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Software Application Loading Field of the Invention This invention relate

to a software engine and nethod for software application |oading and
refers particularly, though not exclusively, to a downl oadabl e software
engi ne an¥O 27 hod for software application downl oadiB§F/SGIHE03vent i on
has particular application for software applications witten in Java, but
is not to be restricted to applicationsgin that- |anguage and is applicable
to software applications witten in other |anguages. Background to the

| nventi ®n SoftwvasoEngiae endMdthebfordefiwart Applicdtion Ieadbqgy e, an application in
Java can be | oaded onto a wuser's machine by, for exanple, being downl oaded
over the Internet. Present technology requires the entire application to

be downl oagedg BefreIRvéntenOf the application can commence. This may be a
Java Applet, or a stand-al one application. Wat is downl oaded is the set

of cl assesThisrination tejates to adoftwarseehgitictand enedtmdtfor $dfova2® applichtiarelionding | f t he
application js.conpl.e a. arge nunher. of cl asse be.required t be
downl oadedjmct frids SE&)‘F@?% dém} P& °%ﬂﬁeﬁ »dP ac%’@’é'fotagglﬁ% S%%W?&B%‘@ﬁ .a“‘g’art of
the cagde msihotqor sofhafcipplibftioddwintaallingn The idleatidn hidpaei@lar aPﬂi@ti@ﬁ asses

y

may not be used to start the application but will be used only after sone
time, afteforepidwareapplications yuittenipdave, Pids 89150 betesitisted to ppRfiggtionstin Bat used at

all. As t%&&&)ﬁ%@t@%&@@&%@%ﬂaﬁ%&é h'ﬂﬁ‘bﬂﬂgﬁ%{; eg1ave increased

t he downl me, and menory use. 'S 1S undesira € near est
proposal has been that in Java World, Tips'N Tricks, Tip 95 avail abl e at

http:// | avawor] d..corn/iavawor| d/iavatips/iwjavatips95. htmL.. However,
this is a '&ndz%tﬁﬁifﬂieﬂgogystemfrom a user's machine that nust be

separ afsel yA sottivanagplicatorarch asppkiegid, @h applithticingaeg 6@ HeNoddea oafnd | cati on
that will automatically activate itself. It is therefore the principal

obj ect of s ppadhanst b%n%nte?“%ﬂﬁplﬁp being,, foyenlaaded nejies ethe olniasagh) e Pregsnt
appl i cati QEcnB10R§ teRRQd iR’ AfiRS BhptRhton 38 be downloaded before use of the

application can commence. This may be a Java Applet, or a stand-alone application.
What is downloaded is the set of classes, in Java byte code, needed to execute the
20 application. If the application is complex, a large number of classes may be required to
be downloaded, thus implying a large amount of code to be downloaded. Part of the
code is required for the application to start. However, some classes may not be used to
start the application but will be used only after some time, after the user interacts with
the application, or may not be used at all. As they have been downloaded at thé
25 beginning, they have increased the download time, and memory use. This is

| undesirable.

The nearest proposal has been that in Java World, Tips’N Tricks, Tip 95 available at
httu:/fwww.jg@world.com/iavaworldﬁavatipgﬁw-javaﬁpsQShtml. However, this is a dynamic

30 loading system from a user’s machine that must be separately actioned for each

application, not an engine in the application that will automatically activate itself,

It is therefore the principal object of the present invention to provide an engine to enable

an application fo be loaded progressively.
35




5 A further object is to provide such an engine where the initial l@?ﬂféfg%
Is that part of the application that is required for the applicagi 005
commence. | 10 Another object is to provide such an engi ne where the

remai nder of the application is |oaded is a controlled nanner. 15 26 AUG
2005 WO 3O @PI219 PCT/ SGD2/ 00034 2 1 A final object iSPASGewsde a
menory managenent systemto inprove application performnce. Summary of
the Invention Wth the above and other gbjects in mind, the present

i nvention provides a software engine for software application |oading onto
a user's nechine, wherein a core service of the application is |oaded onto
t he user' s machine to enable the application to conmence 20 to operate on
the user's machine. The engine subsequently | oads non-core services of the

application, accordi n [t I The
engi ne may %'ér%}%g 5e 1%?0 Qldgg%érhe erggﬁ%w&oa e Bﬁqﬂ%%@%@ s%grﬂ\lll ce;
and may be a9 Ed.‘.dh@ﬂﬂmhdr 1reﬂm(ihél@;ﬂifcatidiﬂoeomﬂleﬁm’ vice. Pref erabl y, it
starts upon corrpl etion of the loading of the 25 core service. The priority

order may include a top priority, top priority being given to any non-core
servi cgg0f m&%iécPﬁttb%ﬁ@wcﬁ% etngm%ﬁe?e {3 GeMBREerSof RS BhplRafidn & " esul t

of int er act I on he "application Dby the user. The non-core services are
pr ef er abl y lbasind éxa contralledmagnsr. control l ed by the engine. The control may be
exerci sed by the engine taking 30 into account interaction with the
application by the user. Preferably, before |oading the non-core services
they are regifiiabobjacst o prveidenginemory Manageprent aystdmh \to itpeovenggiplieativmecks
the registratjon |ist of non-core services before
- performance.
ST
Summary of the Invention
With the above and other objects in mind, the present invention provides a software
engine for software application loading onto a user’s machine, wherein a core service of
the application is loaded onto the user’s machine to enable the application to commence
20  to operate on the user’s machine. The engine subsequently loads non-core services of
the application according to a priority order determined by the engine. The engine may
be part of, and is preferably loaded with, the core service; and may be started by the
loading of the core service. Preferably, it starts upon completion of the loading of the

core service.

] The priority order may include a top priority, top priority being given to any non-core
service of the application required to be on the user’s machine as a result of interaction
with the application by the user. The non-core serviées are preferably loaded in a
manner controlled by the cngine. The control may be exercised by the engine taking

30  into account interaction with the application by the user.

- Preferably, before loading the non-core services they are registered with the engine.
More preferably, the engine checks the registration list of non-core services before

loading a requested non-core service. The engine may be part of the application.

35




| oadi ng a requested non-core service. The engi ne may be part of t2e
appl i cation. 35 26 AUG 2005 WD 02/ 071210 PCT/ SG02/00034 3 5 Theré melpe00d
provi ded a cache into which at | east one object for the application can be
stored. The cache may be operative only when the application is on the
‘user's mad¥IRA71218nd may i ncl ude an obj ect repository i MG/SHIR/E34 he at

| east one object is placed, and at | east one object description. The

obj ect description rmay include one or mpre selected: fromthe group
consisting of. object reference, object key, reference counter and tine to
stanp. FheThaedhaybemyvided ol oavht drmoliwhdch dt hedstichiernudjaabo i ltlesapiplicativnanan thee

Internet. Preferably, there is gl so praqvided a_nenor, nagepent nodul e

t hat keepsstefede ghéﬁ’“‘l?éﬁ@@%?@@&%%Y(Y'H}eéé{“'s@pﬂlﬁfgmﬂégrﬁ‘i‘ng’e ?{a‘b@ﬁ%lﬂ{‘esnpdul e

bei ng abl eaﬁao?q?;]md %ﬁto‘ﬁgegpﬁgos%lg{ﬂf@wﬁifch&ﬁ@at%s?&ﬂe%bj&bﬁﬁ&hé' At i on of
e may |1 n¢lu

one or nore o obj ect de an 15 arbitrary ti offset. If the
obj ect deskastpineabjest desaripiijoe CTherabyjers idessriptibvamay inclider @roe marewalectedequal

to zero for a tinme at | east equ to.the tite offse t he correspondi ng

obj ect - ek e ey SRt S 0ee Bresticer 85k Kot Sheaspst Fo Sy SHERE G e
nmay i Nger pRkdp Tl 18adiBiMaY boBAGeRRY, inohsiiheddvimieiing @dr tholstement i vel y, 20
the two nmay be independent of each other. In another form the present

i nvention provides a nmethod of |oading a software application onto a

user's ”aclkkjefé‘??]t{rf%i {Redis %&Btrﬁvmﬁéeede@ %ieﬁfory tngflla gé%ﬁ%iﬁ%ddﬂﬁa' uek mgé Qagk g onto

the user's nmac e core se es of the a cation to enable the user to
i nteract 2tagé ofcachel ehjedts; dhe memory amahagermetit mpdulecheingrebioioale sdlogite e of t he

appl i cation accor.di ng .t | Q. arder ' ‘ -engi-ne.

Pr ef er abl ﬁr [B%rfeooﬁghel ‘goé%c?sn%ﬁ%’%ﬁét{o&oﬁggr@g@g&sB% @23(;}[)@%%%&91?@ %PF ed with
t he eng newbitrhfietitei offset. yIfahel ljedtaigsdription e aa dbjaet papositary Yias & egfefentority
bei'ng given to any_non-core 30 services of the lication reguired to be
on the usePUBeREERH F‘szeé%%éart’gg’&? ](%agfeq}lﬁtt‘é Fh(féﬂlf‘oﬁ?ﬁy W%W@°&§§€|°@m on by
the user. Rc&iRiocRNH belBRoVQBINN the@bjdchRpbédrf.0r € services is in a
controll ed manner controlled by the engine, the engi ne taking into account

I nteraction .
The engine may incorporate the memory management module if desired. Alternatively,

20 the two may be independent of each other.

In another form, the present invention provides a method of loading a software
application onto a user’s machine using a software engine, the method including loading
onto the user’s machine core services of the application to enable the user to interact
25  with the application, and loading the non-core services of the application according to a

) priority order determined by the engine.

Preferably, before loading the non-core services they are registered with the engine.
The priority order may incluede a top priority, top priority being given to any non-core
30 services of the application required to be on the user’s machine as a result of interaction
with the application by the user. Preferably, the loading of the non-core services is in a
controlled manner controlied by the engine, the engine taking into account interaction

with the application by the user.




with the application by the user. 26 AUG 2005 WD 02/071210 PCT/SSE%Q%&%S? %
5 Advant ageously, the engine creates a registration |ist of non-c o0
services prior to |loading them and nay check the registration |ist of
non-core services before loading a requested non-core service. The | oading
may be a WMWMHBBRA? and may be over the Internet. Preferd§insGoehmwse is a to
cache into which at | east one object for the application can be stored.

Mor e preferably, the cache is operativye onty when the application is on

t he user's machine. The cache may include an object repository into which

t he object Aivantdsaeedly, macbngme @bat@ch relEisEdtiop tlis® v nbacoeP k@ Gicedl @siof itdt | On
may i nclude one or nore of. h@ ref erence 15 obj ect key ref erence
€cg

count er anl@adingthesn, And marrréleals istration distolownecores serpigeshetare doading By a

nMenpry nang ich my de-allocate one or nore of the
obj ect s, mgﬁg‘(}:ané)%mu%g%? an arbitrary tinme offset. |If the object

description of an object repository has a reference counter equal to zero
for 20 a tjne at, | east, eq toth of f th r obj ect
toscr i pti orbeagding S5 ot ol Bt eyl Ot HEpttiiehy ELBE0R FSEald by
occur yhenatheintPatich aﬂl?:fastfdne% T]ﬁ@t ﬁﬁﬁﬁ%})ﬁﬂ@h@ﬁ cRbSMtefe8 MM dia breFedBlyt | CUl ar
object is no |onger required e operafing system can then deleté the

obj ect frdh«;94¢éeeseaﬂ¢éahveﬁul§vrheeéhwph@mﬂysomﬂheuﬁq«'éé@ch%nory can then be
used when and as is required. 25 Description of the Drawings In order that
the invention may be readily understood and put into practical effect, a

pr ef er r ed Thebadherary icnélutidncan wbgse rpositore btb ovhich ithe ohject e plieed; randegh by way

O e R g ear o i el hSeracs
r epr esgnt @bjc@ﬂk@rf rdffience)colifter &fdahnd @ebpire; Figure 2 is a representation of
t he downl oad engi ne;

The usage of cached objects may be tracked by a memory management module, which

may de-allocate one or more of the objects, including by use of an arbitrary time offset.

If the object description of an object repository has a reference comnter equal to zero for

20 a time at least equal to the time offset, the corresponding object description may be

removed from the object repository. De-allocation may occur when the module notifies

a cache operating system that a particular object is no longer required. The operating

system can then delete the object from the cache, thus freeing memory. The freed

memory can then be used when and as is required.

Description of the Drawings

In order that the invention may be readily understood and put into practical effect, a
preferred embodiment of the present invention will now be described by way or non-
limitative example only, the description being with reference to the accompanying

30 illustrative drawings in which:
Figure 1 is a representation of the system architecture;
Figure 2 is a representation of the download engine;

35
~ Pigure 3 is a representation of the download engine after the first service download;




Figure 3 is a representation of the downl oad engi ne after the fiQFQ iﬁévéﬁﬁ
downl oad; 26 AUG 2005 WD 02/071210 PCT/ S&2/00034 5 5 Figure 4 i b
representation of the downl oad engi ne showi ng a change in the order of

downl oad; Figure 5 is a representation of the downl oadi ng engi ne at the end
of .the do¥f!B&@2100 process; Figure 6 is a representati AETEGIAMPD| ect
repository with an object list containing two object descriptions; and 15
Figure 7 to 9 are representations of the operations of the nenory
managenent nodul e. Description of Preferred Enbodi mnent The enbodi nent

descri bed provides a software engine or framework for progressively
domnloading.a software application, and a qennry,nana%enent nodul e for
menory  20FigEshisryTepiaseniationas e dawnlpad engipm shovdrs achangena the fifepabied and
grow in Se&ﬁhﬁﬁuﬁteps’ whi | e managi ng the amount of nenory that is used on
the client machi he. A first set of core classes is downl oaded on the
client machine, and the rest of the application classes are downl oaded by
a backgroupnd task on the cl.ient hine. .lf same classe re needed, by the
Bopl | oot | oiEnses i, 8 eisgeariol olF PHOEALEE BARE ah R 5T oL G PHOH acves
are 25yrowitbagled with high priority. This engine/framework thus inplenments
engi ne background | oading as well as "on demand"” | oading. The nenory
managenent functionality frees sonme of the nenory that the user does not
use directypy. | r ducs -Ppgpgg- r t he
applicati O%E?J%gsﬁggﬁPﬁg&é?tfognt m%ﬂﬁ%ﬁg%gfg&% i Tt J)régflgsﬁ %ltalﬁc}giélﬁl&t}?‘g} 1,

gi ven a sebjest desangptions; abdand a client machine 2 connected by a network 3,
and a Java application such as, for exanple, a Java application to be
downl oaded from server 1 and executed on client nmachine 2, the present

i nventison Figiry 7de8 atchepregpldtioas obthe bpdratichs 6DIhe nRARry fahighean@oddeli ti onal
services. The core application is all the application conponents (Java

cl asses) that need to be downl oaded 35 for the application to start. The

addi ti onalpefiMicifsr BrefertQEESMbAidntnecessary conponents

The embodiment described provides a software engine or framework for progressively

downloading a software application, and a memory management module for memory
20  managing. This enables a large application to be downloaded and grow in several steps,
while managing the amount of memory that is used on the client machine. A first set of
core classes is downloaded on the client machine, and the rest of the application classes
are downloaded by a background task on the client machine. If some classes are needed
by the application due to a specific user interaction, the corresponding classes are
25 downloaded with high priority. This engine/framework thus implements engine
background loading as well as “on demand” loading, The memory management
functionality frees some of the membry that the user does not use directly in order to

reduce the amount of memory resources that the application uses on the client machine.

30  To first refer to Figure 1, given a server machine 1 and a client machine 2 connected by
-2 network 3, and a Java application such as, for example, a Java application to be
downloaded from server 1 and executed on client machine 2, the present invention
divides the application into a core application and additional services. The core
application is all the application components (Java classes) that need to be downloaded

35  for the application to start. The additional services are the sets of necessary components

to be downloaded in order to execute subsequent functionality of the application. One -




to be downl oaded in order to execute subsequent functionality of tge
application. One 26 AUG 2005 WD 02/071210 PCT/ SG02/00034 6 5 serv cAlBs2005
equivalent to a functionality of the application. The engi ne may be part of
the core application and is preferably | oaded with the core application,
and is trMYBMER 0 start by the conpletion of the | oadiCOTHGOI0Me cor e
application. In the case of a graphical application, the core application
is the main screen and the 10 underlying objects needed to present this
first screen to the user. The additional services consist of all the

sub- scr genserofce i @uaRRnt Bal futionhB§ MY EANenS PhY b &l@% 'P]é’ ﬁ]r?gf fy the
application, and all results of interaction by the user w e

appl i cat i ofore2pplication and és preferablss kaardesbwith yhe ¢nse applisation, tehé ivtizgeredrtor e Java

classes th g rvice. Furthernore, the

applicati o%ggg?g%%}%s e%ﬁg)ﬁlflmr%lgg@é’%\éﬂe&ﬁé gcf%f’afgnols‘f%tfoﬁ’l'e user 15 interactions,

and the corresponding service it triggers. Exanple, in case of a graphical

applicatiop, .the applicatjon intains a relationship between a click on a

but t on andﬂ’t the cat“?pgf%gﬁi?&&%ﬂ’gg%ﬂﬂ“c&et@’%@@ﬁw .ﬂ?emém weesnrapdehyi ne or

fr amewsy K dnfdoflyfloB{bts déided tplesdrt tADHR! el WML AR6L. IRUBafliBRA SSyic? [T OM
Kk s a l , an own h

the server. It keep i st of services to downloa oads e
cl asses neddsigt 9il theeb-sceqops ekthe Thplication thraunderl pingpdreicesdativered badherg t he

cl asses a ol ' r; rance in the [.ist he qrder of
downl oadi ?\ag’?’ggddg?’aés@easut Jé%%{sbog Iﬂg{?g{r?\%ne@)&gr e Wi ‘he BRPIGUPR- JERchFersice he
engi ne ands desgribed biuthe tname fod thecona g Ineore Ik Iclasded tiek akticOeksarl 8 IR €he
efficient use of e machi ne' s resources.. or tg enable application 25

cl asses alPEAdy HFBots fhe FPplicalign cesfablishes, atﬁ%kr]’éW?Fa%}E@gssﬂhie a®prand t he
oper atfson ifferactib, aRbihe @BfrbPBudihf séivicd R @ighds. agdaBfW BV Gie§gfaghi'clﬂs i st
of ‘services. The downl gad. engine is 1pa.rt of the core applicalion and is

| oaded wi 2RPYGaHOR;Hhe anppbisatian maniginsaelatipeshin hegvesn a dlisk doreduttppleind dtei on,

i ncl udi ngcbggspgﬂghggew&éw&egt Jghe engine to start. However, it may be
started earlier, iT desired. The engine is started by the operation of 30

the core application, not the user. The |link between the downl oad engi ne

ond, eSSBS Pl A1 | L U5 RS P 5

20 from the server. It keeps a list of services to download, and downloads the classes

needed for each service. This may be as simple as downloading the classes according to
their order of appearance in the list. The order of downloading of classes can be
changed. This will be instigated by the engine and may be due to, for example, user
interaction, for more efficient use of the machine’s resources, or to enable application

25 classes already downloaded to be able to use the new classes to expand the operation of
the application. It is able to add new services in its list of services. The download
engine is part of the core application and is loaded with it. The completion of the
loading of the core application, including -the engine, triggers the engine to start.
However, it may be started earlier, if desired. The engine is started by the operation of

30 the core application, not the user. The link between the download engine and the server
may be encrypted, if desired. .

The download of the core application is initiated by the client 2 downloading and
executing the Java byte code from server 1. The core application then Tequests from the

35 server the description information for the additional services. The server gets this




executing the Java byte code fromserver 1. The core applicatioqéggem
requests fromthe 35 server the description information for the iAUGo 2005
services. The server gets this 26 AUG 2005 WD 02/ 071210 PCT/ S&2/00034 7 5
information fromits storage nedium4 and sends it to the client 2. This
step is nOPRAEH®ary if the services information i s al rEI#GIEINBAI ned in
the core application classes. The downl oad engine is then started. The core
application registers the services to bg downl oaded with the downl oad

engi ne, which starts downl oadi ng the necessary classes. io The downl oad may
be in anmy dhfdemnatiei GO Meslotaye ltdiengi Md, seh@icit Ul iROcHeRL2! i beptié @bt

order. Wien the user interacts with the core application, certain

addi t i onal Dnsessyary dithasgrvicesdalormatioquis gboadvsaniatped fnthe pere application plassedr e
application notifies the downl oad engine that a 15 specific service is
required to be downl oaded. The downl oad engi ne checks if the corresponding
servi ce hafhaldosathadrmgive dotheh staded. Theé cowt applitatidoweyisias thet deevicdsatoses f or

this servicge a tter of priority, and in any _event before any other

cl ass. The%eaa@agﬁfg‘r%f@&oqo? . dteagleﬁewgigg éﬁa%g?%élwg?ge%%wamp $¥&d and
the appbi cghk ABwhRidd Shshetif@ny 6% HAErmiAsd BNMSRnkife, Thutify the rbfisEfioni ce 3
needs to be downl oaded due to a user 20 interaction and service 2 is being
downl oaded©Blét- is not required at the tinme, the service 2 download is
interrupted and service 3 is downl oaded. The downl oad engi ne downl oads al

services in a controlled manner which may be ei‘ther by the nethod
descri bed &Wiwnehe tibmtintetacisiwiftoihe cos dppheationgeariainddditionalGeividesingy aed25

required. ce,the core.a i catjon and all. the, reqisfered_ non-core
se?vi ces h%’éﬂ %‘é“@ﬁoa‘%gmﬂ?@'_gt‘éaﬁ?' %C%PBPI%C@PQFIE eﬁ_ﬂv ‘iﬁ’ a@&“ﬁ'@%ﬁ?\ﬁl oaded
as ,t he 145IsegpedHit §vichay equirtd @5 86 RSBt NicaRRidadtdn@the dHREKLHOMAE

therefore stands by and waits for further non-core services to be
r egi st er edcormspending serpse has alrgadyrheen dgwnleadeada tf rabyit dowrloadsshe dasenfpr or der

or priority: 20¥s bidRer bH6H | i [ I e f a new
. 30 servi ce%lva ﬁwt@ﬂes engl nre lt:31ﬁ1d'ﬁf1lgl’vfléﬁt eﬁgﬁg‘?’ﬁe‘”ﬁ’géjm o%%&t%%ggﬁa’?tacgg%al
code. At téngrospendidg tchibe spricatis thereforeadoymidaded nndihe application dnihchctheise t he
o o seBfibd 265 gk B! 4 e WAk neds Yo a0 Waiaced e WY ulef 2"
20  interaction and service 2 is being downloaded but is not required at the time, the service

2 download is interrupted and service 3 is downloaded.

The download engine downloads all services in a controlled manner which may be

either by the method described above, that which follows (see Figure 5), or otherwise as

25 req_ui;red. Once the core application and all the registered non-core services have been

) downloaded, no more services may nced to be downloaded as the user may not have
interacted with the application. The engine therefore stands by and waits for further

non-core services to be registered. At all times it is the engine that controls the loading

order or priority. At any time, the application can request the download of a new

30 service with the engine and have the engine download the additional code.

At the end of the operation, the application has “grown” because the amount of

services/functionality available to the user is higher than at the Jaunch of the application.

35  After the application is staried on the client machine, being either the core application or

the core application plus some services, the user starts to interact with it, and this causes



35 After the application is started on the client machine, being either the
core application or the core application plus some services, thé biskG 2005
starts to interact with it, and this causes 26 AUG 2005 10 WD 02/071210
PCT/ S&02/ 00034 8 5 the service engine to request services to be fulfilled
by the apMQA@®4128%h. Each service requires objects to be PETSE&OYI0BH t he
menory of the users' nachine. Such objects may include an inage, a data
structure, or a Java object that deli veys a specific service, or

ot herwi se. Once the service is conplete, the Java virtual nachine's garbage
col | ector tHer ®eFcsd Berine Bk et . 1 OF s 6 to 9,
t he system provi deg@a p@g(gzlzsegﬁfégwgéaéc%g& sﬁ?g&gbﬁy e%;?saﬁ @ gcﬁg?rf. ov%la: hggér%{‘:ﬁe

appl i cat i offquEes ohjeesstpche ¢rgatedoinube memenry of tHeaustrshmachine. t Sucheoje@aiayt hem
This syst j.e r.eppsitor I ncreases ., performnge when the user
regul arly ﬁl@é‘&ﬁ%@ﬁ%‘e‘gﬁé‘ ‘ga%an%h%%ﬁ/iocf .Jaf'ﬁé’%%eﬁg b gFivee %PSB%IFCS&WI% ars

i ncreased dthemvise Ohes the sk i adrhflBtel BRST0PVirRBE adtine® SabERL Goilehfr O] ect
in menory. _ For_exanple, in the case of a graphical appl%cat on, the user
may be pr oRpSeEe REmarised bythg 9BEEL on. The application then displays a
questifgn box with the text of the question, and an icon in the shape of a

question nmark. The icon is represented by a Java object, which can be
cached i n Tavsfenty Figiresed tot% éheusystentproviskes wproeekstit eactiel 66dh sbjectaRdallde

uestion . h 0 been del eted, i.f the application needs to

gr onpt t h(rafg lﬁ?%%%@%%ﬁ@@%ﬂ%@ﬁ BRSe tFeﬂ&a\’ﬂthPBﬁ‘aﬁ?g% Recisatgdhemon hépj ect

i nst ead ofsystem¢ rmateidn@)jédt.rej)dikitﬁgdgﬂnciegsebep&ﬁﬁﬁ%eb%héﬂqﬁh@%%tre%l?ﬂgﬁi tory,
y a '

an obj ect needshgho be identifie uni que _key (an instance val i d
Java cl asZ§9USHiSHihe Samg sprviceq Thg sped iof; thy gpplisetion isoingreagd becavsss ¢heof an

i mge,15i t a@licaiBn UG HoRmERd % rel i8ath i ’ t Java String. | 30
An’ obj ect d%!scr.(imzt ion is a dlz.it a struct ?déﬁit)ﬁggtﬁ&gh?g%%%fﬂg?ch%&'el%ﬁes&gt he
f ol | owi ng 2igFRiNGehapRlication, the user may be prompted to answer a question. The application

then displays a question box with the text of the question, and an icon in the shape of a

question mark. The icon is represented by a Java object, which can be cached in .
memory. After the user has answered the question, and the question message box has
20 been deleted, if the application needs to prompt the user with a new question, it can re-

use the same icon object instead of re-creating it.

In order to be cached by the object repository, an object needs to be identified by a
unique key (an instance of a valid Java class) such as “key1” or “key2” in Figures 7 to 9.

25  Incase of an image, it can be the name of the image, represented as a Java String.

An object description is a data structure that may comtain at least the following
information:
* object reference — a Java reference to the object;
30 * objectkey - the key associated with the object;
* reference counter — the number of services currently using the object ( except the
object repository); and
* time stamp - the last time/date value for the invoking of the object in the object
repository.
35




object reference - a Java reference to the object; object key - éthe keg
associated with the object; reference counter - .the nunber of serli 2005

currently using the object ( except the object repository); and tine
stanp - the last tinme/date value for the invoking of the object in the
obj ect r¥SHBFBAY. 35 26 AUG 2005 WO 02/ 071210 PCT/ SQOZCIGTRA0®34 5 The
obj ect references is shown as "Qbj 1" and "bj 2" in Figures 7 to 9, the
ref erence counter is shown in the thirdgcolunn of the tables of Figures 7
to 9; and the time stanp in the fourth”colum. The object repository is a

central sre Jf@é t e e t 10 order
S Aoy fen @S b & to L 2(2@ repofgn'? 5T 932%1’ IRERE of the

to be re-used by various services. e 0D ory Ké
obj ect des é’?‘i‘lﬁﬂi is iBowmingthe| gind cotumu oinrhe tabiestof Fégusésst 1o Band eRgine s!ah%
| ect

appllcatlo;l.b @H- This data structure is referred to as an
list. The objecC reposffory Is able to add a new object description to the

object list. This operation increases the reference counter of this object

descri ptiOﬂ, an% updates its tine stanp; 15 renobve an existing object
descri pti ohb¢ P ﬁ?ttfﬁ@sﬁﬁ‘jyé% centip IePQﬁéPTYfWr@JQm thitjasceactiebly thetsystamtiased on

a key, 1@ndofdet t66e Irer{f%ecfﬁ‘f {aRRe i Rgs OPLEGE ectrrﬁ{?‘gft?rg 5‘?13@?}?3:5% Iogglgﬁétgecttg? this

obj ect description. This operation I ncreas
obj ect des@asriiptions malddtawp'detumstha!umrmtsms }aingmpiheZiprm&néls S eTRIEUI I es

a speC|f|c cons uc uni.que key corresponding to the

obj ect, thde%)%@%ué%fsm eﬁgégbﬁ Bﬁﬁttﬂ@ B'EF%&?POP &ablatp shased on the

uni que keye adlldh h@v@bje@t(-‘desddﬁhﬂﬂ E@th@bb;el:&& ' ﬂfgﬁ G%ezathotnqﬁ rE-fsg#’ retfePern{:e?J J1is
ry

by reference to ke¥ If the object Ts fou repos
obj ect |ist, cquntgrof this ohierd desceptiorandundatesits time Stamge the request (Figure

8) 3 255 * removean existing object description from the object list; and

* find an object description based on a key, and retum the comresponding object
reference contained in the object description. This operation increases the reference

counter of this object description, and updates its time stamp.

20 When a service reqeires a specific object, it first constructs a unique key corresponding
to the object, then requests the object from the object‘ repository based on the unique key
of the object (Figure 7). In Figure 7, the request for Objl is by reference to keyl. If the
object is found in the object repository object list, it is returned to the service that made

the request (Figure 8).

} If the object is not found in the object repository two possibilities arise, depending on
the chosen implementation:
* the object repository is able to create the object based on the key. The object
repository creates the object and the object description, adds the object description to
30 its object list and returns the object reference to the service which made the request;;
or
* the object repository is unable to create the object. It refurns a “pull” value to the
calling service. The calling service will then have o create the object and add it to
the object repository.
35




If the object is not found in the object rep05|tory two possi bil Eles
ari se, depending on the chosen inplenentation: the object rep(gs tAUE} 4085
able to create the object based on the key. The object repository creates
t he object and the object description, adds the object description to 30
its obj ecWOQ247124hd returns the object reference to thePEESGIE®WOMNI ch nmade
t he request;; or the object repository is unable to create the object. It
returns a "null" value to the calling sgrvice. The calling service wll
then have to create the object and add It to the object repository. 35 25

AUG 2005 WAsOshoWrhlid1Bigile Ty, Sidiea/ D8dide Heterhinds tHah@Wid loRgér SHAE 1P useViRn a

service determnes that it ng |longer needs to use the object (for exanple,
for an i magiceldderexaagle, foranduage furiprdingyssion dsleg box,w&euﬁa@ruswahas
answer ed t Qg eno \/ e the
reference count%fme?ﬁkmdhg’ 1‘8%41%?{;& Bq"hl seﬁ&sgtgé’ctgudé%e eth%rg?rfglr% ce qﬂB ed by
t he obj ect fornthy dbjext.e dBds 1s.dbenangﬂ malmgmbﬂyenmbpiedmwrlge tobgecsl meyltm@emchl ne

resources. ,The no may t herefore de-allocate sone
of the obj g@f"?ng‘agvoﬁ%ﬁgﬂ glg %ﬁileé‘itﬁlrilﬁf% ff’?r‘%@:e S.0fI€ &RETROIK MADagHBYUN by
the appd i Cabi@B m&ydiheteforsMeQRb&Ed scﬂﬁ‘é&f !hBHbE@tsOfFo} Aetabd %tarbhﬁ?ﬁl%or y has

a reference counter equal to zero for a period of tine jreater or equal to
the tinme offfssbicantheechosen égﬁbmpplgcaa@jl aod, Heancobjpati dmcrnmloneofothecbbﬁmm t he

obj ect d e coI ect or

clears theﬁgigntog# ﬁ? T o%??ﬁgeéacfﬁﬁt A [EB%?‘% ﬁ)? acﬂelg%?\? ?gmﬁ‘éﬁ‘?l HheEr fﬂ?é r%‘Fnarmr y
man iag e rrf ntthamint & eoﬁse? ethet d:wres;&mdmgclehgemsdn&cﬁpmhpﬁ fpved ﬁdng rthé ?hb?dwt bl e
application to ex ev er r nce and w t hou
occupyi ng I&H"S“@%Qg@qﬁg lﬁ'ﬂﬂ?‘g&m’t%@‘ %eéiﬁp%é theiogject framthhie. 20
Wi, | st st hehembgofiBeaicdes alaklgsl i n the foregoing descrl ption a preferred
enbodi ment of 't he present invention, it wll be understood by those

skilled in the technol ogy that many
This memory management module frees the resources used by the application to enable

application to execute at a higher level of performance, and without occupying an

excessive amount of the resources of the client machine.

‘Whilst there has been described in the foregoing description a preferred embodiment of
the present invention, it will be understood by those skilled in the technology that many

variation or modifications may be made without departing from the present invention.




variation or nodifications may be nmade w thout departing fromth rﬁagn&]
i nvention. 26 AUG 2005 WO 02/ 071210 PCT/ SG02/ 00034 11 5 The O aiémd: Aub )05
software engine for application |oading a software application onto a
user's ~machine, wherein a core service of the application is | oaded onto
the user' WO RAERILhe to enable the application to comen®€TiSs6ouPeIdat e on t he
user's machine, the engi ne subsequently |oadi ng non-core services of the
application according 10 to a priority;;order determned by the engine. 2.
A software engine as clainmed in claim1, wherein the engine is part of the
core serViTi @asinks | oaded with the core service. 15 3. A software engine
as clainmed in claim2, wherein the engine_conmences operation upon

conpl eti on lof | dhaphiyasrengine feomplisiopilerdingla spftware rapplication @inivea aserdd ai med
inclaimdl, wherelR, lNGHILOL L% QAGL of PR g;?’p?ff%atfcw {9Badi; SHib e Eeg'ps .
priority being given to any non-core Service o e application required
to be on the usetdchinene biabte theapplicatiounlid cohmenteat dpéraie dn\ilid Ukei’Hachine,
application by the user. oftware engine as claimed._ in claim.],

5 A :
wher ei n t he non{R&fReiResupseauently, loadipg seRsgote feryices Qf die application asePding: he

engi ne.;p25 6. AteQbHYRNOrEHLE/MIASI B AL BRLnL.N claim 5, wherein the control
takes into account”™ usér interaction wth the application. 7. An engi ne as

claimed in claim5, wherein before |oading the non-core services 30 they

are registgred w th% g]l'e.. f I naine_as cl ai inclaim?7,
wherein thg' eng:‘Mnée o %%ﬁ'g” 1% c@%ﬁﬁéﬁ?‘%ﬁ%ﬁ?@tﬁg‘? & Q%@Pg%gg?‘%,f:%fgs
bef ore | oadi ng serviee and isdoadad with tlieccosegervice. 35 9. A software engi ne as
claimed in claiml, wherein there is provided a cache into which at |east
one object for the application can be stored.

j 15 3. A software engine as claimed in claim 2, wherein the engine commences

operation upon completion of loading of the core service.

4, A software engine as claimed in claim 1, wherein the priority order includes a
top priority, top priority being given to any non-core service of the application
20 required to be on the user’s machine as a result of interaction with the

application by the user.

5. A software engine as claimed in claim 1, wherein the non-core services are

loaded in a manner controlled by the engine.

25
; 6. A software engine as claimed in claim 5, wherein the control takes into account
user interaction with the application.
. An engine as claimed in claim 5, wherein before loading the non-core services
30 they are registered with the engine.
- 8. A software engine as claimed in claim 7, wherein the engine checks the
registration list of non-core services before loading a requested non-core service,
35 9. A software engine as claimed in claim 1, wherein there is provided a cache into

which at least one object for the application can be stored.




26 AUG 2005 WD 02/071210 PCT/ S®@2/00034 12 1 5 10. 1011. 12. 15 ﬁgﬁiﬁo 4.
15. 25 16. 30 17. A software engine as clainmed in claim9, Wnerez t 805
engi ne includes a nenory rmanagenent nodul e that keeps track of usage of
cached objects; the nmenory managenent nodul e being able to de-allocate one
or more oWARO7BM} ects. A software engine as clai ned i n PSTISGAY/A034 wher ei n
the cache is operative only when the application is on the user's machi ne.
A software engine as -clainmed in claim9, wherein the cache includes an
object repository into which the at |east one object is placed, and an

obj ect description. A software engine as clained in claim 12, wherein the
obj ect description _includes one or nore selected fromthe group consisting
of . obj ect 1Pef efesnfvare prgine-is giaiped jn¢laim Rowherein ihecsngingdndndas agpampry A

sof twar e engi ne | ' ] ' - Cat.l one or
nore of the obj (Ialgat§1 gg‘%n?]é& u ggﬁatﬁétg&reg# %&gﬁl&}’/‘@f?%&@g??g%g&oﬁes% war%l%ngirygi ne as
claimed in cl ai mahdgemdnemeduleibting hide ddbieello@Esme iopmicrrofolie abjectmbj ect in the

obj ect repository has a reference counter equal to zero for a tine

10 11. A software engine as claimed in claim 10, wherein the cache is operative only

when the application is on the user’s machine.

12. A software engine as claimed in claim 9, wherein the cache includes an object

repository into which the at least one object is placed, and an object description.

13. A software engine as claimed in claimm 12, wherein the object description
includes one or more selected from the group consisting of: object reference,

object key, reference counter and time stamp.

20 14, A software engine as claimed in claim 10, wherein the de-allocation of one or

more of the objects includes an arbitrary time offset.

15. A software engine as claimed in claim 14, wherein if the object description of an
object in the object repository has a reference counter equal to zero for a time
25 equal to at least the time offset, the corresponding object description is removed

] from the object repository.

16. A software engine as claimed in claim 1, wherein the loading is downloading
over the Internet.

30
17. A method of loading a software application onto a user’s machine using a

software engine, the method including loading onto the user’s machine core
services of the application to enable the user to interact with the application, and
loading non-core services of the application according to a priority order

35 determined by the engine.




equal to at least the tinme offset, the correspondi ng object descsidption,i
renmoved fromthe object repository. A software engine as clai maZj aorﬁ@l Zéiﬁm
1, wherein the loading is downl oading over the Internet. A nethod of

| oadi ng a software application onto a user's machine using a software

engi ne, tMOROFRA i ncl udi ng | oading onto the user's nadlTFEIZM servi ces
of the application to enable the user to interact with the application, and
| oadi ng non-core servieces of the application according-to a priority order

35 determ ned by the engine. 26 AUG 2005 WD 02/071210 PCT/ S&2/00034 13 5

18. A mathogg as g hadiiRchsl daifb@idldif 17RALER e\ GeBRA péit bemBble Qbvithe core
service and is |oaded with the core service. 19. "A nethod as clained in

cl ai m 18, wher eiandtihlvadedgvitiethe spmesaine. oper ati on  upon conpl eti on of

| oadi ng of the core service. 10 20. A nethod as clainmed in claim17,
wherein before | oading the non-core services they are registered with the
engine. i 29, AAwmidihel as chimdéddcluiin ABaivibih thehehipiie copinidhcéd Opddatic i t Y
order there is created 15 a to riority, top priority being given to any
non-core servi cé@OBFOIFHlétI%%ﬁIP%‘g‘EBPW?%fEF‘?I@Wto be on the user's machine
as a rggult of interaction with the application by the user. 22. A nethod
as clainmed 21, wherein upon interaction with the application by the 20
user, the @fpl i damethedrasglagnedin daimelityiwherein béforedoading teaonwoe sEivicte
non-core servic h ine. cks. the registration and gives the at

| east one non-c??ega&esgeggs?egée Iot%thgrel%%l%]%'ty for |loading. 23. A nethod as
claimed in claim?21, wherein the |oading of the non-core services is 25 in

a manner cqntrolled, by the engine, . .
81. A methox as &aune%% claim 17, wherein with the priority order there is created
‘ 15 a top priority, top priority being given to any non-core services of the application
required to be on the user’s machine as a result of inferaction with the

application by the user.

22. A method as claimed 21, wherein upon interaction with the application by the
20 user, the application requests the engine to load at least one of the non-core

services, the engine checks the registration and gives the at least one non-core

service top priority for loading.

23. A method as claimed in claim 21, wherein the loading of the non-core services is

25 in a manner controlled by the engine.

24. A method as claimed in claim 23, wherein the control takes into account user

interaction with the application.

30 25. Amethod as claimed in claim 17, wherein objects of the application are storable

in a cache for rense.

26. A method as claimed in claim 25, wherein cached objects are tracked using a
memory management module of the engine, which can de-allocate one or more

35 of the objects.




24. A nethod as clainmed in claim23, wherein the control takes i ég @m@g@pi1
user interaction with the application. 30 25. A nethod as cl ai ned” i Cl

17, wherein objects-of the application are storable in a cache for reuse.
26. A nmethod as clainmed in claim25, wherein cached objects arPCEHSEOREI034
‘using a nenory managenent nodul e of the engine, which can de-allocate one
-or nore 35 of the objects. 26 AUG 2005 PCT/ SG02/00034 14 5 27. A nethod as
claimed in claim 26, wherein the cache |Is operative only when the
application Is on the users nachine.;,10 2B. ‘A nethod as clained In claim
26, wherein the objects are placed into an-object repository in the cache,
together with an object description. A nethod as clained in claim 28,
wherein the object description includes one or nore selected fromthe
group consisting or object reference, object key, reference counter and
time stagp.27l5 Aluethdd AEtiEned Rsclabd 25, Whikin the Ghohd [ ogérativielany @héd thke- al | ocat | on

i ncludes an ar bifhafioh id dn'ffe vs@sha@ine3l- A nMethod .as claimed in claim 30,
wherein if the o@j‘ ect denscrl pt?‘%n‘n(e)'f- an object repository has a reference

counter to equal to zero Tor" a tine equal to at Least the 20 tinme offset

t he corresp®ndi Agnalied e claimed prdas 26 wharein the wbieatiaré plared tifte 2o phjlest t

repository. 32. refosiited @@ cithe, Wdgdthd?Rfth dnlobjédt ddsiplion, Wherein the loading in
downl oagj ng over the Internet 25 33. A software engine as clained in claim

1, further including., a c iter. nENDrY., nagenment. system the nenory

management Qyst érﬁ#‘ﬁ% Fﬁﬂ%ﬁ%’ﬂ °E'a1c4?e?‘h%‘[b?5§w?§$ LRI '@E‘ﬁ? Bf % he

appl i cation ar emereseledsddom thetdmyp cansittion siowiectaeieence, abjest key, reference _
counter and time stamp, ' ' :

15 30. Amelhod as claimed in claim 26, wherein de-aliacation ncludes ah arbitrary time
offset. R ; ' ‘

3. A method as claimed in claim 30, wherein if the object description of an object

~ repositary has a referance counter to equal to zéro for a time equal to at least the

20 " tme offset, the comesponding object description Is removed from the object
' ' repository. ' '

32. A method as claimed in claim 17, wherein the loading in downloading over e
. Internst,
83, A software engine as claimed in claim 1, furthier including a computer memoary
management systern, the memory management system including @ cache, and
wherein objects of the application are storable in the cache for reuse.

% 34, - Asoftware engine as claimed in claim 33, wherein the cache Is operative only whern
- the application is on the user's machine.

3. A software engine as claimed in claim 33, wherein the objects are placed into an_
~ object repository in the cache, together with an object descriplion., B
35 ' - g : ‘
36. A software engine as claimed in claim 35, wherein the object description includes
~ one or more selected from the group consisting of. oblect referenoe; object key, -
reference counter and time stamp. - ' :

AMENDED g
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30 34. A software engine as clained in claim 33, V\/nereln t he ca02 A(ﬁ
operative only when the application is on the user's machine b AAUG 2005
software .engine as clainmed In claim 33, wherein the objects are placed into
an .object repository In the cache, together with an object dﬁﬁgg@y@@m;;%
36. A software engine as clainmed in claim35, wherein the obje
description includes one or nore selected fromthe group consisting of
obj ect reference, .object key, reference counter and tinme stanp. | 2 6 AUG
2005 PCT/ S@2/ 00034 15 5 37. 1038. 39. i5 A software engine as clained In
cl ai m 332, wherein cached objects af® tacked using a menory management
nodul e, V\/m ch can de-allocate one or nore of the objects. A software
engine as clained in claim37, wherein de-allocation includes an arbitrary
time offset, A software engine as clained in claim38, wherein if the
obj ect dSESCI’I ption of an object rep05|tory has a reference counter to
equal to zero for a tine e it he t ffs he
correspondify objeefre fogies 7 ch%I"??H?rf %a*méﬁ‘gwé’a’e'f‘r%%e‘i 151% 6B ec rep05| tory.
AVENDED SHEEr @EShg 2 memory management module, which can de-gllocate one or more of

objects.

10 38 A software engine as claimed in claim 37, wherein de-sllocation includes an
arbitrary time: offset, :

39. A sofiware engine as claimed in claim 38, wherein if the object descriptlon of an

object raposttory has a reference counter to equal fo zero for a time equal to at least

15 the time offeet, the carresponding object description is removed from the object
repository.
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