-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 thre tonstruction of interfaces for disparate
electronic devices. BACKGROUND OF THE INVENTION 15 Existing distributed application
development platforms are usediNd ERhAGECtFEIRWAHE By pBEEIINsARIEAESIdighed to solve one or

more domain-specific problems; in dgypy R bRREYeRthe RORICatigrREtstitionally provide general
functionality such as the security, failure, presentation 20 and distribution of information. The main role

of this applicationflatform is to minimize the amount of non- domain specific tasks, so that the
application desigh®E-RnafpréfamMEENddPbcus on the domain-specific tasks. An important result
is that apprapriatEhEobleetsecen heversbiet e tutepplicatian plattenfice sFgre place. Existing

systems for bui'd{f&@ﬁiwot&i&%@dﬂg'll?'ﬁ i %IM%MP?&%F&?MM@H%%
application development platforms."Both the NET (TM) and the J2EE 30 (TM) platforms provide a
roughly equivaleSta¥GdIAM S LIRE 0 heTgipiRYAd S BGiBHEN phIGNIRFRS thePRLaof web

services, though dompdiffetrotheothsived aad qualiteFatearsous operhtisg fystame platforms,
languages, develgpgy RAT RBASETCAhBaF PN SHRRYF hUEES- JbfelZEL, (YY) and the.NET
(TM)pmﬂQHHSH%%PQ?QuIar but by no means exclusive application in the
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 i1nclude
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 Runtime engine), and - in both cases - the
language is compiled to an intermediate form that can Benterpreted by the execution engine. The
execution engine provides 10 independence from a specific hardware processor implementation
(such as the InteCOMPLAED" sdigatg) uagie proidies Zaditienal ¥satovdd Suth sehsecliayain@hdlorm of a
?&?boE tispg;qgr\téqaaﬁhmﬁgd mw?q%gégcgﬁsi_ Féwirdn@erl%rlei@? langupaRg (BgdicHBHY ag Jﬁva
an an are faitly similgt in the iliti nd.ex Siv W t they
offer the applicatf%#)agegl%%%?s%sut (':i E (T r'lla o‘rgrﬁBc?r%y Qﬁ?}% %fhg{fg?/a (eﬁf: E/I? Zgwba’
programming langu&d¥WHAE tMd sy BaaY plakf W@mﬁulﬂﬁleéﬁ‘@!i%the NES]TM)
platform does nop batsFdonmsovds dth itosindethahak gemptissiakgigpoes afeespaivalpnt barticularly
in the key area of data S. ~Fhis i i ng Ci i teraper ility, een
components. Theft ﬁ%ETj%I'PII\% rﬁiﬂ?m? ,ir(?r? %%qomgé}ﬁgn%, %ﬂgvl\;-se tjj@evelopegsntot&%()@o@% [Ifferent
languages for difffRE BErFRENEDsinif empldy RpErerB8Snguddie BHNGYERETIE M) and the
J2EE (TM) platfocosprdéde tm 30 exndresiviesatedfe|fssriibrahed theamober thetspegtratred 1/0

(network, file), graphigsedaiabas:#BN-I8Me i ARcUrity Harasiesc il casginbieHt-a(a wed defined

ways of degglopmggéld a k%%lgg omponents gnéhe case of the J2EE h@oplatform, both

Enterprise Jva BUSRPCE Hschrd b Far s GEEARs Rpfare “processor
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 i1llusion that all computer languages are
equivalent, particularly in the key area of data types.
This 1s iImportant in 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 platforms also 10 mean that the
NET (TM) platform has reduced cross platform interopefability, while the J2EE (TM) Platform has
reduced support for languages other than the Java (TM) programming language and reduced
performance of cPg¥alohpFRIZRIoRFUNERS,; sBHFRs TUMBBIKR3JPUMREIIE S ek of
distributed applicatiodd esiegahdsesand rathgr sristnigdsyelspotenaplaiidEmsHad bsikoequired to deal
with, amongst oth&fthingse GeiePneaicANsduction, component relationships, the handling of
component failure asynchronous semantics, thread decoupling, 20 asynchronous component

fi ti distributed nt di SUMMARY OF
THE INVENTION ALET g BOE Rt BB IR R iR B AERD R B0t software
development plaf&hY Isiealldisihgth satekaeds drasado v bk arrafhlicalisRLthdbdomprises one

or more softwareUbbdules, 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 sgigia\ lga St’EH@ CQHE%%'%‘%{PQ QGB?”%%O“ B84SR HFYOf the
respectrve ftware mo Thus, by W dev Iatf rm the 35 software
developer es Nothav s\/o%ﬁfabﬁhg @ gé\ﬁ%"\e s&? C?)ire(figfe%%_drstrlbuted
platform interoperability, while the J2EE (TM) 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 is 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 issues. As will be understood by those in the
art, while the term platform has been used 5 throughoufthis document, the invention could
equivalently be constructed as a framework. Preferab&lﬁch of said software modules comprises a

plurality of comp&i@shid esadiPpripeEdkEpIagg S BRI RSB Y WRCare AAOGEHEDUS in
specification withCemd eafueatt long ddrepsoditwRrefe ciblhe twpatriegsirorfocarsporfent comprises an
interface for hangjifgigraraGiopalicf@r maihed call A8 in pPipaberignigsrapgerpgsy into or out of
the at least one %%@gén%nnt, g sgp)e/ar(\?v §a[i%b|]e_ oé cauyvin citgfc,%drmopr%%tl%né% aIlIJ. Férgferably the
platform allows the sortware develgper’to spemPy for Said at least one component a 8 pe, a name,
and whetherPopeldtida@Bta ENAS HARaUReE bolihg. P@f@%%%eﬁﬂ&ﬁ&n@%db@’gﬁléttby
programmaticallyoer deokitativetiedefise a sEikatiewaflkomponents and 25 software modules as a
strongly encapsulated and self- contained distributed object. Preferably the platform is operable to

fonstrucg _satlidba:#eamw?ﬂ@a}%ﬁmdf @afmrrs@ﬁ%lmr%amggghéenﬁr@ﬂi@bsap&raﬂonal call
ogging, distributeq aperational ga uc or ple. r e in ion
authentication, eﬁccirlf/gﬁon atd %foag)é]}s |ﬁ§6§f%p ra%aﬁ‘_&gfﬁsg?lib rEYeféﬁ@%%?éaﬁgpm

is
openﬂﬂeté@bnsﬁﬁ&ﬁ%ﬁd%? that are ogeneous in specification with said
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) in a 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 performing one or more of lifecycle, usability, association management, persistence
and configurationl N@sEhddeesyepapangintd coatpdrenpd ard gedidetitin fiengtdienad Eiybodiments,

in the form off SyS(%ﬁd?m@éa Férgferabb(ﬂhe@éatformfiﬁr@%&@fée i@é@Viédﬁ}l@@Q i?ﬁémr@) 15r1|sy§tehm
components for i ifying Qr e in of the compopents 0 ules that
constitute a res&d%ﬁ?/%'éﬁ%%) sa% dét'i%%%g (')aéjlea{gts(.g%re' e\r/a%%’ ﬁ?eEe rgsqf)e% |\§§e %ﬁ?@?’%g% distributed
objects 20 inclufV&A@RRAE or more system components for adding, modifying or removing.

Preferably tige platform is operable to create, update or destroy any distributed object managed by

said platform 25yyhilgt, sa |%}a ISy jienglsP affor isya fi f &PIMEsity of
such software dg\%oém%ﬁt Ia%‘f){gng an |s8 opera%lebeé)gal ow%ﬂra@s@@% istér?bﬁ-trgd c%}%ct from

said first 30 platfSHP IEEnGHEN BELaiaPRRANE BrHI TR mRERAREMALE PEEI2ForR?ERd2Eid other

platform are opelati@zycle, usability, association management, persistence
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 i1s 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 type 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. Preferably the platform is operable to alter the lifecycle 10 state of any one of said
distributed objecBrREeF@Rd Yo Bh§ aRded&mdimbdtvaresal bestkouda\sblen dmsedny other
distributed objecdaf¥oedcconipgrientsothbdf caid desoaiationatd Cadfbyaldly ke dlatiorm is

operable to form Qpg&y rﬁgmgﬁmgti%@}@rﬁ@r%fc{y?j@naﬁlen(al‘n{@[erences, 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 qut bound

operational Galls &€k 8 htynciBRopdF THRIKBIWAL] thseBpaliah Eecdaast dhaxttsidbntrol to
continue processipg weked) bEmghiovkettardalfunifetihee s dtaa controido bisgjusuaral continue

the invocation of 1& lepPRidio st caliomhesghpdheiocation 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

consiructed by MSERESF S it PP VATERRTa8 S 10RE At i b AU Bk Rk one or
more softilére nffRiles @Heca wiltaOEasedite edspbabhitipd: objects according to

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 iIn 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 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 (TM) platform.

Preferably any one or more of said one or more software
modules i1s 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 definition of a compound distributed
object comprising a plurality of said distributed objects,/whereby said compound distributed object is
strongly encapsulated and self-contained. 10 Preferably the at least one component is pluggable and
reusable. Preferdig i plakyrithefptdrEbpEmNS t& PRI Bn b RRe C bR afaftdRfestieh at
least one further $6Fbmapanand thekedlowistthe aie gleatiad softwafe swachiletmppeeatesas a local
object. The platform is preferably constructed using the same techniques that it provides to the

distributed applicgpgq:e?r%gtij)gcﬁq@cigq%}%a fgcggg AsBi¢e afdhe Pigsengvention, there is

ided ft licatign developed th t N I t platf d ibed above.
25 According to DI AL A 018 pSEAERIAG, CRLIE KBbeh AR et

developed using HS ok deQBIbpaie QIO IS RibRd Wil d ty0 PFefapdily at least a part of
said distributed ofhject I3 lmotbetiu db§dytaeand e tieyJisa(ildV )qaapoumdActisdingko tefdurth aspect

of the present inygijiept tierede PRI encRRicatian-dewalapmerredishiniad allowing a

software developerto develop an application that comprises one or more software modules, the

method °°I6pr'35‘rge”98r$é%‘i9f %Wé”dallr%g ?tegg t 8?1% c’E:E)hmeponent iIs pluggable and
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 1t 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 i1s 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, operable to develop one or more
software components that allow one or more software fhodules of a software application to operate
as distributed software components. 10 According to a sixth aspect of the present invention, there is
provided a softw&eedhrtbpieeneprgndityasty AbrudriRhoBpeRbiCb ddr|6eeReGE héte
software composerftewbateallowdarde 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 elg\g&ﬂiggiﬁg,ic%(praviqqu%\ﬁtha@%(’cgng?llqmg %@g@%icﬂggﬁfygpped by means
of the 20 saoftware develapment %Ia(tfgn described abor\ée. Acpcordi% ﬁ(() a? ?ﬁj-lth aspect of the
present inve tiont, fRkfe i'sspr'%l%l Y Softva R T@p &N RS fta O%Wg a software
developer to devEBRPraPASpkRtiHRYEkARL E6\RpALeS'BRE oP ATFreabRWGPE RIS tREaktform
being operable t@plideoary oftheorwdtvearEtwadhdes adihl asleakt ansctitpanent that allows the
respective softwa{gp g roRRIalsHRT A EiSIHRUE PRI Hu vEar B FRifhie lasheBASREWONeNt is

created independently of the 30 development of the respective software module. Thus, the process of
benavior AEmischat A Mibctfarbisded 2’%%%%%2%@?@?”E%%é%%gbp?%(y‘?ssﬁﬁhé’iiZ‘ESS’;ESL‘?X
there is provided a software development 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 is 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 iIn 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 Sgroup operations, combining distributed
objects into more 5 complex distributed objects and handling the complete and/or partial failure of
relationships bet@&si rdibuitatedbject - Théheakigts Brkeed eastpiahéamSysitenmintaining

references to dis¥iitribabieatstird RpYARTIONPURYERREUPEIG ETEAdH PpeomEatwsed for 10
method invocationheuge] plsirigipd qhlectsy Ristlpuiecqaiadis may fall parmanengy ot
temporarily depencﬁ'ng on a numbe of factor , such as msufficient resources, failure of other
components or ifHERHP t@RFATIIEARIstwORR PdiBfo S IiRtH &Rk QRIS LR i P Oh[RRES The

invention previdesamgibtiouidd comiputardsysigectbst prayidesna tdngjstené puasms$ daiedealing with

failure that aIIow%ﬁHgag}at' arFE%GIWMi%W:? f@.iling ilg}_r%ﬁgglp Leclg%@,gégﬁlacements) are ready
to function again. 20 BRIEF DESCRIPTION OF THEeDRAWINGS n order that the invention may be

more clearly asciFEHEPYIGE B BSimehfeRf RF bR kR ke day dBesNBRkIIS, with
reference to the dooompenytieg 23 nigawigibs renekish thigdis Lisidbstiesmatig diatsaarad a distributed

object or Meem aeeORERE 78U Flr IRECIMP T IREEIDF 2RI PrBTeHARG B P used for

10 method invocation 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 i1nability 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 is 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 is 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; 35 Figure 3 is a schematic representation of two Facets (of respective
Meems), both of type "Latch”, according to the embodiment of figure 1; Figure 4 is a schematic
representation of the building and activation of a Meem according to the embodiment of the present
invention, including the - 10 construction of its Facets; Fjure 5 is a simplified flow diagram of a Meem
LifeCycle according to the embodiment of figure 1; Figure 6 is a schematic diagram of a distributed 5
system according @nateuoitd prefeilfed Esnb@tigitdt with two dependent Meems; Figure 7 is a flow

diagram of Meem Building acq:qrgm@btoghe@’@,bcgimpm vi%rgﬁ;ﬁmrg&ﬁna Bewgliagram of a
Meem LlfeCycIe 1Df%%c¥ é(i $ 6{8 égagram eem%f g’i r%h (9Tbo‘gh st%e and transition in

that LifeCycle; Flgure epen ency tioraccor |hg to the
embodiment of figure 6; FlgurE HGER ﬁ)v!%hefg@mﬁh?plé’ l@%’@ﬁ\rﬁfoﬁ PRttt ARSrding

to the embo8imesysitéigurecGoridireylds a sstesmgraprai felieeth Bebeldpeerook icbortiig to the
embodiment of flgg?e d@ﬂ#r%%%r‘ﬁ-sa schematic diagram of an example of 20 home automation by
ment

means of the em ure 6; Figure 13 is a schematic diagram of a further example of home
automation by means of the e LSHHSert dsriguirowndragram of Meem Building
according to the embodiment of figure 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 flow diagram of Meem Dependency
Resolution according to the embodiment of figure 6;
Figure 10 1s 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 i1s a schematic diagram of an example of
20 home automation by means of the embodiment of figure 6;
Figure 13 1s a schematic diagram of a further
example of home automation by means of the embodiment of
figure 6; and
Figure 14 i1s 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 first 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



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 first 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 distriBdted software objects and the system. The
platform 35 prescribes a particular way of using - in this embodiment - the Java/RMI (Java Remote
Method Invocatioffa¢e Tsi) slatdosed viare il eat/iode (EigteCRMBIIOAtAONS] "Facets")

and software objgHAFEF e conedinnsa§efpieashtp helow as "Meems"). This embodiment of the
invention uses 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; MeemPlex: a compound
distributed object'¢thRpRsiRg A1 16 HuaktydTavdEviemblaa tHgeHertdBREbNEN encapsulated and
self-containéd andliti€eaferetajppeatest 8 ,Sisgle ddermrdraisgaiyat madrs begnoepingraedutder of

Meems; Dependg i:&\;hgrrglla&igﬁw&é)eeé\%ﬁ@g pﬁg@@gir of Meems; 15 Facet: a software

component in the form of an interface _ the_operatign of a Meem, where each Meem can have
a plurality of such FARED - FEallS W ELad jeRISF nktish 1RERS AMFEEMUSSherspace: a

virtual space that maytshema collection 20 of Categories; Jini (TM): a services based distributed
system e MeemPlex: a 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;
e Dependency: the relationship between each pair of Meems;
15 e« Facet: a software component in the form of an iInterface
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 e 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 o Wedge: a discrete software component that implements
part of a Meem”s functionality.



framework; 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; MeemStore: storage for Meem Definitions and Content;
Reference: Unidirectional connection between Meents; 1%/irtual Machine (VM): Execution enviroment
for the distributed system; and 35 Wedge: a discrete software component that implements part of a
Meem's functiondiitg. Plkatiferplatgddoeuiods tifesrenttybypes sofwaaftivauRkstodud @soided with
suitable Facets a8 thempideiformed Eiq eiayikutrd @biestalice. thd¥epnhasiregrindteems) so
that diverse de""ienst%‘a&%‘é%%‘%% e %T“&@’Eéh"g5.%93‘%09'3%#]%6%%6%?%%8%% dgsplg Lheir
differences, communicate electronicall wr!h eac er and so interoperate in a céhesive and
consistent mann&O E@ap| 64 Mﬁdéﬁcé)éfﬁ(/&ﬁ%%ftm ncRIEOmERe koA opyidneditRolRF software
that may includesHistibuidd objHsisted tlob jypetsracanlgctiesp dedces &vitahef Fanadorsgs Security

Devices (Proxmibiiliiadts. BRRATEANATIPHPEnseiRI B agil S Flectroni

multimedia devices (CD/DVD players, television_tuners and screens, satellite television tuners); Data

(particularly reprdSSHREPREXRRS; dft 2HERARCRIYMARA SRRsistent manner .

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 iIs 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 into standard
interfaces (Facets); such a Facet or Facets, iIn
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 1s flexible and extendable, and that the distributed
objects have interfaces that are consistent and
interoperable, whilst removing the need to repeat coding



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 into standard interfaces (Facets); such a FacetdrFacets, in combination with a software
module or modules, constitutes a new distributed software object or Meem according to this
embodiment. Thi¢aplsBoach 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 - 1'?’h asc;%slr.ﬁgvﬁ%?gft\ﬁ\(%eu%)gL;!%esngre Sb%%

individual but th eems interact,
according to this em In'a certain icta \ikséy.' ach gé‘rr‘w ﬁ%&a%nri]r%mum set of

Facets, and eacHE8B B AHARRET sePECIANIG SEwERd SderIsHBRNJolutlbhA(rERFEJMA as
"Features"), Svhichnenputed et dieldewan opeaiehcansiste higsinea dibtrimued sevirofment. A Meem

20 is shown schqu%técegy 59151 E%{gﬁ L 0‘£nmimrao%ggr%@ogamgﬁhgé%%ﬁ@ software

implementation (or 'TIMPL?) 22 and six Facets (each of whic S with an area of ted software

development): PERGIAEE e Sl EHLARSFAXG TR RSk tRABS: 28 Q8dMIRFaton HRAG B0,
Location Facet 32rasdrEs ItifedyclehEabletedis Mygmms tieuscions asthwitit Bgmimominterfaces and always

have common mifig¥A} SGEEANe AU SHiREERE SOTAWRiEem 20 is shown schematically
10 in 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 it provides the
fundamental functionality of the Meem - i1s the core
identity of the respective Meem and defines what the Meem
iIs and what 1t 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, i1s 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 i1In each case i1s shown
expanded and includes the Features: Leasing 48, Threading



requirements. 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, LogdihgUsability, Transaction and Security.
These Features are depicted schematically in figure 2, in which two Meems 40, 42 (corresponding
respectively to theGonteyByng vy e Usad ity phder Anansaabegiayd) atlderspé&we
IMPLs 35 44, 46 58he 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 - 14 50, Logging 52,
Usability 54, Transaction 56 and Security 58. Thus, the platform - by means of the Meem approach - 5

constitutes a modiEBsolliien PAREECPblicatih HedaIsperE bk MeeRighBPIRRBEHS abstraction. The
Facets of a Bleeromodedttuetyepravidetheliatertssbuthiongh wikatemaipodh e €diaction) calls are

made, both into gadegh ke Veel- FefeTipdAdiivde ool EACTRRYS giierceppal inbound

and out-bound metho s 36, 38 and ensure that a_set of operations (the Features) are

consistently applfed8tRoST nieisE BafO Hesttxely sREAHLR: Kg saiefliRfRerface type, with
a corresponding phntadfighe WIRChhatetrbode§aire Behatioan furelidsalayefonaas Fduethrhe same

Java (TM) into and out of the Meem. Referring to figure 1, the
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 i1s 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 iIn
order to distinguish between Facets within the same Meem
with 1dentical 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 (i.e. depend upon) the iIn-bound Facet of another Meem.
Similarly, information can flow In the opposite direction:
the i1n-bound Facet of one Meem can depend upon the out-
bound Facet of another Meem.

35 Thus, figure 3 i1s 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



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-byl&ectaring Dependencies between similarly
typed Facets of the two Meems. In this fashion, the out-bound Facet of one Meem can be connected
30 to (i.e. dependnapeny thedhBoundTheed b eadthen Meera. Bahhad,, aabimadord san #ok/ in the

opposite directioffrghe ipitaind-beeat BongrideemeantderitcbwePFieequits Poundiracet of another
Meem. 35 Thus, figure 3 is.a schematic fepresentation of two , 62 (of r ctive Meems),
both of type Lattgﬁ%ﬁ”?té rI}%eﬁéet 0 h3s _@ﬁaﬁgﬁwﬁaﬁgﬁnf %Cec'g?n(? ﬁa%ét_(%f Eef/‘18eﬂ-8 1?ar?;¥|n§e "light".
The direction of £ethdfcAIPEE islekal kesh aramtet 68 aens toEctbAd Fh¥eesaSThe

Dependencys66 idébes Fbeatfiise Facetho tefenanideaded Gaddvmsreldetaried €xanple of Meems of
this type is 5 described below by reference to figures 10 and 11.) 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 wayM6FTfred ¥OH0e HhRimea Phtdrficetor tRXLaRR PE Nl Eead parties to
distinguish betwelsm thies EhbeataEn(tiz. therfdeas) of BV)ledancarage outrbtbmee notjyst

in-bound method,calig; & T8eEe (71 WEEFIingd MRANSFOF SREHBEND e RalRlalinwiRle

(Dependenies) betyeen Heems Wk ol YRR RISt ornar parties to

distinguish between them;
e The Facets (viz. interfaces) of a Meem can be out-bound,
not just in-bound method calls; and
e There is 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 1nto 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
i1s 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



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 MeembDefinition 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®f 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 Fédiarsykhidegnsussitcdes kpeyappldaratToessppadihl Catasednl Restures

provide default ingplemesiatensrefiiip sbefiasoursbpeingantiers) exeasie dratelddeems will
provide. If necceisa%éF% devq.llgge r];i)(r:%/qeo% gi f\%elrg é@fleén%ntrilg%g of a system Facet, on a per
€

r
Meem, 35 per MeemPlex’(i.e. a_co%ﬁ ex of Meems, discus b E)V\\é or System-wide basis. This
allows a system défdgeretatdengreferkbs ushtvisas @BRI headdnsr Sntedfde- 16 around
Meems and Slesigaapplicationtspagificifecetappd ibatetiosphips fiic. Papetderates) between

those Facets. Tl&ﬁml' jon §igye r gg@zt% es | B{ﬁg@&ta' tsthgdegHiﬁgj Q'(ﬁigion specific
5 Facets. At runtime, apﬁﬁgatio_n spé%%l?c Facets ar combined&v%irsﬁet e_system provai@e Facets to

build Meems that i dGApRE: GRILRES ofeld B Leg @R BSFfSxtion domain, application

specific 10 Facets can be designed that are then declared to be part of every application specific

Meem. For examplsy, fer a/imesjpARRlisgions dhmiimasin Messes Hopisierca MediaStream

Facet. 15 Trﬁjs, key distinguishing feature of t latform of this embodiment js that a component
MJhbyrnégs;o%ﬁgggs cgn Qe esugnedl¥%3€'are hen dec?ared1to be pa#%
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 iIs 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 i1llustrated
schematically in figure 5. This life-cycle are discussed
30 i1n greater below (by reference to figure 8), as are
Dependencies.

Initially, a Meem i1s 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 iInstance of the Meem existing in any Java (TM)
Virtual Machines.



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 basié élements 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 Meemg&emetind/eamdhaedmisi¢reaBre HuliBIheiRdtiyFedy wilkhRRagristiegowithout
%@(‘)T\féi“g;rff ‘hﬁﬂr}’#@ed“a?@'si'ﬂgt'%ﬁ@% J{f‘f&%")M¥5H3§M§C§F€émg%7tAc%ﬁy g% aMeem
g a LifeCycleManager to bulld an'instance of the Meem and attempt to make it "ready

(usually by resolvii§2ay reduiretablyeR¥e&ed 1 s M ifa0ycI ERRK L EANSREMASNSRRSX all the
Meems for @hiciAitlid fespoobéNareigemayansaciphie adté¢eomtas adduittte Mecemhefideem's

required Dependgpgien afg 43Iy AR U3HIL SPESITG fo30ycemale ardiedeiheMpsgnmaves (o

the ready state 86. The LifeCycleManager registers any M re ready with a MeemRegistry,
so that clients cah®R¢ e 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

LifeCycleManagesfegomee edveemyeeiibeMeipBraisHy Rl 1hFea3esOIRRd and its
10 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 1t moves from the ready to the deactivated state 90
and must be re-activated 92 before i1t can become ready
again.

Alternatively, the LifeCycleManager can decide that a Meem

25 1s no longer needed and can deactivate it 90. This means
that there i1s 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 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 LifeCycle and LifeCycleClient Facets.



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 thatft 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 areznitigtggh §rpityyithin the Meem. These interactions are performed via the LifeCycle
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attributes can be&ilpsploaﬂqd(jm .oegjs@lq Serapp pﬁ;{gglgrogpuib{ée %B?q (f;rgirbﬂther Meems
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as properties. The Configuration Facet uses those properties and Java (TM ection to set the

attributes in the NM&&He 18 i1 3€98ER R, PO HIERIREIFhe MR EaRtbelBquested, usually
by the LifeCycleprnbgemead paysithies ditdthxdd thhd-a@0efersistence Facet provides a default
mechanism for
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 In the Meem
15 i1nstance automatically.

4. Persistence
The Meem can be requested, usually by the
LifeCycleManager, to persist its 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 i1s 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.

6. Resources



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 Howevet&he Meem must be prepared to handle
unbound weak Dependencies. The Dependency Facet manages the resolution of MeemPaths (using
the SearchManade M@ Spayed)auad snebhiicn 6EBBINeeMs HHGhe MedtakalRe9. 6. Resources
]: 19hA 'I\\/I/Ieem m%ydﬁm&émif@, reélﬁat?%éucfl’c@s @@témmli ?@@nh%iﬁnﬁh@av@femdt@ bgeacquired
or the Meem to ready. The application developer replace the sysie ine gurce
Facet to provide E%?t@% coﬂ%a %?i'agaeéj'g@e@é\égr%%@&? esF.:—(xerﬁyaf %‘ﬁ%ﬁ?@ e'“gy%%%m
LifeCycleManagéle faadifRRs quCrU RESE Bebfle 8 QMY 4o AHsdAR i A pERafolBRBAGRSment,
there 10 arescomthen Neeratisng dxunccesoamyepnferhes eik EdrfecyalleMemagermethod call
semantics may bgcfl;ggpi(gqﬁgﬁigqling with partial failure) and security access should be checked. The
platform provides these conimon operations as Features. 15 Features intercept every method call
between two Meems. There are a number of different situations, which will be handled using a
different sequendeEdfTiREAGres: In-bound versus out-bound method calls; 20 Local versus remote

method calls; an@etween any two Meems in an operational environment, there

10 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
as Features.

15
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:
e In-bound versus out-bound method calls;

20 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
optimization. The full sequence of Features could be

25 used, but there i1s no additional value and a definite
performance cost i1n 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
to use remote method call semantics between two Meems

30 operating within the same Java (TM) Virtual Machine.

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



Calls between MeemPlexes as against within a MeemPlex. In some cases, the difference is simply
one of optimization. The full sequence of Features could be 25 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 to use
remote method call semantics between two Meems 30 4Berating within the same Java (TM) Virtual
Machine. Features are implemented as modular pieces of functionality, and the implementation of
each Feature is provigady narimbisidheRysteat rdiitdibpacetand ondteh 3anteneyierence
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functionality3n thériptcoeetheftolovingbid soynriariagsethfutehayiour embodied by the system
provided Features. 10 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 liveness bREvIGH JO¥dREE Nl Wide RUMIRS 1262 abNR 2ERRYY F8avaRPagdigH 4y
implementation etites siysterthieadingd @toltearty sk iteractions between Meems are - by default -
thread decoupled. Consequently, method calls to 20 provider Meems return immediately and the

opemﬂmnlio 1. Distributed

This Feature provides proxies for handling local and
remote method calls. 1t deals with communication failures
with remote Meems and uses Java RMI leasing to ensure
liveness between dependent Meems.

15
2. Thread decoupling
To avoid design and implementation errors due to threading
problems, all iInteractions between Meems are - by default
- thread decoupled. Consequently, method calls to

20 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
provided by using Dependencies to refer to a callback

25 Facet.

By default, Meems are assumed to be single threaded and

the i1n-bound method queue i1s throttled accordingly. Meem

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

3. Security
All interactions between Meems can be checked for
appropriate access privileges. The Security Feature

35 provides a high-level abstraction for access and denial,
which i1s configurable. It also allows for delegation of
authority with constraints, so that one Meem may act on



continued on another thread. By definition, all Facet method calls need to be designed to operate
asynchronously. Information flow in both directions is provided by using Dependencies to refer to a
callback 25 Facet. By default, Meems are assumed to be single threaded and the in-bound method
gueue is throttled accordingly. Meem developers may declare that their Meem has been designed 30
for multi-threading (reentrant code). 3. Security All interdétions between Meems can be checked for
appropriate access privileges. The Security Feature 35 provides a high-level abstraction for access
and denial, whichedadiftiqkaprothato Miews forﬁbi@gzﬁftmmi&mhbﬁt;bwill todpraini)eo that

one Meem may g pars2loPesal of pEgther Merly. phis\sRgaatby bebuperyth W},)ers of security
already provided eJ ( ge, Jé®§ T ni Vis)
technologies. 54P Hta cbrc;Eg@I% EEM tUr<9J]'$Z‘§(I)Erg-I{_MrBboundémh/I u?ﬁ'& 8(6 @gcalls
including the Fack® ROAESe, method name, parameters and direction. The Flight Recorder

provides a ngechanism 10 for the diagnosis of distributed object interaction problems. 5. Transaction
When multiple Mgenﬁpﬁﬁglqrbsc%q%go be performed 15 atomically, this Feature looks after the
transaction management. MEEM ANATOMY Each Meem Server launches with at least one 20

LifeCycleManager M RicFPadiHes the SRIRIelorPRIdah and out-bound method calls,

including the Facet type and name, method name, parameters
and direction. The Flight Recorder provides a mechanism

10 for the diagnosis of distributed object interaction
problems.

5. Transaction

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

management.

MEEM ANATOMY
Each Meem Server launches with at least one

20 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
constructs or “MeemPlexes”. MeemPlexes act in the same

30 way as Meems, In a manner analogous to the way In which
complex software objects can be constructed from simpler
objects.

A MeemStore can encompass many Java (TM) Virtual Machines.
35 As long as a Meem “exists” i1t will survive across Java
(TM) Virtual Machine invocations.



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 constructs or
"MeemPlexes". MeemPlexes act in the same 30 way as Meems, in a manner analogous to the way in
which complex software objects can be constructedfrof® simpler objects. A MeemStore can
encompass many Java (TM) Virtual Machines. 35 As long as a Meem 'exists' it will survive across
Java (TM) VirtuaAWhchinkeatscations. Mgematobecaria dheparkuasaie@iamsetiie Meems, the

platform is built vilieitsFowm tGehniaae Avithcareeium thie eRePdgent is a Space (of which a 5
MeemStore is one example). Different types of Spaces are used to store Meems, including both their
Definition and Content, as well as various types of relationships between Meems. There are two

basic types of SpAck8Yor@RRE ubad b stoPIROSAMBRE thst i@ u3Ra%sr KPKioHIRE B between
Meems. A MeemRaemBtibeen@anshy véhieimp Moem i icbftatkmtontsy/mé she fvaifanie Spaces. There

are a number of giggagqociwa% dn Wm%g%%%nga%isfﬁggrFBEﬁWEI?O'Jf%?g%r

LifeCycleManager is given a MeemPath which indicates “those Meems that it is responsi

activating. Furthér©8 nd@fcyBllvésh VREKLS shéefddl) Lahalpash IR iORIWARNY to
one or more Medfeenbose Doaeteraneetneed tshbe ptyyidsd bfickpattesdemaralitdieens To
resolve a MeemRath dntpdinestiorae Masinore thenigl 5theserprebMapasst ildisshapshManager

knows abo%thebaevta\tlvllggl_(l-:- ﬁ%%%ess_and hands the MeemPath to the appropriate

A MeemPath is the means by which a Meem is located iIn one
of the available Spaces. There are a number of different
circumstances, in which a MeemPath i1s used. For example,

15 a LifeCycleManager i1s given a MeemPath which indicates
those Meems that i1t i1s responsible for activating.

Further, a Dependency between Meems is specified by a
MeemPath that i1s 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 1is
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, i1In effect, translating one MeemPath



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 indi@ae—that they are providing a group of Meems,
rather than just an individual Meem. 35 Spaces that maintain Meem relationships can only return
MeemPaths therdjtan affsett teifisM@agRathgeemphti n2teilyc azsdieenRabthraveds|tibdately, a

MeemPath nﬁediréq:é?fetéoé %rg%r@thehiwsa;d fosdep f@tédatﬁ@rmgbq Mt@lrra@egrdiotgaand its
Content. At that ppi Ll e an be tructed that c e patentially ound to an
activated and regw yréms aenﬁ% ﬁ{ghﬂﬂe%eﬂwacrﬁﬁ%in%%ﬁzggéf a %ﬁé(ﬁ/ﬂcﬁ\ﬂgﬁe@eﬁ Aﬂ'ivailable Meems

are registered witH{PRUNEe MR iSAN THR Spasddiatark Ebadhiat R ankanddaldis 10
embodimentare bbuvieernSterr: acstiragedspanedhatasis ieddaanes 0B IRhagMeerml Unique

IDentifier) as a key ia locatejtheMeenys Defipi gﬂ%‘é}é;,ﬁnd A1TYRSDPRIB 12 NfLurK of

uni-directional links betw&en 15 Meems that can be used to giroup Meems into various application
specific views. MEER EFORELQNEM SR FBGUEINRREERLRYm by which Meems are 20 stored.

MeemStore stores both the MeemDefinition and the MeemContent. The MeemStore MeemPath uses
the Meem UUID g5 dth6dsyde |19¢aiiPo-h- Badical MeAmM 60 tP¥aBperation 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://fFFffrffrf-frfr-frfr-rrfrr-fErrrrrrerer
25
MeemStore i1s a flat (1.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 iIn MeemStore,
30 allowing simple grouping to occur.

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

35 HyperSpace i1s 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://fftftfff-fiff-fiff-fiff-ffffiiif 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 #*a €ategory, which acts as a starting point
for following MeemPaths throughout the rest of the Space. A HyperSpace MeemPath provides a
delimited list of - Categgter s thatmagyerelldwdd avritatoa bpeaitie ppirmprah€ HyRespice. For

example: hyperSpacgysitengeeksernssareapackyrgdigubpyhouse 5 Each name that appears as part
of the HyperSpace MeemPath is a Category, except for the final name, which may be either a

Category or a non-Category Meem. 10 HyperSpace does not store any Meem Definition or Content.
Category Meems canfBOpedir PRcEmPATELR a0 REKEEARAER IGHCRACIRYHI 4 @HPBYRS S paces,

such as Me@nStore. This means that the same Meem may be referenced in many different

Categories. Hyp§§8ﬁfﬁ&rﬂ8 b%e‘é?&eadra Q?Eizﬁéf}?@&%‘ﬁ{ﬁé’m&%@& ﬁ%%%ﬁ’ﬂf‘ﬁ‘ve

different views, depending on ing applicatio bove description

introduces the full@aehF SN pt XoRbnERLs &%ffﬁfﬂ@ﬂaﬁ@%? thi¥_REBbIAYNPS0 a more
detailed descriptientdierdiatribatebsysteor ascardingCatefother dedrodiment and its most important
Features is now provided. Figure 6 is a high-level schematic diagram of a
10 HyperSpace does not store any Meem Definition or 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 its most important
Features i1s now provided.

Figure 6 is 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 iIn 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 iIs In communication with persistent data
storage 95.



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 HyperSp&@eeach 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. - 25 Thus, referring to figure 6, the various

components are TeeRifiee fis Brd te seaUTyidsteps inyRived ini srieBoipérigaten apd Meem

creation. 5 Step SQQ involves creatin ifeCycleMa rin Vv i.e.- Virtual Machine 0). All VMs
that create and ru'r% %&'m% erg%gf?lg a%LeFéCE;IIE%ﬁ%’&?ﬁﬂé%)%%éiifégyéﬁ anab@rs%éﬁrmns a
collection of Meehitl EEBAdEAL paing D AesHiorriBahbPges in their LifeCycle state (a process

described inggreater below). The LifeCycleManager will be registered with the MeemRegistry. Step

SOl involves cre%uigpa Mﬁ?n’iﬁg 'We\éév'%%'%]ﬁ'\rq . £\||L%.%é/ el@ﬁéﬁ%}gtmnw@s .Ezr%]_erequire

a MeemRegistry tq both re%ster and exiort eir Meems, as ther Meem

MeemRegistry h¥d FEvadcyachizgQted ylthe VR v starteTREdrdatR MG Meem is
further describedriegtapxeSa?2 ta 620y alelargiogea@d@i)ail béloey by fefEyanbeMariigges 7. In Step

S02 a MeemStorg N rehipirseatedd MR OnMeemelons stasep i dafiRjtipagidgontent of the

Meems. 10 attention to changes in their LifeCycle state (a process
described iIn 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 i1ts LifeCycle
maintained by the LifeCycleManager. The creation of a
Meem 1s further described In steps S12 to S20, and in
20 greater detail below by reference to figure 7.

In Step SO02 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 by 1ts MeemPath. The MeemStore is unstructured, such as
linear with no hierarchy. Only a single MeemStore 1is
required. However, multiple MeemStores can operate
concurrently and they are effectively consolidated, so as
to appear as a single MeemStore. The MeemStore 1is

30 registered with the MeemRegistry. The MeemStore has 1its
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



Each Meem can be individually located within the MeemStore 25 by 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 MeemsStore. The MeemsStore is 30 registered with the MeemRegistry. The MeemStore has
its LifeCycle maintained by the LifeCycleManager. I S%p S03, 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 JirgXtENt_dskuprdelice 98 tiwanvbemt eeatrddissitie @ac@3tymukipd YMs.

Every Meem hasja§cope diatisietarsrines/ilke oAb sXANL 1o WisieB 3 [Megnieaitq iraatethesuch as
only within its VM %é?eé\ge [}V&A%'%@I% Iﬁ%hi‘lrj Sttilggggegf ribes the process of a Meem being
; M :

located.) 5 In Ste% a LifeCycleManager IS created (as per Step S00) in VM1. In Step 505,
a MeemRegistry MRL1 is created (as per Step SOI) in VM 1. To demonstrate a situation in which the
10 system isitself nliStleyte8othjs embpfisasnilietladegdvieedibloresVMB e ated yzensence HS1,
which are two vitgltg' C§(§d§ infrasiipeture, operating in different VMs  (respectively VMO and VM1).
Like most important grts of’ the system, MeemStore MS0 and HyperSpace HS1 are 15 themselves
Meems, which means that they can be easily distributed on different computer hardware systems.
Thus, in Step S0®MHypEePp&OSLH S idersdited s VWL MRYpeSpaceatsl s(@ss plea ré&tignship
between Meemsgpg Y0jRentipned aheye)anfdvRarpRee aliiainsd sAlla¢anaichaiagories Cl. A
Category is a key object structure, a f} is.a hanism for maintaining a set of Meems that are
similar in sstljge R TEdh d&%‘agg y ﬁé?g]ﬁ‘}m of this em%oglment mcEi uaes

MeemStore MRO and a HyperSpace HS1, which are two vital

pieces of iInfrastructure, 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 i1s created in VM1.
HyperSpace HS1 stores the relationship between Meems. As
20 mentioned above, a HyperSpace maintains a collection of
Categories Cl1. 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, iIn that web pages contain
30 unidirectional hyperlinks to other web pages, and so on.
HyperSpace i1s i1tself 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
Jinit (TM) framework (as per Step S03).



entries, each of which is 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 Meenm), #hich 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 S07, MeemRegistry MR1 in VM1 registers 96

with the Jini (TM) fyagteyporsdes neySéais gk +H1 i Stem B0BobixpesSnAsEMsE ie Vi docates

MeemStore MSQ via Mee [ NEC..HyperS S1 oply.maintains. the relationships
between Meems;vif o% ené%%?v%éﬁ’toragleﬁ f%rry[ﬁg?‘l\%é_élir%]g E%% a%éqc} Xp% |e!snté é%ji%gories Cl
that HyperSpacer@éf‘ﬁ!élﬁﬁjl'Hsp. HRFSESEE MeaMssest MetPRSton® I Ry 46 FHOCaR)ory
definitions abd choientsiel iz &ten incliides absmbappl $elksteps:thabstepesoia ddy@tSpace HI

asks MeemRegisEWabéIi:i_}#gtéll(;’%y@gml_g?r%ylﬁgh ﬁy@geq@&%t}%%s?@ﬁ_@gistqslggc determines

that MeemStore MSO l; Substep S08c; MeemRegistry N ocates other MeemRegistries

(MRO, MR2, MRYSERIRRniPRI) t0s FhrTRvdRe SmtegPEYagedtt MaiirRaE  ries (MRO,
MR2, MR3) are askekkefuta-MeémBiogtand i SalbsedeS@8adrieavieoi RagdistiiepRO in VMO

provides a remoje RgfEepSS Q3R MeRpeIspAMeOH20asks MeemRegistry MR1 for
10 MeemStore MSO;
e Substep S08b: 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 S08e: 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 iInvocations 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 C1l
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 C1 group similar Meems. Most
applications will need to group Meems together.

35 Categories dynamically maintain a list of entries.
Whenever an entry i1s added or removed, all Meems that
depend upon that Category are notified.



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
HSI dynamically restores the desired 30 Category by ufiflg the definition and contents that have been
previously stored in MeemStore MSO. In Step 510, Categories Cl group similar Meems. Most
applications will need to group Meems together. 35 Categories dynamically maintain a list of entries.

Whenever an entyy issgégeden reraovepfat\daemarnaeie fepent upen ghraidltaigogasaigaiotified. - 28
In Step S11, a Li gé/cl%a ager WZ is created (as per Step S00) in VM2. 5 In Step S12, a
MeemRegistry £ creatbd (as per Step SO1) in VM2. In Step S13, MeemRegistry MR2 in VM2
registers 96 with the Jini (TM) framework (as per Step S03). 10 In Step S14, LCM2 in VM2 locates
HyperSpacesHS I viaS e nsRegistly WeAREA sifeGydirRlahgagerbaBtdeRaendseup@tepCategory to
be used in step S8 0;3¢qyifs 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 spacifite . CM EatdgenyRREyEgtica WRZHyperBidaceeh astentairla ligtdi Méems to
be maintained by kFe€ypisMaRagen sk Pasic U VM dhesipCycleManager uses HyperSpace to
acquire a I\{(aemPath

In Step S14, LCM2 1n 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 iIn 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) is
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 iIs to use
the MeemPath extracted from the Category entry provided



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 In Step S16 the Meem
Definition 102 (including Wedge Definition, FacetDefinition and DependencyDefinition) is acquired
The LifeCycleManager LCM2 is responsible for the coBlete 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 probesSd€Fd&rkbgiven MeetiegPathsiep isigedsd and asediaPtheextracted from

the Category entry m@@ﬂ@@fﬂﬁ).iﬁﬁfep.ﬁlﬁe-@ﬁ@ﬁﬂﬁ@nﬁgm is used to Iocate the MeemDefinition in

MeemStore MSO; t f| en to th B2. The
LlfeCycIeManager L?:r;IS o%/ldsesd eeme[é]rr&r)utlon % Q()e eem%tell 2 which uses that
Definition to assemli\ﬂ?ﬁ'l‘l‘ !I@fh’femﬂ"ﬁ%eesmt@ d—kﬁ%%%%l“ﬂ@@@%da%@laﬁé’d)ér EeRited
component, 5the MegeenDedten iXlihihadaeneBuikterBdiE 1 donsiveds WHitbh Ledargdtddeem 106.

All of the Wedges d(?flgvll\e;‘ejr&q ﬁﬁne aggll%ast;g&ﬁ ?Meeméoge@i ﬁélae gi%q’eg@eﬁing%stgm Wedges

are created. For eac various in- oun and out-bound Facels are created. For each
Facet, a Dependencs/ 8198 fF1er §R%y FSARSH b Ol SEEARULEE SRR fdreater detail
below by reference théigMee; In Step S19, the LifeCycleManager LCM2 maintains 108 Target

Meem 106. The MequBQ't‘é?i MEBg regrias theeh@ylyi aerstiiicd Mnsr hets A 8% the

LﬁeCydeN%gmgerL?argetemeem 106. All 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 iIn 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 i1s added to 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 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 MedfhRegistry. Apart from the TargetMeem
Reference maintained by the LifeCycleManager 30 LCM2, all other TargetMeem References
distributed throughdigeniegdisrxrdR2ak d)Higholécrer@aeslenastheeththehe Target

Meemh106Rcafn be emé@;%Rétﬁé;ﬁY% N‘Sérﬁﬁ%@@b’ W@&bhw@%awilag@er, reg%érldless of
any other References; nd In, St the Mee o] 0 egistry Clients.
The Target Meem 1658 agg Q@toM?%geB- ﬁ %%ér%ﬂ Seé%s%r%/ I\ﬁ%gﬂ@ﬁg I\J'/Llré%?nn'\sﬂ&:ié: depend upon the
MeemRegistryCliente£8die8 Fsddive MBficatibid Srebediag Méerd bt @b Eds from the
MeemRegisgy MR2uhiguedghdusataloasotireiegeey byniotelWesaraaimther Meem by its
MeemPath. In Step S22, a LifeCycleManager LCM3 is created (as per Step S00) in VM3. 10 In Step
S23, a MeemRegistry MR3 is created (as per Step SOI) in VM3. The MeemRegistry MR3 registers 96
with'the. Jini (T raiorka@s par 15 Sv8) AHanag e Gidick NH&H593 (S EreRBH (as per
Steps 15 S14 toFay) iSA)3.1in StEB 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

Meen1can10 In Step S23, a MeemRegistry MR3 i1s 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 i1s 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 iIn 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



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 Meefl166. Since MeemRegistry MR3 30 does not
have a local Reference to the Target Meem 106, MeemRegistry MR3 checks with all the other
MeemRegistries T ADeMies NRd) Hreeterbdia tResding(TieLdekige Bevdes 9806 he

MeemRegistry Nﬁ&r@ﬁéﬁééea@@mﬁwah ie Sespesidieemehes Bpmie Referenceawhich is then
handed 35 backt (? %I{{é/l?%@? |\4:ee Sglﬁgl}lz%l\éRg’h}l% .F\P:e te 7, the Client Meem

112 acquires a Refefence eswed acet sm arget Meem 106 Reference
acquired in Step S@%Cﬂﬁ'éﬁler!trl\/l&?ﬁ‘n Pﬁoﬁéﬁlﬁéﬁ%ya RGH@F&‘]CW& T™eger aemtrdE& 120
specified in the Drapeadence Tids Thgetideemtaaghddtd Raterenas-isabad usadda upiletidthe

outbound Facet i e GleRt MEer Wedge IplSTRARIAOR: s ol d1e Gt Mo 112 0

send messages to the Target Meem 106. In S the Target Meem 106 resolves a Dependency
122 10 on the Cﬁ:érft%@eﬁ\eﬂ@ T ehiLRxSRpE, r@ﬁé%ﬁ‘i%ﬁ?l\/lg%nﬂi?z HaEdEbiGaSediRency 112

on the Target Meem 106 that defines a Reference from a specific out-bound Target Meem Facet to

an in-bound ClierfiyMsegjFacss. ThaEliearYeeeds WS&@&%@%W;&@&%E@@%MW
106, WhICh then re olv Iltlnt%ma@?efer to the specified Cllenﬁ I&E ac.e.t%m a manner
similar to §te 459 &§ se b Méer%?é“{% &t MEEm ﬁgrq'arget
Meen1106_hkwvﬂiﬁth@$n@npgh@naﬂggendency 112 on the Target Meem 106 that
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 iIn 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 iIn 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



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—M&&nTs to become dormant, until the problem is
resolved. 30 The following sections describe specific processes of this embodiment in greater detail,
including Meem Boitied, ¥henpidCgatimMent Depkndens Rasdlutdn thathchy&i®is, thread
decoupling and the Meem&evelansrgeps85MREMLBEIIdT N A6 cFeritrerebarephieests are the
baS|p bglldlng bl%}% vvorg tQ% q/ﬁgggtsed gg&eer%of %&la (Brét[!;‘g l{ggtl)] 8%%o_d|mfﬂg- 32 and of the
applications running as part or that system, while Meems'comprisé a number of more fundamental
parts, known asN@eaRal HatE&om FoBpEAgESciad ITHh @1deaTictdan o Phridboar the

Definitions b thosentl émelatadntphparts. THENMeadnBid@l der talkena tidkendefinition and

cynarmically creaje. SMTRPERS P And SRMANEATY WPt MR SFBHRe of a

MeemDefinition contains an identifier, one of more WedgeDefinitions, a Scope that determines the

extent of a 10 MAGHE vidHTid Sh RS eFibn hERDL TA WEISY Blites PAR of the implementation
behaviour of a giVieeMishi niila oNedgaReafimgo@contémstart dansifioneets omooee

FacetDefinitions, aaiuterpRAtiporRiasanameRndi it abiles ibridlepsabe tie persisent state of

that 15 Wedge. A Facet is an external interface of the Meem that can either regeive in-baupd method
invocatonatl ddIGam s3 LBH hekhs dHUsc s TR oD ORE A - A WEdge provides

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 i1s an external interface of the Meem that
can either receive iIn-bound method invocations or deliver
out-bound method iInvocations, 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 1iIn
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, i1t 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 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.



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 localthg-the other Meem and a Dependency type.
Even though a given Meem Facet has only a single Dependency, it may depend on multiple other
Meemes, if the Dependency is on a Category Meem (grouping concept) and the Dependency type is
either 30 "Ztronlggﬂaw" afl'I’@%M@éﬁﬁé@emi%rt@b@ﬁﬁén@i@ﬁf‘eﬂdeﬁ@“ﬁ?ﬂﬁé’de @escribed
in greater detai reference to figure 9.) Once a Mee constr oge of the system
defined Wedges 'géﬁ\\%ge%? thvc\éﬁlﬁe?a (gerﬁﬁl éni%%%\d)' an J\ﬁ/le{géﬂ%égr/r%ﬁie%ﬁ%%&-gguhd) Facets. These

35 Facets can bel &Y §aftd yhe §ydldstiihkintet eRhaGTcallydtkCRewa? rBfove any of the
Definitions that dizacsing altbyofdire Masl). a1 eitvsl alons déedgesy édcetsenbideiesdentles to be

added or remov%qzv%@ey%rqw Maegyaéggﬁpcéwg'aﬁzs a{ri;ﬁ,q(r)t?%ﬂm g'ﬁpit&ge%object - which

can be 5 dynamically created, altered stroyed les e required system and
application behavi8(l0d€a Shg!essAaE S1d orelyly eRcapsilrE I8RO~ Rure 7 is a flow

diagram of Meem Building according to 10 this embodiment, and depicts the process by which a

Meem is constryeieq,a Stel S0R. fRRIINIL M oy thpsystenn detned \Meea%,ﬁge%@d-/*"_
Meems cr?ﬁéed b es%s er@wﬂl 12 cons!ﬁﬁg ace{tamtrr]]umber of Wedges awd tnelr ,\ﬁlcets, which
provide corObentyibar Pt ISk il g FOES EE process By ucia TS

is constructed.

In Step SO0, a Definition 130 for the system defined
Wedges 1s 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 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 i1ts specific personality.
This MeemDefinition 132 may be created programmatically,

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

In Step SO02, 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 S03, 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
burlding mechanism.



component that interacts with other distributed components in a well-defined and consistent manner.
20 In Step SOI, 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 acRfssa communications protocol. In Step S02,
the MeemDefinition 132 is provided to a LifeCycleManager 134. All Meems are created by the 30
LifeCycleManagekn 3t@at Hdntakizehsly stietydrfiisradcieddosshaughps eesaeactidiin Bikep
S03, the LifeCyclgManassenB 34 Lusep thgdleemBuilder 136 to create 138 the Meem. The actual
process of 35 constructing the Meem may be delegated to a specific Meem building mechanism. - 34
In Step S04, the system defined Wedges are provided 140 to the MeemBuilder 136. In Step S05, the
MeemBuilder 13d @rek€P 129%he Ehstelie hkdaviedsbpateatroviedmhikigePYs&@Ramines the
MeemDefinigon tRFanethelearoysaparts. thal itecomtan8u Fbdeach SéedgeldimiiontaeWedge

implementation if ceealefls ARY IBiFaREESriveRa Wadqsn e Wadan: cprmuURiEatpR are

resolved. For each FacetDefinition, a 10_Facet is created, as well as method invocation Proxies for

intercepting all inISurkPStY BEEE6MST HetdPBal StV addGrotRARBERL A hpRMdRation. For each
DependencyDefinitieatadepehagncy kcareatss Aleffwihese\eiges e tombinde intdedsjegle Meem

instance that 15 isganaRiecaftpyiing fbpuas MRthod cabhy-ta:ten apRIPHSEFiTReNsAtatipn code
and invokingyoutbeund PERSEYn 3T MEBRSa invocation Proxies for
intercepting all in-bound and out-bound method calls to
and from a Wedge implementation. For each
DependencyDefinition, a Dependency i1s 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 SO06, 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 S07, 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



In Step S06, the MeemBuilder 136 creates 144 the 20 application defined Meem parts. Application
specific 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
S07, the LifeCycleManager 134 assigns a MeemPath 8%6 to the new completed distributed object, or
Meem, 148. The Meem 148 comprises a DependencyHandler 150, a MetaMeem 30 152, the
Reference Handiepa&4 aApplicalibbyniodurihBadétveps InrRdiss tIsdt Mdean ggient D63;h@etaMeem
glient 16§,bRefTeLeﬁ@c,§>Hﬂa @ﬂaﬂéd@ﬂ@c?ﬁ%@wgﬁqqri?ég@o W@MFE@%% As
iscussed briefly abo ems.hav m well defi [ et ejr passage
from creation, th?ﬁg%%gggaﬂ%ﬁg%s% géjtan%%?legﬁd Oueé rﬁcﬁn.%wgg'ﬁépeﬁ%%liﬁtﬂ%mhe invention
is that changes iR @RENGROGY cred@tdnghen I\@g@rﬂ%ﬁ Psrafedtihé sied lofdfdnedems that
depend upob thaavearonBieseedeenairependency relationship changes occur in a well 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 manageffBy'a (HRYS NGt det TRy AR nTLat R 1884ed Via Rt Registry:

Dependencies uporanystenogedges can be resolved; Dependencies upon application Wedges can
not be resolved; appliraliareds spRefinEsingioNsEanihe alleredir RRrade SeRePERRCIER&IPON
applicationl\gedges,ﬁggmbec é%%ool ed; eth<i (I)\/(I:%etrg a\r}lbae Hlseeedm 8t|hse{ ra)g)_plications
e Active: the Meem i1s 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 iIn
a running system. A MeemDefinition is used to describe
the Meem to be created. As the Meem i1s 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 1ts MeemContent i1s written (or placed)
back into the Meem. The Meem is registered with the local



Meems; application specific Definitions can not be altered. 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 MeemDefinition and MeemContent-ar8®ersisted 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 IMeeTRegkRkIYZ4: NBemVEsivatosys L CYeldgfthaee regtees the

MeembDefinition angh VPSP KeONBTAGE $E5280H 8P ltea RIS Meskdsas Meenetoveehfie Meem is

built using the M Definition,and its Mee n i, writt r-pla back into the Meem. The
Meem is registergﬁgv#ﬂﬁ%%%ocal u%%ﬁ;\\% e%?%@g.s#ééfﬁe %ﬁgeén%'%%sy@%e% V@éa,ggsgargeorﬁade
available, but noQRCEpiltkSon KAegddsl @5thasVeR efgche iR MREMskSerh-dde®s of this
Meem may 8o so:ACtéed¢his Jransitiary&.completed, 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 conneclibRESHrbAArd FeviBRCANE HRAMNem dAIFoNEFHoAIEIRERRY " state 180
when all of its Stioegdleee raten ciapamt epolioat ot poefirethesoMeseshave e rMasguired. 15
Transition 182: Not RargivsAtdeaidifivieeripn) s diansiiondenainteebeyoferasons; any of its
strong DeESnd%QSEngg%?%ﬁ?nggéﬁsggpg§¥ggé§gm8gnnections, hardware
devices, etc. The Meem can only move to the “Ready” state
180 when all of i1ts 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 1ts 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 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 MeemRegistry. The MeemContent is updated in the
storage mechanism, such as the relevant MeemStore. The
Meem is deconstructed and removed from the VM. 1t Is now

30 1In 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



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 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 s @éregistered from the local MeemRegistry. The
MeemContent is updated in the storage mechanism, such as the relevant MeemStore. The Meem is
deconstructed arftl Rependehoy tHefanes isthew red atienshéatdee trgen 7gegnmsitich 186:

Destroy. A Meensgaig palyDepdasieonsy eanebEhedastibetrition aAdddesmrEastant @fe semoved

from the storag hani uch e televant-M re. 35 The M onger exists.
MEEM DEPEND RE%%EU%I(@I%&:_ A5 5%%&%&?:@ dé’¥i'n%§ tﬁ?el@%%gﬂé b§§5e_fén Meems.
A single DependEfR) cER®esysseRated WinpddedMPdckdf EeRbYE GRYe BAREEHaSEd@Stered with
the MeemRé&gistiye khee dhasythantwilleaitiemptAoDepele eng\D epslieaciscemreatiedto that Meem.

A Dependency ujer adleemERPri9cafe appeeiinaFm; e e KLied: fhcoorrec

Facet. The Dependency can o lved by matching Facets 0 correct |nterface type and

t
also that out-boTRf EEs FG& be corfMechePRNASSYNCES FRRdY. PRe BhYEACYY/pe may be
either "strong", "st@chiviagyFdwetk' of idekMany'edlt Strobgr Depentypaesintlsa beaesolved for

the application definegl FaeetsoRiiMesEeIasbRIRANLET SSANVERKPIREHRNSRMMay be resolved

or o, withpyt affecting (e MEes 15 eaaeyS QS b g i agy Rspodoncies mear

“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
ifT 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 i1s a flow diagram of Meem Dependency Resolution
according to this embodiment, that i1s, 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 i1s set-up.

In Step SO0, Meem M1 registers 190 with MeemRegistry 192.
That i1s, when Meem M1 moves to the “active” state, iIts
35 LifeCycleManager registers 190 it with the MeemRegistry
182. As soon as Meem M1 has all its strong Dependencies
resolved and all application specific resources are



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 Ml allows
Meem MO to invoke from its Provider Facet a 25 methetBdefined in the Client Facet of Meem MI. The
resolution of the Dependency between Meem M2 and Meem M3 allows Meem M3 to invoke from its
Provider Facet adssiudtiedefifdten thb€|ieacetseodt Mésmayp 1T tonosigibteedhat the
direction of the Dggggaeneaih#fds dshishddeempdh defines the Dependency, can be independent of
the direction of the Reference that is set-up. In Step S00, Meem Ml registers 190 with MeemRegistry
192. That is, when Meem M| moves to the "active” state, its 35 LifeCycleManager registers 190 it with
the MeemRegistr 1626Rs $84n 24aRBeMOVMARSSIAN8S shdfgReERIRIRABIcEOr iR Mnd all
application gpecifie easMpces awt%mnmunedvtmerthEi@@etﬂ%tmamolmanepelﬁﬂea@wmges

can be dependeduagn i SIgh Q. HeeiTl a50virendeh Refeeiedndasmiy Siigem MO's

out-bound Provider Facet 196 has a Depen Meem MI, which |nc Meem Ml's

MeemPath and 18§AEATkG FolRe ARG o"f‘ﬁﬁée@f SRRSO ThienbUEl A5 98- U&hEthe
MeemRegistry 1%@6&&@1\9&0 cats spe cithehdleeinBe ddedmp atbaf, MdeemMi@nd @imus acquire a 10

Meem References 0 hel hig MRS rﬁ?éﬁﬂﬁé?fﬁ REPVidBENAFESa kR 2R SYRigIIGelingd
Facets of .In % S02, Meem I@O ac 0._ Re renceﬁqﬁ\/leem MI Client Facet 198.
By usingt ?Jr?&éc ro e§@p RLENrEeR MLt des

ReﬂyenceHamﬂ@CCGSS to all the system defined Facets of Meem M1.

In Step S02, 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
i1ts DependencyHandler 204) specific References to any of
the application defined Facets of Meem M1. 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 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 its out-
bound Provider Facet can now proceed, because the object

30 reference to Meem M1’s in-bound Client Facet 198 i1s now
valid.

In Step S04, Meem M3 registers with MeemRegistry 192.
This i1s similar to Step SO0 above.

35
In Step SO05, Meem M2 - by means of i1ts DependencyHandler
208 - acquires 210 Reference to Meem M3. This i1s similar



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 MI. 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 MI Client Facet 198. Using the
in-bound Client Facet 25 Reference (from Step S02);7M&2nT 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. ArkOeakep il aabeweeem MO to utilize its out- bound Provider Facet can now
proceed, because the object 30 reference to Meem Ml's in-bound Client Facet 198 is now valid. In
Step S04, Meem M3 teqgist ith gistyy 192._This is similartqQ Step SO QV In Step
505, Meem M2 - !?@ n#gg seé_i{%\;’ D@%gﬁgﬁ% Ha dlﬁ‘%ﬁé& -%%qtﬁes é%B%ﬁéqgrnenﬁeP Qﬂge?m M3.
This is similar - 3808 stefedHvarS/LeR ”OY, RieertMMeB) mbdins ctiRASeparierdgriandler
208 - delivers DepEindancyat2 to Meenm M3 rsiberiNteami e enCIMB1t & apebX/A4l srinfaced and
Meem M3's Prov'éﬂﬁg @e@@éﬁdg%pogﬂqsth@igﬁﬂgglﬁgp iﬁa{v ofﬂ'%ﬁﬁrrpixtion" 218 isin the
opposite direction to that of the Dependency 212, This means that the Meem defining the
Dependenchnthﬂﬁ%ﬁ%ﬁﬁé@ﬂ1Néﬁﬁuﬁﬁpé@sﬁﬂﬁ]QHBQEEHEEH%&WﬁEmh%ﬂoﬁ%v@gﬁﬂw%£n1M3.
This allows Meertih®l3epzedeacReld2nce Thihe amaropridiecdiredienMédserdefd's sygtetidefined

DependencyHangigh 229ca£66P1si sUeh i2dvests apd &aufes theulotoyHgsSiaRs307 to occur as a

consequeqﬁs. Dependency information over to Meem M3. This allows Meem
M3 to create a Reference iIn 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 SO07, Meem M3 acquires Reference 222 to Meem M2

Client Facet 214. Using the Dependency information from

step SO06, 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 SO8, Meem M3”s Provider Facet 216 invokes 226 Meem
M2 Client Facet 214. This is similar to Step S03 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 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 to undertake the task of executing the

35 method invoked on the Client Meem. The most important
benefit of this approach, i1s that the thread of control
executing In a Meem can never be blocked by the operation



15 In Step S07, 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 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 S03 above.
25 ASYNCHRONOUS THREAD DECOUPLING Oneoffe-standard Features provided in these
embodiments is the automatic decoupling of a thread of control for method invocations between two
Meems. This me@ifs @ tiemeaiesihinvocations 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 proyid em 1o contint ghout blocking. As require hreadManager will
schedule a sepgrfglﬁe'tﬁéa%ceiytb un_cy\é%r?afgcfﬁ\g!g’sq%gf §>§e%ﬂ?ﬁ§ fh'e8 g.Sng(eétﬁagﬁ irg\%ked on the Client
Meem. The mostRfétani ZRheliboft@idngpSrbad ik Sis thackaapahltyf conteves@Eutidd #Pa Meem
can never bg blotkgri by Ihe dperaitiat -Mdthddndineo dtecionty hetlyearwalblgsigeedapilication
system is modulggize( Wl?&@éfﬁﬁ?éﬁ%@ﬁ‘%‘i{r FUYEERISO pJYRSE) it mehag inypeations
between components In an application system will continue to call each other on_the same thread.

This means that ERpRAGHIBEER A mprd BUIE S aLhgts FRIRIESr BREVEHEESmponents,
especially when Objaot Orictadd kstengebasdul dasigndy) pattzums bedeagioyeenByrdgtbspling the
thread of control FgRbEYAEIIP I ER MR Meents dhitdav Y SBSEPOsssBRdaEZ]RIPN in the time

domain. Eqgl i Beyiad etned Imiecajel ¢an be

By decoupling the thread of control from invocations
between Meems, this invention enforces modularization in
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 jJust one of many varied application problems domains to

which the i1nvention may be applied.

The basic problem i1s 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 1nvention, to provide a consistent process for

35 dynamic discovery of devices, flexible interconnection of
those devices (when 1t makes sense), asynchronous flow of
information between devices and handling of failure 1In any



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 automatiorrofifeatworld hardware devices. This example is
just one of many varied application problems domains to which the invention may be applied. The
basic problem is 6fwtioe ey §gipatethediigd nentaud Bty idiesgMabilel@heésvices in an
automation appligRjix ghe)joal 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, flexible interconnection of those
devices (when it EKeE& ke asindli@nodd aenast PformaibidanaekeRakthnd handling of
failure in ang- 4lamb lHecdevioes inctnging ailtanatic wcpsayemdren possible) deiguieha@ imadlow

diagram of a simglgﬁ,g%rp tjo W“Fﬁ“ﬁfﬂﬁ‘&ﬁﬁ@iﬂa@ p@ﬂrwp&g%ﬂ&ﬁé{g@ that are typically
rea

found in automati wotld hardware. In this case, a user input "Switch" is to be connected to the
"Light", as represented by software objects. To 10 control the actual Light hardware device, there is
usually some soltroftHesdwaseAdaptasesudinps K- 18wl Echélons LONWerlaomheciiartivizre

Adapter can also@ﬁamqgeﬁﬁ@yn’ sggwlaé% pS SRy WWQF@%&@H@@” afplication.

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 iIn 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 iInterfaces 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 i1n-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 1s 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 is depicted as a



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 €t8te; 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-boundCag@Fabedalied Tagwioe did an Aosreuhalllstoie baltsd ofattheThese Latch

Facets can be depandet imnoniy annethesderRBcHG Bl abgsolres anaicinEase!. Agtinphat an
out-bound Facet mus ays be connected in-bound Facet. It is.quite possible for an application
developer to use(lsnhlsT?tl grén\%o |';n§n Iasn[EdI & ’\é%ﬁga y ('ﬁ)(gl)ﬁaéhulc? e 'oﬁ§tllc5}# 'Jﬁ%csrélﬁgc! Gbove. However,

the platform of thiedRAEHE: I pIORIEEQY St Wit sitickne oBMBRESINAsHifPRRY dfd@iaa bnd
provide a vigial repieseitatavdfitbe lapdlicationsysiethpeinanie\veldmes Thiristisplcted as a - 42
soreen-grab in fighj e ARSI AUPILANS B iR PaRat AnsslIReHADRHE Hey Meems

can be created or emstmg Meems modified (including nition) or destroyed whilst the system
is operational. 5 TR §&pErittfarEYt&Rorthy, and allows the tool illustrated in figure 11 to operates
without having to restart the system. Referring to figure 11, Step SO0 indicates MeemKit 240, a 10

toolbox containingea/esipp§ Aeqrd tRgR Fd1e1YeemdiAsKiRss ing ReRitediondlaveiapes £0 that he or
she does gt haye i3 BONIEL G IMS RIS MES RN ISR " The MeenKit

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 it is required. As shown, MeemKit 240 includes
a Switch Meem, a Light Meem, a site Meem and a System

Meem.

20 In Step SO1, 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 1s dragged from MeemKit, a new copy Is made.

30 In Step S02, a new Light Meem is created. By selecting
and dragging a Light Meem from the MeemKit 240 to a
Category iIn 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, soO
that the Light Meem can be reactivated by a
LifeCycleManager. The unique MeemPath for that Light Meem



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 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 [43cir FacetDefinitions exists in MeemStore.
The MeemKit 240 can group related types of Meems together. The MeemKit Automation group (the
group 25 depictedpcoitairecthénrigi@reatBathfoHeanghatfocrsDethiddn tih®dehgbibre. This

Light Meem is nayslffiereahren avcettetMassh bedeing a fieannlaight whasmt igidrroged from
MeemKit, a new p)“§ Qﬁldea krbglepzsi%?a new Light Meem is created. By selecting and

dragging a Light Meem from the MeemKi 0 a Category in HyperSpace 242, the following occurs.
The Light MeemDefinition is given to a LifeCycleManager, which dynamically creates a new Meem.
The MeemDgfinition StappiE38ntitdhe ightMeeamisisiofebhioededmStore, MeethakEthetidght Meem

can be reactivateéi4lg|y_a Bl{p@éci%:éa{tx?ﬂ eraﬂ_&edﬂ#b? N@egpl%atn {gbvtﬁq\tﬂémtﬁ%m - 43 is stored

in a Category in HyperSpace, so Light Meem can be locate en needed. The Light Meem

will now be in afREVEPESR. S IREBINGnYeRjht MEIERTs pitelte ot Blitor 244. By
selecting and dragogigthe LigheMéeemfréchi BHypeighcecei ints tiie Meem Eder2htehetiollowing
occurs. The Meeﬂhgd'ﬂqr?w peRiires ydarin Belcirasn tRdhetdalidMend. Wsing teitepm
Reference {'f\qe Mrgggu Editor 10 244 far:i then %wlzth% I\KhetaMeerr& aﬂdtMﬁtaM Cll%nt Facets to
inspect the'Mee filitton GG hutdH i 2© € Metalleem an etalleem-iren
Facets to iInspect the MeemDefinition and alter the
MeemDefinition as required. The Light MeemDefinition 1is

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 SO05, a new Switch Meem is created. This 1iIs
20 similar to Step S02 above.

In Step SO06, the Switch Meem i1s placed in the Meem Editor
244 . This 1s 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 (nhot shown), a Hardware Adapter Meem 1is
created. This is similar to Steps SO1 to SO3 above.

In Step SO09 (nhot shown), the Light Meem depends upon the
35 Hardware Adapter Meem. This i1s similar to Step SO7 above.

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



MeembDefinition 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 SOI
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 the Light. By*éelecting 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 MetaMe€re&dyet wtakea neldbbpendéieyMeanie Biwitdrvadh, 3oha 3t8gI$03 (not

?howr;]), a F)iarﬁwsa_nﬁ ﬁdnpmﬁgﬂwdw&reama%’%ws BRI tlardere ﬁé&t@%&@b%ﬁ In Stesp S09
not shown), the Light Mee ends, upon t Hardware er i is similar to Step
S07 above. In Stgé‘% no sif§wr%%¥#e %ﬁae%searelﬁr%%dééq to %clea'p 44%56{ y"V\é gtg._ |H1g|"r(1e the
Meem Editor 244thige PRIPENEQMEhemDeERRe TR priHlicBnldage nctidbank ¥98Trequested to

move to the Sreatgesigtead hieewill casisehthel RghanderwiesabelweandhaiSvitdaldeem sleedihe Light

5 Meem, as well as the L| M‘?%H an P t r rocess of
resolving Depen(?eanci?gs_ ig%escrl ed aﬁ%%%r%[tﬁlxgéglﬁsﬁ %@?&ég%fe%?e% ?i%d S00 to
S08 of figure 9). 96 SR PRI ADPMGIIETRENER R AAGH RFe §%ts?e%r59er§4%r9\ﬁare in the
automation systefi.gihasedViaanhsS@6pdiad §08n eficf bguare s@dh that dynamic discovery of each

Meem can cause a Dependency to be resolved to a usable Reference. The References between

Facets of th n n _
18 This process results in three operational Meems that

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 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 i1s 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



15 Meems allows operations on the Switch Meem to cause operations on the Light Meem and then
the Hardware Adapter 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 the4fistributed system of this embodiment, for 25
use with a home theatre system. In this example, three Meems are created: a Home Theatre
Application Meert@boy a5WD M&%ger 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 D layer 256 and teleysign 258 The _disfributing system of this jment is also
Funning.across tHOEVE Ak L6 it e (L s TS o Moo
250 thus included Hre€OMEERK! BAD e SNV GRFOHitMdelRAna T d6ACO YR e rswWikting
between corgrol ef thedovid azr 2bdrambinerodq iatgvishen REA) DIp dMarmyes Madre 252D

includes three Mpce)irrlgt%?&fi @Sghcjo%cqﬂﬁql@wgzg@QN{%EFégﬁqmlqﬁtﬂq@é ZW 256,5a

second 252" for g the PLAY ftunction of the DVD player 256 an 2" for controlling
the STOP functiHBFIOBVRIHILDE: 558 RI&VEBnIMEnager Meem 254 includes three Meems: a
first 10 254' for controlling the ON/OFF function of the television 258, a second 254" for controlling the
clevision 258, 16 The A e I et cen,
[elevision 295 15.20° MR PBILASTIRAERE TIRHOFRELIER S¥eieneetgriegysen for
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 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”) i1s created so that the IMPL can be
included iIn 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”°) iIs 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
iIs 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 in
communication as part of the distributed software
environment of this embodiment. The server contains an



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 26648s treated so that the television's IMPL can
be included in the distributed system and communicate with the other Meems. 30 Another home
automation exanfoidberieigatéanembodindent RatRvALILGItREd Q3. FpRIBeAtdIens comparable to

that shown in figgeaFtdalieét iny@vespa interptdadea & FO.1MFanes captte R¥ 2dwbidnalso acts a

server), an MP3 Bléa r%?% d a television 276. Each device 35 communicates with the server and
are all therefore in communlca ion as part of the distributed software environment of this
embodiment. The server contains an - 46 authentication profile, home automation application
software 278, thermankiéaeturen iR ttivhautppdticationonediii€aiea bel lE7Bomwarausemation

application softwe@n%z,%ﬁg@ebg %%”%i l@fmgag ié‘sseél?séﬁ Hi)l se'pen displayable on the
e

television 276, once a suitable Méem incorporating t at softwar een created. 10 USE WITH

THE NET (TM) ANSBIREAEND AR Ried SHESAforn %s%?ﬁ%nﬁ RYEIHMEMEETE of the
above embodimenisqirpoidat Bset tiatnsodtaed @ Prhsitbabed onciopadfatle Java (TM) language and
the extensive Java 2 Standard Edition (TM) platform, so its use does not 15 exclude interoperating

with J2EE &-BV') ei&pljzjcwl%sﬁgmsl\lg[}d E?W)DORI%BBJ Eﬁaéhegnﬁ drgl_%ﬁ%?&R"i\l/lget of problems

The platform, system and development tools of the above
embodiments provides a set of services and APls based on
top of the Java (TM) language and the extensive Java 2
Standard Edition (TM) platform, so i1ts 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 (00/Relational DataBase mapping) or
web services (exchange and presentation of XML). It 1s
quite possible to wrap the components of this embodiment
(viz. Meems) as J2EE (TM) components or web services.
Conversely, i1t i1s 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
burlt 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



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 (OO/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, it is also possible to wrap J2EE (TM) 25tofponents and web services as Meems. The
following are the key differences between these embodiments and the NET (TM) and J2EE (TM)
platforms. 30 Fir&fyy kEanhenksicestosd fvet ingforegsing ing the glaxsrreapadi/sent of the

above-describedssplatieRioaret vdeusing ¢he-eare ries CRPIV BERYIGRSOAPP PPRAGENNNS. 35
The platform and sysimprpuide agetof fnclionallylpr Lo gistibulad aystams, piogneary al
of the key Features are desigried and mpl"émented as Meems, software - £7 Envitorments
constructing acc&far Y @R EmBEGATEH NS it Hohs tiRiRRahe FEad e 8RFbUddd for application
developers. At a flLislanidniabieyely i ¢inseta antiwsec@ngironment according to this embodiment

is modular, 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 GPURRIEEIMBRESELUGEAPRM) language interface and implementation. These
pieces provide alinereboptesirdied toemnist fonbdiinde-outelc had atii-beund ditaracsionbyhan can

be formed in, for fpsplg, MPSYFTHTMEdBRJ3RET B R ASG- RYatios iR Between

ComponmE% smaller pieces, each of which comprises a Java (TM)
language i1nterface and implementation. These pieces
provide a more sophisticated contract for both 1n-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 i1s discussed below).

25 3. Consistent Handling Of 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 i1s 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



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 Of Distributed Component Failure 48nderlying distributed systems frameworks,
such as the Jini (TM) platform, provide the base technology for connecting distributed components
and dealing with tiRife yorekieiRt usidry, tRgdesitivn onect9mpoNedD aealived@easechnology is

left to the applicatippndeyritkrrr Tharmiesedambgsimenh reviges mseapistent cappraadt fefailure
that provides a higiereel, ApUaGHAR fardne deysiaper o3 ¢Rull AREFanqs Remaniss A
distributed system of the above em odll:ments supports “proactive information exchanges between
components, ratitiERAFIeRNGY by letisi8e YEdiits. ArlseeambRRerPERPAEFINEFAlPon another, and

based uponshe cifseoEfgnoaseddiedefline teeflawe itfoematdie o berpdresamedlirsshon as the
dependency, or viqesVEIFAr A0 Lie ERMRRBRBLER" %ﬁ@eagbé’ﬁﬁg}?ﬁg ;FS“F%%HR@E?P”

component to send its current state whenever the dependency is resolved. 5. Intercomponent Thread
Decoupling To prevent thread blocking by other components, all method 10 invocations on other
components are Secduytied bynpeoent tid irradabectrpdtengxecution by other thread. This means

that the liveness phagp@REnt el IABERGRE BY/INYEHEMIBYIRISHIEELT oA RIY féR80d

component. By default, it is assumed that components a}:re not reentrant Jl5 3n8 method invocation
within a cortbondYOSAEELNS on other components are ecoupled by queuing

the i1nvocation 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, i1t is assumed that components are not reentrant,

15 and method i1nvocation 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 i1s, 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 i1s 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



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#&hd-provider components, as well as
encryption of the information flow, is controlled by declaration, which is transparent to the application
30 developer. TheNsganehsEat cdawahe tweesh eensitae thleebavdmubdikteeretiddd edeurity
consistently between every component, potentially protecting all interactions between components.

35 8. Distributed ,_Cogurg%n?i Dsi'a%rrh%s'isi ZC@gtL{{ﬁ&%n%ewébraec c%f Lo nc%pelné irgﬁractions (using the
Flight Recorder), a WS problems concerning the - 49" Inconsistenci€s between component behaviour
to be studied. FigifeNhigGtwEAle s ArgEaNnfERPRAE Iaw B dHIfircaneegiabpde@mparing the

differences Isetwest Sekigjingdeninmiiques (I¢t epun)lanthiiearpprobeh appheoactfeodthe
embodiments of EeeR |néﬁgﬂiﬁlgg%g%wﬂhéw§¢gg%w$wwH}tiiiﬁ] cg(f%ep- eaf]r@e invention

may be 10 readily effected by thos In the art. It is to be understoo erefore, that this
invention is not liFREYMthe 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  Modifications within the scope of the invention may be
10 readily effected by those skilled in the art. It i1s 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.



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. - 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 modules, the platform ®@ing operable to provide any of the software

modules with at least one component that allows the respective software module to operate as a
distributed objectl Mihebéif Batd BE At Moe IdtimdoNari Td O afdrEintie peRtidNSaf the 10
development of the respective software module. 2. A software development platform as claimed in

ﬁlaim 1, Where_injleachAof sgj vs;,lgflt,\ga@er\%iiééllﬁelﬁecr?{nprisae&% Ipnhurf%y gﬁoén 20 enat‘s that are
omogeneous in"15 specification with said at feast one component. 3. A'sofiware development
platform as claime@fitwaif 2eypbangeath AexrRINOrA sPedhpatdas okkaE software modules

is pluggablesind ceugabicse2) 4né softwanadevelfpment pladidurhess, clainee pihaarfoene befihg

preceding claimswheseifoaith A PBRARe ANRIPeRhEOUDFERA AR INlsHape oy iti!iag an

operational call into or out o t least on onent, software capable of carrying out said

operational call. 3SR Sbr8F GONNBPERR: SRA&bA SntQEin G RPEE BIghS PN claims,
wherein said platfardudbovio thep Soaduttvase aled ewbei i tpeciyfpestid atheast bmessarmpertent a

type, a name, anduatheiePUSHPBRIAS iaredPdoHsd RIS HeHAEN LIy of the

10 development of the 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 i1s 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 iInto 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 i1n bound or out bound.

6. A software development platform as claimed In any one
35 of the preceding claims, wherein said platform i1s operable

to programmatically or declaratively define a selection of

components and software modules as a strongly encapsulated



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 - 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 Pérform one or more of thread control,
operational call logging, distributed operational calls, authentication, encryption and broadcasting of
operational calls.a18 s kbftaaind d&neld pchesit plsbech OEaRRdd 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 lagging, distgibuted opgratignal calls, icatign, e ption and hroadcasting of
15 operational cgll?'s in%\ %éfr?évrgtﬁ%t I?']s%t\r/agr?s% a?eﬁfo@#é&ipoﬁa}%%e%% né(re. W s%ﬂ%arge%%
development pla@drmtas dMifeadd ey Gl B8 theVhrEedmgSadichS lHereiinsal$ prrRFand e

operable 2@%to ptevidenseuaorssstent dbfiasa conwarenfsoios perfoompgrdita-or mose of
lifecycle, usabilitiz?ogﬁsq?iaﬂmﬁgaaag%rﬁlﬁ% per%ﬂgpg% ?&qaopnéig“atipggéqné §oftware

development platform as claimed in any one 25 of the preceding claims, wherein said platform is
operable to provithS8d BHEffle ekt Lorabneat ksr aatihgeRbFHhB? reRIBTINPARPEE the
components andfondsdiftwadaastuleg tiodt apstiatd aradpeetd/bsone of said distributed objects. 30
11. A software development platform as claimed in claim 10, wherein said respective one of said

distributed . gbjects includes said one or mqre system c nents for . . _
f&J é- A sof%ware evelop en{ing¥)orm as claimed i1n claim 5,

wherein said platform i1s 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 i1s 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 i1s 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 iIncludes 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



adding, modifying or removing. 35 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 plurality of
such software development platforms and is operabte ®/alfow the transfer of a distributed object from
said first platform to another of said plurality of 10 platforms whilst said first platform and said other
platform are opefe@oaseaties dupgake devedpaiorylafynidstakhedatanp baetof the preceding

claims, wherein sgpighalpsl@rmyis SRpERP lEFE-He vitlan seesaqiingsieanfaeRerits that can be
automatically Ilnk t9 o{h%r o|mponents according to type or name. 15. A software development

platform as claimedin 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 @jecumd apy sthetwiatsbdedetypricand/ol atfodingo relreoiaedf siaidamodnéon. 25

16. A software deye tr@legarm S&i%l'i?ﬁ& in E% oggﬁjp gg i a|d
platform is opera Ie %W?or one or more associations between an Eﬂc:) o;ﬂ%ld cjgr%\/utecf ects
automatically. 30°%7. 3 QdﬁW%'MéPJpIﬁH%|§ﬁgM%§%|gﬁl\é% 5??9%eﬁﬁ‘d claims,
wherein said platienoasdrdbleto allow the transfer of a dlstrlbuted object
from said first platform to another of 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 i1s 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 iIn
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



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 - 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 chimed in any one of the preceding claims,
wherein any one or more of said at least one component is constructed by means of the Jini (TM)
platform. 10 19. ARefthaweaaldiopnmeht thefopnerpdidpmned inrcai on#hsftrbyrddigling claims,

wherein any one phiRIgF $ihridecoiadBaiEl SRt ednodwiepax sonsiucied Py caganseof the Jini
(TM) platform. 15 %%o’f) i)féware development platform as claimed in any one of the preceding claims,

wherein said platform 1S 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 saibplati@m isfopsyfitieaicalimvéiopregiamplaicfo e dasatile detaitiam ohaycamnpgound
distributed objecbcronmrési gﬁgoggrﬁq%/ of %ﬁg]sdiswﬁg;eéjiﬂbjgpg, Wﬁgr%qy ﬁﬂjgigogpqgggodistributed
25 object is strongly enca;Fsu ated an serf-contaiine . 22. A software development platform as claimed

in any one of thé'rel 88 QM LARRBRLid St RALBLAY IS Hp e M BRI RS d Mikable.
30 23. A softward @dyelppaeho pfatform as claimed in any one of the preceding claims, wherein said

platform is further operable to provide any of the software modules with at
10 19. A software development platform as claimed iIn any one
of the preceding claims, wherein any one or more of said
one or more software modules i1s constructed by means of
the Jint (TM) platform.

15 20. A software development platform as claimed iIn 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 is 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



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 - 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 Bfnreans of the Jini (TM) platform. 10 27. An
application development method for allowing a software developer to develop an application that
comprises one ofigied epfigaie mbALE ThekRINR com@ngte a€p Bherangiagdt ngast one of
the 15 software raqgyjlgs 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, wherei@ach 0f 8diatsdfnirdneRirRS ey RtRReHIvarPof EbRpeREtanst are
homogeneoBs indgpesifioptiemvith katcFatrieast anmemdniporzany. 2me9ok ndtapasisiclaimeBin 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 rétfsable® AT AGRERILEESS ellalﬁg&i@ﬁnf&ﬁé%?glalrﬂsc?liati)”éogf’ . wherein

at least a part of 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 1n 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.



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. - 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 chiimed in claim 32, wherein 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 devefgp_oneOEBPER SPEWAES, ABPRBARISH Al AHQW AE 1 FRosageftware modules of
a software applircﬁ:)altlg)ggg folelc te0 Segigq]qjéjtet%sga\;%r
C

FofP BRENEINS 3y & SBipyaIs development
tool as claimed in claim 34, wherein each of said sortware modules comprises a 0 plurality of

components thatGPBPRRARSHER B3 Th ashkeificaiien Aithmsi@ oRe Biwadie frdibkeToftdhents. 36.
An electronis de\sesfprevide il Boatonmtrottablepby ateappdicaticrtddveleped by fiteanssof the
software 25 deveé%gipgﬂgﬂﬁt%?rm 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 tB3t. alldwssthEtnes pectilevsditparenthqulldetosperase ad adistdbatedadigi@ct, wherein
said at least onexcompeRA it CEaipd BElepspdeabrelipe davdlianasntahibeigsgegtive software
module. 35 38. A s|oftwa|re develepment fram%wo%as claimed in claim _

1 plural ity 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 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 i1s 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



37, wherein each of said software modules comprises a - 56 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.

- 56 -

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.



