15 August 2006 WO 03/071444 PCT/ US03/04803 Conponent Mgehybafrdpal Tine
System Control This patent application clains the benefit of priority under
35 U S. C, 119§e) from U S. Provisional Patent Application Serial No.
60/ 357, Y8 BPHEY February 15, 2002, entitled " COVPONENTCNMOBBIO4FIGR
REAL- TI ME SYSTEM CONTROL", which is hereby incorporated by reference as if
set forth inits entirety herein. Background of the Invention Many
di fferent endeavors require customsoftware to solve their problens.
Typically these problens are well understood by domain experts, such as,
for exanple building automation experts, factory automati on experts, and
traffic control experts. However it is rare that domain experts have .t he

» required skills to use commbn progranm ng techni ques such as object
oriented programm ng. Today domain experts nust attenpt to specify their
requi renents to programmers who then build the desired system This
process is error prone, tinme consum ng and fraught with m sconmuni cati on.
What is needed is the ability for domain experts who understand the
probl em space to be able to build the software systemthenselves. It is
not feasible to expect that domain experts have the tine or inclination to
becone professional programmers. Therefore it is necessary to {M
13929\ 2k. 294W11DL6047. DOC; 1} 1 ------ ----_15 August 2006 WD 03/071444
PCT/ t f S03/ Gaenmporenti Moded forReal Tinit Systemr €omntrolof cust om sof t war e
by a lay person. ldeally these tools would allow a software systeni s
configuration paraneters, execution logic, and data to be visualized

oy aphi cdiisypatest applicagion dayims the berefis|of Protibeuadaredh oS ferklofa) fomat e,
U.S. Provisional Patent Application Serial No. 60/357,329, filed February 15, 2002,

entitled “COMPONENT MODEL FOR REAL-TIME SYSTEM CONTROL”, which is

hereby incorporated by reference as if set forth in its entirety herein.
Background of the Invention

Many different endeavors require custom software to solve their probleﬁls.

N ) Typically these problems are well understood by domain experts, such as, for example
building automation experts, factory automation experts, and traffic control experts.
However it is rare that domain experts have the required skills to use common
programming techniques such as object ori¢11te_d programming. Today domain experts must
attempt fo specify their requirements to programmers who then build the f(iCSiIéd system.
This process is error prone, time éonsuming and franght with miscommunicgtioﬁ. ‘What is

" needed is the ability for domain experts who understand the problem space to be able to
- build the software system fhemselvcs. It is not feasible to expect that domain experts have

the time or inclination to become professional programmers, Therefore it is necessary to
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nmoni tor, and change the software system wi thout having to3ungaissters
cryptic progranmm ng | anguage syntax. Conponent oriented systens are part

of a newwgpR@eply t hat provides sone of these features b%&}{gﬁ@ﬁ%{,?“ ng

sof tware functions into conponents that can be connected to Dbui an

appli caﬁt".ig’n t hat adsiﬁﬁ ses a real world need. However, known prior
appPoRdfe ool yhieh cp EIRAIOR of ggEomsofwareby adel PrIsomanigeallyeibese or der to

i npl ement a practical system Software conponents, up to this point, still-
- reqiRolewerdgilawrd seftvedee isysiemts coofigestion paramerryexenitdontioge) ferdato create a
- functional system Furthernore, existing conponent technologies do not

al | onb¢ Migualize@rpBicARY ! Gr m&ﬁﬁ@dﬁ?&){lﬁ agfowjﬂfe' dondifd Ex o tb cFeagy St €M and

"make changes at runtime. For exanple a domain expert may W sh'to change d

exe [ I ehavi Qr, at _runti and i nredi ately see what
ef f gg{lﬁttg iaglh%g\ésflggrﬁh ?%@S&Ig? WI&%{ Deyingy 'én‘ggﬁlﬁf%rﬂ?ﬁ“y progr anm ng
“approach is ait odds with current solutions which require the software to
e BICSHPRUIng Jaeyaes FEaX.and then restarted. Furthernore additions,
. nmodi fications or updates of the software nmay be needed in order to inprove
~ per f or rafomponeiti of ienttd spsteme hife. paGilofraciiv sslcept HASPIVIRRS AGAd B thegui re t hat
the software be stopped, reconpiled and restarted for any updates,

addichinbesbyonciilizking 3bhare fRbAdR i Bpblihes #AE LIPHE IR BFRARC! 8l 1Y

difficult in some environments where critical processes are being
con s ther specifjc allenge in providing such a solution is the
n eedf %J@ hg&ahqnﬁﬁt%g}eaﬁ%ﬂ"} WL?B@E tne?cﬁ EHWSYR% kgpwa prior aprEgaehgs sl conponent s
to adapt themto the unique needs of a specific domain application.

Hi Steavire krawledgecafa programming languege imuident inflemas20MrasRaNMSETDL6GA7. DOC; 1)}
2 15 August’ 2006 have required conventional progranm ng skills and

kncSufevige contpeneptse apié thio pemt, ol re@f RSgRSuhRSKiIAN Bhittet eeds. Summary

of the Invention
components together to create a functional system. Furthermore, existing component

technologies do not allow the domain expert to graphically visualize the entire system and
make changes at runtime. For example a domain expert may wish to change execution flow
or add a new behavior at runtime and immediately see what effect this has on the software
system. This exploratory programming approach is at odds with current solutions which
require the software to be stopped, recompiled, and then restarted. Furthermore additions,

- modifications or updates of the software may be needed in order to improvc_-‘: performance
add features, etc, Current solutions once again requiré that the software be stopped,
recompiled and restarted for any updates, additions or modifications. Stopping of the -
software may be especially difficult in some environments where critical processes are
being controlled. Another specific challenge in providing such a solution is the need to | .
;ez!low the domain expert to enhance or extend software components to adapt thex; fo the

- unigue needs of a specific domain application. Historically these additions or extensions
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I n accordance with one aspect of the present invention, theaAaghs2p00Vi ded a
software program for execution on a nmachine, the software program

i ncludi ng one or nore conponents of the sanme conponent-type, the conmponent
type being defined froma base class conprising one or nore sl ot
definitions at |east one of which is a property slot definition, the

c onporevt seduaied gogentiond] gpdoghamimug skills andiendwleddee The presert angeniien ng:
identifying all property slot definitions in the base class; 1ocating
get t eraddrpssesdheserandothasasedst or each i dentified property slot definition in
t he base class; generating a conponent-type. object, the conponent-type

obj ect being configured to store slot definitions; storing in the

conponent -type object the property slot definitions identified in the
‘identifying step; generating one or nore conponents, each conponent having
a sl otsmAmaRd oftehReRl6e t0 the conponent-type object, wherein each
slotmap includes a storage location for the value of each property-sl ot
definition stored in the conponent-type object; and setting a property

slot value, by inserting the property slot value into a storage |location in
t he sl ot map Infceprdapge withang aspeseoighe praseninventionshere doprovided asoftwhaes

property slof value being associateq with one of the property slot

def i niﬁfg%fﬁgl O CXfAeR HB&%B?‘F?‘J‘%%B@ SO EE: ng‘f?n%llqclﬂdﬂ%’e?&dé\%?r&pnent of this

S coRRRERS B e e ASHpANG b, THEG B Spe biing Rehidd AUSEIRED OF L
anot hedlas3e8RplisiRlk onb®r RloFs bt déﬂmm{sia@'lbastté}ﬁer&mﬁcrpfs%vﬂregéh lofTet hod for

automati cal Iy desSignating uni que nanmes to conmponents I'n onponent based

- sof t wajefinitiont $i® coaponeints beigg igbeerated dariag tutfigtbyilic epPmmivimenent, the
root conponent having no parents; placing one Or nobre non-root conponents
wi t hi ridertidyingei] propastyrsdeftdefinions in the-base elass; atinggratter 2@D&:tot arcthogs one or

nore non-roqQt conmponents within other non root conponents so that the
“conpo %@@ﬁf@qﬁ{égm@r@ﬁ%é@ma%mh@w e edsatias RseRPRpedEPOne
par ento’bje%ﬁ%hg&')rﬂgonaent—type object being configured to store slot definitions; storing in the

component-type object the property slot definitions identified in the identifying step;
generating one or more components, each component having a slotmap and a reference to
the component-type object, wherein each slotmap includes a storage location for the value
of each property-slot definition stored in the component-type object; and setting a property
slot value, by inserting the property slot value into a storage location in the slotmap of a
particular one of the one or more components, the property slot value being associated with

one of the property slot definitions in the component-type object.

In a further development of this aspect components are designed in such a way as to

allow extension of their properties and data fields through dynamic slots.

In accordance with another aspect of the present invention, there is provided a
-method for automatically designating unique names to components in a component based
software system, comprising the steps of: creating a root component, the root component

having no parents; placing one or more non-root components within the root component;




first conponent, anong the non root conponents, a unique iﬂﬁﬂgﬁ&b@@éi on
string conprising a sequential list of the nanes of the anceStors of the
conponent and t he component's nane. 3a 15 August 2006 In a further

devel opnment of this aspect the nam ng net hodol ogy extends to identify the
i ndi vidual slots of the conponent. These and other aspects, features and
advantplgpisg aie drirorpmeaandt dompanents withimother ndnrobhempondais St died the om t he
acconpanying figures and description of preferred enbodinents. Brief

Descr icotiperew$ fariea pastiusire amd gaghenan-tost eompawnthasraneglastagsighmgar eat i on
of a rcfogltjponent-tty e anq]?sever al conponent instances of that ..
conpor&ftcoppeaent-ryane the nog rogf We@ﬁe@vﬁ%%ﬁsmlﬁ@t%t%ﬁﬁmw

gener at . Q - Fi kS a. bl oc i am

Show gl AR pRaHs S MRIPE iorb Hhlle Smihiot Tyl T

bl ock di agram show ng a conponent systemthat includes a link; Figure SA
is a block diagram show ng a conponent |evel abstraction of a conponent
systemthat includes a link, with the inplenentation details hidden. Figure
5B is a bl ock diagram showi ng the conponent system shown in Figure SA,
wherein the |ink has been renoved. Figure 6 is a block diagramof a :
conponent systemthat has been reconpiled to inprove efficiency; and 4 15
August 2006 WO 03/071-444 PCTI USO3/ 04803

3a




Figure 7 is a block diagram showi ng a conponent system inj@aLbg82006
configuration. Figure 8 is a flow chart showi ng the operationh of the
visual interface. Detailed Description of the Preferred Enbodi nents. The
conponent nodel of the present invention provides a unique conmponent design
~for software conponents that allows application devel opers to extend and -
‘nodi fy software conponents in a graphical environnment suitable for

non- programers. The conponent nodel design enabl es new slots, such as
properties, actions or topics to be added to standard conponents w t hout

the sof t ware hoslfirthes derdoprhait dﬂhﬂs@s;%dé@ﬂfé%hﬁﬂné’ﬁeﬂﬁ%idggdzxteﬁd&%&iﬁﬁt

model approach to software devel opnent all ows software nponents to be
created §BadiPRUS i t jon to the end use application, while still
capitalizing 1on t%’etgggﬁ{eéf?‘]@(%%h%bj ect oriented software design. As such,
conponents provide a higher level of abstraction than is present in a pure
obj ect-oriented approach. \Were objects encapsul ate behaviors that are

appl i cabl e t OIlssé audothef Bsjecis) RanlresI et AFatiapel dile Prébad MVentidn@eh 8k NI
buf f er managenent, etc), conponents nmay assenbl e objects to neet the needs

of end fgﬂﬁéﬂ,ﬁﬁfe' u?hcﬂﬁ‘ NG r Qv di user.interface presentation
to change a sc etfg e, @)ﬁhégw ev@gy%g%gl"g‘%’fgﬂgﬁﬁ@cgyt’é’@ (W\'f%’dr&gnent commands
back to t cIdevi ce issuing alarms, etc). fM 13929\ 2k294wol ¥OLCOHA7. DOCI) 15
August S8 BYH3/ 071444 PCT[ USO3/ 04803 Two | evel s of abstraction are

present -- .one is the object-oriented |evel, which deals with inplenenting
t he conponents, and the other is the conponent |evel which hides the

obj ect - @ MHE | with creating applications pertinent to
specific real vvol\bﬁgﬁogpp I'cat1 ons through the use of conponents. There are

al so at | east two kinds of persons that may operate and nodify the

sof tware of tHigmyerlesenfiow cham showingtthecretial ehecompshenbeypeutirsevedaldevel oper
i npl enents the conponent nodel of this invention using object-oriented

component instances of that component-type;
Figure 2 is.a block diagram showing two components generated ﬁoﬁ the same

component type; |

Figure 3 is a block diagram showing a component system that includes a dynamic

- slot;

Figure 4 is a block diagram showing a component system that includes é link;

Figure SA is a block diagram showing a component level abstraction of a '
component system that includes a link, with the implementation details hidden.

Figure 5B is a block diagram showing the component system, shown in Figure SA,
wherein the link has been removed.

Figure 6 is a block diagram of a component system that has been recompiled to

improve efficiency; and




concepts. (ptionally, the devel oper also creates functiongl Afidust ¥yech is
defined on the conponent |evel. A user generally does not see the -
object-qriented inplenentation. Rather, a user deals al nost exclusively
with conp8A¥RHé*Hand nonitors, creates and nodifies systRERUN/OHHG
conponent |evel. O course, the user and the devel oper could be the sane
per son. Migopohésnd Blosk dhbighad sBevinpa cBmpbRah 33t&hsn ﬁ'iﬁ%tc%ﬁﬁgkﬂﬁ%.on a
conponent -type. The conponent-type i S analogous to the concept of a class
in object oriented progranmng, that s, it is an abstraction describing
all the common features of the conponent instances that belong to that
type. | FiguEsdisct Haw cham showingtthe epesationmf thé visvalpoiesiace.t ypes as wel | as
nost ot her conponent related functions is done by a franmework, which we
sonetinmes refer to as the N agara"” Framework. The framework is a software
nodul e within a conponent -‘based software that fulfills several utility

f UB&AIEPDERL R diQhb PrefolRlahBbEMARL. Of the component model, such as
creating conponent-types and conponents, providing an interface between
conponents and outside software nodul es, and providing the ability to

" extend conponents by adding slots to them etc. The franmework al so provi des
for t he Thexemponen rddehwobdihe tphesesicihvention proviliest tgqakicompoiRat dligal al | zat i on
(boot strap) phase and during conponent runtinme execution.

( VBERS fenie® S SR RO AR s Jabgﬁcagign M@g{%@t@ﬁ%ﬁéﬁcﬁ 4@%9[ US03/ 04803

“(bj ect oriented prograns are conposed O sses efTne a tenpl ate

us l.gcat e i.nstances bel onging to that class. Each class is conposed
- of %grll}%%éeﬁssﬁ&ﬁ‘rﬁgfb‘cgiﬁ@%@%@nt&uﬁ%lﬁ)g? ngaprogrammers, the compopgitst or e data or
may be a method used to store executable behavior. This invention
deBwdebdesien eaables newislatb duth auproperties, agtions erabpios tebe eddedrton ti ves.

standard components without the software coding steps that would typically be required.

A component model approach to software development allows software components
fo be created that havé a direct relation to the end use application, while still capitalizing on
the benefits of object oriented software design. As such, components provide a higher level
of abstraction than is present in a pure object-oriented approach. Where objects encapsulate
behaviors that are applicable to softWare functions (such as handling a string, providing
buffer management, etc), components may assemble objects to meet the needs of end

| ‘application goals (such as providing a user interface préseﬁtation to change a schedule, to
. review alarms and convey acknowledgement comands back to the device issuing alarms,

efc).
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The conponent nodel can then be used by non-programmers tg Ruklsdag@ponent
oriented prograns. The conponent nobdel is conposed of corrponent types,

whi ch defignBdaf €NPl ate used to allocate instances bel ong /gmwat type
(l'i ke object oriented classes). Each conponent-type is corrpo
subparts,.calle | i ke object oriented nenbers The difference

bet ween SPBHEY egfnall hshaion 47 DidheRt - PBt & 1S obieckerien %ﬁﬂ%n&w&r dealsye| of
abstraction so that they nmay used directly by the non-progranmmer or end

us ewith fimplemeoting Hentongronents cabdghe gihenis thiheompenant ldvebwhichpgddesdhe sl ot s in

t he conponent nodel. Properties are slots which store a data val ue.

Pr opigedticzRniaev? and @l WithicPéAing APPli@HLAS p&RnSR 1S spdifyicdBworal - ti ne
status information or store any other data. Actions are anal ogous to

P e T e R e D T S el

als I npl enent pure softvvarefunctronalrty Topics are the third sl ot v
at Mgy, pperateyand aedify ke splvatesithe prosens inyentign; @enﬁr@gpqr@nﬂﬁ%ﬁ cate that

the event has taken place. Alink is a specific kind of a property slot. A
- | i rikset.sA deedopear idpdinpuid the emppondnd modt] afthisnineanipansig djstdrismed war e. Mor e
specifically, alink is used to create a causal relationship between two

- di fdopEgRs. @Ibtiﬁn‘élly Sm%meﬁﬁbﬁér'a%ﬁé&essfuﬁ&hoﬂaﬁﬁr wiéh R RfRE€onikat a function
|s to be invoked, in response to the i nvocat’i'on of another function. In the

e Ty S G I Sl e R

03/ 071444 PCTI US03/ 04803 procedure call, for exanple) and cannot be changed
© wi taeset deale kst ERjusively phth compooetnand menEprs, crertes ané muidilaes dynanmi ¢ sl ot &/
thus they can be created renoved during runtine, changing the execution

f1 qisteins o ehe bmpdiedt Wveh Qftcon S8 Vihkivder Adueths AbvalBfce coldis: the same
personn.

Componénts within a software program are created based on a component-type. The
componeni-type is analogous to the concept of a class in object oriented programming, that’
is, it is an abstraction describing all the common features of the comaponent instances that
belong to that type. In a preferred embodiment, creation of component-types as well as
most other component related functions is done by a framework, which we sometimes refer
10 as the Niagara™ Framework. The framework is a software module within a component
based software that fulfills several utility functions related to the implementatioh of the

- component model, such as creating componeni-types and components, providing an
interface between components and outside software modules, and providing the ability to
extend components by addmg slots to them, etc. The framework also prov:des for the
execution flow of the software including during an initialization (bootstrap) phase .and

during component runtime execution.
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conpi | ed. Because the conmponent nodel is built as an obj efd AQLhEPOGS
program it is necessary to inplenent the conponent nodel using object

orient ed‘g?@?}ﬁg‘ﬂ The ternms class, nenber, field, and nethod refer to
convent i f‘ect oriented concepts. The terns conponBGI/US83#E803g] ot |
property, action, and topic refer to conponent oriented concepts as they
“relate t9b Fﬁ@lm%@bpmgramme composad ®f ofassebewhich defifid & tensiae ueed ween obj ects
and conponents is that conponents may be changed at runtine. For exanple,

addilhgate ingmce® bélegoihe tPihad t ling the
hoga laih®t a&h@cEécmm&@kslabJﬁﬂ ﬁﬁlppnegﬁau ng

object's class. The conponent nodel allows ots in conmponents

an e Ut | ot.,s, defin | | | ed code are
- ro‘rggl%geﬁF\r%?gﬁ{béf ﬂ{ag bggeﬁ%ﬁn%ﬁ?dqﬁl sgore gae 0&&?%%%%“}?&(953’&‘?% StHet i ci ency of
'cong)lllf.F%? dﬁ Slots defined at runtinme are dynamic. In object oriented
pr 0GF lﬁ% Y- st orage of class definitions in a running programis -
‘handl ed by the conpiler, and is largely invisible to the devel oper. For
that r eBeismventiordjsenibesar ¢onmpicndninedst e Wingolii@ Deich@ed peiadtives, referred to
as an abstract and not as an actual data structure. Thus, developers in

D STheQRinGfnethAld 84h @BY bE Q@éﬂe%ﬁoﬁ: grﬁﬁ‘ﬁ&ls% hahE Eofﬂ o el?i? oglﬂgﬁ as an

abst ract definition of actua | ec thout Dbel ng use the fact

cl n, needs to ysi cal | sonemhere in
%Léljaﬁ]s r@%? Eh%oh&tﬁ?g%ﬁrﬁ?mé’ﬁﬁd ‘%&5‘ POB‘F“%W% B’ﬁ?@r&ﬁ&ﬁ aconponent - t ypes
rrust be stared and handled in conputer menory. The storage of
coﬁ%WéFﬁ“SF%b%l chtemﬁobﬂynooﬁéo iyt type (like\ohj@o 2lefted @laseds).DL6D4' T. DOC; 1)
b ST R T R 15 August 2006 WD 03/071444 PCTI US03104803

f-f ﬁaelmmkupoﬂmt—o@e lis Cguposed oPoulpatts tiRE sldls AkeUHRE brichtadalembetHe
conponent -type obj ect.

The difference between slots and members is that slots exist at a much higher level of

abstraction so that they may used directly by the non-programmer of end user of a
component oriented program.
- There are three types of slots in the component model. Properties are slots which
sfore a data value. Properties may be used to store configuration data, provide real-time
- status information or store any other data. Actions are analogous to methods -~ they are
-slots which store execution behavior. For example, an action which an end user might

- invoke would be. “Turn On Fan”. Actions can also implement purely software functionality.
Topics are the third slot type. Topics are used to represent events. A topic fires to indicate
that the event has taken place.

A link is a specific kind of a property siot. A link is used to designate execution
flow in component based soﬁware More specifically, a link is used to create 2 causal
rolannshlp between two different slots. Such relationship 31gn1ﬁes for example that a
function is to be invoked, in response to the invocation of another function. In the object . '

model these relationships are usually defined by static code, (such as a conditional

AMA392002%204wo 1 \DL6047.DOC; 1}




- Thus, the conponent-type object is the physical representgfhgaPbods
conponent-type. A reference fromthe conponent to the conponént-type

obj ect i woeadid4@ represent the fact that a given conpongiprhghangs to a
conponent-type. Figure | is a flow chart illustrating how a conponent-type

S P Vel | conponent - t obj ect, .and how several conponent
i ns 120%%%@@ t%ﬁé)’efgg gﬁ%@h%? a@% nﬁﬁe{ glaayg%&/‘%ﬁp uéd&?@?@ﬁ@& ﬂli tﬁle GPRYICEPY create a
neW/cagﬁ%ﬁ?nt %%ge a devel oper needs to provide a class definition to the
fr aff& S arg gitcrydwnamc slogs, tasdhey enmbe qreated peradveddsgingrinigneent t he

devel oper provides the base class by adding it to the conponent based

sof ehwaging tih exesutien Howpofdhie Sofiveate wethoof requiriy thbsdfiwaRIoMerber s of the base
class to different types of slots in the conponent nodel. These rules may :
be bmggitkdon, for exanple, the types or the nanes of the menbers of the
base class. The devel oper indicates what frozen slots a conponent-type
shoul d have by addi ng nenbers to the base class definition that, according *
to the set of rules, correspond to these frozen slots. In a preferred
embodi meBecansecthd comipopent naddebiscails anan shjetteorionted fragrang di Bietasirpe base
class with the framework. The conponent based software is conpiled and

 exewUinptendint e doRthoReAl hb@: u,@ian tobfecParignsd ﬁ:@gﬁregﬁ O?‘hi &ﬁlg Qlgkyare is

running, as part of an initialization proce mewor k det ects the

bas n thr h_ the.rest,.of the process of Figure | in order
to '(F:i‘?ﬁgéﬁe}s 6%é9%c?91§§1|gg rE%ﬁ%%ﬁ%‘H’FW gbjﬁ?fﬁriﬁqur‘iﬁ’lnc?ﬁﬁ'e&gﬁ ents based on
them The framework- exam nes the base class and discovers all the rel evant
e rASBPENETH-DRg, slet,1ieroperthiastion enddapicisefen tx oompponsntariented penceptpest i on of t he
base class. JM N3929N2k294wol \ DL6047. DOC; 1) 9 15 August 2006 WO 03/ 071444
PCThe¢yS:34t0 488 present invention.

iy

One of the big differences between objects and components is that components may
be changed at runtime. For example, adding a new method to an object typically requires
recompiling the object's class. The component model allows us to define slots in
components and add new slots at runtime. The slots defined in compiled code are frozen. _
Frozen slots are immutable, but gain the processing efficiency of compiled code. Slots
defined at runtime are dynamic.

In object oriented programming, the storage of class definitions in a running }
program is handled by the compiler, and is largely invisible to the developer. For that
reason, in object oriented programming a class is usnally referred to as an abstract and ot
as an actual data structure. Thus, developers in most object-oriented environments can
safely refer to the class as an abstract definition of actual objects withou.t being confused by
the fact that the class definition needs to be physically present somewhere in computer
mernory.

In the component model of this invention component-types must be stored and

handled in computer memory. The _stofage of component-typ.es is preferably done by the -

{M:\3929\21204wo\DL6D47,DOC; 1}
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Al types of slots (property, action, topic) conprise defjqiphinapsgodhe
definition of a property slot specifies the type of data the property sl ot
hol ds a , of the property slot. The definition_of an action sl ot
conpri Sggo{oﬁgngggg of the action slot and the code i npl BRENPPYSE net hod
to(ﬁxecutl%that action. Simlarly the definition of a topic slot conprises
t heTHEFEOEs by Soring 5t comprncBiviype ithgs ehiestt hamely hthetcopiponerPypsertiiscts| ot s
i nclude values as well, action and topic slots do not have val ues (but the
met Has thetvatnponpitdppnbbjettie thenphy sioalvepressntativiiera @fmpoaciabpess t hat are
hi dden at the conponent level). Property slots require getter and setter
metrefeddick Frol HR dbndith . ods are
part of the propdebrty sﬂlﬁﬁb ﬁa@?&ﬁﬁ#@gyﬁ%ﬁﬁ%gﬁﬁﬁ%%%ogliéﬂgﬁ%g#lfé;]feaa |%1tht he base
cl each nenber of the base class corresponding to a.
prg{;%‘rf?ﬁﬁ%rﬁ%@@?é&%%% PRSETPOPCY &Y% and setter nethods. By convention,
getter d setter nethods are nanmed by prefixing "get" and "set" to the
nanme of ek pelley chprilingirgtieg hew awomposent-ipe i createtkh byeréatipgament t hose
functions, respectively. The framework then creates a conponent-type object
( s tcoppORsY-typEnebjg) aubkovw tevield comPORAP ARtankyPBased be Bat compshenftipgat € a
conponent -type. The conponent-type object includes a data structure
capabb@epftest oring and retrieving one or nore slot definitions. Such data
-structure can be, for exanple, an array or a hashtable. The conponent-type
obj ect ?I ﬁo' I ncl udes a nane, which is the nanme of the conponent-type. This
name i s RPHGEIC CRGRICHRIY SomPenrat WaRa deyeloprr nesdutogayide agtass dent i fi ed by a
devel gper in another way, such as by using a specified field in the base
‘¢l gefnitipmtosthe frapgworkl+ thefbasthelass! (step d60). din i praferred chibedasetel ass are
stored in the conponent- type object. These are referred to as the frozen
s| a¢vettglet pidvid¥dshe BiseiAR bi-l QdafP s b rtﬂé@&%&xengﬁﬁls%& WHRa, 'ghé}feq?ﬁ class

h t e object create

which is associated wit e conponent -t I'n step 1083.

! hErabTe 6 08 A6 AR BB of il 1he B! RPRERAA §pRRSMBR IR Y St ©f
component model. These rules may be based on, for example, the types or the names of the
members of the base class. The developer indicates what frozen slots a component-type
should have by adding members to the base class definition that, according to the set of

- rules, correspond to these frozen slots. In a preferred embodiment the developer also adds a
7 statement that registers the base class with the framework. The component based software

~ is compiled and executed after the addition of the base class. Once the software is running,
as part of an initialization procedure, the framework detects the base cfass and goes through |
the rest of the process of Figure 1 in order to create one or more component-types and oﬁe
or more components based on them.

The framnework examines the base class and discovers all the r'eievant members in

- step 101. This step can be accomplished by introspection of the base class.
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15 August 2006 WD 03/071444 PCTI US03/ 04803 corrponent-typj C}‘P' ect,. ghe
slotmap class al so includes nethods for creating addition P J@ﬁagﬁp sl ots.

The processoddvussfar is repeated, at step 107, for every leécltkég}dsmgsogase
class. After one or nore iterations the necessary nunber of conponent-type

obj ects i 1wSLE d, at step 106. F.og each conponent-type object there is a
respect i @P?ﬁt%}a‘i‘)tél(ﬁ@g?ny’i HEOBNORE) GOMpKsc ¢e gt The defnierolal ues for
frozen proi)erty slots as well as any dynamic slots that may be added.
ThuBTopetislas sperifies the tperdikatat thp psopery eldi dpidscmd dhehmdof the Ipeopeafyt war e

still lacks conponent based functionality, because there are no instances

of - §lonSEheCAURRRIVANf-dnVd2E5n sKk BSApiises it HcP o8 20R6h Qbt AR e EeHEIONENt S are
generated fromthe existing conponent- type objects. The framework creates :

co s ' e rowi de co nent. |evel .functionality. '
CompaEntilled R6E3 o BxRhRe el S BhC AR PR ARk oEX b HBE 712 o user
i nput. For exanple, a data file can effectively contain a conponent system™
t haFORBEses the Rages ofibis forie and) reds inyplemensing) the kapie Prepateslotsinedideat a f He

i ncl udi ng conponent instances, their organization, their configuration

pr opdnes asswelh radtien end tapimslods ey nok hizvenvalies (bstyiht evethoddithatimglemieat | i nks.
Furthernore, a user can use a graphical interface to create such system

1 omesichay Blve 4hy duSler O vAlIAHIEE AR REiHeR 2R ﬁ@ﬁé&qeééxmﬂng t hem

t hr ough front-end browser or the like. In a préeferred € nt, the
conpusarilstectet paT il HBRER S pDs relant e TERER PHESURY anewor k
creates a conponent instance from an existing conponent generic class. Thej
gen@gtheds prgpart ofdhe geapentislay defimition and hiet ipitiabyisiefined tucthe hase clased f or
communi cations with other conponents (or for adm nistering the conponent)
and a fi At ste 402, alakk nicpiber 0F BettiaB@ciass corresponding to a property slot is
- examined for getter and setter methods. By convention, getter and setier methods are
named by prefixing “get” and “set” to the name of the property slot, together with standard
code to implement those functions, respectively.
The framework then creates a component-type object {step 103). The purpose of the
c?mponent-type object is to indicate a component-type. The component-type object includes |
a data structure capable of storing and refrieving one or more slot definitions. Such data
structure can be, for example, an array or a hashtable. The component-type object also
includes a name, which is ﬁe name of the component-type. This name is eithefcopied from
_tﬁe name of the base class, or identified by a developer in another way, such as by using a
specified field in the base class:
In step 104, all of the slot definitions of the base class are stored in the component-
~ type object. These are referred to as the frozen slot definitions. At s'tep 105 the framework

generates a slotmap class which is associated with the componeni-type object created in step

103. The slotmap class defines members that correspond to each property slot of the
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slotmap or a reference to a slotmap. The framework identifies a

conponent -type object {M\ 3929\ 2k294wol \ DL, 6D47. DOC; | ) 185 AWsu&t209606 WO
03/ 0714440R%4}YR03/ 04803 associated with the conponent-type of the
conponent to be created and the slotmap class associ at ebBCHIPR/ ¥t
conponent-type. It then creates a slotmap instance fromthe slotmap cl ass.
- ThEOPPLRSHSYRC eltiectc Ressslotrnpgiless misp incisdeamusthdds foh ereating afBfidnal NSt ance, so
“that the slotinap is effectively included in the conponent. It then

cr elynemwicslotef er ence fromthe conponent instance to the conponent-type
object. This reference, usually a pointer, designates an instance-type

relatio i ' ek s ' tes hat part.icular c onent instance
bel ongs%rﬁﬂ%ésscgr#%g&r{elg?@teg%g’ e%c??ﬁﬁeiorbveﬁh@“ﬁ%%ﬁﬁﬁ@g?ype object. If
the co eent-t%%’e obj ect includes definitions of property slots, then the
f r amewor KO SRF 8h oS ieralipRs the pseaseary pumberefgomponset-type gbiscts i be obt ai ned,
for exanple, fromthe data file or fromuser input. If the franework has a
vaFtrateds gt step; 196 Hee cachséampeienibtype opjecnhere\s 5 respectivessibtirapRIes, K
acconplishes that by setting the value in the appropriate field in the
s| stepenby] wiith cdihétbreantiq | %}g)fq,aﬁ ' r et hod in
the definition of the pr‘%?%q%?@?" y ac@g?g:“%glage ?tg&ﬁ%lt%ﬁods for
t hgo&ARaN fJeQJdeEhe sl ot map, or by accessing the slot value directly. If
~no slot val'ues are provided then the framework either assigns default

val ues iE‘ does nothing. In an alternative enbodi ment, slotmap classes are
not creat’®y 18 0T FWEHCHBPRISRERPES havsdeancrsated, buidhe aoftwaretstildmlonent
i bcl udes a generic slotmap, that is or contains a data structure that

pr epriemenihased fmctiamiity, besavkse therd arefioopsthids S osy ebiiPsnedi-tfipe Property
slots, defined in the conponent-object, and can also store dynamc field

deprepdr | B I t r this purpgse are known
iﬁlﬁtehe ar [meg{j%ndg dtljigﬁ(gﬁ c%%&%%%éﬁ?%@&%?% éﬁﬁ@%ﬁ”ﬁ%@ﬂ%ﬁk assigns a

n . each, c onent, the name bejng either generated
at%e ngegtg. the AAROWOTE creates component instgnces in ordelg to provide component

level functionality. Component instances are created based on, for example, a data file or

user input. For example, a data file can effectively contain a component system, that has

already been designed by a developer or a user, the data file including component

instances, their organization, their configuration properties, and execution flow within the
)system indicated via links. Furthermore, a user can use a graphical interface to create such
) .' " a system from scratch, by instantjating components and creating links among them through

a front-end browser or the like.

In a preferred embodiment, the framework is ultimately respounsible for creating
.components. When a component of certain component-type needs to be creaied, the
’_framework Creates a component instanc§ from an existing coniponent generic class. The

- generic class includes one or more utility mémbers that are used for communications with
other components (or for administering the component) and a field suitable for inserting 2 |

stotmap or a reference to a slotmap, The framework identifies ‘a component-type object
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by the framework or obtained in the sane way the propertyﬁéﬁ%sy%%es wer e.
(M N3929Vk294wO11DL6047. DOC; 1) - 12 15 August 2006 WO 03/071

PCT/ USO3M@B331444n t hi s manner, the framework creates severgiisog@iganent s
that belong to one or nore conponent-types. Figure 2 illustrates two such

co ] h belong to a single conponent-type that is
de]EriE %ggﬁ%? Véa%tgﬁggﬁé#ﬁ gét%ée gfgﬁsltég?m%?lg%lée Cf@ﬁ‘}fr‘ggﬂ@m@% P&HStct i ncl udes
a nane 202 and the definitions of the frozen slots 204. In this

i |1 6¥PHAFE f iR ranpansal-ipe skt dira areasesenslanaroimsiahes fremzthe slp@®p one frozen
topic slot alarm 206 and one frozen property slot hrs running 210. Sl ot

hr s Clegtn diba drapevorbattaches tamsloimapdgeance boithd condpdiesit @xand, 66 that he property
slot can contain nore conplex data or data structures O other data types.:

Sl otletn2f)6is affectReB; indfilded 8y i osRdBeRER U6 %@e?%‘ﬁ?g%ﬁeng%gm ethOd and topic,

respectively. Conponents 211 and 212, nane rst ondFan, each

i nc - 5 and 216. Each onent's sl qtmap i ncludes the

co n{:) 0 % rﬁ%n@&%}%%&‘e) ?[%% t[;orpﬁgnelﬂil-g?g r?%%?% ;[gﬂl?’f?gleﬁfc’ -“S‘Qacli{?', 2BPIeR18. In
accordance with a salient_ aspect of the preferred enbodi ment, while the
sof $eRErates pg insfaneertypryelatiphship.d. & livdesignates iteat dblat gdrticular compoment s.  Dynani ¢
slots are of the sane types as frozen slots. The adding of dynamc slots
dur insigneelireldnge to thedmnepdagnityps @ésceibeddly tHel@nipohbmaype bbjeed. f - Depending on

i npl ementation, dynam c slots are added by either "maki'ng a request to the

f "ooh ' W f th R dl f
i ch ey SRR pg obicel kol RIERNES oF bro By i BFR e n Cho sl ot map.
A dynam c. sl at a?:L{Wasgs has. a g)gfinition, it also has a value if it is a
pr opAPEWOTk opfionaly asSigas vatups fr them sthese yalues expbepliningd, naxampleyal ue, if -~

‘applicable, is stored there as well. Figure 3 shows the conponent system
of fromg thedata ket aar fromomsdy imprd. df ledtsndveork hheervahedhgt is tobe Béed 211. A
dynam c action slot 301 called "Stop" had been, added, by adding its

a property slot, the framework accomplishes that by setting the value in the appropriate

field in the slotmap object. This can be accomplished by accessing a setter method in the
definition of the property slot, or by accessing setter methods for the component or the
slotmap, or by accessing the slot value directly. If no slot values are provided then the
framework either assigns default values or does nothing.

In an alternative embodime_nt, slotmap classes are not created for each component-
type object, instead each component includes a generic slotmap, that is or contains a data
structure that provides storage locations for the property slot values of the property slots,
defined in the component-object, and can also store dynamic field definitions and values.
Data strucfures that serve this purpose are known in the art and may be an array, a
hash;aple etc. -

The framework assigns a name to each component, the name being either generated

by the framework or obtained in the same way the property slot values were.
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definition to the sl ot map 215. Al so, a dynam c property 5i5’§u§9%26 | ed
power usage has been added by adding its definition 303 an alu 04 to

t he sl ot %8929\ 2U94woJ\ DLQ47. DOQ ) 13 15 August 2006 WO 03/071444
PCTI US03/ S4§6’§1(4%I0t ice that conponent 211 still referencBSTURE/ Y

conponent -type object 200. The conponent-type object has not been changed
to regi stfs mamgydibei formerortyeramssewdrall compbitists th¢ 88MAR &Nbndh St Fan 211 is
still of the same conmponent-type even after the addition of two dynamc

s| otrere donlpeensHpEs Figyr D TRBASEE ﬁwo’—&éh%ﬂgxpgﬂgn YAyl %{%d %iflﬁ%taﬁso sane

t&
conponent- type regardless of the fact th conpone WO nore

slo | i I re'. type-instance npdel is done for

per paeng &R Tolb et R s oRHRR ot Bifupeteh e obiet 2 Fhenanged
conmponent woul d, sl ow down the system and require too nuch additional
mendrPCREBEER ahiest ppludesa name 23% gndqige Wefimitivnnof tie(fwren blotm 204, Bxani ne their
slotmaps for dynam c slots and provide their definitions to an outside

co petratehexanfpletheverik pnefrozmatetion slopstatt206f ohdiosd topR skt alp@se Utility
nmet hods are necessary because the conponent-type object does not hold the

def204i dridone fedzek Pﬂ)pé)‘t?asliﬂt%ﬁ Irgﬁﬁﬂ%%m?&ﬁrg lr&;ﬁi{‘ﬁﬁfw c%t\%gggg_ssed by ot her

conponents, the franmework or” anot e 0 €S0 in pretty much

th R30E f slots of the slounap object. Once created, dynamc
s| gtns cér?“?glt(g?erbéexg@?&est Q%I%ﬁ}peiné’r% AT COMRIn mELs Gomnlerodata ppdda any val ues)
fromthe sl.otmap. This may occur, for exanple, as a result of a test of a
newWH LY ther data fypese Slats 306 aushi§ ingludéithe dodleinnededdo erebuferthe of

rféeco;&i'l ing the software, that is, wthout any interruption of service.
haneind andfopio, respeaivelye Chymponbms 21 Dinid 292 Hated TRSANR dnprs}&cﬁlcﬁ@n permts a
user to add new rel ationships and connectivity that influence program

f | @¥¢h ibblude b } tyr-0 U | ich. is.a slot that holds a
rel ati onshi Eglbogl g?’?ﬂvﬁg i(}g hpﬁgﬁhe(?w%don%rseﬁ%ap incfadé} the Somporient's

value for the frozen property slot — 217, and 218.

In accordance with a salient aspect of the preferred embodiment, while the software
is executing, dynamic slots can be added to components. Dynamic slots are of the same
types as frozen slots. The adding of dynamic slots during runtime is done by a user or by

- the software itself. Depending on implementation, dynamic slots are added by either
_ making a request to the framework or invoking a utility procedure of the component.
- Regardless of Whiéh way is used, dynamic slots are added by being stored in the slotmap.
A dynamic slot always has a definition, it also has a value if it is a property slot. The
: deﬁnition is stored in the Slotmap and the value, if applicable, is stored there as well.
Figure 3 shows the component system of Figui'e 2 after two dynamic slots have been added
to component 211. A dynamic action slot 301 called “Stop” had been added, by adding its
definition to the slotmap 215. Also, a dynamic property slot 302 called power_usage has. -

been added by adding its definition 303 and value 304 to the slotmap. -
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specifically a link holds a causal relationship between tyg)A,g#,mQOdmei t her
of which is the 1link) of two distinct conponents. For ease of reference,

t hese t WW&03H7d44dre referred to as the source and tar getp@Sigécspashhe
conponents that hold these slots are respectively referred to as the

target apd.: I o tS. There are nman ossi bl e causal,.relationships
that can OonALBLERBRLRal e S0l e e R AR et TR0 e BY 1444

PCT# US03/ 04803 _pe represented by |inks. The types of links used in a

pr eFERRELEYRE Pisethas 10k bpangghangédnto regisies the agdttipn; ofslyngmicsslels. Thusi s t hey
link. Note that since at the conponent |evel the concept of execution flow
i nctamepenenhBingEsn 211 protifierfttye fansd cempanleht-type et dfterkise hdditi@dof twoTabl e |
control the execution flow of a conponent system !11111: |e iaigei

- Sendyiains siBfs9 RS conSigRBRIy dmpOReiis 99V bAE 205 SRAYoHE BAES cordfidnehlc t ar get

property _~Jerty Propert Property Action n source property changes,
e:action is ijuoked, inyoke target

I ny, t Acti on \When r S I n
ot SE el arth 2ef sk CoppignGat 8 58P bR eldty TS TR BREHOR 6 ¢ ar get
topic Wi to Topic Action en source -Tic i;es: iWoie he ac~o~ Topic Topic
J -WRBFE slyne-#stangp mode] isdlone forrperfosmgene neagons: creating xnew colmpdigple 1 A user
can create a flow of execution by linking various slots of various

type for each changed component would slow down the system and require too much

additional memory. Components possess utility methods that allow them to examine their

Mg

slotmaps for dynamic slots and provide their definitions to an outside component, the
framework, or another module of the software. These utility methods are necessary because
the component-type object does not hold the definitions of the dynamic slots. Dynamic slots
can be accessed by other components, the framework or another module of the software in
pretty much the same way as frozen slots of the slotmap object,

Once created, dynamic slots can later be deleted by removing their definitions (and
any values) from the slotmap. This may occur, for example, as a result of a test of a new
proposed feature or functionality that is introduced free of recompiling the software, that is,
without any interruption ;)f service. |

The ability to introduce dynamic slots without recompiling also permits é user to
add new relationships and connectivity that influence program flow. This is achieved |

- through a “link,” which is a slot that holds a relationship between two components. More
specifically a link holds a causal rejationship between two slots (neither of which is the
link) of two distinct components. For ease of reference, these two slots are _rcférred- to as
.the source and target siots. The components that hold these slots are respectively referred to

as the target and source components. There are many possible causal relationships that can

{M:\3929\2k204wol\DL6047.DOC; 13
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éorrponents Links are frozen or dynamic. Dynamic |inks al{9w, aEecut i on
flow of a conponent systemto be changed while the software runni ng.

Al one w@s3bR440 to change the execution flow, is cre deI ete |inks.
In order to avoid creating and del eting the 10 sane Ilnﬁ&@goﬁf”@f %rr ed

enbodi 0 be actjyated and deactivated. This provides the
added agvaﬂlg%g%]gvéf% ‘Rtéﬁ*é';héﬂyl)‘? s dinks psed in @ rpksired embetlivoast areclistedsipi | | be
deacti v te[\d by an appropriately formul ated dynamc link. A deactivated |ink

does notabl¢ et tbe tenes of slotkthel link sNote lthatsiret st the donsponatdetel ¢RGoangRt , and
can be subsequently activated. 15 A link is inplenented as one of the type

of ! otaf exeantion fioa ieclodes elnibgel Syrbpd:iyeticihd, Ml dfné ﬁﬁkélﬂﬁ&} Ia'rdrjé 1! ar get

conponent, that is, the conponent olds the farget s

| “prefer a}ahﬁtoptﬂ@g*ggg a source conponent field, hoI di ng
a reference \3%%%@%%@&/\%@8%&3&% 15 August 2006 WO 03/ 071444

'OQ-"."‘7O

PETTUSO3! uqu"’ +-0—or—the-nanme-of the.. qnurcp conponent; .a source field,
hpl di ng°THE&® hane oTa’tg% sour cemaAndics a target field, holding thé nane of
the target slot; and anj"activated" flag that indicates whet her jit is
act i vatPesberiy deacP}o@}@j. Li WiBerfdoaRee] W 0 ef ul for
handl i ng them such as Activate and Be ct vzliltggéﬁja &htﬁcfggtg‘ra re?%@ds t hat
hange }({f;@“iourw ehd—t-he—spurece—conpenesn the-tacge] field.
ot e t halihe nee‘é‘*‘"1 a ref uﬁcﬁpfm&h@ﬁesﬁlﬁﬁﬁﬁﬂibﬁﬁcuog avpi ded in
his arrange . »us_eethel ink is already included in the target
onponéation tjhe t aAgion | ONPO Vel sBicH Botiodi 16 LiVoked ihholid ReH sbaby 1 he 1ink' s
Lacenment. lin a preferr- d errbodl rrent vvhen Ilnks ‘are acti-vat ed t1ey Create
g Kknobag&,f e SOURLE. T s g i - : ar to a
lji nk-, that |is saved in 1t shdolnd ol'i‘ésué"é’ P gf"c@w‘ﬁ%%m. The knob
irAek ca'mc_ +g—-t he-source conpaonent. that it nust propagate eventsifromits
4l ots TeP¢ hdse ofAetiam t arget “&mmsmnemmpmﬁﬁﬂee,ahvdﬂ{mhadaﬁmdat a fields simlar
tto R A o

Topic TOplc ! ~ When source topic fires, fire target toplc

5 Tablel T
A user can create a flow of execution by lin king various slots of various

components. Links are frozen or dynamic. Dynamic links allow the execution flow of a

component system to be changed while the software is running. All one has to do to change
) the execution flow, is create or delete links, In order to avoid creating and deléting the

10 same links, a preférred embodiment allows links to be activated and deactivated. This
provides the added advantage that frozen links, which cannot be deleted, can stiil Be
deactivated by an appropriately formuiate_d dynamic link. A deactivated link doeé not
function as a link, but still exists in the target component, and can b;: subééquently _
activated,

15 A link is implemeﬁted as one of the type of slots. In a preferred embodiment tﬁe
link is included in the térg’et_ compbnent, that is, the component that holds the target slot. A
link preferably includes the following slots: 4 source component field, holding a reference
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those of a link-, but it includes a reference or the nane 50%11%&?26 get .
conponent instead of that of the source conponent. A knot) o8s not i nclude
an acti v/ 7l4€dg. Rather, when a |link- is deactivated, rdweudonessoss sinply
removed Figure 4 shows the conponents of Figure 3 with a dynamc |ink 401
haviihngr BReAm ' ' ' SQ.lt Lcauses correspondi ng knob
402 to be creat e§§i SOSI?EE%g&?ﬁéﬂén?;aara%g*c\é%e?’t%ogdlggJﬁ%‘éarger Sflthﬁrs%urﬁ? Brties,
ink is, in the event that the value of hrs_running of

t he fothis , ) of

Firé tGE %‘—ljgglc}éﬂghﬁoé&ngtthe OARA §F thearsrt sloe ape an activaind” fisedhatdadierieran to t he
new val ue of hrs ranning of the first fan. In other words, this link wll
cau¥dethsr {fds aatiyafest ordgarivatadal ue 217, once val ue 217 changes. A |ink
behaves the sane way regardl ess of whether it |links frozen or dynam c

slots (thinkghlsoHatledantisaehdard SerRischRANAE thes dubh af ' ots are
i nvol ved). (M\3929\ 2U94wo1\ DL6047. DCC; 1) 16 é S S A E&'&_ﬁﬁt&gﬁdﬁ August

2006 X ) igure S5Ais an abstracted diiagram O the”
corrpg nent %Isl%tgl édrgl%lfﬁghg ggg{agéﬁ\iv%gﬁ &feh%umler‘%l%n@ﬁfg%c% ﬁoﬁg?%ﬁnf’énﬂf sing. It
sho t he ctionality of | ink viewed fromthe conponent |evel. Here

t he it?ﬁgeﬁﬁéigi 2“&%3‘?%%%?@&%% # Refareneg togle tarseh composentris evaifisst int o t he

targ(_at slot, instead of a slot in conponent 211. The link slot is

nevidiy Heangssiepresaure the link dnglorady inchilbd ik tgmezeb Lompdndni; the pageiof t he

advant ages of the conponent nodel. The conponent nodule allows a conplex

dy nempbetsiediB feferbficcdliplifratlyasy @O fneIQMeelidnd rel atively sinple way. A

user is provided with visual "interface’in I ch one or nore of the
conpone e _comonent .system are.visuglly represented as w dgets, or
di agr arrsnl&lsq l?o1rfe¥65}cetﬁ,e[§bqrﬁ)"§'ﬁ5tl’ th"é %rﬁtaﬁttw”é‘?ﬁj&?ﬁl ai@%@r@%ﬁ@?ﬁ lar to ~
what is shown in Figure 5A. Conponents can .

component. A knob is a data structure simnilar to 2 link, that is saved in the slotmap of the

source component. The knob indicates to the source component that it must propagate
events from its slots to those of the target component. A knob includes data fields similar o
those of a link, but it includes a reference or the name of the target component instead of
that of the source component. A knob does not include an activated flag. Rather, when a
link is deactivated, the knob is simply removed.
Figure 4 shows the components of Figure 3 with a dﬁaﬁc link 401 having been |
~added. The link is activated so it causes a corresponding knob 402 to be created. Since the
- target and the source slot are properties, the effect of this link is, in the event tﬁat the value
of hrs_running of FirstFan changes, to change the value ;:;f hrs running of SecondFan to the
_ hew value of hrs_running of the first fan. In other words, this link will cause value 218 to
follow valué 217, once value 217 changes. A link behaves the same way regardless of
whether it links frozen or dynamic slots (though there are some perf;}nnance penalties if

dynamic slots are involved).
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store their own representations in property slots, or th tations
can be handl ed by a graphical nodule. For further detai F?%%%Eg(ﬁﬁlerred
visual interface that can operate in conjunction with the conponent nodel
descri be MBI+ see U.S. Patent Application Serial NoPCTwsBo4besi gned,
filed on even date herewith [ Attorney Docket No. 3929/11294US2], entitled

" Real - Ti Figubata i nhabieetdAnskMatdrask Eﬁﬁpﬁeﬁ%‘éﬁt@%ﬁ] o Which is

: 4 wi :
hereby incorporated by reference as If set % T ES entite y herein.

i ooy OeTROR ) et e, GRAGAF e dinn @il Faimieien fodub orponent s are
or

al so shown., A .user can be allowed to change val ues, execut e net hods of
. conpoTRTeet lekloHgre digkidQ{ a5 reprasensod with; aplarssy Gom thg sotree skt totks sl ot s and
‘draggi ng |inks between conponents to add links. Furthernore, a user can be
al | Bv#sd slot.dnsteasl ofoaslonimponpohant 200, Toligk sTLIFGEPertiRa FrGemtigPerti es, to
add and renove dynamc |links, or to activate and de-activate links by
maniopegorbht I 1vi sual representations of [inks, slots and conponents on a
screen. Thus, a wuser visually reprogranms a conmponent based system

e vsod Bl SRt Bidof e sdnet e A mpongamedsl. Tieosmmpiiont syst em

shown i.n Figure 5A, after |ink 401 has been renoved. The renoval of the
| i Roqule pilpyr 2 cermplsy dyparmic dysiemdo ho abstracrérand shownsn heelativety singilé shed by
removing the dynamc link slot 411 from conponent 211. Any other dynam c

s| ovayndyudse isprovidad lwith wismy afderf4oan efhidHenefNBbietoT tad cédgﬁon@ﬁﬁfo?r red
epbodiment is that it conbines the efficiency and speed of frozen slots

e b B S LA LTI et e
E)(r) é‘%&%ﬁ&#@ﬂ %Q@H%%ﬁ%ﬂ%ﬁéﬂe ssl}nﬂw% \%ﬁatm?é) Ql?o%n iSnyBS‘iEgﬁlr‘g SX}/CI(J)ISnipggen?syga?lm ¢ stotsin
~ store their own representations in property slots, or those representations can be handled by
- a g;aphical module. For further details on a preferred visual interface that can operate in
conjunction with the component model described herein, see U.S. Patent Application Serial
No. To Be Assigned, filed on even date herewith [Attorney Docket No. 3929/ 1k294U82],
entitled “Real-Time Data Interface And Method For Browsers And The Like,” which is
 hereby incorporated by reference as if set forth in its entirety herein.
Once the components are represented to auser through a graphical interface, the
vgrious relevant Slots and values of these components are also shown. A user can be
allowed to change values, or executé methods of components through such interface by
click-selecting the various slots and dragging lmks between components to add links.
Furtheripqre, a user can b? glbwed, to add new components, ;to add or remove
| dynamic properti_es, to add and remove dynamic links, or to activate and de-activate links

by manipulating visual representations of links, slots and components on a screen, Thus, a

- user visually reprograms a component based system.
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but

configuration. Once an optimal configuration is found a recanpis Sodges done -
in order to convert all dynamc slots into frozen slots. After t?le

-recorrpilgv(#&%ﬁ%ﬁtemwill retain its optiml configuration, with much

better pertofianae. Figure 6 illustrates how conponent 21PCTFSBREBEy st em
shown in Figure 3 is optimzed. Conpiling dynamc slots into frozen slots
can resulBigire 3B thanastreded Hiagom of thelcompongm seném tsheendn Figure §A,
conponent-type, if all the conmponents of the original conponent -type did

not alftay Qink 01 9aBeely RMBvEd STRY fomdMNeNhe 1k ¥ hdRQikd tﬁpclgasﬂécfliﬁé)ﬁb’ﬁ.r t gd to

frozen slots by renoving their definitions fromthe slotmap 215 an

aug ' | I.pith,aon of the.c ent -type base cl ass
200, eyt 1eh BOUEEbIBG! vy KT I8y Ripmts i CPH o B RoPER, nap 215

IS now gssqciated with a frozen slot definition common to all
conﬁ&ieﬁ?&o T fiyeanai Hot s dwrdmilagly pamovede two val ues 217 and 304 are
paired up with their respective definitions 210 and 303 by offsets listed ..
in or defneed the benefilsasfehe preférméd émbalimbtdis tieat 7t dohlbisdsrtt efficergyef erred way
of hierarchically organi zing conponents into a conponent system As

al rﬁﬁ(ﬂygrc@Q%? H&&gsxo&%viﬂpﬂlggl%tﬁ?ﬁcq ? MR S4BeA: Eé}{zﬁ?pg{ég FyfinicP” OPer ty

slots. This is acconplis I'ng a reference conponent

e At BRGNS Bl bbb iy 7
t

desi gnating ownership is used instead of the reference. is Preferable
to ehange aed teskthgsompopens sysempby asing dysamisslatsiin erdbeto findpooptimal and
organi ze the conponents of a systemin a tree structure, as shown in Figure

- 7. JdrdigarationnDase s optiBel cvafiestatiod ¥foukd® 4 recdiibiRNS 46RO iflG%ief idoe A

conponent-types A, B, C and D respectively. nponent 701 is of
GOWP&%REJMS;BM SIGRRBFIS I8 Ag e F’ecglrn%ilg ];he system will retain its

optimal configuration, with much better performance.

Figure 6 illustrates how component 211 of the system shown in Figure 3 is
optimized. Compiling dynamic slots into frozen slots can result in a change to the original
component-type or a new component-type, if all the components of the original component
-type did not have the same dynam_ié slots. Dynamic slots 301, 302 are converted to frozen

- slots by removing their definitions from the slotmap 215 and augmenting the frozen slot
definition of the component-type base class 200. The value 304 of the property slot 302
remains in the slotmap 215, but is now associated with a frozen slot definition .common to

. all components of the same component-type. The two values 217 and 304 are paired up
with their respective definitions 210 and 303 i)y offsets listed in or derived from these
definitions.

Figure 7 illustrates a preferred way of hierarchically organizing components into a
component system. As already described, cérﬁponents can include other components as

propetty slots. This is accomplished by including a reference to another component as the a
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conponent -type B, component 704 is of conponent-type C a”%ﬁﬁgﬂ%?@@dﬁ 705 is
of conponent-type D. Conponents 702, 703 and 704 are all 1 ncfuded as slots
in component 701, the inclusion relationship being defined by references

. in the sW&®/07Ha4 of conponent 701. Conponent 704 furt hepciighiiess

conponent: 705. There is also an execution flow link 713, illustrated with

ab A . f. t 705 s lot 712
o EIbeRS LN 1y diRindiE chioBlindhis, BinfHBERTRMe ety RPGIIRGRRE conponent s

aretherrg}eer rCed to as parents. Conponents that are included in other
corrponer?trsn Sre referred to as children. Mre conpl ex systens nmay be
organi zed in simlar structures. In a preferred enbodinment all conponents
. of a sysltdnpreferabledamtiiseitherabiity bhigirpdnenis to Tihslegthdrscoitpatents AgT € | S one
parent conponent, referred to as the root conponent, that is not included

I ommyizoUitaonoNBER eflhsy AR A% RlnTRIR BOBENIn FRARETCThGe Nal can trace

their parentage to the root conponent. I'n Figure e root conponent is

con&gﬁig\dyez ' r I~at | reat.es an additiongl bepefjf in that

every con%toﬁé%?g?géggﬁqﬁ@ﬁﬁ?cﬁlﬁﬁw|d rl%?ﬁ?’@ﬁ%“é’@%ﬁﬁt@ﬁ?d borrpri ses of
a s_%%ﬁeegtial I istiegjg f .the nanes of . its ancestors, starting fromthe root
and SAEHKEY i (oroRea 'r?ﬁl)h“e?ﬁ‘?nﬂ)&ﬁ@t“tmﬁé, caaponestsc? 49d T8ege ob hel p ensure
uni que identification of conponents in a conplex conponent system in which

‘neVFOIMSRpYTEpR B, Compomtint Fét sraf cumpdrans-typeaC epd compensat YoRgdgd to the
system The identification {MA3929\2k294wol\DL6047.DoC;1J 19 -----------

- componertfo DY CeimaHAls 740 A3 84644 PETLATRRGSIR, @i ended w

a.field nane, in order to simlarly provide unique 1denti atton for
t e R0 R RaBR By Peite. e BF referrindhe Bo HIORIESmBos  om for
P 07\6|1 d ngr%pgn;lit %Hff lﬁnjﬂ:rl]éreirrlgh?{(i:ees 'co;ggn:n%:/ %Bs(a.n‘}‘lieie ?ssflsf ialei le;ltfg::ution flow link
713, illustrated with a bold arrow, that has slot 711 of ccmponent 705 as a sovrce an-d slot
712 of component 703-as a destination. Componests that inclade other components are
referred to as parents. Components that are included in other comiponents are referred to as
_ children. More complex systems may be organized in similar structures. In a preferred
embodiment ali components of a system afe organized in a single tree. This means that
} there is one parent component, referred to as the root component, that is not included in
~any other components and one or more non-root coraponents that can trace their parentage
tq the root component. In Figure 7 the root componenf is component 701. This
organization creates an additional benefit in that every component is uniquely identified
ﬂ;rough a string that comprises of a sequenfial -listing of the names of its hncestors, starting
from the root aﬁd ending in the qomponents name. This feature can be used to help ensure

unique identification of components in a complex component system, in which new

components from different vendors are continuously added to the system. The identification
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9 useful for providing an interface for the conponent nodg) s hReantRe it 1S
based on visual objects, or w dgets, and each such w dget canh visualize a
componen her useful feature is that the system conbi nes great
flexibiI&F§é%@§ﬂﬁrelatively | ow resource use. The visualﬂ%ﬁ??%ﬁ%%§§ten1is
designed to be conpatible with popular software used for displaying third
par topn bewrendedwith asficld dane nastdér theirhPaPhfovidushqRSdatifddiibn tdr owser. In
a preferred enbodi ment the present invention is inplenmented as a Java
apphﬁﬁdsof@bhﬂbﬂcﬁw[|4TNL file. The java applet is referred to as the engine.
Figure 8 is a flow chart showi ng the operation of the visualization

] engi ne on an HTM. browser in

system A.user . oads _an HTM .page with the

step 80 1&"%?? as‘f‘é‘b‘ﬁé’étﬁgﬁ??e‘s %N@P&%@@ﬁt@ﬁé hg eampanent madalnthe presest ep 803
‘the engi.ne requests a configuration file. The configuration file is

1 eqSéPHEeD alse includespiysiem foe praviding ervisuabinterfree UEhe $isteauoipaspenially n a
preferred enbodinent the configuration file is an XM. file. The

confiseful fo ipoovidiink an infeelatiRs R ®mpoRéAtno@], Beckiilints %g&&ﬂ%ﬁhﬁon’ and it

al so includes references to one or nore widgets, and placenent and/or

Sz N Lon. & t - Y\ . Wdgets are visual obj.ects. Exanpl es
of WB%B%"[ Es?pgg%arséglrl &egécr%ltsg?;ﬁ g’ﬁ%ﬁeg}gﬁ%‘zlﬁ%%ﬁsﬁt?fnp%}m}sf“@a B8R Yes, graphs,

piezcharts.and tables. \W.dgets can_be animated or provide information in a
nungeé ﬂ‘f‘afs t&ﬁ?‘?’&ﬁ@% ?ﬂeg\sga@é@?i@ﬂ% v selativelylowapsourerusgbi 1 ity to

interact with the user. There is sone executable code associated with each
wi dget, ¥he sisualization systére is desiphed i be campdtvle wililjopuedsiwaregb®rred to as

an extension. Extensions are |located on the (M '3929\2k294% 0l W.6D47. DOC, |

1) 0 displfiiidirdZNRE co\ﬁ@n@c%e@%ﬂ&ﬁ&ﬁdﬁgalfh@?&ﬁ%gsgg%ﬂjgseﬁﬂ HT uter or on an

ot her conputer connécted to the user’s conpu computer

browser. In a preferred embodiment the present invention is implemented as a Java applet,
within an HTML file. The java applet is referred to as the engine. Figure 8 is a flow chart
showing the operation of the visnalization system. A user Ioads an HTML page with the
engine on an HTML browser in step 801, In step 802 the HTML browser executes the
engine. In step 803 the engine requests a configuration file. The configuration file is
requested over a computer network, or from the user's computer. In a preferred

~embodiment the configuration file is an XML file. The configuration file, includes the

]

S’

layout of a visual presentation, and it also includes references to one or more widgets, and
placement and/or sizing information for these widgets. |

Widgets are visual objects. Examples of widgets are representations of components,
physical devices, graphs, pie-charts and tables. Widgets can be animated or provide
information in a_nymber of djffer_g_nt ways. Widgets alsq_ op__tionally have the ability to .
interact with the user. |

There is some executable code associated with each widget, referenced in the

- configuration file. This code is referred to as an extension. Extensions are located on the -
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net wor k. Extensions can be | ocated by references included, in thsﬁ 006
configuration file. The engine parses the configuration ]‘éﬁgg‘é 8 ?ocat es

t he extensions. The engine then | oads the extensions, downl oadi ng them
over a U PEA4Met work, if necessary (step 804). The epgi/sesdigss execut es
all the extensions in parallel. Once the extensions are executing they

i sphars dohguas, oAt odeh Bt RISy Fagh gt ensi on

di splays the widget it is ‘assoclated t he general

| ay lbed | e figuration file, and it mani pul ates the

o S or SREARER chfl of Mealelly S Gt Fropidet dn pRekoniigwahen Rl 10 ¢ he
configuration file, The extensions optionally communicate with other

sof ?ﬁ?@%@%%ﬁmﬁ%‘ﬁﬁw@ﬁﬂ? iagd lagpiga the extensiind gEheengimeythan doads dlaci ated with
‘according to these communications. |n an exenplary enbodiment a w dget is
a_gPagnsiasl devenloatieg et over afcompuapenitk, fdcéRfy (% 80%). Gheassoci at ed

. Wth that widget communi cates with the conponent over a conputer network.
Theempideathsn efteuft j ' i .user, by accepting and
res %ndi ng to C(%%gatﬁéééﬂ%g%t Sgn Bgltgﬁgﬁ%gwé%@ﬁ%%boﬁ@ %Eda?f{exg%&g%nd or
recej lnf Lon fr. ot her . sof tware conponents, such as conponents,
bas‘g%m@]mlarﬁg é’ﬁ@%ﬁfﬁ%ﬁ WM%I[BF EITQ‘B o 4 engtse Hach guteasion displaysihei widselst y updat e,
- based on. %Pge soft ware code of the extensions, comunications wth other

. sof'f APt dvitte sSThegmgins disphays the géneral sttt descritsdrin theheongigtiem®inons can
furthernore send control signals received fromthe user to other software

o dilé.emd Fomanipuiues!the displayelDRidgen 0@ sirelang pIRS titin a&éamiﬁ kg controlled
\t,)\}/ a thernostat conponent. The extension corresponding to t % t her nost at

W dReéo : : tenperature.readi n over net wor k. The
therrmsfltqgfEl Eh?g%pqgﬁ'gﬁ%é%{ﬁés]{sv\g)rn EIBH %Igﬁy é’)% Fenergte ﬁtér?%lfﬁéaﬁg'gmtm%‘?‘{l%erature.
Th%nﬁsgr ipt ﬁragéé %th the widget. For exanple, by clicking on the w dget
t h&ME2FuEENRAES dis wilegldheseare sspcefpd: wish aeemdingtte fhese pomimgnisationsCel si us

i nstead of Fahrenheit. The extension receives that request and updates the

wi djyan exeqplrgoaeh@iimedaodidpeio 4 i@l keptéschbatb @f atcorPRfient and the

extension associated with that widget communicates with the component over a computer
network. The extensions also optionally interact with the user, by accepting and responding
'to commands by the user. The exiensions can also send or receive information .ﬁom other .
sgftware components, such as components, based on interaction with the user. The widgets

| thus continuously update, based on the software code of the extensions, communications

~ with other software modules, and/or interaction with the user. The extensions can
furthermore send control signals received from the usef to other software modules.

For example, a widget Tepresents a thermostat, which is controlled by a thermostat
component, The extension corresponding to the thermostat widget sends requests for
updated temperature readings over a network. The thermostat component answers. The
extension then'updates the temperature. The user interacts with the widget. For exami)le,
by clicking on the widget the user expresses a desire to view the temperature in degrees

Celsius instead of Fahrenheit. The extension receives that request and updates the widget,
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WO 03/ 071444 PCTI USO3/ 04803 The user can al so send compglauggstbb(% act ual -
thernostat through the w dget, For exanple, if the user wsheS to switch
the t her {Rsd ff, or to put it into a power saving node, the w dget wl
forward the 3?%7}n%nd to the thernpstat component. An alt erf VPO odi ment
of e visual interface system assures higher efficiency when network

co iUgeh Gaglsossead gpmamands tq the agtusl thermostatttbrouih the, wisizelFor nul ti pl e

net wor k communi cations by nultiple extensions, operating in parallel, often
causgampley ifdheraser evigitealtb awiich tie théiendatak off)of to/putaiineslh Power Sxignsi ons do

not initiate network conmunications but I nstead send requests to the
enginfilde, theevigpati LAY é‘gﬂﬁ ' | equests over

pr edef i ned pe??to‘g% igfg‘gtl meé gn a?@megﬁ%{é%ﬁ &{éﬁ{ém in bundl es of

| ar ger s%ealtean . send t.hem o;{z r the network, thus inproving _network :

ef fi ci enty. "B & FRQNL OF Bir VI Hilerdase sygemassyanpigheliciercimy be

bundl ed. Also there nust be a software nodule at the receiving end that is-
abl ¥heR DefvoGk gpamumicaionnhansioften iutitised Mhthe eatepsions.Bezanseandtiples bundl es from
certain software nodul es, the handl es containing comrunications sent to
onenewortocamerhitatHw 15 muntpweﬂt@ﬁidda?@%érm@ 7 RGAIRI, GRAECat | ons and

sends these single communications to the extensions to which they were

addh&asE8n | Jagerelsl . fecti.ve en.nany of the extensions
conhuni cat %@%Ot-gﬁgnt%shg sanel{gg%%tﬁv\%\%@%c?ﬁ 8’&8%%“\#@@2@”’?%%&4‘5@3 syst em has
been descri.bed using | anguages,, formats an protocols, such as HTM, Java,
XMLCOHIBRIIEFfonS b, %%agfse%ﬁﬂlﬂ@ise‘ﬁ‘ég§ engipe.cThgr gngjne apgregaiegs ggayorknt er f ace
systemis not limted to these | anguages, formats and protocols. The visual
i nteonfrawwcaliogt requestsyovee pealefingliperibds of tiper Aideatioips @Yonibamoma@eant hat al | ows
enbedded applications. Any data file format, including proprietary data

f orsmidRes R Yarber 156 hod ReAE Adm HNer B netiMi, %%%ﬁ)%%ﬁ& MR ebiSency, 22

Only communications going out to the same computer may be bundled. Also there must be

- a software module at the receiving end that is able to unbundle the communications. The
engine also.receives bundles from certain software modules, the bundles containing
comraunications sent to one or more extensions, unbundles them into single
communications and sends these single communications to the extensions to which they
were addressed to. This embodiment is most effective when many of the extensions
communicate with the same software module.

The visual interface system has been described using languages, ,formaté an

protocols, such as HTML, Java, XML, for the purpose of concreteness and clarity. The
visval interface system is not limited to these languages, formats and protocols. The visual
interface system may be configured to operate with any language that allows embedded

- applications. Any data file format, including proprietary data formats may be used instead

of XML.
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15 August 2006 WO 03/071444 PCT/ US03/04803 Again, for fgy %[st %&#ﬁl I's on
a preferred visual interface that can operate in conj unctl on

conponent nodel described herein, see the aforenentioned U S. Patent

Appl i catWOW3@rmi4 | ed "Real -Time Data Interface And Met hopeFesosRagyser s And
The Like. Not all of a software program needs to be inplenented in the

‘conponé %arii?dl%} fuor rﬂéﬁﬁf Bk at}ﬂéfgﬁea ViGk 8 al:é ﬂla?. ?zﬂpépe&é:fe e slower and

bulkler han traditiona ect oriente In preferred

enbodi the ortl s of ..t code t hat need be dynami cally
rma‘fqﬂué'ﬁ mb?“ 3@ él§sc ’F’#ﬁﬁre&‘brﬁﬁﬂﬁﬂfn& Jj ge i mpl ement ed

in the conponent m)del But code that is not techni cal ly inplenmented in

.t hePatem pﬁvggeamonméléled {Boal<Fifme| Date InserdagssAmc MeathadnFor Brewperndmd Bie t hat' i t
‘appears as a conponent to other conponents. Conputers described in the

pr elsigat” docunents may be any conputing devices. Conputer networks include

w rel ess networks. The invention has been described in connection with a

epenid S RIS A S e

appende es I nsubstan vari at i o In elenments and

met hod ste 929 9 D47 Do 23,15 006 WD 03/071444
Cléf:I 6@%?6%“ Lpngldy Eﬁ“é\m gwer iehydhan B%ﬁ?’ﬂf?% Pt execution on a
machi ne, the software program including one or nore conponents of the sane

' corqmn@dtcow plehust ireprefarmedremitodinygnts, walyntee poetionsed the endedhds sy ugedss
conprising.oneor nore slot definitions at | east one of which is a

to be dynamically modified, or use other features of the component model may be

3
g implemented in the component model. But, code that is not technically implemented in the

component model may still be encapsulated in a component so that it appears as a
component to other components.
Computers described in the present documents may be any computing devices.
- Computer networks include wirelese networks.
The invention has been described in connection with a particular embodiment but is-
+ defined without limitation by the claims appended hereto and includes insubstantial

variations in elements and method steps.

)
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property slot definition, the conponents being generated i time by
the steps conprising: identifying all property sl ot defi%#%#%%gﬁgﬁrthe
base class; locating getter and setter nmethods for each identified property
slot def MA%%BH4#n the base class: generating a componerRCHYS9a/0EWPect, the
conponent -type object being configured to store slot definitions; storing

i N tWaatiPRaaed id:ype object the property slot definitions identified in
the identifying step; generating one or nore conponents, each conponent
having a sl otytap an f xtdifiof YMRORSHind, ¥RE seTRlRE hroghh@r ei n
each sl ot map #ﬁclg egagwéﬁﬂﬁg%e ié%gg%onoﬁor tze %élue of ea?h _

or OBaME B er FicE EomBgenT O B A FOTpYBBERRY. LesPrpanct it B s; or age”
‘location in the slotmap of a particular one of the one or npre _conponents,
t hedgfinep rotya bhsst classaiomprisisg wye ot surt alot definitipnoatdeast ongel whishds £y sl ot
definitions in the conponent-type object. 2. The nethod of claiml!| further.
I NChdakkrROsIbh @ ifigeh, the cdidpordhid Hefis2avtednfitid rub@ad Dy B stépsAugust 2006
vmf%3ﬁ%9§444 PCT/ TJS03/ 04803 generating a slotmap class, the slotmap cl ass
def}g&ﬁgggpe or nore storage |locations for the values of each property

slo ‘definitions were identified in the identifying step; wherein in

the generating of one or nore co ents .step each slotnap is an i nstance
- of tﬁ e sloti neg;gerg:jfgg]g_ali property s(iotrgzs%llltlons mthepbase class; P

locating getter and setter methods for each identified property slot definition in
the base class;

generating a component-type object, the component-type object being configured
to store slot definitions,

storing in the component-type object the property slot definitions identified in
the identifying step;

generating one or more components, each component having a slotmap and a
reference to the component-type object, wherein each slotmap includes a storage location for
ihe value of each property-slot definition stored in the component-type object; and

setting a property slot value, by inserting the property slot value into a storage
location in the slotmap of a particular one of the oné or more components, the property slot
value being associated with one of the property slot definitions in the component-type object.

2. The method of claim 1 further including the step of: -
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3. The method of claim1l wherein at | east one of the dEfiﬂiAﬁéﬁ?  the
base class is an action slot definition and further conprising % e steps
of identifying one or nore action slot definitions in the base class; and
st ori.ng WRE&/BHd4r nore action slot definitions in the cempos@alsdsype
object. 4. The nethod of claim|l wherein at |east one of the definitions of
the base class is a topic slot definition and farther conprising the steps

of : identifyi [ Lhktd ens 1 n t base class; and
storing the o%gnégg&ﬁ%gér Sel%% %9921 gﬂe%g)gﬁl?&?{alg%#sd&% ?I%eeorc‘gﬁli?osﬁoet%%q type
object.. 5. The thod of claiml, farther conprising the step of, during -
exeQfEYK fOBB:‘et‘f%z“es“é’g F?f%’@oﬁ?r%flawﬁ%d‘eﬁﬁmé’nﬂV’ﬁ’éﬁﬁd@n%fl‘“@tmtﬂ%e the slotmap of
. a first conponent fromanong the one or nore conponents while |eaving the
conisABRINg $fg® obj ect unchanged the adding step being free of any _
conpiling step. 6. The-nethod of claim5 wherein the dynamc slot is a
property sl ot wagkin i e 2EArAENSSFIheR e L8MpoRdil S8p BaclANap iPaPPEr ty
slot definition to the slotinap of the first conponent; and adding a
dynajfy I value to the slotmap of the first conponent.
(mg‘g}fé?‘gﬁg%%ﬂ@gﬁ'mq i} 25 15 August.2006 WO 03/ 071444
PCT[ US03/ 04803 7. The method of claim$5 wherein the dynamc slot is an
action slot &nd t h&he tiodpielaing lowhereinsat deashorn ofthe dafimiipnscotabe base s| ot
definition to the slotmap of the first conponent. 8. The method of claimb5
~ whelass is an laetiaty slandefinitidnodnd farthert comipristigahe ategls ofvher ei n t he addi ng step
conpri ses:
) - identifying one or more action slot definitions in the base class; and

A

storing the one or more action slot definitions in the component-type object.
4. The method of claim 1 wherein at least one of the definitions of the base
class is a topic slot definition and further comprising the steps of: |
identifying one or more topic slot definitions in the base class; and
storing the one or more topic slot definitions in the component-type object.
5. The method ot: claim 1, further comprising the step of, during execution
of the soﬂwa;e program, adding a dynamic slot to the slotmap of a first component from among
§ ) the one Vor more components while leaving the component-type object unchanged the adding step
being free of any compiling step.
6. The method of claim 5 wherein the dynamic slot is property slot and
the adding step comprises:
adding a dynamic property slot definition to the slotmap of the first component;
and |

adding a dynamic property slot value to the slotmap of the first component.
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adding a dynanmic topic slot definition to the slotmap of {yg,fistShos :
conponent. 9. The nethod of claim5 further conprising the s?%‘lg of , during
executio he software program renoving the dynamic slot fromthe
first co%%%ﬁ%ﬁ{lf“t he removing step being free of any corf¥FIRG/Md#Ep. 10.
The met hod of claim®6, further conprising the steps of- executing the
software programfor a period of tine; renoving the dynam c property sl ot
fromthe first conponent; adding a frozen property slot definition to the

conponent - type obj ¢gt mdilifl §ff QAR5 whERREIHeMyRhRic d6f i ah kb deiavg thelent i cal
to the dynam c property slot definition; adding a frozen property sl ot

vala to the sl.otmap of the first object, the frozen property slot val ue
bef %ﬂgﬁgﬁppl@g{ﬁ% the dynam c property slot value; wherein the steps of
‘adding a frozen property slot definition and a frozg&p\nﬁropert sl ot val ue

“are perfor nedadiinga dysaic gstien plat definitiorio the glotmep ¢ PlLOBIGYFHEm
{ MA3929=94W0 \ DL6047. DOC; 1) 26 15 August 2006 WO 03/071444 PCT/ US03/ 04803 .
11. The method of claim7, further conprising the steps of. executing the
software programfor a period of time; renoving the dynam c action sl ot

fromthe firgt compaogpinagididi FwhbRRPheAFhAAR AbOS adfit Bk kD Lo the

~_conponent -t ype obj ect ozen action sfot definition being identical

to the.d nagi.c action slot definition, wherein the step of adding a frozen
:- aci“ihﬁﬁ"%ﬁ’&ta iSHPtSOMPTIES per formed by at least partially conpiling the
software program 12. The nethod of claim8, further conprising the steps
of adding a dynamic topic slot definition to the slotmap of the first component. -

9. The method of claim 5 further comprising the step of, during execution
of the software program, removing the dynamic slot from the first component, the removing

step being free of any compiling step.

10. The method of claim 6, further comprising the steps of: |
executing the software program for a period of time;
removing the dynamic property slot from the first component;
adding a frozen property slot definition to the component-type object, the frozen

property slot definition being identical to the dynamic property slot definition;

adding a frozen property slot value to the slotmap of the first obj’ect, the frozen
property slot value being identical to the dynamic property slot value;

wherein the steps of adding a frozeﬁ property slot definition and a frozen

~ property slot value are performed by at least partially compiling the software program.
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executing the software programfor a period of time; renoys Adghdieoglynam c
topic slot fromthe first conponent; adding a frozen topic slot definition
to the conponent-type object, the frozen topic slot definition being

i dent i cAVO®FOTIH&! dynami c topic slot definition; wherein poeusizpsef addi ng
a frozen topic slot definition is perfornmed by at |east partially
conpiling the software program 13. The nethod. of claimb5, farther
conprising the steps of: displaying a graphical representation of the

sof tware progyam and .allqwin user to nani pul ate the graphical

repr esent atigfri; V\EE?chofir?g%iﬁﬁmﬁ%ﬁowfﬁ@gf%¢ﬁ‘@EIS ¢f response to the
user's mani pul ation of the graphical representation.

(M X3929NV94%Feuti bpsoiiwoe, prypgram 06 akegiodtof 2026 WO 03/ 071444

PCTI US03/ 04803 14. The nmet hod of claim 13, further including the step of

renmovi ng t heeniyignthe dghambic iabtisrSIHORGR the fir#QoHHBhRers; MaNI pul ation of the
graphi cal representation. 15. The method of clarmb5,” wherein a plurality of

conponents igid b S hcti ifne.. e, each conponent. hayi a respective
slotmap and a réference C%lgﬂfﬁgﬁgignr’é‘%g)o%(fﬂwpg Ig%épeo(g}]%c&t : e\%%@?’éi n the

dy, i J.s a.lin ich defines a flow of execution of the code from
a eiszgﬁﬂrl glg?é&g{lﬁ?%g‘a“%5@8%16%%6%Eﬁ‘fmfmélﬁiﬁgﬁmnlvvo or nore conponents
to a target slot in the first conponent. 16. The nethod of claim 15,

further conptiesginghe step of adskingd frovémsgitionishg defigitionhs pefforsiRANSSANat | on of
the softwar.e program which includes a graphical representation of the

| ipakijallpedmpiling the software program.

12. The method of claim 8, further comprising the steps of:
executing the sofiware program for a period of time;
removing the dynamic topic slot from the first component;
adding a frozen topic slot definition to the component-type object, the frozen
topic slot definition being identical to the dynamic topic slot definition;
- wherein the step of adding a frozen topic slot definition is performed by at least

partially compiling the software program.

13, The method of claim 5, further comprising the steps of:
displaying a graphical representation of the software program; and
allowing a user to manipulate the graphical representation; |

wherein the adding step is performed in response to the user's manipulation of

the graphical representation.
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allowing a user to manipul ate the graphical representatiors afigisheodd nk;
wherein the adding step is done in response to the user's manipul ati on of
the. grarbhy .epresentation of the link. IT The method of claim 15,
wherein the source slot is a property slot and the targefCHPR3M35
property slot, the method including the additional step of executing the
code so that tMe valheemethod bé clabindst fgtiet itINAREE He\W ﬁ%ﬁm@ nges of the
val ue of the source slot. (MA3929\2] a94vvo| XDLQ047. ) 28 1 August 2006
WO 0 FihiisdtotRe TEdHo0sY rein the source
Sl otally? a pr operté;éssl o?4gﬁgser338ma&gr get s t%}ﬁgc%ig@gil%eg% , the nethod
including the additional step of executing code so that the target slot is
invoked in response to changes of the source slot's value. 19. The method |,
of claim 15, erein the source slot is a topic slot and the *target slot ~
is an action siigt, tihe methedbef ¢latm G whgreithe phdality iof nainpetiaps sfgeaererdt i ng
code so that the target slot is invoked in response of the source slot

firi tydefis: collaeeavhtchamponént taving aliespathies Sbindg MdSPIEGEnSd Rithé Safde t OPI C SI Ot
and the target slot is a topic slot, the nmethod including the addltlonal

St ep comnpEXREiipe t r t o fi res onse.,to
source S| ot stpr ?%Jé\c?g?hé%etﬂﬁgt’%ﬁ?c Si&g xﬂ,?&vguc ??‘S,tﬁ OL&FFHIPIG ot |s
an aﬁ{cf%la g& gfpt tar t slot is %n action slot, the met hod i ncl udi ng
‘the addit onar 2 QWG st WA ﬂﬁo@ﬂﬁ@’% %&Fﬂn&%tw&r(&éﬂo@lf@mnogemﬁﬁbked
in response to the source slot being invoked. 22. The net hod of claim 15,
wher #4280t 4B theclirss compensnan action slot and the target slot is a topic

slot, the nethod including the additional step of executing code so that
the target slot fires in response to invokation of the source slot.

16.  The meihod of claim 15, further comprising the steps of:

displaying a graphical representation of the software program which includes a

graphical representation of the link; and

allowing a user to manipulate the graphical representation of the link;

wherein the adding step is done in response to the user's manipulation of the.

graphical representation of the link.

17.  The method of claim 15, wherein the source slot is a property slot and
the target slot is a property slot, the method including the additional step of executing the code -

so that the value of the target slot changes with any changes of the value of the source slot.
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(M \ 3929\ 2k294wol \ DL6047. DCC; 1) 29 15 August 2006 WD 03/G74ddt 2006
PCT[ US03/ 04803 23. The nethod of claim 15, wherein the |ink conprises: a
reference to the second conponent; the slot name of the source slot; and

the sl otWRAH7I4H4 t he target slot. 24. A nethod for aut onpdigsdsleysos
desi gnating uni que nanes to conponents in a conponent based software

system conpfg si nghd Rem3l oPT1afh 187 GRbdef) ga{n?rﬁ%ﬂ%?%ﬂf}‘fﬂ%{’wtélgﬁﬁéﬂﬁghts

conponent having no parents; plating o

Wit hi .Oot conponent ; acing one or more non-root conponents wthin
ot‘ﬁg lrté}ﬁ%trr%?"rté%?ﬂ %f’g’r‘r‘b‘c?ﬁ‘&n{i? @‘%Lof meludingdhe adgidenal steprof erecuting eedestor uct ure and
each non-root conponent has one parent; assigning a first conponent, anong
t HBathe targeslas dninyokad o, responss ukanged ef thef soasdel shat’ S¥alalg CONPri sing a
sequential list of the nanes of the ancestors of the conponent and the

conmponent's name. 25. The nethod of claim24 wherein the first conponent
conprises a slot and further conprising the step of providing an

i dentificatijgn t The. nethod of cl aj m 25, erein the slot
is a dynam ¢~ sl o?hgq?ﬁ@%?ﬁ?mﬁﬂrﬁﬂé& "I.rfeb&?ﬁ 1S gfopic SY\C,'Q and the
target slot is an action slot, the method including the additional step of executing code so that

the target slot is invoked in response of the source slot firing.

} 20.  The method of claim 15, wherein the source slot is a topic slot- and the
target slot is a topic slot, the method including the additional step of executing code so that the

target slot fires in response to the source slot firing.

21.  The method of claim 15, wherein the source slot is an action slot and the
target slot is an action slot, the method including the additional step of executing code so that
the target slot is invoked in response to the source slot being invoked.

T 22.  The method of claim 15, wherein the source slot is an action slot and the
target slot is a topic slot, the method including the additionat step of executing code so that the

target slot fires in response to invokation of the source slot.
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15 August 2006
WO 03/071444 | PCT/US03/04803
23.  The method of claim 15, wherein the link comprises:
a reference to the second component;

the slot name of the source slot; and

the slot name of the target slot.

24. A method for automatically designating unique names to compozents in a
.component based soffwz;lre system, comprising the steps of:
‘ .creating a root component, the root component having no parents;
placing one or more non-root components within the root component;
placing one or more non-root components -wi.thin other non root components so
that the components form a tree structure and each non-root component has one parent;
assigning a first component, among the non root components, a unique

identification string comprising a sequential list of the names of the ancestors of the component

and the component's name.

25.  The method of claim 24 wherein the first component comprises a slot
and further comprising the step of:

providing an identification to the slot..

26.  The method of claim 25, wherein the slot is a dynamic slot.
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