execution unit that is to be executed upon completion of execution

the action.

[0042] Fig. 3 is a flowchart depicting an example of execution of an execution unit that

was generated by compilation of a workflow.

[0043] Workflow execution method 200 may be executed by a processor of a system for

workflow management that is configured to execute a compiled workflow in the form of an

execution plan. Workflow execution method 200 may be executed upon a request or

command that is issued by a user, or automatically issued by another application that is

running on a processor.

[0044] For example, workflow execution method 200 may be executed when a user or

application has instructed a workflow management system to execute a compiled

workflow. Workflow execution method 200 may be executed in connection with an



execution unit of an execution plan when execution of the execution plan indicates that

a current execution unit is to be executed.

[0045] An action that is referenced or otherwise indicated by content of the execution

unit may be executed (block 210). For example, the action may include a single task of

a workflow step or of a phase of a workflow step.

[0046] A transition that is referenced or otherwise indicated by content of the execution

unit may be executed (block 220). The executed transition may reference an identifier

that is associated with another execution unit, or otherwise indicate a next execution

unit that is to be executed after the current execution unit. For example, a pointer or

other indicator of a current execution unit may be modified so as to reference that next

execution unit.

[0047] Execution of workflow execution method 200 may then be repeated with

reference to that located next execution unit. Workflow execution method 200 may be

repeated until the execution plan has reached a termination point.

[0048] Examples of workflow compilation may be illustrated with an example.

[0049] Fig. 4A depicts an example of a defined workflow. Workflow 300 is defined in

terms of workflow steps. Workflow step 310 represents a ping operation, in which a

signal is transmitted over a connection or network and the time t to receiving a response

is measured. In workflow step 330, the measured time t is compared to a maximum

value, tm. Workflow step 340 illustrates that if measured time t exceeds the value tm, the

system that is expected to send the response (e.g. a server) is restarted (e.g. rebooted).

Workflow step 350 illustrates that if measured time t does not exceed the value tm, the

workflow is terminated.

[0050] Fig. 4B depicts an example of division of the workflow depicted in Fig. 4A into

smaller parts. In particular, workflow step 310 (ping) is illustrated as divided into phases

313 through 320. Some of the phases are illustrated as divided into tasks (each

indicated by an alphabetic character that is appended to the numeral that labels the

corresponding phase). Each task may represent an execution unit, or a collection of

similar execution units.



[0051] For example, phase 313 (corresponding to starting workflow step 310) includes

processing one or more scriptlets or commands (task 313a). Phase 314 (corresponding

to starting the operation of workflow step 310) includes binding (locating and obtaining)

one or more inputs (task 314a), processing one or more filters (e.g. for selecting from

among outputs of an action; task 314b), and processing one or more scriptlets (task

314c). Phase 316 (corresponding to executing the ping action) includes binding one or

more inputs (task 316a), processing (e.g. selecting of filtering) one or more outcomes

(e.g. time-to-live, latency) of the ping action (task 316b), processing one or more results

(e.g. a selected outcome) of the ping action that are to be output by workflow step 310

(task 316c), and processing one or more scriptlets (task 3 16d). Phase 318

(corresponding to ending the ping operation of workflow step 310) includes processing

one or more scriptlets (task 318a).

[0052] Phase 320 corresponds to transitioning to the next step (e.g. workflow step 330)

of workflow 300, in which it is determined which step of the workflow is to be executed

next.

[0053] Although the above example refers to workflow compilation with regard to

workflow steps for testing connectivity, examples of workflow compilation may be

applied to other workflows and workflow steps. Further examples of workflow steps to

which workflow compilation may be applied include opening a ticket in a ticketing

system, copying a file from one machine to another, or rebooting a machine. Further

examples of workflows to which workflow compilation may be applied include workflows

that may be connected to providing a virtual machine, such as creating a virtual

machine, installing an operating system on a virtual machine, connecting a virtual

machine to a network (e.g. including assigning an Internet Protocol address or creating

initial administrator credentials).

[0054] In accordance with an example of workflow management implementing workflow

compilation, a computer program application stored in a computer-readable medium

(e.g., register memory, processor cache, RAM, ROM, hard drive, flash memory, CD

ROM, magnetic media, etc.) may include code or executable instructions that when

executed may instruct or cause a controller or processor to perform methods discussed



herein, such as an example of a method for workflow management implementing

workflow compilation. The computer-readable medium may be a non-transitory

computer-readable media including all forms and types of computer-readable media

except for a transitory, propagating signal.



We claim:

1. A method comprising compiling a workflow that is defined in a high-level flow

language to generate a plurality of execution units that are executable so as to execute

the workflow.

2 . The method of claim 1, wherein the workflow comprises a plurality of steps such

that a step of said plurality of steps is defined in a flow language that is different from a

flow language in which another of said plurality of steps is defined.

3 . The method of claim 1, wherein an execution unit of said plurality of execution

units comprises at least one of an identifier, a reference to an action, and a transition

reference to another execution unit.

4 . A non-transitory computer readable storage medium having stored thereon

instructions that when executed by a processor will cause the processor to:

obtain a workflow comprising a step, the step being defined in a high-level flow

language;

compile the obtained workflow to generate a plurality of execution units that are

executable so as to execute the workflow.

5 . The non-transitory computer readable storage medium of claim 4 , wherein an

execution unit of said plurality of execution units comprises at least one of an identifier,

a reference to an action, and a transition reference to another execution unit.

6 . The non-transitory computer readable storage medium of claim 4 , further

comprising instructions that when executed cause the processor to execute an

execution unit of said plurality of execution units.



7 . The non-transitory computer readable storage medium of claim 6 , wherein the

instructions to execute an execution unit comprise instructions to execute an action that

is indicated by content of the execution unit or to execute a transition that is indicated by

content of the execution unit so as to identify another execution unit to be executed.

8 . The non-transitory computer readable storage medium of claim 4 , wherein the

instructions to compile the step comprise instructions to compile a plurality of steps that

are defined in different flow languages.

9 . The non-transitory computer readable storage medium of claim 4 , wherein the

instructions to obtain the step of the workflow comprise instructions to provide a user

interface that is operable by a user to define the step.

10. A system comprising:

a processing unit in communication with a computer readable medium, wherein the

computer readable medium contains a set of instructions wherein the processing

unit is designed to carry out the set of instructions to:

obtain a workflow, the workflow including at least one step, the step being

defined in a supported high-level flow language;

compile each step of the workflow so as to generate an execution plan for the

workflow, the execution plan including a plurality of execution units.

11. The system of claim 10, wherein the set of instructions includes instructions to

execute the execution plan.



12. The system of claim 10, wherein an execution unit of said plurality of execution

units comprises at least one of an identifier, a reference to an action, and a transition

reference to another execution unit.

13. The system of claim 10, wherein the processing unit is designed to carry out the

set of instructions to compile a plurality of steps that are defined in different supported

flow languages.

14. The system of claim 10, wherein the wherein the processing unit is designed to

carry out the set of instructions to enable definition of said at least one step.

15. The system of claim 14, wherein the processing unit is designed to carry out the

set of instructions to provide a user interface that enables definition of said at least one

step.
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