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environnent is therefore responsible for managi ng the

comuni cations channel's. The process is responsible

for enacti rRrotdws duistraipgs | 0gi ¢ using those

ports/channels. 5 Process Constraints A process may
define a sét PBICess Hayr d6fimesa sehof spestiabu that arﬁd!us%t tp indicate what

what  réf@sdsGeqlired B r%? Eé%ﬁkﬁoﬁﬁéﬂt'x%rft{”ﬂ) EQQEEﬁFtcorrectly This

in order to execute correc forna
be us&HomRAticA¥ilthesed Mﬂ@dléfﬂbubdpmngssng endrorementtadetermine where

gt er {HéWSrd&Q%E %algrQeanﬁe %8&93%0‘?9& F %u%o% ﬂ%ﬁw{t is specified within the

ef fectively. a constrarnt 1s sp
pr oceB¥Caey ¢$ﬂftltlQ5lnthenHIenuaittalsum pmlsemt viithirpthesenime environment within

\FIJMI‘ :)2 'evgbgfc\ﬁm?rlu{ bﬁ‘é&%@rﬁ Q)‘(@B@e ﬁé;é]ea g‘ég'ﬁgva\g@eﬁgpgﬁdﬁa the,environment (for

thg/ egxampianethe (ebcecqt:oe»(alapbeagé handmecmérsmh) I angtiﬂgmay relate to
and/ o redt r te to system nt
depen%e%ﬁébﬁp}nerﬁl désc{egﬁ%égea (I? 'Qég?ng?/'s?e'ﬁgﬁ?y § stem or a software
kof t veaneporeht € sugboasealibrarysfile lor asiaga UARIfRg)Y file or a

Java JAR file). Sub-Processes The nature of a process

is that it reacts to nessages (for exanple, requests,

responses, SdlaBtdcessgyd ti meouts). Therefore the process

can be decg_g "bﬁﬁed into a set 20 of sub-processes that
each are r % WieiT & RrBPessIs Hoptdt reacts &o H‘%&?Q‘P%ﬁl‘l"’:ﬁxamme requests,

mess agq:onsbbtfatatd arﬂﬂi&fe@@@ %érlefd?étrfe%r&‘/é@cah Bedecomposed into a set
process will transition

2t%hr 0 d’é ﬁ”@"f QC@F%?E fhéf %?%a&elfﬁéwrﬁltple §0f| resranding to g partigular message.
gl V emNcs bﬂlh@sﬁagéé;hﬁ@be AdlelaIf 109 prodesE at %‘ﬁtﬁﬁé@ ePnd r%Eess will transition

gﬁrecwed will be of interest. IS res
t he HF@”F #iaias thoughds bfwmeysanxsgvan Hate aawbset of the possible

Vi e\/\/ﬁﬁsaﬁgéﬂmhﬁ'ﬁﬁﬂﬁé Meﬁeamhﬁel SFARBIRE 1n tIONE gbgfz’c tHeMkecutable form -

25 executl1 on e state nachine revol ves ar
exec Bt 1| Rusingss [noisceandhssviewed as ppleanting a state machine - however, the

ata r S
2 gub g?%?gggrgfl irﬂ\% oﬁﬁg B‘HJ cﬂandrévgjfe% %ﬁ@% aebﬁﬁe & ﬁbﬁ lng)processes as.
conpPrrasedite databake-centricwddipulatipretfestatertableest in t he
B NI "
t o nibddl redistertrinterest it thetrext Sétt of@timef ﬂlmhﬁélrﬂfébant to the process in its

depe t he, busi ness | [ encoded within the
b &ﬁ’llegigsg%g ‘Fhere ore prowd:% §1e abll?ty to model dynamic state transition.

sub-
- 30 behawour depending on the business logic encoded within the sub-processes. _
In a 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 transiation of sub-processes therefore involves the creation
35  ofinnerclasses, that will be responsible for the execution of any activities (see be!ow

that it represents The other translation responmb:lity is to provide the
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In a | anguage t hat supports t he concept, a sub-process

can be irrpl enented as an "inner class". This type of 6. MAR 2007 ]

ﬂ@ﬁﬂéﬁ 'ﬁl mlar in concept to a nornal cI ass, 8@?@’2" 3004205

I's scoped to the class in which it is
(which in this case is the process that it bel ongs
L0) . pidtRsk wANekhoWBdgE oﬁ‘k‘ﬂv BLREESHEIub Bt%'i:%ﬂ&l‘?‘en a refevant stimulus
|nvoI ves the creation 35 of i1 nner classes, that
be r&si56AKe®%I e for the execution of any activiti es
(see below that it represents. The other translation
responsibility is to provide the 11 i~ 2 6, MAR 2007
WD 2004/ 0 AciifesPCT/ GB2003/ 004205 process with the
now edge r
ol evant - S SebE At G HRoSUE. £ LfiaRE Ha Yol activties hat
t he seprpsenttheabisinesp laieassociatedwith aammmgtthe stimulas ltiest caused the

acti ies that resent the business |ogic

assogygpé%eﬁ;ﬁp%éﬁgﬁeag the stinmulus that caused the

sub- pr oce$omemfitite adivitieg begreldted® entohstnealresi ti es
~are rel at ?ijcto Coant@{ structures: (i) Conditional

st at ement () CPRAiiqnalstatement o TR0 Q1881di t i onal expr essi on

@et er m neghakehditdnal éb@:r@@diéﬂdétérﬂﬁn@@ﬁﬁéih@ﬁtﬁd atlilities ésBScuated with
"t hen f he $8tl onal 'els be execut ed

The. Bisiiien! ias BelkpRCeise Grarou Ba evecies Do Titopg| wression can
( ANDpe GBnthE)of @@@aﬁANﬂ]mﬂ NOTPESR avitRimstic sotthiofd abflied to variables

vari abl e hin the scope. Variables are in

sco pt‘"th'é‘l the, é?OPSS \é?"?@@ﬁ |are & senRea AlIREES & esit pEpRmAMGHRTS received

an i fisATBrEcoRng ARsady, of El?ét 2Ry éxp%a} tisiared il BEQHb process.
Wi thin the sub process. 5 (11) Loop constructs

15whi | e' | Bdpgorensiugibor t ed to enabl e contai ned
acti viti eguig 186pshiré &ﬂfﬂaﬁ‘éd YiéAdble &Jr?&ﬁé:dl éétﬁzﬁaes to be performed unti

condi tional expression evaluates to
exceptspetified gorgifiogpirayprassiopeavalietas tojalsshe bu5| ness

logic, it ki exception' to be 20 created,
whi ch vv|I m?@s t%ﬁﬁ&he current execution being

t er mi nat elf an@wier iscletaqted bxethelmlnesa iqga ilican gayse am'exception’ to be
2@2” gﬁéﬁte%“%hfcﬂ WAESLy At 19@%&.%%%% [—lﬁin%{ed'bfc:o?n%t will either

een 'reglistere |es t
per f be mtdrnled ¢¢ theeruniifee keavirorgndn,oerlto wa reixedption; handler if one has been
as&gar?as? nforrmtlontoavanable retrieving
info i on associated with a variable; 25 calling a
nmet hod; s6thdir rgtivties fiedgen be perfeimmed inciveles agelariag docal variables:

RS 5B B S TR R e « v
2bhe ealiimea méthblsending ammage,(recfelmd@mewmand handling exceptions.

| Par age rtngro m%nabrogg gt':t}(f%es rég% Séﬁﬁcg%eoprerformed on variables that are directly in
the scope of the sub-process (in other words, parameters on received messages or
declared variables), or in a context that is derived from performing other sets of
activities. For example, the business logic can call a method on é declared variable,
.30 thatreturns 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

- aparameter. 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
35 - standard programming language constructs.
An exampie of the type of specification information provided, and the possible

12,




decl ared variables), or in a context that is derived

fromperformng other sets of activities. For 2 8 MAR 2007
the business logic can call a nethod
%ﬁ@*’@as‘{?ari able, 30 that returns a val ue. Thi?)gT&'ﬁzﬂ%’mo“"S

can then be the 'context' upon which an assignnent is
perfQq ' ' ' [ d be calling a
nmet hgﬁ{]&gfﬁ Qc}%%tér#ﬁﬁ%ﬁkg&%egﬁlé\%_@c’i\f/'@plgls esenting the
accounts held by a bank, supplying the custoner nane
as a aragetequIh resul ting account may then have
an a§?‘§ﬁﬁ%ﬁ?mﬁﬁtﬁ%l?$§ﬁ§??orned onit, to amend the
current balparge. Each of these activities can be

mapped onto 35 standar g programn ng | apguage
constructs. An <85?§r?ﬁf"@‘g1frgf|ﬁ€ntfyyg§ét B’Peé'ﬂ'g)éﬁ%% cation
i nformati on provided, and the possible 12 2 6 MAR

2007 WD 2004/ 029800 PCT/ GB2003/ 004205 structure of
the resulting t RAEI at ed cl ass, woul d be: <process

name="Tr adi ngSypbAHame="M@HtéFort" §psPoitput’ >

name="TradeEntryPort" type="input" > </port> <port
nanme="PrinterPort" type="output” > 10 </port>

J7<d port s> <conQyF;tﬁ>nt name="printer" type="resource"
' >

<subPr ocess 'name="Recei veTrade" > <receive
port="Tradd®msPyPort" operation="validateTrade" > 15

<send portz. %llaﬂ'}t LhoinflChBblPtauRlar M ' > </send>
</recei ve>°°§ < E‘EE%?O%ESS?@SUE%P(’;‘%SS
name=" SendsubPotess name="Receiygludf®'dtess> </ process>
25 woul d be trapsl, L6 é‘?ﬂf 0 | G436 rade”
Tradi ngSyst em e%% gﬂ%gﬂj 'gfr‘(‘;'f(':rggé #gttbn})?%g%ﬁ véitd rade” >
1B adi ngSystem(Runtine. runtinme) { 30

<send port="PrinterPort" operation="print" >

<fsend>
</receive>
20 - <fsubProcess>
' <subProcess name="SendNotification" >
</subProcess>
</process>

25

| would be translated into the form,

pub!ic class TradingSystem extends Process {
public TradingSystem(Runtime runtime) {
) |
public SubPracess getSubProcess(String name) {
if (name.equals("ReceiveTrade")) { |
return{new ReceiveTrade());

-------
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}  public SubProcess get SubProcess(St(ng nanme) { if

(name . equal s("ReceiveTrade' )) { retumnew 2 6 MAR.2007

' eo); 35} 13 2 6 MAR,2Qn7 WD 200
%?%%WOMZOS } public Gass ReceiveTrade :lég?léﬁg@%mouﬂs
SubProcess { } 5 public class SendNotification
ext ends SubpProcess { } 10 The other requirenent of
the translation procedure is to instrunment the
execut abl e pfibliogiaspiReceived raderaxtansisiSbPrwasss fr ovi de
nmoni toring information about how processes are
executing and interacting with each other. This
i nformati of can be } used to support further | evel s

O e ons oPUbfladdiNon R gR eldlndE SRBrRbrd " ol o

wll be generated to indicate, anpngst other things:
when nessgges are passed between process instances;
when process instances are created or finished; when
statejinformation is updated; when sub processes are
fired; or when decision points are evaluated. It is
noted that the translation process can either produce

diprectly expgustad %qﬁﬁérﬁbntoéf R trawﬂaadp@bedutswtennstmment the
represented in a programmi ng | anguage, which is

t hen EWQ%fqut J hﬁ"@“@%\ﬁt%l‘@“ PRVide mwﬂﬂ@ﬂwaﬂon about how
Execupaiebsdsoard @&éﬂﬁiﬁf arﬁ#ﬁféi@éﬂn AilryeddhnRhart eﬁth fi#drmation can be

Cases One of the ens Wi th estl ng any software

sol ut Head ﬂ°§uéﬁ%ﬁ§ﬂ g" ievrls of yasification; aﬁw\gelre%orémmog@afuture versions
al | agpgelesetitabiB ,ﬁ.yst em Even in projects with _
ri gorous 25 contro? where test cases are specified

ahd devel oyealtm\@ntwlf@pman@@ttedm indicatgaamongst other things: when
POSSi hlegsd ,d?—zrg. %r%ﬁﬁs%ﬁ&'ﬂéﬂwé& bricbsd 915?%1%5&' @ﬁer"f‘lp}ocess instances are

aspects (0]} . ex system - espec
r egul sreetedan finisbed wieh etaieinfpm@amns updatedhwberi subxpragesses are fired;

It rebl ghed He&?ﬂH?gir@ Q%eec\l%ﬁ%f%d? RE Gl 'ﬂfﬂt ¥ #hnstation process can
testing IS required, an hen T0 Inpleneént and run .
t hos ee:ﬂmtprmaaﬁrectﬁr exEhetablgdoito roe i intefmdxiiate dersipn represented in a

N e

tool s can be developed to anal yse the business logic

and aut omayl Gl ELeah Y 20UndRSmERSHT delBlnGPPest cases

One of the probiems with testmg 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 regulérly enhanced.

The main reason for this is that it relies on manual processes to determine
what testing is required, and then to implemént 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 possibie with other

14
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As illustrated diagrammatically in Figure 3, the f E

stiep (step 302) is to 35 understand the input andZ MAR 2007
erfaces' associated with the proces ]

%@Hlé’ss?hﬁ ogic), as these will determ ne what ?c{‘/%'iszoosmmzos

interactions may be possible with other 14 2 C MAR

2007 oME0R0R4 S @%%Qr@ﬂér@m@ S hrnE B8 %Eﬁ\?e Heﬂuests that will

the environnment. Input ports cae be used to der

r equéegtsent iodhe pracess, pad @@ml-lt ports ¢an by Weadde cr @tﬁjSlt’slutq@lon processes
port

1 L Gt BeRAREN ot BLoRinal PREIERS. 1Ml simuiated
pr oc gseeess wilkhegensiatad tatrespongircaresappropriste ienngFdspending on the test
to r il propriate manner, depending on the

t523t %ggg 'Eéréég{;hﬁg(?execut ed. At its highest level, the

t est case Aldinbighbstiewal,lthe tasbchsegeaérdtmlt pmdacd aséast one test case

Toi < PRLRREERC bRt ufiecs Lot o iy §o3ns Akt Giny condtonsl

anal )smdnbmsdﬁdedrtaenslymm derérorimeivhatinfomatimus fétﬂuﬁel to ensure a
ensur.e or t he .condi ti on.

oo e o TS YRS 608 Bondiiaty 1 daRbndS aregh daived from the way

19Ub- W WhieR sals-protbsyes tritenact Will als6 Be DSedBYRNERLDIAB S6RIf Potential paths
t he set ofﬂ_lo tential paths through t he business | ogic
(st efreyal ¢ F‘%JDHR‘S(S 189ci%4bort and conponent usage
are i dent iddnetfaibBlupRnFHH and“éomﬁm{efht UeagH Jal%‘*dentlfled (step 308). As

constraint information is defined, for exanple

assoSioke Setailed roppieaintinformatien & drfinede fprraxample, associated with the
oper gbta%bt@& dRAREY for ah BBBraBA 8n Qeﬁﬂ trRd rﬁcﬁﬁhe&aﬁt??est 88ses can be

constructed to exercise different paths throu
1t5he Gepirigtacle exerise dtﬁ’erﬁnt:naﬂﬁefhmh t'&%ﬁ%nerﬁlﬁn@y gréph gith different

i ncl udhdiehitestd ﬁtﬁh&lﬂﬁ/bﬁg tedlinY SR LAY é)&l%?ﬁe values (step

val ues (st ep ni torl ng i nformation, genera |
from3f3ﬁ)e i nstrunent ed execut abl e f orm of the busi ness

- logic, gn&hﬁohﬁgqgfo rﬁag&@“g%n&gfedﬂ?&ﬁ tr@clngtz‘tﬁ'ﬁﬁﬁté@@xecutable form of

“associ ate eac test case agal n _
ex pe thekHgnass ot can b alsgd thijaceHbe FRaﬂt oiraxeRdinnuassotiated with each

Sr oc % rsl%g%"gﬁpr o%@gme@tﬂeﬂgwblﬂf ormati on generated by

the sing execution of the business
Ioglc speci fication deployed into the distributed

processi nana@ng% tﬁl SRS ExS@llo 65 BlaaLyRgd tO
correl at process

i nst ances ThetiegirutientationFinfumetidl) gefidratedi hj dheratistibutedrprocessing

Fece oy of ATbliniedR0R 16F el BRilb 1Y Pigwiouted processing
2@r apbnviféinment cdn be analysed toncxtrielate adkivity betvidey dommunicating process

1 net st Gie PR P Px ARl eFpA R Ean Beaivec rom gre messages

i nf ot bfeoserit an@ﬁaodﬁrtetl\b@dhd\bliocéssdﬁﬁah&sused to

optimse the way .k bei ng execut ed

the distr ﬁde@anﬁsisérgﬁﬁ,eﬂg&%I t? ¢an be con ructed, firstly tio identify the

‘connections between these process instances, but more importantly to enabie metric

30 information to be derived which can be used to 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 dynarﬁica!ly 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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The interaction graph illustrated in Figure 4 starts
wWth the reception of nonitoring events 402. Event§ 6 MAR 2007

&ﬂg%ﬁa?m{gg@ei ved_ staticall y (t h_at is to say, Eﬁf%%z 63/004203

queries on a historic dat abase of
nmoni toring events) or dynamically in 35 real time"

whi | aotalprocsss dit@ice GIBAALIRSSEMoAlG e 8 X108 Utf'it"&alréﬂﬂ? be:ng monitored it
process jnstance is then checked to determ ne

whet HEf gieadyRenart ¢fdhe mpgitoring gragh.\pr 2007 WO
2004/ 0298GnEreth&Briasd AQAeasy Béln? niHrﬁ’cBFe%lStHeﬂﬁké‘ﬁEé‘d to check if the

al ready Dbei ng nonitored 404. I's al ready be
moni tRAPRIQring evept indigates they aw@eq@;a@e isopeing sentHIb. od'unqhg a message is

9% gﬁ e\ @€ thdlfie a%%‘?c?%uduﬁ i 4o BELNE |Hf@r%%f &3¢ thereby ensuring

need to C moni t ori ng
i ndi daafesfoﬂhaﬁonaabmlt thegwotess linsitanpedbat is @EIQ tourdcgite the message is

ek L T (e ENE T EN ———

i nf oraeastrumtechbout t he process instance that i s going

an i ntor 0 DB BERS Rl eSS o fF ol e A ot curenty

Iei ndeinganeritoned then thef moritripg evaasvamsmam interest unless it belonged

d t
0" bab RhTaraRe hiebeE AR RoRRS 41Rfeamictey G aerf Y Briseds of nterest
of neHONtGrte tHenunll @vs'pidcebe inzbgre’ bd addedJIOCméfiﬁomtonng list 412. An

i nst ance .t.hat,  recei ves a ne Vi ous ent

ot oc 3SR PENESh Proeeas TS PeeHUN R Fesisieby Jiibebtne process

i nst mmcebecaﬁdgd niesshyefror ainbier Bﬂacb!s.{ﬁﬁ\at”rﬂs%lreéﬂy ?emg monitored.
e crea

asso( ation p rocess instances w d
S orThE e tgralin BeMEooosss Masatbos ceaRRINES & Fegaugisation path
fr Omb%lwgdﬁﬁhe () fp%‘r%s& Wtances alhiga e it 4y Hub8eqitbnt monitoring

15 The associ ation between process I nst ances

est aSVERIA A the TBRSIVIRY' PERGeSH INstance shevlddonw e eantyrpd as well, thereby

Pr OCesEbligHid as &ic’ R ihd RRSadd AlcoRBY T8 AMB M he message sent
monitoring ‘events for the "receiving' process

i nst 8REESSAdH d now be captured as wel |, thereby
- Rstabl i Sh'Ffl‘&né’éH théhfbnntbﬂeﬁ'ébé}ﬁ id Qﬁeﬁﬁ%&rﬁﬁﬁéd’@ﬂewnﬂy added to

process wth t nessage sent rocess
Pr ov rthﬁalaomfmnabﬁ; it oHElpeansyred t@téa@m@fﬂhgme&@w events is associated

noni mﬁqg% BrockEs s sﬁb-? Qshﬁ&‘}les ﬁ%t 'fﬂ%.n fefdid RP4dé St is means that

it rmust ensure |tor|ng even
i s apedeimancd infoimation pan qﬂdmeg@fr@mm%amwwe@amrmw each node,

that LORY a5 mee\ﬁt%gécﬂg es}l@%t\gggd he ﬁ?r%%sﬁ&%nce? Gof QMRS fhe tatency of

i nformat1 on can activities
2&53 otheanegdestiresponag ror tipercerdsgeef fimesakehdn each of the processes.

interacti f g I SS_| e f .
ol o AAOEH SRt GaR B &l BRIANE B8ing #AE procepiyre shown in
- per cEigus4) axin ba ramefi ahlem its awe ﬁ'ggsr,::‘; atvway qﬁtrgciag SIGSugl';]the execution
Al thg hr!k'h nterac on gra constructe usin%t e
* or oo Bt partbiat iR g eds S Al ey Pt fiaiso can be
ovvn usedhior t‘mhlghmyvabburbbeéﬁ &g atfivabudifictivh AERCbUdiNgss logic and in
rticul a usi ness t ansacti on across

3;90t eHFq%QFq 'V’prrr%l EPESE%%%% O al so can be

Final verification involves a comparison between actual performance and the
originaily specified goals (step 116 of Figure 1). The interaction graph describes how
multiple processes (and sub-processes) interacted to achieve a specific business

- ftransaction. To enable this information to be compared against the original business
35 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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used for two higher |evel purposes: as a final
verification of the business logic and in 30 order Zt% MAR 2007

' e executable form Final verification

%%W@%@ conpari son between actual perfor manEE&T4H§003/004205
the originally specified goals (step 116 of Figure

1). ihgis ﬁfb@és%cﬁb%eﬁbﬁé}hgr%? & A bE‘éWamedtfi’o% fhe e point where the

processes (and sub-processes) interacted to ach
spec Pchés%‘l]ﬁaﬁ%lﬁ creategn%wmghaﬁ tramejtianthisiughiohe or more sub-processes,

info n
busi Ed;?sgsb%gq 0gi c é;p%em PI ca@g?ﬁﬂﬁ% ﬁfeﬁ'r eﬁé{:/%{r?t fnd F*{esd%rﬁf""” of the
t he Interaetiarn gmhghabhaai@enlmmﬁew the \telmﬁcaﬁmnsomembusiness logic

3t r SRAABF Il T orBhR @ 8 gl R pffSssoHowener, the

2004veffieation RATpreBRRD3S Gad2Dh cah, theckingr that e cofélated monitoring

wher Briton SRRy ?qaeﬁy:ﬁéa‘i%eﬁﬁ;hreﬁ@ﬁﬂsﬂouswst?g% $hechcation, along
tr anfvitlﬁ relevan siatpthanges and G@d&lﬁoﬁ pbinsl ocesses, to its
concl usi o I OCeSSs,

.o D6 i nNg.,. th t f th
and the dHPREIER RAPEEIan orapCioAHTOY Yeapreckingle fos refes on the

1beengmpn'sumnty fohisrexie infbiratiohOdov pidt@s® Wyl Hressss! 091e€ncs can be
5 speC| éatlon may not extend to the conclusion of
the PREIE relateghiaip dupation spept ReroETING AN partighigrclagkand the time

as féﬁenﬁielégaﬁﬁg‘ pafde selric@sk RRbthbhSrocesd pisfingss. Thlﬁ means that a

nmoni torj % i nformation correctly Identifies a pat

t hr oRfgAk4dYE BLactvi san &g d?ngﬁfééhweatm@hmuam an@ was epfually spent
rel ey tid ﬁb@eﬁhm ABH nq%|tﬂ&ﬂa§%éfgﬁ1 %’?r&%sg Btances that
|nteract|on rap to | mprove t he execut

. 1pel i Werednteraried with af ajhoktha progessing. engrsignifidantiy hewtmaceh (atency)

dowWngiRé QERS 5’(% Hr;%%@ﬁ? thy%ﬁbgs'is ?@ﬂv&% tl‘%ben%'cgﬁd instances. This

relatedtot e duratio pent ormn
par tintmahon 3% baripedhie ﬂ¢tﬁ@nm% pwémheméh%g?a«ecwgbipaﬂorrs of a set of

of tﬁ%céé%%ﬁ &S’UIS’BQ ‘a%c ?&&%ﬁn h'?ﬁffé?%ﬂ?@ann@ e% Lﬂﬁf"\ﬂﬁere a significant

t hat br eakdown o Ivity can
how \mlme of rasuasis as&:beuaglpﬁswiebﬂtweew tWo busimessgegic e;snresentatlons

t
51487 Son W UGS 1530581 e o HBRES B g o o
pr ocexshamgg reguestsi gni fi cantly, how nuch (I atency)
ti A . o
15, SRRl A BaSRRTAIR S A MFRL e SUERACh Mpusness oo
det exam bee detmtiposed titke tmbemntpadmleatsf ehareoéach samparient can be more

G MO SR B PR DRSS ea o ity Bl i ch BAP gvamplo o s

2hei ngoyihbe @Ipl‘oeessehal mmdémmanﬁsﬁerbours w1th a user followed by many
represenbat 0 can be, re-

o ISR, 5 S BRI PXeBlen foleREY yREM of database). if the
 exchrogssiesriosited with td @kl Yhen the BBdesk o ﬂ'@UEQbLIr&Lﬂ\MH @e sneﬁ“ cient,
si ngl edprocess _I(r?ﬁ% ci at ed busi ness | 0gi C)
_dec%wa eV o NSIR0 ﬁ%ﬁﬁ&%s cahaccegsfuly %%fe%msed the user
can jiensié Sctivitp BArPRsIdRL Gdse 16 thd QertH Hkh Ehé ﬂéﬁevant information can
resources that they require. A prine examnple of this
30 be sent in a single request to the other decomposed process which would be
co-located with the resource.
The preferred environment 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.
35 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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25 woul d be a process that includes many interactions
with a user, followed by many interactions with a 26 MAR 2007

?)szg)ﬁ%&sﬁo%for exanpl e, a |egacy system or dat ?ﬁgﬁ/(%qqgos/ooma

ocess is co-located with the user,
access to the resource will be inefficient, and vice

ver sdogid 6Ehifseenarid cdnie §peemes n BaRIF 'd%ﬁ'%%féd%rbb‘e%ﬁg environment.
deco?)D?sed the user intensive activity can resi
cl os& HIBY 1 ENGeded iy &y degiarativen Mle fpm Hiati mapy witecthnto a process

can gedficARntini RIFA ReE 'ﬁﬂalrl%hpf [%g\l:]§§§e SIQ!FW.E 5plnefhe policy maker 502

deconposed process whi ch ated wt
r eso@eters el Flépé'i'qs@@n@ﬁiﬁﬁl %ﬁrﬁéﬂlﬂt mostimplementihepolicy (hereinafter

S ucTofefted 15 ﬁ”"e%" e Rncuifonciy SBEMALEns] Bbacs then have a

can Tresponsipditg fop adhetméo I(m‘gmplemenangr)elhatfpomw e and

Soenari o 1epia Ay TRARE miohihd 8 ey, BV B see compliance

on adeparmentin apoémtegpnmk dhe chOstitubicyi might sgrestpohti @ an enterprise

f or gﬁﬁ %E @ §| %% H%%r &% 86%1,.%@{,3 'gﬂf fisﬂ en %Pnsmvgmﬁe? rggl?zlatory body

1@0 enar campliEmcb elepariuérit] thel poltymlrm(eRBEz delivers gulite a constituency 506

Pt 03 e R RhABIRER: Ropd R guiFer ufeteot f dnffsgmgtugass (oy which we
s pec feéatnia¢omputational Fesoltdes rdhiedted a0 GUAG ORI sLitaié software to

ent 1 PiorE R’ Busiees o fifboriay JnaRRG  fisrhobpy Metsrogensous and

(‘her eembaitehomous| eTHeeeertal BEIRYT Maker 862 thAnot enforce how policy is
constituency i tuents® 506A-C then have a

1Fespm?‘ﬁﬁm‘aﬁ)}%§m&g\%w #dhatpofigy isi npl enenti ng) t hat
policy. Tbﬂ'\é?tetﬁbr(@ntrﬁpbblﬁy MENER 509 HBLaL R ﬂné\ﬁqyltﬁét%ié policy as

body or sonme conpliance epartnent 1n an enterp
The €@sibpd it heipg rﬁf@PﬂﬂYdePleé@ptﬁﬁHO\te@ thendiffarting lnérestructures of the

- pol i %tu%n@w‘?ﬂﬂfsﬁé Bbii rsal \gﬁi’@é g@ﬁ@%sx%ﬂmd%s%t say how it should

enterprise ether reg of conpli an
dep aP% ireplemented. Jbe F@leﬁmdé to ise)abla é¢ prove fpnpellm thgt anomplementation

260NSEi 4 HSﬁl{y%fse r%%ﬁ?arﬁél‘_g H{ér nfrgfsc@%?%él{ebﬂ%ﬁeﬁlge% The solution must

operate d ast r
neanlead ip atcansistent poliey manegementrin aclysamicaitaativet wor k

and sui t apje c%ﬁlfrélgﬂllﬁ/e Beu%ﬁ?cﬂf&ber o\gﬁat Bl Bg%r:’lis and a constituent's

functi ons) eheous _
seni impleroeriations of thesamenpaliay rqayl divargexiioe ex&ﬁﬂemaﬁ'feoarea of legacy

fo t ed
anat Yeferfe oBfsuding Siyalon WBIeCHE Prdreci ross e Rispbeter a legacy
_2? eedsystesm kesauisiis alhassagh eacmﬂngeytha&s gﬂfﬁ@ wiped mw&itd means invalid
ei e er. t
ot 1 S B et BOET RS, efRligh 4% et bie s might hgppen due to
saysa Wimaihgi lssmrwhalswﬁmngt adggrfchistious agyshan ihto 8ROHSfhchronous
_ be i npl ement ed. Tf} ?ﬁ{é gﬂelsto be able to prove
 for fHPFSAOErRRSSIRg 1RSI Isatoub rashit i TRRTIoB0a iRformation from the
- sameesufidieofthe distlbura prééés%l?ém@ %émﬁ%bl B@dinst'he original business
solution nmust Jead to consi stent policy nmanagenent

3¢ dog}g]‘ KieBnithe eolicy 56 idgﬁiped by the central policy maker). This would highlight any
differences between the required behaviour and the implementation of the policy and

- s0 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

_ busrness logic representation or executable. '

- 35
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S

The' central poli cy makers notion of what the policy

and a constituent's inplenentation of the sanme pol |20§ MAR 2007
may diverge, for exanple in the area of |egacy

syst eggé%nsn der the situation where an incorrectly

nodel apper for a legacy 25 systemresults in a

message exchange that is invalid, where invalid means

invalid again he central makers. definj.tio . '
of thit pofarighod i oreagp SHapRehiex (R Sxgectiondn fgyibuled processing

| 5SUeeNVRORAMENBIARICES dancMATT Y R BHSroSKErEPRebEYtatIGHS of business logic, the
asynchr onous messag? é{éipSSI ng infrastructure. This

woul dMEEQE qomntisingt A§Fi nf ormati on fromthe
execution glovidify ﬂ'béésfs' @Hk@gnﬁfi&?ﬁﬁ%e&oé@és%lmt%n
agai nst the original business 30 logic (i.e.
pol i cy as ¥RSfYing#hadihe teprasentatians ges vadigh rraker) Th| s
woul d hi ghkd
o b SRl SRS ALNGRE B diESlance win the
enabl erifind reprasentatidnén mechani smto be autononical ly

anged s : I red
T hout tneaainepieaRapeelend AN PboRRg 16 201
busi ness | dgplayineivedsstad axeamatﬂes imbe ldisatbuhed grece&m environment;
MAR 2007 '
execut abl e@r@lo’}ﬁg)gé% A‘ﬁgﬁ%%g gtﬁes? %ﬁg}%d g)g%cru(t)%béessstonaather process
envi rexeodtitn informaetimr,dance with a set of process
representations off busmes Iogi.c the . 5 netthod d'
conpri si ng"EhE G RigIMaYan gty e pguieriog step, an
1sepr esent aatutm’fmlcamyaalwm@em @xkouthnies rmidatdoﬂ'eSpondmg test data in
veri f in'ﬁthat rggesentatlons ar(fv al.id
gene PREPHENESWHY Fﬁﬁw RIRGeSoPresuih B Ratiedt data in
accor dance with the verified representations; 10
testlng t he execut abl es using the correspondln

dat a?- de D |Wpﬁy§>dtqqgorgggttg glag;g dcwhensinstbesien pfau onom[cally altering the

di st ekéiftaslePriRABES BiteiY 'tﬁ@@@:‘é}at[on”@ﬂ'ekeéutﬁﬂets hénd test data in
performance of the depl oyed executabl es to gather

2Br oc 8seerdaneeith analyseddraersssirecelion ipkirmagtiomf or nat i on
gathered in the nonitoring step; and 15 autonom cally

altering the executables and correspondi ng test data
i n “éccor ddnedogdiacrorgding t9§lmmp1r il Hvdaneindhe step of autonomlca"y

i-nfo td [
e B oo Aol U REF AR AoEL kel et
i ncl ingeerification; leerab;orgmrewatlmg)ateps. execut abl es and
est data in 20 accordance with anal ysed process
execution information. 3. A nethod according to claim
1 or4.cl ai A @ethodeaedondinneto sargponé afutiainteniicl By wherein the step of

Slr gg%'grg] t %S'é\gé' i E{E% gxeﬁ@aﬁé%%iﬁnﬁ%ﬁ%rre pgrﬂgr%eed in accordance with

contextual lnformatlon.

30 5. A method according to claim 4, wherein the contextual information includes
" heuristics.
6. A method according to any one of the preceding claims, wherein the step of

- generating the executables is furthermore performed in accordance w_ith contextual

35 | information.
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N

the verification, generation and testing steps. 25 4.

A net hod according to any one of clains 1 to 3, 2 € MAR 2007
wherein the step of autonomcally altering the

executables is furthernore perfornmed in accordance

with_ contextual information. 30 5. A net hod_accordi,n%_I
to clfai m A meked&ceording t@ any eng ofdhe precering Clains, wherein the step of

i ncl [ ' .
" tﬁgﬁggeﬂb%gce fraﬁéﬁr@slhmsxg i%%pﬁ%&%%g%ﬁ% th® cREABIEs and test
geneldatam@Cﬂhéﬂ@m@aifWﬂeaﬂegsilept hernore performed in
accordance with contextual 35 information. 19 2 6 MAR

2007 7. A method according to any one of the

pr ec8di ngAahefhod acedrding itcmamhenestfaipe pifeceding olatms, sdiergin the step of

al ter] h bl [i calteri

o e AP EBLTARFHb I <R pRBR w525 kPRl ot " epresentations
tﬁst bhgwestdaala!yséd Srodesseireedtiore indordiation twithaay earlierofet of process
t he precedi

st oo sentang s Age e fuelpaBredi sinpMicantsisparies between
conpgienilg a set of representations of the anal ysed

rocess execution information with an earlier set of
Erocess representations and altering the executables

t o reduceashanod h@@ﬁ’(‘hngj taain & 'f@r%hé?%mﬁﬁngttlﬁwmeplﬂ r@peatmg the
A nmet hod according to claim8 npris

st epdgieratiige Iasting q*ﬁbrsmgémraétﬁmstetv%gmﬂﬁae carﬁaﬁrgsanﬁ@d'cates the
and ggefrd agmé,t,fﬁ@ltmg?éﬁt ythe conparison indicates the
absence of significant disparity. 15 10. A method

according to any one of the preceding clains, wherein

14 he £ ep QmetRGDSERHiMProldhy c%é%?%e%%@édﬁgj’&iﬂ?nﬁss%erem the step of
generating an internedi ate version of the verified

r eprasseratingi tha eixrqmaablm compesest aenasalinganny uﬁgréne%ﬁta version of the
co |

exgg{jaltnh%@ e??@sze'gféﬁﬁ fFPéjl'hA n@{] ﬁen&‘@[@o gé%gfdzb%mpmng (t)r,)e intermediate
whervgrsion o thei axgcyfebles.at i on Ianguage is one of the

set of |anguages including C, C++, C#, Ada, Java

(r.t.m Delphi (r.t.m] Visual Basic (r.t.m) and

2(FORTIRAN 90metiRd asconding delclaiottd, whargin iedinisd ganeration language is one

claims 1 to 9, wherein the step of generating 25 the

exe@ﬁtmﬁﬁfWgeemMeg &, iGg, Gk Aelee davalbitem.), Delphi (rt.m.),

di r &%=y Badi (r AniTRAA@ECIERAKIgNY to any one of the
precedi ng clains, wherein the process calculus

notation i s based upon XML. 30 14. A conputer program
prod@ct fAanethod pecardigg ey eha bf atsimE drio 8eitareindime stap af generating

25 the executables comprises generating the executables directly.

13. A method according to any one of the preceding claims, wherein the process
calculus notation is based upon XML.

30 14. A computer program product for preparing executables for execution in a

35

distributed processing environment in accordance with a set of process
representations of business logic, the product comprising:
" adatastore for storing process representations in a process calculus notation;
" a verification module, for verifying that the representations are valid,
a generator modufe for generating executables and corresponding test data_ :
in accordance with the verified representations; | g
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di stributed processing environnent in accordance wth
a set of process representations of business |ogic, 7 6 MAR 2007

the product conprising: a datastore for storing

process relﬁ@&%?(?ulé’f&é%éﬁ n@ﬁ%‘éﬁéb&@'t@h‘l e 2 corpesponding test data,

not at i on a verificatl or ver|
t he rwpemmaatésmrsmadldevaillom theaestegemecaﬂabresnbdm gleployed in the
for g d correspondi ng test data
in ac@'?i{rf‘f gﬁég %%%ﬁ.@h%%g'?m Fted representations; 20 6
2 6 MAR 208wonitotmcdde, fomﬂommnﬁgthetpmfbrmgmd”céthedeployedexecutables
e ecu%)abl es usi n t he corrfegﬁ ondi ng test data, wherein

?errﬂfa‘iﬁ CXPPEHRE DIRENEYAY ed execut abl es to be
depl oyed i anbhﬁyséﬁrﬁdddlé)tﬂredalpmﬁ%ﬁﬁﬁzieﬁﬂeﬁéwtib@mﬁtatioﬂ gathered by
noni t nodul nitoring the performance of the

depl o sd“‘é’wé’Eﬂjtogﬂféeérng to gather process execution

i nformat i ogn update YRS whithtiteps thelexabigbies Bfd @6rﬁ’§ﬁﬁ)ﬁdmg test data
execution information gathered by the nonitor nodul :

and SAHOPRRICRIND AGPYdants with anglytad prREess@EGHIS '83“%1‘#80“
©@rresponding test data autonomcally in accordance

with anal ysed process execution information. 10 15. A
Con‘pu p‘} G@mﬂﬂ% PERAaM Riedunt @pﬁ@'dm te|ciaim 1y wherein the autonomic

wher edlt@rétﬂ&ﬁ RO BB fapidd hsd é&ﬁ%bgﬂﬁmghést%mc %E%hteratlon of the -

and correspondi ng test data Inc Iteration o

behapiebayiour ofi the ggerrtertraedule igesordange sothdanalyseg pracess execution
anal ysefinRigpcess execution information. 15 16. A

conmput er program product according to claim 14 or

18 ai m 15, wherein the wupdate nodul e autonomcally

alters th [ )

Al terPng PheipeRBloRart Brodiil SERRIRGT el 3k of Bftn J5. wherein the
t he sipdatermtodilie apnamicatly afters lffee exmu'ta"t:i[esaandnmormﬂmh@ng test data by

anal UG rEBess Bores S5l i R0t shiantiy operaton of the.

ac corehifivgtibomadylepthe geheratar meluledthiede tér modge andithetdna@lysermodule.

2§pdat e nodul e autonom cally alters the executables in

ccordance w th cont ext ual information. 25 18. A
conpyrer Prodgipuenpregtdfiprédic® heddiding @ ahﬁbrﬁa dfclaims 14 to 16, wherein
wherei n the contextual i nformati on i ncl ud

heur iN&tipgete mepuloautgrpmically %te@ﬁhaﬁxﬁwaaweﬁw&ewﬂan?@wﬂh contextual
to apyorAagof clains 14 to 18, wherein the generator :
nodul e generates the executables in accordance with

cont ext ual

25 18. A computer program product according to claim 17, wherein the contextual

information includes heuristics.

19. A computer program product according to any one of claims 14 to 18, wherein
the generator module generates the executables in accordance with contextual

30 - information.

20. A computer program product according to any one of claims 14 to 19, 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 -

'35 tester module and the analyser module. -
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30 information. 20. A conputer program product

according to any one of clains 14 to 19, wherein the
updat e nodul e autonomically alters the executabl es 2nel MAR 2007
corresponding test data by altering the executables

and test data directly and instigating the o eratrg
of tR3. 3% GaEPUST PRSI erosiet AR NG gRLPNG, diﬂ"@“ fo0 20, wherein

6 I\/Aﬁ'lezl%‘gj%te %&d&rt@‘aﬁﬁﬂ@rﬂfcﬁf y Qfe?ag&té'&@é ar&?@d?tééb&&img test data
to an ainms 14 wherel n the upda

nodu |be companingd setiof gepeeseetegonsrré the@naltses peesesh execuﬂon information
correhR %b%é}ﬁer s%?{ef p?tﬁée@s re%?‘es%ﬂ 8hd S Qte?rﬁg et executables to reduce
representaiti ons o process executi
|5nfomgait”camtdasnatrtnestbmweenthemr set of process

representations and altering the executables to reduce

5 significant disparities between them 22. A conputer
progpam pAcxdiumutaqnogrermorﬂm akeording lo claine 2d| whetein the sequential

geneparafon aie.eriplof utdlfe. it it Gl e teslel frocuie, the
mduéﬁalﬁéﬁﬂ niddelewpd #eipiBuhaiuiasdintinussauta oy aatiltye comparison

unti) 0 10.i n |cat es the absence of
18 gnl"ﬂi%%thgggwpfls'gﬁ@ca" disBA#Rt er progr am pr oduct
according to any one of clainms 14 to 22, wherein the
generator nodul e generates the execut abI

geneft i nfy CAmPHRT gt preduct agsaripg t QAT Q?én'mt &4jto 22, wherein

I epraesdmkat8N modud ddierdled e R duRIbIds B? lg%ﬁéraﬁﬁg drh@fermediate
15 conpiling the internediate version into the

exectRraBN . theaverified dapesetainnoliy arinisd qaneratigp Jangnagg and then
150 ¢} h rmsr it D&rsoRiintd thedonRL@bleaN | anguage is
one o Fgrl]titrgﬁtsgt 0 anguaaeslrnc [uding C, C++, C#, Ada,
Java (r.t.m). Delphr (r.t.m), Visual Basic (r.t.m)
and FORT t IS B O Cluherein the third
accoér:ﬁ?ngeﬁt\&c??@)#;/&g @Er&)a{rﬁ nga%ﬁoxtﬂg@zz erein ere(len "
gengeaﬁmtrdnﬂdngteawtsmt@‘she set eangtiadessisclddirecC| €++, C#, Ada,
26. JAvs TWWFD%@W%)&V%@HP%@EQP{ G hd PORTRANG00T
clains 14 to wher el t he process cal cul us

2(otation is based upon XM.. 27. A conputer system for
pre in . ,
o oBssi i R W SR fly Bre bFqatiei 22, wherei
pr octlesgemerptoesmdutetgemmt@‘theleuecutﬁsles dioaptlg, the system
conprising: 30 a datastore for storing process
representations in a process calculus notation; a
ver 26l catA mmpratehﬂregramcprodr.e:t adoprding tolemly onkef claims 14 to 25, wherein
represent ations aretva ener lg nodul e for _
gen Pmﬁasse %‘t%ttﬂ%@“dﬁaa F?% ing test data in
accordance with the verified represent ations; a tester
gfﬁggpg%;ﬁ@%@s}fgﬁe foF preparing executabied 'S cution in a distributed

- processing environment in accordance with a set of process representations of
business logic, the system comprising:

30 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; '

a tester module for testing the executables using the corresponding test data,

as '__Wherein the tester module allows the tested executables to be deployed in the .

distributed processing environment;
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35 iherein the tester module allows the tested 2087
executables to be deployed in the distributed 25 MAR
processing environnent; 22 2 6 MAR 2001 a nonitor

modul e, for H%Jb‘?ﬁ t
execut abl es "{Htﬁgb'tgrg{)?w Qf%.f}ggdéﬁgcgfng xecut | gﬂ&?én%mrﬂ?re:#g&rﬁ YR exec ables.
an antd gatber pfomﬂseexbomtlmafoymah@ process execution

informatio u
updat o oqth SRR odtie i SRelER pliesd e ifordiBn gathered by
cor r egganoitog niceiste; dad a aut onom cally in accordance

th anal ysed pr.ocess, ex 'nfor tion. 28. A .
Cuter S3SHRIHE SR MEohe s 3ot RaHBS nf{ pwesponding test data
aut onaubroraichiy iatdcodrdahce With ap¥gsed plokess @dution information.
corresponding test data includes alteration of the
behavi our of 10 the generator nodule in accordance

with 2mal yAeempiRe SysteRaeBsHdir o bﬁfrﬁﬂ?fﬂirhé?@in tﬁ@auténom:c alteration of
comput er é.lstem according to claim?27 or claim

wher R SReHtapasARd C%am@dmfsﬁfoq*ﬁt%mcilsﬂea@dfefaé,wf'r?éthe behaviour of .
¥ ecuhalleRsrafitinsdiid RSRRBAdNEe Withiangfséad Bbbc@ké Siédﬂﬂon information.
the process representations and instigating t

sequenti al operation of the verification 15 m)dul e,

the gepergf eémggﬁgf'ls%stewgcc'é&&hg o ERAH 5 &‘@anh'hﬁa whereln the update

L - anal yser nodul e . conput el system accor
) any dhedye aytogomicaily altersiige exgnaitatiles andecorr@pm@nmm%ta by altering
aut o
3 o h'?ﬁé'hr;bg{a(%s)’urgﬁnletsﬁﬁ gé:lir}: r?&ﬁﬁ&ib%gn%%% skﬂu@rﬁfé?%p?&?ﬁ@@wsct)f the verification
1d&c comapduiie, te gérdratoB 01odwtes the testen encoloiet @ thelanalyser module.
i nformati on includes heuristics. 32. A conputer
system according to any one of clainms 27 to 31,
wher &0n t mecomﬁutgeamtamoacamﬂug ¢o gayue:natcﬁscla:ims 27 to 29, wherein the

exec qr.dan th,conte )
"t o Riftegiodle BORPRARGTY alblied FRoEibbBa m gorosaapgp win contexual
one dffoshations 27 to 32, wherein the wupdate nodul e

?ut onomcally alters the executabl es and correspondi ng
est data by 30 altering the executables and test

dat a3di r eG\tdo)mp@t@ syBteh] itokdifg 1 @aifBT, Ahiefin Be ddMextual information
tester | e.and the anal yser nodul e. 34. A conputer

syst m%@EEPW'*ﬂ'ﬁsto any one of clains 27 to 33,
wherein the wupdate nodul e aut onom cal | y aI ters t he

execut abl es and corresponding test data b
Afi ngALOTRULEST SYSEqIM SSERHINY tnanYoene KE CE’HH? yelg 31, wherein the

conp
J 297 CCGERABUPCHEIAD. NGB! A Sebilablag FPIocbiaREl Bin contexa

T - process representations an ering the executa
to righup@tiop3 2 6 MAR 2007

) Iﬂ.l,}\

33. A computer system according to any one of claims 27 to 32, wherein the
update module autonomically alters the executables and corresponding test data by
30 altering the executables and test data directly and instigating the operation of the '

tester module and the analyser module.

34. A computer system according to any one of claims 27 to 33, wherein the
_ update module autonomically alters the executables and corresponding test data by
35 Comparingaset of representations of the analysed process execution information with :
the earlier set of process representations and altéring the executables to reduce i
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significant disparities between them 35. A conputer
system according to claim 34, wherein the sequenti al ' )
operation of the verification module, the generator £ 8 MAR 2007
nodul e, the tester nodule, the analyser nodule 5 and

t he updat e nodul e conti nues autonom cally until the

conp&grEisant dignatitiesbetwren thedsence of signi fi cant

di sparity. 36. A conputer system according to any one

of clainms 27 to 35, wherein the generator nodul e

generdat es Atdvenpeter cystainlaesordingdeclainedd, wheain the sequential operation of

i nterediate versjon, 10 of the verjifie

Fepr SERNRRASH LB e SeaStsttiarest Fofhe iRy masivie, e anaiypermodule
GONpiahd tige Ubdate rddelenRMtinLEs ME6SdmiBaliynintl fheeomparison indicates the
exec\%habl es.f 37.. A conpuyter systemaccording to claim

36, RAERNCE P! SIQBIfiCaRtAP8ENer ati on | anguage is one of

the set of |anguages including C, C++, C#, Ada, Java

r.t.m 15 l?.%ly)phi (r.t.m),, Visual Basic (r.t.m) and

FORTREN 90, Cospputer sysieplipetording de Anuoes of iclaime @7aity3% herein the

of  chahdFBtof holifleeneMiay Bk %xé&ﬁaql&eﬁkﬁ%é}{e?éting‘%?ﬁhférmediate version
Irectly. 20 39. co

enerates the executabl es r _ nmputer
18y st ehthavediies regresentatign hrethird generiatien Emguagesand then compiling the

wher gi I tation is based upon
wher ﬁg&@%ﬁﬁte W6k o 3! SbiteniBe

37. A computer system according to claim 36, wherein the third generation

language is one of the set of languages including C, C++, C#, Ada, Java (r.t.m.).

15 Delphi(rt.m.}, Visual Basic (r.t.m.) and FORTRAN 90.

38. A computer system according to any one of claims 27 to 35, wherein the
generator module generates the executables directly.

20 39. A computer system according fo any one of claims 27 to 38, wherein the

. process caiculus notation is based upon XML.
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