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METHOD AND SYSTEM FOR STATEMACHINE TRANSLATION

FIELD OF THE INVENTION

The present invention is relates to translating state machines into an executable format

useable in a computer.

BACKGROUND OF THE INVENTION

State machines can be a valuable component in a broad range of business

applications. Typically, state machines are translated into an executable program

using a procedural language. A state machine program in a procedural language is

useful for simple applications. However, as a result of the complexity of business

applications, state machines are often realized in the Unified Modeling Language

(UML) to enable business application modeling.

State machines that are employed in business applications confront situations that are

not issues in simpler environments. In a business application there may be many

simultaneous instances of a state machine, thus ensuring that incoming events are

directed to the appropriate state machine instance is not simple. Given the context of

multi-protocol service-based architectures in which business application state

machines exist, flexible interfaces therein are useful for facilitating an implementation

that can quickly respond to changes in the performance characteristics and constraints

of the business application. Further, in a business application there are timeout and

alarm conditions that should be taken into account by the state machine program.

SUMMARY OF THE INVENTION

In accordance with one embodiment there is provided a method of translating a state

machine into a state machine program comprising: identifying relationships between

states, transitions and events in the state machine; generating a state machine program

having a structure that operates in non-final states; and generating statements within

the structure for detecting an event, evaluating the detected event based on a current

state to identify if the current state is valid for the detected event, and determining a

next state if the current state is valid.



In accordance with another embodiment there is provided a method of translating a

state machine into a state machine program comprising: identifying relationships

between states, transitions and events in the state machine; generating a state machine

program having a structure that operates in non-final states; and wherein during

execution the structure performs the functions of detecting an event, evaluating the

detected event based on a current state to identify if the current state is valid for the

detected event, and transitioning the current state to the next state.

In accordance with another embodiment there is provided a method of generating a

state machine program from a state machine, the state machine having states,

transitions and events, said method comprising: generating a basic structure for the

state machine program, the basic structure having therein a structure that operates in

non-final states; generating a statement within the structure for detecting an event;

generating a statement within the structure for evaluating the detected event based on

a current state to identify if the current state is valid for the detected event; generating

a statement within the structure for determining a next state if the current state is

valid; and generating a statement within the structure for transitioning the current state

to the next state.

In accordance with another embodiment there is provided a system for translating a

state machine into a state machine program comprising: a lexical analyzer for

determining states and transitions in the state machine; a parser for determining

relationships between events and the determined states and transitions; and a program

generator for generating a state machine program, said program generator comprising:

a state process component for generating a structure in the state machine program that

operates in non-final states, said state process component comprising: an events

component for generating a statement within the structure for detecting an event; an

event determination component for generating a statement within the structure for

evaluating the detected event based on a current state to identify if the current state is

valid for the detected event; and a transition component for generating a statement

within the structure for determining a next state if the current state is valid.

In accordance with another embodiment there is provided a computer readable

medium having stored thereon computer-executable instructions for translating a state



machine into a state machine program, the computer-executable instructions

implementing the steps comprising: identifying relationships between states,

transitions and events in the state machine; generating a state machine program

having a structure that operates in non-final states; and generating statements within

the structure for detecting an event, evaluating the detected event based on a current

state to identify if the current state is valid for the detected event, and determining a

next state if the current state is valid.

In accordance with another embodiment there is provided a computer readable

medium having stored thereon computer-executable instructions for translating a state

machine into a state machine program the computer-executable instructions

implementing the steps comprising: identifying relationships between states,

transitions and events in the state machine; generating a state machine program

having a structure that operates in non-final states; and wherein during execution the

structure performs the functions of detecting an event, evaluating the detected event

based on a current state to identify if the current state is valid for the detected event,

and transitioning the current state to the next state.

In accordance with another embodiment there is provided a computer readable

medium having stored thereon computer-executable instructions for generating a state

machine program from a state machine, the state machine having states, transitions

and events, the computer-executable instructions implementing the steps comprising:

generating a basic structure for the state machine program, the basic structure having

therein a structure that operates in non-final states; generating a statement within the

structure for detecting an event; generating a statement within the structure for

evaluating the detected event based on a current state to identify if the current state is

valid for the detected event; generating a statement within the structure for

determining a next state if the current state is valid; and generating a statement within

the structure for transitioning the current state to the next state.

A state machine program is generated from a state machine in accordance with the

invention, and may be provided in the form of computer-executable instructions

embodied in a computer useable medium. The state machine has states, transitions

and events. A basic structure for the state machine program is generated. The basic



structure has therein a structure that operates in non-final states. A statement is

generated within the structure for detecting an event. A statement is generated within

the structure for evaluating the detected event based on a current state to identify if

the current state is valid for the detected event. A statement is generated within the

structure for determining a next state if the current state is valid. A statement is

generated within the structure for transitioning the current state to the next state.

BRIEF DESCRIPTION OF THE DRAWINGS

Fig. 1 illustrates a computer system with which an embodiment of a system for state

machine translation may be associated;

Fig. 2 shows a flow diagram illustrating a method of translating state machines;

Fig. 3 shows a flow diagram illustrating a lexical analysis method from Fig. 2;

Fig. 4 shows a flow diagram illustrating a parsing method from Fig. 2;

Figs. 5A and 5B show flow diagrams illustrating a method of generating a state

machine program from Fig. 2; and

Fig 6 illustrates a system for state machine translation.

DETAILED DESCRIPTION

Fig. 1 illustrates a configuration of a computer system 100 with which an embodiment

of a system for state machine translation may be associated.

The computer system 100 includes a data processing system 110 with a central

processing unit (CPU) 102, a memory 104, an input/output interface 106 and a bus

108. The CPU 102, the memory 104 and the input/output interface 106 are connected

with one another via the bus 108. The input/output interface 106 is configured so that

it can be connected to an input/output unit 112.

The memory 104 may contain a compiler 114 with a state machine translator 116.

Alternatively, the state machine translator 116, and possibly the compiler 114 may be

recorded on any type of recording medium such as a magnetic disk or an optical disk.

The state machine translator 116 recorded on such a recording medium is loaded to

the memory 104 of the data processing system 110 via the input/output unit 112 (e.g.

a disk drive).



The CPU 102 can be a commercially available CPU or a customized CPU suitable for

operations described herein. Other variations of CPU 102 can include a plurality of

CPUs interconnected to coordinate various operations and functions. The CPU 102

contains resources for the execution of the compiler 114 and the state machine

translator 116. The data processing system 110 serves as an apparatus for performing

a method of translating state machines by the CPU 102 executing such a method.

Figs. 2 to 5A and 5B describe a method for translating state machines into an

executable program that implements the state machine. In a business application

environment the conditions in which the state machine will be executed may be very

demanding and complex. The programming language used for the implementation of

the state machine program should be able to accommodate for these conditions by

enabling multiple simultaneous instances of the state machine, providing flexible

interfaces with external components and supporting alarms and timers. One such

language by which the state machine may be translated to accommodate for the above

characteristics is the Business Process Execution Language (BPEL). BPEL describes

a business process as activities that define activity behaviors, including the ability to

invoke services, control flow and compensate when errors occur. BPEL further

enables multiple instances of a state machine program. Each instance may have

associated therewith correlation information used to direct incoming messages to the

correct state machine instance.

In general, the state machine has states linked by transitions which are invoked by

events, where the events may be operations on external interfaces of the state machine

or messages received by the state machine. Composite states composed of multiple

states may be present in the state machine. Such composite states enable a small state

machine to be represented as a single state in the larger state machine.

The state machine that is translated by the methods in Figs. 2 to 5A and 5B may be in

any known form, for example Unified Modeling Language (UML), State Machine

Composition Language (SACL), etc. For the purposes of the exemplary embodiment

described herein, the state machines will be considered to be expressed in State

Machine Composition Language (SACL).



The state machine expressed in SACL has an initial state in which each state machine

instance starts when the instance is created, and zero or more final states that cause

the state machine instance to terminate. Each state in the state machine may have

optional actions that are performed on entry into the state and actions that are

performed when the state is exited. Each transition from one state into another in the

state machine may be guarded to ensure that the current state can be left and the next

state can be entered given any relevant operating conditions.

Fig. 2 is a flow illustrating an overview of a method 300 of translating a state machine

into a state machine program in BPEL. The state machine used at the beginning of

the translation method 300 is a description of a state machine in a known language,

such as UML or SACL. The translation method 300 results in an executable program

that implements the state machine. Although the end result is termed an executable

'program' throughout the description, this refers to both the case where the state

machine program is a standalone program and also the case where the state machine

program is a module in a larger program. Thus, the use of the expression 'program' is

not meant to limit the results of the method 300 to any form other than some

component that is capable of being executed.

A states list and a transitions list containing all of the states and transitions in the state

machine are established in step 302. Step 302 can generally be described as lexical

analysis and is described in further detail in Fig. 3.

A tree structure is created by mapping the events in the state machine with the states

in the states list and the transitions in the transitions list in step 304. Step 304 can

generally be described as parsing and is described in further detail in Fig. 4.

A basic structure for the state machine program is generated in step 306. This basic

structure may include initializing of variables as well as setting an initial state. In step

308 a structure is generated in the basic structure to perform the functionality of the

state machine as long as the current state is not a final state. The structure generated

in step 308 may be a loop that contains the functionality of the state machine and

continues to iterate until just before or just after the current state is to be changed into

one of the final states. In step 310 a selection sequence is generated inside the



structure from step 308 to change the current state according to received events. The

selection sequence waits for an event received, deciphers the type of event and based

on this information in combination with the current state, determines the next state.

The end result of steps 306 to 310 is the generation of the state machine program.

Steps 306 to 310 can generally be described as program generation and are described

in further detail in Figs. 5A and 5B.

The state machine program is analyzed in step 312 for optimization purposes. The

state machine program may be modified in any of a number of known ways to

enhance execution thereof. For example, various statements that are related may be

grouped together.

Fig. 3 is a flow diagram illustrating a lexical analysis method 400 as identified in step

302 of Fig. 2.

An initial state is determined from the state machine in step 402. The initial state is

the state in which each instance of the state machine will start.

Steps 404 to 416 locate the states and transitions in the state machine. The states and

any information directly associated with the states are added to the states list. The

transitions and any information directly associated with the transitions are added to

the transitions list.

Step 404 determines if the state has been processed. If this is the first time that step

404 is encountered then the state in question will be the initial state, otherwise the

state in question will be those states that were determined in step 412 prior to

repeating step 404. The states list provides an indication of whether or not the state

has been processed. If the state is not present in the states list then this indicates that

the state has not been processed. Alternatively, a separate list containing the

processed states may be created and each state may be added thereto when they are

added to the states list. The state is added to the states list in step 406. When the state

is added to the states list any information relating to the state is also added thereto.

Such additional information may include any entry and exit actions associated with



the state. The states list may also include an indication of all transitions that lead to

and from the state.

The transitions that start at the state are determined in step 408. These transitions are

added to the transitions list in step 410. As with the states, when the transition is

added to the transitions list any information relating to the transition is also added to

the transitions list. For the transitions, such additional information may include any

information that is to be sent to a user of the state machine program when the

transition is listed as being the next transition into the next state. The transitions list

may also contain the start and end state for each transition. A transition may be

initiated by an event that is detected by the state machine or it may be automatic.

That is, a state may be entered for a fixed amount of time and then the state may be

automatically changed, or an action may be performed when the state machine enters

a state and afterwards the transition out of the state is automatic.

The end state for each transition added to the transitions list is determined in step 412.

Steps 404 to 412 are then repeated for each end state for each transition added to the

transitions list.

If the state has already been processed then step 414 determines if there are any

remaining states in the state machine that have not been processed. Since the states

that have already been added to the states list have been located through their

associated transitions, any remaining states may be unreachable states. If there are

remaining states that have not been processed then these states are located in step 416

and steps 404 to 412 are repeated with these located states.

When all states have been processed, the composite states in the states list are located

in step 418. These composite states are replaced by two separate states in the states

list in step 420. The two states that replace the composite states are an entry state and

an exit state.

Step 422 determines if there are any unreachable states in the states list. For any

states that are unreachable, a transition from the initial state to the unreachable state is

created in the transitions list in step 424.



After all unreachable states have been processed then method 500 in Fig. 4 is

performed.

Fig. 4 is a flow diagram illustrating the parsing method 500 as identified in step 304

of Fig. 2. The method 500 creates a tree structure representing the relationships

between events and the states in the states list and the transitions in the transitions list.

An event is located in step 502. This event is mapped to a state in the states list in

step 504 that is associated with the event. This associated state is used in step 506 to

determine a related transition from the transitions list. This creates a map between the

events, states and transitions. In step 508 it is determined if all events have been

mapped. If there are remaining events to be mapped then steps 502 to 508 are

repeated until all events have been mapped to states and transitions. As a result of

mapping the events to the states and transitions, the tree structure is formed.

After all events have been mapped to states and transitions then method 600 in Figs.

5A and 5B is performed.

Figs. 5A and 5B are flow diagrams illustrating the method 600 of generating the state

machine program from the states list and transitions list created by the method 400 as

well as the tree structure created by the method 500. The method 600 encompasses

steps 306 to 310 of the method 300 from Fig. 2.

Steps 602 and 604 generate a basic structure for the state machine program as

identified in step 306 of Fig. 2. A main sequence is generated in step 602. This main

sequence includes standard syntax for starting and finishing an executable program in

BPEL and may be very similar, if not identical, for every state machine program.

Statements for the creation and initialization of variables representing states and

transitions are added to the main sequence in step 604. The state is set to the initial

state of the state machine in this initialization sequence and the next state is set to the

state immediately following the initial state.



Steps 606 to 610 generate a structure in the basic structure to perform the

functionality of the state machine for all non-final states as identified in step 308 of

Fig. 2 .

The final states are determined in step 606 by examining the states list. Statement(s)

are generated in step 608 to check that the next state is not the final state(s). The

functionality of the state machine is provided after this check and operates only while

the next state is not one of the final states. If the next state is one of the final states

then the functionality of the state machine is not activated and the main sequence

terminates. The check for the final state(s) may be in the form of a loop that

continues to operate as long as the next state is not one of the final state(s) for the case

where the current state is transitioned at the beginning of the loop. If the current state

is transitioned at the end of the loop then the loop continues to operate as long as the

state is not one of the final state(s).

Steps 610 to 646 generate a selection sequence to change the current state according

to received event(s) as identified in step 310 of Fig. 2. Steps 624 to 638 generate

statements that wait for, receive and process event(s) to determine the next state.

The functionality of the state machine may be provided in an iterative form such that

different paths within this iterative form are taken for each state. Thus, the sequence

for each state has the same general structure (since it may be the same general

statements that are executed) but each statement in the structure may be activated (or

inactivated) depending on the state. Since each statement may be activated or

inactivated depending on the state, this provides a different path through the iterative

form for each state. Steps 610 to 638 describe the process by which the iterative form

of the functionality of the state machine is produced.

A statement to transition the current state to the next indicated state is generated in

step 610. In this form the state change occurs at the beginning of an iteration;

however, the state change may alternatively occur at the end of the iteration. In a case

where the transition occurs at the end of the iteration, the check generated in step 608

may check that the current state is not a final state, as opposed to checking that the

next state is not a final state.



The states list is examined in step 612 to determine all entry actions for all states

therein. The states that have entry actions are identified and those entry actions are

extracted from the states list. Statement(s) are generated in step 614 to activate an

appropriate entry action given the current state. This may be accomplished by using a

statement to switch control flow towards the appropriate entry action given the current

state. Alternatively, the entry actions for each individual state may be appropriately

named so that a variable holding the current state name will cause the entry action for

the current state to be executed.

The transitions list and the states list are examined in step 616 to determine if there

are any automatic transitions in the state machine. Automatic transitions may be

indicated by the lack of an event associated with a transition or a state. If there are

automatic transitions that are located, as determined in step 618, then statement(s)

determining if there is an automatic transition from the current state are generated in

step 620. In step 622 statement(s) to set the next state are generated if there is an

automatic transition from the current state.

If there were no automatic transitions in the state machine, as determined in step 618,

or after statement(s) for the automatic transitions have been generated, statements are

generated in step 624 to wait for an event if the next state has not been set. If the next

state has already been set, such as by an automatic transition, then the steps of waiting

for an event, checking the event and changing the state are not performed; thus,

processing of the state enters the final steps, which are generated in 644 and 646. To

keep the process waiting for an event, and avoid the waiting process if the next state

has been determined, the steps of waiting for an event, checking the event and

changing the state may be preceded by statement(s) that check if the next state has

been determined. Such statements may be in the form of a loop that continues to

operate as long as the next state has not been determined. Steps 624 to 638 may be

incorporated as long as the next state has not been determined. Steps 624 to 638 may

be incorporated within such a loop.



Statement(s) to determine the event type are generated in step 626. Timeouts may be

treated as a type of event. Thus, the handling of a timeout may have the same

structure as the handling of an input or other event.

Step 628 generates statement(s) to select a subsequence based on the current state.

Based on the subsequences, the current state may be changed, nothing might happen

or an error may be issued. The subsequences may be generated for each valid state-

event combination. A valid state-event combination is one in which the state may be

changed given the event or the event can be expected to be received in the state. All

invalid state-event combinations are handled by a separate subsequence. Thus,

between steps 626 and 628, the process waits for an event and then determines a

subsequence to transition the state based on the current state. Alternatively, the

current state could be determined first and then the process could wait for an event

that is valid for the current state. In this alternative the manner in which invalid

events are handled is important since the process waits for a valid event for the

current state rather than waiting for the event and then determining the current state.

Thus, if events that are not valid for the current state (but which would otherwise be

valid) are queued, then this error between the current state and the event may not be

brought to the attention of a user.

The transitions from the different states based on the event are determined in step 630.

These transitions are used in step 632 to generate statements to evaluate the

transitions as a guard condition.

Statements to evaluate the results of the guard condition are generated in step 634.

Based on the results of the guard condition the state may or may not be switched.

Multiple case sections are generated with statements. Each of these case sections has

an associated condition corresponding to a guard condition which, if evaluated to be

true during execution, results in the transition being invoked and the next state being

set. In step 636 statements for setting the next state are generated for the case where

the guard condition result is valid. One of the case sections may be developed to

handle the situation where one of the other case sections is evaluated as true. In such

a final case section no transition is invoked and the next state is not set. As a result

waiting for another event continues.



To handle the case when the state-event combination is not valid then statements are

created to issue a fault in step 638. After step 638 is finished, the subsequence of

waiting for an event to change the state is completed.

Timers are generated in step 640. These timers are used to time various response

times and actions in the state machines. The outputs of these timers are events.

The states list is examined in step 642 to determine all exit actions for all states

therein. The states that have exit actions are identified and those exit actions are

extracted. Statement(s) are generated in step 644 to active an appropriate exit action

given the current state. The manner in which the exit actions are activated is similar

to that for the entry actions.

In state 646 statements to activate transition actions are generated based on the next

transition. As with the entry and exit actions, the transition actions are activated

according to the next transition.

In step 648 the main sequence is completed.

The steps in the method 600 were described in the order shown merely for

convenience of explanation. While the main sequence should be generated prior to

the other statements, such other statements may be generated in any order. The

method 600 should not be limited to the order shown in the Figs. 5A and 5B.

Fig. 6 illustrates the functional components of the state machine translator 116. The

state machine translator 116 as shown in Fig. 6 receives a description of a state

machine 200 and translates this description into a state machine program.

The state machine translator 116 has a lexical analyzer 202, a parser 204, a program

generator 206 and a code optimization component 208, all of which process the state

machine 200 for translation purposes. The state machine translator 116 also includes

a states list 246, a transitions list 248 and a tree structure 250, all of which hold

information about the state machine 200 that is derived from and used by the lexical



analyzer 202, the parser 204, the model generator 206 and the code optimization

component 208. Processing of the state machine 200 progresses from the lexical

analyzer 202, to the parser 204, then the model generator 206 and finally the code

optimization component 208.

The state machine 200 is received by the lexical analyzer 202. The state machine 200

received by the lexical analyzer 202 is a description of a state machine in a known

language. The lexical analyzer 202 is composed of a start state component 210, a

detection component 212 and a state modification component 218. The lexical

analyzer implements the method 300 shown in Fig. 2. The start state component 210,

the detection component 212 and the state modification component 218 determine the

states and the transitions in the state machine 200 and populate the states list 246 and

the transitions list 248 using this information.

The start state component 210 determines the initial state of the state machine 200.

This initial state is inserted in the states list 246 by the start state component 246.

Once the initial state has been determined the detection component 212 is able to

progress through the state machine 200 to determine the remaining states and

transitions.

A state detection component 214 and a transition detection component 216 together

comprise the detection component 212. The state detection component 214 locates a

state and adds this state to the states list 246, if it has not already been processed. To

keep track of the states that have and have not been processed, the state detection

component 214 may keep a list of those states that have been processed and added to

the states list 246. Alternatively, the state detection component 214 may refer to the

states list 246 every time a state is located to determine if the state has been added or

not. The state detection component 214 also adds information relating to the state

into the states list 246. Information on states that have been added to the list by the

state detection component 214 is provided to the transition detection component 216.

The transition detection component 216 determines all of the transitions starting at the

given state. These transitions are then added to the transitions list 248. The transition

detection component 216 then locates all end states for each of the determined

transitions. Information on these end states is provided to the state detection



component 214 for processing thereby. Processing by the detection component 212

terminates when the state detection component 214 does not find any additional states

to add to the states list 246.

The state modification component 218 modifies the states and the transitions in the

states list 246 and the transitions list 248 in order to simplify the state machine 200.

The state modification component 218 searches the states list 246 to identify any

composite states in the state machines 200. Such composite states are broken up and

represented by two separate states; namely, an entry state and an exit state. The

composite states(s) in the states list 246 are replaced by the representational entry and

exit states.

The state modification component 218 also examines the states list 246 in conjunction

with the transitions list 248 to determine if there are any states in the states list 246

that do not have an entry transition in the transitions list 248. Such states are

considered to be unreachable states since there is no transition leading to the state, and

seemingly no way to every reach that state. For any unreachable states, the state

modification component 218 adds a transition to the transitions list 248 from the

initial state to the unreachable state.

After the states list 246 and the transitions list 248 have been populated with the states

and transitions in the state machine 200, the parser 204 creates a tree structure 250

from the states and transitions. The parser 204 comprises a tree composition

component 220 which comprises a transition mapping component 224 and a state

mapping component 222. The tree composition component 220 maps events in the

state machine 200 to the states in the states list 246 and the transitions in the

transitions list 248. The tree component 220 first locates the events in the state

machine 200. The located events are mapped to a state in the states list 246 by the

state mapping component 222. The transition mapping component 224 maps the state

to which the event was mapped to a transition related to the state. This iteration

between the state mapping component 222 and the transition mapping component 224

continues until the tree composition component 220 determines that there are no more

events to be mapped. The mapping of the events to the states and then the transitions

forms the tree structure 250.



The tree structure 250 produced by the parser 204 in combination with the states list

246 and the transitions list 248 from the lexical analyzer 202 is used by the program

generator 206 to produce the state machine program in the specified language (e.g.

BPEL). The program generator 206 comprises a program component 226, a state

process component 232 and a timeout component 252.

The program component 226 coordinates the formation of a program from the state

machine 200 with the state process component 232. The program component 226

forms a basic structure that may be very similar for different state machines 200.

This basic structure includes a main sequence with a start and an end (e.g. the initial

state and the end state(s)) based on information in the states list 246 and the

transitions list 248 as well as creation and initialization of variables to keep track of

the current and next states.

The state process component 232 forms a sequence for evaluating received events and

determining if and how a state should be changed. The sequence retains a general

form for all current states; however, the path through this form is different for each

state. Each statement within the sequence may be implemented in such a way that the

different actions are implemented for each state.

The state process component 232 comprises an entry action component 230, an auto

transition component 240, an exit action component 244, and an events component

238. At the beginning of the sequence formed by the state process component 232 the

state is changed from the current state to the next indicated state. After this change

has been implemented, the next state is unknown and the events component 238 will

generate statements that wait for the next event which will provide an indication of

the next state.

After the state has changed there may be entry actions that are to be performed. The

entry action component 230 creates statement(s) for the entry action for the current

state. As previously mentioned there may be multiple ways in which the appropriate

action is chosen for the current state.



The auto transition component 240 examines the states list 246 and the transitions list

248 to determine if there is an event associated with the transitions from the current

state. If there is an event associated with the transitions from the current state then

this event is waited for in a subsequence created by the events component 238. If

there is no event associated with the transitions from the current state then there is an

automatic transition to the next state. The auto transition component 240 provides

statements to determine the next state given this automatic transition and have the

state changed appropriately.

Before the sequence for the current state ends and the state transitions to the next

state, the current state may have exit actions that are to be performed. The exit action

component 244 creates statement(s) for the exit action for the current state. As with

the entry state there may be multiple ways in which the appropriate action is chosen

for the current state.

The events component 238 creates a subsequence to wait for incoming events and

transition states according to received event(s). The events component 238 comprises

an event determination component 254, a guard component 234, and a transition

component 242. The events component 238 encloses the subsequence so that this

wait is performed only when the next state is unknown. Thus, if there is an automatic

transition to another state so the next state has been set to a particular state, the

subsequence for waiting for incoming events will not be performed.

The event determination component 254 generates statements in the subsequence that

wait for an event and then determine the type of event that has been received. Based

on the type of event received and the current state, one of a number of sequences may

be activated (e.g. state transition, timeout, etc.). The event determination component

254 generates subsequences for each valid combination of event and state, a

subsequence for the case where the state-event combination is invalid and

subsequences for timeout events that are activated regardless of the state (i.e.

activated for all states).

The guard component 234 provides statements to be used in conjunction with the state

transitions statements set by the timeout evaluation component 256 and the transition



component 242 to check that these transitions are allowed to occur. Multiple case

sections are generated with guard condition statements. Each of these case sections

has an associated condition corresponding to a guard condition, which, if evaluated to

be true during execution, results in the transition being invoked and the next state

being set. One of the case sections may be developed to handle the situation where

none of the other case sections is evaluated as true. In such a final case section no

transition is invoked and the next state is not set. As a result, waiting for another

event continues.

The transition component 242 generates statements for determining what the current

state is and what the next state should be based on the event.

The timeout component 252 generates a timer that tracks timeout conditions. When a

timeout condition does occur then an event can be generated. This event can then be

picked up by the subsequence waiting for events to determine how the current state is

to be changed.

The code optimization component 208 analyzes the output of the program generator

206 to improve the efficiency of the resulting state machine program. The

improvements may be any of a number of known changes for code optimization. For

example, state transitions may be merged with guard switches to reduce the number of

nodes in the state machine program.

The state machine program that results from the methods 300, 400, 500, and 600 has a

generally linear structure. The basic form for the state machine program includes

sections for: initialization, state transition, entry actions, event waiting and exit

actions.

The general form of the state machine program may be a sequence of nested 'while'

loops with any actions into, out of and during a state represented. A main while loop

may be provided so that the state machine program continues executing as long as the

next state is not a final state.



The initialization sequence of the state machine program creates and initializes

variables for keeping track of the current state, the next state and the next transition.

During initialization, the current state variable is set to the initial state of the state

machines as indicated in the states list.

The processing associated with a state may be located within the main loop as a

sequence. This forms a sequence of statements that remain the same regardless of the

state. The current state changes at the beginning of this sequence to the next state.

Thus, if the current state was the initial state, then the current state changes to the next

state after entering this sequence. At the end of this sequence the next state has been

determined and the sequence begins again, the beginning of which involves changing

the current state to the next state. Alternatively, the transition from the current state

may occur at the end or in the middle of the sequence.

Any entry actions for the current state are executed. Any automatic transitions

associated with the current state are also implemented. If an automatic transition is to

be performed then the variable tracking the next state is updated to indicate the next

state identified in the automatic transition. If there is no automatic transition then the

state requires an event to change and the next state is unknown.

If there is no automatic transition then a loop is entered which will be exited once the

next valid event for the current state is received. Such a valid event can be an input

(or some other similar event), which is valid for the current state, or a timeout, which

is valid for all states. When an event is received there are subsequences provided for

each type of event, including each timeout. Each of these subsequences for each

event may include a determination of whether the current state is valid given the

event. For those state-event combinations that are not valid an error message may be

provided and the state machine program may either terminate or continue waiting for

another event. For valid state-event combinations a guard statement that evaluates the

transitions that leave from the current state is executed. The result of the guard

statement is used to determine whether one of those transitions is to be used to set the

next state or whether there will be no state change. If there is no state change then the

waiting for an event continues.



If a timeout event occurs then the next state is set according to the timeout.

After an event has been processed, the exit action (if any) for the current state is

executed. After the exit action, a transition action associated with the transition to the

next state is executed.

The whole outer loop is executed until the next state is a final state in the case where

the state is changed at the beginning or until the current state is a final state in the case

where the state is changed at the end.

The state machine program may be implemented entirely BPEL or a combination of

BPEL with Java or some other language. Any limitations presented would be a result

of a particular type of operating system, or data processing system and would not be a

limitation of the embodiments described herein.

The state machine program may be implemented as a computer program product for

use with a computer system. The state machine program may exist as an executable

computer program or may be a module in an executable computer program. Such

implementation may include a series of computer instructions fixed either on a

tangible medium, such as a computer readable medium (e.g. a diskette, CD-ROM,

ROM, or fixed disk) or transmittable to a computer system, via a modem or other

interface device, such as a communications adapter connected to a network over a

medium. The medium may be either a tangible medium (e.g. optical or electrical

communications lines) or a medium implemented with wireless techniques (e.g.

microwave, infrared or other transmission techniques). The series of computer

instructions embodies all or part of the functionality previously described herein.

Those skilled in the art should appreciate that such computer instructions can be

written in a number of programming languages for use with many computer

architectures or operating systems. Furthermore, such instructions may be stored in

any memory device, such as semiconductor, magnetic, optical or other memory

devices, and may be transmitted using any communications technology, such as

optical, infrared, microwave, or other transmission technologies. It is expected that

such a computer program product may be distributed as a removable medium with

accompanying printed or electronic documentation (e.g. shrink wrapped software),



preloaded with a computer system (e.g., on system ROM or fixed disk), or distributed

from a server over the network (e.g., the Internet or World Wide Web). Some

embodiments of the invention may be implemented as a combination of both software

(e.g. a computer program product) and hardware (termed mechanisms). Still other

embodiments of the invention may be implemented as entirely hardware, or entirely

software (e.g. a computer program product).

It is apparent to one skilled in the art that numerous modifications and departures

from the specific embodiments described herein may be made without departing from

the spirit and scope of the invention.



CLAIMS:

1. A method of translating a state machine into a state machine program

comprising:

identifying relationships between states, transitions and events in the state

machine;

generating a state machine program having a structure that operates in non-

final states; and

generating statements within the structure for

detecting an event,

evaluating the detected event based on a current state to identify if the

current state is valid for the detected event, and

determining a next state if the current state is valid.

2. The method of claim 1 wherein the step of identifying comprises:

determining the states and transitions in the state machine; and

generating a tree structure representing the state machine by associating events

in the state machine with the determined states and transitions.

3. The method of claim 2 wherein the step of determining comprises the

following steps:

(a) merging an initial state into a states list;

(b) identifying transitions from the state merged into the states list;

(c) merging the identified transitions into a transitions list;

(d) merging end states of the identified transitions into the states list; and

(e) repeating steps (b) to (d) until the end states are the state machine's

final states.

4. The method of claim 3 further comprising the following steps:

(f) locating composite states in the states list; and

(g) replacing the located composite states with a composite entry state and

a composite end state in the states list.

5. The method of claim 3 further comprising the following steps:



(f) locating unreachable states based on the states list and the transitions

list; and

(g) creating a transition from the initial state to the located unreachable

states in the transitions list.

6. The method of claim 2 wherein the step of generating a tree structure

comprises:

determining all events in the state machine;

correlating the events with states in the state machine; and

correlating the event correlated states with transitions in the state machine to

form the tree structure.

7. The method of claim 1 wherein the step of generating a state machine program

comprises:

generating a basic form for the state machine program; and

generating the structure where the structure is a loop that operates for non-

final states.

8. The method of claim 1 wherein the step of generating statements within the

structure comprises:

generating an iterative structure within the structure to perform the steps of

detecting and evaluating until either the detected event is valid for the current state or

an error occurs.

9. The method of claim 8 wherein the step of determining the next state is

performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:

generating a statement within the structure to transition the current state to the

next state prior to the iterative structure being performed, and

wherein the structure operates until the next state is one of the final states.

10. The method of claim 8 wherein the step of determining the next state is

performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:



generating a statement within the structure to transition the current state to the

next state after the iterative structure is performed, and

wherein the structure operates until the current state is one of the final states.

11. The method of claim 1 wherein the step of generating statements within the

structure includes generating statements within the structure for performing an entry

action for the current state upon transitioning into the current state and performing an

exit action for the current state prior to transitioning to the next state.

12. The method of claim 1 further comprising:

generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

13. A method of translating a state machine into a state machine program

comprising:

identifying relationships between states, transitions and events in the state

machine;

generating a state machine program having a structure that operates in non-

final states; and

wherein during execution the structure performs the functions of

detecting an event,

evaluating the detected event based on a current state to identify if the

current state is valid for the detected event, and

transitioning the current state to the next state.

14. The method of claim 13 wherein the step of identifying comprises:

determining the states and transitions in the state machine; and

generating a tree structure representing the state machine by associating events

in the state machine with the determined states and transitions.

15. The method of claim 14 wherein the step of determining comprises the

following steps:

(a) merging an initial state into a states list;

(b) identifying transitions from the state merged into the states list;



(c) merging the identified transitions into a transitions list;

(d) merging end states of the identified transitions into the states list; and

(e) repeating steps (b) to (d) until the end states are the state machine's

final states.

16. The method of claim 14 wherein the step of generating a tree structure

comprises:

determining all events in the state machine;

correlating the events with states in the state machine; and

correlating the event correlated states with transitions in the state machine to

form the tree structure.

17. The method of claim 13 wherein the step of generating statements within the

structure comprises:

generating an iterative structure within the structure to perform the steps of

detecting, evaluating and determining until either the detected event is valid for the

current state or an error occurs.

18. The method of claim 17 wherein the step of determining the next state is

performed at the end of the structure, the step of transitioning is performed prior to the

iterative structure and the structure operates until the next state is one of the final

states.

19. The method of claim 17 wherein the step of determining the next state is

performed at the end of the structure, the step of transitioning is performed after the

iterative structure is performed and the structure operates until the current state is one

of the final states.

20. The method of claim 13 wherein the step of generating statements within the

structure includes generating statements within the structure for performing an entry

action for the current state upon transitioning into the current state and performing an

exit action for the current state prior to transitioning to the next state.

21. The method of claim 13 further comprising:



generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

22. A method of generating a state machine program from a state machine, the

state machine having states, transitions and events, said method comprising:

generating a basic structure for the state machine program, the basic structure

having therein a structure that operates in non-final states;

generating a statement within the structure for detecting an event;

generating a statement within the structure for evaluating the detected event

based on a current state to identify if the current state is valid for the detected event;

generating a statement within the structure for determining a next state if the

current state is valid; and

generating a statement within the structure for transitioning the current state to

the next state.

23. The method of claim 22 further comprising:

generating an iterative structure within the structure to enclose the statement

for detecting an event, the statement for evaluating the detected event and the

statement for determining the next state to perform these statements until either the

detected event is valid for the current state or an error occurs.

24. The method of claim 23 wherein the statement for determining the next state is

performed at the end of the structure, the statement for transitioning is performed

prior to the iterative structure and the structure operates until the next state is one of

the final states.

25. The method of claim 23 wherein the statement for determining the next state is

performed at the end of the structure, the statement for transitioning is performed after

the iterative structure is performed and the structure operates until the current state is

one of the final states.

26. The method of claim 22 further comprising:

generating a statement within the structure for performing an entry action for

the current state upon transitioning into the current state; and



generating a statement within the structure for performing an exit action for

the current state prior to transitioning to the next state.

27. The method of claim 22 further comprising:

generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

28. A system for translating a state machine into a state machine program

comprising:

a lexical analyzer for determining states and transitions in the state machine;

a parser for determining relationships between events and the determined

states and transitions; and

a program generator for generating a state machine program, said program

generator comprising:

a state process component for generating a structure in the state

machine program that operates in non-final states, said state process component

comprising:

an events component for generating a statement within the

structure for detecting an event;

an event determination component for generating a statement

within the structure for evaluating the detected event based on a current state to

identify if the current state is valid for the detected event; and

a transition component for generating a statement within the

structure for determining a next state if the current state is valid.

29. The system of claim 28 wherein the lexical analyzer comprises:

a state detection component for identifying states in the state machine and

establishing a states list with the identified states; and

a transition detection component for identifying transitions from the identified

states and establishing a transitions list with the identified transitions.

30. The system of claim 29 wherein the lexical analyzer further comprises:



a state modification component for replacing the composite states in the states

list with a composite entry state and a composite end state, and creating a transition

from the initial state to an unreachable states in the transitions list.

31. The system of claim 28 wherein the parser comprises:

a state mapping component for correlating events in the state machine with

states in the state machine; and

a transition mapping component for correlating the event correlated states with

transitions in the state machine to form the tree structure.

32. The system of claim 28 wherein the state program generator further

comprises:

a program component for generating a basic form for the state machine

program that encompasses the structure generated by the state process component.

33. The system of claim 28 wherein the state program generator further comprises

a timeout component for identifying timeout conditions and generating an

events for the identified timeout conditions.

34. The system of claim 28 wherein the statement for determining the next state

generated by the transition component is performed at the end of the structure,

wherein the state process component further generates a statement within the structure

to transition the current state to the next state prior to the event being detected, and

wherein the structure operates until the next state is one of the final states.

35. The system of claim 28 wherein the statement for determining the next state

generated by the transition component is performed at the end of the structure,

wherein the state process component further generates a statement within the structure

to transition the current state to the next state after the next state being determined,

and

wherein the structure operates until the current state is one of the final states.



36. A computer readable medium having stored thereon computer-executable

instructions for translating a state machine into a state machine program, the

computer-executable instructions implementing the steps comprising:

identifying relationships between states, transitions and events in the state

machine;

generating a state machine program having a structure that operates in non-

final states; and

generating statements within the structure for

detecting an event,

evaluating the detected event based on a current state to identify if the

current state is valid for the detected event, and

determining a next state if the current state is valid.

37. The computer-executable instructions of claim 36 wherein the step of

identifying comprises:

determining the states and transitions in the state machine comprising the

following steps:

(a) merging an initial state into a states list;

(b) identifying transitions from the state merged into the states list;

(c) merging the identified transitions into a transitions list;

(d) merging end states of the identified transitions into the states

list; and

(e) repeating steps (b) to (d) until the end states are the state

machine's final states;

generating a tree structure representing the state machine comprising:

determining all events in the state machine;

correlating the events with states in the state machine; and

correlating the event correlated states with transitions in the state machine to

form the tree structure.

38. The computer-executable instructions of claim 36 wherein the step of

generating a state machine program comprises:

generating a basic form for the state machine program; and



generating the structure where the structure is a loop that operates for non-

final states, and

wherein the step of generating statements within the structure comprises:

generating an iterative structure within the structure to perform the steps of

detecting and evaluating until either the detected event is valid for the current state or

an error occurs.

39. The computer-executable instructions of claim 38 wherein the step of

determining the next state is performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:

generating a statement within the structure to transition the current state to the

next state prior to the iterative structure being performed, and

wherein the structure operates until the next state is one of the final states.

40. The computer-executable instructions of claim 38 wherein the step of

determining the next state is performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:

generating a statement within the structure to transition the current state to the

next state after the iterative structure is performed, and

wherein the structure operates until the current state is one of the final states.

41. The computer-executable instructions of claim 36 further comprising:

generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

42. A computer readable medium having stored thereon computer-executable

instructions for translating a state machine into a state machine program the

computer-executable instructions implementing the steps comprising:

identifying relationships between states, transitions and events in the state

machine;

generating a state machine program having a structure that operates in non-

final states; and

wherein during execution the structure performs the functions of

detecting an event,



evaluating the detected event based on a current state to identify if the

current state is valid for the detected event, and

transitioning the current state to the next state.

43. The computer-executable instructions of claim 42 wherein the step of

identifying comprises:

determining the states and transitions in the state machine comprising the

following steps:

(a) merging an initial state into a states list;

(b) identifying transitions from the state merged into the states list;

(c) merging the identified transitions into a transitions list;

(d) merging end states of the identified transitions into the states

list; and

(e) repeating steps (b) to (d) until the end states are the state

machine's final states;

generating a tree structure representing the state machine comprising:

determining all events in the state machine;

correlating the events with states in the state machine; and

correlating the event correlated states with transitions in the state machine to

form the tree structure.

44. The computer-executable instructions of claim 42 wherein the step of

generating a state machine program comprises:

generating a basic form for the state machine program; and

generating the structure where the structure is a loop that operates for non-

final states, and

wherein the step of generating statements within the structure comprises:

generating an iterative structure within the structure to perform the steps of

detecting and evaluating until either the detected event is valid for the current state or

an error occurs.

45. The computer-executable instructions of claim 44 wherein the step of

determining the next state is performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:



generating a statement within the structure to transition the current state to the

next state prior to the iterative structure being performed, and

wherein the structure operates until the next state is one of the final states.

46. The computer-executable instructions of claim 44 wherein the step of

determining the next state is performed at the end of the structure,

wherein the step of generating statements within the structure further comprises:

generating a statement within the structure to transition the current state to the

next state after the iterative structure is performed, and

wherein the structure operates until the current state is one of the final states.

47. The computer-executable instructions of claim 42 further comprising:

generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

48. A computer readable medium having stored thereon computer-executable

instructions for generating a state machine program from a state machine, the state

machine having states, transitions and events, the computer-executable instructions

implementing the steps comprising:

generating a basic structure for the state machine program, the basic structure

having therein a structure that operates in non-final states;

generating a statement within the structure for detecting an event;

generating a statement within the structure for evaluating the detected event

based on a current state to identify if the current state is valid for the detected event;

generating a statement within the structure for determining a next state if the

current state is valid; and

generating a statement within the structure for transitioning the current state to

the next state.

49. The computer-executable instructions of claim 48 wherein the step of

generating a state machine program comprises:

generating a basic form for the state machine program; and

generating the structure where the structure is a loop that operates for non-

final states, and



wherein the step of generating statements within the structure comprises:

generating an iterative structure within the structure to perform the steps of

detecting and evaluating until either the detected event is valid for the current state or

an error occurs.

50. The computer-executable instructions of claim 49 wherein the step of

determining the next state is performed at the end of the structure, the step of

transitioning is performed prior to the iterative structure and the structure operates

until the next state is one of the final states.

51. The computer-executable instructions of claim 49 wherein the step of

determining the next state is performed at the end of the structure, the step of

transitioning is performed after the iterative structure is performed and the structure

operates until the current state is one of the final states.

52. The computer-executable instructions of claim 48 further comprising:

generating a timer to identify timeout conditions and generate an event for the

identified timeout conditions.

53. A computer readable medium having stored thereon computer-executable

instructions for executing a state machine program, said instructions having been

generated by implementing the method steps of claims 1.

54. A computer program product comprising a computer useable medium having a

computer readable program embodied in said medium, the computer readable

program having been generated by implementing the method steps of claim 1

whereby, when executed on a computer, causes said computer to operate as a state

machine having states, transitions and events.
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