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In the present invention, the term "contextual information” encompasses

. information about the architecture and services available on a target platform (the
combination of hardware processor and operating system), the preferred native

35 language for the target platform and the capabilities of runtime context available on
the target platform. Preferably, runtime context is provided to support a standard
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The constraints of physical computing resources are certainly felt in the érena

of business solutions. In response, there has been an increased interest in the

35 benefits of distributed computing environments for business solutions. Itis noted that

although solutions like the GRID provide an execution environment that is ideal for
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It is preferred that the method further comprises the step of monitoring the
performance of the deployed executables to gather process execution information.
More preferably the method further comprises the steps of analysing
_information gathered in the monitoring step; and autonomically altering the
executables and corresponding test data in accordance with analysed process
execution information.

The step of automatically altering the executables may include altering the
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30 In yet a further aspect of the present invention, there is provided a computer
system for preparing executables for execution in a distributed processing
environment in accordance with a set of process representations of business logic, the
system comprising: a datastore for storing process representations in a process
calculus notation; a verification module, for verifying that the representations are valid;

35 a generator module for generating executables and corresponding test data in

accordance with the verified representations; and a tester module for testing the
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30 Figure 3 is a block diagram of the TestCase generation step;

Figure 4 is a flowchart of the Analysis step; and
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be applied.
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translate the high level specification 102 into a verified executable form 104,
The first step is business logic verification, where the validity of the business
30 logic specification, the set of business logic representations, within a distributed
processing environment is verified.

The verified specification is translated to a format that is executable within a
distributed processing environment. The translation step uses contextual information
to determine the most appropriate execution representation for the business logic, to

35 ensure it operates efficiently within a distributed processing environment. An example
of contextual information is heuristics: heuristics being the body of knowledge,
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between them. This flexibility is sometimes expressed in terms of the 'mobility’ of
process communication. The stages necessary to verify business logic are described
in relation to Figure 2.

The verification step includes: validation of the syntax of the business logic
specification (step 202); validating the interfaces between communicating processes
(ports) (step 204); validating that the business logic is type safe (step 206); and
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Further verification can be performed to ensure that the business logic is
performing valid tasks with the information (or 'objects') that it has access to. A
process can receive information as parameters of an operation, by navigating an
35 object model associated with information it has access to, and/or calling methods on

'‘objects' that are within its scope. The business logic will also be able to apply
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These identified capabilities may be used to identify the subset of runtime nodes that
are capable of supporting those requirements (and therefore executing the process).
Verified high level business logic is converted into an executable form that can
35 be deployed and executed in a distributed processing environment. This translation

procedure will use contextual information to produce the most appropriate and efficient 4
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20

used to validate any requests to receive or send messages between processes that
35 this process will or could interact with in the runtime environment.

The execution environment will provide the executable version of the process

10
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current state. Therefore providing the ability to model dynamic state transition
30 behaviour, depending on the business logic encoded within the sub-processes.

In an executable language that supports the concept, a sub-process can be
implemented as an "inner class". This type of class is similar in concept to a normal
class, except that it is scoped to the class in which it is defined (which in this case is
the process that it belongs to). The translation of sub-processes therefore involves

35 the creation of inner classes, that will be responsible for the execution of any activities

(see below) that it represents. The other translation responsibility is to provide the

11
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t 0 thedRén' @y ﬂ%rﬁloﬁélaélge'tphﬂﬁﬁll bé @k\eéﬁﬁbd)ehﬁévctdmrtlonal expressmn can
dependi ng, on i c encoded within th

subRgfrsuEised el 'Og'ﬁa'%NQxQBU%’Q%} CIN %rﬁ'auafgcéner\%tprssaw'éfiﬁ%varlables

t heyigfinefPicopd. YRabIEs @fs g&rpebsathér@elaer@gnt 8p@amaters received
"inner class". This type of class is simlar in

corf&@htant"aﬁoﬂ“m) Megsages Priat a@@@b@ﬂx fieflared withinstg sul process.
to the clipssog conéhi@d it is defined (which in this
case is the process that it belongs to The

t r ansl at Woite’ §1oPs @R PHpeEsd tosenabie eonidiee @ﬁi'&ltlﬁétﬁ_ Bperipemed until
cr eé’l%[?]mle‘afcdnaﬁgﬁal zﬁ%%?n%n S/ BRbLteWith kaife responsible

for the execution of any activities see bel ow) that
it repre@@iheow axpeptienser transl ation responsibility is

to pr OVI
0 0r OV e s i 0 A00HL9Z90R0: B PR2003( 80P 0 optint o
pr owrestedwikioh willreswihin tite airientéxesutionsbeirgteimiadted. Control will either

ACt Vf.'ettu gé? It1c)5th§" le %n Sh?r?eln? 09 ?HZegpepq{oR%%%ar {Ef otne has been

contal ne |V|t|es represen
bushegisgsed.ogi c aSSOCIated W th handling the stinmulus

t hat causgd the ..sub-proce vated S0 . )
e ace Oy eyt it BB pofaltiad el rpiRd To yariables
Coraisignimpihfosmatientera variable; telriavirgl |errih@t|o'ﬁasomated with a variable;
condi ti onal pre§S| on detern nes wheth

25 qeriineRitentRendned Hsende g eiiesto A& pelingyesptions.

eI S@'ne pethe abole abtivities eaub&nbr bEerfoaned bh Oﬁﬁébles that are dlrectly in
E‘SSI on {tﬁﬁ SUge co [ s of | ogi cal . ( AND,

SPF?H’ﬁT% OrUEs Q”O WOEF: PEramet rannergcew ﬁsages or
t hed&raw@ vaNaslegbbem areniekt mn@deﬁwddlﬁémq‘&erﬂ;rmﬁ@%ther sets of

of parameters receive

activities. For example, the business logic can call a method on a declared variable,
that returns a value. This value can then be the 'context' upon which an assignment
is performed. An illustration of this would be calling a method 'getAccount' on a
variable representing the accounts held by a bank, supplying the customer name as
a parameter. The resulting account may then have an assignment activity performed
on it, to amend the current balance. Each of these activities can be mapped onto
standard programming language constructs.

An example of the type of specification information provided, and the possible
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froman incom ng nessage, or that are explicitly
declared within the sub process. 15 (ii) Loop

w@oemgneased s ' while' | oops are supported to enald’BGB2003/004205

5

contai ned activities to be perfornmed until a

speci fied conditional expression evaluates to false.

(i i stiucre oithexesytingiignsidted glags, veuld Be:det ect ed by t he
business logic, it can cause an 'exception' to be 20
created, which will result in the current execution
bei sgrotessmamsd=2tradiDgSystem"wi | | either be returned to
the runtime environnent, or to an exception handler if
one has f)%%ﬁ regi stered. ther activities that can be
per f or med i nckpatenarde<TaadekmptryBerdl] types"inpbt’ es;
assigning information to a variable; retrieving

i nformati on associated with a variable; 25 calling a
met hod; sendi apoft>nessage; receiving a nessage; and

handl i ng exceptions. Sone of the ahove activities can
ei t her ge per?B?’?r@ﬂ“%%%&'ﬁﬁréﬁ]& g@‘?‘ﬁ%‘ftp%@ directly in

paraneters on recei ved nmessages or decl ared

10vari abl es), ofPPH”a context that is derived from

20

25

30

perform ggopkher sets of activities. For exanple, the
business l'ogic can call a nethod on a declared
vari abl e caBtreinhPamet PARErAYRRT (REOUFFR| S val ue can then

be the ' cqiie¥iessRfe-YRéEheatadedsSi gnent  is
performed. An illustration of this would be calling

a
net hod ' get Acc®gaive port=d radelntryBre" eraspticnervalidatel Frse” >
accounts held by a bank, supplying the custoner nane
as a paranmeter. The resulting account may then have
an assi gnnent acti vsend past"BriniedPortd aperationvpeitend t he
current bal ance. Each of these activities can be
mapped onto 35 standard programmi ng | anguage
constructs. An exarfsesddf the type of specification
i nformation prt @%% and the possible 12 WO
2004/ 029800 P 03/ 004205 structure of the
resul ti ng/subBreekss>ed cl ass, woul d be: <process
nane="Tr adi,ngSystenl >,o< > wport
name="Tr ga"é%ﬂ? %/Sﬁwe_&%'gﬂolﬁr{%ﬂ@n E </ port> <port
name="PrinterPort" type="output" > 10 </port>
</ports>  <cqonstraint name="printer" type="resource"

/ > <subf>fsb'§ggo§eﬁ%1>ne:" Recei veTrade" >

</process>
would be translated into the form,

public class TradingSystem extends Process {
public TradingSystem(Runtime runtime) {

}

public SubProcess getSubProcess(String name) {
if (name.equals("ReceiveTrade")) {

return(new ReceiveTrade());

35 }
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<receive port="TradeEntryPort"
operation="val i dateTrade" > 15 <send
w@oooi/eZdmno nt er Port" operation="print" > </ senpicI/GB2003/004205
</receive> 20 </subProcess> <subProcess nane="Send
Notification" > </subProcess> </process> 25 would be
translatéd into the form public class Tradi ngSystem
extends B { R £ e T, Re AR E ntime
runtinme) pP Bﬁ%%ésfs. Re(% puﬁei %ﬁ%%Pr oceﬁ%gsgl{
get SubProcess(¢String name) { if (nane.
equal s("Recei veTrade")) { return(new ReceiveTrade());
35} 13 2004/ 029800 PCT/ GB2003/ 004205 } public
scl ass RepabledassoReretotifichtioBexfemos &sbP{oceps § public
class Send Notification extends SubProcess { } } 10
The ot her requirenent of the translation procedure is
to instrgment the executable form This
instrumentation will provide nonitoring information
abotit how processes are executing and interacting
with each other. This information can be wused to
suppor t further | evel s o r i fi c as wel .
Liopt 1 i SatPBrOBFT [ARATPESTE AL fuh dangrtgherdealif tsofis instrument the

f or Exediabib forb? rTHInSYEHéRakér erl@m@@"‘mbﬁﬁcﬁiﬂ\gfrﬁformation about how
i ndi cate, anongst qQther thin

pas PERFeBEeNBEN SRy G ad ﬂg%rg%mmmerh srsr@ o4 Bis Information can be
| NSt 384 &SsphBIt f&{r%?te‘%gls%'f vériflRbBbIe ds wanes opfimlsation of future versions
information i s updated; when sub processes are fired,

of the executable form.

15 Monitoring events will be generated to indicate, amongst other things: when
messages are passed between process instances; when process instances are
created or finished; when state information is updated; when sub processes are fired;
or when decision points are evaluated. It is noted that the translation process can
either produce directly executable form, or an intermediate version represented in a

20 programming language, which is then compiled into the executable form.

Testing the Executable Form against Automatically Generated Test Cases

One of the problems with testing any software solution is ensuring that the
testing has exercised all aspects of the system. Even in projects with rigorous
25 controls, where test cases are specified and developed before the application, it can
be possible for the testing to fail to exercise all aspects of a complex system -
especially if it is regularly enhanced.
The main reason for this is that it relies on manual processes to determine
what testing is required, and then to implement and run those test scenarios. The
30 benefit of building business logic specifications based on formal techniques (in
particular, process calculus) is that tools can be developed to analyse the business
logic and automatically create relevant tests cases that can then be automatically
executed.
As illustrated diagrammatically in Figure 3, the first step (step 302) is to
35 understand the input and output 'interfaces' associated with the process (or business

logic), as these will determine what interactions may be possible with other
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or when decision points are evaluated. It is noted
that the translation process can either produce
wa@l200eo24890 execut abl e form or an internedi at e REr/EBRIV3/004205
represented in a 20 programm ng | anguage, which is
then conpiled into the executable form Testing the
Ex esamprapeststo the emdionseniulnpreraris £8N peasad ta deitveTeguests that will
Cast?essen@ﬂ?th% r&ébgsspérﬁp{%ﬁpﬁt sk ah $elsed t@@r)éaéoglhmlgn processes
solutionis nsurlng t t testing has exercise
al | thasyilcersulste thisebaehayiosimof rﬁme assopipisideprosessesh These simulated
rig
anc 9GRS 08 alelte RaBL hERapP ARSItk ki ilg on the st
5 possasklbeirfgoexechiedt esting to fa|I to exercise all

2oL AR s IR e ot s

it pel patentian paiﬂ'nttl‘&bugrl dioee basinedsologiet effmsrmeanma’(at any conditional

t hoatitssis bERHlq fiysHile el R BT G rdgjfred to ensure o

busirieand fahg alsePRe itHd eaiditons Tihasiegendericogf@h derived from the way

101 GoPaeu raebER siregiAEP BEESadiB flikiaoe Sel G btential paths
andthwtghrmébgghbys |@Pi@q§1@pr3@l4pvant tests cases that can
then be autonati cal executed. As illustrate

di agr amm&PRLERINt§ upAN Fﬂ%ﬁﬁ"@ @PMRYENt Hsage g&eéseretgtegp(step 306). As

302)nofes dé@lle§%oH£’:F’ﬁﬁtslhﬂfr‘ﬂaﬁé]ﬁs' datihed 2 example, associated with the
output’ interfaces' associated with the process (or

busparageters ggﬂr@d fopgn pperatonpn p Res; thepinrre Wistailed test cases can be

151 Nt g8 b@A%o BRYCRE dRfstentHatnsthidughiielepetfie graph with different
2004/ 029800 PCT/ GB2003/ 004205 conponents in t
envFensirainktests inguding &e @Swpfw@n'wwa%méémuﬂéextreme values (step
regyggts that will be sent to the process, and output ‘
ports can be used to create sinulation processes that
wi || enuManitoringdniesnation; genemtedieye thesisicumenrtgd executable form of
PT OffeSnrfsh s; [$oRe c5h BUIRLE D trQéeot%@zJ%tH"bfl éxekagtlcgweé‘fsro@fa with each
to respond I n~an appropri ate mann dependi ng on

20t estest Gasezagainst thegexpestedithethavipur. i t s hi ghest | evel, the
test case generator will produce at |east one test
case per potential path through the business |ogic.
Thi s neaAsaly$ing tenRuctonel Exéatiah of Btogeesasnt s need to

anal ysed i, ne [ r ' ' g 0 .
cneur o aThg itgr Sl DR mello oBRbiaR® b3, B UbfiBlehCprocessing
depemd:mnticryof;ﬁha[mhsidesé logit spedficatibe deplpyddintantheddistdibuted processing
r.ocess interact wll also bg.used to nera

25, e eBUBGRTh 5o e e ped trcofA8 v AEREUging process
(st #Rtasleds (st@mmln aﬁigure 1)me*s ipfurinatiortcanogpdarivet frogeife messages
areiq?entlfledg }O% nore detail ed
coniat are-gent AP rergivesPY, e&é‘ﬁeﬁ%lﬁmam?s exanpl e,
associ at g iwdrActidhegraph! algateus caebieneshstrottednfirstly to identify the
operation on a port, then nore detail ed test cases

be $8NESHIRS QRW"@E” {hese PERcEss BSiaNFeS PHHTORSAMRErEH R Sﬂab'e metric
30t heirfiSRRAGANE YeHeAPE Whidh ¢tinfHecti®iitto optimise the way business logic is

being executed in the distributed environment.

The interaction graph illustrated in Figure 4 starts with the reception of
monitoring events 402. Events can be received statically (that is to say, as the result
of queries on a historic database of recorded monitoring events) or dynarhically in

35 “realtime”, while the associated processes are executing.

The process instance is then checked to determine whether the record belongs
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constraint tests including the testing of m ni num and
maxi mum extrene val ues (step 308). Monitoring

w0 ndoanzesdd on, generated fromthe instrunented PCT/GB2003/004205

5

executable formof the business logic, can be used to

trace the path of execution assoc ed th ea
t eclb 206 artAGEe FEok PBOB R B o TS AHERpLbelgs monitored it

t hewiiRanbhdendsas of themmetitolh@erphes The instrumentation
information generated by the distributed processin )
execut i oWhgfe theePraeass rh%é'éealdéi @emgsrﬁealtq%a*ﬁ%wed@@n g? geck if the
| Nt QohifRing sleht N‘é%sﬁﬁ%ﬁﬁb@éﬁb |3%eﬁ1@Véén‘PQU€n§°\n@a}Pa Riessage is
anal ysed to correlate activit et ween conmuni cati ng

pr cReiRg semcthamassagsidspould he |add¢r|! o list of inteTeat 408, thereby ensuring
| nf QLR RRHGA o0& tﬁi@H]Y:Sgs hGRALE Bt § Fgeioclﬁgf‘osrectemtthéﬁ?essage is
sent and received e process Insta

i nt @mﬁoancumgwmhtlm g interproessa corneaing i theteanitoring graph being
firsddshub@qi dentify the connections between these

process |nst ances, but nore inportantly to enable

netric Bthea mboessanstaxmc:et, assyeiatied wille thewhomitoriogrevest, isswd currently

1010 QO B e R RO AP P oo
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i [ toap’rad:eess instaridedbateeckives amessage hravtwslyeseam)n aprocdss of interest

402. E b
ot HTELPIY GERRTE ety Gt he Fudsfie tiemogiiginadist 412. An
on asdociation :bret\d@etrabmessafnsfa?ces el bmeétedlbygvuﬁuerdfsthe process
nani ca rea

o oPHBEER Feketring s sans Mot anderbbees s aea g ronitored.

Cc heTike distocistRine batwvaen Wrotdwr inskmce s atblisitdso agSomrhni¥lion path
2004/.029800 PCT/ GB2003/ 004205 tQ a process instance e
21 1RGSR Lo, bV BRREERS (Bateness, which mepas Hiaf agu§ubeaugnt monitoring

MO NéePkLfbr e 'rédeiving? bfRasyinBRinBasho @ nblehaEHptiires ia8 Wvell, thereby
graph. Were the process is already being nonitored,

t hepstaRlishibean @re H@'@Rg the ’F‘ﬁésagﬁo"ﬁp?'&?‘i’ REPCEFE Mith the message sent
i ndhpaéRqifat a message is being sent 406. And if a

message is 5 being sent, the nessage id should be

added t oP®@videsitheymonitared evant isgaither alemaglyynasvigradi Figeqently added to

i nf Qe MRIHiItBANGIRE Y mid1Be BRAGES fhat B5drASt &5 rhsﬁﬁor?n egé’htg % associated

to receive the nessage Is captured, and highlighting
an Vit merﬁrpéws%nctwm@r@pesﬁm stthat thenirelota 19t - aptis means that

bei ﬁ@forﬁggéﬂhﬁh‘éﬂon ¢dn %n%dﬁﬁcﬁﬁ thd dLEliRBS Sssociated with eyach node,

assocl ate i e nonitoring event, Is not curre
10 aeveliaatbrinteragtionstwiwednsthapricess msgarseerfor eyauipte the latency of

| n s anc@%&lﬁ%h)”% or ?né er@ﬁté’%l—:gﬂlmé %k@n ﬁsﬁ 8&&13& th% grocesses

receéi ves '‘a ness
process Althaughethe dnteragtion gcaﬁhy(comiruCWd uSm@&e prcm;eétsre shown in

| nS’IE' gﬂ e4) cgﬁ b%q)%%gﬂé 51 nli ,?§0\m? Hgﬁtogé Q%/ak/'oﬁrﬁé]iéé thgﬁ@e%l*{ %’8 execution

tances
by wﬂamamcu:bér btdsmeps tnarmstlon across potentially many processes, it also can be

used for two higher level purposes: as a final verification of the business logic and in
order to improve the executable form.

Final verification involves a comparison between actual performance and the
originally specified goals (step 116 of Figure 1). The interaction graph describes how
multiple processes (and sub-processes) interacted to achieve a specific business
transaction. To enable this information to be compared against the original business
logic specification, the relevant parts of the interaction graph associated with the

business logic representation (or process) of interest are extracted. Within the context
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i nstance receiving a nessage from anot her process that
is already being nonitored. 15 The associ ati on between

wWEe@emss00 nst ances est abl i shes a conmuni cat i onPEEGB2003/004205
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bet ween the two process instances, which neans that
any subsequent nonitorin events for the 'receiv

pr OE KUSPY €5 thaintaragiion 9 450 therpbe PXRMiged fiam the poi%t where the

t hergdags irkedmbld @éﬁt@@ t%ugﬁlﬁ@tradsrtréhltmgugrhsné@ﬁﬁ&a%ub -processes,
recei ved process with the nmessage sent process

20 tqbrtwpa@wsl%e Depanding eq the aturg af fe?tnmesar ar@btﬂry duratlon of the
mmté%ﬁ& Aragit ARATA sgérﬁeﬁ,stereot e WRRHideRbh N rlhbssus.ness logic
nmust be “ensured that eac he nonitoring
s spseifieationenay wiat rextend far dase sonelnsions @5-tpe orzre@@mo@@svever the
t h I r o
" Dl 26k, Ay o' Saf=RBh et #8T (B Srontorng
as $oimaation cemehticidentifiesdepath ﬂ's;oumi the dusinkss logic specification, along
t stances, for
ex%ﬁék&%ﬁﬁt&?éﬁgﬁ& Q@S&ﬁ: oerféq'l&tgst /| response, or the
per cent ddgingthet m!mactainegraph tedmpraoke thheexeco@blesfasm relies on the

) SRR s A O BREbAE Bt Oyl can

O\Nrmbtamy#d, relatedatohyy dOifatrbm spertpetrforming hanyheartiagaitasioand the time

oot BRRt Srtp G g o B8 dat B R hBedihBBRons o iip greans that a
t Mrém@bwn dfeactilityd odind B eRrivedd sifoviing AlowvRtEr trmetw&n a@ttrauy spent
ness Io and in |(_I)&lorder to |rlr:€%ove

o AR SR e RS N MUEh 31a s $HERbIT D Process instances that
COIWé irierackAtWiReds Bt othe PRICESSIAG P sigHifidaRely, how mu%h (latency)

ori aIIy ecified goals &ste 116 of Figure 1).

i nitl WPPO?P%\‘ dprpageing rthe de W’ﬁf\k% beiyasnpihe Brr°6€§°s§l§§a"°es This
( anstofmdiopl 8458 Afskdi 1Bt @dtamiins Mtl’@?hh@‘@e&rt&ﬂ@oﬂofrmcof a set of
busi ness transaction. To enable this infornation to

be Pé‘?ﬁ?ﬁﬁ?%ﬁh%’é%%g?c‘i’ﬂ@%ﬂl'@Pﬁ’éffer?ﬁl}@% spghpioyhere a significant
SPEBiufiL 8t r‘eﬁ[]est& g B&h?ﬁ@ﬂée&@éﬁvéerﬂwé B8sihd¥sab&ie frkHesentations,
graph associ at ed busi ness | ogi c
r e €aR 415 fﬁrd%l@wqﬂr e asedrlogated mannesttogiedues the overll time to
xt 16 WD 2004/ 029800

PC%? ﬁ%%fgg%%S of this process, the interaction
gr aph ca&imilarenit may b fexnddioptiarsingle MQCW (and agrociatadimisiness IoglC)
pr C 0

neaa BRSARed BtolhR AR horkhiss Wi gl bBfipberfan be more
Derappmpmlgtedmcct- eaheslwuh@aﬂeswwemeﬁbe)sreqamd A lpegme example of this

; .
cagbiHe % nrbB8ss bRt GRS ABnP T AGHAR wiTE BF dotowed by many
spénefactions with reagesootcedfirendnpte, tdﬂBgacydyemnonr ufatabhee) If the

f
P PR i< IRAE wli e B oo Bk Ehestp InDIRSRTER v periciont,
I nfaod vitel vensas OT repeforeyif thréembméssean augasbfull be dgbormpesed, the user
atio

busi,ness | ogi.c s eci.é(%}I on i th rel evant .
st a?tgn%yleaﬁ%tg(gy gﬂlgr cgc?eentoglge He&l gr&'mea%e] éelevanplnformatron can
I Nher saritiinna grr@mréomresmr theeothbe dessapdsildl protessmwhich would be
relle ghsabllltyto break i nfornmation
dowR ?ﬁag%%‘é" h Metrics can be
The preferred enwronment for the present invention is referred to by the
acronym RIF, the Reactive Intelligence Framework. Using RIF, a business can
implement business logic in a verifiable and autonomically updated manner.
An illustrative scenario is shown in Figure 5. The scenario is based on a

"central policy maker" 502 who is responsible for determining policy. The business
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obtained, related to the duration spent performng any
particular task and the tinme spent del egating parts
w@boonlzosvask t o ot her process instances. Thi s PEHEGB2003/004205
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gemeestagg-@ssing mfr‘asmmsiuuet daisoydyld résﬁtb nsmOmltmamg #iformation from the
506 e onsibjlity for adheri ta (0 .
e utn{h 5;]\‘ gtEg%ﬁﬁg%utegep%&,ess%%éeleg%i)rpgﬁre Cﬁgiawp ﬁﬁlggp&arbusmess
30 m ghglc lfiee. she pajicl at defjndaidnjythe tersteaipolkinympdked) Citis would highlight any
differences between the required behaviour and the implementation of the policy and
so enable the translation mechanism to be autonomically changed so that the correct
behaviour can be ensured without the need for a human analyst to amend either
business logic representation or executable.

35
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departnent in an enterprise. The constituency m ght

correspond to an enterprise policed by a regulator or
w@2aepzastirent wi thin an enterprise. Wet her repCi/aBR003/004205

body 10 or conpliance departnent, the policy maker 502

delyweecsapgpl icy to a constituency 506 and that the

constituents 506A-C operate different IT

i nfrastructures (by which we rmean conputati onal

r espur ceg nRO@for Prbpafing eREEUEBIKs ﬁﬁ@xééﬂtlbﬁm 8 disiduied Brocessmg
to support the business functions), maki t hem bot

het @MVgBMentis ageridanceyitha Res ARFEERSS repiesentatiansiof pwnw logic, the

mak how policy is 15 inpl enented :
5on|®Eg@Q?§Sﬁgﬂﬁm§Aﬁé‘E@E§?f policy is. Wat the central

pol i cy npioridirgOroerssdepnesentations ip apracessinalquilsi notation;

descri be ed over the
differi ngerﬁngﬁ# r as%J%g)g%[?bgag'bﬁ?glt%hmaconst i tuency.
-Whi | st agemdrating emcsutahin&st andscqesposding test datadoescomiance with the
say_h Wdlt sho\L}{j , mpl emented. The challenge is to
be \éﬁﬂ & tr%prsF 8 ?"&ﬁﬁ‘h y that an inplenentation 20 of
10a pol i cytdsting the exeoBtablesiusingdre tomésponting\testadata. has
defined. The solution nust |ead to a consistent
pol i cy managenent in a dynam c situation. The central

pol 2Cy nAkkéthed aeédr@lﬂg% clafiat], fuibepedmpisingthendep of deploying the
constituent's %I enent at i n of the sanme policy my

di viestpdl exegitaplesipthe Ci"ﬂ"’t"ﬁ@ RFCLSYNI eRYERAEy st ens |
Consi der ‘the situation where an incorrectly nodell ed
per for | egacy 25 slystem results in a nessag
a

15ex cgangeAtf'ﬂ%ﬁ‘oqj §°¢%@'BQ tiClaifm &r irther campyising:the qtem,gﬂ mgnitoring the
aga? cy T Be BPfHeIdep °§'gh 'eK¥cBMES B Qé{ﬁé,fbrbbég}, @fec&m{ information.

'S m ght pen due to a timng issue wh
wrappi ng a synchronous systeminto an asynchronous

mesgage- RAfsi PQ éc@&faﬂﬁt ouEItah‘ﬁ % fukHer d&ﬁ\‘ﬂ)lnglngecﬁ?lhstéeﬁsnof analysing

noni torlng I nf or.mat | executiron .
di sinfarmatienl gatbe:edsestlnm mgnwmas@@ sl raytonomgically altering the-

ocy. PR R Sk Rl 54 e bt R proces

d| fémoancremfdaretane&n the required behavi our and the

i npl enentation of the policy and so enable the

transl ati on nechanismto be autonom cally changed so

t hat. t heAcm*theataccolo@hgnd claim <¢,avhdpein elne;stepdf aiﬂbhomtcatlﬁaltering the

need fo u o amend.eit [

oqPrectiais TR e R 0. Il BPERPUSH 8 Sreoibiet"Bha test data in
252004¢ddeiee wihTdriaBdea préiid42 @recutibn Gifédnidtioh., A net hod

for preparing executables for execution in a

di stributed processing environnent in accordance with

a sgt of ARFEIRESEcdorPh ELEibinl 4 ltseréih tiRistep ©$éut|oﬁ§mﬁ;ally altering the
the 5 method conprising the ste s of: provid

ng
pr oBxagytabias emRtiLas glring, the }8fQ§@é§sreE'§|56U‘laHQns and repeating the
not adrieBtion, generation and testing steps.

30
7. A method according to claim 4, wherein the step of autonomically altering the

executables is furthermore performed in accordance with contextual information.

8. A method according to claim 7, wherein the contextual information includes
35 heuristics.
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verifying that the representations are valid;

generati ng executabl es and corresponding test data in
waemeneigace with the verified representati onsPCEHGH2M6/004205

testing the executables using the corresponding test

dat 9. 2. Ameteodaxtoedingiod!aig 1t wheremithe itepfbﬂgél’mrétmg the executables

T e

15 3 A net hod according to claim2, further
e st .Oof nmonitoring the performance o

| sin ‘
epl 63‘%’3“%%8 4pe &xclpim hayheEpin ﬁ?%%t@e of %%eagwcaﬂy altering the
5| nféb(d%&tabqﬁs contbrisés BRéMHYCha exeEHaR8s hRd fstbiftairect] and repeating
furt her conprl sing the steps of analysing inf orma¥
gat HerlteHingSteme nonitoring step; and autononically
altering the 20 executabl es and correspondi ng test

data in accordance with anal ysed process execution

i nf bt-mat Adethed ageonging mlamﬁwd'lem@n the stepohautpnemizally altering the

t he

o iReils A ANATLEAL BN MoeeBY BHLAR fformation i
10t esan @atligr isat onﬁroaesx)r@hiamtaudﬁs ambalering the coegatables to reduce

exe\ﬁ/\#ﬁﬂ‘l%td{%gﬁti%tﬁe?\g?e%mA nmet hod according to claim

erern ghomcally altering the
execut abl es conprises altering the process
represent at | and.re ting, th verification
gené&rat i%ﬁneéﬁ%é?%?f‘?'ﬂ% P%‘?‘%'Hg% gtﬁh,er cRMpEsRg dhe Steprafireppating the
t o gﬂrwraﬂn@,, testing edralyshey ¢ Bltengodte i &7l tomphridni iRdicates the
execu ablﬁs i.s. furthernmore perforned in

acc%qsﬁﬂﬁ%g WODIHCR HseRMYal i nformation. 8. A method
according to claim?7, wherein the contextual

information i ncludes 35 heuristics. 19. WO
2004 0298 ¢Ft b@f’rﬁ@%é'osﬂe@lﬁzw avhereindhe, syecuirles iarg) geperated as

cl adoitirde coddan ¥ third §Ensrhfich Rhg g&#@er ating the

executables is furthernore pertorned in accordance
with contextual information. 10. A method according to

20¢ cl a14'n 4, Am%&cbmn%%uﬂfﬁ E%ﬂﬁhg ﬂwdygex e“ﬁ o'nri?n&uage is one

execut abl es conhprises alterl ecu
andoftthgﬁewtlwwageetnojumcr@pta@# nOgia taea, tRelphinyisual Basic, and
stqﬂjR? grethod according to claim4, wherein the
step o autonon1ca||y altering the executables
conprlses conparing the analysed process execution

ot boort Rpideceokha BB o) FiersEinbplRE@id s naiptapis based

25 si gypohiXMInt di sparities betvveen them 12. A nethod
according to claim 11, further conprising the step of
repeating the
16. A method according to claim 13, wherein the process calculus notatlon is

RIFML.

30 17. A computer program product for preparing executables for execution in a
distributed processing environment in accordance with a set of process
representations of business logic, the product comprising:

a datastore for storing process representations in a process calculus notation;
a verification module, for verifying that the representations are valid;
35 a generator module for generating executables and corresponding test data

in accordance with the verified representations; and,
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generating, testing, analysing and altering steps
until the conparison indicates the 15 absence of

w@e@aiotdsemnt di sparity. 13. A nmethod accor di ngP€DGBR@B0V4205

1, wherein the executables are generated as source

code in .

e o o8 0RO BRI AGB s Oty Rt ot e
| anguage is one of the set of |anguages incl uding C

50. "85, Aot ¥hargP et 26 R ha BEHi12 Blpref e tebter moce

pr oakmss dhé clebted exdoatabies ite baseebloyéﬂ ipdhe Xdiktribdted Processing
rret hod according to claim 13, wherein the process

Scal BRI ation is RIFM.. 30 17. A conputer program
product for preparing executables for execution in a

di stributed processing environnent_ in accordance with

a sev- of ApFserRiter pwgﬁ@ﬁﬂ‘l“&tla&ﬁ@ Bo 9udpine 8. Myghes comprising a

t he ni%hﬂ@'rtiﬁédl.ﬁ@ ReHncHitdEng theGRIBARAER of e o%bﬁfyb& 8xecutables to gather
process representations in a process cal cul us

not REACEsS exqeutien infermatiPBn nodul e, for verifying that

1ot he representations are valid; 35 a generator nodule

15

25

30

35

for generatl ng execut abl es and corresponding test data
| n de.cor Aagaraputen program weeduct adcardipg de etairat 19 rfurthemebmprising an

Ii%&%o%ﬁe%gpar? %nﬁﬁgg%%g)(%gﬁﬁﬂ%fgﬁﬁétgn %ﬂg&lﬂﬁg by the monitor

f or e corres
t estnOdaleaand areupdate mopguleewhiph agerartmepexnhwtablea:arm cbrregponding test

| Tk ) I allo the .
t os el BdlombF AT Per SEhsSRH ol Ry ot SePristifuigrmaton.
proceSS| ng 5 environment. 19 A ‘conmputer program =
D OB A ARl S pER b o g ateraton
depbbme(bxewtabllbabhﬂs:otrésmﬁkih@”tesmata @RfudRs eftetdtion of the behaviour
i nf O{tgﬂtl on. A co ut er @?) ram product
e 81 UF 9Pt Farckient acrar e Wb R SARSOSTS cxAgHipadffomation.
nodul e for anal ysi ng process execution information '
gat her ed 2(%/ the nmonitor nmpdul e and an updat e nodul

20phi % al PeFUNRYRT BROGERM APEHCt AFGOTIMT, sTHBIME 29 ‘t‘"é%"@'n the update

dat moauleoNREM&AICA an@r@m@@&é@ﬁsae%ﬁ@c@r@pbﬁeﬁg REs?@8&Dy altering
execution information. . A conputer program

ac Cg}edqr?gja% gpg{q&&nﬁqt@@s awﬁ @s’g@sﬁmgﬁl@e $aauUsRtgHogeration of the verification

al t gfodlileOthe ddnetdisr rﬁesamattﬁé lte?s‘-ieﬂ’ﬂgdtﬂé’ bhE FRPAUINGr hiiule.
data i ncludes alteration he behavi our

23. A computer program product according to claims 20, wherein the update
module autonomically alters the executables in accordance with contextual

information.

24. A computer program product according to claim 23, wherein the contextual
information includes heuristics.

25. A computer program product according to claim 15, wherein generator module

generates the executables in accordance with contextual information.

26.  Acomputerprogram product according to claim 20, wherein the update module
autonomically alters the executables and corresponding test data by altering the
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of the generator nodule in accordance with anal ysed
process execution information. 20 22. A conputer

w@e@gnzasopr oduct according to clainms 20, wher eP@I/GB2003/004205

10

15p

20

25

30

35

update nodule autonomcally alters the executables

an@xeltasied and e dhesdiredfy Qn@}hsﬂ{;étﬁfgl the opéﬂaﬁorﬁ) bP#@38ster module
representations and instigating the sequenti al

opa@nditheangysermeodus i fi cati on nodul e, the generat or
nodul e, the tester nodul e and the anal yser nodul e. 25
23. A conputer program product according to clainms 20,
V\,h@r7e| n A ¢ampiersregrampaoduct acaosdingiosiaimyOawvinerein tineh@pdate module
[ r
or ma?r;l@aﬁly agﬁla:ftﬂg eQ@E].ﬁ?%I@@ %Eg %?g%}%%ﬁmg ?st adCa('ga b% companng the
t o anlakysad ﬁ@pesstmqeeuhortnhferma&drﬂwtmaé eariér sehdfqprocess oepresentatlons

i ncl s_.heyri stics A co ut.er r duct

e CORRENG fel ek iBniet to e R TRIREPLISTA g B EER them.

gener ates the execut abl es in accor dance with

co t ext ua nf.or nati on A .CO er rogram )
5t B BBt BrOETE PRk GEodTHIBR db A 20, & the sequential

rmdjpbmoatdfctm%mﬂiahdn a{dd@res tﬁ@ge@e@ﬁfdﬂtnﬁd@ tﬁ@@ester module, the
correspondi ng test data altering the

20EARlSeBeA L (9'9@?*6@292659 contipéet %B‘P'&“‘Sﬂl}’ ungitpe comparison
datn@diéﬁtéfﬂie'ébséﬁéb bﬁéhlﬁ@éﬁtﬂ&péh@ operation of the
tester nmodule and the anal yser nodule. 27. A conputer
pr ogram product according to claim 20, wherein the

e

Cor oo e PR gc oo a1 MR e S goutables
pr @(E%QG”Q!‘R@@LE& sswrcerﬁqﬂerrmautblrd generatiorelangyadesr set of
process representations and altering the executables
to reduce significant disparities between them 28. A
corddut erA ooyputan mgmmtpraMraﬁcngiing tol claim 29, wherein the third
wh j I o)
Veﬁeﬁ%&h{)ﬁ%ﬁ@ﬁg n@ ftﬁle en@fl&?éhgé% dﬁflhﬁ‘iﬁgh A gs(t‘,# Ada, Java,
noddihi, Yibgal msm:l gmeOﬁﬁ'MhéQ@nd t he update rmdul e
conti nues autonomcally until the conparison
i ndi cates the absence of significant disparity. 29. A
cora:lut erA pomgmmpmgpdmcproaaaoacd:brtgng to ¢laithm7] Wherein the process

ecut abl es agﬁll_are generated as source

cod;@%f"ﬁ‘ %ﬁ'opds RreruRongtMt-anguage. 30. A conputer
program product accor di ng to claim?29, wherein the
hi I f th
|t alﬁ‘r&Sag erq]%hfqt éda Qg lalmség Z@gem gla%g?oecteépﬁﬁplus notation is
Vi RigLBasi c, and FORTRAN 90. 20 31. A conputer

program pr oduct accor di ng to claim17, wherein the
process calculus notation is based upon XM.. 32. A

(Tgf%g?u?cﬁtg?%tlgg%ﬁs@ermf&* PReBaning'\BRdcBitdbidRr RXE6RRM in a distributed
processing environment in accordance with a set of process representations of
business logic, the system comprising:

a datastore for storing process representations in a process calculus notation;

a verification module, for verifying that the representations are valid;

a generator module for generating executables and corresponding test data
in accordance with the verified representations; and

a tester module for testing the executables using the corresponding test data.
34. A computer system according to claim 33, wherein the tester module allows the
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25 RIFML. 33. A conputer systemfor preparing
execut abl es for execution in a distributed processing

w@pookioznspent in accordance with a set of proceBGI/GB2003/004205

10

representations of business logic, the system

CONBEkq leRBeutabled 1618é @ébl@{l@d inQhe %ltsﬁfb'uf&i ROSERY environment.
representations in a process cal culus notation;

verification nodule, for verlfylngthat t he

repyese I - .
Gorss at oo Ry Bisfort Bodict &l ELEM T Rtfer bmprising amonior
acanodidapéan/mbhltartmg ther pérfwmaneeploéé.lmmtdapiowﬁ exendtables to gather

tester ar.tes g the executabl es using the
corqrggepsgoedﬁ%ﬁ'é“qne@ 0@5&\& 35 34. A conputer system

according to claim 33, wherein the tester nodul e

tlels:?ee\ivtsj fy&ecé’ i \%,2 E‘g# /tng‘ﬁ@glaéB&}‘gg{“grszo‘ﬁa/ Oqé'tz ?tf?mﬁré:amprising an

@rﬁ?&bﬂ@o@ﬂl\élféwtng p?&ceséeﬁékﬂ}ﬁuh frformdtive @lat?fe@@wl@)t the monitor
accor %to claim 18, further rising a nonito
nmodipdle £g

ﬁaﬁétﬁidﬁtﬁm%mﬁ H@"%F‘F%ﬁ cy bhﬁ@”&’eﬁﬂ@?@‘éﬂd'”g test
ex ed‘eHé tho%%nﬁéhllg @H B&dordancB vAhamaly8¥€ price8s execution information.

i nformati on. A conputer system product according

to claim19, furt her conprising an anal yser nodul e

f organal y éblﬂguﬁ' %%'sgérft a@&?rgfﬁg 't&&af 5 Wtéuﬁ[héﬁ\;\ﬁ?@ﬁrﬁﬂ alteration of

y the nmonit te nmodu

, al ttbe exetidakire @nd &brrespcmdmgdgstrdsaé@ melyidag atteration ©f thet ehaviour of

15

execut’ion 1 nfor ystem accor
to clai m 20, wherein the autonomc alteration of the

tab e c 2P

atl csogfﬂg%r Q%Srtﬁav‘?%ﬁiw’g? ttc? alrﬂaéﬁe\tvtg thj?ﬁ‘e L1pdate module
i n axdormrﬂlaaityeamm hharatgdahlep aad meepmtdutg tB’St data by altering the -
i nformati on 38. A, conmput er. system.accordi.n N
ol dRoRS, SRERSPEIROTH N JHABR R B ouR s Rametarcy the veritcation
al traoduléthe genstaterirhedule tbe tataresquiuislamd thecsmtaldetr modyle. ‘
altering the process representations and instigating

auttﬂE?g@h&%&éﬁfnéd’hl?ﬁ‘\cé’cfcggj%ﬁ@i%th Eng{i} él%@e?g Q)‘?é?c?ﬁioraling%rmaﬁon.

Ot he sequenti al operation of the verification nodule,

25

30

35

theSQGHGA &ioﬂipdf@dsys@emtd&oﬁdﬂﬁg & crEnsl3s, anéréifethe update module
anal%é nodul e. 20 39. Ah uter system acg?ordl n
cl AHRnosgcaliyritess fhergrgcuighles Ce it %ﬁ"v@orma“on

alters the executables in accordance w t h cont ext ual

i nformation. 40. A conputer system accordj n% to claim .
39, 4GuherEPMPHIET svsiendRCERINiNGP slaia 8P ophersinghe gentgytyial information

heUiF\{:lﬁ&ésCﬁeurI@ s.A conputer program product according
alm 33 erei n generator nodul e
41. A computer program product according to claim 33, wherein generator module

generates the executables in accordance with contextual information.

42, A computer system according to claim 36, wherein the update module
autonomically alters the executables and corresponding test data by altering the
executables and test data directly and instigating the operation of the tester module

and the analyser moduie.

43. A computer system according to claim 36, wherein the update module
autonomically alters the executables and corresponding test data by comparing the
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generates the executables in accordance with

contextual information. 30 42. A conputer system
w@emenzhisng to claim 36, wherein the update noded’EGB2003/004205

autonom cally alters the executabl es and correspondi ng

tes t | terin | es;: .

o r S VR ot SR B i b Y i B of BRb gt ipresentations
nmodadealtering thb exendbhiseto redded signiBéant BlispAritdesnpatween them.
system according to claim 36, wherein the update

nodul e autonomcally alters the executabl es and

COr 445 poAdoRfputersystemtazchidingaopiaim Ag, wingein2ide $¥Quential operation of
2004/ 029800 PCT/ GB2Q03/ 004%05 cSJEalﬁ/sedgeEr ocerc,s dul
5 ex ettgveBlicationFiads, Hie danerrteraodile, thetestet moghlenihsapalyser module

I ePERS HY @b odaidccttinBes BatohbBMicaNE GHEIaké @8mbArison indicates the
reduce significant disparities between them 44. A

conplesence Hf stanificaBiclisRANBGg t o cl ai m 43, wherein the

sequenti al operation of 5 the verification nodul e,

the generator nodule, the tester nodul e, the analyser

noddbe Andompeteusystem aesgidieg doMlaimudd, whetsi e axpqutables are

. . o ¢
102 Pghlé?e%rggeﬁf %%efﬁhf I 'H%gﬁ@is%;%ér{gﬁgne@hé%ﬁ moac cor di ng

to claim33, wherein the executables are 10 generated

as urc j ' rati e 4 . .
cond er ApFnpule! ostroh] PR RboRhg B LARG 45 Uneftin the tira
whegeneratitvelahpuage is gaeef thieisehof langueggs incdudingCoC++He#, Ada, Java,
set _of 1 uages. i nc ' ++, C#, Ada, Java,
Del BﬁIRh"Sﬁgi?i%aE#&s?%‘l, Fhaa AN 90. 15 47. A

15conput er program product according to claim 33,
A, BecnBoISE S i S A R SRR e process
Pr og&iesius AbfdtioH s adedtupdn XvL. 20 RIFM.. 49. A net hod
for verifying and inplenmenting process representations

of business logic for execution in a distributed

proggssi NInRIMEd KERditg td BRINMMayhQHefeiitid pidtdss calculus notation is
provi di ng process representati ons in a process

20cal RIffMk. notation; 25 verifying that the
representations are valid; generating executables and
correspondi ng test data in accordance with the ) )
ver #Pi ed Arrepthed éertvarifyinendirapiemeagting erasges ipPsaseatations of business

usi el fae eSi%{,théﬁ RP At &S %ro‘é@gs?hg eﬁﬂ%n)‘rlﬁain@ﬁh@ hR&ESP comprising:

execution information; and 30 autonomcally altering
t he execpravidieg pencasspressptatignsin a prcegaeaicilys notation;

2520001 danGe i finsahd SRalamabnR'Ae GaRy execut i on
generating executables and corresponding test data in accordance with the
verified representations;
testing the executables using the corresponding test data;
analysing process execution information; and
30 autonomically altering the executables and corresponding test data in

accordance with said analysed process execution information.

50. A computer program product for verifying and implementing process
representations of a business logic in a distributed processing environment, the
35 product comprising: ,
means for storing process representations in a process calculus notation;
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50. A conputer program product for verifying and
i npl ementi ng process representations of a business

WO o@it0298m0 a di stri buted processing environnent PCT/682003504205

10

2004/ 029%30s feryedfing

product conprising: nmeans for storing process

representations in a &r o%‘ess cal cul.us notation; 24 WO
AhH2IBRESHRIAHANS Y VIS £ yi ng

that t he,dfREGRAEANhG BRedtfbl¥Sandiorrgeponadihgtest data in accordance

generating executables and corresponding test data in

ac withdbe verifieg represpetali@ns: f i ed represent ati ons; means

for t estrﬁ&q\sgaﬁeeefrggcq«te@b&ﬁ?aés D8ing e E6tdspoRENGted data;

test data; nean or anal ysi ng process execution

i nf or matrheams fananatysingsprooessaxesriiaignior@atios @ndabl es

and correspondi . j il icall

Ccor daried (ot AIrhg e syBkitafi SREEEeAplofaing est data autonomicall

i nfipasedriante With arslysedpuocess sxscuwionfinfornoatidnt yi ng and

i mpl ementing process representations of 10 business

logic in a distributed processing environnent, the _

SYy$1em gashpdteng)steniforierifiing aaldqunlagleptim)g:p@sess representations of

representations in a process .cal culus notati op. -

f orbusEiesF jagifgnedeibEd piRsessad enyraehl Besdriem SbHing:

means f ohe SR RF sloting pREess icphdsehtatiods iroa pescpes daloglus notation;

test data in accordance wth i fi

the verified. .
r epr eserMe@nsies verifigingdhat dhg Eﬁpr?s@@ﬁ\{'ﬁas grv@idecut abl es
usi ng t hReSN for§ERNSHHYE B tabI8 bAd comBspthdingrtest data in accordance

~anal ysi ng proceSs execution information; and neans for

15

al t\eiththwgweﬁﬂe@m%ﬁeatﬁtieas:and corresponding test data
aut onor ighh/ror dkifig Y SRRERLMS!IBIRIAL XORESPURIRSRSt data;

execution I n%/or mat o .
means for analysing process execution information; and

means for altering the executables and corresponding test data autonomically

in accordance with analysed process execution information.

25,



