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The elaborate structure of these enterprise applications gives rise to a vast quantity of

20  heterogeneous enterprise back-end computing.

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



2 5 conponents requires conplicated procedures that requires specialized
training in the application being installed as systemintegrity has to be
pr eser vedwato3apd4sti nes. A conputing systemtypically undergdssosemeas al
configuration changes and a few revisions of its associated conponents in
the course of its life. Once an application is 10 deployed within a system
and becones operational, it will undergg further conponent repl acenents,
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can be automated. 25 A ti syst.em depl oyie: t s the

f or egoi ng i svgﬁ‘go? Byvide ﬁﬁ@%ﬂ@pﬁ% o}a{ﬁief 1°§ﬁ‘3 né%ﬂ%? }enrgrsﬁ? Jo%%%g e gé’g% I ng
conputi ng Swsédnd bsyaioamedbydan ddasoisirae vdonpdepdoiig thasenpubing sysésnis or

functio Iit¥ and ser.vi ces sﬁtﬁOVi ded thereb%/?. (fsgo_ci atitoons buet veen
conponents APRIGARYSs (R FYed 3 uafons e dEPPACIFIRe ARG PAT SOPSEINSERIT I acki ng.
The conputi ngiweyst@mpland Qydeand arephwilical oows idninBiratoc inrtkel f3h dfpl oy ment

of the computing, system onto first host system The profiles_further
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infrastructures can benefit fromthe conmputing system depl oynent nethod 35

once i nf or neepabHity ef the pdginisgatthe depl oyed conputing services is known. A

conput i (r}g) services architecture discovery nethod based on the conputing
epl

system oynent ]
Therefore, it is desirable to have a common framework and method for capturing or

specifying all these information in a structured manner, 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 comI.)uting 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
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depl oyed conputing services to facilitate infrastructure re-architecting,
re-al i gnmeotospesasesses and optim zation. EXisting reversePemFGozeriithg and
sof tware exploration nethods and tools are typically donmain specific and

| argely relate to software nai ntenance and engi neering, database 10
reverse engi neering and object-oriented3design patterns and recovery for
recoveripg sRfdodesBviaediigs Rt disoRsrirt d&iyee ecohputilg séaep ke Saciftatt hese
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t opol ogy di agfréspbndifie kot c6dz8 e hintohicallgli chgigedsarkir oite exisat | Aptieet wor K by
enpl oyi ng probing.techni S. such.as SNVP. and | . 30 . These hods and
tool s do notex"ﬁP}gg FW‘?IH?O&%{O%&%O%EVWI\/EQ@H% 8%%;@@ opjgelmodelofasaryer s
and appl i catdh@bdse $@N SeSonhdthibh IReNafbe forthd Hat£bacdis pidvited. iHeved@prndenci es
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under st andi rigeorot How @y s1qdifigation fude mAdePe & Jatabigs icheram §rlstsalfi ng £ or
new deply@y MeRfBasels SThEErRl b9 e Visio product.

Other such 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



35 Discovered service architectures and patterns are not readily nodified
and fine-tuned due to the lack of proper tools and framework for storing
i nf or mat iwo oB@eYssi ng to the WO 03/098451 PCT/ SG03/00113 2CH/sdephayzd
conponents. Further, discovered patterns that represent best practices and
bad practices cannot be archived for future references. Thus, future system
depl oynent desi gns cannot be | everaged #iromthe know edge of past

exper i enges qel8yedt@mipbfentsa Curibr, Fid6dverdd Patas thall Rpfeb@@bby praci@sand s a need
for an apparatus for discovering conputing services rchjtecture and
devel opi ng pat tresckisesocamgh et PRivedh (o WEICa FleTRRSeh o d Th¥e BT SYS%HRer ei n
tool s are pueybadht EQigdsicRGot B8 icREagdasidhh SNV RHLH AN dxPéticheds\due €S
architecture and abstracting patterns therefromand archiving the patterns
for future t¢@plackpEawhahiveyrmary An apparatus for di scovering conputing
services architecture and devel oping patterns of conputing services and
met hod therefor are disclosed. The apparatus, according to an enbodi nent
of the ilAverildady, tharo\is desiced domphiapaprays elor | disceysring ecqpfutigg sST8PF ng a 20
depl oynent I . I i 04T i

depl oynent B%?gﬁﬁg?gﬁﬁﬁgﬁgg%%%g%#%gpg§%?&ﬁ1§%?%H|cat?ﬁgag§%%?g%%§?

rel ati onshi pdietét wedn ard eproddadp dere fing tuniggc thec dispoyaesdt campiting rdervieesassi gned
a confi _denC%]chlﬁéc el’b a¥1\ﬁI Iagﬁra!:l?ngbl%itglqls tl?e?ef?on? glluf wc@kﬁg tﬂ@?&@hﬁ%r c.
properties of each conponent. € apparatus furthe provi des editing tools
for mani pul atferegeeshe conponents in the deploynent plan as 25 well as for
creatingéand managi ng patterns. Therefore, in accordance with a first
aspect the invention, there is disclosed an apparatus for discovering
conputi ng s&uwiefy architecture and devel opi ng patterns of conputing

services, the apparatus.conprising:.30 a. conpanent profile.repository for
cont ai ni ng dﬁ‘rﬁ?g%é‘w f?frdéﬁcf’ﬁmi’é‘géif’m@tm&ﬁﬁ?ﬂff’? %hlgeé&{ﬁ %'Q%e%ﬂ?:‘ﬂn% Bent
profile bei ngcaassm:atoReddddinahsianhsenpas distigsedd apt apaklte:, sofanant , at

| east one of the conponent profile being associated wth a . .
an embodimrerzgt of the in%ention, provides g graphical user mte\r,}dace for displaying a

20  deployment plan of deployed computing services. Components in the deployment
plan are interconnected by links indicating dependency relationships between the
components. Each 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 component profile repository for containing component profiles of a
computing service, each component profile being associated with a corresponding
deployable component, at least one of the component profile being associated with a
corresponding deployed component of a computing service;

a computing service deployment plan, the computing service deployment plan

35  being constructed based on information contained in the component profiles of the

computing service; and



correspondi ng depl oyed conponent of a conmputing service; a conputing
servi ce depl oynent plan, the conputing service deploynent plan 35 being
const r uctwa obasgs#di on i nformati on contained in the conponerCTHGosMi1es of the
conputing service; and WD 03/098451 PCT/ S&3/00113. 5 5 a discovering too
for mani pul ating the conputing service deploynent plan. In accordance with
a second aspect of the invention, thereSis disclosed a nethod of

di scover kng conputisf@esss tbbLopmatipllatirgthdidoenpatitly shevied deploymepiatlarer ns  of
conputing services, the nethod conprising the steps of: 10 providing a
conponent profile repository for containing conponent profiles of a

conputi ng sey ¥ieRlan@AR1ih & ABRAAARJecP6OthE fvel@in) theRSis @iscRb@a Wiethod af
correspondi ng depl oyabl e conponent, at Ieﬁs gne of the gngonent profile
bei ng assoc@ﬁ?@ﬂmﬂﬂFﬁmﬁm“EbWP@§EdﬁﬁF%ﬁmaéﬁ>d%@ ORIBHPHFHER OO P EBEpUt i ng

service; CORSLIHE tNRtRodcRmRHihpthesRpYSEE depl oyment plan, the conputing
service 15 deploynent plan being constructed based on information
cont ai nd8 i n t hePEEidHEAImPopgns Profilesrepsitony OGORFINRG PPt PEotiles of

provi di ng a,gj Qeﬁggr Qaln dodt b Ri1Eb iR adsh8atc@ WRH Sl QeSS €
depl oynent Sﬁgﬁg 2 %??g% Desé}ﬁgtio?s of fﬁ%aEXaiﬁng Eﬁbodfﬁgnfsgof t he
i nvent i on ardepldgsbler ¢oxednénsr asilaastf ane rof Wiet dempenent piegite bang dseocidiesl Wil ng

drawing, in LCh o §9@$ Jos 9 L.epresenting a computing
systenldepl5§%%§th§%§%k%e§ E?ﬁgkgﬁgwghgggﬁg%’ di agram of a |ayer of the
conput i ng syst encasphaipgentcompwitig| seoficeFdeployinen plana the| epmpluiing seviceonponent s
contain therei n bein rouped L o di agr am
of " congonapSiPet Pl SRR bt 4R b fbrbiash Congan R, nfffia 1 2
process fl| owedfidedofatie dnpotiveseyvist epls according to an

providing a discovering tool for manipulating the computing service

deployment plan.

20  Brief Descriptions of The Drawing
Embodiments of the invention are described hereinafter with reference to the
following 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 a 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  apparatus for discovering and developing patterns according to an embodiment of the

invention; and



enbodi nent of the invention; FIG 5 shows an overview of a working

envi ronnent of the discovery steps of FIG 4; FIG. 6 to 12 and 14 show
exanpl es wb oa/oeser graphic interface of an 35 apparatus fom/sdioseaeri ng
and devel opi ng patterns according to an enbodi nent of the invention; and
WO 03/098451 _ (r)”~ PCT/S@3/00113 6 5 FIG 13 shows an exanple of a user
interface for managing patterns in a péttern library according to an
Snbodi mest of t helG. neestHow@nn Hamdicl 6fa quﬁﬁemdgog,r Anmlnagip@rpaﬁm foos

i scovering conmputing services architecture. and. devel oping patterns 10 of
conput i ng s@@WW%@@mﬁﬁﬁcﬂﬁWﬁﬁﬂm%%@FQWSWI%ﬁéeBW8UFﬂed herei nafter. The
apparatus for and nethod for discovering conputing services architecture
and devel oping patterns of conputing services (hereinafter referred to as
"t he Systen$¥mﬂﬁééﬁﬂaﬂﬁgﬂto an enbodi nent of the invention is described

with refer e%leagh]ﬁatﬁk ﬁﬁf-dislo&e?ing‘éorﬁﬁutmglgﬁ‘v§¥§a{ré}ﬁieht§re%ﬂfd@&e?@ily pased on a
conputi ng syst depl oyment nodel 100 as shown in FIG 1. e conputing
syst em d@pl of permuting srslicasodimstifod thesefoniie prgvidadihereineficssi ng a  depl oynent of
a conputing system (not shown) onto a conputer-based host system 20 102,
whi ch typically conprises nultiple geographically dispersed sub-systens.
The conput i Afe systrans &ormpdimeskodnfor tdisobverisg wpopetimgssepdees Eehgariue o] G 2)
residing w.ithin.th t S 1 . Q erally
Classifed e Al BBl orUnbEile Heuod RGERTIAREN § & Tl Stuag)
conmponent s (aedordingto spremodinentofGhe ihyentioll redeecrdedpithesfesneOR BEEe 1dpgani zed

i nto separat rs 104 within the host system I rs 104

typi cal P@ et bﬁ%%é&eé‘é m%%m?fa@g%e? SPERNTR Fteéﬁﬁg‘%%%%?’g‘)e‘kf@é?, whi ch
respecti vel yheoindiI@. 5ervi ce, system and resource conponents. Each | ayer
104 has an associated |layer map 106. The | ayer nmap 106 of each | ayer 104
indicates the physical. locality of a conponent 202 within the host system

102 and t he @ssagipatih®tystoh @piyheht eddEIoONENts 282pktiting wintl hrealizing a
deployment of a computing system (not shown) onto a computer-based host system

20 102, which typically comprises multiple geographically dispersed sub-systems. The
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



30 The service conponents are for providing one or multiple
application-specific, vendor-specific or domain-specific services, which
i ncl ude pwowdadsagl servi ce-related contents such as web- c@oTSGN30@NE user
account data. 35 The system conponents are conventionally known as server
conponents and are for providing conputing system based resources and
services to other conponents 202 WO 03/098451 PCT/ S&03/00113 7 5 within

t he host ssysti@m thdRostByaem103. BkarspledofSHet §MEORGBAS ard DNDNBveESr Ver s,
FTP servers, systemlibraries, Wndows registries and key repositories. The

resource cORPBIENES Yalpmdbrmies.oNmdeys ieeiskips prddey FeposiRiie® t hat i s associ at ed
with a conputing node or a virtual device representing the physical

har dwar e. Exanples 10 of hardware represented by the resource_ conponents

i ncl ude net Vidie kesewticel Somppaerfs raprasRay ong of & Rhysicalfhay fhat ig Aporialab M nodul es.

The conponent c%n%ﬁ'étl}éélgk%d%%‘f R Jidye 'ﬁe\;i&éﬁe%reg‘eél%%gfg%yéiﬁl Qafant efampRd based on

the functions as shown In h Cluster 204 contains at
| east ord DB heshwpomesntesa0al by het tesousen gineponeniy drcluderreteeark\qagds, Bponent s

are grouped diisliyé %&S’I%Vﬁr%alfs'aﬂﬁ%h%rypﬁ§ L..on the simlarity of services

provi ded by each servi ce component. Iimlarly, in the systemlayer, the
system conponents are grouped into system clusters based on the function

of each systgm gonpon @CPZ ilr_zlxeaac Ha%?rufsﬁﬁ asrX?(noglmed ?Atyéﬁgﬁgt%z%gzcr#g %Fome()per ating

CQO Nents
system (OS) FSETErNY uat Bbase er a virtua chine cluster.
I n the resodmmtiohayiereof tadeshoea oinr H6. onhanie nlustear294 geontapedati letsd oneesour ce

clusters _based on Egﬁhfu ction gf tE@ resource co;[rsoonent.edFig{o g&(}l%rgpl e, in
the resddr c&OPROUME 242, JP e SSHyIGsdanen 115 SEPEE SPBRPRFCAT, 8108pe BIosFVESA) |
cl uster and ciustesd B4sa@@ncCihel Sirgilarity? of k@¢lesChtosided baOshchasrvita @spondnat ed

cluster profjl not shown). The c¢luster profile contains.a description of
an associ at egdlmgﬁ‘rg}’stlértﬁ%ﬁéi“ fla¥ ﬁﬁnsyatéglc FTPROFFILY ST BT PP “?tﬂegySt?rﬁncti on of

t he conponenyiiefOBase@ Hnaihb flndtR & dach ¢ nefboihef iHxamgs RAGhsteamponent
202 has a corresponding conpaonent profile 300 as shown in FI.G 3.
clusters include an operating system (OS) cluster, a database cluster and a virtual
20 machine cluster. In the resource layer, the resource components are grouped into
resource clusters 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



The conponent profile 300 contains nmanagenent information, which is used
for planning the deploynent of the conponent 202. The conponent profile
300 compwpDyem9sastescri ption 302 of the associ ated conponect/sSB02po1at | east
one association requirenent 304, at |east one association restriction 306,
and at | east one contract 35 specification 308, a |list of access controls
310, an ownership indicator 312, a WO 08/098451 PCT/ S&3/00113 8 5

conponent hicsinBénéns hibtord 3l4sta Bkt 60TostS PReifichttort | DS add 6 adligaration
configuration  specification 318. The association requirenent 304 indicates
whi ch™ of t héPeeHifgdeeti®s 202 in the host system 102 are required for
associating with the conponent being described by the 10 conponent profile
300. For exanple, in the case of a service caonponent, the conponent profile
300 is a serlip@esopipen reguireppant 304 wdicags yhichtof & sosgponshett mdbehostngi cat es
system conp i f Iy at A ! Qapgpent

bei ng descr?gﬁﬂﬁ E?ﬁ ?%eweélg%\c}i fg?%?%%ﬁ?g?ﬂgg&?ﬁg@%%ﬁg?a F%S‘eﬁﬁ]? estriction 306
i ndi cat d§ wieprshonsht predile GAonkait example, jim theheasaoafta seryice Gomporentnke are in
conflict wit : -0l fr a ' : nt being
descri bed bfgt @8%%%%\%%&%%%%% {ggg?&T esﬁ%ﬁa@fdg{&?g%?@gg?ﬁ%ﬂg? P%n 306
further prowndedesisyStemnedniponerdn rqgoiresh foradssauipting rahn the afvideceompongng

i nformation, _on.the, c Lct | the conflicts to be properly managed
or alleviat é’&lnég?ﬁuﬁgeﬂ}fe&lég%%aez%ﬁ%ﬁent of the computing system The

contract specification 308 states the information to be provided by a

correspandi conponent 202 f acgessi t he.,.comone 2. bed by
the co onglﬂ]f’ BGEP reﬁ%ﬁ?.‘%‘)lﬁgbgﬂ)‘bd%ia egtvi/qg%h O P e 8?&%%%{% S g@% ;ﬁHtcat ionis
i I'lustrat ed sSteSIiODGhdt diy e cofidt Wwittamsl Raveiveol @eahlibifetiTHdR) asessugy thé not

shown) as follows. The syste onponent  of P ser.ver, for.exanple an

Apache HTTP cSBpeRst b?‘éﬁ]&%ﬁ@?g}&y @?Irq‘))ﬁlpo%?nf Bré’ﬁiftbg)oﬁ% BECFYRITE P ocat i on

to be speci fIogdurkiRl pRfARS sféMRtied 6n pdtbfia¥ ahd Ehown @aflic&n drhedmormtitioact or y

| ocation requirenents are stated.in the confract s emliﬁlbigta‘?h:éﬁ‘irl]ﬁg?' g of the
server.

syst em pr of iMhejendlisin plinyvs the caifitis in Reprpombynansgeq fet
30 Ther efpor &epRyREdt\bk B cERAPRRNRPIeRS an Enterprise server, for exanple,

requiring access

The contract specification 308 states the information to be provided by a
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.



to the system conponent of the Apache HTTP server has to be provided with
information required by the contract specification 308 thereof. The service
conmponentwofo3fysasEnt er pri se server then provides the ApacreTISGIRI®es ver
with the required valid alias and root directoty ¥ 6cation to the system
conponent of the 35 Apache HITP server for access of the sanme thereby in
accordance to the association requirengnts 304 of the service profile
descri bing the service conponent. WD 03/098451 PCT/ S&3/00113 9 5 The

i st of access. .controls 310 cifies the.ability of onent . 202

cont ai ned i AB® Hﬁé’? ﬁ‘é‘iﬁs%?%gf’lé%?g@?ﬁmf%? g?eea?’é{ ﬁlv?r%rﬂ?(flﬁgt @gn@én lélﬁée%n 104, to
access the gIRPOBRBEr 2042 preRdbMgfr6la 36 dabe daydy 104) €0 a0eg dirarinppnent 2022 300 and
vi ce-versa. The access controls 310 _are conventi onal%{)rovi dedlby t he
vendors of beiag desspbeepy hezgmpprent Rrofiffod}0 ang WorsYEih 187 196535 WIS

associ at i on30f 4 GQUIRAREBHI1y RGN 1h8 FeiorPBRthY @BMPEnchis PR iAGRLE®BE Ng Or

bei ng accessed by conponents 202 supplied by another vendor. Fuyrther, the
access &@nt systam 382 te aypihasseeiption, fgcqmnoncaty R4 sERPLICHBY jope vandor d08rity or
operati onal ;‘sﬁ%cm i ' | Med3dhanond} FAHES MRARBerDr

mul tiple O\M%(éc;es f ?ﬁggggﬁp&g%g%@ﬁeﬁézgﬁi ed by the conponent profile
300 and t he theelcess$ cantrolsidp icanybe Wikized o magiwteg, PRHECal, GoaFtt %épérémﬂﬁgent 202
based on th?ea%mfi guration of the deploynment. The owner is one or nore of
any conbi nation of a systemincluding the host system 102, a cluster

i ncluding the service, systemand resource clusters, and a conponent 202 in
t he hos 2Q,system.102, T e I [ ent and
past coh? i 93‘}13%6?"’8?1“]?13gllsé%rﬁgg%glﬁc{m% eo@%ﬁo?%ré%t&%oﬁ%s %g?}%ﬁe '? ﬁeﬁl?g??l e 300 is
depl oyed updsscrii&iebicthapomperentprefilor3p0 afd thefrelativeegriorigf thatcdash piweerdependency

of other conponents 202 i he_host system 102 .25 h . The

conmponent hi° ?rc}ﬁi/c@ipl?n?‘g Zpa&?s%pn eec8X$ rréHroélsot 8?‘*.%?@@‘%8‘% ' g?lgﬁ%i&% depl oyed

conput i ng Syaé eMBiore dTiagy esabihanafiy sgaern ipliding the hodh eyscaampeR, iargpstes yst em or

t he conponents therein to be rectified enabl.i ng rede t,or

rest or at i on Rpfudmgethe SFRSIGE: Sﬁﬁer’éﬁgé ERPYE° ai{%efﬁ»o@f‘ arcgg’@ﬂ?eng?@glgtg? iBfed state.
20  system 102.

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



30 The list of cost specifications 316 specifies the correspondi ng cost of
using of the conponent 202 bei ng described by the conponent profile 300.
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i npact on systemresource requirenents if the conponent is installed. The
conmponent configuration specificatign 318 speci ffi es rrul‘ti El configuration
paraneters By caBpPRspf rgnEgEationntRsRdicttion3 ks spegHipeiipies @%’@E‘iw“?%d as a
key-val ue %Qaﬂ@ﬂe{s’fof’\éﬁ%oﬁyh& thd EorRMekte TFREIS pdrBndthieis @?’d’cmtaﬁé kB@R®Eue such as

“application-nane” an e value refers to as specific value corresponding
to the pérapsit.evhercimhe kep refarscio dhpsparameteranagive s4ohias “aRHCrERMABR Alfre, such

as "oracl e” 4 Anpf I?&Ers?&ﬂ%é&ﬁ@ alfe KbsRAlg S the pRBMYRE nlY, In this@8se, Ot her

paraneters include run-ti I nformation reFatl ng to how each conponent 202
i s depl oyable sadfiakp@icalinengyes; awabt & Hrackdt Amctieas texerprle of 4-key PRI 15 behavi or
of the companent 802 soheolpdrdifil HAIdE b Ahe! HEHARS Lhfibdld Ay on paths,
network ports and - addr esses, Poeation o application-specific configuration
files and lkafsonponert B62 s doplayabip end alteradde barguetatsi thet afisctahe sun-thhe run-ti ne

i nformation, i.s one..of appl.i i gh-specl fi i i 1.6

vendor - dpec PR Rg e reiPRiehCR, Al ARERh: o O SRR foflhs, |

deplt oymsn]E @éttwtohelt)mrm]ugddgsse;gslb@ﬁ?mbf aﬂs;éi_catfeml-sipzciifié mnfuhrar(i@mﬁteh@n@orrputi ng

systeminfrastru r scover eps e framewor ] conponent
profile 300?‘23‘5@’5 itg%ﬁk‘? ?Pl?ﬁ?é‘e‘iﬁﬁ'éfg%’inﬁ’ﬁn#taﬁg frg‘? ndiiem Ognﬁ(?(g litsg,.gecorrputi ng
ser}/l ces deg_k gy@ﬁaﬁ@-@?ciﬂegl cﬁﬁaioaﬁlgspéeigpuhﬂ ﬁgn%r—gb@ﬁﬁcc?ﬁ en'a’t&esbmbgslastm;bver ed by

perform ng di scovery step s sho in . e erationa

princi pl e b@FFUFREY hBLABNRE Q’Fﬁegl%‘ﬁ%nt\g’g@eicgm%%y%ﬂntoﬁgjréfr%\ailizatioﬁé’if nost ,

if not abl, Wﬁgﬁgsy%ﬁfihﬁg&ugﬁredepl oyabl e conponents have a default or

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.

35
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) h very st k to tect the
presence of 4Bt U BPBEFIED Mo rfORTE g ard{ Q‘EHW‘E Cigh, dOIGP; Pi ioggﬁ‘?i .e.
confi gur ati gt A cHRRABIE A6A 86 ofghidE MRk Aikowtied o tdetfratéwedk adnponent s and
re-organi ze these discoveries into_the franmework onponent profile

i I f
300 for ai dpegpanee ReRlet 300ctor giling thy @éﬁf‘é‘%?‘éoﬁlépng%?hgsﬂep 1t R ng t he
conputing SMS%%{EEQ&Hﬁﬁ%@%?&eﬁ@ﬁﬂéyn%&@méga%@ bagribea it bR fbregagi ng. 10 The

operation of the discovery steps ‘400 is illustrated with reference to FIG
5, which0 shows an overview of a working environnent 500 for the discovery

steps 400. TH@ \c;\%e%{lég{?hio@ heRINELTEY ?EF;B}MO’@QQﬂﬁ&EH@JJ WigSreforfifefto VG, oRRement

profiles 50 are typica supplied by different vendors, a pool of
r e- const r ucslenvscomyeniaw ofs sioiiesenviosos: 580 &rghe giseaverypitens 4690 Thad an

exi sting co | 5 obj.eqgt 1V 1. SEAV ps 400 is
to di scover Wéﬁ%ﬁ %%ﬁ%g#gﬁn%r% |gehs %ggﬁeéfc(g)ﬁ@%?e&g? goéﬂétshgﬁf ?—iﬁé(}:lzgrﬁt ructed
conponent ptypidalig suplid bydifEdreravendors, alpoof ofanreanstiucied cewpgreneprofilss of i | e

300. Initially, content_.of the r.e-co Jct o] . ilres 505 is
not knodﬁu. > h‘i&s‘fep Oﬁlgergé%no%/@eaﬁ% a% )gﬁurglcg,ﬁl%\gl\ﬁifgcﬁg%%%?i ggg]&)%]gér%pg’% r?gnt s 512
and dependengi &@so2fy Sidgs 400k iodiscote and aponeinfemiiid, to ae-epnafngtedribe reknown. The

conponents 512 typijcall CONpri ervice, .system and resour.c nponents,
while the qéﬁé‘?ﬂﬁé%%@%ﬁ%% o8 5@?1 ‘%Iﬂflh?rg&i R TpmEY ror?g(%?]né%nlélgrpg?f:ﬁ?es
cor r espondi ngo.t MmitR#g th€ odHaa oNthe dekdonsihiged @aiporsit pofildsi5e5 isenot kst uct ed

conponent profiles 505 is enbedded.in the depl oyed t ithin th
exi sting corfpiititfgleRlpyment 1?}?85%693 wiGh APRTIES C?’W%‘FF@%%%%B&Q%“@%’WW o:‘ inl e 201
suppl i edgby g fifigheHe MBPERVSE 512Nste ARDMOYIBGWO MBO REMpneAR 2 typidatly

comprise service, system and resource components, while the dependencies 514 are
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



detected and the properties therein need to be discovered via a detection
and discovery process 502. Once discovered, the configurations and
dependencwea3/opsafpr mati on of the detected conponents are exwrS&osed1504 to
re-construct the re- constructed conmponent profiles 505. Using the
re-constructed conponent profiles 30 505, the deploynent plan 510 of the
depl oyed conputer services is created 326. Thereafter, the constructed
depl oyment qbame%4@ a dplofsent bRk consbactionad ialRibteh stepetoB an dedvivin FEG.new

depl oyment s and redepl oyed 512 to provide an inproved and easy to manage
conputing system 35 The discovery steps 400 conprise a specification of

di scovery pool step 402, a detection and extraction step 404, an anbiguity
and inconpl ete dlscovery resol ution WO 03/098451 PCT/ S®3/00113 12 5 step
406 and a defscny hrhsc%‘ﬁ- @¥nstruction and validation step 408 as shown in

FIG 4 Sp*f‘fféf de aﬁw%@%ﬁgcxvé?g?ogoom%gsmasf loGrikinel With @Faﬂ?mgwr pool step

402 is concerne speci fyi ng ‘or identifying a pqo onent
profil e0f ordemfmgta mgolt he cempoenhpedileefdr siptgting dhepatiesizisd deplovedal |y,

t hese conpo f r r fe V8RIorsdT ROy ed
conponent s gbn Ogﬁgfa?#q%ll?aﬁfd% 08}{13 ort%ggﬁﬁg\rﬁ%@'ﬁlﬁoﬁoyﬁent par anet er s.
The step 402piyed ecaipopentny sid ewnfr fdsfarlingodpre reeompImdcdt depiRymeRpl | owi ng
tasks: 15 (az}ra L:rgCt ITEQ s9§e4(ﬁr fg?érgol qm%%%erf%ﬁ%mglcﬁé & BiA of GRPONeNt
profile rar ng system ting one or nore
conponent pﬁmbwhgtﬁkbrarles from whi ch conponent 20 profiles are
identified for including into the discovery pool. (c) Creating new
conmpone profiles and di scovery proxies for use in discovering the
profiles of the @pgtlosting e@nponené Sompéneao prditsnfrompr ebinpenbprafie depl oyed

nen r i
component s are not li{)r%?ydljnltl\{e c%\ﬁlaﬂu r?gb éy%f:em25

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

20 profiles are identified for including into the discovery pool.

(c) Creating new component profiles and discovery proxies for use in
discovering the profiles of the deployed components, if component
profiles of the deployed components 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.



(d) Selecting one or nore conponent profiles fromany form of conponent
profile repositories, for exanple, web-site repositories. Each discovery
proxy spewDfo3ees4ei t her di scovery-scripts for sel f-constru®Cirrsgodortizel f- 30
di scovering) the profile of a correspondi ng depl oyed conponent or a link to
anot her conponent profile fromwhich the properties therein can be

i nherited when re- constructing the prdBile of the correspondi ng depl oyed
Conﬁonﬁnsd Thﬁd&@%@@ﬁﬁﬁﬁ@ﬁnrﬂhﬁﬁmrﬁp@ﬂmbwrphemﬂm$mhmﬁﬂmﬁsmmﬁdeﬁdssociated
with the discovery proxy js .conpile t o, .provi ac nent profile,

wher ei n themﬁéﬁﬁﬁ%ﬁbﬂ¥ngﬁ?%Pﬂﬁggﬁﬁmgfm?%ﬂgﬂéﬁp%@é@sf@ggﬁﬁggﬁgﬁ?&?s ar r anged
accordi ng t gyt SéMBYQEter@fensieraRMRoRAqes PSuoH i dsesodER-col Ol ABBA51

PCT/ SG03/ 00113 13 5 The discovery-scripts are platformdepende or
platforn}inb@ﬁéﬂ@@hﬁmﬁﬁﬁﬂﬁ?§?“%ﬁHEHMﬁdWQt@&%ﬁﬁW SEHRS: HPTHEE P8t RSt i on and

extraction Ertaﬁlﬂarf{l@‘lofaé(tﬂ&%r hevhesreidasistagding oF¢ths depleyedoddnmnents
reverse-engrneering techni qgues such as source-code-|level and binary-I|evel

anal ysi $0 canesded andctiffisuitias wdliscayeing fee iafospaipar Fhe distqyey-scHRIS&MYALRY on t he
granularity ' ligeho SfhattRARE AbBARDNNEAd RkirkdliBn PeRERY ed
conponent s ﬁ%&%%ﬁ%ﬁ@ﬁgﬁgﬂggpgycultf@s in di scovering the inf%rnation. The
di scover y- sEhisprempenntaprofiles ser be tailoreddgt iusbfalplanngpd dgpIRyREY Wb enhance
the detecti ?lgo A eExLh 'ﬂ%?eo?.r'?ﬁagﬁ*sthe odiil nﬁ%%@@&ﬂtbel%é@c dslaG8caf@n be
tailored not™just for planning and deployhent but also for the discovery
t her eof . Thédr spscifyirpeexplinip dmstmetiops ¢f idiies anhguite thesdatection andrexirastior or

speci fyipg explicit instructi.ons to drj. 1d gui de the detection and
extractﬂgn pTE“%T%%%@Q?“ﬁﬁ%ﬂ%cgnggm:t%Mnggovery-scripts i ncl ude:
Conmponent Detection discovery-script - used for detecting the presence of

the deployed copponent. 20 Confiqurati.on Extraction di - i pt -
used for extractEﬁﬂp@%Wﬁpéﬂ?ﬁPQgﬁgmpﬁ$8PHﬁW$gﬁxé%&%%gﬂﬁégﬁﬁﬁé%oﬁ%%ponent
upon detection tfgised copurkntact Extraction di scovery-script - used for

extracti ng dependenci es and contract information of the depl oyed conponent
upon detection thereof; 25 Self-construct discovery-script - used in

sel f - congt r uct i N@oRKiRHEANE Bk tREHRNI @overy-script — used for extracting configuration

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



and when executed perfornms conponent detection, property extraction and
conpletely re-constructs the conponent profile of the deployed conponent in
accor dancwowsioysashe franmework of the conponent profile 300CT&HGUH3/BO15er vi ce
di scovery-script - used for discovering conplete services that may be
conposed of nultiple depl oyed conponents, thus, performng nmultiple
conponent discoveries. 35 In order to eldhance the detection of conponent
dependensi egesaittlor paspeitich Sof each npevifisdt sorhptabntapefikpeny flee dutbmatichly

associ ation, requirenent. and assocjation XI)OB/ 98451 PCT/%GDB/OQ%%B 14 5
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i ncl uded i nPsferaRly gpldagrdenytussip HPReccgrme dp 4 %&?ti S@S‘P@%i‘%f’ﬂ gﬁ%\i‘% step 402

accordi ng t@etfa GPRAd aohpoReE frbfet bORadDicpidyedl@6ABshent)  MReréforgponent
profile of each deployed Conponent. Therefore, 10 conponents that neet the
associ atlP on coraprrients bt mpett the Rsspsiatiom dequirpert ot rdec fiot WsRlcihr | CE#%Nn are not
| nl uded i ntg. it 36 RYShyRARo HRRESd ghctnd Extracting (e the pool of
conponent profl es Is specified, the detection and extraction step 15 404
isinitiated to search for the depl oyed conponents corresponding to the
speci fied i]les in the discovery pool and extract properties
therefron1u%%ﬁgﬁgg%gggﬁ&%mgne depl oyed conponents. The step 404 conpri ses

t hr ee sub- stOmps the(pdol détempinegt proflepisespecifed, dhe depitiopadd comgstioraie; (i)

et oot edSconbbRHE A se RaboPs B2 B Bobfben Rl Eladibd o nEEREITRL" 19

corr espondi rgmpeneat ppditdsf inethe cdisnpoerg rHooprnd ickiesst ipmopettiee tHérsbaverpgnpool is
deened successful | y- detected if one or onbi nat i ) fol | ow ng
e B e e S R R

wei ght ed pa e-s em systemresources (such
25 as network po(ijs) , daysihg hepagemt bf éplayed eiygmeniger at i ng syst em dependent
i nformation .. . .

(ii)  extracting detected component configuration; and

20 (iii)  determining detected component dependencies.

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
property, 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.



source. Base Directory Detection. A BasePath pathnanme attribute in the
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9
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directory or sub-directories thereof. A Content Detection. One or nore

fil enames or pathnanmes specified in the content property (not shown in

FIG 3) mal GRESibBdeBE A fifihfic SAAATES 2 Al arkibblin e bhfiguiigbct ed base

directory or irectories thereof. 20 "Conponent Nanme Detection. A
Conponent Napmpedy trstdhas duliyn ot ipertialdss srithpansr opmeyse filepamepptheh existainfthe enane or

directory nane fully.or reially i Xisting file-systemor a Kkey in
a syster%)‘{regletse t?d;t.)asggu é‘ﬁ 8%éu%adr%c@?stetg chh. A Conponent Vendor Nane
attribute in the descriptor property natches a filenane or directory nane

regi ot ry. " orsEavly Py B R o blebies PoBRl Dot I T i e
or conponentpropdfly Piocd khdvasiniIGh 3 dinsichaserith @erdrphce fikmenes thaexishé honponent
detection d idgt%gt\ég lrazys;: %ﬁéétgrg%r sub-directories thereof.
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 ina 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:



returns a COVPONENT DETECTED or COVPONENT- NOT- DETECTED result. Using a
sinple conditional probability, which neasures the |likelihood that a
conmponentwD3fp98asent, the final score of a conponent, aft®CTiSGo3/pEms or mance
of the 35 sub-step (i), is given by: WO 03/098451 PCT/ SG03/00113 16 n 5
pim i=1 where p represents the |likelihood that a paraneter is present,
the value of p is between 0 and 1, witlé 1 indicating that the paranmeter is
very likely to be present, wrepresgnts a weight associating with the
paramete?f, the value of wis betweehl®%nd 1, with 1 indicating that the
parameter is very inportant, and n r"épresents the nunber of 10 parameters
associ at ed whti paBresai¥ iR I&Rlhood Uhdt h(panamteiemsfpwselgpﬂlagaldeomns ibetweerondi t i ons
can be used to test for_heuristics by usin tfké soci ati on i rement
and associ afi8h1r¥dh { indigaipe ey %‘é?’i‘rﬁ %te’é‘ﬁé( 1l E’tf’i? Pﬁeéem’c‘gfﬁ%eﬁ%#

profiles. TheagsmaskotatinCwith mgsmtéraahe%me RE6y Bfbetesrhi |0l adsl, withol 15
conflicting conmponents detecte (b) Presence of De endenci es det ect ed

presence of ing thag the gapmARAt veRs prByHeNte Bt ErighesenisTihs WRPELRE of t he

sub-steqy(i hahRetRGsSHREASAhYne 6hfbhton Of depl oyed conponents having
correspondi hg conponent profiles as specified in the discovery pool.

Further, 20 any successfully detected conditional values or attributes are

al so updat e%ulltﬁgrothg @&e?o@r%t&?{ Féﬁ @orﬂf‘&ﬁ?&{n' t%sus@({‘% Blttebd RutigRs 8 u§1ﬂ§

correspondi ng conhponen These updated conponent 1_{)ro iles are
referred t o tlesassecigvnstequivmert @@Tps:m@lmonpre@ifﬂictl@s propetis spagified rini the each

re-constructed gn%ﬁp%po?pés p(r}%géel ﬁedr?h&r hl@ﬂlg mg%n Aﬂseﬁé‘es r@ﬂfﬁ‘ctsalld

consi st ent anR accor nent e 300 franmework
descri bead 25nﬂ1cnrtgheo1ﬁpnmgsnda@cuadt imdr @f)ePesanee tof Db@nd@wlesf tdatectad scover ed
attributes of the etecteﬂd

that are sp@TFI€d W THE re%nto?PéoyeaICL ér%oﬁg;fhp\rlmo} |hI Eahet ﬁfat (r:IIe?gE:SZd
conponent is tagged with an I dentl ty- I nconpl ete status. If two or nore
detected Co%g I?)%’Q:E)l%e %f ?he sub-step (i) is the successful detection of deployed components

having corresponding component profiles as specified in the discovery pool. Further,

20  any successfully detected 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 exiracted and updated in the configuration property of the

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



30 found to match with one conponent profile specified in the discovery
pool, each of these detected conponents is tagged with an

| dentity-woBgesass status. In the sub-step (ii), infornatiPem/SGes/adlihg to
the configurations of the detected conponents are extracted and updated in
the configuration property of the 35 corresponding re-constructed
conponent profiles. Attributes that ard7previously WO 03/098451

PCT/ SQ034 00ddBitedlih the wislat®d) iafe igheresUlincngiletd b)d an-eusignimeddr défmdonpl et e
and un-customnm zed or, default, attri ﬁut es ar§r irﬂgtgo&ga ion thattneed to be
extracted f RO saedalorpieg thay pesdrie Rt exragisd Tgmdpe, 7@6%PWP%G§'SM conponent
profiles with discovery-scripts, the extraction process is performed by
executing the configuration extraction_discovery-script I110 t her.ei n.

Ot herwi se, F9T disspVEgURaXiFOAT PoRAICH RIoglst %@e%sqoﬁerﬁ’ﬁ%‘?@% g0 PERCEPY | parti al
mat chi ng of ,enki GUERTHAH 69Y&kebiftinB €tht OoRBBurhbnd BelteBord MEkcvey-askipt t he
correspondi Rg ‘key values fromthe configuration files, This is achieved by
per f or milfig ﬂtereilmggthﬁlﬁ‘ﬂ@hilﬁgoﬁgwaﬁ@ﬁ filero argedeieoteddine g T Suguicat WoParti es.  Thi s
matching is : ' ext Xdnoh@ing | f the
conponent p?%#c?iﬁléqé%em ?dgts)ﬂé{%)fsg?g%&%lg%%f@tqjhﬁgng%ﬁ%E?Et()?forlljgse_tg, whi ch
conpri ses iy ivplues Gomf thguromfigwratiduefiles.al Ts paiaeliesf by pe&péestingin this

case all th figuratd [ j i ation
cets are oxiriie S bR RN ARHRLRR Ak, B bl B R Tent i s
t agged wi t htle Petahiregistey, ifome Arisisg libthe certypdngst, prafile spectfey enlylonp defaitlh| e
configuration sets. are, geperated for t u . { ver, if
the 20 égt rﬁ?:lft?%l};?%ﬁ? osg]ég‘gﬁ?}éiﬁo%lpp%ese% fr&glcet §%{oﬁl%ﬂ%8§1?§¥?§%ﬂ1ﬁ VS sl_gg\é\%i fied in
t he conponerbmpdgient i ine thit heasé edlle dliee donfigpaivankey-saltcagpes Wit mwtiple

Confi guration-| nconplete status.. Th ut cone of the.suyb-st ij) is the
updat ed conFP‘b‘lEﬁ“E?ttgg % P 6F eﬁﬁgf?lrf ﬁe(taﬁtgcw %quaﬁig’aqq? g%ecg?dg%g&? 1f/‘}n(t)f t he
re-const r uctedagREPYMENGL WoafiplreonoAmbigeodesaaied TR, depialy gosdldeponent s.
Further, each detected conponent is tagged W'ﬁ}h an appfdo ri at]g,%t atus. In
t he sub- st efoffiguration 5Ris Hp %?B?réteﬂléf”éé]%eegseli&?rﬁ ARt EoHay ﬂge‘('f&p nd&ncy

rel ati onghi Ry AGbE Gr&dsd Hilk 16 fitht doBfgritionakesys \epédifiddeth the @ipehshtwi t h
mandatory 30 dependency rel ati onships specified in_the {equi r ement
property of pg_:qﬁ:}e,é]&de@g@é efnpepent is tagged with a Configuration-Incomplete status.

The outcome of ‘the sub-step ‘(i) 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.



conponent profiles. To determine if a dependency relationship of the one or
nore detected conponents is valid, contract information is extracted from
t he det ecwed3/ogsanponent s and conpared agai nst contract i niPCTIs&03/00113
specified in the corresponding conponent profiles. If contract information
cannot be extracted, the dependency 35 relationship is deened invalid. WO
03/ 098451 PCT/ S@&3/00113 18 5 For disd@very proxies or conponent profiles
wi t h di s£oVEsydis@vemt froxieh @r eomipomat prafitésr arithidistodkirg-saipty, ythe coitpet | s used
for extracting contract information.fromthe detected c ents. If there
are no di scBYRFYRNs AIFREY-SHRL ¥ MeEn 9T oo EE N c‘?’ﬁagts mg?rglag%gﬁ%’g% éﬁf for the
conponent s AaVdicohipRnS AT dIRPE a0 GriMsr@ts Midoif cptigutatibn fib®taehi ng of
default and mandatory contract keys contained in .the copfiguration files 10
of the det eé?t%fdedcéfﬁpéﬁe?ﬂ%?qn%mbé’raf”é‘ﬂ e %E%en%&eléﬁ?l}sg‘@t pg n

contract  vahigsstopabrdestd hRRiatdde cSRReNEos sontdifddeih it htiBuratidn fesyst em
registry exists, the matching process is also extended thereto. |If the

requi r ed0 dep’éﬁ@eﬂ_i%ﬁyteémmnt%yper_@ﬁaedv& feduee, A EX RSt QURBPR{CARIERCt t he
dependency [l &t haNHRb fie ARGy MEBibERipLO! £ s Qkgifyr asmnsal or y
dependency relationshi ps are not uniquely matched or validated, each of
the correspontthing pdesescis adbo eatepdadetherstoi JT thegigairedj depengency contract key
Dependency- I U0 : ; QEdRAgAt ory
dependency élr;ge)*ag%icgﬁns%%%l&%@mr%{d’ @ﬁggﬁegsalsl%tﬁﬁéﬁ;\?gér}}lﬁsgg eeach of the
correspondi ng detected conponents is tagged with a Dependency-Inconplete
status. .20 e out caone_of .t he - P Lk s } J f the
dependelléy IQ?%& PoRSHi Blgnda%og W‘%ﬁ%dfg’%cg g iea%] g%%]g’é%é%%gtog@ﬁ%y gg&%@gg?f ied in
t he corr espeditatg, cactpafetie carespordes. d2Bctédrdogpongntsansl thgasdnpitet @
D scovery Resol ution, At. t he nclusi on S 4 roperties
of the depl BW%EWP&)A&H ﬁ‘tl%usszagls' eI#Ifl ﬁgpp%%n%%tgl?éf ggeéﬁnglg%?g)?g?e%%%ﬁart ially
di scover ed. refipngap tisahdty sticesnllgr eetifiedprgacnentt thearerdspogiéd Wetettedne or a
conbi nati on of Ildentity-Anhi guous, . | dePti ty- Igﬁgﬁpl ete,
Confi gur at i GWPW?BPEM%%“%W%H&W%@P%W% IS8t8;  Dependency

20

The outcome of the sub-step (iii) is the confirmation of the dependency relationships
between 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



30 Anbi guous and Dependency-I nconpl ete statuses. These partially discovered
conponents may be further fine-tuned in the step 406. The step 406 requires
user - assiwpanwoessand preferably invol ves using the System PagseGosnoIg3ito an
enbodi ment of the invention to help in resolving the anbiguity and 35

i nconpl ete di scoveries. For the anbi guous di scoveries, nanely, the
identity, configuration and dependency &nbiguities, the user is required to
sel ect ope aétedthical¥ohddidéOBB4adh BﬂHeSiElBgtﬁﬂéblSForltﬁe Sncdetpletd ddcakbtiesy nat i ves

for each of th ui.ties Fo c | ete di goyeri es. y, the
i dentity, cBﬂ??&dggﬁﬁﬁwydﬁ@ﬁggﬁ ‘# ?ﬁpgﬁﬁp%¥@%e glﬁg%§ragﬁggqU|red
to provide tdrobide @phedreplfa pambloRisSand ibtriBited infrhid enﬁ‘rdspbﬂdhg mpoesipondi ng
conponent profiles. 10 Deployment Plan Construction and Validation In the
step 408, apﬂ€%¥oynent plan is constructed fromthe re-constructed
conponent profiles of the correspondi ng detected depl oyed conponents
provi ded by the preV|ous steps 402,_404 and 406. Further, the constructed
depl oyméft  Pleplevisen 2 plidalosnd val i dated by using the System

to provide g fHe @t%h 4@@91 @éﬁﬁﬂifﬂ{enplglé‘ﬁ‘ istRfstruded RRk B8 RScdnbRicRid mpeAdt be
extracted and archived for future references. The deployment plan is

preferably grodibtsiof el oprpmending defecie deplosed gampoRentoRravidedby e sravious
conponent ) ﬁﬁ@f%ﬂ%ﬁﬂok' nkd, Etgls&&%em@éaﬁﬁnteﬁt Pl‘aﬂ@hﬁ: Bk itGher

dependency refatidénships therebetween, |ike the éxenplary depl oyment plan
505 20 s houwﬁnedl apd GalidntedThreusing fhreDgtenl oopravide e diek d@t@ﬂne@ép@e tapdn and
under - dtheC €1ns tﬁe eﬁgﬁl c?%/&{extr 8@& Sﬁta'rcgﬁ'veﬁ Hﬁﬂteoﬂéﬁﬁe gsorrponent S, which is
partial l'y agaressedj e earter steps wWher e suc conponents are tagged
W th anblguous and/ or |nconplete statuses arises 25 fromincorrect
detection c S _or corre t .ass Thus,
in the st epole?ﬁBCs g’é’ﬁ‘ﬁ?ﬁt@ ferab? H%T%; 9686 g%ﬁé \S?A Oat are not
actual ly de@épﬁéseﬁtslmcblhﬁomﬁnmmﬁl al‘@emeﬁct}eﬂmar hrﬂnmgmheedodns ive|ndiedingr om t he

depl oynent pl an., The pver-detection issue can be.add es t he
detIco au?/t t%éﬁet“fiﬁﬁyc@ﬁai”tsm’ﬁ stﬁ%fﬁlﬁf gmé% SEGHRdaY ‘%’P EGIR ul)s{tt g%f e lagr
havi ng a0 a@ﬁmﬂ MEFIQr 5.

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;



30 self-learning detection process. Alternatively, specific

di scovery-scripts are needed to accurately detect specific conponents.
Under - detwotoBogs4ss typical ly detection m sses that occur @ag/SGo3/0he3
followi ng factors: 35 Deployed conponents having correspondi ng conponent
profiles that are not specified in the discovery pool; W 03/098451

PCT/ S&3/ 00113 20 5 Depl oyed conponer0s havi ng correspondi hg conponent
profile that are specified in the discovery pool but the conponent

profiles fails to provide sufficient hints for detectin h epl oyed
conmponents or t hECRISH oGRRPOnERiH g corgrRending, fqmPOREHt¢ B%ﬁgee g‘ag i aﬁe

te the

depl oyment t her egfcifieN e iHeNischQery HRoUBR! thY esmparRpOpGLiles il GREVidzabl e
(i.e. cannot be generically detected); _and Depl oyed conp nqpti Qf not have
correspondi ng cofidrent b ofor | dstecting; the, deplpyed; cqmpopgits 05 nthp ARI0¥PY

resol ved by i ncl ygifgedt16:-CRARRN eltonREQf ih@Sthé RESofhént (RR&F baRengi scovery
pool. The second factor can be "addressed by fine-tuning or.  relaxing the

det ecti df condi t thedepleyed cpmbeents unycegnizhlei (e (cymmolibe gagasally detertid)s can be
used to accurately detect the deployed conponents. The third factor can be
addressed by creating a conponent profile for each of the detected
conponents. Discovery 20 proxy can be provided to automatically

sel f-construct ap 8%%‘81&'1 0 %Tdoln%tlgaﬁgmﬁégﬁongﬁi ﬁg@ﬁén offRde by the
execution of the discovery-scri pts ereiln. ernatively, a conponent

profile can be recreated in a conventional manual way by describing the
Che dedact ioh T dvas PACE I oS preta I ERhE g hopiBn BLENG B ng o' ™
preferably ypeifiddedi@ysirgnpoat c dieisagpntiofactor earbbdeliaddragsed by tfire-tuiing ent i on t o
el eselve the, RRriL ALY s st sranein pR d er SLEe
and used to accurately detect the deployed components. The third factor can be addressed
by creating a component profile for each of the detected components. Discovery
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



30 patterns of the conputing service. The Systemallows the characteristics
of the conponents of a conputing service to be represented in a |ogical
and easy woO oafgkasst and nanner and provides editing tools fPCT/SGo%erg3to

mani pul ate the properties and associ ati ons of the conponents. Further, the
35 System enabl es patterns of depl oynent plan to be abstracted, anal yzed
and archi ved WO 03/098451 PCT/ S&3/00123 21 5 for future referencing.
Thus, the Systi@meatenpingV THes tHe@ybtemfako pravidegitouds foantaeaging witerndepl oy ment
pl an and docunentation. The S\éstem conprises a graphical user interface
(GU) 600 aderlgyavmt plan prdglocgm % GU 600 conprises a visualizer w ndow
602, an interaction node controller 604, a 10 m ninumthreshold controller

606 and an acceptable threshol d controller shown. i.n Fl 6. The
depl oynment BhaRySm QOIEHHSS&PigW@h‘,&I%‘r%?rdéte’l’f%cer(ggﬁ)e@af’tségo‘ﬁnr ’é‘plﬂpc 8 1°in the
visual i zer WindRW BRPrisebydViGialibet .wiB@si 662 MR AAeRAbtidhModdlcdniell&WIALA | Ng
service is 15 connected to another conponent 610 by a link 612 indicating

a depend@ncyniniagy theesbpidpcontpliacaPor and 1 Asceptable Hwsialt somradler #0% 28 r owed
end of the gjéd%iﬁ%ga ¢ ndi cates the parent conponent and the non-arrow end
of the link 612 indicates the child or dependent conponent. For exanple,
as showmn in FIG 6, conponent Ais dependent on conponents D and E to
function pr rdys | QY LN 4 $ic2Qs GORSEhidEt ShHRARE N OMe t he

| at est i nf o?lﬂrrgtdle lr?y%;gﬁn fé\nlqn&t @%8%%ént cpr%fi | e of egggcbh. cgrrgon.gnt 610,
whi ch i s revisodger wotded G9as dypwally, whdy oaponent Ob0 a1 e ¢ompeing s§eviceddt ect i on
and extraction process. descri i he f.oregokng. | nf d

cont ai ne1 i ff° egte(gotﬁp%lﬁ)er?? %P%???ng%cﬂgn%iasélgﬂpélgpél}dﬁaggé egél;ré?l eng?i n the

f oregoi ng wilitionslep dewrer theolifkbGeoBpasntadil). dde tatrewedmal of hndink$ddbability

accorded to.the conmponent as described in the.fof NG 4: rdence
Val ue and Cd?'f?‘iaaeéﬁﬁeepﬁnﬁf%?@ﬂl&eé‘%%qeﬁlg 1o ng(?rl%%gﬁéhﬁ?l 1%19@2511%%1(:%% !3612 of
the depl oymenid pt @épehdent Bempirsatal Foz exanpladsviho6 2n FEG.a6) nomabedt wiish a
confidence value. The confidence value far each.conponent 3 10. i s
derived froneReRden RetmRORCT} g’b%ﬁS'l Eit‘? ?“Iﬁfm‘?aﬁfﬂl?er@b n‘gﬁﬁgﬁ?qoﬁﬁgé’iaél The

20  constructed based on the latest information found in the component profile of each

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.



confidence value for each link 612 is derived from dependency conditi onal
probability of one conponent on another conponent. The conditi onal

pr obabi | iwDas/0gf451 each conponent 610 and |ink 612 are nor ®PaliSGosi0a103 pr ovi de
a confidence value between zero and 100 with the value 100 indicating that
t he conponent is discovered 35 with 100 percent confidence. W 03/098451
PCT/ S&3/ 00113 22 5 The confident val ® assigned to each conponent 610

i ndi cat es t itRe kbdeRlchh o bhRmed eorp@herimpbiéht 630 dadiceads! the dikebleotl ther t he
conputing system For exanple, as shown ipn FIG 6,_conponents, A, C and E
have confi d&MeREGH] qQds eefuallycpresrpf %g?e GoEwpEY fyégf’k/.For‘F%%E&e’tﬁéh?Wel i hood
of finding GOMBOBEoAenisA ADEndE hivelcdRfideatuillied 95,546%ind 65 akdectBoly. 45 and 65
percent, respectively. The confidence value a s%g ed to each Iink 612 10

i ndi cates t ABus, ﬂ%@éll‘ieﬁw ‘tfﬁ@d@éﬁéﬁa‘é‘ﬁptsc"bﬁ:péﬁ‘fgﬁt Hlﬁscoﬁlpﬂ%ﬁ’&@%e on

anot her  cogponenli-6shREceRX A¥PcBvelRS TROSMAEdbite Fhite absigrel® bdchKinR 22 | | nki ng
conponents A 'and E has a confidence val ue of 100 percent, which indicates

that tha0l i klicatesdhe dikelitaofpbn dipendenteqoamanens hag SrpRtBIRICE MsatpisT per cent .
15 Further, c&ﬂﬁqpﬁmpsﬂ 18305304 i Fitk s, Bt Zink 81 RkikOlRipoRares sh@ enhance

under st andi ng. e color diven to each conmponent 610 and link 612 is
dependent o hashe confifencte Mdue vAI10@ petrente ythichrindicalzy it dhe dikeldmeduefi n FI G

8, conponent,aafl e iRl Bnt EY fRfhoRRhOr Lo indicate a high

confidence va onponent can be presented in red color to
indicate a | ow confidence value of 30. Simlarly, the 20 links 612 with

hi gh conft.i den val ues _can he e 4 ! r i I i nks
with | oalscoﬁflﬁlgeéhgl'ée fg?lﬁ%%enéaﬁ ea%gpltggcgn%fe}d%%ﬁegréeg&élglcgcrlé.w-u% ?en% & user sets
a mni num t haéshaldthg He@plobgivess iongch banprinmitril hand tids A3 id deemdendbher 606,

t hen conponents 0 and |j.nks 2 wth confiden val u r n the 25
M ni num t hr glgqupg&wgvag%b@gegﬁ?%% ef‘?%“@%ci‘sé TNe micﬁﬁgl‘ g’aqtol%ﬁah%ﬁ%ucﬁ{l lggcept abl e
confi dence Ipaxalted ihhpgced $6lor afidiedts Phigh torldenroat abd s vitile eshipdmdntdr al | the
conponents 610 and |inks 612 by, ysing.the ceptapl e ntroller . 608. For
exanpl e, as c&hbRpreserted iy pgd CBﬁ)rf‘%‘é“Lf‘ﬁ?Egb‘f"‘é\B?rgﬁf‘?fgé@ SPB&?S gglharf/bthga Thus,
conmponents GihRs Gy ih Riks cEklenddivhiies @Ribe pesReRed/al e colpralhileahdlinkgr eat er

than the acceptable threshold are )
with low confidence values can be presented in red color.

‘If the user sets a minimum threshold to 50, by using the minimum threshold controller
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



30 represented in green color indicating an acceptable confidence |evel.

For conponents 610 and |inks 612 that have confidence val ues between the
m ni mum tWoaslegd4dt and acceptabl e threshold, col ors, ot hePCris&o3/n@ds and
green, can be used to represent the conponents 610 and |inks 612 dependi ng
on the confidence val ues thereof. 35 Alternatively, each conponent 610 and
link 612 may be assigned a confidence 2% fference value as showmn in FIG 7.
The conf isdeﬂif&rcﬁllbé fvellhe eBvewa [theeadcsptiile tME@hBEl/ £d8HE LoPih&NINO0T8 23 5

di fference valu vveen t abl e t hoI d and .the con dence val ue.
For exanpl &@% ’tl e&&@é’ﬁ?&b’ﬁ@%{(ﬁ BsHbft C@f”"ﬁ’i‘“@@ bt @8 npe(:I)lrcleent A has
a confi d?nZQalué/ @g o éEHn t|99 c?ﬂﬂdetﬁbetdﬁl@erél@?fvgﬂe Iﬂ&&:gﬁ}p?ﬁdﬁt Anie esvlashmﬂar]Eer .
componen is + imlar e confidence differ al u or e
remai ni ng c8FoREdRnSe @‘f@reé?Fqul‘ieﬁE%‘ theismaiping %@P&%ﬁiﬂ&ﬁqﬁ 6@#@?&% ayed as
shown in Fl G cliculiR®f SM0BI8ed! 3 dhofen 18, FIGNE. 1Q?0€Qﬁ£ﬂ11§18nﬁleFK}’al|6Jeth@f
conponent C is 45. The correspondi ng confi dence di fference Iue of

conponer® Coprfidendy, valits efhcanapopeis (st 4% r &t EOTHREPUEEIS TOREdeICcE éﬁ

threshol d S%Llu@yoftéb% A&t @nd e waauf isdﬁecﬁf%@h&eb&%eé}pw&&%mﬁe as shown
in FIG 7. The confidence difference value is a hel pful indicator

i ndi cati ng tthxesthh@ satler th awprfaad thegonfidanee vaweof eompenint Crsshevpi Flge
conponents 610 and links 612 are fromthe acceptable |level. Thus, the
obj ective of 'the user is to manipulate the conponents 610 to arrive with
conponents 610 and |inks 612 that have confidence difference val ues as

cl ose t qS ZEIo contpcf)erslcsel é) hgfe c%n\glue% gfhgkﬁﬁllydlca%rqﬁ&fa{tm% Q@ﬂlezlfasérohowzgi The GU
£ i on nodes for ﬁ

600 provides three 't eract to 1ntferact with t
depl oynent pltathei lavdl hef mnﬁdaicbzcérthwicnnhpmeﬁtszmoThmbhnkmﬁb?r awt from Tﬂmdes

include an Aut ic {}: tje aE?d k d\éﬁ I n each
i nteraction ac%@ﬁgtl?‘% ué’rtgeg 8%’?83&&%“'@ e utla% %%'?:go %10
mani pul ati ngo mwamhebﬁpo&ﬁtsm@aﬁ ladks GER ﬂmttl’(aveaﬁiﬁdemmzi(ffaemce 6allmes athe
Aut omati c Nbg}% r ef er %Oﬂff'x%bqyed as ﬁl def ault node. In this node,
each conpoff ?toezf 3a?r?83 ?llfm PROY HECE BVt plan is displayed with a
confi denge

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 resulis in the System inspecting and recalculating the confidence



val ue thereof as shown in FIG 6. Further, manipulating the conponents 610
and 30 links 612 are restricted. However, a user is permtted to adjust the
t hr eshol dwo@R@9sasd 608. I n the Fine Tuni ng Mbde, the uselPCITSGHS/NEN3 NOr e
access to fine tune critical paraneters associating with each conponent
610 and link 612 to arrive at a higher 35 level of confidence value. A
single adjustnent of a paraneter of a <4l ected conponent 610 results in the
S>é_sr ; g go 51/518 geﬂ%ésmzf aaln&nfplaﬁaim 61( (Hiﬂldlnlgﬂds &2 ¢ e dﬁﬁmﬁleﬂ?lfiﬁl eg 8ddh] this )

P 113 .24 5 values of all conpopents 610..an inks 612 in the

depl oynent Blogdnis paeferably prsedibyy; experjgpernspis- EP g'frg}eéé‘@l%ﬁ%@ﬁ USRS Pence

users. To f difuehicel Al bt Gk cbRfordi IRE BRNLSk 61h& diggafeddenoeafideateie of each
conmponent 610 and link 612 is displayed as confidence difference value as
shown in FIéﬂﬁWﬂWQWﬂWﬁESN§WU@ﬁqﬁ68e is simlar to the Fine Tuning Mde
except that the Systemonly perforns the inspection and recal cul ati on of

t he confidence val ues upon the user instructing the Systemto do so. The

reason Behi dte Mrogali Modmisdv@%é?rﬁlec]ﬁﬁq Zrming Mode erenph fha ﬂ‘ﬁe%’ls‘ﬁ@rﬁr%y due to
aut o- adj ust E@r@&rmgfthé rﬁ%ﬁg&iglfl 208 '}ﬁf‘alo\dﬁ'ﬁ&? D YIROBorBMEKE vaRtidl UbAREY udeP @
paraneter of a conponent 610. This node of interaction is preferred 15 for
si tuati ons wisangingethy Systinptol ¢t o nsTharreaspe dghing dhig gl to [Ecgeme cpifddt ers to

carry out %&A(Sﬁ&mi u}@%@@%@@%&&%{%&éﬂw ﬁ@%ﬁﬁ&#{ﬁnﬁﬁ@&%&@

re-inspect and reca con ence val ues of e nodifie
depl oynent phjastmert tb arphtearcteadd antragpmentf610 hiThismuade of tnteractie@ isTprefedel 600 al so

provi des.a Lear,nin de, which. operates._|i } i i above
t hree dggcr :f%résgu?hﬁﬁ%?"/g%rf’ i8R r‘%%%‘a‘g‘s‘i.%gﬂlﬁea%ré"g%%%gh k%gfgér a%fé\%tetgg%gf%ét ed by
si nmpl y checklinge mahipantivnstheford txinGlibg tHentyeteactoi redbspest anti eedalralatei thg Mode

captures kno heuristigcs. T heuri sti.cs i ncl ude t ] of
conmponent tﬁ%vﬁ]%‘iekvsaiue%f&‘e Wopﬁggﬂgﬁ%?@% PAD- ‘ggérﬁtb %c,iva]tlﬁg%él}gthlts %ﬁ’ge

adj ust ment s ogggde to the conponents 25 610, the user may arrive at the
know edge that certain databases work very well with certain application
servers. Thus, this knowl edge may be captured as a pattern that can be

used fonof uttye &R AKERASvideks @NRamiNg 62 ivhi¢R loperate§ inl donjudct@smitwitt thehed t hat
a

above three described interaction modes. The Learning Mode can be activated by
simply checking a learn mode box 605. Once activated, the Learning Mode captures
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
certain 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 pattern, is present in the
computing system.

35



dat abase conmponent does not work well with an application server as
reflected by the |ow confidence value, this know edge may al so be captured
as anti - paotoateg4siThese 30 heuristics may be deposited in &CHrsens/edgs
managenent framework for future reference. Based on these heuristics, for
exanple, the probability of an application server is present in a
conmputing system can be deduced based d2f the know edge that an associ ated
dat abase sconpe nafimatid M| Fihd Futiied Mode el Mahiat Mode can pr ebetet! by nsinfe
conmputing system 35 WD, 03/ 0984 PCT/ S&03/ 00113 25 5 The Automatic Mode,
Fi ne Tuni ngﬂh?dﬂtéra&’i‘fﬂl%drﬁfé?fm%geﬂg&%an be sel ected by using the interaction
node controller 604. The System further conprises editing tools such as

di scovery tools, pattern tools a({uj | ear ni na% .00l s. 1??{Di scove{%y fTOOl S
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(dependency 1&8lifd @RS hi ps) between the conponents 610 in a deployment plan
to provide confidence values for the conponents 610 and |inks 612 as cl ose
to 100 d8 15 possible. Manipul ating a conponent invol ves associating the
conponent Wil @ery G861 €SPONdi ng conponent profile froma conmponent profile
l'ibrary, adjusting conponent dependencies, or nodifying the confidence

val ue of t hdisonpwntenls. are Axariptde foromapipeladng compenpnis odlls apddinkti&12 ool f or
single conp " f i f Hym figr single
conponent - s?ﬁeg’%deh%g%ﬁlgtﬁgﬁ Si) gg&eegég&%%ﬂﬁgﬁggg?qgiangl e coe?lrggir?grftg- mul tiple
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button a_ flaati t.0 r i 4 ) i : onponent
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possi bl e cormmxamgRrt of the discovery tools include tool for single component focus; tool for

single dependency focus; tool for single 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. 8, 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



profiles 802 is provided when the user presses the right nouse button while
the nouse <cursor is over a conponent 610. The user can choose the nost

sui t abl e wormpossant profile for associating with a conpon@ct/S628001Thce a
choice is nmade, the System 30 automatically cal cul ates new confi dence
values (if operating in the Fine Tuning Mde) and displays the confidence
di fference values for all the conponent26610 and |inks 612 in the

depl oynmerst moabut theaiseiSBI cegiain hhtSevrieor canpohemge deteeted,otht ivdenae femkue of a

conponent if_the user_.is 35 certain that et ect ed conponent is the
correct comfOfEgihe %8?5%’%%531‘%‘20 1b$tc§ct°§}?§nsai?g§r tgﬁala Watﬁéésg%e%d in the
foregoing detect a conponent with a confidence value of WO 03/098451

PCT/ SG03/ 00113, 26 5 60, but the.user is certain that correct conponent is
det ect ed, t H&THEen &encasey ¥ erec‘hégn@lé”‘t“lﬁetoctg?lweﬂ’eﬁé atopshye qeﬁx’efﬁd"q’go
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force chi¥ngagemsficking ouse engfe ik Gl2heampesding yha Bvn srmromenty §1Q &ethec) i cki ng
on one end Qfig@idel NKinBhé GRNBRE UtAging NQILME GRMBPIRNYSK 6610 1o ahdiRer

vi sual i zer wi ndow 602 and draggi ng selected end of the |link 612 to another
conponent 6Xompeness 6 K jcapblish s aew relptiomplop §1819t0-t her et 0. The singl e
dependency focus tool allows a user to focus on one dependency at a tine.
15 This tool is used for inproving the dependency confidence | evel by
changi ng t heThesmgirodependsngdcusriebl 9iawss usshipcispnpnGde@nd@icyigle ithe user i s

only intgre i n- ' ' n 0 | 904, the
user is %:ezlt;eh(é{jggp\}\ﬁtF%dc%ﬁ%n?ﬁgﬁﬁéﬁho%#)gﬁ%&g% 9 gGi?%e? bgoc?r% e?l?lg 902 and
904, r espectdowpbyentsHCand 0 ensvnimFIthe. Sinmtthe 8GR isamlly @@Eested ipthovi ded
with a confi ce.value. If the u S ct,s acle 9j r. 20 ¢ onent
902, the Sysr?@ﬁ?‘}ﬁ%%’:ﬁeg*(ﬁegtc%@’?r}?‘éts?%P?‘gbe@ctéhev“afrulgp eé?nt%‘{)‘Fo’rlpt%ﬁ%er"%g&. I'n
addi ti on, t hitscsonfand O0€ or\tainpenecafs 992 ahd 6B pespenivellyn Bablecdmmierd G thes

recal cul ated. i re se to, the sel ection of cle 9i.. Sim Ly, if the
user sel ect 3”&;}3(% I‘?Eg%pfod’i‘dedévd%&%ﬁ‘%en%ﬁguet &é&’%ﬁ?éﬁe‘f’t%@éﬁctﬁl g%es t he
confi denge V@hipesenk 002, CiPRRA HecAOZate e cdrifideid VAL €6t ®nipbndnhe0d. iTat 802.

Based on the sel ected conponent, the dependen 5 confidence |level is
changed acc&déiﬁﬁ@’. the conﬁdrg?lce value of each corFrjlponent ﬁlythe %1st SOé~I Is reca[ilcu ated in

response to the selection of Oracle 9i. Similarly, if the user selects Apache HTTP for
- component 904, the System recalculates the confidence values for component 902 and
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



The singl e conponent-single dependency focus tool allows a user to find the
best option available for a single dependency. For exanple, as shown in
FI G 10, wboBles4sf ocus is on a conponent 1002, all parent Pcorggosrents (1004,
1006 and 1008) that the 30 conponent 1002 depends on are provided in the
visual i zer wi ndow 602. Thus, all that is required of the user is to select
t he dependency conponent that provides 2he highest |evel of dependency
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| evel of deq,endency confidence value. 35 Th _}s1i ngLIle conponent-mul tiple
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PCT/ SG03/ 00113 27 5 111 OA- as shown in FIG 11. For each dependency
rel ati onshi gelatiqnehip link L1840 gergmpongni dist s04cenniinam fQUr GoppoRsHy MiRnce

val ues fromgyai6h bhGieHSE Valc@Nis %P(R@d%@ ttheCQRREIH TombHRnARPGRGANSY, or _
rel ati onship wth conponent 1102. For exanple, for dependency relationship

| i nk 111100A altemetéieie sam be prasentadi seing: a oler.itplgrab b Bresb iR With
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underlined, or alternatively, can be presented using a color,
pref erably, pyeferbly, @dnplimdatlys fwi tépendenay ralativnship dinke $1 198-Gweantpeneritni mum

threshold c I a color, preferably, red. Simlarly, for
dependency ?%fﬁ??%@ﬁﬁg%ﬁ@l 10E-C, conponent |lists 1106 and 1108 are

provi ded. 15 Pattern Tools Pattern tools are provided for users to create

and define terns. A pattern is created when nultiple conponents are
gr ouped ]t% gﬁﬁgp—;{gﬁe groupi ng process involves registering the conponents

and t he depdandencyoly &t pidvided Hbpseled vvesn atiddefme ppuenesn 15 patiertt ficreateie gr oup.

The created pattern may have dependen rel ati.qnships with 20 external
conponents t n&?lgplﬁdt%mé’g’\f‘/?mso?lgtg’f%up@&é%e r'p:a e?h‘?pllﬁg\\ljmpfoﬁ%srs ,m‘fq)iY'leﬁs and

references htr@gigérﬁ@rth@adrﬁl?ﬂheﬁsb @rﬁf‘th@ﬂéiﬁn%lﬂcﬁﬁmibﬁéhgﬂ baﬁx%eaath% cofpéeatscr eat ed
pattern. The _user may al so be pronpted to proyide informatiqn relating to
how, when arfdithihdiceerotpe Ehesieaad &&"F%rérrﬂasi QE‘f‘}r spendeney, rlionphips ?’StLA pattern

i's defingd Ryl REmBoIARN thit 48Xlot QA ES MORFARANBEMA BirdRRI EnkbBamad
references to other patterns can also be specified as part of the created pattern. The
user may also be prompted to provide information 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



approach. The graphic-based approach is illustrated in FIG 12, where a
boundary is drawn around conponents identified for including into a
pattern. wopawnesasn fl oating tool bar 1202 contai ni ng vari ®a3/SGoah@ 13 s
provi ded. One such tool is a selection pen tool. Using the selection pen
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such as the conponents that should be 35 present and how t hese conponents
shoul d be configured together to satisfy the business requirenents. On the
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bad practice. Ba ractice tenplate (or anti-pattern) should be avoided
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pattern as a goo one base experience of the
user. Al t er ngoi vebad pagerns ®romevide oivoregf how izeeheitgde paiteamisbe enpl oyed to
match an identified pattern against a list of known good or bad patterns
to provide a score of how good or bad a pattern is. Each pattern can al so
be assi gned Eachnjagerd singalst be essigiied ainhique sighgmat ullke ugiqug esipantatee® by usi ng
a hashing schene ich processes information contained in the. 20
conponent pr%?f’frf‘%g\ggfus?lﬁé‘ @Bm%ﬁ%ﬁ{ng’ YV %H@cﬁsﬁ?stlgﬁoﬁrya%c?ccé?&fnﬁgll@%’eonce a
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the pattern al so change . Thus, t(pf ci.thque, Si %nature caﬂ al so be used as
an i ndex formstE%_rp&ﬁ?ngl c%eﬁ.%ﬁgsqgsmo ified, the unique Signature for the pattern also

changes. Thus, the unique signature can also be used as an index for searching

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 on aselected 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.



25 The System preferably provides a user interface 1300 for nmanagi ng or
docunenting patterns in the pattern library, as shown in FIG 13. The user
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| ocation of a pattern repository, a patterns wi ndow 1304 for displaying
the patterns in the specified pattern repository and a pattern description
wi ndow 1306, which provides brief inforBtion 30 on a selected pattern.
The user 5i nteftatensl BA0, 1342t hat4 adniRlbstiswan Mer ¢ tmite, dodifyodelk@0MRdf or
providing extra informati.on on a selec atter Create button 1310, a
Vo £y but ¢ GHTEgsaghs B I e oBfons 9% Bobisiye B oRrntkedng a

Di scover buti3o® allows theassess ROWihel Btart 35 frEdhGlischbIery Wibd3sy B84 bk aP6sTdcs@03/ 00113
29 5 The buttons 1310, 1312, 1314 and 1316 allow a yger.to create, nodify,
del ete and REHFFBAF erapiiPior srlecten PRYRAR fu SORMRENERIEBW PEHSOYRY PECESvel y. The
Di scover butj 880 kobdhSis alph 846 bhdRe dideRertRo®kd her start a fresh discovery
process based on a selected pattern or search for a selected pattern in a
conputing system This discovery process is also known as a pattern based

di scovery prg&§agemn bascitBscBild SfReRaNOls 8liuss WY SaYchFoPmERAind phidiMes @ user to
search for matching patterns 1n the Internet or extracting patterns from

an identifi ebie bvnmpritor ayiragling pafernpHeonp ar dspiifiedesompyting sygtepr oEeR8tPHy ol ves

anal yzi ng t heldgpt .rgcjegsdi&&qpsljaﬁaﬂ&%r%?’%g l‘?&@nﬁﬁéd E’ﬁiliétﬁigg%ysté’rﬂckopﬁﬁiﬂéﬁ{si ng he

patterns agal nst tterns 1n a pat I brary. mat ch i s” found,

ei t her part iaafllcymparinigithe patteriseagpinstipetteras axa patictnelibraty e 162 sptchyetund t he
visualiz ndow . : - - tt
8 a0 35 L8 OERP LS o0 UV RRIPY SRS PaL o

are prefeéra same co e user Is able to
mar k each pattRewierexemmatisd ttascastitne@tmatcled patpera bie @referallly highhghtedimn, whi ch

is then archived for, future e. 2 C tern n i gned a
wei ght, sim %Pal?eocql%réuﬁvuvel ge]ht &8s ?Sg%)g%gt Iglgr{khegc}l B%geﬁ%%t?agtggﬁﬁ%gé%%nponent
profil e as dessptablead anti-phiteen, fvdfiehgeiheg archived fratfitesernsavei ght is a useful

i ndi cator when conparing an infrastructure against a partial pattern, which
is - a subset of a conplete pattern. For exanple, as shown in FIG 12, a

conpl et e(patkah Hattern can also be assigned a weight, similar to the weights assigned to the
properties in a component profile as described in the foregoing. The pattern weight is
a useful indicator when comparing an infrastructure against a partial pattern, which is
- a subset of ‘a complete pattern. For example, as shown in FIG. 12, a complete 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



is displayed in the visualizer w ndow 602. Wthin the conplete pattern, two
partial 25 patterns 1204 and 1206 are defined. Conparing an infrastructure
agai nst tweg/ogsasti al patterns 1204 and 1206 yi el ds wei ghPsT/S6s/0d11ar e
converted into confidence values of 100 and 90, respectively, as shown in
FIG 12. Based on the confidence value, the wuser manipulates the parti al
patterns 1204 and 1206 to provide as high a confidence value as possible
for the par theateepalid eredsyih Pdtieaumtan 3R6vide3in Tiadibfora peefahidy sipiby itaéd f or
conparing one ttern again anqi.her to.derive.a super- patte which is
Cypr cal 'y a CHBRGEFS BU firoBrosrar QERIFS T for o P RO YR oh BT hiag,

exanpl e, if a@cuisSl TRSERNESHhE WMyePatt ngichisg GO Slbental pattehdpik ay @admownt he sanme
conputing system the user may conbine the two patterns together to

provi de one pélf}?fér-patter n. 35 The pattern conparing process involves
superinposi ng one pattern on another. Once the overlaying association is
establ i shed, the System conpares_the differences WO 03/098451 .

PCT/ SG03Y000 4 3trategy-19-ngtemieiRropsic isoaneten yrh dorpaeatbe 1etieriy  pralseigtarean

i ndi cator, pRyehefsaiafeds With! @(Kmﬂlﬁng hRrviOBEJISINGE pYSHee OFnu§OBdishance
difference value, for indicating the |evel" of matching accuracy. The

hi gher the |teRiedllyoompaise ispemifie depleyableceaymeoperds patviedr # pafual gleploxenin
pattern. 10 fishy RERRY ciipRRlibe IiforBRAGPARMpbISAPRAS 10 AtO! UGhEA! T N
patterns. Strategies are often associated wth conputing service

depl oynment pitreicgsss alstagings peint agiterss cay ieceredted by mpedifeng pec siicciic

depl oyable c I i S

cont i guraci GAPRARaY bR ReEle g iy i5h gHER: AL, T8 LARMISHIC 93

strat egy as show$ argrapigcap oepreseniptint of asstratagy lre ther wistadiderbyindodi 402i ng t he
specific 15 depl le co nepts.in.the strate 0 [ onponent .
For exanpl e,paﬁgﬁ%’@cansl?'neo 1n §§¥ gﬂﬁ% glglsglFélﬁ)P selé% oé;frp&nﬁth%% antger% P4 nggy in the
vi sual i zer wbeldaw BQ2t0 dawpatphsrn thdfkRre anclésingd afultipdd cryparents g 10 has

sel ection pen too romthe pattern floating taolbar 1202 to.draw a

et tor n bourMiary Kur Siey Tl bie el S waak ke i I 1A A,
strategyd s @ﬁcl@ﬂ@ta@s&%ﬂ(s%huill’l?t@hl@ﬁlen B dsdrimaly Relett 0ty Oracle DR Riametvhat any

20 Oracl e dat abase works egua well, then the user el.ect Any Oracle
DB as a new (generic) component fgr the p%ttem. Once the components encq(?s%d s1n the patterny

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

then be archived for future references.

25  Learning 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



(generic) conponent for the pattern. Once the conponents enclosed in the
pattern boundary are confirned, the pattern 1402 is deened created. The
pattern IWO023028351 t hen be archived for future references. PRF/SGOEDNING Tool s
The System al so provides learning tools that are simlar to macro
recorders, which record the user's interaction in the visualizer w ndow
602. The recorded interaction nay be s8ppl enented with additional

i nf or mat ison thiardisalokyte ptltawhldeldui)glhahgfs msdification$ end eomdrihetidnd cenéreanadeon i s
archived as & V|t can be in d b t he user to 30 repeat the
activity, thu @%W h%“ﬁ?%ﬂﬁ@ F& {ﬁ’gt Mg the System In the

f or egoi ng nanner an apparatus for discovering and devel opi ng patterns of a
conmput i ng service and method therefor are described according to an

enbodi nent of the invention for addressing one or nore of the foregoing

di sadvant ages of 35 conventional nmethods and tools. It will be apparent to
one skilled in the art in view of WD 03/098451 PCT/ SG3/00113 31 5 this

di scl osure that numerous changes, nodifications and conbi nati ons can be
made w thout departing fromthe scope and spirit of the invention. WO
03/098451 PCT/ SA03/00113 32 5 Clains: 1. An apparatus for discovering
conputing services architecture and devel oping patterns of conputing
services, the apparatus conprising: a conponent profile repository for
cont ai ni ng conponent profiles of a conputing service, each conponent
profile being associated with a corresponding 10 depl oyabl e conponent, at
| east one of the conponent profile being associated with a correspondi ng
depl oyed conponent of a conputing service; a conputing service depl oynent
pl an, the conputing service deploynment plan being constructed based on
information contained in the conponent profiles of the conputing service;
and 15 a discovering tool for manipul ating the conputing service depl oynent
pl an.



2. The apparatus as in claiml1l, wherein each conponent profile conprises
mul tiple properties, each property being one of a description of the
conmponentwo 0309s5confi gurati on specification; at |east on@Cassos@is on
requi renent; at |east one association restriction; and at |east one
contract specification, each contract specification specifying at |east
one paraneter required from anot her conpdnent for associating thereto. 25
3. The appar@kimss:as in claim1l, wherein the conmputing service depl oynment

plan is represented by a plurality of nodes and |ink each node is
associ at ed \?\ln‘t h ar}\n &P aglﬁggt Cglﬁcr% FORRP ESSERCS iaﬁ%ﬂ?cﬁwﬁiaﬂ‘g H%Vﬁg)pﬁ’gde to
anot her nodepatterns ettoaiputifhicidcd, theleppantdsnemprigh@t i onship thereto. 30 4. The
apparatus as in claim3, wherein each node and.link is annotated with a
conponent conf i dén&mRANYe P 5qﬁ§$§%d§ﬁéynﬁﬁﬂﬁﬁHQWEEEU%P Ugsebéct i vel y,
the conponeimpafiy seiog ccavidlcb@phiRhinrofiRtbeial hbeifbd Wil 4 bitdspdiaeg a
corrponenh)d a soci%ted with the node being present_in a conputing system
the depetderfteplonsble sommpansnicat 16ast oee ehsepmnoari rofile bens pwecipted BithRood of a
conponent  hagprdspdadias dessd csﬁb&khmﬁhbﬁp&ﬁl\%a%@,er conponent, the
conponent and dependency confidence val ues 03/098451 PCT/ SX03/00113 33
5 bei ng cal cul at FOBRYERE BHi¢eferlogagE Plany the sempeingsarvisesisaleymentplagnd
dependency REQRRLkItN BbcPof HIRRANRGH caraRs AR c¥hbdhehNfrofRES 1 The
apparatus as in claim3, wherein the discovering tool conprises neans for
changi ng a depwhdeheyieespad i onship of a first conmponent on a second
conponenis to a ] SRS l.L.Shi Byl pendency
rel ati ongshi p of 'ga &iéstcpi( Jrr%lg ' éonprﬂ%?ﬁlg)ﬁ%aggéﬁ? ﬁ%ﬁﬁ%@?éé%%hgg%ent :é\?llq?'he
conputing service deploynent plan. 6. The apparatus as in claim4, wherein
t he di scoverq ng I rise Ml C i t hr eshol d
controller f%r sgggi%égggﬁf%iﬁhﬁygggfk@gﬁkégﬂL Q%ﬂ%ﬁmﬁ%h&ﬁm Qmﬁéw%

multiple properties, each property being one of:

a description of the component;
20 a configuration specification;
at least one association requirement;
at least one association restriction; and
at least one contract specification, each contract specification specifying at

least one parameter required from another component for associating thereto.

25
3. The apparatus as in claim 1, wherein the computing service deployment plan
is represented by a plurality of nodes and links, each node is associated with a
deployed component and each link linking one node to another node for establishing a
dependency relationship thereto.

30

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
35  confidence value being indicative of the likelihood of a component has a dependency

relationship on another component, the component and dependency confidence values



15 value threshold. 7. The apparatus as in claim®6, wherein the each node
and |ink having the respective conponent and dependency confidence val ues
| ower t hawotob@9sssni num confi dence val ue threshold are repceseosedidtisi ng a
color. 20 8. The apparatus as in claim4, wherein the discovering tool
conprises an acceptable confidence value threshold controller for setting
an acceptable confidence value threshoB3l. 25 9. The apparatus as in claim
8, whereisn dmiofy cadddated basadnén himy resgediive deésp@c tprababiligo apd rdepdnd envgt
dependency confidence val ues equal, to. hi gher than the acceptable

confi dence Jﬁ&ﬁ%ﬂﬁ%?é%ﬁ%FHM%?@gW%ﬁﬁigﬁﬁ?%amg%ing a color. 10. The apparatus
as in claim4, wherein the discovering tool conprises neans for 30
changi ng the co nent confi.dence val ue of a node. 11. The apparatus as in
claim 4, wherein {PREPRIFAEATR PR 1 ere&’bﬁ‘ﬁﬂf%%‘?“ﬁ%&}?icwsesp‘gg@é?% ng
conponent  anflaGeResageadencPitididangLoalienippfct 64 ladtdoad coRfdhentdghect i ng a

change in the information contained in a conponent profile of a _ 35

cor r espoiidi ¢ SABBASAL toreby Hestablithing: » MyWsdeppndaac arépsintofphadistno -

03/ 098451 PChinpthtdt 80k hirddbmpodeht in thecRRBIS bd#vic@epldynich@iiim, 1, Wherein the
di scovering tool conprises neans for replacing the conponent profile of
one conponent in the conputing service deploynment plan with a different
component predf i | &pe I3narltye APRALRINS, Afhekdin GhidBcdveritB €& BorhitRediaSCOVEri Ng
tool being operable in 10 multiple interaction nodes for providing

di fferent | epaimunyfconfzdsaey valug thireshold rppnirgller fo1 srjtingnal myivingoh senfidendeng t he
conput i ng sg;ﬁjqﬁﬁgsﬁ!oynent pl an, each interaction node bei ng one of
automati c node, fine tuning node and manual node. 14. The apparatus as in
claim1l, further conprising a learning tool for capturing 15 and repeating
a sequence computin ryi.ce plo n | an nj.pul.ating ste usi ng

t he discove??ng ﬁ%gﬁpP g$§ﬁ§leﬁﬁ%ﬁcéﬁ%ﬂ%?% J%F?%yﬁ?# %glﬁ%%gmél g@atus as
in claiml, rbspetthvercoapopent ahd degenfaicy epnfidencd vdlass lowenathan gheamthimum

confidence value threshold are represented using a color.

20
8. The apparatus as in claim 4, wherein the discovering tool comprises an
acceptable confidence value threshold controller for setting an acceptable confidence
value threshold.

25 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 are represented using a color.

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

30  changing the component confidence value of a node.

11.  The apparatus as in claim 4, wherein the discovering tool comprises means for
performing component and dependency confidence values recalculation upon
detecting a change in the information contained in a component profile of a

35  corresponding component in the computing service deployment plan.



managi ng a pattern, the pattern conprising at |east one depl oyabl e
conponent. 20 16. The apparatus as in claim15, wherein the pattern tool
conpri seswaos@dsasti on pen for identifying at | east one cE®CPGGSOIIRr Vi ce
conponent for defining a pattern, the selection pen being -a virtue
selection tool. 25 17. The apparatus as in claim15, wherein the pattern
tool conprises nmeans for acquiring infd#mation relating to how, when and
where a pattern iBheupndtes aspoolaing &f wheireig tHehliscpetring tavl cdBpristdupeappar at us as
in claiml5, V\{nereitﬂ t he pattern.too CO@risestrreaps for .30 tagi ng a
pattern wit R 9P 18 CPBRIFEARIRGO RES SRMPEPTH: 1P HE® SfORRIEDS SPHE one of a
good pat t er ndephgtmantidch with adifferepbdonponent pidfileThe apparatus as in cl ai m 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 procesges iThkQpp@hitu®hs GOslhiad Nedhdréin tilediddove@dStoolobenCEFFROGNEML
profile corresponding to the at | east one detpl oyabl e copponent in the

pat t er n. {00 BYipgginsragior) Sedsy o1 1Rrovidme slifsqsentTigyels o gh  capRfulitys 1om ¢l ai m
19, wherei N HlEpHAINGU SN rGPHbiRin®f the hRnPaAE sBvice ddphStheS pRR, b@ieXx for
searching purposes. 21. The apparatus as in claim15, wherein the pattern

t ool conpri s@$rasEemEBodheingiqne oF BHpPRtisgnedephing wring mednandapampligodehe pattern
and retrieving the pattern. 22. The apparatus as in claim 15, wherein the
pattern tool conprises a user interface for nmanaging patterns in a pattern
library, thelduserThepearttazes mongm kifigher compisng ® feainangaiophiyr capdurpigt t er n

library; 1515 fRaBsafl » daRh@Y BBt LR o AN ARACH LD rhRuRAld G5R |1 brary;
and neans for gp'?%?/i n(gl +nf or ngj?lﬁtt(‘)r%e.reel %et?ériil’g to gpsefr%clﬁ%@ pgtat tlgér n. 23.
The appar at wssingshd disolvering tod thepgtoreshancingerqsattivaiyn t ool conpri ses neans for
deleting a selected pattern. 20

15.  The apparatus as in claim 1, further 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 being a 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 pattern 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.



24. The apparatus as in claim15, wherein the pattern tool conprises neans
for conparing at |least two selected patterns. 25. The apparatus as in
cl ai m 15, watvafgddnl t he pattern tool conprises neans for 2PChiSsosv@ns ng a
pattern, the means for discovering the pattern being one of a tool for
starting a conponent discovery process based on a selected pattern and a
tool for searching for a selected pattébfn in a conputing system 26. The
apparatusdias in claim15, further conprising a graphical user interface for
30 interfaci a-yser with the conputing.service deplo |.an, .t he
di scoveri ng ?%o|fﬂﬁﬁﬁp¥ﬂﬁsﬁ%?&%?ﬁpﬁgdﬂﬁgﬁvﬁwAmﬁgfﬁ ma%q§ﬂ§%§v§¥?ﬁb
conputi ng seused aesm iadexltod seaiching p@poseslevel opi ng patterns of conputing
services, the nethod conprising the steps of: 35 providing a conponent
profile repository for containing conponent profiles of a computing
servi ce, eachl.conmengpdratdé af inl Gaibel 3)gviRsEP Giedfa@emWoblcotpeitds B&ROMH Ng WO
03/ 098451 PCT/ SE03/00113 36 5 depl oyabl e conponent, at |east one of the
conponent® prBFYES AR BRoBleimipg tegptign and eBieyag Rediterd- depl oyed conponent
of a conputing service; constructing a conputing service depl oynment pl an,
the conputing service deploynent plan being constructed based on
i nf or mati on ont AEESPPHANS e 18 ldiEinEht wheseinfthe @attese e ecommisest # vgelser vi ce;
and 10 provigieR8ceolin Iy, I HBR Bl et i .ing service
depl oymont - pi e TR paitin! 3 palh AR By Rl ke ol BB 01
constructing the WAL logefingsls patiem lidegsy:oynent pl an conprises the step of
represenid ng the i% | using a plurality of
nodes angilinks,I%%@ﬁgﬁgﬁgmﬁgégggggfé@g'&a#ﬁ%ﬂgﬁ%ggkgg%gigonponent and each
link |inking one nradefor displayinhaforneten febtingktadslebsthpatprm  dependency
relati onship thereto. 29. The nethod as in claim 28, wherein the step of
constructing the conputing 20 services deploynment plan further conprising
the step of Znnotlatiappardac hs imod@man Wherdin thai dakiera tocimpaieinds meunt ifdence
val ue and a &ﬁgﬁndeqqx(fogjidence val ue respectively,

£ a Selected pattern.

20
24.  The apparatus as in claim 15, wherein the pattern tool comprises means for

comparing at least two selected patterns.

25.  The apparatus as in claim 15, wherein the pattern tool comprises means for
25  discovering a pattern, the means 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.

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

and the pattern tool.

27. A method of discovering computing services architecture and developing
patterns of computing services, the method comprising the steps of:
35 providing a component profile repository for containing component profiles of

a computing service, each component profile being associated with a corresponding



t he conponent confidence val ue being indicative of the |ikelihood a
conponent associated -with the node--being present in a conputing system
t he depermlersp9sssonfi dence val ue being indicative of the IPCsSIGosro@d3 of a
conponent has a dependency 25 rel ationship on anot her conponent, the
conponent and dependency confidence val ues being cal cul ated based on the
respective detection probability and depéndency probability of a conponent
associ at éd wieplyathecongebaent 38 leabhenendttirochngenéem polfde heiBassodigedwiththe st ep
of providin% t he q}scgvgrigg tooIt ?0 coqﬁgises.the step of providing a
tool for chafgrig a dependencyPyerat fSAERTPESFVE™ first conponent on a
second conponent comtractingl 4 dompignenticd Heslelyene plaabliiestonmtiag saeie
dependency relationship of the first conmponent. on the thiyd conponent in
e ot (e oy Brse] b O oS G R BOO s 37 5
31. The net hpetilasofithe dohputh@Rrvivdiesiei n the step of providing the

di scovering tool co ris%f t he, step 2% proviqing a m ni num conf | dence

val ue t hifeshol d EBIIG 1% rd108Yorng e fq0! niGT AMARIRTARI infPRIBRES PEIViee
threshol d. 3@ployientiminhod as in claim 31, wherein the step of constructing
the conputing 10 services deploynent plan further conprising the step of
representing each node and |ink having the respective conponent and
dependency c@nfi depaRmeal 468 clamer, WRaRin ﬁa@%teﬁ!o@'c%&ﬁ@fﬂqg%&ﬁﬁuﬁﬁ%' ue
threshold in a color. 33. The nmethod as in claim29, wherein the step of
provi di ng t Herviesteplpamierigplen 6pmprisss ghenien sbicprasentisg die edmpiBgisaivieg an
accept ab| L vak r : I; ccept abl e
confideﬁ%ﬁ 3§P%gﬂ§ﬁ§§gﬁgjgﬁi@@ﬁﬁ@ﬂgﬂ%ggﬁgg1g%k§%dh<§%ﬁ§§%§hﬁ e?gP% t he step
of const r uctdeplgytdempongnt pidepch el lnikdessongapotpranatheriode fdrgstablshingenpr i si ng
the step of I J de and 20 link having the respective
conponent aﬁ%sﬁgggﬁggﬁggwﬁﬁﬂ??ﬁgnce val ues equal to or higher than the
accept abl e confidence value threshold in a color. 35. The nethod as in

| ai m 29, iRsth .Of i di ng. ' ' I [ h
Ctep of pr ovou ng T 4B Bab L HhPEROE stp o B dihe BRleenbORLe" s of

a node. 20 services deployment plan further comprising the step of annotating each node and link

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
confidence value being indicative of the likelihood of a component has a dependency
25  relationship on another component, the component and dependency confidence values
being calculated based on the respective detection probability and dependency

probability of a component associated with the node.

30.  The method as in claim 28, wherein the step of providing the discovering tool
30 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
new dependency relationship of the first component on the third component in the

computing service deployment plan.



36. The nethod as in claim?29, wherein the step of providing the

di scovering tool conprises the step of providing a tool for performng
conponentwand/ogiapendency confi dence val ues recal cul at i onPap®Gosieilesti ng a
change in the information contained 30 in a conponent profile of a
correspondi ng conponent in the conmputing service deploynent plan. 37. The
met hod as in claim27, wherein the step3df providing the discovering tool
conpri ses t#d. st dpe ofethpd ay irdélaign 20, twheileirf the steyepf movidg tiredisonpongendl profil e

Gi fferent  conpBRLe bt e SpH suRa B g IBERoigRoRo e k™ 1

nmet hod as i nsetingh Midhundoafiéénde tilee Biteshol@f provi di ng t he di scovering tool
conprises the step of providing nultiple interaction nodes for providing
different levels of capability for manipul ating and re-constructing the
conputi ng senVi cqhe deflody¥ERclddh B, whaeh thatRp @@tcbﬁy&uem@embebrﬂgutm@e of
autonatlc node, flne tuni n 10 nnde and manual node. 39. The pethod as in
clai m 270 f FPEHSs derimpmant fp}%g friher SPRIBTISRE [5F SIFP O REPresertgrsarhgode 39l f or
capt uri ng angknepagiid@specirRisRipote find Q5RHANEE cHBIdv@ S atRP Idneriih Pl an
nanlpulatlng st eps us;wgithe di scoverjng tool thereby enhancing
product i vi t ythe mmimwm confilones vabe thigshold iajagpler-27, further conprising a step
of providing a pattern tool for creating and nanaging a pattern, the
pattern conprising at |east one deployable conponent. 20 41. The nethod as
in clai m40,33wherlép methied as ireglain 2% méhoiedi thy steinef pravidogrthe dstoveragripeli ses t he
SLep, Of i OVt he Bb bF bolidh l ob ARNLIRILAY Bhe!FRSIPAGERADUL | NO
servi ce conmponent for e selection pen being a virtue
sel ection tfoodettingBn 4¢epthhle cm@idwm;b ‘atblelﬂuresiﬂobzli m 40, wherein the step of
providing the pattern tool conprises the step of providing a tool for
acquiring information relating to how, when

34.  The method as in claim 33, wherein the step of constructing the computing

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 ofanode.

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.



and where a pattern is usable upon defining the pattern. 43. The nethod as
in claim40, wherein the step of providing the pattern tool 30 conprises
the step wboprgsssdi ng a tool for tagging a pattern w th aPsTsGozoupdn

defining the pattern, the status being one of a good pattern and a bad or
anti-pattern. 44. The nethod as in claim40, wherein the step of providing
the pattern tool conprises the step of3®roviding a hashing schene for

generatirg a unique signature 35 for assigning to a pattern, the hashing

schene genergtes.the uni.que signature b 03/098451 PCJ/ SX03/00113 39 5
processi ng i%‘ or Eﬁ&?imc? Oggﬁflbfslﬁl |’thli‘?5yt8% ﬂ%e?{fwl P8 lscé)g?rlmgg ((’]:)1ndi ng to
the at | easompriesdepkey alflpeoviding andtiflle interidtien paddee for. prébiding hidffereithod as in
cl ai m 40, erein.the. step of provi.ding,the ttern_tool onprises the
Step of proVrtEr CoRPUIY dpr BBIIHIAG 4 AP EIHC o e QST RE “THESpat t or n
10 and r et ri@plop@eithfah @bdtenferackion mdae beRE R Suiohatit id¥e e Whigei n the
step of providjng the pattern tool conprises the step of providing a user
i nterfacl fdrodsRAHAY. B erns in a pattern library, the user interface
conprising: 15 neans for locating the pattern library; neans for displaying
patterns contained in the pattern library; and_ nmneans for_di slpl ayi ng

i nf or mati on ¥el atlhagethodas geglar e fisther opprising thepkrp obprayingaiepying] aj m 40,
wherei n the géiep; efpiRVirdi ReeatiRe a R8GIeREoft Qputit® sG PP UL ISPndnR §ladt ep of
providing a tool for deleting a Selected pattern. 48. The nethod as in

cl ai m 40, whesnduwptingesteps esnedhe gisepypiangigolitbraelysnhacmgmouiuctiddnpri ses t he
step of providing a tool for conparing at least two selected patterns. 25
49. The nethod as in claim40, wherein the step of providing the pattern
tool conprides flhe netled asfin glaami2di fgther conpirisingra dipsefgweyiling agpapemt ern, t he
tool for disgoyering. the patter ej 0 a t ] t i a
conponent di tg@ogog r Ji/rg%lp g c%g S ?na%%@d Qo%a@tgmé gﬁ% 3)%%%11 p%ﬂp gfrsﬁ% a%d%gstt t (g%l for
sear chi ng f aeplysdd estedegattern in a conputing system 30

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



50. The nethod as in claim40, further conprising a step of providing a
graphical user interface for interfacing a user wwth the conputing service
depl oynerwOpBasg4st he di scovering tool and the pattern to®CI/S&63/00113

39

5  processing information contained in the component profile corresponding to the at

least one deployable component in the pattern.

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



