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 compuilinGisstRrBs asttneshtestode that simulates 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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- Page 1 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 exqlangecpatiermanplicationtFHIBRITBOER: ihg O WRRE AT ARBIRWIRIIMASSHRE QMep@ige pattern
application may not be willing or able to cooperatively test the interaction of the two message exchange

pattern app'i%@ﬁ&%-nﬁf%%@lﬁiébﬁﬁl?%iﬁ&@ﬂﬁ fieasitie iﬁe@sﬁgéh&m%a%@gﬁa&éﬁh%ﬁiﬁﬁcﬁﬁﬁﬁfﬁn

application in an actual network environment in which it will be implemented and deployed. [0005] What

would be advayidgeesmpuanPeshanisSevdarRsinapascRaR KYEh RN IR -AP SRS Ithout
having to test the application in the actual network environment in which it would ultimately be employed.

It would furthespasre beiaedramag /e dRistiasiiigeiayhe aseaRalisied MitiautTRe wERe therauthoring

of additional testing software each time a message exchange pattern application is to be tested. BRIEF

SUMMARY Qhly HEvHNAENT KON 10I6hE hadapaoiranamklomewithpie aigtsstatart{dheoas! ae

overcome by the principles of the present invention, which are directed towards mechanisms for
automaticallyogenerafingecogetinédasic crpahiliiasnata eshicamputingysystepe t@isimelateadlangssage

exchange pattern. [0007] The code generation computing system uses a message exchange pattern
definition to gepEke bR stasulationiceeRtibhe snegsagr exelaige RREBIAGeTHAlON applications.
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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includes the following for each of the transition states in the 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 leagigpwistesa RMEERPTNVEXfgNNSMission message. For
each state in which the message exchange pattern definition allows valid messages to be received, code

is generated fgodgpt Statgdh@tegbigashobnHiaiasitheliecairoftayalid irCcaiptamessaa@nibtve the
transmission or receipt of the message causes a state transition to occur, code is generated that causes
the appropriajgisigiRstramsitien prébenmessateaXChande Ratetirethe Caslea N R iNA HOMPULEIY
system may also generate code that simulates the transmission or receipt of invalid messages given a
particular statg@mutelhirebabilities Haythe: assionpduniceitain Ressadp(shpvietbartyalighupitéyalid)
being transmitted or received. The message exchange pattern may be simulated a number of times to
simulate manyQsalkRsERIESIaiRHansition 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. {(agp 3 [PROAAecedinaliothesiputation ¢ade isistomatisaliygeneriad usit@ihe
message exchange pattern definition, thereby making it easier to generate simulation code.
Furthermore, dé@nsiih | asioge eyt etiatermal 4 Stddle COTBUEHRgsaYStRRLRINge Meseadeciatpmission
and receipt may be simulated without communicating with another computing

includes the following for each of the transition states in the 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.

- Page 3 -



system. Accordingly, there is no need to use network resources. Alternatively, even if the simulation is
not internal to the single computing system, the simulation allows for 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 pgbye setdpettdmpig, grsarliaRch @bl eRH B eilRc QRSO 8.

description, or may be learned by the practice of the invention. The features and advantages of the

invention mayk@argalizadand atained bneeanseiithe instreaseAtsAncbrombinatiansearticsdarly
pointed out in the appended claims. These and other features of the present invention will become more

fully apparent{rareine-follawisiendRsFinrtioy dedapReNdsd daipls PhipaynesiRMREs R thR spiactice of
the invention as set forth hereinafter. BRIEF DESCRIPTION OF THE DRAWINGS [0011] In order to

describe the maRAEBdAVAN e RANSbeGiemand QHirbad@htAgasaand Jeat Wil igipyeAtion can

be obtained, a more particular description of the invention briefly described above will be rendered by

reference to spaeific epbadimantsiherachoviven taresilustiniad iesthecappandeshatawingsndpgesstanding

that these drawings depict only typical embodiments of the invention and are not therefore to be
considered taipelimsingsohdis seepal the invertienrwithedrscrifedandiRxplaiorg withaelditigeal

specificity and detail through the use of the accompanying drawings in which: [0012] Figure 1 illustrates a
suitable compuiiguaysiah thahmayd MpIeBIRiffaaliugs ofgine RIBEENA HVRITHER;, 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 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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[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 messagg N IESCRIEEMON TUFSTIURDRUGWIR g§nerated by the code

generation computing system; [0016] Figure 5 illustrates a state transition tree that may be used to track

progress in afpeargitrarymeasAte RYEHBO AR RRMRIE: ANJHRALAE hitieBdlliatratestaciaueiarel a
method for the code generation computing system to automatically generate simulation code that

internally simiatesauiessadein¥ahaneaPptetiaildd] Athble PIERGRIRIEIG)HEIN dHtERRRRERRED
EMBODIMENTS [0018] The principles of the present invention relate to mechanisms for automatically

generating coslR thaldesis LPRaRibtigs] okadestea PP WiRe:AYS @ TR Fi0ehHB AneRESARoFXFhidRge
pattern. The code generation computing system uses a message exchange pattern definition as a basis

for automatically iganesaiinehtiae: ippaaian cadeandor enclistatdiily Waichtie message Ryehiangs pattern

definition allows valid messages to be transmitted, code is generated for that state that at least simulates
the transmissignaf anvBbiditiansoissiohvaassaged bR RAchestaieci bWbichntigerog ssagdiaxahange
pattern definition allows valid messages to be received, code is generated for that state that simulates

the receipt ofig valist, eeaiplemessagn vé e drmeanmissiap amecri afliheomespadeicayses deslate
transition to

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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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 embodiyserig iliah 3¢ SoRTPatiN OrScHiFePeraiR R¥GF @INBOD tercNRioN that follows,

the invention is described with reference to acts and symbolic representations of operations that are

performed by geesPr Mare: GHABIHRES o fURIE pERMCHOEHARIE PAlSE . 1O RUBANIE Y fBe Midpisieasthat
such acts and operations, which are at times referred to as being computer-executed, include the

manipulation gy $heirdr eeResing Uikt ibeniRipUEofeled il sigNaisidePis seMingdatamina gructured
form. This manipulation transforms the data or maintains them at locations in the memory system of the
computer, whightegenfigieras ahethaivise aHaon tmppeialionehtne&ompLieids &chRagepateranner
well understood by those skilled in the art. The data structures where data are maintained are physical

locations of taefmewerysthab ey eoparticwati apperties Apfinad kymihetfernatief tiFedaiah Hwener, while
the invention is being described in the foregoing context, it is not meant to be limiting as those of skill in

the art will appregiatethat seyerat@fatiae peteandansidtionsaaseihedhigreinafier reayalsailed,
implemented in hardware. Figure | shows a schematic diagram of an example computer architecture

usable for thesadiRieasatPR]trarsdasehintitadasl PRsaatdh ehateditesitsiedortayed tsaantyigienexample
ofa

message. For each state in which the message exchange pattern definition 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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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

environmentsphLseNHgYratiaRescsaBpIes.RE Wril 1N YV eOMPULING G1EIRMBIERYIFRABIE Sa Rk
configurations suitable for use with the invention include, but are not limited to, mobile telephones, pocket

computers, PRSANGHACRPPESLTc ASN@iforN W RO cRESOHPYIRIE MiSic PIIRRIRE YIS pErRaS A RUI IS,
minicomputers, mainframe computers, and distributed computing environments that include any of the

above systems.ofos@uices +10QR3d I HitsyBves! RASIE SRNTIBMIALINN iPHANB PR SME RMKLOR fyRitadly
includes at least one processing unit 102 and memory 104. The memory 104 may be volatile (such as

RAM), non-veolaila (st ehnas REAM 1 3sNiMAmens @issd, (IskAME SRBRAIRGLAP At R sEhiganest basic
configuration is illustrated in Figure | by the dashed line 106. [0024] The storage media devices may have

additional featirastaatdepetanaitie kb axanpiea ftbem i P daseaitianalistRisgeaenayakle and
non-removable) including, but - Page 7 not limited to, PCMCIA cards, magnetic and optical disks, and

magnetic tape sheieh aadaiina siosage i Mustmipticohige hivhfietavalisrHIRIRAO8ands.

non-removable storage 110. Computer-storage media include volatile and non-volatile, removable and

non- removaipk@gdia Foplessenieddnpamosrsthng orcteeinatogyiesriaragemy ivfermatinpisugha
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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as computer-readable instructions, data structures, program modules, or other data. Memory 104,
removable storage 108, and non-removable storage | 10 are all examples of computer- storage media.
Computer-storage media include, but are not limited to, RAM, ROM, EEPROM, flash memory, other
memory technology, CD-ROM, digital versatile disks, other optical storage, magnetic cassettes, magnetic

tape, magnetipdigkfterage. IthecMagariic sioraae davicep R aRNsOthed medirethatgan pysed to
store the desired information and that can be accessed by the computing system. [0025] As used herein,

the term "mogyderi fafcappenentiicamiedent e sRIWargoRIBRISaKIE rQUHNRS hatayessia aadhgromputing
system. The different components, modules, engines, and services described herein may be

implementedsasrQRiaats. eoRipGRSSRsS HatnR¥ecHie - ths A pulingsysiamd adnRasieRaPRIRAbreads).
While the system and methods described herein are preferably implemented in software,

implementatigiadfas0ftinade aheh Sradware ahh aidiaicoaieRiss RSsable AR camiaotatatre. {06826]
Computing system 100 may also contain communication channels 112 that allow the host to

communicate\WhPer-sySIehS iafeud aYIGe I AN QA eMOpob2Ain ROBURNEIR: ahanNelenddy are
examples of communications media. Communications media typically embody computer-readable

instructions, datR &GRS sPiagearnsNastuies -ehRnd daiadsa1medidair ¢ datpsigpatsHph@s a carrier
wave or other transport mechanism and include any information-delivery media. By way of example, and

not limitation steipdniHeigiatiaDsnpathia dnetiide méks MeRide,sueh as Wittdneke®rks FodMirerowired -
Page 8 connections, and wireless media such as acoustic, radio, infrared, and other wireless media.
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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The term computer-readable media as used herein includes both storage media and communications
media. [0027] The computing system 100 may also have input components 114 such as a keyboard,
mouse, pen, a voice-input component, a touch-input device, and so forth. Output components 116
include screen displays, speakers, printer, etc., and rendering modules (often called "adapters™) for

driving them.chligccABHUHAY SYRIRR HHihas @ RRWES RYRPM Il 8nfMrtaesRLomRoRaalissaradyrll known
in the art and need not be discussed at length here. [0028] Figure 2 illustrates a network environment

200 in which 1we GermpWinghaMTieERgatIefeRtkhicasudsapiRmentaion &ampstingtsisiemsedia Figure 2)
communicate to accomplish a particular task. In particular, the implementation computing system 201
communicategwithitheimppiamapation 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 patfgopgf messadeMyhmosydRineDWhith RO MIVBYISYHeDHHIR&RNd Mhish-massage at
any given point in the message exchange. The message exchange pattern depends on the task to be

accomplishegegpshieREatRs i, Usedite-Mrhanash oreasagesichiaiitciiles ahdhe Peesemuguantion are

not limited to any given structure for the message exchange pattern. [0029] Each implementation

computing sysigiponastd MessagedexshapgaiRplis) qrplieatigsiliat engagesl indhemessagriRsChange
pattern. For example, implementation computing system 201 executes message exchange pattern

application 216gshée1d pheapeeiat o rCavitifig:5Y/ STRIR cifidpaXas RS e 560 JR LXFANGS RSN

application 220.
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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The implementation computing systems 201 and 202 may be structured as described above - Page 9 for
the computing system although this is not required. In this description and in the claims, a "computing
system" is defined as any device or system that has the capability to process electronic messages.
[0030] The messages within the message exchange pattern need not all be generated and consumed by

the same companeRthipUie.CORBHINEnSYSIEMIs FOhsdRARIed SN RI8sRAGRIoNaN PR Betasghievel
messages to allow for proper coordination at the protocol-level between the two computing systems.

Other message’@dﬁ@,ylgeg licatiqndemabagsaageidoiRllovsieiihaipxatange efpdstamasdaddas
accomplish the desired task. In one embodiment, the protocol level messages in the message exchange

pattern are geneiRgddmdbgddeb 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 jpoabich thempwssageexananae Ratiesbe appliaatiopsiai KM Ate Y DREKRIRAIQIEIET, it is

desirable to test the message exchange pattern application to ensure proper operation prior to shipping

the applicatiasp$ipfi@nblakrssaarRsidaipbieiing desRpRications sinte PR sade meedsdo be

drafted in order to perform simulation. Furthermore, the testing of message exchange pattern

applications igmapanicplatycoiffievdl sinesdbe apesavansa Ry fatve disttibutad rngRitesvllisiiuted
across boundaries of trust. For example, those authoring the message exchange pattern application 210

may not havea&easstiR he nespagacLxgiange patarmarplication 220.iildsida-TevePileagther

computing system. Furthermore, the cooperation of the owner of the
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 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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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 - Page 10 code, and without requiring the testing to

occur with theRORRARIANRE ARRIIEIIZARKEATION QcBY ANtRERBABS JBrAMINAWRIth&NvisaRmamHt all.
Figure 3 illustrates an environment in which such automated code generation may occur. [0033]

Referring to Rigbven3p&ieafie 9 angratian SoamRitbnehexsiamI BOLiasre SSER ArRe S3R8S ¥aRRMgePattern
definition 302. A simulation code generation module 303 uses the message exchange pattern definition

303 to generafpishsuatiansrseRtcRefRmMne ehdyigdeard, this simulation code 304 may then be used
by a test computing system 401 by a simulator 402 to test the message exchange pattern definition.

More regardifgn83p Opregéemwitobeidercrived dadbesdelavoalteshpying fissiepsaineddhesaessage

exchange pattern definition 303 in further detail. [0034] In the message exchange pattern, there are a

number of staiessabBe RS PatXe PR RGIte U2 definitinn slefinesdbesacssiaias nrafugassiaies there
will be zero or more valid message types that may be transmitted, and zero or more valid message types

that may be fiecaieedoWVittcHaade pairirardeanamis ST tefamatie Hiasgagentypee theymessagmexshange
pattern may transition to a different state. The message exchange pattern indicates the valid message

types for eachistate4 afekisphtaiesWEeHeSELe HhanSHioNeshaid & pectes Obmbatiferigifenalid message

type. The message exchange pattern definition may be in any format.
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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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 thataGadaip ¥gHH-Nesea08 wilkhia LaeivathPERANSIILRRI VAR Gehialn iftatatcT iRtmessage
exchange pattern definition may also impose timing policies that -Page I | should be applied given a

certain state.jreVig¥aregIRstisnaPRIicieR dNay NICRIHHA3E & RRWeHSWadHestehanIgheayeelled if no
response is received within a certain time period. [0036] The message exchange pattern definition may

be better und@epd byrredueiRfedha FRgssapatR¥chRITER Ratiary defiitien dadrstatdl thansidignidsee. A
state transition tree may be constructed in memory during the code generation process although this

need not be g rasRed becRESsgRErcande PRt RBiaietiansiieRdres navidessnasteadonegch state

in the message exchange pattern. For each node, there is provided a listing of valid message types and

which compugingosystestdnaynsendryichnty pes fdn essaaasn pRo&ash valickhassaged typevrdhiee is also
an identification of which state to transition to when receiving (or transmitting as the case may be) the

specified mesgageTROAéIshhe sttuatigepiiha tier dapsfds asiplariip MmesspasBXehangepattern,
which in turn depends on the task to be performed. lllustrating all possible state transition trees would be

impossible dug:tedhrecRoRlass padtialy, af dhessagedxanangefatidisa Ligtingomany wetlebehspese the

principles of the present invention. However, one message
and which computing system may send which types of messages. For each valid message
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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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 Qfipassaassiant-anent hecaspuing atemadRsylissinsiatel transitignsitepiasented by
solid arrows. On the other hand, the transmission of messages from the other of the computing systems

results in staigdramsitionspaRfeseieshy dashednasiavss. thar R Nt thedirows SHL @rdisk2 as
well as the percentage markings, which items will be explained further below with respect to Figure 6.

Referring to Byure: gslPowR 88 dedatc@RVUNPaSHEIRAP HAREPY S peessaeap dTahsasild Wiattat
transitions 511 through 514, while the other computing system transmits messages that result in state

transitions 52:kdRe0uo - Bf tEashigrow is associated with a particular message type or group of
message types that are valid for that transition. [0039] If WS-Coordination is being used, the

implementatipsogomputingrsystesrBRdisnal ishsendd@ erROEpAtiatneanextmpssagesiaia 201

implementation computing system 202. The implementation computing system 202 then may send a

registration mespa@ige terfia douREREBIAEATSOMBIEIYY &Y SieimdRndhaithRiemaniaiapeampoting
system 201 then sends a registration receipt message to the implementation computing system 202. At

this stage, theniniphpresidiatiaoCopmsiitng Sysiem 202 takasnesy thentble Riiceaidinatessand thehe

implementation computing system 201 takes on the role of "participant”, and the message
implementation computing system 201. The implementation computing system 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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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 Mgy HaReRmsR CAISRHHRESEAIE 10 eniNBISMRKALIR SRIAMIING SyetamR 2o iart

represents that the implementation computing system 201 has chosen to cancel operations previously
requested, and resphirea tpagitigpieamiia actyesiaie: 3l thexcancalingppiate: A asorepresented

by the solid arrow 511. More generally, the transmitting computing system recognizes state transitions as

soon as the MRSsaPeAsefIdIEC MU IGREIFONNI Hansmit|dhhesasRIvING COMPLHDE S¥stem
recognizes state transitions as soon as the message associated with the transition is received.

Accordingly, thergniayhee-BE nikagisient tifeigprasiidhisnti@nkpaprogyeasobtherstaiatransition chart
as recognized by the - Page 13 implementation computing system 201, and the tracked progress of the

state transitiafagkiaidn 33 1€QQQ0IZ 8¢l ibyetae bnpleneREAtREGRMPUting system 202. In this specific
transition 511, the implementation computing system 201 recognizes this transition 511 as soon as it

transmits the[gaacE! messaaa:ivae,impleenentationaereputing sysieme203ReagmiERs thendpansiion 511
as soon as it receives the cancel message. [0041] Alternatively, while in the active state 501, the

implementatigyseMpUtingySystene 20 may ieseive anaxiiedmpessagatdmnndhpimpleianiaton.

computing system 202. This informs the implementation computing system 201 that the implementation

computing  This informs 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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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 mggsage fraym e iMBlemaiAiaNcAPRUING,RYSIEND 22 ENs el athe ivapismaiptation

computing system 201 that the implementation computing system 202 has completed processing related

to a previousgieguif sty Acardingly rrdhadmnsissenef lawomipielod Mesaagedftem g implementation
computing system 202 to the implementation computing system 201 results in a transition 523 from the

active state piy4in a completpdisiaismodt JQedslsoMtennativplymahiieion henpative siatene0dil thRy

implementation computing system 201 may receive a faulted message from the implementation

computing sys@R@82anthisdnfRsngihedmplemeplatienteasnesingusiaiemn 2R 1hat theiimplemgntation

computing system 202 has failed from the active state 501. Accordingly, the transmission of the faulted

message fronhéhienimpiementatiothgampytiyeeystom @a2 de thepplemeniatiomsempuingsysiem 201

results in a transition 526 from the active state 501 to a faulted state 507. [0044] While in the canceling

state 502, the driemeentatina GRENPIINGh SyStequ i@ NIpdratRGEE IS deaneied ImEasage tgnasther
implementation computing system 202. This informs the implementation computing system 201 that the

implementatighe GaipRuitgSsieEhHRiZngckReMenTEs Mablampreviny shiieaidssied ORI alifdtiras been
cancelled at the request of the implementation computing system 201. Accordingly, the transmission of
the canceledmessage from the implementation computing system 202 to the implementation computing
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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message from the implementation computing system 202 to the implementation computing 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 requgdonai SHEcash e ABRAKIINAGHIRIHARS IS HAR RIS C oSt messpar ffomdiage

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

transition 514spMHbenfReaRgiRc AR 18t61RSI00 BaikeSbIR4RAYYAIG Hphenglashastate

504, the implementation computing system 201 may receive a closed message from the |mplementat|on

computing sysiene40. ihRisciarms she fioikigmesialier & meUWING SYstevnghihai gheatipdgmentation

computing system 202 has finalized the operation successfully. Accordingly, the transmission of the

closed mess3agg4diom i RIEME DL SATARLING SYSeRe 2A81tmtratioRlessniation eespabng
system 201 results in a transition 524 from the closing state 504 to the ended state 505. [0047] Also

while in the cpmpleteg stateoaiRntAtimRleetRifNES MAMURG SYSRIMt &BbuhdysyaesNTd2 compensate
message to the implementation computing system 202. This informs the implementation computing

system 202 thabhe week idgingndane shaidshpaindagackd 20Wang tenthe exienkseasonaida. Aesordingly,

the transmission of the compensate message from the implementation computing system 201 to the
implementatigicees¥utingsysiriine?Q? fesutisrisnadsansiion i3 fonpihacampleieskstates03He the

compensating state 506 [0048] While in the compensating state 506, the implementation computing
system 201 implementation computing system 202 to the implementation 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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may receive a compensated message from the implementation computing system 202. This informs the
implementation computing system 202 that the compensation action was successful. Accordingly, the
transmission of the compensated message from the implementation computing system 202 to the
implementation computing system 201 results in a transition 525 from the compensating state 506 to the

ended state 2QmdQRdOkNHaMatYel/ uyehilenti dhe. CRRRRRE i HlalH ROKiJh eI eFRER AR ee

computing system 201 may receive a faulted message from the implementation computing system 202.
This informs tha impleraeriasiath ompriingesy siemhrEd faakthe imMpleraaptataRieomeRULRG SMEsam 202

has failed from the compensating state 506. Accordingly, the transmission of the faulted message from

the implemeRr{ainGRIRHHE IhSAYHe s 2P ulie BIRIEMANELREh £ TRHE B SYSIE Mtad O fIRBUNRHN a
transition 527 from the compensating state 506 to a faulted state 507. [0050] While in the faulted state

507, the implgRantaign SAHRIIRG SYam ZiieMavedrandinilk adgraehsnessatmioaths INplem@etation
computing system 202. This informs the implementation computing system 202 that the implementation

computing sysigipudas isysavase oftbentatbdAeoordinplye thesbiarsmicriomrefibs: fasagtoessage from the
implementation computing system 201 to the implementation computing system 202 results in a

transition 514feeiidha daiplechsigie Skt aribepndad it e PRaHd Figure 6 illustrates a flowchart of a

method 600 for the code generation computing system 301 to automatically generate code that tests
capabilities ofgps2iest TRageddkS ceAEIBING SHBIRMAGstontSR @ 4nessagrSxehangRpatigim@pplication

to engage in message

definition (act 601) such as 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
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transactions following a message exchange pattern. The code permits the simulation without requiring
that the test computing system 401 engage in the message transaction with other organizations, or even
in some cases without requiring communication with other computing systems. The method 600 will be
described with frequent reference to the specific example message exchange pattern definition of Figure

5. [0052] TheyepelasnertianiaRapHtng aY$eehAGEE SRS MAERIREE akehMee RattgsBudietipition (act
601) such as the message exchange pattern definition described above. The code generation computing

system then pesfanRis & fNGhionampesHidedgpiedsstep1ia: axematisally 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 megsage gxghange 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 indicatgdd@ e s03¢9 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 cade 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 messgge, the codeFlip a Coin

6. if Coin is in 3% range

7. Send(Cancel)

8. Go to DoState502
9. end if

10. }

11.

12.

13.

4. }

[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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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 State501() 4. { 5. Flip a Coin 6. if
Coinis 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 lingnk47)T hgn. & &y QelaRdtiasnRaisc callediBDRIakR SRk kinr Jsidentiliay ibarrybrputine

which is bracketed using an open bracket at
transition to the 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 code generation computing
system generates code that simulates the receipt of the valid receipt message, and that
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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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 - Page 18 line 7), and code is generated
to advance execution to the next state (see line 8) to thereby transition to the next appropriate state.

[0055] Returnipg back to Figuxabisfaf @acpsisiedt whighihe.message exchange pattern definition
allows a valid receipt message to be received, the code generation computing system generates code

that simulategshe receipt of the validdrepiRimpessage, and that 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% chggag plosiaeasnegnce, 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 agddipnal 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)s. if Coin is in the appropriate 2% range
19. Receive(Faulted)
20. Go to DoState507
21. end if
22. }
23.
24.
25.

2.}

[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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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. 26. } }

active state 501, an invalid message may be transmitted as indicated by arrow 541 (having a
7% chance of occurrence). Also, an invalid message may be received as indicated by arrow
542 (having a 3% chance of occurrence). Simulating the receipt and transmission of invalid
message allows the simulation to test the very real possibility of having to deal with non-
conformity to the message exchange pattern. Similar code may be automatically generated
for these invalid messages as well. For example, the following pseudo-code extends the
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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[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 frgnsmission or receip} & Dysliddanessages 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 spegified 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 syggem. For instaagegn \hilans ibgropriage@dragiive state 501, an invalid message may be
transmitted as indicated by arrow 541 (having a 7% chance of occurrence). Also, an invalid message
may be receiyed as indicated by ee¥yvEd#3heying a 3% chance of occurrence). Simulating the receipt
and transmission of invalid message allows the simulation to test the very real possibility of having to
deal with nomgonformity to the NngssagR SgEsge pattern. Similar code may be automatically generated
for these invalid messages as well. For example, the following pseudo-code extends the previous
example to generate code ¢haticonditionally simulates the transmission (see lines 25-27) and receipt (see
lines 22-24) of invalid messages. 1. main 2. {

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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3. Do State501() 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 Zlayepfl jihddnnEeim s iRcthe fPpERBIHEH o ta80ma43b RREAINE fitvaliddessagQlser
intervention, if any, would be trivial. For example, the user may need to estimate
probabilities of occurrence for each valid message type, and indicate whether or not invalid
message receipt or transmission may occur (along with associated probabilities). However,
the user would not actually need to draft the code itself. Accordingly, code is more easily
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.

- Page 23 -



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 fo[papag statghaenra/Rtineddandom 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, involvipgaligdadn:gaeratiBaasdsutivaysgbisdamnen qaliss big Grdaaepesabianamrocess
may be highly automated. Any user intervention, if any, would be trivial. For example, the user may need

to estimate prghdkildiesxet ReesTensattolRachyFid nessaas Pesend eisale whthrdaonatdnvalid
message receipt or transmission may occur (along with associated probabilities). However,
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;
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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the user would not actually need to draft the code itself. Accordingly, code is more easily 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 patterminetsisd 19 atestdns-RsgA0R R ANANEe-RAtR haRRicAMeRanBORRtern
embodiment, the transmission and reception itself may be simulated such that the simulation results in

no actual netwarkitisaffindiograbyrHare SeMN NNV FERPUSERS: LQQﬁQJnEhﬁﬂD%e%ﬁﬁdeMﬁ'HiOQaméy be
embodied in other specific forms without departing from its spirit or essential characteristics. The

described emhedimeits atestade #RYBLeratnial 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. [0061] What is claimed is: 1. In a code generation computing system

that includes one oranore KQRESIA 6D QS RHAAULNG COMHSHBxERiaRR GHsHOpstiBrRyStem
memory, a method for the code generation computing system to automatically generate code that tests

capabilities ofiefitass CHIRUIRESYSIEM OIS A NES5RYeI RIGhAER PAIBIE iRl Fatien: thaangage in

message transactions following a message exchange pattern, the method comprising the following: an

act of accessingea snassageRxanangarattecn definitisnthay dgfingrl arphdriiicf 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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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 shouldthe, validdaassasm sk afRr fa6hSHIE BT WRIGhVHIRINMeASAGR BXChRRGR Pasern

definition allows a valid transmission message to be transmitted by the test computing system, an act of

generating cegeshatidhBagidimuaipet@nsiasion.idhayalditasmisaincmeassage, 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 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 transitigsi@riies sesedhaler RIS seas theysiatad ehisansitinn e cphabidhthralid
receipt message be received. 2. A method in accordance with Claim 1, wherein the message exchange

pattern definiiigm ncicaiedhat iwiientiBriRal tipinansataafNnenef afdupaliief \alichliErsaission
messages may be transmitted. 3. A method in accordance with Claim 2, wherein the message exchange
pattern definitigRdpelicaigotoreeaicdf 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

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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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 pefgentage ghane P «Ocoiathed iRiaccardanee, Wittelelaimcke furtheb Gamesising the
following for at least one state: an act of generating code that at least simulates transmission of an invalid
transmission ﬁ@ﬁ%‘ﬁ@gﬁ Bhhdnathedip acenrdanesWiiddam winviberedadhvere s alseingisaiad 2
percentage chance that the invalid transmission messages will be transmitted given the particular state,

wherein the nagtbod/ RertherEenpinss andet Qoagierating eede thaheriage Zalcogneradasraes a
pseudo-random value and selects one of the invalid transmission message for transmission based on the

pseudo-randggawRiLaridchomhe ALY GeRtAgehanar vAliNetier ¢l acceidamse withlstairdoiptherein
the message exchange pattern definition indicates that when in a particular state, any one of a plurality of

valid receipt pReSSa8EfPRHE FARIMEMIBe AndeHOd ereaaiganemvdth 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

12. A method in accordance with Claim 1, wherein 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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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 reaeiRihagseRBhtsBUder IRRAMVALRIABERMIY Refssiage shamce. 10. A

method in accordance with Claim 1, further comprising the following for at least one state: an act of
generating cqplg thakAeBWaies iaeRIPE&RJIRValishpRNSTNBIGRIRME 85aREterldkCumBIO Atk iR1aGERIdance

with Claim 10, wherein there is also indicated a percentage chance that the invalid receipt message will

be received givenstbm RACICHMT tRtatenmphiriedbrmead it e Gammpiises ancaddiaenrratng code
that generates a pseudo-random value and selects one of the invalid received message for simulated

receipt baseg.aeriiRPseHpRTARdOMMAlde aREhand S RRIteRiagBIhARE Gesie ApapRINes dh Aegerdance
with Claim 1, wherein the message exchange pattern definition is defined using the Web Services

Description Lasigpaas: (WYSibh) standardndsAcmatinddo paaerdanpiwiidClaithkapéharaintbemessage

exchange pattern definition further defines timing policies to be imposed when in a particular state. 14. A
computer progiasachikaduebiRyiag in aedaReRREAIaRCHRRENIBYSiempinet inghiges opeoansnore

processors capable of executing computer-executable instructions in system memory, the computer
program prociégheisingr femenion monetpabiacitiiead@d® media that, when executed 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
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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 computer program product comprising one of more computer-readable
media that, when executed by one or more processors of the code generation computing system, causes

the code gengiatipnmmertistingdsyatemdsidationotnersitadatheprethedireipiisioatgiipliowsng: an
act of accessing a message exchange pattern definition that defines a plurality of states, the message

exchange pagiesmdefinition lehpr havingee eachvel 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 eackosipifdn prbishhginersame Rxeh@nge RAlerolgRiiniuoniovs ansalid
transmission message to be transmitted by the test computing system, an act of generating code that at

least simulatesetiapsreicsianefphemaidimnsmisdioncaensegacand thpiricusitions, targthae eade that
represents the state to transition to should the valid transmission message be transmitted; and for each

state in whichh@Imessagedaxshangs aaieisadefinitiomatansanalid 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.

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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15. 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 transmission messages
may be transmitted. 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 percepiags chareaiiat @aeh @htharplesalityinfuralid transmissian snessagranyll be
transmitted given the particular state, wherein the method further comprises automatically generating
code for at legghgimydlatingecgae 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 valye andABIGIIEF GROLAEIE BRANESR iA Bclof@MRUIRHIPORIAM PrQchictin desordance
with Claim 14, further comprising the following for at least one state: an act of generating code that at

least simulatessy angoaigdiapelantigyalid {tRNEMIGR v AIRSEaEEN L Hioh FREIPLLE RN ARhRKAEYEL i
accordance with Claim 18, wherein there is also indicated a percentage chance that the invalid

transmission gnegsagesavvithhe: tsansmitietkigivenieeparticuier statprisdicigindherpeibagifdriye
comprises an act of generating code
that generates 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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that generates 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 RogdechinaaeRidanes it aim s whisiadhanMessate exehaeaPaie ot
definition indicates for each of the plurality of valid receipt messages for the particular state, a percentage

chance that epehyRi-ineyPhralifidabveilid RegiptMBsSASRTWIl RR fRFeIMS remdnespaibicaiRioptate,
wherein the method further comprises automatically generating code for simulating each of the plurality

of valid receiphliResspaiethapdbaiisabrgrRRPropriate state transitions given the transmission. 22. A
computer program product in accordance with Claim 21, 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. 23. A

computer program prpductAn agsgrgtencervitadelairadidt futhascepmprisingthedallawing, fof,ahlgast one
state: an act of generating code that simulates receipt of an invalid transmission message. 24. A

computer progiiaptibiee i fol RECRILERGE Wil 6daismié3, 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 anagtiffgeneraing adeathadimulates receipt of an invalid transmission 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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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-regdableyreglisuase rbyriaabradia.in Raas &hce8yith GORRLLET RIRSKAMtREQSHCT in
accordance with Claim 27, wherein the one or more computer-readable media includes system memory.

29. A compuigH RERE LM RIRELAES ARLAE aIGANEEIVIED il dbrdigrein 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 methodAotdheueads cerer pliedueomRricioaisysiamto@utpmaticalyrganatascode that
tests capabilities of a test computing system to use a message exchange pattern application to engage in

message trapsaeionsiplavwingamessads pxehangRRaiammbgonethod comprising the following:

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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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 messageexchange,paiéarmdgiioiianccRage 82 3A malkieth hactesdancrivifatetain 31,
wherein the step for automatically generating message exchange pattern simulation code using the
message exchaRrefiRatifEskdefinitRi e paiisassihf falwiae: fasigaahsiatesipwbichdhe-npagsage
exchange pattern definition allows a valid transmission message to be transmitted by the test computing
system, an agkghaRMakipeiseHdR faabatigast 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 transmitiedaah ckigk eRchyBliake it Whighathe énessage pxehanaginaiterngelsitionalpws a
valid receipt message to be received, an act of generating code that simulates the receipt of the valid
receipt messaggsandidhaihvanstienséaaiheiitedd hakrepreseniaing siaiento dangitigntacahpigd the
valid receipt message be received.

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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