;e3e’L| 6T mW) .r- wo oons919 PCT/ US9912411 S 5 CROSS- REFERENCE TO

RELATED APPLI CATI ONS, The present application clains benefit of the fi wmm
date of U S. Patent Application No. 60/104,682 entitled MODELI NG TOOL ’
SYSTEMS AND MpHHR,0f il ed on Cctober 16, 10 1998. The pr esenté%p | i cation

is related to co-pending U.S. Patent Application No. Q419 FETAE& 1% ed
METHOD FOR DETERM NI NG DI FFERENCES BETWEEN 15 TWO OR MORE MODELS) bei ng
concurrently filed on the sanme day, which is incorporated by reference

herein inits enti"'éét"y. The present application is related to a ce~pending

20 U. S. Paten " No. entitled METHOD FOR | MPACT ANALYSIS OF A
MODEL, bei ng i\“ﬁm mmm“\\mrfl | ed on the sane day, which is |Wlmy’ﬂmmwﬂmw)y
ref erence her I'ts entirety. ?5 The present applicatio to
co-pending U S. PAt€AT Application No. 09/418,751 entitled MEFR®@ERAND

APPARATUS FOR PROVI DI NG ACCESS TO A H ERA EI Ii DATA oS-T THROUGH AN SQL

| NPUT, bei ng concubFeesy 5 LA SR B T et por at ed 30
by reference herein in its entirety. SUBSTI TUTE SHEET gRULE 26) 6 ~~ ~o00a
WO 001 23919 5PCTI US99124 8855 REFERE} s dAt REMTIEPCAF T FATECFR ated to a

co-pending U. S. Patent Application No. 09/420,223 entitl|ed APPARATUS AND
METHOD FOR MODEL| NCFPROBESSeHePRELEAEGHr BRI PRI®H: oRft e fdddnday, which

i s 5 incorporatgde by ieker eNER thRES tak Boh 10 .€8b) 1 &4 Y68 2DESGRIBEI ON

TECHNI CAL FI ELD OF THE | NVENTI ON 10 The gr esent _invention relates in
general to conPOPEFINGAGERgE STEYE T METHRRE . Farled <@ £CE§P%%0 14m ext ensi bl e
macro | angugge.;g3$ BACKGROUND OF THE | NVENTI ON

The present application is related to co-pending U.S.
Patent Application No. 0%/414,736
entitled METHOD FOR DETERMINING DIFFERENCES BETWEEN
15 TWO OR MORE MODELS, being concurrently filed on the same
day, which is incorporated by reference herein in its

entirety.

The present application is related to a co-pending
20 U.S. Patent Application No. 01/414,731
entitled METHOD FOR IMPACT ANALYSIS OF A
MODEL, being concurrently filed on the same day, which is

incorporated by reference herein in its entirety.

25 The present application is related to co-pending U.S.
Patent Application No. 0“/“‘3:751
entitled METHOD AND APPARATUS FOR PROVIDING ACCESS
TO A HIERARCHICAL DATA STORE THROUGH AN SQL INPUT, being
concurrently filed on the same day, which is incorporated

30 by reference herein in its entirety.
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A macrad‘is a set of commands that can be played back to performa giveryp APR 10
task. Exanples of these tasks include inserting a conmmonly used nane and
address into a word 20 processor or executing a series of keystrokes to
format a file.,A3agksmperformed by nacros are typically repet !P%H‘%(E%Zﬂn ature
allowing significant savings in tine by executing the macro instead o
manual |y repeating the commands. 2% Currently, different applications allow
users to wite macros and scripts within the confines of the allowed
domain, i.e., within the confines of the épeci fic application. For exanple,
word processors typically allow users to Create a macro by recording series
of keystrokes 30 to be played back later. O her applications allow users to
SUBS?1TUTE SHEET ( RUrke Ziesent\VapDi@8t 230138 Beldked t&~O-do3 pPRIINIgS991 24115
create macros fox retrievi ng flnd ”a”iﬁ‘J"'i‘Jcif% gtagwi thin the confines of
the applicati ons’-SFhBacetthEEB YA Ral'Pons i ncl’Gde a linited set of namcros,
e.g., macro for recording theySAFkasys aANRGEOHOD IFOReMODEMINGGTORIS. The user
is then 5 typically limted to the _macros provided by the application.
Frequently, howeRaing eerdrrFearISit§dam &5 FRBE i hiRI dfi que set of
instructions or ﬁwﬁeg&é«h@y tdrenee Hdrasnubfl Jdikentordicl ude as a macro
in the application ich was not previously provided. Because the macros
are typically hard coded into the applications or into the macro | anguage
included in the applications, the only available nethod currently avail abl e
to include additional 15 macros into bhecmyyrzbgation is to hard code the
new macros into the application by nodifying the source code and
reconpiling it before the nefFGRdFBL BIF eofgjs"éﬁ:. IERTIQ  however, this
presents a pngbl em because the user is not given an access to the source
code of the macro Ian%uage or 20 the application to nodify. Moreover, it
woul d be a tremendousPBUPERSEPSNIRFRNtARPI Fekatiesni B d/Aedpers® CO™PY§E 0 cat er
to each indivi dUQLnr_!{b%%fé' Srédalerences Byrcushanh ¢i vg shhexadlibgations to
i nclude the macros that the user would |like to have. 25 Therefore, it is
hi ghl y desi r abl emeerhad¢e9é#Eext ensi bl e macro | anguage that .woul d al | ow
users to nodify and extend the | anguage to include their preferences when
using the macro | anguage. Furthernore, it is also highly SUBSTI TUTE SHEET
(RULE 26) .19 1 6 A~ ~~ WO 0BPSBFBNBCIT GO DMENH X desirable to be able
to allow the users to extend the macro wi thout having to nodify or access
t he source codes of the nacro Iangua%e since_the source code is treated as
a A macre is a sé€t of commands that can be played back

to perform a given task. Examples of these tasks include

inserting a commonly used name and address into a word

20 processor or executing a series of keystrokes to format a
file. Tasks performed by macros are typically repetitive
in nature allowing significant savings in time by executing

the macro instead of manually repeating the commands.

25 Currently, different applications allow users to write
macros and scripts within the confines of the allowed
domain, i.e., within the confines of the specific
application. For example, word processors typically allow
users to create a macro by recording series of keystrokes

30 to be played back later. Other applications allow users to
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proprietary property not distributed to the users 5 SUMARY OF THE

| NVENTI ON To overcone the above shortcom ngs of the prior art nacro 15#?&@003
| anguage processors the present invention provides an 10 extensible nacro

| anguage that YR8 %users to wite new macro commands that RGRYSgRe115
procedures tailored to the specific needs of the users without a need to
nodi fy any source code of the nmacro | anguage processor, The extensible
macro | anguage is enabled to process thesnew 15 macro conmands by

recogni zing the new nmacro commands unknown to the | anguage and associ ating
the new macro commands with procedure calls stored in a registry, i.e., a
repository, FheEQQXte%ge%ng&yemgem €084 Man@buPadiRG! QadARGYAGS. 20 In

t he present invention, a mechanismfor dynamically registering new macro
commands in a réhestanfingsadhdher appHedtions al [TOUF ng-heseerrt ldichFigns To
register new ”H%gl‘gé’é“zﬂgga-tédﬁ%eussf $halRYs | NSGYL KPS LLREASHNTI g the
25 new macro commands and the assocl ated codes ‘or procedures in the
registry for exdewsfxgkelsy hracaet EASitAtEiRuttd daGAguatie. USRIBSH FUE SHEET
(RULE 20) 5.0 ARE-297 100,001 23048 RELLUSSAIRARLS 6y Thg present [ nventon
al so defines a si I stic syntax for the ext'ended macro | anguage for
recogni zi ng t he apphdieatdion-commands for what they are without needing to
know what functions they perform 5 According to the goals of the present
invention, there is provided a parser and a nmacro handl er for processing
macro conmands not pPeaduensly, defvemed. igrchhesemacrsdng aargeageicatiennacr o
commands not pr quioysly; Aef LoedOrnd0-undehined dfnkhie; ML ocdanguage ref er
to those nmacro conmands at "'were not 1ncluded in the set of commands

avai | abl e i n1® hevavddr bikeanguagelwte thea tiagwooin rtdlecasel iamadidi sthvdichuti on to
the users. The RAISGL: ANALXEESIKLUREAS; | NaBIBEI @yl anguage, expr ession and
recogni zes one or nore kKeywor ds representing macro commands that were
not previously defmigelly rharbdecedsst dnkantheagerl it ionerer Handl Bre r ecei ves

t he keyword in t r j a tei f; reqgrsgry of

keywor ds, an exerggﬁctrgggex?%u%g gé?o%%gt 2% %%t hbg}ﬁ%&@%ﬁg} }heTﬁgf}execut abl e
code is run to 28vzilebks gnathed newwrmentdymavsd 1akpe esennetiudey atifiet icephor d. The
registry of keyuprdasTRY:De3ugmenied;be dNekule Anykeamonds ados

associ at ed codes Tor extending e nmacro | anguage. Further teatures and
advant ages of t hintgr éhempnlicenidmbyasofiediingsthheogrrectagecantid operati on
of various enbod] t:he e i i e.de | bed_] etail

bel ow with ref eriéénrc'gdgn%? Jégé%e&alggg%spea%lfng&gEl;a\fmgﬁg%n g%B@% UTEs T (RULE
26) however, this presents a problem because the user is not

given an access to the source code cof the macro language or
20 the application to modify. Moreover, it would be a
tremendous burden on the application developers to try to
cater to each individual user'’s preferences by customizing
the appliéations to include the macros that the user would
like to have.
25
Therefore, it is highly desirable to have an
extensible macro language that would allow users to modify
and extend the language to include their preferences when

using the macro language. Furthérmore, it is also highly
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1.6 ASR ?~ WD 00/ 2391 9 PCT/US99I 24115 G In the drawi ngs, |ike rEfera?ﬁﬁ{NNI
nunbers indicate identical or functionally simlar elenents) 5 BRIé
DESCRIPTICNCF%‘W;Z[sa W NGS Preferred enbodi nents of the present invention
wi Il now be deg , by way of exanple only, with referencETHSPHIS
acconpanying drawings in which: 14 Figure 1 is a block diagramillustrating
t he conponents of the extensible macro | anguage of the present invention;
and 15 Figure 2 illustrates an exanple of a macro expressi on having an
iterator nmacro. DETAI LED DESCRI PTI ON OF THE | NVENTI ON 20 The present
invention is directed to an extensi ble macro | anguage whi ch may be extended
dynam cal |y in gé&dabléi e BRNYbIONEAL LW theutis&dy vt ekberd kel Haansd
reconpil e the macro Ianguage. Al t hough the extensible nacrq‘%%nguage 25 may
i ncl ude a predet&FhAUTeB2%H &P 3 EBNfETTES, TR PIFEE TS MrehBf on al | ows

users to add adght¢i®nNahg@igd@dhsRHe c6EFEdDdasSidesicnedd dtgure 1 is a
bl ock diagram 100 illustrating the conponents Qf the system for providing

the extensi bl e REERTLELARYRIGESHEY IE BresEHUtPAVERL TGN USSR SUBSTI TUTE
SHEET (RULE 26) a 6 ~~ WD 00/23919 PCT/ US99/ 24115 7 parser 102 includes a
granmar or syntax 104 that the

Fqparser 102 enpl oys to anal yze and parse a
gi ven expressidn. As shown in tﬁﬁ$§Yfﬁ'FW§n§$ﬁéQFofoz recei ves a macro

| anguage ' expression 106 and parses the expression into conponents 5
according to the syntax 104 of the macro | anguage. The syntax used in one
enbodi nent of the prEsONErFIRPefine GHPANEl Phee: PEIELF Rl the REE d&tai |

her ei nbel ow. Ref@Efd NGinBasHe tRoEEGAHE Lhet PR RRES hvekid oh €805, 51RE an
expression 106 recogni zing certain tokens predefined in the syntax that 10

i ndi cate a pflesentensibly RRGFIRERSIIIFMTRAH. 21 4PWEhPEe K &RPFELL&MTEN t he

parser 102 encountes Scdubhds Mhacesndndehgredieesi 0ni1i8q parger 102 treats
the keywords) for exanple, "property (nane)", enbedded within the braces as

a new macro comfRgaifipresderct the pprseritipmt @cagrf Aesmedsihad¥d on t he

syntax 104, thatg,bge "QaRes &Hreddesh Wiaan'hEb%é e RaLesM heghs is a paraneter
to the new macro conmmand. O her aspects of the syntax 104 may dictate that

a string of chare¥¢eRFPIGUTIFER lanFuaImBis] sneklask tonPerqncet Ble veva | i ter al
string. Accoidli ngle¥e é&ﬁnagaﬁw re08g i ARAKS t BAGw macro commands

unknown to the language and associating the new macro
commands with procedure calls stored in a registry, i.e., a
repository, thereby allowing dynamic extension of a macro
language.
20
In the present invention, a mechanism for dynamically
registering new macro commands in a registry is also
provided for allowing extensibility. To register new macro
commands, the users may insert keywords representing the
25 new macro commands and the associated codes or procedures
in the registry for execution by the extensible macro

language.
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20 elenent in the expression into conponents as shown at 108. A novel., 2003
feature of the parser 102 in the present invention is that the parser ﬁ(AfR
is transparent, o %’Q{e‘g actual content within the tokens, i.e., -curly braces.
That is, as |o % %Phe new macro conmands or keywords are eRBEMEERNS hi n
a ?5 recognlzable t oken, the parser 102 breaks the keywords down into
conponent s regardl ess of whet her the keywords have been predefined in the
macro | anguage. Thus, as shown at 108, the nacro expression 106 i s broken
down into conponents according to the syntax 104 of the extended SUBSTI TUTE
SHEET (RULE 26) 1 6 ~~R ~pO~ WD 00l 23919 8 PCT/ US991 24115 nmacro | anguage.
The new keyvord 'proper t¥esdst REOKAN HOME%d hokeh Saponal 408, the
string "name" W|th|n parentﬁems I's roken par ane

conponent 108b; fbhetlst neucngndeid Iuesi%o|Jsanlgnekerfqiomcw:alhgt?eltealneworrponent 5
108c; and the string "pizz rok r jponent
108d. As shown RS fi‘?g‘ifpg’a’igs e pr%tsetl?)t |%ven0l:@§ﬁégl%§%lhgl%dgg‘ga Macr o
handl er 110, and&hatrfpesions \whei2pbefdimg 10 keywords and their

correspondi n% execut abl e codes. The execut abl e codes may be stored in the
repository 12 as a pointer to the actual codes 114 for execution. The
repository 112 i ncl Uﬁzﬁfo::ﬂlﬁgOtfo rhe egdyo £ dshamteassodinxeetdiandeierand my
be dynamically nodified new_k yvvord ]hm%rid cpdes added to it as
need arises by a}sugé?‘”tﬁe‘it ﬁepﬁcﬁroa? e DEGIN Fepodi EEPFETTE% n the
present inventi Grr&clﬂfaycd)xalaadslmﬂ erévisusiiyt Bepirderiblie e kwaywor ds and

associ ated codes. Alternat|ve a _separate dat abase Y. Ee used as the
repository 112. PG9AR%y tThE 'ﬁ%‘iﬁ"o% sPgh Fffe?é’lB‘é%:{:Yaﬁiﬁ it o separate
conponent s as) daseifbeeh aRovRe widdror Bigfaneeréfert e fldxehadd?, the
conponents are then ssed to the macr andler_ 110 for_additi

processi ng. For ctcﬁ‘é‘ag‘g 2S5 TS e hit® ni tHE RESWHr §ORFY erty" 108a,
t he macro handl ezrvaahesi@ i ERPQRHdrer Yaddualgheak ednaok imé prfopeléyse ah& found,

t he code associ aé th t he ke vvord "pror%ert "is retri evgd and, execut ed.
In executing the ‘c%ﬁfé UEIRR FRCTS MEAET er PEOP DY AP thES YA AITet Br s
found in the macid Ga3uBSldnBliEe STl st R Rndb)ecogniGeARMe2@@3mdM2 001 23919
PCT/ U8991241i? 9 ex ressi on and parsed as g%% ters to the executing
code. The nacto ’ﬁeéﬁ’(ﬁ’lr F 1eRF i8R To 2 RER F B RIDW ARy OTIhEP pr ocessi ng t hat
may be perfor medpterdiodely R ende irt $£8é fmadkbl 1afptagehe Tee achandl er 110

needs to recogni is that, 5t ro erty" |s a keyword to be | ooked up
in the reposi toréa’fffrf BF°SESch E'r E%‘E’('J‘i{ H‘é‘ E%ﬁé“acgﬁde%%b@&?’}ded
correspondi ng cogexdiRvehef frpastédirsy rlaf t}«a:yber@s(e@ut edesnithblanyode

paranmeters. The correspondi.ng code is typi |e n.the repository
112 as a pointer ?socfﬁe % g‘t }&Tekc %tsgr?"fa %1'%)% e “Code’ 15 Fun €6

20 process the macro command represented by the keyword. The
registry of keywords may be augmented to include any
keywords and associated codes for extending the macro

language.

25 Further features and advantages of the present
invention as well as the structure and operation of various
embodiments of the present invention are described in

detail below with reference to the accompanying drawings.
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After.the proper execution of the code 114 specified in the reposito&rag t he
macr o handl er 110 accepts one or npre.outputs, if any, of the execut PR:M
and places the 15 outputs back into the nmacro expression in ptace of the
keyword. ThusWYOi%42}H® exanpl e shown in Figure 1, the output RETYNe2400%e
associated wth the "property” with the paraneter "nanme" may be MARY.
Consequently, the result of the extendedenacro expression " property
(nane)} likes 20 pizza" at 106 is "Mary |ikes pizza" as shown at 116. A
novel feature of the present invention is that the macro handler, |ike the
parser) need not know anything in the code or what type of functions are
bei ng perfornmed by, 2% t0eng%eayiabler&ite TfdRCE paftandl SleriBESLY |
provides an initiation 1ntdo the executable code that is associated with '
the keyword. | mrafivexsimadly sirdddknelameststhe present invention, it is

|l eft up to the users to define exactly what the code should do, and
consequently, therefore, what SUBSTI TI TTE SHEET (RULE ~6) 1 6 AP? 2003
WO 00/ 23919 PCT/ US991 24115 10 conmand the keyword is to perform thus
providing a flexible and e i n . he above exanpl e,

t he out put I\?ARY may have bég?\én%D% F%?ﬁg |h§vgﬂr‘?gﬁﬁw\%\}g§/§é transparent to the
macr o | anguage. For exanple, the nanme MARY may have been obtai ned by
performng a searchyl{ p/IACMUI G M D% MM, Breditt BRYEBERN, Gt Al ned from
a dat abase using a query language, Grther i11fustrati ng the extensibility
af f orded by t hendlObpr éssntibedy dént ivey. off lexam@hguergley . SybtlaxeTheersentax or the
granmar enpl oyed in_one enhodi nent. 15 0 extensi bl e macro | anguage wi ||
now be descri betg"ei ﬁcace“{‘%a}r\y.m?hé@er:eaewftngﬁs} I‘}ehq%éro | anguage of the present
invention includes a syntax (Figure 1 104) conprising literals) nacros,
comment s and operatQr/scoping characters. 20.Literal .The syntax in this
enbodi nent treats a%ig‘tué%(ﬁ 6gtasiqoglé)c%f g%:afﬁﬁaym 6#551%%%“551“% tilrie%/eral) and is

em tted exact!| ycampohypes.ofWthhi extruslipldrmece, 1asxtagenst dhedpddemtquot es i s
25 treated as a literal. Such a schene allows for enbedding of a literal
within macro catt's  SOhk EXanples of a literal are illustrated as fol |l ows:
This text would be emtted just like this;

15 Figure 2 illustrates an example of a macro expression

having an iterator macro.

DETAILED DESCRIPTION OF THE INVENTION
20
The present invention is directed to an extensible
macre language which may be extended dynamically in the
runtime environment without having to rebuild and recompile
the macro language. Although the extensible macro language
25 may include a predetermined set of macro commands, the
present invention allows users to add additional or new
macro commands as desired. Figure 1 is a block diagram 100
illustrating the components. of the system for providing the

extensible macro language of the present invention. The
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SUBSTI TUTE SHEET ( RULE 26) ~ |~ ~~eat wo oons919 11 {"So would this 200 M
text"} Macros PCT/ US991 24115 5 Macros include instructions to the mac?c@

processor, |ike procedures or functions in a progranm ng | anguage.
According to tWEIMAx defined in the present invention, allPGTAéOY21AG e
enbedded within curly braces. In one enbodi nent, the macros fall into two

categories: procedures 10 nmacros and iterator nacros. Procedure nacros are
designed to performsone work. They may expand to a val ue; they may declare
a variable; they may invoke a process. The actions perforned are 15
entirely specified by the designer of the macro. In one enbodi nent, the

macros nust, howygMgey {6 YhP18ded Ugrammdtl@rUppit SUa0eseidt trorgreki-on of
their task and a "fal se" value upon failure. 20 The foll owi_ng expression

illustrates a st¥d2n§mPIews &P, apdtYz5ne8e RATFenAcT B TarFPYSTS iRt t ATy t he page

nunber when prindidg: iMriadel 1 RapRr barsdlade{ HeaderBagegacrol Mnuadd MW
Model Report - Page 1 . Qutput In the above exanple, the HeaderPage is a
macr o defined bye’@rgseion ¢0ExBRARATECHatRS (FFRBEFS1GUARBYP TRIMEORHEST ( RULE

29 ~ s a 52005 0RiQ01%RPh LAtBKTAMPOY 24dlRadienahQiagliicr Bse al | ow the

user to traverse across data structures. Iterators are distinguished by the
ket ywor ds “begi nSynkae uegtint pae MIAATENE 9F| SBR RFeSCHEITERE & 1 ithe

iterator declaragi QRsctheLadenyid Hidtat Denetiedboi&nd" rosblAcK bscieXxecut ed
once for each iteration. Wen the iterator has noved across all objects in

its pool, controFigweaks Bist PeFsehe 02t spads direbrsekessAan chift i nues to

execute a next sialepBBind ek FAIQneXPra&aTiaBaafd @hel HEnddlOkar 10 The
foll owi ng bl ock of macro expression illustrates a use of the iterator

macro: Myl t er@t oindiSasegh rPBESHARL P fg PENAINITF Ol AOPMRdabole Wia&npl e, the

procedure macro ofQoAret Hid0 HeX el S 109CEdRht 28 tgh §MBfcekei Mrdird by
the "Mylterator"” nmacro. The curly braces surrounding the entire fragnent

i ndi cates that a®tP%e85iessitn RREHEH U0ReLDERUSy 4BESKk$FESheEHT eat ed as
nmacro code. Paragfﬁ$ﬁf%,SLE?SBéEQ;E(éiﬂggr,(E%ﬂééd%@)within the braces as a

new macro command. Moreover, the parser 102 recognizes,

15 based on the syntax 104, that the “name” embedded within
the parenthesis is a parameter to the new macro cémmand.
Other aspects of the syntax 104 may dictate that a string
of characters outside any symbols to be interpreted as a
literal string. Accordingly, the parser 102 breaks each

20 element in the expression into components as shown at 108.

A novel feature of the parser 102 in the present invention
is that the parser 102 is transparent to the actual content
within the tokens, i.e., curly braces. That is, as long as
the new macro commands or keywords are embedded within a

25 recognizable token, the parser 102 breaks the keywords down
into components regardless of whether the keywords have
been predefined in the macro language. Thus, as shown at
108, the macro expression 106 is broken down into

components according to the syntax 104 of the extended
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96 .~~~ , WD 00I23919 PCT/US99/ 24115 13 The syntax defined in the

extensi bl e macro | anguage of the present invention allows for both 15APRZQM
procedure arid iterator to accept and process paraneters. Paraneters nay

i ncl ude string®¥C %%t her nmacros. To distinguish 5 paranet er SPCHBE9924115
paraneters are enclosed within parenthesis follow ng the macro. Mcros may
accept variable-length paraneter lists, as desired. The foll ow ng

illustrates a macro expression having a paganeter "too": 10

t MacroWt hParanmeters ("foo"y} Control blocks In sone instances, it is

desirable to have a block of I'S a macro expression to fail if any portion
of it fails. Theyfebl oMdi@gexaneenkh| kishiodtieSpiiRraychid BEbRET &lown
~FirstNane (Mddlelnitial "."] LastNanme} 20 If there was no.mddle initial,

the M ddl el niti &5 FREPEMGOFECRSRE ARB: e $5FiRg oreget HLERHRIYE 1 n t hat

case, the literglrenthédiailid PRikeReaBim HLq. pIoaRaeeNEBiRent ofosych
conditions, the ‘present invention includes in its syntax, square brackets
("(]"? that denothe 25ringoidkesondl PERpESOWHN2S ThUdterl (RBPARRNYO Wit hin

the square brackgfex.f ahd Sonet BEriRstp@Ez4N8 LUDEESSIRRNI doviN8s' a Square
brackets is not emtted. In the above exanple, if the Mddlelnitial failed

fox lack of val ukiterhd ¢omrongpt "108di.s not be printed. SUBSTI TUTE SHLET
(RULE 26) 9 6 ,~ PR ?00~ WD 00/13919 14 5 10 15 20 25 PCT/US991241 | 5
The conditional blocks have internal scope, S-.e., the failure of a

condi tional bl ock dods sepwrafifetigurigel. sthe GIRERRHY dgdetiTorlednditions in

a block to affect,ih@.0ul &fadibofnarteher pyNtars adgiddanal) yuibnglides what is

referred to as a propagating conditional denoted by angl’e brackets. If any
macro withinl@ pheywasdsaned ¢bsinckestrespanding enecyiaddr opddsi-n The angl e

brackets as wvell 851181 0€xa.QUk&F B Qggréc@iilnis th;fgzeepfogum ng,exanpl es

illustrate macro expression with-a conditional and a propagating
conditional: { Pppinter to[thRy jpatudl Redes]134 Jor pagantippe € . out put
Print " " [ Printessdigily>1d2 hnciddibone §0GhoreOREAMrakN. ROt EXAMMILS the
"Print" macro out%%? s tok_g %r dns%oo". i t’icw)e Fir st exarrp?e, at ﬁ‘e falled
macro i n square berdeketrsd| gax dat dyrasycalinimedifdedl colg.- - Thers kevherdmext

outer bl ock Ravi 0g"&IdeRt 2adey 8¥CLULLI naSa Wl se@Spl NE ubbE Sds 'chBr hilyo
resulting in the output "foo foo". In the second exanple, when a nacro
wi thin angl e bradregeadeai | The tihpos BTy @12 sipridigapae ettt &0Y4HE 1ABX 2] ock
having the “Prinke aGipie TS iOF R6b10W LB WhiihacRdilteal S NOt
executed. Since this Print nacro s contained W thin a palr of square
brackets, the faickdee. i dleornatiiNetlyi ik ShPaSUBSHaTEESSHEETPY RER 26)

the repository 11i2.

20

After the macro expression has been parsed into

separate components as described above with reference to
the parser 102, the components are then passed to the macro
handler 110 for additional processing. For the token

25 component having the keyword “property” 108a, the macro
handler checks a repository to the keyword “property”. If
found, the code associated with the keyword “property” is
retrieved and executed. In executing the code, the macro

handler 110 passes all the parameters found in the macro
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~ S ~~ ~~~0~ WO 00123919 15 bl ock. Thus, the first "Print" nmacro is i BAPRZOOJ
executed, resulting in the output "foo". PCT/US99124115 Figure 2
illustrates an exanple of a macro expression S including an iterator nacro
of the preseYOPM8Mion. As described with reference to Fi §GFa's192415e
keyword "For Each" is recognized by the parser 102 (Figure 1) as a nacro,
and the word "Enpl oyee" is recognized as a paraneter to the macro

"For Each". When the macro handl er recefves the token 10 keyword "For Each",
the macro handler 110 (Figure 1) perforns a | ook-up of the keyword
"ForEach" in the registry Z12 and executes the correspondi ng code. The code
for ~ForEach" nmacr £ Yo d AGkHdes | RSt EHEtd QRS {9 REKEOr M
comands found %mmtrﬁfﬁiﬁeagée I n/ gnggblf o%k oglest'he 1~ macro té,xpgrr g:sglgbn for

al | " sub- obj ect s 2@4hac2Daendben 1§0vérepinoscreDLohinpngerivhgthgme of the
speci fied paraneter “enpl e’ i r r i 2 ot her macro
exists within txilfeocﬁgallég)é%égb‘r%'clﬁg g%%:%%lg}%(ra]g ys,al)&%hgﬁ%a%hg éﬁe er 110
(Figure 1) perfarimahat | ek maprofhandéek e\donde@d roPrepegriize im thHee regi stry
112 and execytes the_correspondi C for _e f the - obj ects 204b,
204c havi ng rrp'%beyegrf’}f/?)retyaslipaegcl% |§%§:itﬁ3 %ﬁeﬁ%@ggﬁé’%hm E:gl?/v\or d. The code
associ at ed w t hrdégesitErppart §ér kinpwoodredpondéranolde, amd/ thecl ude
instructions to_pri.nt the value aof th t i f i ar amet er
of the keyword ® %%é?%y‘*’"",rrFﬁp?%‘{u%s"gc8‘2%%%5‘#@%&9%%3%%&1%Egg%egi fied by
"EnpNane". Consexgmitelyyittheny gsadameoérs he Thacrarrespredsipro@02id s t he

out put shown at_208, .“Mary Johny.. SUBSTI TUTE SHEET .(RULE 26 6 ~, ~R
2003 VIO 001 23915V BCRLGETESITTES g ¥E% 55 Lcj’egﬁé?f)‘f gﬁaé‘%oglpé’ﬁ)ﬁﬁaﬁé“of t he
present invanti eke ixtuskfaddef dOrselfstioni zi ng macros specific to the needs of
i ndi vi dual usexs. For ez:anple, the extensible nmacxo | anguage has been
interfaced with the UMA Model for 5 retrieving various objects fromthe UVA
Model , as desired byfaedstte prhgeddierst ihrselfosied dodealTo-gpendfeh U. S.
Pat ent Application No. |U ~~~F2G 223 enti t] APPARATUS AND METHOD FOR
VEDEL| 120 TO0, ST e oher e EA g T RE. 1 LAFEERLe BF Which i 5 10
i ncor por at ed hemet# duypnes erignesy) ofi the cadcuety ddier ehd.plippenthe A
i ncl udes a t:lrsi eLugeustqs '&,Qti oi%tof ok hem ecxgengirtgalsginaciro Ilgg uatg%hgf t he
present invention 2% useaki A the UTI A MOdel “and réf &rred To as the UVA
Tenpl at e Languageywdite deiswy,i phi oime iexadphbe raiown Alexfilgairaslt ondeenbodi nent  of
t he 15 extensi bl e cr nguage_and .shoul d. .in_no way be read. as _|imting
t he scope and cglﬁté%n‘% io'?i gge %f%?haéss‘eox leagg?ﬁlbvflethnﬁg?o I)aé 65%1 e wtl(tfgt H’ee
descri pti ons cophaamscrt heanesi“nmay be MARY. Consequently, the result of

the extended macro expression “{property (name)} likes

20 pizza” at 106 is “Mary likes pizza” as shown at 116.

A novel feature of the present invention is that the
macro handler, like the parser, need not know anything in
the code or what type of functions are being performed by

25 the executable code. The macro handler merely provides an
initiation into the executable code that is associated with
the keyword. In an exemplary embodiment of the present
invention, it is left up to the users to define exactly

what the code should do, and consequently, therefore, what
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Wil e the invention has been particularly shown and 20 descri bed w thbé APR 2003
respect to an enbodi nent thereof, it will be understood by those skilled in
the art that goi ng and ot her changes in formand det gj e
made therein vg\wrtf%%%?ﬁdeparti ng fromthe spirit and scope of ?ﬁi’%ﬁ%h@i on.
SUBSTI TUTE SKEET (RULE 2G) 7 ~'"~1"Ir"~a ~~(~3 WD 00/ 23919 17 ~VeN eW
PCT/ US99/ 24115 The purpose of this docuggnt is to provide a brief
introduction to the tenplate | anguage inplenmented in UVA. It assunmes you
have a wor ki ng knowl edge of the objecUproperty netanodel of UMA. It is not

i ntended to provide an exhaustive explanation of the architecture. UVA team
menbers can provb@ganOehwi kdywarahi anepekaoai, eahuangrddidingan direct you to
many code sanples that use this facility. The purpose of the LIMA Tenpl ate
Language (UTL) Fae¥tPi5r ngaee"tf@FilB ?ﬁ‘&‘%&p%’?q %FFes to any UWA- based
application. These capabilities can be used for various features, including
(but not Iimted to): Mcro expansion: nti me expansi on of code tenpl ates
agai nst the nodel . ExafBfedPP¥fc FHaBR1 §§§r°‘éfd°d‘é ¥ 138y BAYpr5€8dur es i n
ORConpass, and VWheHohedBasi Gatitths]) aips aEpeperdrt itd O GRrRASBangudgéi pti ng:
Execution of a series of commands against the nodel. An exanple is the
controll er code FBF HEATR&Fd %i“ﬁ@%%ﬁ@ Y 568 OB ns M tect ure of
tJ-TL is intendedrEormirTat Cedrich WS6m itheANoPBNYWiaRPREE S o map HalMAbased
product as possible. This i s _acconplished by allow ng the users nmaxi num
flexibility in &PRoPPYRIPERITINhGuABERIT et HEIRDECITEEY nkfdd¥29% hi s product ,
whi | e providi ng @scHEE N 110BE eEHAthoNe-E4pROPL1 BS, RESSHUE raneheXxposi ng
mechani snms that allow reuse of new inplenentati on code. To acconplish these
goal s) U.TL:1%1. R¥eFpReSINYeAF#PHal syntax for the Language; 2. allows the
user to wite procedures and interators; 3. provides a nechanismfor

registering the procedures and iterators in registries. Syntax Summary The
following is a E&%ﬁ%ﬁ%ﬁﬁ#&%ﬂthe syntax of UTL intended to provide the
bare m nintun necessary to understand the inplenentation. Mre information
can be found in the docunentation shipped wth ORConpass 1.0. Tenplate code
consi sts of |iteral sTRereymsaxcomieift ST SFRYP sk idt o7g SEBpRHEENt

characters. {Urrenthi)eifbnsibe¥enalrb CotLa% G111 NGS: vAUEI-ErY@liwes are
described by their string representation; nost nacros evaluate to strings.

etc,i ~ In this FFCentThy exEprsibdeepecyy) lepguasi fppht RUSSEAT devel oper,
not the end-user;ffenthen aRRNILESE i DRyNEak/TIFikude £XAGT BmgAlsIngal |, will
al so support nungric nodes of operation that wilt provide better

per f or mance whenti&€aPiAg WHCERS nUFRTEEES THI% ORFFRE QY SFERERE FPGF2FeHur es
such as volunetric cal culations. SUL: STI'F JTE SHEET (RULE 26) 1 6 bPR
2003 WD 00/ 1:235919 18

Literal

The syntax in this embodiment treats all text outside
of curly braces as a literal, and is emitted exactly as
typed. Within curly braces, text inside double quotes is

25 treated as a literal. Such a scheme allows for embedding
of a literal within macro calls. Some examples of a

literal are illustrated as follows:

This text would be emitted just like this;
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Lirteral-s PCT/US99124115 In tenpl ate source code, all text outside of curly
braces is treated as a literal, and is enmtted exactly as typed. Wt,h];mgm
curly braces, text inside double quotes is treated as a literal. The r

al lows | arge Wookmspf boilerplate to be entered, e.g. the begysRéa, st or ed
procedure. The latter allows you to enbed literals within nmacro calls.
Exanple: This text would emt just like this. {"So would this text.")
Macros Macros are special insfnictions tollhe macro processor...basically
procedures. Al nmacros are contained within curly braces. Macros basically
fall into two categories: procedure macros and iterator macros. Procedure
macros are designed tQ perfarm sone k. They may expand to a val ue; they
may declare a vari alf'8® “f%‘@‘% %ﬁ/sltr‘?\%wk) a process. The actions) perforned
are entirely specified by the designer of the macro. The only constraint
upon themis that they return True upon successful conpletion of their task
and Fal se upon Kae19% e. Exanpl e-the foll'owi ng shows a string literal,
followed by a nracro call for getting the page nunsber when printing: M
Model Report_- Page {HeaderP a |l nput . Mode| Report - Page 1 CQutput
Iterator mactos al | SRCFRAR H?ggg%ol’fsrtﬁgfé‘gy%cﬁpoée d’éf{éé%?’r"lﬁﬁs Pes.
Iterators are distd pvcshesbyrt hendkayner g5 Degoaramidngnlatdidigedel inmt a

bl ock of code foll ovviig?g the iterator decl aéa,ti 08. All of the code within
this begin/end BFERIEIRA| FO P RERtAE £EEABEY 0t TBECHF TH°8F at PR Mhen t he
iterator has nmoyed EresSand kmBbji@ed Sviithiht Suflgobyacsmt r oh avid | break out
of the iteration block and execute t first statement .after the bl ock.
Excrnrpl e-the f§MFPYRHTEGEexBEUMBETPIr elﬁr SBEYUME RRLTBEZ0mANER EDnce for
each el enentior ekdefsd Ay 1 herdpkt gacdqy. macro. Note the curly braces
surrow. ding the entire code fragnerrt...indicating that all code within is
to be treated as nacro code. M/Zterator begi n DoSonet hi ng end Macros) both
procedure and iter atmiccedfe i@ obas PRIl §nePafcapBt Birsn 8bfe SldrkNys) or
anything that evaluates to a_strin 21 such as another macro. |f _a macro

t akes par amet er SPeY &Y &?‘Ba%‘jncﬁ"o%g H4F ipaPEhL TS 88 H %R VREaEF 0. Since
forward decl ar atthep iy ARGHIS d Hro6ésd equheesyt ITAGI PSr I ¥edCHRPT

vari abl y-1 erlg\';)hégar_ ameter lists, .if des%\%rfed. SUBST| TUTE SHEET (RULE 2G) 1
6 Q PR 2003 F 55090 SPEC 15T Birethg IATCPBYY tHPAPaMAEPs (" TDE™F )

PCT/ US99/ 24115 GaBbdimenktl, 0cks raegasi mnad | Wpweted,S rdesid ablerd«r Ravee an
entire block of tenplate code fail if ancy ?bepe of it fails. An exanple
woul d be where MREReSHREESEONE WEPLEF I E £8]IT 15K ol 2y FaHF%pt i onal
value; if the valalge Wgsonn@hipixsent, the boilerplate should not be emtted.
Any code enclosed in square brackets is corrdi~ional: it wll all fail if
any piece of it fails, "Failure" neans that a macro will not execute and a
literal will2onot be ewé tdcedowinmRbeesdidrnengustsratesn dl-e@ngarmerkiie period
will no! emt: {_FirstNanme | M ddlelnj t%al "."énLa%tFNarre Condi ti gnal bl ocks
hide their interfPAtCRDHY. 2T IEANS 1M thtrd &PrPuPRIS & RBh i onal

bl ock has no ef fmahtomgt he surroundi ng code. Any code encl osed in angle
brackets is propagating corrditiorral: it will fail if any piece of it
fails _and it will propagate that failure out to the next bl ock. The best
way to distinguish tingaededOrRéyRAS -0badd Oticadesraded)n exanmingge | n both
exanpl es, t Print macro, emts the word "foo" and the Fail macro fails no
matter what . Exanpl BY df°de3ndrRe%nal PBF®Gk: { Print " " { OBEPRE ( Fail J 1
) a input foo foo a Qutput Exanple of propagalirrg corrditiorr block:

In the above example, the HeaderPage is a macro

defined by a user to extract a page number.
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{ Print-" " t Print < Fail >1 ) Glnput foo a ouput Architecture

LWwvDat aBut | er The desired capabilities of UTL are achieved using an lobjABR2003
called a data butler. Data butlers are responsible for providing

i mpl enent at i on¥%WR3MRe nmacros encountered by the macro proceBspuswhens
executing Tenpl ate code. Wen the macro processor is invoked, a data butler
interface3 is supplied to it. Essentially, a data butler is a use of the
Strategy pattern. ~ Interface defined is LW/DataButler.h ~ See Gamma, Hel m
3ohnson VIissides, Design Patterns SUBSTI E SHEET (BULL' -~6) ~ b APR
2C~~ WO 00/ 23919 20 PCT/US99124115 This acconplishes the first goal of the
| anguage design. By proMdngagidd @nesh Wl asbhtiensalifrdQcHBES Qata
processor, the grammar of UTL can be confi %qred_for the a placation and
task at hand. Es&Urughvredut FERTFTRAISentntHStéRIehThet O¥pthe keprords

keywor ds~( macr oSy, 20RF Opid ale@iah O¥hdtt el fivle ANd1b6k et ckaywendswihat are not
acceptable. Further, a given keyword can be inplenented in different ways
by different datthehdtPEREST SLLLHF 3G Penplift €°8BdBLtH HELE gik§gaR{ewd” t he
underlying i npl egRNLALL 0o TRES bricd!$8EWadi s2bEOM M NWhdd Rhe Products Lo
work fromthe sanme tenpl ates when their underlying data nodels differ. The
LWWDat aBut | er i nitexagers brss moved grosy pbt mbdecrs HurddBePerloc 8t e dmacr o

Wi th no paranet efs, s bial o WhBOH &an ; sHbSTdULEYA MG n6e0SL LWIStdd N9 &
Macr oNane) LWIString & ExpansionValue) = 0 ; // Handl e procedure macro with
par anmet ers virt ualndxaTBbatemantSihstlia prexalaeressher ALWFSt thenglachacr oName,
LWVBt ri ngLi st & ParaneterList, LWIString ~ ExpansionValue ) = 0 ; |l Yandle
iterator macro with no paraneters virtual LWHool ean Startlteration( const
LWIString & 1Per Name The=f@l}qwingndleck péreawic RuBrosiiorhiphystvates 2 vi rt ual
LWI'Bool ean Start ) terat it?]g(ié:é}ré%rqgétorzi ng & IterName) LWVSBtringlList &
ParameterList ) =0 ; // Handle iterator macro iteration virtual LWBool ean
Nextlteration( const LWIString & IterNane ) = 0 ; MCDataButlerl The second
desi gn goal of UTL s to provide as nuch functionality as possible to the
user and to allow themto publish their own code for reuse. Since the

met aphor of an Ul vi A nodeMyHesdasomi th all data at a very abstract

| evel - obj ect §5and propt ~r%£§§5 many grammatical elenents of a tenplate

| anguage can ge witten absiractly. These el enents can be aggregated
together to formthe nmmjor poridSemeetinghe | anguage needed by any UMWA- based
product. The user could eg,gnd this base in the few areas that are
product-specific. Ideally, the | anguage shoul d be extendabl e not only by
the user, but by'the End-user of the user's product. This is acconplished
in our solution. There are two basic problens that are addressed by the
solution: 1. A nechanismis needed to share inplenentations. As new
keywords are 2dded, they must be published. SUBSTI TUTE SHEET (RULE 26) 1
6 gPR ZD-~; f In the above example, the procedure macro
“DoSomething” executes once for each element returned by
the “Mylterator” macro. The curly braces surrounding the
entire fragment indicates that all expression within the

25 Dbraces is to be treated as macro code.

Parameters
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WO 001 23919 PCT/ US99/ 24115 21 Z. A nmechanismis needed to control the
context of a macro's execution. By this we refer to both the state ofl SHERW
UVA nodel at the time of execution, and to the specific objects) or
property(ies) WRV8aro affects. To neet these criteria) a bag€usyeras

i npl enentation of a data butler exists in UVA. This inplenentation)

MCDat aBut | erls) provi des nechani sns for defining the desired gramrar
increnental ly and for managi ng contextual {4 nformation in an LI MA nodel .
This inplenentation is a superset of the f_ NI Dat aBut | er interface. Though
the LWvDat aButl er interface is exposed) the user need not concern hinself
wth it when inple tin d . ler..The inmpl. L.oq_ |

MCDat aBut | er | accog%ﬂ}es ﬁ%‘g%’f fat e? ﬁggé hlgls thegx*e:)Hl%ﬁgggg%c%gga%‘/A#% ggoo;f n terns
of i npl enenti ng thleeptadidoat aBudrtépni allesater WauhspyrodddDakaByd | erl manages a
registry of macr,Q handlers. A nmacro handler_is a je hat _knows how to
perform a certai"r’fegéf?ro%o §F V& a°c oecftsg &%%’émé%teggl I %arémgn%%ﬁso%ﬁgndl er is
an exanpl e of a iCeMaadyrahgemdr dhkexataarbat | efo dasnirgiuisha di ctionary of
macro handl ers keyed by macro nane. Wen th cr racessor _requests the
data butler %o HEATAME Farmtre Lo BecTi% "SEnSrT LUTOVAr Lot Phf =T HE “ah a

butl er | ocates tialappiopheatacmacr Badrarsdmey acrdptsvarigblendeygtand

del egates control_to jt. .The macra_hand! er .pro ses.the .request arid
returns control X9 3H exda]tlés’@%ljt se(r&es I6‘:“451 mpry ?E;lfl\?g'rla% ’telﬁ‘élsr ’é%ﬁ?sn “val ue (if
any) and the suates® simtesstionthwyingca pyprageessorfooA: macr o handl er exposes
an interface that is used by the data butler for invocation: virtual

LWBool ean Execute( MCDataButlerl Butler, const LWIString & Macr oNane,
LWVBE ri ngLi st0 Par angietsqwik WFStanengrs Ekfans pnVal ue) ~ 0; MCDat aBut | er |
exposes an inplenentation signature for registering new handlers: void
AddHandl er ( const LWIString & Macro, MCMacroBandl erl 3ase Handler); In
order to inplemeoéntao@rBIBEKs) a user can construct an inplenentation of an
MCDat aBut | erl and inplenent all required nmacro handlers. Alternatively)
since the macro handler registry is a nenber variable of a data butler

i nstead of a singletan, stie inseingan subid akesiamblxitet hage Gabaodkitdter. Thi s
provides the. user with all_ macros kno 1o the subcl ass,. plus.tho t hey
Gevel op. An dxanPI TGP EFFETEOT e CAHMBACEIFBIverd Bhol nédrithy data
butler) it subcl 4sEesvibEDataiBae| £Ylustihetéatdrer sualplieeatsea W de vari ety of
generic macros for creating objects) reading properties, iterating,
constructing variables) etc. The Forward Engi neering data butler inplenents
one or two nacros assdiratiheoriMyddlidrini Ebxlnay.d]l Enggtmaerl ng (such as a nmacro
for determning the correct s Inplenentation found in

MCDat aBut | erl nterface.h ~ O dt, Design Patterns SUBSTI TUTE SKEET ( RULE 2G
~ 6 A PR 203 200 00l 23¥18h27: RGH/ his38itAdé 1nixdadyt tlon Miadnend tfial a

dat abase) and ends up w a .conplete grammar_fo itting Second)
MCDat aBut | er | rrar'?ﬁﬁlé‘gs) wémt:lgn’feetx st arcl:{l. g?’ﬁ © coorntaei?%vgéléeal I[%)’L Rt r~acr o
handl er to know whae, adjectitenalt he” idudvdedt ibe peimgd.ef®s enced when the
macro executes. FEqr._ex |l e, the Proper. ) hacro retrieves .a_naned
property frorri 5%‘28 Togdg]g? 9% sﬁﬁgr%oor}%%?é?’ fOF PRSIt 97 (=3 98eds to know
whi ch object it siholbhdesguer yts MybaiaBuiduere hmcheasne: [~ $t eltdt d@knotg ect

ref erences a exposes..an i nterface, for shin d poppi ng .objects on this
stack) as WeIn# asap 8?§htulé’fl ja/?negx‘irﬁgs’s?’%ick%%tr% ﬁgﬁd\%é{}g Egﬂl’d{é ¥ this
interface to findcaate thrackerd eatilsf tHeeresOpEt aheOoexpddsebpecin tthe

Get Current Cont ext (voi d).; _void PopCurrent Conte voi d); void .

PushCur r ent Cont exs(tq(“ﬁff%tfr&?ge;s 88’(‘)","'“%&6‘8& i ﬁiéltgﬁ)gmféﬁm%eer Ffexposes
a facility that alHeomsdaddsGhjierdl ifa@léd For LackwTagalidie theni exdral ».~
automatically. Mgcro Qalgldl ers %gr iterator nmacros can instantiate an
iterator proxy. Thi $°Fs®aR*oBf¥tt that automatical |y maintains the context
stack for the iterator. Upon instantiation, it pushes the first object
being iterated onto the context stack. Each subsequent iteration causes a
pop and a push to occur. Wen there are no nore itens to traverse) the
stack is popped, leaving it in the state that existed when the iterator was
encountered. These iterator proxies are nmaintained irr a stack of their own
in order to manage nested i%@ﬁa rs. Exanpl e-thefoll ow ng sanpl e code shows
| row the Property macro wouPd benave S e®YLE20ependi ng upon the cont ext .
Assurrre an entity naned "MyTablel "drat lras atr attribrtte "MyColrtnrrrl
" and a second attribute "MyColunur2. " Assune a second entity rranred
"MyTabl e2" drat Iras an attribute "MyColunrn3. " At the tine tlris tenplate
code executes, we presune That the stack currently has the nodel on top due
to some other cods ' ForEach( "UOCEntities" ) begin Property( "UPNane" )

—~ - 1 7 TN A 2" 1l s .- -~ . NN 1 ] ] o, A = 1. 1 1




WO. UQ 23919 23 CLAIMS What is clainmed is: 5 HPR ~v~~ PCTI US99/ 24115 % A
nmet hod for providing an extensi ble macro | anguage conpri sing: anal yzi &94%2003
macro | anguage expression; 10 determ ning based on a predeterm ned synt ax
of a macro | aNjue3¥1%ne or nore keywords in the anal yzed nagcaniseggigge
expression, the keyword representing a macro conmand not previously defined
in the macro | anguage; 15 retrieving a code associated with the keyword
froma registzy of keywords; and executing the code associated with the
keyword. 20 2. The method for providing Hn extensible macro | anguage as
claimed in claim1, further conprising: extending the registry of keywords
by inserting a new ?5 keyword and a code associated with the new keyword.
3. A systemfor providing an extensible nacro | anguage, conprising:

SUBSTI TUTE SHEET ( RUlbde 26)xditifn6l, bFoeckzQuava\Or3@rA8D16-dp€T/ WSH9/ 24415 24 a
parser having a_predefined synt.ax t L Ne. Qn r xt ended

keywor ds enbeddéglﬁﬂ%ioﬁ 2 ‘Fr%‘crgrlgif’%%g%gagkg})i(%?seg??o%%f?%e%ggtended keywor d
representi ng a saerourelimgaesiaind€@br nevhdinianprigdet etockhas séfeaf the

macr o_commandgs 5 of nmacro_,| anguage; K d r.eposit or avi ng one or
nore keyword aﬁ&t‘%%ﬁc&t’ e?ecés%é‘g?xaarﬁlfgxr\ggl crlggg‘é%%ﬁ é'%agohﬁ'ol ed to the
parser for receireagrédheocexs engedpheyiornd cbndin idmelpdesared bheanper o

handl er in resp%[;se to thg received e thended kely rd {etbri evitnsg a code
associ ated wi t h FRESF el et e M PSAd i Waydr B2 1 Sh R K KFRSFE™F eposi t ory
and executing thFaitederHe0 block tiehimcyie Bagltennmntkerepsesanteds yhet he

ext ended keyword. 4. The extensjhle rol uage as_cl ai in claims3,
wherei n the keyWsd ?‘é"[ﬁfsg’ll8?}§/ ‘Aia‘slliug%h efﬁil?%wﬁ’ﬁ;cleﬁfa@p I q‘lig?%rra&f and

associ at ed cmdeSnacro expression with a conditional and a propagating

conditional:
{ Print * * [ Print [ Fail ] ] } : input
foo foo : output
15
{ print * » [ Print < Fail > ] } : input
foo :+ output
In both examples the "“Print” macro outputs the word
20 “foo”. 1In the first example, the failed macro in square

brackets is contained within its block. Thus, the next
outer block having “Print” is executed gs well as the first
*Print”, resulting in the output “foo foo”. In the second
example, when a macro within angle brackets fails, the

25 failure is propagated to the next block having the “Print”
macro. Thus, the next ocuter block with “Print” is not
executed. Since this Print macro is contained within a

pair of square brackets, the failure is contained in the
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20 5. A nethod fox parsing a nmacro | anguage expression) conprising:

anal yzing a macro | anguage expression; and 25 determ ning based on APR 2003
predet erm ned syntax of a macro | anguage, one or nore keywords in the

anal yzed macmo b&zsglfage expressi on, the keywords representi RgTAB®INAIIS
SUBSTI TUTE SHEET (RULE 26) 16 ,~P~ 2003 ~'~" O 00/23919 PCT/US99124115 2~
commands undefined in a predeterm ned set of macro commands of a macro

| anguage. 6. The method for providing an extensible macro | anguage as
claimed in claim1, wherein the code i ndi®udes machi ne oper abl e
instructions. 7. A nethod for providing an extensi ble macro | anguage

conprising: an i ng nmacro Lan .expressi on, t } ni ng based on a
predeternli nedggéﬁ ‘ax T%Fsactr?ﬁcrigr%ﬁgﬁégé %nceoo?s n%qéraeé:gﬁge%/mrds in the

anal yzed macr o reanpiiage igxyhreeosktput, ‘tfloe”keyword representi ng an ext ended
macro command initially unknown to the macro | anguage; retrieving a code of
instructions associated wwth the keyword froma registry of keywords; and
executing the code mifgures? rildiisonstes soceadeel evof ha trieerkegxppredsivher ei n t he

ext ended magro .co d is executed withaout reconpilin he. macr 9 _| anguage.
8. A system foﬁnﬁr‘gﬁ}iﬂ A9 Jéltneré%f)@nrg?% °e°l|£raté}r‘% ﬁrglg a%alg‘é',%n%loor?p'ri glsng: a
parser havi ng aepeeilefd weth sygflearnt® weFégnreel ,onbe ckeyworé Wdr@adkd
keywor ds enbedded wi t hi.n

. TaGho Lanauage expression. J e extended keywor d
representing a‘ﬁ‘eﬁﬁf’wgﬁd}% S‘Srrﬁ%n%lm £i A1 un('k)ﬂown t0 a racéro
| anguage; a keyaMer dordp@Esployee haei neroymeézed amreephkeywaredsta@ancheone or nore
associ at ed codes; anglfa macy o &ggdl e, co%gr)l edar'gdq_et hg {ge%rvseer feorto £cei ving
the extended k&ARSPd T3t he Bethe (MRET ARSI RANGF S VR TS S0HER to the
recei ved extiendegwkey wrcdEacet r itdei ngero dadélaf st Fimireons
performs a look-up of the keyword “ForEach” in the registry
112 and executes the corresponding code. The code for
“ForEach” macro, for example, may include instructions to
perform commands found within the begin/end block of the
15 macro expression for all sub-objects 204b, 204c in a given
object 204 having the type of the specified paraméter
~employee”. In this macro expression 202, another macro
exists within the begin/end block. Accordingly, the macro
handler 110 (Figure 1)} performs a look-up of the keyword
20 “Property” in the registry 112 and executes the
corresponding code for each of the sub-objects 204b, 204c
having employee type as specified in the “ForEach” keyword.
The code associated with the “Property” keyword, for
example, may include instructions to print the value of the
;S type specified in the parameter of the keyword “Property”,
in this case, an employee name as specified by “EmpName”.
Consequently, the result of the macro expression 202 is the

output shown at 208, “Mary John”.
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associated wth the received extended keyword fromthe keyword repository
and executing the code of instructions to run the extended comand 1 EcpgﬂMJ
represented by the extended keyword, wherein the extended command is
executed wi thout reconpiling the macro | anguage. 9. A program storage

devi ce readabl OB@”“%chine, tangi bl y enbodyi ng a program of PCR&IPUTNISoNS
execut abl e by the machine to perfoxm nethod steps of extending a macro

| anguage, conpri sing: 1 6 APB us 26 ag%lyzing a macro | anguage
expression; determ ning based on a predeterm ned syntax of a macro

| anguage, one or nore keywords in the anal yzed macro | anguage expression,
the keyword representing an extended macro command initially unknown to the
macro | anguage; retTheexngnaidedpaero lasgwangs cdnthaPseeenlt d@Vanrtirn he
keyword from a.regi sty : 1S, k e Lpstructions
associ ated wit %t %?éﬁyﬁggdgﬁﬁﬁﬁég?ﬁ’?ﬁgrgiﬁﬁﬁ %gg%%%rgﬁ%ggﬁggdégs execut ed
wi t hout reconpiinidbgiduzd meer®. | &nguagerlde).the eetérodblermaramyvi di ng an

ext ensi bl e macr.o | anguage gonpr.i_sing: anal wzi.n r.0, | anguage

expressi on; de9€PﬁPﬂgﬁggﬁa§%e 8ﬁ%5r%¥§ e %%ﬁfﬁgd syn gﬁlocpg macr o

| anguage, orfe aecibéeirkeyanicss iohjédmss dnahytded UMBOt@elangsatpeiexdr essi on,

t he keyword representing ended. macro.comrand initially unluiown to
the macro Ianggﬁbé;u?%ﬁTiggfﬁghhléd%éﬁgfs?%s¥}Gcf?ﬁﬁ?déggd%f%ted with the
keyword from a mseghstappldicakiymmedsOAM#0&etuti ng the code of instructions

associated with the ke r.d. . h r el tensi bl e
macro | anguage as cl af 1Fﬁ %éﬁ?%?@%?gﬁuggﬁé% £§%§%F%?ﬁg?a§§ﬁ hdi ng the
regi stry of keysmedsobyodtaderris,ngoas newekéyswiodureprfes8hth ng a new nacr o
conmmand andH? code associ s@ d A Jstenlfor

t ede %)h ;[:ciageerepxegv kneyi\énr nit, ']:':2' hs retc
provi di ng ah’ ext'&wsPBI PO aRguage, “B6RpTT SiigT a par setfavi ng a
predefi ned syntmppehaidet emwlngeDnreboiebeecexitdpded: keywertensible
macro language of the present invention as used in the UMA
Model and referred to as the UMA Template Language. The
description in Appendix A explains one embodiment of the
15 extensible macro language and should in no way be read as

limiting the scope and capabilities of the extensible macro

language to the descriptions contained therein.

While the invention has been particularly shown and
20 described with respect to an embodiment thereof, it will be
understood by those skilled in the art that the foregoing
and other changes in form and details may be made therein
without departing from the spirit and scope of the

invention.
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1.6 APR 2003 27 enbedded within a macro | anguage expression, the extepded
keyword representing a newy extended convnand initially unknown to hgmmchmg
| anguage; a ksémord repository having one or nore keywords and one or nore
associ at ed cod®3P4Mt a macro handl er coupled to the parser fROT/Usewmig ng

t he extended keyword fromthe parser, the macro handler in response to the
recei ved extended keyword, retrieving a cede of instructions associated
with the received extended keyword fromthe keyword repository and

executing the code of instructions to run the extended command represented
by the extenqid $ﬁé%Prd 13. A nethod for parsing a macro |anguage

expr essi on, anal yzi ng a nacro, | anguage expreSS|on det er mi ni ng
based on a pr"é‘ﬂé?@@%g@ti dagpientds BrprovidradrGl INHPHG 3%0 the raplate IaRgieeek ey wor ds
in the ailal ymelmanedip UMthgasenevpt bagiasrprkingimoyirdec! theoPiscpempvt d's

repr esent i ng eengel ofbPMA-new ext ended macro commands initially unknown to a
macr e Ianguaqg and searchlg%éa regi stry of key mords for a code of

i nstructions X Bnebinerdedto oy, QEhaptive ”r“ﬁ?ﬁ"ﬁéﬂ? ate (‘;é“(‘}E‘F“at W*®h t he one

or nore key\/\df‘ﬁ'%bers cm_prowdc you with such an explanation and they can direct you to many code
AUF. AF[ . AF . Aamgissthatase this Sacility. A@ R A .A Af. AL{S A, . AA A AQU. A, . AA AyAy. A

U A @AU. A 2. As" $O ) 0124>2X5= nhb\
. Ca]@ca] Ca] : ?%Le ¥%> % @%elg‘i’% B\/%for Va ous atu éaéﬁl%c:} ga] cale
al |5?\P\} Bt A

ey E‘a‘]"c'

a] ca] ca] ca] c a] ca] ca] ca] ca] ca] ca] cal ca] ca] ca]ca]ca] ca]c"a]

gﬁzZGr/ c| wr rrhc"Y] %i‘]’& 5&9 c&jdﬁ j""b"éi% BhHY'E %%, cgl ca] ca] ca
| ca] ca] ca] ca] ca] cgl& %cm g e f(% ggoﬂp ‘°]sg‘t U}S g] ca] cal] c

al c c nd vac omp

a] caU] ca] ca] ca] caggéi E&%’]" Jogajo’b‘gféﬂ;]diﬁ%gﬂag%j %e}%]éﬁnj:c%‘]dﬁl L AR Ba] cay ca]

ca] ca] ca] ca] calt8

) col el co ool i LR S eééf (a(s

acacacac ca caI 4(5(H

(C)t) * 4 % JUC[ O‘Sé% @%?;%nacd:m rrl-gv Ca] Ca] ca]C
a

o cal oo cal ca S e e T

4>4r 444555666%‘?"%’/‘“9‘%‘?&%‘8@p§§‘8888882u01 e ZU] cal] ca] ca] c( a] caU] ca] ca] ca] ca]
N AN |

cober) e abmaRbima e sl ) ool sty col ) col ) o

a] cal ca] c"al cahca,%&g]g%ga%g] ,ga]hgaa]]g‘aag] ca] ca]ca]ca] ca]c&a] ca]ca] ca]ca]c

aU] ca] ca] ca] ca] 6" aygws the user to write rocedure nd mterat

| A° BRBs BBBBB' CP@ F~ vtl-f.llz_g_{‘rl.\.umu:ur C‘LI]OI: u\légl CW(&'S ;\%éfglﬁé] Ca‘] C( a‘] Ca‘]
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cal cfa] ca] ca] ca
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| ca) cal ca] ca] E?iﬁiw@ ,%qlbg@asmwomaﬂxcaml,ga&ga,lpra&m cal cal cal cal

cal VV\N\PXYYZ[ [

T gpg necess de pl cm o ored]foa ag% fouxd 2aV] ca] ca
Tca] ca] ca] ca] ca] Ca a%gﬁqgaqca] crr"? ca] ca] ca] ca] ca] ca] ca
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ga\ Y] ca] cal] ca] ca] c caU] calca ca aU] ca] cal] caV] cal ca] cal

ca] caV] ca] ca] caV] caoo000, oqqqrM Or QrSrrrrrrrssj SNSPSSSSSSS
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WV] caj cal] ca] caU] caU] ca] cal] ca] cal] cal] ca] ca] caU] ca] cal] ca] cal] ca] ca]BcaU] ca
] ca] ca] cal] ca] cal] ca] car _SwJ-/ bjlr|vpke ZUmgb] X 15 APR 2003
U] ] cay] ca] caL@ O]B caU] ca] cal] ca] cal] ca] cal] ca] caU] caV] ca] caV] ca] cal] ca] ¢
al] ca] ca] ca] cHO%23¥AU| ca] ca] cal] ca PwzRU; PCT/US99/24115

6.y| _9\ytoje [V]]ca]ca]ca]ca]ca]ca]cal]ca]ca]ca]ca]ca]ca]ca]ca]ca]ca]cal]ca
] ca] caU] ca] ca] ca] ca] ca] caU] ca] ca]ca]ca] a&]ca!\_o ] N =} hCN

f| wnmhc”Y]]c]ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca] ca]ca]ca]ca]ca]ca]ca]ca
] ca] ca] ca] ca&caﬁhca} cal] ca] ca] ca] calca! [N =}7?n|

"t FSV} xsni d cal] ca] ca] ca] ca] ¢ca] ca] ca] ca ca cal ca ca] ca] cal ca] ca]
ca] ca] ca] caF’c'a]“é eéaqre%qoéarﬁ %?d asa “cra

"t FSV} xsni d CZ‘]‘F ey wayred] Wapie a]“‘ﬂ%l "é cﬁ? oFLiafr d(f“a]‘ca] ca] ca] ca]
ca] ca] ca] cajlitsdc Ahectarre %9315&8& ek ar&ha] /&h‘*& ofEoo' () -

1098 () - f #f @@%&P(C;ccm lagter aggpw3 Yo erpbegliter /&'”( mesga calle: v F1004 #f 109 () - @
3T10%&' () - @LOY& ()-I | FlO%)O&' ()- I'p F10%&' ()-YYL0%&' ()- XI |} <*
yFlO%(@ZLJ?é%!P .}sz 010(V tJllode'T&'()-l( S, 109&' () -

" 3109 () - S&109&] {5k 2395?]15 t._&@;adf 0% TYSZ 182 10%q& ()-Z " 10%WE ()-Z
1 f)F10%&' ()-3 10 10 10F;:109%&' ()- P\}dB~\:yF10!!~
GLOYWVE' () - LMADE' () - S10%VE' () - Ly10%v&' () - S109%V&' () - 10%&' () -

JZX9~\ | yF1033 1000k sfaéc!a'l £ 3R QUSRS S0 (h miakro Hrdddkds Sbdsically procedures. All macros
"Z109& () -! (ave chRQMdIIHiN oIS, (Machos Basicd@y 1kl (kO de dadezdtles: 1A - MLOYE () - !
yf109&' () - XRdviol QM ildMr ndddfE& ()- 8GL p z[<~ @F10 Y10%&' ()-SL10%& ()-!
109%& ()-SIU #10%F& ()-T!I

Procedure macros are designed to perform some work. They may expand to a value; they

may declare a variable; they may invoke a process. The action(s) performed are entirely

specified by the designer of the macro. The only constraint upon them is that they return

True upon successful completion of their task and False upon failure.

Example—the following shows a string literal, followed by a macro call for getting the
page number when printing:

My Model Report - Page {HeaderPage} < Input
My Model Report - Page 1 & Qutput

Iterator macros allow the user to traverse across data structures. Iterators are
distinguished by the keywords begin and end that delimit a block of code following the
iterator declaration. All of the code within this begin/end block will be executed once for
each iteration. When the iterator has moved across all objects in its pool, control will
break out of the iteration block and execute the first statement after the block.

Example—the following executes the procedure macro DoSomething once for each
element returned by the Mylterator macro. Note the curly braces surrounding the entire
code fragment...indicating that all code within is to be treated as macro code.

Mylterator
begin

DoSomething
end

}
Macros, both procedure and iterator, can take parameters. Parameters are strings, or
anything that evaluates to a string, such as another macro. If 2 macro takes parameters,
they are enclosed in parentheses after the macro. Since forward declaration of macros is
not required, macros may accept variable-length parameter lists, if desired.
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#10% . & ()-TF#10%&' () -z} "<~ _@F10! {I/: $10%b& ()- S&Z10%J& () -! (&ZlOO{d%' @ =
3% 109% ()-! F10% ()- @ F109C& () - Sz R 2003
6~ =yF10!!' 0" 1‘95’:@@@39@ -3& 10%& ()-f:109%R& ()- 10 10 10: 10% () -
| 2#109&' () - g6r/caB~ =yF10!! 109%&’ ()-&10%& ()-Ys109%&' ()-F 10%&(Tyusy924115
109%&' ()-f! 10%~v~& ()-3cK|"a?~_=yF10!!y310%{& ()- @ 109& ()- 3 10%& ()-
109 ()-!'f10%& ()-SY Fz10%&' ()-"KdB~ =yF1®!! 11 #y, 10%r& ()-g y)z10% & ()-g3
(f109%&' ()-&L10%& ()- 9%109%& ()- "f109%& ()-S,I1b@F10!'!!!#
%d0% () - Y( ]1"0'% ()- 10 10 10: 10%& ()- 03109 () -
y/ gl0%&' () -IX (@'! | y&mLO%&' () -!y&MO%& ()-!y&mO0% r & ()-! uy&ml0o%JU& () -
Vam0%gga ()-)! Op EIEIEdectsd glory | $@) 10% & () - 10g 10g 10g;
MLO%@& ()- 2 10%& ()-'K 11109%&' ()-!#F. F109%&' ()-fPtaBg\:y!'I1!'$ |f10% ()-
gl0%&' () - | ZIO8rdl bta8ke89& () -! 010%4& () -10%& ()-8sdEg\:y!I!$3 “10%& ()-Y
10%& () -3 Occasionally, it is desirable to have an entire block of template code fail if any piecc of it

) fails. Anexample would be where there was some boilerplate text followed by an

optional value; if the value was not present, the boilerplate should not be emitied.

Any code enclosed in square brackets is conditional: it will all fail if any piece of it fails.
“Failure” means that a macro will not execute and a literal will not be emitted.

Example—if there is no middle name, the period will not emit:

{ FirstName [MiddleInitial .~} LastName }

Conditional blocks hide their internal scope. This means that the failure of a conditional
block has no effect on the surrounding code. Any code enclosed in angle brackets is
propagating conditional: it will fail if any piece of it fails and it will propagate that
failure out to the next block.

The best way to distinguish these two types of blocks is with examples. In both
examples, the Print macro emits the word “foo” and the Fail macro fails no matter what.

Example of conditional block:

{ Print = = { Print [ Fail 11 } & Input
foo foo S Output

Example of propagating condition block:

{ Print » ~ [ Print < Fail > ] } ¢ Input
foo & Ouput
Architecture
LWMDataButler

The desired capabilities of UTL are achieved using an object called a data butler. Data
butlers are responsible for providing implementations for the macros encountered by the
macro processor when executing template code. When the macro processor is invoked, a

data but}cr interface’ is supplied to it. Essentially, a data butler is a use of the Strategy
pattern.

? Interface defined in LWMDataButlerh
“ See Gamma, Helm, Johnson Vlissides, Design Patterns
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10% u&' () - 10% u&'m(?%- (v10% & ()- 10 10 10; 109& ()- |

31z109%&' () - AP PRz X6bCy! | F s$10%HuHU& ()-*! F s$10% ! & (HCTUSE9R4115
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10%&' ()-!F"10983& ()-!'"10%(] Y] & ()-g 3 10%r& ()-#

10%r&' () - ) " *This Sidcbmplishes 1@ fifst goaldP 18%amBhag) design. By providing different data

10%&' () - 3ZH0¥40e80 (he-mh 28201086, hy grad R8I TL) cah e ¢@FRgu&d (o the spplication- } A"SH=y! |
10m 10m 10mandlia@eakh4n)- Each data butler implementation can accept a set of keywords (macros)

3S10%mt+&' () -apiréprih@YeES 't{sk anid rgiectkOP4Rrds)thal &t 0OrELep)able- Furller, #@aveisH=y! ! !

| #10%c&' () kbyhdddoah be Bhilgmenled in different ways by different data butlers, allowing

#109&' () - s10&Rp1Atd ec@ IFEENEYant FURUBIyingE HOplODALa LR ZPhis RSEtfyllin dllowing

) 10%&' () - S&1BA1q preducts to work from the same templates when their underlying data models

F'109%&' ()-! Siffet0% | & ()--!Sl " 109%& ()--109& ()-Z2223G33344}"?4=y 10: 10%& () -

The LWMDataButler interface has five entry points:

// Bandle procedure macro with no parameters
virtual LWTBoolean SubstituteValue(
const LWTString & MacroName,
LWTString & ExpansionValue) = 0 ;

// Handle procedure macro with parameters
virtual LWIBoolean Substitutevalue(
const LWTString & MacroName,
LWMStringlList & ParameterList,
LWTString & ExpansionValue ) = 0 ;

// ¥andle iterator macro with no parameters
virtual LWTBoolean StartIteration(
const LWIString & IterName ) = 0 ;

J/ Bandle iterator macro with parameters

virtual LWIBoolean StartlIteration|
const LWTString & IterName,
LWMStringList & ParameterList ) = 0 ;

// Bandle iterator macro iteration
virtual LWTBoolean NextIteration(
const LWTString & IterxName ) = O ;

MCDataButlerl

The second design goal of UTL was to provide as much functionality as possible to the
user and to allow them to publish their own code for reuse.

Since the metaphor of an UMA modcl deals with all data at a very abstract level—objects
and properties—many grammatical elements of a template language can be written
abstractly. These elements can be aggregated together to form the major portion of the
language needed by any UMA-based product. The user could extend this base in the few
areas that are product-specific. Ideally, the language should be extendable not only by
the user, but by'the end-user of the user’s product. This is accomplished in our solution.

There are two basic problems that are addressed by the solution:

1. A mechanism is needed to share implementations. As new keywords are
added, they must be published.

SUBSTITUTE SHEET (RULE 26)



4109 () -1 T 1"10%&' ()-f /SL10%&' ()-y3+10%&' ()-!y3+10%&' () - 444 4>4r444%
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10! ! ~f MLOY& () - @OY%& ()--#l z109%& ()-3 109%& () - 10%&' ()- 109& ()-

<i <<<<<<wXMB7y 1 0 119: ﬂa&gggﬁ_ﬁ a(t)u tontrol the context of a macro’s exgcution. By this
Y110% ()-S!y, 109 al-, &ate br ¥ UNED M8 ad1 bt (e thive 5t eV art to

the specific object(s) or property(ies) the macro affects.

To meet these criteria, a base implementation of a data butler exists in UMA. This
implementation, MCDataButlerl®, provides mechanisms for defining the desired grammar
incrementally and for managing contextual information in an UMA model.

This implementation is a superset of the LWMDataButler interface. Though the
LWMDataButler interface is exposed, the user need not concern himself with it when
implementing a data butler. The implementation in MCDataButler[ accomplishes all that
has been found necessary to do in terms of implementing the LWMDataButler interface.

First, MCDataButler] manages a registry of macro handlers. A macro handler is an
object that knows how to perform a certain action, gwen a context. Conceptually, a

macro handler is an example of a Command patten.® The data butler maintains a
dictionary of macro handlers keyed by macro name. When the macro processor requests
the data butler to handle a macro (e.g. via SubstituteValue() ), the data butler jocates the
appropriate macro handler in its dictionary and delegates control to it. The macro handler
processes the request and returns control to the data butler who simply forwards the
return value (if any) and the success state to the macro processor.

A macro handler exposes an interface that is used by the data butler for invocation:

virtual LWTBoolean Execute (
MCDataButlerI * Butler,
const LWTString & MacroName,
LWMStringList * Parameters,
LWTString * ExpansionValue) = 0;

MCDataButler] exposes an implementation signature for registering new handlers:

void AddHandlerx(

const LWTString & Macro,
MCMacroHandlerBase * Handler);

In order to implement a grammar, a user can construct an implcmentation of an
MCDataButler] and implement all required macro handlers. Alternatively, since the
macro handler registry is a member variable of a data butler instead of a singleton, the
user can subclass an existing data butler. This provides the user with all macros known to
the subclass, plus those they develop. An example of this is the OR+*Compass Forward
Engineering data butler; it subclasses MCDataButler. The latter implements a wide
variety of generic macros for creating objects, reading properties, iterating, constructing
variables, etc. The Forward Engineering data butler implements one or two macros
associated only with Forward Engineering (such as a macro for determining the correct

* Implementation found in MCDataButlerInterface.h
$Opcir, Design Patterns
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n ti]xQ odel is being referenced when the macro
cxccutes. Fer example the property () macro retrieves 4 named property from an

object. The macro handler for Property () needs to know which object it should query.

MCDataButler] maintains a stack of object references and exposes an interface for
pushing and popping objects on this stack, as well as for querying the stack. Macro
handlers can query this interface to find out the context of their operation.

MCObject * GetCurrentContext (void);
void PopCurrentContext(void);
void PushCurrentContext (MCObject * Object);

Additionally, MCDataButlerl exposes a facility that allows MCObject iterators to manage
the context automatically. Macro handlers for iterator macros can instantiate an iterator
proxy. This is an object that automatically maintains the context stack for the iterator.
Upon instantiation, it pushes the first object being iterated onto the context stack. Each
subsequent iteration causes a pop and a push to occur. When there are no more items to
traverse, the stack is popped, leaving it in the state that existed when the iterator was

encountered. These iterator proxies are maintained in a stack of their own in order to
manage nested iterators.

Example—the following sample code shows how the Property macro would behave
differently depending upon the context. Assume an entity named “MyTable! * that has an
attribute “MyColumnl’ and a second attribute “MyColumn2." Assume a second entity
named “MyTable2" that has an attribute “MyColumn3." At the time this template code

executes, we presume that the stack currently has the model on top due to some other
code.

< Input

ForEach{ "UOEntities” )
begin

Property{ "UPName” )

ForEach({ "UPAttributes~” )

begin

Property( “UPName” )

end

end

}

MyTablel MyColumnl MyColumn2 MyTable2 MyColumn3 ¢ Output
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5
1. A method for providing an extensible macro
language comprising:
analyzing a macro language expression;
10
determining based on a predetermined syntax of a macro
language, one or more keywords in the analyzed macro
language expression, the keyword representing a macro
command not previously defined in the macro language;
15
retrieving a code associated with the keyword from a
registry of keywords; and
executing the code associated with the keyword.
20

2. The method for providing an extensible macro

language as claimed in claim 1, further comprising:

extending the registry of keywords by inserting a new

25 Xkeyword and a code associated with the new keyword.

3. A system for providing an extensible macro

language, comprising:
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command undefined in a predetermined set of macro commands

5 of a macro language;

a keyword repository having one or more keywords and

associated codes; and

10 a macro handler coupled to the parser for receiving
the extended keyword from the parser, the macro handler in
response to the received extended keyword, retrieving a
code associated with the received extended keyword from the
keyword repository and executing the code to run the macro

15 command represented by the extended keyword.

4. The extensible macro language as claimed in claim

3, wherein the keyword repository is augmented to include

new keywords and associated codes.

20
5. A method for parsing a macro language expression,
comprising:
analyzing a macro language expression; and
25

determining based on a predetermined syntax of a macro
language, one or more keywords in the analyzed macro

language expression, the keywords representing macro

SUBSTITUTE SHEET (RULE 26)



10! @ Y109D& () -! @O () - @O0%& ()- @O%& ()-,

MLOY&' () - y#Fz10%&' ()-rsGspsssCt}[<bC

10! f @F10% & () - @#S10%z& ()-S109& ()-!'1@0%& ()-- @OY& ()--! (@Yl@)(ﬁngF(")ZQﬁi
tftttuwPwa?bC

10! A, 3109%&' ( WCBWBOIKE' () - *' 109 ()-f'f10%& ()-yf&LO%& ()-! f @RS - Gww
wwxxy~\= 10! 10% & ()-nl! 10% L& ()-nl!J 109% ()-nml' nl0% & ()-F 10 10 10;
109 () - y}~~~*'~?~\= 10! 10% & ()-nml!\ 10%& ()-ml 10% N& () - ni!|

10%99& ()-nl 10% 1 & ()-nml 10% & ()-nl' r~260 10! 109&' ()-L109& ()-' nlO%& () - |
10° 10" 10 :MI0% & ()-F!'P 10%& ()-ml_SdE~ @ 10! 109%&' ()--10%B& ()--F

109%& () -yfl1l0%@& ()-yf-109% ()-#Y10%&' ()-IJM | "?~ @10!'s' 10%& ()-!PFs’

109 ()-1Ks' 109 ()-s' 10%.& ():910%& ()-,L10% ()-jrbC

10! 10% & () - MBI EE. U geef@‘f%ol,’tfod?&e%‘%‘lew}’iag}:g;% CEIBE FOBRIShC 10!
Y10% & ()- 1! 10%8} (3 wSlc0810%gu85é) -1 s10% & ()-Y | ~10% & () -|

10% & () -wzRU}A?bC 10! &10% & ()-F 3% 10% & ()-! Z10%: & ()-fF10% & ()-'y
YS10% : & () -4dL0% &Thg method for providing an extensible macro language as claimed in claim 1,

wherein the code includes machine operable instructions.

7. A method for providing an extensible macro language comprising:

analyzing a macro language expression;

determining based on a predetermined syntax of a macro language, one or more
keywords in the analyzed macro language expression, the keyword representing an extended
macro command initially unknown to the macro language;

retrieving a code of instructions associated with the keyword from a registry of
keywords; and

executing the code of instructions associated with the keyword,

wherein the extended macro command is executed without recompiling the macro
language.
8. A system for providing an extensible macro language, comprising:

a parser having a predefined syntax to determine one or more extended keywords
embedded within a macro language expression, the extended keyword representing a newly
extended command initially unknown to a macro language;,

a keyword repository having one or more keywords and one or more associated
codes; and

a macro handler coupled to the parser for receiving the extended keyword from the parser,
the macro handler in response to the received extended keyword, retrieving a code of instructions
associated with the received extended keyword from the keyword repository and executing the
code of instructions to run the extended command represented by the extended keyword,

wherein the extended command is executed without recompiling the macro language.

9. A program storage device readable by machine, tangibly embodying a program
of instructions executable by the machine to perform method steps of extending a macro

language, comprising:
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macro command initially unknown to the macro language;
, retrieving a code of instructions associated with the keyword from a registry of
keywords; and
executing the code of instructions associated with the keyword,

wherein the extended macro command is executed without recompiling the macro

language.

10. A method for providing an extensible macro language comprising:
analyzing a macro language expression;

determining based on a predetermined syntax of a macro language, one or more
keywords in the analyzed macro language expression, the keyword representing an extended

macro command initially unknown to the macro language;

retrieving a code of instructions associated with the keyword from a registry of

keywords; and
executing the code of instructions associated with the keyword.

11. The method for providing an extensible macro language as claimed in claim

10, further comprising:

extending the registry of keywords by inserting a new keyword representing a new

macro command and a code associated with the new keyword.
12. A system for providing an extensible macro language, comprising:

a parser having a predefined syntax to determine one or more extended keywords
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code of instructions to run the extended command represented by the extended keyword.

13. A method for parsing a macro language expression, comprising:

analyzing a macro language expression;

determining based on a predetermined syntax of a macro language, one or more keywords
in the analyzed macro language expression, the one or more keywords representing one or more
new extended macro commands initially unknown to a macro language; and

searching a registry of keywords for a code of instructions to execute, the code of

instructions associated with the one or more keywords.



