WO 03/098451 PCT/ SG03/00113 31 Cctober 2006 5 Apparatus for Discovering
Conmputing Services Architecture and Devel oping Patterns of Conputing

Servi ces and Method Therefor Field of the Invention 10 This invention
relates to ACHMUPI ng system depl oyment system I n part PEU@EP011%  rel ates
to an apparatus for discovering conputing services archi BeOttusee2¢nad

devel oping patterns of computing serviges and method therefor. Background

15 Conventi gnal j cations,
{ypical Iy poositumnh IRDRkakELEonp {nﬁgwdﬂm ROl Rty e

st andal one applicati on?ait*ﬁﬂtﬁ@ompagllg,Seﬂfl\@&@(’éﬂﬁéﬁ"bﬂiesémappl i cations provide
speci alized solutions catering to different business needs within

organi zati ons or across geographically distant installations. The

el aborate structure of these enterprise applications gives rise to a vast
quantity of 2Biclnef twedgememus enterprise back-end conputing. Management of

the, ent er prbSenPRld el 198 9 SROAHE LAIGHLLES! Uial, TYGALLYand

perfor nmance  of e enterprise a 1 ons S Cri Crea I ng new
appl i cati ons aisltes fo@n apparsiuis &rdgcoavwghmuhmasywwﬁs wgﬁqﬂéﬁs@dsie\fe@p@es to users.

25 The aspect sp@fmd FRomUMREHGs S¥SleROBmb¥fE cal |y requiring managenent
includes the deploynent and configuration of conputing system services,

system functionality diagnosis, maintaining the integrity of the conponent
dependenci es wWBidrgfousd conputing system and nonitoring and bal anci ng of

Comput 101 I AQURE Sk ORI el TN TG SOIRUAIRIFYS!oT,
requiring conpensessmultifior aah d’é‘p)lblllt?CbﬁWtWTQSoUﬁéie %WEH%WMWSﬁW@e systens at

different |oc alston@sermeqﬁaé SBticatidNs RV ViBli¥d scﬂlﬁWnsf 8S0Mp (LY be nade
available to t stemthat the enterprise 35 g@ﬁb éathns resi de within.
i

In both these 'é”is‘t“ AU SV EregizElony OHéEE’fS 55oF B e etellgioaYi ousl y

configured sysTienlabbrite mmrmal&sa en’tehﬂsd:kpplhcﬁtydﬁegitvesofse an apEuintgtafon or its
~ll~l~Q LM, =~~~ *166166*
ing.

Management of the enterprise applications to maintain architectural integrity and
performance of the enterprise applications is critical for creating new applications and
for providing availability of business services to users.
25

The aspects of the computing systems typically requiring management includes the
deployment and configuration of computing system services, system functionality
diagnosis, maintaining the integrity of the component dependencies within a
computing system, and monitoring and balancing of computing system component

30 loading for improving computing system performance.

In the course of managing the computing systems, a situation requiring components of
an application to be moved between two systems at different locations may arise.
Alternatively, new resources may be made available to the system that the enterprise
35  applications reside within. In both these situations, there is a need to reconfigure a

previously configured system. In most cases, the depioyment of an application or its
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PCT/ S®03/ 00113 31 Cctober 2006 2 5 conponents requires conplicated
procedures that uires specialized training in the lP' i cati on being

i mstal | ed aé‘“os‘ﬁ?@?gé% integrity has to be preserved at al IPQTS¢8¥%01& conputi ng
system typical Iy undergoes several configuration changes3'spaobgr #
revisions of its associated conponents in the course of its |ife. Once an

applicati on, is and beconps operatjonal, it
will under go fcallchng%s% u1¥35 co 11ch pqrcécgen‘en]galtﬂr}equlreﬁapem%me 9 %dl eei<pan5| on in

scal e. Thus, lkegphtvg blmhemdelpénmmm aegritheb to beeprspvestat plif Vﬂl@f | ar ge-scal e
systens becones problematic as possibly different vendors provide
different applications. Typically, maintaining the conputi systens needs
to be perfor metl CHyPUARe SRR uBgeraRposey el FaRfieytiionychapees éﬁﬁf) &t ng systens
or 15 appli Catrb\Qsl’i&ls of 1% aS4oCiBte@cdhipbhbats irDte c@heoﬂem&l‘ldﬁﬁﬁtrﬁﬁ)pla:ﬂﬁbn is
inter-conn requirements et ween conpu are vided to

t he adm ni s§ Cfan eﬁ% e“?'Stem i ?ecofnﬁss PO bltrtla ﬂmﬁ% ﬁ[%;er i erP know edge
of the requi rerméawser@mdnhlamcnmr@ﬁtanén@a@fon@a@hie Elws,tkemngalpﬂodep@dftm@ﬁ or its

conponents is ﬂ@%@ég&? QR 1&@%&%3&@&@9&&@&%&1&%&1& as sﬁaalpldlffe}aﬁt of the
adm ni strator. 20 Therefore, desirabl e to have a comon framework and

met hod for capliorsRgvie dlf@‘“’&‘é‘b‘i}‘f"&‘iaﬂﬁls -afyPicplawaninmg g PTRINTE FYSEMSt r uct ur ed
manner, so t hateeds hemiﬁﬂaﬂﬁemaﬁ adfls@atdrathio @’tﬁplﬁ)aﬂig thecoaiphtigayseths 025 A

CO[TpUtI ng §§/St enillcgt? ns C SntEatlQ QhCaad en e%g’leessan mn er-fc:(())nlilee(tglglll pegull SSL{ES by
i ntroducing | a;?% F TERS % Is“t em system

and resource ®0wptor¢ernt>®nbasm!nso¢retm@ﬂdedfteurtbct |admlaistlr4’fgt ant!lle sfetrnvmées provi ded

t her eby. AsS%éuagtlogﬂ%lapﬁﬁs%epm%Hw%e%qglrgn%gﬁ %ﬁcﬁ'{rﬂ%bﬂa oPRfiles to
facilitate dependency tracking. The concﬁutl ng system depl oynent net hod
t

all ows for st rﬁﬁﬁ%r%ll‘@eo‘ﬁ@pﬂby?fﬁﬁmqﬁ istdeeend it P g REyLre MDRED a first

host system Thgwpipdfitleamistdtier facilitate migration of the conputing
system and jts associ ated conponents onto a second host system w thout

conpr om si A systemintegrity.
Therefore, it is desirable to have a common framework and method for capturing or

specifying all these information in a structured mamner, so that the dependency

calculations can be automated.

25 A computing system deployment method addresses the foregoing issues by
introducing layers and clusters for segregating computing system, system and
resource components based on their functionality and services provided thereby.
Associations between components are registered in profiles to facilitate dependency
tracking.  The combuting system deployment method allows for structured

30 deployment of the computing system onto a first host system. The profiles further
facilitate migration of the computing system and its associated components onto a

second host system without compromising system integrity.

Existing infrastructures can benefit from the computing system deployment method
35  once information relating to the deployed computing services is known. A computing

services architecture discovery method based on the computing system deployment



Exi sting infrastructures can benefit fromthe conputing system depl oynent
nmethod 35 once information relating to the depl oyed conputing services is
known. A con@}utl nsg services architecture discovery nethod based on the
cemputi ng sYSEHHEpl oynent WO 03/ 098451 PCT/ SG03/.00113 PCIfSGEeH%Ker 2006 3
5 nmet hod provides steps for discovering depl oyed conputi dgOgerevR@®s t o
facilitate infrastructure re-architecting, re-alignnent processes and
optim zatio ting, reverse en neer| nd s X tlon met hods
and tools agrﬂle “tet Oﬁdmf | ngolrndesscg’éﬂé?gf 3{?)2 dacqmé’ugnegl wefq F%aC{ ¢sof twar e

mai nt enance anmfraefngturﬁereﬂChlge,ctMalleabmntPl(@esri@\?ﬂ@ém@n@ﬂnneer| ng and

obj ect-oriented design patterns and recovery for recovering software-coding
patterns at saurce-level. Exanples of these nethods and tools _include
PLASTI C by Pl d&tsfee ‘S%PFSFW@@“WP%Wﬁﬁvﬁfaﬂfﬁfég‘%&}?{?ﬁ@@%ﬁ%‘éﬁ’eéW&fa]é’hnot ation
capabi l i ti es olmein dpepidit bat argell; rdldieto defptatyednteands utd ¢nginseiny,ida@issd S

0 scover ot J Rieh el AL FRIBLORESOL o Bl LOR LG DRY S ORITEL !

Envi ronman% (1 bﬁ} d%lf Shese™ kS provi de -t wo- wa rotess in

whi ch di scoversefﬂwq@%tmdengn@tt@fam atb@llW@thﬂl e@(aamlﬁs mﬁ@esmwﬂle@ﬁp@ﬁdmﬁg source

codes are aut mmg@ﬁkéﬁc%@nag&%o@tagrew& PYSARSdoc ARG and%m@m@ i's
M crosoft Visio by Mcrosoft, whi can construct an_object_npdel of a

dat abase when C?H’?E%B‘E?r?ﬁ%%atﬁa&?fn PWW)@W‘?‘*&H”W‘B‘W femceg isrdispoyed Buildenyi ded.
However, it daeSogokrSatlaevinagytedDéicfopaai Emrirohnaerﬂoammdelst GhdshDHElat abase

schema unI S at abase i s supp O her
such net ho? tgz ?mw?estwg'rvgyf’g)rc es\slvgb@} ‘{% CQSCOV re\c}\@%ﬁems %Tn I?O%gﬁcsl %gdlrjtg%l tecture
recovery and rretrgspeiding cowtd gydesl @i @mnngcallﬂmmde@ddﬂcetme Motisods and

tools includexidabg h@@x‘ebdfﬁvﬁﬂ@ywﬁ&r%ft wh?@ﬂ@bﬁ coﬁmﬁt Adeb&: Rk ¥ea can

construct a 25 % %)hl cal diagramo he website devel opnent based on the
web- page repos{EBsy Bhengje C‘lnFeéU‘é‘rlsfoﬁﬁat‘P‘hF"éﬂ’@ﬁatfl}‘?ée it PRRde NS # ound in the
web- pages and densdtrallew ahhenoddicagﬁ ambe Hinge NethatalebsSO Rebeme afleSOhSt r uct

t opol ogy diagr netvvor n ty diagrans from existing network by
enpl oyi ng %(?oboﬁggdsf a¢h eléb %s{}g Opm “YNVP and | OVP. 30 These net hods and

tool s do not provi de |nformat| on on how each conponent (e.g.
Other suclhh methods and tools are for website and web applications architecture

recovery and network topology designing. Examples of these methods and tools
include Adobe GoLive and Network Sonar. The Adobe GoLive can construct a
25  graphical diagram of the website development based on the web-page repositories by
traversing through the link elements found in the web-pages and construct the
diagram. The Network Sonar can construct topology diagrams, network connectivity
diagrams from existing network by employing probing techniques such as SNMP and
ICMP.
30
These methods and tools do not provide information on how each component (e.g.
web-servers and applications servers) inter-operates with each other, its dependencies
and configuration, which are essential information to aid in the understanding of the
existing infrastructure as a whole and planning for new deployments or migration.
35  Discovered service architectures and patterns are not readily modified and fine-tuned

due to the lack of proper tools and framework for storing information relating to the



web-servers and applications servers) inter-operates with -each other, its
dependenci es and configuration, which are essential information aid in
t he 'undetstanding of the existing infrastructure as a whole al?faT/% %‘?ﬂlﬁ%
for new depl oyments or migration. 35 Discovered service ar &ffefved Plifed! 290
patterns are not readily nodified and fine-tuned due to ‘thé!lQudenP0dy oper
tools and framework for storing information relating to the PCT/SG3/00113
Recei ved 0% A@ino&cd?egﬁﬂong&s. Cﬁl}m,aﬁsc&@;@@fatémﬁmﬂ%k&%esksmm&amt s. Further,
a

di scovered pajiterns t represent _be racti ces.and,. bad practices cannot
be archived f&F PETEEFePHY g’lge‘}‘i%”%‘g f?hg‘g’fepfe VFeE sﬁ"ﬁ’e%mﬁéjﬁfggyrrent desi gns
cannot be | evésplbyoeht fesigns daimet berlowhged Grom dfe kperdedzesireyt expedacss e to the | ack
of such archi ¥8%1..40r GiEahtws there is a need for an apparatus for

di scovering. computing services .architecture and devel opi ng patterns of
conputing services and nethod therefor, wherein tools are provided for.
fine-tuning tbkatyi Sicoyér echeadfip Lini apgaraesr for Gdssoverdngcévntpeting Lsewicesnd abst racti ng

patterns ther g%ﬁiemt@@q? %&J&@Li}{& Bhednd 8 PRALLEE S arbiUbddlof tetdifier ences. 15
Summary An apparatus for discoverlng conputing services architecture and

devel opi ng patfssikdooly precpipfidet| 19 faeiuing die dpraverndt TRV FRIGY are

di scl osed. Therclkippar ahdishstraaighith ghetefrom and @chixam theptterod fot feeird nvent i on,
provides a graphical user interface for displaying a 20 depl oyment plan of
depl oyed conputing services. -Conponents in the deploynent plan are .

i nterconneted by |inks indicating dependency rel ationships between the -
conponents. Eselmagnponent and link is assigned a confidence val ue, which

s based 0N a6l 8o Bl (A LLORELLL B3 BlcfRE fubaPONeNt . The

apparatus fur provi des edi ting tools mani p ng,_the conponents
i n the -depl oyRESTMPYAINg services arplanehad fhetgfir apefiscloped o ThefpPaEfs AhRAEGI g patt er ns.
Ther ef ore, | n:fef@aRdRMCE thalidventan, pkovidés Bgiphicdl ued intdifecel forvdiphayiods there i s
di scl osed gn .apparatus f.ar ,di £ . i Y chitecture and
devel opi ngfbpa td%pgos'ﬁngt% (})?lm of %eployeds go%Yaﬁtmg Q&w&?”@é&b&gﬁ ' dfd Eeﬁl%}’fﬁ{n :

. plan are interconnected by links indicating depcpdency rglaﬁonships between the

components. Bach component and link is assigned a confidence value, which is based
on a calculated weight of the properties of each component. The apparatus further
'provides editing tools for manipulating the components in the deployment plan as -

25  well as for creating and managing patterns.

Therefore, in accordance with a first aspect of the invention, there is disclosed an
apparatus for discovering computing services architecture and developing patterns of
computing services, the apparatus comprising: '

30 a compovent profile repository for containing component proﬁles of a

. computing service, each component profile bein_g associated with and being
descriptive of a corresponding deployable comjionent, at least one of the component
profiles being associated with a corresponding deployed component of the computing
service, the deployed component being one of pre-defined and undefined;

35 a computing service deployment plan, the computing service deployment plan
being constructed based on information contained in the component profiles of the

computing service; and




conputing services, the apparatus conprising: 30 a conponent profile
repository for containing conponent profiles of a conputlngP§E@WWé@°“éach
conponent profile being associated mnth and bei ng descr iRstéived 0FfApail 2004
correspondi ng depl oyabl e conponent, | east one of the co %ﬁﬁﬂ%rzdé files
bei ng associated with a corresponding deployed conponent o e conputing
service, the depl oyed conmponent bei ng4®vne of pre-defined and undefined; 35

a conputing servi Qﬁm&ﬁ&lngl/dgﬁ&tma‘ﬂl @thgmgeonqpqmqgﬁ@gdeﬁﬁ%ﬂdn%depl oynment pI an

bei ng constructed based on i'nformat|on contajne onent profiles
of the conputingYe8FRi ¢&e iy RENBECS SRES }5C‘ﬁ‘d§,é§7§/ ﬁ'@lﬁ?npﬁecel ved 01

April 2004 31lu@ttwixed, RO0Gplovkd Smpomits Godigovarylet biolthef @ppantmifprul ati ng t he
conputing ser&h %qux gggﬁgdqmwggﬁﬂgy when the depl oyed conponent is
undefined and t ore undi scovered e depl oyed conponent is

di scover abl e by the apparatus for constructing the conputing service

depl oynent 10p| &naceatdindenvidccetadnpert vif thdrineensac therd isaBilostl aghetodhef | nvent i on,
there is di S%@&@ng obh! 'aggise%es GITEQNE LIS SR YkaE FebMiueRs architecture
and devel opi ng pattérns o ting services, the nethod conprising the
steps of ‘A nef%?fsé‘?”éﬁﬂ@ W’éﬁnflﬁﬁgﬁ “HRPYUt i ng services architecture and

devel opi ng patt erAnmetibd 60 HpdskdrAg c&q:"uuﬁgcesi;ccst hehitegtrh add dewmlopingsi ng t he st eps
of : 15 provi di £ BB%! cont ai ni ng conponent
profiles of gggmga&ggﬁﬂggg%$g%gl ﬁo ¥ ﬁ%ﬁ%sqfoflle bei ng associ at ed
with and b¥ing dé’SctY?dFD@tal"WoﬁTm EF°@6WP‘?§§%??H?°H@”&&EJ?UB’59&°BT RS %honent , at

| east one of Lh@mERNPLERE, epi Qbrhgofnb@iofily W@HE CIosibted] with tand azemg)rrespondl ng
depl oyed conp of o 1 onent bei ng
one of pre- de nggéwe s Qﬁg@&ﬁﬂggép&gﬁk c%&génfgnﬁ'cat ?e%%%eoglg{e xﬁ‘?ﬁog%@er Vi ce

depl oyment pl af?ﬂletbh’ég BBPRIAAI Y asesFomopding %@f%fﬁ%ﬁf“’nb‘l’fé’i‘? BEPHGE const r uct ed
based on i nf or#mitd, M8 d&pMItEdoPsheit Beikgd Ve ErprpRfidA tnd updeBhidd €s of the conputing
servi ce; aﬂp

ﬁ

constructing a computing service deployment plan, the computing service
deployment plan being constructed based on infonmation contained in the component
" profiles of the oompuﬁng service; and
providing a discovering tool for manipulating the computing service
deployment plan, '
25 whereby when the deployed compovent is undefined and therefore
undiscovered, the déployed component is discoverable by the method for constructing
the computing service degloyment plan,

30
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provi ding a discovering tool for manipulating the conputing service
depl oynent plan, 25 whereby when the depl oyed conponent is un?@ﬂs%?/ @ﬂg
t herreforée undi scovered, the depl oyed conponent is di scovef{e?gve%ozy riF'fOM
met hod for constructing the conputing service depl oynent plan. OA‘p
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Brief Descriptions of The Drawi ng Enbodi nents of the invention are
described hereinafter with reference to the follow ng drawing, in which:
FIG | sho a bl ock diagramrepresenting a conputing system depl oynent
nodel ;- 25 FIG 2 shows a block diagramof a |ayer of the conputing system
depl oynent nodel of FIG 1 with a plurality of conponents contained -

t herein being grouped in clusters; FIG 3 shows a block diagramof a
conponent profile of each conponent of FIG 2; 30 FIG 4 shows a process
fl omchart of discovery steps according to an enbodi nent of the invention;
FIG 5 shqys an overview of a working environnent of the discovery steps of
FIG 4; FIGs. 6 to 12 and 14 show exanpl es of a user graphic interface of
an 35 apparatus for discovering and devel opi ng patterns according to an
enbodi nent of the invention; and WO 03/098451 PCT/ SC03/ 00113 '

15

20 - Brief Descriptions of The Drawing
Embodiments of the invention are described hereinafter with reference to the
follolwing drawing, in which;: .
FIG. 1 shows a block diagram representing a computing system deployment
model; , . . .
25 FIG. 2 shows a block diagram of a layer of the computing system deployment.
model of FIG. 1 with a plurality of components contained therein being grouped in-
clusters; ' .
FIG. 3 shows a block diagram of a component profile of each component of
FIG. 2; | | §
30 . FIG. 4 shows a process flowchart of -discovery steps according to an
embodiment of the invention;
FIG. 5 shows an overview of & working environment of the discovery steps of
FIG. 4, |
FIGs. 6 to 12 and 14 show examples of a user graphic interface of an
35  apparats for discovering and de.vel'oping pattemns according to an embodiment of the

invention; and




31 Cctober 2006 6 5 FIG 13 shows an exanple of a user interface for
managi ng patterns in a pattern library according to an enbodi nent of the
invention. Detail ed Description An apparatus for discovering conmputing
servi ces ar dMPE%Ure and devel opi ng patterns 10-of-coSUtSCAY4Er vi ces and
met hod therefor are provided hereinafter. The apparatus BoOctabst 2068 hod for
di scovering conputing services architecgure and developing patterns of
conmput i ng service h inafter r p tem ). ..according to
an enbodi mssﬁt of tthIge3 %\%ﬁmtsiagne&?néﬁ%g{s%?% genger%?et ﬁ); ?%?%%%r@gér%som% Gs. 1to 15
14. The Syst erpaiiesn lprasy eaceing tosa smbodgpentof gsnpyattiong syst em depl oynent nodel
100 as shown in FIG 1. The conputing system depl oynent nodel 100 is for
pl anni ng and realizing a, deploynment of a conputing system (not shown) onto
a conput er - bad¥HIFLRECER ey 20 102, which typically conprises nultiple
geogr aphi cal | yaAnthpppeusSediis olerisy g sehviees ephiputiteragd doyelb@ng ooy | ses
multiple c onents..202 (sho } 251 d] ithin the host system
102. TheseR{:rgr?E(c)or?]@H?nsg5513%eséipépnétﬁelﬁde@%%v@cqrgzdg?Eél:rgel ﬁgé“ service conponents,
syst em conponents and resource conmponents (all not shown in FIG 1). These

conponent s 202,28 R6Q 3N £8 ndidl QorSHRMe Al e By Sefids Mtifdiie bhe host
system 25 102. The layers 104 typically mclgﬁde a servige |ayer, system

. yp s
| ayer and resdl§reaming goitsos of\campiting saryieer (hetpielier CERTedi th 28 P % Pl )'syst em and

resour ce conpan@ntig,to maahboldmeerof B 4nvehias is descaled odth adf@ehct ayidGs. ep 106. The

| ayer map 6 Qf h.layer. 104. 1 ndi c ; ' Lty of a
component 202 i Ty T FR At o Ly RE TR KB b BERD LY D Per
conponent 202 sh¢veriefiG-h. 30 The service conponents are for providing one or
nmul ti pl e application-specific, vendor-specific or donmain-specific
services, which include providing service-related contents. such as

web- content's aif QEBYINE et depiay et J9de 00 38 Jpro aniig B 1opiEing &
conventi onal | ydepioandit 6fSa S@fpuiy sgaehp (iaeshbsn)aint adoephierbasqdriostisgitang conput i ng

E’)é'sl'} ggg?gg(glgl%iow fi et?plc%rl"lg cgnqgr}éésctr?tﬁtipHé) gegér_sz rcal?yoﬁgn%r@gcp gug-snge%)s.V\Qheo 3/098451

computing system comprises multiple components 202 (shown in FIG. 2) residing
within the host system 102. These components 202 are generally classified as service
components, system components and resource components (all not shown in FIG. 1).
These components 202 are organized into separate layers 104 within the host system
25  102. The layers 104 typically include a service layer, system layer and resource layer,
which respectively contain service, system and resource components. Each layer 104
has an associated layer map 106. The layer map 106 of each layer 104 indicates the
physical locality of a component 202 within the host system 102 and the association
of another component 202 therewith.
30
The service components are for providing one or multiple application-specific,
vendor-specific or domain-specific services, which include providing service-related

contents such as web-contents and user account data.

35  The system components are conventionally known as server components and are for

providing computing system-based resources and services to other components 202



31 Cctober 2006 7 5 within the host system 102. Exanpl es of such system
conponents are DNS servers, FTP servers, systemlibraries, Wndows
registries and key repositories. The resource conponents represent one of a
physi cal Vﬂhﬁwgyﬁhat is associated with a conputing n8d&G8#9% 13y rt ual
devi ce representlng the physical hardware. Exanples 10 &f Guinbdng(é
represented by the resource conponents ncl ude network cards, hard disks,
routers, firewa a nt ch layer 104
are groupedglﬁ?hmlteg t?mwﬁdﬁ g%?gﬂQSMEFﬁsyﬁ?uﬁg ﬁgﬁ§5%0é$%%: %s shown in
FI G 2. Each diTfstrers, 2g4ntlimrias Ngndews tegisimies aphkey rapdsitopponent 202. I n the
service layer, the service conponents are grouped into service clusters
based on the simlarity of services provided by each service conponent.
Simlarly, in Yhﬁéesgvg‘ftcewp?navéfeprefeﬁbong9%%%%%%&% AsBEbHERd i nto
system cIusterﬁmbaﬁ@dm&nn&h&ﬁhu&ﬁke&amﬁmmgamhmﬁy&ﬂamﬂ@ﬁapanemks Exanpl es
of system  clusters inclu eratin ) S a, dat abase
cluster and&a EllP uar -’ “mlaﬁﬁ%eecfwuﬁe IwnfﬁggggggﬁPg%mfaygﬁd t he
resource conpoh@ﬂt@ﬂgméﬁ@%bumédwmmvcw¢ﬁ@source clusters based on the
function of the resource conponent. For exanple, in the resource |ayer,
there can be a network router cluster, a firewall cluster and a storage
cluster. 25 Eatl GIRYew: 280k Adslavh 1%4s§6§1°élfe€dm% clEee 20hPastd %e¢ not  shown) .
The cluster prfhdtibe maaﬁtalnﬁwﬁLMeEErzp&hﬂﬂdm&mam4aﬁﬁ@msat@&tmhuster and a
function descriptor o unctio

cont ai ned ther®) H°“e’<"fg’%§ ir’?etg SBI Paﬁf‘f‘ Jl%ﬁ”l‘:“ ?1““’"“‘3“ Soaﬁee%{? PIBE ey S%”‘Ce
correspondi ng Cdlcsmolwefrdt orpﬂlofsmluérlﬁw Sasw@hmdqdrbyl-'da@i se@vice @n@omtnponent
profile 300 CQﬂ&ﬁhﬂslﬂﬁﬁagﬁgﬁﬂ5m}ﬂi@&ﬂ@%'&ﬂmm%ﬁkgﬁag§uﬂﬁﬂﬁm§g&mnp|a””'ng

t he depl oynent of the conponent. 202. "The conponent profil conprises a
descri ption 302ustfs Fﬁ%iQSQBC@%F@ﬁOESﬁ%Gﬁﬁﬁt“ﬁ@?mmétEF@QQF drestRsoci at i on

requi renent 304ystedtt inkl@®Sdn @Bﬁn@S@aah A $)0dustet St databhse Qﬁls@ﬂﬁ)d avituadit | east one
contract 3§&spec fIC t|o 3 access control s 310, .an ownership

8 f
e eag or 30 5P S0 oS e &b s TR S iRra e i

resource cluste1s based on the function of the resource component. For example, in
the resource layer, there can be a network router cluster, a firewall cluster and a

storage cluster.
25  Each cluster 204 has an associated cluster profile (not shown). The cluster profile
contains a description of an associated cluster and a function descriptor describing the

function of the components 202 contained therein.

Component Profile

30  Each component 202 has a corresponding component profile 300 as shown in FIG. 3.
The component profile 300 contains management information, which is used for
planning the deployment of the component 202. The component profile 300
comprises a description 302 of the associated component 202, at least one association
requirement 304, at least one association restriction 306, and at least one contract

35  specification 308, a list of access controls 310, an ownership indicator 312, a



8 5 conmponent history 314, a list of cost specifications 316 and a
cOnfiguration specification 318. The association requirenment 304 indicates
whi ch of the cor’rg)o_nents 202 in the host system 102 are required for

associ ati ng"d % He conponent being described by the 1§ Whent profile
300. For exanple, in the case of a service conponent, the1cewpesent profile
300 is a service profile. Thus, the assgci ation requirenent 304 indicates
syst em conmponent s requi.red, for sqQciatin i.t h e service ¢ onent

bei ng descrél)becamﬁ%}‘elf%h@“%rér Wieéd %?o"f i ﬁogt. *P gﬁ%%nsaislgo%nﬁa iOh lgr"reagfg}r)i ction 306
i ndi cat es whi checglcationd!&onponents 202 in the host system 102 that are in
conflict with and have been prohibited from accessing the conponent being
descri bed by the conponent profile 300. The association restrjction 306
further provi de€ *pREioRRRI BB Op drdisates Hhich % FERRARR S Pt chs hosirne

informati on  aRsténh €02CH8 tdghiedd ForadstooMngt it O Elpbeensbeing desripédayatid y nmanaged
or alleviated during th | o nt of the conputing syste The
cont r act s‘[i)deacicfi’lrn 4 I?‘opﬁof%g’%&s)'t %?’géax%gge’ i'nf 6r At ?fg?lq?rgc égnppr%ﬁ’dtgéd by a

cor r espondi ng covppertamefil@d® & arsermse ewilenrhih dhecasspppineq@@Rendddcri bed by
the conponent;, p,af Isys@enﬁgﬁnpoﬁehsar@@iﬂe@%laggaci%gtm HORELBC bonpRRAE f i cation is
illustrated 25 using a hypertext transfer protocol (HTTP) server (not
shown) as fol |k6wgflesw¢@d§sy5ﬁéﬁrwce@&%nent of the HTTP server, for exanple an
Apache HTTP server, requires a valid alias and a root directory |ocation
to be specifi for .access.thereto.. The valid alias a ront.djrector

| ocation r ﬁu?ﬂgﬁﬁsﬁflghogrreeﬁéc%gf é(% 1?%“%?%(%” htlzcgr?tf (ralzfcctom eeF Ta ﬁzcgttﬁ%}ﬁos 08 of yt he
syst em profi | eydesdpd bienge tiheondligs tvshrabhaye hesntpredifibited EompaeshsingHIRTP  ser ver .

30 T_he_r efore, c%mﬁ&xrextibgﬁg G&M@Wﬁw Egmp@ﬁlan!-:ﬂ?&fﬁé ol 58e REIHBE redu@ioeXanpl e,
requiring access to the system conponent of the ache HTTP server has to

be provi ded wilof furfhay Rspyides imdermptiog op pefgntisland fraoveseptise Thgialormatient i on 308
t hereof. The sfrud &afict ANPAERONEondks tdie: frfifely Phhagal Galmedtedtdifty e Ovi des t he
Apache HTTEOseJeever Wi uired valid alias and root directory

; /men %},ﬁ?ﬁletche ut{ eqyste )|
| ocati on t 8° t HEPSYBTLA RGHPBHER B t he 35 Apache HTTP server for access of
the sanme thereby in accordance to the association requirenents 304 of the

servi ce profilfdesghd: bipRdfidaigh 368 %k GOMROARALN YBOBIAEA DY a
PCT/ SG03/ 00113

corresponding component 202 for accessing the component 202 described by the
component profile 300. An application of the contract specification is illustrated

25  using a hypertext transfer protocol (HTTP) server (not shown) as follows. The system
component of the HTTP server, for example an Apache HTTP server, requires a valid

alias and a root directory location to be specified for access thereto. The valid alias
_and root directory location requirements are stated in the contract specification 308 of

the system profile describing the system component of the Apache HTTP server.

30  Therefore, a service component of an Enterprise server, for example, requiring access
to the system component of the Apache HTTP server has to be provided with
information required by the contract specification 308 thereof. The service
component of the Enterprise server then provides the Apache HTTP server with the
required valid alias and root directory location to the system component of the

35  Apache HTTP server for access of the same thereby in accordance to the association

requirements 304 of the service profile describing the service component.



le/a~waa - - 31 October 2006 9 5 The |ist of access controls 310
specifies the ability of a conponent 202 contained in another cluster 204,
preferably fromthe sanme |ayer 104, to access the conponent 202 being
descri bed bYAW&%Ynmponent profile 300 and vicepuersa. MESEEYVES control s
310 are conventionally provided by the vendors of the cofpOstelrsr80002 in the
host 10 system 102 to avoi d associ ationy of conponents 202 supplied by one
vendor fro accessing or being accessed by conmponents 202 supplied by

anot her vendor. Further, the access controls 310 can be utiljzed for

mar ket i ng, polThe list af accespeantrpls §1Gspecifise frgtablfraf 2 crrappae 402 agtamebingywner shi p

gi stor )t; glg i Qﬁﬂ%@-&lﬁ'&er 96\ pRferd !ffomg@saﬂmgérs ﬁ@fto iclbéﬁs 0 6spaedmt 20202 ) )
escribed by the conponent profile e relative priority that eac
owner has ové?“&ﬁ%mﬁﬁﬁg6ﬂﬁﬁ?m%ﬁ?“B&%%dﬁgﬁmiWgygﬁﬁfhaﬁﬁﬁgféﬁﬁgk t he

depl oynent. Theo awkatveit®nallgrpeovoied bpthe vafdoany the enippanaits 21? iofthezhogty st em

i ncl udi ng t,he st SY.st . i4a6l Ldi. ikce, system and
resource c]Itou S tsygs(rt-)egl, lognt ag&(iz é%%%aﬁlglﬁtg % g%%%lﬁer? tst%qg_ Sﬁ%llsl ?gbég&%s‘%g{og nﬁ? %0 2. The

conponent hi steesesping pubeingedessed biecompencrtp 202agpliphist aneBHVPYOH FLFH t he

conponent  degelkRedoold N8 HUINYNRDtor REREink 80864, bdukle Bl @wegbnbipon. The

conponent history 314 further reflects the dependency of other conponents

202 in the host?¥¥stem 102 25 on the conponent. The conponent history 314

is further used for restoring and archiving depl oyed conputing systens.

Thi s enabl corrupt. - o : onents
therein toﬁieqﬁgg%???%g&gépgggr@?ﬁg(%gggkkﬁgﬁgnt%%?p%gé%%gﬁgf?gﬁ of the
conput i ng systdessribed by tthe qamaenenteeadite 30p prd horetatiyt wigriythat ach 3pnerhes | i st of

cost speci fi Cald 0T ondbheRPOL bisbEsh thd @nRrkiESHARMEyRAE tTHRIowhigisng of the
conponent 202 being descri bed

by the co onﬁnt gLoflle ig . The cost of
using a conpdREAt™ITHeT  snkyration o2 SRy Py e G Mt BFter %ﬁf&“g'random
access nMenory ifdudinRAM servpBysgit@Bhndsésotiragausisagd a(domponextaip ingthahdsar d di sk
drive), thﬁ)pﬁs§%9ﬁb storage expansion requirenments with respect to tine
and the |ike systemTesource 35 requi renents. The cost specifications 316
all ows an adm ni strator of a conputing

The component history 314 tracks the current and past configuration the component
described by the component profile 300 is deployed upon. The component history
314 further reflects the dependency of other components 202 in the host system 102
25 on the component. The component history 314 is further used for restoring and
archiving deployed computing systems. This enables any corruption to the computing
system or the components therein to be rectified by enabling redeployment or
restoration of the computing system to its most recent pre-corrupted state. o o
30 The list of cost specifications 316 specifies the corresponding cost of using of the
component 202 being described by the component profile 300. The cost of using a
component includes virtual memory usage (for example a random access memory or
RAM), physical storage usage (for example a hard disk drive), the physical storage
expansion requirements with respect to time and the like system resource
35 requirements. The cost specifications 316 allows an administrator of a computing

system to decide upon the viability of installing a component or a cluster of



systemto decide upon the viability of installing a conmponent or a cluster
of WD 03/098451 PCT/ SC03/00113 i %Il IV¥%A VVI VV 11V 31 Ctober 2006
10 5 corrponents whil e considering the current and future inpact on system
resource rEQPIBNts if the conponent is installed JTH&ETEGRBENN
configuration specification 318 specifies nultiple configusati.p

paraneters for depl oy| ng the conponent. ,Each paraneter is speci ed as a

key val ue al rén’[s a/ﬁ ehCOIHSIEFPI%% ! e(fuﬁ'rglitearn§ fﬁthe 191 acpgﬁ %W LesELAILE, such as

"applicati on nan%"“1 ers to as specific’value corresponding
to the par arretr@lmrqmn%1fthervomm@ntesa§5éa”edthe specific applicati on nane, such
as "oracle". Another exanple of a key-pair is "server-port = 80". Qher

parameters i nclude run-ti informatjon relatin ch.conponent 202
i s depl oyabl eTQ?ld’O%iP‘t“@Fa‘t?ngg“ffé‘P%lrfﬁetcﬁ%mP et S&?“f%&tmutl{‘]f’ge cﬂ‘ﬁagflﬁatrl‘%‘ 15 behavi or
of the conponemima&? for'ﬁérﬁoyhignhetdomﬁoﬂeﬂf (Eﬁcrliaiatam!aten inefetiflebasiarksy-gdlieat i on pat hs,

net wor kK POfg ts é)gipdwh%‘rd Frllrtﬁs feljs E @1& gggmé?gr n%? Isllcg‘laa ke I&%ﬁé&g&?ﬁatﬂe arﬁionf iguration

files and Io ke conponent configuration detalls. The run-tine
i nformati on i sheomle regfs tapﬁPP%@\iablHQ@ﬁél@PW&m g prmameicrdPBei i this caid

vendor - speci fiyg @E@ﬁce aBsh SuRSiantd ‘Q)IracleacNﬁlétﬁ&%xdn@l@l}wmyﬁb@lr fiior the
depl oyment of the conmputi n@ vyst em or, LBg real 1 22 tion of he conputing
syst em i nfrast PHEE El‘?ré‘ 89y SPBTFHAPTELE JRIYE T T8 OfrPa&ﬁlév%ﬁnRg f)f *'he conponent

profile 300 desdrdoheschentreot xedehoy@Boind glterblehparamefesrigmeffect te Rindime3, conput i ng
vy o ol B ANoRELRRLRS ARTAML RELPILERR mdRubfydlocover ed bY

perform ng di scovery st as shown e operati ohal
principle behlnn@wtmrtéimsﬂc@@@?sys docetjen ofi applicasionpe @i %ﬂﬁﬁg%ﬁlof’zﬁl@ﬁ aghat nost,

if not all, copRopem. iREfhlotsht @(fnﬁgﬁﬁ'lomﬂ@tpilse TEO FRARRNABmAAMESs 3ndef aul t or
reconnended co

uration. Further nt of these conponents tends
not to 30 devioéta@%ﬁf’@n‘ﬁﬂ?ﬁlﬁcfdrOB‘ﬁﬂ“tsﬁeé‘f‘rcégq)P‘r%g&fch?f“jﬁ e‘éjﬁﬂfeéf‘éggﬁ“tgﬂd certain
par anet er s usegcukddy uﬁﬂmmgﬁa@ maaadethentonthi ganipatingopstan e thd sdizaivedf or
cust om zedq Jhe actual mlﬁilrasg&r%nt However, it is unlikely that one
vendor supplies [P PReTHe oyecf corrponents As such, information in the
conponent profiles supplled by one vendor typically differs

Discovery Steps
Using the framework of the component profile 300 described in the foregoing with

reference to FIG. 3, computing services deployed in an existing computing system can

25  be discovered by performing discovery steps 400 as shown in FIG. 4.

The operational principle behind the discovery steps 400 is based on the fact that
most, if not all, component profiles of deployable components have a default or
recommended configuration. Further, deployment of these components tends not to
30  deviate too much from the recommended configuration and certain parameters used in
the recommended configuration are also used or customized in the actual deployment.
However, it is unlikely that one vendor supplies all the deployed components. As
such, information in the component profiles supplied by one vendor typically differs

from information in the component profiles supplied by another vendor.



frominformation in the conponent profiles supplied by another vendor. 35
WO 03/098451 PCT/ SG03/00113 31 COctober 2006 11 5 The discovery steps 400
seek to detect the presence of the depl oyed conponents and di scover the
pr.operties MO WY%Ynfi guration and dependenci es i nf or nathi IR ! Bhe

detect ed conmponents and re-organi ze these di scoveries i ngpotibserbog@rewor k of
the conponent profile 300 for aiding tjhe construction of a reusable

depl t pl US| t ] i
oyment .p a}ﬂ% c_n‘s‘c%e@gﬁéep*}%o&é)e@{& deld&h tt?ayqﬁ]éesaﬁ} gER %@é&tcowggléta;iﬁg descri bed

in the foregoin operation of 't scovery’ st eps
i |lustrated widistpverethernsrpesies §-er cenfiggratiophing (ierpAgiss AHOBYER™W i°%&ieof a wor ki ng

envi ronment  5QGedQr cotipbneHis S6O ¥EEYanSk @RSe 40Qveritithto WRrfladGorRNBfiticonment 500
conpri ses a pool of i

_ conponent pr.ofiles 501, ich are i cally supplied
by different GEARPIFY ,pmg{?epglﬁ?l ftobfld?%-ﬂ&ﬁo?%ft‘i”&t@f‘eo aCISWﬁa%ﬁgFPby re%tfrf]z?%s 15 505, a
depl oyment pl asinthOconpdtigsy@snh ddplogert ongrlit (0nigscsyeg tirete Higoindhe obj ective of
the discovery steps 400 is to discover and extract information to
re-constructed the re- constructed conponent profiles 505, which are in the
framewor k of dbaprsréien ofghaiscpeery Fp400|inilygugied yith efenedFEn s, Wi he
re-const ruct edyKATRARENREw BE PHolkBE cRBRNME BN fokiROWBsover] bidiss, 400.henaddepl oyment
pl an 510, which conprises conponents 51% ﬁnd dependenci %? 514 |i nking
the conponent s*84% HFEMEPSYOfETPIFDAR P éorﬂpd’ﬁ%f)ﬁ’é)ﬁ"[é% 5§§2" Gif%al 1y
g(izprl se ser V|t|ﬁﬁqa11)sy@p1ma1bard¢ffdmsmndcﬁe a@osipd merhsucted cdngotdneprd@lpendenci es
are stip ted in t C . i] e i ach
component §12%0$ﬁedgplcc’:y§hefl pﬁ?n %@2 %)(ﬂ%r%%g%g%slé@ﬁ%%g%&gzﬁpogﬁggjtgakggfi |l es 505 is
enbedded i n t He dwpicoystas 4@anodiveayersndniagtiniprmationty Setqoi‘f@“@%ﬁrﬁgfh‘lei ng system
515 as sti pul ahggdidd ctntﬁson@ﬁmﬁk@@@i 2BicPLOfnl theBrahidvkork YPRkpednidyorml f f er ent
vendors. The degloyed conponents need to be detec% d_and the properties
therein need t380pBials &G erER o ere o BLEECPBRP Y A ‘@f’ %@d?/%‘? Pflocess 502.
g)nce di ZCOVGI’eldlus,Ttlh&ieﬂ@ﬁ:fleingluﬁxﬁi1i00ﬂh§c}a®dlpd®ped’m¢emi5632 andndfepandmcieon of t he
etected c onent.s e extract 0 - t res- nstructed
conponent g@gf%??g%k‘%%&? Ccllj}spf’rﬁeél%tsﬁféi a%é‘%%%s%?ﬁ%?@% Cérgﬁ%géﬁgﬁ_tz t’g}“’gﬁ% es 30 505,
t he depl oynentcopbgmn s&ti0e, ofstanh enddesohroy exrrersmsutidle theedopindansies sldcaeat ed 506.

stipulated in the component profiles corresponding to each component 512. The
content of the re-constructed component profiles 505 is embedded in the deployed
components within the existing computing system 515 as stipulated in the component
25  profile 501 supplied by different vendors. The deployed components need to be
detected and the properties therein need to be discovered via a detection and
discovery process 502. Once discovered, the configurations and dependencies
information of the detected components are extracted 504 to re-construct the re-
constructed component profiles 505. Using the re-constructed component profiles
30 505, the deployment plan 510 of the deployed computer services is created 506.
Thereafter, the constructed deployment plan 510 can be fine-tuned, validated,
extended with new deployments and redeployed 512 to provide an improved and easy

to manage computing system.

35 The discovery steps 400 comprise a specification of discovery pool step 402, a

detection and extraction step 404, an ambiguity and incomplete discovery resolution



Thereafter, the constructed depl oynent plan 510 can be fine-tuned,

val i dated, extended with new deploynents and redepl oyed 512 to provide an
i nproved and easy _to nmanage conputing system 35 The discovery steps 400
conprise a g’ﬁé)é’l"%i‘ﬂati on of discovery pool step 402, a P&@@@&%’%b‘ﬁ and
extraction step 404, an anbiguity and inconpl ete di scovéf Yctobsn20P6i on WO
03/ 098451 PCT/ SA03/00113 31 Cctober 2 ag 12 5 step 406 and a depl oynent
pl an constguction.and vali i : b F . fic Speci fyi ng
Di scovery I[':"o oftep‘lgﬁg a%oa ed(??lf’ )(Tgegik élgﬁog%rﬁﬂ}os C ovvgﬁ(ﬁ%%\gla 42?355%6)21“ fIsG concer ned
with specifyifig or 10 identifying a pool of conponent profiles for
detecting the associ ated depl oyed conponents. Typically, these conponent
profiles are proyided by the vendors of the depl oyed conponents and

contai n def aum% nded depl oynent paraneters. The step 402
preferably inved wesifigest of nisagyegngoodrstepBite iofcotchmed fwith| pwiifige taasks: 15 (a)
Sel ecting ,Qne.or...nore ¢ n i . yle library
"n the corgut ISag U f Rl PERFRgrBE Bk Tof A STRARARE SPO 1 o

li braries frommuaiests donipdinehise copopmbprplilessirgprevifed dnilierrrlarsodihei nel udi ng
into the di scayes¥ ROPboneht) andr SHidi UMW £HOBP GB&Hmedeal bdphymand di scovery
proxies for use in di scove(rjié)ng %}he 1\Er,ofi'dl es of the depl oo¥ed gonponents, i f
conponent  pr BFFTUES: of BE (FEP (04 BYEEOE SNSBReRTE™MPE RSP FEKGPY {avai | abl e.
25 (d) Sel ect fagwagpasier nore conponent profiles fromany form of conponent
profile repositories, for exanple, web-site repositories. Each discovery
proxy specifies either discovery-scripts for self-constructing (or self- 30
di scovering) the rﬁ?)o‘-’feilelciélgoﬁneamc@@rﬁégﬁmﬂmtﬁ@Ofﬂ%pﬁWédCO@@ﬁ?fﬁhéﬁqgleor alink to

anot her  conponent Py indnd oRAPAMPERRmt he properties therein can be
i nherited when re-

(b) Selecting one or more component profile libraries from which component

20 profiles are identified for including into the discovery pool.

(c) Creating new componeht profiles and discovery proxies for use in
discovering the profiles of the deployed components, if component
profiles of the deployed coniponents are not readily available.

25
(d) Selecting one or more component profiles from any form of component

profile repositories, for example, web-site repositories.

Each discovery proxy specifies either discovery-scripts for self-constructing (or self-
30 discovering) the profile of a corresponding deployed component or a link to another
component profile from which the properties therein can be inherited when re-
constructing the profile of the corresponding deployed component. The information
discovered by the discovery-scripts associated with the discovery proxy is compiled
to provide a component profile, wherein the management information of the deployed

35  component is arranged according to the framework of the component profile 300.



constructing the profile of the corresponding depl oyed conponent. The
information discovered by the discovery-scripts associated with the
di scovery prvox )(I s_conpiled to provide a conponent profile, wherein the
managenment M¥OPHEYi on of the depl oyed 35 conponent is dTEFEEY dccording
to the framework of the conponent profile 300. WO 03/ 0984%XktdbgT086303/ 00113
3|1 O]E:t ober (21006 13 5 The discovery-scripts are platform dependent or
pl at f or m i ndependent scr.i , \p@ﬁ [ J . tection and
extracti onrgfst 2%: éjﬁfﬁve sgcéétgté%i%ae ) %P %nlﬁ%lgf Iteﬁei%ﬁ)ml %ng%ﬁéﬁggg%g ?V \f\llagfge
rever se- engi neerksged dertngi thudsectuctid g5mastanr w@-0b de It R hi nary- | evel
anal ysi s can BgsinpCRERAE dlefikeleRifelit}e blinfGY Qkly o5 Chinpé-Sode-tt0@esdi ng on t he
granularity of extraction and | evel of u d%rstandi ng f the depl oyed
conponent s 10 e BHE IR PT CEARTES 1?t?lg’8i BEYVEFTRE (REYTEP Srﬁpﬁati on. The
di scovery- scr igahdartypf attctionsad Uevelas edeitiridogalf tiH dpbyyed youpornts t 0 enhance
the det ectjoon,angh SXHIAGH:ON JREREEHTne inidiSon, GREBARGH}-RpRLL £5 can be
tail ored not jus or planning an epToymant but also for the discovery
thereof . That sires, asta@itienshiieneemy hipidt piharse dgrilelseion sedidrgction REssts  f or
Specl fy! ng exﬁ'l'uls?lﬁmdoﬁ'eﬁg Exgﬁfeé ORSveltRlotl inUt?uﬂ-err fHahide add@pighat biton and
extraction 15 process. anpl of. Elhe i scovery-sc ilpt i ncl ude:
Conponent Det 8¢ foaﬁeaisgoew&g&’g?ﬁ“& © COPUPREFTF 3P l%se a’éEet |Sﬁ‘gastaﬁleembsr esence of
thed ]Eiepl oy ed f@oppinias txpli2d iSowfibrgue dtivecand Bxide dotde@rticdi and extexcionscri pt -
use or extractin N | | LE ion of the depl oyed conponent
upon det ecigi o't S%?%X%%?le%eﬁ%@gfﬁgggﬁc{@% di scovery-script - usgg for
extracting dependencies and contract information of the deployed conponent
upon detecti on t h%&%ﬁen@ﬁet&%hrt diScOnB-dcHRL- uddT6rQNRE M Bfelpkdddnce ofWieed 1 N
sel f-constructing di scover%/ roxi es and when executed perfornms conponent
det ecti on, pr oper t4PR¥I IR and conpl etely re-constructs the conponent
profile of the deployed conponent in accordance with the framework of the
i scover i compt ot @ Eaff EifHRL kSR PARONRRY of Gk Blng colfRAliGe

information of the deployed component upon detection thereof;

Contract Extraction discovery-script — used for extracting dependencies and

contract information of the deployed component upon detection thereof;

25
Self-construct discovery-script — used in self-constructing discovery proxies
and when executed performs component detection, property extraction and
completely re-constructs the component profile of the deployed component in
accordance with the framework of the component profile 300; and

30

Service discovery-script — used for discovering complete services that may be
composed of multiple deployed components, thus, performing multiple

component discoveries.

35 In order to enhance the detection of component dependencies and conflicts,

components that are specified in the association requirement and association



conposed of nultiple deployed conponents, thus, performng nmultiple
conponent discoveries. 35 In order to enhance the detection of conponent
dependenC|es and conflicts, conponents that are specified in the
associ at i on WM ¥ment and associ ation WO 03/ 098451 PCHEEE8HHP13 31
Oct ober 2006 14 5 restriction properties of each speci3i@dolgwzpdhent
profile may be automatically included{snto the discovery pool. However,

the dependencgg, and,AROHAt S so g,mlﬁ@actompﬁpe%p;piolﬁfeaﬁp@@ agtfomm@mconponent s

automatically 1 nc into t I scover are referably validated in
this step 402 nsbdetigiorly disoteneroelo Foraret: t@ﬁél@fl#%ﬁtainéﬁw%@ryaf@mabened in the

conponent pr of bécﬁicﬂfon@@@tﬁe &%HJO%QQMGEMQWH@IH%&_ s Bk QlseavedQosiaiONENt s t hat

nmeet the association r t do_ not et t

speci fication péerfeéaWoYahﬁ%é‘{ ﬁ‘o‘g‘g SieR ggz terdigs & 8?‘3??‘%86‘1"%%?@@% fhg and
Extracting Oncefiteheinptel caafporanpafientt pradf ddpeged sospaeitf | dlisrefolie det ecti on
and ext raC‘d OQOI% ongnts :h‘l%t %}%% h‘lﬁ agsg&gtfoﬁ%r én%nts S@trd\'ohngt%eelé lﬂ% gﬁﬂcpyed

conponent s correﬁpond| e specl conponent profiles in the
di scovery poolspeg &Mé%@Wa@vnﬁwﬁﬁékﬂhégwwﬁéﬂ@ﬂron1upon detecting the
depl oyed conmponents. The step 404 conprises three sub-steps: (i) detecting

the presence aof deplo Sd conponents; (ii) extracting detected conponent
configurationﬁkﬁﬁﬂﬁﬁgé4gﬁﬂ?¥ det erm ni ng det ected conmponent dependenci es.
I'n the sub- stemwém¢pmdcﬁampmmmnmnﬁmmneﬁp@mmimgdugnmnsmb@@ﬁm@mswmnponent
profiles i 4%2 _qul’l ﬁ&?&l tﬁoﬁrﬁq\&l thé ?eﬁrggﬂpoigﬁsctﬁ)ﬁégp%dlﬂé tg@lté@get:ﬁgd if one or

a- conbi natlon oW ng paraneters are detected in the
file-system sygm@ﬁmWE@@QY@e@e@§&&WWZ@°h§ﬁn@@ﬂ%ﬂKW§6?%§¥mﬁ§9§Péﬁ1reglstrles

or other oper Qteteagxg%é%telﬂmﬁde&ﬂm&&t Thd’bftd@mmdnﬁﬂses&@?@ﬂﬁstepBase Directory
Det ecti on. A BasePath pathnane attri n the configuration property,
whi ch specifies th defjétﬁ‘f“f’gg’ggréseﬂ%ﬁoﬁﬁe&f% 4GERFYH for the depl oyed 30

conponent, nat ches(if) ul leytaotingaatetteddomyonagtaonigtratimt sdndames t hat exist in the
actual fi l SySt enh )Fordetggl{lﬁmg&etegt@é &%Q&nt dglgelnXemt:lee last el ement of the

pat hnane |s mat ch

In the sub-step (i), a component corresponding to a specified component profiles in

~ the discovery pool is deemed successfully- detected if one or a- combination of the
following weighted parameters are detected in the file-system, system resources (such

25  as network ports), system registries or other operating system dependent information

source.

Base Directory Detection. A BasePath pathname attribute in the configuration
prdperty, which specifies the default base pathname location for the deployed
30  component, matches fully or partially against pathnames that exist in the actual file-
system. For partial matching, only the last element of the pathname is matched. The
matching process is non-case sensitive and involves discarding any leading or ending

non-alphabetical and white-space characters.



mat chi ng process is non-case sensitive and involves discarding any | eading
or ending non-al phabetical and white-space characters. W 03/098451

PCT/ S&03/ 00113 31 Cctober 2006 15 5 Configuration File Detection. A

fi.l ename sp¥@BPBHIby a ConfigFile attribute in the cofGTEEPHOISn property
matches fully or partially with one or nore fil enanmes tBaOtes006 n t he
detected base directory or sub-directorikes thereof. Error Log File

Det e.Ctl on. .SA fdoxlme n%ﬂ?n ?i%elﬁét%%:kit?nd 1? )ﬁfeﬁ el‘:b’pgc%eld% aaéotnﬁmllétaﬁriﬁu& 1“&% 10
configuration prd’%er y matches fully or "partially wth one or nore

fil enames t hatonsigistion prapertvoatehst BHy erdaalyevithonetpnrs filghameg heidkitect or i es
thereof. Log Fih&adkete864sk Biectofy drkilvaikasmicsmeessf i ed by a Log attribute in the
configuration property matches fully or partially with one or nore
filenanes that exist in the 15 detected base directory or sub-directories
t hereof . A ComrenLodElleDeieaion. Gndileosmempedfiddi byemahesLog apdnknanes specifi ed
in the confent r r n WP - 1 or nore

fil enanes tohatcone |r§€0%|p§r1%€ {gyeggtgg%]@‘é}?gdﬂ Ilt)lglllje%" lgji r%gﬁgﬁgﬁg?%&%ﬁ%?%ect ories

t hereof . 20 Comporrasted ResadirPnee siboliecticclifisefnent Nane attribute in the
descriptor property matches a filenanme or directory nanme fully or

partially in the existing fjle-syste r a_key in a stemreqgistry. 25
Vendor name Déac&tl Qﬁt.ec%igcd?‘rﬁ A Sp?fréqr.‘uegobry al\b%ytg'llb'[‘t? i"bﬁ%eco?t{r?“{aﬁ% descri ptor
property mat chepedy falclenahily or paliatle ctithrope pamerd filehamegrthap axisti ialthey i n t he
existing fjde- S r i Syslem registry. Discovery-script
Conponent Blet gg%%é%dﬁ]bggge%f?tgﬁgf%gid{sg%%\r}g%/@ proxi es or conponent 30 profiles
wi th discovery-scripts, executing the conponent detection discovery-scripts

returns a COVRONGNT: BEIEGE EBnObr A5/ RENENT oNHlimbEkEpebid et kdntent Usi Ng a

si mpl e condi tional probabili té, whi ﬁh asures tﬁg | i k%lbai ho?dt hat a
conmponent i s pPY®EBHEot hpwn kg 3) JEPe VB °4° FIRPGHERTS St @5 PHE per f or mance
of the 35 suhiestt@ibabd directtrs ogiut-@hiechyics W3/ 098451 PCT/ SG03/ 00113

20
Component Name Detection. A Component Name attribute in the descriptor property
matches a filename or directory name fully or partially in the existing file-system or a
key in a system registry.

25  Vendor name Detection. A Component Vendor Name attribute in the descriptor

property matches a filename or directory name fully or partially in the existing file-

system or a key in a system registry.

Discovery-script Component Detection Test. For discovery proxies or component
30 profiles with discovery-scripts, executing the component detection discovery-scripts

returns a COMPONENT_DETECTED or COMPONENT_NOT_DETECTED result.

Using a simple conditional probability, which measures the likelihood that a
component is present, the final score of a component, after the performance of the

35  sub-step (i), is given by:



31 Cctober 2006 16 5 Prm r=i where p represents the |ikelihood that a
paranmeter is present, the value of p is between 0 and 1, with 1 indicating
that the parameter is very likely to be present, wrepresents a weight
associ at i ng™Wh A% He paraneter, the value of wis betweditT¢CAHY!®, with 1
indicating that the parameter is very inportant, and ii aepesenss the
nunber of 10 paranmeters associated w thgsone conponent. Further, the
foregoi ng detection conditions can be used to test for heuristics by using
t he associ ation requirement and asspgiati on restriction properties
specified in the conmponent profilesg! These heuristics includes (a) Absence

of Cng licts whg}@pléréa&l’t‘sfthd' 1EiHAgd HApaBant:Ss slebrchedandy sbitwBnesence of
Dependenci es - ected ..presence of some or.all dependant depl oyed
conponent s. Tf(?ém‘gLt“@%‘ﬁé“%%‘l?%tgatglﬁﬁ’f?ingﬁr 5 }ﬂ%ehyttﬂge Erﬁséﬁéteévs“fptrflseq1L etection of
depl oyed conpeneighsassdainngitic Ge pespaerdiia galeosfpoisdntvepr Okid bevihd speci fi ed
0 the di SCOVGe ROkt Gl Lhlker is Ay Aol GRS S bk ndalcChBE gondi L i onal
values or attributées are 4 SO upéatg into the appropriate properties and
attri but esllof peia@eterdpsedRINdR REF CBRYSHent profiles. These updated
conponent profiles are referred to as re-constructed conponent profiles.

Information in each re-caonstructed conponent profile . is. arranged in a
systematic an ”“?%E@ﬁ§F%ﬂ?g%ﬁﬁ%@fmﬁﬁmgg@Bﬁﬁgﬁgg et?ﬁhfrgméo%ﬁ%ﬁént profile
300 framewor k titessedciaiedreq@fenien dnhiesdoorti@goesiiptin properedsespeniicd it gheFl G 3. | f
the di scoveredoaidil:bib@s, OrmbbheARECkaMie WPARRAL [ALhntiQ MBkCh WHEh The

attributes that are specifi in the correspondi ng conponent profile, the
det ect ed cbnpoarheting scompengaie dletgttech angh ) dRapsence yof| RepspAsPdte e, 1f two or
nore det ect ed eRIMIOSIRBHS orall @epdfliahiadpIShel BonfpBhdB. Wi t h one conponent profile
specified in the discovery pool, each of these detected conponents is
tagged with an ldentity-Anbi guous status. In the sub-step (ii), information
relating to tHeeoondmegofrtit subiasp 6F isttivesuctesstit tiesettiorcafirdsplneed tcgmppnentext r act ed
and updated i ; ' ' - : S i ng

Fo- constr ot eq"LapsERRb A B PR AR et e i he R oo

03/ 098451 PCT/8088Ltaefely3detected conditional values or attributes are also updated into the

appropriate properties and attributes of the corresponding component profiles. These
updated component profiles are referred to as-re-constructed component profiles.
Information in each re-constructed component profile is arranged in a systematic and
consistent manner in accordance with the component profile 300 framework described

25  in the foregoing with reference to FIG. 3.

If the discovered attributes of the detected component fail to match with the attributes
that are specified in the corresponding component profile, the detected component is
tagged with an Identity-Incomplete status. If two or more detected components are
30 found to match with one component profile specified in the discovery pool, each of

these detected components is tagged with an Identity-Ambiguous status.

In the sub-step (ii), information relating to the configurations of the detected
components are extracted and updated in the configuration property of the

35  corresponding re-constructed component profiles. Attributes that are previously



31 Cctober 2006 17 5 updated in the sub-step (i) are ignored. |Inconplete
and un-custom zed or default attributes are information that need to be
extracted fromthe detected conponents. For discovery proxies or conponent
profiles wi tYPHi"8¥dvery-scripts, the extraction processPGISPENNGr ned by
executing the configuration extraction discovery-script 31Qctele?®6n.

O herwise, if conflguratlon files are tected in the sub-step (i), partial
mat chi ng of; cQp uration ke i f 1 t the
correspondi ng 363 v%eusgg' g?na[]el %on?ﬁ%ﬁ' le{el%gg‘ﬁ?% ﬁ??sééf?@tcachl eved by
perforning st mitngtes mu@m@na@anqqétoWh@aﬁéim%dd%?mﬁﬁ@}moawson files. This
matching is also extended to the systemregistry, if one exists. If the
conponent profl | e specifies only one d fault 15 confl%uratl on.set, which
conpri ses mul tPpRECETHPIGT gt F?S‘?P"R%‘S/PR? e, &t gissoyergrorpt PEEERER . in this
case all the @méss gelrpaiférmed Fog yexwaalinge the adonBguraliort emlcthanpﬂle:ovmwhptgur ation
sets are e oo c onent is
tagged wi th & i oLk of REEREhE A R AR i BE SELEFLEhaRRIPITe

confi gur at i on mpiching af eonfiamion kevd lsfPGTfOITnh‘étolﬂS@Iw m‘ eé%b%cqr?ewdﬂrﬂomever i f

the 20 extractdePRaPdsOess Shel @ntigirdtion Xk aftis @%ﬁlb\gur@tﬁe%mk@&l@em fied in

the conponent ©profile, the detected ¢co
Confi gur at i on- H4REBEFERIskihg feipaird configuralin nfﬁ‘bg Bfn‘af"ﬁ%‘g °sef‘§‘b?f ) is the

-updat ed conf |tgwyaém ﬁilglsh'jf]flﬂj’nﬁ’laiwtorifthﬂ chrhy@nent prafille gpeciid ety giedgfesit y of t he
re-constr UFSI ed I? Fg]negett &Blghl Isgs gﬂgle dc%kﬁ%qlhaﬁgn kg;’vaq%p (?r}{eoq1 corrponent S.

Furt her, each ‘detect ed conp onen appropri ate status. In
t he sub-step (cPinpgnentprie this W@“d@?e@@@w@mﬂ@h@ﬁ@s Phigvi vy Teidéhdency

relationships dget8atisteis rareteb@acéal ﬁoﬁklﬁaetédte)d c@ﬁlﬁon&ﬁrthéc deRbted nipoRdRl y Wi th
mandatory 30 dependency rel ationships, specified | n the requi r«?rrent

property of tHe B&F ¥ iR RIPHABREUYF ofdes. ThES JBEE MoFPS 1 a
dependency relcaﬁﬁgﬁ)ﬁsdsn pati)ﬁleté’éﬁerzﬁéﬁefoﬁrthmeto cdebected dbiweoneiittse is valid,

contract | % It10n ro§ese)f(alls (o] ex qa J go%glélxtratlgn gg}ts ds%éc?’fged i P cﬂrg)gxtte%t and

conpar ed agalns ract "1 nformation ecl he correéespondi ng
conponent pr ofnr¢fés .the Idﬁteqt@wpmmntllsmasﬁdmth adypnbigamiion-Insemplste ptafest ed, t he
dependency 35 relationship is deened invalid. WO 03/098451 PCT/ S@03/ 00113

The outcome of ‘the sub-step '(ii) is the updated configuration information in the
configuration property of the re-constructed component profiles of the detected
25 deployed components. Further, each detected component is tagged with an

appropriate status.

In the sub-step (iii), one or more detected components having dependency
relationships detected in the sub-step (i) are verified to comply with mandatory
30  dependency relationships specified in the requirement property of the corresponding
component profiles. To determine if a dependency relationship of the one or more
detected components is valid, contract information is extracted from the detected
components and compared against contract information specified in the corresponding
component profiles. If contract information cannot be extracted, the dependency

35 relationship is deemed invalid.



31 Cctober 2006 18 5 For discovery proxies or conponent profiles with

di scovery-scripts, the contract extraction discovery-script is used for
extracting contract information fromthe detected conmponents. If there are
nQ di scover Y"5EPt's and if configuration files are det®dt5&8 4 the
conmponents having the sane dependency rel ationship, par 8 8ctobergfehi ng of
default and mandatory contract keys ciasained in the configuration files 10

of the detgct g GRARAMGALS. | RRIhAL TR A HLANE R-AREXHE AtligONMTON

contract values that” descri be ependency rel ationship, If a system
regi stry exi stesractioqediscaeareprriplgispysed dysexntractiay sentpgt BiRsiop eyl 1§ the
required depeReieaYoRpithtaCls ieeare ANdséAIHIErifE AT chiigtetonrfids agd, t he
dependency reldati ongohl i s deened .| nvg}l id. 15 | <f1e one or nore rrtri%ndat ory
dependency r el'889%n ﬁitges CAPRONEISY "B 8 Y et EREE o VAT Fadfed, each” of
t he correspondiarjinglet @ik dnCoamdamyrbgraptdeysagyaidednn th canfiguration files
Dependencym“m%ir R Al nenls is BeFRMR B LHIBLAD cffacORMPRNEIRLE Y
dependency relationship 1's not successtully verified, each of the

cor r espondi ng velbesethat slgscribo ipp darsadescy glatiopgled e s¥te SENHEHE YIS nconpl et e
status. 20 Then.Qutg 9fEesOfs didex@sted seRR. (If the YeqiSedt dagentatyf tont®t kgn of the
dependency re

| at i onshi bet we t he detected .conponents .as specified in
the corres pon&l’&&%ﬁ%@ﬁr’éﬁftﬂmﬁ?gﬁﬁ 3%7“9‘:‘2? rﬂ‘%r%‘i“éjhd? {Sr@eeénr? ! var‘ll%t)npl ete
Di scovery Resolution At the conclusion of steps 402 and 404, the properties
of the dep]oy (o] ] r et [ partially
discovered#pTﬁgO&%§Pﬂ§FP$§g?£cgeg%%gs’?gﬁggﬁgﬁﬁiMgﬁgéﬁggggﬁgafgh one or a
conbi nati on ofvalidgisht pach - Hniie gersawondinge detpatsd- cqmpeRTHs| &t &geed with a
Conf i gur at i on-pAFQHGURUSbiEaR fsta@bll Btd QRpled GRAl e b, midapendeagend0 Anbi guous
and Dependency- | nconpl.ete statﬁéﬁs. %pgsecgarghall disgovqﬁpgaiconponents
may be furt her®fOREMH thégt iSHFotsHEhs &40 62 The "Et BT ME P dii T &s
user - assi st aneempuentpis @fgrdadithy DependdnveBicongilatgstdtiyse Syst em according to an
enbodi ment,pf the invention to help in resolving the ambiguity and 35
i nconpl et e di scoveries. For the anbi guous discoveries, nanmely, the
i dentity, confihgavteamens thersb-giemdi dethe sonimsiepeiitheclspendensy frlagenshiss r equired to
sel ect one of deh@en the detected components as specified in the corresponding component

profiles.

25  Ambiguity and Incomplete Discovery Resolution

At the conclusion of steps 402 and 404, the properties of the deployed components are
either completely discovered or partially discovered. The partially discovered
components are tagged with one or a combination of Identity-Ambiguous, Identity-
Incomplete, Configuration-Ambiguous, Configuration-Incomplete, Dependency-

30  Ambiguous and Dependency-Incomplete statuses. These partially discovered
components may be further fine-tuned in the step 406.

The step 406 requires user-assistance and preferably involves using the System
according to an embodiment of the invention to help in resolving the ambiguity and
35 incomplete discoveries. For the ambiguous discoveries, namely, the identity,

configuration and dependency ambiguities, the user is required to select one of the
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for each of the anbiguities. For the inconplete discoveries, nanely, the
identity, configuration and dependency inconpletes, the user is required
tq provide f m%ﬁ%éhplete parameters and attributes in tHI'EPB8Epondi ng
conmponent profiles. 10 Deployment Plan Construction and1Vatdoda2doen I n the
step 408, a deploynment plan is construcf{ed fromthe re-constructed
conponent ol I.e t onent s
provi ded by thgkagi§%%ﬁ§n§f§?&&lgpgpgﬁ%%“gﬁd %gglgﬁﬁ+ﬁggﬂm§ﬁg£constructed
depl oynent pl axqmelarthq)@erﬁlm p%@guratr%fap%éf«ﬂerﬁmyxwama%theﬁle Bser ibsPvged he System
to provide a fi palidderliR¥ABBE pRhaderd M atdfuidad the thfesponahe tanpohsman be
extracted and arghlved for future references. The deploynent plan is
preferably grdBH€al |y presented as nodes (each node represents a
conponent) and dependency lines Iinking the nodes for indicating

dependency (el 5 gﬁ%? g EE ke the exenpl ary depl oynent pl an
505 20 sh16 lo b ey §&1 ﬂhglgo addr esses over-detection and
under - det ect | dn thesspdes, a@vxéwmentdé&ne&fmmctéq frefa Ble 6 &SRS HH BOTPARLL  which- is

partially addrgssg&drine cér&@poaaﬂg HRdcted UQRTed d&ﬂ@&r@nt&b&ﬁhdéﬁmﬂ@l&ﬁﬁﬂoﬁs are tagged
w t h anbi guou e st at uses, ses 25 rom

det ecti on conéﬁ@?g@§484g&ﬁ%%rré@?“a & CYWRRIEH d %BEP W@l%?l&gﬁgﬁreCt Thus,

in the step 4Q8finedanponidmtdsby hatg hpFpem forprdvivie adpl dopivgment plaanndut are not
actual |y dep! el dlecdit, GO OPULLAG RY LR B Rl SHRKACOr del et ed Trom the
depl oynent pl an. e over-detection 1ssue can ress by making the
default detection conditions and wei ghts dynam cally adjustable or by

havi ng an adaptieV@pRimal pial fs- heeiny n@apdi@ilgcpfesaﬂtecpram\e&es (eRhteanativel y,
specific discovery-scripts are et.ect .specific

conponents. Urfﬂ?—f?sy Yo e?:"t"}p8‘f‘?nf g ))15?68%1“?)8/ 1"&Eét1 Fcﬁ\e ﬁ?dg%é%r PHE S ccur due to
t he fol |l ow ng depatiorg relat®bshipe phashedvean nipo endxemplay i daglopmmt espdndi ng

conponent of j | es. t. are not specified in the discovery pool; CVO
oo boBany By WeERpies,

The step 408 also addresses over-detection and under-detection issues. Over-

- detection of deployed components, which-is partially addressed in the earlier steps
where such components are tagged with ambiguous and/or incomplete statuses, arises

25 from incorrect detection conditions or incorrect assignment of parameter weights.
Thus, in the step 408, components that appear in the deployment plan but are not
actually deployed in the computing system are removed or deleted from the

~ deployment plan. The over-detection issue can be address by making the default
detection conditions and weights dynamically adjustable or by having an adaptive or

30 self-learning detection process. Alternatively, specific discovery-scripts are needed to

accurately detect specific components.

Under-detection is typically detection misses that occur due to the following factors:

35 Deployed components having corresponding component profiles that are not

specified in the discovery pool;



31 Cctober 2006 20 5 Depl oyed conponents having correspondi ng conponent
profile that are specified in the discovery pool but the conponent
profiles fails to provide sufficient hints for detecting the depl oyed
cenponent s &0 PAB*depl oyed conponents are heavily custd%??%@ygv ce the
depl oynment thereof rendering 10 the depl oyed conponents 8nPeegegitogabl e
(i.e. cannot be generically detected); ,jand Depl oyed conponents do not have
correspondi,ng conponent profiles. 15 The first factor can be easily

resol ved by including the conponent profiles into the specified discovery
pool . The second fReptoyed cempopents detings swgspeyding propopest Pttt thet éfeaxi ng t he

detection conditi of&;i@adn \Wel dbwry Mol BitNAY dowBbiént SbBIEOREE Y- H6¥idePt S can be

used to accurately detect. the depl oyed conmponents. The third factor can be
addressed by cr easf‘fﬁr‘f{fjmah‘(?[ﬁngb tg‘"ttm%rﬂib‘ff ﬁ?pg‘:?’ Pb FORRBH S P tﬂf"?ege@g’? et ed

conponents. Di scove@mponfts arecbeyvilyanstiisizqdrsinee chedieploynaxut tamof realeting
self-constigict a COIRANGIY coRbRlhd &%@5%@a.eﬁthﬁjwe;%%{%@yg@gaeéy;y the

execution of the discovery-scCripts el n. ternative conponent
profile can be reci@ated in a conventional manual way by describing the
correspondi ng detected conponent and enbedding hints therein for use during

the detection and_extraction process. 25 The System Steps 406 and 408
preferably use theD§$§FgﬁW58¥%$8?ﬁﬁﬁTB“§W“@W§%H¥WBﬂFmﬁ?O ¥e invention to

hel p resol ve the partially discovered conponents and to refine and
val i dat e t?? CI‘%Q%ESE %'a%%ﬁgando%%'a@?’«'}&&’vedpéﬁ Hclﬁd%g%eoéélmggneﬂt &Hﬁi@é infé%ﬁé oyment plan
and 30 patterns of the conputrng service. The temallows the
char act eri st i opecgied tdfeovennpeohe At seofndafecterniontoe rigdresesdy by EnaBnipeor r epr esent ed
in a logical angd;igaRYddidndtdifhand € R ittt vely, Qb SIes-sehid dalge t 00l s for
users to mani pul ate the properties an a5500|agho of tgedﬁonggnents.
Further, the 3%5°9d9aAel {561 Y SR FHPOBT u LM \rfﬂéﬁi’r Bt AL
abstracted, anglyaed andhphenipwdt 8800 8 4bitctddCbhPaR3fs 0 Mlidavery
20  proxy can be provided to automatically self-construct a component profile from the
discoveries made by the execution of the discovery-scripts therein. Alternatively, a
component profile can be recreated in a conventional manual way by describing the
corresponding detected component and embedding hints therein for use during the
detection and extraction process.
25
The System
Steps 406 and 408 preferably use the System according to an embodiment of the
invention to help resolve the partially discovered components and to refine and
validate the constructed deployment plan to provide a final deployment plan and

30  patterns of the computing service.

The System allows the characteristics of the components of a computing service to be
represented in a logical and easy to understand manner and provides editing tools for
users to manipulate the properties and associations of the components. Further, the

35 System enables patterns of deployment plan to be abstracted, analyzed and archived
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provi des tools for nmanagi ng patterns of deploynent plan and docunentati on.
The System congri ses a graphical user interface (GJ) 600 as shown in FIG
6z The QU YBYG/%Y#pri ses a visualizer window 602, an i &KW BE node
controller 604, a 10 mninmumthreshold controller 606 Hrekteer Zi¥6ept abl e
threshold controller 608 as shown in H,G 6. The deploynment plan of a
conmputing servd S res e i | Med otk RE mai ldeZ€6¢ W Ndow 602.
Typi cal ly, iac rcr%%#ﬁﬁ%f%rg%tm%égﬁsi’ %elg %geﬂg%sé’%hotv?éﬁgg@%elr%vfnég g?lgg 15 Connected to
anot her conporferieyngrlanand dochmatagion | ndi cati ng a dependency rel ationship
bet ween the |inked conmponents 610. The arrowed end of the link 612

i ndi cates the parent conponent and the non-ar end of. link 612

i cat es t he TR GREREReRTERt EnBEIERICURAR SaimiaEs Thown in A1 G
6, conponent AGUIS00 depgivelentisializec @imdon 60, 8n MicgaetonEmods coutmiled @A, proper | y.
The depl oygpnt,, bl bRkl CRISHE W68 G RRIRLBR hiGdA et Bhotmat i on T ound
in the conponent pro I'Te of eac conponent” 610, Ich 1s re-constructed
based on i nf orshertn KBt ai ned fromthe detection and extraction process
described in the foregoing. The information contained in the conponent
profile conprises properties descrihed in the foregoing . wth reference to
FIG 3 as wel |T5<dePIREnesh RiRt §foh SP™RY B SB1'F9 fsyreﬁrﬁi%tg‘g %]E‘lﬁa\{\f?hlé t[“’25 conponent
as descri bed ivisuillzer Wiadwgei2n LypiColyf dackevapondal d1€ iathd cGomitinglende iDi f f er ence
Val ue Each,go 6 d i 6 t 1. t. 0 in the

vi sual i zer lé/:\,i %@@ﬁ%&%gg&%nﬁé@%%%@ tg aaﬁrgcogﬁgfea%g@évaal egé.}'dé'ilﬁye confi dence

val ue for eaclreleimpimbnveende gkel ¢ompeepts GEH Theqwowpfeend et detlig§1%br obabi 1 ity
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component 610, which is re-constructed based on information obtained from the
detection and extraction process described in the foregoing. The information
contained in the component profile comprises properties described in the foregoing

with reference to FIG. 3 as well as the conditional probability accorded to the

25  component as described in the foregoing.

Confidence Value and Confidence Difference Value

Each component 610 and link 612 of the deployment plan in the visualizer window
602 is annotated with a confidence value. The confidence value for each component
30 610 is derived from the detection probability of each component 610 and the
confidence value for each link 612 is derived from dependency conditional
probability of one component on another component. The conditional probabilities of
each component 610 and link 612 are normalized to provide a confidence value
between zero and 100 with the value 100 indicating that the component is discovered

35  with 100 percent confidence.



31 Cctober 2006 22 5 The confident value assigned to each conponent 610

i ndicates the likelihood the conponent 610 is actually present in the
conmput i ng sgstenl For exanple, as showmmn in FIG 6, conmponents A, C and E
have confi deYfit®%#4tlues 95, 45 and 65, respectively. ThURCTSGR¥% 13kel i hood
of finding conponents A, C and E in the conputing systemsaoetob&2p0645 and 65
percent, respectively. The confidence vglue assigned to each |ink 612 10

i ndi cates the .l ikel aod 1 he. dep n y on
anot her COSI;ng%Eéﬁ?ntJdEQ value as31 §d1 B qu %om%ﬂ%ﬁmp&(éq&c\h&geg tﬁehglgep %61312 i nki ng
conponents A a&pmdponght ﬁé\%lsacle@]mfpred@ﬁ@éhwma@m@fsyslm Hog prsgmic, aswhfrveh i ndi cat es

that the Iikelj ﬁ@og] chfn onSRIRCNSALE v OSRERALS vAles©8MBARESY, rebpetiirek00 percent.
15 Further, the conp onents 610 and llnks(fb%paﬁﬁ an be col or coded to enhance

under st andi ng. %g‘ed%?lﬁ‘f"’dg‘?f fing GoTPRRIts R 15 LOPRITES FIHR 12 i s
dependent on 9’6}‘15 RO65 pd&mseeswaﬂmsr tThe tabfencd~aiue @ssipnpl ©,cachding i in FI G

6, corrponem in ca{?a? leeSIllpeIi ?‘Fplpdelgcr%)ﬁ%o&gl] s tge elﬂgﬁ rc{a(gn al’%thlall gh

confi dence val ue rese edinred color to
indicate a | owommﬁntdEW@éarm&ﬂ eﬁash@f'n i8@1G. Slthﬂlrésrql%hfﬂ@%ecoweonlelﬂthkén%lz with

hi gh confi dengeppal B&SiIGRE vhG: Bf BREPERRL, WRicHWRIRAteE @laPthe WBIiHo8a bhe | i nks
with | ow confidence val ues can be gres ted inred color. If the user sets

a mni mum t hr SSABNEt A leBRRds HyLomRISH B R EORFHIYrum t hr eshol d control ler 606,
t hen corrponents 610 and links 612 with confidence values |ower than the 25

m ni frum t hl{ eve}‘t er,TF]h% go%gsgge%gngl%dalldnhll;kgdm(ioéagrbe' @ggcgédeﬂr eg{x}h fg accept abl e

confi dence can al so set an acce d for all the
component s  60deavihdingnKke @®lop givgn togdch gommeena@@elp@ BN @2 éofepandent e 608. For

exanpl e, as shWdnkdnceRlhafde treot H8r @(ﬁﬁﬂptaﬁmo%HWIGSQQBﬂpdréntWan bo 85. Thus,
conponents 610 and |inks 612 w.th confidence %ng ?%sag ual to SDr greater

than the accep¥aHisd i BFERBr i ficates ‘gf“é IdTEhY FRBEY” i ndi cati ng
an accept abl e @B preteitedin rewelor toFﬁﬁﬂicateermowmefMesce vol®oed Simiddy, tBd2 t hat have

confi dence al 4 55619 Wlﬁﬁaﬁg(ﬁgn erc val Egntbgpx%&qgli g'ldg?&g col@rcglﬁlﬁt tﬁﬁlgnﬁs threshol d,

col ors, ot% lfn réen, “can beruse represent corrponent S
610 and | | nks \Gnlzowep@ﬁ@wmgﬂl@ﬂcanhepreiﬁm?dldeﬁrd@elwal ues thereof.
Al ternatively, each conponent 610 and link 612 may be assi gned a confi dence

difference valpg, 8% SAOMnhiim dehold to sb SR e ATRGEn Arlshil EREGval ue 15 the
606, then components 610 and links 612 with confidence values lower than the
25 minimum threshold are represented in red color indicating an un-acceptable
confidence level. The user can also set an acceptable threshold for all the components
610 and links 612 by using the acceptable controller 608. For example, as shown in
FIG. 6, the acceptable threshold is set to 85. Thus, components 610 and links 612
with confidence values equal to or greater than the acceptable threshold are
30 represented in green color indicating an acceptable confidence level. For components
610 and links 612 that have confidence values between the minimum threshold and
acceptable threshold, colors, other than red and green, can be used to represent the

components 610 and links 612 depending on the confidence values thereof.

35  Alternatively, each component 610 and link 612 may be assigned a confidence

difference value as shown in FIG. 7. The confidence difference value is the
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bét ween the acceptable threshold and the confidence value. For exanple, if
the acceptable threshold is set at 85 and conponent A has a confidence

val ue of 90Y&HEM*the confidence difference value for coifJ6IEHIIR js +5.
Simlarly, the confidence difference values for the rensibtibgr g@sponent s
610 and links 612 can be calculated angd displayed as shown in FIG 7. For

exanpl e, i N Fldcr%fer ?(:e %ah& l;]egfve Qﬁe aqgegﬁﬁe\{ !:sH&d ?i[ld 2 TR vguk S Féls The

corresponding con dence d| eren ue o nponent Ci1s 140, which is
t he diff er encextetiniiche theptahlectipihalp iset etwéé%eﬂnwoacet Athps ¢ prafidaes and t he
confi dence valvwge ef 90 %ip%@mﬁd&aca&ffsﬂe&mam@foﬂoaponez: AlS+HT mmﬂ@@;f i dence

di fference val ue |@% g %tor |nd|cat|n ﬁ dq 2 how far off
The Tever Cof -dbertishedtarontt e Bl B Se e e S om t he
accept abl e | ewelcalcillhttid and Kisplofj ec tshowa ofFIGhe tbemxarmalim rFéﬁn @uhat e t he
conponent Sl(plc%]gnﬁdgnc@rvléfué/ gf wr&plane((\ip HHQ E‘:?mfl%: (Q);]TQ Sgl‘ﬂﬁjngl Joﬂilﬁi%m:@:ldgffetréﬁ@ﬁ; have

confidence difference val ues "as | ose zero as possible, and
preferably, grekeef comamesies ds 29 W’fh‘é‘ GUlhe GiffsrepreobeteeE thheeertitit er act i on

nodes for Useriredhldistito® itRGlser\éhd e tdh@dente R YIBIMpofdInaO aé hotwh @ MGSUal i zer
wi ndow 602. These interaction nodes include an Autonmatic Mde, a Fine

Tuni ng Mode and a Manual Mode. In each interaction nobde, the users are
provided with editing tools for nanipulating parameters 25 associating

\é\lle]E gu Fta ¢ Eogp ﬂpﬁ%@ %&ﬁidgnjcg dngQﬁceA\‘HﬁQ ”%ﬁwgﬁ":at 1sm&Ea%h§ 'antgiﬁ{sexcl‘;bw faQur ed as a

'S eac onent in the
depl oynent pIaﬁfﬂ§1@Wkpfavéﬁﬂﬁﬁpﬁﬂﬁ‘@6%WFﬁéﬁé%am¥hﬂﬁéﬂ?H%?é@? & shown in

FIG 6. FurthekeepBpicps! ahisNge Bd"@ucewm@m@msso £ 1Gpudtn S nlpoitks 660L2 ar e

restricted. However, a user |s t thre hol ds 606 and

605, 1 the PRSIt Rowas Cidrae fue bt Gri ket SRette N ne t uno

critical paramseem&oaSSmQManmgwﬁmmh gemmﬂnmnmmnent 610 and link 612 to

arrive at gghlgher 35 level of confidence value. A single adjustnment of a
0

par anmet er a selected _ _
The GUI 600 provides three interaction modes for users to interact with the

deployment plan in the visualizer window 602. These interaction modes include an
Automatic Mode, a Fine Tuning Mode and a Manual Mode. In each interaction
mode, the users are provided with editing tools for manipulating parameters

25  associating with each component 610.

The Automatic Mode is preferably configured as a default mode. In this mode, each
component 610 and link 612 in the deployment plan is displayed with a confidence
value thereof as shown in FIG. 6. Further, manipulating the components 610 and

30  links 612 are restricted. However, a user is permitted to adjust the thresholds 606 and
608.

In the Fine Tuning Mode, the user is given more access to fine tune critical
parameters associating with each component 610 and link 612 to arrive at a higher
35  level of confidence value. A single adjustment of a parameter of a selected

component 610 results in the System inspecting and recalculating the confidence



conponent 610 results in the Systeminspecting and recalculating the

confi dence WD 03/098451 PCT/ SG03/00113 31 CQctober 2006 24 5 val ues of all
conmponents 610 and I|nks 612 in the deploynent plan. As such, this node is
preferabl y NEWMSlexperi ence users. To further facilit R/ SHUAH ust ment s,
the confidence value of each conponent 610 and |ink 6121 0&o@t Zpbayed as
confidence difference value as shown ixy FIG 7. 10 The Manual Mode is
simlar to 5t hgfalﬁ&l—:srb% aﬁ%ﬁhﬁ&e&yp% S %ﬁgtﬂ% ﬂf"‘tthe Elé})%yrct%xﬁtp@dm %l s\ﬁch ﬂl%rfor ns the

i nspection and recal cu on of e confi dence val ues upon the user

i nstructing th@dsy@teéqﬁbéyalsaﬁ%eéperwr?éu%e@a?bﬂmb%ﬁf}GHtﬂaf@cth‘? djysanepty, % er come
certain functcbmeﬁce lvmn@df BRRA LSkt 600 @dt1okalp Ustibpytd of cdnh&neonf i dence
val ues upon every iust ment tF? paraneter of a conmponent 610. This nbde
of interacti orﬁilffeée“ﬁar"éuéf‘srsélaw'l‘g @r situations where many manipul ations are
requi red and the user prefers to carry out all the manipul ati ons before
instructing, thy r C ence val ues
of the m)dli;b e%?agyr%tg%lss ,ﬁapﬁpﬁ@?méﬂ% lﬁgelgg&\?aér%%%{ggm%tpgsﬁ%%ng%ﬂe over 20
The GU 600 alpgéorptﬁélmm@gctan l2adh Fastlpidptivn @6 the \saifidancg palues wonithe ¢6hj uncti on

with the abowesﬁhnﬁlgehedgss%l Reg dontﬁ{ea@:lsbrpﬂehﬂﬁdtﬁﬁ is 116vekcdmE REdgh Mode can be
activated by node e activated, the

ch ng a | ear
Lear ni ng Mbde f&‘ n&fi%é‘?e‘? Wﬂ‘ S PHT-EP st Gfﬁlée Cé’m%gﬁ?e v§ff’s POREY ncl ude t he
type of conpo nﬂmtmbﬂmi a pupdnheger ofvedompuvietts1anTiidweode oF outerex@nip beferrtchr ough t he

adj ust nent s r t the
know edge t gﬁg lﬁsétrrm’(t?lgllqsn%ﬁ %%ggl gﬂﬁ%rg% aﬁe]rgqu“wﬁd%%ﬁgp%éf%é%&r%eoggpl i cation
servers. Thus,allithd @arkmww@dg@rmwﬁ@gé@piyﬁﬁ@do Esn@epant wpdrvRdte can be
used for fUthc%nﬂﬁﬁbleQMU&Wfth@h@Mﬁed BhibEeABdliny @l Msthek fdvirdtage 3f @EhaBd | shed t hat
a dat abase conponent does not work well with an application server as
reflected by tH | ow confidence val ue, this know edge may al so be captured
as anti-pattern. These 30 heuristics may be deposited in a know edge
”a”age”em 6 raﬂ%‘&‘%{)‘é?é %i;foJ&&E?Leandg%%%mcrﬁ%%&fés ARokBREG HfURd Stics, for
exanpl e, e proba Icati on rver is'present In a

conput i ng systaémecthqqe B@ﬂd@élué@%fﬁﬁfa@e@s ofbe hesriigoMpdecige be etvaewby associ at ed
dat abase conposr}ﬁ;ny che@Sngelkarh hRdd @k G0 L MRe RAIVAIRY the LeSnifd BS@ daptinas t he

known heuristics. These ‘heuristics may include the type of component that works
well with another. For example, through the adjustments made to the components

25 610, the user may arrive at the knowledge that certain databases work very well with
cerfain application servers. Thus, this knowledge may be captured as a pattern that
can be used for future deployment plans. Alternatively, if it is established that a
database component does not work well with an application server as reflected by the
low confidence value, this knowledge may also be captured as anti-pattern. These

30  heuristics may be deposited in a knowledge management framework for future
reference. Based on these heuristics, for example, the probability of an application
server is present in a computing system can be deduced based on the knowledge that
an associated database component, as per the reference pattem, is present in the
computing system.

35
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The Automatic Mode, Fine Tuning Mbde and Manual Mde can be sel ected by
using the interaction node controller 604. The System further conprises
editing too™PEIas di scovery tools, pattern tools and?CW¥& MKy t ool s.

10 Di scovery Tools Discovery tools are provided for nanijuathengo@®nponents
610 and |inks 612 (dependency rel ationghi ps) between the conponents 610 in

a deployrent  Phalulhail Eﬂiga}m(g defGs M@Bmﬁo 6 Qn §lBGRHAGRAL S 610 and

links 612 as ose n|p at1ng a conponent involves
associ ati ng th@e@@Wﬁ%WéﬁﬂeﬁPFﬁka“Mcorrespondlng conponent profile froma
conponent proflle | i brary, adjusting conponent dependencies, or nodifying
t he confi dence va t he conponen y tools

i ncl ude tool fOF Fﬂ@ﬂﬁm86H88ﬁg%F“Pégﬁ§Sm?&gﬁ“?%?y“?FHEF%“%@%e %ency f ocus;
tool for singlleasiogpdnent - si ngl e dependency focus and tool 20 for single
conponent - gyl ti pl e dependency focus. Each of these tools can be activated
by clicking a button on a floating tool bar 610, as shown in FIG 6. The

si ngl e conponeRiscor@reols ool al l ows a user to focus on one detected

conponent at @1s&olvaﬁ? toold) @reUsr8¥iddaator rmampmudi@t &nipb@ndegiocimgditkorgppnent by
performng a tﬁ ased 25ha§§pc3at ﬂ¥ @rOVId%:B ara klng of
possi bl e conpof{&i Bﬁb?PPﬁgl &Y °Bh ?ﬁ%n%ﬁ B (PRIOHRE! PlRg o exanpl e, as
shown in FIG ﬁpvu& dohfden@fvajpesr thk eorongnesn@Ntand jnke il sscl@OR 108 apr ovi ded
when the user RILESSeSudifiallONtolRUSE RLLORILE o SnRIRGyuCkT SOT 1S

t e user suita

over a compone can choose the nos I"e_conponent
profile for asegeirardingg cefnoneny EYhpditent ®TPonethewile Hbavcddipgingmde, the

System 30 aut ocrsatpb&ad héf)emhdfdal at @@dlfy&\g 6O Rbdrdene aaMelop aige édnfpo@per ating in
the Fine Tunin NP % ﬁ dlsp tQ 9 fi.dence dlff grenc alues for
all the corrpon%ﬁ'f“g 590ty Efcovf’ﬁyrf B5lydq tﬂ STREH PR 051’
single dependency focus; tool for s1ng1e component-single dependency focus and tool
20 for single component-multiple dependency focus. Each of these tools can be

activated by clicking a button on a floating toolbar 610, as shown in FIG. 6.

- The single component focus tool allows a user to focus on one detected component at

a time. The user can manipulate the detected component by performing a text-based

25  association or by providing a ranking of possible component profiles based on the
confidence values. For example, as shown in FIG. §, a list of possible component
profiles 802 is provided when the user presses the right mouse button while the mouse
cursor is over a component 610. The user can choose the most suitable component
profile for associating with a component 610. Once a choice is made, the System

30  automatically calculates new confidence values (if operating in the Fine Tuning
Mode) and displays the confidence difference values for all the components 610 and

links 612 in the deployment plan.

The user can also force change the confidence value of a component if the user is
35  certain that the detected component is the correct component. For example, if steps

402 and 404 described in the foregoing detect a component with a confidence value of



The user can also force change the confidence value of a conmponent if the
user is 35 certain that the detected conmponent is the correct conponent.
For exanple i f steps 402 and 404 described in the forego detect a
conponent W43t i dence val ue of CVO 03/ 098451 PCT/§%B§$86%E§ 31

Oct ober 2006 26 5 60, but the user is certain that corBéSctabengddfient is
detected, the user can force change thg; confidence value to 100 to

conpensat e §or ot e hoaeaakEindhacOuEr xompoEéﬁf 1sNRfeoted, Mnd B8 CASERe WheTE it S

obvi ous to the user ations etween two conponents 610 can be
f orce changed Wn$ﬁ§°&‘§'@PnceTﬂP§°#@t&ﬁ‘?ﬂpéﬂﬁétﬁf%%eh‘&%qﬁﬂeﬁlﬁv% user clicking
on one end of a link 612 connecting the two conponents 610 in the

vi sual i zer wi ndow 602_and dr n el ected end of k 612 to anot her
Commanees | 610 TotEoTaBF R KON T P Roh R 5% aratclSin kel 15y

dependency f ocesipbmeols 640 banvie farcestenget by thecus. dhlsmahdeqdéndwenug/that atine.
15 This tog} i &e#&ﬁﬁn«f 84 ohJ@h%‘f'aﬁﬂk%ﬁ‘?cﬂﬁ&ﬁH@dﬁQWo QOQA}foheq{%rlﬁ@ ol gyel by

changi ng the conponents 902 and 904 as shown In . Since the user is
only i nter est eysyelizef pandopepet Pwnérﬁsqylgb@ﬂ%%ﬁnwﬁrﬁbm@ﬁlt §1%90<2 BHFT 904, the
user is presentdthornt 410 CORPBIRE Ahew telabdnshiSBeewnd 906 for conponents 902 and
904, respectively. Each conponent in the |lists 802 and 906 is provided
with a confidence value. If the user selects Oracle 9i for 20 conponent
902, the Syst efhersaxgkldenshdenesfotidsgootdloivé dwacte facad aneont depesionyetwetirhe. 904. | n

addi tion, the oidhARNLE %@'mh'ﬁomg t‘ﬁ@ﬁé}:e&&ﬁﬁ}%ﬁﬁﬁendeﬂe%h@y Lﬂaﬁémﬁgﬁ)l@ s

recal cul ated in response to the selection’of Oracle . arly, if the
user sel ects ApPAPRENEPendsP4 asc%??‘b‘b‘r‘ié‘@ 99 (fance Ehﬁésesgﬁé’f’b‘r’r‘i‘t?‘é%"él%w ates the
confidence val ®WRSordsKip b&FERRBAPIneRO2aR4904] hheu@f)meb@@wdsmmoﬁlmedu st 802.

Based on the sgl ected onent pdenc onfidence |l evel is
changed accor d\esﬁs o) fﬂdegogr@rgﬁog]p%%gﬁeaﬂggg ﬁeéqeét}lvﬁlé’p(%ﬁ SREYOFEILEt 0ol al | ows
a user to fi ndhsttMZ bwis06 1sqqmvndm with abdnfidnee fabve. H tieivpybdectdhaiedefocy. For

exanple, a sh e &0 cc S X X 02, all
par ent comsazgne%t ‘?e%‘o%‘)z%l%%é c?¥ t6 ?Q&ﬁﬁdéﬁ 8ﬁ§80%8 8%22?4 ]11802 depends

on are provi detfidjtiantthecapfidaped }ailérOf\RM‘ldﬁmP‘B’e'Z in fgdist 9081 ip racpleplatediiy r equi r ed
of the user i Srebfnsed &6 teldcich dEPRRODE NSivnilGHID @B @tk sdldaatAppdhewrdesOrt he hi ghest

| evel O depengeney, AN LISAES allifis ddob ARSI oo BRI 1004

the components in the list 802. Based on the selected component, the dependency

25  confidence level is changed according.

The single component-single dependency focus tool allows a user to find the best
option available for a single dependency. For example, as shown in FIG. 10, if the
focus is on a component 1002, all parent components (1004, 1006 and 1008) that the
30  component 1002 depends on are provided in the visualizer window 602. Thus, all that
is required of the user is to select the dependency component that provides the highest
level of dependency confidence value. In the example, component 1004 provides the

highest level of dependency confidence value.

35  The single component-multiple dependency focus tool allows a user to manipulate a

detected single component 1102 having multiple dependency relationships (links



hi ghest | evel of dependency confidence value. 35 The single

conponent -nul ti pl e dependency focus tool allows a user to mani pulate a
detected single conPonent 1102 having rultiple dependency rel ationshi ps

(i nks WO oé?%’é”ﬁ%‘i PCT/ SG3/ 00113 31 October 2006 27 é“i%fy@%ﬁc;) as
shown in FIG 11. For each dependency rel ationship, theBé¢Ocebprzofbded a
list of conponents with confidence val ug,z fromwhich the user can choose to
confirm the d dency rel atiqnshi i -1 - anple, for
dependency g)r eﬁgﬁggﬁ%h%%&rf ll?]%&é'%T’lgé&?acgndcpo?f%gﬁg%%%ﬁmspf &l%%bsﬁ égl(q)drelf?gi ni ng four
conponent s wi t bt oigiompenertp it egvfiflagenelues inywhich the prepipn deagse [paafige| ect ed
conmponent i s UREQEJhRRY: reRliontBlp dlith @bAFdnb alY2. ERMExRRHINEBS@PEREhcySI NG a

col or, preferab}\é, %r ?gg %onponents leth confi .der}ce val ues be'row t he

m ni num t hr eshGEACEER, 1BE 1pH0%s @fPBBOTGY; it 1 W4 COMBFne 1Y SPBPEHTS VP ed.
Simlarly, fordiffeperderence veluatis prosided Thersksctddldonpied is codsdondt |1 Sts
1106 and 1108 Vi . r.n T t -provi ded for
users to c%gat %{eglﬁtg‘reg’e%aﬁﬁ% pﬁé’? I%tgiﬁ%in? N Oggitg{r%?rgbq%’ %ﬁeracialglh&e%gvhtﬁ)nul tiple
conponent s ar ecogfigsugrerhives elptiche mipiypuny thaespdih gampbopressated yeieg g eslon r egi st eri ng
t he conponent spafgbiled dSRERHE ey ddpslddicl 1sBhRS 1BRE VReB-d RensRgponent s
within the groqut)s.ldT e created \pattern may have dependency rel ationshi ps

with 20 exter n&i® WBMPEALM S RRAt*dar e not part of the created pattern.
Further, links and references to other patterns can al so be specified as

part of thqscrﬁgltegqogl?tter n. The wuser may al so be pronpted to provide

information re o how, when and where the created pattern is
preferably usabitiem tgols ate pravidedrior usess idafeptnant dsfmapsitengs. & paferp isereasstt - based
approach or a ghraPhiiGpld3sRbnerdPRE @Afkbd R@edr RN pGnRaSHbccaPRIAREN 1S
illustrated in FIG 12, where a bou({gdarey IS ,dra\/\ﬂj ar ound conr?onents

i dentified for “ENEIMEIITGTPHEE'S &l CRPACTCNC USRS PMETHET #gPOBSI bar 1202
cont ai ni ng var wohis teogb®. i The cemed edternQngy Bave hlefedddney slaioskibestithon pen

tool, Using,th e i an n ol, th r n.dra 0 ry on the
U ounl Foer 280" SR SEMOER: Lo ph'G U5 Elea@P Rl e Bl HINRRE 0
pattern. Exanpieéscness tpethereattesns cer alen ecbpessfied gs panieof ksl caqatefl opiteppenltt ool are

patterns 1204 wadm%ZQ@,beq&o@mw ploRid& In@rmdiidn relating to how, when and where

the created pattern is preferably usable. - - - '

25 A pattern is defined by using either a text-based approach or a graphic-based
approach. The graphic-based approach is illustrated in FIG. 12, where a boundary is
drawn around components identified for including into a pattern. A pattern floating
toolbar 1202 containing various tools is provided. One such tool is a selection pen
tool. Using the selection pen tool, the user can draw a boundary on the visualizer

30  window 602 for grouping components that constitutes a pattern. Examples of patterns
created using the selection pen tool are patterns 1204 and 1206, as shown in FIG. 12.
The patterns can be created at varying granularities based on the importance of the
patterns. For example, a pattern can be defined for a service such as an e-Store
service. The e-Store service provides details such as the components that should be

35 present and how these components should be configured together to satisfy the

business requirements. On the other hand, a pattern can be defined to specify how a



The patterns can be created at varying granularities based on the

i rportance of the patterns. For exanple, a pattern can be defined for a
service such as an e-Store service. The e-Store service provides details
such as t he™HI¥HEnt s that shoul d be 35 present and hovﬁ‘ﬁﬁggﬁm’&’arrponents
shoul d be configured together to satisfy the business BeQuicbher@®ités. On the
other hand, a pattern can be defined to,gpecify how a WO 03/098451

PCT/ SQ03/ Oog-lssmg"lgelcogf)&@eh?rs th)Qerl%gd Il:;§1j élgrlaﬁe Cdoﬁm%% sluggegtg tl‘QFa depl Oyed
For exanple, a pattern may at a nponent "Oracle is to be

depl oyed in su@ﬁmgpwa@'ﬁlﬁaﬁo ‘?eﬁgplt’ifeéﬁsséle}tﬁwt%aéﬂ\?é‘?m?%m? gravses uRd one

conmput i ng syst AkhdMdinp&ting sehednaR @ dhtsbaead dfp inkndRQ hefutitOfhi Ng system
Once a pattern is created, the pattern can be archived in a pattern library
for future 10 references. The pattern can be used as tenplate, which

i ndi cat es a be@tceprratdm csecr@ted, thaphtipmaet becachiBddh ppatetn lbeary énfiltat e (or
anti-patteny) Shanld Bf. REhIGHLAYEN L BANOD whASAAL: Al S0biES: 3 Probl em

This identification process can be perforned elther manua@d{
aut omat i cal | y. batRectise Bag antcticn frmalafeor Al paicpa s ldrbe 4%0iged gy ?Yé‘ﬂtern or a

bad one baseﬂ @8 pithen @mealpmceﬁl ofhli iﬂ@ntiﬁ&ﬁlbn pAl;éseEd’maﬁel pﬁﬁbmd Oelnher_ i od
pattern-matchin t ech ni gues mat ¢ identifie
pattern agai nslflg’ug']g' %t utoTatkHre T ‘58”3“ %mlﬁl%a%aaqaﬁ@ﬁ%a §8 B?“SWi(’EI% a score of
how good or bakkdaonpaltatar on itig. exparehcepett theruserc anltahsisclpepadissingvbdg a uni que

si gnature. ;The i gue:.3 LI BabINR ﬁlatc%m@ah@&ipg%mu;gma 23 B8P Schene,

whi ch processes infornation contained component profiles of the
conponent s i n ER&OTRA PRICHS AR EiSH §f howhero8 OBPAE SREBAERt in the pattern is
changed or nodified, the unique si gnature for t he pattern al so changes.

Thus, the un| que. si gnat ur be used dex for searching

pur poses. o5 Witk PR i BrLPRARisRg frniRGReRido T i PeBR 500 1 or
managi ng or dommm bngpingraliaslengnwhdng, which patetsey infdnmndsioncyntaid isthown in FlI G
13. The us t 02 for

i ndi cati ng%P he ?@é%?ﬁ%%él%%gl e%%ﬁ%%%rﬁsQ§}th%fg%n e gbr&lﬁg@}ag{t‘%gfﬁg V\néTﬁdow 1304
for di spl ayi ngint he P érﬂ’éngeﬁ of medidip dther P’é@?eps&“ﬁ‘é‘ie or thepR3dsre 359 and a
pattern descri gahddf Whinglaw ﬁﬁﬂ@slgWMr@banpﬂstbed@Sd by imefndéxnfodewmhingn 30 on a

sel ected pattern
purposes. - -

25  The System preferably provides a user interface 1300 for managing or documenting
patterns in the pattern library, as shown in FIG. 13. The user interface 1300
comprises a pattern location box 1302 for indicating the location of a pattern
repository, a patterns window 1304 for displaying the patterns in the specified pattern
repository and a pattern description window 1306, which provides brief information

30  onaselected pattern.

The user interface 1300 further comprises a More Info button 1308 for providing

extra information on a selected pattern, a Create button 1310, a Modify button 1312, a

Delete button 1314, a Compare button 1316 and a Discover button 1318, as shown in
35 FIG.13.



The user interface 1300 further conprises a Mire Info button 1308 for
pfoviding extra information on a selected pattern, a Create button 1310, a
Modi fy button 1312, a Delete button 1314, a Conpare button 1316 and a
Di.scover bulCdH'¥4X8, as shown in 35 FIG 13. WO 03/ 09FA3FCBP1 8303/ 00113
31 October 2006 29 5 The buttons 1310, 1312, 1314 and 3BQ@okdri28Wp a user to
create, nodify, delete and conpare patjgrns in the patterns w ndow 1304,

respectively. he,fi.sG9Me1318UtH190nd 1348us b OYS «f B6udI SR, Al lai@r start a
fresh di scovery process based on a selected pattern or search for a

sel ect ed pat t SPHPIH PatCES i e PAeresyipdon 13Phi espertideby dbs Dispyeiedionj s al so
known as a pat:eg Bidaseudi HCOMET Yarid 068 Sikcovdl piftessfatdiamn kased di scovery
process all ows g user to, search mat chi ng patter in the |Internet or

for S
extracting pat¥erhy SF?IMO%SCF&%H&%T@CFC@%Pr%uﬁlyﬁgem'sysisg%covﬁ'rﬁgroﬁeéf tern
extracti ng proedsgsmpwved apeerabvrmtddiscogrytpnegessdent i fi ed conputing system for
patterns d conparing the patterns against patterns in a pattern library.
If a match 1s found, 15 either partially or fully, the patterns extracted
are di spl ayed Ths peifsen RAsed 1o 8T ProGessrlows Bessr tom@éordmﬁﬂﬁwﬁ@%at
constitute a nmé ched: pokdeking gitemPhieh ek ABlHedtdipliighleéh.i The dahen Sane col or.
Further, the us&r tii s able.tao mar eac{g gdatt'gfecrln ex .ractgd s_garrect,
accept abl e or ARTTTHEPERE AVOWRI THYTE PRESEFCATVREE"E 3F “FuUPE“U8e. 20 Each
pattern can al ®0 clrepasisgsthgnatma agaisghuttsmsin mipktgern fgery. hH aweitdihs ®uassi gned to
the = Propersi egulihafuRORORERE Rk bkiic@PutB86iEIeP RN Aokl hoRGEOI N0 The

pattern weight 1s sefu ndi cator when conparing an i nfrastructure
agai nst a par t {93 Wisgtcompenentyiiptcaqustiite agnadqfiprspatterp fire gre taghligtedtiRer n.  For
exanpl e, as sh@knientolol Grurkds, 112 SQ@NPIEL © ok ELH PatteinSextthedqal Ay eekct, N t he

vi sual i zer wi ndow 602. Wthin the. conpl et tern, two partial 25 patterns
1204 and 1206 ae?Feé’tagléf’fWéla’f"“eﬁ‘bWhgﬁisﬁlgnﬁﬁﬁi"%ﬁ%@“@ﬁﬁ ure agai nst these
partial patterns 1204 and 1206 yi el ds wei ghts, which are converted into

confi dence,yal tLvel ;1 12. Based
on the com2 ?/de}%lgg piia{ae uéeaggtlsﬁgg agsggél?c{ ?rg’gg%u%]%? irko ﬂ%%éﬁ%\%s ?@d o

val “pul ates the partial patterns 1204
and 1206 to praonceiss ms campener pediveras desprited inhg fowecdng: e BitMevefgdtist he parti al
patterns 1204 andfullid@ator when comparing an infrastructure against a partial pattern, which is

- - a subset of ‘a complete pattern. For example, as shown in FIG. 12, a compleie pattern
is displayed in the visualizer window 602. Within the complete pattern, two partial
25  patterns 1204 and 1206 are defined. Comparing an infrastructure against these partial
patterns 1204 and 1206 yields weights, which are converted into confidence values of
100 and 90, respectively, as shown in FIG. 12. Based on the confidence value, the
user manipulates the partial patterns 1204 and 1206 to provide as high a confidence
value as possible for the partial patterns 1204 and 1206.
30
Tools are also provided for comparing one pattern against another to derive a super-
pattern, which is typically a merger of two or more individual patterns together. For
example, if a user observes two patterns consistently deployed on the same computing
system, the user may combine the two patterns together to provide one super-pattern.
35  The pattern comparing process involves superimposing one pattern on another. Once

the overlaying association is established, the System compares the differences



30 Tools are also provided for conmparing one pattern agai nst another to
dérive a super- pattern, which is typically a nerger of two or nore

i ndi vi dual Patterns together. For exanple, if a user observes two patterns
consi st ent | WOfE8¥83/ed on the sanme conputing system thfTSEPYHEY conbi ne
the two patterns together to provide one super-pattern. 33%cikber3paét ern
conpari ng process involves superinposing, one pattern on another. Once the

V0 03/ 008455 PeH BLET Putsre baBhs el Sy RRLET LB S RonEl L P TGS
patterns and prooiidenkesaln of sorfideasedifferqpeatabue gt pdigdting fhg develpf miashing onf i dence

val ue or configdeangs dinf heh&neeieValot tatchify is! Adkoat aNEudhe bavebwef matching
accuracy. The hi %ger the level of matching is, the closer a patternis to a

known patter ppatt A strategy-to-pattern approach is another way for
creating patterns. Strategies are often associated with conputing service

depl oyment , pr oges s, I&lgazﬁam“p?n%&%% & othe..t Xg;ie% l%{e/%tjé]g?p%gss%trﬁgglg L%]Cas

depl oyabl e conponert s wel'l""as ‘actua options~suc
confi guration 4fish orsvpietedrvitinenppensi ferdcepiepldtios proesse libied staygieng a
strategy as a @ﬁﬁi@aﬁlychQpIE%QIsB&oiﬁcp@eE)io?Jb[kScoﬁé&le% S rRatfdchY dpdldiing the
specific 15 dg? .oyabl e conponents 1 n_the str‘gt e%%i to ﬁ 8egeb| C _conponent.
For exanpl e, F{PEOmSFYCh as Getigvgtion infammatan a0f &srlis BREHS B Re BF*daVsPf &t egy in the
visual i zer w naiowg602a shertiqgapdig) patkdd 2aic & cheted ®f | meiikylny thes spRgifit he
sel ection n r t f ' b aw a

0ot sl Bt Bt e 1 € Rkt b s Bl kil bl B 21 2

pattern boundar nclosin €°co ' 10 _
strategy is tohogearanbicad rgiresgiatap e sapfeRyi i thhwisugheer WindowesRaid that any

20 Oracl e dat ahasg 140 ks veRLd & WBL he stIRSPn bR B8M HBYLSE BAhg ANy Oracl e
DB as a new (%enerl c) conponent for éheﬁrgflt_t ern. Once the conponents

encl osed in t hBOI2ET f0 IBFuRAHIE BAURdaBs AT OF AR AU HPHe T ROTBF P19402 i s deemed
created. The pab¥erH tkd@2ega o dst1OrclSi durablsk weldif fherusek i darten thefady ences. 25

Lear ni ng T99 | SOr-ga\eeNﬂa E}eewrgrkasleﬁlg?llf %’gylthgl? ﬁlp lus%f’a‘rl;lnyl s@lgcttﬁgl b?acfeh'ﬁ%«las%%gwy m lar to
macro recofrders, I C reco e user s m%eractl n1nthe visualizer
wi ndow 602. Thieencdegogpeheitnforthg pttieoyn Once the components enclosed in the pattern

boundary are confirmed, the pattern 1402 is deemed created. The pattern 1402 can

then be archived for future references.

25  Leamning Tools

The System also provides learning tools that are similar to macro recorders, which
record the user’s interaction in the visualizer window 602. The recorded interaction
may be supplemented with additional information manually provided by the user.
The recorded interaction is archived as an activity that can be invoked by the user to

30  repeat the activity, thus, enhancing the productivity of using the System.

In the foregoing manner, an apparatus for discovering and developing patterns of a
computing service and method therefor are described according to an embodiment of
the invention for addressing one or more of the foregoing disadvantages of

35  conventional methods and tools. It will be apparent to one skilled in the art in view of



may be supplenented with additional information nanually provided by the
uSer. The recorded interaction is archived as an activity that can be

i nvoked by the user to 30 repeat the activity, thus, enhancing the
product i vi t YOPOWing the System In the foregoi ng manndC/S&R®E3ar at us f or
di scovering and devel opi ng patterns of a conputing ser il dciehed 20 hod
therefor are described according to an gnbodi nent of the invention for
addr essi ng 9NeHQISIRLR ¢ tgzt nw&ois%&ggl agdlﬁaa%g\ém;}mﬁ@udaﬁ cArbeGRAY €Nt i onal

met hods and tool s. be apparent to one skill in the art in view of
CVO 03/ 098451 ‘P@F}"twgl%@ﬂléhe sgape epd et trgusntr 5 th| s discl osure that
numer ous changes, nodifications and conbi nati ons can be nade w thout
departing fromthe scope and spirit of the invention. PCT/SQ&3/00113
Received 01 April 2004 31 October 2006 32 5 Clainms: 1. An apparatus for

di scovering conmputing services architecture and devel oping patterns of
conputing services, the apparatus conprising: a conponent profile
repository for containing conponent profiles of a conputing . service,
each conponent profile being associated with and being 10 descriptive of a
correspondi ng depl oyabl e conponent, at |east one of the conponent profiles
bei ng associated with- a correspondi ng depl oyed conponent of a the
conmputing service, the deployed conponent bei ng one of pre-defined and
undefined; a conputing service deploynent plan, the conputing service

depl oynment plan being constructed based on informati on contained. in the
conponent profiles of the 15 conputing service; and a discovering tool for
mani pul ati ng the conputing service deploynment plan, whereby when the

depl oyed conponent is undefined and therefore undi scovered, the deployed
conponent is discoverable by the apparatus for constructing the conputing
servi ce depl oynent pl an.



20 2. The apparatus as in claim1l1, wherein each conponent profile corrpri ses
miltiple properties, each property being one of. a descriptl

conponent; a configuration specification;, 25 at |east onﬁ ggi% @ré
requi rement at |east one association restriction;, and at’Te&xs B
contract specification, each contract specification speci fy|3ﬂQ°§Pefﬁo%st
one paraneter required from anot her Sﬂponent for associating thereto. 30
3. The appar alus as in claiml, whererfi the. conputing service depl oyment
plan is repred®fited by a plurality of nodes and |inks, each node is

associ ated with aAn ehpphiy bl diseonpion crmputngderiasiichitsird 19 develgPiBhe node t o

anot her node Ja@é}ns%?&éﬂﬂubﬁg}}bﬁﬁesaﬂw Qg@@&@g,gﬁ-gmgel ationship thereto. 35 4. The
apparatus as in claim 3, gltﬁel n h_no

i mmltsr ﬁrs]otf gted with a
conponent conf i deth&MRATET]ePr ‘Eirgmﬂtg‘a’ef?aéﬁlwn%ﬁ? ReAc ue respectively,
t he corrponerﬁompmglxésrﬁue,e enchl crenpbrentn grofiladbeingt asvasiatsfl Wﬁb@d leifd hood a ,
conponent ;yas 5, 8580 ol GRS NG SYSt e
the depend gnc‘%%gkrr% gﬁ&%&&l&&%&%bﬁ% ril 2004 31 ber 2006 33 5
confi dence vaPeflespbiingg asserificaliW e eprewprding; deRloYs o tRPPaTerG © Bnent has a

dependency r@knaﬁtm@aehbqotheﬂepwyeﬁdaﬁﬁone@wmmfpretdwﬁned@mqmn@ed, and dependency
confi dence val ues, _bei ”;hes LESRh ¥R p@et ection
probability and dep mﬁgg%csgﬂcgg%g)gﬁ% p?’?/ uconﬁonenfpgg*snsoc%at ed with the
node. ‘10 S. TPF@E@BMPW‘?&SOW me@a'a?nrﬁOQBmmﬂ@PﬁmP%ém@F &P ng t ool

conpri ses 1Beagsnphi@y servicd; B@NGi Ng a dependency rel ationship of a first

conponent- on a sechcovcongwpgp%?ngp?‘ﬁgngf&% }g{mg m@cgg%t bl ?ﬁpy est abl i shi ng

a new dependency f Irs e third

conponent in wheeby gty d@loyedwme@emwné%ﬁﬁ@#ﬁﬁd &eﬁﬁm upgisgpveredy e appar at us as

in claimd4, \'\/ﬁk?jfo?édrhohb&eﬁi'@&ﬁb\&&‘eﬁbmgy B}Q%paﬁﬁm k&Buchng e omputig conf i dence
ol

val ue thresh controller for setting a m ni mum confidence
service deployment plan.

20
2. The apparatus as in claim 1, wherein cach component profile comprises
muitiple properties, each property being one of:
~ adescription of the component;
& configuration specification;
25 at least one association requirement;

at least one association restriction; and
at Jeast one contract speocification, each contract specification specifying at

least one parameter required from another component for associating thereto.

30 3. The apparatus as in claim 1, wherein the computing service deployment plan
is represented by a plurality of modes and links, each node is associated with a
deployed component and each link linking one node to another node for cstablishiqg a

dependency relationship thereto.

35 4, The apparatus as in claim 3, wherein each node and link is annotated with a
: component confidence value and a dependency confidence value respectively, the
component confidence value being indicative of the likelihood a component

associated with the node being present in a computing system, the dependency




value. threshold. 7. The apparatus as in claim®6, wherein the each node and
|l i'nk having the 20 respective conponent and dependency confidence val ues

| ower than the mininum confidence val ue threshold are repres@TEHBLHONG a
cqlor. 8. The apparatus as in claimd4, wherein the di scovekicsiyedFohpril 2004
conprises an acceptabl e confidence value threshold controll en ckeber2edd i Ng
an acceptabl e confidence 25 value th ﬁgh0|d 9. The apparatus as in claim

8, whereing €ag 1d§'ﬁg eah?eq:%ng lnﬁi%ath@\ﬂ' tﬂgl od &%Q@ﬁsdn&ﬁ hzn.sCaQﬁp‘«(‘qmﬁ and

dependency con ence val tes equal to or 8 han t g@qgtable
confi dence vdf e}@n&hmoggpmlpeacooﬁpen% &‘%’@H’Eeétdm dep FP&mEyﬁ%ﬁﬁ ?‘ce 0. The
apparatus as HeiﬂgCtblanlmdﬁlbaMQﬁGthmrd’sﬂmemdl@eﬂmerpm’bgblhm'(mﬂ depamenéyses neans for

changi ng the ¢ quﬁ¥ﬁﬂ;8&@&th&g§§aﬁgkggn8£ a node. 11. The apparatus as in

claim4, .wherern covering tool conprises nmeans for 35 perform ng
conponent and dependency confidence val ues recal cul ati on upon detecting a
change inighes.i nf Keiplakda a6 BR1aSH S}Qﬂeti:xﬂﬂﬁdﬁ&ﬂ’eﬁﬁ@&ﬁtcoﬁlbﬂsfei henobra

correspondi ng,co ent_in the service dep an. WO
03/ 098451 PCTPEESS POEPTISeY SEletaps %B%B‘Wﬁ%% 2 je5on eggl%éos%t us as in .
claim 1, whertirhcdnipenai @n@bsemtwgshtnecﬁl nevodaprridensy relitienshipf of the Bl aci ng t he

corrponent Pr Ofolnbéhefton B4R Ghi@RERAGR | theRohitBnCRRRE ddpRgmER pib.Ce  depl oynent
plan with a different conmponent profile. 13. The apparatus as in claiml,

wherein the discovering tool being operable in 10 nultiple interaction
nmodes for 1pro&i di Mg efiphtates entin olsire 45 whdreie dpatitcdoverips fiepl compriespul at i ng and

re- constr uct | Agul APcARRRI! LR B CEnIRRIINAERY « il @8Hencé Nt er acti on

node bei ng one automati c node, fine tuning m)de and manual node. 14.
The appar at usV2&He!tai m 1, further conprising a |earning tool for
capturing 15 and repeating a sequence of conputing service deployment plan

mani pul ating st ep%gﬁ,uaﬂs 08 HhiSCoVRE. gqhé o0k ﬁ&%@%%ﬂ@gﬁ%ng
productivity. 15 apparatus as in claim1, further rising a pattern
tool for e afepqq@:waﬁgpponent and dependency confidence values lower than the minimum

confidence value threshold are represented using a color.

8. The apparatus as in claim 4, wherein the discovering tool comprises an
acceptable confidence value threshold controller for setting an acceptable confidence
25  value threshold. |

9. The apparatus as in claim 8, wherein each node and link having the respective

component and dependency confidence values equal to or higher than the acceptable

. confidence value threshold ate represenied using acolor. -

30
10.  The apparatus as in claim 4, wherein the discovering tool wmpﬁses means for

changing the component confidence value of a node.

11.  The apparatus as in claim 4, wherein the discovering tool comprises means for

35 performing component and dependency confidence values recalculation upon
detecting a change in the information contained in a component profile of a
corresponding component in the computing service deployment plan.




managi ng a pattern, the pattern conprising at |east one depl oyabl e
cénponent. 20 16. The apparatus as in claim 15, wherein the pattern tool
conprises a selection pen for identifying at |east one conputing service
conponent f O W& HIi ng a pattern, the selection pen beiRd/S§9HNBrt ue
selection tool. 25 17. The apparatus as in claim 15, whesaswbttreogpattern
tool conprises neans for acquiring infefmation relating to how, when and
Where a pat gem.l Sﬂé&?ér&uyﬁ%claigﬁf %v{;lalré-i'lgthg Eligcopé’%&%rg)%pmm §Ses ;l;gag\s fppar atus as
in claiml5, erein the pattern tool conprises freans for. tagging a
pattern with arcglecdteygreupssporrdt iPrititeg of Ieee sermpasey, int the cemAYting B@ichg one of a
good pattern angiodmb@gla@witanditferatbdrfotent f:8file. The apparatus as in claim 15,
wherein the pattern tool conprises neans for assigning a pattern a unique
signature, the unique signature being generated using a 35 hashing schene
whi ch processes. i nfTos apphiaes acorladin nedhdrdn thhdisadverdingasdl being opoabizdment

profile conpes LN -t h lea y 0 t.Ln the
battern. POL s‘%lg%q%fga%%egne‘)%e _&o?")&‘g@?l ggfg%‘?t Mg FORBAEE B "L oo
The appar at us AiRuRtpg apdreensipiditethn cmautipg | sgivise Sdeplawnt @lapf cache pattern
is used as aniniehdh dak bHMVE b A BmBKY RKAS SFe tudihg mbendpRALAH4E. as in claim
15, wherein the pattern tool conprises neans for archiving a pattern upon
defining the pattern and retrieving the pattern. 10 22. The apparatus as in
clai m 15, wher & . n Theagppatuganintchon 1,clompr tagsisiag &lgemingitevd & kgaeing or nmanagi ng
patterns in-a pat i : i nt JEEY R eTok ans for

| ocati ng tE(Sa p;ah'?trgep?%]d?llgiabs%aur%gc?é Oﬁ%ﬂ%su o{en}ldcig gg‘?%@%ﬁt %2;? cldép?lr?grggc%e '?:i ned in
the pattern | i¥Wingiiedisspigringrtoo] gisehgenhaicing pgichyiing i nformation relating to a
sel ected pattern. 23. The apparatus as in claim15, wherein the pattern
tool conpri seslsrjea[}ﬁefor del.eti.ngl’%rael ected pattern

apparalus as in claim er comprising a pattern tool for creating and

managing a pattern, the pattern comprising at least one deployable component.

20
16. The apparatus as in claim 15, wherein the pattern tool comprises a selection
pen for identifying at least one computing service component for defining a pattern,

the selection pen-beinga virtue selection tool.

25 17.  The apparatus as in claim 15, wherein the pattern tool comprises means for
acquiring information relating to how, when and where a pattern is usable upon

defining the pattern.

18. The apparatus as in claim 15, wherein the pattern tool comprises means for
30  tagging a pattern with a status upon defining the pattern, the status being one of a

good patiern and a bad or anti-pattern.

19.  The apparatus as in claim 15, wherein the pattern tool comprises means for
assigning a pattern a unique signature, the unique signature being generated using a
35  hashing scheme which processes information contained in the at least one component

profile corresponding to the at least one deployable component in the pattern.



20 24. The apparatus as in claim 15, wherein the pattern tool conprises.
meéans for conparing at |east tw sel ected patterns. 25. The apparatus as
in claim15, wherein the pattern tool conprises neans for dL?@gﬁﬁﬂmﬁ 113
pattern, the neans for discovering the pattern being one dteceiveddd|Amiyz00425
starting a conponent discovery process based on a sel ected patbdasteraots a
tool for .searching for a selected paBsern in a conputing system 26. The
appar at us @s 20n clteiappaisfus af ir dldver! 9,cdrEin td wiue sigratiphofcbd Patigmis | nt er f ace for
interfacing g,Usel, Wk B tdenGo i,ng service deploynent, plan, the

di scovering tool 30 and the pattern tool. 27. A nethod of discovering
conputing services architecture and devel oping patterns of conputing
services, theinet wedppedmrds S Elgmt ISewkdeaphe pitternpood vombirisg reeasofponent profil e
repository for ntai.nin f L,): a conputing service,
each conponeﬁ?m%§§%$F%“b ?ﬁ%ﬁggggg#%?g ﬁ##ﬁ&g%%pggghg descriptive of a
correspond? ng depl oyabl e conponent, at |east one of the conponent

PCT/ SQ3/ 001183, Regeippashdds Apdldih 130 Gflersdd 1e0iatdde ool @apris@6a Bsepr of i | e bei ng

associ ated with_.a gcorrespondi ng. depl.o C 1. conputin
service, the %%ﬁ?%%@ﬁmgﬁﬁﬁgggn me ﬁéxﬁﬂ ’%gaﬁggg&ég%h aﬁﬂﬁd-uggefingd;

constructing a_compmsﬁn@uﬁes&PE@WMébﬁuynent_plan, the conputing service
depl Oym%{lt pl a][I_ Fﬁ%@g&@ﬁﬁéﬁdﬁ%ﬁﬁﬁs%&&@d iﬁﬁhelpglfeﬂlnig&?ém conhal ned in the
cpnponen_ﬁ profiles Oﬁﬁh COF%U QQﬂ é‘e.rwce%le 40 providing a

di scovering tool FEFs{ PR P R & EBRB AT G 8erVi ce  depl oynent pl an,
wher eby when the depl oyed conponent is undefined and therefore

undi scover ed, o4 hem,JERLOVEL i CIRPTE Wherki? 1 ipaifeRVB5130taBriddy mbAie foiret hod f or
constructing the co utigg servi ce depl oynent. plan. 15 28. The net hod as
in claim27, SR eerPETRp of constructing the conputing service

depl oynent plan conprises the step of.representing the conputing service
20 24,  The apparatus as in claim 15, wherein the pattern tool comprises means for

comparing at least two selected pattems.

25.  The apparatus as in claim 15, wherein the pa&em tool _comprises ‘means for
diécovering a pattern, the means for discovering the pattern being one of & too} for
25 starting a component discovery process based on a selected pattern and a tool for

searching for a selected pattern in a computing systerm.

26.  The apparatus as in claim 15, further comprising a graphical user interface for
interfacing a user with the computing service deployment plan, the discovering tool
30 and the pattern tool. '

© 27. A method of discovering computing services architecture and developing
patterns of coﬁlputing services, the method comprising the steps of:

providing & component profile repository for containing component profiles of

35 a compuﬁﬂg seivice, each component profile being associated with and being

descriptive ofa coxré_sponding deployable component, at least one of the component




deployment plan using a plurality of nodes and |inks, each node is \

associated with a deployed conponent and each |ink |inking /ggggodlqg,
anot‘her ‘node for establishing a 20 dependency relati OnSthCGFl @ek il 29
The method as in claim28, wherein the step of constructing t ut|

servi ces depl oynent plan further conprising the step of annotséﬁcﬁaeréﬁ%
node and link wth a conponent confi#&nce val ue and a dependency

conf i dences vajrafite tietig paaddtedsdity a c@fsspointingaiepigyeh@mporgnf ¢ Hespaputipg| ue bei ng
| ndi cative Ofs:w;c@%hed!agi&Jca&%ggmﬁtbgﬁgm'a?ﬁ&mﬁaamna&ﬂaWIth the node being

present in a conputi ng endency, ¢ nfldence val ue being

i ndi cative of thecqnf%éqnﬁﬁowpbﬁngaﬁe’a‘lﬁﬁﬂ?ﬂl%ﬁfmﬁ% ° GETRHGBRCY™ rel ationship
on anot her cogpoRedt plad YeRg CARAGRE Risedn dufateytion daringd Bohd doderre® val ues  bei ng
cal cul at ed base the r detection probability and dependency 30
probability of {ﬂesort]thecomemét%1 grgg%%égt ed with the node. 30. The nethod as in
cl ai m 28, Wherei nP’PYiémStﬂeﬁlS@?Vefﬁ’@o‘i?P‘df%gm%‘ﬁé’ lagines &Sy ETTRHEPLL 5BYC conpri ses t he
step of provi ggpmgmamsmpl for changing a dependency rel ationship of a first

component on Sneby & Tnatﬁ %B%c% E)méog% @1SMPAeﬁged%9m&%@Ln&£&rc§@XheeSt abl i shing a

35 new dependency rst conmponent on the third
conponent i n B4pivyedcomprpeitiy die‘eY%bl?é’yd’@ﬂP%‘}Pﬁé?ft”ﬁF‘éfﬁ“g pacomreting 7 77, F. ",
1°t = It WO O3nlR@¢nckmBiepla®C03/ 00113 31 Oct ober 2006 37 5 31. The met hod
as in cl a| 29, wherein the step of providing the discovering tool

conpri ses ]the step of providing a m ninmum confidence val ue threshold
control | er foR8 sdbemabedasin dpimAh Wbt Be serofapsrectps e SHBIERE 32. The

met hod as in Gérﬁéeme&lyméﬁb?wbdﬂuph&@ﬂféts@p oPfepe@tl hiCiompging Reviconput i ng 10
services depl qypents ol an rANGL, SR L2Ing, LGB eABLupRgESeNt | ng_cach

node and |in I've conp ependency confi dence
val ues | ower téryed ttomeomtmldrnwh@bhﬂwu@nt@dq/taﬁ?@e{w%@hﬁ?@’sb‘ﬁgBa col or. 33.

;I'heI met hodyas dkﬁgn&}l@&mugg}nPM%Oel n the step of providing the discovering
00
29. The method as in claim 28, wherein the step of constructing the computing
services deployment plan further compnsmg the step of annotating each node and link
with a component confidence value and a dependency confidence value respectlvely,
25 the component confidence value being indicative of the likelihood a component
associated with the node being .present in a computing system, the dependency
confidence value being indicative of the likelihood of a component has a dependency
relationship on another component, the component and dependency confidence values
being calculated based on the respective detection probability and dependency
30 probability ofa component associated with the node,

30.  The method as in claim 28, wherein the step .of providing the discovering tool

comprises the step of providing a tool for changing a dependency relationship of a

first component on a second component to a third component thereby establishing a '
35 new dependency relationship of the first component on the third component in the

computing service deployment plan.




15 conprises the step of providing an acceptabl e confidence value threshold
controller for setting an acceptable confidence value threshold. 34. The
nmethod as in claim33, wherein the step of constructing the conmputing

servi ces dePlOYHE#Y' pl an further conprising the step of RAFCEEWNSi ng each
node and 20 |link having the respective conponent and dépéndeer@goeconfi dence
val ues equal to or higher than the acceptabl e confidence value threshold

in a color.s35%; Th MapYSy , ; f,gprovi di ng
t he dlSCOVE?IﬁB togﬁqﬁ%%ﬁgfﬁggggggéﬁﬁgt]%Seﬁgfég?QF agdﬁ&ﬁgfgt%f changi ng

t he conponent CHRESHEREEP VArerddingramigmugp ‘i‘?é@éme%lue tl‘Ff’éhOrlf’e‘fOHE‘H]e’a@f inclaim

29, wherei n t hetifd SRinGhunPéRdaédgut hessebigcovering tool conprises the step
of providing a tool for perform ng conponent and dependency confidence
val ues recal cul ati on upon detecting a change in the information contained
30 in a conpon¥nt eohétha mfin gleivod i, edipeindiengeprod rpometitg tha cohmtispnput i ng

service depl 03%%&1 deBﬂo?xHent %l?m fu-li:tﬂ@r %EM tﬁesstéprbf %p?ésmm?rg ?acm&fe%h@ the step

of providing the discovering tool qPrlses the step o prOV| Ing a tool
for replacing t“ﬁéla‘eléﬁrﬁb‘aﬁéﬁf’&t“ﬁr°8‘ﬂ?ci“§m6f‘ %ﬁ@lde@scmﬁ%@ﬁémeﬁwef e conput i ng

servi ce depl oyh@Efininphpddnidenét vaeintknEnt caagnmponent  profile. CVO 03/098451
PCT/ S@&3/ 00113 31 Cctober 2006 38 5 38. The nmethod as in claim 27,

wherein the step of providing the discovering tool conprises the step of
provi di ng nul ti3pl eThenba@icdes inomhimBeesefedrthautep wf plovidingliht fliscayering obvel s of

capabi | i1y ;§0r ABRIDHE %t) R pBink B Q&Eb?atbfe%ﬁﬁd@&etvblﬁ e IR LdoRET VI CE

depl oynent plan, each interacti oh node being one of automatic node, fine
tuning 10 o diar SiEE HeaserRiablssenidenggvalupgaeshddhod as in clai m 27, furt her
conprising the step of providing a |earning tool for capturlng and

repeating a seguenge of cormut J %erV|c qﬁ 3 g % nanl Iatlng
steps using tﬁ% di dwg??nﬁl?8 P9§ “@8@9%3 ‘%n Cﬁﬁgﬁw 8 8ﬁ?9?¥9
services deployment plan further comprising the step of representing each node and
20  link having the respective component and dependency confidence values equal to or

higher than the acceptable confidence value threshold in a color.

35. The method as in claim 29, wherein-the step of providing the discovering tool
comprises the step of providing a tool for changing the component confidence value

25 of anode.

36.  The method as in claim 29, wherein the step of providing the discovering tool

comprises the step of providing a tool for performing component and dependency

confidence values recalculation upon detecting a change in the information contained
30 in a component profile of a corresponding component in the computing service

deployment plan.

37. The method as in claim 27, wherein the step of providing the discovering tool
comprises the step of providing a tool for replacing the component profile of one
35 component in the computing service deployment plan with a different component

profile.



40. The nethod as in claim 27, further conprising a step of providing a
pattern tool for creating and managi ng a pattern, the pattern conprising
at | east one £)I oyabl e conmponent. 20 41. The method as in claim 0

wierei n t he &% 8°%% providing the pattern tool conpri sé’éijSﬁ&:‘"g’f’ég
providing a selection pen for identifying at |east one cOfRPPI° service
conponent for defining a pattern, the sgl ection pen being a virtue
selection tool. 25 42. The nethod as in claim40, wherein the step of
providing the pattern tool  conprises the step of providing a tool for
acqui ring i nf o mat Tnm§iadae inpip 37 -HeRenpresiep 0 WEI“%H%F‘% digcoyEingdtoh i s usabl e
u]E)on def idni ng dﬁh@nd@ﬁﬂk&[@lﬂ of%wd’ﬂgenmméﬁmtiraaﬁonlhrﬂodeé ﬁirﬁ]ito‘%'thgVﬂMﬂd(’;&lt n the slt ep
of providing the P onprises the. st oviding a too

Por "t agoi ng-a BEETE: P 8 oedrudRERE eriing 8P dmlbf et The stat us
bei ng one of adeglopuknpalet,emeh awchciapnbadle brin@pite of patometionmode fincTaingret hod as in
clai m 40, vhergidd tdg.shieqof providing the pattern tool conprises the
step of providing a hashing schenme for generating a unique signature 35
for assigning to a pattern, the hashing scheme generates the unique
signature by 34D 03}‘1&9«3}4&&5 B@diﬁ@i)%r&&lc&ﬁpnsa@ tKGitep P EFrod@iRHa leﬁgu@ processi ng
information Cotg)%lail I Ca tun anta T eatﬂpon enuenc% o? com uhcoger esepc% gi 1%1t he at

| east one depl oya epcor‘Fp em ﬁatsn% P A5 e Y P& in claim
40, wherein theansiubpngﬁteppm\gtbh moqeh@tgaﬂm@bwrﬂlmingp@émjrityses the step of
provi ding yeols for archi vi ng a pattern upon defining the pattern 10 and
retrieving the pattern. he nethod as in_claim40, wherein the step of
provi di ng the Patt E‘ﬁ%mftb% as 1&611%‘6? ¥s Ggtherirampsising aoYeP i GIAVHINGG PATTS e
interface for tﬂﬁnﬁglc&ghr[:gaﬁﬁdﬂ‘nﬂx&ging adpddtadn] €HeNpattbrh Ddombyisingt BElebt$ @he | Nt er f ace
conpri si ng: 15, %féco cmer(ﬁcatl ng the pattern library; neans for displaying
patterns cont al et i he pattern library; and neans for displaying
information rel ating to a selected pattern:

20 41.  The method as in claim 40, wherein the step of providing the pattern tool
comprises the step of providing a selection pen for identifying at least one computing
service component for defining a pattern, the selection pen being a virtue selection

tool.

25 42.  The method as in claim 40, wherein the step of providing the pattern tool
comprises the step of providing a tool for acquiring information relating to how, when

and where a pattern is usable upon defining the pattern.

43, The method as in claim 40, wherein the step of providing the pattern tool
30  comprises the step of providing a tool for tagging a pattern with a status upon defining

the pattern, the status being one of a good pattern and a bad or anti-pattern.

44.  The method as in claim 40, wherein the step of providing the pattern tool
comprises the step of providing a hashing scheme for generating a unique signature

35 for assigning to a pattern, the hashing scheme generates the unique signature by



47. The nethod as in claim40, wherein the step of providing the pattern

t 6ol 20 conprises the step of providing a tool for deleting a sel ected
pattern. 48. The method as in claim40, wherein the step of providing the
pattern toolO UMt ses the step of providing a tool forP@@ERBUNIHG at | east.
two selected patterns. 25 49. The nethod as in claim40, aoewreirpoobhe step
of providing the pattern tool conpriseggthe step of providing a tool for

di scoveringsa RadelsGlsNnfoldiod Q&Itanie@qn thel] o GiinfdU&nt bﬁﬁletéaﬁesga{dgn%rtg ﬂgeajt ng one of a

tool for starti ng a conponent discovery process base sel ected
pattern and a f% ‘P“efjiﬂloyé‘@&%?ﬂof‘@“f‘&}w *We| ected pattern in a conputing
system 30 50. The rret hod as in claim40, further conprising a step of

provi di ng a graphi ser erface for |nterE user with the
conputing ser v%ce 3 fnet‘ﬁ deast ﬁtlalm 46‘1‘}61:}5”1" fg &R 8 Pli‘?é‘ggécaﬁlf BiE e pattern
tool. 35 comprises the step of prov1d1ng tools for archiving a pattern upon defining the pattern

10 and retrieving the pattern.

46.  The method as in claim 40, wherein the step of providing the pattern tool
comprises the step of providing a user interface for managing patterns in a pattern
library, the user interface comprising:
15 means for locating the pattern library;
means for displaying patterns contained in the pattern library; and

means for displaying information relating to a selected pattern.

47.  The method as in claim 40, wherein the step of providing the pattern tool

20 comprises the step of providing a tool for deleting a selected pattern.

48.  The method as in claim 40, wherein the step of providing the pattern tool

comprises the step of providing a tool for comparing at least two selected patterns.

25 49.  The method as in claim 40, wherein the step of providing the pattern tool
comprises the step of providing a tool for discovering a pattern, the tool for
discovering the pattern being one of a tool for starting a component discovery process
based on a selected pattern and a tool for searching for a selected pattern in a
computing system.

30
50.  The method as in claim 40, further comprising a step of providing a graphical
user interface for interfacing a user with the computing service deployment plan, the

discovering tool and the pattern tool.

35



