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HETEROGENEOQUS OBJECT SYSTEMS Technical Field 5
The present invention relates to object-adr l-ent ed sof tware 'systens and
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particul 35 twodkal igElIVES the Object MARaYEMEOSGroup's Common Object

PCT/ CA9S/ OOSquuest Broker Architecture (COR£A) , and Microsoft's Common
Object Model (COM.) Such systems also typically provide
software, called the object system, which implements the
basic features provided for in the object model.

20 There are numerous object systems, some very general in
nature such as Microsoft's Object Linking and Embedding
(OLE) (which follows the COM object model;, or IBM's
Distributed System Object Model (DSOM), and Iona's ORBIX,
(which both follow the CORBA object model). See for

25 example: the OLE 2 Programmers Reference, Volume 1 and 2,
Microsoft Press, 1994; the IBM SOMobjects Developer Toolkit
V2.0, Programmers Reference Manual, 1993; Iona ORBIX,
Advanced Programmers Guide, 1994; and The Common Object
Request Broker: Architecture and Specification Ch. 6., OMG,

30 1991; these references are hereby incorporated herein by
reference.

Other objé.ct systems are designed to provide specific
functionality, for example, in areas such as groupware or
relational database - e.g. Lotus Notes. Still other object

35 systems are specific to particular to applications - e.g.
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Novel | "s AppWare Bus, Hewl ett Packard's Broadcast Message Server, and
M cr osoWO 2/88368 Basic's VBX obj ect nechani sm See f orPGRIGARSI08513t he
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Lot us Notes Programrers Reference Manual , 1993; the Novell Visual

AppBui | der Programmers 5 Reference Mapual, 1994; the Hew ett Packard
Sof t bench BM5, Programmers Reference Manual, 1992; and Mcrosoft Visual «
Basic 3.0 Professional Features Book 1, Control Devel opnent Qui de, 1993;
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calling rretﬂw"érmmy @éﬁﬁfﬁrmﬁ:h as 25 DSC]\/I pre process source code so that
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such as OL onmatio rqvi de speciali 30 |ons el opers nust us
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argument, as ' as_.the nethod une t usual | acked |nto a
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f undanent al (,aziqnishg nmechani sns. Each of these =~ fundamental nechani sns

also differ in onjaidt. sE@temsaraﬁee,rendéiGaBAﬂdmhﬁdtﬁ.&Jl@dﬂwiﬁd)nnEnt
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f undament amethoda lareg caidlwnaa'rds propErt i ape\sat fifrereaute objedtow- | evel
20 system, including differences in the fundamental mechanisms .
used as well differences in low-level calling converitions
such as the physicél layout of types' and classes. For
_example at the fundamental level, some objec.t systems, such
as COM, usé direct C++ 'calling mechanisms. Others such as
25 DSOM pre-process source code so that in place of a direct
call, a function- from the object system is called which, in
turn, returns a pointer to the real method. -'I‘his pbint_er is
dereferenced to actually call the method. Still other
object systems ‘such as OLE Automation provide specialized
30 functions developers must use to call methods (this is often
referred to as a Dynamic Invocation Interface or DII). These
functions take the method to be called as an argument, as
well as the method's arguments '(usually packed into a
particular format), and they call the method for the
35 developer. There are numerous other broad differences and



calling conventions, sonetines referred to as procedure
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val ue from nmethods differently when the type of the return value is a
float or a structure. In one case the val ue may be returned on the
processor stack, while I n another the value nmay be placed in a register.
Thus, using the return value of a nethod-froma different object 15
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examples of types include language—tybes such as ihtegers,
floats, etc. More complex language types include arrays,
gstrings, and objects. There are also semantic types such as
“variable types" 1ike-the CORBA Any, and the COM VARIANT.

25 Semantic types differ from language typeé-in that they have
a particular semantic meaning to the system. While certain
semantic types may conceptually mean the same thing among
various object systems, their correspdnding language
fepresentation and implementation may be entirely different.

30 A common example is strings. In COM, strings are
represented using a "BSTR" (a non-NULL terminated string
which contains length information), while in CORBA, strings
are the traditional C language byte array (NULL terminated
with no length information). As a result, a COM obiect

35 couldn't pass a BSTR to a CORBA object because any functlons



15 because often, objects are passed as argunents to nethods. Consi der
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object in a foreign object system and passes an object (fromits object
system in-as an argunment to the -mgt hod. Since the foreign object system
only understands 20 its own objects, the object argunent nust be =
dynam cal | y converted to a correspondi ng object in the foreign object
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96/ 03765 Creating, storin leting °b3$@ﬁm@mmple. COoM
- 5- DAl |devRIRS, zfsortd X fevnt %@é}%ﬁc@t&cﬂﬁ{&néf N objects

functlonal IS requi re faor o ystens that provide general

macr o %%rlcr?t‘%/r’:?c@r”cﬁ LR34 ﬁé@-?serﬁéfi é’seJﬁfrmna]olﬂ%b%%%ﬁ € hat

provi de dinfidH mgres mtgﬁlf&@d?m&y&l@%aﬁ&tﬁéﬁt exaiille ddrmal- 3 of

M crosoft’s C]_E 2 Prograr&grs eference Vol ume Appl e's Inside ‘

Maci nt osh:N@s OidiYe VEHH W@rnerst (e RP iBRIATANGR od
herei n by derirtyigige), or the Object Management Group S The Common ij ect
Request Broker: AI’ChI tecture an %em fication 10 . Thus,

i nconpat i bi | i t ITHe BAPME RIS LeCYSIS wanamerrtnfl@r whaldenging
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be used in othe obj ect éf%ﬁte nmenti_oned previously, object
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exanples of this are aces (which, doesn' t havez}_é_, and COM
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converted to a corresponding object in the foreign object
system. In other words, a new object must be created in the
foreign object system to match the original object passed in
as an argument. All such dynamic lifecycle management - |
25 object creation, withzits:cbrresponding cbject destruction -
-must be handled properly if object system interoperability
is to work. o o
. Another aspect of object system interoperability is
differences in exceptlon and error handling among object
30 systems. Errors or exceptlons encountered within the code
for an object typically must also be dealt with in the
object which called the code. If the two objects are from
different object systems, and the error handling mechanisms
are incompatible, software failure may,result}
35 Various object systems provide different ways to



In summary then, a sought after goal has been to provi de

| nt er operywliokjpgtésanong vari ous obj ect systens. Di f f er enPCDIGJALE005E3/St ens
place different requirenments-on 25 objects, so specialized software systens
are required to enabl e i nt'eroperabiligty. The prior art includes

appr oaches to providing interoperabillity between object systens. Three
solutions are of interest: stub function wappers; a common Wre
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use ‘an auto 0 génerate Source co cor r espondi ng
obj ects. Thehepveinebyodefévenchd, 0ok theofpdecs. ManagapeptaGieursf Thab

functions whichnbR" 983 dcr tﬁgghggt BrOREM. EQEhEEéEEhEe shanspeei Ebhe ion

application ect, .the nethod sinply re-cal’
the 10 DSOM @htsbon Whushelnsompdtlbllltlesme sheowechaniswe £o gHeRYe a

set Of Stub LYACt )8R mac EAPRELCPLONLAES QSUARY LAl G5gATEaBRL! Y Dot veen

two obj ec °§y§ rovi nt er oper ab
required forrd;namctlbnSeaycthenuuxge#hﬂt ObjsécénmaYobB n&gdlsnt@tbgr

witten. obj ect systemis to be supported, and ful
|nteroperab|? ggn%xgggbf ‘three systens Is required, an additional four

aut omat ed tools nastmbatloned|prenlou51YacDbjené ﬁMﬁﬁémSoﬁagbchaVQOIs
oL TSR BRR U LI TR R St bty B
must be genefaned;onaﬁagydtha& aspp&rasa;lable'aenothgr QbyeS§r§Y§ﬁﬁwﬁ
o Badvant age TR PRAEPASH O tif ars:r COREAD palilispalcBs? (wdch O |
r emai nder ofdaésnntehapenabahdt¢CNB@M5$C$$Chuprd@ansngthﬂwlﬁype .
o hEPShiRe RHAEHY SRR M, WS Sormull ekt can
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In summary then,.a sought after goal has been to
provide interoperability among various object systems.
Different object systems place different requirements-on

25 objects, so specialized software systems are required to
enable interoperability. The prior art includes approaches
to proﬁiding interoperability between object systemé. Three
solutions are of_interest: stub .function wrappers; a common
wire protocol; and dynamic converters.

30 With the stub function wrapper method, an automated
tool is used to geherate stub functions which ®"wrap" objects
in éode,that follows the specification of another object '

- model. That is, the tool creates an object class in the
foreign object system tha;'contains only the code necessary

35 to forward requests to the native object. This "stub* code



As a result, users of the object nust code such conversions 30 into their
sof t warwowseendsl y, naking it apparent that the obj ect picyrdaosmemamot her

obj ect system (i.e. the object is clearly not indistinguishable from
native object.) Finally, support fqg _new obj ect systenms is not dynamc,

so code nust be reconpiled and relinked. 35 Dynam c converters are =
designed to prOV|de WO 96/ 08765
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0 addition, for each object class, N?-N versions of stub

" wrapper functions must be generated, managed and supported.
Given that any particular application will have hundreds of
classes, this is a significant disadvantage. Furthermore,
this method provides no support for thé remainder of

25 interoperability issues such as dealing with type
conversions, low level calling convention differences,
lifecycle management differences, differences in error and
exception handling, querying, or .functionality differénces,
As a result, users of the object must code such conversions

30 into their software manually, making it apparent that the

‘object is from another object system (i.e. the object is
clearly not indistinguishable from native object.) Finally,
subport for new objéct systems is not dynamic, so code must
be recompiled and relinked. '

35° Dynamic converters are designed to provide
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PCT/CA95[00§E%pper method, this method provides no general support for
the remainder of interoperability issues such as dealing
with type conversiohs,.differences in error and exception
20 handling, querying, or fUnctionality differences — thefeby
being unable to provide foreign objects which are
indistinguishable from hative objects.
The common wire protocol method is designed to work
with distributed object systems, that is, object systems
25 whose objects may be located on different computers having
'different machine architectures. With the common wire
protocol method, object systems which share a common
underlying distributed computing .system (DCS) — the "common
_ wire" -~ can interoperate The common distributed computing
30 system enables objedt systems to transfer language data
types, because a non N*-N language data type transfer
mechanism is provided by the DCS.
This approach addresses the issue of low level calllng
conventions and prov1des mapping of low level data types.
35 The complexity of supporting N object systems depends



- 9- specific to the interactive APL | anguage environnent and

provi dewaséesyesect i onal access from APL to nultiple | RGPS ORTRAN
and Assenbl er). The method doesn't support bi-directional access anobng
any nunber of |anguages, 5 and doesn'g work anong conpil ed | anguage code
systens. A simlar nmechani smwas described for Prolog in U S

Pat. No. 5,274,821 wherein a Prolog | anguage procedure coul d cal |

_external | a&l%aa@yf upehi ahetaed theeovbgese. systiehﬂss sharpathet satiee nmappi ng

was acconpl|shed usin bl.e driven 10 a pr oa That mappi ng of
Prol og to RRPEFHI E‘Ofi&ggua&gsso' tbﬁ& tSI Qrpgﬁafages to Prol og

was acconpl hgbedpBY¥abildesC bekiweent Htanld@uuemuel c«aaLlergg comvemuubnn to the
systemin a table. This mforrrahogll used at’ eecutlontlrre

dynami cal | 916§PFSPHPFhesﬁH‘BBrtﬁ§ LXPe ENGSBHod ﬁcﬁ cde Tgnggtemeﬁ&

4,736, 3%l, gikirarencee] dsf¥eeenies lim @rror lamﬁeleanciep\te.oham@mﬂg.ang, or
envi ronnent;, in_thi ﬁ@case Prol o

s bi-dir ctlonal pi ng
from Prol o§URGthCPRtGEY gL fEer Snot’“&‘nﬁ?&\('r\r‘ﬁ%aﬁ&&ag“é’? hé el%’tlﬁ‘&%
doesn' t V\Dbhl?rreagsupp@%pthéddcmguagﬁscmesmﬂmsbeammmedaw woul d
ersion tabl es rrechanr sm was de%crr bed in

20 require N err] N %

0 s “Pat | ipteropesaR Lty gRERS aRTouR SRR SPTEE AR St e

conpi | ed p&@ﬁe@umom TWhiaOly mmw,nna;wétt azacharxer;srmn‘ premcedmkachThe
means was to generate_a newr nmedi a |qu uh ch 25 is
cal l ed ¥ €RB 8BCH Nae &% %"%&8’ é‘\ﬁn ¥ O‘r?g" @E‘ $focedure
was t hen dtmegh@mmﬂth (DoE) . - or| gi nal conpi I ed procedure. The ‘
new gener at ed praocedure erted ar urrent to.t qured by
t he i nt er pr eftér 1nttﬁé'ﬁp€§la$’éélttﬁe’1 mag"p&g d S5+ o% %8@‘3%6“%? ‘11, t he

. results We%ﬁa(i@néerdoﬁﬂld@ﬁ@bjt&d hstel,eqle ebproach tﬁmmmqs N2 | anguage
As with other prior art nt fac.llltates% ' et
envi r onmenCoBYELLEFS © (5’:?&]1 tlkg%'tﬁgrm NP AR h‘:e 5%%Yr art,
N2- N 1508 iGeRRtHE iid@!!iﬂ'd: bﬁ::ﬂeqw redd ticf smepcumqmmmnmsss:mmn i ng
E%?}”éztgg?gg&%%"er Si:lec]):_rapaer;[)ar{:ge oetnsbullt onv%moofg?a%shared U S Pat. No.
5, 097, 533 @e.%ttrmlwteﬁ rengact iy systen.er fam rthes axppmoagit eksiateryni ned
FomPer | SRR eyt M S T s g
handles transfer of simple data types, it provxdes no
20 géneral mechanism to handle more complex type conversions, -
lifecycle management. diff-_erences,' differences in error and
exception handling, quexying,_ or functionality differences -
resulting in similar deficiencies to other prior art.
Along with the above prior art directly addressing the
25 issue of object system interoperability, there 1s other
prior art addressing various elements of the problem, each
in a different context.
There have been a number of-systems t:hat have dealt
with the issue of mapping between different low-level
- 30 calling conventions. In U.S. Pat. No. 4,736,321, a method
was described whe'rein an interactive language workspace,
APL, was able to call external language procedu_res. In it,
FORTRAN functions were declared to the APL environment, and
the APL environment mapped the APL caZ_L'-ls and arguir_tents into
35 FORTRAN calling conventions. The method in this patent is



5 for the underlying software system This patent nmaps procedure
cal li ng coppogbgre®s from N | anguages to one by witing cpdechesssis or m

t he -mappi ng for each. The nmethod =~ does not work:for conversion anong N

.l anguage conventions, = and in any ca§_e9vvgul d require N err]-N code bl ocks
te be 10 witten. In U S Pat. NO. 5,146,593, a nethod is described
wherein a single software interface is used to call a plurality of

procedures. | . this ds - 08 - - j gned

f 6r mappi ng t%b%ﬁﬁle? eér}% rllgé_p%‘? anm %@%ﬁu]é%%@;a% %rlk‘flr%ﬁgﬂn%ﬁ% uses

tables to rpreecides whidirect sordl cadcesy Lo ekl ore miltiwlearticul ar

| anguage. Th l. € f I r Whashi t he
guag %f%gfésr ni%‘%‘?@é@@ V\%ﬂtﬂﬁ ; A5 OPPT Whsdi G H B aodBA:

call's) links nte . err application and uses it to
make al | theiSurReTs i dhrechipnmpl access careng canylamnbberrqf skahglimges,

structuresegi fy t AWQ . St STejelele
i nteroperagi Irhlrt?%/ %orfﬁ{gﬁ %ﬁguilg%ﬁ’%ﬁ?ﬁgf%ﬁe_n |%§§,£%%% woul d al so
require N err]-N tha#iaeilsnmerhani spwasmcdesaridgd for tRrdlogxireibied) f or

t hat purpose. : ' e

desi gned t%gép'r N ’desT'? rfg'c afljl'i%%@eﬁ@wﬂ%?ﬁ%@?é%%ﬁéﬁ%&%ﬁ et

| ow- | evel calddakl extremnal ckanadagerfunct iengandsvicenversa. t hkn esdtiept i on
of U S. Pat. 2 76 .1 zﬁ.uﬁlﬁ' f GOTW & 4

various | ang agee y,péé_h%sn@a | .g%@%e(\%r, %eeyd on aagdtr ess t ]!;ei‘f%%ue of
di fferenck8 mnmesach. Hrhat |svelmappingetPreing ds miktipke  ladmagesh a

provide & di (e Shipdieh heMelpEa I A a00Y S |1 3P SIEVacoolla it gpd

to. Nor do they provi any sup _nmappi ng between sendntic Types.
35 O herdgrarihing fthe dewplevel Salhing Neenderitgingy 30 ehe system\@n
96/ 08765 - — : CALD QgtS e

-1 11 - c?eatla{blﬁ't h the i%%%%%tln%%pW%% %se{%:ve]gen seéman fp}xt%}&&tq_n

this patent, dypmicablt werfomnthe cmanpieng vasAhwitinehe metnehtinfUs.
arger Sygherpgisedyd O Prpg U2, GHIR MRS, spddi£(d 358 i ch decoupl ed

two sof t waf e appl i cat i ons. e Senan VPES™ usSe n the
communi cat i orinvEeractesve nNeahguads envixonmdrit deistrilnsigrasiée Realog. t eitches

Loat e, S SEPL AL i RSP Y D AR U S dronanen,,
APl to accesdutatnot vimarg Mhylarguages ed Toe ehetdwitkrdnesm'd iwoxn criverg
semant | ¢, " Bonki e 'ThguadBUSHL DS EGH | Snd R 'l S Rslgra o0 the

20 require N*-N conversion tables.

A mechanism was described in U.S. Pat. No. 5,210,876
wherein an interpreter is able to .call a compiled procedure,
which in turn, calls an interpreted procedure. The means |
was to generate a new intermediate compiled procedure which

25 1is called by the original compiled procedure. Thé new
compiled procedure was then dynamically linked with the
original'compiled procedure. The new generated procedure
converted arguments to the format required by the

_ ihterpreter, then called the interpreted procedure.

30 Finally, the results were converted back to those required
by the compiled lanéuage} As with other prior art, this
patent facilitates an interpreted environment calling
compiled language code.. And as with other prior art, N-N
code generators would be required to support procedure

35 calling convention conversion among N systems.



devel oper to use the decoupled data, and is anal ogous to a single DI,

W t h t 'wo®60876sonsequent |imtations. ' In U S. PaPCT/NAS/@S5Ey 8, 978, a
met hod was described to 15 transfer information between two databases. As a
part of the system a mechani smwag described to map between both

| anguage types and semantic types. Each | anguage type was tagged wth a =
canoni cal identifier called a marker descriptor. Likew se, separately,

each semantic type wak .2qid.aguedMig3B desvidberla médHdd ifRyr called a type
definition. When data was recei yed from anot her dat abase, t he
doscri pt i GRESREAS I PR Ghs (A OF CHTIAIR GIPPHEST Lanaaes ¢ Qs

equired tsirhﬁ\eg sy feiten e steacs | @i QLft[S adfodd lis wralthein rmﬂﬂhem:h

envi ronnent s an s mant i ¢ Nl e 25 conversion descri_ptions,
because ¢ é%?[}?réfd"eatfm etrleegéqml}?@eda{:tc’at?a&mgsle APL
Sterrrrrgr y5 offdﬂe:riew\mml exdlinng soft:vi&trezI sywm:tl om}nrsn\pac@ul _
enbodi nent s stemlna | ter enahlin t war e
obj ects f P(frﬂc’ﬁ#“ﬁ% tqaﬁle" geéTFé‘tﬁﬁsgof{ﬁ ﬁqorsrlx%ﬁ qﬁ Syrat e bi-
di rect i onaidiy igneg ddﬁé)ftd:(p”érﬁtﬁﬂn ithe hﬁap;nﬁ@ Iﬂti‘r @&fach. I ar'lgfa" metHyd t war e

system ects froma forei ohj ect s ste unrmdlfled et appear
to be nataa? § 3 ef& s‘%{{eer# % tlr"f‘&? t ssed.
Support f endddi tamnalasib wm;lertrez;zﬂtmwnnycbdeaﬁnedkdyaanbeal ly while the

syst é&gg% V\D 96/ 08765
PCT/ / 86 - 12 - executing, thereby
addi ng bi - dl re%tnl Qn@. ipater wmer zﬂJiMGt,w% \&i tntetaidd ‘dishddestiped edbobj ect (
systenms. A.nmec anlsmls a oV, ere. e one obj ect

sg;st em mayhsFeLn 9&&#&5 “(58:] &tﬂ) ]trlné neceJSS| ty of
5 nodi fyi ng.tﬁ’talei.(ttys of procedd‘nﬁs a for &ag:t ob:l-a:st i b wirdl extangyl@ her

obj ect stem. the € af these enbodi.,ments c ructs a native

proxy obj é’? Hdi 5t ighdth q’% % MAPRERG R for the real
forei gre ol@jx@grénﬁhmgon@mxﬁywt amtia N ndtHode nisds aabled o real

obj ect, a wel l. Software escrl of wt access
oot mani poleRtr iR che’ gt dlevel, Ga1133 (RIS g Fhed patilqulel
propert i eaangua@rai hamé msercem lelna:hé/\waﬁv}m—e)rdweme&ctwﬂanng to

mani pul at foI I qt } ﬁ’e i,nst rucéﬁg In tpe sof, t%@t 15 description
which, in §%m of the foreign
obj ect . appllcaﬁi@mmi&msﬁs tilte s emmlamntthqarxo\daiﬂ% oyn WWasinef

obj eCtzé) s %ntae%rjorcae%vxé)er klsdevr\"u:tlhf:.Olee::lc ,aua!x{d |dg§aerévtr¥u%t€u%es in a.

predefined format. The method doesn't support

interoperability among N language calling conventions, and’
woﬁld also require N*-N tables should the approach attempt
to be extended for that purpose. _

25 The above patents share the fact that they are deszgned
to provide a mechanism to deal with the differences between
low-level calling conventions of various languages. With
the exception of U.S. Pat. No. 5,210,876 they each provide a
means of converting various language types as well.

30 However, they don‘t address the issue of differences between
high level calling conventions. In fact, they each a
provide a different high level calling convention, so they
have no need to. Nor do they provide any support for
mapping between semantic types.

35 Other patents, for example U.S. Pat No. 5, 187 787 have



There are frameworks to: dynamcally |locate objects in an 20 obj ect
syst em spagblkes7es uni f orm nanespace; describe the . char aRCHCAIS0SE of an
obj ect class or instance; describe  both semantic and | anguage types;
"execute" the software descriptions_t9,forward mani pul ati ons of the
proxy object to the real foreign object; handle errors and exceptions;
25 create, copy, destroy, and nmanage the lifecycle of objects; and a
framework to géPQr%ltﬂbtﬁgt1g§ﬁ%nb§'ﬁ9§plnb Betv@en sERKRcPL] EFbésiN PRe
obj ect system appeéar as o ct classes I ndi st1 ngui shabl e from native
obj ect cIasseEhLenp@tantlymépplngpbﬁﬁﬁﬁeﬂtﬁ?m@htBFhEYpééjﬁéﬁ ByEt@R8. 30

I n addi tion, %féﬁ&ntsof fra &@Ek sy8ta téﬂduséaréo prboiaénateammﬁﬁléaelons
descrlptlon 0 object c ass dded Tnformation is called a

'm xi n" V%enl@heéﬁ?éetWhSCh dﬁﬁﬁ“ﬁhﬁ@téwolﬁ°§twﬁye|?PH%EEﬂt%°§§ppoFF ifor

exanpl e i f 5/ {the semanked Egpégtuéadtbﬁ phddbempbRIBAE i 6H aefelassigﬂeabut
it 35 doesn t support such met hod, the system asks the m Xxjns _

96/ 08765 by to be self- descrlblng The papentcrearhesighat the
- 13 - §ﬁ&hé§8dd&b&915§§oﬁbhﬁ§£ bé EQ?XrS@EdSEPBQVEhéhéaﬁéqUESt
| f so, they t over and perrormthe reques his wa a_general

nechani smis pepvegedtabient éay %ﬁ§e€§E§§FbF@FE¥ FB¥tBSFec9§VPﬁ°Hﬂr§bjecf
systemw th f&ééuaeéygéeﬁtﬁﬁi e8i getess axeaenﬁhieﬁtmabemewmabQEea

natural 'y support tensions to default 1npl enmentati ons of
each of 10thelaguhereraﬁ@doansaa¢§hgro§s@an590059§ﬁw syBuem thed

packaged i nt S chkﬁ S e ( ) of CBA8 can
be dynan1ca|?? ? gi ﬁlﬁggh%ﬁgs §%c§ggﬁggy£€a§§n%aogﬁe heogystem

‘thus” addi ng edevglﬂpﬁg to useetbar jeroun ﬁénﬂéﬁﬁbya§9p§§r§nﬁéﬂﬂeﬁﬁe59
systens and éf¥'ﬁfIf”%Eth”&ﬁ%ogﬁhébbbhEéqﬁth QEEEEaE@bﬁSt systens.

I't will be ObVIO S to those ski he art system may be
used stand-al one, Tn BnBedBat. aHOanSePEQEﬂ?gofalﬂeéhpérgéﬁ desenaPedsyat em

Fur t her eg%Odtfgﬂ e?fﬁﬁQSthEQBh'BPt@E@naE§8 B&EXhQF@s As(é)paréyéfe”‘

and nethodto ena e creation o uni ver sa |
si ngl e obj ect thai systgpeapsmeshpaism WﬁﬁpﬂéﬁﬁﬁﬂbﬂdlﬁoamBPuPGFW?9noPOBBJeCt

systems S'”U'iéﬂgegggycyégsaaﬁdWEEﬁQnegg 2ypag! Cakh¥nC 1aRgaaYe! Ehpabvas!

systens it al d system al e crea I on of ~objects
i n individual taggeti wathoa, cananicateidensifderacrdred a magkeRer, such

Opjects may beDBREAHPON LAKEWELE!CHeph ate@?”pbagﬂ Lananege tgpRNRheoy;
25 (B) a sys em a 5 el t her grar E
20 tagged w1th a canonical ldentlfler called a type definition.
When data was received from another database, the
descriptions were used to perform a conversion. Each
database was required to have predefined descriptions of all
other machine environments and semantic types, i.e. N-N
25 conversion descriptions, because conversion was performed at
the receiving database. '
Sy £ the I .
This invention provides in.some embodiments a single
system in a digital computer enabling software objects from
30 multiple heterogeneous object systems to interoperate, bi-
directionally and to be combined in the creation of a larger
software system. Objects from a foreign object system are
~ unmodified, yet appear to be native to the object system in
which they are used or accessed. Support for additional '

35 object systems may be added dynamically while the system is



Interactive - to enable the construction of object classes I ncl udi ng the
af or eneO /M8%65' uni ver sal obj ect”, where such = system iRCTICAISHPHAL | on of
sai d object classes, may constitute a subclass of, incorporate, or enbed

i nstances 30 of, objects froma plucahbty of object systens;  (C) a
system and nmethod to enabl e object classes and objects to be relocated -
anong applications and servers in one or nore object systens while the

appl i cati oexeadtding, theveby addieyebitdigectidnallt Aaderdpeiapliil@eyof
sof t war e 35.ghi|& ing sai d object .cl sse% and objects, even if it too is v
WO 96/ 08768* other supported object systemsp TACRESNGHEER is

- 14 - also pesedtdednghereby features in oBéiebjE&&Cé&EEéﬁang bae

Dr awi ngs fed . The &oreggLng asgegts of .the invgntion may be nore
readi |y unGBPBPEE§% ¢ r SFBFENERIEE Y RESFEMEoWRFGous the pecgssdgy of

descri pts omodf fiythghebjeeteonnecti on with the fol l owi ng draw ngs, in
whi ch: ' Fl 1.is a. sinplifiged overyview of sysfem (in o
use) in accordaht® ﬁj?hrﬁlﬁPe?BPFgg gﬂbgﬁiﬁﬁﬁg of Fﬂ@tﬁer °£3Fﬁ§ention; 10
FIG 2 is apstem;Vvihe sf’stbm sfstheser elmbbdimenes construetacaondange W th
a preferred_enho en

dimen f_the,_. ) i on; . FIG 3 shows
Coy ect Sy<PERTRIERIGFE dfnpigtinguishaBiZeramother PALINGaFPAPcREY ot 1y
Framewor k; £&5 the real Ebfeidnsbbyecthe ThRecpirpiirobbiect ebataiwst Anone
met hod ,and. netﬁrogerE¥ “g aCCOﬁdagce @Ath thell emhodi nent of Fig. 2;
FG 5 %holfeaeRELPEA D, bBeEEaYi BPISRC nas Well a8, BIABESR £R Phe
embodi nent seftwage des2Piption of hb® t6 abeesst Baddmaaipplaee ehea nethod g
whi ch .fotloms t he, CORBA C iinggage ﬁg%ling cgnvention; ) .
FIG 7 shoRBIBHE TeScFipPPBnC8r Caldi AFPalmehBPASa €t 1ts,RroRertiesy| ed
usi ng a Dyandi hahdlecekceptione:.f awhen the proxy obj&ct8ighows the typi cal
lifecycle of an e prgcess used to expose

bpegt; .25 L Fl G shows th
cl asses. manlpHSPhﬁafhé%s§§}éﬂW5ftp?g?nEErucgloqs in tRecSofEwekBus a
typi callspr@égcobpeibni whaehor §anedrn, resultshihhehenbedreBpbnaingi 9. 2;

Fle 11 shous Lndiyiduale #RR'SaLIGN oBTdcESr VOl

The system of these embodiments provides a .number of
object-oriented frameworks with deféult implementétions.
There are frameworks to: .dynamically locate objects in an

20 object system-specific or uniform namespace; describe the
characteristics of an object class or instance; describe
both semantic and language types; ‘“execute" the software
descriptions to forward manipulations of the proxy objecﬁ to
the real foreign object; handle errors and exéeptiohs;

25 create, copy, destroy, and manage the lifecycle of objects;
and a framework to "export" object definitions — i.e. to :
make objects in one object system appear as object classes
indistinguishable from native object classes temporarily or
permanently in other object systems. |

30 In addition, there is a framework to add extra
information to the description of any object class. Such
added information is called a “mixin". When an object is
manipulated in a way-it'doesn{t support, for example if it
is asked to return the middle element of a collection but it

35 doesn't support such a method, the system asks the mixins



30 configurations of "universal objects" in accordance

pr ef er r edWEX4$9876%ent of the i nventi on; . FIG 12& |F#8§Fﬁa?es an
exanpl e of the system - WD 96/ 08765

PCT/ CA95/ 00513 ' - 13 - - 14a - enabl i ng
a-universal object in an individual configuration; and

FIGS. 12b and 12c illustrate application and server configurations

respectivel yassbciated w1tBethb|ebjee5anpthey o&nSpuppbirt Ehbodequess.

i"g. h '
i §i tal compBEePor neREVoPARRCBURT ALg POECSER BB reauestss il KRT5; Uef,

i nventi on. Paogeaeramlmeshanlsm isnprenddedd tosiergeadf thet ceppbélisgesem

referred to g iﬁg%ﬁFEﬁ 0% éﬂwéb§§%68$g§22m§%&EEWEeQEﬁEEQCEffEQHE? 36588¢

obj ect syste
PCT/ CA95/ ®054@stems that they wouldn't naturallySsupport. process 102, and

obj ect 103 are inplenented. e.sec | I el t LBg
process 102 and ggfgstigg? gg the g ?8P}gd98@i§§eﬁﬁéE§ o?eggnggggjégt
system (forethe abbzkei framewori&st heepgroapedl by mbﬁebtisyasemg ahd obj ect

T SpRLER LR T BRRR R bR AP kcR kR et Ran Bl O

- using the nauosasobjeOSAsyseanbendynamesall&lloadeahenpooxheobﬁect 100

e RGN T ARB S e, ayRU B B BRI o

t he real abreekat93to dypamicaliy sabbomtsnewtbbdeptseysFEms and

PEOPErt e, BRdRaRes SRR hran SR PLARE ALY psURE QLS PO

forwarded to the reawidbj bet obvidas. toThhospsekuiﬂedmandSheharbabhpuIaheon

by foIIomAng ts%em may be used stand-alone, or embedded as an element of

15 a larger software system.

Further embodiments of the invention are also provided:
(A) a system and method to enable the creation of a
*universal object®, i.e. a.single object which appears to be
implemented in a plurality of object systems simultaneously,

20 and which can dynamically change which object systems it
supports. Said system also enables the creation of objects
in individual, application, and server configurations.
Further, such objects may be based upon interpreted or
compiled language technology:;

25 (B) a system and method — either librerybbased or
interactive — to enable the construction of object classes
including the aforementioned "universal object", where such
system in the creation of said object classes, may
constitute a subclass of, incorporate, or embed instances

30 of, objects from a pluralit& of object syetems;

(C) a System and method to enable\object classes and
objects to be relocated among applications and servers in
one or mofe object systems while the applications and
servers are executing, and without disruption of software
35 utilizing said object classes and objects, even if 1t too is



I nstructions in the software description 104, which, in turn, results in

t he cor wasoss9és g mani pul ation of the real obj ect 103.pcTiim®smysiBem can:
follow the instructions in the sof tware description 104 regardl ess of
whi ch obj ect system 20 created it, thus resulting in a non-Nerr]-N
approach to object systeminteroperability. Referring to Fig. 2, -
there is shown a sinplified architecture diagramof the systemin
accordance-with a-: preferred enbodinegt-of the invention. As descri bed

bel ow, 25 applicants have successful Iy inplenented this enbodi ment on a -
wi de range of hardware platfornms in a w de range of object systens. In

t he dlagranb Egﬁ$ﬁhbangular synbol 110 I ndi cates that itens to its right
are subcl asSas systen1|ncludes n|ne franemorks as follows: 30 the
Locati on and Enumner at i 8xiefsRegoni Ane S | ocat e ObjECtS

in an object sysipgg %B%b@:.ﬁgorasb@cft%r@f the in¥es iBﬁcﬁlaP) Bel Wded i n this

framework is t ablllt etermne t characte |st|cs of obj ect s

that have bEE# i1y unde @&9&§ by re%e”ﬁBCQGFGBF following
PCT/ G895/ 008é8ailed description, furnished in- cbBinection wilkt® €hass

Descri pti ongEt anewor kK .2 rovide a.description ~  of the
characterisf?ggog\#g n668,38§5c|&§s"§P° st ance; t he Type Description
Framework 3 to pF&Gi.da asdassimpﬂi@ded.owervﬁéwapﬁ aosysbtesy t(inot h semantic
and | anguaggskyPes aécbilaaﬁeew@&ghna phalrae B ERNBR mnt O pee kgl & the

u € proxy -

sof t wa escriptions to forwafd mani pul at1ons o
object to tﬁBVP§§ﬁ°?ére|gn object; . the Error and Exception Handling

Franggork 5 to hppdle2 is an aﬁrewirie&ndfemepbyee&m anhheelsth%ycl e q
Managenent Franmewor

h
lifecycle o+noﬁfgeféan5%8"%EE? PregﬁéEFdEfﬂbpéFﬁétE?éﬁeﬁBFkngn?ge ;xgort"

" obj ect ~inventionfions - i.e. to nake objects in one object system,

appear as ObjeCtF?éas§e§hbﬂg'55PP9H Eﬁ Lﬁgghgggl ge%?géygtobjecﬁ

cl asses teITpOI‘ ar or er man In O'[E
In additi orplugged il-§t9h§hﬁ1 Aﬂapssppsegintmﬁmmewor add extra

i nfoggration to t?scdea%hawsoahef déBErQB!:QSh of 8! éiasseniéh' Bflet N€ support
in all -object ﬁﬁ of 20 features found I n,one. object system

There is al®gt CB%?RBEPEFF§YFPQW§ESPE £ vVith the| oad, and manage
Cbhj ect SémbeﬂiﬂdnﬂtostigsAs) 10. The OSAs 10 are I|brar|es that

FIG. 5 shows a nested type descrlption in
accoxrdance with the embodiment of Fig 2;
20 S FIG. 6 shows the description of a method which
follows the CORBA C language calling convention;
FIG. 7 shows the description of a similar method
which is called using a Dynamic Invocation Interface;
FIG. 8 shows the typical lifecycle of an object;
25 FIG. 9 shows the process used to.expose classes .
using the system of Fig. 2; '
FIG. 10 shows a typical proxy object in accordance
with the embodzment of Fig. 2;
' FIG. 11 shows individual, appllcatlon, and server
30 conflguratlons of ."universal objects" in accordance
_w1th a preferred embod;ment of the invention;
FIG. 12a illustrates an example of the system




package together extensions to the default inplenentation of each
af or ement ivp9 ogledresinewor K provided by the system Wen 25 adRiETICA06513

provide full bi-directional interoperability anong all other object
systens with correspondi ng OSAs | oaded. A nore detail ed
architecture diagram may be found in the Vi sual Edge Software Ltd. C ass

Regi stry Functional 30 Specification included herein at the end of the
Det ai | ed Description of Specific Enboigents (pages (41-143). It

wi'l | be understood by those skilled in the art that the above
architecture diagrams may be reorgani zed w thout affecti ng the utility
of the enbodi r

PCT/ CA95/ 0051%1%3% A lQ.{al'fi.i.ve:l:'sal \@j%%@%}p%n f.}xd:w:l.dual Fl g. 3 shows
t he OSA Regi stcopftigunatsiono apdwel | as a nunber of OSAs | oaded. In

this configurationpidi, 94 &Ad 12d3riCMLEBi:&'dﬂH erpmeircaumd Yarong the four
obj ect systens cor reﬁpondlttjg?ﬁ o the A speci fic enbodi nent

of the invent 88FVeF =1 el reqqpcé,;.ved'lﬁd. runs on Mcrosoft W ndows.
3 1 andSWI’ldOWS NT j::_All L.eg o s ADU ;qo :C‘ﬂbl 3

Sol aris, as well A A t pters

have been i npl ?Irﬁgft @d%eacr os'@cltl&a%_%l:d_{ﬁut oma:'tgﬁ“o‘r%’ctt |‘§¥ﬁs§@a“}%§ DSOM

10 Mcrosoft QO8 imdiferin e digitalofeompunen :eaaqcommq atitth a system

I n addition, i#‘ @ irﬁHHte@q‘ttﬁ{E fiHvetition. | Brd¥dsd iR |s@hguage
he e di ment

envi ronnment . cur rent provi oS SUpport for enabling
obj ects i npl eddmlemented, using Q:-Ifllq# lﬂ?l?é'é'd SYPte9) -« Kelornadtaiias,

cor.respendi ng t%nak&ﬁék%j%ht tdybtﬁﬁmdﬁr&%tfﬂndwrfﬁm la&y gesvtdles support
for enabllré%gsoftwa wrltte Jéﬂ%C(l . hot witten to any obj ect .
system) to be (93'1 9@{ W th correspondi ng OSAs. .The
sections bel ow descri be each of the above 20 frameworks, and the section

nunbers bel ow correspond to the  itemnunbers in Fig. 2. 1) The
Location and Enuneration Framework: a framework to dynami cal |y

| ocate objects in an object systemspecific or uni form nanespace.
25 - The Location and Enuneration framework has two primary
sub-framewor ks as shown in Fig. 2b, an object system speci fi c nanmespace
sub-framework call ed an NAdapt er - NaneSpace" 111, and an obj ect

syst em i ndependent nanespace sub-framework called a "Vi ew NaneSpace"

112. Together, 30 addi ng support in the framework for new object systens



requires only that the Adapter NaneSpace be subclassed - a linear (i.e.
non N[ eWQq 96/98765per at i on. The Locati on and Enuner atPCErcASsaesasor k

provi des a suite of generic capabilities which may be used by OSAs or

WD 96/ 08765 - - 15 - PCT/ CA95/ 00513

- 18 - ~overridden (in the object-oriented sense) and replaced with .
capabilities specific to an individual object system More specifically,.

t he Adapt e5rdEe@sSPEeR, lddd BIyesles10P £ bl eméfad] | iPhESsddpcate a |

particular, or a conplete |list of: 5 classes, instances, functions, types, ~

~excepti onCPIRAL SYShRMesHIREAMeR ing \PEFRI Tat0drAndi ki ect LQhe iobj ect
System  rdfedidd 419 APRAUEN £l POl othdilh NErGEds daler o AYMTE OUS

wel I known search techni ques, such as regul ar expression nmat ching, ™ may

be appl i e/t PrIresealh wieh okesisingithe spiret o¥0Bnt edhe i nci pl es,

a single ' rf sq t s‘kdﬁm :?%33; L feFF - dasa b fore
utilized bsyét e re‘%gie'}%\a er&grf “the %ds!t\% to sgoaﬁrc c'etgany : p'g?? |6(}ff{’§'r obj ect
syst em t o ahatesrtni M0 apbeaxsirindist ingud shatyldyEdm i ofhemedbjectds  provi des.
15 ttens 4in Adapt er. .Na aces smay he. enuner at ed upon execut i on of
the syst el e, s S0 G AT, SRt "Sflist $f Wrpcammeitih-

Adapt er NepmRSpacRey W] edtot100 B aB i shed 6} rsyitiine 05 Werdaiaoy red, as
woul d be the case if a = - user perforned a browsing operation, if the

syst em ha®PSRF Sshdhucieah e 3 a amMeldulal t essoidware the
systemo JetAQURE R B N It Qddedd URE maHRa Y $flNreal

Adapt er NaneSpaces enunerate their contents USing ~— geheric mechanisns
provi ded 9piEet koA eme.@. Byow displgaldy its atgtdndsipaestf iikcsrechani sns. '

Generic nj r Qi ' ystem incl ude stati chani sns,
dynani c g&?ﬁ?rﬁr?n%éqo%w&iﬁ%a aeggeéé%ctﬁlfﬁss‘m.%% ﬁoﬁeﬁﬁﬁ Techani sns, .
users of mamipulstsisepreaiyt chyjdcmA,s the megiiguYatiteig dxe ormation. Wth
dynam ¢ nechani sng, e stem queri es, the objects t hensel ves, (or the -
-softvvare-d’f’itﬁrﬁ%_ef%g’ys eerﬁysgifé‘haé%d %‘G""Pléf?g‘}he’féb the é’re@%epé’rl'ee‘;tsynbol
tabl €)15 o 10at.er 1Thee syfstem fovwards ivhe médipulaitilens sy Eavving tHe .

systemreads a file, or a repository to determ ne the information.

Exanpl es SRSERUAtHANS ifp hie isahter & AasAmi@Lisodfd.i shich,f iem a CORBA
| nter f ace eigRQSideduled Gaflivie 2 RMPRAIY MddiHtatieaidl0 ciieadgn fi1es”
(e.g. C++ header files or
object 103. The system can follow the instructions in the '
software description 104 regardless of which object system
20 created it, thus resulting in a non-N:-N approach to object
system interoperability. :
Referring to Fig. 2, there is shown a simplified
architecture diagram of the system in accordance with a
preferred embodiment of the invention. As described below,
25 applicants have successfully implemented Ehis embodiment on
a wide range of hardware platforms in a wide range of object
systems. In the diagram, the triangular symbol 110
indicates that items to its right are subclasses. The
system includes nine frameworks as follows:_
30 the Location and Enumeration Framework 1 to dynamically
locate objects in an object system-specific or uniform
namespace. Included ih this framework is the ability to
 determine the characteristics of objects that have been
located;.
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- 19 - wo9¥TRBA | DL files), or reading the symbol tabl cPGHCAISNSRani ¢
link library". Typically, each OSA woul d have to override sone
capabilities of the generic nechanisns. _ The second sub-f.rameworKk,
Vkew NaneSpaces 112, provides 5 ‘an-opgect system independent nechanismto
or gani ze I nformati on such as cl asses, instances, types, etc. View
NanmeSpaces, may be organi zed in a acyclic graph. View = NameSpaces nmay

aFso be subgleagaetd DdyMgie partrenéwbrk 2apabbrovies suabsaziptiloal
list of named objects (i.e. 10,cl asses, instances, &ypes, et,c.). Any item
enumer at ed i n @ the ghgxast/EheshaseCfafthRPIPSEcELIRASa 0V R jace,

i ncl udi ng theh $d e NaNBase PfanwbBPh 3 60! SréyPieak 8bscribthen _
systens, aliaseS are provided, and circularities are recogni zed. In this

way, users of dhangsierForvert hethssezansicupng LaRguagen §YSEFani ze
| nformeg | O e E"E:%%Wkﬁ%g e He liréxﬂgﬁafﬂdfnﬁov"“@xecutg) the Shbasware
n Franework: a franework to d

Descriptio rk: ] escribe the characteristics
of an object dlessriptions tojfigrward mapipulatinng efdthe DFgper and Vi ew

NaneSpaces “iééik%ﬁuﬁéﬁéﬁﬁgﬁ%gftEBrgggﬁrbBﬁeEk?Sses' The. C ass Description

Framework is to e s capabiTity, and to enabl e OSAs to
overri de btrhiet Enrdmresid @Erdeptyiomhdamiding Frapewerkt SohoFhandher k

consists of a suite of gl Lch 25 describe: classes, instances,
i and' 83585 thng

properties, f § met hods), argunents, and exceptions.
The 10 cotthes idfboyy I3 Mammgement aF cameworkell, toespeateyekppy,

VO assDat a, VIpstanceData., VPropDa FunctionData,, . - . VArqungnt Dat a, and
VExcept | onDat SCFE S 108 ARRAPERERS: § LIBV5 108 PhacEsfis S Typo
Descri pti ot hig DMWYk Bport iieg CFramewbekow, tbs"ekporuti bbjee¢r Each of the -
above cl asses_can pe asked for the pane_qf the, object it, rgpresents,
its type, its SRIFNIEEORS Tri; 8- JEScPPKEs ORIects &E‘soﬁ‘teo&g’rjteﬁt ST Rher

woul d be the ¢ r ddeophiect c3asees! AdiRRinFRaGRD el fram WIS -

"usage codes” escri bed WO 96/ 08765 _ .
PCT/ CAY%/ 0051 Pbiect classes temporarily or perpgnently in other
| object systems. '

In addition, there is the Mixin Support Framework 8 to
add extra information to the description of any object
class, enabling the support in all object systems of

- 20 features found only in one object system. There is alsoc the

' OSA Registry Framework 9 to load, unload, and manage Object
System Adapters (0SAs) 10. The OSAs 10 are librarieé that
package together extensions to the default implementation of
each aforementioned framework provided by the system. When

25 added, they provide full bi-directional interoperability
among all other objecﬁ systems with corresponding OSAs
loaded. | |

‘A more detailed architecture diagram may be found in the
Visual Edge Software Ltd. Class Registry Functional

30 Specification inclﬁded herein at the end of the Detailed
Description of Specific Embodiments (pages (41-143). It
will be understood by those skilled in the art that the
above architecture diagrams may be reorganized withou;
affecting the utility of the embodiment described.

SUBSTITUTE SHEET (RULE 26)



. VOl assData and override its nethods in order to provi

bel ow) . The class in the O ass Description Franmework which is

used t oV@I9WBT85e cl asses (as opposed to descri bing pr BOFICASS80503

nmet hods) is called VO assData. VO assData 5 provides descriptions of the
class it represents to the rest Ofi#t he systemby returning results from
nmet hod cal | s rat her than by building a static data structure, a |inked
list data structure, or the like. For exanple, it provi des a cl ass

met hod whi ch reqigur s shdusSter duOR&Id iRy -@]:‘a?n aé_:O tg subcl ass
& -

descri pt i S4TETN§La PSS deaded. sy%rﬁ@ﬁecﬂmfé-gwt@mnt actheorsysuuﬂ e still
prOVIdIngp&ov1d&bnqhgeéebe&%bhhq ?E%hﬁﬁb-kaé PR T ect ygE%QSXCIaSSData
he es ase

cl ass has nethods tQ return 57class it descrl
cl asses (S9TZeFPONdIng t°\/(9|h@s§§étsa) the constructor, duplicator, and

destrug or (aa spe¥iyiel icbodident! b Q_:'l'f'éS%.n v %ﬁﬁé&%{r& tee -

VFunctionData); the class" properties &é
class' exéBpFrdndnfaZuas) Py MILTogodty WincowsDat ) ands Wisidowss NT, maBNod t o

return a pgpedand AQ?K" aBﬁﬁ ﬁ&c%%y%'t%ﬁt% SunoSs anEh%o?Lg@‘i% | gt Waehlg a3s

Description FErapewor k whi ' deScri bes functions and ¢l dss 0ds™i s
cal | ed °VF§ﬁE’9-PBﬁD§P&ka‘~FF’7eH‘9FUPFct i ORDEck Syasemadapsersdbave R&enet urn,

for the fumgneﬂentbddeaﬁrMﬁe%osbhe @t@unﬁeb&aeaéna IBM Bl AhaVHisghat a) .
t he exceptions the function can throw (as ceptlon ta), and

a cal K| ¥igreppLpofhM. f apd fofhéhﬁuHéFF9ﬁ°@6rV#ﬁPﬁédPaSIC VBX Thgectass in

the O asssPsgeni Pt [ANaAHIEEWAL KanhiosR BBsdBeeh r@perLies is
call ed VPrggData Th ea VProngta cl assshasgne?ﬁ@égntégéregt SrB% E or the ‘

property tRterpyetivenéanguadreeANdTEBMeat -t h&hgr epbodjment wulrlreaSlg
met hod t opgelridbs Bﬁﬁﬁé&&yfbbobhaﬁilﬂﬁuBﬁage%ﬁ?gﬁbégggpﬁggsEruﬁgklOn

cl ass |nthe Cl ass Descri ption FrameworKk ) S
ar gunent sCHvAEgDREauShds iRePRIQStt Systems\wigh/ gergesponding OSAs.

PCT/ CA85/ Qﬂﬁéﬁlse, the embodiment currentl évid r gokhe nane,
t he type, and t he usage codes for the a?gﬁﬁenl ets 83?@85% go SrThe cl ass

whi ch’ r ef 88abl 389 soffwarRcWEityeRsianCedit 8. ROt wroihben get amyd set its
val ue ébj écttgfsé‘éfnva{:o' pat agea) 1nTBSPEE€S§y§@éﬁQ geehribes S

exceptions |s described below in the section on error an exception
handl i ng. correspon@ingnH@$8s nf or mati on is typically constructed by the

The sections below describe each. of the above

20 frameworks, and the section numbers below correspond to the
item numbers in Fig. 2. '

1) The Location and Enumeration Framework: a framework to
dynamically locate objects in an object system-spec1f1c
or uniform namespace

25 - The Location and Enumeration framework has two primary
sub-frameworks as shown in Fig. 2b, an object-System?
specific namespace sub-framework called an "Adapter
Na@eSpace" 111, and an object system-independent namespace -
sub-framework called a "View NameSpace" 112. Together,

30 adding support in the framework for new object systems
requires only that the Adapter NameSpace ‘be subclassed - a
linear (1 e. non N*-N) operation.

The Locatlon and Enumeration Framework provides & suite
of generic capabilities which may be used by 0OSAs or



OSA as NaneSpaces are enunerated, however, it may be constructed
direct|y WO#MS76ker of the system If the OSA 10 doesn't GFIIGAISEOSIA

capabilities, as it .enunerates its’ contents, it would typically use
subcl asses of each of the above classgs-which, in addition to having
met hods to retrieve information, have correspondi ng nethods to set the

I nformati on. Thus, as the OSA determ ned the contents of 15 the object
system it wevefri@ashr yfh the objessavyientedssenses andthephbosd witdsses,
and call their

t" th For
const r uct th%apabéngfﬁgSSB?cbﬁﬁﬁsgén?ﬁ %ﬁﬁ%ﬁlgﬁﬁgosﬁgﬁgFh%%%&%gthd%%rethen
construct \ﬁﬁﬁﬁﬁbiﬂc&DIYﬁSﬁhédAﬂ@ptértN&meSﬁsee pPlrbpprovides 28ecdbehningl | a

method to set the,|ist of properties in_the (su VCl assDat a.
0% honecamebilittes' b’ ISt Sadtiurar: | b freomelbte 1SR o
DSOM cl as$ 131aéé8s pneénstandes hofuidtiansd, Oﬂgpésppektepﬂﬁon§hesub%hod t akes
one argunent 14 and 15, a short d reé rns. a 16., The, 25 ga erty

13 is of typ%agﬂ%P?°§§' ﬂﬁsaEYfﬁﬂEP}Bﬂ tgnstheredn 1n BeCREehaty

short_arguneng ﬁﬁlﬁnﬁeZQppaﬁdnteturﬂhose skydldd2in Ehe aropenay al so has a
" function to et its ¥£ ge 22 t hat $6turﬁ§ a short
I

appar ent to umergus We BOYR BRRYGR: Lef %qFﬁE'IﬁP8$n§?IBﬁgH£%ﬁ not be

30 organi zedekpréssién ﬂatehﬂng,lmaflne &pplledsaufhngtyne Searchption
Framework: a t cribe botfﬁsenantic

and Iang&ggépf§g%§gana851ng QH&FSBoﬁ§198geﬁopffﬁ§§pg§§cr?p??ﬁﬂ ramework is -

thf_TYDe teeerfaceor thenrdapketoNdmaspabe iypesfacaci-uilsngheoeéfiore WO
96/ 08765

200507%  uidieed BKqtREnEEBBINGSTOf FhE TVOLERAES: PROFCH EMKmewor k

provides a b?é?tﬂbﬁ&érf@bjd@&Céybtéﬁ typdeteghing ¥spedeusn theas wel | as
a subclass o eDat a_cal Led Vcr Fundanent al, _f or representing

f undament al’ P?ﬁE §U¥h°£slPﬁPEﬁéF1°Plbﬁtpr°¥1983ble byt e, unsigned | ong,

etc. In additionztemsphaxadaptepreNamesShagessinayCber equmggabeduappn uni ons
(Ver Uni on), oi nters_(VcrPointer) n9993n0ti0 '

t .
(VbrFunctionF%PEFEP?n BSJEEF FXFEF@nEEs FﬁﬁjBgtggé?pggélggﬁﬁﬁngﬁé

(Ver Sequencepotracbegeny Hbﬁé#ér(Vﬁaﬂbté!)Naﬁﬁsﬁﬁcékrwﬂm$ AYEr Shtmegateenuns
(VerEnum) - and the |ike can descri b d u3|ng ia S bclasses of
VTypeDat a. T?BﬁércﬁﬁntenSFanSé nEEﬁB&rF + cP8aWRUAFY Fr& FlﬁaESaneﬁ types.

Fig. 5 Shﬁ&értﬁérQQQQEBphlBﬂoﬁélﬁgtbﬁér&ﬁhéh | $fathei ByeteRdhdd 8o
structure 25 containing two .,itenms 26 and 27 The first item. 15 is a short

28, mh,|gothgoggggﬁgtlggnppgegt|gﬁga2gart1cular class, or if the syst
had to make a class visible in another object system

Adapter NameSpacés enumerate their contents using
generic mechanisms provided by the system, of by supplying
object-specific mechanisms. Generic mechanismsfprovided by

25 the system include static mechanisms, dynamic mechanisms, or
database mechanisms. With static mechanisms, users of the
system call system APIs to register their information. With
dyhamic mechanisms, the system gueries the objects
themselves (or the software utilizing the system, such as a
30 language interpreter's symbél table) to determine the
information. With database mechanisms, thg system reads a
file, or a repository to determine the information. |
Examples of the latter would include querying information
from a CORBA interface repository, reading a COM Type
35 Library, reading "header files" (e.g. C++ header files or



4) The Forwarding Engine Framewor k: how do t hese : descri pti ons nmake

it possiwoaeledresor war d mani pul ati ons of the proxy peredbssedid he real
forei gn object? The above el enents, class and type descriptions, are

20 conbined to fully describe a class T@o key aspect of the nmet hod are
that elenents are tagged as to mhethe} they are semantical |l y nmeani ngfu
or not, and both semantic and non- senantic I nformation are contained in

t he descrlebhga 56? 1les) Etrﬁ%ﬁﬁng gln§%§gglozscaggble of fully

e
25 describing th anenfa n%c an n1 as aMl Snguage
calling cohvehtl@brarwr ex&ﬁph@aliyg eaghsRSAswauld Hevkatat boerkddea

sinpl e ”EtQBHeCéE%aB?ﬁEQWbQQQQ Eﬁg?é§8er§%ehéggaﬁgg%gnt|on The met hod 35

t akes four argunent t he nvi ronnment pointer 31 (a
characteristicTbe 3ecend SQRBﬁrnmeM0¢kcaNﬁew NameBpaicesn1dat, peovidesi S

t h i . [ 1
T ouments B Bpf ekt EyBtell SnBEERARCAL WECRERYLE BB 8X8Rni2R VS, 2y o
shows t he tofoempbadnngudbsesi plassesf tihstancespt bpges, etc\WO 96&Q8765
PCT/CA95/0 Fi 7 h
the same ne?&gap?ces'dm?Yeren?rggféng in sygFgéiﬁﬁl ghapBas Xlﬁ%gfergnf o

cal I'i ng coNemeSpaaes| mayhaiso bedsubailassed, ta Pyowite paredeulap | nterface

DII) 41 i o | .t.h 0 h flrst argune is the
(ol 4 LBquaBliicckoshih ab"8 F3hBOTs <EBel hapbatbRNERIL 28 o1° tNe
is a cd@nthasses,nmnbéanoésargupeatsese )FInath;tEMeenumetSUéﬁniﬁ ane

packed i nt r | . Lel s a etror.poipter 40. Fig. 7b
shows t he gggges% ﬁémégpazgdes rP%t #géggg Fﬁl g gﬁﬂ'. NEB‘F?EQC?hat i n" both ‘
cases, onIynQDudhegobhentenx;ranHaMESpaCEag@ednaGSheingssésaﬂYpﬂehlyof

 how t o kst PresYErRfia” AFje888 AL ROT8Eh: Bh8, EFFEitaric Tt infeca | s

from one obgeognlzedyst§n1thlanwayeruseha b6r thedspgt emghaeeval kaafdswn t he

semnt neal 19 Bably SPcAER Ria8rbahiP HERERLEL of i e foSece overem

wal ks domnlnﬁepdndentpWayn of the nethod call it is about to make, and
puts all thg,d r n the "call _stack each conputer
systen1prod%ésgéghgggggrﬁégéggﬁkgﬂn uewREk{ mﬁefEaTﬁwﬁfé g Oar gunent s
prior to makindescribeuehki enaeabtersuetical dfcapepnByieet! bYaksf gired to as

t he "call stack") , transferring the semantically neani ngful
|nfornat|on t otPAEAREPr ect position (and converting types if
20 Contained in Adapter and View NameSpaces is the

information to desCribe_classés. ' The Class Description
Framework is provided to enable this capability, and to
enable OSAs to override built-in functionality. The Class
Description Framework consists of a suite of classes which

25 describe: classes, instances, pfoperties, functions

| (including methods), arguments, and exceptions. The

corresponding classes used are entitled, respectively:
VClassData, VInstanceData, VPropData, VFunctlonData,
VArgumentData, and VExceptionData. An additional framework

30 to describe types, the Type Description Framework as
described below, is also utilized. Each of the above
classes can be asked for the name of the'object it
represents, its type, its owner (e.g. if it describes a
class property,'its owner would be the class), thé object .

35 system that manages it, as well as "usage codes" (described



necessary.) It then calls the correct function to actually 25 invoke the
met hod. ©I6/08%5 et hod has returned, it likewi se transPEFCAMRBOSIZsy| t s
back to the original nethod “call stack. “Shown in Fig. 7c are the
steps that -m ght take place if an -olpeect inplenmented in the object
systemof Fig. 7, 30 hereafter referred to as the foreign object system
was bei ng used by software witten in the object systemof Fig. 6,
hereaf ter r&fediowdd to as the nati ve- obj ect systent ‘when t he net hod 35 of

g:, gxy,G was cal | S[g’yeoﬁbé}oss in rtsr} (.kiaassesd l:?escrleptva\@% cheamOe%Aér V%E-ﬁ ct, ed/ 58213
- 24 - usteldat%ﬂermmbeas:]tdsse‘d ohat sofopparsegd It of @esfordbilye  sof t war e

whi ch mani p ted.t.he prox bas ut o he proxy it
has constru%trga’e & S8k %Wgeﬁaﬁs\/é: egigvthass m rgtlr‘?sé"‘&) & he real
obj ect, @& peovidest kescrighinns afDatws dlassodith rdpe dselt Oiccehear@siche
pr oxy obJec 70 These ar assed to %&e Forwar din dE | e Fr wor K.
The | ayout of“E 58 %P’C%Ie“b xf%ﬁ#@@f‘q &< fr%oll—'} tfg’ ﬁ% Thed
in section Ehahehgwbuhﬂ@mh@y@u@tﬂtlc data éﬂrmdhurﬂ: mmhwnkﬁﬁenlbhedata
For war di ng I;tg_r Eramewor, 131 zﬁ?rforl:ms IS to trav rse the VFunctionData of
e al’l

t he proxy, H&% t %o & O SRS T @i mat i on
fromthe Jumbthcdummaéhnﬁhhm&nsaw 136t dft prapeﬁﬂﬁesforﬁhis enablsls of
ar gunent.s, ( .. the I t) or_eac unent, determ nes
i f the alfoguhg‘é‘? tt s@a% qﬁfmverlr,l é’ta°‘r 8@%@% el f is
not senant i oxldey to mvrml@f tthe )céjastshdefsrc;wlmibm ﬁs&n@pfml objledee, the
ar gunent L wit.thin itsel f contain ntic ngf ul
i nfor mat i onsg%ﬁﬁg‘ sg)ﬁg et 5P tﬂ‘&ﬁ "133\7' "?’Hg'ﬂcéﬁtlgﬁ i’rﬁ’l mghé ar gument
recursivel ystingdesaPd tatheo restanf cdd syatemani ngf ul |nfornat|on S
wthinit. QN i_.ch i.s nat ntically nea f
di scarded, whil g‘h?e%:n 5 EHE&? S¢am Wer%tq oﬁqt\é L‘yﬂfgéﬁ" I n this
exanpl e,1% helbbssttadgseeibesl ithe base clkjsees Luaenavvlluelt ofe net hod was
called. It [,s,S€e al Iy 25 neani nqf ul re |t S stored al t hough
f or optikﬁ% n@ﬁgpﬁ'n5£§ ﬁ&P%§§ 4%°Heedﬁwﬁgcpg fng, deStINELOr dagyy
obj ect has Wua&dy.ohmnanet ey ed ags 't hethsVG(aeSA) J.:Lst of The next

ar gunment 31 nti.ca of ul it is ignore The third
" and fourth ﬁ%ﬁ a§§)an&%§3%§GSFES§E@RGﬁ§$FS 4P8 §e&gﬁFi9 Iy
meani ngf ul vandpsatane the' ellaisevedxeiptionsedasSae 1iker oFxanpl e, the
Inte148§0 VExceptionData); as well as a method to return a named

instance of the class.

The class in the Class Description Framework which
desc¢ribes functions and class methods is called
VFunctionData. The VFunctionData class has methods to

25 return, for the function ip describes: the arguments (as a

. list of VArgData), the exceptions the function can throw (as

a list of VExceptionData), and a callable entry point for
the function (or method).

The class in the Class Description Framework which

30 describes class properties is called VPropData. The
VPropData class has methods to retufn; for ehe pfoperty it
describes: a method to set the property, as well as a
method to get the property (both as'VFunctionData).

Likewise, the class in the Class Description Framework

35 which describes function arguments, VArgData, has methods to



M croprocessor Fam |y Programer's Reference Manual 1992, her eby and
her ei naWaesernismssor por at ed by reference, for an in dept PCIHGASNWIB o of
how to retrieve information froma 35 function call nmade on the Intel 486

m croprocessor. WD 96/ 08765 . 21 - _ :
PCT/ CA95/ 00513 - 25 - Havi ng
retrieved all semantically neaningful information fromthe original

_get hod Calxtetd:{l’? tﬂfét(:]naﬁﬁéﬂ]tlgé ecar;s@hear%@ytrﬁ a&wg{%d@ésiitﬂgr Eﬂlgé ne i st :1 0
egin constructing the. methg cal | for real objec pl aci ng the
appr opr i atdF BEEYht1detr RS "caﬁ?e firse ‘%GMC% "T#)é?ﬁ' st%{arrpl e, the
For war di ?gmh'ﬁ%gwwﬁégfy@éfméhma&buﬁ@%wd% &t sémwshém itsl R‘ragyugt )
representing how to ca e foreign object's (i.e.., . the real object's
nethod,lwi%iQanqﬂftQEqu%tlQﬁt%ﬁﬂ%hent_.e cfads ﬁh&?qié%ﬁcE& nt 36 is
semant | galdYedmAuni il desbAlbeédshe s Plmcgte Mdedtior b GEPSK. arde

Forwar di ng Engi ne traverses the list of information retrieved fromthe
origi nal rtERRECR 1INARAXING: t he natching information. In. this case, the

- object. The obiketahspe iffophatitil isatypicallytcheseonresd edytehéhe type
required by the foreign call 15 and pl ace n the stack.. The Forwarding
 Engi ne coft$h s dipme ?ﬁﬁ%ﬁﬁi?ﬂPW§%§§F s CRWEYSE: i ¥C tTRY dBF ect required

is the soplraRitsd diveetly thy Sche ides SRSEe d¥etampl aTLStiideosa I eal
obj ect_on the cpll st ack The secq&ﬂafr unent 37 is a strlq? const ant,
" Met hodRaRoesn 't OYSRF BTN FFRAPLLI LIRS nedhioth FEFFRHRS RrShar di ng

Engi ?e Itol erﬁ‘?ché’ﬁ\%é}\;ﬁ@akéuijld Q}}ﬁi?déall&ktgﬁésﬁall:éi'@%éé‘é r?lf'aé@tlilirf?dﬂfttﬁﬁeki s the‘-
constan snor 0ose vajue 1S 2, 0 ) aced. on e ca St acCk.
The fourt FRERIRRIASSER W@&C&I‘bl@&?’p@ %‘8' haying Iﬁ%&’@‘& iy Engine

. traverses jdisr RV Sormaei dw) iBd v NGorPespohding et Rodsincarsay twoabl e

of containing two ] ong integers. Then, it matches the first enfry with
the i it SRETRA Ty r | TR 1 %rﬁsl?ﬁeo&i%??l%mﬁté?&t %dc%t%?%%e%é Y Xin
the fifst NQSidbhece ASyStémN0it WEYEA  cHfst et thé oneeessatyrequired). It
perfornms the sanme for_the second 30 argunent, Y. Once this is conpleted, it
pl aces t helDFtaRces of theARaye clagges, and call .t ﬂ?’?d“?faﬁ‘%&ss @p
performed dyoddectrorvRémi NOF&ROkREmple, HEMRYQLIA ¢Snseoreet! the actual

met hod 705. The Forwardin Engi ne, asks the'gF nctionData.41 for the
addr ess ofSypelass of VClassData which supported these methods, then
| construct VPropData corresponding to the class' properties,
20 then call a method to set the list of properties in the
(subclass of) VClassData. Fig. 4 shows the results of an
(0]:7.% constructing the description of a DSOM class 11 with one
method 12, and one property 13. The method takes one _
argument 14 and 15, a short, and returns a long 16. The
25 broperty 13 1is of type short 17, has a function to set its
value 18 that takes a short argument'19 and 20, and returns
a void 21. The property also has a function to get its
vaiue 22 that returns a short 23. It will be apparent to
tﬁose skilied.in the art, that the informatibn'need not be
30 organized in a tree as shown in Fig. 4.
3) The Type Description Framework: a type managémént
framework to describe both semantic and language types.
Analogous to the Class Description Framework is'the Type -
Descriptioh'FraﬁeWOrk to describe types, including both
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- 26 - wodeiB3¢s on to call. In this exanple, it returns ROTCARSSINIS

of the DIl function. The Forwardi ng Engi ne then "dereferences the
‘pointer to actually call the function. 22 - The next step perfornmed by
the Forwarding Engine is to 5 handle the return values 706. The Forwardi ng
Engi ne retrieves it fromthe call stack. The VFunctionData of the

ori gi nal ”Etﬁﬁmbﬁé&é aﬁdaﬁgﬁguégé tyves et THa Type. Dé&mrlptsmmgvramewmtmOd
call returns void

b
stack" (the ?Eﬁﬁﬁd?%t% ai?aEL OP?Ef§?§c5ﬁRﬁ?$cgf?€s?%gf Tt éurn

processor - spggiféIl as!|&ceibelass éﬂcwwypesam@ecallee vesmmmaaménaaium@rion
cal | are pl ace returning

t bef th
o1 gi nal ot HORFSSeRLHRS | EuRdARENAD EPPSR<Surh 4 CEFPORE” FORR o
exanpl e, &5 adebie] chyte reansilgned ulonga eocnt eIntadéitbonj néamphex on

707. The original traversal of the VF identifi
envi r onment F% U %%nf%fﬁ?ﬁﬁr%?rg?cF%E ﬁ%ffo“nf?ﬂ% ?9C5%§+$§hhent
pointer is té@aﬁﬁérye(vbrpﬁinsasteahd gtnodbon poineehani smto transfer

error infor t|o rror 0.Exce ndl S
del egat ed th &ng 16nb E?ﬁ?nlﬁbj??t ﬁe£§53€$?%nkgg5§$?g%gﬁgghl _
converting tQQQuentééotvafSGQuénOGTthﬁcindﬁngrarrdpd byctherae) haddcal | on

t he r ect in . the foreign_objec emt hg, fo priate
for the ﬁgtl%ELbB?%c?V§§§?€ﬁPg>n ?ﬂ?@seigﬁ%ﬁé?HESQ?ﬁegﬂsciggsr?gggﬁ er si on
t?kes p'?Ce dé@?iiﬁédiﬁsiﬁQUtnedetsubclahsffooﬁaY?YEgDanﬁlgeTyped can
ultimately to_ the process | D .cal | ed. et . . . Note
that the ser?t89qP sP%ﬁEeFMEEncﬁﬁafﬁeag%?gﬁ?gfﬁﬁ Eﬂefngyeég beF29- 3
autonati cal | ghepsetneecdessrsption 60de apﬂeSQhﬁohpLheé boinﬁerfb4nnnce i f

desired. Likew se, note that t he aboye desg gtlog nin
context of n@tFeaturecap| SOnEaRIBE EWOLppEMEs2foang ﬁanlﬁﬂﬁa +BRE. iCén
rurthermse. s4he gRoSE! 282! ffli TBNERE! Qéégnaeﬁgeﬁoisbs 684 29.2an obj ect
system as long as the requisite description is 35 provided. For exanpl e,
t hi s enabl es €] r #BhghFoftwazdijnggEngine Feagewogkes how do these

PCT/ CA95/ 00513 e , A wane  t.
to be inplenentegeﬁﬁr&R§18Bfe@Pk§y§FeRPSSIb1e to forward %85&8%13t&8n

of the proxy object to the real foreign object?

gppear

The above elements, class and type descriptions, are

20 combined to fully describe a class. Two key aspect of the
‘method are that elements are tagged as to whether they are
semanticall& meaningful or not, and both semantic and non-
semantic information are contained in the description. As a
result, the description method is capable of fully

25 describing the fundamental'calling'mechagism, as weil as the
language calling convention. For example, Fig. 6a shows a
declaration for a simple method call following a CORBA
cailing convention. .. The method 35 takes four arguments: the
object 30, the Environment pointer 31 (a characteristic of

30 all CORBA method calls, the Environment pointer is most
commonly used as the mechanism to return errors), as well as
arguments entitled X 32, .and Y 33. The method returns void
34. Fig. 6b shows the corresponding description of this

method.



OSAs have a choice as to whether they have the system s- For war di ng

Engi ne woasmsmssk code handl e forwarding of net hods aupoIveAdSIgOSiy,

whet her they subclass the 5 framework to provide a custom forwarding

schene. In sone cases, the OSA cagsl ook at the description of the nethod

call that is about to be made (i.e. not the one just made that has to be -
forwarded), and determ ne what senmantic I nformati on nust be renoved from

the call stackigBy7yi éhaﬁslghef s&iﬂé fnéﬁhoahi‘h ahsl%éﬁérslsﬁ’eeés to the
obj ect systemin h the just made, the OSA witer can code v

whi ¢
into t FESERR ‘HB%\F]E‘OU?%%@ed?-ﬁF%FﬁﬁFl 6%1#’6% F%"%HO%t ackn-thie OSA

need not g&tkafoMhon, 08NBYSAmIESEATBELL R ThE ErBdBe (DFE]h
Li kew se, the OSA t hat glg%struct ed the V?:unctl oleata 1{ ; PthééLftés?dnet hod

(i.e. thetoetabl thetmethedei gRhebfirst ar@}ﬂge@'ﬁﬁéanl%omer@b]eﬂ so as

utiliz VT}% n real cal l.
- For exgrrp eggéoﬂ&%u%%t c:(t)ér']s%? ugﬁggﬁfé{%ﬁ | o%%%éégoégﬁ “cal l
back" 20 Nesttv i$hea QSputitorof utlhéenunist oof pangmemm 38 FlnéTl:EyabaV@
descri ptions._ of cI asses aren,t.specific to a:?% icul ar obj ect system
de

They can BIFPHRIRALY RATESY PR 2R 35T 3 tFRYPIRS ARes, and

t hey can &¥ror ;sdsm@éﬁewanob @Xe'wtﬂfibwﬁlyu@élk&ﬁ“eéﬁbrﬁ&j:ﬂ@rd maeni pul ations

25 of objects b j ect stemto any ot her. obj ect system As a
result, ‘f%s FK%’CP‘%/ ’? %Jo}ect No&HFpUFBRT okR b°tl?s¢1a$e%m b -N

appr 080h.the objedt SiXj Iaﬁdn!st&h@a t SgH6E ta 68 BP] Sehsnti@apiaer i ed for a
descrlptlon of t£1 Ives The desc t|on of the native 30 object is

t raver sedieefing ‘bgB 2 by The el'bi’f/ edaspe¢l a%R RBeERIY Engi ne c‘
by the O%Atifdbtideosaitwits makeé e rmé&ma%mmerted to the format

required by the object system ngki ng the request The formatting of such
i nf ormation |%no?1‘§4"5?r¥he? ipethed ¢alls fxpm ame ob J%%tmentloned

'It:)xé_rlJ_/eS ' s&bm&@eamwrtmeé Eoearding endﬁ@%@ﬁ?@fﬂown the

5/ 513 st
Cvari gﬁ? sdo SSFRLRLHTY ohythe Jeethed g3}l fhat "Faa%d'él%@)%' t%;‘-kﬂﬁ Q)‘flt en be
convert e(‘héiﬁmﬂﬁfhpiy efdaningfsl eIvEorher Tors t B e Q%iﬁh%m@é‘ék oriented

Fsgfrgntic s m thg ;/p Des'%é?\é%?(\)g Franemrkgcﬁlgg)él%é)f ,Cffzmé.esrtl ng
non- N[ er rdbd\htf aafnmake,Tfmdfcgsm HIY tHEi descried | inf ¥t Gh AHe t he
cal l'ing Stac.lﬁsbgtaékll I(Zéancq'x tco ln:e]?/pse sltnglgrnraécl:eosns |lp1_'£he description of
t he rret hof mp 2’ ol e} as particular
20 rules about where to place arguments prior to making a
" function call, such place generically ref—erred to as the
"call -st_ack';) , transferring the semantically meaningful
information to the correct position (and converting types if
neéessaxy.) It then calls the correct function to actually
25 invoke the method. Once the method has returned, it
. likewise transfers the results back to the .original method
call stack.
Shown in Flg 7c are the steps that: might take place if
| an.object implemented in the object system of Fig. 7,
30 hereafter referred to as the foreign object system, was
being used by software written in the object system of Fig.
6, hereafter referred to as the native object system, when
the method 35 of Fig. 6 was called. |
Firstﬁ, based on the way the OSA conétructed the proxy,



call ed. When wal king the description of the nmethod about to 10 be call ed,

It |1 kewwo96/08768 t he t ype expected. Knowing - both the oPCEIGAa50Sipe, and
t he expected type, the Type Description Framework performnms a conversion.
I'n the specific enbodinent, two mechanpgne are provided for type
conversion: obj ect orlented type casting, and 15 neutral type
representation. In object oriented type casting, the Type Description

Fr amewor k CQHeCQQMefécéHGQQ thetfP8§ B?anﬁE§o§|#0§U?EBﬁ5§ﬁé QEfE@%réane
type. This is accon? | shed by the superclass, VFypeData, providing a
nia

set of néhhkeasmanienlabed Eheth§°§nbcIE§§§s bﬂ@ﬁ@n@htEheTheEeuQOOﬁethods
return the tﬂéoéf@kyoﬂtnﬁ§§S§§ﬁ¥t£QcEQHStEHEtogﬂ of %ﬂ?tﬁQE§veTgb§?ﬁ

information is sufficient to create ané he su ass types
convert, thE¥eteBtrebsigyes thearead o J?ﬁé:lﬂstﬂﬂbb @% the type just

pul | ed Osf VﬁﬁhctléﬁﬁégasTbérrﬁéHﬁt§h3r9¥hﬂe @ctnéﬁanﬁﬁé°%r8§§e§§€é¥%

25 create an instance of type wh TS abolt fo be put ack.
In neutral 19%e r@b@%@eﬁ?ﬁtP@ﬁse@yb@stkﬂoﬁphuardbng Engrner Framewszkves to
one or nor epREU YEESa n ut g al pes
to thensel ves. %§f$% @ganp ,fgéitgé Eytg%iésucﬁga%ﬁéW%I£ﬁg%?$ %@ %ﬁa
subl cass ofdescribedginywertiomye) neehods ttheohayoutiofelf to either an

ASCII string, Ofng ERLg ? nﬁ&f'99??aéh&efbrﬁ?r59n80ﬁ38£§ﬁe L@%&B?Pen}to

Bstr. Thus, to convert rst type
convert &0 |tE%I#OImSAESJtootraﬁetheche VEnUCthenEet@ndftyhe pooxests from

that to it 6
PCT/CAQS/O%%%%ng it tov¥€€9{3§g 211 semantzcal%g meanlngﬁ%%el?ﬁgfm?ﬁbp?ypes
~can agree ofrehitie ciwstrecourred method eallc7edt, Enmdaskatthenfer sios

ly tak f t Ki | th t
onty takes Hapeot \aruEeEoRYe , EHE PELTOLE vELRRGuRRE| 74 b0y Leoa
di rect t)qxaxgumamsldetemmhmessnfbEhaeangumentCﬂéasem@metéallysystenB (and °

t e er O tim zat he Type
Dggcf?p Ton ?éaﬁéﬂdg 4 % 5§%§PT%P%r+ﬁﬁ%}f 15éﬂ?5n%f¢%ﬁ?ﬁ?&§ly P
construct i oreadigful, smtentm abjamént yps 4 Ocompeas seybe | hthebaegtmeaweds

to be "con e ". an .0bj ect of . the.to-be-calle ob ect Thus
a proxy neéﬁé} %éi) rgkﬁét+%%?£ﬁ Qﬂﬁaﬁ%ti??%EF%? ﬁ%%g?ﬁ pr oxy
constructi cnrnﬁmmwtasmm beThus, smelmgnsé mﬁt:?ﬁraveréé the &ﬁﬂi@én@é\%f
ExceptlonIiﬂg“éf&h&gﬁgm¥£g&i51veiy to ensure that no semantlcally

20 meaningful information is within it.

Information which is not semantically meaningful is
discarded, while semantically meaningful informatidn is
stored. 1In this example, the first argument 30 is the
object upon which the method was called. It is semantically

25 meaningful, therefore it is stored (although for
optimization it need not be, since this identifier to the
pery object has already been retrieved by the native OSA).

- The next argument 31 isn't semantically meaningful, so
it is ignored. The third and fourth arguments, 32 and 33

30 respectively, are semantically meaningful, and so are
retrieved and stored. See, for example, the Intel486
Microprocessor Family Programmer's Reﬁerehce'Manual 1992,
hereby and hereinafter ihcorporated by reference, for an in
depth explanation of how to retrieve-information from a

35 function call made on the Intel 486 microprocessor.



15 to handl e errors and excepti ons. The Error __and Ex I on
Handl i nyOM6RRtAor k rel i es heavily on the type convers?gﬁ’cﬁg’&g As a
part of every VFunctionData, a VExceptionData is created. Wen any
exception occurs, the type conversiomR%system converts the 20 exception from
the type in one object systemto the corresponding type in another. In
addition, the type conversion nechanismvia the nethods in

VExcept i onDat ajaving reespevedbakl f semant jgel lngnedmirgfebt informati dmg

syst em of t forei gn | £ i fec nt
F)r/arrevvork:fr%{"%%%%%#%?%Pjﬁgéhgaségg%t (23':% %%@g@%égy%@%%d %mana e the
lifecycl e tie Forwardirg cEnginanis to b&gimheomhirect n@othe methedework: a

framework t Xpor t i e il Lj.0n0s 0 ' h obj ect
lifecycl escaglf]fefgorr a%%gr%%} e@{;’ﬁ%%ﬁ%ﬁéﬂéir?@ﬁ%h%?p C§%¢%£O élgn' gb} ggt in a
typi cal Eola'ﬁgnmétylséemitshe-i '_'cahbvmtacﬂ]fFi'yO&B_. __Imetzllpi@_(lt_w\m_bgj nshehen a
user asks to create an instance of an o , e st.em
first FRAvariing alff:‘?gjfth% ‘1’%‘&? rV?%eﬁ%a%gm“%%fJééﬁn?% a%llé? ab}rrg

' V\0386/ 087Q51g.437 rc-lzl?reshenting how to call _,t_:lre blforéi?%’ﬁ@]@ﬁé__ €054 3(i.e.

- - ) the factory. isn't avall able,. . t

attenpts t'eiEsal (PRISEY I/%)r ’Hﬁt}'/h%lé' shREFHFERY nt.rtl%efﬁ%nl gfoagg‘ﬂ‘%?%%t e the
object. The obhectisyet epyahent s36hesssemanticaldppheaningfiul oandoads the

appropriate dynamcally_linked 5 i br ar ang transferg. exegution to it
45. ThaOsamyef be pLReed @n; HheGe iaﬁ% and ?eg?ﬁ‘ga?‘iﬁ?%r BLBBr all the
f'hassg,s | te S4POPEES dRe TDSE, of hﬁnﬁ@fmtiéﬂgi:étfiévfegsfromfanéori es with"
e object system in a process sopetine referred to_as_.exposing its
f act orJi es"°ﬂ¥9iﬁﬂ“?%°§0cﬁfic@s. ?gdcﬁﬁrﬁl’@?é 110g 18 ?F‘B‘?F?‘%’Pgrn ngont rol
to the  ob&ctasyst eHe48bijdbE. ObTRE oBYyeEENELGANthEl bpiginglhedldf - the
appropriate factory to create an i nstance of-.t'hg gﬁséged _¢class_49. The
factory crivgsesbancepverhed 5P the b¥pPecreqpire dCRenEPF§I9RER hst ance

i's retygneghdOpiheedséh Bhe S6adk.thehebFeewardingi Ehgefle adfitainsabn
references to, It na

barty T hatoPt iRksaBloBr WhiRBeaREoTEASES EECRNP| I Hot o BREREEAL BS WS
object is pegd dBjéest (wiith, ithésseénvehigdetase) nandi soapyacesobhect
cl eanup i s necessary 54 (e, g. should nory the 20 qgbject is, uging_be
de- al | ocat¥€@l °h9$FEaPPthghF§1gc§EPgﬁ°--&h@ns?ﬁgnaaéFgP@FEFeﬁtegﬁsa _
destroyed.gpring cdHSt&HE} CAMBERYENEMeR N €] BDCERRI hhing bEaBRRareally. As
20 method) which the Forwarding Engine places on the call
stack. Likewise, the third argument 38 is the_constant
short whose value is 2, so 2 is placed on the call stack.
The-fourth'argument,JSS is a complex type, so the
Forwérding.Engine traverses its elements. The Forwarding
25 Engine creates an.ar;ay capable of.conta;ning two long
integers. Then, it matches the first entry with the
information retrieved from the original call, and so places
X in the first position (as a long integer, no type
conversion required);_ It performs the same for the second
30 argument, Y. Once this is compléted, it places the array on
the call stack. D
The third major step performed by the_Eorwarding Engine
Framework ié to call the actual method 705. The Forwarding
Engine asks the VFunctionData 41 for the address of the



aresult, it nust appear to the object systemas a standard obj ect
server thwodg6m8yesns t he standard |ifecycle protocols 25 t h®CTGAISHIFer
designed specifically for the object system woul d. The system or nore
particularly, the OSA for the obj ect2gystemin which the request takes
ptace, is therefore responsible for itenms 3, including itens 5 and 6,
Item 8.5, and ensuring that during 10 and 12, all 30

utilizati on/fmn:mdamttt@ncaailt heImbt;lens e:saﬁple\ardedretums)pﬂﬁé Yadduek s
transparent| ect owever,.. t he OSA wor ks

wi th anot heral%é%1 rﬁﬁtﬁ* Ort’he %‘?Eﬁ?r%%?e%Qﬂ? tJtl'f\%ﬂreal object is
created in, dereferdrces tﬂu@rmyntfemr tdicactmmlhpjexll the £WMRtHIHNIS765
PCT/ CA95/ 00513 The system
brovides a framelBT AP (BF PR RFEFRTIEARY RS Eparding BREtte BdT ] ng
Fr amewor k5 Atandleanpélw&um/\salm 7061 cmwmamwsmmmy be 44. As -
shown in Fi n erfomn e , _th app 5 initialjzes
roelt 55 CIRREIONST a1t SHEOR e b st Okor Th NG atbata, i ither
obj ect systemigfmaappheméd%&sprwraskea\n sdsuesltt@ retwrmverpebl ethé this
obj ect syste the eF or rret hod js called 57.in the OSA o
requesting ’E%é? S i ‘é‘?ﬂc‘i FARRSIHERFIRE IR d 10

in the appl thb@rﬁmewron dﬁi@r'méﬁdrﬂrm@cpe(ﬂhétt%&m “ref e Sadit! e,
or dynanj cal Ié/ determ ned. . The Ex Facto %%/ hod is called with the
: She. R

VC assDa HS JERITITRLLY (ke IR CRFPURF 1 o TRRFC Jf ory obj ect
- fromthe thadaﬁ/fbmb:b:ecloéatsim wher®nshé Ueésubt S vf facChdiotidn 1&all

reqU| red 58, or returpns a previously created factory 59. The net hod al so

registers t FS &aFS i th the native object system 60. Anot her

aspect of exDosmgeths§35stéprbgfézlt~erregufﬁmg from the @ﬁig#ﬁ@ap%@ﬂﬁod

systens ' repo itory." y invol ve enerating an terface

doscrt pti on GaLh 39 e el & engite And eREERt Hond oy by RS AR e

(such asi$ntsHd afsreighahéthdd oretwgsagpeintdt td SEFBA ﬁyﬁdﬁmum Type
Li brary in COM_or C++ header file #Jt It may al so re uire that the

OSA use an AM7 1o ThY)iQTigingk tranarsyt (Pt Heh@pyEuctip %n’r@entlfled
repository. the enviféiimddte Sbimcér sa@ea&eaiﬁ&%@mﬁ hoele Sfmd €iorl aGLIE Y

to create an object instance, it is the job of the factory to create a
real- i nst an@AYIFNRENt RO B b3 1 thS Rakive Hé"PDeCtt%Y%'-F@M% $RPEAt 0 be

][:tctl(r)psdv\ég x%ilg}d}ﬁie%ﬂ%&bdf&ﬁsﬁdftéﬂé’@ {hfSrmd 0P| E0the Yk L57 VEHEh the
Exception Handling Framework is delegated the task of
determining if an exception occurred, and converting the
information from the form provided by the method call on the
real object in the foreign object system to the form
appropriate for the native object system. In thlS example,

25 the necessary conversion takes place, control is returned to
the forwarding engine, and ultimately to the process which
originally called method 35. )

" Note that the series of steps taken by the Forwarding
Ehgine can be automatically generated as source code and

30 compiled for performance, if desired._ Likewise, note that
the above description was given in the context of method
calls, however it applies to all manipulations.
Furthermore, the object being manipulated need not be from
an object system, as long as the requisite description is

35 provided. For example, this enables straight C language



When the OSA constructs the factory, it builds the VCl assData for the
obj ect wi d6los7680) ect system This VCl assDat a, and t hepgDicassisin for the
real object (which the OSA was provided in the ExposeFactory mnethod
call) are 35 stored with the factory ebject. Wien the factory object’s:
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- 32 - rret hod to create the abject is cal | ed by the object system
t he factor & Y Wy di %%Qit’&t%fa%)"’% ddie tdgeation
cal | froms?éts OJect ?%g%m(tgslngt y - hﬁ eatgci to the

native object C8Aa daveanrerrhdice &f tC5 whgther |t§1%thﬂf‘f%cth€t Y Stam '@y
Obj ect CORSLLUGIS f Brhe FrAMAIrIOESA 'Héiﬁl@%d%%ﬂdﬁ@ met hod in

the CSA for the foreign object system (nore precisely, in e subcl ass
of t he mglsjhegts @mwaﬂ{larrrem hatherdhav, aqml@sw) the . The
Acquir %d@%ﬁdﬁ:@(d ?g%sg t o Hhwa rdidd al Qpj as wel |
as an ?ér?s%nce of the oObject g alhecu'\écgconstructsla proxy obj.ect |ﬁ e native

obj ect syses®s, thesOsy samdagk Rt Hhe sigsarintion mforthe ngyhade _
| nformat i e&og;gar 4 Perdut ROLLLRI 1° Aty Uile Une jusezitie 0PI ect

Is up to t a yplc proxy object 1s 15 shown in Fig. € proxy
obj ect 61 té@tsihass ter be pf(ﬂm'{aé?ded) + @nd defrmuae ahat @,_en(arréﬂéfred to as a

vtable in; atg ect

nmet adat a J.SW corﬁdggs#t S 0 pﬁiﬁ&ﬂ?oﬂ%ﬂ%ﬁg hoc?qmabl eBygianife
poi nt k0t oft khevdiasss et ¢he @%&quw ta5, then OB GatSKaL &b gt t
| dent |11 ChrfiGn Ak @0l Rl fufdel headd] THOVI writled il Gfliest 67, q

as well as pat rteni ng I nf or mat'i on : first tlne an
i nst ance &het RSAc|hpys oS r@meednﬁprmat%m rfd?tqm/éﬂ'tﬁajc@cltl SAdm— tthe

Acqui rePr sk @Fﬁte{@%ﬁ AR eact%e%@ﬁaelmdé&ﬁ%dﬂbm%sf i L@t e a method

t abl e. be understood by those skilled'in the art howto
dynami caI mtéw@hte a met hod table, and how to ‘associate with each

met ho Suff' Ofmé f&Eaéfl?% U S hE UFunc i bibh B ARE was

calle V\hen e rret I's called b e 30 object systemvia the nethod

_table, th@he)mewlq mfté’t%bs(la-r%- thee mrém ylrpérhearﬁﬁ;cﬁlqn iaRieqthe
VFunction e réal?f conéEﬁx‘Jw dd@adr mwadéiﬁér GRddrd i

retrieved. romthe netadata of the proxy object, the VC1 assDat a

of the frmda/éxaggwrx £9 @gqamRld shthe reak £akhe UM SRR

the OSA can construct the VFunctionData so as to *"call back"
20 into the OSA for further custom processing.

The above descriptions of classes aren't specific to any
particular object system. They can be created by any
object system to describe their classes, and they can be
traversed and "executed" by any OSA to forward manipulations

25 of objects by any object system to any other object system.
As a result, the method to forward object manipulations
isn't an N*-N approach.

" A similar method is used when. objects are queried for a
description of themselves. The description of the native

30 object is traﬁersed, as trigge:ed'by;the pProxy, either_by
the Forwarding Engine or by the OSA, and the semantic
information converted to the format required by the object
system making the request. The formatting of such
information is one of the responsibilities of an OSA.

35 'As mentioned, types, including semantic types such as
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- 33 - WO 9688765 he correspondi ng nethod of the native objRcH/CAL00513
retrieved. These are passed to the forwardi ng engine for f orwar di ng of
t he nethod call. Constructi on-o28a-proxy object can be triggered by
the 5 user, as in 42, or by the type conversion system Wen

triggered by type conversion, only AcquireProxy need be - cal | ed.

Wien the AcqstréPgsxgndevavilabiesatbrtiaipingrany typecraatwadlaasew proxy

~Object, it K. Qxy Lect 1 o] already
exists in tﬂ?éﬁ%%?géttgégseﬁ$gé °EF%$ %en9°é9%§£gg $é§yé§np$%€géed by the
system the seshens. Theckystem puowddes GDJebnsctlﬁraeptedytmpeeady

el v oq SYERER) utRed gygéhﬁés$%§ﬁtigﬁ F¥ ﬁsabggecéé gbipabk shorteni ng

I's required. systens” are wor coo era |ver to provide
obj ect sys$t ewnweetbpgraemantyc and langyage t:meSthetmf.ec@nYotwm| ch a

proxy is to bg ecf'tog? §ted Lspbhsflln %a{%{)@&%"bh‘?@ PRI %?1%‘1?1%

refers to the creating a proxy e proxy, but
~"shortening plhblpamfomby.enteffahhecceélmg atackxhy20tidbizihg thel

object.  TORGo8KLEEEhkP LRCIAT bt bbacr 1 BPRERCLE! Enb ALAUA! Fy

numer ous pat enrn erature, for
exanpl e "SSPcalléﬁalnﬁheﬁbhatk;nﬁlBheldesedlﬁeienenﬁeshSuppbhodngb¢nyct¢c

Gar bage II gt ha d a np.
Pr|n0|pI§? éQPleéhtgg g%kgh?ggggngﬁgugﬁk Eyﬁggéﬁpe§g é% |§ﬁ ere y
|ncorporatedbhehethebgrleiaaéntrpe. aByl Tthe ekpeat&ldppype, FtheeTwpé: . a

frameiork tonagd 6tian promewbBkOpERELMS!Q. LBGvEERD! On Of any ob ect

cl ass, ena ng t e support systens of features 30
found only in onﬁnobhecspeysfec1embodimeﬁttenwonmeohpamsmsyarenppovmddés

feat ures Whi £l o g0t comy@YBiLAD! 8ol BcENaLhen gh eclesuslemy | dngddl (1 on

obj ect Sys én expec fhel 0bj €c e cer features.
The syst & pnevwtdat typeneepresenhabiem t oIhackfecB5ocrxiehtedt eypeerability

LZ%?E;QE?BBE ggifﬁa?'tﬂLX&Qﬁeaﬁgscrip;thgﬁégﬁéﬁggk can.convert among
types that_are all subclasses of the same type. This is
accomplished by the superclass, VTypeData, providing a set
of methods which each of the subclésses implements. These

20 methods return the information necessary to construct an
instance. This information is sufficient to create any of
the subclass types. Thus, to convert, these methods are
called on the instance of the type just pulléd off the

' stack. The results provide the information necessary to

25 create an instance of the type which is about to be put on
the stack.

In neutral type representation, types know how to
convert themselves to one or more.neutral types, as well as
how to convert from neutral types to themselves. For

30 example, a string type such as a COM Bstr, as a sublcass of
string, would have methods to convert itself to either an
ASCII string, or a Uni¢ode string, as well as to convert
from them to Bstr. Thus, to convert from any string type to
any other, the first type converts itself to ASCII or

35 Unicode, and the seéond type converts from that to itself.



-sinmply objects which may be associated wth any ot her object in the
system {(p sidsfdad the functionality the object is capalvicr/aaospesayi di ng. A
m xin can provide a nethod which the native object doesn't provide, or
override any or all of 5 the native gbject's nethods. As all Frameworks

are subcl assed fromthe M xin Su‘p&?rt' Framewor k, m xi n objects may be -
added to any instance of any class provided fromthe system When

the forwardin ngi | ks down the VO assData t el rjeve

VFunct i on@@&%?gf%fag‘t [}"g"%a YRR® BRI Heho ,lc&h (T'O?'%?el%ss &%Ie Serr&ré]sﬁ:es i f "

there is affidiemb end adsaci admersiaon tdnhheatge@ladmtiprovi des the

method. If so, it call t he Xin. s | nsi f native ’

object's rfhﬁqﬁﬁfa@f fu’ffﬁéeﬂ%‘?%‘%d %\I/Oe%érg%(){igﬁsé#]olr '?%'eé)naa]{él.'\%{%bj ect.) The

met hods 1redogridden uiidtectise cavove stodmn ttr igusrlatie chexeddit jon of tao,

or afte y native nmethod call to ' g%ﬁi e . s [ ects.

~capabi | éti € ﬁ@%bﬁ%‘f%&iﬁ?}‘ brge%%%g%}gt%%q”w ﬁléxj'ﬂt%lh% 0 ‘Jee‘%%ie ‘f(tnown to

the systemyaitdne (drdstymes] wherattype tédmnvenss kon coptind zatt domdd ti on,

they are i he.ritgd as 20 subcl asses of objects are enunerated. Through the
raiee

M xin Mechani sm a native object need not be aware that its
capabilities hrve Depe Desoripeion Framewonek CS3\ #sp susgd Frantnogger a

framework to | ogd, unload.. a ] VSt e t 25
~ As previ ou?é‘?%f’%&%?i%?ffy c‘})‘]”%%'ir%%’f‘gga mrghsgeé#b& 725 W ch
packageot ogetpessei; ettse ooisj éat theedy stenbe *confeéxied” | tplamdbiedtons of .

cuppors  biot EgYahe SafTon on IR MR A BN H OB el L o, g

which it cogrnstspodged. amthel deahbed ot eps Hysokbwad win lproxy0SAs. The system -

can dynam cal Iy | ogad and_unl oad usi . af rk,entitled the - OSA
* Registry Iﬁ%‘%’fﬁ%loﬁ‘h%reé?c?%i%ﬁr%gﬁla?rtg%\oérﬁn%r{\%v‘més the methods to
| oad and ungpaphe EAEGP!SidERSOPELOn RanwidDimy i Feaméherk enea nfirameworke

system 35 with an object systemi ndeP‘ender,lt way to determ ne which WO
96/ 08785 to handle errors and exceptions.pcT/ CA95/ 00513 _

- 35 - , Oﬁaﬁ%rfaft&ﬁa BkBeSHDPBA' HEAd1 (RSFeaReork opdbiesnd

unl oaded while th

e systemis executi ngq,md nam cal | ext endi nﬂ?t he range

of obj ect REACENE QRppRet EYPe CONYETH %H?’Hentéso? PREL PPESEYETY
| nvention ypunctidiBatd)eat VBRcéPt SohDaEs 0§ €téste€Nbomhernany | n

anot her enbodi nent, for exanple, there are grovided : nv ;@% ghsysten1
and nmet hoBXGERHEBR OFFRT 8r eBREORYBE gonversion system conve e

20 exception from the type in one object system to the
corresponding type in another. 1In addition, the type
conversion mechéniSm via the methods in VExcgptionData, is
responsible for triggering the éxception handling system of
the foreign object system. | |

25 6) The Lifecycle Management Framework: a framework to

create, copy, destroy, and (manage the lifeqyclé of
_ objects) and
Zf The Object Expdrting Framework: a framework to export
objecf definitions.

30 Although object lifecycles differ among object systems,
the lifecycle of.an'object in a typical object system is
shown in Fig. 8. The process begins when a user asks to
create an instance of an object 42. The object system first
determines if the factory to create the object is available



"uni versal object", i.e. a single object that appears to be I npl enent ed
in a pl ur ™o 9608365 obj ect systens sinultaneously, 10 and thaCreA95/00513

dynani cal | y change whi ch object systens it supports. Such a system _
enabl es the creation of "universal _ g jects”™ in‘individual, application,
and server configurations. Further, ch objects may be based upon

interpreted or conpiled | anguage technol ogy. 15 In addition to enabling

het er ogeneoug40Dbj gt S £Q s _._ipt , sych _a.system  when used
5 o ohignti 53 EErRECEEMEQED ipn: P RVARTABIE, EHPCePisYE EXheR o b

i npl enent ed antempusbeo stapbj ehe sgsversdd| nabt speoisi®d in €he. cdilsbews
an exanpl e of thg sgﬁte bei pg u;ﬁd ig.such a 20 confiﬂuration; In the
figure, an iRGFvrauste 85Fect ORI eGhpERPESRsShRT hS atRBREBYEECt 70 in
the DSOM basapplicappbhcédrohodds shevebbreprihat ORBY¥ambEgTly 72ihRedhe

ORBI X- sbafe% aggiica&ion 73 There are.t configurations in

whi ch typPcartBbf 38d LERRAECERBYECLREPR BB LEt45t 0 PR SeHver| n
process”; anperformstinitPabieationSerd Epeac¥sdpPherotdes Ebr2afl the
Programmer s Ref erence, and | BM SOVbbj ects. Devel oper Tool kit Programers

Ref erence MiHAPSeHith BBPREFES oF8- usTReR; ntReoses¥er registersritased as a
"dynam ¢ i nkadtbFey 'withlethe objebcr8y8eemd 30 él??fécéséhé‘éﬁgt#xgé ary -

and execute in_the same process  space as the software using them Wen
obj ects are ¥REeFred eRtasf "erpesiny itnecfackeries" 47t hdWpencthe space of

t he separgtsc |i§a<%d>xﬁ;5‘lQEe&.ert‘_’ﬁé égﬁggrfe%%% E%%’gﬁ£?¥“g£€i1&§%0 the

process space of the software using them ws al
objects execeRieRt isvstpmrée The Qiject Ogystem then calls a method of
PCT/ CA95/ 00543, . - r rogcesses, it _will
be obvious to 1 hode I 17ES ?%c¥%gya}?,crea?%a%gf5?55%T%§t°§y§?%n%e%h?%
support in botdss M9rocEse factory octeatepramcissvipestst the Syféetn 5oy be
used in either . configuration. .That is?ﬁ%@gﬁ?%ge systemis used "in 5

process by S SR LEY | orhe { FREEYRTR S | thethe yser 3% As
framewor ks, tinel dbipedBALS aitihbzed] e4dd by SR Deé fdirence's Ob b t be
crbcuto as FTHALSh Tho phiebasI ol e Sordeniraph  Ba abn PABHE WA
ob] et P e T ac) e '€ PRAGRAgee & LAE PO
process or |9P3hﬁ%tepla‘-? a’%#‘ﬂ)r%e@%s,t%@Yd?éﬁerW%eﬁ?lb\per heetermiayes hef) any e
co 1 cat) on ST T SR pgHEy s¢. (o SYMRERD hedlly SADC
20 object is using be de-allocated). Typically, this occurs
when'the last reference is destroyed.
o The system provides interoperabiLity transparently. Aas
a result, it must appear to the objedt system as a standard
object server that follows the standard lifecycle protocols
25 that any server deSigned_specifiéally for the object sYstem
would. The system, or mQre particularly, the OSA for the
object system in which the request tékes place, is therefore
responsible for items 3,'including items 5 and 6, item 8.5,
apd ensuring that during ioiand 12, all
30 utilization/manipulation of the object is forwarded
- propérly, and transparently to the real object. During 8}5,
- however, the OSA works with another 0SA - the OSA of the
object system that the real object is created in, to create

a proxy for the real object.



15 create them "out of process", even though the systemis executing in
a separwmo96m8eeSess, it nay create the native - object "PET{GAISHENI f or
efficiency. In this case, in process nmeans the objects are created in
the systenis process, and not in tfye process of the application using

t he 20 obj ects. ' Fig. 12a shows an exanple of the systemenabling a
uni versal object in an individual configuration, while Fig. 12b, and 12c

show appl i cat ife adiek it o wriidd I St driidivork ﬂ@wfdﬂﬁlahe ldhditg- 12a, 74
is a COM DLL cont ai_ni rb%three 25 obgd_lects v%ctrjgt is an individual

obj ect (i SEeRs ol ORI G EXRINH IS F 2858 |orf“{§’r server) that,

through t hgplicatSidiNsdMerIRA dehthEidd WRLEE tint midiY &d 4/ St Y
si mul taneousl y. Additional object systenms can be supported si mpl'y by -

addi ng coshesgoridl Fi sk, in nenfomming \staps 4% Ihe rmxs;au:lcm | n the
art th e oS s,cgtzgm

Fig. 12% 5'hrﬁg'\/‘\:/sqlalzg'nlze%%arrp cf?rg'fllertsyst elnr1nbe|anlgje:se(§:r}fg appl | cat I on
confi gur atsiasin cmssmarmﬂheﬁ(abjento sytetem thep @nipddtdadni,on/Gemtexch

| ncl udes pblCal OB SRl G S5 iy LR dylt Pt 1 on has

described T'ts objects
PCT/ CA95/ @¥pb3eFactory method is called 57 in t3ie -0SA of mbquesting o the

system(as V\.ould haye _an A) .1 :5Q N i.red. Thea(SJrﬁ ation's
ohjects. RFerhe, e 1% 0 B X1aead"HAY Bk -SRI
systens0 in suhwlapmiemmjiy:n/@emrezat idea:lenmmecbrﬁz\ondlmgaeﬁsastmﬁmprl ate 5
CSAs, the Sae ob S. na ear. Ierrent d di fferent

obj ect sy?t EFE S gc#éré%%a%o%l& 4&% l’%ﬁ/%@?sost% t hose ‘
skilled i nratdt@r.awr Imettliwd, imdalied w:a:ppltl'reat\a‘ailassnat:azmcf a:he)b:jletsts st em
an OSA couyl d have ut| |ize Q Fi 12¢c. xanpl e of the-
system bei ﬁgeﬂ?éaquﬁ 5 %orﬁqablmfaﬂqt(ﬁ%y C’?"’r‘-r'ee B:hgr estlc of. a
server natrifvieg wibsjteiatn s;stidmt tte cansatuctss \seemew factidyy prfocess or :
proce S _cant.ai ob ect el n used a |n a _se t ocess from
t he a;';sjffe e\rﬁn% & f8 é’r(ﬁylé’d{ %%ageaci’?c’y e obj ects,
77, in th&'t@ﬁr\étﬂzod?&lstd’lrﬁgﬂsﬂﬁrs twﬁawnomwmpeaie ratlierd opjgBd tipl e
Obj ect systens si mul t aneousl y. In Fig. 11 through 12c, the.

obj ect s h&VEHTA%hown as conpi | ed objects, however:, they need not be.
They may be 2@Qrtest asPddt &E idkpubiny R P! mrigég-?\mem hetfer Ul |y

I nterpreted, or executed througs an internediate
in the native cbject Systems repos:.tozy ThJ.s may involve

20 generatlng an 1nterface description in a “language“
approprlate to the forelgn object system {such as Interface
Definition Language or IDL in CORBA systems, a Type Library
in COM, or C++'header files). It may also require that the
OSA use an API to registerhthe class withﬁthe'cbject

25 system's repos1tory '

When the object system calls the method of the factory
to create an object instance, it is the job of the factory
tq.create a real instance in the forelgn object system, then
to create a proxy to be returned to the native object system

30 (i.e. the object system which the factory was des1gned for. )
When the OSA constructs the factory, it builds the _
VClassData for the object in its object system. This
VClassData, and the VClassData for the real object (which
the OSA was provided in the ExposeFactory method call) are

35 stored'with the factory object. When the factory object's



representation. Al that is required is the interpreter provi de sone

f undanment ayo9Eesesl sm by which its objects may be accesspOI/aAa9s/00513
mani pul ated, and that either an OSA be 25 witten, or the interpreter
describe its objects dlrectly to the gystenl The utility provided by
sdch an approach is- that objects may~be witten in the | anguage of the
interpreter, and those objects may, through the system appear to be
from any obj S - r di: g A, age
o "t he Y api dRAEhEto Lo GeRel AR, EETRBETATCAN By BHE LB1LAE, BQuERhG
envi ronment . the factbmyaobuensr usesothee Rorwasdéngr Engioei dedfpeyazd the
apparatus - Skkg‘é%oh' Ba2nYERBRCHLdr obbRtaglbien (hglﬁaaghs ve1hB€pata
construction ect asses ron1o e or re object "3

i ncl udi ng thetatueenedﬁhon@dthennaéﬁyél°bbp@§tsystem vnhss/©8¢65eal

PCT/ CA95/ QOS] ect i turned the factory obggct const @E@ 5“ stem
in the creatloH sal ob ect 'classes, may l'ass orp rate,
or enbed i nstbneet by calébngtbefA@qparstpayumytbpdobpeéhe59§ﬁeﬁ9r the
Her et of or e, €y e ar, I nt eg,a abl ed
t he construc ?%%%g% gF%ga% ongh (%P n?%gﬁégééy agg Ehbmﬁﬁgﬁﬁéﬁgbﬁgd t he
constructi ontbe ObjeBFeEKDON&v@grqumﬁvﬁrkuyﬁovbﬁsétsntﬁhﬁopﬁéﬂlthe single

bj ect del t |
Baki o V3. 0 Pr of 630k, ARk EEP TR mecRft T TsBed Phs Vetasetate o SHe

1993. | n ldbnreedsobjedpnanscwellcasyan: dnsthace @éeﬁhéewbneséd t 3tenabl e
the use of o fro a ct system
Wwith all pgggégﬁggauénEE?Q%l %%%siﬁhgagbg?kq?%egbﬁg%g %ngbﬁ enabl ed
t he construcasencoatﬁngewgnhobMt objest exmpn@erlsoseélB@hleand C++ V4.0
User's Ghlde h r e S | pet Qe
application c%%?FéSPaFFgﬁs&ﬁﬁe?ga?ﬁg app |cg ?8%% f?%% égﬁégPth gode
hereafter rebepxydobdeas ésnsipr ot ithve §6ﬁbw@r£ypnnaﬂ prowy! bbjecknddn to

t hose ski,l in th rc t 0 O0.cap NS ¢f O Lects,
or for tﬁe cgh? u&? gﬁ of @bjegﬁi 5¥%F§ %b osgo%skgg%kgaégl%cgbggﬁggor
obj ect cl asses, itBemethodntablet i6@n (&efftemm ltoads abjeablel das€s+)r,oasany

object - systemwith an OSA (in addition to any whic¢h follow th
construct i onW€stt ffr & POIRFEINLES RamesHdate ﬁ@@@Ft -an LF ﬁ@ta

const.ructi ongpabbparendaaicRulbat @s gdiatks ticdhnebimehod takaesel,usi ng the
system:framewoi ks directly, or alternatively, using the mechani sns from

its obj ect npodhter tasther ¥EliassPatehe Ly ke nativenobtieckadSpultiee obj ect s
from 20 native object identifier 66, and a pointer to the VClassData

"of the proxy object 67, as well as path'shortening
information 68. ' '
The first time an instance of the class is created in
the native object system, the AcquireProxy method of an
25 object system typically has to create a method table It
will be understood by those skllled in. the art how to
dynamically create a method table, and how to associate with
" each method, sufficient information for the OSA to retrieve
which method was called. When the method is called by the
30 object system via the method table, the following steps are
typlcally performed ~First, the VFunctionData for the
method of the proxy object just called is retrieved. Next,
from the metadata of the proxy object, the VClassData of the
natlve object 1s retrieved, and in turn, the VFunctlonData



a plurality of object systens provided by the system the 30 apparatus S
enabl edW096/08765 | n anot her enbodi nent, there are provi de€T({CA95/8051ySt em

and nethod to enabl e object classes and objects to be - rel ocat ed. anong

applications and servers in one or 1nmyse - obj ect systens while the

applications and servers are 35 executing, and w thout disruption of - -

software utilizing said WO 96/ 08765

PCT/CA95/QQEi&he corresponding method of the-ﬁﬂ%xve objecebjigct classes and
3 with "in process” -

obj ect s, ev i S execut VWhen use

obj ect s, qﬁ’tsedq% S%dertﬁr éﬁe\/éqw&% &rginendext in _
I ndi vi dualf,orwardimgd ldfatuhmme(zmosiercaqu configurations, the relocation of 5
obj ect cl asses, an ects ations and servers in one or

nor e obj ect s? lﬂa%g’ %ng’&o fr?tolﬁ-]aé’ctdbe trigoered dyy she g

ver si-org ofasielre ebaim uustchebgvaﬂeahbgd konverSi®nN@Yslteaat | eab) ect
system This is acc novi ng the native object definition.

In the caf&*gPersd %gptypeppg §§S&SFECP§1Y1ﬁEqBEEe?H@%YaP@eﬁ P8 n nmust be

copi ed calledQr .noved by other neans. In the case of an interpretive
envi ronnent , g@g source or .the internedi ate ' representation nmust be
copi ed or fhov FETOXY method g Gadhedec BIiLOX, tond | oaded into

the appropreaténgSa newapRoxgabbiece!, Serwekt checkSifJal BeosySbeieLe
expos th? cla s in the ng$/loca I on and/ or object syStem
updatﬁﬁb RE §CPP5PV@n eche adERASY @F&§§slﬁntﬁéls objectsgysEaMm-

i ncl udi nguti31i¥Ehgs alDebpanidieiber prevaten! bye R syst@henﬁﬁbsmet:?o&ef l ect
its nem/Io at on and gobﬁnt a new obj ect system

i nst ances® ﬁe15Fa§ r8§d9L5§F§F andfaPePrOKYt 8lEeady exiskBvall (i.e

only nem/nsStéBQeﬁeareotﬁebethetEﬁengwbtem cheERQaEEOBéERJ§ﬁbr€¥ﬁiﬁ§j
ver si on nunber of the c| nmust be i ncrenented

i nst ances18r Ee@PEELEd a eﬁaWPﬁEPQ@@dSYFES?SWPFP workingr eat ed and

mani pwsat edopéirht 1i780yt 86 ﬁQWvQE&CbbBbensystehhﬂﬁtBEBESHalSlﬁ.ﬁ?lhétsh Lr new

| ocation and gotegtlalkée g gb ﬁsten1 The met hod app

forei gn oBREcPE, tBAt EhRePPIgSt EORaWhigh 8] PEPXYads| BAGPES, -for native
obj ect s, con§b£u&¥éﬁeﬂblithéltla rbﬂypébB@EE‘th@aﬁheéthEeﬁﬂH
nanlpulatlogeof obj I, NSt ances are noved u3|ng a simlar

mechani snf®€ rﬁlF°e§ﬁ§tFﬁ§ Bﬁo?PEscFSPt%HQ BnREar¥efpr. BheecnEaxyr okytfor 35
each obj ecathgst eshaptetiSng) tHeSpathBEYoBjeerEheahaseLbs¥Rifg a proxy

20 for the real object. Those skilled in the art will
‘appreciate that there are nﬁmerous-path shortening
algorithms described in the literature, for example "SSP
Chains: Robust,_DiStributed References Supportihg Acyclic
Garbage Collection, Shapiro, Dickman, and PIainFosSe,

25 Symposium on Principles of Distributed Computing, August

1992, which is hereby inéorporated herein by reference.

8) The Mixin Support Framework: é framework to add extra
' information to the description of any object class,
enabling the support in all object systems of features

30 found only in one object system o

Often one object system provides features whlch aren't
available in another object system. 1In addition, object
systems often expect their object to prov1de certain
features. The system prov1des a general mechanism to handle

35 such interoperability issues called mixins. Mixins are
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- 40. - wo9ee8%6s pti on of the native object updated to refPEUCAIMESIEcwW

| ocati on_and/ or object system of the instance. It will be
appreciated that, although specific _ ggbodinments of the i nventi on have
been described herein for 5 purposes of illustration, various
nodi fi cati ons may be nade W t hout departing fron1the spirit and scope of

t he lnveng%ﬁalﬁﬁss%etgghmchhﬁa;scaeeaséot:hatéal ivwhnany otR¥enbb9act S
|rmted only, lowi ng clains and th equi val ent s

WO
96/ 06765 in the system to extend the funct1p@§}€§®5pbg5@§3ect is
-41- capable of providing. A mixin can NE@VQEeEﬂgﬁeEﬁéamﬁthhtd

S&f;g,gggg;tﬁﬁe native object doesn't prov1de,'o§ugsg£gg gcgilgfilon
PCT/ CA95/ @054Be native object's methods. As all Frameworks aré?-
Overview ........ 44 C ass H|erarch\a/m . . -

45 subclassed from the Mixin Support Framework, mixin objects
may be added to.any instance of any class provided from the
system. ’

When the forwarding engine walks down the VClassData to

10 retrieve the VFunctionData for the native object's method,
it first determines if there is a mixin object associated
with the object that provides the method. If so, it calls
the Mixin'‘'s method instead of the native object's method (if
the method even exists for the native object.) The methods

15 of mikin objects can also be triggered to execute prior to,
or after any native method call to augment the native
object's capabilities. Mixin objects may be associated with
the objects known to the system at the class level, or at
the instance level. In addition, they are inherited as

20 subclasses of objects are enumerated. Throuéh thé Mixin
Support Mechanism, a native object need not be aware that
its capabilities have been augmented.

9) The OSA Registry Framework: a framework to load,
unload, and manage Object System Adapters.

25 As previously describéd, Object System Adapters are
libraries which package together extensions to the system's
default implementations of the above frameworks. An OSA
packages everything necessary to fully support bi-.
directional interoperability among the object system to

30 which it corrééponds, and all other object systems with
OSAs. The system can.dynamically load and unload OSAs using
a framework entitled the OSA Registry Framework. The OSA
Registry Framework provides the methods to ioad and unload
AdapterNamespaces, and provides the remainder of the system

35 with an object system independent way to determine which



How This Specification Is O ganized 49

Types awad6re87esrations. .............. Support C asPev/CA9S/00513 56
Cl ass McrHelp : 56
C ass VrCal | Exception - - 35 - ' - 57
- Cl ass Vcr Dat aRef
58 Base Cl asses
62 : S A
o5 object g%%%%n% a?%§lg€ orted. OSAs can be loaded and
65 Eﬁéggggdcm@ggggthe system is executing, dynamlcally
68 extendiflgAtheVeaNg@U R bbject s stem d.
68 gb255 VFun%%fonDa ] Y 3 supporte
68 Futher gp&g@impp&ngtathe Present Invention
71 C
5 The- i gl
25 e la??ngéxcep?igﬁ%%%ge of other embodlments In
73 anotherCembodiments Dy example, there are provided
74 : Ca r
A
81 - ( ) %?s%@ﬂ@&hﬁ N%%%%B?%% enable the creation of a
88 "unlversaasgbvgpggsRggestaySLngle object that appears to be
?81 .iﬁBhEﬂsﬂ%ﬁﬁ'Qﬂ gtggﬁgélllglof object systgkgsﬁlxﬁﬁgggggﬁgTCtlOn
102 10 and thatcpggsdygamggg&@yaghange which object systems it : :
103 support Ciaéﬁcﬂr§' 5 a@hﬁbl h "
110 upports 5, °88 Vchoggeiéﬂ es the creation of ‘"universal ‘
111 objects"cnasgnﬂgwsﬁnpév'gmpllcatlon, and server
111 conf1 rQ%QéﬁstEFhﬁiﬁkfw’such objects may be based upon
112 Type nagenent asse
......... interpreted or. compiled language. technology.113
' E{ggg&%?;gegéﬁﬁsaddltlon to enabling heterogeneous object systems to iii

Cl ass Vcr Foheseparate, such a system, when used in a. sllghtly . 118

8 222 xg:@%§%§éed configuration, enables objects to appear to be iig
Cl ass Vcrioppltemegnted in a number of object systems simultaneously. 120
g :22 x€;€%§32%??gﬁ?ws an example of the system being used in such a igg
C ass2¥cropnfitguration. In the figure, an individual COM object 69, 121
8 ::: xg;%ggééfg1as both a DSOM object 70 in the DSOM-based igg
d ass Vbréhnh£0361on 71, as well as an ORBIX object 72 in the ORBIX- 124
dass Ver g application 73. ' 126
WO 96/ 08

PCT/ CA95/ 00518here are two configurations in which typical object - 43-

Cl ass_Vcr Struct Sequen
126 2 systems € abfe their objects to be used. "in process"; and

"out of process". See, for example, the OLE 2.0 Programmers
Reference, and IBM SOMobjects Developer Toolkit Programmers
Reference Manual. When objects are used "in process", they
are used as a "dynamic link library" (DLL) — often referred
30 to as a shared library — and execute in the same process
- space as the software using them. When objeéts are used
“out of process", they execute in the process space of the
' separate application or server they are within, not within
the process space of the software using them. '
35 Although Fig 11 shows all objects executing in separate



Class VcrString

127 WO 96/08765 Cl ass Vcr Any | o | PCT/CA95/00513
127 Cl ass VcrUnionltem L

128 Class VcrUnion _ _

129 C ass Vcr Struct Union

130 Class Vcr Opaque

%gg processes, fésw§gyp6§®889f6us to those skilled in the art,
leins ...... that  for. ob:ect.systems.wh;¢h.sugpqrt.+n.b9th.4n.9¥¢¢¢$$.and...
------------ bijects; - the  system -may -be-used-in-either 137
Cl ass VbGCery%AOErFrocess 23 o

137 configuratiers \VEREKpbSuréheRphe system is used "in
ég;/cA95/8v§%§§é9§gﬁ5by an application, the system, including the

-44- various frameworks, and the OSA for the object system being
Overvi ew %f Eﬂ?rEﬁbl§@h€§énsy§§eﬁéf¥p99rEhe proxy oﬁfeé@gpséﬁn¢”
today' s energln econony one must .. - Busi nes

Supporting vaseduey obhecapByicafionn QXﬁFBHﬁc?stﬁaPL¥uh§ Bhe Brerese
pl atforms ha%%%éédbfleﬁéléﬁ ?ggatlon Naeebtﬁaetwalléhehéaﬁﬁoﬁbegcare

systens are al ways ava| e on al | atforms. The obj ect nodel of
choi ce oAlontip| precess!s hoe PRkLYVE PBJB§t§hé1nBsttEBnﬁBﬂloﬂ 3BSERer.

Gven that ths ﬂ ¥§£§ééﬁoﬁaresn€h¥ prox1es?xhéédaﬁ€tmbé| |TK€#Ym&?nbénue
for: the foreesa uture, the application devel oper is faced .
supporting in proqessuprelabpeéepgygéﬁsprocess. éﬁpﬁﬁFFFﬁbnﬁﬁIPYtheobject
model s | NtEAQUGEERLY Sw@Pd BEERLEARin! bnbirUAHLVY S%EBthg9§€eﬁ”d time

0 0 an

consuming t r obj ect systens such The

i nvest nent requi fenversedys nwhade the appﬂﬂﬁﬁ@é@ﬂe§séﬂgeébﬁ PRARGEAURRY

obj ects SustemLeeStLy f“?ﬁQt flgfagﬁbghonevﬁﬁdtHGuéﬁ #He0Bi,8EEmMREEl can

I nvol ve exten5|ve res uring original code. The final "wench in
the works" iexetating in a separappl PEQERSR.i 3tcHA¥ICEBabRetBSj BRELINBdel |
. generalbgjgég Fﬂeérsegbgg BraQQEQ@EeﬁEytheIﬁaEﬁlE'Eﬁse in Recoding
to yet anot her agaln requite a signjficant investnent.
"There's gotprocegsamQGBSethﬂabeeCR§n€§e|ﬁaséﬁﬁﬁeénPEhﬁ system'sThe Vjsual .

dge ¢l ass T 5gLsLEX, hhfl BLe3n! PRSCpRLAMLETEEARSIapEN AR b LodHgeEnENe

i nvest ment ers must nake to support nultiple object nodels.
The clas§0regbsecysabstracts each obj ects system - behi nd a common AP

for describing cbgaseizﬁnghg&g§ Pl 1eEDE 3R Q?%%ehyﬂﬁﬁbllhﬁ API i's

designed to éaSi Ty interface to your exsiting class hierachy. Once
your class hualuecaglhabjbssnlaegar#B@évﬂéuﬁﬂeC@Péésuratl°n'rHBFéﬁr?19

support for ey, gﬂCP2§y§EBW5a Pﬁ&%athBQtha%Ergﬁg'Ebﬁ%&bﬁ&%t&%ﬁg'r9d

Support for system can even be installed and
removed at rneSpeetlvely IﬁhElgIaéganegﬁsnﬁyalﬁpyfpéée§oﬂﬁa&ﬁl§EJ§€Fee

system t an_obj e t t er
ig respoﬁg?bggJFSF nang%Pﬁ%% ﬁgld IQ&d Jec %ééssgkﬁthgn PBQQEE
supports. Thfotewdthinotnt hp@llcatlomlqrecstermt)emhaeven:hnrwdm thee exposed
beyond t he adagter Once an o@ %y%%enla lel% @%Ealkgqehg

TRy EPREST hEA

the class re§ ¥st t sys em ca
transparentlglmDUtaﬁbeeélyo tmadﬁumnmadegmamp¢ systemsasanc dgec $uppdriede

.\égjr Z?t mgt gbj ec& SYS SR ANP e 2 J.nagI lodade dgal)id10he RTINS 2BY
30 those skilled in the art that the DLL, 75, may contain one
or more individual objects. '
Fig. 12b shows an examplé of the system being used in an
applicatibn configuration. The system is linked into the
appllcatlon, 76, which includes application objects. 1In

35 this example, the appllcatlon has described its objects



described in the class registry to the object systemthat the adapter

repr esemos96/08%65 adapt er al so manages t he details @®CTHCA9S80513 any
object i nstance fromits object systemback into the class registry.

"But wait. ... There's nore ..."- G Asu_Knives Inc. - The sane
functionality which allows the class registry user to transparently -
mani pul at e objects from any object systemalso allows it to act as

an obj ect giyeeny’ ko ¢®e’' syEent!(@ss #o%gldswawece& @rsfml d%oaneablswais
from one ob ect yst ggtg a other ‘Thi s_woul d al | ow, i nstance, an OLE -~

Autonatloﬁ qHpEe pplicatiog, s HPIBSER- oﬁP&@thaﬁ@EVFﬁﬁtﬁﬁhsa usi ng

e ass“‘??““"*“fﬁ’“a“@r'fmq“’éﬂ/i"‘?m?“"%te‘?m'e?‘s 0 to control an QLE

~flunctionali cou ow,an ut Qe ication to contrql an

Aut onat i off Hﬂﬂ gpegHsiy ait eﬁP?FéW@ﬂ? né@hpﬁgglgéPﬁg EHSORPPIOREAASE t he

di stri tsut esAsorrpu@ ugmandbtjleetel Ry eweatrr l&oOlbethﬁbl%EHé%ted usings the QLE

<> DSOM br. gg e obj ect Sﬁz hed by the class registry
Bf‘ aift

t hrough o ?r§9§t899385p§gﬁ e 9 atforms. ItcyiddnProna

defini ti osbefiousbrectheget ektiillld th eble a&@pthatqowth@ Beebui I d to
interface a gata a ass reglstrﬁnghls database coul d then

be abl e t8PB 15€Eé?§eﬁgégéﬁﬁg FPOHPaﬁftsﬁaﬁ OSp spylemhayge
cl ass regbaehyuealbiakdo be used to interface standard object systemto

proprietary obj.ect stens - with th addltlon of, an object system
“adapt er” for tEJé &g\# rs?’ﬁ’ 3‘9"‘5\3’9&1{: the, sy shsH Peing e igndf i cant

I ﬁver age Béfvé%eb&nﬁﬁ.ghhﬁtﬁlbﬁp[)| Thar bhﬁ&h&t@r&k&h@mﬁﬁfls angerverwoul dbenabl e 4
themto continue u the tem whi | e accessi ng objects
ot her OBREESUEPEi B, 1; thal ERReobigET se¥verpiagnohResproceds or

. PCT/CAQS/ﬁQB&ésses containing objects being used, are in a separate

45- ass |stﬁ¥ g abl e, to. make al.l th I nst al,| ed obj ect
syst ems aBB@ﬁ?sﬁs o@lﬁb PeaBRIEFBL10Ry WhifHeAf using ﬁe?@ﬂecﬂﬁfferent
users 16f DAj PEH.SYIEEMEhBAYB;dctEer 97t Recdhe SeFvew, I bawalehrau&hahenarre
space for all cl asses and types while_others will want a strict

hi er ar chi B4Rt EMouPR¥gaBPeRF 159 QﬁdfF?ﬂemH&ﬁéEleCPPéP§tn§¥5tems choose to
defi ne thgimupﬂangbggayghy of nane groupi ngs which nore closely relates to

their current tas cl.ass registry supports this through the
use of views. IR @F@w &éfFH§9“3hn&@E'sﬁ&@e°PDGF§FC%?VﬁhP@ﬁn1§ hown as

I ndependeabmpiléaeoegéuab hh@ﬁéfréhy dakiynadely nbebel) ethegymhgnbadapers.
NUItl&Ie different views created for an_adapter based

hi era 9hy°§%e?ﬁ§twﬁlﬁ§§P &Bnaﬁrg&ﬁ?f@rﬁF§dcﬂé§SB§ng whetBegnfuddys for

di fferentinterpretéasksr &kébﬁté&ntﬁ%@ﬂgheahthEQBMéﬁgaWbthOUt affecting
the code which references classes and types inside them Finally,

devel oper $RERSSRBRFAST - -vi B FBaEr6§|H§q&1§§ﬂsF§téﬁ? h&ﬁErEEQEGrhlerarchy'

to their y§6V§de some fun&@ﬁénﬂﬁ@smbbhanﬁgﬁﬂb&owﬁﬁah'1EIebb?EEE§th89 Ltd.
The class re strgggrOV|des t he_base functlonallt¥ to interface to any

obj ect syR aPPEwB2BipuLaReAs and that; githegeasnPed P6cus their

r eSOUQ@.?:eSw?ﬂttéﬁL ro?D@ﬁéf Lﬁtékpeeeébs degbglbbaiﬁsr eBjebty aigkbEl$ to
portabl e API esults,in decreased devel opnent and nai nt enance costs

over the FREeS¥HERB- ofTBﬁ HEbﬁFEXtPSHV&QeﬁeRYOSPEBtan approaghsins appear

and ot her§h£)@CQB?e§b§Oinéi(ebeTWrittéﬁnihai:ﬁé nahguagenbtl eaet savings in
overal | ipvestnent and ti to mar Cl ass Hierarchy

The cl ass*REGFRFEGEEer 3BE FhCRe: ARIeSHS BGYpoEErSEQQntEE SYSER®: header file

of class, appesti 8. bandrbmPany objectds{/sBe @1eh dhabrkespbhdifgr esents
cl ass and t%pe hi erarchies throu C++ c]l asses. Cl.asses and types can be

ent er 8§ i ®® tﬁ%uﬁl5§§1F€gP§Y?9thSnP§tEpﬁcraH}ﬁaﬁﬁgelaﬁﬂeBEtabase i ke
sources. &hataSt&pUsEScsf o€l aASiABErpretive language environment.

'In a futher embodiment there are provided (B) an
apparatus — either library-based or interactive — to enable
the construction of object classes from one or more ebﬁect

35 systems, including the aforementioned "universal object®,



type definitions are typlcally class registry entries coded by hand and

st ored i nwo Yee8des adapt er". Dynanic . sources, such %&WW 3psov
provi de class definitions to the class'registry through their native
repositories Database sources, such as 4g/pe libraries, provide a nmechani sm
te demand | oad classes into the class registry. ' As well as
defining class hierarchies, the class registry provides a flexible dynam c

way to adverjihsfe G488 system in Ntes f@Esstion | ah@@pE obj extprelasses,
bai | ders, object bromsers and pr éer$ editors. The.classes in qaglass
BRkRIS kT Valih

regi stry carf®e $i I3ty ¥0rePREY T RITTS versi on

number, obj egh]Syted ef'i—&dad)tﬁlurahty of edisjecTheysisetis of the class registry
(an |nterpreter bui | der, "etc.) does not need.to be concerned with the

source of the cI%SEetQﬁ%r%Ia§€%5¥3r%on%1FP%ﬁ1$h9r%5YeB?s§ stEminstalled in
the classsrefhgéractive, whicHhénsbres EE@Iééﬁgtfﬁﬁﬁuémﬂofﬂabpl&n&tidns
defined in foreign object systens unq§r %%ﬁ é over head £

class regi stFxOHePP}eFEE es? ¢40% | which erahite %@eai?Qéﬁriﬁﬁh?%r% to the

i nstances, NOLFOPVEIRAGE Qéq@flﬁédngud:ﬁ objects E€UfGIBcWw Hiésshhdbes the
class registry . to access o ectsﬁs fast as their_native f%ect system can

access objeglefrodel supponted k¥ Hae FPBti onfPhH XA GssSFRyistry

consi sts of jfier&sage€ W@Eallt&sb@Sﬂ cb apﬁ@fé@éwﬂaasspéz)tuwsl Bosks1pf its
met hods, user-accessible pro erties fﬁgg types, exceptions, and, naned
ferme SR €

constanté@wc¢¥%¥%%c@gvel°9m nt @i IR £I5LBnsPERIYLF sone

I nformation: éc?] PEEBs Hava b¥es dénélbpéed @6 éﬁsunantlsevmsé of objectdeir
types), together wth books for actual*gﬂacce55| er_on Ilvgh

obj ects. EafFoRePRedobIect sygkem Vit ?ﬁ%?ﬁd%g %g?ﬁﬁﬁt?%ﬁtﬁ%fdvb? t hat

sof tware USIaﬂltbﬁe%aﬁéeaeanet151msaat§ahb ‘thRoweveks ethepthade not Each
property description can include t SSOfl nﬁtgod descriptions ne to

3%
get the vaIu%n%hﬁe@nbpﬁeFoPﬁtr“Ct1°n Qtt LPrelgR A0RFYSor bPF1 &% 6%?@

properti g nByeOBb+18A& O%+1118, 0CO8ES05 GREAEYS1993. C-callable
functions are used for generality. Mst conpiled Iangua eﬁﬁﬁp gr Cfor
i

ext er nal functloﬁ°€th§ apparatus; ; thg FyYshem: sfvEAL P &E@E%oPo

C++ met hods agd EEBHerﬁhdtée'éhéyappmicaesbﬁl sbf@warenpgseﬂat code, by
t he Ianguage na I's 1npractical for classes, devel gg&d |ndegendentlglgf

the cl ass re@egeaﬁteroreferred £oi aEaEPBRETWAELEN RREEWAT Ry HHAC. 15 W

i npl enent at i eghebabLr{ 3uahiAstAARES] MEokstafist bactheriose !
bj ect thplﬁg dWﬁdlef)e{(;flitﬂsreglhstlrat|of'li of viral nmethods is suggort d., For the

sane rea@dnsapphigakiensr §Tom objeckpe PEpLR¥cRNEICBPSETPSFLOBs OfPRIEGF

f t d 9 8765
Pngckggfogg g&éséga” 2odbRst rAbtS8bp2icARIBAE B Bb§ect class¥®, ﬁhﬁ

The fol | owi ngonstgugkioRoRALLWATEl 393dRi QPIPEky CARSERE éraglsangPQEFy‘t The
classes wi thg Péﬂ@h‘&?%ﬁd hobgﬁrQLn addlﬁﬁéndﬁg'ﬁﬁ?dthcheféQhéthhbe

subclassed by” users o | ass registry. [Lerr]

_ construction software S own 1nternal object model, if any.)

25 The construction software manipulates the foreign object
classes using the systém frameworks directly, or
alternatively, using the mechanisms from its object model.
‘As a result of the uniform means to manipulate objects from
a plurality of object systems provided by the system, the

30 apparatus is enabled. ' '

In another embodiment, there are provided (C) a system.
and method to enable object classes and objects to be-
relocated among applications and servers in one or more
‘object systems while the applications and servers are

35 executing, and without disruption of software utilizing said



The class registry provides an extensive instance hierarcy to define

cl asses.WO9/MM¥68acilitate the under st andi ng of this PCHCAYSASLIY he
following figure represents a sanple instance hierarchy. This is
intended only to give an exanple of thegginstance |ayout of the class

registry and its conponents. This figure I's not intended to be -
conplete but to sinply give an overview of the instance |ayout. The solid

arrows ob@eéesemasseéeahdpebﬁléetg t avahi €§t§t g8bsibi éﬁﬁf:ggh#ﬁgrﬁfgggs .

egi otry cont ai NESBnBSEHaVStHn th HEPFRES "oRES REERodoRNHDERCUpEaDYE
egi stry contai n a o] odotnyheReupedpwith.
WO 96/ 08765an interpretive language environment in individual,
PCT/CA95/00513 -47-
Pplication, or server configurations, the relocation of
5 object classes and objects among applications and servers in
one or more object systems is enabled. To move an object
class, first, a version of the class must be available in
the new location/object system. This is accomplished by:
moving the native object definition. In the case of in-

10 process objects, the DLL they are within must be copied

| or moved by other means. In the case of an interpretive ‘
environment, the source or the intermediate , '
representation must be copied or moved by other means to
the new location, and loaded into the appropriate

15 application or server _

using the system to expose the class in the new location
and/or object system

updating the description of the object class in the
system, including its VClassData and other descriptive

20 elements, to reflect its new location and potentially

new object system.

If instances of the class already exist and are not to be
‘moved (i.e. only new instances are to bé in the new
location/object system), the version number of the class

25 must be incremented.

As new instances are created and manipulated, they will
be created and manipulated utilizing the new description,
thus properly for their new location and potentially new
object system. The method applies both to foreign objects,.

30 as well as to native objecﬁs as long as, for native objects,
the system is utilized to perform the’creétion and
manipulation of objects.

Object instances are moved using a similar mechanism.
All existing proxies for the instance (i.e. each proxy for

35 each object system and user) must simply have their software



[err] Static Entries The cl ass
registry swppeosrest he creation of statically defined cl asseBCHFANNEI 04

and properties, types, functions, exceptions, and named instances.
Static instances are defined by instanti aigi ng i nstances of the cl asses
Ver Codedd ass, Vcr Codedfunction, VcrCodedProp, VInstanceData, and

VExcepti onData. These cl asses prOV|de APTs to set install nethods and

properties ingelsasSpticn0 c¥Fl@dhe natdh@ldbilest etupdatiedstes raifd edef ithed ney
creating a VCqodedC,ass ohj ect.  Met hods and RO g.t .S (VCodedFuncti on

and VCodedPr opSCREESR: 88/ 9% %&é’& Y sl Qf, &€ A8 ANCE -net hods
AddMet hod andAd¢RNaPesd Yappreciathdd s araﬂ.tdﬁugmd:pudﬂfla: set of

ts (inst £V t). whi.ch ded t od_.
e ng Addar g RERPALREBE S AEAIAE. RIS e < PP SSss ST R 572

net hod. 5 pUS:p%eW @lfp(illlﬁwt&*aitm f efardoass moediffidatdamsTaley be made

integrating prq obj.ec easi especi al | n ripting
situations. TH& 5&%&5 é"%‘en Ctt c%)ggapet P ®€d for the
ar gums?lt skof tlh@-entlonundwdfcwrmn@l@s,s ,tHéescup@mfer ttan fedilowiing an si rrpl er
types i ke "int to speci.f.i g es su enuneratlons t

difficult to dByeBEdon,is @&H&ﬁﬁ%@ Q91l9 f?ﬁg t
read-only propgiliv@3ents. by either supplylng a NULL set functlon or by
setting the usage flags of the property to "read only.". The type of
each C wrapper function matches the nenber function it represents except
that it is a file-scope function (or static nmenber) with an instance

poihter as its first argunent (an explicit "this"). Macros can be
defined which generate both the wappers for C++ class nenbers and the
class registry itemconstruction code.



WD 96/ 08765 _ '

PCT/ CAOWQ@968365s PCT/CA95/00513

- 48- Dynami c Entries l4g1addition to dealing with static

entries the class registry can deal with highly dynam c entries. For _
exanple, in interactive object devel opnent or object system bridging, the -
content of the class registry can change as the user browses and
gueries for external classes or as the user adds or nodifies their own

cl asses. Wien the class registry is connected to an object systemwhich is =

dynami c, the class registry itself is dynam c. Devel opnent
envi ronnents such as | anguage interpreters can consult the class registry
for all external type - and nane biding information at conpile-tineg,
run-tinme, or both. The results of a query at parse-tinme nmay i ndi cate

sinmply that the answer be deferred until runtine. If classes are defined
statically their definitions can be é@g%ﬁ@égﬁ&gpgggﬁ%hﬁ time. If
cl asses are being inported froman object sy r

OLE, they may be available at conpile time, but all their nethods and
properties nmay not becone avail able _until an instance of the class
is accessed. The class may al so be retrieved froma database adapter. If

t he class is not found in the |ocal cache, the database adapter nmay
performa query on the database to fin e cl ass definition.

The querying interface of the cl ass req s rass I abstract

cl ass Vi ewNareSpace—NaiB- nding serVIices ar d through it
virtual nethods. Cient processes mnll t aiié a conf.j.gured with -
one VC asaRegi stry instance while server y’g\’é $QF ﬁ@ﬂm cl ass

regi stry instance per client . Typically, the class registries
mai nt ai ned by a proess manage a set of specialized adapters, each able to-
gquery different source of class and type information. The internal class
registry data serve as little nore than a cache for information
derived fromthese other sources (such as interface repositories).

The special requirenents of each object system adapter can be net by
defini ng subcl asses of the class registry itemclasses. The registry
itemcl asses define the structure of the class registry and the APl for
inspecting it. The registry is an abstract APl which is always-consulted

t hrough the itemclasses' virtual menber functions. M xi n
Extensibility The class registry defines a- mxin firework for its
own classes. Every itemin the class registry can be extended with
m xins. Mxins on class registry entries can provide support for
functionality which is : avail able in sone object systens but not
supported by all object systenms. Mxins can al so be used to ' augnent
the functionality of the class registry beyond its basic inplenmentation.
For instance, not all object systens can support exposing classes-
fromthe class registry to their object system Thus, object systens

whi ch support exposure can provide an exposure m xi-n while those that do
not support exposure wll not provi de an inplenentation of the
exposure nmixin. The m xin nechanismallow the class registry to be

fully extensible wthout any reconpilation of base system nodul es.

Visual Edge will be working with its partners to define standard suites of
n xi ns (anal ogous to Appl e Event Sui‘tes). This increases
application interoperability and hel ps pronote a song market for add-on

t ool s. M xi ns can be.provided in an external DLL so that if the
mxin is not queried the DLL does not need to be | oaded. This al so
allows a systemto define its own "add-on packages". The add-on packages
can be DLL's whi ch contain inplenentations of mxins. |If the DLL is
not found, the mxin is not provided and the system can conti nue
with its default behavior. The m xin extensibility mechani smcan

al so provide nenory consunption savings. Mxins are dynam cally-
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created when first requested. They are only constructed if requested.

WO 96/ 087 B¢ 96/08765 PCT/CA9S/00513

PCT/ CA95/ 00513 :

- 49- The cl ass regl stry provides_the capability to provide
application and nixin frameworks whi ch™4f2 i ndependent of the

obj ect systemin which they are inplenented. That is, an application
defines a Overview [ 2aMEVWOr K Of abstract classes  and mxins in its ,Qwn

obj ect system. W%% catl on is "class registry awar ea t hen
third parties may Ir | | enentation of the framework cl*dsses or
mxins in their B‘”“E‘f Mbj ect system For exanple, 48 buil der

may define mmm isal 17nr{ edi.t.i.ng...0f...obj.ect.s..such..as...... 51 fonts
and col ors. Gsygbt iﬂ.&s& standard m xin def i n|t|on athird party guld

i mpl emrent a speci alyj jtor 1n OLE usi ng tThe standardm xi n
definition even th bui |l der may operate on DSOM obj ects. THfs :
all ows users to ha choice and it allows your applicat’on to

have greater inter Sl VemataRefy How This Specification |$8

Organi zed Base Classéd)€....enmL.Nnder. . of .this specification defines thag,classes
and types used by tlg vlgmss registry. * The T1 rst section
describes th enum{:ﬂg%g@ﬁ t ypedef s used t hroughout the cl ass r%gl stry.
These are gener al es are used in nore than one |ocation &d for
mor e t han oneExposed PeH-pose-typedels..mhi.ch..are..speciégic to an
i ndi vi dual cl ass aChssIVIcmrauhm th the class itself. 68 * The
second section defCRg vFemfdnDhataCcl asses for hel p support, data ref eggnces,

and function call error returns. These cl asses. are used
for specific hel pe&h{sm% such as description and help .

support, error rep data reference counting. 2 o
The third section oplPa hase cl asses used as the foundatioMfof the
class registry cl a§‘§§ These cl asses provi de AP

support for pervasCh%WNmtcSm such as usage codes and help 81

i nformati on on eactlas VaieaiNameSpace * The fourth secti gy defines
t he cl asses which eag to a user of the class registry. Wiple

t hese cl asses_a e the él: to the outside world inplenentations actually be
subcl asses. TRcrematon LIasses....... weThetifthe-secti-on-desert-bes-the- -el8kses

whi ch are inpl enet%é’Wﬁ'&Mposed abst r act ' 10t| asses.
These cl asses ar e GlamaiVer€bdedPréor use by direct instantiation or byo2

subcl assi ng. Class VerCodedClass * The sixth section defines the tylpga
managenment hi erarcdsu,,fv&g ss registry. These cl asses

provi de the suppor sting and conparison between obj éi syst ens.
* The | ast sectio W currently defines extensions. Th L
extensions are ava m xins on particul 1} ¢l ass
registry entries vimSNE@Yi# t the functionality. The cl d8%

regi stry usesTypéMadagénteno@iaags. V. sual. .. Edge. utillLy. cl.asses...These chgsses are
not defined in thipredefined? ocument. Software usi ng the class registry

' (/iqw res access tQujd IrE;(es Whlbfh ?efl ge t hese cl asses. 114
rra ensi bl e ed array.

VAL orré ctionary ClmW"F'"'ﬂ‘fuﬁfm"teyed hashy!toabl e. g ¥ ass

Support for run thﬁst’?ﬁ@“l dentificati on. 119

J - 119

ClassVaG:jeaRef : 120

Class VcrFunctionPtr ' 120

Class VerStructitem 121

Class VerStruct _ 121

Class VerEnumitem : 122

Class VcrEnum 123

Class VcrSequence 124

Class VcrArrav 126
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Wal -ue _ Encapsul at ed uni on over integral types.

VSt r i Nngwo 96/08765 Encapsul ated nul | -termi nated C PCTICA§5/00513

VAt onRef ) String identifiers used for fast hashing and
conpari sons. - YPrimary Base cl ass for

m Xi n support. : Vr Prédary ' Base cl ass for
reference countlcgsanﬂmmm*@amsupport VM Xxin 126

Base class for ng enentatlons Vr Ref er epge

Smart pointer teErBfs o an obj ect which keeps track of referepge
count of the obj 1S s i s needed for proper mul ti-thread suppert.
Class ver B8

WO 96/ 08765

PCT/ CA95/ 00513 _ClassV“Umﬂ | 129 _50-
Vr Ref Li st Class VerStructlimionp| at e of an array of pointers to obfcts which
keeps track of Class VerOpaque - referelige counts
of the objects. chiyvrypeMatgaded for proper multi- ' 132

t hread supp Note that this is not an array of VrReference 137

obj ects. - RL““W[)96/U8/bb ) 137

PCT/ CA95/ 00513  Class VerQueryMixin -51-

Types and -Enuner lassiVsExposureMiigage Codes The registry assocldtes a

usage code with nost itens. The usage code is of type VIUsageCode and is a
conbi nation of bit flags describing how the itemcan be used, -such as

"hi dden" for properties that interpreters can mani pul ate but shoul d not
make accessible directly to the user. Usage codes supply annotations
and inplenmentation details: for exanple, you do not use separate types to ‘

specify call-by-reference versus call-by-value argunents; a usage bit marks

function argunents as call-by- -~ reference. The usage. bit flags are
context-specific, and may carry different meanings for different classes of
item(the ~ sanme bit may nmean one thing for a property and another for a
class). The tabl e bel ow summari zes which usage codes apply to which

cl asses and al so which users are nost likely to refer to the usage cade.
Usage Code CFMPETI NA L BV

kVUsageReadOnl Y kVUsageWiteOnly
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kVUsageDef aul t Property kVUsagePr ot ect ed kVUsageThr eadSaf e
KVUsageSt WQ96/08765  k\UsageVar Ar g kVUsageCal | r el sOmndICT/CAIS/00513:
KVUs ageBy Ref kVUsageH dden -kVUsageOpt i onal

kVUsageHasDef aul t kVUsageVal ue kVUsageQut kVUsagel nQut
kVUsageDynami c kVUsageDel et eNot i f% - kVUsageCannot Subcl ass
kUVsageDoNot Cache Legend assDat a

VFunct i onDat a M VFunct i opData (net hod) ' @.V@Rﬁﬂﬂva

E VException %;,gfé\%og@ ' I VI nstanceDbDat a N

VAdapterName*gﬁ!)q::@smrentOb']e‘,&t rgu ?}[ L Used by a | anguage B
Used by a pr Of@éohmpetedd sifserging HiobdP &5honnYore mitk € W. BiineSWRRL €1 The ‘meani ngs of
t he usage codes are a follow kVUaageReadChI Property has

no user-acessi Wd&mm’m““‘““%m has no
user - accessi ‘.“ f"hﬂ'l UI shes
one property ?ﬂi g;?;t DL oberty

assigned or rgagd “ﬁ% cef ppggrs In v°§T'ue expr“’%

(or as the reC| p| ent of an assi-gnment). kVUsagePr ot ect ed

Speci fies tha?“PPP‘H'PSsm@iPEM myels dntroduces; 4s ¢vp pEpblemso t b ést uswgllyqomblicated and time

kVusageThr ea@aErs © vty Wﬁéﬁ-ﬁﬂd N e inyeptment seqyiseditq leap ey et hod

ies of each mdmdml systém is § |
can b cal | eches e iy b g e s s s

JI[DIC'rII;aCA95/ OOSVﬁoggmi !ns!mtomobjectmdel thlsgenmllvprecludscodmgtomhuatthemeume.

-52- mm%"ﬂlcwmmm%rmy argunent, function
return, or mnETAMSEIgor tobendetter ey t--” rReaQo Industries PLC. :

be coer ced bmavrmhdgl,@m% %ﬁe.k/&amg
For functi onSevel rhuflile mmnm%g
avai | abl e f Orbetiirid a cdmiion At Wmad @:ﬁﬂ Rdapr B!

cal | ar gunentessilypifterfateliduri eidisting \dasshiefatclii m&m«dﬁb&&&dﬂa&mwn&&dm or
nmet hod descr ingey, amh&vmgmmmahkmmmemn&uﬁ@mnswmm

be abl e to bebiekptmecin tven bo tnstalled apdneayed agytine NS .
o e Gl ] el VP W 5k ' m,&thSﬁy%E: on,return,

met hod ref[ u”ldnpluurelponnblefor of the obj sysun it Y €
returned in Rejechdyid Hevdl nobdto system adapter is install
kVUsageByRef the class registry, anyclass wweawmwmw@%ual ly be
passed by adasmaied and vice versa. The object system adéptéc/n @@ it Elkid@ils of exposing any objext! AfidnteON,
met hod, ar guriseibed inthe ghasxegistry 19 thie Sbjeat sipsfeinittaihelaapter tepresents. The adapter also manages

the details of exposing any object instance from its object system back into the class registry.

"But wait ... There's more ...” - Ginsu Knives Inc.

The same functionality which aliows the class registry user to transparently manipulate objects from any
object system also allows it to act as an object system “bridge". The class registry can provide a pathway
from one object system to another. This would allow, for instance, an OLE Automation application to
control DSOM objects and vice versa using the class registry as a bridge. Or as another example, this
functionality could allow an OLE Automation application to control an OLE Automation object on a
dmm—mmmmummmmmmmmmm
as the OLE «> DSOM bridge. :

mmmwwummwmem_MWmm
conventional definition of "object system". An object adapter could be build to interface a database to the
class registry. This database could then be able o be accessed easily from any standard object system. The
class registry can also be used to interface standard object systems to proprietary object systems — with the
addition of an object system adapter for the proprietary object system. This would provide significant
lwhmdhmmﬂmmmnwﬂd@hmmmmgmm '
mmhmgobjmsmmhaobjeamumemm :
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envi ronment, not by a user. kVUsageOpt i onal

Funct i owaweasesshod ar gument can be onitted in call. PCT/CA95/00513
kVUsageHasDef aul t An argunent for which default value from t he

Ver Ar gunrent shoul d be passed in
acall if omtted froma call. -45- kVUsageVaI ue
Speci fi ed om&k@gmbmﬂﬁ%mﬂd@tmm#almﬂmm

act ual val udovewr, dtﬂhenpmﬂ have diffcreny peeds Fmed‘é'd"%ﬂéﬂ%é%’miﬁp'érty

set takes reksees mwlgla W‘m"“‘“h'm“‘“'m

The argum&*n?""'?’%lo ?’F‘bﬁ

e e e e e T o

met _hod, but %ﬂ mqu.chysothatausercan hnchmmdxﬁ'mtwavsfordlﬁ‘m

nodi fi ed du nized without affecting the mm&mmmd{rh' S usage

specifies t '%Q%%Xp&ﬂﬁﬂﬂﬁwbﬁ&‘ﬁﬁﬁ&wmthmm
queries. That is, Wnen the class is ﬂ‘ijerled it may have nore

el enent s ( prigaee this mean poanel, s kTel Magketing Lid 12y when it was first queried.

El ement s Cameﬂk)egbwpaddedemtaﬂmvewmmmmm This didddaageRe| et eNot | fy
This speci f ingBecliomh ford Bwir Rédurtes) 6l tHeE @fcifit] strinffthsS TR JaSCEgising sifigls ipérablePt OF

fully deref fuldif Gucredsdd dévelbiien ard eiignasp@Gcovér the life tyole of ot ipplicationiss péveabiect Wi | |

be noti f i edsysémstajpeas and others become obsolete. This fapiistes, igtosignificant Byige inprerpll Pygsiment | as'S

cannot be suidthtemukithy a Ianguage or a builder ~

(however, it _may be subclassed in jts native object system _
kVUsageDoNo usage fl ag speC| fies that this top level item

shoul d not Wﬂlﬂmﬁy ' cached by any ‘
Vi ews. mcﬂkeamem@sﬁmnum@bmgﬁem&lgefWMmrl y small.
Usage codes dsfimitions. wmmudyyuwmm C*“‘”%ﬁ“&ﬁ%%’c?&d basis so

that they dMPwWGMM%W | | Type
Thi's enumer Yesdgfinitipns v 3 ¢ I TeEsv e ¥eod to call
a method or ®FEFHIH OE%H"GRSP provide Ll i §on‘e or all
of the foll m‘m‘gg enfyfeon“s'""r"rﬁ' Gvertap and | e

sane inplenentat | KVCaI | TypeC

Call the fumm@smmmm MMM'WMWMW*W
convent i on iistdsd isnguagesinterpretesy, w?lm%mm hﬁ%ﬂ‘;‘;'m
prot ot ype |MSFWM“&?-§M__ fp be qupried by pame, versiog adapter,
arguments € The user of the class regieiy 4o, ey %“)MMM“WWI t he

function wi PRroRKsclas. The chass may.come foi & ingtaled in the class registry.

'CONVeNLi ons.
This calli nmmmmmmmhmmmmmam 'l'he
decl ared Wi tiss egistrA@ipul@esits clsvinsnces byaakpoifiter 10 the ngiaabas o epfiversion o casting is
argunents. mm%mwmmsaaumwwmmwm
PCT/ CA95/ 00%e:s . :53-

kVCal | Typepﬁ%ﬁ@hmpummﬂwchsmmmmcﬁuch&hﬁeﬂdwmwB@EﬁafusCm l'ing
convent i Onsm&wmmmmwmmedmmwmm

cal ling convention shoul d. be used for & nct i
"Pascal or dmm%ﬂ“ﬁaﬁb isyers o '%m%@"ﬁd[mn“
| types), together wath hogka. f bl obfects. m
_pascal). cription includes a fimction Poifite classxegmrymulltomvokea
function w ghy ANSEC eonemgetthevaluemdmtheno

I nternal cald: SiQi bl b M@MW&&&W@ I's as

C-eaﬂnbleﬁmeummundforgmﬂlty Mosteompﬂedlmmgampmeformnﬂﬁmcuonans
nmummgnmwwmmmmmwmhnmw
bythelmgugemkeﬂnsmpnemdfwchmdevdopedmdepmdmlyofﬂwchsmm For
situations where the C++ method iniplementation is predictable (such as platforms using the Microsoft
ObjeaMappmg),dneumgmnmofumnlmhodsusuppomd. For the samie reasons, data members
mupumbdbyapmofmﬁmmmh«ﬂmadmﬂ'sawmbupomm

t he
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fol | ows:

Vcr Cal | Exception *Internal Cal | Si gnat ure(

VFunct i on V40 86/08765 *f uncDat a, PCT/CA95/00513
unsi gned par anCount ,
VTypeDat a **par amlypes,
voi d **par ans, 46~
VTypeDat a mfoumngd.mshommau&lﬁmeommdmmm Theclassesmﬂlh:ghhghtedborders
Vcr Dat aRef are designed to be able to be'stibciisked bylusers of the classregis,y. = funcDat a
Functi on descr jpt-ea—for—t-he—tall zogaranCount—. Nunber of
par anmet ers. par amTypesV“B“Types of the. par anet er s.
par ans p{ eLs _
resul t Type Re(uest ed ret urn sfepleve VesArgyment
(Return) Pointer tJ.I(.I)EL.he_Let_uL.n_/al U The
value for all arg ntsvetmeul d pe "9f shoul d al so
be included. If o any cannol e converted to
the expected types ofi fVetPhimeraci ual ' VerSimpleView
function cannot be cpnverted o t he function
should fail and retuf wmojectRes 1 VFunctioneaC 4t i ON. VerFranimaLin}
VTSear chType -"fTi'mnﬁaU M1lo. used. to specit o—search for
cl ass registry entrips.veiehkiopk systeoul d - use this
argunent to determ neg-whettrer—they [shobtg=treRe™a possi bly | ong and conpl ex
search for the class verstued!  f UNGLyl ORerepbaanqt her they shoul d sinply | ock
| ocally for the cl asp>or~+grett+on. ' mhi ch support | at e
bi ndi ng of types andlfungdgmans may fin {1 RichdéarRgf orm a ch to see
if there is currently‘e def ifni t Fem— et i e t |eyCaliudedtiont hen
performa conpl ete SEAT Clegds LNE CIMHW was t
parse tine. ——/Seiar cHi verHep Sgar ch in
every possible way to‘M t e M VexceptionData kKVSE
Only do a local sear[c tem rform any| verDataRef
ti me consum ng oper _@ nd t — EnuntvFSearch€ase
This enuneration is juks Mify dorm nane searches for class
registry entries. Qg e¢tr—system nd subcf{asses—ef—t he cl ass
registry entries shaul ¢ latt i) sup nodes o
searching. |If case ijnsensrtrye—secarchi ng f=s .“.ut go$sSi bl ge—her—adt searches
shoul d bg case sensiftiye - | ¢L VerCodaAdapter {) - o - VTvopMarager,
Name search i s case |sef gimtymmm—— kVCasel nsensitive
Nane search is case lins - - Enum VTCQ assTag This
enunerati on determn r subcl ass of vwaakm@e [to which a particul ar
Vcr Base i nstance - This can be psed—to differentiate the type
of object returned f pokup i n tht. C WirUnnitem - registry.
kVcr Ar gumrent kvertrass—
kvcr Functi on . VésERamtemoperty

voropaque

The class registty provides an extensive instance hierarchy to define classes. To facilitate the

understanding of this hierarchy the following figure represents a sample instance hierarchy. This is
intended only to give an example of the instance layout of the class registry and its components. This figure

is not intended to be complete but to simply give an overview of the instance layout. The solid arrows

represent direct pointers to objects. This hierarchy represents & class registry with two object system

adapters installed. The class registry contains one class which defines one method and one property.
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PCT/ CAOWOBHB26S
kVcr Type

kVcr Excepti on
kVcr Vi ewSpace

PCT/CA9S/00513 _ 54

kVcr | nst ance

=47 Ver Al

kVcr Adapt er Space

Enum:

VTTypeSubcl pss

—hetonys

VWMHSTPj nt er

kVt mObj ect Re

RKVTOEUNCL | On_!ﬂ'. I

to which a rtlcwﬁj
facilitate t[:aversa

“kVtnStruct -4

KVt mUn MosNamespace:

Hy

kVt mEnum : KV T Ay
kVt uSequence L{ Y mmmbhm%m ]
kVt mAny A n{pagiie !

-

kVt nFundanent al

VFunctionData ( mmmmmm&mm VTExtepti onType

Thi s enurneration eL,_ae&_aLl_gen ric class eglLT Ly TUnctj on calling
excepti ons. . —AVerFundamethiBha)] © 4 Marrient | VerArgument Type of the
exception i s unknown. \/Excepti oanCal | Eal Type of
the exception is|specific to the ca V"Wﬁmﬂod VeiPointer '

Obj ect adapters s

n||| r~| etLn nvrnnf -oRs wi t h

when marshal | i ng

drrors, VP@P‘E“"‘MWM’

The call was conpl €t

ge

an except I on.

ner a
mt‘f'bnNoReso rces ll'j me}ficient

resources were avai |I ab .etg—t—he—ea-l-l—l
This can, for instance Nt e _IQXZMg out of'J, VerSiructtem |
"kVExcepti onBadPar a Onejg et ers could not be

converted to the

e i W
- ‘undamentai(short)

t ype. Kb_/‘mmr amCount |

was i ncorrect. cepti onBadObj ect

i nstance t v\/mg:n the call was att enpt ed was -

I nval i d. kVExcept | onCouI dNot Expose An obj ect

to the cal lp\gSe
obj ect sys

the native cﬁhgse%:c%a&icﬁns chcoded!EHbHMT beic%&mk

VTI nt er nal Reickpfiendithi TR cladld plotiAPTSAJ sef ifital MRS

required

Thi s enurrerveﬁ.bmwdeterm nes the subcl ajs of VTypeDat a
VTypeDatra [ nstange.

owwmm

can be used to .

this L '
VExYede orjCal | eeFai | ed

The nunber of paraneters

The obj ect

types,
of the

f M@ancebata, and

me%ass

i nst ance passed

regi stry ernigumess eic. Classes are defined by lcieiiing £ Wtddediclaas object. Metholnfad prioyestiesi S di rect |y
t o anot her (YoedeaPhnctidreandiVoodesPedp instances) are added to the class ustny/ iomsgiRis AddMe thod

Ref erence mdpddRaopessy.circul arity.

VTObj ect

System -

Mﬂhdsmdcﬁnedmﬁuﬂdw(mﬁchg\mnt)whﬂmmmmm
using AddArgument. ACcﬂhbleﬁanmstbemdedwhmdeﬁnmgnmﬂhod.

Usmgwmppaﬁmeumfwchsmethodsmmnkemwgmg

able objects easier, especially in

mmMmmemdwbeﬂnmmuﬂfaﬂuwoﬂhe
underlying class, the wrapper can convert from simpler types (like ‘int.’) to specific types such as
enumerations that are difficult to express in a language such as Basic. You can register read-only properties
byathewpplymgaNlMsdﬁmuhmwbymﬂnmgeﬂmoﬂhemh'mdm[y' :

The type of each C wrapper function matches the member function it represents except that it is a file-scope
function (or static member) with an instance pointer as its first argument (an explicit “this"). Macros can be
defined which generate both the wrappers for C++ class members and the class registry item construction

code.
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VTObj ect Systemis defined as a 16 bit unsigned nunber used to determ ne the
obj ect syswovsRsmst er associated wth a type nanager PCT/CAS%00513
registry entry. This IDis used by the object system adapter to

determ ne any special handling requirenents for its own objects and classes

versus class and objects from anociqer obj ect system I't is also used
to determ ne ﬁ;ﬁéﬁﬁc Lt gria when querying the class registry.
VIQbj ect Syst em’l Eilh‘]m%be al l ocated by Visual Edge. The prefined object

system | Ds draddition to dealind/ith/Bti¢ @triesShedlasnmegisry can \Jdb @iy kighly Syrgrhie matries. For WO
96/ 08765 * example, in interactive object development or object system bridging, the content of the class registry can
PCT/ CA95/0051§|mgeasmeuserbmwsesandqumesfofe:nemalclassesorastheusuaddsormod:ﬁesthmown -55-

VTVer si on asses. Whes fhe class Jppisids qanpsied ko gn obiect sysiam wiich is dyamin, thq class iy it ed f or
speci fyi ng thg‘%?'%. on nunber of .classes which have the sane name

but di f f er ent Deveippmemiviotrhén® NEh as Rngdgejimerpretere éass ofnlt the kibasregisiry Miar ail @dermal peVer
definition. andname bihingarformagonateompiletime; mpmtinas; o beti Fhei réshite gial querylaimrse tnetap Nt
k\VWer si onNot Sisdiesefsimply thit dhe gryey betsferred yntibruntime, hiE gasses are defined statiepllycthyir fsfinitidns t the

hi ghest ver si 6 baayiighicpt ppmpile i, I classes are beipy impeted)PmAE object system such as DSOM or
PCT/ CA95/ 0051 SLE. they may be available at compile time, but all their methods and properties may not become available 56-

Support d ass “m”fmsgm :Z"q%ﬁ %’E‘m Wer class
‘registry cl asg’é is nof found RS9 B H’éﬁ%

i nformati on on ss registry entries and on object nethod and property
calling erromqumsmmﬁkpf@alchﬁx@pt defined byOoths athewact Fliss UWienifamespacd) daie- Wy a

call to a met biiths servicpsars provided thiough jtsviftual methods Clienfroeesses will typicglly b soafi@dd(wil cept i on
may- cont ai n a?P“’FF?P%ﬁ‘F@é"‘G?W POfsEpsanay heveagjclasiragistry iaganesiprrestient

i hf or mati on Tvically, the % W’bﬁ:ﬁ’ﬂmﬁ%;ﬁa%f is
used when cal
ref erence coun m%‘g@‘ SO oty pgures =he del et ed when

needed. The sfstiel squilvpenisiof gach object systiic sdejedr oan (be Mitibe defihilipcsuklagasf hegasst ry hel p
interface. Sl iemdassen Thevegisiroilep clase define beiguaurd of the class registry andijsd APlBNt ed t 0

t ake advant ag@W@aéﬁFWGm&ﬂWhMWWMtM cimsrs vireal Menber s
VcrHelp e Constructs a VcrHel p object.

-VcrHel p

Destroys a VcrHel p object.
‘Overridabl e FMJH“@’HB%B‘F'&Y

Thcchsregsuydeﬁmammﬁmewcrkformownclm. Evuyt&mmﬂwchssregxsuymbe
extended with mixins. Mmsmchsmsuymacanptmdemppmforfmmmmywmchls
available in some object systems but not supported by all object systems. Mixins can also be used to -
augment the functionality of the class registry beyond its basic implementation. For instance, not all object
systems can support exposing classes from the class registry to their object system. Thus, object systems
which support exposure can provide an exposure mixin while those that do not support exposure will not
provide an implementation of the exposure mixin. The mixin mechanism allows the class registry to be
fully extensibie without any recompilation of base system modules.

* Visual Edge will be working with its partners to define standard suites of mixins (analogous to Apple Event
Suites). This increases application interoperability and helps promote a strong market for add-on tools.
Mixins can be provided in an external DLL so that if the mixin is not queried the DLL does not need to be
loaded. This also allows a system to define its own "add-on packages®. The add-on packages can be DLL's
which contain implementations of mixins. If the DLL is not found, the mixin is not provided and the
system can continue with its default behavior.

The mixin extensibility mechanism can also provide memory consumption savings. Mixins are dynamically-
created when first requested. They are only constructed if requested.
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. Description
owner oY@ g6/08765

t ext ual

and Put Desc

Returns the textual description
Put Descri ption m’g‘*”%?

description for this help item HasHel p
I ndi cates whether the itemis able display help infornation

about its owner object. -
Di spl ay t he Thekips iregisttyr mearddesathe Eapability he provide axppliclignomd mixin framewigis Hidiclp are

Put Descri pt il

t ext ual

t he description.

-49rspl ayHel p

Const r uct or Sndependent of the object M@M@mmlmm That is, wmqmpmm
"description Fhﬁu"é;m“dmm@é@e#‘l‘ W?J?f@g'&l t“!‘dﬂ"‘ﬁ?"“t‘hé‘%
Constructs &“¥e lpgtpeir i A t
t akes a des@' ot ggﬁ I-"’, 8 builder may e T'§°°
descriptionJ:g A on DSOM objects
-VerHel p()  giows 10 have freedom ) ' ity %l
is added to'a ¢l ass registry or-type nanager Obj ect _
object w | _ : _ : BesTr

Descrl pti on()

/St 1 Qs operty st
descrl'%ﬂ"%"n"ﬂ%)ﬁlﬁ“omer 'ohT)J ect. 1t ca «%QEJ:

rei npl ament ed i neJhbiirkt astioe Jescribey the jepymerations and
'ﬂh@emgeuualwpesuhchmy@sle

display to the enduese TyRedets Shighsreaperifs toan eipidnal gass are listed with the clags it
bool _t HasHel p().mma\mu&%ﬂ&mummmmmmesmdew

PCT/ CA95/ 00513

HasHel p

error returns.  These classes are used for specific helper furictions such as description and help

of the
3t he

ng

obj ect.
or mhlch
& def aul t

p obj ect
t he hel p
I ption
voi d
ores the

typedefsused thyopgheyt te elasngegisty. ook up of
%MPP‘M td (i megithanpice f or

-57-

returns W&iﬁmmﬁﬁmw the native help system If th

return is true,

. up the hel p abouf mf@ﬁ“ f“ﬁ“’wﬁe

voi d Di spl ayHel p( )y

systeminformtion Wth 1N
I f the object doeWmWWMWM“ﬂEWMIW
O ass Ver Cal | Exceepesiasses are the API tothe peeside pyrld implementarions may agtpallybe qubclasses. | 455 whi ch

is used to returnmhmmu%ﬁbwmmlmm&&m@amwmcuon or
Puhhucmmﬁumuuetormbydummmnawmm

e The sixth section defines the type management hierarchy for the class registry. Thaeclaues '
mdummfawm;mdemmbmobjeusym.
omhstmomlmathemrmﬂydeﬁmsm These extensions are available as
mmmmuﬁWVMWde These classes are not defined in this

. met hod.”

asemdqs / W%M to bring

ornmatl on about the ovvner

VArray Extensible typed array.

VAtomDictionary Atom keyed hash table:

VClass Support for run time type identification.

Vvalue - Encapsulated union over integral types.

VString Encapsulated null-terminated C string.

VAtomRef String identifiers used for fast hashing and comparisons.
VPrimary Base class for mixin support. ,

VrPrimary Base class for reference counting and mixin support. -

VMixin . Base cless for mixin implementations.

VrReference " Smart pointer template to an object which keeps track of reference

count of the object. This is needed for proper muiti-thread support.
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Put Hel p ' Sets the help systemobject for this

excepti on.w096/087650verri dabl e Public Menbers PQTiGA9S/00513
Returns the type of the exception.. : - dee

Returns the error code for the exception. This is specific to

the source of the exception. =50~ Sour ceNane

~Returns the nane ofvdrbgLisour ce of Tédpidte@K@14esvi of Pointers to objects which keeps trid o
‘Returns the hel p system object foﬂfmmefé‘ptmw This is needed for proper mulfi)dex

R&turns the index of the paranete CRptrcthatthis igcnor an amay of VrReference
exception (if any). er Type

Returns the exception type if this is a user defined

exception. - UserData Ret urns the
exception data if this is a user defined Hel p and Put Hel p
VcrHel p *Hel p() voi d Put Hel p(VcrHel p *hel p)

hel p Help for this item The Hel p property

stores the help systemobject for this exceptlon The hel p syst em obj ect
provi des descriptive information about this exception as well as the

ability to display help from the native help system If the
Hel p property is NULL then this exception does not support any
hel p. Type VTExcepti onType Type () =0
- Type returns the type of the exeption. This type can be translated into a
| anguage specific error - nmessage. Code
|l ong Code() =0 : Code returns a source specific error code.
Unl ess the neaning of this value is known for the sour ce,
~ this value cannot be interpreted. WO 96/ 08765 -
. PCT/ CA95/ 00513 - -58-
. Sour ceNane : VString Sour ceNare () =0
' SourceNane returns the name of the source of the exception. This may be the
' nane of an ' application, object system etc., or ""if the
. error was detected inside class registry code. Index

long Index() =0
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I ndex returns the index of the argunent which caused the exception.

val ue | WOhe8TéS/e | f
particul ar argunment or the argunent which cause the

exception is
*User Type ()

exception occurred. The data for the exceptlon I'S.
with UserData.

unknown.
=0

User Dat a

Thi s

the exception type dPST/GAISOIBlY to a

User Type

VExcept i onDat a

Userﬁ‘ipe'returns what type of user- defined

t he excepti_on.

obj ec.t s. m.ﬁfﬁmﬁl’%ﬁﬁ°

is used to
descri bi ng

UDCI L}Cll.Cl I CL uriro L IIU

=0
exceptlon Usaga Gpdest this data is the
Cl ass: Vcr Dat aRef

‘\Ver Dat aRef
The yage qode ig of typp ¥TUspgesedy anddse| f

Hé“"t%‘ga"v'\m‘ﬂ' 44| ProgEtiepiity Re f '
m”qgléls'ﬂ""d 8%td of Note that fgr t he

retrieved

yges ambEn@ﬁaﬁn&wer Data ()
er defined ~

sane as the type of
I's an cl ass which

aut o- del et iUssge ¢odes wpplkannomlidns snd frpleen@us denils for emple) ot db nbtrue Bepala® tyhds toS t
ref erence tWh@-WmﬂWHM@MMMquImr nally the
reference J¥®™€s the nunber of references to an object in a tenporary

| Ocati On S and gt bictaps oY ChRR AR sy St STCR g eSSkl Publ i ¢
Menber s same bit may mean onei6ihgd 6 a3ty and another for a class). The table below

Vcr Dat aRef usaby codéd apply to which classes and also most likely to refer to the usage code. Ret ur ns

a pointer tobaua% e ClFIMIPIE]TIIIN[AJL]B|V
Returns the | ‘d&;wm. n -+a'l' i P
Returns the [HALEL &fH::i.té’df&ISgUE' P L L S LS L e :
Sets the poi [HAladeBefallitriPedey 1. ot St el q
Sets the val BEnyBlgebiRedt@hc 1O & SONSLAUY o o 1o | o — T Huteoy
Sets this tofRAsabetkbdydsate ANOL NCY U7 fqT|oel <1 TPt Pwnership
Sets the -dat ppvgs Gedll P 101 LNE T[E] EGATCES. P t4Cont ai ned
Ret ur ns V\het%als cont @t Ned| e thergrelrencel ., :
W1 Del ete [xvusagecallerIsowner RET wins| wietnel tnefodralwil | be
del et ed. KVUsageByRef WV | | Der el o]l o] ETYr ns whet her
t he obj ect Wivisayeuisaeel er enced. e | o |VCF DAl dRel QanberiuCt o
Vcr Dat aRef (| kvosadeoptional . dat aPntfre | » )
VTypeDat a kVUsageHasDefault *t ype, o] bool t
doDel et e = HMvBéagevalue ' bdad { &
doDer ef = FAKSFiageout VEr Dat BR4f (1 Yallue el e
dat a, kVUsageInout . yvpleDht g ol type = 0)
WO 96/ 08765 |kVUsageDynamic ° ' .
PCT/ CA95/ 005[kYUsageDeleteNotify o | - . -50-
kVUsageCannotSubclass e |- ' .
kVUsageDoNotCache efe sjele lTele

C VClassbhata F VFunctionData M VFunctionData (method)

P VPropData E VExceptiocnData T VTypeData
I VinstanceData N VAdapterNameSpace A VcrArgument
L Used by a language B Used by a property browser V' Used by a view or adapter
The meanings of the usage codes are as follow: :
kVUsageReadOnly Property has no user-accessible set method.
kVUsageWriteOnly Property has no user-accessible get method.

kVUsageDefaultProperty Distinguishes one property of an object as the property to be
. assigned or read when the object itself appears in value expression
(or as the recipient of an assignment) . '

_ Specifies that this element of a class is a protected member.

'I]:isusageflagspeciﬁesﬂ_mthisﬁmcﬁonormethodcanbecaﬁed
by muitiple threads at the same time.

kVUsageProtected
kVUsageThreadsafe
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Vcr Dat aRef ( const Vcr Dat aRef - ' &copy) : Vcr Dat aRef ()
dataPntr wo96087¢80i nter to the data. , dat a PCT/CA95/00513

Actual data for the reference val ue. .- copy -

Vcr Dat aRef to copy from . type o Type of the data.
doDel et e Del ete the data when refggences goes to zero.

doDer ef. Dekefsagesteidehe obprapedy, adimdnt, uliRh@URS GSnelieBiurh Gat 2Rk Fot

Constructs a reference object. |f telercaittmmiaanpegniesied stored in a VWal ue,
the data nmust be kVUsagevarAtg CifYade@Rd or mbthod@ Mol it hdarfihn QY b GfliP9d tYyPE
is zero, type will be initialized dvileue forfiCthé FitGon or method should be called usinb @ €d i N

the Wal ue. Note that this m ght |csibugusemsasibundisthe soipend sporcd. dlte thatfundtibicor t ype  of

t he data. Only fUWW' i9bleypymber of angisiety may not
poi nters, structs, etc.) are suppo et ‘?T}'g:’g’%' ’ type

is not an object pokYitsageCabmetsornerJhis usegs flescipesifiey thandlis Gaectionirduim, ipethed adtdmed  ON
the data if "~ doDel € Wiuf wrurped igan argument g o by fined by the gllery of er ences
reaches zero. |f tyk@sageBakefoh] ecCtideptifieyah @gumert #hich should actually be passed by addidsie| et e i S
TRUE the destruct or whahgeiler! aSS Fuldiidn 2 REtod Markumed? Cor Ciibpey Ui Beat 1€

ref erence count s g I Cefhirtifiiont, 16 Ibfa uséeX her wi se, it oDe{r’}e S

TRUE, the rel ease nphagdopfshdie clmm%lr}lﬁw&lu'

call ed. The constructor wth no argunments ) an en‘gﬂﬁneference.

Addr ess """“Wbﬁ“ﬁf“Aadw&“ defaslt value from the VerArgypes s
returns a pointer to the data. THE"] pasildlomiged @ dhe constructor or
to Psrasvaiver i s rSewifiedoon the jafpumenicor p ppertyset-whichds fo hold thal | zed
with a constant froma Wal ue, a 2ctual value for the property. This)is ppivneedpd vhenihe property i | |

al so be returned; however, the refseetr“é?l'c"gﬁf’["’o"%"‘constant Wil return a
pointer to a storag®VP#ea¥s on i nsilieriumentds feallypngmm fromihe fmgtion pranethadhoul d ot

be used after the rmeei@nmmt The arghiyidis an input to the function or methoB)tuEkIRkIB b TY PE( )
const _ Type ret ur namofifirddiripgybecdf t he data. This is the sane
as the val ue passediupadeBhaBdIST I' fil Bage Gecificd that this class definition may chabige B2l €1 OF
Put Val ue. Val ue . queries. \Vi¥#t| is) Gvhexd Xhelidbas) is GOISK it may bave more
Val ue returns the internal VVal ue cknemis fpypperiics. methads, ela} thaniwhendt vaofirstiqoeriéd, | f t he
data is a pointer, an Elementsicas gnly he gddeppatirpavedsi | | be ret ur ned.
Thi s met hod shoul d xyubagebeleceNok 3 Thik specificOfiit Svhe @stlinftadibel o this object is destroyed or
TRUE. Put Poi nter - - fully dereferencpdii this Procefdaparsithen the other adariters will
*dat aPntr, - be notified of this. " VIypeData *type,
bool t : d ofSUsagecannotsibSass This class cannot be subclassed by a language or a builder
“bool _t doDer ef = FALSE) (however, it may be subclassed in its native object system).
: kVUsageDoNotCache This usage flag specifies that this top level item should not be
cached by any views.

msetofavaihble,linlssipeduagecokisﬁirlymaﬂ. Usage codes must be allocated by Visual Edge
on an as needed basis so that they do not overlap with other definitions.

Enum VTCallType

nﬁsmtwmmmmmvmﬁmmﬁmwwamwmmuw.
On any given architecture some or all of the following calling conventions may overiap and provide the

same
~ kvCallTypeC _ Call the function with C calling conventions. This calling
' convention should be used for a function declared with no
prototype in ANSI C or declared with a variable number of
arguments
kVCallTypeAnsiC Call the function with ANSI C or C++ calling conventions.
This calling convention should be used for a function
" declared with an ANSI C prototype and a fixed number of
arguments,
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WO 96/ 08765

PCT/ CAYYO8lsss PCT/CA95/00513 - 60-
dat aPntr Pointer to the data. type

Type of the data. doDel et e Del ete the data when _
ref erences goes to zero. ~-53- doDer ef Deref erence the -

obj ect when ref ehRRLFpBRRALL O ZEI O Call the function with Pascal calling'diedations. dmif €f er ence

Obj ect. |If type is not an object pqiiafRkvedlAIe be used fol DiAiEdR Arieald UXFr ee

will be called on the data if doDel eisaidrSectdrbd\ulith Paskall cilling conweiioiicof 1 ef erences -
reaches zero. If t ypeeasealan obj ect pointer, if doDelete is
TRUE t he dest r uctveellfrymeinteanall ass | ﬁdt%ﬁwwmwﬁ@whngmmmmme call ed
when the reference count reaches zefnmalgilisguapeste injemal ijBenaufeisiss TRUE, t he

rel ease " nethod of t MU ass |nstance will be called. Any
data that was pr n tbe ref - handl ed
just as if this v(r%e ag'géxﬁ%%nﬁn Q teml%ﬁ‘gglgam@ ol ° . fmclgg;thonst ant o
voi d Put Const ant ( . Wl ue - unsigned dat &, 5 ramcount,

VTypeDat a type = 0) VIypeData . {YPE s« azantypes, Type of the
dat a. dat aPntr void Pointer to 4pgadala :
doDel et e ' Del ete the data whBgpesather ences fgeaﬁtiﬁ,,,zero.

doDer ef Deref erence the ol¢mestarwhen ref exxesnaes goes to zero.

Resets a reference object. The data nust be constant. If type is zero type
Wi Il be initialif#egPata  Functiondescriptiof frdhecallne t ype stored in the Walue. Note

that .this night H%%‘@“&ﬁ; %’P‘F P‘H“Sﬁmtlon for the type ' of
the data. Only PRATEATRAT al’ ob! ect p0| nters, pointers, structs, ‘

etc.) are suppor] S Any data that was previously.
in the referenceregﬁg?g&ge "‘ﬁ‘ gm"ﬁ“m&;e&ﬂmference '

Voi d Put Coipy(const

had been destroye = '

Vcr Dat aRef &cop “"“"’f“'n“m" "iﬂ“"""m‘“" ffo copy.

Resets a refereffd ¥ f%mb‘ @" fH'@ sanme as
d‘gt'ﬁ““é?

that of copy. T pOoi nf” e sa copy

unl ess copy was as I ue based VcrDataRef. In th| S case this
Vcr Dat aRef mﬁm&ry@edupl icate of the value in copy. Any data that was
prewously o |nthe reference will be handled just as if this
reference : bused {3 SPeH W&‘;y”::um FAEiSFY saitie, Object system adapters shouldy oj (J

Put Oaner shi W deterniine whether : w—.

bool _t :pﬁx‘“ "‘ﬂ”m  locally for the class or function. [gpgyages, phi Del ete

the data lme % ?3} fy ‘Mmm-
Dereferenc«;;.,,;= C%J ect en rererences goes {o Zero.

Put Omner shi'p chapges_Lhe ownership ormatlonbhlf tm ta is referenced.
If the data is St O gy dda 2gs no effect.
This method wi | Imtypl cgmy be used &g to find the item. * ownership of
an object or data. The caller nust be sure that the l1fetime of the data
wi |l be | ofipum VTSearchCase than the lifetimes of all refernces to it.

I sCont ai neqhmmmmumdbmgfy%v&mwgd&%m ries. Object system
adapters and subclasses of the class registry entries should attempt to support both modes of name
searching. Emmsmhnmehmgnnﬁmbkmmmmmndbemmunmm

kVCaseSensitive - = Name search is case sensitive.
. kVCaseInsensitive = Name search is case insensitive.
Enum VTClassTag |

'lhuennmeranoudmmmthemprmbclasoﬁrcraase mowhxchapuuculur VcrBase instance
belongs. nnsmbeusedwdm‘aamauthetypeofobjearemnedﬁmgmlmhlpmuwchss

Tegistry. _
kVcrArgument kVcrClass
kVcrFunction . kVcrProperty
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IsContal ned returns whether the data is a constant stored in a WIue inside
t he ref er M@ 86/08765 WD 96/ 08765 PCT/CA95/00513

PCT/ CA95/ 00513 _ -61-
W I Del ete bool t WIIDeIete() const W I | Del et
returns whether the data will be del et &@%®hen all references to it

di sappear. This kvezrType will return TReEns$fangehe data i s a constant
stored i na Wal ue KYerExkeptige reference. -kverAdagichySpegec f

bool _t W/ I Der ef () kégMirwspace W | |kDemad} returns whet her the object

wi |l be deref nsgqgv\/n all references to it disappear.
This will ret FAL gp?&‘lﬁ%ssdata is a constant stored in a Wal ue i nsi de
t he ref er ence This enumeratiddQeEinElQieGliclass of VTypeData to which a particular VTypeData ‘instance

PCT/ CA95/ 0051 Belongs. This can be used to facilitate traversal of type trees. -62-
Base Cl asses kvm}';;e,sg, clases are the hyg@pfd-agges for all class
registry entries. PiR¥ide the comon  gelsbads and - properties
whi ch are needed awtg‘ iojost of the differgpiglasses. VcrBase defines the:
| owest conmon enom nator for all clgss. rggcstry cl asses. It

supports ref erence, o ’1“”%‘6‘ hel p i nformat |k9m%‘t Many of its

nmet hods are pure vatfnu fe i npl ement ﬁd subcl asses Vcr Topl evel is
t he base class for registry i *an be found directly
in nane spaces. It"‘fﬁ‘b’tﬁ‘ﬂes support for version numbering of cl ass

registry entr thi‘l*l‘?? gnance of view information. Cl ass
Vcr Base EﬁPubI I C gﬁ%cl a of VrPrimary VcrBase is the base

cl ass for t heThischumsfatiog defipes gf| peterioclass ireginteyifingtiommallingtexceptionsle scr pt i ons. |t provi des
met hods andxekedptenvhioowane, tTygeef thedseptien is uaimemhel p | nf or mat i on
about the item Thk@&xbestonchiigailadi SO Jwmpliheieseeption is specific tethecibmprert @duint i ng f or
use in its derived cl asses. Vchase |MM¥MWM¢MMW

Prot ect ed Menbers Ui wWhen@sfshalling errors, etc. occur. Asks
t-he base class to é‘@éjﬁ?ﬂ‘@“&a%f’éﬁbﬁke Theyallwas pmplejed but the called fimction generated

Rel easeChi |l d 2 Ask ase cl ass, ;.o rel eaa‘ew?
reference to a chi Ffrceptiontoresoyrees i | )G W@MW

for mstance, bé V Tunining out of
: memory.
kVExceptionBadParam One of the parameters conld not be converted to the
. required type.
kVExceptionParamCount The number of parameters was mmeot.
kVExceptionBadObject The object instance to which the call was attempted was
invalid,

kVExceptionCouldNotExpose An object instance passed to the call was from a foreign
object system could not be converted into an instance from
the native object system.
Enum VTInternalRefType
VTIntexnalRefType defines the types of intemal references to class registry entries:
kVDirectRef Reference is directly to another item in the hierarchy.

kVLoopRef Reference may form a circularity.

VTObjectSystem

VTObjectSysten is defined as a 16 bit unsigned number used to determine the object system adapter
dssociated with a type manager or class registry entry. This ID is used by the object system adapter to
determine any special handling requirements for its own objects and classes versus classes and objects from
another object system. Tt is also used to determine search criteria when querying the class registry.
VTObjectSystem [D's must be allocated by Visual Edge. The predefined object system IDs are
kVAnyObjectSystemand kVNoObjectSystem
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Acqui reChi |l dren Acquires internal references to

chi | dr eRyo 96/08765 Rel easeChi |l dren PCT/CRISHOSBS
internal references to children. Public Menbers

Acqui rel nternal Acquires an internal reference to the
obj ect. Rel easel nt er nalgy - Rel eases an

i nternal ref ol © t he obj ect ) Put Oaner

Changes the owner of the object. : Put Hel p.

Set s the helvpversfopiisiefnedama 131hjt egred numlyer ysélif@ spedifiing the version number of classes whikh g
Ret urns thehtvagemm buy diffepntt ilqplamegtationyy A higher version 1@nber implibs) b hewerf@efbitimc  Merber s

Nane Negative version tumbers are illegal. The constins k\Yie Fiti oRNoESReGHEE o d s usedduringisearghes

Type to specify that the highest version should be foundet |y ns t he type of the item

Usage Returns the usage flags for the item
owner S Returns the owner the object.

Hel p _ Returns the hel p .information object for
this item bj ect Syst em _ Returns the
obj ect system whi ch manages this item Protected Data Menbers

VTAt onP i t sNane ~ The nane of the item

VTUsageCode i tsUsage The usage flags of the item
AcquireChild void AcquireChild( VcrBase

*child, _ vTl nt er nal Ref Type

ref Type = kVDirectRef) WO 96/ 08765

PCT/ CA95/ 00513 - 63-
child Child to acquire the reference to. : renypi
Type of reference to acquire on the child. . Thi s net hod
acquires internal references on a children of t he obj ect. For instance, a
class woul d - add direct referenes to its nethods, properties,
types, etc. This nethod should be called whenever a new

child is added to the object and when Acqui zeChildren is called. The
choice of reference type to add to children is as follows:

* Direct internal references are held by owners on their children and by
itens on their type objects.

Acqui reChil d(kVDirect Ref) adds a-direct internal reference.

* Loop internal references are held by types on classes, functions, and

ot her types. " : Acqui reChild (kVLoopRef) adds a I oop
i nternal reference: Rel easeChi | d voi d Rel easeChi | d(
Vcr Base *child, :

VTI nt er nal Ref Type ref Type, : '

bool t decRef - = TRUE,

bool t del eteSel f = TRUE)
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child Child to release the reference from ref Type

Type of re&&mgs to release on the child. d rTeEA95/00513
Decrement reference count. _ - deleteSelf- Delete self if
reference count reaches zero. Rel easeChild will renove

i aternal references froma child of thegghject. This method should
be call ed whenever a child is renoved fromthe object and when

Rel easeChildren is caI | ed. Acqui.reChi |l dren |
Acqui reChil dren() = This nethad mS:“pp\QrF C«laﬁﬁééj

refer ences tofal.dﬂawks@ R 2 Dol s i

called from AL BnC L e amtﬁ.. oﬁecpnﬁtﬁo%m

references t0v¢zt:§mxcepmnmmmf u%@m@e chOI ce
of reference Siwpﬁahmxa%z&rﬂnﬁwmom:ﬁemb h‘ﬁuﬁm end user readable information

Di rect i nt er nahilabicihax andee oftheprddien.dvdrpa aneris ssedovher diilingrizihddslang progitiet Wby i t em
on their casily maintain 2 reference counted data pigiest sgibgt the date objediowiiliberdd@idiwhatidedeDi r ect Ref )
adds a direct internal reference. * - Loop internal
references ar pes on classes, functions, and other types.

Acqui reChi | d(g\;ﬁg g’ﬁggélédds a loop internal reference. :

Rel easeChi | dredriielp defines the class regisBy GelfRinkeffiRs € Slitichssts &N (ciend ate intended to be

decRef mplmﬁﬂﬁpkeadmugeofmhpwm'smveudpsvm bool t
- del eteSel f TRUE) decRef Decrement ref er ence
. count . CMeﬂd&l’%t eSel f Delete self if reference count reaches
. Zero. verl@lpeaseChi | dr en wichdstruttesvierelipiiiij@c nal r.ef erences from
o al-l:of its chidremveciinip net hOd Wi | | DestroysaverHelpobjeehnl y be called from

Rel easel nt er n@XFFE‘PE b?‘ﬂ&'aﬂ uments should be passed on to the

Rel easeChi | d aple I deleteSelf is TRUE then

Rel easeChi | dren  Description shoul d Setpmns thetepcual 9 & pymeniobigey it s

~ children with NULLPutDeSCIipsien eSe| f | s Sefhe tsuuaj degstiption for this help item.
Rel easeChi | dRefs rifdlelRot renpve the [ Rhetherths item igabledisplay pelp nformation

Acqui r el nt er nal VTRef wm‘m%g L olmer abject. VO 96/ 08765

PCT/ CA95/ 00513 ~ Displavielp - 64-
VTI nt er nal Ref VyyHelp&onsmractor VDI r ect Ref ) ref Type

Type of reference ‘;cgné_g?pl re to the object. ~ This nethod
acquires an i ntern@,nglg(@tg{}@edg,gﬂwfmpbj ect. Acquire Internal returns the
t ot al of external and internal references to the
obj ect i ncl uding td&camd;ynaﬂdﬂﬁdoeﬁmam - I nt er nal
references are refgLalag ey Sppht'ied PIHeE ks o Wdbehithodthos edellSidade t he

class registry . jsargument Mmmi&ﬁﬁta&ﬁ-% ref erence are ref erences
to the object which are controlled outside the class

regi stry hi eerﬂMpDésuuetosal references are used to avoid ci rcuI arities in
reference counts. - method is only cal’l ed

byAcqui reChil d. The choi.ce of refe fall ows:
**  External refe’;%ggg’ﬁ? w&%m%w Lﬁ”%%‘t"ﬂ%ﬂ cl ass

registry. Acquire
Description and PutDescnpnon

VString Description()
void PutDescription(Vstring)

Tthescnptionpmpmymthctexmaldempuonofmemobject. It can be
remmummﬁrmm,wpafmadmmloompoﬁhedampum The
description should be suitable for display to.the end usc: or should be "™ otherwise.

HasHelp
hool_t HasHelp()
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shoul d be called to add an external references. *

Di rect Wwao w8265 references are held by owners on their cOT{A9S/00513 by
items on their . type objects.

Acqui rel nternal (kVDi rect Ref) adds a direct internal refer ence.

* Loop internal references are hel 3% types on cl asses, functions, and
Other tYPeS.  Haselp retms whether this object subfofiihd vatn@s Rk, Kirki MRS Inadds a | oop
i nternal refereneasase: :pisplaylib AidSiRlbld tobriigdp the help about its owner object.\VTRef Count

Rel easel nt er nal (

VTI nt er nal RBlisplayHelpr ef Type = kVDi r ect Ref ,

bool t void Displayﬁéig pRef TRUE,

bool t : eSeI R renype
Type of refer encmlayneﬁ#‘ "&m%lﬁgls%fmmm“m'm% SUe
Decrenent reference. coun 8 | et egei i Del et e sel foif

ref erence =+ renove
an i nternal Cﬂ&%eV&ﬂG@ﬂEﬁ@&Pil@bJ ect The return val ue |s t he

total nunbe xt ernal. an | &l | usch ference I?éect whi ch
remain. VerBluiBilepE AR R PEaEE te'rcgal %'fm'ca "'f""f—‘f"l EASE }éﬁdfag et s when

necessary. Measneefh‘r’rdfernal : takes care of resolving circular
ref erences. piblicMuaieesl i s only called by Rel easeChild. Put Oaner

voi d Put Omner (Vcr Base *owner) ' . The owner of
t hi s obj ect. bu gsi Put Omner set%]p?ﬂmcgmﬁ ?‘“P‘H’"‘s object. The .
owner pr opeOwvgrridablesPublicdviembletse traci ng up an ' I nstance tre
to the root typepgg class definiti Qfumskfaiype dithl Q2pkioh S aut omatically call eri
by the code  Predefined S%&hﬁ%ﬁ%&&ﬁ!@kﬁ@é&nmﬁ el p and

Put Hel p Ver HeI P * Hel B4 source of the exception. voi d ut Hel p(Vcr Hel p-
*hel p) SourceNamehel p - - Returns thel@dni@ off tilsoutcé1df the bxcepitivn.

The Hel p propertselstores the hel p sRetnsihebdly spstein obit fortthidi esceptiien The hel p
system obj ect primdexies " Retungidhe axdéxiof theprametef Whichemusedthe about thi s

object as well as the ability to di $pwtepGfey)p fromthe native help .
system |f the HEPFF¥YBfoperty is NULE“'E'Hé"H i e iEthis Mawe dfBed support any

hel p. WO 96/ 08765
PCT/ CA95/ 00513 UserData Retmnstheexcepmndmaxfthlsuauserdeﬁned - 65-
Nane VAt onRef Nane() picr Nane returns theée nane of .

t he obj ect . HélpamdPatHelp specified as an argurrent' to the constructor

of the subcl assevgrgjlp%gﬁe

void PutHelp(VcrHelp *help)

help Help for this item.

The Help property stores the help system object for this exception. Théhelpsyslunobject
provides descriptive information about this exception as well as the ability t6 display help from
the native help system. If the Help property is NULL then this exception does not support any

V!l'!xception’.rype Type() = 0

'rypemmthetypeoﬁheeuepuon. Thutypembemhwdmﬂmgugespemﬁcm '
message.

Code

long Code() = 0

Code retums a source specific error code. Unlesthemmmgofthxsvalmxsknownfotthe
source, this value cannot be interpreted.
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Tag VTd assTag Tag(.) const Tag returns the
tag of theyebiewss The tag identifies which type of subcl agscwéAbsiossae t hat

this obj ect is. Each subclass redefines this nethod to
provi de the correct inplenentation. Type VTypeDat a
*Type() Type returns the type of the object. The default

i mpl ement at i OS ret -ns NULL. This netho®8- must be redefined
in each of Vc QH‘SCI asses. where it is neaningful. That is,

VO assDat a shoul d Yssrimnseurteppee (s €h is an obj ect reference to the class;

VFur, ctionData  sourceName reums thdWaiid & e Qdukté BF theRi@eeghiil Ufhi3 mlay Ri8heXtamd &8n
functi on: VPr opDat sppifediion, btfct ekl &), of 116 the WP wi fletetefinsiak dMatEgisity code. -
Vcr Argunent shoul d return the type of the argunent: VTypeData should return

itself Indexge VTUsageCode Usage() Usage
returns the usage {Jna%dgj(,the obj ect. The usage flags were specified as an
argunent to nstruc'gvl(‘)“_'h of the sub asses, of Vcr Base.
Oaner md‘ %‘F"“’me‘cg t he
VcrBase obj ect whi% s 0'5‘]’ o Ct l”““"'I"i:"'?““‘l"" %'t'?n%%mﬁwgm
VFunctionData is a 0 a CI assData using VO assDat a: : AddMet hod t he
owner e of the VFunctionData will be the VO assData. The

subcl asses of Vcrgpse set t he _owner appropriately using

‘Ver Base: : Put Oaner . VEERSHPE e F P HoT € i nf or mati on. Obj ect Syst em

VTObj ect Syst em Cbj EsetrTSpe returpg yhat type of user defined exceptiq@iofowrtsd. SThe tlatarfor Ureexceptions's t he
obj ect system whi%etHevedithBresDatai s item The defaul t

i mpl ement at i OQ fH this method returns kVNoObj ect System Vcr Ar gurent
redefines thi met hod to return the object systemof its
owner . Cl asmst/¥ciPapdres gbserbata() Budl i ¢ subcl ass of VcrBase

Ver Topl evel s t heyspasiRa fehuiSifie dul kssotibt@With & B& acihda ¥xclplid MPne Wpd & lhisaddls e f ound
directly in a N aNMEsaiid 3 Bitype bilthe exception. St OF €S Speci fic information about the
vi ews that thIS |tem|s found in as well as the version nunber of the

itemand its e Ccrass s not di reuiy rstant T ante:

Publ i ¢ Menber f)ataﬁ Vi ews : Returns the
vi ews whi-ch r\?‘JzS&r.%H&euWh& \nmmsusedto ©\data. The class is self

Ret urns whet heagith I@ﬁhﬁ@&yiaﬁ@&ﬁ@d&%.ﬁb&nﬁm bifekts Wikid\Weference the data

tree. Vi 6 Mote that for the auto-deletion to work, all references must be build from the first

PCT/ CA95/ 005 lréference to the data, not from the criginal data directly. Internally the reference stores the number of 66-
references to an object in a temporary location so that all VezDataRef objects can access this.

Public Members
VcrDataRef Constructs a VerDataRef object.
Address : Retums a pointer to the data.
Type : Returns the type of the data.
Value Retums the intemal VValue.
PutPointer . Sets the pointer to the data.
PutConstant Sets the value of the data to a constant.
PutCopy Sets this to be a copy of another data ref.
PutOwnership Sets the data's ownership for the references.
IsContained Retums whether the data is contained in the reference.
WillDelete _ Retumns whether the data will be deleted.
WillDeref Retums whether the object will be dereferenced.
VcrDataRef Constructor
VerDataRef({ wvoid - *dataPntr,
VTypeData *type,
bool_t doDelete = FALSE,
bool_t - doDeref = FALSE)
VerDataRef( VValue data,
VTypeData ) *type = 0)
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AddVi ew Adds a viewto the list of references.

RenoveViwey 96/08765 Renoves a view from t he PCHCAS5/00513

r ef er ences. UnnmapSel f Renpoves the item
fromall views and its adapter. Overri dabl e Public Menbers

Maj or Ver si on Ret ur¥¥s t he maj or version of this item

M nor Ver si on VcrDataRef( const Verbidhrwens &dagy)mi nor version of this item
Type Definitions verpataref() VTTopl evel Ref Li st Vr Ref Li st
of Vcr Topl evel obj ects. VTTopl evel Ref '

Vr Ref erence to a 99&RERSHI ev@?"“ﬁf?"!ﬁ . VTTopl evel Di ct

VAt onDi cti onary cﬂ“%rTopI e#@\"“ﬁbnj: g reference value.  \/j o\

VTVi ewli st Vi ews l"t‘fonst V“D:f:‘ ft°"’°"”f’"’“‘\/l ews returns all the view nane

spaces which curr iéeer ef reb goeMsz"‘D Vi ew nane
spaces fromthe %gggretfree % @J,ot he sarre time.
\f

| nVi ew booI
node :
| nVi ew returns wj 5 gm N foi i tohe SEHRE: erelnthe
vi ew whi ch owns ; aTeTs etg,a,g il ¢ d1QesC

whet her it is al Nn&tgnttb QoDeret upﬁdﬂ\&@ﬂe will be called on the data YfO! d

AddVi em( Wi ewNa GE‘exsﬂﬁﬂ number of references reachd3 @G If type is an object pdilel®@ | N Vi ew

t o add. aonele:eﬂdﬁdzmwmdd& f@ the t1@Y\indtaiice villbe ballGitwhenfihe\réf@ens couliti C h
reference this i treeesyeecOthepvitelisionextef &5 TRUE) tha telesseimethod of the class instance wilhbet he vi ew

at whi ch the it emlledThdrenstfugtonwith no arguments bufikls aaempty/refenence. voi d

RenoveVi ew( nglanﬁpace *node) node Node in vi evv‘
to renove. RenoveVi ew renpves a view fromthe list of views

whi ch reference tvid *Atémssodeonst t he actual location in the
view at which the item can be found. UnmapSel f _ voi d
UnnapSel f () Address retums 2ol BCthé dati MER Spointaie pakse Bikof thed Bonstruckor \6# ®WS  and
fromits adapter .pulvisiteladsrednia fthecreftrents is initialized with a constant frbm! 8 KV4lge,tahi s it em
out of the cache poiffiritsthe don Wilkalo Dk reched) howeter the referends ad the @it will rem DT v
consunpti on. Thi Poipterpy ssmegedogatipninsideitself. [Thus, thepeintes shouldipot be uviod pigyjhageferarte] at t ached
vi ews and on t he dissppears. adapter which owns this item

Ma| orVerS|onr - VTVer si on Maj or Ver si on()

VTypeData *Type() const

Type retumns the type of the data. This is the same as the value passed to the constructor or to
PutPointer or PutValue.

Value

VValue Value() const

Value returns the intermal VValue storage if the data is a constant. If the data is a pointer, an
invalid VValue will be returned. This method should only be called if IsContained retums

TRUE.
PutPointer
void PutPointer( void +*dataPntr,
VTypeData *type,
bool_t doDelete = FALSE,
bool_t . doDeref = FALSE)
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WD 96/ 08765
PCT/ CA95/ %0& dks765 - o PCT/CA95/0051G / -
Maj or Version returns the major version nunber of the item The default

I npl ementi on return 0. This nmethod can be overridden in

subcl asses to return a valid major versiggnr nunber. - M nor Ver si on
VTVer si on M nor Ver-si on() M nor Ver sion returns the m nor

ver si on nunber of #dmmphtiem Poimertikiddanll t | npl enent ati on return
0. This nethod cantyr® over r i iptefthddma. subcl asses to return a valid m nor

versi on nunber.  doDelg¥® O6/IBRF GEdata when references goes to zero. .

PCT/ CA95/ 00513 doDeref Derefermeetheobjeotwhenrefetencugoeﬂom. ' " -68-

Exposed Cl asses  Resetsarfh@gobier df type isabian cfest plilterdpere € isGpaftesd@diudreesd USer of
t he cl ass regi st r ywill Wralied ontheglats i gogbd e cIRUL g the huinibe fol keferences reachesizéd. IC| ass

regi stry entries. SPeian phistbointer, if $4DebysBist TRUE Wi iiestaciidddr the chisddhstptcwilldee Space,
and Wi emNamSpacé"&F%ﬁmm mmmd 4@;@{deﬁgmoﬂmmmbcl assed
for each object s 'ass instance - ag greviqualy in the efersice will pyor t .

Ver Ar gunent,  VEXc PibaqiChis refryepeead pen ta can ei ther be directly
I nstanti ated pﬁﬁw subcl assed for specific purposes. VO assRegistry is .
directly - instanti abl e and shoul d not be subcl assed. The set of '
exposed cl asses al‘®d9iPHEFR @B /T ta whias i s defined in the Type
Managenment section. Cl asST¥PEPEAgunE®P® = @ Public subclass of
Vcr Base VcrA_ryggrrent [ G, SPeci fy the arguments to class registry
descri bed nethods.gqarapntr ngo ers Ver Ar gunent

Constructs a Vcr Arggs®dtle ODjpRied the data when references goes tozérdcf QUI T
Ret urns t he def auldopépdsie O references goes to zero. Put Def aul t
e

Set the default vwa%&gﬁr%m&gﬂm &&%Defl nflt|!Er:.‘,s@ﬁf%:;:f= |

VTAr gunent Li st from the type stored in the VValue.
Ver Argunent  Const ropiad &, Only fundamental types (no object pointers, pointers, structs, efc.) are supported in
VValues. Any data that was previously in the reference will be handled just as if this reference

PutCopy

void PutCopy(const VcrDataRef &copy)

copy VcrDataRef to copy.

Resets a reference object. The new value of the reference is the same as that of copy. This will
point to the same data as copy unless copy was as VValue based VerDataRef. In this case
this VerDataRef will contain a duplicate of the value in copy. Any data that was previously
in the reference will be handled just as if this reference had been destroyed. '

PutOwnership

void PutOwnership( bool_t doDelete = FALSE,
bool_t doDeref = FALSE)

‘doDelete Delete the data when references goes to zero.
doDeref Dereference the object when references goes to zero.

PutOwnership changes the ownership information if the data is referenced. If the data is

stored in a VValue this method has no effect. This method will typically be used to take over

ownership of an object or data. The caller must be sure that the lifetime of the data will be longer

than the lifetimes of all referencestoit. - :
IsContained

bool_t IsContained() const
IsContained retums whether the data is a constant stored in a VValue inside the reference.
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Ver Argunent (- VAt onRef nane,

VTypeDagyd 9608765 *t YP€, \ICpeaofiouses ucodes
= 0) nane Nane of the argunent.

type Type of the argnent. ucodes Usage
flags for the argument (if any). -61- Constructs an argunent

obj ect. Thw@ ﬁﬂg&&t will typically be added to a VFunctionData using

AddAr gunrent g its creation. Default and Put Def aul t

const Vcr Dat aRePo®DeWatiPeigte() const voi d Put Def aul t (Vcr Dat aRef)

The Def ault propsipyless prumswhicthe theldsiapill e dejeted wien plbrefertrios weit dpppentThis Thi s val ue
Wi || be used i f willistum TRUE if the data is a constantstored i MY aljus ingidstthe sefeeendef | ed when t he

met hod is 3€gh§d The default value will only be used if the
argument t £ fundanent al. type. . Cl ass VFunctionDat a
Publ i ¢ subcl assbodl_t/aitNoptedyriconst WD 96/ 08765 -

PCT/ CA95/ 00513 wi11Deref retums whether the object will be dereferenced when all references to it disappear. - 69-
VFunct i onDat a i Shiswill ki FAZSE if e kacisa colatnt Rored @ra0nva 1@ dnside thkaeibratecd f UNcti on (or
nmethod). It includes its name, argunents, return type, and callable

entry point. This object can be used in class registry or type

-manager descriptions or a subclass can be built for the explicit purpose of
aiding function calling in an appl i cati on whi ch does not provide
internal support for direct function calling. A nethod differs froma
function in that a nethod should have a hidden first argunent which is an
obj ect pointer. This argunent ~ wll be declared as a generic object

poi nter Thus, before executing the nethod(with VerCall), it is up {l
to the caller to performthe correct type checking on the first argunent.
It is the responsibility of the subcl ass -of VFunctionData to add

t he hi dden argunent for a nethod. Public Menbers

VFunct i onDat a : Constructs a VFunetionData object.
Equal ' Det er mi nes whether this function
definition is the sane as _

t he specified one. Overridabl e Public Menbers:

LockAccess . : Checks whether this thread.can call the
function. Unl ockAccess Unl ocks this
threads | ock on calling function. Functi onType

Returns a type which represents a pointer to this type of . :

function. | sMet hod Ret ur ns
whether this is a nethod. - Argunents .
Returns the list of argunents for the function. - . Exceptions

Returns the |ist of exceptlons the function can throw
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Ent r yPoi nt Returns the callable entry point for the
functi on. wo 9608765 Val i dCal | PCTICA95/08813
whet her the previous call was successful. Type Definitions
VTFuncti onLi st - VArray of VFuncti onDat a obj ects.

VTFuncti onRef Li st o Vr Reéd+st of VFunctionData objects.
VTFunct i onRef Vr Ref erence to a VFunctionData object.
VTFuncti onDi ct ' VAt onDi ctionary o

obj ect s. TP ST ST T AR a2V - T A VST AT Bawglasggbﬂat a(
VAt onRef Mﬂ“ﬁsmtﬁemmforaudassregmryenms. They provide the common methods and
VTUsageCode URd®mél6eS which aok)needed across most of the different 88 VcrBase defines the I0WesBmdn t he
functi on. denominator for ail classie@isttj@lasses. It supports referende/Sctiffify, helpcmdtia, etd. 'Many dfiisCt i ON
(if any). =~  methods are pure virtualot®¢ implerientedsin fublses. ORI THOLaye] [3itiebide clif fordlasst he
definition of resisty ilconwhithomm be Sunddinollycn same spaces (it fivides supposifor version numbering of in
a class or narfi#ssEygistrysatries and for maintqugnce-of view information. bool _t Equal

(VFuncti onDat a_*fupnc) - func Function

descri ption t oiClgxdrveeBhSe - - Equal will conpare the two
function desc[)%‘%hl 0 sl an& turn true if they are equal. For the two
functions to ﬁ'ﬁ‘é‘"" return types, usage codes numbers of
argunents, andlcemgptthmdmfammdmmmelmm@pémmmnndmﬁmmmomns must
be the sane. Andgoraghir mmegwe, utageped helminfirmativn gioutiodee  Tis tade|class also supports

ar gunent s nust“fm%f“%wwvﬁ’mYmnwmm@hﬁcked Thi s net hod
is called by t manager when determining if two

function poi nt emberSt equal types. - - WD 96/-08765 |

PCT/ CA95/ 00513 Acquirechild : Asksthebasechsstoacqmuefmtoachﬂd. -70-
LockAccess ReleaseChibb| _t Loc k Ac@skssthe biss clast to releasgs refizence 1o a child.

wai t el ole} . rel eased. ' LockAccess

| ocks the VFUI’%‘{I on IBt g}{s’tghﬂgvéﬁo St her threads may call the function at
t he dompreqhitdren | ¢y ) tochildre hoci fj ed on -t he
VFunctionData thef® easechildren Lock 'F‘F“&’FM'@"?et urn TRUE. |f
wait is TRUE dnblic/Membesti on is currently | ocked t hen
LockAccess wil | vvalhgz\i:%mg unct ion (o be rel eased: erw se, LockAccess
wil | I fLoc f:EE ﬁg

t heVFunct i onDat a: : \ggtdun&la rrust ,hemofﬂ,e ater.

Unl ockAccess PutHelp voi d UnI ockﬁﬁmwwmwf“m,m Unl ockAccess

unl ocks "t he VFunctirafData so that ot heReninsheagientifing disadah - t e function. |f
kVUsageThr eadSaf e .i Al t he VFunctionData then Unl ockAccess does
g %vemdasble Mim I\Eemgets o '

Name Returns the name of the item.

Type _ ' Returns the type of the item.

Usage : Returns the usage flags for the item

Ouwner Retums the owner the object.

Help Retums the help information object for this item.

ObjectSystem Returns the object system which manages this item.
Protected Data Members

VTAtomP itsName The name of the item.

VTUsageCode itsUsage The usage flags of the item.
AcqmreChlld |

void AcquireChild( VcrBase *child,

VTInternalRefType refType = KkVDirectRef)
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not hi ng. Functi onType VTypeData *FunctionType() = 0
Ret ur nswa deyogpsswWhi ch represents a pointer to functlon W poTidaesoes1g nat ur e.

| sMet hod bool t IsMethod() =0 Ret ur n whet her-
this object is a nmethod of a class (i.e. it has a hidden first argunent of
type object) or whetheg3it is a function. Argunent s

VTAr gunment Li st Ah@udrent s ( cniR «ddequire the reference to. Return the list of argunents
to this functiOrcesTit | i StTyps bredideke RaNGiFe oknBachild t ens added to it or

' renpved from'tﬁimmmwmaﬁ of e o6t 'r¥ ifanck BLlhek Gielal ¥ €ntered

in the class reg&ﬁ&ﬁé{fefm to- il niefbdS, | frPSties, types, etc mm&@%pmm-' st
Exceptions() Mam@hummroqdmm:i&qu@&camea{ iscdied thpt this
function can thmofﬁueacelypeémhw&dnmmm be nodifi ed by ' t he

calling code. A Iang%gect S no;. [-e to us rmaltlo‘gear When a
function is called “ﬂgq %ﬂ:gh essary

I nformati on about thgpee%ggptlonls returne I'S . S
used primarily fore i Gentiitaabicferngesaresheld by s o [classes, MMMMave i tems

added to it or AcquireChild{EiaoRREL) ds@ loprt imterrefrnce: he f unction has been
directly or, indi ﬁﬁ&'y entered in the class registry. Ent r yPoi nt

voi d *Entr ’ﬁf{: VO assDat a *obJC ass = 0, _

voi d vo:hbbyl@e{echi]@( . VcrBase . *child, : ' voi d
*cal | QDJ ect = 0, . VTInternalRefType refType, VTCal | Type
*calltype = 0) = 0 WO 96/ o@?ﬁ’s‘ decRef = TRUE,

PCT/ CA95/ 00513 deleteSelf = TRUE) -71-
obj Cl ass _ gy:s of ;%&f b s is a nethod. - ‘
obj ect w\g &{% biieldi@n Wi Il be applied (onI y valid
when EntryPoi nt decRef is called on a nethod).

cal | Qbj ect (Retdrdtestir tﬁmmmmmoobj ect' js valid, this wll
contain the )9 %MO e first
Rel eCh;ldwdlmovemmdmfm ] f .
Z@u&

car gumant to the whmeveuchlldurmvedfrom alrdmneleasech  1ing
conventions for caI ling the function Ent r yPoi nt returns the

cal |l abl e emdqmmchﬂMOr this function. If this is a nethod, the first
argument may to_used to ahjc | ookup of the entry point for the
‘given object. TP#S? chuue‘é&ﬁu%ﬂ‘ nb that the entry p0| nt and calling

convent i ons canTds "qq\;g dnirenal-refereners 19 a! phil

d t called frymAcqpireinte P W lé’d"f t h
SpcatiT Ll gl R, ﬂ'ﬂim%m m@m for the

is a class, and oby d)msmumﬂmamthhen@hgﬁnmmmwxmmm
>Cast ToBase wi || aut mmm;a&dqyzmatmemetmwymm@hﬂw se, object

shoul d al r eady cﬁfﬁ%ﬁ@ﬁwwwuﬁo&w%to t he base

class by calling VCI

ReleaseChildren .
void Releasechildxeu( boo]._t o decRef = TRUE,
bool_t .deleteSelf = TRUE) = 0
decRef Dea'anﬂumfmom

deleteSelf Delete self if’ tdeenee count reuchesum.

ReleaseChildren will remove internal references from dl of its children. This method will
only be called from ReleaseInternal. The booléan arguments should be passed on to the
ReleaseChild calls on the children. If deleteSelf is TRUE then ReleaseChildren
should can replace any pointer to its children with NULL. If deleteSelf is FALSE then
Releasechildkefs must not remove the pointers to its children.

AcquireInternal

VTRefCount Acquirelnternal (
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the object. Val i dCal | Vcr Cal | Except i %;C\BWI | (

VFunct i onf¥@9§/08765 *f uncDat a,
unsi gned : par anCount ,
VTypeData : ** par amTypes6 4
voi d **par ans,
Vcr Dat aRef & esul“f’}"“‘“&ll‘eﬂwe refType = kVDITEGRER a
Function description for the call. par amCount Nunber of
par amet ers. refType p"é(?‘aﬁ‘ﬁfﬁ‘ﬁ’é%"’“‘l‘“f'i/‘p@%”&“ the paraneter.
par ans . Thismesiod@équipe i iftemabreftrancd thde ghjzetonmiiBfeSnternal retums the total
resul t TRpben bceternad ard internakreferenaes \Wathe iebjess finclnding Ufeinendy added. reference.
Val i dCal | checks viptendh goferepdegars) mﬂ'ea?lﬂ WFNM%WG@WM a valid
result. This ‘"""‘h“’u E"“‘“’ pi m‘bﬂ‘“\“ﬁ“%ﬂﬁ asses to
check the return @H‘" EW‘Q rs for
exception infor na;%% "m;%“é?sf: u%fﬁl"&“‘“"‘““"'ﬁm ubcl ass of .
Vcr Base VPr opDat Exietal feferetideshierheld inly(b) taScbservits ditidekbecinksirdyisey. Acquipperty of
a class. A property i s sbhouldaewsiled inddran éxtetng refefences. cl ass whi ch I s accessd
t hrough get and set ac east one
of the t wo accgsﬁfﬁgﬁ%&?ﬂg %C&ggﬁ% hﬂ' met hods
can have multiple argnents Thi'S 1's usef u |nstance en a .
property is actually * 2 Loop interpal refsrencot are) by oy @cﬂmﬂmé@ﬁan i ndex
to access a part |45MFI’FOE§H%°€PHQ§’H@‘U&PF”§E‘P‘|W Publ i ¢
Menber s PropData - . Constructs a
VPropDat a obj %Elpaselntemay Overridabl e Public I\/Errbers .
LockAccess VIRefCount Releaselnterngliecks whether this thread can call the
function. ' Unl ock AUCE¢ernalRefType refType = kVDireg§Refcks thi s
thread's | ock on calling functiof®®-t decResot Vet hDWE-
Returns the "get" method of the pPYpdrty. deleteSelf = W¥EMet hod
. Returns the "set" of dociire WD 96/ 08765
PCT/ CA95/ 00513 ﬁf‘f‘d ﬁfﬁﬁmt 1o the bject. _72-
Type Definitions deletesels Demeselfur‘néﬂ%a&m:ﬁhum VArr ay
of VPropData obj ect aselntemal wmarugogpatngang)rgs l’k(o:;h(e)umect. The return value is the '
VPr opDat a( VAt o ? internal rdlelEs to the object wWhich remain.
VTUsageCode Releaselnteﬁfa@ asechildnefs when necessary. ReleaseInternal
: takes care of resolving circular references. msmethoduonlyulledbyneleaseChild.
PutOwner

void PutOwner (VcrBase *owner)

owner The owner of this object.

PutOwnermtheomofthsobject. The owner property is used to enable tracing up an
mmeeueewthemottypeorclmdeﬁmuon. msmethodlsamomauallyealledbythe
predefined subclasses of VerBase.

Help and PutHelp

VcrHelp *Help()
void PutHelp(VcrHelp *help)

help Help for this item. N
The Help property stores the help system object for this item. The help system object provides
description information about this object as well as the ability to display help from the native help
system. If the Help property is NULL then this itum does not support any help.
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name _ Nane of the property. ucodes

Usage fWeps/0BT6S the property (if any). BERCAIPASES 5
property description. The nanmes of the accessor methods should be the nane
of the property preceded with either_get_or_set_. This
nam ng convention(fromthe CORBA C -65- | anguage bi ndi ng)

al l ows propNamees to be accessed consistently across rrul tiple-class

lr)eg: st r{ A %maef Name ($N@DI €d program ng | anguages b\zckA]E:cess
ool _t LockAccess(bool t it for
lock to be rele ’“mm"f}h“b’“t mlfﬂ'fl?’ﬂfc*&’é‘&?’fﬁ'm‘ﬁ%‘hiﬁmata so t hat
no ot her threads sQ/maccess ot property at the ' sane tine.

I f kVUsageTfygadSafe is specified on the VPropData then LockAccess will
always returm TRUE. If wait is TRUE and the function is currently | ocked

t hen LockAccess VIClassTag Tag() comst,i | | \ait for the function to be rel eased:;
ot herw se, Lock/Awgesunsihs thy of thedbiest. riThE18¢ i@siatifie which type of subclass of VerBase thetgliisAcces's
returns TRUE t hebjers.djatbaubelass igisfingethiOndtiod \provide the cogrest implemeptationr . The

default inplenentation | ocks both the get accessor and the set accessor

bef ore ret ut¥ng. Unl-ockAccess voi d Unl ockAccess()
Unl ockAccess unlvaggepataherygkriopDat a- so t hat ot her threads may access the
property. If e returms the type of /00RAT FHE MG Gidmouskich rSRRGIVEL S fhisiftmbd1©

VPropDat a t hen U‘{Eoﬁ ﬁﬁg’; dﬂﬁg‘ﬁg%héﬁ%m where it i{5RiedMRER100That is,
VFunctionDat a  vogid¥bida Qb refim@ type which is an object reference forhelviais Vrdr.dt@ériDREAS the
retrieval accesshildaniedninype biite fyadtion) ¥piogData flotld retiin the ¢pk ofthsprapitet al | ed i n
the property as vpmm:mmwmotmmn Vhpedage shoudd retwm ML L t hen t he ‘

property is _not readabl e. ~Thi s shoul d al ways. return the
sane val ue Usag8r its initial invocation. ' Set Met hod .

" VFunctionDat a * Setdiedvad (usage (P Set I\/bt hod returns the
st orage accessor,_net t Irqg led in
the property as ug%inﬁgﬁ‘;&h &%9 )ﬁ'el return I's ﬁb@ en the
property is not witable. ' This should always return the
save value @ivher 1ts i n| t | al invocation. .. Cass VlnstanceDat a
Publ i ¢ subcl ass \pf Vcr veI VI nst anceDat adescri bes a naned
i nstance of a consta ant |abI e or class. The named i nstance _nay be
installed in thé’“E?raS%“"Fe F ’Soﬁ‘ﬁaﬁ“ﬁhtm& Gis shigt oFF i ¥l e
i nst ance or so t"ﬁ‘a\‘!“f*?“” %‘ ‘”D‘“ M G‘E’Eata may be
subcl assed i f n f‘%frd%a w ﬁ?éze st ance is
read onI 'éBa“ ree. onI constant 1's described as a
read only (2% WO 96/ 08765
PCT/ CA95/ 00

VTObjectsystem ObjectSystem()

ObjectSystem returns the object ‘system wluch manages lhls item. The default
implementation for this method returns kVNoObjectSystem VcrArgument redefines this
mhodmmtheolueasymofmm

Class VcrToplevel

Public subclass of VcrBase

VerToplevel uthebusechsforchstegu&ynlemsvv]uchmbéfmmdd:ﬁéﬂymanmspm It
stmspecxﬁcmfo:muonabomﬂwwmthatmsnan:sfomdmuwuasthemonmmberofthe
item and its full name. Th:sclasunotdmctlymmmble.

Public Members - : _
Views - Returns the views which reference this item.
InView . Returns whether this class is already in the specified view

tree.
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-73- Publi ¢ Menbers VI nst anceDat a

Const r uct woneeylisnes anceDat a obj ect . Overri dabl e Publ i POVCARS08S13

Val ue . . Returns the val ue of the instance. :
Prot ected Menbers Put Val ue Sets the
val ue of the instance. Type Defi+fi€t ons VTl nst ancelLi st
VArray of VI nstancabalea obj ects. Adds a view to the\liftlofveféreuxs.e Ref Li st

Vr Ref Li st of VI nstrameeizsa obj ect s.  Removesa view from thaJis( oficfermmeese Re f
Vt Ref er ence t oaVl rishanselDat a Obj ect . Removes the item from all\yipwasnd itg plapiedi Ct

VAt onDi ction f P ﬁ@ bj ect s. Vi nst anceDat a Const r uct'or
VI'nst anceDat af ? HH‘M’E g%ﬁ?rg na .

MajorVer Returns the major version of this item.
x'cl'[Jngtggchg;e “”‘”V“:g%ggs Q)  Returns the minor version pf fis ftem. Name of
thedi nstance.'rype])eﬁmuons vaI ue ] Vafl(,uf; -of the |nstance
ucodes qsf qQr t elp Lance

pleve Lls g 1St of VerTo)

Constructs a descr‘\gpi ) f; a na”ed | Pt fdlefice waverT LYT‘
voi d Put Val ue (Vcr, pid VAtomDictiony! %ﬂoplevelomVal ue of the
i hst ance. Sets the vaI ue of the named instance. This is
i nt ended to b¥iewsl | ed from subcl asses of VI nst anceDat a whi ch
need to set the vatrvgw sttheug(pra,hmt after initialization of the base
cl ass. Val ue const VcrDat aRef &val ue() Ret ur ns

the value of the RAERGedrR%H ROGE name spaces whitttmendyreldnde this RREHoAwo view nisht0! | C
subcl ass of VchoW%me&de@mmes a user defined
excepti on. The exception may be installed in the class registry so

that it is alg¥iewal |y available exception or so that it is specific to a
class. Exceptions gre, m‘,zg,l(wlg;,gm#%,ednm, thgder nanes. VExceptionData may

be subcl assed it necéssary. lic Menbers VExcepti onDat a
Constructs a VExceytéeonDat aAQh;eamtmewmesme&MorNeﬂbers _
. Put Type InVimeummmw&&ﬁs&nm&%Mmﬁﬁwm
node. This method can be used to check whether it is already in the tree.
AddView

void AddvView(VViewNameSpace *node)

node Nodeinviewtoadd._
AddView adds a view to the list of views which reference this item. node is the actual location
in the view at which the item can be found.

RemoveView

void RemoveView(VViewNameSpace *node)

node Node in view to remove.
RemoveView removes a view from the list of views which reference this item. node is the
actual location in the view at which the item can be found,

UnmapSelf

void UnmapSelf ()

UnmapSelf unmaps the item from all views and from its adspter. This has the effect of
flushing this item out of the cache. This can be called on items to help control memory
consumption. This impiementation of this method calls Unmap on all attached views and on the
adapter which owns this item.

MajorVersion
VIVersion MajorVersion()
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WO 96/ 08765

PCT/ CAO W@9518365 PCT/CA95/00513 - - 74-
Type Definitions VTExcepti onLi st VArr ay
of VExceptionData objects. _ VTExcepti onRef Li st

Vr Ref Li st of VExcepti onData objects. -g7=~ ' VTExceptlonRef

Vr Ref erence to a VExceptionData object. "VTExceptionDict "
VAt onDi cti onary zﬁsor\/@seap&ammmmm« of the item. ﬂmwﬁ%ﬁ&
Constructor return 0. This method can/fe6weRiddeh A BbkIsRL to retum a valid major YekstoR

name, ) VTypeDat a

*type, MinorVersion 3 - VTUsageCode

ucodes = 0) VIVersion MinorVersiaHB Nane of the exception.

type Type of the exception. ucodes

Usage flags for VRS E S b \nd cts a
desor pLion Of ekt el i o o o o IS > 2
voi d Put Type(VTypeData *type) type Type of the
exception. Sets the type of the user defined exception. This
is intended to be called from subcl asses of VExcept i onDat a
whi ch need to set the type of the exception after initialization of the
base class. The type of the exception should not be changed
after it has first been retrived. C ass VO assDat a Public
subcl ass of Vcr Topl evel ~ VCl assData is an abstract class which

descri bes a class of object to the class registry. Its definition

provi des support for querying the set of properties, nethods, types, etc. ‘
whi ch are owned by the class. The met hods i nclude a constructor

met hod, destructor method, and reference counting nethods. Any of these
nethods can be |eft underfined when describing a class. This class may be

subcl assed directly, or - Vcr Codedd ass nay be subcl assed instead for
obj ect system adapters. ~Public Menbers VCl assDat a
Constructs a VO assData obj ect. ' - . NotifyViews

notifies views that the class has changed Overridable Public
Menber s Based ass Returns the
first base class of the desribed class. _ BaseCl asses
Returns a list of all base cl asses. : Construct or

Returns the class's constructor description. ' : Dupl i cat or

Returns the class's copy constructor description.
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Destruct or : Returns the class's destructor

i descri pti g 96/08765 Acqui rel\/ét hod PCT/CARSIOOS1IBS t he
. description of the class's "Acquire" nethod. ' Rel easeMet hod
" Returns the description of the class's "Rel ease" nethod.
Met hods Ret u?ﬁs a Ilst of all the nethods of the
class or of all the .
met hods whi ch have the specified nane.
Returns a |list_of all 1‘h¢E properties of the Expogw@qasgesr

Returns a |'isgQf Gridn 2 B30stfo § 138 ﬁi&ﬁﬁ mmummh&smces
Returns a |i St{:’e%ﬁcml Gﬁﬁ:@il@ﬂ‘;itﬂalfpkﬁﬁﬁcal ﬁcﬂabﬁ)aei a/A8apterNameSpace,

Excepti ONS  and vviewNameSpace are abstract classedeHicti bre futeiied tb BetsubClbssed fok eathivbjecesysedé i ONs i n

t he cl ass. be able ¥Erotde/itd Seiabsupport. VcrArgument, VExceptionData, and VInstanceData can

PCT/ CA95/ 0051 Sther be directly instantiated or can be subclassed for specific purposes. VClassRegistry is directly _ 75.

Met hod instantiable and should not be subclassed. R tt ofi SXPastcslarnes plerJRFlugs VEYREDA SR ed narre.
Property defined in the Type Management section. Ret ur ns t he property of the specified
nane. Def aul t Pr ooertv Returns the default
property of t|mg wﬂﬁ : Type _

Returns the t oqurl e spec |ed namne. - | nst ance

Returns the i ﬁﬁkl&’ ﬁ@fgﬁém fied nane. - Exception

Return the exvmkmanﬂﬁmhmpmuﬁmmmmmm Cast ToDi r ect Base
Casts the object instance to a direct base cl ass. Cast ToBase
Casts the obj Bubli¢ Mambere to any base cl ass instance.

Cast Fr onDi r ect Baseverargument Cas tConsinloe a vlxpsireritbjécince from a direct
base cl ass. Default Cast Fr onBaRetumns the defauit value of theargument  Cast s t he

obj ect instance frewnpefaplbase cl ass t @etitisidefault yalycof the argument. -

Subcl assOF Obj gct . Returns the class of the specified obj.ect
gi ven that i t‘i%ge?eﬁmﬂons o o

subcl ass of this cYEggumentList ALz of V5 sArgyment objects.

Det er m ne whe I subcl ass of the class
which is an atr‘}g}lr\nreé}?ﬁ?ﬁ %EI S éto ho Super cl assOf

Det er mi ne .whet her VFHRFSPERY Y’§°%P°§uper't?1‘%[ss of the class
whichis an argunent to this JEINEY pe Definitions

VTO assLi st _ SageCMRe ueff/d of VO assDat a obj ect s.

VTC assRef Li st name Name of the gt | St of VOl assDat a obj ect s.

VTd assRef type Type of the afulg@f. €r ence to a VO assDat a obj ect.
VTd assDi ct : ucodes Usage flags lrtheagiheatiif @ypar y of VCl assDat a obj ect s.
VOl assData Const I UGLQE : un argument ol e sl PR s conac?
VTUsageCode usage),“mmqm,::ntmﬂ.m::;,.b’,:::'{m:l“’é‘ﬁ’:@'ﬁl Name of t head(i:?ass
usage Usage fags for the class. - Constructs a

desci ption of mfﬁuasﬁdpumackass may be a base class, singly inherited, or

mul tiply g% A user of the class

shoul d obey the fof %urlgcga:fﬁ% D,L,RCEE,S”UC'[ Iron of an object introduced

intoits
: The Default property stores the defauit value for the argument. This value will be used if the

argument is not specified when the method is called. The default value will only be used if the
argument type is a fundamental type. .

Class VFunctionData
Public subclass of VcrToplevel
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* I f the object was constructed with Constructor, the user should call

Dest r uct wio 96i08765 defi ned) when appropri aPET/CA95/00513
* | f the object is introduced through a method or function call, then if
t he usage flags on the ar gunent / met hod whi ch

I nt roduced t he obj ect’ contain -gbe fl ags

KVUsageCal | efrrsionitabatialifin absbidit dibssShick lekribet!a Gdihrbd R0k (dr mbehia). IDBAUAGRPT OPr i at e.
*  Qtherw s esmedyemei)revtii tybeSand Gilldbla @it Peint. THWColfeck Eaft bitsdauslcisdvagirglorlifpe Cal | ed
and when t he manager descriptions or a subclass cancHe jb@iC for theexpiidit iuepostios fidigaighetivi calligein @ s e Vet hod
shoul d be cabpsplisetion fvhichadpgs mes girovide internal support for direct fuiction Sdiling| 4 nigtodriifer Gonttd t hese
met hods (@néﬂ“@dﬁ&#"ﬂé@t’hﬁém‘h’ MMWNWW This argument

Rel easeMet hodt! bedeeirest E‘BE% nE'é‘U‘”f% hry methed {MithVepGalihisgh ect
itself, but %ﬂ%’“&mﬂ W &t i Bp cenqesibilify eE@e t 0 ease
the integrat fon I NE o The Cl 284 reg|s°r"¢/"nen Bt or may
have any ar gpgeié M Destructor, AcquireMethod, and Rel easeMet hod nust
have no argunents orcte}.onmttge argunents nustwtllg‘x&oggifult val ues.
wﬁﬁr‘lﬁfe%{?‘lfsem Equal voi d Not| mmmamnﬁmgon {n;[msthe'meas
the specified one. :

nunpr ops, short
nunt ypes, OverridabiscPublitoM embers .
PCT/ CA95/ 00513  pockaccess . Checks whether this thread can call the function. - 76-
-short ur1UERABSdsS , Unlocks this thread's lock on calling function.
short FURBEDCERRES) - : mawwmcﬂumhhsomwmweomunber of
new net hods in the class. fanction. . NUNPr OpPS : Nunber of new
properties in thelaktiod. : . Retums whetht thiyie g method. Nunmber of new

. types in the cl askrguments . ' Reprrisiths lisg of arguments for thelffnetiomr of new
i nstances in the ¥cartdons Returns;thg figt of excpptions the fupetigg asn theyv. new ,
exceptions in theEEFHoLnt Returns thecailabjs é%“ﬁ%ﬂ"ﬁ“&s all views of
the class that it@HPthition has chBfgEs fall fygs successful

cal |l ed V\/nene'vy?enbﬁnnims has changed and there are views on it already.
More specifica phlls onrist Veun2f o be notified if

t he nodification RESmbAgLe af ter @rﬁgﬁglt ﬁp oBiRishods,

properties, typesyrritSicHRe£S. OF €XCQpietPRAcdlFsvilaan o,;ﬁu ed. Views need
to be notified i mmionmct va:ohﬁ%h&;aﬁr&'trﬁhéﬁ%ﬁwowd fic |

i nformation ghout roperties, etc. for querying purposes.
BaseC ass unctio: ata W&'&‘é&}ata *Based ass() =0

BaseCl ass ret ur nsvekshdtiionbatithe clivaseréts a heee cl ass; the base class if this
class is singly VF¥sageCodel; uepdey e0)f | r St base cl ass provi ded
to the constructor if this class is rrultlply I nherited. _ Based asses

VTd assLi st BaseQ§ses() —'Nueﬂg,:f“mm(lfmy)

Constructs a function description. Aﬂenhedeﬁnmonofthcﬁmnnonuwmpleteumbem:d
in a class or name space..

Equal

bool_t Egual (VFunctionData *func)

func Function description to compare to.

zqualw:ﬂeompuethetwoﬁmcmndumpnmmdummﬁtheymeqm For the two
ﬁmcnwswbeequdmemu,mmmgewdegmmbmofmm&mdm
of the function descriptions must be the same. Also the names, types, and usage codes of all
arguments must be equal. The help information is not cliecked. This method is called by the type
manager when determining if two function pointer types are of equal types.
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"BaseCl asses returns an enpty VArray if the class is a base class; a VArray
cont ai ni NJVO HEH08765 ... base class if this class is slfcﬁiﬁwoﬂﬁérl ted;
or the array of base cl asses’ provided to the constructor if

this class is multiply inherited. This array should not be nodified by the

caller. Construct or -70-VFuncti onwata *Constructor() = 0
Construct or rEbckAscestie constructor for the decribed class. The function
returned by bool_t LockalhdBSHbECE Qaid)S not identical to the Cr+

constructor for an obJect. The claSs registry defined
constructor is resptsi bl e fvit forlotk@rateleidgp. t he object and it nust return the

new obj ect. The ClA3faccess locks the vFuncrionb§illsehdt Yo ke Bt (00 Randhibla the
constructor wWill haye ufle JCRSRKICage :@ﬂsafeeT-#WFlﬁ Ynce P Bata then

kTypeQbj ect Poi nt erjockadchsd Wil dvsretith SreD Blval i€ FrUeiafi 1 Qunbtiod S kil Rbked

speci fied, in whi cimQasiticcess will wait for the funci@aNS be' relEsbed othérwlst, LbEALEds ML, The
VFuncti onDat a r et utte @alsSE. ¥ hdcgadteidratnshaEEthe VFlinctionData: :Unlockcalll@s®e a hi dden
first argunent forealledtenbj ect instance. Thus, this VFuncti onDat a shoul d not
be consi dered to be a nethod. Dupl i cat or

VFunct i onDat aUﬂbﬁBAcﬁﬁﬁsor() =0 Duplicator returns the copy
“constructor for theideacsdkbaedsshass. The function returned by

Duplicator is not dndediabsedl ulidksd Orintes cRERY siief thedadrhay ClinedBBPireCt . The
class registry KVUsageThreadsazélf fspeifid of QR WrGRRSInbAG! B UnSodikRSa® &ed! € f Or

al l ocating the objm@igand it nust return the new object. The
class registr rg description for the copy constructor will have a generic
obj ect ret ur nFunctienTypee code kVTypeObj ectPointer). It is

possi bl e that thergypébatd «FRYicaHDE L) uoot or speC| fied, in

whi ch case Copy Wigl I}!ghgn ;Qg eturned by this .
met hod has a # E&Hw% en First argurre or the object instance

to copy. ThusisMethéd VFunctionData is a nethod « and is not
simlar to Const ryctor VFuncti onDat a

tructor
*Destructor() =0 -t Iewe 08 702
PCT/ CA95/ 00513 Reum%e'lh.erﬁnsob?ectuamethodofl.clas(i.e.ithlsahiddenﬁrstargumemoﬂypeobject) -77-
Destructor returnS Mleddsafmion. o {or the described class. This nethod
must have no argunents or have default values for all
argunents. Ar%eﬁn ret ur ned by Destructor is ' not
identical to the (FA-gmertLift: droupentyfgr %t his one is responsible for
perform ng thé actRetun terlistof erfuments to this function. The list showld swraveyitemb hddalaté deer f or t he
obj éct instance. [removed fronpit afiedthedunetioniias te¢nalirestlyjosindirestiyrmered inthe classregsy: i f i ed, i n
~whi ch case Degyuctor will return NULL. .The return from Destructor nust be
a met hod. CeplgRs, i r eMet hod - VFuncti onDat a
*Acqui reMet hod() -=vT@xceptionList Exceptiond¢ijei ¢ eMet hod returns the nmethod used
to add a referenceeid uidistiof depiods Calis fiutdfon Gen @t THisNisBshould never be modified by MEt hod
must have no ar gum&mm%hmgum&hmﬁmmﬂaf Wiptnla fiictiob B Salledl NE
‘return of through the CaA\L fietiiod fillsisckdenpyCinfermnatiorcabay urkdde Thisadethod f r Om
Acqw r eMet hod wstuwmm&mm mMWmmmMSQEm does not

i nherent |y suppor tremoesf Gpmeitafier thedmeiion hagbeenidizectly|opindirectiyagtered ip e damyregifinoy i de
support for 'ﬁﬁstaﬂﬁﬁ based reference counting using utility classes.

void *EntryPoint( VClassData ' *objClass = 0,
void *object = 0,
void **callObject = 0,
- VICallType *calltype = 0) = 0
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Rel easeMet hod VFuncti onDat a *Rel easeMet hod() = 0

Rel easeikydapgrgset urns the nethod used to renove a ref er epeg/caAbevosEs

i nstance of the cl ass. Thi s met hod nust have no argunents or
all argunents nust have default values. The return of

Rel easeMet hod may al so be NULL The re®drn from Rel easeMet hod rrust be a

met hod. et s Class of the Qﬂ%ewmy;rmt i onLi st Met hods()-

VTFuncti onLi st Mafbeads ( funcuonmlaﬁspned(omyvaudwhensnuypmm

VTSear chCase searchas, is called on a method).

voi d ca’lbdn;:yect m)muammwmmmmnmm " Name of
t he net hods to search f oOr objecttouseas the first argument i@ cdih a s _ Search is either
case sensitive GR1tEPens| (Retm)Calling conventions for calling the frpctiont Cbject to

use for a dynamieat@eint hemms the callable eatry point forl\diis Rfttlen. s is\6eneidte tht gaded
definitions. |f agmsntwey ®uedio dd admanio loaki e aitrGpointforait lgivadbject. IThis Inéafist  Of

al |l prefined netisheeniypointred eligenvaiticarean differ depending upa therobjetlinstanckh Fher et ur ned
| i st nust not beecond argument is used to retum thepbiect whith willlhe used for dhe acnjal chll 1o the metiprit ai N any
dynani cal | y avaifi #Blie2 r?Elhﬁ’oéit"‘m'ﬂ B Psclasy, ardoohyglass e @t 0, then objClass- added

to the internal ’F‘P W SRyesshopld alrady second
ver si onI of this™ ﬁ m‘m‘ﬂﬁ’tﬂﬁ% Sﬁt’)'r]bd%ﬂ’u&’/’éﬁ'ﬁiaﬂﬁ’&r??éfh‘ﬂds of the

give nanme. If an o”ﬂ"'ect is specified, a subcl ass of
VC assDat a VighdChle thr s to perform dynam C Iookups._of t he mehod
Properties t Properties() = 0

Properties retuliEatifacrien o‘faqgﬁaf e efnqg%g propgrties in the class
description. This list- % not %E ngﬁnf:' ed by the call er‘

This list will not contain any dyna,;g y availa

properties unless these have been a‘;ﬂgd to the int |st of propertres
by a subcl ass of VO asbddiker me;s. 0

VTTypeLi st Types() =0 Types returns the list of all-

predefined typedunifataed Function descuipitions's el @l | ption. This list should

not be nodi fi edPhyamCaunt g Nueberof puiginetery | st Wi | | not .contain any dynanically
avai |l abl e types;gﬁ“ggg“ TYP“;“'"P"M‘P ®. t hese have been added to the internal
i st of propert as ‘33“‘3"5 ‘:Bgyggﬁa . WO 96/ 08765

PCT/ CA95/ 00513 =54t i

- 78- |n§emeémmmmmawmmmemC@() =0

| nst ances r et ur fgthad jghould be reimplemented in subplgstes fo,checkothe vetum Felde; apdoptpitior infewt | ass
descri ption. NoPHemeyys for exception information. t hese cannot be instances of the

. class, butwldl _bhe nanmed caonstants used hy the. class Thig 1St

shoul d not GiangPto pData the caller. This list will not contain any

dynam cal | *ggﬁ/al h?‘b 5 I nstances unl ess these have been

added to t 1© IY%‘P’& properties by a subclass of .

VG assDat aVPropData isan abstract class which describes a property of a class. A property is a named attribute of a
chawhchuumﬂmghgamdsumm Apmpmvmmdeﬁneatleastoneofthe

two accessor methods, "get”, and "set”. nlemmelhodsnhavemulupleugmum. This is useful,
f«mmamum&amwmmmmhmmmmdamma

particular location & inthe collection.
Public Members
VPropData : 'Constructs a VPropData object.
Overridable Public Members -
o LockAccess Checks whether this thread can call the function.
UnlockAccess : Unlocks this thread's lock on calling function.
GetMethod Returns the "get® method of the property.

SetMethod Returns the "set” method of the property.
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Excepti ons ' VTExcebt Il onLi st Exceptions() =0
Excepti onsypokms7ses the [ist of all predefined exceptions dePCTICA9%/00513he

cl ass description. This Li st shoul d not be nodified by the
caller. This list will not contain any dynam cal ly avail abl e -
exceptions unless these have been added-t;jg-the internal |ist of properties -
by a subcl ass YCl assDat a. Met hod -

VFunct i onDat a ﬁ&;g?'?egl(muons\mt onRef name,

VTSear chCase sear ChggpropLzst : VA.rzayofVP:opDataob]eets

voi d VPropbaConstidittor 0 © nane Name of
the nethod to searcf fo B searchas Search is either

15 Lt VAtomRef .
case sensitive or i nseF|5| ?I \' sageCode uc deQ ij ect to

use for a dynam c search. od f| nds the first available
met hod of the givenpg@e. |f Wehe citiepréfeny. S speC|f|ed a subcl ass
of VCl assData nmay uGéodeBi S t OUshge nigbfortearopbt@aayy | ookup of the nethod.

Property Constructs a Propé bakiftion. ThOMRMLs bdthe accessor methods m%

name property preceded with either _get_ or _set_. This naming conven!

sear chas, language binding) allows properties to be accessed consistently across multiple M42d

*object = 0) = 0  enabled programming languagi2ITE Nane of the property to
search for. sear chas Search is either case
sensitive or i hecloA¢aesye. _ : obj ect (bj ect to use

for a dynam ¢ searChool_t Lockaccess(bool_t WBigperty finds the property of the
given nane in the class description. |f an object is specified,

a subcl ass of VC aseddat a nmay Wedorlokkitsberadeagedr f or m a dynaimi ¢ | ookup of the
property. Unlike  pockaccess locks the vEFShBRRS! S0 that Rdirer threadd Wiy GRRE &P progely PWET | OdeEd
properties. salainRUIf b s@EEPhighdsate is specified on the VP royDitQMlefl i kaccess will

*Def aul t Proper t y( voilwhys'retizh e, 7 wljt iFTHYE and the function is currently lodkéd IRl LockAccess

bj ect to use for awilywainfic the Sewetion b be released; otherwise, LockBedeas WilPewmantse. fif nds t he
defaul t property i nidchiccesnsmms R heViropRatdiUslockralh e bo piledt lyter. The .

whi ch has been specdefsiltiniplepentption kieks ol ertytseestr andthe Bt ssprespribsforemsumgiog. f | ag. ~ The
.concept of a -default property is supported in Ianguages such
as Basic. If almiaskéceesss specified, a subclass of

VCl assDat a may use vdidUnleckpesedatim a dynam c | ockup of the pr operty

Type. - U ENARENs Anlocks/ NP ropDa Y \loQkkRGer threads may access the propefty eI

WD 96/ 08765 KVUsageThreadsSate is specified on the VPropData then UnlockAccess does nothing.

PCT/ CA95/ 00513 ) S -79-
: GetMethod

VvFunctionData *GetMethod() = 0

GetMethod retums the retrieval accessor method for the property. This method was installed in
the property as part of the constructos. If the return is NULL then the property is not readable.
This should always return the same vaiue after its initial invocation.

SetMethod .
VFunctionData *SetMethod() = 0

SetMethod returns the storage accessor method for the property. This method was installed in
the property as part of the constructor. If the retum is NULL then the property is not writable.
This should always retum the save value after its initial invocation.

Class VInstanceData

Public subclass of VcrToplevel _

VinstanceData describes a named instance of a constant, variable or class. The named instance may be
instalied in the class registry so that it is a generally available instance or so that it is specific to a class.
VinstanceData may be subclassed if necessary. The usage flags specify whether the instance is read
only, read write, or write only. A constant is described as a read only instance.
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VTSear chCase sear chas, voi d

*obj ect W@®96/08765 name Narme of POTRCA9806518 O
search for. , sear chas Search is either case sensitive
or insensitive. obj ect bj ect to use for a dynamc
sear ch. Type finds the-t3ype of the given nane in the class
descri pti on. Pubilicofembessct i S specified, a subcl ass of

VCl assDat a may Usﬁnﬂl!n&:ﬁf perform a.d n Iooclgg% he type.

| nst ance hst anceDat & ance At

nane, Overridable Public Members - VTSear chCase

sear chas, Value Rcm;thevnlueot‘themstme. . void

*object =0 0 ' nane . Nane of the instance to
search for. Protected Members sear chas Search is either case sensitive
or insensitive. Putvalue - 0Dbj eCSetsthe value of the insthadd. €Ct t 0 use for a dynam c
sear ch. | nstance finds the instance object of the given nane
in the class BG)&QMP If an object is specified, a
subcl ass of VC a%%@cﬁwtuse this mrpmt‘?mmnaeuiyﬂajm | ookup of t he

i nst ance. VIinstanceReQhist t hat t YHRsfldarni¥insbancedataplistance of the cl ass,

but will be a nafetrtHiTe8¢int used byViRREeretcgdor VInstanceDat@obiespt i on
. VExcept i onDat a *EXCEPEPHFE VAL onRef VA“W‘C““"Y“VI“‘“‘??QWN’JM

VTSear chCas &/TastancéDdta Constructor

\églcg tion to sear crﬁb'%"cena B 'Ow‘tmef sear ci¥ na}rre | Sear ch :\Em;i ?Lef‘ ne
p VerDataRef va ue,

case sensitive or insensitive. m,agec‘,de Object to ‘
use for a dynam c search. . Exceptl on 3P nds t he exception of"

. the given name i natdie cl aswmw on. If an object is

specified, a subwdlhes of \Vihestlisaisanceiny use this to performa dynamc

| ookup of the - ucodes Usage 82gs foythel iptance (if eny). CastToD| rect Base :

voi d *Cast ToDi r eCinba&sddescriphéal oPeharhéd indtance. : *base,.

voi d *obj ect) - -~ base Base
class to caPutVaue : obj ect A pointer to the object
instance to Castvoid putvalue(vcrpatake?SYal@d) I €Ct Base returns the new obj ect
poi nter which can be used directly in nethod calls ' to the

speci fied base cvaige. TheVathe éfatis inbtancepl enrent at i on returns Ob] ect unl ess
base iS NOL &  sets the value of the nbbch Hiocd %M &' S 10 1 Gudl ol UhiaslallP) €TENT AL T ON

W Il be suffici evinsttesis WhildeRG) seb the (aREB the constant after initialization er, for Cr+
with nmultiple baass cl asses, a different object pointer nust be returned for
each base class. If the base class is not found in the |ist
of base cl aygb@ this method should return | ~ NULL.
Cast ToBase const VcrDatare® fraideqst TOBase( VC assData
*base, Returns the value of the nimed instance. void.
*obj ect) -

Class VExceptionData

Public subclass of VcrToplevel

vzxcep'cionnatadauﬂmawdeﬁnedemepum 'l'heemepmnmybemmlledmthechss

registry so that it is a generaily available exception or so that it is specific to a class. Exceptions are
differentiated by their names. VExceptionData may be subclased it necessary.

Public Members _

VExceptionData Constructs a vnxééptionnata object.
Protected Members - . .

PutType : Sets the type of the exception.
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WO 96/ 03765

PCT/ CA95/ #8765 ' PCT/CA95/00513 - 80-
.base Base class to cast to. obj ect A
pointer to the object instance to cast. - Cast ToBase_returns

t-he new obj ect pointer which can be use@d4directly in method calls to the
speci fi ed bas@ypé Befinitionse base cl ass speC|f|ed may be anywhere up the

hi erarchy. The defgal s a path to the
base cl ass and cal m&%ﬁ%ﬁ:ﬁiﬁgﬁct Basevm,rﬂ, E éjigjﬁ’:%sm t he
hi erarchy. The defatkéeptigahedrent ati onvsﬁaemcg‘epir@‘g amb,adapter defi ned
subclass to be V'rExcept:.onnzct nore- efrfmoﬁbﬂﬂionahfofmem&@aﬁﬂ&ﬁ& I S not
found in the rarch @ase cl asses, this nethod shoul d
return NULL. preorder travesal of the tree to find a
path to the speC| fWe‘deptlonData( . VAtomRefhase cl| aswsame,
Cast FronDi r ect Base VIypeBatd * Cast Fr thyBRr ect Base( VC assDat a
*base, . VIUsageCode ucodes = 0) voi d

- *obj ect, ' Name of the bool t -
saf e) name base g eweplion.  pose class to cast from
obj ect nter °§§ | ,g?g ance to cast.
saf e ' Per %)rmtype ?e cas mhﬂ%
Cast Fr onDi r ect Bas e“PH¥H A AScriptonol g st defiged s¥eePtibhoi nt er whi ch can be used
directly in npﬁhg,ﬂe calls to this class. The default
i npl enentation returns object unless base is not a direct base

class. The def aul tVRASrEWBAVIRBF 2 ¥PeIbe sufficient for npst object
systens. However, for C++ with nmultiple base classes, a
different obj ect pd’lpnter rep?’éséhﬁfg’q’g%ch base class instance. |If the

base class is not Sethe&e of the jyeer defined exrptiqn Jhis is intended to be ealiedsfrompsttiglessks ohou| d
return NULL. |f safE&cqpEionData which need to set the type\gfthy eyecptiop pflessinifigliation of Smbeeel o r et ur n
non NULL, only if Tffe ARt Berrepion Heogbribepact ateit has frg benspigeved

cast. The defaultinplenentation returns NI if safe js TRUF
Cast FronBase Class VClassData voi d *Cast FronBase(VC assDat a

) ggjsgé;t Public subclass of VerToplevel verd

safe) VClassData is anphstyact class which describes a ciasyofobjest tothe clags registry. 1fs defimition

obj ect Pmd“ &m%ﬁmmmm?mmmm The

ol orns the PR b . TRt o 2 e SN
returns the - Fd calls .
to cﬁﬁ” e pubglassed ingtend fot object e 'eci fi ed may be anywhere up
the hi erarchypubh‘ggq implentation finds a path to

t he base class an al |'s Cast FronDi r ect Base for each IeveI

of the hierarchy. N% y@;é‘l’ault i npl erre ‘;ﬁ ced by an adapter
defined subclass to e gy the base class is

not found i n Overidabledublic Mémbease cI asses, this net hod

shoul d return NULlgzechfsssafe is TRUE mﬁ;gh dm eturh non
NULL only if the Gasdcrasses Réaiid 2 BAE as a type safe cast.
The default inpl erBréczhdtap et urns N%ﬂ,ﬁnaﬂ,w TRUE.

Thi s net hod per f omapripaser der traversﬂwﬁnmwmw path to the
speci fied base DestructoBUbC| assOf Cbj Retims the class's dostructor description.

AcquireMethod _ Returns the description of the class's "Acquire” method.

ReleaseMethod - Retumns the description of the class's "Release” method.

Methods Returns a list of all the methods of the class or of all the
methods which have the specified name. :

Properties Returns a list of all the properties of the class.

Types . Returns a list of all the types of the class.

Instances - Retumns a list of all the instances defined in the class.

Exceptions Returns a list of all the exceptions in the class.

a8
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VCl assDat a *Subcl assO Obj ect (v0| d **object) WO 96/ 08765

PCT/ CAO W& 98365 PCT/CA95/00513 -81-
obj ect (I'nput & Return) A pointer to the object to narrow

G ven that object is an instance of the-described class or of a subclass of
t he descri bed cl ass, ~Pgbcl assO Gbject will narrow the

obj ect by returniedged he subcl ass d e Réhinks e nlfibd bfthe Wadifetinainkl €

obj ect bel ongs. d:hpéddg subcl ass canReimsite pregeityer 6ié speitiednlen t he return shoul d
be the current clefi®gtproperty Retgh the fdfapkt propertypoishedesgibed clesy. cert ai n cases
t he i npl enent at ityreof VO assData nal the Fvpe) of the speaified nankee :

obj ect can be m)Trnetgh ciently repr 1‘"6 &‘Pﬁﬁ"ﬁ'@?‘%nter In these
cases the input i fied. The caller
of Subcl assOf Obj%&¥ro ?fc?ﬁfﬁi"ﬁse t he % % d"‘“"‘”"‘“ poi nt er

in all subsequer{t ;‘% {g;t hods t%““'"'&" met hods of the

obj ect itself. Castrromsa Camthcobjectmmneefrom to this class.
Subcl assOf (VA asybiitadscred Returns the class of the §bciid object given thatitisa Cl @SS t 0
use in hierarchy check. subclass ofib@ldsSSCf returns whether this

descri bed cl ass suciassatbcl ass of t hbet@hifodietike hedaksiachubtyss of the class

ot her. Super cl assO which is an argume® ® Ithistmedaper cl assOf (VC assDat a
*ot her) Superclassof ot her =  Determine whetligr thexclasstisn supsrolass of el ar chy check.
Supercl assOf returns whether this dehidyisaperspmentiodhismethody super cl ass of the
cl ass descr-r - ot her. Cl ass VAdapt er NaneSpace.
Publ i ¢ subc S 0 cﬁ‘opl evel . VAda t er NaneSpace is an abstract

cl ass whi ch sholf8asaListibc| assed by REIERSE 8 ‘éﬂ“‘% m adapt er . .Th|‘
class provides tf& ’i’ﬁi’({?‘“’éce bet vveefj f:f‘ ind the class
3S rReferen G IV

~registry. The 0%5 ’t stem adapter‘mm la hg subcl assi ng of
" class registry oby ect’s prow de an |nter ace tween |ts native format for
item VMDWCWW t he cl ass regi stry description of itens such
as classes and rRilQdsca(TRRe@HEP! er aalaoul d - ‘provide a nane space
hi erarchy to the class regitdagscoddi eh.gi.s as close as possible to its native
hi er ar chy. Publ i ¢ Menbers ' VAdapt er NaneSpace
Constructs an adepeer nandNasqnfibeclashj ect . ~ Overidabl e Public Menbers
SubSpace usage Usage flags forthecl@t ur ns t he nane space of the specified
namne. : Constructs a Gls@fpéion of a class. ‘l'heclmmaybeabueclas,mdymmd.oraﬂw ns the
cl ass of the spatfhetwded nanme. - -+ Function
Returns the functlon t fled
Returns the typeA %M&ﬁ% &%m“"mWance
Returns the insta e of the speC|f|ed

. Ifthzob)eammdmthConstmctor,thedecallDest:uctor @f

deﬁned)whmappmpmte.

. Iftheobjeetummducedﬂm:ghlmelhodorﬁmmnuﬂ thm:ftheusgeﬂaponthc

argument/method  which  introduced the object contain  the  flags
kVUsageCallerIsOwner then the user should call Destructor when appropriate.

. Othamse,whmtheobjeunmdmed,hcquirenethodwbeauedmmm
object is to be disposed of, ReleaseMethod should be called if defined.

It should be noted that these methods (Constructor, Destructor, AcquireMethod,
ReleaseMethod) do not necessarily need to be implemented by the object itself, but may be
convenience functions designed to ease the integration into the class registry. Constructor
. may have any arguments, but Destructor, AcquireMethod, and ReleaseMethod must
hnvemargmisoralltheugtmtsmusthlndefmltvalw.

NotifyViews
void NotifyViews( short nummeths,
short ‘DUMPIOPS,
short numtypes,
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Excepti on Returns the exception of ‘the specified

nane. WO 96/08765 Cl asses RRCTICA95/G0813
cl asses of the specified nane. Functi ons '

Returns the functions of the specified namne. Types
Returns the type of the specified nanme.-76- _ | nst ances
Returns the instances ofthe speci$dogel Nnane.numinstes, - --Excepti ons
Returns the exceptions of the spestokt ed namemexcepts) Al l
Réturns every item of the specified nane. Enuner at e
Enurerate itens in?¥eethsne §15'&Eefwm=“‘°dsm“‘“h” Unmap

Unnaps an item fr oRPTRA%8S ad °§"°‘”1"°P°"’““‘““’m UnnapAl | FroniTr ee
Umaps all itens fPERTPRE ca o WWWWONGS

numinsts f of new instances
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t
Renpved : numexcepts lmNo 'ﬂ!fe acf pt er that it has been renoved
fromt he Not;fyvxews‘::uﬁsallv:ewsofﬂwclmﬂmmde
R called whenever arev:ewsonxtahudy More
Type Definitions & w:ﬁﬁﬁfﬁ’%

of VAdapt er NameSpaceg Yk, tmstances, or mmm ,m our

Vr Ref Li st of VAdapyes.NalESk thods,

Vr Ref erence to a VAdapter rreSpace ?’e‘&n apter pace
Constructor BaseClass VAdapt er NarreSpace VAt onRef nane,
VTUsageCode usage) vclaf,fpata Pasecﬁg e Nane of t he nane space.
adapt Ac s o3 v L i ”éu”iaéi’?a?é%%»a St i oy b
adapt er nanme space, n .

obj ect é?ﬁ%ﬁf‘é’?g"'fdﬁdr g fansiryetardithis olagy ismuitiply inheri SubSpace
VTAdapt er Ref  RiRePRE&E . VAtonRef

name, VTSear chCase scase = .
kKVCaseSensi tive, VrClassList BaseClasses() =0 VTSear chType . search
- kVSear chAl |, BaseClassesmmmﬁvﬂrrayf&ec@ngpmtﬂ}u:taymumgdepth = 1)
=0 " rearplass if this class is singiy\plypited;ir the ol baseeclatsesiprovidei! pohe constructor if

‘scase Se afhis Flasp is multinly jaherited This aggy shopld so ke modifie brshegaller; | v e

search f search to perform depth '

Nunber of namg% | ayers to search into. - SubSpace finds
the nested name sp¥fuectiondasa *Spratrycdtexf)mfe. |f the depth paranmeter is 1
only- Cdmatiuepod euimi the adiltrudd d6@ Ghe\desclibed) Elass € TheClion retumed by

Constructor is not identical to the C++ constructor for an object. The class registry defined
constructor is responsible for allocating the object and it must return the new object. The class
registry description for the constructor will have a generic object retumn type (type code
kVTypeObjectPointer). It is possible that there is no constructor specified, in which case
Constructor will retun NULL. The VFunctionData retumed by this method does not
lmnahddmﬁmumentfortheobjectmm Thus, this VFunctionData should not be
considered to be amethod. -

Duplicator

VFunctionData *Duplicator() = 0 ' I
Duplicato:mtheeopywnmforthedembedclass. The function returned by
Duplicator is not identical to the C++ copy constructor for an object. The class registry
defined copy constructor is responsible for allocating the object and it must retorn the new object.
The class registry description for the copy constructor will have a generic object return type (type
code kVTypeObjectPointer). It is possible that there is no copy constructor specified, in
which case Copy will retum NULL. The VFunctionData returned by this method has a
hidden first argument for the object instance to copy. Thus, this VFuncticnData is a method
and is not similar to Constructor.  °

Destructor .
vm:zionnata *Destructor() = 0
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Cl ass VTGO assRef O ass(

VAL onRef

nane, wo 96/08765 ) VTSear chCase POTICGASS/00513

kVCaseSensitive, VTVer si on
kVVer si onNot Speci fi ed, VTVer si on
m nor = KVWVer si onNot Speci fi ed, =77~ ' VTSear

search - kVSear cBédtkuctor retums the destructor for the described class. “&quﬂﬁmtﬂo

maj or -

chType

depth = 1, arguments or have default values for all argubiénis2 $HelaRihati returned by pestructod St = 0) =

‘0 V\D 96/ 087 fidbidentical to the C++ destructor in that this one is responsible for performing the actual free of
PCT/ CA95/ 00513  the memory allocated for the object instance. It is possible that there is no destructor specified, in
name Meigksaspfeseiugsor vilkyetirn NULL. mmﬁmnestmcmmbeam

is either e S tive or insensitive. maj or

Maj or versi gﬁ %h‘% find. S . mnor . M nor
nunber to find. VFunctionData *Acquixeewiied() = 0 Type of search to p
dept h mmemmlmsmma@mnww@s This

| ast heliSd mhso hRélnd dn@ia@e tor WPirfuinei tis HAR! default values. The return of C

finds the class Mqu:iwe@pemvhhedmﬂhemﬁuhﬁen&muaécﬂohmwwmm
not specified  Ifan object system doestnptdnherenthosuppprerefesmice (punttieshe vaghedty corepravide
is chosen. |If th@m& epert eeferrnce founting vejpg jlity dipsses. t op
nane space ﬁlﬁkl t:flearched If a version of the item has al ready
found, it s be passed into this nmethod as the
| ast to use in iYRuwertigpbatytpelepzetethodl) vdr si on nunb
Functi on ReleaseMetIdidtiei the ubMOd usekd i Yerhioved Yéference from an instance of the ciass.

- 83_
~ Sear ch

ver si on
erform

ass
nunbers is
n nunber
| evel
been
par amet er
ers.

VAt onRef This method must h&viE B, arguments or all arguments must have default values. ThemuM'BBearChcase‘

scase = kVCaseSechedpdseMeshod may aiso be NULL. The retum from ReleaseMethod mudt$eé2uethbdO N

maj or = kWeLsi OENot Specified,- VTVer si on

m nor

nNot Speci f.i ed, ' L VTSear chType

search - kVSear cithimctionList Methods() = 0 : unsi gned short

depth = 1, VIFunctionList Methods{ VAtomRef \/Fummei onDat a
0) =0 name - VISempghSassf sfagehesi on to find.
scase Search is either ca¥®dsensitiiRPieqt +rfdenditive.
maj or ' l\/a or versjon. u'rm [ oo to nd. ' m nor
M nor version nu} Ehto f|ﬁql &Mm mv:%' S %rch - Type
to perform object gﬁ;mm er. of nane spaces |
search into. - -] ast Last found hlghest ver
nurber R mvm

Podin | TRV o o Dby dynamica Sl less Bt
with the hi ghestw&%g&nﬂw o sbhork Srsibil B
only the top Ie%&mmm&ﬁeaﬁmeﬁfmﬁ;@ .

has al ready beemimashmﬁmmuwmmm&mwaﬂmla&apasse
as the paraneter last to use in internal conparisons of

Properties
V‘:I.‘Prop:l:.:.at Properties() = 0 .
P:opertzesreunmthehstofaupudeﬁmdmmﬂuchsdampum This list
dmuldnotbemodlﬁedbythealle ‘This list will not contain any dynamically available

mummmmmwunmmambyam«
~ VClassData. . )

Types

VTTypeList Types() = 0 = .

Types returns the list of all predefined types defined in the class description. This list should
not be modified by the caller. mshstmllnotemummvdvmmcallyamhbletypesunles
tlmehavebemaddsdtothemnallmﬁpropuuabvasubchsofvclassnata
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ver si on nunbers. Type o _V_'I-'__‘I_'ypeRef Type(

VAt onRef WO 96/08765 nanme, . PCT/OADS00812 hCase
scase = kVCaseSensitive, : . VTVersi on
- maj or - kVWWersionNot Speci fied, _ VTVer si on
m nor - kWWer si onNot Speci fi ed, ~78- VTSear chType
search - kVSedgnsaféds _ unsi gned short-
: gfpihO- b WO 96/v6énfégncex,ut Instances() = 0 VTypeDat a *last -
PCT/ CA95/ 00513 Instancesreumﬂlehstofallnamedmstancesdcﬁnedmtheclassdesmpuon. Note that _ g4-

name ﬂf}hﬁ«aass but will be named constants the class. . This list
Search. is either c Wbﬁw&d@gﬁ i ”th:mo‘:m any dy"’;‘;"““” avaijable
Maj or ver si on nunbe,&lgs Qpdela N properties by & subghist, bfy
versi on nunber to find search Type of search'to
perform Exceptions depth Nunmber of nane spaces |layers to.
search into Last found hi ghest version

nunber . - mxceptf'omu# %x%fgut%““t pe of the specified nane. I|f

ei ther of the vers&Wﬁﬁ?’%'“}ﬂSf" ; excentions drfiged in the class description. This { he
itemw th the high fﬁwm& - g’é?’f‘“ m é”uggg%‘g%’f‘"f?!eﬂ"‘!s\"ﬁ’lﬁter is 1
only the top BVel nane spac e st 9f

version of the |tem)has afready been found, |t should be
passed into tiNfethg8t hod as the paraneter Iast to use in-internal

conpari sons of ver n R nunbers. | nst ance
VTl nst anceRef | nst %@ef""w“a Method( ntmcfc name. VAt onRef .

: a searchas
name, _ - &i?ea ﬁta = 0) = 0 scase =
kVCaseSensitive, Version '
'maj or - kVersi onNaampeci f i €Name of the method to search for. VTVer si on
m nor = kVer si onNeé&mhas f i eSkarch is either case sensitive or insensitive. . VTSear chType
search - kVSear chApbject Object o use for a dynamic search. unsi gned short
depth - 1, Method finds the first available method of the givefinii! FRER)ER isApecified, a su I ast
=0 =0 ofVClasstmruseﬂustoperfomad_\mooﬂ&oﬁtﬂmce to .
scase Search is either case sensitive or insensitive.
maj or Propextyj or versi on nunber to find. m nor
M nor version nunbefm{aﬁtgl.@gopeny( vAtomRef SCRLfe) Type of search
to perform depth ws“w{\dug@ggugﬁa,nane spaces |ayers to
search into. . - | ast void Lassbgiauan)hJ. ghest version
nunber I nstance finds the instance of the specified name. If

ei ther of the ver shame numnberName of the property to search for.
searchas Search is either case sensitive or insensitive.

object Objecttouseforadynmcmch. :
Propeztyﬁndsﬂumofﬁtegamnmmﬂlechssdumpum If an object is specified,
asnbchssofvclassnatamnyuseuustoperfomadynmcloohpofthempmy Unlike
melhoth,ﬂueunoemqnofoverloudedma.

DefaultProperty

VPropData *Defaultrxoperty(void *object = Q) = ' 0

object Ob)ecuoulefoudynmcmh.

DefaultProperty finds the default property in the class description. This is the property
which has been specified with the kVUsageDefaul tProperty usage flag. The concept of a
default property is supported in languages such as Basic. If an object is specified, a subclass of
VClassData may use this to perform a dynamic lookup of the property.

VTypeData *Type{ VAtomRef name,
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specified then the itemw th the highest version nunber is chosen. If the
dept h pyfgésnissss 1 S 1 only the top | evel nacw/cnosoesiai || be
searched. If a version of the itemhas already been found, it :

. shoul d be passed into this nethod as the paraneter last to use in internal

conpari sons of ver si on7gwinbers. - Exception
VTExcepti onRef Exception ( VTSearchCase searchas, VAt onmRef

name, void VTa3ethLase= o scase -
kVCaseSensi tive, ‘VTVer sion

maj or = kVWWer si orRet Speci fNamepf the type to search for. _ VTVer si on
m nor = kWer m%ﬁ?ﬂé‘!@pemsﬂﬂéaﬂmmmwwm“"

VTSear chType  ©bject LQiegt fofyse for g dyaggnic seamehy| |

unsi gned short Typeﬁndsﬁlet)dep)’tthglm@emmechssdmpuon Ifanob]ectlsspecxfeia
VExcepti onDat a  subslass of VClasspapg may use 410 perf@m a dynamic logip S3He®BY 65
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nane ance Nane of exception to find. - scase

Search is eithervioasecebarsi*tisvance! VASERES| t | \igame, maj or

Maj or version nunber to find. VISearchCase seaiqhas, ' M nor

versi on nunber to find. void gegrctipbiect = 0) = 0Type of search to

perform Nunber of name spaces l|ayers to

search into. g:‘:ichas ‘IF,R, ipstance to search for. kast found hi ghest version

nunber . obiec R:ﬁ\m%sﬁh? user defined exception of the

speci fied nane. PP el t her the ver sl on unbers I S not

speci fied then tﬁ%ﬁf% M’P?% mln “'f"@?/’ g If the ‘

dept h c@?{: te will be

searched. If a vr’lé’tr‘éhlat tbﬁe'""fmm RG] “‘"é;’ ng been f ound,
it should bl?xo%ﬁﬁaﬁd |nto th| s nethod as the parameter |l ast to use-in

i nt er nal mpar i sons of ver si on nurrbers Cl asses

VTd assRef Li st cﬁ‘"‘é%?é’s?‘”“‘ xception(VAtomRef VAt onRef

VISea Se& s _

name, _ void earéﬁﬁs&_ _ scase =

kVCaseSenS| tive, VerS| on _

maj or = kVWWer sigapdlot SpeCIMﬂgmmmmf“ VTVer si on

m nor = kVVer sisaaNeiaSp e C iskarck 8 gither case sensitive or insensitive. '

VTSearchType . obj Objectiv gde fora dyasinie searct Al |

unsi gned short Except;onﬁndsﬂ@%mﬁf@gﬂh&mcmthecﬁudmp&m Em
Nanme of classes shefifidd] #Gubclass of VClassData may uSCHBiS @ perform a dynamic ﬁ&aﬁm& s either

case sensitive Qkeepisensitive. maj or M ni mum
maj or ver.sion nunber to find. m nor M ni mum m nor
ver si on nurfbastToRire¢tBase : search Type of search to
perform void *Cast@iétibéttrase( vclassthbarber of «bage spaces Iayers to
search into. : void *cbject)

base " Base class to cast to.

object A pointer to the cbject instance to cast.

CastToDirectBase returns the new object pointer which can be used directly in method calls
to the specified base class. The defauit implementation returns object unless base is not a

~ direct base class. The default impiementation will be sufficient for most object systems.
However, for C++ with multiple base classes, a different object pointer must be returned for each
base class. If the base class is not found in the list of base classes, this method should retum
NULL.

CastToBase

void *CastToBase{ VClassData *base,
void *object)
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Cl asses finds all versions of class of the specified name. If either of the
ver si on nwglglosredr € specified, all-itens W POTACASSDOSIS
nunbers greater than or equal to nunbers specified are returned.

If the depth paranmeter is 1 only the top tevel name space will be searched.

Functions VTFunct i onRef £8@8+ Functi ons(

VAt onRef base N 3@3R class to cast (0. -

VTSear _chCase object s@asmmhdobi@aw&msmt ive,

VTVer SI on CastToBase ms% Wﬁ‘d‘nﬁ NN P G5ed M‘du method calls to the
VTVer si on specified base ciklk. "The mﬁg\&@ﬁwmw&w@fmm The default

VTSear chType implementation fih@u 'path tothe fsasE@and afidodlisl CastToDirectBase for each level of

unsi gned short the hierarchy. Thkaiefullt implemén}ation ch be replaced by an adapter defined Snbdias to be

Narme of functi ons niogs efficient] . If the base class is not found in thechivasgley of base classes, this m@udishald | S

ei ther case sensi (NG Titrrethad Resfopres proorder traversal of the tree to findygyfahyto the specified

M ni num maj or ver M8fshunber to find. : m nor -

M ni mun m nor S| r to find. search ' Type
of search to S@ﬁ:{?ﬁ % dept h Nunber of name
spaces |ayers to swdd CRasthgqgDirectBase( VClassbata Fyncti di8*%i nds all overl oads
and versions of the function of the s i fied nane. "PPI®SFt her of

t he version nunbers are specified al PP%®+ems with vé®§fon nunbers greater

than or equal to base s specified are returned. If the
depth paraneter i g, ‘;{._nl tllqmﬁ‘gg, insBRPE cpace Wl | be
sear ched. V\E E 08765me“,~,& '
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Cas ob;ectpomlerwhxchmbeuseddnecﬂvmme&od
;%\peﬁR f mumﬁﬁhm on retums object unless base is n baseh Ca
torrRe r.h'f hplmmmmﬂhwﬁmmfwmoﬁxtwmwwgé&& se.
kVCaseSen h}flﬁplqhsecmadzﬁamob]ectpomtarepraenumhbm fnkesibO i the

Scase =
maj or = kWWer si Onmﬁﬂﬁﬁh&|ﬁﬂmthe|:nofbasechw,ﬂusnmhodshmﬂdnmm ¥ hsSi O
m nor = kVVer si onMaisaeilif sheid should retum non NULL only if the cast can be performed as apo@a’ ChType
sear ch = kVSear ch/dsl. The defauit implementation returns NULL if safe is TRUE. UNSi gned short
depth =1) =0 _ name Name of types to find.
scase CastiiromPBases eit her case sensitivw or insensitive.
naj or MviidTuEasthicabase? Eiagsbabainber t osshid)d. m nor
M ni mum m nor .versi on nunber to f%biad. *objectsear ch - Type of
search to perform beapt h " salfeinber of nane spaces
| ayers to search into. Types finds all versions of the type
of the specified hase. |f ciBememsiosestfige versi on nunbers are

_specified, all it&kdeshth VMHW’E‘”’QP@'& er than of equal to nunbers
specified are ret FRhed. et f the depth paraneter is 1 only the

top | evel nane sp&estirpribasdretumet wioblect pointer which can be used directly in method calls to
this class. The base class specifiecd may be anywhere up the hierarchy. The default
impiementation finds a path to the base class and calls CastFromDirectBase for each level
of the hierarchy. The default implementation can be replaced by an adapter defined subclass to
be more efficient. If the base class is not found in the hierarchy of base classes, this method
should return NULL. If safe is TRUE then this method should return non NULL oaly if the cast
can be performed as a type safe cast. The default implementation returns NULL if safe is
TRUE. This method performs preorder traversal of the tree to find a path to the specified base

SubclassOfObject

VClassData *Subclassombject (vo:.d **gobject)
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| nst ances VTl nst anceRef Li st | nstances(

VAt onRefwo 96/08765 nane, : PCMEMOGRCas e
scase = kVCaseSensitive, _ . VTVersi on

maj or = kVVer si onNot Speci fi ed, _ ' VTVer si on

m nor = kVVer si onNot Speci fi ed, -81- VTSear chType

- search = kVSear chfléet (Input & Return) A pointer to the object to narow. UNSi gned short

depth = 1) =0 ectxsan ofmedumbedchswguﬂéld&ﬁm&ﬁcm find.
scase SSALA Dadod oot} e £4 will abrowF S Bject 6 Kthig U2 sfbbinst QRIS th b the -
mej or - Ihid4 vt %@ﬁuﬁ&@éﬁ@&d&ﬂ-ﬂh&%&&&hﬂ%ﬂdhmmm m nor

M ni mum m nor vem&&@&nmaﬁmmmmm@avcmmaﬁwammm Type of

- search to perfor iGbject can be more efficiently refh@4aitdd by another pointer e diese cased therimpueotipaces

| ayers t o sear ch pbisér@ay be modified. The caller of Sulglams0LPbIdcr Wuhuld use khe modificd ohieg of t he

i nstance of the gpyiweinfall atiseqentealls t¢ hethodsiof theclass fegistly and gethods ofthe object itself.

nunbers are ecified, all itens with version nunber greater than or equal
to nunbers 9{5’5&&??@@ are recturned. It the depth paraneter is

1 only the top | evel_tsjubciasyatlVClpssDawarahex). Exceptions

VTl nst anceRef Li st Excepti ons( VAt onRef

nane, other Class to use in hierapiyehesk. ch Cas e scase =
KVCaseSensi ti ve, subclassof retims whether this described class is a 3u6EleIof tholass described by maj or
= kVWWer si onNot Spechdri ed, : VTVer si on :
m nor = KVWVer si onNot ?pem fied, VTSear chType
search - kVSU@E - unsi gned short

depth - 1) = 0  bool WBuP&cDEAEHVClassData *other)
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nane okhb$ie of eSlewsupednhicrarchy chack scase .

" Search is either sﬁa&ela&emmmﬁsmmeadmmmm&mmmmj or
M ni mum maj or vershexn nunber to find. m nor '
M ni mum m nor version nunber to find. search Type
of search t X0 ; . depth - - Nunber of name spaces
| ayers to sgg% Vﬁ’ﬂgpterNameSpace Exceptions finds all versions of the

user defi nedublicabelassofoVerllopleveleci fi ed name. 1f either of

t he ver si on valdRefaneshceSip @ldbdricelsss wlich sliokile Bsubtledsdd by @iSdbjedt symertiniepe. gr eat er

t han or equdthis élfs provides the interface between /i idbja@ EyRentindhé dabsaagisteyr Theiolgéctsyseacidapterfl  t he

dept h par ansbeeld, tirsghlsutolasing of és regisiyy dbjeccprovide mpntesiars betwees ifs pative format for item be
searched.  descriptionyuil the class registry description of\ifTFRsih @3/ didssReand inethods/\(The( adapter should '
VAt onRef mdeanmspwehuwmwmchuudmumbkmmmwhm VTSear chCase

sease = k\g%ﬁeﬁns tive,

VAdapterNameSpace Constructs an adapter name space object.
Overridable Public Members _ ,
SubSpace Returns the name space of the specified name.
Class Returns the class of the specified name.
‘Function - Returns the function of the specified name.
Type Returns the type of the specified name. '
Instance : Returns the instance of the specified.
Exception _ Returns the exception of the specified name.
Classes _ Returns the classes of the specified name.
Functions Retums the functions of the specified name.
Types Returns the types of the specified neme.
Instances Returns the instances of the specified name.
Exceptions Returns the exceptions of the specified name.
All Retumns every item of the specified name.
Enumerate Enumerate items in the name space.
Unmap ' o Unmaps an item from this adapter.
UnmapAllFromTree . Unmaps all items from the cache.
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VTVer si on maj or = KVWVer si onNot Speci fi ed,
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_ _ wmgpterggtth _ aNyu \fn?ir tof nane spaces |layers to
fsearch | nto. 'Adapter e.tfll. stl fi nd?.%ﬁﬁ@std%ﬁ?&i{?épgc o S.Ses’
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versi on nunbers are specified, all itenms wth version nu rs greater than

or equal to nihdapterNameSpace Constructareci fi ed are returned. |If the depth
paraneter is 1 onl magguhmsg,&gelvﬂgmfspaqgﬂw Il be

sear ched. Enuner at e VTUsageCode \uai,gL)Enumarat e(

VTAdapt er Enunfunc func, voi d

*cont ext, name . Nameof thename spece. \/TCl assTag type

- kVcrAl |, usage Usage flags for the name spac/TSear chType sear ch
= kVSearchAll)  =clhstructs an adapter name space. TThi¥@ass is used as the base cfakd 6 mipl@ient Bjeial | f OF
each item system adapters@dd thé a4 registry. Contact information to pass into
enuneration function. search Type of search to
perform SubSpace Enunerate enunerates all itens of the specified
type. If typ i s kVotadhprekk@Nsidbpack| €Ns are enuner at ed.

Enunerat e does not enuner at evatesrekt ens i n masé,ed nane spaces. For each item
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the itemitself. UnnaYrsearchType seaxchi=ckVSparaXlVer Topl evel *item
=0 VWD 96/ 08765 unsigned short depth = 1) = 0
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item | PR to un plnar spacedo fpd.oy . Unnep unnaps
a particular item gZar the cHEHe ;ﬁiﬁtﬁ'&gw.nme adapt er shoul d renove

al | . depth erenc@bmﬁ;mﬂg@w.ve it fromits cache.

This met hod can be %ppl ied both to adapter . nane spaces and
ot her itens. + Subs of the specified name. If the Gepth PasyHER A Pl oniTr ee
() =0 the top % e unmaps all itenms found recursively
in this nane e fromthe cache of - : this adapter. The

adapter should renmove all reference.to the itens and renove themfromits
VTClassRef Class( .

VAtomRef name,

VISearchCase scase = kVCaseSensitive,

VTIVersion major = kVVersionNotSpecified,

VIVersion minor = kVVersionNotSpecified,
' VTSearchType search = kVSearchAll,

unsigned short depth = 1,

VClassData *last = 0) = 0
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cache. This nethod can be applied both to adapter nane spéfm&glft her

i tens. enoved voi d Renoved() =

Renoved is called by the class registry on the top IeveI adapt er nane space
to notify the adapter t 1at it has been renoved. The adapter
shoul d not unmap_its |te {j faces fromviews, t he
views Wl | dot@ Aftersﬁ vggrthe class registry will rel ease-
i'ts reference tha memm PRI ch should then del ete the
adapter. mihdASS VVM‘ mm Public subcl ass of VcrTopl evel
Wi ewNamespace issafdh abst fpedfseatmspesottii Ch represents a user defined view of
class registry ideptss. NumbbAchaipd spicdilaretpaas atodef i ne the actual hierarchy
of names where @ast 0bj eclastdopgthighest vesioninmmbet sel f, a separate nane

‘space from ot heugbnﬁ&tmmkmwmmommh%%cont ain sub
nane spaces then tld ke Witk BEIREHEE VEisioRklmber B cibied.NYY the fieptA PlRdnetdBy/1 dRlne! €f | €Ct  how
the end user cChepkabnam®spate @illbé safchiph) Waaiversidnlof/the item has alcbady b&di Rk, i3GAR Spaces.

For instance, t hepasssicinto tisymethainds tha |phranie@Dldse \iehse cireml todpdiigns df vérdp@ SANe nane
space; or pumthery. anguage such as Basic may prefer to have a flat name
space to work with. These goals can be - - acconplished using

Wi ewNanme SPABEUON \\/i enwNaneSpace provi des the user defl ned mappi ng

bet ween t he phyyTmattienretaueésiont nanes and. the user's view of the

hi erarchy of names. Ml ti YitemRet Wi ewsreSpace hi erarchies may exist for
any physical hierarchy. \NASesshfA?Space oic3e gckWagefepsitive, cache for itens
which are retrieved from Y'Wé‘-"&ﬂ%tpter narf@I¥packEVersicniorirefstipdve been :
retrieved fromthe ‘+‘ﬂ“ ? name sd‘&ﬁ‘é‘ "t e ”t?aﬂ'%%“ﬁﬁ}éﬁ around in ‘

the view hierarchy wt houYT 5 tng coc§€ f/@’h cff's RESaAL them A view
may be inplenmented in per nn'i grage. ., % s_ag’e where each individual item
in the view cane from the view can ti1nd the fully qualified name of
an itemby trachige UP t henadofiinition 98E Space hi erarchy usi ng

Ver Base: : Omner . s¥de@n 1 est st igeithet Gtlsénsilive 6r indén@itive.CaN 1 ebui | d the objects by
qgueryi ng sadxx | evel Major vardive mimidrkofingiual i fi ed nane for the next itemin

t he nane. mifrh| | ¢ Mdisbraersion number to find. Wi ewNaneSpace

Constructs a vi 8epIflne spletofsearch to perform. ~ Di stanceTo

Returns the di sfgRide to aﬂmMWWP@e

Di rect!lyl nVi ew 1as® Last found highest versiongpmber; 15 \whet her the itemis d| rectly

in this view  Function finds the funclign el siésjfiedriame. If cither of the version numbers is not Ret urn t he
vi ew whi ch cont epesifisd thipahe it wigh the highest versiqnppbey igighisine Uitheisiepth paameireis

Topl evel W“”“”“““%Fﬁé’ﬂ@*‘gp%mmﬁ this _
hi erar chy. W““‘”““‘S&B%‘E‘e‘“‘“w“’” ‘in intemal comparisops-§f | s { he
name space of t %M| ed nane d ass

Ret ur ns th Y?’ ass of the specified nane. ’ Functi on

Returns the“tunction of the specified nane. Type

Returns the typ¥*aPeReAicy8pkcified nane. | nst ance

Returns the instance of t :'.Eﬁé Ghied L iee _VRC%I 08163,

PCT/ CA95/ 00513 ases - 89-

VIVersion kVVersionNotSpecified, L.
Except i on vrversion  RELUT adde AveiRbbiobsiabici 0§ speci fi ed
nane. VTSearchType search = kVSearchall,

unsigned short depth = 1,

VTypeData *1:33: =0) =0
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Cl asses Returns the cl asses of the specified
&HWSI

namne. WO 96/08765  Fyncti ons Ret

functions of the specified nane. Types -

Returns the types of the specified name.g,_ . | nst ances
Returns the instances of the speC|f|ed name. - . Excepti ons

damagbenetgfisd nane. " Al l
Returns every item3f the spéf 1383“ tog::m“"“"““ . Enuner at e
Enumerate itens in fH& name ghECE DT MappedAdapt er s

m%pped onto this

vi ew.  depbfP NTnnberofnunespaculaye:stomhmto Maps an iteminto
this view last Unmomdhxghstmonnumber Unmaps an item
Unmaps

fromthis view
al | adapter SPeci f i i Gt °““§%ﬁ cnoe, 11 he awpen paemeld D) AT €€
Unmeps al | adapter 16&%%&:1{& Qg Léoriﬂkﬁéﬂ{mmd, it should be

contained Vi eWS.  passed into this method dsltRGRARERNAEHE 10 use in intemal comparisons of version Ot | T 1 €S
the view that a cl amsbet.nN it has changed. Adapt er Added

Notifies the view that a new adapter has been install ed I n

t he cl ass regilpstagce Adapt er Renoved

Notifies the view whflstaizerddaftiseincbas been renoved from .

the class registry. vatomret Renoved name, :

Notifies the view that it hasrdaesicésenoved fcagens tasdsanfitive, Type
Definitions © Vifeesikn St major = kVVersionNotspeciflddl ay Of
Wi ewNanmeSpace obj ect's. VIVersion VTVisdwnief= k@ersionNotspecified,

Vr Ref Li st of Wi ewNaneSpace Wifearchiype search = kvsedfFhhldwRef
-VrReference to a VWi ewNameSpiR&omss| et depth \AZewNanmeSpace Construct or
Wi ewNameSpace( VAL oYﬁ?éT“““D“‘ nangast = 0) =0

VTUsageCode usag ),

Returns the except i€ of th

Name of the nane
for the nanme space.

space. scaseliSage _
Constructs an vi ewgﬁfgpe spacmm uﬁ:gms used as the base class to
I npl enment cust om zZabadk mmmmb&lm of the class registry

amcofmsm

hi er ar chy. BesdcANCeTOTypeof searchtoperform. D00l t Di st anceTo(

Wi ewNaneSpace depth  * Ot Kugrber of name spaces layers to search into. i nt

*di st ance) last Okalstiund highest version numb&t her nane space in the tree.
di st ance ( Bedeiiida) dalisSthetithatoe bOhd HRIGEH MARL PARE oPBEfeRion numbers is not

Di stanceTo ret ur NS spedified HinfieHEE Vith the hiphiavEiGdn nichbVis dnédent FRheH8HE phrbefier is | NE
return i s FALSE i f onlythe top level name space willlbé stareh&0] If@ irdfiidl ofAitie Rtenh Khs dlfafdy et tmd, REE OF i f
this and ot her -ar eshetldbei pasysl. intof his/methai as ¢t paraneser last to use in internal compdrisod dfer i san

ancest or of thi s oresiohnumbitss| S an ancestor of ot her. distance will be
positive if this is an ancestor of other (i.e. other is further dowmn the
tree) di st anESCTRUM pe negatlve if other ‘is an ancestor of
this. If this is equabentmoxmmexcdphamthe return will be 0. -
DirectlylnView VatbwReE t Di r ectiagd.nVi ew( Vcr Topl evel *item

" VTSearchCase scase = kVCaseSensitive,

VIVersion major = kVVersionNotSpecified,

VTVersion minor = kVVersionNotSpecified,

VISearchType search = kVSearchaAll,

unsigned short depth = 1,

VExceptionData *last = 0) = 0
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WO 96/ 08765

PCT/ CAOBYQ 9508365 | PCTICAISI0313 .

item bj ect to check DirectlylnViewreturns

whet her itemis contained directly i nglﬁge this view The nethod

will return FALSE unl ess |tem IS contwned directly inside this view

Vi ewX Obj ect name ect (Vcr Topl evel *iten)

item séct to 'h"“"m""“m’!' Wi ewof Qbj ect returns the
Vi ew nane space Fhi s V'ﬁﬂ: m%ﬂ@%%l ch contains item Topl evel
Wi ewNameSpace * Qﬁ gvel ()Tvp,o search to perform. - Topl evel returns the top | evel

view in this hiegaghy of Wowmsmﬁhﬁ will be called
often so it shoubskdbe cachas folud fightst vesivh lumbest ed vi ew name space. This

o100 W11 02 CBLAEE oot te e st o0 BEUE) sk YR & e U1 T 1 1

an itemhad alre ith (hE hi huihber is chosen. If the depth Vi €W
hierarchy. = paramki 3138 he top level name space will foersin RURAGH bas aiready

VAt onRef beenfound,ttﬂadlﬁ?bepaswdmtouusmethodas&lemueterlasttousemi\ﬂ?ﬁﬁarChCase
scase = kVCase Sesmparitohsdf version numbers. VTObj ect System
system = kVAny(Obj ect Syst em _ VTSear chType
search - kVEiassehAl |, unsi gned short

depth - 1) = 0 vrclassrefList clasBadTE Nane of name space to find.
scase Search i s witkdmet case semsid,ive or -i nsensitive.

system bj ect systmsmarclicade t he sezaeciy ¥VGaseSensitive, search
Type of search to perfor mVIVersion mgiqst |t kvVversionNotSpRigified: of -nane
spaces | ayers to search i n{ryersion m"“SG exsdomortPecified - nest ed nane

space of the specified narr‘é"“ﬁ‘Fh’EYH% i t em*PERGL VP &fﬁff“rln t he
cache the view shoul d quer‘?"é‘ﬁ‘é ﬂ‘a‘pter B Ent'ndit’ches system for the

item If the depth mo& fgayeter is 1 only the top level name

space will be. se ed |t @mﬂg&w of the view

to deci de whet he;;,a item Lﬂi,,mappear in nmultiple |ocations
in aview The minor Mmmmda.mmam | nVi ew can be called on the
itemto chck if béadeR al r epypaof sesichiidperfori ew _hi erarchy.

Cl ass depth\/TCl aswmmhmwmm

VAt onRef Classes finds'hfl W&sions of class of the specified name. Ifatherofthevaaonnumﬁﬂ-sear chCase

scase = kvcasesewmﬁmvmhvmmbmmmuequﬂmnmbasq)wfﬂamjrﬁﬁhﬁyst em
syst em = kVAnyQbjf &€ aepyh pacaliieter is 1 only the top level name space will be searched.

Functions _

VTPunctionReflist Functions(
VAtonmRef name,
VTSearchCase scase = kVCaseSensitive,
VTVersion major = kVWersionNotSpecified,
VTVersion minor = kVVersionNotSpecified,
VTSearchType search = kVSearchall,
unsigned short depth = 1) = 0

name Name of functions to find.

scase Search is either case sensitive or insensitive.

major Minimum major version aumber to find. -

minor . Minimum minor version number to find.

search Type of search to perform.

depth Number of name spaces layers to search into.

Functions ﬁndsallpverloadsmdvemonsofthe function of the specified name. If either of
the version numbers are specified, all items with version numbers greater than or equal to
numbers specified are returned. lfmedepthpuametalslonlvthetcplevelmespaeemll
be searched.
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VTVer si on maj or = kVVer si onNot Speci fi ed,

VTVer si on WO 96/08765 m nor = kVVer si onNot SpeC| fl ed, PCT/CAIS/00513
VTSear chType search = kVSearchAl |,

unsi gned short . depth =1, ' VCl assDat a
*fast = 0) =0 WD 96/ 08765 ~86-

PCT/ CA95/ 0051 ypes ' -91-
name NepEpeferel RSHpbsy find. scase

Search is either case sensit imlm@t | NSENSI tHakéE. system

‘bj ect systemto do the sear eiseasthcase scase = kvCH¥¥sefisitive, Maj or
versi on nunber to find. VIVersion | M mafor = kvVersionNotddeniBied,er Si ON
nunber to find. _ . VIvergemrch minor = KWpesiegrNosyrmrifiied.0 perform
dept h Nunber of WMESterchp®ees | ayseprehi=ok§esrchbMli nt o.

| ast | ast found WsMeStshees si orfePitnfel). = © d ass
finds the cl ass of the speC|L|ed na If ei ther of the version nunbers is

not specified cas huvg he hi ghest ver si on nunber
is chosen. If an |§§5g£ s fou % subsequent
items with higher ygisl ons ammﬂlg hdgod r OM t he same adapter and -

adapt er search NANMETypékRGeh i pafidmn t he cache checks are conplete and

hi gher versions st ukptnneed tDudB&oﬁWfay&shﬁeuchmo exact version

Tt g gl A R R

name space Wl | DbeygRaighBlametuis idnly the top level name space will Bé Srétie® Of the 1tem has
al rready been found, it should be passed into th| s method as the paraneter

last to use i instacesnal conparisons of version nunbers. It is the
responsibility of ;,;Fﬁ,ygn@g&etfpist Instances (. deci de whether an item from
an adapter can appear in nul{Adehfes! OCati ong,ahd) @ view. The method
Vcr TopLevel ;1 nView can be coisemx@dnCuiet e i tsefael @ BRES;enditivie, i S al ready in

this view ' hi ewvasdiyn majdi 6l kVOErsionNotsSpecified,
VTFuncti onRef Functi on( VIVersion .. minor = kVVersionNotSieoiriRed,
nane, .. VTSearchType \/TSosarch@&akySearchall, scase =
"kVCaseSensi tive, unsigned short = depth = 1)YF¥(@j ect System
system = kVAnyobj ect System _ L VTVer si on
maj or = kVersion ecifie ““’:;‘“”M VTVer si-on
m nor = kWersi onﬁﬁ)}o ecifi is either case scusitive or inscasitive.
VTS.ear chType .minor S mmmmm
unsi gned short search dﬁpg seardh (o perform. :
VFuncti onDat a depth kﬂﬁ&oﬁn@mﬂmwmm " nane
Nanme of function t?nstanc%sﬁndsall of the i c&gg name. I the”?@'ech is either
case sensitive or - all items with version umt q}u_mmm e@ct sytem
to do the search i Qeretumed If the depth parambtEtisY only the top level nunmber to
find. m nor M nhor ‘version nunber to find.
sear ch ExceptionsType of search to perform
VTInstanceReflist Exceptions(

VAtomRef name,

VrSearchCase scase = kVCaseSensitive,

VIVersion ' major = XVWersionNotSpecified,

VIVersion . minor = kVVersionNotSpecified,

VISearchType search = kVSearchAll, :

unsigned short _ depth = 1) = 0
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dept h Nunber of name spaces |ayers to search

| ast WO96/08765 | 55t found hi ghest version nunber. rb?}ébsmsm
Function finds the function of the specified name. If either of the version
nunbers i s not speci fi edl then the itemw th the highest
version nunber is chosen. _If an ite found in the ' cache
all subsequent i'ﬁé‘ﬁs wth hns are.only checked if fromthe sane

adapter and ’}?ﬁm &p@' y "mCh t he cache checks are

conpl ete and hi gﬁé{orver Si m bePto B found or the
exact version issda@knf oundryleldftirch R@erferr r espondi ng (or all) adapters nane
spaces - depth ShOWulbebst neld adéAslers o bebrelift® dept h paranmeter is 1 only
the top | evel rpion of the
i tem has al readﬁ%m ;.;.;.@E |&%m&%¢mﬁ£ﬂﬁ§&ﬁﬁ@5 as the
paraneter |ast tfmbefsSpetifiedard R if ueQAUPWRphridhtdSis Pbnly R 1pI nidid/glRw |t IS the
responsi bility Ofesdukifd. view to deci de V\/net her an item from an
adapter appear in multiple locations in a view The met hod
Vcr TopLevel Al nVi ew can be called on the itemto check if it is already in
this view vrToplevelrefti S¥ A{1qhy . WD 96/ 08765 .

PCT/ CA95/ 00513 VAtomRef name, _ -92-

Type VTTypeffedardicasy - scase = WCaseSensit:we, VAt onRef
nane, _ - VIVersion VT Sesiot FCa¥eersionNotSpecifi®gicase =
kVCaseSensiti ve, ' VIVersion  minor = KVHEF&ipinNetSSycifiady

system = kVAnyQObj ect Syst effjrSeazchType search = kVSearchAll, VTVer si on -
maj or - kWersi onNot Speci f j¥8¢toned short depth = 1) =0 VTVer si on ‘
m nor = kVVer si anNot Speci fj © VTSear chType
search = kVSear cJjAf]. ds:;imrmm“ ive unsi gned short

depth - 1, major Minimmmjuvasimnumbump Dat a *last -
0) =0 minor Na Y gnimum minor version nubbel® 6l ¢ ype to find.

scase seazéh | s Tolebfi@kch Gp@OmSENSi tive or insensitive

system ddprRCt Sy Nufite df famel gpaced 16yers10 setirehlinto. N. maj or

Maj or verS| on nm%«m&d&%«mm !}W,mmmﬁedme IfenherM't&Pr version
‘nunmber to find. monnumbetsm:peuﬁedﬁﬁﬁ&ﬁhnmvmmmmbmm a&%ﬁfﬁm perform

depth spldifidacfe 1@tfimdd A RheSIRP I farainaldd G4 F orltyOtheS Oy feel nam® islce will be

| ast skacdd. f ound hi ghest versi on nunber. . Type
finds -the type of the specified nanme. If either of the version nunbers is
not specifi erate the itemw th the highest version nunber
i s chosen. |f aRoid 2fdezade@und in the cache all . subsequent
itens with hi'gher versi onyradapteaamhnrateccked, i f from the sanme adapter and
adapt er nawveicgspace. Once tdvstexache checks are conpl ete and
hi gher versions still needT™¢@s#fasf ound orypehe~ kVcrAll, exact version

is not found then the cor W@%ﬂ&éﬂﬂ'ﬂ?ﬂg (or gaarsh o kEseEehdlane spaces shoul d be
checked. If the degth par%rret 1 onI y the top | evel nane space will be
. searched. If a E é the |tem§l§ al ready been found,

it should be pas"""n xtnto L‘;g:m The par arreter | ast
to use in interna corrparl on verS|on nunbers It is the responsibility
of the view to Enumeratecmmerstesal fyes Lrwes Wd‘?ﬁ“?ﬂ'ﬁyﬁter can

For
appear in milti W‘t mﬁ“i A‘” Pm%"“""‘“
Ver TopLevel can pe calle on“? e ITemto c’he m?mn?ml s al ready in

this view Unmap
void Unmap(VcrToplevel *item) = 0o

SUBSTITUTE SHEET (RULE26) -



hi er ar chy. _ | nst ance VTI nst anceRef | nst anwé
VAt onRef WO 96/08765 name, _ : #0945 Case
scase = kVCaseSensitive, - : VTObj ect System
"system - kVAnyObj ect Syst em _ ~ VTVersion
maj or - kVVersi onNot Speci fi ed, -88- ~vTVersi on
m nor = kVVer si onNGERBpeci f i digm to unmap from the view. VTSear chType
sear ch = kVSear chAinkap unmaps a particular itém from the cache of this adapter. The stiamér ghowdiredvollt
d'épt h =1, reference to the item and remove it from its cachg/] MMQeapphedbothtoadapter *| ast -
0) =0 WO O GAFSTeesS and other items.
- PCT/ CA95/ 005 : ' - 93-
name %mapﬁgﬁﬁmﬁpqenst ance to find. | scase
Search is either casd Unnapdlifremdresi) im8ensitive. system
bj ect systemto do the search in. maj or Maj or

ver si on nunber t o Unhm#p@llFromTree unmaps all items foid FeCutsively in this name space from Me kughie of/ €1 Si ON
nunber to find. this adapter. The adapter sigvaidi reqbye all reference to the itdmsped wdhovs them Gim {10

perform  cache. This method)ainbe applied both to adapter fgmeripeses apfotherdteris. Spaces | ayers to
search into. | ast . Last found highest version
nurnber . .Removed - Instance finds the instance of the specified nane.
| f either of the weisRemvedtbews i s not specified then the

itemwith the hi ghQsdveN Bty motiEbgistry & t6/ip hdladaphel nafhbsphck BEbtinEineoBigiad i N t he
cache all subsequetat it kat SeefFreniivdd THeia@ e lsho\le hidb tmfh}Fits RénfS akdiRhrye spad Gl dewisf f rom
t he sane adapt er alRGHews will do this. After calling RexgbSd B¢ classaegiBrySvilbuelease iSnafeenteiarthec ac he
checks are conpl etaéapterwdicikshophictien delste e glamer.st i | | need to be

found or the e'xact‘ versi on is not.-found then the corresponding (or all)
adapters na Nam Space shoul d be checked. If the depth
paraneter is onI qepq nanme space w |l be searched.

| f a version Rubwwbdasmﬁ Npaﬁoalewdady been found, it should be passed into
this method aeriéWR@mespace is an abstract class wid i@ a uheAfikinel Diew SfCcldsy regisity Réni3 2l
corrparl SONS OfadapdeNafEspacE¥eins the hctuali heratchyoof haSsONErS kakli dbjedt wystarh isf i Grself, a

Vi ew t 0 deci Geeparatiaminia gpace frim othee shjckt systemsa Bach ohjetisgenm Qi@in @10 pad@in subrmanie spdedsD| €

| ocat i ons i n This yiedsterminfdiggerarchy of names may not reflect howt theoerid Wderrcliaoged o view the plysigallvy can be
called on th@%mmwm%wmmwmgmmmmw

hi erarchy. o2 Wmmmwmfﬂwm'ﬂﬂmmmt“ﬂ%nmm@wﬁ on(

VAt onRef accomplished using ‘VViewNampspace. Wiem!ameSpace provides the

between the physical ’glmec the hierarch ot' names. Muluple
VTSear chCase VViewNameSpace hi & exist:f y P - hy.. éwNameSpace also actsas a

VTQDj ect Sy st €l for items which are da
VTVersion . adapter name space, they cali Bd thived sfourld e Sl ARNAL ST Lo £
VTVer si on them. A view may be implelibai2@ in persistein\QGageS i  item in the view
VTSearchType meﬁmmcmmﬁnﬁﬂﬁlﬁmﬁqﬁdﬁ/ﬁﬁaﬁml‘&ﬂWMgwmmmm
unsi gned shoOrhierarchy using verBase: bfiérl) When nkstoring itself the view can rebuild the objects by querying
VExcept i onDategh level in the fully qualifiddnsueifor theneX)itersrinthe name.

Public Members
VViewNameSpace Constructs a view name space.
DistanceTo Returns the distance to another view in lheu'ee
DirectlyInView : Returns whether the item is directly in this view.
. ViewofObject Returns the view which contains the object.
Ovemdable Public Members '
'.l'oplevel Returns the top level view in this hierarchy.
SubSpace Returns the name space of the specified name. -
Class Returns the class of the specified name.
Function Returns the function of the specified name.
Type Returns the type of the specified name.

Instance Returns the instance of the specified.
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name Nane of exception to find. S
Search WO %/48%€% case sensitive or insensitive. - Pcr’c”g@‘étem

bj ect systemto do the search in. : maj or Maj or
versi on nunmber to find. m nor M nor version
nunber to find. : searcﬁ9“ Type of search to
perform Exception  (ept h Retums the @’P’ 8RS spaces layers to
search into. Classes . last Retumsteclasses d hi ghest version
nunber . Functlons ey ception f ﬁ:ﬁ:mgwmmg ‘exception of the

speci fied nane. jﬂﬁtgcwer of the VeRghfMihe instances of the specified name,NUMDEr s i s not
specified then tf@edciédd W th the hi gh@SinebRbpidnfihbiptti&inahe chosen. |f an
itemis All found in theesaehe iahdfthepiediirat | tens with higher
ver si ons are onlghuedraeked i f from t Bfumesténdtems in the name space. adapter and
‘adapt er nanme spacgped@iapeetshe cache 8Bineslis liarfedapiasydiick tremepped o thjier ver si ons
still need to be fowrmd or the exact version is not found
then the corresp®rding (or all) ada Psxtmméh“m S spaces shoul d
be checked. If tmﬂegth par anet er %\EP Ievelnmnarre space wil |
be rched. If a v f"ﬁ"é?‘ dy been
found, it shoul 0""8@'%% FESBTF? nt o th| 'mm m‘?&[ -

parameter |ast tg,usg.idai Nternal m@&%@@ﬁh L1 fids umbers. It is the
responsi bility Ofsapreradded gglﬁ&lu@wﬂpga Ghandilai tem fromm,
adapter can appear in multiple | ocamw a vi ew - The

met hod Vcr ToplLev@bptekRodosstt can be cawﬁadn@mmhmwmmmnf it is
already in this Vi ee dscregistre Ny . -~ WD .96/ 08765 ‘
PCT/ CA95/ 00513 Removed Notifies the view that it has been removed from the class -94-
Cl asses vTd assRef Li egise® asses. _

VAt onRef finiti nane, - ' - VTSear chCase
scase = k\}Eﬂ’segensﬂlve ' ' " VTObj ect System
system = kVAny zﬁiiﬁmﬁﬁﬁﬁiﬁﬁm VTVer si on

%ajng:: _:k?(/\\j\e/re$IS| wy pEﬁC‘If ,Ir ?g d VrReferencemolW:.ewNameSpaceobject. VTver ston
VTSear chTy prewNameSpmacatsu!acthear chA T, S ' '

unsi gned short “nggpggb = vhtomRe0  name, : nanme _ Nanme
of classes to fi né VIUsago@SCusagey | Search is either case
sensitive or insensitive. - o system Obj ect systemto
do the search i mame Name of the nafiEpaeé. S M ni mum maj or version
nunber to find. usage Usage flag fir the name space. .~ M ninmum mnor version
nunber to find. Cmmmmmmwéel%akkuudaﬂnhgm%kﬁﬁw perfor m
depth Mﬁdﬁmces | ayers to search into.

Cl asses finds all versions of class of the specified name. [If either of

t he ver si orDistankeTe are . specified, all items with version

nunbers greater gohaR silscfidedd( t 0 nunbers speC|f|ed are returned.

Once the | ocal view checksvosnfakespdtect € tdagr,cach mapped adapter matching
system shoul d be int checked. *difstink® depth paraneter is 1 only
the top level name space will be searched. It is the

respon5| bility ofthehe vi eWQtherpampspiccinthedpeet her an i tem f rom an adapter can
 appear in mul ti p:petance (Rm)unmemthemhunmem .

DistanceTo returns the distance to another view in the same trec. The retum is FALSE if

this and other are not in the same tree or if this dnd other are siblings. TRUE is reumned

if other is an ancestor of this or if this is an ancestor of other. distance will be
positive if this is an ancestor of other (ie. other is further down the tree). distance will be

negative if other is an ancestor of this. If this is equal to other then the retum will be 0.

DirectlyInView.

bool t DzrectlyInView (Vcr:l‘oplevel *item)
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| ocations in a view The nethod VcrTopLevel ::1nView can be called on the

itemto a&ieo&08765 if it is already in this vie/WPgH

Functi ons VTFuncti onRef Li st Functi ons(

VAt onRef ' name, : . VTSear chCase
scase = kVCaseSensitive, -90- VTQhj ect Syst em
system = kVAny(Qbj ect Syst em VTVer si on

maj or = k\V\Ver si oniNamSpeci f i Gbist to check. _ VTVer si on

M nor = kVWer si onpgL &G Erivh ivEidbums whether item is contained directly inside this view. The m&idSear chType
search - kVSear chvli ketum FALSE unless item is contained directly inside thisview. ~ Unsi gned short
depth = 1) =0 name - Nanme of functions to find.
scase ViewQfQbjebt i s eit her case sensitive or insensitive. '
system Ghivesiref Wa bwdEdH;Octd GcrirBifl e6aar irlami N. - aj or

M ni mum maj or version nunber to find. m nor '

M ni mum m nor verstemn nunbedbjette checknd. _ search Type
of search to perf@.ife%fobjectmmeﬁwmﬂﬁmﬂhﬁsvﬁwﬁmhywcwmﬁtﬁ{ name spaces
| ayers to search into. Functions finds all overl oads and

versions of Tbplekeincti on of the specified nane. If either of

the version n““%e@ﬁaﬁeﬁ@&%ép@ﬂnﬁg' Ldtenms with- version nunbers greater
than or equal to )

nunbe I§gegif'.d SacksC . ce the
| ocal view checks™®FEe¢ SHP 8¢ 2 PR g'% e &ﬁsmﬁ;ﬂfﬁﬁ pt er |
mat chi ng syst em sYGHLADE. “@if%éﬁa e i A tchHol aleaBPHoc) R i e phriGllk Yt et 0p
| evel view &&ﬁ;ﬁ space wll ‘be searched. It is the responsibility
of the view to deci d‘é ether an itemfrom - an adapter can

appear in nuBib$pael ocations in a view The nmethod VcrTopLevel ::InView

can be called on %#fgrpu%%f. geck if it is already in this view hierarchy.
yPeRgle

Types E Types( name, WO 96/08765

PCT/ CA95/ 00513 VISearchCase scase = kVCaseSensitive, - 95-

VAt onRef ) Na¥fdbjectSystem system = kVAnyobjectSystem, VTSear chCase
scase = kVAnyQbj ect Sensi t | wviSearchType search = kVSearchall,

VTObj ect System =~ Sy@isemen sKdANY CbjdepthSyrsiemo

VTVer si on ' ' maj or - kVVersi onNot Speci fi ed,

VTVer si on name ' yj Name ofaameggeetafind \Not Speci fi ed,

VTSear chType scase s el cithey qag ﬁl"ﬁ","gm'

unsi gned short system ¢ ysterh fo do " name .
Name of- types to PP Nﬁgdm‘:m%mm Search is either case
sensitive or insefHT ve. system

hj ec stemto
do the .search i n. SubSpace finds the nested name space of the specified name. lftheitem'ismtlfamc}in%x
cache the view should query each adapters which matches system for the item. If the depth
parameter is 1 only the top level name space will be searched. It is the responsibility of the view
to decide whether an item from an adapier can appear in multiple locations in a view. The
methoch:'ropx.evelz:InViewunbealledonmeitemtocheckiﬁtisahudyinmisvicw

hierarchy.
Class

VTIClassRef Class(
VAtomRef nane, .
VTSearchCase - scase = kVCaseSensitive,
VTObjectSystem system = kVAnyObjectSystem,
VTVersion major = kVVersionNotSpecified,
VTVersion minor = kVVersionNotSpecified,
VTSearchType . search = kVSearchhll,
unsigned short depth = 1,
VClassData *last =0) = 0
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maj or M ni mum maj or version nunber to find. ' m nor

M ni munWe 9ae876%r si on nunber to find. seaRGT/ICAISOSI3  Type
of search to perform. dept h ' Nunber of name spaces
| ayers to search into. " Types finds all versions of the type

of the specified name. |If either of t¥¥~version nunbers are

specified, all ipw&wes with Needrlemwofimbers greater than or equal to nunber
specified are refeased.  Searchiscither case sensitivpgs sepsifize. | ocal vi ew checks are
"conpl ete then eat¥f$®pped %@@T”H‘h‘l‘ﬁﬂ‘h& system shoul d be

:

checked. If the h par the top level name space will be

searched. It is

whet her an item ;&ﬁ]han ac&%ﬁ{;{? By il i pl e
| ocations in a vigw The ngk nVi ew can be called on the

itemto check sal n this view hierarchy.
| nst ances Class finds the ﬂiﬁ‘wﬁ gf"&f‘y%ﬁ?im b ""“fa

then the item with xschosm. found in the

VAt onRef Sear chCase
subsequent items mmmonlycheckedlfﬁ'omﬂlemadapta

scase = kvcasemip;c&\(ﬁutheuchcchecksmmpletemdmghammsnllneedlobe et SySt em

systen = kVANY QoiRE vesaibh sS4l found then the corresponding. (or all) adapters name spaces sholly®E Si ON

maj or = kWerS| Odh&diRd. SITaiR| dfeb@parameter is 1 only the top level name space will be searched. VI VeI Si ON
m nor = KkVVer si ersidiodf i e lind alréldy been found, it should be passed into this method as the parameter :
VTSear chType last to use in intcal caniparisonk of Sawion @inwkkrk., It is the responsibility of the view to
unsi gned short M&Mnm@gpﬁ@mﬂ@?m@wmmﬂhplelmﬂmmanmmm
Nane of i nstance$rTPpLleyeis):Inview can be called on the gemytg gheck if it is already Wthip ¥t | s et her

case sensitive dF¥FHsensitive. system Qbj ect syst E |
to dothes'%&ﬂ)m - major ' M ni mum maj or version
nunber to fi m nor M ni mum m nor versi on

nunmber to find. VIFunctionRef Functiandar ch - Type of search to perform
depth Nunber of AHERAf s aces | 3 s to search into.

I nstances finds all versi q‘ﬁgb‘dfhcf‘ i nst amee. 6f""f‘ﬁ’ ‘8'1”?1 ed name.- |f
either of the version VIVersion arkgv s c;ff‘la itenms with
versi on nunber greater thagyQyi&aual to GLW ecined'

are returned. Once the | Ggdéar¥higPe CheCKSets « GRER: éh@.l en each rrapped
adapter matchi ng unsigned Sié&iteM Shgithd=he checked. 1f the dept h

paraneter is 1 only the topulctyaibatadane Sprae i l= be
searched. It is the responsibility of the view to decide whether an item

from an adapt er nems Name of function tefisdear in nultiple |ocations in a view
The met hod Vcr Toffia8%el : : | A8 iteither cae scpsitivg op igsepsitive. the itemto
check if it is.d¥&E%y in M'@W%Wﬁ"hy Exceptions
VTExcept i onRef Li °Except i MVT VAt onRef
name, Sear chCase _ scase =
kVCaseSensi t | Ve1s:;1r::h' mmwwmchm - .
PCT/ CA95/ 00513 1 ast - - 96-

VIQoj ect system. Function ﬁnds §l¥§m&m &é\w&cﬁé/&% version numbers is not

specified then the item with the highest version number is chosen. If an item is found in the
cache all subsequent items with higher versions are only checked if from the same adapter and
adapter name space. Once the cache checks are compiete and higher versions still need to be
_found or the exact version is not found then the corresponding (or all) adapters name speces
should be checked. If the depth parameter is ] only the top level name space will be searched.
If 2 version of the item has already been found, it should be passed into this method as the
parameter 1ast to use in intemal comparisons of version numbers. It is the responsibility of the
view to decide whether an item from an adapter can appear in muitiple locations in a view. The
method VerTopLevel : : InView can be called on the itera to check if it is already in this view
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VTVer si on maj or = kVVer si onNot Speci fi ed,

VTVer si onWO 96/08765 m nor = kVVer si onNot Speci f| ed, PCT/CA95/00513
VTSear chType o search = kVSearchAll, e

unsi gned short depth =1) - 0 nane _

Nanme. of exceptions to find : -92- gscase Search is either
case sensitiv@yYpPe insensitive. . system Obj ect
systemto do the sefyfdrek type( maj or M ni mum maj or
version nunber to find VAtomRef M N @é&me, M ni mum m nor

ver si on nunber to find. VTSearchCase searade = kvcasesensiuipe, of search to
perform dep{tabjectsystem  Ngyirer = dVAnyabiectiyates | ayers to
search into. VTEeRsé®h | ons fi WePerar |xVVerekinerbredifidde user
defi ned exception of the spe‘@"’ﬁ’éﬁf’ nane. | FARFt ReYVeFpionNotspecified, t he

versi on numbers are specifi evd'se“off’ "ﬁfems V\n’f‘ffc’(?el"‘é’f?j‘ﬁ%ﬁ'bers greater than
or equal to %T):em flepcf aremretourned Once the | ocal
vi ew checks are conpl ete theny%ac mapped adapt er mat chi ng
system shoul d be chggked. | nub@npadkad Paraneter is 1 only the top |evel
nane space W || bessa@alr ched. sedrdn is efthed caie sehstivg P asehsitivd. | ty Of the view to decide

whet her an item fr&mstem Object system to dithie skt er can appear in nultiple

| ocations in a vi emjofhe netMepevenion ibajrredel : : | nVi ew can be
called on the itemimozcheck mmm»@wy in this view hierarchy.

Al | seFFThp| ev clyRef sdrch o

VAt onRef : depth nawﬁmw‘m“m’m VTSear chCase
scase = kVCaseSens}astve, Last found highest version number. VTObj ect Syst em

syst em = kVAnybj e’tybmaﬂwpeofthespeuﬁedm If either of the version numbers is not shedifiéd thgd ON

mej or = kVWWer si onNox @pewthfthecighest version number is chosen.  If an item is found in the cathfWler i on
m nor = kV\er si ormk!ﬂspe'mw@thlshﬂmmmoﬂvchmﬂﬁmmmmmdm
VTSearchType mmﬂ #@W m‘z‘g‘:’n‘;ﬂ"m“mm“b‘m“““

unsi gned short adapters

Nane of items to fTHE- mheeﬁ}’t mﬂr:“‘ﬁgé"wplmm g‘a‘fg% ither can

ofthe:tqnhnalmdybemf ould be

sensitive or insengl t" NS in internal comparisqns of versioa It is m@xdst emto
do the search in. mwm.nmmmmmmm DVilRI18d metipd Si ON
nunber to find VerTopLevel: : Invilu/taH be called on the item iRy n\BE AkON NuNber
to find. hierarchy. S€ar ch ' Type of search to perform

depth Nunmber of nane spaces l|layers to search into.

All finds al|Ingtanterent itens (classes, functions, types, etc.) of the
speci fied nane. | fy@hdddsternef Igmnc,( ver si on nunbers are

specified, all itens wth vamsiRes Nnunbers gamater than or equal to nunbers
specified are returned. Oncemrsémechaasel Vi evcaslecekvcaesensdripect e t hen each
mapped adapt er : vroppatedyster SYSispivesiihryobiectiyetdred. | f t he
depth paraneter is 1 only tha8Vemsperd evel namejor = kVVersionNotSpecjfitade Wi || be
searched. It is the responsiVBVedsign of t he waow T dViRreiliotgpesifitad.- an item
from an adap t"é'F‘ﬂf&WYaPpear l’ﬂ“ﬁ‘b’l't"i"fﬁ‘é%batl ons in a view
The method Vcr TopLevel : : | nVi¥Bfi et ob th = :'be called on the itemto
check if it is already in thi VIRSIPERAH erarch‘“ "% Enunerate

voi d Enuner at e( : , VTVi ewEnunfunc

func, v0|d *cont ext,
VTd assTag _ type - kVcrAll, '

VTObj ect System system = kVAny(Cbj ect Syst em
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WO 96/ 08765

PCT/ CAOWQQIs8765 . : PCT/CA9S/00513  _ g7.
VTSear chType ' search = kVSearchAll )= 0 func
Function to call for each item context Cont ext
information to pass into enuneration-23mcti on type
Type of itemtomamerch f opame ofinstance tofind. stem (bj ect system
to do the searclfcpe s‘““"“‘h‘“’“""é‘% P'dﬁ“‘""‘ - Type of search to
per form system . tes all items of the specified
type. |If type |§“R%rAII gl € enuner at ed.
“Lg&,g then each nmapped adapter matching

Once the local vlg check
system shoul d bQiesﬁég
name space w |l j3ee ustfomdhlghatvaﬁai‘nﬁhlﬁd For each item found, the

enuner ati on funcItlon nﬁn&% ww&%mummf@wwm,sm

and the itemit

spaces. It is t%mmmmxmmmmaﬂﬁhmm&uam s SMpedr nadeci de
whet her an i t eMgfigpie Hurfld spidé] OOt the e chaRD@Sdomybidte 4l hifherVerSions still need to be

cked. W&W@mw is 1 only the top |evel

“locations in a \{§udr thEleGictiertidhGeinol/ dind izh. A edrespinding (@VilIL @liptezaamadpdced on t he

itemto check  should bechecked. If the dep€h pathmetes is & balytbediyp level ninigismacewilbhe séaiced.ar chy .

hﬁﬂhmm@.@w :k;n% id m@RYeenest ed name

MappedAdapt er s I a version of the item has\uffobdjchednSouit fit | shogid WM?@’; 0
MappedAdapt er s  rpestmetenkast ppauselis) internabompgrisons, rerasivifip it have been.
mapped ont o view 10 decide whetheriafyleg ffp @,adepter can appear ip gy R‘ﬂ“m““"m‘“w The Kool _t
Map( VCI’TOpI evel mqh?dé!ﬁfropl.ﬂel IanewcanbeulledonthHw xfxtmakead\mﬂra{ view t o map
into the view Map maps a particular itemin into the ‘
current vi ﬁy‘ E VI ew shoul d cache itemso that it ' can be.
| ooked up r searches and enurreratlons Map -applies to cl asses,
functi ons, typeg’“’“’"""’mrmef Exceptionl st ances, exeptions, and nane spaces. A
return or TRUE i ndicates @;ﬂ“ E,JTBIOIO' nﬂper%&ag nsitiy was
successful. Note that eve;}.l.cf’ii;e TN, elgtur ndsg,;y%;gﬁ' ;hg obj ect may not
be nmapped directly VTVersion |§.Jg@rmkmag%mgt p&aﬁebave been
mapped i nto another pl ace viverkithS V' eW {4i@Br = kvversionNotSpecified, VOI d
Unmap(Vcr Topl evel *iten) wrddarchType . search # kes¥archall, I[temto unmap
fromthe view unsignddnstpt UNndEpsh a= particular itemfromthe
current view. *If itemis Nepepdoniuty t hi Slast ew0) t= 0 shoul d be
renmove. Unmap applies to classes functions, types, instances exceptions,
and nane nappppAl | Nameofexceptiontofind /i g UnrrapAI |-(VTCObj ect Syst em
system) = 0 scase Sen-tehuadmusemuwormgm

system Object system to do the search in.

major Major version number to find.

minor Minor version number to find.

search Type of search to perform. o

depth " Number of name spaces layers to search into.

" last ' Iastt‘omdh:ghenmnmbet :

Bxceptionﬁndsthemdeﬁnedewepﬁonoﬁhespeaﬁednm If either of the version
numbers is not specified then the item with the highest version number is chosen. If an item is
found in the cache all subsequent items with higher versions are only checked if from the same
adapter and adapter name space. Once the cache checks are complete and higher versions still
need to be found or the exact version is not found then the corresponding (or all) adapters name
spaces should be checked. If the depth parameter is 1 only the top level name space will be
searched. If a version of the item has already been found, it should be passed into this method as
the parameter 1ast to use in internal comparisons of version numbers. It is the responsibility of
the view to decide whether an item from an adapter can appear in multiple locations in a view.
The method VerTopLevel : : InView can be called on the item to check if ntsalreadvmdus

view hierarchy. -
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system bj ect systemto unmap itens for. UnmapAl |
unmaps al woidsesmsowned by system fromthe current wiew AnPCT/CAN008E ned i n
the vi ew whi ch are owned by system shoul-d be renpved. UnmapAl | does not

apply to nane spaces only to classes, functions, types,
i-nst ances, and excepti ons. © UnmapA&4-Fronilr ee ~ void
UnnmapAl | Fr onTCkg§e$Tbj ect Syst em systen) = 0 WO 96/ 08765

PCT/ CA95/ 00513 VIClassRefList Classes | . - 98-
system Qbj ect syshRfanker UNMAP |t 248, for. UnmapAl |
unmaps all itens owned by syatQptHcasym t he m@geawdseygnaﬁdv;,rom al

cont ai ned Vi emspje@susten Vel ysyshay= ikaebjeapetkn) N t he vi ew
whi ch are owned by system shvavdrdidne major = kvvereitbN@dpecified,

UnmapAl | Fronilr ee does not apBYersiam nane spwiges wohi¥ersipniidtdsadiedf uncti ons,
t ypes,. i nst aY@¥aerchdme exceptdageis= kvsearchal}.assChanged

voi d O assChanged( VO assDpsigned sharg ~  depth = 1) = 0

short nunmet hs, ' short
numprops, ::;u: ::cﬁo;c:ﬁ:seﬁ:‘;naﬁveammﬁﬁn short ' nhunt ypes,

short m.gp;ng, mmmdommm short

numexcepts) = 0  major versionnumber to find. O 2SS Whi ch changed.

numet hs Ndgbger of iod timided 6 fifd] 2SS

nunpr ops Neaber of Wp&ms in the class. _

nunt-ypes ' Neptier INebed of fa@6 spicks ldyéio ShréhSifio. , num nst-s
Number of new i nstcﬁgﬁemdn.ﬂmhﬁﬁé«mwmm If cither of ﬁ.ﬁm arNUTTDET Of
new. exceptions in sﬁeﬁﬁed,(%hmwnhmmmbmmwmgrm WW retfirned ! he view

that a class Whi ClonkeltheTooddview dhcksai Sontpiaws thghieebh mhgipedliapter ndRingt s Ot em should be
view wi t h t he numnisietkedflf theodept gareterisil @dly tietbrievaliatibpdceOwill BEsedidhalS R is dlehi S
all ows the vi ew t Gesponsibility of the view to de¢idzIvh¢lier Spiei (@in iail ddptér adal spyartiDmeipRD| €
conpl ex searches tliestionsdp» views Tieanathad YesTopLevel : : InVAgagh brofliddiendhe item to check

voi d Adapt er Added (if#azrirprdvin this Mevdpemedy. * nspace) = 0 nspace
Adapt er whic % added. The class registry calls

Adapt er Added ygetigns top | evel view when a new adapter has been

i nstall ed. The vi &%FureyionBefListcPundtivhet into its space in any way it

chooses. Adapt er Rerm\Ye'dﬂ“f name, oj d
Adapt er Renoved( VAdapt er Nane M¥pace) 3cape = kvCaseSensitive, pgpgce
Adapt er which was renoved. ObjectSystem system = kVAnyObjectSystemn, .
. VIVersion major = kVVersionNotSpecified,
VIiVersion minor = kVVersionNotSpecified,
VISearchIype search = kvSearchAll,
unsigned short depth = 1) = 0
name Name of functions to find.
scase Search is either case sensitive or insensitive.
system Object system to do the search in.
major Minimum major version number to find.
minor Minimum minor version number to find.
seaxch " Type of search to perform.
depth Nmberofnmesplceslaymtoaeuuhmto

Functions ﬁndsuﬂovulondsmdmonsoftheﬁmaotthespeaﬁedm If either of
the version numbers are specified, all items with version numbers greater than or equal to
numbers specified are retumed. Once the local view checks are complete then each mapped
adapter matching system should be checked. If the depth parameter is | only the top level
name space will be searched. It is the responsibility of the view to decide whether an item from
an adapter can appear in multiple locations in a view. The method VerTopLevel: : InView
can be called on the item to check if it is already in this view hierarchy.

Types
VITypeReflist Types(
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The class registry calls AdapterRenoved for each top | evel view when an
adapt er Wa9608%5 removed. The view may per STGHEANYWSI: or ¢

i nformati on about where the adapters itens are in its _

hierarchy at this tine. After this, the view should unmap al |l adapter nane

spaces and itens bel ongigig to the adapter Renoved T
voi d Renoved() =0 VAtomRef Renpved #agecal | ed the class registry on
the top | evel viewto not \rNgﬁeFfd‘F#&t it h%é’%e‘eﬁvcf‘ ive, from _
the Iist of

about its hierarchy at
. all items and adapters and vr ews.
‘Rermoved the class regi stryum1 eclr oease |4e§ﬂ{ejefen@e to the view which

avai | abl e vi ew¥TOPIRRESYATED car® enwecoﬂ trf:‘léﬁ nf or mat i on
VIVersion thi sy {: RS Hfgi' t hen unnap
ersli on 1
adabdnSd k¥l

shoul d cause the viewto be deI et ed. WD 96/ 08765
PCT/ CA95/ 00513  name - Nameoftypestoﬁnd. -99-
Cl ass VC assRegi sicaye smmmgmw?rr mary VC assRegi-stry

is a class which syaheges V iObjwtsystemcio do the prarelyin; | Adapters provide the
i nterface betweemajor di mem@ermwe s and the views. Views
provide a hi erar(ﬂﬂ-y%f nanmdinmmane \Eienamie e bresent ed | to the

user. Views can F€28ef i ned m%‘gg‘g?mto Jroup Itens into user defined

cat egor I es.

multiple views cmmmmmmsmf@qwﬁdm VF'BW of the, veryign, pumbers
| ayout of nanes. WMW 145 thanpx, equal to nyneh
spaces, etc.) remw mmpl\t;e

hi erarchy to sui t%‘f

storage objects

Al t hAIT8FE any

e can appear only once in a view,
&€ any
name

rﬁ%&nﬂﬁrsr st ent - ‘
R and

mfﬁfﬁm

el:: &

items and rel oad hierarchy. c’?ecreat ed Adapter vi ews provide the

" physi cal hrerarchy ) nanes _ Publ i c Menbers

VCQ assRegi St¥tances Constructs a VC assRegi stry object.

- Vd aSSRegl stry . VTInstanceReflLis

siroys a VO assRegistry object

Publ i c Menbers :];xn“ nager pame, Returns the
type manager used by this wagasarcxse scabV 64 kichabdensiuitd,i c Menber s

AddVi ew
RenoveVi ew
Vi ews
AddAdapt er
registry.

VIobjectsyARES a Skl ©RVAnguISectsysten,

VIVersion RenDVesSngior | €WiergipnNdtspecafiedi ry.

VIVersion Ret ur nsmigiey t [fiVerpiopNotsSpecifiedr egi stry.

VTsearchTypRids anseNs t""%‘fﬁ%”éh’r-adapter to the
Remtﬂap?@F depth = 1) = Removes an obj ect

system adapter fromthe re |str Adapt er s
Returns the |ist Wer nst al I ters. - VO assRegi stry
Construct or ype nager *manager)

systﬂn

‘major Mnmnmmprv«ammmbetmﬁnd.
minor Minimum minor version number to find.
search ~ Type of search to perform.

depth Nunherot‘mespmhya:toseuchm

Instances ﬁndsdlmmofthemmnceoflhelpeuﬁednm. It‘aﬂu‘ot‘thcvemon
Mmmmmlmmmmmnmwmmaqumbmwﬁed
are returned.  Once the local view checks are complete then each mapped adapter matching
system should be checked. Ifﬁuedepthpnmdsulaﬁyﬂnemplevelnmspaeewnnbe
searched. nuthempmihhtyofthenewmdemdewmmmﬁmmmm
appear in multiple Jocations in a view. The method VexrTopLevel: : InV:.ewcanbeulledon

dumwchecknfuulkadymﬂmmhemchy

Exceptions
VTExcepticnReflist Exceptions(
VAtomRef name,

VTSearchCase scase = kVCaseSensitive,
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manager ' Type manager to use for type conparisons.
The VO as#@gé/e876§ constructor the internal data structures?ﬂmmogurrent

speci fies which type manager to use for type queries. The
class registry itself does not use the type directly. It is
provi de so that users of the class regi s#éy are abl'e to deternine

conpari son I nf ororEeetspstabbout $yseer ¥ pemnyajet ey, | N Cl ass,
function, instance, excepti OfVerairst type  major = YllegsidRqgHsséciyieBest ruct or
- VO assRegi stry() VIVeryise \Cl assR@g’PSt? siopNeesprcifiedpves al |
views and renoves all adapt eVZSearcspiyRe i | | eage- kvsearchall, all class

regi stry objects to be destr&ﬁ‘éﬁe%f‘ﬂ%‘és t P re st P referenced.

TypeManager VT wahypeManager () = 0
TypeManager returngcabe type saRARERk s aiieal Bttt N this class registry.
The type manager i Ssystem Object systeshi6dd e QartiBNIA0€ CoOnpatibility of data

t ypes. AddVirayer Minimum major veérflénChuri¥eiclodin@\W( VVI ewNameSpace *vi ew)

WD 96/ 08765 . minor Minimum minor version number to find.

PCT/ CA95/ 00513 - search Type of search to perform. - - 100-
vi ew Videpth 0 add Npmbettofmamé spases jayers to search into. AddVi ew adds a new
view to the |ist Ofexteidne¥idls alMieith of theldfr defBigd kicptitn ik bpeciiidflnathe. ' &ifik GNCE O

t he théi vexsiont dambersnuet spdcified, hll fidms kit vereiba Rinder® grodid Ak 6ieqhal 1ol hE
registry. Rewnbere Yieaified are returned.  Once the localvidwCkhdda e \carhiletvhex! \dicE WlpldE Space
*Vvi ew) adapter mpjching System should be chégked \IF the dershypargneter io rodiy ke thyi 16!,

RermpveVi ew r enpves semespaga il pegerrcheth clt §s the resporfsibifity pf theevigw Jo deciide whetherh demr f@g)i St ry
wi Il call Renpved o adaptercan appear in multiple lpcptions,in Yigws The methed VarBenbeeed : j Inkiewef er ence

to the view camf @aljgd on the item to check if it is alreadyyin this PRI Vi ews( )

Vi ews returnsAIPe list of all created top |evel views attached to the class
registry. This Tist shoul d not be nodified.

AddAdapt er VIToplevelRaSLipt Md Adapt er ( VAdapt er NaneSpace *adapt er)

adapt er Adapter to mecﬁ the Ilst“"“' AddAdapt er adds
an obj ect system adapter to m g f 6?‘( d W“*As each adapter
i s added, the %13 ’tf’% put Yﬁﬁmt'hg:g JBFES ?fc ‘adapter |ist.

"~ The order in which adapters #verddged to jiner - e::i” gge ; registry
is inportant since they are @ughicRéiden the QSR Ohmeir |s W TT 'notify
each - exi sti nguisigididhoke a Nepadapiiee das been added

name Name of items to find. _
scase Search is either case sensitive or insensitive.
system Object system to do the search in.

major Minimum major version number to find.
minor Minimum minor version number to find.
search Type of search to perform.

depth ~ Number of name spaces layers to search into.

ALl finds all different items (classes, ﬁmons.lype:,etc.)ofthcspeuﬁedme. If either of the
version numbers are specified, all items with version numbers greater than or equal to numbers
matching system should be checked. If the depth parameter is 1 only the top level name
space will be searched. It is the responsibility of the view to decide whether an item from an
adapter can appear in muitiple locations in a view. The method VerTopLevel: Inv:.ewcm_
beulledmﬂlenantochecklfmsalradymthuvxewhmthv

Enumerate
void Enumerate (
VIViewEnumFunc func,
void *context,
VIClassTag type = kVerall,

VTbbj ectSystem system= kVAnyObjectSystem,
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RenoveAdapt er voi d RermoveAdapt er ( VAdapt er NameSpace *adapter)

adapt erwo096/08765 Adapter to renove fromthe |ist PCT/CA9S/00513
RenoveAdapt er renoves an object system adapter fromthe |ist of supported
adapters. Adapters can be renoved in any order. This wll
notify each existing view that an adapier has been renoved.
Then registry will call PEfappedyRm t he edagh vivVisarchAtYeade its reference
to the adapt; er. ters VTAdapt er Ref Li st
Adapt ers() func ATEHT @I?QFUPEEO t he llgmmof all installed object
ext | .
syst em adapt ers. ;Eﬁ PE 1 st.mg. Q modi f i ed. WO
96/ 08765 system Objectsystemmdotheseamhm.
PCT/ CA95/ 00513 gearch Typeofmchtoqum : -101-

| npl ementation ¢ asses

esu%reellsm)crﬁ t Hmns of the
abstract classes 3 i H;E
cl asses are di res% %MSB&H&M tﬁe&B ﬁl‘dﬁ 'ﬁg

regi stry entri eSearchedCRE A& Hion function is calleBYith e assed to
provi de speci al aﬁdmm&tmétomﬂamhmﬁhﬂymmwwm umnieo t he
desi gner of responsibilityOdTjtife Griew 30/ detiderwheitn il i@ fiof anl edapedl can\dpgir! i€ mutfigh Subcl ass
t hese cl asses orocaostidacwewt Thenathwllvastopldrel G llxviswesn be calied on tgkdttm Relgkcki N t he

Exposed O asses ifitisdliadyiin this view hierarchy. C| ass \cr CodedFunct i on Public
subcl ass of, VFunctjonData . - = VcrCodedFunction is an inplenmentation if
VFunct i onDeal\'lﬁl’l)sﬁf"e‘iiI P ows the object to be built up in sinple C++

code by addi ng armdapeerRefidstl Meppedigiibers)ond by one. This inplenentation

stores the MapedhSUpBELlsi réhifns 2 Bt lof dillABpie e Bpitbs Svhidk) Bhvebeiibe®@ B> Thi S ‘
cl ass may be sulmdvaewsed by ot her object systens. Public Menbers

Vcr CodedFunct i on Constructs a Vcr CodedFuncti on object.
AddAr gunentMap Adds an argunent to the function.

RenoveAr gument  pool_t mp(v‘:,-roplwel «ieaiov@s an argunment fromthe function.
AddException - Adds an exeptlon whi ch the function can

t hr ow item RenDWheiii supiitd thview. ' Renpves an exception
whi ch the funct y@p @ ek tem in into the clROieRC TRVicVRBAE Eathe i tem so that it

Put Type can be looked up during searches and@futnerhtiofd. MyP Epplith tolclafes] fifitfidnd, Gpes,

Protect ed Data Issiisa &ceptions, and name spaces. A réd@Odr TRUE indicates that the tappifig/pdpstidn0d

Speci fi es whet hevas dadtéssfuli Notecthargyénlif the rgwm ia @kcessful, the object may not be mapped directly
mtlusnamcspwe. Itmayhavehemmappedmtoanothaplwemthxsmm

Unmap
void Unmap (Vcr'roplevel *it:en) =0

item Itantomnpﬁomthevnew. :

Unmap unmaps a particular i tem from the current view. If item is mapped into this view it

should be removed. Umpapphumchsu,ﬁmcnm,typs,mm,awepums,mdnm
UnmapAll

void UnmapAll (VIObjectSystem system) = O

system Objeasystantomnpmfor

UnmapAll unmnpsuﬂxtansownedbysyst-ﬁmlhemrmm Any items mapped in

the view which are owned by system should be removed. UnmapAll does not apply to name

spaces only to classes, functions, types, instances, and exceptions.
UnmapAllFromTree

void UnmapAllFromTree (VIObjectSystem system) -0
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voi d *ItsEntryPoint Stores the entrypoint of this function.
VTCal | Typ®096/087268Cal | Type Stores the call'ing conventions PEFCAPSSI3

functi on. Vcr CodedFuncti on Constructor

Vcr CodedFunction( VAt onRef nane, -
VTypeDat a *resul t Type = 0, -98- :
bool t sgdtEmhod —Oﬁfﬂuﬁmtommpmmsfor

VTUsageCode UCOdeﬁnapA.ﬁ unmaps all items owned by system from the current. view and from all contained VOi d
*entryP0| Nt - O views recursively. Anvnansmappedmmewewwhlcharemedbvsyya_%dufﬁ)bpe
calltype = kVCal ﬁmmpc)uromrzeedmnmpplytonmmomymmm,ﬁmcuonsl,\m of the

nmet hod. instances, apd@reegitiond.y pe Return type of the nethod.
i sMet hod 'hi s obj ect represents a method. ucodes
Usage flags GHssEC hod (if any). ' entryPoint Callable
entry point of thecidetlassthanged( VClassbata *cmd,| type Cal l'i ng
conventions to use when cal |l i ng shhet nmet hodummeths, : Constructs a -
function description object. If shertvet hod nimprepase t he const ructor
~automatically adds shogt hi dde®UGYPEY ar gunent of type
kvTypeQbj ect Poi nter. After creat¥8ff argunﬁ!ﬂ‘é‘"&’an be : added
to the description using AddAr gutBF . Af t PR e hition of the function
is conplete it cls cm%paglﬁﬁgred in a class or name space.
%?&8553/788513 nummeths  Number of new methods in the class. o 1om
n rops Number of new in the class. - -
AddAr gunent n:nn‘t’;yp‘e,s Mm;ﬁm,(VCrArgunent *arg) '

arg Tienins sl e Nlumbe® of aél€instaficed ifithie dassNCt | ON descri ption
AddAr gunment adds sumexceptse Nifumba ofnéveexdeptinsini tenleglescri pti on. As each ar gunent

is added, the  ciasschanged notfiehf kit tiat o chssRitich # BonthilihaBitedd§ 1lpRGaSHOUMENT,
Tist Argunments shaew wnte\kbePs naél ks whith weRGdded!BGlleic@S. This allows the view o af ter

it is directly Orminiyedspeciiicl iiblds behabik tofiplexi sidrchel Brodgh AscOnea@gi St ry.
RenmoveAr gunment - voi d RenoveArgunent (VrArgunent *arg)

arg AdapterAddedyunent to renove fromthe function description.
RenoveAr gunent remueﬁ.m,mwmmpgig,.%%m iddpsdel Qnodescri ption.
Argunents can be renmoved in any order. Argurrents shoul d
never be renoved dspaget he fAdsparwighwaslfadded. it is directly - or

i ndi.rectly I NSt al 112 ask Fegiked) @alle Adh e bl Tok bakn top level view WAL Sifidr 8id been
voi d AddEXcept i Oniiid Shbivie® ibyilapithé apteitb ils space in any way it chooses.  €XCEPL
The exception to add to the function description.

AddExcept i onAdapterRemevexkpti on to the |ist of exceptions the function can
throw. To all oW yoia AdapterrRemovdcHILGIS anbpadl GRSbaAcdH)NE oexceptlons by name
they should al so be added to either a class or nane

nspace Adapter which was removed. . _

The class registry calls AdapterRemoved for each top level view when an adapter has been

removed. mmmmuymmmmmmwmm«mm

hierarchy at this time. Aﬂsth::,thzmshmﬂdmnpaﬂadmmemuﬂxm

belonsmstothewpw

Removed
void Removed() = 0
Removed is called by the class registry on the top level view to notify it that it has been removed
from the list of available views. The view can persistently store information about its hicrarchy at
this time. The view should then unmap all items and adapters and all sub views. After calling
Removed the class registry will release its reference to the view which should cause the view to
be deleted. .
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space. RenpveExcepti on voi d 3
RenoveEXX¥@26/M&6F VExcept i onDat a *except ) xR EAIS/00S1 The
exception to renove fromthe function description.

RenoveExcepti on renoves an exceptlon; omthe |ist of exceptions that the
function can t how E*ee%&-en-s—ea-n—be—#ense«ed—i—n—a-ny or der.

Exceptions €lass W@hssRegcstryérmved fromthe ~ function after it
is directly %g aIIed in the class reglstry - Put Type
voi d Put Typlét{)rr a _*type . X - lype of the

a e OCERE

. ssReg:.stryls
functi on. 8] d,” tﬂ?ﬁgvo?mi Lo g:ﬁ

R ﬁﬁﬁ%ﬁ me

Al )pnct i on

A 2ah b0 the base
cl ass. The et rinfins the sald@S i 1St
been retri e%g ews cnly reordef-th&riTeradhy 1b Gl QP bR deeds. Vi hikg,lblei‘mp&ub&hmnaém VPr opDat a

Ver codedPr Ogordgs obféils mlmt-&hwmvaPmpWWMambemmx directly
from C++ SOredrddisd. Adepter views froile theyshysical hierhfBhy ofpkit. a does not need to be defi ned.

Vcr CodedProp stores the accessor net hods inside itself. This class is
desi gned t oPublicMembets assi ng. "~ "Public Menbers
Vcr CodedPr op VClassRegistry Cansthktsiicl assreg2s exylobiece 0bj ect . WO
96/ 08765 ~VClassRegistry Destroys a VClassRegistry object.
PCT/ CA995/ 0Q5 ' . : -103-
Prot ect ed I\gﬁé&M bers Put Type Sets the
type of the functypesanager Pr ot e&%%ﬂwwwmﬂm Put Get Met hoi
Sets the "ggt'" pperty. : Put Set Met hod -
Sets the "s ’"@%@‘b@k%@ property S Vcr CodedPr op Oonstruct or
_ VchodedProp(VAt‘U\'ﬁQeﬁl"' new i9p e !
VTypeDat a RemoveView s ogy| tTyp% a;"u":w "':h':g’"y
VTUsageCode Views ucodes = 0,54 views in the registry.
. AddAdapter object system adapter to the registry.
VFunct i onDat a nemwehdapteiget Met hod an object system adapter from the registry.
~VFunctionData pgaptrers set Met hod anadwm adapdie
Name of the property. resul t Type The type of the property
: VClassRegistry Constmctor

Vclassneg:.stry (VTypeManager *manager)

manager : Type_magerwusefcrtypecqmpuumsf.

The VClassRegistry constructor the intemal data structures. The argument specifies which
type manager to use for type queries. The class registry itself does not use the type manager
directly. Rupmudednthﬁmof&echsregmueabhbdﬁmmmm
information about the types comtained in class, function, instance, exception, and type

escriic
VClassRegistry Destructor

~VClassRegistry()

mmasskegzstrydemmmovaall uemandremoveulladapms. This will cause
all class registry objects to be destructed unless they are still referenced.

TypeManager
VIypeManager *'rypelnnagezn = 0
: Typeuanagermsthetypemageusmmedvaththuchsrqmry met}pemmagens
usedtomagecomaubduyofdmtypea .

AddVlew

void AddView(VViewNameSpace *view)
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ucodes Usage flags for the property (if any)

get Met hod WO 548265i pt| on of the "get" method. PCTGAPSO0I3
Descripti.on of the "set" nethod. Constructs a property
description. The names of the accessor tohods shoul d be the nane of. the
property preceded with either "Get or " Set Thi s nam ng convention all ows

properties to be  view View topdttothelisti consi stently across nultiple class
regi stry enabl ed pragvosiEdsgoe 2o 8@ 6 of top level views.PTHe ©)if® will add a reference tothe ~ VOi d
Pit Type( VTypeDat a *tieypien notify it of all adapters attached to thy fagistry. Type of the -
property. Sets the type of the property. This is intended to
be call ed frorrR%lB!ﬂé@%s of Vcr CodedPr op ' whi ch need to set.
the type of the propeatrgmdvetia ivibiNamdspZaat vaenof the base class. The type
of the property should not be changed after it has first
been retrieved. view Pyt GetVisstidrepepve from the list. voi d

Put Get Met hod( VFUNCtreféaat e rénpak MadwBRA dhe list of top level views. The reg@@iwiEdall Réhoved
Desri ption of the "ogek Viewsnnd thenhlcase its reference tothe view. Changes the "set" net hod of
the property. Normally this should only be called froma subcl ass

whi ch needs” t oVie®s the data after creation. Put Set Met hod

voi d Put Set Met hod( \ﬁumhm.laabﬁu* pet Met hod) set Met hod
Description of the ;86! iabe 1si @ . Jrethod of
the property. NOfsii@thA( ecLs?{oula orﬁ?ﬂe ca froma subc a’shs“t

whi ch needs to set the data after creation. d ass Vcr Codedd ass
Publ i ¢ subcl asAddAdafitérassDat a WD 96/ 08765

PCT/ CA95/ 00513 d AddAda VAd . -104-
Vcr Codedd ass i's ar‘l’ollrrpl entlg'teﬁ)n LY, ée'gg adal\’/ﬁ?l chis used to define

classes directly fraadpter Wmmmout t he need to subcl ass

va Dat Th t
ms?aiflcesa and :XLQQ&%&:W&%%%W £ hesgﬁ%esto be

subcl assed if so d%lcﬁg%m,
Vcr Codedd ass mmmrm Bebnladded aVer Cos?eatdaass 0] ject
Publ i ¢ Menbers - Ad Met hod Adds a

met hod to the RemeeAtapteri pti on.

void RemoveAdapter (VAdapte:NmeSpace *adapter)

adapter Adapter to remove from the list.

RemoveAdapter removes an object system adapter from the list of supported adapters.
Adapters can be removed in any order. This will notify each existing view that an adapter has
been removed. Then registry will call Removed on the adapter and release its reference to the
adapter.

Adapters

VTAdapterReflist Adapters()

Adapters retumns the list of all installed object system adapters. This list should not be
modified.

SUBSTITUTE SHEET (RULE 26)



RenmoveMet hod Renoves a nethod fromthe_class

descr i pWQ?6/08765 AddPr operty PCT/CARS/RS13
‘property to the class description RenoveProperty

Renoves a property fromthe class descrj ption. AddType -
Adds a type to the class description -101- RenoveType '
Renoves a type fromthe class descriptiogn. Addl nst ance

Adds an instance to the class descripti implementation Glassesst ance
Renpbves an fTistance fromthe crass descriptron. AddExcepti on
Adds an exc@}ﬂel%ﬂummﬂsgﬂue@mwmﬁeWc‘“’“W@%Except|on
Renpbves an ¢asebsse digyy PWFH"‘EHE‘E‘I"&S’S‘“G@'&’SP? TS4isUY catries in codgo Menber s
Put BaseCl as®ay also be subclassed to provide special gﬁ@ﬁg%‘b”ﬂ'ﬁg%s

Put Based as%“z‘mm”wm Whether g this

cl ass. Exposeq (igstet O uct or Sets the constructor
function. P2t — - — e copy
const r uct or Clasg: Mar€odedFunction - Put Dest r uct or Set's

the destrucpgy ’EIE#?B - Put Acqui r eMet hod ' Set s
the acquire rreltc Jof VFunctionData Put Rel easeMet hod Set s

t he rel easev ct:.onxsm:mplunumuonxf T‘ﬂ?&% a which aliows the object to be built up Ret ur ns

he | f ls; i iding %%m‘”m This implementati %
e Lot o oy %“%‘?' ST, TS oryte oty i S €5

My Types Pubthem Returns the list of types defines in this
- ¢l ass. nstances Returns the |ist of‘

i nst ances defi ne§d ?f' iPggg, - ConswuctsavVerCoded c? B *ons

Returns the I|i S o) i 4 ons defi mﬁm& qégml Pr ot ect ed Dat a
Menber s Addgxcep&%%&:rm on Adds an exceptloh m%“verm on nunber

of the class.  pemoveException VTVeErSsi %ammmepnmwhdxﬁﬁ“ncﬂﬂ'&anwor version
nunber of the cl ass. VTCast Li st ) i t sCast ToBasesLl st

Li st of funPratested Membersast to the given base
cl asses. putType VTSaf eCast Li Sksthétipe fatefubstiannBasesLi st Li st of

functions i ch cast from.the-
gi ven baseV\@T gif)a Mem emberg.; codedd ass Constructors
Vcr CodedC ass( beol_t \AAZghveetfod Specifies whether this is a methode not.

Vd assDat a void * 135 8RRCE PQint_Stgyes the entry point of this function.
VFunctionData  V¥CallType *’ffd?ﬁ%ﬁ!’&t é}ormﬁtﬁﬂmsmmmfortmsﬁmmw.
VFunct i OnDaWrCodedFuncn&d’Eh =0, '
VFunctionData - estr uct ar

= 0,
VFuncti onDat @  VerCodedfuncrionl, ;VAkomRe name,

. * ult? =0,
VFunct i onDat a *rel eqagépen'tf i:;:thodyze'rnuz,
VTUsageCode UCOdeSVTUs eCode - ucodes = 0,
VTVer si on MBj Or void, *entryPoint = 0,
VTVer si on M Nor veciiirype califoyibe Q¢4 Typeansic)

PCT/ CA95/ 00513 _ o
name Name of the method.

resultType Retum type of the method.

isMethod This object represents a method.

ucodes Usage flags for the method (if any).
entryPoint Callable entry point of the method.

calltype Calhngmvennonstousewhenullmgthcmahod.

Constructs a function description object. If:.suethoduuuethemmmoumomancallyadds
a hidden first argument of type kVTypeObjectPointer. After creation arguments can be
added to the description using AddArgument. Afer the definition of the function is complete it
can be stored in a class or name space.
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- 105- Vcr Codedd ass( VAt onRef

narme, ‘WO 96/08765 ‘. VTCI asslLi SqCI‘ICA%IOQSB
based asses, . h VTCast Li st
cast ToBases, - L VTSaf eCast Li st
cast FronBases, =102~ - VFunct i onDat a
*constructor A@Argument VFunct i onDat a
*duplicator = 0, void AddArgument{VcrArgument *arg) VFunct i onDat a
*destructor = 0, : VFunct i onDat a
*acquire = 0, arg The argument to add to the function description. VFunct i onDat a
*rel ease = 0, AddArgument adds an argument to the function description. As each argM&l/BAGHRLHE
ucodes = 0, argument is put on the end of the argument list. Arguments should never b ddd&¥t&theFithction
rraj or = 0, after it is directly or indirectly instalied in the class registry. VTVer si on
m nor = name Nanme of the class.
based ass) RemoveArgument 1o pase class (or NULL) for this si ngly
i nherited cl ass. Vvoid RemoveArgument (Vxax3sfth&rssttg) The |ist of base
classes for this multiply inherited class. cast ToBases
The ist of functi®df® used t}euE@etipgrmeys fvm thefianction feserimion
cast FronBases RemoveArguhiagt tein®is a0 fargdnidiit Givin QiR Functe desdriftion. 2 Algunkehtd B B&LC N base
cl ass. mmmgﬂqmmMWkwﬁﬁﬁﬁWﬁ&nﬁjmﬁ&lﬁ cl ass
constructor. “MWGGMMM _ Description of the
cl ass copy co?ﬁa Luct ~destructor
" Description o .,§ch s destructor (nust be a nethod).
acquire void AddExcEpison (Vitceptriontfats rexawptihod used to add a ref erence
to an i nstance (nust be a '
met hod) . SXCEPL o ThesyRgption to 8dd to the function descriptionDescr i pti on of t he et hod

used to renpve a rasdExceprion ddds Mexception to the list of exceptions the function can throw. To allow
i nstance of the cllspguwgenioatcespihe exceptivns by ddme they should also be added to eith&A@Rss or name
Usage codes for tifee| ass. maj or - : Maj or

ver si on nunb of )’{E |ass m nor
M nor versi on 19 PRe cl ass. - Constructs a description

of a class. The clvesd Rmemeanbra@exq;bmumﬁegéepﬂ nherited, or mutiply
-inherited. To construct a base class the first overl oad of the constructor
"shoul d be used wi t9¥cePt The exception i eqve fiom thefmctigndesstintipny s S |

constructor i s theepoveRereption nkvetisi aiteption front (e list bfiGptions WGk flactid@alcan™@Y beE

used, for throw. Exceptionssanbe swoved jay angt orda.p PricepGend shaulil nlove te thibved oS T I UCT
an instance of t hdungigp efienit is dinely og ingipeetly instelied in the class registry. interpreter, if
constructor | ot specified then an instance cannot be created but rrust be
I ntroduced b ¥B® ot her neans. An instance could be returned by a function
for exanpl e. void PutType (VTypeDaraOttypelbe noted that these _

met hods(constructor, copy, destructor acquire, rel ease) do

not necessarily n&¥Bet 0 be TPPIINEPE® by the object itself, but may be
conveni ence funct iSenthedess gne o tho fstiae THicisi iMindgriatbe @died Bdnd sbdMSses bfaS S
regi stry. const r udrgfodedFunction which need to settlie typs9fthefangtion siecinitislisatigwoftiemet S, but

destructor, acqu.%&mw%mmmwmmmm argunents or
all the arguoents_must haye default valuyes. : cast ToBases and

cast FrorrBasesC]aggthg(gbgédppOaﬂero | ength or have the sane nunber of .
entries as t eula Egl asfe This is a list of function pointer. Each
function in C su Vi'f?& Bases takes-an object instance as an
argument and Veategedsor ia en implemeatstion siPEGPDREA Which kanfo@tised directly from C++ so that at he

i nst ance whePbelassef VPoorData dopanotace) to besdefine a Vérchdedbiop otares the asdrfmeBases t akes
an obj ect inside itself. This class is designed taliowesubglasings 00| ean (speci fyi ng whet her the

cast isto b Me af e cast) as argunents and returns the
correspondi n?"ﬁ!i ﬁ?‘ﬁr the instance when cast fromthat base class to
this class. VerCodedProp any of Gohstructsa¥VPiogBatapect) then it i s assuned

that the obj ect, when cast to/fromthe base class, retains
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‘the sane pointer. This |ist i s used by Cast ToDirect Base an

Cast Fr on¥P9608%8se. |t i s needed speci fi caPFY/CARISE,

mul tiple inheritance cl asses are used. |If VcrCodedC ass is
subcl assed by an object system which does not need to do these casts, an

enpty list can be passed ~103nt o the constructor. VO
96/ 08765 Protected Members '

PCT/ CA95/ 00513  putType Sets the type of the function. - -106-
AddMet hod voi d AddMet hod( VFuncti onDat a *net hod)

net hod Protected Memhers,y 1o add to the class description.

AddMet hodadds a nimeertMethgdt he cl ass Setsse"def) method of hepodetivis can be added for
normal nethods =~ PutSetMethod Whi | e Stateerset/metped ofths IPREMa. Obj ect s can be

added to supggcto hﬁ@)@%icggr static methods of a cl ass.
Met hods may be a edd;ter the cl ass has been installed or referenced in
the cl ass regi st rircodedbrop( ¥ ?):%I\/Et hod ?m:utr .o Void _
RenmoveMet hod( VFunct i onDat a ) voodes = 6 Method. The
met hod to renove fromthe ripti Oemethod = , RenoveMet hod
renmoves a nethod fromthe ASSidmBaGl | ptimmg\gﬁ@gcgs shoul d never be

renmoved fromthe class description after it is directly or indirectly
installed in the mam@ss regiNadeofthe property. - Note that attenpting to
renove a net hod weisglitType i Mattypkéféelproperya supercl ass .of this cl ass

description wll usedespr odudlest daes fulthsproperty (iEfnfdect . The et hod nust be renoved

fromthe class irgetMethod  Descripiongfthectrt"ietbadns defined The effect of. -
renovi ng a net hodferHees s heird@el eyt pehadr oduced by : addi ng ‘
the same et hod CGesws i poretrietriptian. ThelpGleads the acokstraretholie should Yettie@snelogthe Wi t h t he

. usage flag property precedelt Wihseitbpe Get) deSet”. This namighchobimtiq @licwy properties to be

voi d AddPr oper t y (ak#f3sed prmistently sprstymijtiple class registry enabled programmisg languages. The
property to ﬁﬂg to the class description. : - AddProperty adds a
property to YB¥ ass description. Properties may be added after the class
has been ‘i nst al | edidPuslypeVeypelataj 1typdle cl ass regi stry. '

RenovePr operty voi d RenoveProperty(VPropData *prop)

prop tYRfe propé'}"‘E?mFM'mve fromthe class description.

RenoveProperty r Srpiespeaf qwpopety.t Thisfis imemdedincbe cilledfiom sibdasiepdf Vercoddapeqper t i es

shoul d never be whichneed to set the type ofthappopety Affetinitislipationcof the basechlassc Thasype efftheaf t er i t
is directly or i megpemebeuldpotbedhngedjafierit hapfirst feen getrigreds  egi st ry. _
Not e that at t ] tq renove a property which is installed in a superclass
of this cl aslgﬂa"'h\r'}gﬂm8 description will - not produce the desired
effect. The properid PutsetMeshod{Eiypetidniaty toetethohss in whi ch
it was defined. The effect of re q\l/flgeg a property froma subclass can be

e

produced by getMethod  Depgipring B operty desrjption to the
subcl ass cl ass d&bawges fhe lgethmishod ofithietpoperty Nogualiithis fhpuidpnly be called from a subclass
kVUSageHi dden. which needs to set the data after creation.

PutSetMethod

void PutSetMethod (VFunctionData *setMethod)

setMethod  Desciption of the “set” method. _ _
- Changes the "set” method of the property. Normally this should only be called from a subclass

Class VcrCodedClass
Public subclass of VClassData
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AddType voi d AddType(VTypeData *type)" t

The type WO8€8B76H t he cl ass description. doﬂ%@%f@@%‘%a type
to the class description. Types nay be added after the class has been
installed or referenced in the class registry. Note that in a | anguage
this type will only be appPieabl e in the context of an object
of this parti gcicadedclas ds an implegengitidniof ¢C1as sDy ppcwhich is uspd fpedefpie clgsey dipectly from

add it to a n&irecodsyithont tiemest togliclass VClassDoyr) Theihgagep aigres lists of methods, properties, types,

PCT/ CA95/ 005 1 ipstances, and exceptions as they are added. This class is designed to be subclassed if so desired. -107-
RenoveType void RenoveType(VTypeData *type)
type Pubhcr%“?% to renove fromthe class description.

RenoveType renpvesVercedadelaseom t he cl MSH'FM%“%% shoul d never be
removed from py t he cl ass descrlptlon after it is directly or
indirectly i nstaﬁ edpnllnl?he cl ass reglmgsr\‘ Againnstance

voi d Addl nst ance(\/‘f“ﬁ’gf%ﬁ‘?EeDat a *inst) totheclass

instance to add. toy :“(zfégs descri pt |mmmm“mmm (ﬂ’nstance adds a
naned instance to cﬂ ggig esci ption

0 descril
L ._ ypically only
be used for named gapglan | NSt ancQggs B Ehnidnt €1 t e class has

been installed or gemoverype refer w&h&,a}s@&&nﬁ,&gl stry. Note
that in a | anguageaddihscahdrst ance W | | Aaslayindtsice SuiRiciess ddriftion. N

the context of an péioeérhstahcé hi S par t iRemdvain iokafce fom diexiashaitstriponan i NSt ance
for general usage adiEx¢eption a " Adds an exceptimme the gJascdsscripiont ead.

Renovel nst ance RemoveExceptiony/0j d RentRemdvessa exeeptiof fmtheiclasy desiiption, * | nst)

i nst %g ce to renove fromthe class description
Renovel nst ancgr?tg @&&gﬁ%gmsd I nst ance fromthe cI ass descri ption.

The

| nst ances shoul d FPutBaseClass never thehats glass|of fys cl ass descri pt i on
after it is di rect? 3W°’rﬁfd?’r ectly i niﬁ?ﬁl@ﬂf?’ﬁq‘ﬁ‘é 3‘?@?

. registry. 8’% cator m{)t i on( VExcept i onDat a
*except) Puwe“ onto add to the cl ass
descri ption. cepti og.afdds all.gxception to the cl ass
descri ption. Excepgthgﬁg,gmymge added s@gm cl ass has been
installed or referguegsbain the cl ass raghahdlitof MdbE ddilisdin tiistlad. | anguage this
exception _ MyPropesties Only be amdm&bhmmﬁ&leﬁmnmmm an obj ect

of this particul armaypsss. To defi ne arRetemiglistiolsypes definesinthisclass. * f or gener al
usage add it to a wnetaspeece | NSt ead. Retumsthe list of instances defines in this class.

MyExceptions Returns the list of exceptions defines in this class.
Protected Data Members _ _
VIVersion itsMajor Major version number of the class.
VIVersion itsMinor Minor version number of the class.
VICastList ‘itsCastToBasesList Listof ﬁmcuons which cast to the given base
classes.
VrsafeCastList itsCastFromBasesList Listof ﬁmctlons which cast from the
' gvalbasechues
VerCodedClass Constructors |
VerCodedClass ( VAtomRef name,
VClassData *baseClass = 0,
VFunctionData *constructor = 0,
VFunctionData = . *duplicator = 0,
VFunctionData *destructor = 0,
VFunctionData *acquire = 0,
VFunctionData *release = Q,
VTUsageCode ucodes = 0,
VTVersion _ major = O,
VIVersion minor = 0)
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RenoveExcepti on voi d RenoveExcepti on( VExcepti onData *except)
except WO9/0876s The exception to renove fromthe cl ass PETITAISDOSIB .
RenoveException renoves an exception fromthe class description. Exceptions

shoul d never be renpved fromthe class description after it is
directly or indirectly installed in th@5<€l ass registry.
. Put Based ass VcrCodedClass /01 d VRedmBess€Cl ass( VaimessDat a *base)
. base The base cl asyTeNassliiss c| assbaseClasses, Put BaseC ass
"sets the base class for the ded@f4sblidtcl ass. f4st¥ebesesi.ass is nultiply
i nherited Put Base(fF3afeerstitbul d PRetTroBBRSepst ead. This net hod
can be used by subcl asses to s ':’d’:ga:a ::°“’“&§ 4t 8al |y generat ed
base class. WD 96/06765 periomms  Lercer e
PCT/ CA95/ 00513 VFunctionData -108-
Put BaseCl asses VQeghcPidnbBasacC ass&ﬁa@eaﬁsh st bases)
bases The base cl ass@@sagdcolidli S Cl agsodes = o,
Put BaseCl asses sets the |ist ofrmassncl asses ff3br t=he, described class. This
nmet hod can be used ' vrvdryisdubcl asseminbp =s6)0r e a dynam cal |l y
gener at ed base cl asses. Put Constructor - voi d
Put Const r uct or ( VP&ﬁct i onDat a . M‘Pﬂf@f‘or constructor The
constructor for R émcﬁs&ss _ m"‘”""’“““ gpelvinberipd claset s t he
.constructor for ktaﬁ’ §8?| bed §""’° ‘l” -°‘1”.§ not identi cal
to the C++ constéag EPJmB %Js an t:é? defi ned
constructor is ptmomem ocatlng the object and it
must returnthe gct (gﬁ St dnstlsCT | Ption for the
constructor wil Idéaay&tazgener | @&Qﬁﬁ%ﬁuﬂ:ﬁ&%&){ﬂﬁ(&ywwe
kVTypeobj ect Poi ndezize The ~ Description of the médisdiusell o@daldpdiereni@ to@h €d USi Ng this

met hod does not have a hi dden . insuned(mtegwamma). f or the obj ect

i nst ance. Thus, teliease/Funct i onDestriptioslafihelmetheimied beemoeasfetse®dn t 0 be a net hod.
Put Dupl i cat or V O inglankl of Bk piabsi (oait bo » fusliedn C t i onData *duplicator)
dupl i cator The c#38§econstruct olsepespdeyfprshelpsnss. ' Put Dupl i cat or
sets the copy cdBdPFuctor for My veimammberofthedassss This constructor is not
identical to th % copy cons 'Fﬂ?“%'?'°5ﬁ"8‘b‘j ect. The class registry
defi ned copy commrdwwnofadm The class may be @ d9serinss, fidgly ithgited ok lnwiipght | Ng t he
object and it WetTaWe%memwmﬁ

registry descri d'f%ﬁ B ot copy constructor will have a generic object

return type(typeaofifidfctor is the primary construdioé Tof R Cljs € Coldirie8F Inay tehBed\EUNCE | ONDaAt a

stored using t hiifeeetth aal sgphction blilda A Eonstruct an instance of the object. S Fora igdgient f or the

obj ect i nstance isspreds, if eonlseintpriopi petifiedthaman insuntescanul v Gtaied BiDmbsh beC AN
introduced by some other means. An instance could be retumned by a function for example.

It should be noted that these methods (constructor, copy, destructor, acquire,
release) do not necessarily need to be implemented by the object itself, but may be
convenience functions designed to ease the integration into the class registry. constructor
and copy may have any arguments, but destzuctoz, acquire, and release must have no
arguments or all the arguments must have default vaiues.

castToBases and castPromBases must either be 2ero length or have the same number of
entries as there are bese classes. This is a list of function pointers. Each function in
castToBases takes an object instance as an argument and returns the corresponding pointer for
the instance when cast to that base class. Each function in castFromBases takes an object

mmmemdlboolem(speafymgwhethathzmntobeatypeafem)uugmenumd

ramsmecmupmdmgpmntufwthemwhenustﬁomthatbasechswmm If
any of the entries are 0 then it is assamed that the object, when cast to/from the base class, retains

the same pointer. This list is used by CastToDirectBase and CastFromDirectBase: It

is needed specifically when C++ multiple inheritance classes are used. If VerCodedClass is

mbchnedbymobpctsyﬂanwluchdoesn«needhdoﬂmeaﬂs,manptyhstmbepuwd

mmtheconstmcm
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be considered to be a nethod. Put Dest ruct or voi d

Put Dest r ucW@96(08%6i5ct i onDat a *destructor) des PCHEIAIS/00513
Theconstructor for the class. Put Destructor set the
destructor for the described class. This nmethod nust have no

arguments or have default values for alO6arguments. This destructor nethod
is not identi daddMethode ' C++ destructor in that this one is

responsi ble for peylor Maignbdfraktibats’ 4Rl t he memory
al l ocated for the object iInstance, destructor nust be a nethod.

Put Acqui reMet hod method Thewahodwmhol\mussae&hiohod(VFunct [ onDat a *acquire)
acquire A 9,9 % can be addsd for nocmal methods

Put Acqui reMet hod  sgkifs M@E ﬁm&&e«mm&ance of
the class. This  class. Methods may bERilidd @flr thd tinks h3 B indbMeddf referdeilinStheQlass Rgibryd JUMENE S
must have default values acquire nust be a met hod. ?

obj ect syst enReéuomveMethodherent|y support reference counting the cl ass

regi stry can void Removemb@bh HRutWPRBida {Rkndanst ance based reference
counting using utility classes. WO 96/ 08765

PCT/ CA95/ 00513 method Themdhodtoranoveﬁomtheclassdesuipﬁon. : -109-
Put Rel easeMethod RemoveMethod M\QWM gids m

“rel ease) removed from te GhsS after it is directly Br r&fmt he

cl ass. Note thifbuli@as ROt biich th B804l sip@éitds bOmik QEBVE a

reference to an i Nachcafioewi ot plo@icethertiBsired effect. The method must be reidved frdiibthd sk LISt  have
no argunents or al whidriQuseeibed. MTheSefechel\renodh@facmethbd fivml alsetiass el be pfdducedibe t

be a nethod. |f anaddig mmmmmommmmmsupwmmmnce

counting the cl assk¥isggeligden. can provide support for instance
based referen ounting using utility cl asses. ' My Met hods
VTFuct i onLi st% s() MyMet hods returns the |ist of

met hods defi ned i nvdidi BidepertykNpdopPatrs sproPhi s only returns the |ist -
of nmet hods whi ch have been added usi AddMet hod It does not return any
met hods of the prop mmmé?ta%%wvm s described class. This
will typically be aisietopestyuddsp propesyiioned dassslescription. Properties may be added aff@ticasbe dCl ass
det ermi ne which meltakseh inkalied prirgferined @ tio claseregdy.cady been dynamical 1y
generated for_this class description.- MyProperties
VTPropLi st M/Be®e ﬁ@ﬂ'}' MyProperties returns the list of
properties defi nedvdif Reaowrekpecty(VizdpmakaIpropihi's only returns
the list of propertles whi ch have been added usi ng AddProperty. It does not
return any prop The property to remove from the class description.
. Renmkopertymammmedmm Properties should never be

removed from the class description after it is directly or indirectly installed in the class registry.

Note that attempting to remove a property which is installed in a superclass of this class

description will not produce the desired effect. The property must be removed from the class in

which it was defined. The effect of removing a property from a subclass can be produced by

addmgthemepmpmydmpumw:hembdan'chsdesmpumbutmmtheungemg
kVUsageHiddtn. .

- AddType
void AddType (V‘rypenata *type)

type The type to add to the class description.

AddType adds a type to the class description. Types may be added afier the class has been
installed or referenced in the class registry. Note that in a language this type will only be
applicable in the context of an object of this particular class. To define a type for general usage
add it to a name space instead.
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properties of {he super classes of this described class. _This wll

typi cal ed to help a subcl ass of VEFESARPISIY S
determ ne which property deci sions have al ready been :
dyami cally generated for this class description. My Types
VTTypeLi st _MyTypes() W;Tpes returns the list of types

defined i nRemoye@¥Beri bed class. This onl y returns the |ist of

types whi ch havecidemaondandvripenaga Adgokype. |t does not return any types of
t he super cl asses of this described class.” This wl|
“typically be ustPe o hel phhavesitrehorefiom e clagpdeBirtend Cl ass

determ ne Whi Chenbyqigpsheniciésiabipé fmlheldmsd Qescibtion? al¥pes OB netly Brtbadleby gener at ed
for this cl ass theclassdescription after it i dige@tly brhidir@tly. installed in the clidydegishi.ances

VTl nst anceLi st Myl nstances() . Mylnstances returns the list of
i nst ances Addlnstance this described class. This oly returns the

i st of instancesdsaardsciieeviheancadeledinisy ng- Addl nstance. It does not
return any instances of the super classes of this described
class. This wilinstypi cal |The ipganespadd to e dipssidgerptios.ubc| ass of

Vcr CodedCl ass  dfiafsthnk alish falhed i fihcaid @ clEle&sHpiRl NGB Barldidu GlicBAgly been
dynani cal | y be used for named cEIRME! dis@iridesin@y bd 4Aiied aflek &S Sladd RS edn|hstalléd - or

M/Excepti ons  referenced in the class regisiry ONoig itiaGim & laghagd\dri-iasmitwilDeasy (by applicable VO 96/ 08765
PCT/ CA95/ 00513 the context of an object of this particular class. To define an instance for general usage add it toa -110-

MyExcepti ons retemsmseingirad | j st of exceptions defined in this described

cl ass. Thi nly returns ' . - the list of exceptions which have
been addedﬁﬁgpﬁé"m E&%ception. It does not return any ‘
exceptions of ttrdd Repeelndtanediingtantehata doser i bed cl ass. This w ||
typically be used to help_a subcl ass of Vcr CodedC ass

det er m ne whi ch*¥%cept i orfHeiELaRe fosmporsam the dass deyriptiny heen

dynani cal | y gerremetedastiance fivives aciame Snstthe Gon (b¢ tloy) description”  Instantss alpald

Ver Si nmpl eAdapt enever be removeb g theclass descriptionaften ft is\dideddyiat inditkitlyr @it ie the class

Ver Si npl eAdapt EF8ifs  an i npl ement ation of VAdapt er NameSpace whi ch can be
used as th . i npl enent ati on for object system adapters. It

provi des s B%?‘E"PEPP met hods of VAdapt er NaneSpace. ' Obj ect systens nay
. subclass this Md@#mwiwmﬁeet*Memeimthe di fferent nethods but use
the caching support_provj ded b Vcr pl eAdapter. Either

VAdapt er NaneSpatEeB} Vcré‘?'%ﬁf‘@ﬂi be subcl assed when creating
nane spaces forhddﬁ#chmnmmw%w memmmae sinpl e
adapt er st ruct fiass bagbre insteliadyor rferepoediny ﬁam Nows fhet infjanguage thisexeeption | Renove
met hods or whi ¢l libe spplicabinin %M“%t@rﬁ%aﬂﬁ"@“‘!o provi de
addi ti onal funcf?ﬁ‘ﬁ‘ﬁﬂl“f‘@';’“"”“‘mm dabl e Public Menbers

I nstal | RemoveException Install anitemin the adapter.

void Renovezxcepc:.on (VBxcept:.onData *except)

except mmwmmmmm .

RemoveException removes an exception from the class description. Exceptions should never

be removed from the class description after it is directly or indirectly installed in the class
PutBaseClass

void Put.BaseCliass (Vclassnata *base)

‘base nlebnseclasofthuchs

PutBaseClass sets the base class for the described class. If the class.is mulnply inherited
PutBaseClasses should be used instead. This method can be used by subclasses to store a

dynamically gmeuted base class.
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Renove Renoves an itemfromthe [
overri dabMWO M6t ed Menbers ﬁdﬁ&ﬁmr’

SubSpaces _
Returns the list of sub spaces w t hin this one. voi d
Instal |l (Vcr Topl evel *item _item I[temto install _
In the nane s InstaH’ installs a particular iteminto
this code nane spaceasﬁenst all only applies to - cl asses,
functions, types, “hS{ParReEE At E\?ﬁﬁtoﬁas’e”mce an Obj ect has been created
it can be in g code adapter so that it may be
visible to the di fbfaerent Vi 2{.\,\%& r}'l"""gmrrnve : voi d

Renove( Vcr Topl evelp“‘?i"@’”” sets the list of base classes for the described class. This methqd sambe ws¢dr e rpv e
from the nane spac® to store a dynamically gepergidbasedlasitios o particular item from

the nane spaqs, &"Ht |s rrapped into any views it w il be
unmapped from ttﬁem Renpve applies to code name spaces, classes,
functions, types, Void PutConstructor HRERAta tROASTERTOPY | ons. SubSpaces

VTAdapterLl st SubSpaces VIS rCQTXB stype
Type of search tocg’er BERSE 21k ? a“}{‘Q“SubSpaces retrieves the list of

adapt er . nane spacé’&tc%‘i‘&ﬁt%ﬁ ﬂem@uﬁm%mmmummw

space. This net hod #&C% Y 2 G'P%&%SWFBT@MM!i responsibletforr et hods
to aid in perforni ﬂt‘“""mm&‘r’m o fories with a
depth other than L > ﬁ%ﬁ@v me ’°°“°‘:.::;)°b}:‘:lv\get hod
to provide suppor ]

06/ D Tes RV rand e Qb Pa d@%?ﬂuﬁ

PCT/ CA95/ 005 FatDuplicator -111-

Cl ass Vcr OodeAdap bcl ass, of . Vcr S| npl eAdapt er
Vcr CodeAdapter is gJI:’l F Dl RS hc t on"é TS ST XFhpter which stores items

created directly uaplicato,_. mewm%t ables inside itself. This

provi des a sinple a&% St.Lu turevvhlch cgn be sed di.rectl:
through its Instaf qg&é, hG L S oL :
functionality pro M-o““nﬁgy :

support for end u

adapt ers shoul d sma&%eé@sﬁteﬁﬂeﬂd@m&aomg a%qéﬁgnﬁ@muﬁ%émﬁhe
adapter are not t yii sfishduy/for the object RdtanWihich i Being copidd. Ciflus/ W36 RElcHi3ABaa RACES | N

t he adapter (W t hotd comid@os te a inktioa) t he exposure m xin). Publ i c Menbers
Cr eat eSubSpace Creates a nested nane space inside this
one. EutRestvetTpace VTAdapt er Ref

.Cr eat eSubSpace( VAvaidRaitpestitdtor (VFunctionData *destructor)

destructor The emm for the class.

PutDestructor set the destructor for the described class. This method must have no
arguments or have defanit values for all arguments. This destructor method is not identical to the
C++ destructor in that this one is.responsible for performing the actual free of the memory
alloenedt‘ortheobjeumma dest:uctormustbenmethod.

PutAcquireMethod .
void PutAcquireMethod (VFunctionData *acquire)

acquire 'I‘heaequnemeﬂlodfoﬁluchs.

PutAcquireMethod sets the metliod used to add a reference to an instance of the class. This
method must have no arguments or all arguments must have default values. acquire must be a
method. lfmob;ectsymdoesnmﬁmﬂvmppmrefmeommmechssregmm
pmwdempputformmbuedtefmeomungmgunhtvcm
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name Nane of new name sSpace to create. ‘

O eat e SNPMBI6S: 1 eat es a new adapter name space and i nst AITECAOI3 ¢ he
current nane space. If a name space of the specified nane

al ready exists it should be returned instead. Cl ass Vcr Si npl eVi ew
Publ i c subcl ass of Wi ewNaneSpace =109%cr Si npl eView i s an inplenentation
of Wi ewNanPiiReleaseMethodor ovi des t he base | evel of functionality
needed to cache ‘LJ;srmt;JlQmemﬂo@(mwoﬁmLt~r9my¢)des a sinple policy for .
mappi ng adapt er nane spaces into itself. Each adapter shares the top -
| evel name spacereldssd Op |ThdrelbasehRthi (& AEIRS | NSi de adpters are found,

they are mapped wIRE e AT ed nane
Spaces, the | ride %EMM m.ﬁ&rﬁ i %gﬁ%l ned in

t he adapters thm%sumtmw% ydpgmwumm s esi st ence.
This class may hgn gdHaEupptebPrdnsiakte yeleffite CoblitiRykihg ufilfty cladey Si St ence and to
-provide a different mappi ng pollcy The napplng policy can be changed
by overri di MyMethods:r Added and MapAdapt er. Per si stance support can be
provi ded by overwc@gmag;{oyﬁdt@agumapt er Renoved. Prot ect ed Menbers
I nst al | Installs an itemin the view

Renove M ethodsmumhaofmmg&ﬁm histascribbelils! Y Bull REmY MY

CanMap ofyf.em mwmmm&&%ﬂ&.@ﬁfa&@mammwm em can be
nmapped. Q¥ Erdselalof iis FAestibiCliadl MRATRA Gpically be used to belp a skiki@beSubSpace
Creates a nest edrcREdBACIRS Qerdntiifid Gich! iétidd GIeriptions have already been dimadIGPACES

Returns the |i stga@iatetfobhicpsscdaeipint hi N t hi s one. I nstall

voi d Install(VcrTopl evel *itemn) item Itemto ‘
instal | in MyBroperdesspace. Instal | installs a particular item
. into this view nasropspaceyrrépestiakl) applies to classes,

functions, types, instances, exceptions, adapters, and views. Once an

obj ect has been ﬁy@inbPéi@Elremmehstof ies dEEnRITh B9 dcaiioed bIRk, his oflPRmbe i nstal | ed
in the view so tdeais dfipropeRiés mmﬁlﬁMm:&zﬁha: des2506 return any

regi stry. |nstalpopinis bicthd spet ki@sch bfaNis abbcrited tlbsy. This Wild itypically Ba/msed e hetp aTEL hoOd
perforns all necusswre® vercodedClass determinecwhich cpmpety Glesgriptidng dave aleadyt beems .

WD 96/ 08765 dynamically generated for this class description.

PCT/ CA95/ 001\541;’]. g : _ . ' : -112-
Renove My voi d Renove(Vcr Topl evel *item ' item
Itemto renove fuWrbynetiss MyTupesspace. o Renove renoves a

particular itemfromthe nane space. Renove applies to views, adapters,

cl asses, functi QiyPypels Yd@s the lish oiteypCiefined ifi thid denriba)tlassO Mhis onlfldéngns e lliterl per f or ns
all necessary r ajpeswhidiciave been added using AddType. 006y hot rermEgyypesof tgeryaper classes of
this described class. - This will typicaily be used to help 2 subclass of VerCodedClass

daumzwhehmedummmhwakudybemdmﬂymfwmm
MyInstances

VTInstancelList MyInstances()

MyInstances retums the list of instances defined in this described class. This only returns the

list of instances which have been added using AddInstance. It does not retum any instances

of the super classes of this described class. This will typically be used to help a subclass of

VerCodedClass determine which instance descriptions have aiready been dynamically
MyExceptions

VTExceptionlList MyExceptions()
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CanMap bool _t CanMap(Vcr Topl evel *item item
ltemto cNeQR6N08765 CanMap returns whether item cl’éﬂ"ws%ﬁed
into this view If the return of this nethod is FALSE t hen
no ot her view nmethod should return the |&§m This is called internally to
check \é\nbpg%q%gr an i temﬁcge%uons emzdelgurggg’b.fdrom t he Y\;‘}‘E"\évﬁlrrrt hods.
The default inpl enﬁ’ﬁ‘ I ng
item >l nvi ew(this) "l’h?fs’“@?"ﬁo °h 1 Do L& ok eﬁﬁ‘ﬂ‘n‘?g ” t o

provi de Support f ofBBRp At e U Bhe L onal i,

Cr eat eSubSpace dynamically generated fo¥ thiY H1SY URREiptld. eat eSu Space?{g/t narre)

name Name of new nane 'space to create.

Cr eat eSubSpa(, utr VT EW TTaITe Space armd T statts—t—Tmtie current
name -space. VCrslmpl'eAdag €Tame space of the.specified name al ready

exists it shoaﬁbﬁcbﬁboigﬁuf Noat mmspaaahl s net hod shoul d be

gverrl dden 'W&HR&R&%@ 5% rr%ct saa‘:a“c,imhne%e ed Jan slpg\(l:\fl g?n

SubSpaces( VTS@Q&:QQM}&, m e lookup m(iﬂ% of mapterﬂmes ce.
search 10 per supbdTprovided byvarsmplemapt Wﬁﬁsp{eeﬁarmwpue&mwg :i%ﬂgyl ew nane
spaces Whi Ch iR sbQddled i Geatilg

nmet hod can be overrldden | ubclas |d support far retrleV|ng
persistently g::ﬁ:’é‘&” ‘@f‘i %ﬁg’ﬁg\f‘fﬁf‘\“ its Install,
ver Fl at Vi ew "Mﬁc ’ébﬁ' %vsf’é"bb‘?twg”%f’g\"/" "Mﬁm“%?’Fl atViewis

an |rrpl ement dﬁﬁle\PﬂbﬂmEﬁﬁ ce which provides a flat nane space nodel.
eac ada ter narre space is found,, |t i s. mapped onto the top |evel

narre space of the PR Al item can’ an'item m the directly in the top
| evel nanme space o the vi ew Thi's cl SegYeE R je ¥ | anguages such as
Basi c Obercidable\RrotectedadMemberical i ng Wi th the concept of nmultiple nane

spaces This cl ass,giiQulsd not be . %a%ﬁ Qyd de different
i npl ement ati ons of flat nane spaces, VcrSinpleView s‘houl | nst ead be
subcl assed i foswld. WD 96/ 08765
PCT/ CA95/ 00513 void Install (VerToplevel *item)
-113- _ _ - Type
Managenent - Cl assesitem " Dedi tb instalgn thimamd space. Ty peS If the set of
possi bl e types wa&nLéthWﬁRWﬁﬂta&&mtﬂﬁtﬁh appfadboSt T Y

#nd Becepichy Rnte o bihtStths Holn ﬁl..fa

woul d only be useéefciddses! fhctions, types, ild@iRss] &t bened
-cl asses. However, ma%muwﬁwmbembmml c. New types

Remove
void Remove (VcrToplevel *item)

item Item to remove from the name space.

Remove removes a particular i tem from the name space. If item is mapped into any views it
will be unmapped from them all. Remvenpphestoeodenmespaees clasa,ﬁmons,types
instances, and exceptions.

SubSpaces
VTAdapterList SubSpaces (VISearchType stype)

stype Type of search to perform. _ _

SubSpaces retricves the list of adapter name spaces which are contained within this name
space. This method is called by base class implementations of other methods to aid in performing
recursive searches (i.c. searches with a depth other than 1). Subclasses can reimplement this
methodtopmvidemppmfordynmﬁclooh:pofnestednamem

SUBSTITUTE SHEET (RULE 26)



can be constructed to describe any conplex data type. Fundanent al
types afnD o08BéSex types such as structures, unions, and ROTEAISES3be
descri'bed using the subcl ass of VTypeData. Definitions of types can
_be nested to create arbitrarily conplex data types. The type
managnent systemis not intended to-+lgd-every possible C++ type to a type
descri ption nded to be able to describe any standard

obj ect systgrlrﬁsy?)@rcﬂge sd#ﬂe? types which the type managenent

syst em can Publigsubclass ot VerkimpleAdanternes whi ch can be described within CORBA
| DL and Vercodaflilpfe liy i aipktlaBition bhe r sitbl fagte S etid BeBliensicypagiddf@s Not

i ncl ude obj @ietesie inGheables ighils iself. This oroddesw suplyiadagier structure whichloan bt ined diréclner ¢l ass
registry VG"&USBaﬁnatqlmmesd Creates“sﬁwm @nﬂeef@mﬁbmalyymml ing a
hi erar chy o‘ﬂ"{c‘?ml jStpportdfor e yser cgation; ¢f mested ganjgspaces.HQbidct |t can
be used i ngﬁ’%@; W&W%PV‘WW@%‘I*&%%%W&@ facilities
for castin iny R Adapter (without BPUEASEher type. Types
which are s ructure can be cast to each other. Unlike C and C++,
the cl ass r%‘éﬂl]iscwm systemw || cast structures which have simlar
field descripti Jif8a%e8uhSER9e ot her evEffelssp nested name spapqigsidgiihis opet ynes. of t he
fields diffEfeateSibs piéénct lonality is used to provi de object system bridgi ng
capabilities. and net hod cal | i ng support

S | function
code (VcrCall arﬁW@Fﬁﬁ%lcéfaét%+F‘% {r‘%%/ of's ?. the type nanagenent system
to cast argunentg,and retmoy@{,,ms&gmtg&approprl ate types. Wile the .

function cal ling support code does. t ec to make sure t hat type
argunents ‘and r ‘EQ ;gf‘ ‘B’é’m"z’p #'EZ‘P Fhe

responsibility o "ﬂ’fe Us LS udE ct‘""’f"yp ore cal ling before
calling these RGeS Ea-e-h—t—yq;e—e-b-;—ee—t—ea-n—hwe- associ at ed
with it a thﬁSchnSlmpb‘éle\ype codes uni quely describe a type inside a

runni ng i np,aRe &%&Wm&&h&try The type codes can be used for fast.

type corrparl son

manager I s responsi bl e for rran%gl ng -t he
type codes. HH'H Pa'f"é§"“&“‘%ﬁ?f‘ type
if an |dentf1"5'§1"‘h simein f“d&’?%’(‘l?ég’@“ 1 f -an
i denti cal tﬁﬁ”;ﬁfoﬁ@' Ao llop same el Wil o e sane
type code. ety S iz m@; dentical.
{abPe sib s o piovitd paeaeewtw,n&dsp are not the

Thi s does ngipeiead. ilictiass

sanme in | ayspping Pélicy. mmrpawymufo%&mmnwmﬁammmﬂw have the
same | ayoutPesitente sapditcante frovidedltly yeiding Reinoveld indabSpracremsveal the fi el ds

differ, the two type will be given different type codes. Except for
the predef iBrotects bepsre codes are not persistent. Every different
process space Wihstadifive a di fnéBE @abm inyeGew; 0de for. t he descri bed
types. However, redidvd | S not usual | yRénopsalaknesomiiernie@ t ype codes are only
used in type commpsons There i s Betgwivhether tgadaptiritivh @n Ramappeds t ent t ype
codes. The are an, a needed ‘basi s by Visual Edge.

Per si st ent %%MMMe assi gned to. fundanental type
descriptions.  CreateSupfpaceype nmnagEreis sucpielampsmpaisde higgmet r acking al |
persi stent typeSURsPAeRe. A persi sten’t‘“’f’iﬂ'é"’t‘:%fﬂ"’%‘%‘“ﬂ'é’m | ooked up in
the type ngggggr to find its description object. Since types are
descri bed by obje S, gﬁb‘ % g% have m xins. Mxins on types can be
used to provide" d fhsra Jree } mat i on about a type to a devel opnent
envi ronment. Forj.bpst ancelmpmm%‘mmwgol or" ' be i dent ical to

unsi gned | ong except th .has. m xi n.support for br i
speci al i zed col gP "P é‘ :.temmtorﬁus ,9, 19,0Up. 2
g b ;?

.+ The set
of ‘predefined typDes” ﬂ’:‘ﬁypes as
vel | as a nunber Qb SLIUA £installs the item

generic object PidrdileSdunting operatiodD 96/ 08765 :

PCT/ CA9/ 00513 e - -114-

Fundanment al Types
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The set of fundanental types and other predefined types haveﬁméons

stored i n MOI6OBMS nanager. .. These type descriptions c&
queryi ng the type nmanager gi ven the type code. The currently defi ned
set of type codes is as foll ows: _ kVTypeVoi d
kvVTypeByt e KVTypeSi gnedd1]a]r2 kTypeUnsi gnedChar
kVTypeChar Remove kVTypeSi gnedshor t kVTypeUnsi gnedShort
- kVTypeShor t void Remove (NEYdpEevled e eldulit . kVTyper Unsi gnedl nt
‘kVTypel nt kVTypeSi gnedLong kVTypeUnsi gnedLong
kVTypelLong item k' Tosapte Feingye from the name space. kVTypeDoubl e

kVTypeLongDoubl € .  gemove %”ap&c@ﬂ’@.ﬁéﬁﬁdtﬂmw Remove applies to views, adapters,
kVTypeVoi dPoi Nt er  classes, functions, types, inSoREeS, bdd@xcEpént t Fhis method performs all necessary reference
kVTypeQbj ect Poi Nt ercounting operations. Generi ¢ obj ect pointer.

kVTypeFunct i onPoi nt er Generic function pointer. The
fol I owi ng type€anMaper from other described conplex types in that their

type codes are per Sicsi &N¢anfiey (G&Toplevel *iBdhi i pl € sessions.

kVTypeSi gnedSt ri ng _ Si gned string.

kVTypeUnsi gnedSt ri nigem - TIemtoclighksi gned string.

kVTypest ring CanMap returns whethek fehn/dgh b0 napafisd his view. O thé Refurn/dBithis wthgaliat f or m
kVTypeBSt ri ng FALSE then no other view Béthod Ghobid ReGuthalipcitefit Thisig called internally to check
kVTypeVari ant whether an item can be returfidi Fron2thé view/Adeihgdb\ TThe default impleme@htigw stuivsTipgn e Dat a

Publ i ¢ subcl ass of reeissStrilingy edm->InView (Y8Ey D cllbia method can b yeimplementedis mbelssésty g |
type description clmswidesppor frmapning ity mykiple lonaonyietheitts for type

conparison, casti n% reation, and destruction. Protected Menbers
Put Typel\/tanager(:"eate ubSpace Sets the type manager which owns this
I nstance. VTViewRél CBas eSiysrace (VAtomRef name) Sets the type t hat
“ this one is based on. Get Act ual I nst ance Get
the real type and pRA™Ster to NemeqfpRY®EBGERICCHFOYSt ype. Publ i ¢ Members
- BaseType CreateSubSpace creates a biSi vitivinme!sfae alsiisswllstitimtbe wirent iainsspace & .
TypeManager a name space of the specified fRguelalready ckifteit shoyikbberretwraed instead s Thigmetheded Wi t h
" this object. should be overridlen @B} spbciasses so that the correct class of nested name [space gam bg o
subcl ass of VTypeDooagtwgiedch this is - Put Obj ect Syst em
- Sets the obj ecg sg/stem whi ch constructed this type
" description. SUubSPaggS i dable Publit Members . Concr et eType
~ Returns the physi ca¥Tviewdismnsyhispaces(YTofarchTyee syype) ' TypeCode
Returns the type code of this ty | denti cal
Det er ni nes whet her $4¥®especi fWGP’ETBQW"’r dentical to this VO
96/ 08765 SubSpaces retrieves the list of view name spaces which are contained within this name space.
PCT/ CA95/ 00513 msmmamkovmddmmmmmmmmfmmgmsmﬁym
Class VcrFlatView
Public subclass of VcrSimpleView

VerFlatView is an implementation of VViewNameSpace which provides a flat name space model. As
each adepter name space is found, it is mapped onto the top level name space of the view.’ All items can be
found directly in the top level name space of the view. This class can be used by languages such as Basic
which have no way of dealing with the concept of multiple name spaces. This class should not be
subclassed. Tommwmmumdeemv::SimpleViedemd
.besubclassedmmd.
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-115- SanelLayout As . - Det er m ne whet her

t he speQP608765,pe has the sane | ayout PCT/CA95/00513

as this type (although it may have a different narre)

CanAl ways Cast Det roine whet her the specified type can
al ways be cast to this
type. CanSonet i mesCa Det er m ne whet her
the specified type may sonetines be c Management Classes

cast to thi NITENT Return
the ali gnrreﬁe%g‘&go&l’lﬁ’;"gmﬁ type Si zef

Ret urns the | ne t Const r uct
Constructs H&@Eﬁ%ﬁ 8° vﬂéﬁsﬁh‘&mb T”P’ Ne":fm

cast copy og;nge types

Cast an instance of the speC|f|ed type to this type Enpt y
Enpty an i nipdypmial tyes such as structures, unions, and qOjmssaY e described using the

Di scard an r‘?f:\é""’B‘F”‘Fﬁl _ °fwm*%'emrewwmmw

VTObj ect syst u-. t“@v ?Wt%&m%m&ﬂ%d this
type i g.:cludsmwpeswmchc&n" -’*‘-x :'):.?;d

VrRef Li st b St 3 Gescribable types does not inglude objects.) Obfet dbscriptions are given

Vr Ref er encejyggs hf,ggum Putnﬁlase ype- ¢ voi d

- Put BaseTypeE VTypeData *base - base . Type that .
this is bas ; @“!Wbﬂ;b%ﬂ@#lm ch this

derived tyd8"ed %‘Eﬂtﬁg s’t'"& ap instance of one type
poi nt er ”‘:ﬁ;% % PEre cag P s “"E%rq?m"cd“"ch%
obj ect for Sl m t directly
derived from an%ﬁter type then 1 °qf © providé object system &’tﬁlﬁ “NULL. For

i nst ance t%ﬂmwwm%mwmmmmutMIMMnstance of
Ver Any s houPedype @wagagement systen Argrepenty and pepem yajies Yo thesapprbraiate ybes C Whiile the

nenor y(i . e.ﬁ"&tﬂt‘ﬁ“’aﬂﬁm‘ type checking to make sy, {hat e prgymentsiad returm types NT woul d be
i nst ances q@:mc'f'ﬁ Wﬁ%ﬁ&ﬁﬁ“w&mmﬁ“ﬁb‘fmmm Thi's
nmet hod can be Call ed by subclasses to store the base type if it is not
known on crEschitypenbiect can have assodidtit] Wigitaviicadee These type codes uniquely describe Otyjid inside a

Put Ty peMan deeing Hsfpqsf e claseesistryypTha (ype pdes can be used for fast type conusisang) clhe type Type
menager thmmﬁ'wﬂnwm The type mariger gEgepted nirctype ordé for ar et ur ns t he
VTypeManagd¥Pe ¥ # AYPS Pepceiption g &f an ideatical type already existsgleothcr | pt | on

It 1s not

AL oo ] _
e % pstbsjes) %%@w Wﬁﬂwm class if
Vcr Dat aRef o %' S

This is us hfliojon pe

' in lgyat - .
voi d Get ACW ::’ r-nﬂdﬁhy&fxr?g:t .5%@3%”“ ance

Except for the predefined types, type codes are not persistent. Evaydtﬂ?euntplmspmmllhavea
dlﬂ'quttypeeodeforﬂ:edelmbedlypu. Hm&uummuﬂynmblanmetypeeodumonly
used in type comparisons. Mucsaofamhblepaumtypeeodes. These are allocated on an as
needed basis by Visual Edge. Paumtypeeodumllmlybemmedbﬁmdmumltypedempum.
The type manager is responsible for tracking all persistent types codes. Apamtypeunalwavsbe
looked up in the type manager to find its description object.

Since types are described by objects, these object may have mixins. mmsmtypuunbemedmmde
Mnfmmabmamuadevdopmtm For instance; a type named "color” may
be identical to unaigned long except that it has mixin support for bringing up a specialized color
m- ’ . ’ :

Predefined Types

The set of predefined types covers the entire range of C+~+ fundamental types as well as a number of simple
composite types such as string and generic object pointer.
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WO 96/ 08765

PCT/ CA95/ WEI648765 | ' PCT/CAISIOS13 _ 1 1.
i nst ance | nstance to convert final ,
(Return)lnstance after conversion. ' Get Act ual I nst ance takes

an instance of a type an resolves it asldfich as p055| ble. That is,
this wil resEﬁndamémﬂlesand VcrAny types to find the final result. If
the instance |s a . VcrAny t hen t he. Typeo‘ and Val ue nenbers

5t Ver A | 4 ons stored in mAgRAT\
o )] %ﬁ?ﬁw R A L 1B D 1
rati ons un

perforns these ope al | allases and anys have been resol ved..

This method is used™® YREEW® asses to hel p perform casting.
BaseType “V"Yf’es‘gﬁ?‘b”éﬂata *‘B’éf%‘l”ﬁ& edChar  kvIypechar PBgseType
returns the type OfTVeSEMmRedIiost der | KWEEPePRaignddshdss s e kVFYReSharst ance, if this
type is a kvTypeSigngdintit er  tkYTyReligdigeediint ShiVIypelBaseType shoul d

return a type kvryrssigmedLohgr kVTypeUnsignedLorg\/Ty patiretepgedShort. |If this
type i s not directivyymderdaeed from akvoggessubiype t hen kvrymbengbélble

return NULL. r ﬂ\s hIS woul d be the case for a structure
definition. ﬂfiﬁ%ﬁa VTypeManager *Typel\/anager()
TypeManager return&'rirﬂteox‘dfmewnager Gasicpdee Whi ch nmanages this type
descri ption.

Generic ut-==‘¥%‘gss *1tsd ass()
ItsCl ass returns the tgwe of ttﬁls instance. This is used to performrun

time type identifiX/a{RepypctionPointer G“""'Bf‘“%‘%‘é‘ﬁat a subclasses. The
met-hods of VOnéGilowihg iipeddiffer filottietescribed Borhrlix typds inGHlde telr typd\@des are persistent across
subcl asses ofmifiplypesioat a this is. ItsCass is called in type conversion

routines to gat herkv.r wnedsumg i nf QLERkI,Pn about the type being

convert ed. ctS stem - voi d

Put Obj ect Syst en( VIUHPE TFi8Y st e n}fnsigned string. system

bj ect system whi ddw'rmmhe type String of default sign fitnitivhplatfarinSy St ens t he obj ect
system whi ch owns Wpasdeelyy This nmephe only be

cal l ed by object %tems right after 8 eatlon of the type.

Concr et eType ypevariant ry e Dat a ‘ype()

ConcreteTyp r;et_um.ns_tJa.e_t.ype_AAb.L.c.h_u_t_h.Lp.ths.L.c.al- layout af this fype. For
instance, a tQlass VIypeData  which is a CORBA sequence has a concrete

type which i i ng three el enents. Al

t ypes which ;Prug ?%egn@e#ve%@bgte shoul d return NULL fromthl s met hod.
The def ault VTypeData is the basecieys|fx 4k tpe depcription elesser nK prouifie virmal methods by fypeCocle
VTTypeCode TyffEEistciesting, creation, and destruction. Ty e Code returns the type code for this

type. The tyg}ﬂﬁg@mused to conpare two di fferent
types to det uality. The type manager i s used to determ ne

t he PutTypeManager Sets the type manager which owns this instance.
' PutBaseType Sets the type that this one is based on.
GetActuallnstance - Get the real type and pointer to an instance of a type.
Public Members |
BaseType " Returns the base type of this type.
TypeManager . Rmthetypemgenmtedmththsobpﬂ.
ItsClass . Returns the subclass of VTypeData which this is.
PutObjectSystem Sets the object system which constructed this type
Overridable Public Members .
ConcreteType Retums the physical implementation of this type.
TypeCode Retumns the type code of this type.
Identical Determines whether the specified type is identical to this
o type.
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conmpatibility of types. On the initial call to TypeCode, P’F nager
Wolosbries, s typRCToARBIT

is calle¥ VTTypeCode for this typ

initial call the result is stored in the type. WO 96/ 06765

PCT/ CA95/ 00513 o ' - 117-
| denti cal _ bool . | dent i c,l&ls(‘ wm'?EDat a _*t ype)

type : 31‘9“?)‘@”?‘6’-’%orrpare to. ﬂ%“ﬁ'ﬁtd‘? Wﬁ"érm nes
whet her the specified type is identi & hIS shoul d
be return true ifC‘Pﬁé"’(%S is an exa e specificd type “@tsub fields,

and names nust etimesCast Déterttn

'mh&ﬁ& ,QFQ&L e
conpared. The type manager calls thi gegiRkidia 0 eter'%?ne | )

two types can be x3iyend he sane typega.ﬂdemh%m@hﬁ i npl enent ati on
checks that the tsageos ' tymﬁm&réﬁuetfmtnhﬂeesaﬁeaypaubcl ass of
VTypeData. A derdemsgtu¢type shoul d nalesteessranew isshce of this type which is a correctly B
circularities in type definitions docsenpydteipeaifitdigpesyst em t o hang when

conparing two tyfest . SaneLay oufasian instance of the specified typdsohis type.
SamelLayout As( VTy#@®#t a *type) = O  Emptyaninstance of this typo. o Type to
conpare to. Discard Sanelayout Rsad g ipsapce ofhis et her t he specifi ed

type is iderl’rb&%fedl')aﬂa‘ﬁ%befso the current type. - - This shoul d
return true if al bflelds d offs nmat ¢ Nanes and hel p

i nf or mat i on vrosactsfbs ho':"&'c?e Yoiae %’6‘3 WP&“}%‘PH{?&H s called to
determ ne casting possibilities waysCast , bool _t
CanAl way s CastypéDefniitions * t ype) = - type Type to
conpare to. vITypeResListCANA mys%gfﬂggawgéa%her type- can be cas‘

to this type in aptypskdeuati ons W t hOvdreterence toavrypepatdofject Of i nformation.
. For instance a_shqgrt can always be cast to a long, but only certain

I nst ances oqutBWTd@H be cast to short. This would return true only for
short to | ong. void PéiBaSeTYPd (VIgDeliaat*base) _bool _t

CanSonet i rresCast(bVTypeData *type) =0 type - Type
to conpare to. ase M%Ms%st det er mi nes--whet her type can be
cast to this typeutsaseryp®seithe &b on which this derived type ishased Fbri ildtasive, ifi thid v bs ol 0SS Of

i'nf ormati on. For peimst amC eusigned hGhdt, C ansedjpaayshowblc ewst 4 otype | g, fxut

only certain i nsk¥Fupednsidnedshogt. dithis type itnatdirectlyydesivedbirom anoflier type then it siouldet urn true-
for casting eit h&twm NULL. F“W‘h'sh‘eﬁbet‘!?% 106 2 @fpuctire, definitics. sﬂnemmof

Al'i gnent Vorany shoyld, o"" ‘~‘ ! i when placed in memory (i. FRRBA et urns
the alignent req ’f%& H AR %W%W Y®necified
in number of byt S 5151 by subglasy TB®able to be
‘al i gned on ﬂ;ﬂ- boundar| es in which case this nethod
woul d return ef owest ossi bl e value i s one.

‘void Putrypemnage VIypeManager *manager)

manage: Typemwthnmthsm

Put'rypemmgez sets retums the V'rypeuamger instance  which mmses this type
description. msuundbymbchmwmthelypemgamthebauchsufnnsnot
known after creation.

GetActualinstance

void Ge:hctual:nstancé { con_sé VerDataRef &instance,
: VecrDataRef . sfinal)
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" the size of t

Si zeOk long SizeOf(void *instance) =0 I nst ance

Poi nt er t oWOP${08768e to use for determ ning size. PCTIGADE/04513
returns the size of a particular instance of the type in bytes. If the

i nstance pointer is ~ NULL the£ SizeOX should return the size of
aFl instances of the type if the size i st¥9%ed. 1f the size of _
i nstances i s vari abj?@taceeOf nsprstlp et urn Q or negati ve. _ WD 96/ 08765
PCT/ CA95/ 00513. final (Return) Instance afier conversion. © 118 -
Construct GetActualThshapce(kesan ingante(of a type an resolves it agmyith Nmsim ameis,

&or i gi nal , tlusmllresolvchrAlxasanchrAnyt}putofmdtheﬁnal,muﬂ lfthemmnexsa

xkj nstance) = Q  VcrAny then the TypeOf gnd Valye gembers °"’cm“ aly destamess; t o

original object to® ﬁ’o‘ﬂ?‘““m type resolved °“h“"” 8% n) new
i nstance of this t}Eﬁgﬁ m"”’"’mm"'“’ﬁ)ﬁ% f‘f° éj“ﬁ'éw’f 84Rce of
this type by casting e m”ppeTr o%f"@%:t to this type
construct shoggtefpocate a buffer for the new returned object. The return
val ue shoul d be thf,?’6 BaseT . size of the new instance. If the
original instance OB Hoi®BEEEYt to this type or menory coul d
not be allocated cGARRTYRRIENRSIEA fyng on Wich fhis deyived type is based. Fo dnstance, if this type is a
long Cast( * cons®®Er (At Fpgsped rP efype should remm a tpe object for
' Voi d Mypemsqu}méng is not directly dmvedfrmnanoﬂlcrd}tpr. &m%ﬂwuld
~ Type of and poi nt ef ¥4 ori g Haui be the case for 8 strpcure definition.
. instance mﬁ? to where to storethe |nstance
Cast builds a r‘?g’wms ance of this teype by casting the input object to this
~ type. Cast should eManager *TypeManagerl) | ocate a buffer for the new type
~instance but shoul GWM&QWW@MP#MWM%MW&M
- guaranteed to g arge enough to fit the type. The return val ue should be
H _ I nstance. |If the original instance could
not be cast to thi ¥ClasperiosClamyidbry coul d not be all ocated
- Cast shoul d ret urn 10sc1iiretiritedpedt thididchodd. TRIRS Gs8dho pefibril rin lfin® tyfe R tiiQfon TEY
~ contain garbage andf vrypeData subclasses. The methddél vEIdidIceh Yo aiseli il ddantifp WRIEW ST itlet €N.
- Enmpty subclases of VEYRRDyriautls isl 1tsa54sariOwsl)ed i tide conversion routines to gather
i nst ance | ibraatieaboutthettypgising convigwd. enpt i ed. Enpt y
.enpties out the 8 c&nts of ‘an instance of the type. This should free all
menory al |l oca within the instance but it should not free
~the instance itsel foid Putobject§d¥ss@avTbbjectsystem system) Vvoi d Di scard(void
*instance) = 0
system Object system which owns the type.
PutobjectSYStenmthcobjeasymwh:ehmsthIstype. Thlsmethodsbmldonlybe
called by object systems right after creation of the type.

ConcreteType
VTypeData *COncx:efe_'l'ype {)

ConcreteType returns the type which is the physical layout of this type. For instance, a type
which is a CORBA sequence has a concrete type which is a structure containing three elements.
Aﬂmswhﬁmﬂmdmmwmnmmmm The default
mplunnmmmm

TypeCode
VTTypeCode TypeCode ()
TypeCode returns the type code for this type. The type code can be used to compare two
different types to determine their equality. The tvpe manager is used to determine the
compatibility of types. On the initial call to TypeCode, the type manager is called to find a
VTTypeCode for this type. After the initial call the result is stored in the type.
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|nstanc I nstance of type to be enptied. W‘@ card
enpties ou%wiﬁe contents of an instance of this type. Thi cré 1?ree al |

menory al l ocated within the instance and should free the

nmenory used to store the instance it Cl ass Vcr Fundanent al

Publ i ¢ subc),ass gf VTypeDat a atrFundarrent al defines a fundanent al

type. Thi dEl‘ I s subclassed internally to provide the

i npl ement at i ons bebl_zl 1debtieaX nrypanaataypd)ypes. User should not normally need
to subclass this class unless . t hey are providing another fundamental -

t ype. - PUIBPeC Menbdypsto compare to. - Ver Fundanent al

Constructs a VcrHenvdedIBtrhinesoldtierthe specified type W{Aeritil © the Gurent type. This should

PCT/ CA95/ 00513 berem:nmlexfthctypexsanexactduphcatc allsubtvpes.subﬁelds.andmmesmnstmatch -119-
Vcr Fundament al &gl ipformationcshould not be compared. The type\fosnsiger icalla s inethdd (1o determine if
VTypeManager *mwbegwenthemetypecode The base class implementation checks that the tWgAt onRef
nane, types are of the same subclass of VTypeData. Adavﬂwemake sure, fhat)
nmanager WWWW%?MQ“§%W‘BWWWW

nane . st this pointer type. type
The type cogteno I'S fundanental type. Constructs a

Vcr Fundarnent al BB‘jleEtsmﬁaﬁﬂ‘%ﬁ?%%s'tap‘f’um?anent al type such as signed

int: etc. Cl ass Vi I‘Abl as Publ i'c subcl ass of VTypeDat a
VerAli as defines¥®h al i as nBther type. |1 nstances of this class will

typically only 5?%?@&%%"%&6“““%%*%%%%% versi on

of fundnmental t ‘%%WWlW&Wﬂ
unsi gned | ong CWW@% m ilities | dentical to

unsi gned Ig&gaw hat it has mxin.support for bringing up a
speci ali zed color” e Publ i c Menbers VcrAlias .

Constructs a Vc?‘NH—%@""Eﬁ}}’%VéF‘““’TY"‘D“‘VCFR"? d‘s"Const ruct or
Ver Ali as( VAL ef

VTypeDat a real Typ
ali as. CanAlwayp F

Constructs a VPR Saele
i npl ament ati on of

CanSometunesCast _
bool _t CanSometimesCast (VTypeData *type) =0

‘5)me . nane.. . Name of this
= “""“‘“‘Y?Sl be Gy fo thipes ‘W‘! gituatiquy wighout ¢
%Wﬂmgl‘llﬁgg' SENBr type.

for short to long.

tos Ott

type’ Typetoeompuelo. :
Cmmtmsustdummtypembemmmwpemsomeorall
situations without loss of information. For instance a shozt can always be cast to a 1ong, but
onlymmmmmuot‘longmbeastwshort Thnwouldreunmformnnge:mer
short to long or longto short.

Alignment
long Alignment{) = 0

M;mtmhdwmfmmdmm 'nleahgnmanspec:ﬁed
in number of bytes, Fwemplemqghtby&edwblemgmbeabletobeah@edmfmbyte
boundaries in which case this method would return four. The lowest possible value is one.

SizeOf
long SizeOf (void *instance) = 0

instance Pointer to instance to use'fordetm'nmg size.’

s;zeotmmemofamunummofthetypemm Ifthemmncepomtens
NULL then SizeOf should return the size of all instances of the type if the size is fixed. If the
size of instances is variable SizeOf should return O or negative.
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all nmethods just calls the nethods of the real Type object. The onlv nethods

whi ch ar e WOt96/08765 mapped directly onto real Type aP&T hods
for m xin support. : Cl ass Vcr Poi nt er Publ i c subcl ass of :
VTypeDat a Vcr Poi nter defines a pointer to anot her t ype. Publ i c
Merber s Ver Poi nt er -118- : Constructs a
Vcr Poi nt er obj@erstruct Vcr Poi nter Construct or o Vcr Poi nt er (
VAt onRef 1oh§ EBnstruct ( const VcrDataRef soriginal, VIypeData
*baseType) nane . void Nane of«ifidtaticepod Dt er type.
baseType Type that this will be.a pointer to

Constructs a Vcr Poiarti@inadbj edype offsidppinter tqpriginakobiect o copyfisnt er t o anot her type.
Thi s shoul d not be instance (Retumn) nq¥ iglanpe of thipWhent er s t 0 obj ects; instead use
Vecr Qbj ect Ref . Poi Ntcohstriict $uilddCal de® iftanch LIthid tfpe by casting the input ob;eeuwrpﬁsaymnt ed

W th Vcr Funct i onPt rconstruct shifid 8ifséa@ 8 fier for the new retumed object. The return value should be the

PCT/ CA95/ 00513 size of the new instance. If the original instance could not be cast to this type or memory could] 2()-

Cl ass Vcr Qbj ect Ref not be allocat fohstruct shuld st of /Ty peDat a Vcr Qbj ect Ref
defines a refgéence (pointer) to an i-nstance of a particul ar object type.
Publ i c Menber Vcr Qbj ect Ref Constructs a
Vcr bj ect Ref 0bj ectleng Cast(  const VerigtaRef  &original, Ret ur ns
the class of object to whichvedt i nstance of *ippfagce) = 0 '

type will refer. VcrOo ect Ref Const.r or

Ver Obj ect Ref (VTypeWhﬁgé nﬁm o o pial ot o copy VAt onRef
nane, instance to Where to figre (e ipsiapes “ref O ass)

manager _Typse m&;qwmmmwwemmsﬁw ca’“‘“’“‘dm‘

nane I\lat'l'ﬂ""%‘fa

O ass of referencedPB<
whi ch represents a’frer

uwm@mﬁgtgmfmwwﬁ"% E:ém obj ect
specified class. Captse qﬁm « “’W Ao age ood o8

Empty

void Empty(void *instance) = 0

instance Instance of type to be empued

Empty empties out the contents of an instance of the type. msshonldﬁ'eeaﬂmmyauouted
within the instance but it should not free the instance itself.

Discard
void Discard(void *instance) = 0

instance Instance of type to be emptied.

Discard empties out the contents of an instance of this type. Thushmldfreeallmunory )
Mwnhn&emmmd:hmﬂdﬁumemmyundmmmemmdf

Class VcrFundamental

Public subclass of VTypeData

VerFundamental defines a fundamental type. This class is subclassed internally to provide the
implementations of all the fundamental types. Usus:honldnotmmallyneedtombclassthxsclasmless

they are providing another fundamentai type.

Public Members
VerFundamental Constructs a VerFundamental object.
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Class returns the class of object to which an instance of this type will

refer. WO96/08765C| ass \cr FunctionPtr Publ i ¢ subcl as PEICAIMBat a
Vcr FunctionPtr defines a pointer to a function w t h a specified signature.
Public Menbers Vcr FunctionPtr Constructs a-
Ver Functi onPtr obj ect. -Edfcti on
Ret ur ns t he VarFundamengal Construetodescr i pti on. Vcr Funct i onPt r
Constructor VerFundamentaMC ! FURGLdMaRUREF (.mger, VTypeManager

" *manager, .~ VAtomRef name, VAt onRef
name, VITypeCode type) VFuncti onDat a
*funcSi g) ' manager - Type manager which is used by this
obj ect . manager naneTYPemSﬂm*“MHﬁhmm s function pointer type.
funcSi g namsi gnat ur rPF"e"a _of the function this wll  point to.
Construct a Ver Efifcti onPt %J“é‘f:?f Wreesents a pointer to a function
with the Cmma‘@pmmmsmm@mwmmm fucho sidned
FunctionData is #¥%ed over to this object. This
VFunctionData_nust not be used el sewhere. __Function _
VFunct i on%mﬁfwﬂlw) _ Function returns the description of

the functio I.ch nstance of this type will point WD 96/ 08765
PCT/ CA95/ 00 bllc smf’]‘*‘ss°qu"113'1""15 yP g - 121-
Cl ass Vcr St nmﬂats@ennamumofmwwmmdm&bmmmﬁmgw teldredted3d dadIiCt Ur € OF
union. |t i viditionel amixinsite siefiab |vetsionopffindancntab tvpes rfal ugf thes eliss iregibtey.  For instancel he
structure. HH*Mth’n&@“‘éP“!ﬁW%@‘@a‘ﬁmﬂGMmsgmd lpng et twode.

Publ i ¢ NEnb’éﬁ"gmwf“m“P‘W?‘&@'ﬁ em Const r uc
a Vcr Struct Nane '
., Returns theﬁ@ff&% eFﬁ s field. o - . Type
- Returns type of Yashkiagje| d. Cmml"crglﬁse!iﬂ
Ret urns t heypf{IsRtcoddRcidie structure of this fiel d. - VerStructltem
Const r uct or B CS o Vcr Struct It em( VAt onRef ;
nane, VerAlias( | vv: enata z:ameir VTypeDat a
*t heType, VIR reallype) ~ long
of fset) " name R of this alias. Narmre of this structurefleld

realType 'l‘ype that this will represent.

Cmmunchiuobjeuwhwhmuandmofmlmtype. Theunplmtmonof
all methods just calls the methods of the realType object. The only methods which are not
mapped directly onto realType are the methods for mixin support.

Class VcrPointer
Public subclass of VTypeData
VerPointer defines a pointer to another type.

- Public Members
VerPointer . Constructs 2 VerPointer object.

VcrPointer Constructor

VcrPointer( VAtomRef name, -
VTypeData *baseType)

name . Name of this pointer type.
baseType Type that this will be a pointer to.

Constructs a VerPointer object which represents a pointer to another type. This should not be
used for pointers to objects; instead use VcrobjectRef. Pointers to functions should be
implemented with VerFunctionPtr.
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t heType e of this structure field.
Of fset of W‘h?@sﬁ ld within the structure. Péﬁzé&’mftlé a
Vcrstructltem obj ect which represents a field W|th|n a structure.

Nane VAtonRef Nane() _120_ ) " Nanme returns the nane
of this strucite—et—ti-of—iiecle- e MPypeDat a
*Type() Class Vcromppﬂieﬁturns t he type of this structure or union
field. pugﬁcfsﬁgéhssof VTypeD | ong O fset() O f set

returns the offset o S within.the structur d ass
ver St ruct ver °b15156ﬁf@m§ﬁﬁﬁ°f’5§°§p8‘i““ b"é‘ﬁ?z pa""’“""°""’?5’6”?’°5truct defines a
-structure def Pﬂbﬁéﬂ'fbr?ﬂg?? structure contains a fixed nunber of fields at

fixed of fset romthe beginning of the structure. Publ i c
Menber s \Cr;::objevg}egt ruct . Cmm:eac‘;::orjectkefobject. Constructs a
Verstruct object. —2%3 Addl of object to which an instance of this A5 g

field to the structure. . |HerrByName
Returns the fVerObeetRefiCQomstructof t he specified field.

Get | t enByl ndex Vc:Ob:ectReftVTypeManagg %§gérhe field desription of the

specified field. vatomréel | gmount Ret ur ns
t he nunmber of fields in the_v&u_.,usgture*refch,,, Ver Struct Construct or
Ver Struct ( VTypeManager *manager , WO 96/ 08765

- PCT/ CA95/ 00513 manager Type manager which is used by this object. . -122-
VAt onRef name naiame of this reference type.
VerStructltem refClass x| t_%"f"f“em“w
Ver'Structltem _ Consmmavéirdbwﬁngoﬁ}wwhichreprmuefamce(poinw)mminmueeome v
VerStructltem specified class* | t enb 0) _ manager Type
manager whi ch s used by this Obj ect. name ' _ Nane
of this struc® item -iten6 Optional itens to add to
structure. VClassData *Class()

classremn::hechssofébjecuowhinhminmoﬂhi:twewiﬂrefa.

Class VcrFunctionPtr

Public subclass of VTypeData
VerFunctionPtr defines a pointertoa function with a specified signature.
Public Members
VerFunctionPtr Constructs a VerFunctionPtr object.
Function Returns the function signature description.
VerFunctionPtr Constructor
VerFunctionPtr ( VIypeManager *manager,
VAtomRef name, '
VFunctionData *funcsSig)

manager Typewwhlchlsmadbyﬂmob)ea.
name Name of this function pointer type.
funcsig Signature description of the function this will point to.
Constructs a VerFunctionPtr object which represents a2 pointer to a function with the
specified signature. The ownership of the VFunctionData is turned over to this object. This
VFunctionData must not be used elsewhere. .
Function
VFunctionData *Function{) .
Functi on returns the description of the function to which an instance of this type will point.
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Constructs a Vecr Struct obj ect which represents a structure. After creation,

fields c‘HﬂW‘s added to the structure to dePFHEAPYWSIZyout .

If any of iternal through itent are specified then _ t hese are
radded to the structure definition as if Addltem were called for each of

t hese in sequence. - =121Addltem voi d '
Addl tem( Vcr S !ﬁ'@tﬂi tff&l) I'tem Freld to add
to structuretﬂuggv é dd a new field to the structure. The order in

whi ch fi el dsversen@eried ddfifes a ighin § Amdureor M@, it includesali IO name, type, and offset into

det er mi ne t yhestuang Ab inkinbejof this classcbanoch betagsignel  tvpe code. Get | t enByNane
VerStructltem *Get | terrByNarre(VAt onRef nane) name
Nane of fi el Hublic Mambers, " Retrieve a field fromthe
structure given |vesmmtem Cet | Constiigts andk@xtructItem object. VerStructltem
*CGet | t enBuyl ndex(®asmg i ndex) Returns the nanje offigsdield. | ndex of
field to retrieveTypre Ret Rpmpsahesypddftisfield r om t he structure given
its index in the $fPtfcture. The i ndBgamsdheqsptinpathe syiptae phthis feld.
order in whi V'Eréd-lf‘étﬁ&n‘@& gd to the structure starting from zero.
Get | t emCount s . n otmIRt enmCount () _ Returns the
nunber of fields YW TRFE SRt uct @Ee e C af : cr Enum t em
Vcr Enuml tem defines an enumeratlkﬁ’ Tnst ant W Il be one of the
‘possi bl e val ues of an enuneration type. An instance of this class
cannot be assi gneghnd tYpe Q@A this structure S840 i C Menber s
Vcr Enunt em theType Type of this striciR k. UCt S a Ver Enunl t em obj ect .
Name offset Offset of this fiEit¥itkinite stiulrére. Nae of t he enuner ati on
constant. - Constructs a VB4 Buct T tem object which represents a field within a structurd?€1 UT NSt he val ue
, of the enuneration constant. WD 96/ 08765
PCT/ CA95/ 005Niame -123-
Ver Enunl t em ConstUctQE Name () Ver Enum t en( VAt onRef
name, Nameremnhcmeoflhlsstmctmormm'ﬁSd. val ue)
Type
VTypeData *Type()
'rypereumthetypeofthinuucm_eorunionﬁeld.
Offset
long Offset()
Of £ set returns the offset of this field within the structure.
Class VcrStruct
Public subclass of VTypeData . .
VersStruct defines a structure definition. lhemmmmsaﬁmdnmnbuofﬁeldsatﬁxedom
from the beginning of the structure.
Public Members -
VersStruct Constructs a VezsStruct object.
AddItem _ Adds a field to the structure,
GetItemByName Returns the field description of the specified field.
GetItemByIndex Returns the field description of the specified field.
GetItemCount Returns the number of fields in the structure.
VerStruct Constructor
’ verstruct(  VTypeManager *manager,
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name Nane of this enuneration constant. - value
Val ue of WO %6/08M&Sner ati on const ant . Const r umCI/CAISOOEAUN t em
obj ect which represents a enurreratlon constant within an enum (a set

of enuneration constants). Nane VAt onRef Nane (

Nane returns the name of the enuneratiem2genstant Val ue

Wal ue Val ue() VAYGdRE£ I et ur nSnpidee val ue of the enuneration
const ant. Class VcrvcestructItem  Publdesi sudicl ass of VTypeData

Vcr Enum def i nes an enuner at iveestrygsgten An emite®? atd,0n type contains a nunber
of enuneration constants . --- each of which has an associ at ed nanme and
val ue. Publ i ¢ MemberV§rstructiten *itemg FEHum

Constructs a Vcr Enum.obj ect Addl t em
Adds an enum constn:'églﬂ Téo thTypemﬁ:'Wh“’h's“s"db"m”""’“" Get | t enByName

Returns the descrli&tehp.qtg;le ng&g{ogi;mrreratlon
ndex

const ant t enBy ~ Returns the
description of the%‘fvcéif”é @ structure.  After creation, fields can be

const ant PERESIRITT “};ﬂ;:?lwl“‘“s"‘ ke ¢ he
nunmber of enurreratsgqgguconstan STTn tnis:® o W5 i ke R tr

Ver Enun( VAt onRef nane,

VTypeDat a AddItegnunlype,. Vcr Enuml t em
*item = 0, . VerEnumtem *itenR = O,

ver Enund t em *Itelsf,%d Ad:g)tem(\rc:StmctItem item) manager  Type manager
which is used by tiRes ODj €Cield 10 add to structure. name Nre of this
enumner ati on. enumr n which the enumeration
will be stored. Md“ '"“f;dmm g &‘f‘:ﬂ"e“ﬁ‘ﬁhwgﬂ“f' {edmporaptyince itysed

enuner at i on. : nstructs a Vcr Enum obj ect which represents a
enuner ati on. Gétlt éon constants can be - added to the -
‘enuneration to def‘;c;geémct | e val ues. The t pe of the enuneration nust
be an raﬁet SHRBARRS YARemReS ™€) any of itent through
itent are spemhe,dmghen th RSE ofteR to the enuneration
definition as if Addl te‘m \g%rle called for each of these in sequence. WO
PCT. / CA95/ 005§%ﬂtemByIndex

Vcht:uctIten *GetItemByIndex(long index)

index Indexofﬁeldtoremeve.
Retrieve a ficld from the structure given its index in the structure. The index is defined by the
order in which fields were added to the structure starting from zero.
GetitemCount
' long GetItemCount()
Returns the number of fields in this structure.

Class V crEnumIiem

VcrzmmItemdeﬁnuanmmﬁdnconmwhichwillbem_oftheposiblevaluesofm
enumeration type. An instance of this class cannot be assigned a type code.

~ Public Members .
VerEnumlItem Constructs 8 VerEnumiI tem object.
Name Returns the name of the enumeration constant.

Value Retumns the value of the enumeration constant.
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-124- . Addl tem voi d AddIltem( Vcr Enum te&cﬂ‘graq
item WO96/M08765 Constant to add to enunerati on. / A a new

constant to the enumaratlon The order in which constants are added is

i mpor t ant since it used_to determine type conpatibility and
‘castability. Get |t emByNane ~—123- ‘Ver Enum tem

* Get | t enBy NéenEpumdtenrEonstauntor ' nane Name of
constant to retRicedlnItem( VAtomRef Ret rdagwe a enunerati on constant from
t he enuneration given itsvwane. Gaflbd)enBy| ndex

Ver Enum t em *Get | tenByl ndex( | ong I ndex) I ndex

| ndex of constamameo ret r Name@f this enumeration constant.  pot rj eye g constant fromthe
enunerati on gi vemiye s j nddgusofthis ameaigd @Mt i on. The index is
defined by the aosictsh MEroniein oot vdhichrepreentsa enumersficrdustays withiman emy@éesetat i on

starting from zefeumerntionconstanet | t enmCount | ong CGetltenCount ()
Returns the nunber of constants in this enuneration. d ass -
VchequenceName Publ i ¢ subcl ass of VTypeDat a Vcr Sequence i s an

abstract cl ass. vhtonstef Nm@d) a vari able | ength array whose | ength may be
deternmined ON  yape retais thedBhedNERndRikratioR bsiRCe basi s. For exanple, strings

woul d be inplenented as Vcr Sequences. Vcr Struct Sequence is al so

i npl enent edValaet op of Vcr Sequence. Fixed |length arrays are al so

described as sulRglAsSes.of Vcr Sequence using VrArray. Public Menbers
Vcr Sequence S a Vcrsequence obj ect.

Cet LO\?\/erBound Value retoms the value of the eturns t e | ower bgund of tJhe sequence. -
Prot ect ed Menbe+rs Pet-Conet-etetype Set s the"
concrete tyQlassfVerEnumtion. - Overridabl e Publi c Menmbers

Get Lengt h Returns the length of an instance of the
sequence. Public subcless of v&?%x?.en

th ur t he
nmaxi mum | entsekpugdetinggan Qpe Mg“m"“mm%ﬁwm ”"’E"%

Returns t heP@aknbichbsagpspmpisiedipe B WPho sequence. | sLi near
Ret ur ns V\,hef,lhm ﬁﬁﬁ]b%g]uence data is linear. Vcr Sequence
Constr.uct or ¢ VchequenEes Atv%m%l‘“ name,
*ngpe_[gata "‘EHH’E‘r eteType, Adds an mmmﬂm | VTypeDat a
aselype, GetItemByName Returns the description of the specified enumeration
GetItemByIndex Returns the description of the specified enumeration
constant :
GetItemCount Retumns the number of enumeration constants in this
enum.
VerEnum Constructor _ ‘
VerEnum( VAtomRef name,

VTypeData *enumType,
VerEnumitem *iteml = O,
VerEnumitem *item2 = 0,

Vc:mumltem *itemé = 0)

manager Typemmgewmchuusedbythuobjea.

name: Neme of this enumeration.

enumType Typemwluchﬂnemmmmmltbesnxed.

iteml-itemé Optional items to add to enumeration.
CmmuusaVc:Bn\momthchMaenmmn. After creation, constants can be
added to the enumeration to define its possible values. The type of the enumeration must be an

integral fiindamental type. If any of iteml unmg.lutenSmspeuﬁedthcnthuemaddedto
theennnmhondeﬁmuonasxfaddltemwmaﬂedfcrmhoﬂhuemuqm
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WO 96/ 08765 .

PCT/ CA95/ BUB96108765 - PCTICAISI031} ) 5

| ong | bound) nane . Nane of this
sequence type. : ' concret eTXBE- Type that this sequence is
built from baseType Type that this will be a
sequence of. Addltem | bound ' Lower bound of the sequence
i ndi ces void AddDHestvcuBiusItam fereBequence obj ect which represents a
pointer to a variable length array of other i nst ances of
anot her type. . itemGet | oweomstan ipgdd to coumeration. | ong Get Lower Bound()

Returns the | ower Asumev @hstahtiethEinluitrmba. ThOpki2ia Gvhikl@his@u@Sare added is important

Put Concret eType  since it used to determint/type compsibilipand ragitbdlity pe ( VTypeDat a *concr et eType)
concreteType Type that the sequence actually is. -

~ Put Concr et eTy(etlitemByNameact ual ‘type of the sequence after creation. This
type is the actualvecrEnumitem *GetItemHy)e (VRtowHesf \wawé)d be stored inside
structures. etc. For instance, CORBA sequences have a

concrete type bei neamg st r uctNsmeolesntetiq iy t hree el enents. Get Lengt h
| ong Get Lengt h( vOi htrice/a Sduié4tioy cnstaht from the cnumeration given itd nithel ance | nst ance
of this sequence type. GetLength returns the length of a

particul ar i nSetitemBylndexi s sequence type. This nust be

i npl enent ed i n subgrBaEetenOfddeitemsiiRIdG Blong index) Cet MaxLengt h

| ong Get MaxLengt h(void *instance) = 0 _ I nst ance

I nstance of this sageence t \igiex of constant to retrieve. Get MaxLength returns the
maxi mum | engt h f orgegieRaN duistand lsath tle Reitdnéidiot giteh i Bk 5 R bam&HRiod YIHE index is
This returns the i)t trkidr FOGREIGhstfdy Waie to thd W@untdRliod siling r@Rrof Or t he

sequence array. This nust ' be inpl emented in subcl asses of

Vcr Sequence. GetltemCairitl enent voi d *Get El enment ( voi d

*i nst ance, _long GetItemCount() ° | ong i ndex) =
0 stance tance of this sequence type.

i ndex ?ﬂ'ﬂ’é&?"b“f“"é?%mm? B PETP % ve. Returns a.

pointer to the—speciiiod—eerpat—oi—iho—soguense——rdex—is—ettsi de t he
‘val i d bounds Class VcrSequence o -

Public subclass of VTypeData

VerSequence is an abstract class. ltdeﬁnaamblelengthmvwhoselengthmaybedetemmedon
an instance by instance basis. For example, strings would be implemented as VcrSequences.
VcrsStructSequence is also implemented on top of VerSequence. Fixed length arrays are also
described as subclasses of VerSequence using VerArray.

Public Members
VcrSequence Constructs a VerSequence object.
GetLowerBound Returns the lower bound of the sequence.
Protected Members |
PutConcreteType Sets the concrete type after creation.
Overridable Public Members | :
GetLength Retumns the length of an instance of the sequence.
GetMaxLength : Rmthemmmmlengthoﬂhuequenee.
GetElement " Returns the specified element of the sequence.
IsLinear Returns whether the sequence data is linear.
VerSequence Constructor '
VerSequence { VAtomRef name,

VTypeData *concreteType,
VTypeData *baseType,
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of the sequence this will return NULL. | sLi near bool _t

| sLi nea™Q 9608765 WO 96/ 06765 PCT/CA95/00513

PCT/ CA95/ 00513 - -126-
Ret urns whet her the sequence is a | i negis _sequence of the specified type. If
the return is TRUE then t e second el enent of the sequence
will directly followthe gt in meRe#§! | f | sLinear return
FALSE t hen the seguence mabee SRALSE nd can only be accessed through Get
El enent . &ii_ e Wﬂ:ﬁﬁﬁh subcl ass of Vcr Sequence

Vecr Array descri bg§seq %K “rb@y méﬁ?l xed length array nust have
fixed upper and jxsvaa boundswe,bmd.,m. ‘bound is not restricted to
zero. ' Pubk i V& Ver Arr

Constructs a Vcrgg N?:zée em"b’m“mWa m&o 'F’ﬂ’(l:‘tlmfmm"[m

Ver Array( : VAtonR name,

VTypeData GetLowérBorhi e, o - ' | ong

| bound, Iong | en)

name mﬁe“t?weﬁlmsm%r)ray type. el enlype Type
of the el enents M’”PH‘&‘“&?W“"“‘“MM“‘”““““‘} bound . - Lower bound of

the array i | en ' Length of the array.
Constructs W?‘iﬁ%{ﬁ%‘m ect which represents an array. The array is fixed
l ength with a | oVRéf PutConcreteType (VIVRpRDatH] *SemFEeeTY®eInot required to be zero.
Class Vcr Struct Seq";encg lﬁg%ﬂ@ubc ass of Vcr Sequence

Ver Struct SequencEFEPTEIRRt TPy ®h is defined as ‘a structure

cont ai ni ng menbefusConsreteType scts the agugl peof the sequenertafier creations Thintypeid thaagfuah, and a ‘
pointer to the a3 w@mwwwemﬁmmrﬁsE%mhma

Ver St ruct Sequend type being a structure confajifg upq flementsy \/cr St r uct Sequence obj ect .
Vcr St ruct Se Const ruct or Vcr St ruct Sequence( VAt onRef
name, : VccStruct

*concr et eType, long GetLength(void *instance) = 0 . VerStructltem

*| engt h, '

instance _ Instance of this sequence type. -
GetLengthrem:thelenglhofapm:ularmsmeof!hsseqmtype. This must be
implemented in subclasses of VerSequence.

GetMaxLength

long GetMaxLength(void *:.nstance) - 0

instance Instance of this sequence type..

GetnaxLengthrenmthewdmmnlmgthfm‘npmicnlariﬁsmofﬂﬁs sequence type.
This returns the maximum allocated length of the data storage for the sequence array. This must
be implemented in subclasses of VerSequence.

GetElement
void *GetElement( void *instance,
long index) = 0
instance Instance of this sequence type.
index Index of element to retneve.
Rm:pomutothespeuﬁedelmtoﬁheseqme. If index is outside the valid bounds
of the sequence this will return NULL.
IsLinear

boecl_t IsLinear() = 0
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VerStructltem *maxLen,

Ver St r uct IWe 8608765 *array, _ PCT/CA95/00513

| ong | bound) WO 96/ 08765

PCT/ CA95/ 00513 ' —126- ' -127-
name Nane of this array type. concreteType

Type of the physi cReunisaiethet thapkquenbeds &\nepn ecpsese pfitisaiefified type. If the remm is TRUE | engt h
Structure field mwemrwemgww%nwwr folidyicthesfisgy ipomprmery.  If IsLinear

maxLen retumiFALSE thepthe sprusnes apbe spfscand FElgRenthe
sequence. array Structyre field which
represents a Q:tlasEVcrm e sequence dat a. | bound

Lower bound o

é the %indl ces. “Contructs a
Ver St ruct Sequetilis sy E HUFESr esent s a sequence described as a
-~ structure conVerrrian desaibesgixed tengthoyray |Adixdd dengitt drvay mpsbhave fived bnpes gridtiowerchowkdspoi nt er

to the data. T“FWB%@MMWWM type of this sequence is the base
type of a”aypﬁl;rﬁ@ﬁﬂ ray->Type() nust be a " Vcr Poi nter or

Vcr Ref er ence. ss VerString Publ i ¢ subcl ass of Vcr Sequence
verstring i s an ab&rhemy cl ass whi ch Genstowts H\scamay obiest.i abl e | engt h string of

characters. E ﬂamp store its data in any suitable format.
For instance, @? gﬁﬁ%&gﬂbcl ass stores the string as a NULL
term nated |inear YdsFast ch@Femleers. "MBasic string woul d be stored as a

length followed by a Iinear "3??‘39“' velegfYPehar act er s. Publ i c

Member s Ver St ey ;; ' i’”’;’“d Constructs a

Vcr String obj ect. ' Vesad ng Const'ruct or Ver String(

VAt onRef - name N@NE, Name of this array type. VTypeDat a
*concret eType, " elemTvpe Typeof the clementsin thearray. V1Y peDat a . *baseType,
I'ong I ) Lower bound of the array/iididds. Nanme of this
string type. len Qegtoftheariype Type that this string is built '
from onsdiLs represkalsdiy ring of. -
This nust be eit hqima me M%wéwm%ﬁﬂﬁsl gned
character. | bound Lower bound of the string

i ndi ces. COTRtTUCtS a VeT Sty object—used—to-Tepresent a
string. This €lasssVierStmct S%Pﬁ@?ebase cl ass upon whi ch

di fferent i nppubliesiblasoof VetSeguénc8gs can be built. Cl ass Vcr Any

PUbl i ¢ subcl %&s&ﬁcﬂwe%%uammBmuammmm
include a length, a maximum length, and a pointer to the array of elements.

Public Members
VerstructSequence Constructs a VerstructSequence object.
VerStructSequence Constructor _
VerStructSequence( VAtomRef _ name,
versStruct *concreteType,
VerStructlitem *length,
VerStructlitem *maxLen,
VecrStructitem *array,

‘long 1bound)
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Vcr Any is an abstract class which defines a data type which can contain a

val ue oWwowsmsms several types. This type is used toPdEOA9SIOISYPES such
as OLE 2.0 VARI ANT and CORBA any. VcrAny types can be - transparently
converted betwen each other provided that the type of the val ue being
converted is contained ~in both ipypyes. VerAny differs froma union in
that an instancCqame NOt I €Nahd ot ehray GpeCONt @i Ning a value froma fixed, - -
predefined, set cdhcsghitkfaiee TipebftR@Rysical layout of tisepleiceitsblE TheEr S -
~ Vcr Any length Structure field wiish représtuitsaiic Sength of/é sequgncObj ect
Pr ot ect ed - MenmbemgxLen Field whiclirepreSnts the mxizifiy jeagth of the sequence. Sets the
concrete type aRf&Y creatléwmmmmmmmmm : '
PCT/ CA95/ 00513 1bound Lower bound of the sequence indices. - 128-

Overri dabl e Publcommstmctsequence object whicK\tpeegents a sequence described as a
Returns |ist of @mmmwﬁmmm.mwmmmm The base

Returns the typ&Poff ithe ibgse| type oS mpgewe>Type (). - array->Type() myigtibee

Returns the act Ma*r”vaqeﬁ@ FERSAPReAER speci fi ed i nst ance. - Vcr Any

Const r uct oc Mer Any( : _ VAt onRRef nane,
VTypeDat a Class Vénstm-rgt eType .- = = name "~ Nanme of
this type. concreteType Concrete type of this- any. Used to

support pag’g}’lffgsugﬂﬁssp&ﬁ?fﬁﬁﬁﬂﬁ om Constructs a Vcr Any
obj ect whi (thsrteg:wemﬂah&’ destribesia vasiahie iength steiig of chamgpters f Eagh ssiglss o Ot her
types. Thi &oF in, pry tsyitalle fogpats Forinstancs, thet 7 sthing pubdiess peresdhelstring s5AWVLL O def i ne
. generic tygég‘“ 164, er gy of characters. A Basic string woyld e sigprd aag Aqagtinifiowed by a linear array

Put Concr et voi d Put Concr et eType( VTypeDat a ‘
*concr et eT:ls? concreteType Type that the any actually is.
Put Concr et eType set{lser?he actual type of the any after creation. This type

is the actual tV§rEtsing ViorsEwets ¥ edudne Bliscls t or ed i nsi de struct ures,
etc. For i R&kStin C(ﬂ?&ﬁetoi‘ny S have a concrete type _ being a
structure cont | . Types VTTypelLi st
Types() =0 ab‘“ Y\D&t % 2L Urns .a subset of the list of types
whi ch nmay be contained i t n bhder GDEP I'f the : type
can contain any or type tﬂ,ﬂ,\,g this slg‘gﬂd feturn an enpty list. If the set
of types supported © is fully dynamc then an enpty i st

shoul d be returnae This | Nadeolituinghy@nl y be considered as a
hi nt about what cw;qxese'lamel Thpé than thid striag)js beild Aéntli N.

baseType Type that this will be a string of. Tlusmﬁitbeeﬂhersnpedor
- unsigned character.
lbound Lower bound of the string indices.

Constructs a VerString object used to represent a string. - This class is an abstract base class
mwhchdxﬂ'emtmplmmmofmngsmbebum '

Class VcrAny
Public subclass of VTypeData

VMyummmmmammemamdmo{mm
This type is used to define types such as OLE 2.0 VARIANT and CORBA any. VcrAny types can be
transparently converted between each other provided that the type of the value being converted is contained
in both types. chnymﬁu:ﬁmammmmnmmameummmwmguvﬂum; :

fixed, predefined, set of different types.
Public Members _

VczAny Constructs a VcrAny object.
Protected Members

PutConcreteTYpe Sets the concrete type after creation.

SUBSTITUTE SHEET (RULE 26)



TypeO VTypeData *TypeOr(void *instance)= 0

i nstance wossmsrdsIstance to query. TypeOf PCT/CA9SI@HR type
of the value contained in an instance of this generic type. If the type
‘cannot be described to the type managenent system then TypeOf should return
NULL. Val ue voixpg-val ue(void *instance)= 0

i nstance Ovenf&%tl@pﬁ id M . Val ue retrieves a

pointer to the value contained In thi r]er ct Thi s may return NULL
i f IYAS2 i nstance does d ass
Ver Uni onltem Valug“bl ic subclass ofg @mmwmmﬂgw 08765

PCT/ CA95/ 00513 -129-
Vcruni onltem dktAnyeQmsﬁuﬂbﬂ in a union. includes the field nane, type,
switch value, and @fhs@t | Nthcomres thﬁmanl on. The offset will typically be
zero for nost machine archi teghetats. *Rondrésdrggase of this class cannot

be assigned a type code. Publ i ¢ Menbers - Vcr Uni onl t em
Constructs a Vcrunhsow t em obj Nee of this type. Val ue

Returns the val ue wnarstelyeei £ingee tyriq ofithisapy. dsqd ip syppst pesging apd fetuming from

union field being used. fanetiongni onl t em Const ruct or

Ver Uni onl t em( mmm:v&éﬁﬁpmfvﬂuchwuypewmhmmyoumofm
VTypeDat a types. This is dntabw@aby/pse class which must be subclassed to define generic types such as

Val ue any and VARINNT| ue, :

| ong of fset = 0) name Nanme
of this uni onPFFQ‘PQPfeteTYPe t heType : Type of this union
field. - void materereteType (VTypeDafai*taicretatype) of this fiel d.

of f set " Ofset .of this field within the union (if not 0).

Constructs a Vcr UnFeprreteRyes; Evpe tap e eopacpallyisesent s a field within a union.

I'f this field i s teutconcreteType sets the actng typdf the ehy hfteridréationf idd type isfthepeualtzpe ue nat ch
is found for anot hehichfwoald bk stoled insideasirugeress £16 LHorinsaace, CTORBA pry’s have a concrete type
kVTypeVoi d. Yéirig & eiructure containing two element| ue Val ue() Val ue
returns the vglue of the switch val ue for this field. If the switch item
paired with aiYRf®n :
V'I'Typel.ist Types() =0

Types returns a subset of the list of types which may be contained in this generic type. If the
type can contain any other type then this should return an empty list. If the set of types supported
Bfuﬂydynmcﬂmanemptyhstshou!dbemned. Thuhstahmﬂdonlybeeonuduedasa
hmabmtwhattypesmmstmemvmmn.

TypeOf

VIypeData .*'rype0£ {void *instan_ce) = 0

instance Instance to query.

TypeOfmthetypeofthevaluemnmedmanmsmofthmgmctype. If the type
cannot be described to the type management system then TypeOf should return NULL.

Value

void *Value(void *instance) = 0

instance Instance to query.

Value retrieves a pointer to the value contained in this generic type. This may retum NULL if
the instance does not contain a value.

Class VcrUnionltem
Public subclass of VerStructitem
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is this value then the union will contain a value reprsented by this field.

d ass VowQné/asrés Publ i c subcl ass of VcrAny .Vcr Uni moridedsionsss an
abstract union type definition. This serves to allow a common base for all

di fferent " layouts of unions. For instance VcrStructUnion is a union
which is itself defined as a structurl9- This structure has an .

enbedded st Vexthimndteielings agivlil in® lanidni & lincludes e ficla @dme] typR,Awitth valil il bitsd ight be one
whi ch it sel| fheunion: Thipffset wil} typipslly beizerd forajodd mackineerrchictiu@! Arbinstabice br tifis cbs@danit ght be

out si de t hebesfgedappecedae cont ai ning type for this subcl ass of

Ver Uni on. ic_Menbers VerUni on _ '
Constructs E“V&?Efﬁ“b%bj ect. - Ver Union Constructor

Ver Uni on( VAt ¥feifonI tem Constructs a Vcriigion] tem object.

VTypeDat a Value *concr et emé value which specifies that this-igthecurrent

Nanme of this union Wp%ncrete type of this union.

Constructs ¥cidhiohitem Cotsaubtophi ch represents a union. The concrete type is

the structure ... ) V\hlvgpomgeetri nes then&%t ual layout of the union
itsel f. WO e EB7EE VTypeData +theT -

PCT/ CA95/ 00513 VWalue epe - 130-

Cl ass Vcr Struct Uni on Publybgg subcl ass of ;yuld; Ver St ruct Uni on
defines a CORBA style union type definition. The union is built by defi ni ng
a st ruct urreameont ai niNage ofithis wiida@éld.f i el d, the fiel d which determ nes

whi ch sub fiel d theTydee uniTepe ofttids wisefjeldand a nested structure contains
the fields of tiwalectual Swichraluedithisfisldf | el ds nust be i nstances of

Ver Uni onltem  9ffsetgt oq@iestof tis fieh] withinthe priqu(if not 0). Publ i ¢ Menbers ‘

Ver St ruct Uni on - Constructs a VerUnionl tem objecOatikh irdpids@hitSa fbid Wedidh drkibi.t igmis@iag Rl ect .
_ Ver Struct Uni on @gthdgfu@‘tﬁ;ld;fnovducmwhlsfomdfoi«hﬂﬁﬁdm&muﬁla(shqﬂdbeot npe VAt onRef

nane, kVTypeVoid. VTypeDat a

*concr et eTy, ﬁ L . . - VerStructltem
*svmtchlter# : VerStructltem.

*uni onltem VValue Value() nane Name of this union

concret eType  CoafiedéoiusiihéRie of tesiikes vait ioPtlis field If the switch item paire®WinaGlllal €M It eEm

in structure mhmhs\dnémmemwnmﬁhafwuﬁl:dréuhamm current | y

Class VcrUmon
Public subclass of VerAny

VerUnion defines an abstract union type definition. This serves to allow a common base for all different
layouts of unions. For instance VcrstructUnion is a union which is itself defined as a structure. This
structure has an embedded structure and a switch field. Another type of union might be one which itself
has no switch field The actual switch field might be outside the union in the containing type for this

subclass of VexUnion.
Public Members -
VerUnion - Constructs 8 VerUnion object.
VerUnion Constructor
VerUniond VAtomRef . hame,.
VTypeData *concreteType)
name Name of this union

concreteType Concrete type of this union.

Cmsum;VcrUnionobjectvﬂnchwam meoonaetetypelsthesmme
which defines the actual layout of the union itself.
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cont ai ns. uni onltem ltemin struct which is the

nest ed st wrdeaseescont ai ni ng the union - PCT/CA95/00513

el enent s. Constructs a VerStruct Uni on obj ect whi ch
represents a union. The concrete type is the structure which
defines the acual Iayout of the unionte48lf. Cl ass Vcr Opaque

Publ i ¢ subcl Ty VCrOpaque 1S an abstract cl ass which
defines a tyggf%% FIKTI m%. tion. This class provides nethods

whi'ch al | ow iRublicsubzlass ofn¥Vedimens t o known types and al so to cast known type
to this opaqugréttl&union definesi EORPAGHR ulibldieUeimRitn. 218 ublshSsl bdilPoy REfigduce types

into the typeamiRrIGRRindiwibh 735 Shel (ad A detRRlals WhickIsub B4id 68 the union to &€, eddle Set oOf
possi bl e f undissie Riuéire dasidns the Hélds 6the biyifaimion. THese T st BSinduhced it VEJVATHRELeHLIST De

abl e to cast imtddiefverstructitympes to and fromits internal representation.

Public Menbers . Vcr Opaque Constructs

a Vcropaque db}hb@tMembers Prot ect ed Menbers Put Concr et eType
Sets the concr et e veygteuatbhidh Creat i OnConstructs a vefSteuctumiahbigectPubl i ¢ Menber s

Cast ToLi st . Returns the list of type to which this

can be cast. YerStructUnion Congueter o j st ~ Return the

list of types whi Okrssawctbmiopfst VASomBwfs type. name,

CanAl waysRever seCast VIYyPERatar m nes maqareverm,s type can al ways
be cast to the VerStructItem *switchltem, SpeCIfled
type. CanSoret i mesYETEMSEARt ERtELmhes whether this type .

may sonetinmes be cast to Name of

t he specified typniml Sgonstruct '
Constructs an 'nS§53§§§3 mt %Qﬁéﬁmgmm&&ﬁMy

correctly cast copy of the inRgh@fce of this type. Rever seCast
Casts an instance vafordrtes tYMEWWWMMWV\D 96/ 08765 .

PCT/ CA95/ 00513 clements. - 131-

Ver Gpaque Const ru%&&mawzam tUnion M\%%ﬂ moqae&namtypexsthe narre,
VTypeDat a struRhie Wiidn Qdnad ﬁiacmallayomofmemmmelt‘ name Nane- of
this type. concreteType Concrete type of this opaqgue type.
Used to supp ST arTd retorning from
functi ons. lt':tasga@‘“’dﬁa‘l@ﬁnstructs a Vcr Opaque obj ect. The subcl ass of _
this. type wi |public sibbldss of 'VTgpeDatart i ons for all t he virtual

met hods. Thi g %H.%&MS&M% Sl i "0

0pAGUE | YPLS Ve b ¢ e i 3k SR o cfl Al

Put Concr et eTXIQf'OpaqueMmuudmmummmmewmgewhmhmmmlemm '
of the set of possible fundamental and derived types. A subclass of VcrOpaque must be able to cast other

types to and from its internal representation.

Public Members :

) VerOpaque Constructs a VerOpague object.

Protected Members ‘

PutConcreteTYpe Sets the concrete type after creation.

Overridable Public Members :
CastTolist ' Returns the list of type to which this can be cast.
CastFromList , Retumn the list of types which can be cast to this type.
CanAlwaysReverseCast Determines whether this type can always be cast to the
CanSometimesReverseCast  Determines whether this type may sometimes be cast to

the specified type.
ReverseConstruct Constructs an instance of the speclﬁed type which isa
correctly cast copy of the instance of this type.
ReverseCast Casts an instance of this type to the specified type.

SUBSTITUTE SHEET (RULE 26)

——— .
&



voi d Put Concr et eType( VTypeData *concreteType) - concreteType
Type t hWO968876paque actual ly is. Put Concr RETGARSN8HBs t he
actual type of the opaque after creation. * This type is the actual

type which woul d be stored inside structures, or passed to functions as

argunents. This type is  -13eeded to manage putting these opaque -
obj ects on Wg qrelComsttaeor| Y for passing them as _ argunent s
and receiving t et UnbSimes namecast ToLi st

VTTypeRef Li st Cast ToLi st ( hrypeBata .conc,ete-rypepastToLl st returns -a partial -~
l'ist of types which any instance of this type can be cast to w thout

| oss of infornathame. This |Namkoftstnipypes can be used as a hint to a | anguage
interpreter to dewmicdeteType Concrete type of thisiapegue type. dieed teisupportpmssingas ance of this
type. Cast Fronli st  retuming from functions. \/TTypeRef Li st CastFronList() = 0
Cast Fronli st r etcohstfictsa vPsophdu lobjdel. The sabiclads yfusypeilihovidtinpibRutdGttor ID AN

I nstance of t hi Sthdviffast methods. This abstract class just defir@s i frainéw@sk fob fntegritingdpifad tipesinte Thi s | i St
of types can be tsydmmegementsisirtr. t 0 a | anguage interpreter to

deci de what_tg do _with an instance of this type..

CanAI_WaysRe'«7‘&'1(39993%1')'!’e bool t CanAl waysReverseCast(VTypeData
*type) =0 void PutConcrelyType (VTypeData *concrBy¢mypé)0 conpare i nto.

canAl waysRever sCast deternm nes whet her the specified type can be cast to
the current concreteType { Typrdhat the opqye scalliisit | ons wi t hout | oss of -

i nformati on. Thimttshctdterype \say theactihl tymaf the shaqué after creation. This typ: is tisathdl waysCast ..

For instance a Sivewhichomild bd sweey Bisideatnemed, ortpassed tol fignaipns alo arfumentd. \Thi€ §petiaii N

i nst ances of | ormgedeiam nismecpting these gagee tobject lwn she\gtaek| @imactit for passing themen| y f or ‘

short to |ong. argumentsangseortying theh seegMRey o1 SeCast _ ~ bool t
CanSonet i ne S Cast(VTypeData *type) = 0 . WO 96/ 08765

PCT/ CA95/ Ooéﬁsi*e{' 5? ' -132-
type ' VTTweeitLosfcemavIest@ =0

CanSonet i msRevwasmcManmehhmmwmwwﬁm be cast
to the loss of informafioh IThiMfist é\Yype@ cinrbe 852418 achint tALb langnigk in@ipie@its datidé hout | 0SS

of i nformation. whititedowith an ingtancenfibis . di r ect i on of

- Cansonet i negCast. For instance a short can al ways be cast to a |ong, but
only certai romList i nstances of |ong can be cast to short. This
woul d return truaTffeReflast cagrsmLher) *hort to . | ong or

| ongtoshort.  castrrodRYe€ FefufieR pittel AE5F types which can be cast to an MA@ of this type
Rever seConst r UC twithout loss of information. mﬂuonypamuueammmmmmm
Vcr Dat aRef &t@de%domthanmmoﬂhutype.

CanAlwaysReverseCast

bool_t CanAlwaysReverseCast (VIypeData *type) = O

t&pe : Type to compare to.
Canalwaysaeversec“tdaqmwbﬁhcthespeuﬁedtwembeaatotheqm
type in all situations without loss of information. This is the reverse direction of
CanAlwaysCast. For instance a short can always be cast to a long, but only certain
instances of 1ong can be cast to short. This would retumn true only for short to long.

QanSomeﬁmeéReverseCast

bool_t CanSometimesReverseCast (VTypeData *type) = 0
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I nstance I nstance of this type. to

(1 nput & RWQ9608765,pe of final object to be constructed and BS31GAIS00%13

new y constructed itemon return. ~ReverseConstruct builds a
new i nstance of the specified type by casting the input object-of

this type to the requested type. This pamsbarns the opposite direction of
constructi on when type Typetocommarepar ed t 0o Construct. ReverseConstruct
shoul d al | ocate a buirdsohietlifusrévaeseREst deRimihesEifdther the specified type can be @RjiCGE . The
réturn val ue shoul deueent tyjetn seherealiiuatioRwvithdt/loss 6T aifominia.  THid is thén@ves¢ dingdtichaol

i nstance coul d not CansometimesCast. For ingimwcerrashibrtt can dhimvsche tagtiea bang,rhetvoly yengimul d not
be al | ocat ed Rever singasees efrlgng can prsgpt 8 shestey This Would retum true foReagting sith@phert to

| ong ReverseCast( 1RAgiogtongto short. *i nst ance,

Vcr Dat aRef to) =-0 : i nst ance I nstance of this
type. ﬁevérsecinbsn-uct _ Type of and pointer to instance to
fill. longeReexpetngtrugti | dyot new i nsimapwrseof the specified
type by casting the input object of thiV§sRajpfef &to) =0 to the

specified type. Rever seCast p
conpared to EaRCe oY
for the new type i n§ ance but 00Ul
supplied buffer which is guaranteed

rfor ne. the opposite direction cast when

,‘ Meggo%emsg%edal lacare a buf f er
T‘?‘P@“

use the
arge enough to fit the t¥ The

return val ue R“'““E ""5‘?? §f‘5‘e"”6‘f‘°“t"ﬁé Wl“ﬁﬂ"&ﬁ?&%‘ If the
original instance c nDry
could not be alloc °m' eve:“lcﬁgf:“ﬁ‘fk mﬁt'me

passed into be cast to this oo b R\ s bd ol %mamtm £ ch
should be fully overwitten. . CI ass VTypee ngtger l i C

subcl ass of VPRevwseCast VTypelvanager nmanages type descri ptlons. Thi s
ci ass can store typfmﬁeksegusgusgps vggg; provige pigue id's
e

(VTTypeCodes) for each unique typ Riddet i Q&b e?e will typically only be-

one type nanager per process. i c Menbers

VTypeManager instance Instance of this@p&L I UCt S a VTypeManager obj ect.

Regi st er to Type of and going@t tSihstne todilNew t ype and returns its

VTTypeCode. " Reversecast bWREFIEW bl Sfine ed type by the Nyl €5 the
Uypel manager that. onumecas At o eefukStls it ety cuiog e s s o

del et-ed. Cast. RevEHeBARIskOAA fick Ao b buffer for the new type instance biAPaIShnidad a t ypE

W th persistent typeBosiglied buffer which is guaranteed tolb® Rigk!Ehough to fit the type. The return value
Ret urns the descri phouliirbe Gk siz of tiqxew thistabes 1fi thedrigibhilinyaadeedild not be cast to this type or

SanelLayout memory could not be allocated REedreequs T should pwh ) cThe inktageetbufler pagspidmo ar e
equi val ent this routine may contain garbage and as such should be fully overwritten. (al t hough the
nanmes of sub-elements may differ) WD 96/ 08765 :

PCT/ CA95/ 00513C]ass VTvpeMan .
-133- %% a)% Cast Det er m nes whet her

the first typepl@&ﬁs‘&hwgfm to the
VTypeManager manages type descriptions. msdmmmqpedsmpnmandpmndemqum
(VITypeCodes) for each unique type definition. 'I'huevnﬂtypt_allymlybemetypemmg«pa

process.
Public Members _
VTypeManager Constructs a VTypeManager object.
Register " Registers a new type and returns its VTTypeCode.
TypeDestroyed Notifies the type manager that a type object has been
RegisterPersistent Registers a type with & persistent type code.
Lookup ' . Returns the description of a type given its VTTypeCode.
Samelayout Determines whether the two types are equivalent

(although the names of sub-elements may differ)
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CanSonet i nesCast Det er m nes whet her the first e
500815

sonet i NS0 HE0STESS t PCT/CA9:

t he second type. ~ SizeOk

Determ nes the size of an instance of the speC|f|ed type.

Const r uct _ Cons¥ructs ‘a copy of one type as anot her -
type. CanAlww@aat Determines whether the first type can alwagastssto ) | nst'ance

of one type to another ty second type. Enpt

Enpties an inst aﬁt‘b’%‘f‘*{'ﬁéagﬁpec, fi ed
Di scards an instgnce of the specifi "'—F-‘

Returns the nane g specified type " P
Ret urns the hel pcgﬁ;or mati on of the (ffﬁ/:ﬁwmmm VTypeManager
Const r.uct or Empty VTypema instance of the specified type, CONStructs a

VTypeManager obj efgcardAfter creati on gy hniRkBncB ¥ 0@ GBditied §pe’ €2dy tO perform
casting and to regenase and Store ty[Reanfahehbmheaf tiddftified type.

VTTypeCode Regi stwrefiafpypeDat a *t ype)Retumns the help information of the spiedifi2@ type.

Type to regi [ Regi ster will register a newtype with
the type ma FM%“PSF‘EC?ES‘H'&%m ned that this type is

i dentical to an ¥¥psMapperype (using VTypeData::ldentical) then this type
description W || Constructs a vTypeManager obmgmmhahsmﬁmhﬁ&rmeﬁodﬁpa&nt he :
exi sting type wheéaging dndto ecrive sl bterertype deschiptioss. Wi | | automatically

be called by instances of types on the first request for their type code.
There is noRegister reason to call it directly.

TypeDestroyed  vrrTypeCode RegistetQVIypdDARE Degrel oyed(VTypeDat a *type) ‘
type Type bei ng destroyed. TypeDestroyed :
notifies the typ&Reanager Typrdaregistet.ype has been destroyed. This allows the
type Regi s 83 Rakegistet Ene® kypeaith th tyPe \bhndg@ NI H G detkrtinginat this tion used

i n determ ning tiatcalaeandkisting/type (UingSVTypeData: : Identical) tizkIthis kype n called

before the type ®bjiwethei smeavtnypddoge iy thedxiging1op: Mikd ib \eipivalemnn idis wilhy need
to reference fi etugmaticlly bevalled Dyrinstancey pf tyneq3n the, firyt requastier theinitypeypode.aThers isnbii s af t er

all references t7saseuigsall it directly. type di sappear but before deleting the
type. t er Rersi st ent ~ Regi sterPersistent( :
VTTypeCode Tﬁ%@%ﬁ‘é’wd VTypeDat a
*type) ' void TYP'%M“‘(VTYP@“! *typePer si st ent type code for this type

- type -__Type des )tion to register.
Regi st er Per si st FHPewi | | 13?' pe description wt h the t ype manager.

The type rmmazromemmmm@*mwmmmwwmode These
type code nust MFI%@EPM"BM mmg@”’dmdﬁﬂmnstmmm §1umst hod is

used instead of W med) the type
manager. Once a B‘l“ elig Bisofre of isnordhter it owil |

exi st as |long as pe manager exists. The fundanent al

type obj ectRe. égigﬂ% |y caII this method on creation so
need to ca

there is no it -directlg. :
RegisterPersistent( VITypeCode tcode,

VTypeData *type)

tcode Persistent type code for this type

type - Type description to register.

RegisterPersistent will register a type description with the typemanaga The type
description is given the specified type code. Thuetypecodesmnstbenﬂowedbyvmsdge
This method is used instead of Register so that predefined types can be added to the type

manager, Onceapunmtypeobjeauaddedtothetypemmgernmnmulmguthe
typemagaexms. neﬁmdmmmwpeobjemaumucallycaﬂthlsmethodonmonso

thetexsnoneedtoenlhtdmcﬂy
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WO 96/ 08765

PCT/ CA95/ ESSBST6S PCT/CA9SI00S33,
~Lookup - VTypeData *Lookup(VTTypeCode type) type
Type to | ookup. - Lookup returns the type definition for the

specified type code and return it. |f-134i-s type is a
fundament al tDgkupr is currently undefined in-this type manager NULL wil |

be returned. wﬁm%%‘wrwecwe type) bool t SanelLayout ( VTTypeCode
t ypel , - VTTypeCode type2)

typel Ems&t typer,tpewuaﬁpfor corrparlson type2
Second type to us codS Ay # Ui wil e s 71 Nes
whet her e Spec) Lepie R aaeare et e ptet BT € R RE e

true if all subtypes, sub fields,. and offse s match. Nanes and help

i nformation Sageldyoed be : conpared. This nmethod is called to
determ ne casting ssi way s Cast “bool t
CanAl waysCast ( bBel2? &ih%§ p@égfﬁé::: Caﬂﬁ;, _

VTTypeCode type2) ypel First type to use for
conpari son. typel t FifdQype to use for comparison. Second type to use for
conparison. - type2 Cmﬁbmysmabm m nes whether the first type

can be cast to th%aﬁ%&‘&@d&éﬁﬂ&%&kﬂe are identical inYhybukl 2Fnis @BRd MbwlaNOUT ~ | 0SS

of information. Fehe i AShApPeEsub ickda, qmom, ViRiSs sa€hefpAsibrmition doulddCbe DUL
only certain mstamea@ﬂud.emagsﬁmwa&nmhuﬁg@osﬁm This would return true

only for short to | ong. CanSonet i mesCast
bool t CanSorGanAlwagsCast VTTypeCode typel,

VTTypeCode tYP@8d1_t canAlwayscast(  [Vi@@decode typei, First type to use for

conparison.’ type2 VTTypecodaeC Qg2 ype t o0 use for

conpari son. . CanSonet i nesCast determ nes whether the first
type can be cast tppelhe secEirstiyre pyw for ompagisen + or all situations
wi t hout | oss of i m¥pearati onSecmdtypeilepsgforqemparionshort can al ways be cast to a

| ong, CanaliidysOi¥t)deterintsOihiathdr 18 Lfirsh) feScad be ¢adt i) the addond aype tasdll t O

short. Thi s woul d situstiohswithduf 1os€ of firfdimaiéhS For i)ance a short can always be @stitdecYong.lb@tr t t o
| ong or | ong to s ledydemain instances of Yingy can hesast to short. mmmmwlwgnnent

(VTTypeCode type) lonq type Type to get alignnent
for.. Alignment returns the alignment required for instances
of this type Can§ specified I n nunber of bytes.

For exanpl e an ei ybél_ bﬁaescdnulmleﬂ:ant(ghﬂrmcm e typelbe al igned on four byte
boundari es in which case this nethod Vigwbe§odeet LR¥YPe2dour. The | owest possible
val ue i s one. _

typel . First type to use for comparison.

type2 Seeondtypelouefcrcompmson.

cmmtimesustdﬂmnawhﬁhsﬂwﬁrsttypembeustbdmmdtypemmz

or all situations without loss of information. For instance a short can always be cast to a 1ong,

huoulyeuhmmmaflongmbemtosho:t This would retum true for casting

either short to long or long to short. -

Alignment
long Alignment (VITypeCode type)
type Type to get alignment for.

Aligmentmtheahmemreqwedformmqupe. Thealxsmnanspecxﬁed

in number of bytes. Formplemaghtmdoublemghtbeabletobeahgnedqnfmn'bym

boundaries in which case this method would return four. The lowest possible value is one.
SizeOf

long SizeOf( VITypeCode type,
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Si zeO™: | ong Si zeOF ( VITypeCode type, WD 96/ 08765

PCT/ CA93Y®968/08365 . PCT/CA95/00513 . 135.
voi d *i nstance = 0) type : Type of the

I nst ance. , : i nst ance Pointer to instance to use for
determ ni ng si ze. Si 7d@P-returns the size of a particul ar

i nstance of the type. |f t¥&d nstancé“ﬁ'df’?ﬂ 8r% s NULLThen o
Si zeh shoul d regurn t he SJ‘.Zef& g ‘instances of the type if the size is

fixed. If the'si é%-t 20 Pomer mwmmdgg&@&% is variable SizeO should -

return O or negatlve ruct | ong Construct (
VTTypeCode or m msthemofam?ﬂummoﬂhctype. Ifthcmmncepomm:smmhm voi d
*origi nal , t"::zm:lm?:“mw'fmm“@ﬁy'ﬁmf newt ype,
voi d | **1ns ance} BBV | gtype _ Type of original
obj ect to ugRnkPdctCOPYi ng ori gi nal Pointer to

ori gi nal newt ype Type of target

object fo cQ
obj ect Lég °9'¥“Hs'f ancemyp"c“e( Réf’(ﬂ’ ‘new i nstance of target type.

Construct builds a new i nstancev.rgipegm tgw" Ype by casting the input
object to the target void LYPGuyyd Q,%._L uct should allocate a
buffer for 'the new returned object. The return vaI ue shoul d

be the size of téfigepe i NStypobeigindl bbjett Rsedr bogyiigal | NSt ance coul d not be cast
to the target tycigonal Pomtertomsmlob:ectmammcoul d not be all ocated
Construct shoul dnewsype n 0. Typeof targetobjeptst | ong Cast (
VITypeCode  oriipsfpece  (Return)new instance of target type. voi d

*original, Construct builds a new instance of the target type bfTchsyiipQheQifht objedt @l thietarget ‘
void - type* Cond t1mac ghpuld allocate a buffer for the new re@nkdiibigth) CThe return valuk yogd Of

. original object tYeahesgeofthe newCiogumaie lf the original instance could not beOdast @i tiethrget type or .POI Nt er
to original obj eesmonyeouldoghe aflgctiegiConstruct shouldretum 0.  t Ot ype Type of
target obj e&t ) i nstance Pointer to where to store the
I nstance. Cast builds a new-instance of the target type by
casting the inputonglsjaset (WOTyHeCodear geigtippe. Cast sboul d not
allocate a buffer for the védv t ype i*asiginsde but shoul d instead use the
suppl i ed buffer - VITypeC |cf‘f°$3§"guar anteed to be | arge enough to
fit the type. The return Vi shoul'#P%&ehe size of the new
I nstance. If th | nal t . to the target type or nenory
coul d not be %i%ﬂ'& :ﬁéﬁ:ﬁ"‘p B ? uId return 0. The instance
“buffer passed i niRybdll S [ Oryfelofiiiget@pceCONt 1 N gar bage - . and as
such shoul d be fifski¥ndayer WoidelitEwhere to store the instance. :

Casthnldsanewmoﬂhemtypebymthempmobpamthemgettype Cast
Mmﬂmahﬁeﬁrﬁewwwmwmmmempphedhxﬂh
which is guaranteed to be large enough to fit the type. The return value should be the size of the.
new instance. Iftheongmnlmmamddnctbemtotheurgettypeormmrycmﬂdnotbe
allocated Cast should return 0. Themmbnﬂepauedmothlsmunnemymmgubage
mduamhsbouldbeﬁlﬂymetmmm.

void Empty( VITypeCode type,
void *instance)
type Type of the instance.

instance  Instance of type to be emptied.

'Emptyunpuesouttheeonmtsofanmmnoﬁhetype ‘Ihsshouldfreeallmemmvallomed
within the instance but it should not free the instance itself. To free the instance itself Discard
should be cailed instead. '
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Enpt y void Enpty( VITypeCode type,

voi d WO 96/08765 *instance) type PCTYGAIS00S13

i nst ance. : i nst ance | nstance of type to be enpti ed.
Enpty enpties out the contents of an instance of the type. This should free
alkl nmenory all ocated w £h3é-t he i nstance but it shoul d not
free the inStP?ﬁﬁr tself To free the instance itself D scard

shoul d be cal nstea WO 96/ 08765

PCT/ CA95/ 00513 void D;scard(V‘l"I‘ypeCcde _ : _ -136-

Di scard voi d ﬁlscar d(VT'Tmpe'afoéle type,

voi d “Efpal @NCE) Type of the instance. . type Typeoft he

i nst ance. instance | nsm,amawwbewmtance of type to be discarded.
Di scard enpties ou Sl e Sonles G G o free
al | menory all ocat&1 Eaﬁﬁmmwm‘m‘?ﬂ' Efens ance an Mm?wee t he

i nstance itself. TypeNa VAt onRef

TypeName( VITyFgpeName Y pe) - type Type to get

i nformati on about retrieves the name of the
specified type. va“%':ﬁmnetE Tﬁgwlag‘(g“ ¥?°\§2}nype the nane is

retrieved fromt he\#'gypeDat ar,gmga%mbnqugefl nes the type. TypeHel p
Vcr Hel p *TypeHel p( Type . e e to get

i nf or mati on about . rpetldne mi"f:’mngﬁzqﬂftw% it i | oF mat i on
for the specified typehwh‘m% pe’i's a derived type, the

hel p obj ect I}‘yﬁmé]beved fromthe VTypeDat a obj ect which defines t he type

gg}_l&;ZSret ur ned VerHelp *Typeﬂelp(v‘jtpyp éoue fundanment al types. WO |
PCT/ CA95/ 00513 type megamfmanm'm

TypeHelp retrieves the help information for the specified type. If the type is a derived type, the
help object is retrieved from the VTypeData object which defines the type.  NULL is returned
for the fundamental types.
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-137-

M xi ns wo9608fdsass registry elenments are all able to suppoTicassmesas. These
m Xi ns can provide additional functionality not defined in the base
class registry. For exanple m xins can be defined to support specialized
editing tools on types, for exaWpte a color editor on an integer
type. Visual Edge will be working with its partners to define
standard suites for mxins (anal ogous to Apple Event Sui T’Mi% i ncreasi ng
application —interoperability Mxins earh have a u 1110 Any

vendor can I es and
Ul sh { ho i&gr&%%;mu,rmm&ﬁg Sl som il

functi onal n&ggodgﬂ,a;m‘hple.wm“ﬁy&t@w W %;ﬂgﬂe st andar d
M Xi N SUi t &6 defifie stinueil | aftds Mﬁﬁkﬁ(aﬁﬂog&IDmSAipl&CB%nt Whittd)al ikcebhg application  Cl @SS
Ver Quer y M siitamoperability. MRisipéaththa'e ol xiquelDs Afyf verkddvkean idéfine there own Miiné JrladsMeiddyn 1S an
abst ract clentries andipisbiith theglefinitionjant &> spuilat gthet yradors lcacimplemen itre tfungtionalg it thirhe entri es
it "sees" sysems. Vendesywho wink g defips standard mixin suitessangiquestdloskeef il¥stion Viswal Bdget ure it sel f .
The detail g of this mxin have not yet been deternined. The query

m xi n defi Clas9'Veé: a%:;hto provi de enough detail to allow queries as

.conpl ex as 93 (bj ect Query Language) select...where
queries wh Publi g the capability to _ perform t he queries

i ndependenvexdueamyxiparsh igtatalass Gbier iy ustdisi@erp G class Bty dbbut GOedkricOit "sdee quET Y
ext ensi on i-sintheling objects in:thd class redingy epmesure ibmlf. t The [daaile afsthib yixinrhave abtaktaekni Nt 0 any

specific g ined 5 ongis;int@did to pFie enghighysiktaFy siiow queries as conpley B C t
speci fier mﬁg%?ﬂwmamm -Where qusries while|stilbppoviding the cashiliteo; syst em '
i mpl ement mw%wﬂefmmwmt ive

nmechani sm wmﬂﬁ%%%mmm exi st to
enuner at e %@b&ﬁ sl owly).
The query Elul(:!o

W ewNaneSpace, and assRegl stry ects - For class regi stry

.queries, Wiy W@ﬁé’ﬁt‘Wdﬁ%ﬂ?Pﬁ@t %B!%Mémﬁe éiviewNpmgspeceoliect system
does not VClassRegiatgyebietttnn| ex queries inherently, a default query niXin

can be Cr eadreiks registry\Guidds whieh GinplehtiihgOdin Sbject dyidSadapter, xmdébjea%{mf&éw enuner at es
all the cl| supm Somplex querits BifereRlOL Gefafilf querl) infihncanS0é Sledtsd for views 41 Riagidnd CliES t he query
to the defauit miglin enugicraeds all thexmssesdd 4 taneigte drlobjet sptendit dennatthedibe GerpiokleS | t

Teturns COMMMMMM%M}tMWunStances(descrl bed in the

cl ass regqi s this
ixin can m%zwm&mwm Sy i nstance
hi erar chi egminiindpendent way. A)s8thult WRrdicd SORPHE Wil bV Wided WIS Lot bl vbed ¥ibng i@ Of thi's

mxin wll mbwmmmﬁeammedmh%t here i's a mechani sm
to enunerate the contents of an instance's collection properties.

d ass Vcr ' - PUDITC SubCTass o VNV XM

Vcr'aposurm]wwsﬂgl\'pﬁ. class which is the mxin used to explicitl y

~expose cl aBubligsabalass of VMixin and inpl enentation information from anot her
obj ect syso&m&d&m%wmémemwh%mm&%ﬁm m Xin

i S desi gneghd infletentation informatidhFrod ¥ldB oWjedt sfbent ko' thid cbjecWidnl (PO 1hE
VAdapt er NoiiibRaaimed )0 VOl assRegi stry objects. The . dﬂa ssRegl stry

i mpl ement agi on cycles t g!al | ada ters perform n the same_operati on on
each ut '"n'b?‘f’g ﬁ wg“',’:ﬁ'ﬁrﬂ)rt f or |
creating n Jecs I'n I'S 01 systen)

around foreign Obj ects (ie. obj ects |n anot her object system). This

enabl es ob}bmmmmtﬁmmymw app’eeﬁs ip tispbipcects in this
obj ect sysmmw °%“M‘@E't°b1§ystem

The proxy & e PI‘%’WW@’GH %ﬁlﬁ phicet sys¢B- act ual

obj ect usi P ‘gg?:é‘%ﬁ%g?@?g’g?u | e s fegisry

Vcr Conpl et erties.
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WD 96/ 08765 '

PCT/ CA95/ &> 96308765 PCT/CA95/00513 -
-138- The exposure m xi-n provides a neans to expose inplenentation
information to this object: system That is, ‘information about what
programto run, ‘etc. to create an i nst-ar@e- of a particul ar class. Included
in this Mumﬂmwmdmhwwﬁmﬁmw&dmmpjdmiﬁuyis,an

i nstance as tinformiitiomeiout wink prisgramcts rug. ree.atb erchtetap instared of h partipuliirrelass. Included in this

i fpl ement at i ofctionality dsdhetability to explicilg entifyjamipgtancs ysShecone'cFihish Vs rreated tp s8idop vt sone,
all, or none ‘@plencpidtiogig¥s®ure mixin. |f the object system does not
provide the CANB dyhdn)addpfer EPsufbbrY sofdd, all, O nénelob R dboRiehikid. Vif dhd\biact bysten fbksX | N

shoul d si NP Yoot pedviddXGe daasility B36land BF this functiondlity@heid BleaiR Ghould simply not 69 préFddd énl ON 1 O
supporting thestas@osure m Xxin, Obj ect' system adapters may pow de the
capability tq_ . obj ects. That v|ms= 1 obj ect
from anot her Qbl ¢ a el 00 ey of
this object SYSLE o R L Ly DUl
obj ect ar ounCigkil o MeTaTs
property. To mmwm%mv hieghal omtmmwﬂkmr)&m

al | ows obj ecCtalisy Sis@itEs fofl cad FHeal systeR AN e Pdided tol dDbURE) biFectOHistemUSithe\@ ..tvr,gaﬂpar ent
exposure and codv@sions il bebwetn i St ry al l ows i nstances from one obj ect
systemto be passed to another object system wi thout any speci al

conver si ons |(8V%'§ dablePublic Memberser r i dabl e Publ i c Menbers

ExposeDefiniti on Eexposebefinition Epaas Cliss ftgisty &Bitioh B@isobjecysyskaf | ni tion to
this object SYySt emExposesubclass EXP@paesS cin fegishiy definition to this object system as

Exposes a class registry definition tigitishsmbclasisf @ct hisymimsciagss.

if it is a subcl agspokArphEcagiont hi s syEweeriasapplictionasssource for constructing

ExposeAppl i cati on m@smml cation as a source for
constructing Expose!‘actory _ Exposecacl.lsatnmtlmeso instances can be build; st gances
of a particular class. B S

Exposes a cl ass at*PuAtIPgo that ingPaneEs Qﬁ‘"ﬁ%"mf“f‘ﬂbe”m‘m
fromthis object gyghem .. “"- tion from this

Exposes an obj ect%%lnstance at runti-ma T be calla om his object

this object systehfideapprication Hi W&Qﬂmt‘wwmucﬁnginm

Hi des an exposed cl ass registry defi nishpsaiRuidreien t hi s obj ect

system HideFacddegle Appl i cat i OHlides an exposed class factory so that instancek-bafib®S  an
application as a source for constructmuwmm

of a particul ar cHigsInstance Hiflgs efreKpaesd ebject instance so that it is no longer

Hi des an exposed class factory so t hagallsbig&enthieebisct grstem. no
| onger be build fﬁé?ﬁf%’l‘ﬁtsﬂﬁﬁy‘ée! systwm‘m@mmmce

H des an exposed qbje i nstance so t 1S no |onger
callable fromthié J“e‘i’E‘P wERea p’”’m lﬂﬁﬁ‘ﬂ"ﬁ’b‘ﬁ&b‘&ed
Ret urns whet her a n.class has oi .-_:'f
AL&xgelg proxy ofj %gisgmfwthummnﬁet ur ns

to this adapter. | sAppl XD

whet her a parti culpgieag@i2bkycat i-on has mm%‘ym

exposed to this adep¥tehctNamespace . Builds/A Qéiiiéisgacelil thikobject system.

Bui |l ds a proxy objifasdanéedeidtes Obj eCt Ndtifids Guadgder thit b objedt iRQing M@ deen

which is fromanot her object system deleted Rel easePr oxy

Rel eases an exi st Uaepppemeign obj ect . Remove all references to aextemal itepe witigh meydp ac e

Bui |l ds a name space in this object syueddpgxposurecaching. | nst anceDel et ed
Notifies the adapPempplidereigm obj ect |HM@P% H‘b‘é’“ﬁﬁ?”ﬁ@ﬁﬂ'mmm“’“ '

del et ed. v UnnmapFor ej gn i exposare caching. Renove al |

references t ExposéDéfotitioh | t em whi ch may be

status_t ExposeDefinition (VcrToplevel *item, _
V'n‘oplevellaef : *exposed) = 0
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UnmapAl | For ei gn Renove all references to external

I tenrs whwyolyspgrss used i PCT/CA95/00513

i n exposure caching. ExposeDefinition status t
ExposeDefinition(VcrTopl evel : *item :
VTTopl evel Ref *exposed139-0 WD 96/ 08765 S
PCT/ CA95/ 00513 item . Item t0 expose to this object system. . -139-
item . efncsedt 0 crepodiemepfomdin thisobijcopstemsy st em

exposed EXpo@dDd Ed t1ch RkPosdS 1 def i ilis iokject Sitet. ObticSie Is %&lem
ExposeDef i ni t i onangunem egdsdéd i beilléd With a rRidiaRElh the dkpsed RnGRAGS S it s frinbmi€ X POS €M,
the return object system. For igstagre, it ém ix OOOLE diasS Begriptidn, [06) ki d sisBata)iind dhis

reference to theobieg  DEQML| eppoisiechshoultcbe p YSOMELaissDafta wiivhirdpressuts the class as

object system PbPSqM %d&%mwmmwm@éﬂu‘%%eﬂwm

VA eC assData, affePsednfieq- I exposing a definition jf)ingic puppered i method giopl YoM resmposed

shoul d be a VSO\?EﬂtS‘épspﬂﬁrteﬁs%ﬁ?’cH"’F@B?’E%Wl"ﬁbmﬁﬁf%"‘a@d“ a
DSOM cl ass. Ek{)ogesﬁmm?ss al ready been exposed this method should succeed and
return the exposed item = If exposing a definition is not

supported this ntERGLt SFEeResubetasgf n VClassData *9¥8t SupportedStatus. |f
‘the exposure succeeded then OkStat ufCXHIRIY be ret (R,

ExposeSubcl ass | st at udTE88 eSubcl as’é‘?“% "a%sDat a

*cl's, cls Class to expose to this object system. _' o VO assDat a
*super, super Superclass to use as superclassof cls.” VT assRef
*exposed) = O  exposed - (retum)cfahsSis found in this object systemCl. 2SS t O expose to this

obj ect' system ExposeSubclass’ exposé%?se{o g system as §‘UP‘%’;¢C| & @? use as

supercl ass of Cl&per must be a class from this object lsm *ss as foun
TRUTRES O] OOt S B B s i ot e et e el " i
obj ect system asofi dative tiask\@Iows aBtash B dndliRobiadt syRhS kppear as if it is a simple subclass off UPEN  NMUST
be a class fromehiss kRS bbjeysedn ThisStuidtibadity vl B ised bt @Ghoal | t he
- et hods frameworks to @lfow Slstonétrclassés add mibiin to®¥inplésidn@d i Eny OljédRyswinSE cii s cal |
can fail. Exposibepiresdybomeipoed b metiod tisnidrucored 2ol @i the exposed item. If exposing0f @ nat i ve
class al l ows a cireensiass gy pubales is et puppoyid dhis methodshauld retun Nop$rpaertadstafusit i s a
si npl e subcl ass e exposure succeeded then Okstagps shopld be retyruedy ¢ hj s Obj ect system This
functionali d in application or mxin. f ramewor ks
to all ow ab%%h‘%ggpgﬁ% and m xins to be inpl enented in any obj ect
system |f cls status_t 5*P°=°APP1#ﬁ&§1°&I‘read‘ﬂﬂbe@nﬂexposed ‘eposedret hod shoul d

succeed and return the exposed item |If esnIp M) a *appName, foreign
class as a subclass is not supported thi SPBthtd shoul d"P%‘t"b‘P'n

Not Support edSt at us. - | f th‘é°“§§<§8§ﬁre succ&%{g?"t‘heon Ok St at us
shoul d be returned. ExposeAppI | catT o T

EXpoSeApp! i cati QRbosed  ChmofobiotwboloRiBRoBet aem. *exposed,
const char appName Moy :

const -char appFile Fileigiid bii the@pplication executable.

const char hostName Hodnahidloappilication should run,

bool _t multiple .Ammwl@mewfwmmmmmwm

Cl ass of object to be expoumsdhopestbédmetizigj ect system :
Bxposehpplicationmmmlmmm:obpasym This call specifies that
thuapphuummbemtommofexposed. exposed should not be a
VClassData retumed by ExposeDefinition or ExposeSubclass but should instead be
the original VClassData. appName specifies the readable name of the application to be used
in this systems registration facility. manvdwofthehostumevmabhmmntm
three different behaviors: :

e If the application should be run by this object system on a particular host the host fiame
should be specified in hostName.

T e Ifﬁleapphcaumshmndbenmhauyonwham«hostmmerethostmme
should be NULL. multiple is ignored in this case.
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appNanme Nane of the application. appFil e

Fi | ename wo 9éM8768p!| i cati on execut abl e. - host NMFRCAISIOOSI3 ot 5
on whi ch application should run. mul.tiple : Al'low this
application to be exposed for running on nultiple speC|f|caIIy

naned host at the sane tine: -140- ExposeAppI i cation exposes an

application to this obj &dte splicttiomshoullalwaysche|rim enysheciuirgutbostt dyert if the object is

this application can be reugsedtiigm agotaerthest thepchogFitame shoyld be\asing epnainingsingle shoul d
not be a - vEpHEsTRt a returned by ExposeDefinition or
.ExposeSubcl ass but pskQppiichtidn/krégRdidd Witk multiple as TRUE then EkPdeAlipl Hafdn MeassDat a
appNanme specifies tined witalfifié Gffertt st fhines! [FehisCi{liowed Sied e applidatifeoai|Becrch on

in this systens regiyshe dite gpcifiegtiosth. | If yal tigdiefif EALERthen\each waliso tifs niethel Wib 3t Narre
vari abl e can resul ifferent host name replaces the last d¢finitionsso at fhireis enlyt ondspdoificallioramed host on

* |'f the applicati ohichithrapligptiyeanpin by t hi s obj ect systemon a particul ar
host the hoSt Name e application has already been exposed this Rl SholdPupditiifid delirftfdn bo"et/tRSt Nae.

¥ If the appli caldndthosland fidlanke@nd'tiéiit biGuireduy oRStatid! Gtheld@ibier d6d8 bR SupfoR©
request host Name  the request made by a call to this method théd i0tiduld rdden N¥ehulppoFtebidtaplse ifia | gnor ed

in this case. expuiifie Sicoedd i Aiaibokstatus should be returned.

PCT/ CA95/ 00513 -140-

I'f the appli c XixposeEdactaryd al ways be run on the current host even if the

object is status_t ExposeFactory{ €CtR&dsOskal I OM aneekpREed)ost t hen

host Name shoul d be a string containi ngreadsi ngle *+factory) = 0

period (i. L), If the application is registered with

mul tiple as TRUE t letposas pos eflgpiocpest ¢ aryfan be called with
‘multiple different fHB%Q‘YnanEW)fWMPW@méP”Bmhen the application can

be run on ExposeFact&xyyexposesthechrrei porcesy e bing is eugred 1 slijests of cfassrutpdsie| € i S

FALSE t hen each calThis fxtorytohly existyfor thelifetime ¢fithe grocess. exposed should not be adfici{sepazat host
name replaces the rtued WEkponePéfinitien o Benosesybelass but shayld/inteadbedeaenl due.cal | y

naned host on rmmmwmw  meethed sheyldcsgpre the pyrrently exposed

| f the applicati onf‘f?&!miﬁ%’éﬂ %FMWMW te the
definition to set 'd then . it
shoul d return OkSt QHJ‘E‘S‘W"P‘H‘%""&E&B'{’%r does not support . t he
request nmade lm?asaa#m this method then it should return '

Not Supper t edStatus '% exposure succeeded then kStatus
shoul d be retur ned3tatus_t E"’°§<‘ﬁb"§éf—°&ct‘6ﬁ8”°“‘ texposedst ot us_t
ExposeFact or y( VQ assDat a ;:: Le ’;&K‘i@;é:‘?d* 0

voi d **factory) 0 exposed

Cass to expose.a Lagdsauy f OEtass 10 expose an instance of. factory (return)

Factory object, frQHkédhcs ODinRnbe oFPbsdNo expose to this object system. EXpOseFact ory
exposes the currenhupusmess Whethahis khtafice Gaf be uSed byaiiuitiple peuitéds oiot. C| ass exposed.
This factory only %ﬁék&i&[«%ﬁdl%ﬂ%ﬁhﬁpw&%&ﬁ BEPRas aoul d not
be a VO assDat a instance can be used as the oﬁ‘J fﬂieﬂﬂpf:dnm Oéxposed
ExposeSubcl ass but slﬁh@wt(ie h%iﬁaﬂtbmbf ﬁ%sﬁﬂﬁmitxon or ExposeSubclass.| f the
factory has al r eadyxjtaedand 1istanid shoie be thd vkl tigind) @lhess [1fahe| athpt@dt dods @ot isupport
currently exposed the request made by a call to thfs sethod thign it shoufdaan¥opsupportedstarus. GUiSt at us.

| f the adapter doesxpese secrjod i the insiancechnd, alsendy rbecsl aigapd then OksStatus should be 3 cal |
to this method theretimed Ihersishoid pry by pog insjancedif his cless expesed pripgExpegeInstance, Kosur e

succeeded multiUse is FALSH theyonly ope glient d“"ﬂ%”?'@f dohiegy HmultiUseis
: TRUE then multiple clients can ail use the object.

HideDefinition

status_t HideDefinition(VcrToplevel *exposed) = 0
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Exposel nst ance ' status t Exposel nstance( vC assData

* expos e WO 96/08765 S PCT/CAASI00513

*i nst ance, ' : bool t

multiUse) =0 exposed Class to expose an:

I nstance of. i nst ancd41l- I nstance of exposed to expose -«
to this object s§xpcssd Item previously exposed to i fobjécl spstem. Whet her this

i nstance can be nisieskeys el thided Ca I RHIRET @bpSsedFited Olirom - this

Exposel nst ance exigeseEsnitiaicini bell ydlied i 1 Siteis) Géturiad wxmsadeﬁaxhhhsan@bj ect )
system The ExposeSubclass. Hf thesitlapienciges 0@ Supine ths Se@wibst uBde (1€ cal) Kothis hdthidd) i NQ

i nstance” of t hethelitabogid fetym NoRIPRYRY RIS atuis O H the bigumedbd then OksStatus should shoul d
not be a VO ass¥%f&meet ur ned by ExposeDefinition or ExposeSubclass. -
‘exposed andﬁb‘%ﬁ %rl]lce .shoul d be the actual -original values. If the adapter
does not su - the request nade by a call to this nethod
then it shoul d r¥et#st Ydtedgplicrticn/SVekagspataf t he *exposed, exposure
succeeded or the instance had al r eadgnslsedar exposed*appiame Ok St at us shoul d be
“returned. There should only be one°P§t®Ate of th1a@PRilass exposed using
Exposel nst ance. |f feRstiBee is FAL'SE"'t“FPéﬂ Bfly one client

shoul d be all owegtpgg dise 1)) hﬁ@lﬁ S TRUE
then nmultiple clgpgﬁ;nse can%dw %ﬂ;ﬁ&v | ec ‘E’ Hi deDef i ni tion
"status_t Hi deDefgpgrnepn(anmlombmeﬁmg{l ) WO 96/ 08765

PCT/ CA95/ 00513 hostName Hostonwhxchappheauonwasspecxﬁedtom -141-

exposed 4 h| S 0bj K '
Hi SeDef inition m&;%&‘&%m%% licl [ l:.ca IE;': obj ect ‘
system Ko e A i

Sl ens returned by
ExposeDefinition and ExposeSubclass | f the adapt er does not
support the reques? acName is a gperific host ganetes thy,spplicatien definition for running on that t hen | t
shoul d return Not Sup WP | f the hide succeeded then OkStatus

shoul d o IfHoetNafié id fri(hen the locally rudsbiél@fiitioh 6@ lappli@tion should be

status_t Hi.deAppli cahidena( VC assDat a *exposed,

const char . Hhost&agp%m%ﬂmapphmmdeﬁmmfwmgmhmtm

const char should i

-const char . *host Narre) =0 exposed

C-ass of object prbv%?%kﬁﬁ%%mmmdvm@mlmm

appNane Na rmshow beremeved o[ i cat i on. appFil e

Fil ename of t he maglip@Rdoks@bt sBPRCthE réfadsCmade by a call to this method K2R § ST Return Host
on which appli cabtsappdi@edstiie) K ietide bidceédetf taen Okstatus should be returdel. d€APPI i cat i on

hi des a previously exposed application fromthis object system appNane
specifies tl'ﬁdefmmlafbl e nanme of the application as previously passed to
ExposeAppl i cati @Batus_t HidePactory(vciladsida®s eg,;poy@j,ues of the hostNane vari abl e
can result in four different behaviors: * |f host Name
is a specific hesposesne tnhmnmpmamn def i nition for running on that

HideFactory hides a previously exposed factory object. exposed should be as spec:ﬁed ina
call to ExposeFactory. If the adapter does not support the request made by a call to this
method then it should retum NotSupportedStatus If the hide lueeeeded then Okstatus
should be returned.

Hidelnstance

status_t HideInstance(void *instance] = 0

instance Instance as previously exposed to the native object system.' '
HideInstance hides a previcusly exposed instance from the native object system.
instance should be the item passed into ExposeInstance. If the adapter does not support
the request made by a call to this method then it should return NotsupportedStatus If the
hide succeeded then OkStatus should be returned.
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host shoul d be renoved. o * If hostNane is NU en the
| ocal |y rMWﬁﬁefl nition of the appli cation should be cr’CAh’%“'L'lg

hi-dden. * - |If hostName is "." then t he application
definition for running on the current host ' _ shoul d be
renoved. .. *  |f hostTHbe is . then t he application
definition folsDefinitioeExpesed| defined hosts shoul d
be renoved. bool_t Ispdfiniithenemsbagd (eerrdpiegenoitesupprt the request nade

by a call to this nethod then it should return

Not Support edSt at usitdsf t he hiepido chedeferaxporard totthigopjectystemat us shoul d be ret ur ned.
H deFactory IsDefinitidnkitobiéd ¢ Mlﬂaﬁamwwwmauﬁmmm

exposed ChefoeS This 0l aliaws Gids koycheelx i Gts ©glosresd@ Ibgen done before. If the item

H deFactory hi des mmhmmmoysly@xpmebhnﬂmmmmwwposed shoul d be
specified in call to ExposeFactory. If the adapter does not
support the rgﬁ’mﬂ’t"a sed cal | to this met hod then it
shoul d return Not Scppot IsxBl kiatiznEdpbsddite hivdmssnacgaeeded t hexposel St at us

shoul d be returned. . Hi del nst ance const char St at tappName,

Hi del nstance(void *instance) = 0 - const Chanstance *appFile) =| ‘hstance
as previously exposed to the native object system:

Hi del nst ance hi dese%PgﬂF vio i nstance fromthe native object
system LSt a %f th&h’b{ em passed into
Exposel nstance. |f RRie adapter 0es hot. Su ppor - the request
made by a call to %ag@mtmwmmwmwmwamum Gﬁb Btus. |f

t he &vsiem befgess WO
96/ 08765 @ﬂm%ﬂ tober:puj‘ea .

PCT/ CA95/ 0051 : -142

| sDefinition 8 g‘ée ToxXy _ bool t IsDefiniti onExposed(VchopI evel
*item) = 0 status_t Acquirgproxy(  VCIassDatp; oy o {§¥R8I®Yf or exposure to

t his object system I sﬁéiq niti onExposgid"'éW&k% whet her this
i tem has been exposed to this object system before. This
call allows code tgugsk | fousdSwlifiaydes have been done before. If the

item ms@;&g@UfM&ﬁ;ﬂ,@&%&ﬂ&Wﬂ@ﬁﬂ done then they do not
need to be repeat egloxy FetaAPIbxy Gtk WREFROREE Chstance. bool t
| sApplicati OnEXposfc%(urePn;x bﬁ%ﬂy)‘%mm object system. Thsmxyxepm&?d

const char to this object system. If the adapter does not support the request
const char madeb)a ®ORF bR then {f should retum NotSupportedsR¥RaS @khe proxy

Cl ass of object t Ocofsti@Gdf- succeeded or the instance had a preexisting proxy then OkStatus should be
returned. The proxy must be disposed of with ReleaseProxy.

ReleaseProxy

status_t Release?zoiy(void *proxy) = 0

Proxy Proxy object which represents an instance of another class.

ReleaseProxy releases a proxy previously retrieved with AcquireProxy. If the adapter
does not support the request made by a call to this method then it should retum
NotSupportedsStatus. If the proxy release succeeded then OkStatus should be retumned.

ConstructNameSpace
status_t ConstructNameSpace (
const char *spaceName,
VTAdapterRef *nameSpace) = 0
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appNanme Nane of the application. appFil e
Fi | enan™Q96/08765 appl i cati on execut abl e. ' I éﬁﬁ#’é’&?ﬁ‘ﬁnaposed
checks whether this class and application has been exposed to this

obj ect system before. This call allo code to check if its exposures have
been done before. If 1 4e"appl i cati on exposures have

previ ousl y been S#apeamRen Nepro(hensw paBe spieed t 0 be repeat ed.

Acqui r ePr oxy nameSpace  ( Ny sonprucked A PR oxy( . VCl assDat a
*exposed, ConstructNameSpace constructs a new name space inside the current one. This\nguegpace

*i nst ance, : canbeusdastheloaﬁontommﬁciuye:q)ogedcm. If the adapter does not syppgrithe

**proxy) = Q  Tequest made by a call to his method then it should retumNogZSuppqrgeditatus: éftroxy for.

i nst ance Wfﬁu‘ﬁf%&%%%iwyt'ﬁ‘mﬁs?aﬁﬁ should

pr oxy turn) Proxy -object which represents instance.

Acqui rePro“ﬁm&,’lﬁge@dproxy as an object of this object system This proxy
represents the - b‘{)‘ar_ti cul ar instance. of exposed to this object

system |f the JGHpERF-2uBRE it Vet iar 2 fHe™ %equest made by

a call to this ngethodat hewm@ymﬁ& rn Not Supportedstatus. If the
pr oxy constructi on succeeded or the instance had a

preexi sting proX§siaResYetsrat atfies the adspier jhapyinstance has been deleted. Thisallysithey.  The
proxy nust be d W'HWQB’?@%WWWMWy

status_t R lﬁa%ﬂp xv(void *proxy) - O _ pr oxy

Proxy obj ec |c§{9fr%'pr esents an instance of another class.

Rel easeProxy re[V&ifs BumapPeseigp(VasT R} PdsTir et % eved with AcquireProxy. |f ‘
t he adapter ' ' 0 g“l e request nade by a call to W@
Ehis mothod t hed®T® shou MR heef bR &’n‘m&ﬁg’f’%ﬂpported&at us. If the
proxy rel ease sYrPAREQREHIR FRes @)l tsferppopnsthat the, pdepter Bay haver'q, i ypm) This method is

Const r uct Name Sp&R¥ded to allow periodic adapler chehp; fyrges to fmst-mempry compmpHoniy dgng punning

const char : *spaceNane,

VTAdapt er R ' AllForeign *nameSpace) = 0 WO 96/ 08765

PCT/ CA95/ 0 i ) B . ' - 143-
spaceNane Na gt Proapit Fdne space. . .____nanmeSpace
(Return) New y construct e§ ] %‘é‘g@ﬁg@e. system = kVAnyObjectSyRtse u’g? Nanespace

constructs a NeW Dale SPaAGhed shinredoltGesiddliel gNt ONe. This nane space

can be used as tK Lgcation to store explicit y_exposed classes. |f the B
RAAHGPToL g rmoves all reerences Tat e 2 i I TS| to this
i 18 o g0 { to limit .

adapt er does no

method then it SR80 CaL w@‘}r;:‘ﬁ"‘"{
nane space creatlo or t narre space al ready existed then OkStatus

shoul d be g r et ur ned. I nst anceDel et ed
voi d I nstanceDel eted(void *instance) = 0
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I nstance I nstance which is being del eted.
| nst anceDeY&’glanﬁgt I fies the adapter that instance has been grﬁce“f‘ e! g““l’hi S

all ows the adapter to destroy all associated proxy objects
whi ch were created through transparent exposure. - “tﬁﬁﬁﬁForelgn

| em whi ch may have beeh exposed Lo t i -dgdect system |L Hllll\IIIIHII\IlHIIl

UnnmapForei gn renoves all references that the adapter vea te iteni
This method is We clalm provided to a||OM/perIOdIC adapter cache

purges to limt o] ng runni server
processes. ng Aﬁ%&%?gpkh 8 algieds comp Eé%i?ﬂﬁﬁﬁﬁQQFﬁﬂ?ﬂ%ﬁﬁ ot
VTCbJectSystembjects fr°m3§5590°ﬁdkﬁﬂvedlnSxﬁﬁﬁmﬂhyﬁmetﬂhnlsms of a first

system ] st to r references to.

‘UnmapAl | For ei gn reggrmggét%%{f EH%eé)ee‘ﬁJC(g% (fec?{%ﬁ ’ﬁfélgadapter may have to itens
fromthe 5 descrlnﬂman'mhansoﬁpecprsysdeng aTlescriptibonisf provi ded-to
al 1 ow peri Od' Ee?gi‘fi&ﬁ{: EEQQEeQU&Q&S F}%;S)eé 'cﬁ.‘ tthe sec% g@jﬁgg@éem;

consunption i running sServer ocesses.
PCT/ CA95/ 00513 pr0xy means for creating a proxy ehﬂﬁct that is ane claim

1. A device i gk} a o] Mo 53?*“ froma
second object8§§§§2n$%y£%%c aﬁ%gns %yﬁ q%%bf%ﬁﬁ%iﬁﬁé? ggVIce
conprising: 8n objestriptthe secenrd rehientoavitemia adescri ption of
pertinent i assesfmgﬂamesmefaneheoffefemaegfggtmiéﬁﬁfa?m of Ry Mmeans

-for creating a proxy objeCt that Is an I'TSs Jec system
and. that corr BEp¥Kd3PIEER in Ghe obixst qhiadgte susteml tobjtdet copresprndidgl0

forwardi ng Megp§eber if OfMNET 5GBS FutatdyHienP Tyt h&ll A En ngbj ect in the

first object systemto the correspondi ng objecCt In cond obj ect
system by utlgﬁﬁFﬁprh%n descri ption. 2. A deV|ce according to
claimi, enablinga{heauggyobe lacabiatis dd Ubeth A b'érfa%l&r{%%%r w3k ggher
obj ect systens_ by - mechani snms of a first ect system

(a) the pridékyohdants bremian aekikrans numken mjf aptherpplmlqtt gystepsoky
obj ects, eachm@RRaREEMY &8 LbfLLe idb Zjé& systidi! Wil .Syst em and |

correspondlng with an object in one 20 of the ot'her object systens; and
(a) the proxy means contains means for creating a

plurallty of proxy objects, each one belng an object in the
first object syetem and corresponding with an object in one

20 of the other object systems; and

' (b) the forwarding means contains means for forwarding
-manipulations of one of the proxy ebjects to the
corresponding object in one of the other object systems.

3. A device according to claim 1, to enable the use of

25 objects from a first object system by mechanisms of an
arbitrary number of object systems. |

4. A device according to claim 2, where the device
includes means for adding or removing support for object
systems withoﬁt compilation - of the device.

30 5§ A device according to claim 3, where the device
includes means for adding or renoving support for object
systems without compilation of the device.

6. A device according to claim 3, to enable the use of
software not implemented in an object system by mechanisms

35 of an arbitrary number of object systems.
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(b) the forwardi ng neans contaln rding mani pul ati ons of
one of WRM8IES, objects to the ﬂ"mmm obj ect i RCHEAI¥IOS e ot her
obj ect systens. 3. A device accar mngs O*C|alﬁ11 to enabl e the use
of 25 objects froma first object system by nechani snms of an arbitrary
number of object systens. . 4. A dg i_ce according to claim2, where
t he device i ncl udes neans for addi ng 6r renoving support for obJect
systens wi thout co n eyic Vi rding to
cl-aim 3, wher et7t hngng%hg QQEOE?SHQSE’%%”%E?N, ac}gernég %r?e rtgo‘rarrﬁ“\%%%‘ngupport
for obJectmeansyﬁuenbemnthbvdeanplIatlon of the devi ce. 6. A device
according to c&naags3fo&0t§aﬁ9ksr£hﬁ UesnQio1 £BGHMANP i JdRLATRNted I
an object system mechani sirs an arbirtrary nu of” obj'ect” systens.
VWO 96/ 08765n1t1at1ng the manlpulatlon topmg@gg/m513 _
-145- 5 feand €8y £8rALE0L AL NSehdn 1@l 1A formihiSich o @ %@rc@ CHN
romthe

nmeans further includes; - i+ nmeans. for transferring control
sof t war e StPﬁFtfﬁ%lﬁ@lﬂﬂethﬁn¢?ﬁN%R?%ﬁﬁﬁ(?ﬁfﬁ?@kﬁhﬁﬁ? object syssem:f or

retrieving senmahhs EBEOpNBELRG Eﬁer@éﬂ@n@félmfoﬁﬁa?&koﬁ Qirl MG lile

conventions of the first obj.ect system - nmeans for placing the
semant i ¢ i AFBFkafPoAOBINEHEL %a‘F‘Pn"em'th%‘& Cf%lql'tﬁmsrﬁquﬁie %rﬁ%ntsh’éﬁ%f t he
second obj aa8 fysleding €né @égétipgﬁbﬁhe descrlptlon nmeans for

execut i t he nmani pulati on o corres ondJn and - neans .,
For retilPni ng PEanR: £OF, SRaRyting the SRR TRLIAION SR 1HR | ng the

mani pul at i e6rrespondifig o¥jéevi candiccor di ng to claim?7, mhere t he proxy
nmeans 15 further i nclL.udes: neans for associ at t he e'ct W th ‘
Tha descri pt | ofieBRS: s cOPF BEPLRG HOPUES S Lt o Kb SOPCRERLL  cyst em
9. A deV|mnlamaoidgngheomahﬁpmaétlamere t he neans for placing t he
semantic infor gn on.the call stack f t her ncIu neans

for traversing des ABY1 62 RAPERIAT “ Aot ?&Wﬁﬂﬂeﬂp QJHHH¥Y Fe@ee: and
means fi& p{mchég ihels@eanhéans nf o r&&smmﬂ&&wldmxy'sﬂb@@l@camehdi ng

L0 el JeEh BeRioeien of he SrEN AR Wl B et © "
object system. . . i
9. A device éccording to claim 8, where the means for
placing the semahﬁic.infbrmation on the call stack further

20 includes: " |

means for traversing descriptions which are not compiléd '
into the device; and

means for pla:ing the semantic information on the call
stack according £§ such description.

25 10. a device'accbrding to claim 7, where the means for
placing semantic:information on the call stack further '
includes means for converting semantlc and language types_
from those used in the first obJect system to those
correspondlng in the second iject system.

30 11, A device'éccording'to claim 10, where the means for

converting semantic and language types further includes:
means for converting between object types; and
means for triggering the creation of a new proxy'object.'
12, A devicé'éccording to claim 1, where the device

35 further comprises at least one of:
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I ncl udes neans for converting semantic and Iaﬁéﬂagé'fybes fromthose

used i n tWe® 96/08285 obj ect systemto ti !ﬂl”"l mﬂﬁ ﬂmﬁ: ng iBFYEAISORIGN
-obj ect system 30 11. A device !_ 10, where the neans

for converting semantic and | anguage fypbs Turthér includes:
means for converting between object typgfdsand means for triggering

the creation of a new proxy object. 12. A device according to claim

L where the devige, 35 HrSS: £ UL YuriBRhriochlling VO 96/08765

mappi ng bet weechémhsmsermrd calling mechani sns; and means for

mappi ng bet ween 8%41&%81» ﬁéﬂ:ﬁ%&@ KN | %\ﬁ:1eve1U§§@1hﬂgceaﬁbeﬁeiaas,wj th
at. | east one of: means for mappln etween differences in semantic

. types; use@abn coMbinRm mIWhEl dtstle@st PRexPLsobj ects when

required; g m8EAL S£ 6P mABPIN G D RIRE M i Hr@inRRGeSni BeMRhPLE Efes;
exceptions; and 10 nmeans to nmappi ng between differences in querying for
obj ect i nfornmatiBaans to dynamigalf ANt IMGitd BTG ¥ o LD &FRS 1WhRRer e t he
devi ce furthepeg@ipedses nmeans for mapping between different

fundanmental .cal ling nechanisns_of'oqggft Syst ens. A devi ce

e 15 | 14.

according to cl aMRRRS GREBRRRENGRRtMeen diffarencesnpni SEEOREaAR  or
mappi ng bet ween E4pdpeEshad} andcal ling nechani sne used in conbination with
means to _nmap bet ween differences in I%pqﬁggﬁ%iypes. ._15_ A device
accordi ng% o cl aPfRRS WRFRPR}HRI &‘?ﬁ"t‘*‘eer? ¥ &Sortfr AREEYABENEOFor using
features that argppeeri dfflormatiod he second object system but are not
provided in the first, in the first objeqgt .system = 6. .A device
according to clatdr1, 2 %Y%c?h%F?Rﬁé%ﬂg td 413*?%3? g@ﬁ69i§8§ ﬁﬁgﬁgefor
]thsi ng fealt !Jr§ﬁr$heﬁi d@dpbyséélan%ﬁls‘ i-frc&tmnd@spaeig ﬁtmﬁhvhiiﬁibeteﬁui re-

unctionality of the (0)74 ._Obj ect, where su nctionality is not

i mpl enent ed E‘}n?%entgito?g&b%%d{’?é’%s&sc qﬁ %@c eégﬁgeﬁ‘ﬁj' ect system

17. A devisce accgadi ng gevitei scdérdifierss tdiaiedns where theodetgcéeat ures
further incluydes;

- 30 peans for soci ati.n n. object. wi.th ope, or nore
el enents of EHECRBECFPPRTLRSS Jigpns for W%f g’r“&’é@@g%f’f‘ﬂ@“?ﬁgaéxecut i on,
of the featugglbynghRechaRisny dsed i asssintddnokjieht meshst ber mapf or e,
|nstead of, between differences in ianguage types.

15. A device acco;ding to claim 1, where the device
20 further comprises means for using features that are provided
in the second object system, but are not provided in the
first, in the first object system.
16. A device according to claim 1, where the device.
further comprises means for using features provided by the.
25 first object system which require functionality of the proxy
object, where such functionality is not implemented by the
corresponding object in the second object system.
17. A device according to claim 16, where the means to
provide features further includes:
30 means for associaéing'an'object with one or more
elements of the description; and
.means for delegating the execution of the feature by the
proxy to the associated object, whether before, instead of,
.or after the execution of a manipulation.
35 18. A device according to claim 1, where the
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or after the execution of a mani pul af 18._mA devic ccording to
claim1, WePE0sMESE VO 96/ 08765 Umﬂ"ﬂﬂ"’m ’um péficRid! 147-
: - r

correspondi ng object is inplenented ted | anguage
environnment or runtime. 19. A device according to claim2, further
conprising a traditional application or,bject class construction 5
environment, to construct applications or object classes and I ncl udi ng
at least one obrrespondidPYlyelt! i3UbEbRaREADed I MPIAL lintledpaRe bl om an
arbitrary nunber of object systens; . neans for utilizing or
incorporatin91%E€¥Rﬂegﬂ%ﬁ&ﬁQﬁmﬁpﬁnPIOraﬁtbwﬁitrary nunber of object systens;
and means i@ iNsdAnldaldRerantgerheddaid PP) AGtcHdIS MRS singf ROM
an arbitrary nunber of object systens. 20 A devi ce according to

J . > . .
claim 19, to tERRttirnal anpdjicardonngb| ehieet beldse FWPFHRISFdMsns of an
arbitrary $5 enviesnmdntobjtRricongtk@bB. applicat #dns A¥dH &R ta¢qakee80ahQ

claim?2, further., conprisi means _f or organi zi ng objects and cl asses
froma pIurali“f’if]"if?ﬂang Qﬂﬁx§§ﬁtsfgﬁeﬂg’into a unified view ng space.

22. A device accaneing fior JubdDaSsihg €peRhl 6biser 201 dsd e firioa a@f obj ect

cl asses and obj.ects amng.applicati.on ocesses, server processes and
obj ect systeﬁ%#bltrary qg%b%%pﬁgtﬁ d®Fh §Y§{3T§al conput er enabling the use

of obj ect s fr aneans etmnditdlijiednhgspst éncoyporatimy sotsj eaft xllsses from
obj ect syibeqantgy%{gy%%yjd&mg@%iﬁkngbjgét'ﬁﬁggéﬁgfﬁggbza description of
pertinent classes an pes of "t he-seco obj e’ct System creating - -
a proxy object timeans for dijs¢entiatihg andsembeddinebigett émstadcebat
corresponds widy afh Q¥iGrar) hifber SECOBJOD et em and 30
forwar di ng mani pul ati ons OPr?he pr oxy objec? I'n e first object system
to the corresponddthg dbjdemiden acigerdingetondlabnel?, fyxtaomsyrugti |izing the
description. ghjects enabled to be used by mechanisms of an arbitrary |
15 number of object systems. _
' 21. A device according to claim 2, further comprising
means for organizing objects and classes from a plurality of
object systems into a unified viewing space.

22. A device according to claim 9, to enable the

20 relocation of object classes and objects among application
processes, server processes and object systems.

23. A method in a digital computer enabling the use of
objects from a second object system by mechanisms of a first
object system, the method comprising:

25 providing a description of pertinent classes and types
of the second object system;

_ creating a proxy object that is an objéct in the first
object system and that corresponds with an object in the
second object system; and '

30 forwérding manipulations -of the proxy object in the
first object system to the corresponding object in the

second object system by utilizing the description.
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