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‘particularly the |nvent|on rel

to the execution of verifiable processes in a

di stributed conputi R F@g) $é§5 nt. More

thod, a

conput er HETEROBENEQUS DISTRIBUTED VCEMPUTING ENVIRONMENT
autonom cally inplenmenting and verifying business

logic in a heterogeneous distributed conputing

envi r onippsll of e IRYEntiGENt i on enabl es a high |evel
speci fication of business logic to be deployed and

execut ed Nei present invention irglatesdtothe exesution @'menﬂabiespbpesses in a

Ieﬂ g%ﬁetﬁlt&f] %%U%n%lfe o Elﬂé Eﬁg o?@gegg%g%%?g&u@f}%e invetion relates

| ntﬁ arenethothe aocorgputat r.imgnanesmodimlmd - o) sBaehgrfaﬂrﬁhtonom:cally

¢ o Eme PR orming Bihcts By g Regfieiiesis glstibuited Sompuiting

commﬂerﬂgal nst an expected behavi our.
“Verificati.o onth ot h ndlst capabiljity to
det er mi rc[g 'e@oﬁ'&&?ré vel speci F icadionef busmegs logic to be

exdembywan&iﬁxmmh @ distfiButea PRocRksiAg ehoREhASAY, u‘Pé venf' able,
ed programm ng '

re to conventional i
E@ﬁ@%&"a Gutaneas Manngy, o ewre& tip exery mmmoq:@ses correctly

thmp?&’ﬁéﬁb&hébhgﬁalf&fmﬁE%gﬁé ble Mark-up Language.
Business logic refers to a. representation of any

portion of a business procedure. ‘A business procedure

coul d bBacRgﬁhﬁthﬁ?@inJéﬂﬁbfiess problem for exanple
the dissemnhation of a regulatory policy throughout an

ent er pr inghe fallowingidisdusaion 2be perobtestingTrelatesdargfaeility for exercising
aé E@@Bg?%ﬂt%gaﬁéﬁwa:%c:t@eﬁeﬂﬁadﬁkﬁ\ée?’f %% ogﬁ ‘ol S BBRY hand is the
i rﬂapabthtyjotdetwmpmﬂheihel% tlhe rcompanphteis valie foeelxeﬂmgn References to
r o4l n Wor
R T R T —
al lamguegesyfer exdnatle 0ava, CHACewor AdaVER thé abbiRviEsh for eXtensible

%rg re resent ations include: canonical XM. based 30
rgﬁ S rA9YaeR (for exanple BPM., ebXM., BizTal k,

Xl ang, B\Bsiftidsliogic MWBEts) tcﬂladreméﬁmatﬁhaéﬂ an?f1 portlon of a business
reres | AA or, FlI PA Int

nt at
AeEe A RUSinbeS pricerlS, e en Abbight pygl-blisiness problem, for
e NBRNphsHhe tissemiratisRbf @fég@%&? pbl’@; t%ﬁbh(%lﬁ%h‘&rﬁelﬁﬁge a logistical

services_ avail able on a tar

o RORIR, fos RXmPIR aﬁmﬂmﬂﬁra%%%teﬂalamnw cartaignumber of widgets
S)6 Bt .a §ivén BESAIRE! EPlaH "i‘ﬁf\'éé.‘?ruﬁélré g o!é?l‘i’,sfg&t%?(ﬁeﬁ'lb?e the mediated

target platformand the capabiliti
c dRtng: ofdnfarmationdiowing through a network.

Business procedures can be represented in a number of alternative notations.

Known examples of business logic representations include: canonical XML based

representations {for example BPML, ebXML, BizTalk, Xlang, WS-BPEL or WSFL) and
proprietary representations (HIPAA, IAA or FIPA).

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 éystem), the preferred native

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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m nimse the anmbunt of source code that has to be
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h. i
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d Tmmmmhombppnoanls todevetdping $oftware applidatibes has been to build

o BT B HERY 5B b oy YPagsY elk b4gRy appropriste
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<Difee aRPh o CoBBREEI T sy A Bk Bl Even ae
vvl édmﬁ]ﬁﬁ@)&fe\ﬁdéﬁ daéc@nﬁerﬁﬂfwﬁb\ﬁérm‘mém frerasel IROMEMOBY capacity, the

Di stributed processin @el itectures were devel o

= CREIRIGN RS 91 FAPIFaLEHS WIDBMEYS (o Ry b e gameufina power.

C 0 nput | PEtribetAPréGsssirdarSiRblurdXivdre Ae¢SIBPEd A9 mRANE b minimizing
a larger set of conputing devices to be harnessed

© e Gansiainte of BYS1GRL RATBYG rEFBRERS, Y Spabing e omputing power of
Se4 Pé?der%@fﬁfrdo ngéﬁhb' HERESs to @b%f‘ﬁé&%@ﬂ) |mplem%nt tl|1qe tasks traditionally

proceSS|ng co envi ronnents, in whic IS
p ohgiforne ad@esmer-mﬁc haglubionfe noDistibuted c aseeassing/computing
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of TRISEr T bt ed procéssing envirohnment is
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proces .o ' .

Fesour B0 2hBisRs ERrfie aidlifliel Brose By shilfbnmentisthe oRID.
i MTheaBRID isTorumtimecenvirohimentGRECENabidschrapgssing taskstol ter gjlocated to
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eGSR BateT U A Bl 2P ns 2B AvhEn 8 invanet. Toa user,

| e \GRIDAVGUIA REpeaT fa ddrgovitual tdirpuiity Sistadartie GRYER facilitates
been defi ne |n t he are

SeReoHE, SoOONAIPd SRS Shating Daves TIHNdAls ProBfons ailke.
esdtahdarab %qu:e@i defilc@Rithe BRRSEF GAE ABAPULSg (OF6n Grid Services
http://ww. gl obus. org/.
Architecture), and an organisation has been established to help promote these
standards, see hitp://www.globus.org/. .
The constraints of physical computing resources are certainly felt in the arena
of business solutions. In response, there has been an increased interest in the
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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35 benefits of distributed conputlng envi ronnents for
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SRR AN 3 5PLRLTSRGE 3Bt aRng R Fetses 1 2 manner that is
CQamRdbIdIg resources, they do not address the

managenent of the busi ness | ogi ¢ that executes wi

i
oot 06 bishessHogie besnmes Msibiieq AGTasH GRGELINcaNgNs, X becomes
RARRF td H\%ﬁa?é Bnd’ ﬁfgl’é SiffRuk to évo’l\% RHEhEDIH llhé’ﬁﬁtﬁ an organisation’s

becones di st ut ed acr oss many | ocations, it becones

heeqstmememarﬁmgema partsrofthe ogicwithin a canyeationa) distribytadprpoessing
:Ogm{l %{ﬁﬂf bl Lﬂlﬁﬂé\ﬁﬁ%b%qﬁ endgdui rements. Changi ng

a conventional di stributed
proces Mengcatmnus thenefore: impagtahiin enswingihat businasgegic isexecuted

Xﬁéﬁ lifi{%g@é'! lﬁ@ﬂ rgﬁ?fé h@ e{gﬁllpgﬂﬁtgﬁg Veﬁﬂéatirgg\ Srsc ré"[s}ﬁxﬂ% th&3he business

r pigicepresehtation isgiahdin thetantéxt ofhel drivicanment withinwhich it executes.

v AT o eheb e fhedinagerinte Bfiotodnnans U TS ol fagresentation
i |tq° l@é@@ﬂticﬂ‘lé? hthér Lrhpadt that trlre"cnangéé will Have on?ym@etﬁ?uteﬁ@vironment
changes tO e Dusli S cre ES n 1.0 .0e -

6% PeisHlebY Siauntgg Betors i) 47 SSBRYRG R ATY pRlis Flore refiable

t BasiAess logRWh@ButRipYi ronnment  can be sui tabl y eval uat ed
before _they are deployed. The end result

rel i abifBe E@ﬂﬂﬁ%?ﬁb’gg"h iythe igplermentafion ?ﬁém&meaﬁ logi¢ has been
aeaﬁﬁl%ﬂbé QtdCand BLGBEESfi¢. Ot Ofter? Wéﬁdin%%sthbo_ﬁﬁe%eh@é of human

been constrai ned, data- and server-centric. ;

ofnalysts 4o amesd exaeutable sode as arresilhefinconsisigngies %‘9"0" reports.
amend executabl e code as a result of inconsistencies

or error reports. 20 Summary of the Invention In

accor d Sammarny of thadnyendioant i nvention there is

provi dfrg ﬁ%cé}ﬁén«ged&tﬂrtt% %%&?1? |r‘;\%n%ﬁctHér%biseﬁ‘rotlﬁfa€I a method for

execut processi ng environmnen
apmpradagoacenuﬂablea fsetexetumnmasdlsmpueglepmesmg; emnronment in

BUSI ng%S | %ﬁ% <§e§ e?rfgtg%‘%gfeﬁé)%iétfoﬁggof%é tsgqggigf the method

C@bmphsﬂﬁg 2he BiEpst ofoproviding process tepesdritations in a process calculus
resent at.i.on re valid; .generati ng. execut
b EamoYRIIR0 Lt fepresentdis, ke vpeRetaRe SelllBbies and
Vééﬁédﬁéﬁdrn@ﬂéﬁ&!ﬁ’é mtdcebRiancadith @5d Varffiedirbpressriationd) lapd testing
usi ng the correspondi Ff% test data, The nethod

pﬂ@r@se&bn%b!qsmweﬁheés srandugdgst datay of depl oying the

tested &Hba @f@d furPedE&hplidis e REPGETRDRFINg the tested
envi romg)riﬁ tHr ) b“”referered ltf’tlwat t he nlgt hodbgualrtgher

cemutamgs lfﬂbe ﬂtsél'pbtktﬁ prOReSsEG sityireRment
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



perforrrance of the depl oyed executabl es to gather

process execution information. Mre preferably the - y
wo MRileded urther conprises the steps of anal ysipg@/GB2003/004205

|nformat|on gathered |n the nonitoring step; and

autonom Ir% al ter execut abl es and

cor PELYi BHR ) SXecytale aa'? teR AR dn AeCqidARCR ihy Sadlysed process

proamuoﬁ%fgmluw on information. The step of
aut omati cal | }/ altering the executables may include

al t er i ng ThR&tepof aytameically sﬁertrmhﬁeseqta@@re§ Ty ZOBprise altering the
genEf Eé@r‘ép?éseﬁié%SHﬁ 8k Pe“pe%ﬂrq@? Ic)h%SIIeHﬁor rrat ndﬂaftgstrng steps.

anal ysed process execut
Sof aut onditematively lhmaremrngﬂ&elﬁteeaemteubmgblﬁagnczttss‘pdats drrectly and

al t representations and repeating
el hrig 88 (Rl

gerfeération and testing steps. 5
Al t er nat iThelsfer of matoncovgaily saltesing dné eyeduiables avayt bbl m@sformed in
andaéc%ﬁar%%t\@tgcyobf‘e%é% hr@@n%caér pﬁ%&%@ggéou% yhtgé con%xtual information
ex eibglutie$ hesristies abd/opHr olrdonmtrornﬁrecanology)aemrm tdtuirements.
10507 X1 Uihe L GATRE L8 relALB RBBRIE) o bRGe SRBLEH W Bbrsance wit
(1 né¢ontesdtialonforimatiomol ogy) resource requirenents. 3-0

The ene tin ste ref.er rates the
exec gt ab ‘?It%’ 3& @@‘I‘g’g?ﬁl!‘éa‘&r II/?"I;I@ Bﬁ? e%?‘FE'éIF’I;Ies preferably comprises
i nfrmnmrlngrthe Eh@yﬁ&m'oeéss@eﬂeeﬁmﬁ rﬁﬁ:InInﬁtrcﬁI With Iarﬁl ﬁaﬂrEﬁset of process

:ﬁgr%tgeggh #88 %ﬁ@% é i %@h%@%ﬁ g%\;?,g ifi geptgégppprées between

T15 SETHBf. Priocess Trepresent at i ofs”and altering the
execut abl.es to reduce  si %nr ficant disparities between

-t f e- M INGQENGERIRE St 2pdysinagnd alrﬁrwerqu mgcbe repeated until the

al tdﬂmpwrséhmafétythb%b%@r@@&@i’?ﬁﬁﬂaﬂ disharity.conpar i son
i ndi cates the absence of signiticant di sparlty

Advant agb@Fntagecusiy, @ﬁe@rﬁca bles e gegeratedas gotese code in a third
SoWerRrarieIanfudyd hirhd thﬂ@@%ﬁértdtrgﬁ Ié]rﬁﬂﬁgég'ﬁ?y Bg Cortd'bf the set of

gener ation | anc(gm]a&e may one O
20 | ad@%@@@s infuding GCt, Qo Adaciava ddelphiy Wisual Basigland FORTRAN 90.

Vi I P I
calsgﬁl ugﬁ%ﬁ}g??g&ﬂe Fs bas nggglugn,r%@r@g %@Eﬁ%g%%ﬁﬁs RIFML is a
suisuiiahle exqmpisl of stch grnmcessmawwsw&aﬂooul us notati on.

I f f gt

p?oi‘i dodn i furtiehBehedt of 118 LSS HyehfE ThorBls rBiia aCcomputer
exggegram m‘gdﬂ@trforepfepamngﬁxacutmlaﬂ fort exdcuncwdrnper drsmbaienig:rocessing
e i TN R —
calrm:uei UFrocessatcaionlls anotatior;i aaterificatiord whaduld, ofor verifying that the

Ver'grgégrgraI' (I)Inast aIe 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. |

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



representations are valid; a generator nodule for
" generating executables and corresponding test data in

wo #essodance Wi th the verified representati onspodag2603/004205
tester nodule for testing the executables using the

COLHEERIBRL Mk 9% ofabondlg'Beila 2, fUrther aspect of

.the present 1 nVention, vi ded a conputer

syst em fldis praspar invgntinreisua afiidiswhay techA6IBhY Aati dhables the rapid

di ' 0 L environnent,_ i n accordance with
: ?é%é@P‘S@?g@{&i&?@%@@ﬁ%ﬂ%@mf cgggq?q@gmfeg@pr@pesses, across
t he hateigenpus njistiilsutad rurtinds eagitahheert Ot Albak ithdse processes fo be

cal cul us

5 hoPuaBicRELGRIRY Riashine o Hinaing teinses Pegiinand adapts its untime
t henviegrmesrd td aprodch cutitnal aké 6f the PeRdURRRSE A 9“5?66% HJ&% j(n aresponse

fo ener at i .execut abl es and correspondi ng
i n{o %&%’tﬁé{hﬂ‘% 'Qﬁ UctEe {i89!f.1 i ed representati ons; and

a t est emhanstekant iAveritRht i'h@ﬁaf&ﬂée_sé@szﬁgﬁégﬁ?fgg%orﬁ%q Jgvel process

PCT/ GBfZO )3/ 00420 executabl es using t
t eSREG

on {Hp & ysridied pxecwiablet foon, Which can dikkre beexecuted within a

10 t eﬂibﬂ[ﬂufﬁlﬂprbb@ésir@‘ém{ir%ﬁnkh?a:gc?H'lgglﬁ%l%gjs ggé\y%eeéegﬁggagfhat can be

verification and depl oynent

prbi&stioadapiibe gdmeeriiserimente By impletienting busiress logit inkeverifiable

; | : 5
Gy onief Bttoss & ABRI! bioEaseRl SRR erk; 1S “pentionsso enables
neksRrs fnmaape

Bges to husinessiogie representaions tad HERE Y668 changes

e dEfoe by AR ABANESe Bhvickih pPARimAgHing Srstng tasis

response to changes In ras
15 prhejegperformad i on therefore seeks to translate a high

exocut oo g 8o PRiele ] vt fheh s Eiesoud Tresmpreaio changes

10ndniastrustiredbpsinesssseens and/or deudbaitk dReh N ickeE@Sr 8F earlier

i SEEE R SRR A B e o

vdné fexabliteblesdomdeliven whiese apistosiiate DpdreelifOEHISHDS information

enyy.: t i nvention al so enahl es users to neke

20 ek IE Joqg, of ekl (85 Lt ROy (@8 doouiaomapuperionce and
t lens@ricah apgrational @eheviba)l across the distributed
process,envi tonnen i t hout, i mpacting existing tasks
15 - bew%%‘i?’t&{‘geﬁﬂﬁ‘? %ﬁ?&H’@gbsse efiverediaitanermically and substantially
ofindepeadentioEiseopoiogy 0P pRARERr Ifb&Manggs,. | N

infrastructure, business needs and/ or feedback from
the execution of earlier versions of the executabl es.

25 |1 O haiokasaleripoRlof e Blavifil@r L on 15 used to

tailor the executables ivery, where

appr opExamplespaf thec prasent irventienx wilkinoivnbe rdsstiivsd 29 detail with

oy s 85 1 bAoA Wi, 1Y oper at i onal
behavi &iguye 1lpe atoeld déagdant shoWingdnexaentndib kesibacR loop;
delive rﬁg%r@ﬂtiso ] B[B'cﬁ %%alg}{arﬁl %g thséus gptwsaiﬂttll'lg k/le%ﬁcation step;
30 Figure 3 is @ block diagram of the TestCase generation step;
Figure 4 is a flowchart of the Analysis step; and

Figure 5 shows an example of a scenario to which the present invention may

be applied.

35
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described in detail with reference to the

acconpameiifbdiha¥d fififon | 1 Which: Figure 1 is a block

di agram show ng an "aut onom c feedback | oop; Figure 2

i s a bl ddieydioagertin tfe nrbserﬂlrwpatmmtsttﬂ'iEcdr‘ﬁ;éﬁf d:ﬁ_?reﬂ.ttdg;%ﬂamc operataon
e Test Cas

R Bei A S T ——
Anaygtems “sﬂumnlmndml?ofgumﬁnﬁh@mwn ByenaRigs vitth e human body's

2o APg e BotBLS GultPr S ipromies2 0Py DD sxiembsReleite sontrol key

Deﬁumtlmallmwﬂhdnﬂ)f'cmﬁ&m&t awdrehéds & BYSMmMERY € Mdr@% s Darticularly
Qm ¢ operation. Aufonomic

t
o ABIR, diat o Mo Bt 2. SoTRFIcHS JhismE anehvsbibe: mmimisedt as the
c Oﬁﬂﬁld:mﬂent&by@&é%@%r&&ée@s %rd'l]rfc‘!' d4&eRdp

|nterfe ence anal og th the hurran bogy s 5
aut ononi Er o4gh is 996’%’@%“ %nm&awﬁ defineddo hp any executable software

SY@Ibﬁﬁhﬁ esiBsthRcSAEpRlcaliy a fo‘kb 'o?%%}_gfp\én%tt B rms "port" and

onsci QUS awar eness Of i NVo
H’PBWI affe\usegdar ?fabt%anwﬁqmmumcat@acpatm beiweenrtwomm&sses

hunar aPRLISt trih sHoWs BrSRRbtinit %de@%ﬁéggﬁﬁ dance with the

proceeds around_a dev oprent T oop
doRfEReMtnventipn.odbe set ef bitsﬁ'lene tbgicrepresantatiens @lécal@feﬁ'red to as the

Soﬁdéﬁﬁ’éé Io§1c.0 sgé&ﬁ&{%{'l f% IB %Blﬁ]‘é_}&& p(gpepa? %}Idgg tal %gf o? validated

O jeCt or a C onen .
" cfapeRses 'bﬁ%fwrsexecwon afrer mstnaugedcpfmmr@abhomomﬁédt 110. A

N S g T S T ——
prfegaed. i nvention. The set of business logic

{ oo o SRt BonrBined 5 eRed in of B3 veliFarpd progesass 404, and to

s etnsafe maﬂdismleels Hﬁmpemmmemeéaégi&@becﬁﬂt%%ﬁ PI?.‘? gﬁgth% gorrelated '
Tk e &% PEQHBRC R brvigled Gov 198 s e Prigios! puginess logic

r espeelﬁeaittoatma may aﬁvaﬁt@@ﬁ@fbly He'tofbdRId ahe cSﬁtQifJﬁi%n%Qﬁ’on (including
ated processes 104

e e iy B8 Senidatopns B Hos erpbgation of contex

s prefoithationt heps 1RRsat Fbﬁor%h"n"c@' Witk 17 co eQWofltﬂé flistributed
are reduced, .the correlated view 106 and t

b PEPGRSSI0| Rflyironaisat 9fi ther Pxaculable ferynsah thet am@seg 16d. This
C eompafsbriatl RANgStp [P 1B ldRBs GirbSdHadk [¥&p that can be arranged

to iterate autonomically.

The present invention discloses the sequence of steps required (step 112) to
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
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
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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proceSS| ng environnment, of the executable forns of the

d [ t
B R s L —
t o inforenadive ialTt resource aédwfeméhfs whsmemtresmwtéqgﬁinﬁ?ts identify the
to

the se nce o S requjred_(ste
o BRI A R R BB oo Fethes B s rantie ey igraent, which may
vebehsed tcebdenwa!bé suiset 6 rikfifme hbged ihéﬁéreséa?ﬁblesof sypporting those
rification, where the valid P?%
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other processes, as well as exchange ports (or channels) and even processes

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
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



way W th one another. The next |level of verification

"(step 204) is therefore to ensure that the processes

WO@_@;,?%@&{?I y adhere to the type specification asspesaeSoszos

10

15°

20

25

30

35

e ports they are using and that the nessage
onstrajints can be 20

LU
S GRS 150 SPrepf e Ehiohlade iy B ovhR Ik S deave pay fermation.

pa'Slsed/aﬁdatiIﬂf ﬁﬁﬁeemﬁil h@es@ﬁﬂétﬂ-mfmﬁlaﬁ’@f regaram thet h&Sk of the
constraints will be veri

dU'Ph@a%H?%r g?i%‘é§ t P 3iPg digd MEhiniRe PES'B?%rFe'PQI%@rdetermme

Oniviether Yiedy étee@If ah aebaptallB. tydd iahdfh WHdtiirthey d
i nformati ony can be usgkaj KB— 'test case I-geﬁscrer aeﬂpg appropriate

compbiesst Oﬁspmf@eﬁeé@seamém busiapss lggict he busi ness
| ogi c b?hé‘Q/a‘h&étfoﬁdprogé’durémke}ﬁeer?sﬁré that fBIaEfP'E‘?ttﬁé 5, cgtrol and

repr esents an I nt eger a constrailnt
adﬁé@FPFl@“@ﬂs‘Gﬂnétft"Ff‘étSLiPPQﬂ%Ih)Ietths nakationn thatpthe- umﬁmessdmg.c is

ra&b@\%traHé'det%So e)}“ﬁeﬁ&fﬁf @Q&Sm'#)g{per%\’@ ﬁé’r E?:ZO% Fop gxample,

parameter val u€ as a static
becongitions thatmay detusedwitkinandiftar"whilg! |3tatemmttmm reisultsa boolean

b i I
" agped VAl g, etk Poneralibts RAT QN B, Barbpipe Y nifietie typed
i nvagiabled/veluest he fol | owi ng transl atl on phase) 30 to

Lot P AR LA 05,0 s B e o

v gt is facceptabie it tatmsef pyrrtém ang d/pmtg eosalse tHad te bldness logic (when
USSR GRS (B pAE 50 Al k' smocossay

pTrantﬂ'Be ecmrs rcexareple of stcithh @ropwopRY beTeietlise 6fflod state, or an
ect, nodel associ at ed

R, A R DBl Bl o, o

et 'diedsvenyt senida) am theretfdi?&t:f A& Polid (el betde 2RABBropRilR discovery
so be able to app

236 A7 083mB0 45 B PR S04 BEh stk Ha9RY a6 6n error. Othenwiss the
t erealtjonddr e MIRTheBRIVOR WA Esipf) reSiIOhZBLARe biRordSS hd Sort would

E i nfornmati on The validation phase w | access

AVHATIP HRPD BiIGhdG RPHPTHY herelavan Rereion: he
i nf or Nadviny ('aoh[gﬁbleﬁé]t §p@c:|ffc3€?$n foethgehﬁé@w elg 5y fat'}fh{}*les more
t he busi ness | ogic, determ ne whet her 9
ﬁo'ﬂé’@}ﬂnﬁkﬁée{%ﬁﬁ@ a‘f'ﬁi)'ﬁﬁ' ofifhetastiyitieney defl ne

appropriate 5 methods to support their usage in the
busi ness | ogic. The validation procedure needs to

ensur e fTranpglatiogro aniExacutable st r ol and  mani pul ati on
constr Yok sty ﬁr@%%s%)sﬁtgté?ﬁir&ﬁﬁ?ﬁt' fAB:cohfa® of a’hi\{er&da?glgg or node

business logic Is only per

i Fefarst fppany preyaifiag sendifatseinag @fpct Fat dewempyaurtue of lts physical
C t [1]

st&gg{é(#\'e \%?ﬁlr[}u J;r?étvrvg%u nQ‘?hé‘ﬁc?rﬂ’ m'eft,eaén%f %g s?%aé'g @gluagort%m §lass of
acontextenl mfoupehrcatls tbuesbod;aon‘ kmoiviedae, o@efienosethdeberitivsly bbserved

t . es/.val
M@ﬁéﬂinoﬁfﬁmn 2% hednstied: As mentioned earlier, IT resource requirements form

a further class of contextual information, whereby IT resource reqwrements identify
the capabilities that an executable process requires from its runtime environment.
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
be deployed and executed in a distributed processing environment. This transiation
procedure will use contextual information to produce the most appropriate and efficient '
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to other processes. These ports definitions will be loaded into the translation tool and
used to validate any requests to receive or send messages between processes that
this process will or could interact with in the runtime environment.

The execution environment will provide the executable version of the process
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it will register interest in the next set of stimuli that are relevant to the process in its
current state. Therefore providing the ability to model dynamic state transition
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
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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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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sub-process to be activated. Sonme of the activities

"are related to control structures: (i) Conditional
wo shabagmnt - if then else 10 The conditional pEPGHSHIZAT1205

determ nes whether the activities associated wth the
"then' or the optional 'else' part will be executed.
Theruerié of ihenatulmfssated cres, wdigd penpri sed of

| ogical (AND, OR, NOTI) and arithmetic operators,
applied to variables wthin the scope. Variables are
im(??g%,naﬁ{e&hﬁ@dﬁ@sﬁstéﬁﬁwt of paranmeters received
froman incomng nessage, or that are explicitly

decl ar e®Pafisthi n the sub process. 15 (ii) Loop
constructs ' Mid famd-2PRRticENRyPHRRIpELMpLP >enabl e
contai ned activities to be perforimed until a
specified conditienal expressi.on evaluates to fal se.
(iii) Throw gxgeptions If an error is detected by the
business logit, it can cause an 'exception' .to be 20
created, whi<gorivames"BsoterPord typrs"ewtPHERt executi on
being termnated. Control will either be returned to
the runtine enviréiirent, or to an exception handler if
one has been</pomyi stered. O her activities that can be
perfor Lnclude: declaring | ocal variables;

assi gnrpr{go'itsfﬁ ormation to a variable; retrieving

i nf or metdomstraintsmamet"pinter'tthper"resoume! £ 25 calling a

nmet hod; _sendi ng a_nes e; ceLying a nessage; and
handl i n@s"g’gf:oecﬁg? Bﬂg‘.e'gg%@w&&%q%egabove activities can
ei t her be petrbosive go+I"TradeEntyPertt dgeratione™dlidateTrade!' A
the scope of the sub-process (in other words,
paraneters on recei'ved nessages or decl ared

vari abl es), or i ncsen@@ureXPrirtéd®@ort’ spetation=epriritt ®m
perform ng other sets of activities. For exanple, the
busi ness | ogic can calt-a nmethod on a decl ared

vari abl e, 30 that<mkaids# ns a value. This value can then
be the' context' ;{Ipon whi ch an assignnent is

per formed. AHMSSIVE8tration of this would be calling a
met hod <ggiphessysst’ on a variable representing the
accounts held by a bank, supplying the custoner nane
as a pubfEacess “?ﬁ'@fw{iﬁft‘aﬁgbunt may then have
an assignnment activity perforned on it, to anmend the
current bal ance. Each of these activities can be
mapped RURProg#sst andard programmi ng | anguage

cQ . An exanple of the type of specification
in?éﬁr?g%%n provi ded, and the possible 12 WO

2004/ 029800 structure of the resulting transl ated

Cl A58 LAY ale inGRRERGRS name’ Tradi ngSystent >

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

}

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

------

13



<ports> <port nane='TradeEntryPort" type="input" >
PCT/ GB2003/ 004205 </ port> <port name="PrinterPort"

wobdRfzogant put” > 10 15 </port> </ports> <congidm@&R003/004205
name="printer" type="resource" /> <subProcess nane="

Recei veTrad e" > <receive port="Trade Entry Port"
.operatign= "val i dateTrade" > <send port="PrinterPort"

operation=\prijnte > </ end> ., </.r ve> 2
P subpr GUBIE SRS e ieRete Rueddd SERRRRT: cati on >
</ subProcess> 25 30 </process> would be transl ated

into the form public class Tradi ngSystem ext ends
Process }{ public Tradi ngSystem(Runtinme runtinme) {

5 public $upiE eees SeAglSIRRIACoHasAdE SibRobess) { if
(nane. equal s("ReceiveTrade")) { return(new

Recei veTrade®+ 35 13 WO 2004/ (29800 } public class
Recei velrade extends SubProcess } 5 public lass Send
Notification extends SubProcess

10 The other requirement of the {ranslation procedure is to instrument the
executable form. This instrumentation will provide monitoring information about how
processes are executing and interacting with eabh other. This information can be
used to support further levels of verification, as well as optimisation of future versions
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 infermediate version rebresented ina

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

14
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i nformati on about how processes are executing and
interacting with each other. This information can be
usehdonentsip thd erfvinohment.| lepel porisfcandel Useddo denve @guests that will

SRR ey S BHphtidsGab P 8Rp pfbes siuiaion processes
gaRsr alileembiate thei msiagrioun b nigssie aﬁdoetetetdwpmgessemhahese simulated

nessages et ween. process .instances :
R eeWiae g e R e P P e smAn g the test
i ndz@EpRin ebgmﬂpdated when sub processes are flred

or when éeC|S|on 80|n s are eval uat i S not

t hat t H¥ lisfughashlevel Hsigtisase eaaeraarmmrogvscﬁ;&ast one test case

di 6&05dt¥nt%¥ Pkt ﬂjﬁ’b%ﬁ HdbuSiheNogitt ETABGMaERS Hﬁt%r@nconditional
represented in a proramﬂnglan%uae which is

t HdateRteRnts Need foanslxses te detarmins what dnfaimationds Fepuinge to ensure a
E&ﬁféiérﬂ;b#a?sequa ﬁgﬁié“&indﬁi‘tbhoﬁ’ﬁb idepbhderiey @?ép’ﬁt @é#.vzafﬁom the way

Cases of e problens with testing
sdh WICJS\@UDSPF@P%@% ﬂ@ef{iﬁéﬁlﬂ qlsebe ysadty geﬂ%rsteetne S%ﬁ Qf @Qtentlal paths
al ven in projects wth
rltégﬁgn%é %Q@ﬁ;;ﬂ? 'ﬂ%@merg test cases are specified
and deV@onaiieinty spen eottiandagapirionsnt usags; areddentified (step 306). As
pc}ﬁéﬂebé&aﬁéﬁ c&ﬁs‘?rafrﬁstﬁfoﬂg?ﬁd?l fsadéf nta@ R)fl‘%&ﬁh?% @ssomated with the
aspects o
r qgnameteys éeﬁrmdcferohn Eﬂmratm ona @astoihlen more Idetalled;tetslh aases can be
e
So%‘ngkg&gg 9(?:3%%&%’% |ff%?£'g%%ﬂ1§§hllo§gﬁgﬁp 5%?9&?(93&@%% with different
t hoometraiattestsdmshating the t@$tang o Mitiewet and méxibwir eltregne values (step
L%#ess | ogi ¢ specifications based on fornal :
te iques (in particular, process calculus) is that
t ool s ddonitoging énfertneatio, gmaamﬂ;fm thedndirisnerdss exéadalsie form of
a ut.omat i cal | creat rel e etscsesthat can .
¢ s BUSREER 5, sahbY Gl BReB AR ek S abfBRasodatei i each
ditegircageayaingt thy expedted beradour! he first step (step
302) is to 35 understand the input and
output'interfaces' associated with the process (or

busi nessn | e Rudinid ©&Rutidrl of Rlet&dsekne what
intera ossible wth ot

I ons na r 14
2004/ 02 !5'5#5@1“%@98371 Gnﬁfmg%?fﬁfégew dhe :g%tvii\téﬂed processing

e ke EQiHIRTthe Emss%ﬁlé Spdoititatioh A6l dintd @ Hl@trlbuted processxng
requests that wl be sent to the process, t put

p@wgowaﬁnbd@nbkee@nqibsqﬂrfeaoge@ﬁawtw betse0 coamRycatigtprocess
WiihdtafdBal( ﬁb?_ 148 ﬁEDr’M)O q*his‘ﬂ‘ffoﬁﬁ&%ﬁ caf %Q‘Heﬁ@&ﬁfrom the messages

processes hese sinul process W | be generated

t dhatasp sant and Fﬁﬁelaﬂ)bl&ﬁhﬁ m‘@@e%ﬁrﬁémcesdependl ng on the

test 5 lﬁ‘?ﬁﬁe&%b&g oSt %&lﬂ'e 4, can be constructed, firstly to identify the
connections between these process instances, but more importantly to enable metric
information to be derived which can be used to optimise the way business logic is
being executed in the distributed environment.

The interaction graph iliustrated in Figure 4 staris 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 dynarriically in
“realtime”, while the associated processes are executing.

The processinstance is then checked to determine whether the record belongs

15



At its highest level, the test case generator wl|
produce at | east one test case per potential path

wo béUs@pdRdo t he business logic. This means that aigf/GB2003/004205

10

15

20

25

30

35

conditional statenents need to anal ysed to determ ne
what information is required to ensure a true and

f alosepreaesreintiance Rlseadyrngind roanitored 404 pk i dealtgadyrbeitg monitored it

i e{vil}\éﬁg?&mB?]p%n%f ‘ﬁ@%mg,lqtdngg ygé sub- processes

nterac generate the set of
pot enti thnathesprotérﬁrsca gheadyebding moageredotiieo ws hepd to check if the

304 n 0, ort and nt, usag r.e .
" kpirTREA et Richetes Rabg s8Rt RITHRY SO ARE nd & message is
i Eﬁeingméntpﬂnemeségge mesﬂmguflfdtme aided o & listas iteriest 408, Widréby ensuring
t r amet er i ned for eration a port, .
| HBat BEEEeE Prathe Bicess sBheBiads sBMgdR BeSe e message is
exedptured, shd highihting ah itert procatgitohhectitene friemeitenaffaph being
with different constraint tests including the testing

of CHSHHAEM and naxi mum extrene val ues (step 308).

Moni t or jf fige bratessTREtaAte, a8SitRitad Aith i@ Mohiiéring event |s not currently
i nstrunent ed executable formof the business |lo

c ppingmesiered inen thednqnitgringeyens wopldhe gf ngnteses é'ﬂ@ﬁéﬂl belonged
W thih f6€dEs irdlat@Ihattesevea @ahdstagk bee Ex M&%&@by a process of interest

behavi our. Anal E{lSI ng the Runtine ecution of

PréstsQaly ther wilhtbe rerﬁeﬂ%Samﬁtaﬁlce reondkad terthg eneniteriag lishA12. An
t hessdbistion Dehesbr? pRIGBSS i §%H‘tde°9regfedt B¢ ViR BEER process

| ogi ¢ specification dep oye Into the distributed
prlb&fés@e fRgeivirl @mMessaaefiam anefieberogass gkl already being monitored.

I
L sELEgEh, biphhhibpet FRENAL SR 3 E3hrunicon pat
bebailweerwéte fwopnockss ime@sa@%svhmmmeaas dhat@amy subdequent monitoring

or SRRty o TR BRRBes RREPPE S b picH ks wel, thereby

[ dscatﬂblrfs};nngm ‘acd linkdng trenmebsgemoeivhd progqase odthsthe message sent
insré%%e but nore inportantly to enable netric 30
irﬁ t1oh to be derived which can be used to

opt i m sRrovidedteymbnitorae sgerit sgdittier slreduyinngnitexe-or rederitly added to
nvironmen he i teractjon

the distribut
e opltbireslsh hefiiht bh 8EEPA el Bt of 60, BOPi Gtk Bt g5 associated
MagitH me: plirgceaasamh tch@ﬁroc&seﬁﬁc&sCt?at b&yﬁ%ﬁﬁé tce?Hs This means that
stat] ca . a say, e res OoT . gquer).es
orpetofapss horaatererrbeHiediaile ariies prssdodiitgach node,
Ofasdyé]lfa”ﬁ thdlrtsrabionsHetwéetithk ipfess MetdrRel for xRk 8ieSbtency of
processes, are executi ng The 4)[‘ ocess instance is then

C HR FRAISTSIBRRTS,OF e FRERaiA0d pidme EeR MheRTh ke pragesses.
2004/ 030BRGREE (FHERRADIELANAIAIRIPGERG the PrédkeiEre shown in

al ready being nonitored is already bein
ttreﬂéean pbe bgpeficia||in isewn Aghtpas @ wey of HaciRg ﬁhrpggh E'G execution

9T Bbarticular business transaction 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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being sent, the nessage id should be added to a |i st
of |nterest 408, thereby ensuring that information
abbihis process, thedseractish graph danahen be gramiged frometheipeint where the
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t hat I his t hat r.f Qrman

RN oR 8, Eed o Hhtarde” WAL it Bior il ToMR 6% set of

apreoessesasihouidtbe mm;mﬁeldeln a disfevarit I'nalaet lse that where a significant

|nterac i ons n the ss instances

BTHR ST st it EPhg PsBRERTcer B8 SRS ol repregetatons,

pmeyem‘mge refdebioyed tinke Rolscated mapihet he rpfeRetrResverall time to
’th' h the teractlon graph (constructed using the

p¥ ?éecﬂ'}‘?a Figure 4) can be beneficial inits.

own ri Sﬁ*ﬁllarlﬁﬁt rﬁay/ﬁ’foﬂﬁd thads ingletphdcdise tard ¥ s6X 8 busSiRess logic)
of a ga ticul ar u3| ness transactéon act 0ss

CPPPRERA INK SLB-SemPOoNeRts VaRTecaRchhermpReat £a be more

tdﬁbr@br@ﬁl@l& cbﬂdc%lted%!rpl‘?ué ?ésou&.%s%ét'tﬂh@l red@rd. fA |§rﬁﬁé eﬂare,sue of this
t he busi ness $rg_:c and in 30 order 'to inprove t

axeidd Per pracessihatingiydesapany BErREIONE Witb! a/egerafouowed by many
GREPAHonS Wilheh wsm.r@&tfdabxaﬁﬁztaoanfagsey 3P&letnnér dizbasﬁ% If the

originally specified goals 6 of "FIgure
| FTOegSEd® p@ipcgte&ipwﬂttbg elﬁt?fb@l@nﬁwcqw‘ﬁ ta tbaeeqswzm be inefficient,

(AR08 ParRh OFRSBRTE iflthd @{)oeséf%r @ggf@m@n@ﬁgﬁ% the user

busi ness transacti on.
beteoawpacwtya@alrasde tloee b:rihgl usgt, apddherethe raevanignformation can

S ChA 25! SMble [BERdeF U8 NA ! dckoftinob D JroUBEAGER Would be
raspioeated withi the résourger ocess) of inter est are extracted.
Wt hi nrf%ehSre‘%grr tae e}mronment 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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its transition through one or nore sub-processes, to
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ocated, wi.t h.the

t
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nteracti ons, Wt
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| byétbms. [Corsis thessit@tidroBéRGNhESTddIG mttRlled @vf‘HﬁﬁeF h® a legacy
access to tthe resource will be inefficient, and vi ce

vaysgm gsu %f'b?é“efﬁsa%éxﬁlaaaeé"s‘atdﬁﬂm@h%d&%'ﬁmwayd teeans invalid
d%gﬁﬁﬁpﬁiﬁcbenlrﬁﬁpdﬁéﬁnakér@td%ﬂﬁlhaﬁ o?‘fhta't Bbb}’r TRR hight ﬁi%pr?en due to

close to the user, and then the relevanf infornat
cAntiming, dssuenWheR wrappingl @ SghExNous osysian dhigean asynchronous

d ﬁ%@@é—%gsﬁﬁé’fﬁ%&nﬂﬁhr@ hTie Wo‘éll&’l%sul? r{l&ﬁﬁhﬁg m%rH%it:Bn rom the

resource, preferred environnent for t
. ﬁW@@f iti'ge digiributed graces$ls heing compared against the original business

logic (i.e. the policy as defined by the central policy maker). This 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.
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acronym RIF, the Reactive Intelligence Franmework.
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sem - aut ono S. e centr o] i cy, maker cannot .

o HasTeREe P ios egieved SeanEr b Al er oS cerRiTpormation.
what that policy i's. What the central -policy maker 502
needs to know is that the poli CL}/ as described is .
bébng o GHEh9Y aceRRiBgetR: Qe 3¢ Furthee camprising Age isteps of analysing

| NhfoRfbfiolC [gatikre®lint fife rﬁ_@rﬁlﬁirhbugt‘éﬁ}’-an\&y”ahﬁinoﬁtié&k' @)ering the-
says what is permssible it doées not say how.it should
beEXeRpRRIPE ANty cormerponding) tash clata; in @cprrdanga: with apalysed process
f Q@Rlifioh iﬁ%ﬁha@&h.i nmpl enment ation 20 of a policy is the

sanme as the central policy nmaker has defined. The

solution nmust lead to a consistent policy nanagenent

i a dy ' ' - O . ' ! .

ot fon SeuRsracepRingB i, SRetiRtneicn BYalBiRhicaly attering the
i rgxecuisbleatinciudes aitedngdtive gendratiomef eieceiables apd test data in

Rk v Aot 8 ok OB B R o per for 2

| egacy 25 systemresults in a nessage exchange that is

d ere invalid means jnval pd again t he '
cbi r ol BEIREEHRIRE AR WrieTy e 51878 AfongmiEaty gtering the
mexBtuthplep efontpiizet Caltefing i tile NProcsss eeprbsehtaticizpang repeating the
synqgr nous system into.an asynchronous
e AIORaener Rl AN EB I REPE. Thi s woul d result in

nmonitoring information fromthe

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 méthod according to claim 7, wherein the contextual information includes

heuristics.
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execution of the distributed processes being conpared
agai nst the original business 30 logic (i.e. the '

woRM42ys0as defined by the central policy nmakergerdiModsnoszos
woul d highlight any differences between the require

bebavi oW maitedbborbifg lt@ﬂngﬁ]ﬁt\&ﬁé’ﬂeimhetbﬁép B’Fﬂé'n%}‘at@@ﬁp?/éfecutables

-enabl e the transl ation anismto be ‘autonom
ch&fgebederre performed ifgracerstance sith ootextushinfarmationur ed
wi thout the need for a human anal yst to amend either
busi ness | ogic representation-or executable. 35 18 WO

2000., 102086thoR@CcTIGBR10 8Jaim HAwberbiniFieGta dftautononiically altering the

. ¢ abl on. i
S G SRR s PATB NS AT B it ieles o e Bieehiandrepeating
: a thettestingpstepess representati ons of business |ogic,

the 5 method conprising the steps of: providing
process representations in a process cal cul us

‘notat i oA;methed atydrdingtd alaich BOwhERINARE Bleplds %ﬁ_ﬁ:rﬂfnﬁcally altering the
€s '

val i d; Hilq}inerati ng executabl es and correspondi ng t

daPrecH
.10 angh &Arlief skt 0F pidt@seX¥Esresakisnd shd %ItFﬁﬁnﬂ% B?%ér?.ﬁ%g%?% reduce

t est _Pat a..2. A nethod according to c

c oA Jlispadtiag keiwgen tham.oyi ng the tested
executables in the distributed processing environnent.
15 3. A method according to claim2, further

TTLEORITES CRIMPRIng the Jnralysedaprocess eesttion information with

colfer i shmethedaccasging to alaim d driurther deenprising the rstepoef repeating the

| Rl e SR B d e SErP LABTER sFPSH o Recates the

15 cm@hsenee afsigniicanteispadty. anal ysing i nformati on
gathered in the nonitoring step; and autonomcally
altering the 20 executabl es and correspondi ng test

ddSa i rA aeatbodiacurdingttb chaial 4 seitkreindhe Sxecl@uB1el 4r8 Generated as

[ ' . t hod according to claim4, wherein
t%égéc{g:épdd%p “Sﬂ?'&@ﬂ%ﬁ?%aﬁﬂgaﬂ'@%ng the executabl es
includes altering the generation of executables and

ed process

20 ¢ %ut PolteleARatiEo i Ao ubrsl Be dardadnsetonsnausge is one

4 of thieesetiof ldrigeragés mchidinguC 00+HI Gl Ada, Abi£DdIBhil Wsual Basic, and

eégﬁgﬁﬁ*% conprises altering the process

r rons and repeating the verification,
generation and testing steps. 30 7. A nethod according
tﬁ claim4, wherein the step of autonomically altering
t

g  Amethodaccording to claim 1, wherein the process calculus notation is based

25  upon XML.

186. A method according to claim 13, wherein the process caiculus notation- 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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executables is furthernore performed in accordance
'with contextual information. 8. A nethod according to

WO 0%5983 wherein the contextual information § wI603/004205
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-gener at AiRpteniBodiitas

5 heurl stics. .19. WO 2004/ 029800 PCT/ GB2003 0 4205

9. A nethod accordln to claiml1, wherein the st
? egtingthe ww@ﬂeﬁ SFing the B‘@T?%”Pﬁﬁ@g test data.

in accordance with contextual information. 10. A
met hod according to claim4, wherein the step of
aul®nonhcampyitas pragram gradust acoeeding teisiais 1c7@wb.eweybt§le tester module

al e d a: C
" Al BB RG, 13 Al AR FE R pppcessing
cl enviroamenher ein the step of autonomcally alteri ng

the executables conprises conparing the anal ysed

process execution information with 10 an earlier set

of 1qur ocAsmmp&merelsregtamipymcmraﬁca‘erﬁor@amaB further comprising a

Rk 3 id, PG o PR PO A e o R PRbloh o Sy EtaliStto gather

copetess execlifioh Bfczatibn.r epeat i ng t he generatl ng,
testing, analysing and altering steps until the

conmparison indicates the 15 absence of significant

di s@ar i AYoomipbiter/proBfdn? ProtfuePaEtdiding %o elaih Mol fuMhs &irﬁbnsnng an
the executabl es are generated as source code in

{ rRAbSPEMBAHeToTAASIRIRCeS3 6 X0 ton IHerRRSONatTed hyythe monitor
t OmBBéIF rana ngSfeerh?dﬂilE Swihibh bfterd %@é)@ch%lésaé}%sbﬁndmg test

one anguages | ncludin

Acdata morrmﬂpm acogrdange vighaanalysed @roqegswwwttgo infogmation.

A net hod accordi ng to-ctai m-i, whereifr-the process :
cal culus notation is based 25 upon XM.. 16. A nethod

ac2br di Agomputer prograr acerdingitn claira 2p, wherein thalavtdngmic alteration

n O(SfaJ‘lé %Qeél.ﬁablgg El%’ c?ﬁ‘%‘[p%d?'@ t&&mﬁ @E:Icl).ﬁélg %ft%@igﬁ ngh%t behaviour

eparing execu
d| Qﬂthe penaratopmodeledn agcwdmaeomﬂmrtalysad pomamss aremition information.
a set of process representations of business |ogic, .
the product conprising: a datastore for storing
pra&: es sA rcepipates mreg izom produch apcardiag to cadimis| 20; wherein the update

not ati,on; a \er cat.j on no r verifyin hat .

[ ThBguS Butorbrmiedin S e SxeRidbidsarld ontEhbiddibd fhsl i by attering

f ahe gmessanhpru;epmﬁaus and mstag@mdg therseqapatlopgratiorpof ﬂd@mmcation
nmgglﬁg,rlﬂg ggﬁera Qar mOCH.I?e \{he es er modeuPer aer?de {Illteaatr:a?yser mogul’e

23. A computer program product according to claims 20, wherein the update
module autonomically aiters 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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20 WD 2004/ 029800 PCT/ GB2003/ 004205 a tester nodul e
for testing the executables using the correspondi ng

woi@%zﬁ@da 18. A conputer program product acepratEodiddizos
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aim1l7, wherein the tester nodule allows the tested

S)légéﬂé%‘ik’i ggnégﬁqﬁsﬁﬁ{#ﬁy fgh lr}ithg%,l,cgqﬁ% p%ﬁ;@ﬂé%the tester module

paadtiesd ansigseranoduldé.o cl ai m 18, further conprising a
noni t ornodul e, for nonitoring the performnce of the

deployéd execut abl es to gather process execution

i pfyor ”&Idd?ﬁbutéf(bré’é}an'@srsmééﬁrdmgWélamm Qfefdin the update module
according to claim1 further conprisjng an_ anal

rouiAnETTGRIlY AHETS 1aF SyesHiablas Snd cOrBERKING 1St salibycomparing the
9 %hglgﬁé‘c‘lij?&eéé"%emﬁi%ng ith RE@adidr $1ERS r%c@%%t)ﬁesentatlons
ers t abl e

execut s and corresponding tes
dand alietirg the exgrutables to tedsicgsignificaint disparitiep eRthess
execution information. 15 21. A conputer program
according to claim 20, wherein the autonomc
alBer ath computer plogrars ecadusth laeeording tomlaimsi) wheangintths tsequential

o SRBPHBE o RS PitcEhoh rRufe, b SR ERRE e g et o, the
exasiyseronoduid fj:}lc:]ﬂhe update 2tbodiife cdhh\t:ﬁ:f:?tgn?nﬁgagy?gtge comparison
rrfrf%ﬁ%gt G'Fc???r %%? rﬁha&t 'SPH'E execut abl es agd
correspondi ng test data by altering the process

rggres ntat| ns and instigatin

th | .
T ot AreauteT OB PRtud scor D QS T Wiikiein fhe precutables

rra%éhera@e dsBliRte dBIdUN 8 tAIRdl gbRGrafididlangBagerodul e. 25
A conputer pirogram product according to clainms 20,

vvherel n the update nodule autonomcally alters the

exgeut @.bESﬁ\phiér%ﬁaﬂﬁﬁﬁ@dd&tt&c@a%ﬁ@%%}blm 29, wherein the third
i nformation. 24. ter rogram product accord

t gergration @Bguﬂﬂﬂe'ﬁé’ﬂﬁ °f @aguages igoluding &, kadtt, 57# gda Java,

[ t nput er program product
a?%@“gﬁ%@gagﬁa?ﬁl:gﬁ m’g‘rg?n gener at or nodul e

generates the executables in accordance with

cqat extyu ' .

B0, XH S B rodSk 2o 9 ey 7 4l e process
noziclles netatiom énhasediupoalXMic.s t he execut abl es and
corresponding test data by altering the .21. WO

2004/ 029800 PCT/ GB2003/ 00420 executables and test data

dB2.ect Aymetimbdi atsbrdireg tonglainh 810 pdvesdin dhe prodelse datcsiusr notation is

RIS

33. 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 r'nodule, 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 comresponding test data.

34, A computer system according to claim 33, wherein the tester module allows the
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and the anal yser nodule. 27. A conputer program

" product according to claim 20, wherein the update

wo 388Hegpe autonomcally alters the executabl esp?ﬂ@mm%mmb
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correspondi ng test data by conparing the . ana

{ t
Ditel St fibe S%ﬂé%n39%3%&49rf?geerﬁé‘ersgi&%&ﬁvisn%snt
to reduce significant disparities between them 28. A
comput er program oduct accordin qggto claim 20

WREF ei A P EFYERM RICAUGtGCEHEINg LT YAIML18, fyfther comprising a monitor
V?r'idcfdlé ol MorRAHY %etﬂ@foaﬁaﬁé@bp Ehé‘”@gﬁlb?ed te&ec&tesresrto gather

modul e, the anal ySer nodul e and the update nodul

c BFRgess exeeutiopwfamaation, unti| the conparison

i ndi cates the absence of significant disparity. 29. A
conmput er program product according to claim 17,

WaBr ei A coroputeesystehl pedutbaccording to alaimal @.dfusthes campeising an

¢ %HSI lsé}' rﬁo&r.]1 fo‘r1 aﬂglg bg&:ho%%% @f&ﬂﬂ&ﬁg@&%ﬁ@; élgﬁrllr’%ﬁugﬂy the monitor

uct ac clarm
t maddrie ayu:lm apdaia mcdulp) adpich altemlhe@cet:lhtablee1andfcorrespondmg test

Vﬁg%a‘? %i@'lf“rég %%ﬁ% an% DI‘OIJRg%/ WDE?R information.

program product accordl ng to cI aim 17, wherein the

pr.gces cal cul us, not ati S d ‘upon XM.. 32. A ,
b oo A gcRmin St gt dina o ci 0. W iyt e atteration of

C ﬁHéé&%&té&ﬁsﬁﬂ@&ﬂé&poﬂ&n&kﬁﬂdmﬁﬁciu&e§Qltﬁ?uﬂ:ﬁf ofthettRIMaviour of
for gre pari n execut abl es for executjon in

dfh& ”@Lﬁ'teﬂ pHisdR aceorganes, with Anrlyied I?T°‘é%sécﬁ’@&HE@ pfarmation. -

a set of process represent ations of business |ogic,

the system conprising: 30 a datastore for storing
pPBceséd P@'ﬁpé@érﬁﬂﬁﬁeﬁbﬁc‘?fﬁ'@ tor elaim 36 whaspinsthe Update module

Ehféhbr?rfball y ZERS k! %%Ié@%ﬁﬁ BorrdPon¥iidg! {e¥t 39 al Whltenng the -

e represent ations are vall gener at or

gprc@aaﬁ repjessnieinngtAnssinaligation rﬂneegwﬁmhﬁlgomahom at tﬁle \rerﬁlf ication
a%ﬂ[@aﬁﬁa %br RSN e t@ﬁleF ﬁ:BB@ré%P@%é %Héryséﬂﬂﬂ&re.
tester’ or testing t execut abl es using t

correspondl ng test data. 35 34. A conputer system

PPove e84 ToianttBhE Bmi, iR ThaMh e seply moaue

eagionomivhaiys alters e eberiutablek inrmctérdanis with baotestual information.
processi ng environnen 35. A conputer system product
according to claim 18, further conprising a nonitor

ngolul eA computarsysten augpotding wérmramwheraui tHeheonttliad jidfdrmation

tapl es .t o gat her
lncua euﬁc'strcs 9

41. A computer program product according to claim 33, wherein generator module

generates the executabies 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 module.

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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process execution information. 36. A conputer system
product according to claim 19, further conprising an '

woah@logess nodul e for anal ysi ng process exeCUt'l‘U’r/GBzooslomzos
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i nformati on gathered by the nonitor nodule and
updat e npdul e, which alters the execut abl es_and

¥ofo FP@X@%EFPH@% e@cutien intormatian Wibhe earlielsat af pleeeistapesentations

W BRd aleNing fid &iceGRblesdd Fédiick %ﬂ;rﬁf&faﬁf &Eﬁérﬁﬁs béfweeh them.
conmput er system according to claim 20, wherein the

autononmc alteration of the executables and
copxesp

ook Db Rl 5 B PIS GhalhelEfyepporson o
anﬁm@eﬂcgﬁme@ulexbe geneayator modulepihiedestertsodde, the analyser module

B Y e TR g RbfrLke e Snd st B oo indcates the

andbsarceasfsigrificapt tieparitglat a by altering the process
representations and instigating the sequenti al
operation of the verification nodule, the generator

mogs| e, At bmbe@rwystmﬂub@r&ng tbhaauanahay&meraiﬂdweeexe%@tables are
39. A conputer s m accordi n | ai s 36, wherein
¢ hQSRIBIAAT BRHIPS CORE G BITH OSMPRRIGD (ABY200re

execut abl es in accordance with contextual i nformati on
40. A conputer system according to _claim39, where
t hd6.c onfeLOTRULEPROSRM | RECUCh AGCRIdiNGIde Flaimt |4§t- ,\@Igereln the third

41%erﬁarﬁf?&méh§ha@é BQ{n@'Bf B’fe%t' o Iaﬂ?ﬁéﬁé@ lﬁauéhﬁ 49, 8% Ada, Java,

rel n generator enerates the exe utales I'n
acPeipbih @WICCEMEQRJ&A %orrmtlon. 30 42. A

comput er system according to claim 36, wherein the
updat e nodul e autonomically alters the executables
andl7.cor Aeecpmpnﬁen@mgaem preductiaccarding toglaime33, wherein the process

ex@ﬁ%{%'a%s%ﬁiaﬁh estl‘g’%he}(hﬁll‘r ectly and instigating the

operalion modudl e and the anal yser
nodul e. 35 43. A conputer systemaccording to claim

P8 o cBuraeeCedtRiME T B A7, AeRIE the Brasksf caflis notation is

CORIFMIL.Ng the 23 WD 2004/ 029800 PCT/ C832003/ 004205
anal ysed process execution information with the
earlier set of process representations and altering

t h4g ex eAuﬁ@thb@ﬁortv@nfny\@lma irﬁplgménhﬁ@ﬁtocds§fb@i’dzddn@mns of business

2500 Ter ErePLling Ik  RLIEH PIORLSAY BRI Mamkeie method camprising:
veri fi caidviiing'préebes rebF&eﬁ@ﬂSﬁ@M ﬁm@es& &alcliie nbﬁﬁbﬁ‘f

nodul e, the anal yser nodul e, and the update nodul e
cont i nu\é%"f&'ﬂﬂéfﬂﬁiﬁh%&H’?S%”ﬁtioﬂsta!’\%"@@ﬂpar| son i ndi cat es

the abgeRsatind erbdmiridSaY cotepBhbihY test data in accordance with the
verified representations;

testing the executables using the corresponding test data;

analysing process execution information; and

autonomically altering the executables and corresponding test data in
accordance with said ariafysed process execution information.

50. A computer program product for verifying and implementing process
representations of a business logic in a distributed processing environment, the
product comprising:

means for storing process representations in a process calculus notation;
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45. A conputer system according to claim33, wherein
'"the executables are 10 generated as source code in a

wo bddisfshsgEner ati on | anguage. 46. A conputer prpgiRE2003/004205

10

15

product according to claim45, wherein the third
generation | anguage is one of the set of |anguages

i ncl udimepng forcrerifyingthanting, represantations g validi sual

Basi c, {naega% ggﬁgﬁé%ﬁgg e dau g8 éhv\ﬁed%éb%ﬁﬁiﬁé @48t 88a in accordance

pl‘OdUC alm ereln the process
C dhith Whe'gerifiEidaeprsentatitrissed upon XML. 48. A met hod

di t . mA47, wh ' s
ot at | GpPAns oot SHe-if eHeReael il 4% S5FSReRAnG b Yate
i mpl enpRddnadopangsitg propesssexsicatioroinformationisindes s

l ogic for execution in a distribyted pro ' :

engi r oreans fogaiterng ihecree ﬁ%‘??@f’aﬁ?"eﬁpggﬁg%ﬁ%ﬁao%ué%nsomlca“y

r ﬁPécfc‘o_‘?&‘éuﬁei VABSandlystdRirecsE exealtionlinfarmatian. i on; 25

veritying that the representations are valid;

generati ng executables and corresponding test data in

agqor d%&cﬁn%\?t&hsﬁs’i&n fof gﬁﬂiﬁdn@ GnERApIBARALIAG proBess lepRisenttions of

t he® executabl es "usi ng the cqrresp‘ondlqr}% test data; ..

am?biyless_n tpoiy incedistribited procgssing RVIFRRMEH; fff;iﬁdS@m comprising:

aut ono - S dcTel ion:

corres %%%gnfér ?J g‘gﬁé Bébggg{ﬁep acc?)grﬂt?gﬁ ?‘Za?w tﬁsg g? I(cj:ulus notation;

anal yseregnsfoe sarifging that thmreprésentations are wlid; A conput er
rogram pro - [

et oo NPt o GorsféunthieniaDigs 2R oo, SR 198 dlif Becordance

pvatetheivegfiehrspresemations;t he 35 product conpri sing: '

f tOr| t,at | ;
gg?g 3| dﬁéﬂiﬁ fZ)F k%ﬂng B%C‘%%%ﬂ{?g%s?}%mé 'BhaspdhdingleSCfita;
PC ' | GRARST 19 4RAFsing preeboexacrion inforgationt ance

representations are valid; ans .f [ snally
execut FPPES IQRAITHE rﬂ?s??f?ﬁmaﬁgesta@gtcghggé%ﬁ}@% g%’ra(tja 3 autgnomically
Wish BeédtBanes with afalyeRy sreesisad-iecatian infemmstiéror t est i ng

t he executabl es using the correspondi ng test data;

nmeans for anal ysing process execution information; and
nmeans for altering the executables and correspondi ng .

test data autonom cally in accordance with anal ysed
process execution informtion.
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51. A conputer systemfor verifying and inplenmenting
process representations of 10 business logic in a

di stri buted processing environnment, the system
conprising: neans for storing process representations
in a process calculus notation; neans for verifying
that the representations are valid; neans for
generati ng executabl es and corresponding test data in
accordance wth the verified representations; 15
means for testing the executables using the
correspondi ng test data; neans for anal ysing process
execution information; and neans for altering the
execut abl es and correspondi ng test data autonom cally
i n accordance with anal ysed process execution

i nformati on.



