AUTOMATED GENERATION OF MESSAGE EXCHANGE PATTERN SIMULATION CODE
BACKGROUND OF THE INVENTION 1. The Field of the Invention [0001] The present invention relates
to networking technologies; and more specifically, to the automated generation of code that simulates a
message exchange pattern. 2. Background and Related Art [0002] Computing technology has

transformed the way we work and play @€poWXing syt R ¢k wide variety of forms including
desktop computers, laptopypeeynitarse XeIeA RGE P SPRENPdiUAsSS siaaNsBPAs), and the like. Even

household devices (such as refrigerators, ovens, sewing machines, security systems, and the like) have
varying levels of processing capability and thus may be considered computing systems. [0003] Much of
the functionality provided by compuaa 6RO DO P THIE ISOVENIMORYStem being networked with
(and able to communicate messages with) other computing systems. In order for the two communicating
computing systems to accomplish a particular task, a message transaction involving a pattern of
message exchanges may be needed. Each computing system involved in the message transaction has
an application (hereipaftesialspirefaivedionas a "message exchange pattern application™) that assists in
processing messages received as part of the transaction that follows the message exchange pattern, and

transmitting quuennesspgephahcaniarmviddhe MmessrokmChanss paterindoRMd]sramento test a

message exchange pattern application, the message exchange pattern application may be installed on
different compuiieGsishares gedineshtestode thaghulates a message exchange pattern.

2. Background and Related Art

[0002] Computing technology has transformed the way we work and play. Computing
systems now take a wide variety of forms including desktop computers, laptop computers,
tablet PCs, Personal Digital Assistants (PDAs), and the like. Even household devices (such
as refrigerators, ovens, sewing machines, security systems, and the like) have varying levels
of processing capability and thus may be considered computing systems.

[0003] Much of the functionality provided by computing systems relies on the
computing system being networked with (and able to communicate messages with) other
computing systems. In order for the two communicating computing systems to accomplish
a particular task, a message transaction involving a pattern of message exchanges may be
needed. Each computing system involved in the message transaction has an application
(hereinafter also referred to as a “message exchange pattern application”) that assists in
processing messages received as part of the transaction that follows the message exchange
pattern, and transmitting other messages that conform with the message exchange pattern.
[0004] In order to test a message exchange pattern application, the message exchange

pattern application may be installed on different computing systems and then tested.
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However, in many cases, the message exchange pattern application on one computing system may be
significantly different than the message exchange pattern application on another computing system, even
though the two message exchange pattern applications are capable of interacting with each other using
the message exchange pattern. The tester might only have access to one of the message exchange

pattern appligadigesef; UHNBERPrEadhle BWNREQhBERUMRNfoepsAaR QxpIRAEED3H e ARBHsAIAN; May not
be willing or able to cooperatively test the interaction of the two message exchange pattern appllcatlons

Accordingly, fisidirtiabyays L&gﬁmﬁﬂweﬁm&ﬂnm@&eﬁﬁ@wd&@%{gﬁmﬁﬂ@I%pﬁcaﬂoﬁ%ﬁal
at wou

network environment in which it will be implemented and deployed. [0005] be advantageous

is @ mechanigfb{Rértestia iessreexsRangsu gatier tapicsienswihow pawng ippesittbesapplication

in the actual network environment in which it would ultimately be employed. It would furthermore be

advantageougadbis ofeisiifid dhiay Warpesaalishednyithowldeapiing g hesng vhaddiienaidasting

software each time a message exchange pattern application is to be tested. -Page 2 BRIEF SUMMARY
OF THE INVBNY IRQNJQRE&S Theteregaiompraalemswith dbe pitah ipitiaftibes arrarehensseonigeby the

principles of the present invention, which are directed towards mechanisms for automatically generating

code that testsyeapajiilitiesotic ista@RRNERShEYSHRMRER SEPULAiA MESSRISEXENRAGPaBRIMe [00071
The code generation computing system uses a message exchange pattern definition to generate the

simulation cogigpEhgitRBssREE Mchanrgapaitesn definition nidstdgdesdhthialewpagdar eppliatithe.
transition states in the message exchange pattern: 1)
Accordingly, it is not always feasible to test the message exchange pattern application in an
actual network environment in which it will be implemented and deployed.
[0005] What would be advantageous is a mechanism for testing message exchange
pattern applications without having to test the application in the actual network environment
in which it would ultimately be employed. It would furthermore be advantageous if this

testing may be accomplished without requiring the authoring of additional testing software

each time a message exchange pattern application is to be tested.
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an indication of which computing system may transmit (and/or receive) each valid message given the
state, and 2) a state transition description resulting from transmitting or receiving a valid message.
[00081 For each state in which the message exchange pattern definition allows valid messages to be
transmitted, code is generated for that state that at least simulates the transmission of a valid

transmission message. For each gtaigpp WOMIMDER Y9 $ep R EXMV R Rytiern definition allows valid
messages to be received, code is generated for that state that at least simulates the receipt of a valid

receipt messp@Rdf the tiansonisiniy Pridtay Hithenmesrroafauseme satert ansiomo pgaue code is
generated that causes the appropriate state transition in the message exchange pattern. The code
generation CoMRENG SystefleMaiesaiso GrRRAIRNE Codicthah s myiriasdhediangnissionalsigeeifs of
invalid messages given a particular state as well. Probabilities may be assigned to certain message(s)
(Whether valigy@niaNadithy beireatransatieshptcsereipasilitie Massae MRS RalasiayRea
simulated a number of times to simulate many or all possible state transition paths through the message
exchange patifiladdis@ablesatasimulation to cover even potentially all of the possible cases that will
be encountered in a real deployment. - Page 3 [0009] Accordingly, the simulation code is automatically
generated usjpgothie message wxehasadnatiermslafititiapsthereRysmakingihgasickageneraten
simulation code. Furthermore, the simulation may be internal to a single computing system since
message tragsmigRiantangerReapttntayibtBifivklatedowithtid eannenisrting yathanethekaamputing
system. Accordingly, there is no need to use network resources. Alternatively, even if the simulation is

not internal tar¢ledingie ESMORLERJoRYSie, thieesirslatiansaltewmfie message exchange pattern: 1)

an indication of which computing system may transmit (and/or receive) each valid message
given the state, and 2) a state transition description resulting from transmitting or receiving a
valid message.

[0008] For each state in which the message exchange pattern definition allows valid
messages to be transmitted, code is generated for that state that at least simulates the
transmission of a valid transmission message. For each state in which the message exchange
pattern definition allows valid messages to be received, code is generated for that state that
at least simulates the receipt of a valid receipt message. If the transmission or receipt of the
message causes a state transition to occur, code is generated that causes the appropriate state
transition in the message exchange pattern. The code generation computing system may
also generate code that simulates the transmission or receipt of invalid messages given a
particular state as well. Probabilities may be assigned to certain message(s) (whether valid
or invalid) being transmitted or received. The message exchange pattern may be simulated a
number of times to simulate many or all possible state transition paths through the message
exchange pattern. This enables the simulation to cover even potentially all of the possible
cases that will be encountered in a real deployment.
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communication within the network of a single organization. Accordingly, there is no need to rely on the
cooperation of another organization in order to test the message exchange pattern application. [0010]
Additional features and advantages of the invention will be set forth in the description that follows, and in
part will be obvious from the description, or may be learned by the practice of the invention. The features

and advantagggooi the invesiaR:Mayhbeikfalizes st QbaIRaHRMNeans Ghibe IRHUME SRRk

combinations particularly pointed out in the appended claims. These and other features of the present

invention will seaense materiulbeaRARIENHGEbINeIaliowing daserplion.aneapPensedidainsder may be
learned by the practice of the invention as set forth hereinafter. -Page 4 BRIEF DESCRIPTION OF THE

DRAWINGS [oRihbiniorerdee iamiesednentag pranmeni] whickiteakpvsatpategand aiher acyaptages

and features of the invention can be obtained, a more particular description of the invention briefly

described abgugswiltHenrendeces pynigereRea it &Resiicoamkesimanistne rerh Whieherarsnipusihated in

the appended drawings. Understanding that these drawings depict only typical embodiments of the
invention and@wemot Akereivnello hrreansiderad @ hedintiinglotcisuscapethadnmieniorwill ipendescribed

and explained with additional specificity and detail through the use of the accompanying drawings in
which: [0012%inigdtRd Hiusisatasamsiitablensomputingosysianythgtiiay thplsimeantigatdrpwef e

present invention; [00131 Figure 2 illustrates a network environment in which two computing systems
implement a pRssAYRAXGHAGEPAEaIBVRARHPSIRH A MassapaRNchargeraatieyN BpRlIiIRAHe Meed
to rely on the cooperation of another organization in order to test the message exchange
pattern application.
[0010] Additional features and advantages of the invention will be set forth in the
description that follows, and in part will be obvious from the description, or may be learned
by the practice of the invention. The features and advantages of the invention may be
realized and obtained by means of the instruments and combinations particularly pointed out
in the appended claims. These and other features of the present invention will become more

fully apparent from the following description and appended claims, or may be learned by the

practice of the invention as set forth hereinafter.
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[00141 Figure 3 illustrates a code generation computing system then automatically generates code that
internally simulates a message exchange pattern on a test computing system; [00151 Figure 4 illustrates
a test computing system internally simulating the message exchange pattern using simulation code
generated by the code generation computing system; [00161 Figure 5 illustrates a state transition tree

that may be used to track progregRik gD ENUTaYIMOss ede ENghpracwaNers; and [00171 Figure 6
illustrates a flowchart of a method for the code generation computing system to automatically generate

simulation cog@ifpt inteinalyrSinalaiasatnassass RXehanogeabsrbrefrRaerd DI AR ages
DESCRIPTION OF THE PREFERRED EMBODIMENTS [00181 The principles of the present invention

relate to mechanisasrfraAutRMalicalbh eansratgirede thakigsigicanaibiiesHaba Esheamprting system
to simulate a message exchange pattern. The code generation computing system uses a message

exchange paggefydeficiieud as& Hasis terantematcatlycaeneratigedie srmviatiaeneodr&anaach state in
which the message exchange pattern definition allows valid messages to be transmitted, code is

generated fonbatistatadhah ahleagpsimdadessthgdransmissioniafa validigananissign dvsissangy For
each state in which the message exchange pattern definition allows valid messages to be received, code

is generated fgpithataipéaithahsioiulaiesvifigitrcainted aoalidrd@eeistipesasiderdd et ansmssign or
receipt of the message causes a state transition to occur, code is generated that causes the appropriate

state transitiges ist6pe, RSsegRRKCRaNBe deadted and explained with additional specificity and detail

through the use of the accompanying drawings in which:

[0012] Figure 1 illustrates a suitable computing system that may implement features of
the present invention;

[0013] Figure 2 illustrates a network environment in which two computing systems
implement a message exchange pattern, each using a message exchange pattern application;
[0014] Figure 3 illustrates a code generation computing system then automatically
generates code that internally simulates a message exchange pattern on a test computing
system;

[0015] Figure 4 illustrates a test computing system internally simulating the message
exchange pattern using simulation code generated by the code generation computing system;
[0016] Figure 5 illustrates a state transition tree that may be used to track progress in an
arbitrary message exchange pattern; and

[0017] Figure 6 illustrates a flowchart of a method for the code generation computing
system to automatically generate simulation code that internally simulates a message

exchange pattern.
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[00191 Turning to the drawings, wherein like reference numerals refer to like elements, the invention is

illustrated as being implemented in a suitable computing environment. The following description is based
on illustrated embodiments of the invention and should not be taken as limiting the invention with regard
to alternative embodiments that are not explicitly described herein. [00201 In the description that follows,

the invention is descrypgdawitR PEfSFSTRIPTAGN I EMRIGNE FENEEED RIABDYIVENRTGNS that are

performed by one or more computers, unless indicated otherwise. As such, it will be understood that

such acts anqorg[ationse WhichiAss af iReesESRITRA dRtRN REIRG GOMPUIRNIRKCHeGuidahdeealne
manipulation by the processing unit of the computer of electrical signals representing data in a structured

form. This manipulations@nafermsithe.dataeleinainiains aipaitecinns inthpmmamanmistem of the
computer, which reconfigures or otherwise alters the operation of the computer in a -Page 6 manner well

understood byxtaageskiteann the addd bendalidostidistipiamybpie falgeareniPRiidned Al& payeisal
locations of the memory that have particular properties defined by the format of the data. However, while
the invention dsfhging deseribeg irthautereaaingy entextink isholimeanbio dRdimiting asthase eh skill in
the art will appreciate that several of the acts and operations described hereinafter may also be
implemented.imRardwangskigerexdhshewp-asehepfaicsiagrans of-aid exainples coMpuiamanshitacture
usable for these devices. [00211 For descriptive purposes, the architecture portrayed is only one
example of acsgitabieRmvisaToreRiastdINOhintasdachit.sigte stasmiRIBatan aslie theserpRef use or
functionality of the invention. Neither should the computing systems be interpreted as having any

dependency afekegiirernentrelatingelaraynee HicCoRMIRtIONRAGQMPROREN e inition allows valid

messages to be received, code is generated for that state that simulates the receipt of a valid
receipt message. If the transmission or receipt of the message causes a state transition to
occur, code is generated that causes the appropriate state transition in the message exchange
pattern.

[0019] Turning to the drawings, wherein like reference numerals refer to like elements,
the invention is illustrated as being implemented in a suitable computing environment. The
following description is based on illustrated embodiments of the invention and should not be
taken as limiting the invention with regard to alternative embodiments that are not explicitly
described herein.

[0020] In the description that follows, the invention is described with reference to acts
and symbolic representations of operations that are performed by one or more computers,
unless indicated otherwise. As such, it will be understood that such acts and operations,
which are at times referred to as being computer-executed, include the manipulation by the
processing unit of the computer of electrical signals representing data in a structured form.
This manipulation transforms the data or maintains them at locations in the memory system
of the computer, which reconfigures or otherwise alters the operation of the computer in a
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illustrated in Figure 1. [00221 The invention is operational with numerous other general-purpose or
special- purpose computing or communications environments or configurations. Examples of well known
computing systems, environments, and configurations suitable for use with the invention include, but are
not limited to, mobile telephones, pocket computers, personal computers, servers, multiprocessor

systems, MiCKHRGESRII-RASEGHSYSIBNIHhHINKIAMRUIRT the MAINTTANALPOPURIRsaRd Gistaihuterd
computing environments that include any of the above systems or devices. [00231 In its most basic

configuration igeATHedtig pUSLeEA1 10ehbisis I HRCHEIRS 9t tHeaRA RNBPIRERTSHAEPERIE] @Sfald memory
104. The memory 104 may be volatile (such as RAM), non-volatile (such as ROM, flash memory, etc.), or

some combingtiog@idheftwR. dhbis mestkasikvseniisdiatienisnliysteteddesbipedieid bethsrslashed line

106. [00241 The storage media devices may have additional features and functionality. For example,

they may incleigeadditionat stesage (56 mevahien 20 fOGF RMavARIS iNGIdIp s Ritite- RRBS VoRgtdimited to,
PCMCIA cards, magnetic and optical disks, and magnetic tape. Such additional storage is illustrated in

Figure 1 by rexpavabiastpagacitiandipantasieyabiensianaged p e Ha@gaameadiaigclude
volatile and non-volatile, removable and non- removable media implemented in any method or technology

for storage ofjigfhermatiamauehc asmsampsitar agdppeiispuelianshitatarstivsbl esy Hagrasiseedules, or
other data. Memory 104, removable storage 108, and non-removable storage 110 are all examples of

computer- stqpdge]mediyr GRBBtereSHIpaSR et intitdaurubare et imitedytanR ANhIPRVLL a

EEPROM, flash memory, other memory technology, CD-ROM, digital versatile disks, other
suitable environment and is not intended to suggest any limitation as to the scope of use or
functionality of the invention. Neither should the computing systems be interpreted as
having any dependency or requirement relating to anyone or combination of components
illustrated in Figure 1.
[0022] The invention is operational with numerous other general-purpose or special-
purpose computing or communications environments or configurations. Examples of well
known computing systems, environments, and configurations suitable for use with the
invention include, but are not limited to, mobile telephones, pocket computers, personal
computers, servers, multiprocessor systems, microprocessor-based systems, minicomputers,
mainframe computers, and distributed computing environments that include any of the
above systems or devices.
[0023] In its most basic configuration, a computing system 100 typically includes at
least one processing unit 102 and memory 104. The memory 104 may be volatile (such as
RAM), non-volatile (such as ROM, flash memory, etc.), or some combination of the two.
This most basic configuration is illustrated in Figure 1 by the dashed line 106.
[0024] The storage media devices may have additional features and functionality. For

example, they may include additional storage (removable and non-removable) including, but
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optical storage, magnetic cassettes, magnetic tape, magnetic disk storage, other magnetic storage

devices, and any other media that can be used to store the desired information and that can be accessed
by the computing system. [00251 As used herein, the term "module” or "component” can refer to software
objects or routines that execute on the computing system. The different components, modules, engines,

and services glgsgiied hereruRay Ae dnalemeniedias.abiepa A RIRkESSAa thalRtRCWIBONIe
computing system (e.g., as separate threads). While the system and methods described herein are

preferably implamsniedinSQftwalsisttarigmeniatiang ipysaiMang rnstohardwageanl hridvaisaalso
possible and contemplated. [00261 Computing system 100 may also contain communication channels

112 that allowtdhg H0sh 1€ RIS Wt RENBE BRISB15t A0 diHENIRE S ANEIcArBRIVAB LA non-

Communication channels 112 are examples of communications media. Communications media typically

embody compiiRkEBRIARIBANSIHUGHEAGIdAtASIHEIHGE orRERUNIA SN AT IRSH & Sthefodataith aupwdulated
data signal such as a carrier wave or other transport mechanism and include any information-delivery

media. By way eb@yareiRieadisldiabimitritndeosmenicatinnts M dia ity der Wirkd MaediaisHeh,as wired
networks and direct-wired - Page 8 connections, and wireless media such as acoustic, radio, infrared,

and other wiredassamedible Iderigem (MY iIRInreadabielnadiags lusesheneimdngiudas bethpsierage
media and communications media. [00271 The computing system 100 may also have input components

114 such as aokeybanédianassepRens@veicanb@idt Gmaen®t, artouch-inpitdercR and sedarth.

Output components 116 include screen displays, speakers, printer, etc., and rendering modules
EEPROM, flash memory, other memory technology, CD-ROM, digital versatile disks, other
optical storage, magnetic cassettes, magnetic tape, magnetic disk storage, other magnetic
storage devices, and any other media that can be used to store the desired information and
that can be accessed by the computing system.
[0025] As used herein, the term "module" or "component" can refer to software objects
or routines that execute on the computing system. The different components, modules,
engines, and services described herein may be implemented as objects or processes that
execute on the computing system (e.g., as separate threads). While the system and methods
described herein are preferably implemented in software, implementations in software and
hardware or hardware are also possible and contemplated.
[0026] Computing system 100 may also contain communication channels 112 that allow
the host to communicate with other systems and devices over a network 120.
Communication channels 112 are examples of communications media. Communications
media typically embody computer-readable instructions, data structures, program modules,
or other data in a modulated data signal such as a carrier wave or other transport mechanism
and include any information-delivery media. By way of example, and not limitation,

communications media include wired media, such as wired networks and direct-wired
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(often called "adapters") for driving them. The computing system 100 has a power supply 118. All these
components are well known in the art and need not be discussed at length here. [00281 Figure 2
illustrates a network environment 200 in which two computing systems (referred to as "implementation
computing systems" in Figure 2) communicate to accomplish a particular task. In particular, the

implementatigpneepiMiNghayRiet L0heSRMMUNS AR WIE i8I MBIRMRN AP o RENMAKIRE: SHslem 202. In
order to accomplish the particular task, the computing systems 201 and 202 exchange messages in a

particular paitgen @faxebapaec23thdhbrR PakiinHIak PatRIMelme SiaER@ YN daselinansiicind
computing system is to send which message at any given point in the message exchange. The message

exchange patisrnfiigRendaomdpp task to be accomplished, and the protocols used to exchange
messages. The principles of the present invention are not limited to any given structure for the message

exchange paftgyz7][0029hEashpipie mesationooomputing sksiempas aonpssese axahange patern
application that engages in the message exchange pattern. For example, implementation computing

system 201 ex8eéiad Messagpcaxahanees pptictompoicatiancditd - whledivplemeniativneooapting
system 202 executes message exchange pattern application 220. The implementation computing

systems 201 @ngpdAentsaylbeistlugiuieeeas daptiaedghmves, -Bage:? tas thengorenading sirsigmealthough

this is not required. In this description and in the claims, a "computing system" is defined as any device
or system thabhas taa«hpabifityrto)piacessiflasan THYResadRHd A0SCH Tie messgeesrviiipplihe

message exchange pattern need not all be generated and
118. All these components are well known in the art and need not be discussed at length
here.
[0028] Figure 2 illustrates a network environment 200 in which two computing systems
(referred to as “implementation computing systems” in Figure 2) communicate to
accomplish a particular task. In particular, the implementation computing system 201
communicates with the implementation computing system 202. In order to accomplish the
particular task, the computing systems 201 and 202 exchange messages in a particular
pattern of exchange 230. The particular pattern of message exchange defines which
computing system is to send which message at any given point in the message exchange.
The message exchange pattern depends on the task to be accomplished, and the protocols
used to exchange messages. The principles of the present invention are not limited to any
given structure for the message exchange pattern.
[0029] Each implementation computing system has a message exchange pattern
application that engages in the message exchange pattern. For example, implementation
computing system 201 executes message exchange pattern application 210, while
implementation computing system 202 executes message exchange pattern application 220.

The implementation computing systems 201 and 202 may be structured as described above
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consumed by the same components in the computing system. For example, some message may be

protocol level messages to allow for proper coordination at the protocol-level between the two computing
systems. Other messages may be application-level message to allow for the exchange of data needed to
accomplish the desired task. In one embodiment, the protocol level messages in the message exchange

pattern are gayeimieehp i Yo eReIMicR R AREINAIAR(YHSIC AP IHINALRMN AR W hraRsastiag

specifications, which are known to those of ordinary skill in the art. [00311 Figure 2 illustrates the

environment j+-adlighithe MRESATesCxRaNanDSs Raersy 2P RICALRNS Wit whimatelypaiaiao Paveyer, it is
desirable to test the message exchange pattern application to ensure proper operation prior to shipping
the applicatiofedt@fiRnmiakgscsonsiderable time to test applications since often new code needs to be
drafted in order to perform simulation. Furthermore, the testing of message exchange pattern

applications igazditiculany: diffigilicsingiNenonpEaliouzRERRYNFitiEntistibhiedl AR eitemeisiibuted

across boundaries of trust. For example, those authoring the message exchange pattern application 210

may not have aeaessdid fhadResRAEEERANOR RRCHMBRRlIcaHRR A2 ORbaEianipl 6YBRR thR Qe

computing system. Furthermore, the cooperation of the owner of the message exchange pattern

application 23 nay hediiitisulicle pesisietar tetingpyoposieper| QO32dicicaradingly, Pretpetciples of the
present invention provide a mechanism whereby code is automatically generated that allows a test

computing syiséaiiede gistHatedhpuenpdiyctoha NEssaHRSXENANGES PatipplivilidautiRuudnaaxtensive
human authoring of -Page 10 code, and without requiring the testing to occur with the cooperation of

another orgapizatiqor GieeehARINBPY:im aRyREtOEkemMIRANTRNEali Al figurendoft siraiesiaent,

environment in
the protocol level messages in the message exchange pattern are governed by the Web
Services Coordination (WS-Coordination) and WS-Transaction specifications, which are
known to those of ordinary skill in the art.
[0031] Figure 2 illustrates the environment in which the message exchange pattern
applications will ultimately operate. However, it is desirable to test the message exchange
pattern application to ensure proper operation prior to shipping the application. It often
takes considerable time to test applications since often new code needs to be drafted in order
to perform simulation. Furthermore, the testing of message exchange pattern applications is
particularly difficult since the operations are by nature distributed, and often distributed
across boundaries of trust. For example, those authoring the message exchange pattern
application 210 may not have access to the message exchange pattern application 220 that is
to run on the other computing system. Furthermore, the cooperation of the owner of the
message exchange pattern application 220 may be difficult to acquire for testing purposes.
[0032] Accordingly, the principles of the present invention provide a mechanism
whereby code is automatically generated that allows a test computing system to simulate the

conduct of a message exchange pattern without requiring extensive human authoring of
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which such automated code generation may occur. [0033] Referring to Figure 3, a code generation
computing system 301 accesses a message exchange pattern definition 302. A simulation code
generation module 303 uses the message exchange pattern definition 303 to generate simulation code
304. Referring to Figure 4, this simulation code 304 may then be used by a test computing system 401

by a simulatepdd2ia Wﬁh&h@r@lﬁﬁﬁﬁ enRtehAOR RREEF Qvﬁﬁftﬁgl%ﬂ\éﬁfﬁ)ﬁ%%ﬂ%ﬁmﬁg%ﬁ&@n will be
described further below after having flrst described the message exchange pattern definition 303 in

further detail f0SR4] pRthpNAssRIRBXOHARASIRAKRI AhalE arga-aumbelRksialesnThenmessage
exchange pattern definition defines these states. For each state, there will be zero or more valid

message typemifativRy ke HABgMHe deAnd Zanay R valid message types that may be received.
With the receipt or transmission of a valid message type, the message exchange pattern may transition

to a different gigss] Thervrssagetsxehanges pattepadngisrias shecvalishtinesspgentypes ficeaeh state, and
indicates what state transitions should occur given a certain valid message type. The message exchange

pattern definifRgsapayeRenimaspiaenatiefimayenan ardenit.iiarpsattbentiessaaaRxH30gapattern in
order to automatically generate code, it is advantageous if the message exchange pattern definition is in

a format thatiaydacnprasecaasty patsedd AR oR of stHehefoiimaiinaletioed by thefdiahg Services
Description Language (WSDL) standard. [0035] The message exchange pattern definition may also

include, for erginpie;, prebabilibtiohansRs g caHainbvalick mepsager wihiiritiegeiyedArdoangmitted
given a certain state. The message exchange pattern definition may also impose timing policies that -
Page 11 simulator 402 to test the message exchange pattern definition. More regarding this
operation will be described further below after having first described the message exchange
pattern definition 303 in further detail.
[0034] In the message exchange pattern, there are a number of states. The message
exchange pattern definition defines these states. For each state, there will be zero or more
valid message types that may be transmitted, and zero or more valid message types that may
be received. With the receipt or transmission of a valid message type, the message exchange
pattern may transition to a different state. The message exchange pattern indicates the valid
message types for each state, and indicates what state transitions should occur given a
certain valid message type. The message exchange pattern definition may be in any format.
However, in order to interpret the message exchange pattern in order to automatically
generate code, it is advantageous if the message exchange pattern definition is in a format
that may be more easily parsed. An example of such a format is defined by the Web
Services Description Language (WSDL) standard.
[0035] The message exchange pattern definition may also include, for example,
probability chances that a certain valid message will be received or transmitted given a

certain state. The message exchange pattern definition may also impose timing policies that
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should be applied given a certain state. For example, timing policies may indicate that a previous request
should be cancelled if no response is received within a certain time period. [00361 The message
exchange pattern definition may be better understood by reducing the message exchange pattern
definition to a state transition tree. A state transition tree may be constructed in memory during the code

generation proeRss pEHoPABIthIS AeadprhibesthR. CREE cThapNeIiANR HHRAIRAATIRIR AtaIRAransition

tree includes nodes for each state in the message exchange pattern. For each node, there is provided a

listing of valigrpeiesaaegReshand WhiahcPRPHtHO-SY8M A SeRE witieh Rasiaftmrssaurs. For
each valid message type, there is also an identification of which state to transition to when receiving (or

transmitting gg(Be) cCaserfeambel 6e SaRMHESHANESFABAN A0S flay R BhtstuRIelHIBdTBE AARERES

entirely on the message exchange pattern, which in turn depends on the task to be performed. lllustrating

all possible stateieansiioRcHARS YatehRR fMPRSSIBIS die tailRisndless NatiabRhiessaae axshange
patterns. Listing many would obscure the principles of the present invention. However, one message

exchange paeubiswesed g anRarer-jodilistiative peiResesion!yrodeeseloashinpiy iidl Hvtthe e will
appreciate (after having read this description) that the principles of the present invention apply to any

message exchapgq RatRRafeQIBhahbapatidn Kigteailtish alesiafhar’mplrMessagesexehamge pattern
state transition tree 500. The state transition tree 500 includes a number of states 501 through 507. The

transmission @t fpassagesipanecf e cRMAVIAGIRSIRPSRagHts kiale fivangitiersarprgsented by
solid arrows. On the other hand, the transmission of messages from the other of the computing systems

results in statgansitiossmpptRsesiedhtgshied RHRWSyQrJTovnedgipere ther EsabdInanthdd2 as
well as the percentage markings, which
type, there is also an identification of which state to transition to when receiving (or
transmitting as the case may be) the specified message.
[0037] The structure of the tree depends entirely on the message exchange pattern,
which in turn depends on the task to be performed. Illustrating all possible state transition
trees would be impossible due to the endless variety of message exchange patterns. Listing
many would obscure the principles of the present invention. However, one message
exchange pattern is described here for illustrative purposes only. Those of ordinary skill in
the art will appreciate (after having read this description) that the principles of the present
invention apply to any message exchange pattern.
[0038] That said, Figure 5 illustrates an example message exchange pattern state
transition tree 500. The state transition tree 500 includes a number of states 501 through
507. The transmission of messages from one of the computing systems results in state
transitions represented by solid arrows. On the other hand, the transmission of messages
from the other of the computing systems results in state transitions represented by dashed
arrows. For now, ignore the arrows 541 and 542 as well as the percentage markings, which

items will be explained further below with respect to Figure 6. Referring to Figure 5, one
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items will be explained further below with respect to Figure 6. Referring to Figure 5, one -Page 12
computing system transmits messages that result in state transitions 511 through 514, while the other
computing system transmits messages that result in state transitions 521 through 527. Each arrow is
associated with a particular message type or group of message types that are valid for that transition.

[0039] If WS-Gagsainatianisibaing Magtniba inniRmenialion aampulissisysten #0dugnas) firstisend a

coordination context message to the implementation computing system 202. The implementation

computing SystegiRe 2 sngiumaysysiReharagisiatinnessage esihe inmplementations CompHingsystem
201. The implementation computing system 201 then sends a registration receipt message to the

implementatign7coRapHMD RYRIeH0EREe A\ iliS SirgeuItenEsRiemeptasion camRutipg SstepeL@attakes on

the role of "coordinator” and the implementation computing system 201 takes on the role of "participant”,
and the messggearXebaMaetisnRitiag active state 501. The solid lines in Figure 5 represent state
transitions caused by the coordinator (i.e., the implementation computing system 201) transmitting

messages, Winta e dashalDesdinaitiH asSHEREseEd, stadei tiphsiiangicausadiyitdesyastcipant (i.e.,

the implementation computing system 202) transmitting messages. [0040] From the active state 501, the

implementatigm ¢ GipwingSyséeih0dnoayt i ansRli R eaneelmessegrtiothe ipplaipantatianeomputing
system 202. This represents that the implementation computing system 201 has chosen to cancel

operations prexiouspleresigstade anguiestltysteniraositinenfriony thenaciie stataiof Intesthecanerling state

502 as represented by the solid arrow 511. More generally, the transmitting computing system

recognizes staiplHiaBGIHOGS asnsORMASIREMEsHaAgT RS SAPRIGIMItdINEolISIHENIStem 201 then
sends a registration receipt message to the implementation computing system 202. At this
stage, the implementation computing system 201 takes on the role of “coordinator” and the
implementation computing system 201 takes on the role of “participant”, and the message
exchange is in the active state 501. The solid lines in Figure 5 represent state transitions
caused by the coordinator (i.e., the implementation computing system 201) transmitting
messages, while the dashed lines in Figure 5 represent state transitions caused by the
participant (i.e., the implementation computing system 202) transmitting messages.
[0040] From the active state 501, the implementation computing system 201 may
transmit a cancel message to the implementation computing system 202. This represents
that the implementation computing system 201 has chosen to cancel operations previously
requested, and result in a transition from the active state 501 to the canceling state 502 as
represented by the solid arrow 511. More generally, the transmitting computing system
recognizes state transitions as soon as the message associated with the transition is
transmitted. The receiving computing system recognizes state transitions as soon as the

message associated with the transition is received. Accordingly, there may be some

transient differences in the tracked progress of the state transition chart as recognized by the
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transmitted. The receiving computing system recognizes state transitions as soon as the message
associated with the transition is received. Accordingly, there may be some transient differences in the
tracked progress of the state transition chart as recognized by the - Page 13 implementation computing
system 201, and the tracked progress of the state transition chart as recognized by the implementation

computing sysignemédatidiiismpesHicsyaRaitinm dddd thenfoRiMestation FHBRUHAG SYSIRIN dbkkt

recognizes this transition 511 as soon as it transmits the cancel message. The implementation

computing sysfesn«a2-ka09g HzempPrentianaiioBordfuansSanieas 1bPeCRIMES R Gadael ieRsage:, [00411
Alternatively, while In the active state 501, the implementation computing system 201 may receive an

exited messagg HapldhedmamemplianLeRHNg0ysieBH0ds hiNstafRimmtze iImplemsntaion

computing system 201 that the implementation computing system 202 will no longer participate in the

message exahanaatRaternoscaieingly, theetiapisnissianef tienpytiad 5IersAIDIeRIdbSizes the

implementation computing system 202 to the implementation computing system 201 results in a

transition 523 fipmithesactivestates 30k teivan @odasiair @se [00421 Alternatively, while in the active
state 501, the implementation computing system 201 may receive a completed message from the

implementatippog@Mmputivigsyaiesly 20Aiithis infermaithe ymplesrantation ApraRuHEng systemp@hdhat the
implementation computing system 202 has completed processing related to a previous request.

Accordingly, sihgcirapsmissiarRitbaceriRieiassmnessaas fiemhipribpigfoaiapnttampuingmstem 202
to the implementation computing system 201 results in a transition 523 from the active state 501 to a
completed statgHdPorms the implementation computing system 201 that the implementation computing
system 202 will no longer participate in the message exchange pattern. Accordingly, the
transmission of the exited message from the implementation computing system 202 to the
implementation computing system 201 results in a transition 522 from the active state 501 to
an ended state 505.
[0042] Alternatively, while in the active state 501, the implementation computing
system 201 may receive a completed message from the implementation computing system
202. This informs the implementation computing system 201 that the implementation
computing system 202 has completed processing related to a previous request. Accordingly,
the transmission of the completed message from the implementation computing system 202
to the implementation computing system 201 results in a transition 523 from the active state
501 to a completed state 503.
[0043] Alternatively, while in the active state 501, the implementation computing
system 201 may receive a faulted message from the implementation computing system 202.

This informs the implementation computing system 201 that the implementation computing

system 202 has failed from the active state 501. Accordingly, the transmission of the faulted
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[00431 Alternatively, while in the active state 501, the implementation computing system 201 may
receive a faulted message from the implementation computing system 202. This informs the
implementation computing system 201 that the implementation computing system 202 has failed from the
active state 501. Accordingly, the transmission of the faulted -Page 14 message from the implementation

computing system 0% demthe impRMEMARIRN COMRHHDGySKSEr 204 RSBl ransitiemprsifom the

active state 501 to a faulted state 507. [0044] While in the canceling state 502, the implementation

computing systaem2fili mayitsasel i asRarcsietmassagetiesihesmple maniaipiLoRuouting system
202. This informs the implementation computing system 201 that the implementation computing system

202 acknowignaap thatihe e virusiycerisesies saperatiomprmbeanaresaliedt fhscpareshely the
implementation computing system 201. Accordingly, the transmission of the canceled message from the

implementatigR GQEREHACRYFIAMA0E R eHNRIPrasRIatAbCaMpHingG St a01 1syiistihas
transition 521 from the canceling state 502 to the ended state 505. [0045] While in the completed state

503, the implgipemiRtiaR camMPUEISESUSIERRh May hansmilaiasenmessagemiuthe igplemeotation
computing system 202. This informs the implementation computing system 202 that the previous request

was successfigkndatarsingbatthe thansmissicapictiel chpsampshag 8dénratnie limplenaantagesscomputing

system 201 to the implementation computing system 202 results in a transition 512 from the completed
state 503 to the epsing&iaitodQbnipadag \WRiernthe cesivdisiaie BR4uthedinplementalioacemguting

system 201 may receive a closed message from the implementation computing system 202. This informs

the implemeniafiapecABIIULOGSYRIGEhRObIhakiPetineMantationCaw prilhRySieh 20Mpasng
system 201 results in a transition 521 from the canceling state 502 to the ended state 505.
[0045] While in the completed state 503, the implementation computing system 201
may transmit a close message to the implementation computing system 202. This informs
the implementation computing system 202 that the previous request was successful.
Accordingly, the transmission of the close message from the implementation computing
system 201 to the implementation computing system 202 results in a transition 512 from the
completed state 503 to the closing state 504.
[0046] While in the closing state 504, the implementation computing system 201 may
receive a closed message from the implementation computing system 202. This informs the
implementation computing system 201 that the implementation computing system 202 has
finalized the operation successfully. Accordingly, the transmission of the closed message
from the implementation computing system 202 to the implementation computing system
201 results in a transition 524 from the closing state 504 to the ended state 505.
[0047] Also while in the completed state 503, the implementation computing system 201
may transmit a compensate message to the implementation computing system 202. This

informs the implementation computing system 202 that the work being done should be
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finalized the operation successfully. Accordingly, the transmission of the closed message from the
implementation computing system 202 to the implementation computing system 201 results in a
transition 524 from the closing state 504 to the ended state 505. [0047] Also while in the completed state
503, the implementation computing system 201 may transmit a compensate message to the

implementatiQRdeRRRMHGRYSIE R4 Ok bl ISAHOIMS D et HY RISRISINSUAN S ABRWIRE SyateMeddg dhat the
work being done should be - Page 15 undone to the extent reasonable. Accordingly, the transmission of

the compensgighMasSags cfiematish apReniaiiaO MU eheyFHRROHIAIN SMBIRMEiAHOR

computing system 202 results in a transition 513 from the completed state 503 to the compensating state

506 [0048] Whiledguthe camp@iiasing Saéehanb cHg IBIERROUN empHiRaSYREMAO30ay receive
a compensated message from the implementation computing system 202. This informs the

implementatippoggMmputingiky stafe 204 featinacompansatianiafiondaticilcsepsiieAssaidingly, the
transmission of the compensated message from the implementation computing system 202 to the

implementatign ¢QBIPHING SR 204 resulise RGirdRSHPRRaHem BitpampeRsatinmaRteHgs to the

ended state 505. [0049] Alternatively, while in the compensating state 506, the implementation

computing syisimmd OhayigrResdieadautadnessagadmmume thipleneeotaipdhsaRUIRGBYstemM 202.
This informs the implementation computing system 201 that the implementation computing system 202

has failed frogadhagampensaiipg@isiate 906. tAssaisingly dhetianssnigsieated thecauliedraassage from
the implementation computing system 202 to the implementation computing system 201 results in a
transition 527 figlentheacompansaiing statabi®teaiauleksiaienfid computing system 201 results
in a transition 525 from the compensating state 506 to the ended state 505.
[0049] Alternatively, while in the compensating state 506, the implementation
computing system 201 may receive a faulted message from the implementation computing
system 202.  This informs the implementation computing system 201 that the
implementation computing system 202 has failed from the compensating state 506.
Accordingly, the transmission of the faulted message from the implementation computing
system 202 to the implementation computing system 201 results in a transition 527 from the
compensating state 506 to a faulted state 507.
[0050] While in the faulted state 507, the implementation computing system 201 may
transmit a forget message to the implementation computing system 202. This informs the
implementation computing system 202 that the implementation computing system 201 is
aware of the fault. Accordingly, the transmission of the forget message from the
implementation computing system 201 to the implementation computing system 202 results
in a transition 514 from the faulted state 507 to the ended state 505.

[0051] Figure 6 illustrates a flowchart of a method 600 for the code generation

computing system 301 to automatically generate code that tests capabilities of the test
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[0050] While in the faulted state 507, the implementation computing system 201 may transmit a forget
message to the implementation computing system 202. This informs the implementation computing
system 202 that the implementation computing system 201 is aware of the fault. Accordingly, the
transmission of the forget message from the implementation computing system 201 to the

implementati@&ﬁ@mﬁgtméyﬁnwtaQ?séw&@sdg@eumgec?éwrﬁglmimse&g%@iﬁ%mg@ ended
t

state 505. [0051] Figure 6 illustrates a flowchart of a method 600 for the code generation computing

system 301 tg-aitmaticaii aeneratesadsshatiastsscapabiities ohthedest pdiaas Le-commputing system

401 to use a message exchange pattern application to engage in message transactions following a

message excRanee: paiierhe the: endeneuniuihe sipelation witheeiderd iibgibatihadesbeamputing
system 401 engage in the message transaction with other organizations, or even in some cases without

requiring conymenieatign wibhother ccompuiibmsysiamsyilmetiedB00onthosiessiiaehwithdrequent
reference to the specific example message exchange pattern definition of Figure 5. [0052] The code

generation CQUBAPHgSYSIRMACCEREemANDE SCRUE R Chargecpatiervigie inifem{acriordsushias the
message exchange pattern definition described above. The code generation computing system then

performs a fupeicmabxeaplt-atissiee Stem e pattemaicail GesErating message exchange pattern
simulation code using the message exchange pattern definition (step 610). The step 610 may include

any correspo[pis] SPETHic asds hakaseamplishihissressinHaweyrs i thedldstaiatherpbadisent, the

step 610 includes corresponding acts 611 and 612. [0053] Specifically, for each state in which the

message excianigepatietbOefinidans the message exchange pattern definition described above. The
code generation computing system then performs a functional, result-oriented step for
automatically generating message exchange pattern simulation code using the message
exchange pattern definition (step 610). The step 610 may include any corresponding
specific acts that accomplish this result. However, in the illustrated embodiment, the step
610 includes corresponding acts 611 and 612.
[0053] Specifically, for each state in which the message exchange pattern definition
allows a valid transmission message to be transmitted by the test computing system, the
code generation computing system automatically generates code that at least simulates
transmission of the valid transmission message (act 611). For example, consider the active
state 501 of Figure 5. The active state 501 permits one valid message to be transmitted, a
Cancel message. There is indicated to be a 3% change that the cancel message will be
transmitted. This percentage may be specified by the message exchange pattern definition
and/or may be specified by the user or the code generation computing system. The

percentage associated with this transmission may dynamically change over time during the

testing process. To simulate the conditional transmission of the Cancel message, the code

- Page 17 -



allows a valid transmission message to be transmitted by the test computing system, the code generation
computing system automatically generates code that at least simulates transmission of the valid
transmission message (act 611). For example, consider the active state 501 of Figure 5. The active state
501 permits one valid message to be transmitted, a Cancel message. There is indicated to be a 3%

change that the,caksl H&%&@tﬂ%ﬂ%% RS Riieekd BisiparEe AR AYbR SRR Fiiepsbydhesnessage

exchange pattern definition and/or may be specified by the user or the code generation computing
system. The RRIGRMAGSRITRGIAIRFWIIItIFIFRASMIS SN BYafyfigimically change over time during the
testing process. To simulate the conditional transmission of the Cancel message, the code -Page 17
generation computing system may generate code that follows the following pseudo-code document with
line number added for ease of later explanation: 1. main 2. { 3. Do State5010 4. { 5. Flip a Coin 6. if
Coin is in 3%;jrangeméipend(Cancel) 8. Go to DoState502 9. end if 10. } 11.

2. {

3. Do State501( )

4. {

5. Flip a Coin

6. if Coin is in 3% range

7. Send(Cancel)

8. Go to DoState502
9. end if

10. }

11.

12.

13.

14. }

[0054] In this pseudo-code, a main program is created with its title at line 1, its opening

bracket at line 2, and its closing bracket at line 14. Then, a subroutine is generated called
DoState501. Line 3 identifies the subroutine which is bracketed using an open bracket at
line 4 and a closing bracket at line 10. Code is then generated to generate a pseudo-random
value (see line 5). Conditional code is then generated so that if appropriate given that
random value (see line 6), the transmission of the cancel message is at least simulated (see
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12. 13. 14.} [0054] In this pseudo-code, a main program is created with its title at line 1, its opening
bracket at line 2, and its closing bracket at line 14. Then, a subroutine is generated called DoState501.
Line 3 identifies the subroutine which is bracketed using an open bracket at line 4 and a closing bracket
at line 10. Code is then generated to generate a pseudo-random value (see line 5). Conditional code is

then generatgd s9)thaldf-aaprRRsiale gbden tinlafandeealHadIRE HiBe Bhithedramsmissipmeldhe cancel
message is at least simulated (see -Page 18 line 7), and code is generated to advance execution to the

next state (segfifigid 16 therekyapRopHiAn adhe next appropriate state. [0055] Returning back to Figure
6, for each state in which the message exchange pattern definition allows a valid receipt message to be

received, the 9998 genatian fOPABKIP FiSYHFTaenRpiesCRORIRA himbiatasdheesRiPhafidae valid
receipt message, and that transitions to other code that represents the state to transition. For example,

the active stajgfirRibReIMOIkS they ket apthiegalidinBssressean thXitddnesaageonavingp a0
chance of occurrence, a Completed message having a 75% chance of occurrence, and a Faulted

message hawypgen? YechiaRgec-0lOGEbITsinedatthishis séauiiated thdha BXaRipPaRIUe€08Rd R-adding
additional conditional statements in the same DoState501 subroutine as follows: 1. main 2. { 3. Do
State5010 transitions to other code that represents the state to transition. For example, the active state
501 permits the receipt of three valid messages; an Exited message having a 10% chance of
occurrence, a Completed message having a 75% chance of occurrence, and a Faulted

message having a 2% change of occurrence. This is simulated in the example pseudo-code

by adding additional conditional statements in the same DoState501 subroutine as follows:

1. main

2. {

3. Do State501( )

4. {

5. Flip a Coin

6. if Coin is in the appropriate 3% range
7. Send(Cancel)

8. Go to DoState502

0. end if

10. if Coin is in the appropriate 10% range
11. Receive(Exited)

12. Go to DoState505

13. end if
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4. { 5. Flip a Coin 6. if Coin is in the appropriate 3% range 7. Send(Cancel) 8. Go to DoState502 9. end
if 10. if Coin is in the appropriate 10% range 11. Receive(Exited) 12. Go to DoState505 13. end if -Page
19 14. if Coin is in the appropriate 75% range 15. Receive(Completed) 16. Go to DoState503 17. end if
18. if Coin is in the appropriate 2% range 19. Receive(Faulted) 20. Go to DoState507 21. end if 22.}

23.24. 25. 14, if Coin is in the appropriate 75% range
15. Receive(Completed)
16. Go to DoState503
17. end if
18. if Coin is in the appropriate 2% range
19. Receive(Faulted)
20. Go to DoState507
21. end if
22. }
23.
24,
25.
26. }

[0056] Note the addition of the conditionally executed pseudo-code for simulating
receipt of the Exited message with appropriate state transition to state 505 (see lines 10-13),
simulating receipt of the Completed message with appropriate state transition to state 503
(see lines 14-17), and simulating receipt of the Faulted message with appropriate state
transition to state 507 (see lines 18-21).

[0057] In addition, the transmission or receipt of invalid messages may be simulated by
assigning a positive probability of occurrence to the transmission or receipt or certain invalid
messages. These invalid messages may not be specified by the message exchange pattern
definition because they do not follow the message exchange pattern. Instead, they may be

entered by a user or by the code generation computing system. For instance, while in the
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26. } [0056] Note the addition of the conditionally executed pseudo-code for simulating receipt of the
Exited message with appropriate state transition to state 505 (see lines 10-13), simulating receipt of the
Completed message with appropriate state transition to state 503 (see lines 14-17), and simulating
receipt of the Faulted message with appropriate state transition to state 507 (see lines 18-21). [0057] In
addition, the fraRsmis&ion pracaainti@hRvalid MesRIesNAYRE SiMdiatecihy ASsOnBIND RResitlye
probability of occurrence to the transmission or receipt or certain invalid messages. These invalid

messages may,nMaheespesifigdd.dhe Messada exeharea palipinbdelinifien heaaysadiay derset follow
the message exchange pattern. Instead, they may be entered by a user or by the code generation

computing systenhdvaidnsianeganwlils brtherenR998 Bhuaata At SlartiRNaHickMESsAGR ANy be
transmitted as indicated by arrow 541 (having a 7% chance of occurrence). Also, an invalid message

may be receixgdsagdnaicaieehbyaiioniondd (Baving ded)a&N iR HRNER) tSiderlaling thareceipt

and transmission of invalid message allows the simulation to test the very real possibility of having to

deal with nonco:@aiRiRit BdhadnassagerRxebFIaerRatimilHIuR cademnarht.adionataaiitgenerated
for these invalid messages as well. For example, the following pseudo-code extends the previous

example to gesenaie: GadelihaheRpgdionaliy BIMBlatesip ¥ AN TSN {EqRUNRS cafe 2Rk ald raeeipt (see
lines 22-24) of invalid messages. 1. main 2. { 3. Do State5010

previous example to generate code that conditionally simulates the transmission (see lines

25-27) and receipt (see lines 22-24) of invalid messages.

1. main

2. {

3. Do State501( )

4. {

5. Flip a Coin

6. if Coin is in the appropriate 3% range
7. Send(Cancel)

8. Go to DoState502

0. end if

10. if Coin is in the appropriate 10% range
11. Receive(Exited)

12. Go to DoState505

13. end if

14. if Coin is in the appropriate 75% range
15. Receive(Completed)
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4. { 5. Flip a Coin 6. if Coin is in the appropriate 3% range 7. Send(Cancel) 8. Go to DoState502 9. end
if 10. if Coin is in the appropriate 10% range 11. Receive(Exited) 12. Go to DoState505 13. end if 14. if
Coin is in the appropriate 75% range 15. Receive(Completed) - Page 21 16. Go to DoState503 17. end
if 18. if Coin is in the appropriate 2% range 19. Receive(Faulted) 20. Go to DoState507 21. end if 22. if
Coin is in the|gppropriate 3% rangg, &3pRaggivetinvalid Message) 24. end if 25. if Coin is in the
appropriate 7% range

17. end if

18. if Coin is in the appropriate 2% range
19. Receive(Faulted)

20. Go to DoState507

21. end if

22. if Coin is in the appropriate 3% range
23. Receive(Invalid Message)

24. end if

25. if Coin is in the appropriate 7% range
26. Send(Invalid Message)

27. end if

28. }

29.

30.

31.

32. }

[0058] This generation process may be also performed to generate subroutines for the

other states as well (e.g., states 502 through 507), which may also have their own branching
probabilities. The code generation process involves generating a primary program (e.g., the
program “main”), generating a subroutine for each state, generating a random number for
each state in which multiple events may occur, and then conditionally performing the event
based on the random number. As this is a highly procedural process, involving little in the
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26. Send(Invalid Message) 27. end if 28.} 29. 30. 31. 32.}[00581 This generation process may be
also performed to generate subroutines for the other states as well (e.g., states 502 through 507), which
may also have their own branching probabilities. The code generation process involves generating a
primary program (e.g., the program "main"), generating a subroutine for each state, generating a random

number for aagh SIRIAVNCAMUIRIR RKERiS AR AGHUE-ANHIREBCaniionalbiRerioiRg therevent

based on the random number. As this is a highly procedural process, involving little in the - Page 22 way

of judgment Gallsythesoder erafipneecass iy pehighhnputomatedeAmayisgseinteyvestinaeif any,
would be trivial. For example, the user may need to estimate probabilities of occurrence for each valid

message typgrayadilngis e b aidat Orraliilyalild HrssageyBECIRHAh iR RS MIBSIABr RN RGEVAI@Iong
with associated probabilities). However, the user would not actually need to draft the code itself.

Accordingly, sRdeaise MREgpRasilyaensiRiethd0GeBlHhiey Mareadr ifearandiligesivaiduactipns may
be authored to merely simulate the transmission and receipt of messages as they would occur during
actual deployipeRbrAcsadinglyctharg i tegditarelyoas thelcoopamianpl theiethanore casily
generated.
[0059] Furthermore, the “send” and “receive” functions may be authored to merely
simulate the transmission and receipt of messages as they would occur during actual
deployment. Accordingly, there is no need to rely on the cooperation of the other
organization that will ultimately be involved with the message exchange pattern in order to
test the message exchange pattern application. In one embodiment, the transmission and
reception itself may be simulated such that the simulation results in no actual network
traffic, thereby preserving network resources.
[0060] The present invention may be embodied in other specific forms without departing
from its spirit or essential characteristics. The described embodiments are to be considered
in all respects only as illustrative and not restrictive. The scope of the invention is,
therefore, indicated by the appended claims rather than by the foregoing description. All

changes, which come within the meaning and range of equivalency of the claims, are to be

embraced within their scope.
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organization that will ultimately be involved with the message exchange pattern in order to test the
message exchange pattern application. In one embodiment, the transmission and reception itself may be
simulated such that the simulation results in no actual network traffic, thereby preserving network
resources. [00601 The present invention may be embodied in other specific forms without departing from
its spirit or esyRBYR! chavagtaistigscling. described embodiments are to be considered in all respects only
as illustrative and not restrictive. The scope of the invention is, therefore, indicated by the appended

claims rather than by the foregeii @escrplbRANMp ANaNgRTe iR FRMEBW SN dhe e pesand range
of equivalency of the claims, are to be embraced within their scope. - Page 23 [00611 What is claimed

is: 1. In a codg gide HtioR GAMP LR aksieRhablaGIIRR PR Of HYPIRERSSPIa melrlleRlRxecuting
computer-executable instructions in system memory, a method for the code generation computing

system to autnaticadgenesaipradesiRalitesi acRpakiiies gfriest 6aMRLLIRGSYaRBIadiSsr a
message exchange pattern application to engage in message transactions following a message

exchange patiginoiipuligihgdicpmenising the fedlowopaait datefnepsesifig R essageifxehange pattern

definition that defines a plurality of states, the message exchange pattern definition further having for

each of the plilifytiohsStalRsvial Naigatien KanteHRRIe alidinasgagastiah confaumoitiwe message

exchange pattern for that state, an indication of which computing system may transmit each valid
message given the gipiet andR&tate ansiioseivdiaation paefiaildeshammealnl aialid pessages

identifying one of the plurality of states to transition to should the valid message

states, the message exchange pattern definition further having for each of the plurality of
states, an indication of one or more valid messages that conform to the message exchange
pattern for that state, an indication of which computing system may transmit each valid
message given the state, and a state transition indication for at least some of the valid
messages identifying one of the plurality of states to transition to should the valid message
occur;

for each state in which the message exchange pattern definition allows a valid
transmission message to be transmitted by the test computing system, an act of generating
code that at least simulates transmission of the valid transmission message, and that
transitions to other code that represents the state to transition to should the wvalid
transmission message be transmitted; and

for each state in which the message exchange pattern definition allows a valid receipt
message to be received, an act of generating code that simulates the receipt of the valid

receipt message, and that transitions to other code that represents the state to transition to

should the valid receipt message be received.
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occur; for each state in which the message exchange pattern definition allows a valid transmission
message to be transmitted by the test computing system, an act of generating code that at least
simulates transmission of the valid transmission message, and that transitions to other code that
represents the state to transition to should the valid transmission message be transmitted; and for each

state in which the messagexexehriuge pattemRefinitionaliaws Rn@dn igeeirksmessagaithaieseived, an
act of generating code that simulates the receipt of the valid receipt message, and that transitions to

other code th@dfigpi@seMEidhRStaiR tHansiHOR tearslaalie thavalidyessipbmeassagaalng receivad. - Page
24 2. A method in accordance with Claim 1, wherein the message exchange pattern definition indicates

that when in g-fakiRdleh $hatea@yntiyeneftmmirddy. of valid transmission messages may be transmitted.
3. A method in accordance with Claim 2, wherein the message exchange pattern definition indicates for

each of the plurality of valid transmission messages for the particular state, a percentage chance that
each of the plurality of valid transmission messages will be transmitted given the particular state, wherein

the method further comprisesrRuematicalbrdgeneratinglaade fortdangisinewatingeasheefphe-piurality of
valid transmission messages and performing appropriate state transitions given the transmission. 4. A

method in acgefganse Mdibtdaidt 3aéuroiensprplisingringi follandngssash ast RhgenriatiRg saratiat

generates a pseudo-random value and selects one of the plurality of valid transmission messages for

transmission iased pertbatpseURittanBfaach of the plurality of valid transmission messages will be
transmitted given the particular state, wherein the method further comprises automatically

generating code for at least simulating each of the plurality of valid transmission messages

and performing appropriate state transitions given the transmission.

4. A method in accordance with Claim 3, further comprising the following:
an act of generating code that generates a pseudo-random value and selects one of
the plurality of valid transmission messages for transmission based on the pseudo-random

value and on the percentage chance.

5. A method in accordance with Claim 1, further comprising the following for at
least one state:
an act of generating code that at least simulates transmission of an invalid

transmission message.

6. A method in accordance with Claim 5, wherein there is also indicated a
percentage chance that the invalid transmission messages will be transmitted given the

particular state, wherein the method further comprises an act of generating code that
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value and on the percentage chance. 5. A method in accordance with Claim 1, further comprising the
following for at least one state: an act of generating code that at least simulates transmission of an invalid
transmission message. 6. A method in accordance with Claim 5, wherein there is also indicated a
percentage chance that the invalid transmission messages will be transmitted given the particular state,

wherein the rpetBafkiuEhREcRMBNSSS AR A6t ARSI RlISLCOtt thaly 11 flagmdRiARNEIASSge for
pseudo-random value and selects one of the invalid transmission message for transmission based on the

pseudo-rand@nmyaidei GHNB0eHIHE A8 ERUAIeEheMCE e MmINeNAE prresritanrwith Claim 1, wherein
the message exchange pattern definition indicates that when in a particular state, any one of a plurality of

valid receipt messages may be received. 8. A method in accordance with Claim 7, wherein the message
exchange pattern definition indicates for each of the plurality of valid receipt messages for the particular

state, a percentage7chancg thatheagh aédbeiplbealinhal Malici repeiptim@ssaseayib-Raigseiyvatgiven the
particular state, wherein the method further comprises automatically generating code for simulating each

of the pluralitygfnvalid IegRIRtMBSSIARH AAChARFOEMHIGtARPERRIgke Saleransiioss eiuanébeipt
transmission. 9. A method in accordance with Claim 8, further comprising the following: an act of

generating ceflgdhadsaangmiescaipseudo-random value and selects one of the plurality of valid receipt
messages for simulated receipt based on the pseudo-random
8. A method in accordance with Claim 7, wherein the message exchange pattern
definition indicates for each of the plurality of valid receipt messages for the particular state,
a percentage chance that each of the plurality of valid receipt messages will be received
given the particular state, wherein the method further comprises automatically generating

code for simulating each of the plurality of valid receipt messages and performing

appropriate state transitions given the transmission.

9. A method in accordance with Claim 8, further comprising the following:
an act of generating code that generates a pseudo-random value and selects one of
the plurality of valid receipt messages for simulated receipt based on the pseudo-random

value and on the percentage chance.
10. A method in accordance with Claim 1, further comprising the following for at

least one state:

an act of generating code that simulates receipt of an invalid transmission message.
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value and on the percentage chance. 10. A method in accordance with Claim 1, further comprising the
following for at least one state: an act of generating code that simulates receipt of an invalid transmission
message. - Page 26 11. A method in accordance with Claim 10, wherein there is also indicated a
percentage chance that the invalid receipt message will be received given the particular state, wherein
the method further comprisespastret of deqstatios cade diahoenergiRee REEYIR- AR ¥alke and
selects one of the invalid received message for simulated receipt based on the pseudo-random value
and on the pekseaiage dhanee 4 hdnathod iRasperarbsVINICRINcde et iR e N BSaRSar
exchange pattern definition is defined using the Web Services Description Language (WSDL) standard.

13. A methodify@caardancenwithctHaindnidh @i iR Mas s e £xehangs pataentdefiitiondyther
defines timing policies to be imposed when in a particular state. - Page 27 14. A computer program

product for uggdinde-catR SENS Rt GelBRYbIg SYSIRMn{BAl IRULIdes ARE-AENBISRRAGRSERE: GpPable of
executing computer-executable instructions in system memory, the computer program product for

performing avagihed e iewcRdRndeREVARMEBPHIINGRYSIRIE thasdematically generate code that tests
capabilities of a test computing system to use a message exchange pattern application to engage in

message transactions following a message exchange pattern, the computer program product comprising
one of more computer-readable media that, when executed by one or more processors of the code
generation computing systany&auges d0eoe@s @ neraigimCoRPEEAE the message exchange pattern

definition is defined using the Web Services Description Language (WSDL) standard.

13. A method in accordance with Claim 1, wherein the message exchange pattern

definition further defines timing policies to be imposed when in a particular state.
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system to perform the method, the method comprising the following: an act of accessing a message
exchange pattern definition that defines a plurality of states, the message exchange pattern definition
further having for each of the plurality of states, an indication of one or more valid messages that conform
to the message exchange pattern for that state, an indication of which computing system may transmit

each valid messaga glivenAhe sipiend@staiRdiansitonindicationduatinas sompuahtheyveid

messages identifying one of the plurality of states to transition to should the valid message occur; for

each state inghich:theeNaRs 8 texCpaNgssPatQh BRI NIQBRAIRY T fylidr- krASMISRIgR MRSRAGE to be
transmitted by the test computing system, an act of generating code that at least simulates transmission

of the valid transiRisaionménResaaR abehplal Fanstianséarinesrcadetiahieprarenia e siatedse

transition to should the valid transmission message be transmitted; and for each state in which the

message excharefiprtemehinitionalayaasalid aseiRinmassade inheckeceirdilanaeraf @anerating
code that simulates the receipt of the valid - Page 28 receipt message, and that transitions to other code

that represenisifppishatefardransitian @ mbeule theckalidrepaihnppsegeonctteeaivwed. ihdnmdssasaputer

program product in accordance with Claim 14, wherein the message exchange pattern definition

indicates thakwheitiom PRITlSWALStatenaryRne afanphirphfeaf valid teanpissiprogiassagrsinoay be
transmitted. 16. A computer program product in accordance with Claim 15, wherein the message
exchange patigiipdsiigition iodigaies fonpaek-oédhsoplukaliis ofhyalid kN SR¥ssieN by one or more
processors of the code generation computing system, causes the code generation computing
system to perform the method, the method comprising the following:
an act of accessing a message exchange pattern definition that defines a plurality of
states, the message exchange pattern definition further having for each of the plurality of
states, an indication of one or more valid messages that conform to the message exchange
pattern for that state, an indication of which computing system may transmit each valid
message given the state, and a state transition indication for at least some of the valid
messages identifying one of the plurality of states to transition to should the valid message
occur;
for each state in which the message exchange pattern definition allows a valid
transmission message to be transmitted by the test computing system, an act of generating
code that at least simulates transmission of the valid transmission message, and that
transitions to other code that represents the state to transition to should the wvalid
transmission message be transmitted; and

for each state in which the message exchange pattern definition allows a valid receipt

message to be received, an act of generating code that simulates the receipt of the valid

- Page 28 -



messages for the particular state, a percentage chance that each of the plurality of valid transmission
messages will be transmitted given the particular state, wherein the method further comprises
automatically generating code for at least simulating each of the plurality of valid transmission messages
and performing appropriate state transitions given the transmission. 17. A computer program product in

accordance Wéﬂéi%i@iﬁ@s&%é‘,%ﬁlﬂh&@%ﬁi@ﬁsﬂ?@ belevdpges amestRtaenealingcods datigenatates a
pseudo-random value and selects one of the plurality of valid transmission messages for transmission

based on thespsgrOGd FAFPMR YL RRELEBIRERRIGENtage chance. 18. A computer program product in
accordance with Claim 14, further comprising the following for at least one state: - Page 29 an act of

generating code that at least simulates transmission of an invalid transmission message. 19. A computer
program product in accordance with Claim 18, wherein there is also indicated a percentage chance that

the invalid transmisgion messagasd b tanspisadciveadhs Radicwanh statgmvngreiméhaimgihod
further comprises an act of generating code that generates a pseudo-random value and selects one of

the invalid transgpigsieRdInansAgRIdA HaMEMIaSIAN QAsethomiRePEEHGAHRRAGRNRIUSNshoRthe

percentage chance. 20. A computer program product in accordance with Claim 14, wherein the message
exchange pagrinidefifiiendngicatessibanwbends anapticrasstata,. any one of a plurality of valid receipt

messages may be received.

16. A computer program product in accordance with Claim 15, wherein the
message exchange pattern definition indicates for each of the plurality of valid transmission
messages for the particular state, a percentage chance that each of the plurality of valid
transmission messages will be transmitted given the particular state, wherein the method
further comprises automatically generating code for at least simulating each of the plurality
of valid transmission messages and performing appropriate state transitions given the

transmission.

17. A computer program product in accordance with Claim 16, further
comprising the following:

an act of generating code that generates a pseudo-random value and selects one of
the plurality of valid transmission messages for transmission based on the pseudo-random

value and on the percentage chance.

18. A computer program product in accordance with Claim 14, further

comprising the following for at least one state:
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21. A computer program product in accordance with Claim 20, wherein the message exchange pattern
definition indicates for each of the plurality of valid receipt messages for the particular state, a percentage
chance that each of the plurality of valid receipt messages will be received given the particular state,
wherein the method further comprises automatically generating code for simulating each of the plurality

of valid receipt mesgaars a1d ReKRIRMNG-BRPraRIiale Sale tansiens giRmiteMmansnissianaie- A
computer program product in accordance with Claim 21, further comprising the following: - Page 30 an

act of generagingk RS atgenrrates a pseudo-random value and selects one of the plurality of valid
receipt messages for simulated receipt based on the pseudo-random value and on the percentage
chance. 23. A computer program product in accordance with Claim 14, further comprising the following
for at least one state: an act of generating code that simulates receipt of an invalid transmission message.

24. A computer progam predighpitac sasanite HWHLE ai At dtduterainitaens | glsohiddicatedais
percentage chance that the invalid receipt message will be received given the particular state, wherein

the method furtbangrmediageRBrAskOLIBLRE AN the e iRk g aneAlRSHRRERUS AR eRvalHe &nd
selects one of the invalid received message for simulated receipt based on the pseudo-random value

and on the pgi¢ehtagepaRants: ateA WhBEM PRGN RIEICEIMPESE danag withchdadihmidoaberein
the message exchange pattern definition is defined using the Web Services Description Language
(WSDL) stangiafideenerates a pseudo-random value and selects one of the invalid transmission message

for transmission based on the pseudo-random value and on the percentage chance.

20. A computer program product in accordance with Claim 14, wherein the
message exchange pattern definition indicates that when in a particular state, any one of a

plurality of valid receipt messages may be received.

21. A computer program product in accordance with Claim 20, wherein the
message exchange pattern definition indicates for each of the plurality of valid receipt
messages for the particular state, a percentage chance that each of the plurality of valid
receipt messages will be received given the particular state, wherein the method further
comprises automatically generating code for simulating each of the plurality of valid receipt

messages and performing appropriate state transitions given the transmission.

22. A computer program product in accordance with Claim 21, further

comprising the following:
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26. A computer program product in accordance with Claim 14, wherein the message exchange pattern
definition further defines timing policies to be imposed when in a particular state. 27. A computer program
product in accordance with Claim 14, wherein the one or more computer-readable media are physical
media. - Page 31 28. A computer program product in accordance with Claim 27, wherein the one or

more computer-reagiabig: e dish iHICSAKSIN FBRNALY. 2 BsAENMRUERE REM amdnadust daaegordance
with Claim 27, wherein the one or more computer-readable media includes persistent memory. 30. A

computer Dr%@dﬁlﬁﬁﬂ%u%tf i'&a@ﬁ?%@@ﬁ@%@é&ﬁg@@iﬁ} MRt bgt PRtSISIeNtRREMIARIIS Mmavagnetic
disk. 31. In a code generation computing system that includes one or more processors capable of

executing coppemexecHaplednstisctipagd system memory, a method for the code generation
computing system to automatically generate code that tests capabilities of a test computing system to

use a message exchange pattern application to engage in message transactions following a message
exchange pattern, the method comprising the following: an act of accessing a message exchange pattern

definition that definega plusality @b statessdhamessrarexshaves @aiterndeafintiamiurther fagning for
each of the plurality of states, an indication of one or more valid messages that conform to the message

exchange pajgaiprfomnthakSatewancifshcatiant@nykigfe.computing system may transmit each valid
message given the state, and a state transition indication for at least some of the valid messages

identifying one of therplut alitycabaiatesctitransitioniaeheuldpher valid vk $a@emission message.

24. A computer program product in accordance with Claim 23, wherein there is
also indicated a percentage chance that the invalid receipt message will be received given
the particular state, wherein the method further comprises an act of generating code that
generates a pseudo-random value and selects one of the invalid received message for

simulated receipt based on the pseudo-random value and on the percentage chance.

25. A computer program product in accordance with Claim 14, wherein the
message exchange pattern definition is defined using the Web Services Description

Language (WSDL) standard.

26. A computer program product in accordance with Claim 14, wherein the
message exchange pattern definition further defines timing policies to be imposed when in a

particular state.

27. A computer program product in accordance with Claim 14, wherein the one
or more computer-readable media are physical media.
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occur; and a step for automatically generating message exchange pattern simulation code using the
message exchange pattern definition. - Page 32 32. A method in accordance with Claim 31, wherein the
step for automatically generating message exchange pattern simulation code using the message
exchange pattern definition comprises the following: for each state in which the message exchange
pattern definition allows a valid transmission message to be transmitted by the test computing system, an
act of generating code that at least simulates transmission of the valid transmission message, and that

transitions to other cgde that é@ﬂﬁﬁﬁ@f‘ﬁf& RisigR M dransitendanchavish thevalith tiansaisaienmessage
be transmitted; and for each state in which the message exchange pattern definition allows a valid receipt

message to kg feeRivethpafeRst Rl genekatintheRIR I eI atashe receipt of the valid receipt
message, and that transitions to other code that represents the state to transition to should the valid

receipt message be received. - Page 33

29. A computer program product in accordance with Claim 27, wherein the one

or more computer-readable media includes persistent memory.

30. A computer program product in accordance with Claim 29, wherein the

persistent memory is a magnetic disk.

31.  In a code generation computing system that includes one or more processors
capable of executing computer-executable instructions in system memory, a method for the
code generation computing system to automatically generate code that tests capabilities of a
test computing system to use a message exchange pattern application to engage in message
transactions following a message exchange pattern, the method comprising the following:

an act of accessing a message exchange pattern definition that defines a plurality of
states, the message exchange pattern definition further having for each of the plurality of
states, an indication of one or more valid messages that conform to the message exchange
pattern for that state, an indication of which computing system may transmit each valid
message given the state, and a state transition indication for at least some of the valid
messages identifying one of the plurality of states to transition to should the valid message
occur; and

a step for automatically generating message exchange pattern simulation code using
the message exchange pattern definition.
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32. A method in accordance with Claim 31, wherein the step for automatically
generating message exchange pattern simulation code using the message exchange pattern
definition comprises the following:

for each state in which the message exchange pattern definition allows a valid
transmission message to be transmitted by the test computing system, an act of generating
code that at least simulates transmission of the valid transmission message, and that
transitions to other code that represents the state to transition to should the wvalid
transmission message be transmitted; and

for each state in which the message exchange pattern definition allows a valid receipt
message to be received, an act of generating code that simulates the receipt of the valid
receipt message, and that transitions to other code that represents the state to transition to

should the valid receipt message be received.
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