-1 INTERFACE FOR DISTRIBUTED OBJECTS AND DEVELOPMENT PLATFORM THEREFOR
FIELD OF THE INVENTION 5 The present invention relates to an interface for distributed objects in a
software environment, a software development platform for building such interfaces, and a combination
of such an interface and with software applications in the form of distributed objects, of 10 particular but
by no means exclusive application in the construction of interfaces for disparate electronic devices.
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construction of interfaces for disparate electronic

devices.

BACKGROUND OF THE INVENTION
15 Existing distributed application development platforms are
used to construct software applications that are designed
to solve one or more domain-specific problems; in doing
so, however, the applications additionally provide general
functionality such as the security, failure, presentation
20 and distribution of information. The main role of this
application platform is to minimize the amount of non-
domain specific tasks, so that the application designers
and programmers can focus on the domain-specific tasks.
An 1mportant result is that appropriate problems can be
25 solved by this application platform in a single place.

Existing systems for building distributed objects include
the _NET (TM) and the J2EE (TM) distributed application
development platforms. Both the _NET (TM) and the J2EE

30 (™M) platforms provide a roughly equivalent level of
abstraction for the application developer, particularly in
the area of web services, though they differ in the
choices and qualities of various operating system
platforms, languages, developer tools and services that

35 they support or utilize.

The J2EE (TM) and the.NET (TM) platforms rely upon



- 2 computer languages; the former is built in the Java (TM) programming language, while the latter is
language neutral so typically utilizes, for example, the C# (TM), C++ (TM), C (TM) or VisualBasic (TM)
programming languages. These 5 platforms also provide an execution engine (respectively the Java
(TM) Virtual Machine and the Common Language Rugti@e_engine), and - in both cases - the language is
compiled to an intermediate form that can be interpreted by the execution engine. The execution engine

provides 10 indepenggﬁégg@dﬁo%mégg%gaqu%:%Bp%%erss_%_n@gﬁ;?gﬁrnﬁzj%ﬂg (53 aat% Intel (TM)
n
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developer. As the J2ERTWY!) pratiarsuanbasig @ edava oMy peotjeayvg langesge while the
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implementation (such as the Intel (TM) x86 series) and

provides additional features, such as security in the form

of a sandbox to prevent unauthorized memory access.

Third-generation languages (particularly the Java (TM) and

15 C# (TM) languages) are fairly similar in the capabilities
and expressive power that they offer the application
developer.

As the J2EE (TM) platform only employs the Java (TM)

20 programming language while the _NET (TM) platform can use
multiple languages, the J2EE (TM) platform does not have
to provide the illusion that all computer languages are
equivalent, particularly in the key area of data types.
This 1s iImportant iIn producing true interoperability

25 between components. The _NET (TM) platform, on the other
hand, allows developers to choose different languages for
different purposes, or simply employ a preferred language.

Both the _NET (TM) and the J2EE (TM) platforms provide an
30 extensive set of class libraries that cover the spectrum

of 1/0 (network, file), graphics, database, low-level

security libraries. In both cases, there are well defined

ways of developing and packaging components (in the case

of the J2EE (TM) platform, both Enterprise Java Beans (TM)
35 and regular JavaBeans (TM)).

Both the _NET (TM) and the J2EE (TM) platforms define a



Both the NET (TM) and the J2EE (TM) platforms define a - 3 set of core services, such as web page
request/content handlers and security services, such as NET Hailstorm (TM) security service. 5 Finally,
both these platforms are heavily promoting web services using protocols based on XML, SOAP, WSDL
and UDDI. However, the apparent strengths of these plajforms also 10 mean that the NET (TM) platform
has reduced cross- platform interoperability, while the J2EE (TM) Platform has reduced support for

languages other thag Jie Jpvadti)pioraguning ignqeg.andieduser nedermanee l crucial
application functions sufcili as GUIéo%Igga.rligéghe% 15 develoge(r: dIS_'[I”\IELfI aa[ipUtCéi}IOHS using these

and other existing dg\%] opme?nta[ﬂatforms aresti rE‘ébﬁgé 10°d&al \iavﬁh, amongsf other things,

component construcfidM) RPN R S ips, the handling of component failure, asynchronous
semantics, thread decoupling, 20 asynchronous component configuration, distributed component security
and distributed domgotitat biraghedib. Eerm RRYLEFTE EINeV ERAVON AREoRAdNe aviist aspect of the
present invention, 25dneicessproviced prsoftvearksddesdeodnant XNhifoi®0ASY, allBRlinguadsoftware
developer to developpp ppplication that comprises one or more software modules, the platform being
operable to provide any of the software modules with at least one component that allows the respective

software 30 module %wgg@tg Fha déﬁﬂgpmogjﬁénglﬂﬁée%ﬁa@\@%éeﬁita‘l%Frﬁ?g"%ﬂ%‘?f‘t is created

independently E}the devel ent of t S ve software module, Thus, by using the software
development p?a forM the gﬁ%)f%aﬁe'dﬁeé\ilggﬁ dggg n%? n&\'}réa}% vggrar-u%%_?gu)'t’k?sglarious system level

issuesthairdaﬂeu)8$ﬂﬁﬁﬁgﬁ |nteroperab|?ity, while the J2E M) Platform
has reduced support for languages other than the Java (TM)
programming language and reduced performance of crucial
application functions, such as GUI toolkits. Further,

15 developers of distributed applications using these and
other existing development platforms are still required to
deal with, amongst other things, component construction,
component relationships, the handling of component
failure, asynchronous semantics, thread decoupling,

20 asynchronous component configuration, distributed
component security and distributed component diagnosis.

SUMMARY OF THE INVENTION
According to a first aspect of the present invention,

25 there i1s provided a software development platform for
allowing a software developer to develop an application
that comprises one or more software modules, the platform
being operable to provide any of the software modules with
at least one component that allows the respective software

30 module to operate as a distributed object, wherein said at
least one component is created independently of the
development of the respective software module.

Thus, by using the software development platform the

35 software developer does not have to worry about the
various system level issues that relate to distributed
software development (for example, lifecycle and state
change). The software development platform takes care of
the system level issues by independently providing the

40 software modules with the component that allows the



software development (for example, lifecycle and state change). The software development platform
takes care of the system level issues by independently providing the 40 software modules with the
component that allows the - 4 modules to operate as distributed software components. Consequently,
the software developer can focus of application related igsues. As will be understood by those in the art,
while the term platform has been used 5 throughout this document, the invention could equivalently be

constructed as a fra'ﬂSWfEspﬁebﬁgl}‘%ha%f %eygép{ Sdﬂggﬁ'ﬁﬁa%megﬁ a@erﬁxggglity of

components (each p&eferabl¥ P [ and 1 reusabl? \}Q% are homogeneous | specification with said

0 he, software er 0 .
at least one componen{?%r% Srably the at 163l ofia componenpcomprlses an interface for handling an
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component, and softiRee&ababtdef eafryinyddesdide operaticha €harpréRsabiganeysigtdorm allows the
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operational calls areye bepmetqieitidepurd.q Preteriallyrike platform is operable to programmatically or
declaratively define a selection of components and 25 software modules as a strongly encapsulated and

self- contained distrilplp@plqugfg, Risterably the platiopnisyrsiahia ggcgg%qqtbs&'d At least one
component to perform,one or morecof thr 30, control, operational call logging, distri d operational
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operational a0, 35 BHTERAR (R Bla i AOBBHRTINYS cbhstoRF ALtERTION With Sa

at least one component.

Preferably the at least one component comprises an
interface for handling an operational call (or method call

15 1n object oriented languages) into or out of the at least
one component, and software capable of carrying out said
operational call.

Preferably the platform allows the software developer to
20 specify for said at least one component a type, a name,
and whether operational calls are in bound or out bound.

Preferably the platform is operable to programmatically or
declaratively define a selection of components and

25 software modules as a strongly encapsulated and self-
contained distributed object.

Preferably the platform is operable to construct said at
least one component to perform one or more of thread

30 control, operational call logging, distributed operational
calls (such as, for example, remote method invocation),
authentication, encryption and broadcasting of operational
calls.

35 Preferably the platform is operable to construct said at
least one component to perform one or more of thread
control, operational call logging, distributed operational
calls, authentication, encryption and broadcasting of
operational calls in a manner that is transparent to the

40 software developer.



least one component to perform one or more of thread control, operational call logging, distributed
operational calls, authentication, encryption and broadcasting of operational calls in a manner that is
transparent to the 40 software developer. - 5 Thus, the components can be provided with functionality
(provided as "Features" in the preferred embodiments)_insa_manner that is transparent or invisible to the
software developer. 5 Preferably the platform is operable to provide one or more system defined

components for perfqrmig’g P& Ok ﬁﬁ%?n%fn@‘secggll]e,%sarppw,i (?e%;]o_%iﬁtﬁn mﬁr&qgﬂgﬂ, rsistence and

configuration. 10 These system de components are provided, in the preferred embodiments, in the

form of system Facef®"PYIeEhRShe (RARIRSS opRrdtle BI5EGIHeonEBP AR S) shine
components for addingneIditiad ofl sefboiigpangot e donvipshbhes dadrsoefdigaredules that
constitute a respectyeveiwpépaid distributed objects. Preferably the respective one of said distributed
objects 20 inclugles said one or more system components for adding, modifying or removing. Preferably

the platform is operable to create, update,or_destroy any distriquted object managed by said platform 25
it said platiorm EBELGIN, T a e bARoRRIE AR P A GVANE o SEcF s tbre

development platform¥sRNisdsidRek araneHsrhRsfReT EoHRIMsuRASIECTRE/ 8did first 30
platform to another of sbict pikaljtyusighaffotys vesisiciatifost patyemand saj ofdestdatferm are

operational. and configuration.
10
These system defined components are provided, in the
preferred embodiments, in the form of system Facets.

Preferably the platform is operable to provide one or more

15 system components for adding, modifying or removing any of
the components and/or software modules that constitute a
respective one of said distributed objects.

Preferably the respective one of said distributed objects
20 includes said one or more system components for adding,
modifying or removing.

Preferably the platform is operable to create, update or
destroy any distributed object managed by said platform
25 whilst said platform is operational.

Preferably the platform is a first of a plurality of such
software development platforms and is operable to allow
the transfer of a distributed object from said first

30 platform to another of said plurality of platforms whilst
said First platform and said other platform are
operational.

Thus, the platform can be used to dynamically create

35 nomadic distributed objects, and preferably provides meta-
data to construct distributed objects and define their
relationships with other distributed objects.



Thus, the platform can be used to dynamically create 35 nomadic distributed objects, and preferably
provides meta- data to construct distributed objects and define their relationships with other distributed
objects. - 6 Preferably the platform is operable to develop user defined components that can be
automatically linked to other components according to_tyé)e_or name. 5 Generally, the platform will be
operable (and typically operated) to provide each of the Software modules with a plurality of such

components. Prefer rgm. | 0 plte ' o f ne of said
distributed objects a%éﬁ%%%rﬁj gs (?c?i‘gﬁr‘z } eFv%eé ;%{(?g%t%ﬁ%%gé%% gﬁégn% other distributed

. omponent an ufom al
object and/or according to remova SAicassociatioh. IS Fieietaniy fha platform'is operable to form one

or more associationS ¥RtheCRIPRL RSN ERaAPRO IS 1B rERA LY PFinREGBEHT dependencies) between any

two of said distributed objects automatically. 20 Preferably the platform is operable to construct said at
least one compdnentsoarsablyueuden péatda@md/onddt touncesadrbtioGahdalty fiatakyasynchronously

invoked and thereby,plewteayrrest greaddy asutiol &6 cORENYe FRMRaasSIEIWIBS Ul Peingablocked and a
further thread of 25 confiol §9 €eayipus _ird CoREBHE IS invocation of the operational call, whereby the
invocation and execution of an operational call can be decoupled. Preferably any one or more of said at

least one component. 30.is constructed by means of the Jini (T latform. Prefer any qne or more

of saic one or more EARIAITNHATIAR B VERCUELE by REAR Ot SO TAATSRSHECYS hue, such

distributed objéds witédRppte@dhe 8PtctE sotHard plddnededyepbeclith acrE bie dnponent that
any association between said distributed object and any

other distributed object and/or according to removal of
said association.

15 Preferably the platform is operable to form one or more
associations (in the form, for example, of references,
linkages or dependencies) between any two of said
distributed objects automatically.

20 Preferably the platform is operable to construct said at
least one component so as to queue In bound and/or out
bound operational calls that are asynchronously invoked
and thereby allow a current thread of control to continue
processing without being blocked and a further thread of

25 control to dequeue and continue the invocation of the
operational call, whereby the iInvocation and execution of
an operational call can be decoupled.

Preferably any one or more of said at least one component
30 is constructed by means of the Jini (TM) platform.

Preferably any one or more of said one or more software
modules is constructed by means of the Jini (TM) platform.

35 Thus, such distributed objects will comprise one or more
software modules together with at least one component that
allows the software modules to operate as the distributed
objects. These distributed objects take the form, in the
preferred embodiments described below, of “Meems™.



allows the software modules to operate as the distributed objects. These distributed objects take the
form, in the preferred embodiments described below, of "Meems". - 7 Preferably the platform is operable
to provide each of the software modules with a plurality of such components. Preferably the platform is
operable to allow the 5 programmatic or declarative definjtion of a compound distributed object
comprising a plurality of said distributed objects, whereby said compound distributed object is strongly
encapsulated and self-¢:

. f ! 50! l ble.
3 q’%ﬁ%@?fol&gf?rﬁ{\#é{meﬂ BRSL AP EOPPPIE iF e aaahls pnghdeusable

Preferably the platform {5 jurther %%rlaebse Vtvo Pﬁmgde an aﬁc {he gfftgvl% mg%ulgﬁ‘, Vr%h at least one
further 15 componen??hat Aowd a5 respec'tlve Sovals'modi€ lo opera(fe R LT Object. The
platform is preferabl)éconstructed using the same techniques that it provides to the distributed application

20 objects. According T8 Ee588dNa BeBebd iiFRr BretentitcHlbs, Whed IOWrdiBed a software
application devéfopeRregngnitrtdcinirsaecyaophiae slaffdnhidaestridbdealsonpaidccording to a third
aspect of the present rseniiont etieod jepovedep nidistrip e biojedtidsyveddped uding the software
development platform idaseibeeeab ot ¥t Brefanapit leasiva parpelsriddisitibited edject is
constructed by mearbso_(ig@@ Jigi gW%H&f{Prghcﬁﬁggi(H'ﬁgdoéh@%@]?ﬁl&%ﬂﬁithéd?resem invention,

there is provided an application developmént method for 35 allowing a software developer to develop an

application thaf fomprises 60" MRECAPMHEASSRY S ARRTORL COMRIBA ihe sipP of providing
reusable.

Preferably the platform is further operable to provide any
of the software modules with at least one further

15 component that allows the respective software module to
operate as a local object.

The platform is preferably constructed using the same
techniques that it provides to the distributed application
20 objects.

According to a second aspect of the present invention,
there i1s provided a software application developed using

the software development platform described above.
25

According to a third aspect of the present invention,
there is provided a distributed object developed using the
software development platform described above.

30 Preferably at least a part of said distributed object is
constructed by means of the Jini (TM) platform.

According to a fourth aspect of the present invention,
there is provided an application development method for

35 allowing a software developer to develop an application
that comprises one or more software modules, the method
comprising the step of providing at least one of the
software modules with at least one component that allows
the respective software module to operate as a distributed

40 software object, wherein said at least one component is



software modules with at least one component that allows the respective software module to operate as
a distributed 40 software object, wherein said at least one component is - 8 created independently of the
development of the respective software module. According to a fifth aspect of the present invention, 5
there is provided a software development platform, opergble to develop one or more software

components that allow one or more software modules of a software application to operate as distributed
software Compone”téré%f&c?of AngaRSRE ShECEAL R DISRGTAMNE Y P Nen il Sre Lp OLR§iged a
software development I;Powép}réaf%roa u)iﬁa visudl tool), operable to develop one or more software

components that allow one or more softvare modules of a software application to operate as distributed
software 15 components. According to a_seventh aspect of the present invention, there is provided an

electronic device proVify AR%d® Gtiditbi@shestaplidforPtievenbeiMEHe Y of the 20
software developmeffhglEgfols @dsurksirflabosefAvedieling s harsighth adgddiadihe present invention,
there is provided a sofiersab bevet piaeal ranwveordafoncaléovsofitavsotwene pevelrdpe ritbadevelop an

application 25 that cgmp@i@egmq,er e SaISraoaulRs ége@fatép@@f&gjagé)perable to provide any
of the software modugs y§ithy @ dRati PP SPTRONEN JRa R invg doe LeTRGRIME sQffarredpadule to

operate as a distributed object, wherein said at least one component is created independently of the 30
development of the respective software mogdule. Thus, the process of designing apd implementing a
distributed objeic can %geo\yéhsﬁp si?noplﬁﬁe%,ﬁ%%aﬂgg% sco??hgt c@enﬁ)‘l’gf be a%]\i/]'%\ﬂ%qsg edbodied as modular
pieces 35 that transgatehfly FtePAd\b45dvRIsSedtuar spdaysiho

ment tool (preferably
a visual tool), operable to develop one or more software
components that allow one or more software modules of a
software application to operate as distributed software
15 components.

According to a seventh aspect of the present invention,

there is provided an electronic device provided with and

controllable by an application developed by means of the
20 software development platform described above.

According to an eighth aspect of the present invention,
there i1s provided a software development framework for
allowing a software developer to develop an application

25 that comprises one or more software modules, the platform
being operable to provide any of the software modules with
at least one component that allows the respective software
module to operate as a distributed object, wherein said at
least one component is created independently of the

30 development of the respective software module.

Thus, the process of designing and implementing a
distributed object can be vastly simplified, because all
of the complex behaviour is embodied as modular pieces

35 that transparently interact to provide correct operation.
However, distributed system issues, such as failure
between component relationships, are still presented to
the application, but in a simple and consistent manner.
Changes in the state of relationships between distributed

40 objects alter the life-cycle state of the dependent



However, distributed system issues, such as failure between component relationships, are still presented
to the application, but in a simple and consistent manner. Changes in the state of relationships between
distributed 40 objects alter the life-cycle state of the dependent - 9 distributed object. The distributed
computer system focuses on the dynamic run-time relationships between distributed objects, providing
standard mechanisms for group operations, combining distributed objects into more 5 complex

distributed objects a ' e te 0 | Jure of relaf ' ween distributed
objects. There are a%%%?gggg%’t ?nec m?rﬁs _?(?Fdéméiﬂ%ﬁngga re ‘g&ﬁéﬁ@;ﬁeﬁg&%ﬁg@ objects and

asynchronously decdQsHREHra9dLisF BHIIN ESeH48r F8TRefitAhIBRINR D RRLYR Istributed objects.
Distributed objects ntEysHEilijerbeshabheotamporarig ingpatdindaitaneehbed shtactoens, such as
insufficient resourcegrfaipired ciltg basNpesienis PhinaIbydbestablish jadtwoithyo etatienships with

other distributecs15 Qbjggie T heOYPRHARAIOYIIPS A dISIHRUIRSHEATRRY th 8V BlgHp ildateprovides a
consistent process for dealin Wltg_f lu eltiata 0\445 au&o atic recovéry when the failing distributed
objects (or replacem%ﬂ Aredh ﬁag iﬁﬁ'c ih%dHin' %E%ﬁ?cé‘?\g%ﬁl OF THE DRAWINGS In

order that the invent®hShEYBERBrERISSH? -ascEilifedVSredd7ed TAPLante MRNAHRIDe described,
by way of example, ithr referetied na nige eetemparssnd@Sdiratumsitiadvbiche Elgurariis a schematic
diagram of a distributed,iteeheuperaassaping o enpeeiag e erabadiraanielerpresent invention;
10 method iInvocation between distributed objects.
Distributed objects may fail permanently or temporarily
depending on a number of factors, such as insufficient
resources, failure of other components or inability to
establish trustworthy relationships with other distributed
15 objects. The invention provides a distributed computer
system that provides a consistent process for dealing with
failure that allows automatic recovery when the failing
distributed objects (or replacements) are ready to
function again.
20
BRIEF DESCRIPTION OF THE DRAWINGS
In order that the invention may be more clearly
ascertained, preferred embodiments will now be described,
by way of example, with reference to the accompanying
25 drawings, in which:

Figure 1 1s a schematic diagram of a distributed
object or Meem according to a preferred embodiment of the
present invention;

Figure 2 is a schematic diagram of the features

30 of a Facet of each of a pair of Meems of the embodiment of
figure 1;

Figure 3 is a schematic representation of two
Facets (of respective Meems), both of type “Latch”,
according to the embodiment of figure 1;

35 Figure 4 1s a schematic representation of the
building and activation of a Meem according to the
embodiment of the present invention, including the



Figure 2 is a schematic diagram of the features 30 of a Facet of each of a pair of Meems of the
embodiment of figure 1; Figure 3 is a schematic representation of two Facets (of respective Meems),
both of type "Latch”, according to the embodiment of figure 1; 35 Figure 4 is a schematic representation
of the building and activation of a Meem according to Ihei embodiment of the present invention, including
the - 10 - construction of its Facets; Figure 5 is a simplifieé)flow diagram of a Meem LifeCycle according
to the embodiment o@b '%Eﬁ&c’t: eoq:isqéc §g2§ | _diagram of a di_stributed _5 system according_to_a
second preferred embodiment with two dependent Méems; Figure 7 is a flow diagram of Meem Building

according to the embodiment of flglFE'E Rgldrke 8 iS W8 B st ah) B aMReRANi A& RId QM ccording to
the embodiment of figlife6yshewaagobeH ngaks dihe treinsaibinentae TiféCyeke Higure 9 is a flow
diagram of Meem Dependency Resplvtdo apsordisgheniae fenbadigirent offigure iastrigauiedd is a flow

diagram of a singple %?&EH”E&@@&HWF?E’E@”&%QH@ I OpF PO dmEBLThdiot 6 Pl igws 11 is a

screen grab of a Meem Developer Tool according to the embodiment of figure 6; Figure 12 is a
schematic diagram SN I(QAS?% home automation by means of the embodiment of figure 6;
Figure 13 is a schematic diagramfd@& ¥grtHedexamplov Hdaw alitarfatiseByRHEAAE ™ the embodiment

of figure 6; and Figureddird iang atchitewtu e deabraemtopafiigure 6;
Figure 8 is a flow diagram of a Meem LifeCycle
10 according to the embodiment of figure 6, showing both
states and transition in that LifeCycle;
Figure 9 is a Tlow diagram of Meem Dependency
Resolution according to the embodiment of figure 6;
Figure 10 is a flow diagram of a simple
15 automation application according to the embodiment of
figure 6;

Figure 11 is a screen grab of a Meem Developer
Tool according to the embodiment of figure 6;
Figure 12 is a schematic diagram of an example of
20 home automation by means of the embodiment of figure 6;
Figure 13 is a schematic diagram of a further
example of home automation by means of the embodiment of
figure 6; and
Figure 14 is an architectural diagram comparing
25 the differences between existing techniques (left column)
and the approach of the preferred embodiments of the
present invention (right column).

DETAILED DESCRIPTION

30 In a fTirst preferred embodiment, the invention provides a
distributed computer system, distributed software objects
within that system (including their interfaces), and a
software development platform for building those
distributed software objects and the system. The platform

35 prescribes a particular way of using - in this embodiment
- the Java/RMI (Java Remote Method Invocation)/Jini (TM)
platforms to form both interfaces (referred to below as



25 the differences between existing techniques (left column) and the approach of the preferred
embodiments of the present invention (right column). DETAILED DESCRIPTION 30 In a first preferred
embodiment, the invention provides a distributed computer system, distributed software objects within
that system (including their interfaces), and a software dﬂéel_opment platform for building those
distributed software objects and the system. The platform 35 prescribes a particular way of using - in this

embodiment - the Ja) | (Java Re thod | j IpL (TM). platf to form both
interfaces (referred to%%\\j{vsa?- %ﬁ"%@%ﬁ%tﬁo Jﬁf@%ﬁ%@%ﬁﬁ%&r aocgégé(ﬁr%ﬁnoaaé)ns (referred to

below as "Meems"). FRF eSSt e AR eltRAMSseEs a number of 5 different concepts, so some
terms that will be referred to below are defined as follows: Meem: a distributed object within the
distributed system; Thdem&hexda serpandrdistribiviediyaciuesspasimngndelO pfurality of Meems

bound together ¥ be§iaag,encanapied a8d selfeorigimed #AdENGialP o aPPERE ARed Stiaole Meem;
Category: a means (}:‘gqgoupm a%ﬁber oT’Mef(?li;% Dependency: the relationship between each pair of
co

Meems; 15 Facet: Wi ﬁ'@rﬂ ifth ¢

r i 0t an interface defining the operation of a Meem,
where each Meem can WRf/R-a dIGHEFEr dPstasd Fabdec truAtidna B8 sdEAmet @shction used by all

Meems; HyperSpace: aystel space that maintains a collection 20 of Categories; Jini (TM): a services
based distributed systeme&amewerks compound distributed object comprising a
10 plurality of Meems bound together to be strongly
encapsulated and self-contained and therefore appear as
a single Meem;
e Category: a means of grouping a number of Meems;
o Dependency: the relationship between each pair of Meems;
15 e« Facet: a software component in the form of an interface
defining the operation of a Meem, where each Meem can
have a plurality of such Facets;
e Feature: a System defined function used by all Meems;
e HyperSpace: a virtual space that maintains a collection
20 of Categories;
e Jini (TM): a services based distributed system
framework;
e Jini (TM) Lookup Service (JLS): a means of locating a
Jini (TM) Service;
25 ¢ LifeCycleManager (LCM): a distributed object that
maintains a collection of Meems;
e MeemBuilder: a component that constructs a Meem from its
definition;
e MeemPath: uniquely identifies a Meem;
30 e« MeemRegistry: means for locating Meems;
e MeemStore: storage for Meem Definitions and Content;
e Reference: Unidirectional connection between Meems;
e Virtual Machine (VM): Execution enviroment for the
distributed system; and
35 ¢ Wedge: a discrete software component that implements
part of a Meem’s functionality.



Jini (TM) Lookup Service (JLS): a means of locating a Jini (TM) Service; 25 LifeCycleManager (LCM): a
distributed object that maintains a collection of Meems; MeemBuilder: a component that constructs a
Meem from its definition; MeemPath: uniquely identifies a Meem; 30 MeemRegistry: means for locating
Meems; MeemsStore: storage for Meem Definitions and Cgontent; Reference: Unidirectional connection
between Meems; Virtual Machine (VM): Execution envifoment for the distributed system; and 35

Wedge: a di t ' ' | ity ;L2 (The platf
allows cferent yped o cBRaEr FIbA LT BAEPEr iR LS, B R e omed

into distributed objed?€ (AY X kAR MbERIREALANdErfFcEd th AWV AR §BYicRE 2 SRFcontrolled by
means of 5 those distrifatedisitjetitad, ebdsictthe(d diferdncdd) i sopirhaditaentlediesiically with each
other and so interopssateniata ¢Phesve arg EossistgnitnansecorkproIled adylevicasswilf software

modules in the fgrm of, 40cqiliey sefumredpatravdasiudesdiprburd bietpraf thistype are:
Electrical devices (switches, motors);. Se url'%/_ Deyices (ﬁg ximity card readers, biometric authentication,
RN %

sensors, cameras); ﬁoo "ElREAGRICm _t‘iarﬁ G C L Vis [a)?eﬁs?'fe%r\]/ i3N tuners and screens,
satellite television tuHEESY OPRFRTSartitufarEoRPTA¥ENRIANCANE I SR T HSB&Iutomation systems 20

Examples of devices with software modules in the form of

10 controller software that may includes distributed objects

of this type are:

e Electrical devices (switches, motors);

e Security Devices (proximity card readers, biometric
authentication, sensors, cameras);

15 e« Electronic multimedia devices (CD/DVD players,
television tuners and screens, satellite television
tuners);

e Data (particularly represented in XML); and
e Home automation systems

20
The platform also allows the user to ensure that necessary
security is provided, so the abovementioned
interoperability is provided without compromising system
integrity. The platform thus provides a set of protocols

25 for disparate devices to interoperate, authenticate and

communicate.

MEEMS
The platform includes tools for putting many of the
30 requirements of distributed software systems iInto standard
interfaces (Facets); such a Facet or Facets, in
combination with a software module or modules, constitutes
a new distributed software object or Meem according to
this embodiment. This approach ensures that the framework
35 i1s fTlexible and extendable, and that the distributed
objects have interfaces that are consistent and
interoperable, whilst removing the need to repeat coding



The platform also allows the user to ensure that necessary security is provided, so the abovementioned
interoperability is provided without compromising system integrity. The platform thus provides a set of
protocols 25 for disparate devices to interoperate, authenticate and communicate. MEEMS The platform
includes tools for putting many of the 30 requirements_offgstfibuted software systems into standard
interfaces (Facets); such a Facet or Facets, in combination with a software module or modules,
constitutes a new di gwstked software object or Meem according to this embodiment. This approach
ensures that the framework 35 is flexible and extendable, and that the distributed objects have interfaces

that are consistent and interoperable, whilst removing the need to repeat coding - 13 - tasks. The
software modules cahhige $@fiiyraneivichdi bes tigarviee nid giddact nddoordiraf tdothts Ehgbodiment, in a
certain 5 and predicteidigsvay tedeit eerdmsid myintbuehsst embacdiseand aachaFaeettaminimum set

of common soft\gareanvglpgmetim(refgrégq tRasy Featues kihigh eagutsethat the Meems
operate consistently in a (?Liﬁstribut d enyirgnment. A Meem 20 is hov¥n schematic 10 in figure 1, and
ERGSEe AR 587 PSS fa 4

comprises a softwar e iAMfhe T8 0 ft@vé%r]r'r%@m%% ?o“n fc?rmWBLﬁ \gﬁﬂesix Facets
(each of which dealsdRig berartofgibRRBE SOfEfaEr aevER FRenfiCREHISE Nt e A4, Events
Facet 26, State Faceh28r€otffigtration Macas30pkercditorcbasesi2rantlyl3hifecycle Facet 34. Meems

thus interact with co @t Niadages AMPraMmsthaven QREBOPOMIY TYHB RO i EOF ibislipyited
SOﬂME“e'equE@“GQ§'figure 1, and comprises a software module in the form
of a software implementation (or “IMPL”) 22 and six Facets
(each of which deals with an area of distributed software
development): Persistence Facet 24, Events Facet 26, State
Facet 28, Configuration Facet 30, Location Facet 32 and
15 Lifecycle Facet 34.

Meems thus interact with common interfaces and always have
common minimum solutions for distributed software
requirements.

20
Every Meem has an IMPL, which - as i1t provides the
fundamental functionality of the Meem - is the core
identity of the respective Meem and defines what the Meem
is and what i1t can do. The IMPL is defined by the

25 software developer.

The Features of each Facet are provided by the platform,
but can be extended by the software developer. The
Location Facet 32, for example, is provided with the

30 Features Leasing, Threading, Logging, Usability,
Transaction and Security. These Features are depicted
schematically in figure 2, in which two Meems 40, 42
(corresponding respectively to the controlling software of
a media player and an MP3 player) include respective IMPLs

35 44, 46. The Meems 40, 42 each have the Facets listed
above; the Location Facet 32 in each case is shown
expanded and includes the Features: Leasing 48, Threading



20 Every Meem has an IMPL, which - as it provides the fundamental functionality of the Meem - is the
core identity of the respective Meem and defines what the Meem is and what it can do. The IMPL is
defined by the 25 software developer. The Features of each Facet are provided by the platform, but can
be extended by the software developer. The Location Facet 32, for example, is provided with the 30
Features Leasing, Threading Logging, Usability, Transaction and Security. These Features are depicted

zggsvrg?eti(c)?ng inq;igil; éyer gra(ﬁ]%t 3p ayer) m{'};dé ﬁ?(;rs%i%%%%{%g {glﬁspgét%‘j'l éiég.%ge'cl\egé?r:!ngo, 42

each have the Facet28isted above; the Location Facet 32 in each case is shown expanded and includes
the Features: Leasing 48, Threading - 14 50, Logging 52, Usability 54, Transaction 56 and Security 58.
Thus, the platform - ymganshef gralieam apaigaskartscotsttbiey@enodwprsattiion, where

application developeisueredieadiahaioluebe’ AByIAGHAN -Wi‘%rl:@ B Pi &a¥ipsin collectively provide
the interface through Whl h method E}é %ctio fgzﬁls a E%Y]%I jgoth |nto and out of the Meem.

Referring to figure 1 q?]\éel(? PRER erte i-b oﬁ?%sﬂﬁﬁ%gﬂwod &ﬁls 36, 38 and
ensure that a set of ('fﬁéﬁﬁﬁn@%i% Messtured) Laetdoral teRtig\ubificlng thosemiasRd calls. FACETS
15 Each Facet is a Jahaduigh) mter&censpimdvifoa fomespondinggddrs oatiee idéd thiad pnovides the

behaviour (functiongliigbfosiaabbecetr Theesaaenavardidl iptifaes mryre useddpedifferent Facets,
because 10 Facets thus intercept all i1n-bound and out-bound method

calls 36, 38 and ensure that a set of operations (the

Features) are consistently applied to those method calls.

FACETS

15 Each Facet is a Java (TM) interface type, with a
corresponding part of the IMPL that provides the behaviour
(functionality) for that Facet. The same Java (TM)
interface may be used for different Facets, because
different behaviour may be associated with different

20 Facets of the same interface type. Facets can be named in
order to distinguish between Facets within the same Meem
with identical Java interface; such Facets also use
different names to indicate different behaviour. Facets
are declared as providing either in-bound or out-bound

25 method calls to the Meem.

Meems can refer to other Meems by declaring Dependencies
between similarly typed Facets of the two Meems. In this
fashion, the out-bound Facet of one Meem can be connected

30 to (i1.e. depend upon) the in-bound Facet of another Meem.
Similarly, information can flow in the opposite direction:
the in-bound Facet of one Meem can depend upon the out-
bound Facet of another Meem.

35 Thus, figure 3 iIs a schematic representation of two Facets
60, 62 (of respective Meems), both of type “Latch”. First
Facet 60 has the name “switch” and second Facet 62 the



different behaviour may be associated with different 20 Facets of the same interface type. Facets can be
named in order to distinguish between Facets within the same Meem with identical Java interface; such
Facets also use different names to indicate different behaviour. Facets are declared as providing either
in-bound or out-bound 25 method calls to the Meem. Meiﬁs_can refer to other Meems by declaring
Dependencies between similarly typed Facets of the two Meems. In this fashion, the out-bound Facet of

one Meem can be ¢ eecteq i?é%t_g,(_i.e.ﬂgge@gﬁgﬂoﬁqeég-%o% age fﬁ\n%We{é\gegG},,Similarly,

information can flow in the gpposite direction: t ound Facet of one Meem can depend upon the out-

bound Facet of anotf&PMeER S35 ARt figAré3ds A hdRafie rapR Jertetorf of twd icets 60, 62 (of
respective Meems), Befreofigpey ' &hci's FistsFdtened hesthEarate 88whehsandryédondetacet 62 the -
15 name "light". Thesdirect{@n 6 aenadicd ¢all 6dxanpte pnvéesidacet@tiandyine tasecond Facet 62.

The Dependeney 6&yisdbpp oMyl pbiasst @Qﬁﬁ@ﬁ&@df@ﬁgﬁ?e@ feprerfietpyeq example of Meems

of this type is 5 described below by reference to figures 10 and 1I1.) Meems, through the use of Facets,

extend the utility of, in this embodiment, the Java (TM) language in three ways: There is a well-defined

way for a Meem to h¥98TaultiBH 20ghtcERR 4567 tAE SARB EFpe BNEERY ekbsrnal phies BF distinguish
between them; The FHacthd fvienbtetiaces) ofthM etamaaGhy olxhguage not jubireebamys method calls;

and There is a well-definesk@epasfonspeciengribe lrielgenshipdBepesndessie i PrREveea Meems,
which is both dypamic apd qigiibuted; Refelrag e fgurs 4 AFCeEng ledRRsY IO diSeo
distinguish between them;
e The Facets (viz. interfaces) of a Meem can be out-bound,
not just in-bound method calls; and
e There i1s a well-defined means for specifying the
15 relationship (Dependencies) between Meems, which is both
dynamic and distributed.

Referring to figure 4, according to the system of this
embodiment a Meem 70 is activated (such as by being loaded

20 into a Java (TM) Virtual Machine) by a LifeCycleManager
72, a MeemBuilder 74 uses a MeemDefinition 76 to construct
all the Facets and their implementations, and the Meem 70
is built on-the-fly. The Java (TM) Dynamic Proxy Object
is used, so that a single reference 78 is provided to the

25 client of the Meem. Through this reference 78, all of the
Facets are accessible via a mapping performed by the Java
(TM) Dynamic Proxy Object 80.

The platform defines a collection of system Facets and

30 Features that are used to build every Meem. These system
Facets and Features provide default implementations of the
behaviour that the platform expects that all Meems will
provide. |If neccessary, a developer can provide a
different implementation of a system Facet, on a per Meem,

35 per MeemPlex (i.e. a complex of Meems, discussed below) or
system-wide basis. This allows a system designer to model
(preferably using visual tools) his or her application



embodiment a Meem 70 is activated (such as by being loaded 20 into a Java (TM) Virtual Machine) by a
LifeCycleManager 72, a MeemBuilder 74 uses a MeemDefinition 76 to construct all the Facets and their
implementations, and the Meem 70 is built on-the-fly. The Java (TM) Dynamic Proxy Object is used, so
that a single reference 78 is provided to the 25 client of tq% Meem. Through this reference 78, all of the
Facets are accessible via a mapping performed by the Java (TM) Dynamic Proxy Object 80. The platform

defines a collection %{gg&ﬁm%ﬁuts 3Q ke u‘r,%s%Tﬁ% §{§ af/éligtécta?pce)é%rﬁ% gegﬁdThese system

Facets and Features provi t Implementation e atrorm expects that all

I > at the
Meems will provide.iPfieEEdeAONSARRISYcaPBRAVIHEE W@re@ﬁ%ﬁ@nfﬂf’cﬁ%n of a system
Facet, on a per Meeh2@3tger MergnRIxl(1 @2 ticumgryedopieeniy; aidelessed below) or system-wide
basis. This allows a sygieameasigopsie neddalnépredefiabhe dsingolisvaltiDots)Speof firs application - 16

around Meems gnd @g@gg@_pplﬁtipn@@ﬁﬁgi,c ggﬁqt&q{q &Heg&@gpfﬁgi@%gg@gpgndencies) between

those Facets. The application deve|oper provides implementations of the reguir lication specific 5
Facets. At runtime, a%%ﬂ%&%ﬁl s‘%g‘e%hic%ﬁ:&%saler "B c_b\fﬁgl& @/iﬁa%eet&s%gng Hr’ciﬁd?é) Fhets to build
Meems that functiortB8 Echietd arstasueemiets. ot & dRekesh REE®ESdomain, application specific
10 Facets can be designed that are then declared to be part of every application specific Meem. For
eﬁamplek fordmultimﬁeia applicationsppl ilealtii\aﬁﬂiad\»ﬂaemsb@ﬂﬁhti Hetide addedipfiieeam F?cst- 15
Thus, a key distpguishi t ' ment i n ilt by means
of the platforrr?E le. f%%&r%%%ﬁ%ﬁ%%n_ (iégl(it{%fg%io%a& Qfeéfg%ﬁ ok %%t'qu

of every application specific Meem. For example, for

multimedia applications, all multimedia Meems might

include a MediaStream Facet.

15 Thus, a key distinguishing feature of the platform of this
embodiment is that a component built by means of the
platform (i.e. a Meem) actually provides all the behaviour
required of a complete distributed component, through the
use of system provided Facets and Features. This allows

20 the system to be extended in a highly modular fashion.

The following list summarizes the behaviour embodied by
the system provided Facets.

25 1. Lifecycle
Meems have a well-defined life-cycle that defines the
various states through which a Meem may transition. The
basic elements of the life-cycle of a Meem is illustrated
schematically in figure 5. This life-cycle are discussed
30 in greater below (by reference to figure 8), as are
Dependencies.

Initially, a Meem is created 82 by constructing a
MeemDefinition and some initial MeemContent. A Meem that

35 1s created, but not yet activated, will be persisted
without an instance of the Meem existing In any Java (TM)
Virtual Machines.



required of a complete distributed component, through the use of system provided Facets and Features.
This allows 20 the system to be extended in a highly modular fashion. The following list summarizes the
behaviour embodied by the system provided Facets. 25 1. Lifecycle Meems have a well-defined life-cycle
that defines the various states through which a Meem transition. The basic elements of the
life-cycle of a Meem is illustrated schematically in figure 5. This life-cycle are discussed 30 in greater
below (by reference to figure 8), as are Dependencies. Initially, a Meem is created 82 by constructing a
MeemDefinition and some initial MeemContent._ A Meem that 35 is created, but not yet activated, will be

persisted without arf\RERYHEI BHMNR NS RistARVES 9&\’5‘%@1)"\'_/%5%}{%3%%9?-" 1¥0Activating
84 a Meem involves igkigladnfel\atenmee agtr thebligeananstanttesfnte taecaakend titempt to make it

"ready" (usually by_ reg@aﬂrg’a@ggmilqﬁ_wmmie@. arfy Lffe@yclai\daoeg_@hd@;ycﬁiQMy activate all
the Meems for hici It pfeepeieiilfchidl ey QAR e aiVEes: a1 agliibdiace e Meem's

required Dependencie?s_a e resolved a sources are acquired, the MMeem moves to the

A T e‘ﬁ%%%%éjpslsnyﬁiﬁeé s"hatHle%edt Wiﬂﬁtg \Ae %eﬁ]egigtry, so that

ready state 86. The B
clients can locate thES@AB&REAS Whenever the Meem's required Dependencies are not all resolved or
some specific resources are lost, then the Meem becomes "not ready" 88. The LifeCycleManager

removes the Meem ¢igre theMerBRegiIFEyanddbcersRm i Re i akaitatle fasb3gel aaMgeitdas an
unreCOV(':'rabk':'f@ror’specific resources are acquired, the Meem moves to the

ready state 86. The LifeCycleManager registers any Meems

that are ready with a MeemRegistry, so that clients can

locate the Meem.

15 Whenever the Meem’s required Dependencies are not all
resolved or some specific resources are lost, then the
Meem becomes “not ready” 88. The LifeCycleManager removes
the Meem from the MeemRegistry and it ceases to be
available for use. |If a Meem has an unrecoverable error,

20 then it moves from the ready to the deactivated state 90
and must be re-activated 92 before it can become ready
again.

Alternatively, the LifeCycleManager can decide that a Meem

25 is no longer needed and can deactivate it 90. This means
that there is no longer an instance of the Meem running
within a Java (TM) Virtual Machine.

Finally, a Meem can be destroyed 94, which means that it
30 no longer exists within the system.

The LifeCycleManager needs to interact with a Meem, so
that 1t can inform the Meem of state changes that it needs
to enforce. Conversely, the Meem must inform the

35 LifeCycleManager of any state changes that are initiated
from within the Meem. These interactions are performed
via the LifeCycle and LifeCycleClient Facets.



20 then it moves from the ready to the deactivated state 90 and must be re-activated 92 before it can
become ready again. Alternatively, the LifeCycleManager can decide that a Meem 25 is no longer
needed and can deactivate it 90. This means that there is no longer an instance of the Meem running
within a Java (TM) Virtual Machine. Finally, a Meem cgn{)g destroyed 94, which means that it 30 no
longer exists within the system. The LifeCycleManager needs to interact with a Meem, so that it can
inform the Meem of state changes that it needs to enforce. Conversely, the Meem must inform the 35
LifeCycleManager of any state changes that are initiated from within the Meem. These interactions are
performed via the L feCySRRMS E)feCycIeCIient Facets. - 18 - 2. Usability A normally functioning Meem
may move smoothly het@eaa l byinfrachinad neAtBenoiayadp e sotivetéd yadiween 5 and so on.
However, when it enpe@ntera@nivaesdyeralee ol th pedentp ersiveilivetisess aftivapplicaion state

all clients shoulgbe iffarmagdohhis 3sldscheriimead Py BRIIARIENSE et dPetdvaptigyiation Meem
attributes can be either loaded from persistent storage .or nchronqusly received fram other Meems as
i TR SR

properties. The Conf?dﬂ??iﬁbn FhE ks ﬂoggsp%ﬁ e WhFFR 2 RARLERALL the attributes
in the Meem 15 instafeéduadhaGAR S sbridenbe THEFMERSE can'hd fed@sitedSusually by the
LifeCycleManager, tp@efsishis alyibtites. UR#b A0 Persistece Facet provides a default mechanism for
performing this function, using Java (TM) Reflection, and
10 3. Configuration
Meem attributes can be either loaded from persistent
storage or asynchronously received from other Meems as
properties. The Configuration Facet uses those properties
and Java (TM) Reflection to set the attributes iIn the Meem
15 instance automatically.

4. Persistence
The Meem can be requested, usually by the
LifeCycleManager, to persist i1ts attributes. The

20 Persistence Facet provides a default mechanism for
performing this function, using Java (TM) Reflection, and
MeemStore for storing the MeemDefinition and MeemContent.

5. Dependencies

25 The relationship between Meems is defined by Dependencies.
Dependencies may be either strong or weak. A strong
Dependency is one that must be resolved and bound before
the Meem can be made ready. A weak Dependency can be
bound or unbound, without affecting the Meem state.

30 However, the Meem must be prepared to handle unbound weak
Dependencies.

The Dependency Facet manages the resolution of MeemPaths
(using the SearchManager and Spaces), and the location of
35 Meems via the MeemRegistry.



MeemStore for storing the MeemDefinition and MeemContent. 5. Dependencies 25 The relationship
between Meems is defined by Dependencies. Dependencies may be either strong or weak. A strong
Dependency is one that must be resolved and bound before the Meem can be made ready. A weak
Dependency can be bound or unbound, without affect_ingiéhe_ Meem state. 30 However, the Meem must
be prepared to handle unbound weak Dependencies. The Dependency Facet manages the resolution of
MeemPaths (using Tge ggrqw,\é%gager and Spaces), and the location of 35 Meems via the

: Q i
MeemRegistry. - 19 - 6. Resources A Meem may._have specific resources, such as database

connections, that neBd§ B JAYLIRAY ForRRAMELR ISBRUFESS, THE Bppfc A PEERE0per may replace
the system 5 definedcReBeatdOFacettitafraigs ctistdrn cacelthbethdiragdhehdegaeos Rssources and
informs the LifeCyclaaagger Tarsaagimpiy b an URNE 1 bpdHetnmeenrapd ave Meemsyistmoperational

environment, thefe  aRerGORIN @R RGO INAE OFGUR PEVAYRLY (ISR callid AP mRlsgemote
method call semantlﬁ]m%be ;eqmergd dealln% \gelth ﬁ) rtial fa Hre) a_nlpl e(@%ﬁ access should be
checked. The platfor Sr G&s heSERBoN T) 0L M sﬁié‘a ired Fé ﬁpe%gf:ﬁfercept every
method call betweerP&#®MHEHdY There are a number of different situations, which will be handled using
a different sequence of Features: 20 In-bound versus out-bound method calls; Local versus remote
method calls; and Calighgiween MeemPlexes as against within a MeemPlex. In some cases, the
dﬁkﬂenceissﬂHPW(gginen any two Meems i1n an operational environment, there

are common operations that occur on every method call.

For example, remote method call semantics may be required

(dealing with partial failure) and security access should

be checked. The platform provides these common operations

15 as Features.

Features intercept every method call between two Meems.
There are a number of different situations, which will be
handled using a different sequence of Features:

20 e In-bound versus out-bound method calls;
e Local versus remote method calls; and
e Calls between MeemPlexes as against within a MeemPlex.

In some cases, the difference is simply one of

25 optimization. The full sequence of Features could be
used, but there i1s no additional value and a definite
performance cost in doing so. For example, there may be
no need to check security between two Meems operating
within the same MeemPlex. Alternatively, there is no need

30 to use remote method call semantics between two Meems
operating within the same Java (TM) Virtual Machine.

Features are implemented as modular pieces of
functionality, and the implementation of each Feature 1is
35 provided by means of the system provided Facets. However,
the key difference between a Facet and a Feature is that
the Facets are the visible interconnection points (viz.



25 optimization. The full sequence of Features could be used, but there is no additional value and a
definite performance cost in doing so. For example, there may be no need to check security between
two Meems operating within the same MeemPlex. Alternatively, there is no need 30 to use remote
method call semantics between two Meems operating within the same Java (TM) Virtual Machine.
Features are implemented as modular pieces of functiofality, and the implementation of each Feature is

35 provided by mearbsﬁggme%s}%gi%g\%%g#%&% g—l_owﬁ(\:(% a@%gg ' ence between a Facet and

a Feature is that the_Facets are the“visible interconnection points (viz. - ependencies) between

Meems, whereas FeAUFESERLY i RRABESH A PYR (N iR BdnAdcath BUERBAHAMBERPLall. The
modularity of Feature& hlowsTiexibitgudiad idystensidiag tongat ald seerh kendiphhidivt ead cater for 5
different situations agxteihad pidide dibengmiortifepied lencieoaliyrie thariuitheeFhedellowing list

summarizes thedehayipps Rodipg b 18R SYSLE MY PViSec Bt ieS iQ fe Ristibyjed This Feature
provides proxies for handllr&%éplcgal ang'éﬁf‘gﬁ% metho callgﬂg deals with communication failures with
0

remote Meems and J&&¢9 Mi'fe Nsdfe I3‘:fiv 4EBetween dependent Meems. 2. Thread
decoupling To avoid design and implementation errors due to threading problems, all interactions
between Meems areThey fieldidividiy- thredd slewoapiet: <C ehse duadratiyi onetheuboal ket provider Meems

return immediately aggdhgepesatipRdy icriinteskopagother thread. By definition, all Facet method
calls need to b_eLdiesigned to operate
1. Distributed
This Feature provides proxies for handling local and
remote method calls. It deals with communication failures
with remote Meems and uses Java RMI leasing to ensure
15 liveness between dependent Meems.

2. Thread decoupling
To avoid design and implementation errors due to threading
problems, all interactions between Meems are - by default
20 - thread decoupled. Consequently, method calls to
provider Meems return immediately and the operation is
continued on another thread. By definition, all Facet
method calls need to be designed to operate
asynchronously. Information flow In both directions is
25 provided by using Dependencies to refer to a callback
Facet.

By default, Meems are assumed to be single threaded and
the in-bound method queue is throttled accordingly. Meem

30 developers may declare that their Meem has been designed
for multi-threading (reentrant code).

3. Security
All interactions between Meems can be checked for

35 appropriate access privileges. The Security Feature
provides a high-level abstraction for access and denial,
which is configurable. 1t also allows for delegation of



asynchronously. Information flow in both directions is 25 provided by using Dependencies to refer to a
callback Facet. By default, Meems are assumed to be single threaded and the in-bound method queue
is throttled accordingly. Meem 30 developers may declare that their Meem has been designed for
multi-threading (reentrant code). 3. Security All interacliog(fj between Meems can be checked for 35
appropriate access privileges. The Security Feature provides a high-level abstraction for access and

denial, which i fi t Il ti f- by Wit ints, so that
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provided by the Java’ENd} TaRGuagethe §2Veally, JARSSTRACHT S¥i tFEMIYBELiYRP e Hifologies. 4.
Flight recorder This Bexere re€orrcinridiyn@ hrelasly-paavd desthbe cee, Javadid/the Facet type and
name, method namel pagaggiersi 3O My ecionsT feNdighh Rerdide proyvigesaisypchanism for the
diagnosis of distteibuted 9Ris§bipigraction problems. 5. Transaction 15 When multiple Meem interactions
need to be performed atomically, this Feature looks after the transaction management. MEEM
ANATOMY 20 Each Meem Server launches with at least one LifeCycleManager, which defines the
lifecycle of a Meem. 4Fafdt it FEGERENRE ories are then constructed to define the common elements of
all Meems that will eXisi svitféatthedifeegcdeds the-Nbeeim$tarel out-bound method calls,

including the Facet type and name, method name, parameters

10 and direction. The Flight Recorder provides a mechanism
for the diagnosis of distributed object interaction
problems.

5. Transaction

15 When multiple Meem interactions need to be performed
atomically, this Feature looks after the transaction
management.

MEEM ANATOMY

20 Each Meem Server launches with at least one
LifeCycleManager, which defines the lifecycle of a Meem.
Facet and Feature factories are then constructed to define
the common elements of all Meems that will exist within
the lifecycle of the MeemStore.

25
Stored and discovered Meems are then enabled within the
system.

Two or more Meems can be combined to form more complex

30 constructs or “MeemPlexes”. MeemPlexes act in the same
way as Meems, in a manner analogous to the way in which
complex software objects can be constructed from simpler
objects.

35 A MeemStore can encompass many Java (TM) Virtual Machines.
As long as a Meem “exists” it will survive across Java
(TM) Virtual Machine iInvocations.



25 Stored and discovered Meems are then enabled within the system. Two or more Meems can be
combined to form more complex 30 constructs or "MeemPlexes". MeemPlexes act in the same way as
Meems, in a manner analogous to the way in which complex software objects can be constructed from
simpler objects. 35 A MeemStore can encompass manyJava (TM) Virtual Machines. Aslong as a
Meem 'exists' it will survive across Java (TM) Virtual Machine invocations. - 22 All objects in a

MeemStore are thenASﬁIv%? v@%(r%(ﬁgas g%ea %g%ré‘(} ésrgugtr\é/itlgﬁgm%\gg#?gh Wl%lgrﬂé" concept in this

embodiment is a Space (0 JeemStore IS one example erent types of Spaces are used to
store Meems, includbPSdRRekDEHAENYHD AdseA b IGN9ous types of relationships

between Meems. There are two basic types of Spaces, one that is used for storage and one that is used
for relationships 10 betwegnddeesp A Magrbathintheneseanisbuvdjeita Neenvisiloeated in one of

the available Spgceg;dhetgsre qgugﬂ@réggaq,;gqggl_t ciﬁqwé‘aé}p@styb@@ig:rag}gggg?gpés used. For
example, 15 a LifeCycle agey is given a MeemPat whicE/f)in%i:gﬁe& thQs Me%ms thaﬁl{igpi‘s
responsible for activglt?r?ggf.l aﬁa%é?rg 5 eénnsd’en'c@/‘ft@t O RN SRS §5eg‘ﬁ%&rb3/ A%0edPath that is
resolved to one or mePe ’eEdmsash¥sd boaefa@htedhdatPrebe broilrBiIASHPH LEIWESHIng Meem.
To resolve a MeemPétlemsio offdereneecMieemdas iloe inipesd th€ Spachdamagertiitte SsarchManager

knows about the avgiiahie fRitacasoragdands thrdVieraPats 1adbg aRiFoOPERER PR RXPecting a
more resolved Meenﬂjlgziweignr%@néf_% the SearchManager determines that the MeemPath can be

A MeemPath is the means by which a Meem is located in one
of the available Spaces. There are a number of different
circumstances, in which a MeemPath is used. For example,

15 a LifeCycleManager is given a MeemPath which indicates
those Meems that it is responsible for activating.

Further, a Dependency between Meems is specified by a
MeemPath that is resolved to one or more Meems whose

20 references need to be provided back to the depending Meem.
To resolve a MeemPath into one or more Meems, is the job
of the SearchManager. The SearchManager knows about the
available Spaces and hands the MeemPath to the appropriate
Space, expecting a more resolved MeemPath in return. If

25 the SearchManager determines that the MeemPath can be
resolved into an individual Meem, then that Meem can be
bound using the MeemRegistry.

A MeemPath may refer to a special type of Meem, known as a
30 Category. A Category contains a list of MeemPaths, and is
effectively this embodiment’s way of defining a group of
Meems. All types of Spaces can use Categories to indicate
that they are providing a group of Meems, rather than just
an individual Meem.
35
Spaces that maintain Meem relationships can only return
MeemPaths thereby, in effect, translating one MeemPath



resolved into an individual Meem, then that Meem can be bound using the MeemRegistry. A MeemPath
may refer to a special type of Meem, known as a 30 Category. A Category contains a list of MeemPaths,
and is effectively this embodiment's way of defining a group of Meems. All types of Spaces can use
Categories to indicate that they are providing a group of Meems, rather than just an individual Meem. 35
Spaces that maintain Meem relationships can only returri " MeemPaths thereby, in effect, translating one

MeemPath - 23 into ian?tg[ %;%"Sf’B&E%aih‘éeM‘gﬁg'@n{\ﬁﬁ%ﬂp%%@m#5‘3 tﬂ (%%?agg that is used

for the actual storage o eem Definition and I point, an unbound Meem can be
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the Meem's UUID (%Bi&{ﬁf)a'éé”iHHe&%ﬁ%&a%%%%?C%%E@%?su%fm@m and Content; and
2. HyperSpace: a network of uni-directiorjél Iin@sli%eéweﬁ}? 15 Meemsm can heu i}d rtﬁé??:oup Meems
into various applicatr&pgﬂgcq:ifiyﬁé\ﬁg ﬁl_ EM ¥e gg]’ﬂ%qglre'pr eSYH MEtha rTl?ywhich
Meems are 20 store@RIcERIS ke esrekidinting Meemsetstibd and the MeemContent. The
MeemStore MeemPath uses the Meem UUID as the key to locating a particular Meem. For example:

MeemStore://ffffffff- g SaEEE i EHat5 are essential to the operation of this

10 embodiment are:
1. MeemStore: a storage Space that uses the Meem”s UUID
(Univeral Unique IDentifier) as a key to locate the Meem’s
Definition and Content; and
2. HyperSpace: a network of uni-directional links between

15 Meems that can be used to group Meems into various
application specific views.

MEEMSTORE
MeemStore provides the mechanism by which Meems are

20 stored. MeemStore stores both the MeemDefinition and the
MeemContent. The MeemStore MeemPath uses the Meem UUID as
the key to locating a particular Meem. For example:

MeemStore://fFffffrff-Frffr-fErfr-frfrf-Frrrrfrerreer
25
MeemStore is a flat (i.e. linear) Space that does not
provide any higher level abstraction for organizing Meems.
However, a Category Meem stored in MeemStore could contain
a list of MeemPaths refering to other Meems in MeemStore,
30 allowing simple grouping to occur.

HYPERSPACE
HyperSpace provides a directory-like structure for
maintaining the relationships between various Meems.

35 HyperSpace is a Category, which acts as a starting point
for following MeemPaths throughout the rest of the Space.
A HyperSpace MeemPath provides a delimited list of



MeemStore is a flat (i.e. linear) Space that does not provide any higher level abstraction for organizing
Meems. However, a Category Meem stored in MeemStore could contain a list of MeemPaths refering to
other Meems in MeemStore, 30 allowing simple grouping to occur. HYPERSPACE HyperSpace provides
a directory-like structure for maintaining the relationsh_ipijeeiween various Meems. 35 HyperSpace is a
Category, which acts as a starting point for following MeemPaths throughout the rest of the Space. A
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name, which may be either a Category or a non-Category Meem. 10 HyperSpace does not store any

Meem Definition or Conteipergiggesy Medrs-criekenigie MaemPetokihatdtemioyvibeseSpaces, in
particular storage Spaces, such as MeemStore. This means that the same Meem may be referenced in

many different Categories. HyperSpace can be used to organize, 15 the contents of a MeemsStore Space
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Features is now provided. Figure 6 is a high-level schematic diagram of a 25 distributed system according

to the second Rrgerfgsh,&rahadimeni it S0 SeRendsny iU RREEBA Y content.

Category Meems can contain MeemPaths that refer to other
Spaces, iIn particular storage Spaces, such as MeemStore.
This means that the same Meem may be referenced in many
different Categories. HyperSpace can be used to organize
15 the contents of a MeemStore Space to have different views,
depending on the varying application perspectives.

While the above description introduces the fundamental
concepts, components and functionality of this embodiment,

20 a more detailed description of a distributed system
according to a further embodiment and i1ts most Important
Features is now provided.

Figure 6 i1s a high-level schematic diagram of a

25 distributed system according to the second preferred
embodiment with two dependent distributed objects (viz.
Meems) during system initialization and the subsequent
creation of the Meems. One Meem depends upon the other
and there is information flow in both directions.

30
The distributed system of this embodiment involves a
number of Virtual Machines (VMs), two of which contain
system components, such as MeemStore and HyperSpace; each
of the other two contains a distributed application

35 object, namely, “Target Meem” and “Client Meem”. The
whole system is in communication with persistent data
storage 95.



Meems) during system initialization and the subsequent creation of the Meems. One Meem depends
upon the other and there is information flow in both directions. 30 The distributed system of this
embodiment involves a number of Virtual Machines (VMs), two of which contain system components,
such as MeemStore and HyperSpace; each of the other g/o_contains a distributed application 35 object,
namely, "Target Meem" and "Client Meem". The whole system is in communication with persistent data
storage 95. - 25 Thus, referring to figure 6, the various components are identified, as are the sequential
steps involved in system initialization and Meem creation. 5 Step S00 involves creating a
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attention to changesin iltdis Life&yite staie (Regraceseatassiibed in greater below). The
LifeCycleManager will be registered with the MeemRegistry. Step S01 involves creating a MeemRegistry

MRO in VMO. All 15 VYMs participate in the system require a MeemReqistry t th register (and
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described in greater below). The LifeCycleManager will be

registered with the MeemRegistry.

Step SO1 involves creating a MeemRegistry MRO in VMO. All
15 VMs that participate in the system require a MeemRegistry
to both register (and export) their Meems, as well as
locate other Meems. The MeemRegistry has its LifeCycle
maintained by the LifeCycleManager. The creation of a
Meem s further described iIn steps S12 to S20, and in
20 greater detail below by reference to figure 7.

In Step SO2 a MeemStore MSO is created in VMO. A
MeemStore stores the definition and content of the Meems.
Each Meem can be individually located within the MeemStore

25 Dby its MeemPath. The MeemStore is unstructured, such as
linear with no hierarchy. Only a single MeemStore is
required. However, multiple MeemStores can operate
concurrently and they are effectively consolidated, so as
to appear as a single MeemStore. The MeemStore is

30 registered with the MeemRegistry. The MeemStore has its
LifeCycle maintained by the LifeCycleManager.

In Step SO3, MeemRegistry MRO in VMO registers 96 with the
Jini (TM) framework. That is, the MeemRegistry MRO

35 exports itself as a Jini (TM) Service to the Jini (TM)
Lookup Service 98 so that Meems can be distributed across
multiple VMs. Every Meem has a Scope that determines the



linear with no hierarchy. Only a single MeemStore is required. However, multiple MeemStores can
operate concurrently and they are effectively consolidated, so as to appear as a single MeemStore. The
MeemStore is 30 registered with the MeemRegistry. The MeemStore has its LifeCycle maintained by the
LifeCycleManager. In Step S03, MeemRegistry MRO in \ég/lq registers 96 with the Jini (TM) framework.
That is, the MeemRegistry MRO 35 exports itself as a Jini (TM) Service to the Jini (TM) Lookup Service
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created (as per StepBUCYHs \VAF1arVeep besng Mesaikestidtry MR1 is created (as per Step S01) in
VM 1. To demonstrate a situation in which the 10 system is itself distributed, this embodiment includes

MeemStore MR angla r§@§cea{-l§},fw&;g‘| @Kﬁa%%é(FaL@iﬁC‘%%oEF@'é?ﬁéWC{‘é@ leerating in
different VMs (resp 1L.ively Oa’nc}o\ﬁ 1). Like most important parts of the system, MeemStore MSO

and HyperSpace HS At e "Meems, which means that they can be easily distributed on
different computer hardware systems. Thus, in Step S06 HyperSpace HS1 is created in VML1.
HyperSpace HS1 stdresStiepeibnshiplbetniReen SasmeRAsIZ) aerdierd(@soys ra SyperSpace
maintains a collectiog®f) Categarias Cl.m Crigonstisat &ey ahieckitieruin anthdh agmechanism for
cach of which £a MELRI il onded Leiipesy Tt FE BN IMEE Fory i nee
a Meem, MeemStore MRO and a HyperSpace HS1, which are two vital

pieces of infrastructure, operating in different VMs

(respectively VMO and VM1). Like most important parts of

the system, MeemStore MSO and HyperSpace HS1 are

15 themselves Meems, which means that they can be easily

distributed on different computer hardware systems.

Thus, In Step S06 HyperSpace HS1 is created in VM1.
HyperSpace HS1 stores the relationship between Meems. As
20 mentioned above, a HyperSpace maintains a collection of
Categories Cl. A Category is a key object structure, and
is a mechanism for maintaining a set of Meems that are
similar in some fashion. Each Category has a number of
entries, each of which i1s a MeemPath that provides a means
25 for locating the Meem. Since a Category is itself a Meem,
a Category may link to other Categories and well as
regular Meems. Meems may appear in multiple Categories.
HyperSpace and Categories are similar to the World Wide
Web and web pages, in that web pages contain
30 unidirectional hyperlinks to other web pages, and so on.
HyperSpace is itself a Category (and a Meem), which acts
as a starting point for following MeemPaths throughout the
Space, by holding entries that refer to other important
(top level) Categories. For more details, see step S10.
35
In Step SO7, MeemRegistry MR1 in VM1 registers 96 with the
Jini (TM) framework (as per Step S03).



a Category may link to other Categories and well as regular Meems. Meems may appear in multiple
Categories. HyperSpace and Categories are similar to the World Wide Web and web pages, in that web
pages contain 30 unidirectional hyperlinks to other web pages, and so on. HyperSpace is itself a
Category (and a Meem), which acts as a starting point far following MeemPaths throughout the Space,
by holding entries that refer to other important (top Iev_el?z:afegories. For more details, see step 510. 35
In Step SO7, MeemRegistry MR1 in VM1 registers 96 with the Jini (TM) framework (as per Step S03). -

27 In Step 508, HyperSpace HS1 in VMI locates MeemStore MSO via MeemRegistry MR1. HyperSpace
HS1 only maintains tHe P&8RonSRips HRFERARRARL il Bod¥hdl oratee MS?Qb%J?)'fSr HROMeems. This

also applies to the CeilgydiramBag sty pESpadeyRSSpaaaaiisl Hypkr Spatetagnsisee MeemStore
MSO to store the Categpsx iefisiinns aedwesrientsendjs btep deciudes apravbes of substeps: Substep

S08a: HyperSpage Hl askgideguuRegisty MR LIPL .13 MIGESIRE MrOcadidppe08y: MeemRegistry
MR1 determines th%glaeeg\smre MSO %g%t local;, Substep SO8c: g/leemlﬁ? stry MR1 locates other

8
MeemRegistries (MRO, T éf,pﬁ & t ir[ﬁa(*%aigsfram o‘?fz; @ft?st@ éggoe:SOther
MeemRegistries (MRGENFE2 IO RS k0 askedfothdakRsIerY ARF KUIHREPSEE! The MeemRegistry
MRO in VMO providesrteatsie Réfereriee thecWedasStoraliBeY. 20F Thebatepanism for one Meem to

refer to another Meegn %Bgibm%mi”%i%ﬁé@ﬂ ke raade W@@@R@tﬁ%ﬁry MR1 for
10 MeemStore MSO;
e Substep SO08b: MeemRegistry MR1 determines that MeemStore
MSO is not local;
e Substep S08c: MeemRegistry MR1 locates other
MeemRegistries (MRO, MR2, MR3) via the Jini (TM)
15 framework;
e Substep S08d: Other MeemRegistries (MRO, MR2, MR3) are
asked for a MeemStore; and
e Substep SO08e: The MeemRegistry MRO in VMO provides a
remote Reference to the MeemStore MSO.
20
The mechanism for one Meem to refer to another Meem so
that method invocations can be made is known as a
Dependency. Step S25 describes the Dependency mechanism.
This process is also described in greater detail below by
25 reference to figure 9.

In Step S09, HyperSpace HS1 restores 99 Categories Cl
using MeemStore MSO. Whenever Meems depend upon a
Category, HyperSpace HS1 dynamically restores the desired

30 Category by using the definition and contents that have
been previously stored in MeemStore MSO.

In Step S10, Categories Cl1 group similar Meems. Most
applications will need to group Meems together.

35 Categories dynamically maintain a list of entries.
Whenever an entry is added or removed, all Meems that
depend upon that Category are notified.



Dependency. Step S25 describes the Dependency mechanism. This process is also described in greater
detail below by 25 reference to figure 9. In Step 509, HyperSpace HS1 restores 99 Categories C1 using
MeemStore MSO. Whenever Meems depend upon a Category, HyperSpace HS1 dynamically restores
the desired 30 Category by using the definition and contepts that have been previously stored in
MeemStore MSO. In Step 510, Categories C1 group similar Meems. Most applications will need to group
Meems together. 35 Categories dynamically maintain a list of entries. Whenever an entry is added or
removed, all Meems that depend upon that Category are notified. - 28 In Step S11, a LifeCycleManager
LCM2 is created (as HerS&&&h 3bby it VI eE Y E‘TMB@PE% MbmER gRRAYRED (@Er2REd (as per Step
S01) in VM2. In StepS$¢B, MEmRegidtd- MR2 in VM2 registers 96 with the Jini (TM) framework (as per
Step S03). 10 In Step S14, LCM2 in VM2 locates HyperSpace HS1 via MeemRegistry MR2. The

LifeCycleManaggr LGN 4igpeads uneeurRIRARIY K HRUSGLINplapsdo J0 areigllle. Category, the
LifeCycleManager L%] needgﬁglf{eference to15 HyperSpace HS1, which happens to be in VM1. The

sequence of "locatio rati Is similar to Step S08. In Step S15, LCM2 determines which Meems to
manage 100. All LifeCycleManagers depend upon a specified LCM Category 20 (typically in
HyperSpace) that cohtaiftepli§id MEéertRieois trginttiBed WAl 2 ife€ycttidanagér wi &ipattieular VM.
The LifeCycleManagej yipegmiyPaiersfotkaqaidroarMseap’abzio the LCM Category, upon which it
depends. As Nﬁ?ms are added or removed from the LCM Category, it dynamically

In Step S14, LCM2 in VM2 locates HyperSpace HS1 via

MeemRegistry MR2. The LifeCycleManager LCM2 depends upon

a Category to be used In step S15. To acquire the

Category, the LifeCycleManager LCM2 needs a Reference to

15 HyperSpace HS1, which happens to be In VM1. The sequence
of “location” operations is similar to Step S08.

In Step S15, LCM2 determines which Meems to manage 100.
All LifeCycleManagers depend upon a specified LCM Category

20 (typically in HyperSpace) that contains a list of Meems to
be maintained by a LifeCycleManager in a particular VM.
The LifeCycleManager uses HyperSpace to acquire a MeemPath
to the LCM Category, upon which it depends. As Meems are
added or removed from the LCM Category, it dynamically

25 notifies the LifeCycleManager, which either creates or
destroys the Meem.

The process of creating a Meem is described in Steps S16
to S21:

30 e In Step S16 the Meem Definition 102 (including Wedge
Definition, FacetDefinition and DependencyDefinition) 1is
acquired. The LifeCycleManager LCM2 1is responsible for
the complete LifeCycle of a Meem, from creation through
to destruction (see figure 5). It performs this process

35 by coordinating the actions of a number of other
processes. For a given Meem, the first step is to use
the MeemPath extracted from the Category entry provided



25 notifies the LifeCycleManager, which either creates or destroys the Meem. The process of creating a
Meem is described in Steps S16 to S21: 30 In Step S16 the Meem Definition 102 (including Wedge
Definition, FacetDefinition and DependencyDefinition) is acquired. The LifeCycleManager LCM2 is
responsible for the complete LifeCycle of a Meem, from éeatlon through to destruction (see figure 5). It
performs this process 35 by coordinating the actions of & number of other processes. For a given Meem,

the first step is to use tqﬁ l\égi?glli\%afg ext {%d i ﬁ:aitgga I%/%gota? p 8\(:' ) }%9% in Step 515_ _T_hls
€ ,

MeemPath is used to locate emDe nltlon In emStor tep the MeemDefinition is
given to the MeemBunM?reWI%er'lrh'étLFPé‘CflaeMﬁﬁﬁﬁé}rLeCWprowdes a 5 MeemDefinition to the
MeemBuilder MB2, whidih uS&sph&tlDefilhie Meeabhibletdlpthd detily@ pidsestingo a single, seamless,
encapsulated distributefieenBrdrelrir heAVieemieln ST pd Belilae MeamBovidep Miv4 @esstiucts 104 the

10 Target Meen106. MégﬁBEWﬁﬂB%rﬂe{@%@ Mé%rmﬁ'm@P”MQch'ﬁM%ﬂ”h%%é Rihgdhe
predefined system Welgggrsn created. For e cl‘w ’elpe i erﬁ ous in-hound and out-bound Facets
are created. For each et & gaené’er?a?SW feft ee'fng gj C{taPc'n S35 AR &ocess is

described in greater de@linsth6w SPFelaehcctBIRRFY 'ﬁtﬁ’fjsfb'psﬂgbﬂi'@glf@@%‘@%ger LCM2
maintains 108 Target MibxemME@6 ;The MeemBuilder MB2 returns the newly constructed Meem back to

the LifeCycleManager L{xM2tdpedbLifequcipddamagaderMbassisns e eembelh nthe Meem 106,
based on the MgemStore, M2Q USEd P IS, Al of the Wedges defined by the
application for this Meem 106, plus the predefined
system Wedges are created. For each Wedge, the various
in-bound and out-bound Facets are created. For each
Facet, a Dependency on other Meems may be attached.

15 This process is described in greater detail below by
reference to figure 7;

e In Step S19, the LifeCycleManager LCM2 maintains 108
Target Meem 106. The MeemBuilder MB2 returns the newly
constructed Meem back to the LifeCycleManager LCM2. The

20 LifeCycleManager LCM2 assigns a MeemPath to the Meem
106, based on the MeemStore MSO used by the
LifeCycleManager LCM2 for Meem storage. This MeemPath
can be used by other Meems to uniquely locate this new
Meem 106;

25 e In Step S20, the Target Meem 106 registers 110 with
MeemRegistry MR2, so that the Target Meem 106 can be
located by other Meems. A Weak Reference to the Target
Meem 106 is added to the MeemRegistry. Apart from the
TargetMeem Reference maintained by the LifeCycleManager

30 LCM2, all other TargetMeem References distributed
throughout the system are Weak or Remote References.
This means that the Target Meem 106 can be entirely
destroyed and completely removed by the
LifeCycleManager, regardless of any other References;

35 and

e In Step S21, the MeemRegistry MR2 notifies MeemRegistry
Clients. The Target Meem 106 is added to the



LifeCycleManager LCM2 for Meem storage. This MeemPath can be used by other Meems to uniquely
locate this new Meem 106; 25 In Step 520, the Target Meem 106 registers 110 with MeemRegistry
MR2, so that the Target Meem 106 can be located by other Meems. A Weak Reference to the Target
Meem 106 is added to the MeemRegistry. Apart from t_heSOTa_rgetMeem Reference maintained by the
LifeCycleManager 30 LCM2, all other TargetMeem References distributed throughout the system are

Weak or Remote Referﬁ%%«;ﬁf%%py%gg%rﬁztpat gﬁggr%tewgegaﬁog eﬁé&@e Lﬁg&iﬁelgggesnoyed and

completely removed by t anager, regardless of any_other Rererences; and In Step 521,

the MeemRegistry MR2GSMREIVEENRLLAY, iRt End aSrduenadhl THBAL LR to the - 30
MeemRegistry MR2. Othregaedmg dégediepddd tibonsthantlgemRelstnfTianttibgcet to receive
notifications regarding eeiReagiktas BRD remuvisds freoh drd SMeatidegi stidVIRZen hte mechanism

allows one Meeg to 5 L{Jr}gqld%lgigcq@(;%r{ghgﬁgﬁgp O} VALES %?FWE’@%%@E@H@ZZ’ a LifeCycleManager
LCM3 is created (as per Step S00) in VM3. 10 In Step S23, a MeemRegistry MR3 is created (as per Step

S01) in VM3. The MeemRegistry MR3 registers 96 with the Jini (TM) framework (as per Step S03). In
Step S24, a Client MBen$ 48R i84feafed-BESHYCEEMANATLE 1 LGYI B iANERESHh G18p 5, the Client
Meem 112 has a DeftrgefOP )1 1#0VMBe Target Meem 106. A Dependency between Meems is
resolved into a unidirectional Reference. Either Meem can 20 depend upon the other and establish a flow

of information, iadqup%e{gpoféagfji%gqyggmca‘etggg%%e%@% created (as per Step

S01) in VM3. The MeemRegistry MR3 registers 96 with the
Jini (TM) framework (as per Step S03).

In Step S24, a Client Meem 112 is created (as per Steps
15 S14 to S21) in VM3.

In Step S25, the Client Meem 112 has a Dependency 114 on
the Target Meem 106. A Dependency between Meems is
resolved into a unidirectional Reference. Either Meem can

20 depend upon the other and establish a flow of information,
independent of the direction of the Dependency.
Dependencies between Meems can be mutual, as described in
steps S26 to S29.

25 In Step S26, the Client Meem 112 locates 116 the Target
Meem 106. The Client Meem 112 depends upon the
MeemRegistryClient Facet of the MeemRegistry MR3 in VM3
(created in Step S22). A Filter is used that contains the
MeemPath of the Target Meem 106. Since MeemRegistry MR3

30 does not have a local Reference to the Target Meem 106,
MeemRegistry MR3 checks with all the other MeemRegistries
(MRO, MR1, MR2) discovered via the Jini (TM) Lookup
Service 98. The MeemRegistry MR2 In VM2 responds with the
Target Meem 106 Remote Reference, which is then handed

35 back to the Client Meem, via the MeemRegistry MR3 in VM3.

In Step S27, the Client Meem 112 acquires a Reference 118



Dependencies between Meems can be mutual, as described in steps S26 to S29. 25 In Step S26, the
Client Meem 112 locates 116 the Target Meem 106. The Client Meem 112 depends upon the
MeemRegistryClient Facet of the MeemRegistry MR3 in VM3 (created in Step S22). A Filter is used that
contains the MeemPath of the Target Meem 106. Since )M eemRegistry MR3 30 does not have a local
Reference to the Target Meem 106, MeemRegistry MR3 checks with all the other MeemRegistries

(MRO, MR1, MR2) df%c egé/éa{g%%ﬁ]tpégglgl) kugj?gﬁlcgh?@ ar}ﬁgﬁ?@%@ MR2 in \_/M2

responds with the Tar% eem emote Re erence chisth to the Client

Meem, via the MeerfREGERIGARCANAS HsrRASB B2926e ENENEAARIE Meaegc&&?es a Reference 118
- 31 to the desired Per@HagEs UsiRkg fied qaggetivictne 108r gefeigrie deqsted BOStep 526, the Client
Meem 112 requestssp&sifiiceiio theeT dsindeany-acainiiz) Tsnepficdisethe-Bependeocy. This

Target Meem Facet 2@ Beierepcedadnendisgdds %@éh%@t&w%ﬁﬁe%ﬁ%@t”ﬁ@l glient Meem
Wedge implementation. This tws th Clleg/ FIgyleem 11 to sen messa s.to th%% %Meem 106. In

Step S28, the Target'p/le% 1 e@'élv < edelr%?/ f@fﬂﬁa e ci fﬁ/le% H%hls example,
the Client Meem 118 htdndteer Cle RSN MensAeetarket Mserhar @ thMegside a Reference

from a specific out-bound Target Meem Facet to an in-bound Client Meem Facet. The Client Meem 112

sends this Dependengy e Satetiieemnge el 3 deersesaives ifd”@éﬁéﬂ@@ﬁ@l}cqmthe

the Clent Meet 119 bi e ALt MGG 108 ol tne EIM i Thec Je eliee
References to each dttfer! ﬁ%s@'&@EQ%rPGQ%@%EﬁVoHJ{%I?@eﬁpﬁ] SEEdi %ﬁﬁf’h }P% i time,
defines a Reference from a specific out-bound Target Meem
Facet to an in-bound Client Meem Facet. The Client Meem
112 sends this Dependency to the Target Meem 106, which
15 then resolves it into a Reference to the specified Client

Meem Facet (in a manner similar to Step S27).

In Step S29, messages are sent between the Client Meem 112
and the Target Meem 106. Now that the Client and Target

20 Meems have References to each other, messages can be
asynchronously sent in either direction. If, at any time,
either Meem 106, 112 or the network should fail, the
References are automatically removed and the Dependencies
become unresolved. |If either of the Dependencies are

25 “strong”, then the Client Meem 112, which declared the
Dependency, will become “not ready” 88 (see figure 5).
This effect will ripple throughout the system, causing
Meems to become dormant, until the problem is resolved.

30 The following sections describe specific processes of this
embodiment in greater detail, including Meem Building,
Meem LifeCycle, Meem Dependency Resolution, Asynchronous
thread decoupling and the Meem Developer Tool

35 MEEM BUILDING
As discussed above, Meems are the basic building blocks of
the distributed system of this (or the first) embodiment



either Meem 106, 112 or the network should fail, the References are automatically removed and the
Dependencies become unresolved. If either of the Dependencies are 25 "strong", then the Client Meem
112, which declared the Dependency, will become "not ready” 88 (see figure 5). This effect will ripple
throughout the system, causing Meems to become dor t, until the problem is resolved. 30 The
following sections describe specific processes of this embodiment in greater detail, including Meem

Building, Meem LifeCycl e Qn, n 0 d ling and the
Meem Developer Toé:ﬁ(%wﬁ\?éﬁﬁﬁ%%}ié |sﬁ!§b§§ gg%\ée%%%rﬁs% arr%{%?e %fggéﬁ]ilding blocks of
the distributed systelf 3R MEEMReFEB A RBoRirmERPeE2 Odn G oF ¢hd Undareidad rANikS as part of that
system, while Meenkepimprseedaasherdiqate antidapandeaetesknowheis Wedges, Facets and

Dependencies. The \MeeD&mEfinitdncoompimeisalstha Detindiansfiinthesersfukiarnestl parts. The
Meer_nBuiIder cad) ta%&%m@ﬂi&%qndﬂg%g@% PIRRIP &RpWLstance of a Meer_n,_ _during the
run-time of the sys_te .Tz)e ﬁ\[lee efinitign ontal_n_s identifier, one or mare 1V.Ved eD f|n|t|o.ns, a
Scope that determlngé?ﬂ] ® féh'tto'foaplarﬁaeé:%ms?ml's?ﬂad;!/yaﬁg 3%/L‘éers%nnﬁﬂ/mb%?. if\"iﬁ%dai &owdes part
of the implementatiod&¥haibtiri&ita ke Meeh Mehe TWidigyebYsiififion cbiains an identifier, zero or
more FacetDefinitioNscabéfipfenténtatoondiagssaame edere ift of {iettiwthat descabe the persistent
state of that 15 Wedgedfdtraeins eiopdernaldespaceaftheddepii Hal AR aithesheceiredn-bound
method ‘”V"C.agB”S We&%ﬁ]"‘%erv?g%@?h'E‘ggnsﬂ'&gda"w&?é%ﬂsn‘&%‘b gt both. f JFCENPEIRIHeL contains an
identifier, an indicator of whether an In-pound Facet requires initial state and a
part of the implementation behaviour of a given Meem. The
WedgeDefinition contains an identifier, zero or more
FacetDefinitions, an implementation class name and a list
of fields that describe the persistent state of that
15 Wedge. A Facet is an external interface of the Meem that
can either receive iIn-bound method invocations or deliver
out-bound method invocations, but not both. A
FacetDefinition contains an identifier, an indicator of
whether an in-bound Facet requires initial state and a
20 single DependencyDefinition. A Dependency defines a
dynamic relationship with another Meem. The direction of
the resulting Reference (flow of information) can be in
the same or opposite direction to that of the Dependency.
The DependencyDefinition contains a MeemPath to locate the
25 other Meem, a Scope that determines the extent of locating
the other Meem and a Dependency type. Even though a given
Meem Facet has only a single Dependency, it may depend on
multiple other Meems, 1Tt the Dependency is on a Category
Meem (grouping concept) and the Dependency type is either
30 “strongMany” or “weakMany”. (Dependencies, their types
and their resolution are described in greater detail below
by reference to figure 9.) Once a Meem is constructed,
one of the system defined Wedges provides the MetaMeem
(in-bound) and MetaMeemClient (out-bound) Facets. These
35 Facets can be used during the system run-time to
dynamically add new or remove any of the Definitions that
describe parts of the Meem.



20 single DependencyDefinition. A Dependency defines a dynamic relationship with another Meem. The
direction of the resulting Reference (flow of information) can be in the same or opposite direction to that
of the Dependency. The DependencyDefinition contains a MeemPath to locate the 25 other Meem, a
Scope that determines the extent of locating the other_l\/&err_l and a Dependency type. Even though a
given Meem Facet has only a single Dependency, it may depend on multiple other Meems, if the
Dependency is on a Category Meem (grouping concept) and the Dependency type is either 30
"strongMany" or "weakMany". (Dependencies, their types and their resolution are described in greater

detail below by referdht® @Y§IR I'seIGS aMEERFIsPorRERREE NBhe iR e stddese led Wedges
provides the MetaMd@mnoyachahenevar MaiaMeegnClient (outasiihu® FaedateTRése 35 Facets can be
used during the systempairedmelip, dynandealipadddenm pscemovendiahottie Pefinitions that describe

parts of the Meagn. - &, Jhie AIRYSMEEES, FaFEE BLDERENGESEIS 0Pe adisddieLeBpYed
whenever the Meem %lri I"actlve' state 84. I?gortan I |str|b§1ed (}f égft - which can be 5 dynamically
| n

y, a
created, altered and%_ S ?/eﬁqaé%[;%giesyg Ot the eaﬂﬁiacs@ em 3}5 i b8haviour as a
single, seamless an$iitehEly SEIIKASARNFNSI gl ?rsaPRil kestaMel freem Building
according to 10 this embodiment, and depicts the process by which a Meem s constructed. In Step SO0,
a Definiti?n 130 for the gyptem Cﬁin&dfWﬁda‘iﬁéﬁﬁw&iﬁfdMéﬁrﬁ/'%ﬁmﬁdifﬁ@t%@wﬂ‘ir%}{siﬁi_'n \évig 15
consist of a certain er ?ﬂgsﬁan [ | ide ¢ oyr red by a
distributed cor%?)onr;!#:it ate ?r]]f?}eg:acts with %tﬁaéer %iggrﬁg%eﬁgnfgé%égt% :Pr%r% m?:g{efﬁle@%wd consistent
manner. 1S constructed.

In Step SO0, a Definition 130 for the system defined
Wedges i1s created. All Meems created by the system will

15 consist of a certain number of Wedges and their Facets,
which provide core behaviour required by a distributed
component that interacts with other distributed components
in a well-defined and consistent manner.

20 In Step S01, a MeemDefinition 132 for the application
defined Meem is created. Applications can define a set of
one or more Wedges, their Facets and their Dependencies,
which provide a given Meem with its specific personality.
This MeemDefinition 132 may be created programmatically,

25 recovered from a storage mechanism or transmitted across a
communications protocol.

In Step SO2, the MeemDefinition 132 is provided to a
LifeCycleManager 134. All Meems are created by the

30 LifeCycleManager 134 that maintains their LifeCycle from
creation through to destruction.

In Step SO3, the LifeCycleManager 134 uses the MeemBuilder
136 to create 138 the Meem. The actual process of

35 constructing the Meem may be delegated to a specific Meem
building mechanism.



20 In Step SO1, a MeemDefinition 132 for the application defined Meem is created. Applications can
define a set of one or more Wedges, their Facets and their Dependencies, which provide a given Meem
with its specific personality. This MeemDefinition 132 may be created programmatically, 25 recovered
from a storage mechanism or transmitted across a coprjggni_cations protocol. In Step S02, the
MeembDefinition 132 is provided to a LifeCycleManager 134. All Meems are created by the 30

LifeCycleManager 134 t ntain ir L cl é reati rQugh tion .In Step SO03,
the LifeCycIeManag(:-:-i?] 1%? %@qugé i}f?emﬁ)u%?:d%ﬁ ? ﬁg %gezﬁé&%g tf%él %Aéggré{? ?ﬁé@c@ggl rE)tr§ocess of 35
constructing the MedEni4§ HePYdIbaated #Pa specific Meem building mechanism. - 34 In Step 504, the
system defined Wedges are provided 140 to the MeemBuilder 136. In Step 505, the MeemBuilder 136

creates 142 the system Steefises Mage pareBilE MaemBeildeeiteexaminesdheyieamDefinition 132
and the various gart%gﬁﬂgaom.pgpfggcthdgg%@itm,a \Vedgs implementation is created.
Any references between \@QF es for int -I%/ed e_communication are resolved. For each FacetDefinition,
a 10 Facet is created, 88 We I%&'ﬁ]ﬁ?ﬁog%_ o] %ioﬁ rosied P51° i_rﬂgrc(:%e t%?bagl_ fht-bSBH HiPout-bound
method calls to andfRimerAedirdasprMetblieon - Far badaeptprheraciBEliafiohsS a Dependency is
created. All of theseqparddade coAryned fietbem sy l&dtaeen nytowest ko d Siis capalde oé routing
in-bound method caliihifiei aRpioprialieeNHIgBRAAMION £oRecarth NvakibevRP¥RenMethod calls on a
collection of Mggms -0 3ter; 206, lheddgemBuldsy L 3R creatRs d 4hscad ABRIpRENG 8§ TipgH Meem

parts. Application specific _ i
intercepting all in-bound and out-bound method calls to

and from a Wedge implementation. For each
DependencyDefinition, a Dependency is created. All of
these parts are combined into a single Meem instance that

15 is capable of routing in-bound method calls to the
appropriate implementation code and invoking out-bound
method calls on a collection of Meems.

In Step SO6, the MeemBuilder 136 creates 144 the

20 application defined Meem parts. Application specific
Wedges, Facets and Dependencies are added to the Meem iIn a
process similar to Step S05, except that, now that the
Meem”’s system defined Wedges are in place, the MetaMeem
Facet can be used to perform all Meem, Wedge, Facet and

25 Dependency Definition altering operations.

In Step SO7, the LifeCycleManager 134 assigns a MeemPath
146 to the new completed distributed object, or Meem, 148.
The Meem 148 comprises a DependencyHandler 150, a MetaMeem
30 152, the Reference Handler 154, Application Inbound Facet
156, Wedges 158, Meem Client 160, MetaMeem Client 162,
Reference Client 164, and Application Outbound Facet 166.

MEEM LIFECYCLE

35 As discussed briefly above, Meems have a simple and well
defined LifeCycle that marks their passage from creation,
through operational states and finally destruction. A



Wedges, Facets and Dependencies are added to the Meem in a process similar to Step 505, except that,
now that the Meem's system defined Wedges are in place, the MetaMeem Facet can be used to perform
all Meem, Wedge, Facet and 25 Dependency Definition altering operations. In Step 507, the
LifeCycleManager 134 assigns a MeemPath 146 to the ggw completed distributed object, or Meem, 148.
The Meem 148 comprises a DependencyHandler 150, a MetaMeem 30 152, the Reference Handler 154,

Application Inbound 6 e t eference Client
164, and Appl|cat|onggfgj'?bﬁoal{ljﬁdq,g/Xci::(gtg fGé}‘S &%JW%%@%I&%M%%%&%%%%% Iy géove Meems
have a simple and wekTENSAE LFE R ICThA HAMRHERER Y ALRPAEERRL ¢ SUﬁ%B%ratlonal
states and finally destfustidre A M@emsp&bik qdansnef thiednvéhadn iteeiat chBmees iMahe LifeCycle state

of a given Meem willRipe adiest jha-strie i ohsthiy Meamgebabdepenirupond et Meginddese Meem
Dependency relgtionghip ehaagesoseUniihadyell defined 5 and consistent manner. Meems have three
LifeCycle states and six state transitions: Created: the Meem exists in a storage mechanism; the 10

Meem cannot be located via MeemRegistry. Active: the Meem is managed by a LifeCycleManager; the
Meem can be locate¥8BAMESVREN B Ddperyed&estikts s5RtbA WealRE®an be resolved:;
Dependencies upon tappigstioond/edges can not be resolved; application 15 specific Definitions can be

altered; Ready: Dependgiegies dpophapRiarioseegertan seofegivarddheniiesm ¢as be used by
other applications Meepg, APRIGRERN sREFHICRENN YRS LR G FiFred:
e Active: the Meem is managed by a LifeCycleManager; the
Meem can be located via MeemRegistry; Dependencies upon
system Wedges can be resolved; Dependencies upon
application Wedges can not be resolved; application
15 specific Definitions can be altered;
e Ready: Dependencies upon application Wedges can be
resolved; the Meem can be used by other applications
Meems; application specific Definitions can not be
altered.
20
Figure 8 i1s a flow diagram of a Meem LifeCycle according
to this embodiment, including the states and transitions.

Transition 170: Meem Creation. A Meem can only be created

25 once. Meems can only be created by a LifeCycleManager in
a running system. A MeemDefinition is used to describe
the Meem to be created. As the Meem is created, both its
MeemDefinition and MeemContent are persisted in a storage
mechanism, such as MeemStore. A Meem that exists, but is

30 not being managed in a VM by a LifeCycleManager is in the
“Created” state 172.

Transition 174: Meem Activation. A LifeCycleManager
restores the MeemDefinition and MeemContent from a storage
35 mechanism, such as MeemStore. The Meem is built using the
MeemDefinition and its MeemContent is written (or placed)
back into the Meem. The Meem is registered with the local



20 Figure 8 is a flow diagram of a Meem LifeCycle according to this embodiment, including the states
and transitions. Transition 170: Meem Creation. A Meem can only be created 25 once. Meems can only
be created by a LifeCycleManager in a running system. A MeemDefinition is used to describe the Meem
to be created. As the Meem is created, both its Meem_D%fgwit_ion and MeemContent are persisted in a
storage mechanism, such as MeemStore. A Meem that exists, but is 30 not being managed in a VM by a

LifeCycleManager isM'g é!ﬂﬁ e‘éﬁr d" s@g% ]Mge ;gngist)'gja e]nH\/ %8[% %\?gv%té% A LifeCycleManager
| ec

restores the MeemDefinition"and MeemContent from a ‘storage anism, such as MeemStore. The

Meem is built using R¥MLRRISefidHEN M 1SRN EYREICR WEHSS Sor pRERRY HS80Rito the Meem.
The Meem is registetd@WitdteenidcePoB6SyrRESTIREGRRES TOE MeksnMegmiamnedeges-are made
available, but not its @ppécatidrs Wedged.t@trerideeond teakde pane upeensyiéeimFaeets of this Meem
may do so. Ongg thisy[rgfsitionsisgamplaied, the Meem is in the 5 "Active” state 176. Transition 178:
Become Ready. The Meem attempts to resolve any Dependencies upon other Meems. The Meem
attempts to acquire any resources required by the 10 application, such as database connections,

hardware devices, et€angd MeEmdah oRRCATBRRBAAY "Ry Mese aBEaRER Mbf its Strong
Dependencies and appdiodiren adefimep esstrnceés havedmearthequiedm$s TrahsitideehB82: Not Ready. A

Meem can perform thigt&ianeHiofol0f e Fdes R reasens iy phls Rtendh P apRndencies are lost, any
of its applicatiorodefigﬁgl E%%%Sﬂst aLg éﬂstagw%g/ﬁed’%@sc%gHétgm%lnfgilun;ga%m?&cgption thrown, the
e "no ’

Meem itself decides to becom
devices, etc. The Meem can only move to the ‘““Ready” state

180 when all of its Strong Dependencies and application
defined resources have been acquired.

15 Transition 182: Not Ready. A Meem can perform this
transition for a number of reasons; any of its Strong
Dependencies are lost, any of i1ts application defined
resources are lost, the Meem has an internal failure or
exception thrown, the Meem itself decides to become “not

20 ready”, another Meem requests the Meem become ‘“not ready”,
the LifeCycleManager needs to terminate, or the system 1is
being shut-down. Any other Meems that depended upon the
application Facets of this Meem are notified; the Meem 1is
then iIn the “Active” state 176.

25
Transition 184: Deactivate. The Meem is deregistered from
the local MeemRegistry. The MeemContent is updated in the
storage mechanism, such as the relevant MeemStore. The
Meem is deconstructed and removed from the VM. It is now

30 i1n the “Created” state 172.

Transition 186: Destroy. A Meem can only be destroyed
once. The MeemDefinition and MeemContent are removed from
the storage mechanism, such as the relevant MeemStore.

35 The Meem no longer exists.

MEEM DEPENDENCY RESOLUTION



20 ready", another Meem requests the Meem become "not ready", the LifeCycleManager needs to
terminate, or the system is being shut-down. Any other Meems that depended upon the application
Facets of this Meem are notified; the Meem is then in the "Active" state 176. 25 Transition 184:
Deactivate. The Meem is deregistered from the local M Registry. The MeemContent is updated in the
storage mechanism, such as the relevant MeemStore. Thé Meem is deconstructed and removed from

the VM. It s now 30,ndlie Cagpies” Laieb L2 T R BR-RES B AdsoyiL e only be destroyed

"éé
once. The MeemDefinition and (r#n%qontent are remo om the storage mechanism, such as the

relevant MeemStoreS389k&e KRRSGA %&?%xﬁs?ﬁ@ﬁﬁ%ﬁNﬁEﬁWR@%Eﬁfoﬂ -37 A
Dependency defines\@erelatitiieshig bdensen deembs e satyly Odpdide haesie hesddsociated with
each Facet of a Meaihe @ngteadfet@mswigbtaneckbwmiin the MesoRegiatly, tbperbesystam will attempt
Speaific Meom, then LR e e A e L rosalved b
mpatching Face;ts of tﬁgcc red il’?t%?%%g't(f/ S aé&e%eﬂnc.)dta%mﬁg Ee}s(ym%esr] %%J'}(/:(?}Fheected to g
in-bound 10 Facets. FHerBebehBeRty typd mAEREAPREYsEaRg O krdigyNgRP V& aRY or "weakMany".
All Strong Dependemeitsimngt Facessivedi fthéheappbcdtiantietifadeFayps aral Mdks to be ready for
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“strongMany”, “weak” or “‘weakMany”. All Strong

Dependencies must be resolved for the application defined

Facets of a Meem to be ready for use. Weak Dependencies

may be resolved or not, without affecting the Meem’s

15 readiness. StrongMany and WeakMany Dependencies mean that

if the other Meem being referred to is a Category Meem,

then all the Meems contained in that Category will be

depended upon.

20 Figure 9 is a flow diagram of Meem Dependency Resolution
according to this embodiment, that is, the process by
which Dependency relationships between Meems are resolved.
The resolution of the Dependency between Meem MO and Meem
M1 allows Meem MO to invoke from its Provider Facet a

25 method defined in the Client Facet of Meem M1. The
resolution of the Dependency between Meem M2 and Meem M3
allows Meem M3 to invoke from its Provider Facet a method
defined in the Client Facet of Meem M2. This demonstrates
that the direction of the Dependency, that is, which Meem

30 defines the Dependency, can be independent of the
direction of the Reference that iIs set-up.

In Step SO0, Meem M1 registers 190 with MeemRegistry 192.
That is, when Meem M1 moves to the *“active” state, its
35 LifeCycleManager registers 190 1t with the MeemRegistry
182. As soon as Meem M1 has all its strong Dependencies
resolved and all application specific resources are



depended upon. 20 Figure 9 is a flow diagram of Meem Dependency Resolution according to this
embodiment, that is, the process by which Dependency relationships between Meems are resolved. The
resolution of the Dependency between Meem MO and Meem Ml allows Meem MO to invoke from its
Provider Facet a 25 method defined in the Client Facet oéglle_em MI. The resolution of the Dependency
between Meem M2 and Meem M3 allows Meem M3 to invoke from its Provider Facet a method defined

in the Client Facet o% em. .migrge%gn%@tggst%qg tpgﬁcggg??ippc(&tttiﬁﬂzqgﬁggacy, that is, which

Meem 30 defines the Dependéncy, can be independent of t ection o erence that is set-up. In
Step 500, Meem MI F&RHSEPs $80 %Eh APOSREELiISAP 92, That is, when Meem MI moves to the "active”
state, its 35 LifeCycleManager registers 190 it with the MeemRegistry 182. As soon as Meem MI has all
its strong Dependengiessieso!sed andealihapplicainn speciiioseretficesrse -t38 Mreguitgd, then the
Facets of its apficatjprefiped WAIISSLERAN PPolARRIIehuReN BSieR SObYERIEMS) asquires 194
Reference to Meem MI. 5 Wemw}goﬁlﬁ out- Ué‘ld P[)ovi%]eMFace 96 1?5 %’,)eﬁindenc% on Meem M,
which includes both N Y Ml’s LHPANE AHETRe PR ti g for the FAC b rggf? sHER as "Client”
Facet 198. Using thel SRiEFIREGIstAPTo LN e RIOTEN RERERT the SiFdUEMe&rhPRAT 0f Meem MI and
thus acquire a 10 Méemdteft98nce s Meerhhd|. VdesRégdistiRgfct8Ace \iremiddd aacess to all the system
defined Facets of MegjadWliryn €HeprligudenseMQ acayirenedd RefairnceniosVisequ MteClient Facet
198. By using M p SG1). ilize 'S
ReferenceHangEr ﬁ@%@ggﬁ?ﬁe@gﬁkﬁs%ﬁﬂ;o tgr :ﬁé %?E%Bv%g%r?séﬁ# é|t %%EﬁjgéncyHandler

204)specmcIQekHeﬁ8§§ﬁ§aﬁ9(ﬁll the system defined Facets of Meem M1.

In Step SO02, Meem MO acquires 200 Reference to Meem M1
Client Facet 198. By using the Meem M1 Reference (from

15 Step S01), Meem MO can utilize Meem M1”’s ReferenceHandler
Wedge 202. This allows Meem MO to acquire (by means of
its DependencyHandler 204) specific References to any of
the application defined Facets of Meem M1. 1In this case,
Meem MO using the i1dentifier for the Facet of iInterest

20 (such as Client Facet 198) can acquire a Reference to that
Facet.

In Step SO3, Meem MO Provider Facet 196 invokes 206 on
Meem M1 Client Facet 198. Using the in-bound Client Facet

25 Reference (from Step S02), Meem MO can update any object
references that refer to that Facet. Assuming this is a
strong Dependency, Meem MO can now be moved to the “ready”
state. Any events that cause Meem MO to utilize i1ts out-
bound Provider Facet can now proceed, because the object

30 reference to Meem M1”’s in-bound Client Facet 198 is now
valid.

In Step S04, Meem M3 registers with MeemRegistry 192.
This is similar to Step SO0 above.

35
In Step SO5, Meem M2 - by means of its DependencyHandler
208 - acquires 210 Reference to Meem M3. This is similar



the application defined Facets of Meem M. In this case, Meem MO using the identifier for the Facet of
interest 20 (such as Client Facet 198) can acquire a Reference to that Facet. In Step S03, Meem MO
Provider Facet 196 invokes 206 on Meem Ml Client Facet 198. Using the in-bound Client Facet 25
Reference (from Step S02), Meem MO can update any %ec_t references that refer to that Facet.
Assuming this is a strong Dependency, Meem MO can now be moved to the "ready" state. Any events
that cause Meem M&F;o é{%léEé ouf- nd Provider Facet can now proceed, because the object 30
reference to Meem MI's In-bou lient Facet 198 is now valid. In Step S04, Meem M3 registers with
MeemRegistry 192. This is similar to Step S00 above. 35 In Step 505, Meem M2 - by means of its
DependencyHandlerl 208tescqififes MeoRMérendrytonmrstsn a3 IThisDepsmilancgdandlstsp SO1 above.
In Step S06, Meem I91@s- by mgansetitd Eenansiangypiendter ROEm dalivers Depemndsncyvizta to Meem

M3. Since Meerg M R.friiephEagebaas is irhoppdrndMesmRM3 RPoviderJjerst p28dt out-bound,
this dictates that the "flaw of mfo*rT ation" 216885 méheé)é){)osn%glrecton to that of .the Dependency 212.

This means that the 0 erﬁsde(?th "%ng@ ﬂae 6)9, A Ci aetl\/i'_é M I o pass that 10
Dependency informatiofedvisribaNeedl M1 STHS aho®onResd ta3dbraehion Herckoade Hihe
appropriate directiontndeep&iiesygteti 2lefinEdiBependendyiddndiee 2280eacckis nduch tguests and

causes the followingrfzieBna@hdy OCEHN 1B 8 coaseaueaRem?S Inmierpds Meg M3 acquires
ReﬂHenceZZZﬁBhMﬁgBéﬂaency information over to Meem M3. This allows Meem
M3 to create a Reference in the appropriate direction.
Meem M3”s system defined DependencyHandler 220 accepts
such requests and causes the following Step SO7 to occur
as a consequence.
15
In Step SO7, Meem M3 acquires Reference 222 to Meem M2
Client Facet 214. Using the Dependency information from
step S06, Meem M3 acquires - by means of its
ReferenceHandler 224 a Meem M2 Client Facet Reference iIn a
20 similar fashion to Step S02 above.

In Step SO08, Meem M3”s Provider Facet 216 invokes 226 Meem
M2 Client Facet 214. This is similar to Step SO3 above.

25 ASYNCHRONOUS THREAD DECOUPLING
One of the standard Features provided in these embodiments
is the automatic decoupling of a thread of control for
method invocations between two Meems. This means that all
method invocations between an out-bound Facet of a

30 Provider Meem and the iIn-bound Facet of a Client Meem, are
queued. This allows the thread of control that was
operating in the provider Meem to continue without
blocking. As required, a ThreadManager will schedule a
separate thread to undertake the task of executing the

35 method invoked on the Client Meem. The most important
benefit of this approach, is that the thread of control
executing in a Meem can never be blocked by the operation



Client Facet 214. Using the Dependency information from step S06, Meem M3 acquires - by means of its
ReferenceHandler 224 a Meem M2 Client Facet Reference in a 20 similar fashion to Step S02 above. In
Step S08, Meem M3's Provider Facet 216 invokes 226 Meem M2 Client Facet 214. This is similar to Step
SOBamwe.25ASYNCHRONOUSTHREADDECOUE%HQﬁmeofmesEmdwdFemumsmedaﬁn
these embodiments is the automatic decoupling of a thread of control for method invocations between
two Meems. This me@psa?l?gtﬁgrnwg%d invocations between an out-bound Facet of a 30 Provider Meem
and the in-bound Facet of a Client Meem, are queued. This allows the thread of control that was
operating in the provider Meem to continue without blocking. As required, a ThreadManager will schedule
a separate thread toliypdeadily thé tasd 3 desdaiest/ppE tneteninsskEdonithe Client Meem. The
most important benefddif Kaisiapioropehtéarthat dife ikeapLocadiinell exgcutingireadvieeat san never be

blocked by the %Jemﬁ?p‘_i'cﬁ(i; o 2rgiaer Meamd NYRvalYG YRll-detner arplisatienaysiem is
modularized in terms 0f its fynctionality. However, :io Sé)éplcal IS thatni] thod nvoPQ.eﬁ;ons between
components in an agbiARBA AR AT R HEI A SPEEAT U 00 S ANE £a5R REDST Ails means
that complex and ofttAeuRpR&litabRathterddibhseayo R betRerhorApon e especially when
Object Oriented listenepbegdedtiasgn LoOgeatiertsmre amploecl B bdeveanlirgptimtieatid of control from

invocations betweenMrenpaithjs Whantonjerieress sipekdanzaiansy 1hadisee desiyn- Each in-bound
method invoca&ien Cﬁgpﬁeﬁ’] §0Q§@eéﬁg P&%%{ in the context of the Meem's current state. Situations in
which a thread of control leaves a i

By decoupling the thread of control from invocations
between Meems, this invention enforces modularization iIn
the time domain. Each in-bound method invocation can be
15 considered purely in the context of the Meem’s current
state. Situations in which a thread of control leaves a
Meem via an out-bound Facet and then returns via a call-
back on another in-bound Facet do not need to be
considered. This reduces the complexity of designing a
20 distributed application.

MEEM DEVELOPER TOOL

This section provides a concrete example of how the

invention might be used to solve a simple problem in the
25 automation of real world hardware devices. This example

is just one of many varied application problems domains to

which the invention may be applied.

The basic problem is how to use distributed components to

30 individually model all devices in an automation
application. The goal is to provide a system that allows
application developers to focus on the specifics of the
device models. This requires the system, as described by
this invention, to provide a consistent process for

35 dynamic discovery of devices, fTlexible interconnection of
those devices (when it makes sense), asynchronous flow of
information between devices and handling of failure in any



Meem via an out-bound Facet and then returns via a call- back on another in-bound Facet do not need to
be considered. This reduces the complexity of designing a 20 distributed application. MEEM
DEVELOPER TOOL This section provides a concrete example of how the invention might be used to
solve a simple problem in the 25 automation of real world.hardware devices. This example is just one of
many varied application problems domains to which the invention may be applied. The basic problem is

how to use distributegl'_ccmgoag{) RN 3pnigplij\6qHa Oq%ﬂI Cd?yé%%%gy?n &bngwation application. The
[ h

I
goal is to provide a system that allows application"developers to focus on the specifics of the device
models. This requireB3RE WLEn, as described by this invention, to provide a consistent process for 35
dynamic discovery of devices, flexible interconnection of those devices (when it makes sense),
asynchronous flow of iigiareratmni betvadvdedicagrand b&ndling mb failuiatormyioAl of the devices
including automtic reeay¢RAMIBRAN RORHPIRRiUWR 1L ipmiancdipdeam i A skaplgautogiation 5
application, comprising an arang me%af devices tqéa.t are typically f él d |n|daut9mat|ng real world
hardware. In this cas ,%'&?ér %pﬁ?ug it&h %ut%o&g E)'H%eE%%toW(%/ﬁf I}éﬁ{ ,V\é% Fe‘presented by software
objects. To 10 control the actual Light hardware device, there is usually some sort of "Hardware
Adapter”, such as X-L0 aihishelase | GNV&rks.IThistHdRwaehRdaptetadrealsorre ateeliea in software
as another componeghef the gHematan paprieatiaied pHcedeitng ie thip prakedimeny, and referring to
figure 10, 10 control the actual Light hardware device, there is usually
some sort of “Hardware Adapter”, such as X-10 or Echelon
LONWorks. This Hardware Adapter can also be modelled in
software as another component of the automation
application.
15
According to this embodiment, and referring to figure 10,
each component is represented In software by a Meem: a
Switch Meem 230 connected to a Light Meem 232. The light
hardware 234 is controlled by a Hardware Adapter 236, by
20 means of a Hardware Adapter Meem 238. These Meems have
well-defined interfaces that appear as in-bound or out-
bound Facets, corresponding to the functionality of the
device. Devices that have a binary state, such as on or
off, can be modelled as a Latch that can be enabled or
25 disabled by method calls. For example, the Light Meem 232
would have an in-bound Latch Facet called “control” and an
out-bound Latch called “state”.

These Latch Facets can be depended upon by any other Meem
30 that also has a Latch Facet. Noting that an out-bound
Facet must always be connected to an in-bound Facet.
It is quite possible for an application developer to use
this embodiment and to manually construct the solution
described above. However, the platform of this embodiment
35 provides a set of graphical tools that simplify the
process and provide a visual representation of the
application system being developed. This iIs depicted as a



each component is represented in software by a Meem: a Switch Meem 230 connected to a Light Meem
232. The light hardware 234 is controlled by a Hardware Adapter 236, by 20 means of a Hardware
Adapter Meem 238. These Meems have well-defined interfaces that appear as in-bound or out- bound
Facets, corresponding to the functionality of the device. é)zev_ices that have a binary state, such as on or
off, can be modelled as a Latch that can be enabled or 25 disabled by method calls. For example, the

Light Meem 232 wo#_léairlagwa_ gpalljg%%uq%l ga}cg Facet g\alﬁgle coﬁ/lrgihr%riiﬁ\h éﬂ@ﬁ:ﬂd Latch called

i
"state". These Latch Facets can be depe edummbymwoﬁe as a Latch Facet.

Noting that an out-bdUETHAQR AFstifiky A5 ABRAEARRAPRIYE bolRY MEERS 158} URR possible for
an application develsy@eatags® rthixdsbbaimdaeaadnodnined y dordvddndetéstation described
above. However, thedetfiifeimidiithisemesimene 35wrprisesthsespé geaphisabisetatisramplify the
process and progideﬁy'gui\gr%gpﬁetﬁg)p@f W@té\%}i‘iﬂ%” swsten P& dexelpns- This is depicted

-42 -grab,in fi 11 A ial f th ion is th d ibed above,
Vieoms can bo. (1ol BT BURIEY WEoHOMAincH RS i Ahsn) B ASGraged whist e

system is operational &5 FaIListhertieVifksmoteworthy, and allows the tool illustrated in figure 11 to
operates without having to restart the system. Referring to figure 11, Step SOO indicates MeemKit 240, a

10 toolbox containingapepHEeen Wingsrd helVespupt sarsistsdpericatienderelaper g0 that he or
o e s SR LR RIS ST G R e S HEERRRE, o e vpes

assists the application developer so that he or “She does

not have to construct the same basic MeemDefinitions over

and over again. New Meem types can be dragged and dropped

into the MeemKit. Existing Meem types can be dragged from

15 the MeemKit and a copy will be created and dropped

whereever i1t is required. As shown, MeemKit 240 includes

a Switch Meem, a Light Meem, a site Meem and a System

Meem.

20 In Step S01, a template Light Meem exists and is displayed
in the MeemKit 242, so a Light MeemDefinition containing
the WedgeDefinitions and Latch FacetDefinitions exists in
MeemStore. The MeemKit 240 can group related types of
Meems together. The MeemKit Automation group (the group

25 depicted) contains the unique MeemPath for the Light
MeemDefinition In MeemStore. This Light Meem is no
different from any other Meem, but - being a “template” -
when 1t is dragged from MeemKit, a new copy is made.

30 In Step SO02, a new Light Meem is created. By selecting
and dragging a Light Meem from the MeemKit 240 to a
Category in HyperSpace 242, the following occurs. The
Light MeemDefinition is given to a LifeCycleManager, which
dynamically creates a new Meem. The MeemDefinition

35 representing the Light Meem is stored in MeemStore, so
that the Light Meem can be reactivated by a
LifeCycleManager. The unique MeemPath for that Light Meem



15 the MeemKit and a copy will be created and dropped whereever it is required. As shown, MeemKit
240 includes a Switch Meem, a Light Meem, a site Meem and a System Me em. 20 In Step SOI, a
template Light Meem exists and is displayed in the MeemKit 242, so a Light MeemDefinition containing
the WedgeDefinitions and Latch FacetDefinitions exists in,MeemStore. The MeemKit 240 can group
related types of Meems together. The MeemKit Automation group (the group 25 depicted) contains the

unigue MeemPath fo; éhg gjgtd M%G'QQ?J{@#Q{HP W%@E@ﬁﬁ%@g Iki%;t M%et'nﬂﬁ dq ﬂﬁﬁ ent from any

other Meem, but - being a "template" - when 1t Is‘dragg eemKit, a new copy._is e. 30 In Step

S02, a new Light M4RFTs ERTAtEE. B9 RI&diny ehdGeifhg a'NGhtAEEMNAESR HE MeBfKit 240 to a
Category in HyperShel242nthéaotidwaig 8t8&s. The Light MeemDefinition is given to a
LifeCycleManager, which dynamically creates a new Meem. The MeemDefinition 35 representing the

e unique Moo ey for Cat L e R e et he Light

Meem can be Iocateaé%en e % .ecfﬁéqggﬁpﬁlﬂe%'?ﬁ%ﬂ%y}ﬁ)eeihgicéﬁta('wﬁy\%" ftg?g_]. 5 In Step 5083, the

Light Meem is place8YRPEISRAEEMEditdba4the diaeetifg ARardréddidd éhefeibhewiédm from

HyperSpace 242 intotta Meem THditofesi Hud tolowidg accursrésedVideamERitbe PdAccorores a Meem

Reference to the Lighidegght/sieadhe NiegmgRefrieneerdhréfesenkditendOvsdncan theyt utilize the

MetaMeem an(ié\/le'i\%wlge ”%’ﬂ%ﬁa&e&ﬁﬁ E@?ﬁ&%ﬁ%&%ﬁ%ﬁ&‘%&%ﬁ% @rH@i ;Ié%ﬂvleemDefinition as
iQn is dis In detail.

required. The Light MeemDefinitign is Maxe X i
Facets to inspect the MeemDefinition and alter the

MeemDefinition as required. The Light MeemDefinition is
displayed in detail.

15 In Step S04, a template Switch Meem exists in and is
displayed in the MeemKit 240. This is similar to Step SO1
above.

In Step SO5, a new Switch Meem is created. This is
20 similar to Step S02 above.

In Step S06, the Switch Meem is placed in the Meem Editor
244_. This is similar to Step SO03 above.

25 In Step SO7, a Dependency is made from the Switch to the
Light. By selecting the Switch Meem’s out-bound Latch
Facet and dragging it to the Light Meem’s in-bound Latch
Facet, the Meem Editor will use the Switch Meem’s MetaMeem
Facet to add a new Dependency to the Switch Meem.

30
In Step SO8 (not shown), a Hardware Adapter Meem is
created. This is similar to Steps SO1 to S03 above.

In Step S09 (not shown), the Light Meem depends upon the
35 Hardware Adapter Meem. This is similar to Step SO7 above.

In Step S10 (nhot shown), the Meems are moved to the



15 In Step S04, a template Switch Meem exists in and is displayed in the MeemKit 240. This is similar to
Step SO1 above. In Step 505, a new Switch Meem is created. This is 20 similar to Step S02 above. In
Step S06, the Switch Meem is placed in the Meem Editor 244. This is similar to Step S03 above. 25 In
Step S07, a Dependency is made from the Switch to theﬁigpt. By selecting the Switch Meem's
out-bound Latch Facet and dragging it to the Light Meem's in-bound Latch Facet, the Meem Editor will

use the Switch Meem"sel}gig’a;ﬁ?g%gac% ggmge%ﬁe?vmgggﬁgpgy tsg Zme gcl’p_ %etm 30 In Step S08

(not shown), a Hardware eem Is creat his'is similar to Steps SO1 to dbove. In Step

S09 (not shown), theliREMENT ST R 6pBAFRECEs MeGER AEARTHEFRRERNFHATR similar to Step
S07 above. In Step BAQUgRtenoth)NtheMer it are neawdd’ tetinte44 TreuslyW sldieCRvigsin the Meem
Editor 244, the LighttifsvitelpenddrniaieiscAdapiertecswiaerselestechaad eie tefyiested to move to

the “ready” state; Thigwill calse, g Qepqpdenggh Paiwerndne SWFchMeeRAKLHIS kg > Meem, as
well as the Light Meem and Hardware Adapter Meem to be resolved. The process of resolving
L0iBE Feolde in S % R

Dependencies is de Qr gq oV n ?tiElfI%?ps?gpg IS8 |§B|%n Shd'§80 13 s08 of

figure 9). 10 This prdt@setRafs #P YR e(§5S aliBnBRNEEFHd HaSEShe sedp hhfdwafe Mfthe automation
system. These Meenfis gdepeBd apdnSEKcHotI8sogh thgushnd&ic discovery of each Meem can cause
a Dependency to be resolved to a usable Reference. The References between Facets of the 15 Meems

allows operatiofys onhpSWIERMELRQ G355 PRATRERND SOrRE AR MRSI&Nhien the Hardware

Adapter _ i

represent hardware in the automation system. These Meems
depend upon each other, such that dynamic discovery of
each Meem can cause a Dependency to be resolved to a
usable Reference. The References between Facets of the

15 Meems allows operations on the Switch Meem to cause
operations on the Light Meem and then the Hardware Adapter
Meem, as required. Failure iIn the software or hardware
represented by the Meems will cause a Meem to fail and
become “not ready”. In turn, this will make the

20 Dependencies break, leaving the dependent Meems ‘“not
ready”, until the problem is resolved.

Figure 12 is a schematic diagram illustrating a further
example of the distributed system of this embodiment, for
25 use with a home theatre system.

In this example, three Meems are created: a Home Theatre
Application Meem 250, a DVD Manager 252 and a Television
Manager 254. These Meems are controlled via a web browser

30 256, which displays software ON and OFF controls for both
the corresponding DVD player 256 and television 258. The
distributing system of this embodiment is also running
across the DVD player 256 and the television 258.

35 The Home Theatre Application Meem 250 thus includes three
Meems, an ON Meem, an OFF Meem and a device Meem (for
switching between control of the DVD player 256 and the



Meem, as required. Failure in the software or hardware represented by the Meems will cause a Meem to
fail and become "not ready". In turn, this will make the 20 Dependencies break, leaving the dependent
Meems "not ready", until the problem is resolved. Figure 12 is a schematic diagram illustrating a further
example of the distributed system of this embodiment, for 25 use with a home theatre system. In this
example, three Meems are created: a Home Theatre Application Meem 250, a DVD Manager 252 and a
Television Manager L, %Ngbeﬁi}s are controlled via a web browser 30 256, which displays
software ON and OFF controls for botH the corresponding DVD player 256 and television 258. The
distributing system of this embodiment is also running across the DVD player 256 and the television 258.
35 The Home Theat&/Rpliacagst Méaan Z5Rthirdhdigestinree Meenss, #n DN $eélh2an OFF Meem
and a device Meem ffor witattod batyeenccoNyarH tifadXdPdanapdr 2he anbthelader telgision 258).
DVD Manager Meer, 252dply s hrqe MRsmer8 fiShes Thi ot g e 0P dupglien of the
DVD player 256, 5 a gecond for cont [2 g functlo h:‘ DVD Iay 6 and a third
252" for controlling tﬂiaé/‘?éégén@tn&w %f a/ % er 256. Cfoé] Vi @1 m 254 includes
three Meems: a flrstfl@?ﬁllofbr%nmﬂl|@’%@W@Fﬁ%ﬁctlon of the teIeV|S|on 258, a second 254" for
controlling the Channel selector of the television 258 and a third 254™ for controlling the volume control

of the television 258183 dViesRy®R m&y@@@,%ﬁ@ghydma fsvriRaeantipliere2 aldeiderchappesaple between,
for example, 'RL?SMP FRd 4 pB SRRIMYRIE O’Ehénﬂn%]éﬁ‘“?dﬂéﬁéﬂu@{mtﬁé SEANASion

implementation (| and authentlcatlon certifica
258, a second 2 for controlllng the Channel selector of

the television 258 and a third 254 for controlling the
volume control of the television 258.

15 The DVD player 256 includes a device controller 260,
interchangeable between, for example, IR, Serial and USB
communication, and contains the manufacturer’s software
implementation (IMPL) and authentication certificate. A
general purpose Meem 262 (with a client connector 262° and

20 a host connector 262”) is created so that the IMPL can be
included in the distributed system and communicate with
the other Meems.

The television 258 includes a similar controller 264, and

25 a general purpose Meem 266 (with a client connector 266~
and a host connector 266”) is created so that the
television’s IMPL can be included in the distributed
system and communicate with the other Meems.

30 Another home automation example of the present embodiment
is shown in figure 13. This example is comparable to that
shown in figure 12, but involves an internet fridge 270, a
games console 272 (which also acts a server), an MP3
player 274, and a television 276. Each device

35 communicates with the server and are all therefore iIn
communication as part of the distributed software
environment of this embodiment. The server contains an



general purpose Meem 262 (with a client connector 262' and 20 a host connector 262") is created so that
the IMPL can be included in the distributed system and communicate with the other Meems. The
television 258 includes a similar controller 264, and 25 a general purpose Meem 266 (with a client
connector 266' and a host connector 266") is created so tgat the television's IMPL can be included in the
distributed system and communicate with the other Meems 30 Another home automation example of the

present emt_)odlmen ﬁ@gﬁég{l%ﬁeépogﬂ ex g}?eéﬂﬁg%gwe? )asé}% n in figure 12, but
C Brver

involves an internet fr ames console 2 hich also acts a P3 player 274, and
a television 276. Ea&PfM@E%BZ miGcARUATAR tHE e P hn 8%e HiERERIRFE T Ebmmunication as
part of the distribute@¢ebtibteadgvironment of this embodiment. The server contains an - 46
authentication profile, home automation application software 278, the manufacturer IMPL and

authentication Gpriifiegle rdbeIRBRAON ARG 285 £ o epntolled by means
of a series of control scr 13‘?ﬁsf'ié/able on the elevision 276 nce g}ﬁable Meem incorporating that

software has been cFeé& Wﬁnﬁ—lg ETSﬁ"M)eﬁ JQE% ) PETFDRMS The platform,

system and developfhEFR Isotaikenempkive Epdsydinktits HF6videRGesat stddRks N§EMPIs based on
top of the Java (TM) iacguage ahdrthethdatnso€ievee? h8mruzed EdidatddM) platform, so its use does
not 15 exclude interoperating with J2EE (TM) application systems and components. Rather, it addresses

a set of probleriwé thggéw%vtpﬁ_r' tt‘lxﬁé\lENF_q I\/@ngtfgmg r]ﬁEtEecll%F)E ﬂ%FBE’M@rm addresses, and does

nmmmmﬁmmMm
he platform, system and development tools of the above

embodiments provides a set of services and APIs based on
top of the Java (TM) language and the extensive Java 2
Standard Edition (TM) platform, so its use does not

15 exclude interoperating with J2EE (TM) application systems
and components. Rather, it addresses a set of problems
than neither the _NET (TM) platform nor the J2EE (TM)
platform addresses, and does not attempt to replicate
their functionality, at least In the area of traditional

20 database applications (O0O/Relational DataBase mapping) or
web services (exchange and presentation of XML). It is
quite possible to wrap the components of this embodiment
(viz. Meems) as J2EE (TM) components or web services.
Conversely, 1t is also possible to wrap J2EE (TM)

25 components and web services as Meems.

The following are the key differences between these
embodiments and the _NET (TM) and J2EE (TM) platforms.

30 Firstly, 1t will be understood from the foregoing that the
platform and system of the above-described embodiments are
built using the same concepts it provides to the
applications.

35 The platform and system provide a set of functionality for
creating distributed systems. Since nearly all of the key
Features are designed and implemented as Meems, software



their functionality, at least in the area of traditional 20 database applications (00/Relational DataBase
mapping) or web services (exchange and presentation of XML). Itis quite possible to wrap the
components of this embodiment (viz. Meems) as J2EE (TM) components or web services. Conversely, it
is also possible to wrap J2EE (TM) 25 components and \g?b_services as Meems. The following are the
key differences between these embodiments and the NET (TM) and J2EE (TM) platforms. 30 Firstly, it

will be understood frgm,tneomgg@ggggﬁl%@ tC?SH m %R(D:dr@ﬁ§n§§fr Iﬁgi F%bgf%%_g&ﬁﬁ(?ﬁ%d embodiments

are built using the same caoncepts it provi applications. atform and system provide a

set of functionality foPeQeElihgidiSHibHIOF Sy SRfs FembRrss Iy brask kay eRRAAEEL 8 Y esigned
and implemented asd@rekrpetiwarét 47 ernviierendat den@ductibioededntihg B seFenvisliment
benefit from those samereriveerprdded fogagpliaaiing seyetmiperstAil 8 fuodamantal level, therefore,

a software envig)nn}ﬁgﬁcm%,to,tggqq@@girgﬁgt ismedular, 5 distributed, resilient and secure. 1.

Component Construction The above embodiments include a declarative mechanism by which a
distributed component can be constructed from 10 smaller pieces, each of which comprises a Java (TM)
language interface ahe ikIIERRPRALGPNEHAICHRRRs provide a more sophisticated contract for both
in-bound and out-botimel mitenaetiombdkdamerahsha farhuekk irg fdecbammplieyeheddbRGTSY dnthe J2EE (TM)

platforms. 15 2. Relafiopshirs BebieqananPeprpisnERe abayermMbeateelistag Ueieoa declarative
mechanism for, the dynapic bepeedistiyied FURRRCASNGEYS) 2 Java (TW)
language interface and implementation. These pieces
provide a more sophisticated contract for both in-bound
and out-bound interactions than can be formed in, for
example, the _NET (TM) or the J2EE (TM) platforms.
15
2. Relationships Between Components
The above embodiments include a declarative mechanism for
the dynamic between distributed components (Meems).
Components can appear, disappear, move around and be
20 replaced, all on-the-fly, without compromising the whole
application system. As part of the component dependency
mechanism, the results of a failure between components is
well-defined (as is discussed below).

25 3. Consistent Handling OFf Distributed Component Failure
Underlying distributed systems frameworks, such as the
Jini (TM) platform, provide the base technology for
connecting distributed components and dealing with failure
conditions. Usually, the decision of exactly how to

30 utilize the technology is left to the application
developer. The present embodiment provides a consistent
approach to failure that provides a higher-level
abstraction for the developer.

35 4. Fully Asynchronous Semantics
A distributed system of the above embodiments supports
proactive information exchanges between components, rather



Components can appear, disappear, move around and be 20 replaced, all on-the-fly, without
compromising the whole application system. As part of the component dependency mechanism, the
results of a failure between components is well-defined (as is discussed below). 25 3. Consistent
Handling Of Distributed Component Failure Underlying igtri_buted systems frameworks, such as the Jini
(TM) platform, provide the base technology for connecting distributed components and dealing with

failure conditions. U Lhe ision_of ly how fo 30-utiliz ol is left ta the application
developer. The presgr}jtg (Llpr/n od?%e(iecéigrg’vll g(sagécéi)nssl\gtééht gpﬂ%pé%ﬁ%ﬁ%&e%ﬁt%%@éé%s a

higher-level abstracHBRToPRtEE cloBRE BRFCR HPAL HAAGHISELBRERIGRS KHistBIEE system of
the above embodimdiite stibpref ptodaieaibiormagohexthaities satpedn eptione s, tier - 48

than by client-side rem@@mle(aﬁg pcxﬁmjpmejet_(_:a;rrgaper_mugpqnmtb@mw@bhaseﬁupon the
circumstances cgn dgfjae i AP HAVGIdPIOT PGPS Itie sems disrinas dheodeaapdency, or

vice-versa. Also, the component angs ecify whether jt requires the othet com%)onlent o send its current
state whenever the o'elbsen%éw:% rasoived” _’]ﬁY&Eoﬁ'beon ST SQ%ééon %% Y&%revent thread

blocking by other components, all method 10 invocations on other components are decoupled by
gueuing the invocatn fbntatec@rpouton bijotbad theaoudhingneans that the liveness of a component
cannot be affected by insesieninaid pelaviors Qliafty eines easiPRHoRYnHgfawy It iscagssined that
components arf‘g““ E%%%%‘E‘i %?sa%% .”6%‘#89 ‘Eéé%%%%’?ﬁé’é‘hé[‘ré GURBARTRLISR e dfitgqded- A
component can be declared to be multi- threaded. i _

the 1nvocation for later execution by other thread. This

means that the liveness of a component cannot be affected

by indeterminate behaviour of any other component. By

default, it i1s assumed that components are not reentrant,

15 and method invocation within a component is single-
threaded. A component can be declared to be multi-

threaded.

6. Asynchronous Component Configuration

20 The meems of the present embodiment can support being
configured (that is, subjected to ad hoc changes of
component attributes) at any time during run-time. This
allows configuration to occur without having to stop and
restart components or large parts of a system.

25
7. Distributed Component Security
Authentication of client and provider components, as well
as encryption of the information flow, is controlled by
declaration, which is transparent to the application

30 developer. The platform and software environment of the
present embodiment provides security consistently between
every component, potentially protecting all interactions
between components.

35 8. Distributed Component Diagnosis
Capturing and play-back of component interactions (using
the Flight Recorder), allows problems concerning the



6. Asynchronous Component Configuration 20 The meems of the present embodiment can support being
configured (that is, subjected to ad hoc changes of component attributes) at any time during run-time.
This allows configuration to occur without having to stop and restart components or large parts of a
system. 25 7. Distributed Component Security Authent_ic% lon of client and provider components, as well
as encryption of the information flow, is controlled by declaration, which is transparent to the application

30 developer. The plpform.gnq spftyace @&NQEW%%%%{&H&Qrﬁnse%mﬁw- PP iRrepeCurty

consistently between every component, potentially protecting all interactions between components. 35 8.
Distributed Component Diagnosis Capturing and play-back of component interactions (using the Flight
Recorder), allows profiewie cdAceting i@ e otheshgidtEheisnsesueandotorent behaviour to be

studied. Figure 14 sgpghatzesihrede difejeasesoapdisiag ambierffal-difgranbeampaning the

differences bet_V@en é(%ifﬁﬂg t%gyﬁ&efﬁ@y@@cﬁ%ﬁy Ealelger:Tolg %B}%Qéﬁfegqedtﬁ@bodimen_ts
of the present invention (right” column). within the s%)pe of the inve tlorh?ay be 10 readily
re,

odificati
Hootad by those achER ot o0 R T R ) S Ra0s AE I I ORI o o o 1o the

particular embodimeR& HB5Aribed by way of example hereinabove. 15 For the purposes of this
specification it should be understood that the word "comprising” means "including but not limited to", and

that the word "compligRfy fitat i 6AECHINAINIIREABEEpe of the invention may be
10 readily effected by those skilled In the art. 1t is to be
understood, therefore, that this invention is not limited
to the particular embodiments described by way of example
hereinabove.

15 For the purposes of this specification it should be
understood that the word “comprising” means “including but
not limited to”, and that the word “comprises” has a
corresponding meaning.

20 Further, any reference herein to prior art is not intended
to imply that such prior art forms or formed a part of the
common general knowledge.



20 Further, any reference herein to prior art is not intended to imply that such prior art forms or formed a
part of the common general knowledge. - 50 THE CLAIMS DEFINING THE INVENTION ARE AS
FOLLOWS: 1. A software development platform for allowing a software developer to develop an
application that 5 comprises one or more software moc_juloe&, the platform being operable to provide any
of the software modules with at least one component that allows the respective software module to

operate as a distribuﬁ%o@i_eﬂmghs&irl\ m@% %qgéih%ﬁqcpgﬂp%}&nt&g Cﬁ%iwwependently of the 10

development of the respective software ule. software development platiorm as claimed in claim
1, wherein each of said software modules comprises a plurality of components that are homogeneous in
15 specification withaid 4t fektwmeccolepehepneta gbakEvsiclerophéawprafictm as claimed in claim
2, wherein each of ssidplidrpdityieledmponcats atsaiflopofiwaspmadalesds ptiggable and reusable. 20

4. A software deyelopgyesitiplalogpasrlajmed IRAPKANIR HJHE RECeHNg PiltFopherif siid at least
one component comprises gn interface for handling an,_ operatjonal call intp or out of the at least one 25
ek Bh Spe-antia soald §

component, and soft iy e oPESYrg/ﬁ% 8Os rafonal a4, B° i Sttt Ged opment
platform as claimed HARE oRBE oF AP PR ERith 2 Taimk] QWserblie s ArRsPaEbivea RATLIRY &0 software
developer to specify fodsdie dideaperadeoatpanetistiypa,) tedavizj @ot,wivbthez Dpesatidnaltcalls are in

bound or out bound. feAs$0BHare SRyEIIEeIEP BHOATES FIRIRSEHAH M 9NE F3%ies the preceding
da"n&\Nhe““ﬂéamd%@gquﬁ%RPeg¥ﬂ%he respective software module.

2. A software development platform as claimed in claim 1,
wherein each of said software modules comprises a
plurality of components that are homogeneous in

15 specification with said at least one component.

3. A software development platform as claimed in claim 2,
wherein each of said plurality of components of said
software modules is pluggable and reusable.

20
4. A software development platform as claimed In any one
of the preceding claims, wherein said at least one
component comprises an interface for handling an
operational call into or out of the at least one

25 component, and software capable of carrying out said
operational call.

5. A software development platform as claimed in any one
of the preceding claims, wherein said platform allows the

30 software developer to specify for said at least one
component a type, a name, and whether operational calls
are in bound or out bound.

6. A software development platform as claimed in any one
35 of the preceding claims, wherein said platform is operable

to programmatically or declaratively define a selection of

components and software modules as a strongly encapsulated



to programmatically or declaratively define a selection of components and software modules as a
strongly encapsulated - 51 and self-contained distributed object. 7. A software development platform as
claimed in any one of the preceding claims, wherein said platform is operable 5 to construct said at least
one component to perform one or more of thread cont_rog]pp_erational call logging, distributed operational
calls, authentication, encryption and broadcasting of operational calls. 10 8. A software development

platform as claimed ip claim pf_\é/gﬂ%l maid @I%t{qripiﬁgae%ﬁ% g construct said at least one
t ona

component to perform one or more of thread control, operati call logging, distributed operational
calls, authentication, encryption and broadcasting of 15 operational calls in a manner that is transparent
to the software developeA Saftoanardeebupiaoitt plbatforas akiekbaliinethyl onanyf Breepreceding
claims, wherein saidgfattoem & opetrlblg 20d@nrsgVvidecord or sadie pisierfodefined cpsiearrts for

performing one gr mee EHKISEYGIS: USAPY It 2FSQSRUIGRMERABBMSHT: E%ré%%fﬁ%?rﬁ%%o’&f}g“raﬁon-

10. A soﬁware develo [_nentjpl%gorm(fs clai{neiin gng oqg:. 25 gf tChe gr_efe %cllai.ms, Wherein.said
platform is operable n §r09|de RELY OIL g)(? anPR E{Tb He foraé di 8,9%oglfymg or removing any
of the components af ¥ EBHkRTe PRSAGE IR c6Rdikate AYEBRBEIGAEARTD! LIHETYBEARRed objects.
30 11. A software desetbpmeatpltibinyas tlapexdcbimiciaed ©@,M/baerein said respective one of said
distributed objects includes said one or more system components for adding, modifying or removing. 35
10 8. A software development platform as claimed in claim 5,
wherein said platform is operable to construct said at
least one component to perform one or more of thread
control, operational call logging, distributed operational
calls, authentication, encryption and broadcasting of
15 operational calls In a manner that is transparent to the
software developer.

9. A software development platform as claimed in any one
of the preceding claims, wherein said platform is operable
20 to provide one or more system defined components for
performing one or more of lifecycle, usability,
association management, persistence and configuration.

10. A software development platform as claimed In any one

25 of the preceding claims, wherein said platform is operable
to provide one or more system components for adding,
modifying or removing any of the components and/or
software modules that constitute a respective one of said
distributed objects.

30
11. A software development platform as claimed in claim
10, wherein said respective one of said distributed
objects includes said one or more system components for
adding, modifying or removing.

35

12. A software development platform as claimed in any one
of the preceding claims, wherein said platform is operable



12. A software development platform as claimed in any one of the preceding claims, wherein said
platform is operable - 52 to create, update or destroy any distributed object managed by said platform
whilst said platform is operational. 5 13. A software development platform as claimed in any one of the
preceding claims, wherein said platform is a first of a plulg?llty of such software development platforms
and is operable to allow the transfer of a distributed object from said first platform to another of said

plurality of 10 platfor{gs mg{ éalquE%Péa%qu’?j ﬁggr%iz rpew é';\{f'of €08 afé al. 14. A software
e prete

development platform as claimed one g claims, ereln S atform is operable
15 to develop user dBRRBESSMNo r?é’ﬂlé RLALIRER ﬁ’ﬁ‘tbhﬁtl&?rlw ttBO(ﬁrHef%omponents according

to type or name. 15opescttiareadevelopment platform as claimed in any one 20 of the preceding claims,
wherein said platform is operable to alter the lifecycle state of any one of said distributed objects

according to angas%lath@ Q%W%é%@@éﬁ%%%%?&ﬁ&ﬁnﬁ%omﬂﬁ%@i'bi‘ﬁe% jqﬁ;eand/or

according to removal id assom%mn 25rl 16. A sof Ware develo rr?%%n&%atform as cI imed in any one

of the preceding clal% erRlTS 'pﬂgth i @s()pevl\l =18 167 O ak208id bﬁ% etween any
two of said distribut&f o%jeRié' ealdrkytiediy ush 1$0§%f\ﬁal‘1f3ﬁé\!§%ﬁ@htﬁi§ﬁgﬂﬁ%% @8ffned in any
one of the preceding slapsraikretosaililgatitha it opesdiele ¢ candiratirddidtEdeastjecd component

S0 as to queue in bagishaBe/iRd Ok RSENSISRTHHANBS CalS AIEF said plurality of
10 platforms whilst said first platform and said other
platform are operational.

14. A software development platform as claimed in any one
of the preceding claims, wherein said platform is operable

15 to develop user defined components that can be
automatically linked to other components according to type
or name.

15. A software development platform as claimed In any one

20 of the preceding claims, wherein said platform is operable
to alter the lifecycle state of any one of said
distributed objects according to any association between
said distributed object and any other distributed object
and/or according to removal of said association.

25
16. A software development platform as claimed In any one
of the preceding claims, wherein said platform is operable
to form one or more associations between any two of said
distributed objects automatically.

30
17. A software development platform as claimed in any one
of the preceding claims, wherein said platform is operable
to construct said at least one component so as to queue in
bound and/or out bound operational calls that are

35 asynchronously invoked and thereby allow a current thread
of control to continue processing without being blocked
and a further thread of control to dequeue and continue



35 asynchronously invoked and thereby allow a current thread of control to continue processing without
being blocked and a further thread of control to dequeue and continue - 53 the invocation of the
operational call, whereby the invocation and execution of an operational call can be decoupled. 5 18. A
software development platform as claimed in any one of the preceding claims, wherein any one or more
of said at least one component is constructed by means ot the Jini (TM) platform. 10 19. A software

development platformp, as ' Y ft c e or more of said
one or more softwarr(:eE r?Ieog lﬁ\}ggg #:Ecr?rgtra?;:e % %{%SE ESH}?‘ J(631 (iﬁ\/l) plat#g ?y'i%gzo A software
development platforh™XOERAIAER |ﬁ%)ﬁ6‘t"?§ud:f'tﬂ'é &Ec@&rfboaﬁﬂﬁéo\ﬂlﬂér&ﬂ'slaﬂ%t}?&m is operable

to provide each of theessitipdiedmodules with a plurality of such components. 20 21. A software
development platform as claimed in any one of the preceding claims, wherein said platform is operable

to allow the prog;amm;atlc Qr de¢prative g@%IiIB Mol %&%@% dégngl'%gg]epﬁ cgmprgfi‘rég a plurality
of said distributed ob Where |d coipTE]r ound dlstrlbuted 25 object is stro cgﬁls%ulated and

self-contained. 22. A SreDHS\‘/: Prgerﬁ é{?gr'mvg%e{ GHed W Ao 6?% c8 claims,
wherein said at Ieasta('Fne,I Qﬁﬁﬁp@ﬁ@n?%gﬁgaﬁle@nG‘P@%@t@@ [ ReBftwa? d@%lo’p\’ﬂént platform
as claimed in any onéTig) tipd ptdeading claims, wherein said platform is further operable to provide any
of the software modules with at least one further component that allows the respective 35 software

module to operfée aﬁ_@_locgl %%'?f\tmare development platform as claimed In any one

of the preceding claims, wherein any one or more of said
one or more software modules is constructed by means of
the Jini (TM) platform.

15 20. A software development platform as claimed In any one
of the preceding claims, wherein said platform is operable
to provide each of the software modules with a plurality
of such components.

20 21. A software development platform as claimed in any one
of the preceding claims, wherein said platform is operable
to allow the programmatic or declarative definition of a
compound distributed object comprising a plurality of said
distributed objects, whereby said compound distributed

25 object is strongly encapsulated and self-contained.

22. A software development platform as claimed in any one
of the preceding claims, wherein said at least one
component i1s pluggable and reusable.

30
23. A software development platform as claimed In any one
of the preceding claims, wherein said platform is further
operable to provide any of the software modules with at
least one further component that allows the respective

35 software module to operate as a local object.

24_. A software application developed using the software



24. A software application developed using the software - 54 development platform claimed in any one of
the preceding claims. 25. A distributed object developed using the software 5 development platform
claimed in any one of claims 1 to 23. 26. A distributed object as claimed in claim 25, wherein at least a
part of said distributed object is constructed by means_og}pe_\]ini (TM) platform. 10 27. An application
development method for allowing a software developer t0 develop an application that comprises one or

more software modu 8 éfigdé‘%mdﬁ F%%r'l 'n%S jhg siep 9}‘1 pg%\gdi atolgaﬂ;g%rllgroé égg |1r? software

modules with at least one component that allow e respective software mo to operate as a
distributed software(b'cﬁ‘é@l?vvherein said at least one component is created independently of the
development of the respective software module. 20 28. A method as claimed in claim 27, wherein each
of said software modsles gorapesed budlethl by pé cempararipdbai siadorhegeadaus itespecification

with said at leasi, one; LAMBRREH ?u%%me@%ﬁ%&ww%v TR S8 NHRL ¢agh ohsaid plurality

of components of said software modules is pluggable and reusable. 30 30. A method as claimed in any
one of claims 27 to 29, wherein said at least one component is pluggable and reusable. 31. A method as

claimed in any one of€lainfs 21 $&BHOUIRth RediRghHr%idil § tigehRbrid 8 the2SoftWhRd BidHules with at
least one further conatoreratthabappows thf said distributed object is constructed

by means of the Jini (TM) platform.

10
27. An application development method for allowing a
software developer to develop an application that
comprises one or more software modules, the method
comprising the step of providing at least one of the

15 software modules with at least one component that allows
the respective software module to operate as a distributed
software object, wherein said at least one component is
created independently of the development of the respective
software module.

20
28. A method as claimed in claim 27, wherein each of said
software modules comprises a plurality of components that
are homogeneous in specification with said at least one
component.

25

29. A method as claimed in claim 28, wherein each of said
plurality of components of said software modules is
pluggable and reusable.

30 30. A method as claimed in any one of claims 27 to 29,
wherein said at least one component is pluggable and
reusable.

31. A method as claimed in any one of claims 27 to 30,
35 including providing at least one of the software modules

with at least one further component that allows the

respective software module to operate as a local object.



respective software module to operate as a local object. - 55 32. A software development platform,
wherein said platform is operable to develop one or more software components that allow one or more
software modules of a 5 software application to operate as distributed software components. 33. A
software development platform as claimed in claim 32, vg%er_ein each of said software modules comprises
a 10 plurality of components that are homogeneous in specification with said one or more software
components. 34. A software development tool, wherein said tool is operable to develop one or more
software components that 15 allow one or more software modules of a software application to operate as
distributed software 2émpoheritd T8 ] dsHFAPIENioPAAEQEBr a¥RESRALY P2ddim 34, wherein each
of said software moduledEonmprisesope0abiiealitp oflevaksunans thit areosbEraoes in specification
with said one or moresgvyeteorenateatsl 036 ohe alectiorie deviasvarevifledwidsaod controllable by

an application developadpymeaps pf 13 FOfvAse GRsarelopmeni YRR Al atyqye pEclaims 1 to 23.

37. A software development framework for allowing a software developer to develop an application that
comprises one or mdte SSHNAY Smodules, the platform being 30 operable to provide any of the software
modules with at least one component that allows the respective software module to operate as a

distributed object, wis&ein Aagb&itueas aeyedopuerett id atckded indepdiadewtty ehthel aievelopment of

the respective softwaye mpesie 130 88ch sftwariderieRmentitRmewsrkafgaisead in claim 37,
wherein each qf&al%qﬂ}ygiﬁvogpl%%rﬁgg}pé’ﬁgé q:hé@ are homogeneous 1in

specification with said one or more software components.

34. A software development tool, wherein said tool is

operable to develop one or more software components that
15 allow one or more software modules of a software

application to operate as distributed software components.

35. A software development tool as claimed in claim 34,
wherein each of said software modules comprises a

20 plurality of components that are homogeneous in
specification with said one or more software components.

36. An electronic device provided with and controllable
by an application developed by means of the software
25 development platform of any one of claims 1 to 23.

37. A software development framework for allowing a
software developer to develop an application that
comprises one or more software modules, the platform being
30 operable to provide any of the software modules with at
least one component that allows the respective software
module to operate as a distributed object, wherein said at
least one component is created independently of the
development of the respective software module.
35
38. A software development framework as claimed in claim
37, wherein each of said software modules comprises a



plurality of components that are homogeneous in specification with said at least one component. 39. A
software development platform substantially as 5 hereinbefore described with reference to the
accompanying drawings. 40. A distributed software object substantially as hereinbefore described with
reference to the accompanying 10 drawings. 41. An a_ppggat_ion development method substantially as
hereinbefore described with reference to the accompanying drawings. 15 42. An electronic device

substantially as here[i)r]lberfgviei tq;zsoc‘;i bg&n\ggn éﬁfge%g{o g}% q%%boea}{yércg dE%wings.

specification with said at least one component.

39. A software development platform substantially as
5 hereinbefore described with reference to the accompanying
drawings.

40. A distributed software object substantially as
hereinbefore described with reference to the accompanying
10 drawings.

41. An application development method substantially as
hereinbefore described with reference to the accompanying
drawings.

15
42. An electronic device substantially as hereinbefore
described with reference to the accompanying drawings.



