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The emergence of Object Orientation as a dominant
programming methodology in recent years has facilitated
software development efforts by providing highly modular,
natural and re-usable programming constructs. By way of

25 background, the term "object," as used by those skilled in the
art of object oriented software or programming refers to
software elements in the form of data structures that can
communicate or invoke one another by sending a message from one
to the other. Objects that respond to the same messages are

30 . said to be of a common "class." An object "class" describes
and implements all the methods that capture the behavior of
"instances" (i.e., objects) of the class. The state or
structure of the instances cof a class are specified by a
template, ,which may‘specify that an object’s state includes

35 other objects. The modularity thus introduced by OOD lends
itself to a divide and conquer problem solving approach that
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2 In addition to problems associated with the need to write

and integrate new code in order to develop or modify software

applications, another problem with existing methods of software

application development or modification is that such coding

25 also must accommodate the processing of external events, such
as user input/output (I/0) or other occurrences. However,
since such user I/O or other events may vary widely between one
user-environment and another (e.g., graphical user interface
("GUI") as opposed to character input), the ability to

30 accommodate such disparate external events with existing
techniques requires either (1) a time consuming process of
custom software development, complete with debugging, or (2)
developing a set of code with sufficient contingency-handling
ability to be able to operate in the variety of then-known

35 = application.environments. In either case, a massive coding and
testing process is required for each local application

" environment, only to have either to live with the shortcomings
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3 20 ("RTEM") and described below. The RTEM is a single controlling
entity that is present during the running of any application
developed in accordance with the present invention. The RTEM
continually determines what the computer does by invoking
whichever available means is most appropriate given the state
25 of the application and input/output ("I/O") at any given time.
The RTEM, however, does not actually implement the
functionality that it determines is appropriate, but only
invokes the means --including objects, application-specific
objects, and Tools -- necessary for implementing that
30 _functionality. (A "Tool," as that term is used in this
document, refers to procedural code that allows or provides '
access to low level or operating system functions; for example
a database access ("DBAC") Tool described below reads and write
information to a database. "Toolusage," as that term is used
35 in this decument, refers to a model design object allowing
access to a Tool, i.e., that provides interface definitions for
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enabling application tasks, keeping track of time, or other
functions.

In an embodiment of the present invention, the RTEM is a
25 module that manages all run-time events and carries out all
communications with an operator. An "event" may be defined as
any planned happening, most notably including those that occur
in carrying out an application in its prescribed way.
According to the present invention, the RTEM is preferably the
30 only software with which an operator of an application
~ communicates directly, even when the operator appears to be
communicating directly with the application itself. The RTEM
relays information from the operator into an application event
that the information is intended to effectuate. The RTEM also
35 relays information out of the application back to the operator.
In addition to mediating between the operator and the
application, the RTEM in an embodiment of the present invention
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According to the present invention, Models that are
25 invoked and examined by the RTEM include Paradigm Models and
Variant Models associated with a given Paradigm Model.

Paradigm Models describe "standard" processing associated with

an application. Variant Models describe variations on the
"standard" processing. Both types of Models must be registered

30 after undergoing evaluation to determine whether their form,
~including their constituent data, complies with constraints
associated with processing by the RTEM 10 accoxrding to the
present invention. Whereas a Paradigm Model may set forth a
set of rules for a portion of an application, a Variant Model

35 represents, a sub-set of rules indicating that, under certain
conditions, the standard or paradigmatic way of processing may
be superseded by altered, variant rules. '

5
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25 tested. In terms of practical software development,
independent development/maintenance teams can create Variant
Models without knowledge of what other such teams are working
on. Also, customization work done at a local site where the
software had been deployed will not be harmed by upgrades

30 created by the original (non¥local) authors and, consequently,

~will not have to be re-done at upgrade time. Furthermore,
multiple conflicting requests for modification of the same
application logic can be fulfilled simultaneously by non-
coordinated development or maintenance teams or individuals.

35 Accordingly, consolidated testing may be reduced or eliminated.

_ In an embodiment of the present invention, the RTEM also
uses Tools to re-shape and re-format peripheral outputs and
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database access tool (DBAC) to retrieve information from the
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25 In an embodiment of the present invention, a DBAC is
invoked by the RTEM to enable logical deposit and retrieval of
data between a session using the RTEM and whatever persistent
database(s) are involved. In such an embodiment, persistent
storage is viewed as tables that can have different complements

30 of data elements per row (i.e., more elements, fewer elements,

~different elements) or even have more tables or fewer tables,
depending upon the Variant Models with which the RTEM is
working at any given moment in the course of a given
application session. This view of persistent storage may be

35 referred to herein as an "Elastic Database."

The DBAC in an embodiment of the present invention is
invoked by the RTEM to bridge the gap between an application’s



(inelastic) rows and col utms. The DBAC manages the storage and
retriev stic data rows ‘across nultiple conventional
srfd

RDBNB—contr tabl es. The same regi stration process SPCqﬂﬁﬁﬂyﬁ%ed
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whi | e gpncurrent live cti Eroigsses ar.e alterlng wi t hout
i nt er f 711 Wik PR artH e r?ﬁ Yng°$ Gali¥t doipdey varigp Ién?HEméﬁﬁppbatlon

bei ng twidthedsome | ondeslir bf estandowpdat es " to its database. In

nbodi RTEM nma 3 gpti ona
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fﬁﬂukﬂ(¥ééIXHEﬁé|CWEtE%uQrdiQréﬁélng néﬂaﬁ%QBEB&uEpl he '@ﬁgcﬁbb%n of every

Mbdel and NEHQEQ and even every step (i-e
Non- detHdR% tERTRYL r @fuF ResRT t16bP§§@stPh§?daﬁ§e allnew Varlant or

modi f i ethteracgioterissthoent Ené sr%pascaaibnoana the GaABE1PEAKeECt. Such
%est (ﬂﬁé§§5%§§%g 8@%%%be éggo ed ghe ETEM can intervene in what is
PCGH | BOtlgEmsEise a nofmimndutengcalensbebweeheanuappuabaslah whdchtkas been
speci TGS ¢ SHtanfed &ﬂéCgaﬂa§a9§e9h§§S?ﬁLé&SQt&Ehhwgghout the need
to modify either the application or the database by way of
accommodation. Thus, for example, the RTEM can enable a "test
session" that would allow the use of a production database "in-
25 situ" while concurrent live production processes are altering
it, without interfering with and corrupting live data, even
while the application being tested includes writes and updates
to its database. '
In an embodiment of the present invention, an RTEM may do
30 optional Assertion or validity testing, whether the application
~is in test or production mode. Specifically, the RTEM can
check all variables and mandatory conditions prior to and
subsequent to the invocation of every Model and Method, and
even every step (i.e., element) of a Model.
35 Non-destructive testing requires that objects that are
new, Variant or modified be registered for testing as part of a
named project. Such test objects can only be invoked by the



appropriate project identification during the project definition. New
and nodiwoesn2edoect s nost preferably are not 5 accessed iRCTABITOLESY on

unl ess they have gone through registered test sessions. In an
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the conflnes of the computer and associated network, and

includes screen forms, data input devices, electronic data
interchange ("EDI") processes and other I/O.
An application according to the present invention need not
25 be designed or modified to take I/0 concerns into account, and
does not have to include any logic relating to this
functionality. This approach represents an improvement over
conventional techniques, which more closely depend upon the
application itself. The present approach permits, for example,
30 insertion of flexible, variant I/0 behavior as a function of
.conditions at a particular time.
| Accordingly, the present invention also provides for a new
method for the development of application software that permits
new capabilities to be added to deployed software with minimal
35 or no coaeichanges and disruption of user activities typically
associated with conventional application software development.



requirenents in the local environnent in which the software is 5 rUnning.
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The present invention provides for a Run Time Events
Manager for execution by a computer that carries out processing
activities associated with instructions and responses to events
25 external to the computer and communicated to the computer
through external input and output. The conmiputer includes a
storage medium for storing a set of Models accessible to the
Run Time Events Manager. The Run Time Events Manager comprises
a means for loading a Model from a library of Models, a means
30 for determining whether a Model is appropriately invoked given
~the state of the computer and the Run Time Events Manager, a
means for invoking the Model, if determined to be appropriate
given the state of the computer and the Run Time Events
Manager, and a means for invoking (i.e., carrying out the
35 intent of), the Model. '
The present invention also provides for a method for
developing computer application software utilizing a Run Time

10



5 instructions. An additional step includes testing the Mdel to

ensure twooams3dket hod referred to in a Mbdel can: (1) invokeris97/016890t her
bj ect, whether a Mddel, a Method, or a-Tool; or (2) do I nput / out put
(1/O, either to the screen, file or any other device or object. Also,

the MogebsrhfanRass NUSHEY wdeia tcftﬁnrglgiesréé%té’ﬁs iﬁgﬁ%ﬂﬁggcwﬁ?h It
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al so pPoPidEalisy Ofc MadaksoWhare each sueh digdel imfbedesrayi teastd for

use byofeRoff thee folaiwiing: ManageferdhendERStd aUMb@PLProggssaconpri ses
t he steg% of 15 .inyoking. an Qb ee%?based on,a unjque i1dentifrer for the
Model , T eregxggmthonédoe[tﬁ)é) intient s ALE hPRhj bt - F HIPYReOHr @aEPEE of

cobt entiastirattdoas.estAn Gidltiorh Jﬂrﬁt;e@fim@ég%eg?m iiE'l&e”l@ocli_e]5 to 20
restri 0 ts,. Leqlhster] t.he ect a r{f of_the . llprary.
The pr%}slg'ﬁf %i %bg‘%t |§1c?n Dﬁ#&?%l’roémeq c%y’ YAt iﬁ‘gi%is em (1) inygkenent ed
on a canptber RPhiecd.awhaddmsss@ Madeienm Wetimoll a4 or a Bdol ager nmeg) udo
conpri $i Fil nd | af | | he st rogr amred
Co | rploharfoliph, (17T AMY ¥ Yheereen, BLId &7 RV COBPRE hg

whi ch Y8VE-EEi BF SPiegfpl i ddacy e HMqsiels cthat se mested whdehetBase
Fibe. tdbe Meel #biaRt3led to Pl Nod&Lo" é}?é!':@&lafirhéaﬁeﬁf;ge or esent

additignal field corresponding to a Base Record.
i nvent1'8R®dPEo provides for a nethod for operating a database system

hav:ng_a Bawthpkes&gﬁ aﬁﬁﬁﬂﬁgdﬁﬂhiﬂbt?%ﬁyidé&f?é%?iﬁ@ éﬁ@@%}éﬁégft ps

i ncl udi g ing~a.Base .Recor ecki ng the Variation Set n Time
Map fo#‘ggﬁé% °%P§§§ﬁ%§ &eg&s%ﬁe% ifg?? dHie %&Fr%s‘fu‘b‘hd?%t%"?wés Base Fil e,
and Manpagerevi Redxegifstoattin Yardmsoncdgrides hehd/ast @pd oBE Set i S
pjesens : ardi gl i1 i . Qbi ec .the present ipveniion to
p?gvi d%ngéﬁé?ﬁogn ggl)ét% ec% g%(f)é atogl S I"%_[(}[ réegl %rgjdée%/ee o] ?]ﬁg&&?ﬁcﬁogei'

modi f yFRBNBRBSI Ehe sensentacE tthe Atjesthdies the presence of VO

98/ 26348ntents that are restricted, and only FHEHA Q%:{Qé@SQO tains ndf ite
code to |EELegeat functionality associated Wwith the aeg I cat1 on.
thEP °

It is H%F oFPBLEDSE 1t FE ng FhghiGiede 3y ®ade of the net hod,

systeniihndrﬁata structures for developing, testing 5 and executing
B, 7L, pUgpEnt et B Iy B Ben g A b S
i nvent tBRleBepEedi 08 a compurerhddvisgteprovksidn, A mehores d0d a
devel opt ffagbembliifim, comprising a Base File and a Variation Set,
- with the system programmed to implement a Variation Set Run

Time Map adapted for determining which Variation Set applies to
25 a particular Base Record of the Base File. The Variation Set

contains records having at least one additional field

corresponding to a Base Record.

The present invention also provides for a method for

operating a database system having a Base File and a Variation

30 Set.. The method comprises steps including loading a Base
Record, checking the Variation Set Run Time Map for the
presence of a Variation Set corresponding to the Base File, and
retrieving data from the Variation Set if the Variation Set is
present.

35 Accordingly, it is an object of the present invention to
provide a method, system and data structures for developing and
modifying application software that eliminates the need to
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and executing application software using a Run Tinme Events 10 Manager and
a set of I n which the Mddels have been regi st ccess -
by the Ruwrhl@%%rf‘é”Events Manager accordi ng to a processﬁjt:ﬁé?;@{% | udes
operations including the calling of a non-registered object or the
call'ing of a Method by anot her Met hod. 15 . It is a further

obj ect ¥FitRe cphes&et implamendn funghinraddty asspgiatesdt wilstre and data
struct uagglﬁ_@@tci@yle_l opi ng, testing and executing application software
using a Run 'r[[i me Eve Manager in_connection with a set of Mdels, in

ts .
whi ch the set'“oft® & %Wﬁ% ARG PhedTFReRtd WrenikondRIRTovide
It is aaf methed,olsystiengf drte dates einiduiafds Ao Arfalbgling, tedtimyhod,

system Lucture .faor .the | ml enentat.ion of ..an "Elastic

Dat lf-';l‘:'bas gﬂﬁm%?ctg%u%é% # tagjrﬁ‘l‘?é:aé?toéhsﬁo S B @ Ru amg) BYPESase File
with adManagex ifi codndatimnvaritat ioset of $kideldh, It is a further
obj ect of the presente. | I Qn: I,de et hod,. syst em and. dat a
structures fgrt %ve E)fafri]:éee'l% gg{ﬁi%}é} %’P\e%n&n}eusrﬁ{l&ngﬁ{a‘ﬁl’éprqulc%ﬁlﬁb% RurY e

usi ng adREethoge BYsHem and dabmgEhiruictunesdng cleveldpingettedtiviglel s, in

whi ch opggokxkl@ting a\'ﬁﬁiﬁ'c%bqrd'ﬁ’ IS virealsidy d rﬂlﬁgrﬂ%&%ﬁmy.
software into a 30 "new y-devel oped applicati on. er objects
andPadv¥Arages P Re Sete SnMadRisht iigh Wiigh the podghmhaie theen per son

:sLI;i |l edrégiblﬁévr%ﬂtg 8f}di‘ \??lcgi&s@c Byh&he RurD|THiw MBrHASE MaHdf¥r according

pPCT/ | BOYPoR6BEOCESS Eh3t preciudes I IEECRISHUN RS W BRAAREPE

Fi gure & sbowseghetared tokgtamte of tare exdiddimprdf &f Method ystambtsesr di ng
to the pLegpeAt i nvention. Figure 2 shows an enbodi nent of an
application interface 5 and an exanple of a set of Mdel libraries, or
enéPnes, Ifcdsr @ dAyntherhohjrstemt ithemyesent inventidi gip epBovhdes
the organmaahbll) @fstefin alidRdeL Mt uccuN A adRiRlSindtiads; 40d data

in accordance with an . . ] )
and executing application software using a Run Time Events

Manager in connection with a set of Models, in which the set of
Models includes Paradigm and Variant Models.

20 It is a further object of the present invention to provide
a method, system and data structure for the implementation of
an "Elastic Database" which permits the extension of a Base
Record in a Base File with additional fields in a Variation

_ Set. '

25 It is a further object of the present invention to provide
a method, system and data structures for developing, testing
and running application software using a Run Time Events
Manager in connection with a set of Models, in which one of the
Models provides a means of integrating legacy software into a

30 newly-developed application. '

Other objects and advantages of the present invention will
be apparent to a person skilled in the art in view of the
following description.
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enbodi nent of the present invention. 10 Fi gure 4 shqows an_exanpl e

tenpl ate W&W#@ the formof an enbodi ment of a Model Y5I@PUIF to the
present invention. Fi gure 4A shows an exanpl e of another tenpl ate
for a Model , and with greater detarl than in Figure 4. Fi gure

4B shows further defrw B3S a data structure of

a Model, shaygngedet aled ptece.ﬁ%n Q:ectuféﬁé)f i | G mddle d0Ce1 -

Fi gure 4C S urt Inition a secon ortion

st ruct aystem acweerénngcm |th@e<n>rrasm¢ugm@mn showi ng addi ti onal
detailed preg %teng F%%W%ﬂ Uodindit &k MUplication infdHEEEe> Shows
a specific ex according to the present invention for

i Bl enBREi AF axﬁﬂﬁéef@ﬁ anset ofpMadelk jlgkbraries, or engARRS5A shows a

specrfagcg*aﬁabet@fthév ediahn tMadRlerdd orgccordi ng to the present invention.
Fi gure 5B shows a ef%a !egtha hol ds Vari ant j nformation.

Figure 6 sh8#wEu% qqgﬁ%&%%ﬁ*%ﬂl?#1Qﬂﬁ¥ﬂﬂ¥}me EVeRtR| yding

Model SManagem embderlrﬁenMe(thddee apr&&imta i v eaddeardard®e with adfi gure 6A
shows a wch Lt f.or.the o |on Nbdel Desi gn Tool used in
88 ﬁ FP Siton 5%%&%’

connecf tﬁg F@&'?F' shown in Figure 6.
FLgure 7A skopwre #i ishiowsorcm @xatr[plae fﬂemp;lme showite the fermatvfoanof a

Test BeiobAinist b3 besidd Mehaidy 199 dhe preedi!salioneflovel opren:

or nodification process In an resent rnvention.
13 Figupe 4@ s=bows an example of another template for a

PCT/ | BR6681658nd with fgrea%&urcfét@pmalﬁeﬁ%éwﬂ ion of a flowchart
for the Qreatlon of a Test Bed for_use jn testing Mdels during the

appl i cat i onFagP&eoffe s fathekdeinit B ok s oh %hflrSteﬂﬁﬁﬁrﬁEnPfof t he
peesent daransitamcture of aiMpded 8 siiowvbng détathed tptesessingg t he

operati,Q of a Run Tine Events Manager in an
eﬁbOdIﬁEﬁPIgF e fogﬂ% sgﬁ#ﬁi vent i on. Figure 9 shows a

flowchart d&dguirei A shworst iforrtifen efinipionefer g sécond poabbiloneot of
the Rupghdi FRLEY et MRNROYs A Model (continued from Figure 4B),

showing additional detailed processing information for the
20 Model.
Figure 5 shows a specific example of a Model according to

the present invention for implementing a menu for an
application.
Figure 5A shows a specific example of a Variant Model
25 according to the present invention. '
Figure 5B shows a table that holds Variant Model
information.
Figure 6 shows a flowchart for registration of objects,
including Models, in an embodiment of the present invention.
30 Figure 6A shows a flowchart for the operation of a Model
Design Tool used in connection with the registration process
shown in Figure 6.
Figure 7A shows a first portion of a flowchart for the
creation of a Test Bed for use in testing Models during the
35 application development or modification process in an
enmbodiment of the present invention.
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10 Figure 8 relating to variant Mdels. Figure 10 shows a

romchar%, 4oPi ng a portion of the processi ng of t K15 ﬁfg?nt of
the Run Tine vents Manager of Figures 8 and 9 relating to t oadi ng
and unl oadi ng of vari ant Mdels. 15 Figure 11 shows an
illustrative exanple of a Base File_and Base Record for an El astic

Dat abase. Figure 7E|ghews 12 seewsdaporFiost pht rvELeWahprE &PTt kbe

Vari at ieation S8t &efddt theRSebpruas ﬁhaﬁésﬁlﬁgtﬂbééﬁs during theFigure
13A shows a_flrst portion of a flowchart descri t he steps invol ved

in def iFHRgH ?Y%}?B‘He%%tmr’nmaﬂlflca@%tPEO FEb3Bean
FiQUFEPéﬁﬁbd&mnﬁtaoﬁeﬁmadpﬁ@sénﬁnlﬂﬁeﬁtibﬂmchart describing the steps

Fdire 13C Shomes T ot R BRestr Peneribeodostr  BPrEa Pt oA BRcan s
i nvol vezhbodidedntnief a Ren TimeéaEvent SeManagen in anEembodimBatabfsé&he

Fi gure Shpws; oyghart describing the process of openi ng a data
dlctloﬁiéi I n aﬁéﬁégstlc Dat abase. 30 Figure 15 shows a flowchart

descri bi ng thkprecesshews a flopehany deEsyibingral porkien Bfashec
Dat abagg oce551n% ofF%HQrémﬂéﬁiﬁQﬁﬁsoﬁ EhéskuﬁoTﬁhQnEQEnﬁsfMQWE@@F

descri bi hg process of determning which Variation Sets apply to a
HH%enq%ﬁH¥?e§xﬁ?F??ﬂ%ﬂ E?aE?FEaEEt§B§§éS -35 Figure 16B shows a
second portimigefe a6 | snewkara flowcﬁ&i@rdésﬁglbﬂﬁgpﬁogeﬁﬁlﬁh @&t €hed ni ng

which VAL ALoN$9LF the eRBBAYmERe 08" 2RE RRAS R HE B dntD MAGERSL LS
PCT/ | BFipESD 8 and 9 rela€ingrtolfBeshowdiagf kndt updoadangofa fl owchart
descri teps i nvolved in the "READ' function of the database
accessb%gg#ant MbQELS! Figure 17B shows a second portion of a flowhart 5

deleri bi ng tHegerepsl | shoveeani AlinstrrREADE P¥AEPILEnCSf at Base Filga@dishse

access gl .-Record for FhOH18si8A HREWBadelirst portion of a flowhart
descri bi ng . the_ steps involyed in the "EXTRACT" function of the

dat abase  FL1gRER@si?tgevwsian 1llusFF§GF¥91§§a§H&ﬁs°§ E¥CNFTHGEHBh of a
- fl owchagét definbsiondi POrt 4 Elepsicnpakudsen the "EXTRACT" function of

the Figure 13A shows a first portion of a flowchart describing

20 the steps involved in defining a new Variation Set in an
Elastic Database.

Figure 13B shows a second portion of a flowchart
describing the steps involved in defining a new Variation Set
in an Elastic Database.

25 Figure 13C shows a third portion of a flowchart describing
the steps involved in defining a new Variation Set in an
Elastic Database.

Figure 14 shows a flowchart describing the process of
opening a data dictionary in an Elastic Database.

30 Figure 15 shows a flowchart describing the process of

~opening a Logical File in an Elastic Database.

Figure 16A shows a first portion of a flowchart describing
the process of determining which Variation Sets apply to a
chosen base record in an Elastic Database.

35 Figure 16B shows a second portion of a flowchart
describing the process of determining which Variation Sets
apply to a chosen 5ase record in an Elastic Database.
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dat abase access tool. Figure 19 shows a flowchart describing the

st eps i -NnwWoO 986349 in the "VER FY" function of the databayeragsrssgsd ool .
15 Figure 20 shows a flowchart describing the steps invol ved in
t he "GENERATE" function of the dat abase access tool. Figure 21A

shows a firs % 20fg n p nvolved in
the "WRI TE" F %gtlon 0 é? dat a aé%:%%%¥%é%e§§ ?oo+éw§B rf aeSEF 89218
shows atBec8HREPSolEVeLVsA 4 | the HREAD" furietion btpﬁgthdaedatalpasenvol ved in

t he "WRhEEeskUelizan of the dat abase access tool. Figure 22
shows. a flom%hart descrlqggg%the steps I nvo| ved I n the "REMOVE"
function of tHE8YFS & & §epAnd pprtion of gqyrelowchashs a fl owchart

desér i biegctribisbemhe mﬁap/sadmvolvedl ihechELGEEAD ¥ UnghéeToRf of hendat abase

access re 24 shows a flowchart describing the steps
mvolveégggbase afﬁgsssﬁ§% function of the database access tool.

Fi gure 25 shéuguaref |1@mrmxaws1escﬁmﬁnmgmmme@s & NFDbwElaBo dé@ci‘ﬂﬁ:m@ET

KEY" fu e 8¢ . ure 2 ows a
fl owcha‘ra%:ﬁ-zdeggg’E E'lﬁ% q%e&;ﬁ}ps vo %‘)éT' WP‘E%" C%g' S®unction
of the Gé?&ﬁﬁsﬁoééeess t ool . DETAILED

DEGER PTI ON pigure 188 shdidYf GelcifWodtitd! G4 eff Yropgh. an embodi ment

of a 35 é#ten1accor ing to the prese I nvent1 o I'me Events
Manager SEBRFERLTI fhejss@R vl vird it the NEXTRAGHhetunerion of the

égT/IBQ??B?gase wﬁb%&@ZQQﬁgﬁ 10, f d bl
t ig - set of procedures responsible
for exe?ﬁlﬂ"ﬁ& AP \%\p&se?s %"‘5‘3’% é%%%F%}?W%nt%rﬁ"F%ﬁ$ i BAVOLREEM
10 has aocetbe t'wmwvdufmamnmmmmt@tam@ohé@mtteool dictionary
12 gSt andar dg S,14 el o opt.i o 5 16, |ocal del s 18
>local envi o%%en% qg%%tan (fh%¥t escgﬁkﬁ%ﬁh%ﬁﬁ FoRF sTRYCEVES  hose
prOV|deﬁnbyh@héGEUEﬁéﬂﬁ"oﬁu@ctlon[nﬁtuhandatahgﬂeca¢¢@msasoahrry|ng out
the processi Fﬂgure 2335 QHAL S Wik d Rl 1 Satd gﬁ%g&%@g\éagscﬁgg rules

t hat ge0|f how_t he application’ s to e don
Par adi ghl'fb EﬁgslﬁnHP&VF@blﬁhéhﬁtWWﬁﬂ?ﬁ%ﬂﬁQﬂﬂﬁ%@ﬁ(ﬁf the dapabasei on
processatgesbevebaper's "Optional " Mdels 16 are

20 Figure 21B shows a second portion of a flowchart
describing the steps involved in the "WRITE" function of the
database access tool.

Figure 22 shows a flowchart describing the steps involved
in the "REMOVE" function of the database access tool.

25 Figure 23 shows a flowchart describing the steps involved
in the "CLOSE" function of the database access tool.

Figure 24 shows a flowchart describing the steps involved
in the "SHUT DOWN" function of the database access tool.
Figure 25 shows a flowchart describing the steps involved

30 in the "GET KEY" function of the database access tool.

Figure 26 shows a flowchart describing the steps involved
in the "GET FIRST KEY" function of the database access tool.

DETAILED DESCRIPTION
Figure 1 shows the architecture of an embodiment of a
35 system according to the present invention. A Run Time Events
Manager ("RTEM") 10, described in detail below in connection
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provi ded by application authors as alternatives to all or part of the

St andar d I gm Models in order to account for . %%Wni ch,
al t hough a tdgz;%?l%?i ve to the Standard or 15 Paradigmatic processing,
nevert hel ess will be invoked by the application. As an exanple, in a

I stics, application setting, where a Mbdel for the Setup of a
Pr gduc‘f’ Hasgg%ﬁes 8-10 0vi5d&d Sein Ofd HRATesOFesReas iddeIEatmy be
provi deflethatingsall px@&:@@lsta.e@ a@sortifaded Wil =an éiﬁl(i%étﬂjxf ferrergmfiles
only uggeﬁ g c%%rtal 0 condi tions, S%%%saiilf 2 Raa nspoytati on nodul e
wer e tUrneg-of CCE8Ear VIS O s @ EPRH 5 & 2 the site.
wher e dhotapphiryal2en staitiaade Mode lsean , dddm&mj:m@ha?tptm?ﬁ]bmenm qu?al y
cogfi ed uj | hgat r ir t Si or__exanpl e,
odal “VEel 2250, taRRs) 1atpll Yol eiii¥chmenr. Ho o ¥siidied v e . o
rel ati A§aradigm”"eMorighsnild eper &hose paavided tyatths taezthmloﬁaran r onment

20 péﬁﬁﬁ.éﬁga&‘sabﬁgléﬁtt&o%n%sc@%@ﬁﬂgf &&S@Heb'ﬂ%%tlcul ar

settin h an application w ate 10 al so has

accesng§°§1§E?d0W185‘nttP§ftl EPP. 1Ra|*-|31°§1t azgl ryfovides Eheomulsls &hat s st agi ng
22, V\:hspécﬁzﬁyr hew eue d@mlcatwpqgﬁm%@m@ NG Hamdde!sy processed by

RT. rlbedb ow, All I steyed aqbjects that conprise an
J1?;§| i cg?Fﬁ 1?8‘ jode ?bﬁdgr §heDé’H7}E ‘i shRubtsden |
suppor appglobj:eonspmuelssamgToom,veafo@exefsen'rcqxtﬂma’is' Models ?QB I‘eg:-e :
St agi vide A ef, fueen evel ct__and every
ot hor D5 Eses b SpRIE AT Sop” s HoEE AP RhHTRveq e el Hate and
under s€&nthsl gtagdga;qlepg‘p@pgadlgm Models in order to account for 16
WO 98/ ﬁﬁéé@ss:mg which, although alternat:.ve tof 31( qt%%da?#sﬁgr

[

devel oped acgcor t o met hods "known to those o art.
AL ecoﬁ@l’%@ﬁWBFPGr PEQCRFSARIRT DOVEF %%@cé@é‘-% Py invoked dadderccess

cont r ohppLi€CabBAR") (aki ant aédad@)lezﬂftlﬁx Hﬂqﬁ:@%fé&sc ea(ésaalrlwtrﬁ%égle)eméfeper mts
RTEM 1 . n access ro S
const i gﬁ#??ﬁ%sl’fg E?aﬁ‘pﬁw deg Tor ﬁ@ﬁuﬁa% %ﬁ?ﬂ”&g . In

addi t i pnevDBag, ( ser addltlon:ajlde):)p&(iqmrlmMmielnmyf a rmcwide&qmaéf cisalt |y

I t C ary acgcor o]
fhe 10-<REAcPd EonbABEMER? tholE 3RS Rt BT ALY T, SN
(28r veFeErady Senéécﬁlpﬁ-ﬁer s8chwidsh 1éo@n Roadh Fxsaspentedtion mpdule (" CODBC')

Dri verwdzeastdrfeacoal er tbcBPBMacds A8 Wrid tdsd IHMLardP specific to
the site where the application software has been deployed and
has been uniquely configured to suit application requirements
at that site. For example, Local Models would include

25 processing relating to the local site, e.g., relating to
equipment, operators, etc. at that site. Local environment 20
represents the data and conditions describing the particular
setting in which an application will operate.

RTEM 10 also has access to a set of controllers. A first

30 of these controllers is staging 22, which carries out data
processing according to Models processed by the RTEM 10 as
described below. All registered objects that comprise an
application (e.g., Models, Methods, Data; text, etc.) and all
supporting objects, such as Tools, are referred to as

35 "staging." , Staging 22 provides a cross-reference between every
ocbject and every other object involved with it, to permit
objects to be accessible and understandable to developers,
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and Oracle[err] 8 hject Oiented Dat abase Managenent System
(" CODBMSyo g¢heses Wi th BASIC File Server 42 and BASILC Fi |l epdprpodi %m 44,

or with any sul tabI e database software. Through the foreg0| ng dat abase
software, RTEM 10 has access to Data 36 residing on a file server (not
shown). Organi zati on of_.the code and data conprising the RTEM 10 and
the obj€evVelargdgacsording, tighmetrhads R ddieass Ig ekl i badtha
connectggp. W th 20 Figure 3, bel ow. A third controller that RTEM
10 has access to in.the | 1 u tra e ment. of the present invention
's User 1/OR S SegopPnoPnsEo 1t &Br ?%N "SR ATHREKI 1S 2The U O 26
i's datdbhgeRaEMess tconredildieer tm'e)BAﬂ'e)recchem: eideeran 2fhe DBAC

app ca d t er hat t he
t(h??eﬁg gahip%)a?&a cla:té gﬁ%{yg g%a%é taséér]ee%% a& to in those
I\/bdel s) throedghot MOH@@eSBm,nmlddi;ﬂnxcmmbnstlmm,s ox examplied &ere

to refe 0§ g%qlm;xs;a canf d@ nd
associ a?gégﬁge:?worg |nc u |ng reen form;é ta |np}§% dev%%ggegnd
el ect r ofiifedaBl Permifsedat@Rf@qimEpritly eaeneraially availalleppri cation

devel opggopid eturyy @ﬁt‘a‘ba%"ec%rdiﬂ:ﬁ!%ﬁ:é’\"até1 neceéé@xylaté@éf@iﬁg %beﬂérfent of
the present . inventiq # n which a RTEM 10 has access to th

qur@t i oMarpts S'PmPFFé' Po P ivERy aRRligatipn desﬁ"%e@j‘ﬂp%d@'r% PBAtake
into aCQQéﬂireWﬂeﬁ.de)t IoVYES ghiterad® Bith (Bbén iDatBdseveshheéefivotywhere

1 s SenbrnSHSNLAl ver 3PPl A URES [ oSS A CobS S LO0hE

t hat pl
PCT/ | Bo@hale58acle® 8 Qigjteartothriemtert Gatdase d\nalmgement ePpstemocunent or

i nto an "OODBEQ"')%LBCE%% ith BAR Fills ér' c?éﬁsiﬁ?tﬁifét wth a

devi ce or process thdt exchangeés e app iCa
addbt i ofiysagma4étr @&t yHddh (ﬁf’é’at%t}l‘e?étlcﬁ di@i’gﬂl?%s% reofrezemt SThroeahi the

pr ef er abb¥egping! da®RiRige rgdiwair@l @Eweﬂb ¥2d | ¥ecess. €8d1§aé£'a§600U| d

permt a de I’n"€P6r to C,I rcunvent these rules. I n, an enbodi ment of
the preEEREGAATeRT Gh Tideosayver ter?ﬁ?f’é%) f FreEahFReionneh BRE where
i nf or matbae aad daUaefcrcﬁ@ﬁeid;mg S IFEFEM 1cbtazcu:tﬁ|ién siepetbet Aed dheal / O

punan 20 Pl end SmE I ARG A7 e iR Sashrith i %a‘
haR@l edFhgue0326beliqw.under| yi ng application Mbdel s need not
designed or ED@niied dehAAABP YA Wiy fHHCEIONAid¥s %o in the
illustrated embodiment of the present invention is User I/0
("UIO") 26, which is preferably a Supertooclkit. The UIO 26 is
used by RTEM 10 to mediate the interaction between an
25 application and its "external" inputs and outputs in order that
the Models that make up an application (or the objects referred
to in those Models) need not do so. External inputs and
outputs are inténded here to refer to those that are beyond the
confines of the computer and associated network, including
30 screen forms, data input devices and electronic data
~ interchange ("EDI") processes.
An application developed and running in accordance with
the illustrated embodiment of the present invention (in which a
RTEM 10 has access to the functionality of the UIO 26) need not
35 Dbe designed or modified to take into account where its working
memory data is retrieved from, or where it is sent. Such an
application thus does not need to include logic that places
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the U O 26. The nediation of user 1/O by the RTEM 10 using a 15 U O 26

permts exi I nsertion of variant 1/0O behavior as a
conditioﬁé’%¥£%ﬁ%articular time, rather than being rlglgﬁﬁlglctated by
an application. Figure 2 shows an enbodi nent of an application

I nterface and an exanple of a set of Mdel libraries, or engines, 20
accor di %2 orke %r%@éﬁ@nlﬁ9§ﬁtP§n°ntPnatﬁ@PP§Fn§ﬁ§P@&PtOPItH@to apr esent

i nvent Imx %‘roé@é’@' £b$ éxéﬂ{:lé’arﬁOQbﬂ@»éh §enhakhi 89 1nte§%b% saes fyi ng
rules f [ | cation environ

referab cqde. A .
e St SR L O BNy R aRaRped" Sag T, e, el BEBRG R 1ot S
t he pros@édstboni hahtassteutelee’dScpbaceds accorgdng col ahesphesrerm‘ t he

i nc ngtlo | ‘BBereRE n s ication
Lot TRaelo! bellkatiy, o' BB BBEERR BRRARHALEY. oL BRNAGEES

pr ocesscodié eshandcoetfiapermlitr al developedelto whenumweukeahbﬁe rultese Run
syme Events hnagelnndashihbedsl prdohilk Rt Averiiings Ho bhe | Tvocal] on

of free-standing, re-usa regrs icly’ |nstant|ated obj ect s,
i ncl udi @gtenmineds, fost pEpmple, MFHeRns angr vﬂ)@meslnlf@mr@rtlgnam e in the
| 0gi stigerQEh¥Ar8n a s88bbhNY, 18 HQ@%Em&%%%@M%E@%@M‘Hﬁé“%%@ Rehcilg e ds

agai nst a roduct and which determ nes _the extent tq which the Holds 35

af?%ct 5§%P¥é5?1|?§ ghatrpeterongee - coaﬁdwﬁﬁéhu&§|4?ggﬁﬁﬂqgﬁ what human \\p
98/ 26349anguage to use. Any such external evdHEH|d&%7k@%£ﬁﬁbrlately 1.

Set pointe irst .record for t Qduyct ;
>0 PrIBREs e Y cflbu2hs ' aherphaREiYing Epritcheion yoaeys peds i
record,beSde51gned ox modlfAedunnIabeonﬂbdathemmmswﬁ&nndxdﬂaiﬂ%wodﬂtts,
5. Gb SClel v .

descri be e 810 ZF T?ﬁ%%gagﬁslggaﬁkbg%o J&g'rb;r ac\li/)%r eEﬁnglJ 3\#1}}%
makP mi Z€E0 26 Pﬁﬁmﬂ-téxfﬂ)ﬁxib}eoﬁnéspml@@t |®n§’atm@tntar16/%lh€ﬂ¥a‘u§mgiﬂ Hee

Model s ﬁ@nc@ﬂgnréﬁﬁ E&Sn&"i‘.ﬁlgﬁgwb%oa particulat@ibd, mra!\tﬁiélo%harﬁ%élﬁﬁ

‘her ein, Rrocedural code created to acco
partlché91§EYp Etated HHaPHgéE? 1625 18%routine in a conventlonal
wprogram 1In Flguaécerdaawe mnt bmbbel:.meemamif IaiﬂéulipMad‘ihithdﬂ:ad‘ﬁiawed

that 15 tan u l &, I ered I|cIy

instant?%aegn %ﬁS§P§8r° ?dgete ghﬁ%gfﬁb&€§ ds dlone ﬁp €8 Library in
wh2eh iascpréiagceoi sheegrgsenedimemﬂmu i sIn the égﬁxsnm@cbg}awﬁdstmi bed
In greg% gﬁﬁ&%hv@ﬁ#ﬁwﬁ' NZCOPRAEIION s a MWW bt Sbddidinddg becones

an acc

ata spec1fy1ng rules for the application environment and, most

preferably, no code. A Model, in other words, is a packet of
data that sets forth a list of the processing that is to take

25 place for a particular subset of the application(s) with which
the Model is associated. The processing includes the
specification of Rules, including Business or application
process rules and wechanical rules. A Model, when invoked by
the Run Time Events Manager, described in detail below, causes

30 the invocation of free-standing, re-usable, registered,
.publicly instantiated objects, including "Methods," other
Models, or Tools. For an example in the logistics software
setting, a Model associated with reading all Holds against a
Product and which determines the extent to which the Holds

35 affect availability of the Pioduct could include in its list:
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20 Library that may be invoked by the RTEM 10 at an appropriate tinme,

as speci Wiosa/deya9a Model . According to the present i nveptTABY7/008m0EeCt S
such as Methods can include Parents, Pre- Processes and-Post - Processes,
as will be further defined bel ow. Figure 2 shows the | ogical

envi r onment o t‘é%tbga%l%tté&p% %?ol&’ffi\@eéé f‘f’:@s?”ré‘@&%?{:koe B.E;erface

50 between t conprise two pri |ca

Process (or Bu5| n®¥educt;ryl e) Mvdel s and Mechani cal Mbdel s. These two
types differain 1f hedemelredo@Psid agdi oprd@uadbl ch they are directed.
Application Process or Busjiness Rule Mbdels carry out processes 30
particular to an 3ppl i &%ﬁ%r?urmt BeFRFR: in a |ogistics appl i cation,
an Application Pragess pfcuiisiias ndtll ef ddelel on Avaivabl1&PREbANcERS
processing for or%er entry or_for receiving of goods. The logic
associated with an -Appl9% 3 & Process or Busi ness Rul e Mbdel is
specific to allsp amse dexuriled am jmirfabeve, amdgeuethér desoeibedusable

carry ofL8h. s Hoass MF LGP o005 R8¢ BT R ool b B PBRCLE) o

19 the flembgép.ga{gm applications that are built using the Models
PCih! B94hA1698 by the igre fferent application contexts. In a logistics
setting, for npl e, a_ Mechani cal Mbddel m ght cal cul ate avail abl e

stock or hﬁe@@ﬁ}‘ t"%etth% 't Ak riged negreiR ockefeBm pPagebroek pface B

in p%ob@ﬁﬁﬁﬁuﬁ%odé create‘%l "t K @ddmp1 BSh Ug eFabei Bhlari ?uffpégb of
GJJ ects th t ani zed and nmade accessible to EM 10. An

has
'engi ne®na1logeus, tq t?r ‘gctjaﬁ% R i GRVERELRRaL| BTREYENs ahB net hods,

in pacbirdanae, waumlﬂrm:tpméxit mmm Rmechsds Madel ﬁsaddtha]}:
NE ods at, rk_ ,.I t e 2, a 0 o
englgnes %% g%e a |If)%l |cs ’r tgp%#fc%{l?oﬁugi iye shown in

rel ati onnﬁﬁaMtl@rtfeéioe 501 fagrhen roxdl |©&¢hd}iethod stiépdardléngi ae 82 is
defined3%,a8r¢" QuP wafi d¥echali Sdd QL esS reglé@éféa hay agt%eﬁeeﬁw th

handl i n% hazaird events._ D spatch engi ne 'S grou ani cal
pr ocess tREAELETRSYi 7F tdc?ﬁﬁ)r%d x kH’ﬁ‘F%‘b%PEcﬂ?%@ll :Bf—‘iLPWnanEﬁQPRQCSGOF’s a

%rﬁUp ohl&hc?a@m@ 6, scprtﬂﬁeﬁ?&t%\/ﬁS’@é&n@@V%ﬂgaé@egfﬁlm'é&\h?EEEI eEMAg a 58,
D S e s R0 fPBEE B 10" S 45T LY LEER0L 1S 58
porti ontafet hasc epesitiiasd mnla Modebf thecaﬁdlnggtoeShESpsbsant
Speci i gabkwe 1B, iog AH A0 @& hods can include Parents, Pre-
Processes and Post-Processes, as will be further defined below.
Figure 2 shows the logical environment for two basic types
25 of Models and an application interface 50 between them. Models
comprise two primary types: Application Process (or Business
Rule) Models and Mechanical Models. These two types differ in
the level of abstraction to which they are directed.
Application Process or Business Rule Models carry out processes
30 particular to an application. For example, in a logistics
. application, an Application Process or Business Rule Model
might specify the proceséing for order entry or for receiving
of goods. The logic associated with an Application Process or
Business Rule Model is specific to only one application job
35 and, in-ggneral, is not reusable in any other context.
Mechanical Models, on the other hand, in general carry out
processes at a lower level of abstraction and may be reusable
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I\/Echani cal I\/bdel 70, which in turn contains a reference to a thod 1,

and , 74, both of which Methods can invokq,j/:g‘;m%
subset 0 roce ural Code Bl ocks 78. Mechani cal Mbdel SO cont ai ns
a reference to another 25 Mechanical Mdel, 76, which itself contains
references taq two Met hods, Met hod X 80 and Met hod Y, 82. The inp S|t|on
of d8n it ferento R IR ICAHEN el Hhd MAFRLGS SR De in

%Lmrﬁct b@c%mylt@) Euo chglaﬁncal I\I\/db%dc?l o Y tha%ja?lahm&d Edmmm Z@ﬁwm @ftﬁ

n Tine Eve na els s..an a in acc W an
erbodi MEREOHR e b HaNSR, dil [ITYe L4 b e A £5 LA ik

conpri saswfmlemom:rets t ask rrem)ry 90, task private cache 100 server
side public gag 120. . las I sin
oneSport i on dny e ieede oA BEREE ¢ o0 r e ded e HEES,
menory %emndnmgm@e agd wmadenmecessible o dphe(RIEN "MTAB l)ng'llengmehdu ng

pre- Cogrg' s &d 193k ry o@q%é-f%agp%@l@ééﬁﬁe %5’5@1@%& afééﬁg%g%%g' es

PCT/ | Bopegtdsmlar, a omidacticam rof H@e@%ﬁrﬂh%abr%%%‘r‘#sﬁ’ M@ HRdnpri ses

data, apethodd ltHHaH MRl hidhmdh. FiThrese deddifbbe @Adrigubéopedai Bed pre-
corrpl | ed data ,bank that the M 10 quds at the ti I nvoki ng the
t

e ergines, G %dé’fv?% iR et ’f‘Fl%'fregE ‘E?l‘g 28RM 2R PRvoke
the Nbd@lrebmm:mrirt hfexiﬁ:aonwtm cinterfaxsé 50 fo:prﬁlﬁ&taé)bylptati‘.Oﬁpl | rd so

Under st SRTAEL Mg, i AFs LR as = fond B HeAIRRECAT RESRGES

i dent i f Modelshdarwing dfo edmiwith hamjking redzarédeventset rbkspatabh obj ectfs
f

Vodel o S B (6 endliof Mol okl Mailets Mbachy, hAFLIG 0BT o
datlé  with |dé§R?eF&¥bu!s)8 Biek Ldng Frgimeppé cierhgraup phRcMagkanicadt

of Mdelprobbds Mudet LhDFBrigy @J@@twﬁeﬂ epd2fiormiflgaaPubl i Eng fuﬁda;ianfllfes
cache 18 ok LSsislen 00 Fantglos il de gt to e torm of
obj ect @Emigimn @i Shd BkhendEngineafgspbéBe tabl es/files 126. The
SIE 50, Cohou 7, 3 hBToAe L8 d55Einte o, oSO, i)
d i2dht SngHIRdg Vi eslewhe 199eoifically heBibi ey Bhgéneubbki babaka Fil es
Cache 1Méchani®el ddel 70, which in turn contains a reference to a
Method 1, 72, and Method 2, 74, both of which Methods can
invoke at least a subset of Procedural Code Blocks 78.
Mechanical Model 70 also contains a reference to another
25 Mechanical Model, 76, which itself contains references to two
Methods, Method X 80 and Method Y, 82. The imposition of
constraints on the form of the Model and Methods is described
in connection with Figure 6.
Figure 3 shows the organization of a Run Time Events
30 Manager, Models, Methods and data in accordance with an
- . embodiment of the present invention. In this embodiment,
memory comprises four parts: task memory 90, task private
cache 100, server side public cache 110 and file system 120.
Task memory 90 includes in one portion object code 92 of the
35 RTEM 10. .In another portion, task memory 90 includes one or
more variable table(s) ("VTAB") 94, including pre-compiled data
bank ("PCDB") pointers 96 and dynamic variable tables 98. Each
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Model 'A is in the formof-a PCDB pointer (see reference nuneral 96),

which i swossggmnt of VIB 94. Accordingly, only a f evp&RgRd MR 659
i nstructions are required, regardless of the size 25 and conplexity of the
Model, to actively link it into the VTAB 94. Assune, for

i Model A '
gxsgﬁl Shzﬁ%&aélagc%%e (ﬁgi%lgé Eé%aggﬂ)‘\id EéPnaﬁgmBﬁ}Flﬁéugﬁ'Eat'l ﬁ§ as
descri béd-l%t’gﬁéeteﬂérb%{bmal inpRigures04 ahd RTEMAOiLpesbeed Ehdel pr&- down
Criw 1o CRIPRLRl datd Adonc (A RIORTRA OFURRS| bePBRE! KERL benkeld  Then

RTEM 10 actively Seé reference nuneral
96) . invo 11'{5[1rt%%rMO%%uneTlﬁ%a@aﬁas!-@ptb}e(Y@@tieén msufeumabte%s@l thet

directs ttH@tRm heh ' 2avaite 10e MbAED baseli eat tR8I8athe %ﬁlcﬁX§§U&§%t In
this event ﬁ RTEM 10 rmves qtihe execut | on pointer to :

whi ch ,?HE,FE‘&{ R¥R-gopiied 5@ that the language in which the RTEM

21 10 is pMoHiEB4can readily understand its contents and, based
PCT/ | B97 Ojaq_‘S Cache hlé)J(:) gatg iyé%ﬂtSI de Pu ch Cache _110. I\/Et hod

"X st e"te%%%’bt%’a ot AFY1PHctRRp¥PE Ofb8BCE B are

done, th:éajmmvmaferred "popstetbieve ' Buthl ebyeogsMeden aA' appiropetintle nked

. _FEi 4 sh |
voddl 't ansEiRh e BrfAbs foache 100 1nbolHES F SREREoNoRETE 332,
Model adesi@ichduikrary Objﬁc@r@@%tlﬁ)ﬁveandoa cThentbgétiet prpivate G4kahas a

head I n e r Ok del ere,
1o Exangles e"ad*é%e*“? 1 Gethl S1087Pub1IE! chchd 420010k 16alRIE geREI0.

numer al %611 H‘@ﬂt%vﬁ‘#b¥%’é}’h@aﬂléﬁt1§9dﬁslu apg| aom@blbyc a set
of datad‘alw f:ﬂwr&ac&ié yné orngigalipl piie Sys@éineﬁﬁﬁ aBetbRBR Pbdels

h b hods, | nput/ Qut put
Pgs Sﬁ)gjcﬁ'?tgnggt %e 5 &%ﬂ@i%g Erﬁét(??}gﬁﬂr:gﬂé d358 Qaﬁlﬁﬂ b§? M?WhESEhagﬁgment in
t he |i spoimted tavilzje | PORBr e et dxid) m&y,|obbade tbéeusnqdéskDiah,t had

Met hod, gatapaMd 3{5\51 #@lé%e A 4yoke the Method froman appropriate

I|brary character string (e.g. 32 characters), a
uni que | anguﬁke Aare] p'#Q)v(%hwgl dncBtgupei dh dinkheintohtle Zaskand, shown

in pareWﬁh@ﬁ@% thd YindRFI O £ Model{ ™ANOULee refefbARH! humtdgs! Sion).
(d% 1%53, which is either in the Client Side Private Cache 108 or
the Server Side Public Data Files Cache 118. The data in
Model ‘A’ is in the form of a PCDB pointer (see reference
numeral 926), which is a segment of VIB 94. Accordingly, only a
few machine instructions are required, regardless of the size
25 and complexity of the Model, to actively link it into the VTAB
94 .
Assume, for example, that a step 1 (not pictured) of Model
‘A’ invokes Model ’'B’. Given that only one Model can be active
at any particular time, as described in greater detail below,
30 the RTEM 10 "pushes" Model ‘A’ down {(in the sense of a stack
. machine) and leaves it passively linked. Then RTEM 10 actively
links Model ‘B’‘‘s PCDB pointer (see reference numeral 96).
Further, assume that a step 1 (not pictured) of Model ’'B’
directs that Method ‘X’ at 106, which is ocbject code, be
35 executed., In this event, the RTEM 10 moves the execution
pointer to Method ‘X,’ which is in either the Task Private
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Each elenent is listed in the order in which it is fo be invoked
accordi NGy function of the Mbdel. In the Mde
tenpl ate 1488/£6?or exanple, Method 1 142, Method 2 25 144,}§(2ﬁ]§49§/8f6% d 3 146

are run first, in succession When Met hod_3 146 is conplete, |nput_1
148 runs, ol [ owed Deci sion_1 150, Methodn and Tool _1 ’154
Pr ocesssléﬁ o0 nl9€s Servqrh Sides Pé@i&éhc@q}?ﬂllll%fn Mathathd %f is sthens6 is

det ect eéxecuteaata el errent s, I|sted |n Model Tenpl ate 14g as Dal\/}saﬁld158 OI30
Data 2 160, 6 Dat a re _available to the t hods an

ot her obj ect@ﬁ P (ljt rli’et é:%d_éﬁf sadl @5 RAgurPn SHRREH danpl e of
anot her "pemsl"aM@dleaOOB ffolemving Mm&ﬂl 'Frovd dtgi v IBateimicket add tdie® i n

Fi.gur e Header Infornation 1001 includes a nunber of
desgrl ptor ?ebggnq:l vrm(‘j-’el%%%ogz identifies the name of the Mdel;

| vimodel _obj $Figure0ds shews ian exempiminyudassledtendl e 14 e |
sydescr ipi8tratek0QhPEUIRE %nd%?rﬁfdéitrﬂegg: Ut P! %3&00%

P|CT/ | Bo¥hg1Bsgsent invemtdiems e desadomemplate crafatham 2 0osder 141
Ivsequemﬁeiuaaﬁg a unlgh@V|l%ilt§.ﬂl|é&t @fToar & @Hé%édéb L hffxecuted,

Identifies .an oggect to execute before exiting the

gél toB&e&%’iﬁe—ﬁefnﬁé elar'l o s Gl BORR Poimtenmiaitsy ($e®xecut e -wi t h
its EeftarEnceesmme):;aJJ \Btsabor Gtﬂ.rbﬁol@ﬂf x:l:UtO\éHiﬁ&] a rghétetll%g%éf elgh fllse d

nunber S¢ g or ro |
| vfirsti h%&?&’%go@?’lp?m% es a %’%ﬁftfb gae@rjt goxﬁ?%caegls’r ok when
t he | aspbliggte had bbem @dnploet—@dbject dax:laast Imlgem'prk%(?ﬁjeéﬁ L?st
Tlnel : nggtagﬁdteom\gggtea i’ st&%pf%?gﬂ' OVI é’es a 81%%% art%é%%téjvarl abl es used
ong)- ' ERFETNB4éPns, Tools apﬁgaaé:acxs Fasths glamendr ideftihe tlist fin a first
porti onModel! @@&Blai;ea 190t da$t HwelHaR Sc*HéMd}ﬁq;lf‘é Ay &k FH:?&Q«%%

IC&tIOﬂ

f [y, d
Ao ehafn 25, Bebe: Loi AEvoRe fae MeEhast Jo%'ane?aaagqanmtmawmmz

“provi desnd whiichemay benma thatriaetedj etiring (daf. i3 tditaMsalrs) r a

i - hi s
{oby oot 1955 1aBhae DRl E IR 5 AFERERR Bf R TODe et for
t hé apFEVEROWRo 18X Pagresthisise sobjee Cype| dhjdctattic ol art b yine ) |,
i nf or ms ($ABuBTEM(4Rcekibhg ,t RRedh ,t kg pnesent object (L:

Each element is listed in the order in which it is to be
invoked according to the function of the Model. 1In the Model
specified by template 140, for example, Method_1 142, Method_2

25 144, and Method 3 146 are run first, in succession. When
Method 3 146 is complete, Input_1 148 runs, followed by
Decision 1 150, Method n and Tool_1 154. Processing continues
in this sequence until an EOL (end of List) 156 is detected.
Data elements, listed in Model Template 140 as Data 1 158,

30 Data_2 160, Data_3 162 and Data_4 164 are available to the

~Methods and other objects listed in the Model.

' - Figure 4A shows an example of another template 1000A for a
Model, showing greater detail than in Figure 4. Here, the
Model Header Information 1001 includes a number of descriptors:

35" lvmodel$ 1002 identifies the name of the Model; lvmodel_obj$
1003 identifies a unique object ID for the Model; sydescriptn$
1004 provides a description of the Model. Template 1000A also
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Met hod; 2: Tool Usage; or 3: Model); {objectid}.nodule$ 1016 I dentifies
a nodul ewweskeel Usage, Met hod or Model ; 25 { obj ecti d} . peposg7ionésp 1017
identifies a Repository for Tool Usage or Method; {objectid}.nethod$
1018 identifies a Method to execut e; {objectid} t ool usage$ 1019

'NSSQT'IL%ZIX%@R%"“’E‘%% iSbnsrof Bithinat 20 20048 IO duIRRls IBRE 0 how
t 0. acceproyddeshias ld-kﬁte(,q (Rmrm c@h:eecmeteb?ecexeeuéeqiteave;sag@bagctﬁ t he

Model  dgipp 7S At i&d d) a[dec?A é’é@ td\’fé:lzéc&té ”Séﬁéi—éseicbéinéh‘éhe Mo@Biect is
per f or med pa55|n I n al dat a) ectid nodél vars$ 1021

provi desvien dhe qmellﬁ/aﬁ‘}?%q- e%ot%xb'éf p B1% qob]ect nyblineXRERREIWithol

Usage oAt st -Trbdedeast ) divmo:v@éﬁs?»ﬁooaogﬁosmesfarnhsa bestiefla

obj ect variables to beigqgulated P Model , variabl e gs C|f|ed in
nndelvaPﬁﬁberS in processing sequence used ror juggmng rom £ &8 26349
PCT/ | BOFA@IGH9 1vEirstinputti 0o e ptfash@e\s aAufibed nekbert tonstarta second

t f [ Fi 4B) ,
Chowi ngEARRAS Tor bt oRets: HPH R P Rebron FORCERESS  todel - 1n
parti cullalastinpwd Ul pEbVl4©®Jebe|HastnﬁﬂeldvaumbbreFO{pypeess

o2b! h bl
A s A L A o s 3 T DAt
forth 1viaden lddtts 03 hprostdes oatfhlasﬁ pEbpbét dara varipbdesy¥seg At ype

of vari apigd Mot fies the follomnng C 10 indicates character vari able;
N i ndi cat es gynerlc vari.abl e; i ndi cgtes \Y; rlables assed in

only; B indi ¢catB¥e 4BWE§?%®I%%r5%§§ege#ﬁnéﬁaoﬁa RT ottt TLESENEP
vari abl apouEs ol a datan arsndemnétshawﬂngsaecaned pfrdcbae&ngut

t t f b 1025 dent i f
her 1 et oh D YaatRr BhetTEs ALt oo e Pr g iR o
{Obj ect iiferdcitf iores d@P o f c@rmurhbes aft abfieehs tbatodefinef ghet Modedhj ect
(1 a Prey {3&9&9§§}qghﬁ§§ 1@123%E@6§&esogjfgkerenceoﬁaﬁe 2oPeRk %&ﬁe S rent

obj ect) . bj ect 1'd}. parentn entifres the nane of t
obj ect, that He dediodala ]%?Elé} PESErPPEREs3013( pEPYafes) Bparent _obj $

1028 SD@as‘dzefpﬁlf&l of ﬂbi@céb%&:@? (BB;B@EQ&(} Obj ect, if a Pre-Process or
nnaped 1029 i entlfl%%gtgiéype

2 U copafta5ae Sy PP ogkeo (eBLec! L0k dasLannanes, 10291 dent)

RTEM 10 to execute this object; {ocbjectid}.objecttype 1015
informs the RTEM 10 of the type of the present object (1:
Method; 2: Tool Usage; or 3: Model); {objectid}.module$ 1016
identifies a module for Tool Usage, Method or Model;

25 {objectid}.repository 1017 identifies a Repository for Tool
Usage or Method; {objectid}.method$ 1018 identifies a Method to
execute; {objectid}.toolusage$ 1019 identifies a Tool Usage to
execute; {objectid}.model$ 1020 identifies a Model to execute;
{objectid} .performflg 1021 instructs the RTEM 10 how to access

30 this object (0 indicates the object is called, passing in the
. Model data specified in modelvars, while 1 indicates that the
object is performed, passing in all Model data); {objectid}.
modelvars$ 1021 provides a list of Model variables to be passed
into the Method, Tool Usage or Model; and {objectid}.obj_var$
35 1023 sets forth a list of object variables to be populated from
the Model variable (specified in modelvars).
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that, if the object is an input, indicates to the input if the 25 entry S
mandat or (0, if not mandatory; 1, if mandat Oré‘:’r

{ obj ect i?}. grzeprocs$ 1031 identifies the list of Pre rocegs"smg 5} ects
for this Parent object; and {obj ectid}.postprocs$ 1032 identifies the -

list of pos- %rocess objects for this parent object. 30 Figure 5 -
shows a specFRBETEXAfpIstorm Frrthap Aafinitiqn kel 13 ®AIGNA PIBHIRR (PF

Model ) aheoBditag steudttiny eFed Model | (Bt iraied Frdm TR EBAY i41) 2 menu for

an applr ati.on Fol |.o the header 171 for Menuexarrp e are a set of
BB 88, i i L S BHRRESSAY (AOTRE L S5 Thhe 35
Obj ect Mpdefi.s NMndelartdehdatr\/alit |13m§hid:m:ent obj ect. Those t hat

preeederbﬂﬁeeed\g} {8 ARG Deybd UL RRL) Uddges 1024,

PCT/ | BOvhéchsddentifiesy dhenUsagerrimPraduss seariabios doaing gagsedy ime

ar ent ca b lm’%ﬂi \ ]%g&
\F;\hen t hghﬁbygita?,g | E%I%e? %%’ag(ﬁs se 1(ec% )Mrrcgi%cdc@il fé)séEfr un:
clears §a¢Rr RabPe VeRiAIE Eeta fnnthe 367 tobasrtidbm 5 to be sel ect ed

The Wenmaab&waﬁqé@%' (eSS vdriable) iduHYifadd he Y EXdwidlyol Véng
Io IStICS cur ent dat e, perator, termnal, conmpany, System used

Ot r adR Fr&a ar%ﬁ%rwl &ir Mt GRS amiReTIC ArialRd set s
def aul tUsage\tatIué.ndlsﬂaﬂesaSratﬂ'imbm;sI r;&dsmum oiliyplByindidecsel ection has

Vet hod JR0eagtes, PasKaLd Ry, SRS oy & T eSS Bar Taseedids
and st oiBsagabefaudsl amlag tapex:ilfsiead ame back Mndel menusel ect 178
val | dat es Mefup3alopai)onidmee ik ee}_l%a% L of Nl oI £8351 10 L he

Model that is I nvoked'is 15 menusecur menu security.
| f 18n opEeptdfies a defgulte iidne arssed a‘rﬂq%v@w dMehedt i BerbrUsagect s

~.anot her or MofRNY t dﬂi %ﬂtﬁ.\ﬁ } RIQGRT N J e PRdse £t i d 416x VBl digelerch raé@i@ﬁt

A72. Thrs | acco b t hod nenysecure 179 assr
“speci al qugl}g—f; Craf @e yt?ml,}rrfﬂ 97 YT B)2 ’to ﬁfgt FﬂlElﬁﬁTér | f

Ta val i doxeBect ao@omamﬂms(s\/ajbjhchjb.) {otej doctiad } . paréﬂl’tﬂli‘arﬁwslm'ﬂ

(obj ect IsC e I 0 rt has

fini she%i é)%é%g\ty:&n r&th% t’%b“?e %%hﬁ}% %férﬁé) %t)s‘ft'Per%eréllé% 151831 will

be 28r ocE§§e@rb§’P§|tePr-’(P|QﬂS§0 Obﬂcﬁtqj?:ﬂld}y Darent obiEs MRS )spec1f1es the
object ID of the Parent Object, if a Pre-Process or a Post-

Process object; {objectid}.designname$ 1029 identifies the type
of model design object; {objectid)}.mandatory 1030 indicates
that, if the object is an input, indicates to the input if the

25 entry is mandatory or not (0, if not mandatory; 1, if
mandatory) ; {objectid)}.preprocs$ 1031 identifies the list of
Pre-Process objects for this Parent object; and
{objectid}.postprocs$ 1032 identifies the list of pos-process
objects for this parent object.

30 Figure 5 shows a specific example 170 of a Model

- (specifically, a Paradigm Model) according to the presenﬁ

invention for implementing a menu for an application.
Following the header 171 for Menu_example are a set of 12
objects, including eight methods, an input and an exit. One

35 object in.this Model, selectVal, is a "parent" object. Those
that precede the parent (indicated also by a forward slash (/))
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25 |f the operator chooses to exit the application envi ronnent ,

he or shgodspgs£s an appropriate pre-designated key (ipciniieSnofssanp! e,
the F4 key) at the nenu sel ection input (Sel ectval 177). This sends
processing to the exit 181, which sets a control variable to tell RTEM

10 it h finfshed_30 oce55|n he Menu Model_ (a Post - Processes to
exilt 18%?% {:Qﬁe‘é B&Ss 8&%@&%3 quFEWl(ﬁ%ﬂéﬂ&h IRBKRRL t he Mbdel ).

The (Mﬁhodt&ﬂnb&4a1&&cﬂcslfa@mdlG\I)infdre)rbaltlfﬁfed)ﬂ&fﬁimﬁdﬁﬁ@é 9 thﬁ ’ -

F4 key in th n e ti-on _in Val, 177 nu checks a

system confi gugg’t :dclz)l% Wﬁe t o se%l’toﬁc(eti eﬁ%b e?l%%é_e %tﬁ‘gzjo 213%p one

I eveI i nunhgthaﬁu Cdlee.prISayl varielal rtdeady h;:tlds a ttelueo i evalenexitettihe
Voeg! el 581 ethRd!. 0P TheY flemOlackiV Moded M7 MaUEIARL 4d the system

con i guration ag i s set
VD 98/2392@1cat10n context 1nvolv1ng logistics) qngnqqinemnfﬂaxe,

| mredi abgeyagyit, rtaemw&m NS eI 0 LM MG menu | evel S

of the nmenuy d|spla If the nenu4 nmet hod deci des t0_nove up one
1

| evel i RACER¥IR¥EnuAdLCER ét?l heomemid iy i at# anethod (gefs (defawlE RTEM 10
| t has ‘abhebBedsaxbCcuis mHet rieuMa.ratl Meadfl Jto WisPiph i’!a%éeéeﬁéc@i(éﬁ Had, is

nd the_sel ec l.ay set_to t revi ous, nenu.
ggesé’ﬁﬁ t ighe Con%[‘?‘ﬁug’}é gienﬂ'ﬂqgﬁ%:lhc?d'}%lroasdeﬁ é’l’?f splays the The
dat a vamenbl esMethod sbwe wiallls mcﬁelsd\&m g e ds/0 afte:r neghlcles: action

I K 85, .which_st
o eanbEaBLORTo e IR SELEhOEs Uettlled 0ol M TLELO Soge
187, mhM@ﬂE%tmﬁéysal@@wpdﬁy% vedddates mnp dsledgignsmade styrelsea menu

descr i paisef:._ olrﬁgea@%p ob3%ct in \Mﬂecmoﬁéar E&i&ﬁé dﬁ%x&éfd ofgthe menu
previ ousl %Edls pagedi sply 190, stores page di spl ay;

sefect VA §§cgf§ 1\XA5?|'CH’h§1C6"r é’@r&%& NG S8BH L Bhor t?}farﬁ-}'l 12ReXFRPEH

stores dsing sher ineR@Nenit@irsa 2OHPAALI G IS Usctlith oW £dn &S¢0 esnStREAL US
val ue; subnepu

raLve, FRRIERY A6t Tl At SRR L0 DS URE T ¢ polSldl M2
tlnp 19872whi Thist dsescaopgltishedabyt ithee rfrhod meﬂﬂsgmmréﬁnxﬁqp&sﬁiﬁg
o ntahpieL OB AR Vil O M M ML IS BT
i t2PncI REEY 10. pEscasyadd @@%ﬁcﬁmQﬂnwaﬁemﬁQﬁnﬁ%ﬁ&idjﬂwb)sp@hefM@éely a
Post-  thefir eﬁﬁgssxtlrtaqlé@l eb€9A18M)i Gl MK tsf‘étﬁ%‘%éﬂ%féf‘%é?ﬂébi@ 8ol 09 25
file affel, VRklY139:T® léss%(i%rl's La entedAle i Temn Mogef a1l
Post-Processes to exit 181 will be processed before RTEM 10
actually leaves the Model). ; .
25 If the operator chooses to exit the application
environment, he or she presses an appropriate pre-designated
key (in this example, the F4 key) at the menu selection input
(SelectVal 177). This sends processing to the exit 181, which
sets a control variable to tell RTEM 10 it has finished
30 processing the Menu Model (all Post-Processes to exit 181 will
~ be processed before RTEM 10 actually leaves the Model). The
Method wmenuf4 182 is conditional on the operator pressing the
F4 key in the menu selection input (SelectvVal 177). Menuf4 182
checks a system configuration flag to see if the Menu Model
35 should back up one level in the menu display if not already at
the top level, exit the Menu Model if at the top level, or exit
the Menu Model if the system configuration flag is set to
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Mbdel 170A I ndi cates that the Mbdel is a Variant and identifies It
narme. the header lists the condition(s) (in Sranp
t here | g’%gt}%%‘ﬁe) necessary for the Variant Model Sgrfthpi’appl y"
thus to be | oaded for potential 30 invocation. In thi s case, the
condi tion necessary for the trackal Variant Mddel 170A is that the

by
| e,
and

conpanjmreddareloyenit the dMenu MedeMowitth@®up TOVELYaP aEP aRrTEbPBS (whi ch

may al 3R s of rtq{eerrﬁé‘rﬂ; i 518y RUNT 1 e MREh@4 £ 0D VBRIt hSa t HEc$ABB
structure as the DBAC 24,” 30 Run Tine, Vari atlon Tabl e, di scusse be

in 35

Lo MBE iBh %q navRl Bathe TeRaLdieplay, the comerelyaripb

Wnere Ty Ad1Atiran RIEM i 85 1 Hde finidhee! exésudnd otheVenu Model),

26349 . PCT/ | B97/ 0

Var51 at ("gHich Wavg)set Ang*ip 8l is resel apd phe selected menu g8,
track aihsplay J'W\&Lfetccnfmautye Pirédious menul ProcdssingeshendcogtiRanesi ne

Expressg_;){]: gjleetﬂ

menory

é%f"@t £72. ( COMPANY$="A1") 5 Where data
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| ow
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in
Run

ti me expressiten datid evaxiabiled i asscvihtedi vhtltoMedel Memugenanpledl70n this

exanpl g,
wi | |

néiﬂﬁié‘srh actloq_(favp Wﬁc%péﬁéreéo %hﬁeﬁt‘i”s;ﬁgﬁtgﬁﬁ' ughhar €0

| uat 1 on e 1S conpared agal nst The

de

taf e s’-kﬁﬁ/m BEigh t3-ores dot IWRFEHR WAPLRONBRNY! 1 8fs YihécﬁcFF?EesTﬁéeact i ve

vari ati
Ti me

e of aar@bxﬁ;m:g t By 5‘@’91@7" lwhi 8ht Be°§a§eape§mpaﬁ9 asdehe Ru
Eval uation Code

1 V
Acti vetenu_dgsc 388, gpich stores a rgenungqasréptlon, oEdm%Hg B I:L%y ©
track athich stords the :LdentlﬁieSof the menu ﬁré’&ﬁ.oasn.delﬁbplayedesponds to

the Nodelo ati e 20, L8 "BELRL: 2 TBhgeVAELRTLy T 2BLEERURENGY 11 e

stores
15

20

which stores a menu selection; short_name 192, which stores a
short name for a company; status 193, which stores a status
value; submenu 194, which stores a sub-menu for the system;
texrminal 195, which identifies a computer terminal; tilde 196;
tilde2 197; and time 198, which stores a particular time.
Figure SA shows a Variant Model 170A based on the Paradigm
Model 170 of Figure 5. The Variant Model 170A is nearly
identical to Paradigm Model 170. However, it includes

* processing absent from Paradigm Model 170, specifically a Post-

25

30

Process, track _al 179A, which writes menu interactions to a log
file after verifying menu security. The header 171A of Variant
Model 170A indicates that the Model is a Variant and identifies
it by name. In addition, the header lists the condition(s) (in
this example, there is only one) necessary for the Variant
Model 170A to "apply" and thus to be loaded for potential
invocation. In this case, the condition necessary for the

track _al Variant Model 170A is that the company code be equal

35

to Al. The Model Run Time Variation Table (which may also be
referred to as a Run Time Variation Map) is the same structure
as the DBAC 24, 30 Run Time Variation Table, discussed below in
connection.with the Elastic Database.

The table or map, where one variation applies to the
Model, is as follows: |
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of all conditions that activate all Variant Mdels. For the above

exanpl e, vwdnes36349 ant Table is as fol |l ows: LVRTEM p¥Rireddréded="

( COVPANYS$="A1")" LVRTEM . VAR TABLE$ = "1" 25

LVRTEM VARI ATI ONS$="t r ack_ al" To clarlfy the nantng conventlon in
the enbpeipeats——=deseribod-horoln L\ (ucad tappdiately ahoue refers to
| ocal abIe

cl asses DB (data
base); v s e R e A iaiaa o nt ed
version |nd|-ating t hat
t he Var COVPANY. TS A and- tnat .t adds an
exanpl eAT@@lﬁt%mndlng)hhﬁ?tTirﬁb vm;sleewfopﬁaga@%@ £81 M5yand SELECTVAL
to a log WO 98/ 26349

PCT/ | B97/ 0165GOMPANYS AT ot t or each menu selectlon The object is
exesut eWheeodata in mieenddFClSH Ky Bdde RESDTIA MEBlUre&dit st, the Vari ant
Model 170A oméﬂﬁﬁ Jﬁﬁ}Jhe nane of the object to add to the Paradi gm
Model . fhen, lcates where to insert that object in the 5
processDBQnseq@enaaﬁ(ﬂimauaxnmhssioﬁxmﬂblépaaI&untﬁﬁmebseanuation Code

("track Qkﬁphe | _"sel ectval” (reference
nuner al ure g& (#refer r%ie nun]g&elﬁA in Figure 5A) as a
Post - Process QQM? ﬁﬁﬂﬁ%%kﬂ at exitnenu (reference numeral 180 in

Figer e nangutB®iud) HUAWA 4] -cddk PEIRILE @boUt POgeRgHNG:ASSOC at ed
with the eﬁanple o%kfct "track al" follow First, a descriptionis

provi de§va dern) GAMRaTed RIAiRst( Heestabhg =hpvpeabiel 5§ file.
The obj aetetmme wisieth tani el ores | ack cadt e TOOTHE agetia traelatlonar esent

(PARENTEES S RS FES HAve () ekt 5 FEpar §$5t§3n$%fe§9ar§‘“eh

( PARENT 'S s€
(PARENTERHE&Pt@NM(ﬂad&w stated above i's "selectval"). The details
furtlﬁer[— = - : o q

track a1

A Variant Table corresponds to the Model run-time
20 information. This Variant Table companion file stores a table
of all conditions that activate all Variant Models. For the
above example, the Variant Table is as follows:
LVRTEM.VAR_CHECK$=" (COMPANY$="A1") *
LVRTEM.VAR . TABLES$="1"
25 LVRTEM.VARIATIONSS$="track al "

To clarify the naming convention in the embodiments
described herein: LV (used immediately above) refers to local
variable class; other prefixes are used for other variable

" classes, such as SY (system variables); DD (data dictiomary) ;
30 DB (data base); LL (local label); RT (routine).

A detailed, commented version of a Variant Model 170A is
shown in Figure 5B, indicating that the Variant Model is loaded
when COMPANY is "ali" and that it adds an example Toolusage
object to write the DATE OPERATOR, TIME and SELECTVAL to a log
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si nce trackal wites to a log file. In addition, the Variant

I\/bdl l'i st of del 25 i abl MODELVARSS) , | | d
e Q#&ﬁ%o i st of nodel variable ( LV ) %@?’2@%”8

Iogflle g file within the nodule identified as _
"write" (which i ndi cates the operation), and then the |list of variables
whi ch are to be witten when the necessargybcondltlon Is met for the

obj ect Eihgt afsert RachpBERToSeLEObRON-Cs (Thep )P adte S mxeRyteq RE3He and
t he rrenuhéebgctrsqom( SE1ECEVAE)T MENIE Varimy, M:féeIVarlan@Imenncimhes

sever al ect vati abl es . Whi ch de fil

SVt OBk her Rhe Refi, 8 S e Cq e o the BHEHids, he
'EI me (TTME&), &Iﬂdlhﬂé.dms 3:]3&@ It@n 1nsert( E‘tﬂ':laiC’BbGjtjget :".Ehe:néarl ant I\/bdel

i nvakes_t AC Wi 3 a

Fi glre 8r§§8\%l§gfl \%’hg‘rcte &&roiiﬁ‘%%%{ﬂfe éﬁl&aﬁ%g"{ ralﬂ on process
200 f or (8bjracks Ali"nclisdiatdg adthee .0 Ahe parent object “selectval"

PCT/ | Bg_}fsfggsn\ég %%%@%4_9 177 in Fiqure 5 and refere d;mber 177A in

regi stration rocess ensures t uring an
appl i caFiignre 53) @svél AemsmPracsseot and Jeﬁajlétﬁ%rmﬁfy SRR th_TRRRE ai n

const ra'(&b&erence e A Mido tﬁﬁ'ﬂlg\ff@aﬁta{rﬁﬂ 180A hen @'ﬁﬂﬁé’ guod, t heir
ution. The re stratlon%£1 C:'o‘ﬁé"c 00 al so faC|I1tates 5
tY

edbi ngDsEadRFeBpo i Pranass i AFSOfHRG (MBI PDICE (e
regi st eregachj aat's focmjcﬁ.ct s E:hﬁt ,are desgrsiysy Bsh nby Ihmvuiedl nvoked by nore

th t 200_b 202
wen o PRERRTRANST e GRS Y T KR i PP S e hel

i ncl udeShe objeet ctlmp@ctlﬂ(beu drmta fragug ' ir[d:)c;attmg eramblsage 3fighbheact er
bj ect ' d 4

obl ec! presehtdleyH 10N éﬂ%t(ﬁ%f lfé;nguage (hﬂaé\fP E&m-%eg%éﬁ@ &Bjébe%s )

The dat a SO In es ‘a natu
as1Bhe CHAERSLER AR GARENRORTS e @Rl EOF RorS@bIPYea by LR (PAKBHE|

--lterml at eb%QtOEaﬁegwp%R@aNﬁmrg&scwmicfmn @ésaééedlméwﬁsl@ uni ﬁue del
| anguacs L9e 99! Db IS e h e snSRlHTRSL Ll SyerpLe Model
tas wel | dagignt yame (DESIGNNIMER), mac'ltacmmsagm"tmaotblmttths mo&hzuel _
o 20 QRBTERS), 8 cokne Tiearied BEptetign fhto pgroate 1
(" BReCU' FhEDldﬁm§hﬂﬁtﬂﬁ tdfe ttepahi ey (REP®$i%ﬁﬂYﬁhtumathCh thanguage
nane of ;88 <@l eWsilded eﬁhﬁfse i El?&'eéét’f@oéé'@ opgftner, théNfefnsfatus flag
i ndi cati.ng whether the gbject |s
invoked by the object (TOOLUSAGEs) ig specified as "write,"
since track_al writes to a log file. _
In addition, the Variant Model includes a list of model
25 variable (MODEL_VARSS$), which include "logfile" (a log file
-within the module identified as "module"), "write" (which
indicates the operation), and then the list of variables which
are to be written when the necessary condition is met for the
object (that is, the operator (Z20PRINFO$(1,6)), the time
30 (TIMES) and the menu selection (SELECTVALS). The Variant Model
- also includes several object variables (OBJ_VARS), which are
logical file name, (SYLFNS), requested action (SYREQUESTS), the
operator (OPERATORS), the time (TIMES$) and the menu selection
(SELECTVALS$). The Variant Model invokes the DBAC with the
35 paraméters above to do a write.
Figure 6 shows a flowchart for an embodiment of a
‘registration process 200 for objects, including Models. A
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Repository or Library. 25 A DPCU represents a | ogical block of

devel opnavd ssmpesle and can be any subset of an appli cat peiageyaksprent
proj ect . According to one enbodi nent of the application devel opnent
nmet hod of the present |nvent|on a Devel opnment bj ect Regl stry has a

DPCU as ore becones, usabl e ngpent of a DPCU
associ a egri?%g %3]0%1(:?) ceae, %’nﬁ%{ﬁsarthat Eé\’féa'%%e?no?pﬁ 35 HBnt Group to
ensure dﬁwegppmﬁnan@nmmﬂquyall ob}ﬁcu$mrdebyomnéhtcéb;atn cénEEfwlgﬁsa
fil ag%ﬁﬁ e e e
C%chnaihﬁﬁnb@fﬁlt thelr 1nvoc§t%% nent S gﬁ%ﬁghﬁfﬁggrDCPU S
35 exeCUtlopespgﬁﬁlﬁQQlStratlon Proce%§I2%Q @iswa&ctid933680vered by

ESGSDPCHestlng of d%pecﬁ%fﬂﬂﬁt WRstRd 1PN QhpV0eke {Ghst PRaEPLESY on

VWO 9
PCT/IBQ?PSIﬁ?glstered S%JQCtS a IBIRFER Rt 3R 6@9¥%F§r$@rmﬁﬁeb€bject

* a Eﬁgbkbﬂabyomdﬁﬁétﬁdﬁ dﬂ&iéﬂpli&atlon The re 1§t£€ﬂﬂBﬁC§HBEEs§ate
for the Test tes fo

ISt e
(descrlggﬁj egins at stqgﬂ%ﬂ@ %ﬁnja(gl tlng* y the; a?ﬁﬁﬁgﬂe%av@ffor
i ncor podataodnothehebdEatet . This data/iﬂé$mdéM|éeunﬁq@ésﬁnjeat|y a list of

Sl oniaettiEiEE. (nariSLoRdt Cealhdle I FY Ao flrt Baefel fon 10
devel opregispreitdeons IDarott faknwn Hon Ghededeheyemplateepft Bigurebd)test ed
Simul t agpeuakye U8R LHRUGRLDS THBSL] [ YRiGuage PEOGES ﬁﬁ%ﬂsh?]”ié%éed

A Devel opnent Test Suite File, 1n an
i nvent i BHCRcAfptiges Example_templatey' |dagcrpibebcRovantnt AeRBEGEEOAN

i rrpl i edwlitht Motiel5 template 140 @F ePigurdich aI'l‘i‘et@eQQrig'éiHHtebB testing
er Test_Suites, |if

§E th&PC&Pgeﬁan&nlque Tanguage ?ﬁWﬁnFﬁﬁF??F?%ét?ﬂgtB? FRREERYen Test
SU| te; columns of* the axamleMdegl stemeladesien sof f Pigexenp) eaadbtie

char act Ci codsy 4 : * a_list of onmn Test

Di rectog%eééggéﬁﬁég%g@kggl in Figure 5, as %if t he
|dent|tynéﬂcétpésp@@ﬂhﬁﬂ;ngnﬂHQQ/ﬁhﬁnphﬂg@t 1s a Model, methddyi @oal,for
the TesHaH b8ement, field, file or other cbject. The data in an

20 Object may also include a Development Project Control Unit
("DPCU") ID, the authof of the cobject, the ID and natural
language name of an object to replace or redefine the Object,
and a status flag indicating whether the object is in a
Repository or Library.

25 A DPCU represents a logical block of development work and
can be any subset of an application development project.
According to one embodiment of the application development
method of the present invention, a Development Object Reglstry
has a DPCU a581gned to it before it becomes usable. The

30 assignment of a DPCU associates the Object to a particular

. Developer or Development Group to ensure integrity and quality
of the Development Object. A DPCU data file may contain:

® a list of authors or developers of the Object;

° a list of Development Objects for which this DCPU is
35 _ ,responsible;

® a list of Work Orders covered by the DPCU;

® a short description of Work for the Object;
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25- A Test Directory is a location to hold the output of a Test

Session. A Test Session is invoked at run tinme and I n gi ven
Test SuiVOBREH% | e that is updated by a Test Sessi o*%ﬁ’”@gxg
duplicated into the Test Directory and the update record/table placed

into it and not into the Production 30 version of the file. This process
is described®in conimyidescripmicn &f gilioek 7fo1G vied Obmectul tiple Test
Directories gan -g,p_pél' t singl «Suite, individual testers
have t he optib‘a‘e(;nmabgf:L oper%’?ﬁgﬁ?ﬁ%%ﬁ%d@%@%ﬁt hers that may be
testing  ®he sarfomgnesmemdaatei Fertbhry PPIe@t enbodi ment of the 35
present I nventi or COMRY | $€Stest Suites for tRe [G5jelk’ ¢8E8EYibER

* a Test Suite; and _ , 30 WO
98/26349 below) ; and PCT/ | B97/ 01659 *

a list of alédowedas emitsided Wave df%f\n%nﬁuﬁp?faﬁioﬂ'eéf Bheeobgeces may be
active at a giye Linme rovi de at only o t reqt or

cor r esponds Z?O:e/%é\: SuitSeh’ 'l%%?e@e%%}i%. aAfﬁgtO%?ngﬁﬁr%ea F'F%ﬁgt r at ed
bel ow iasdociaredotitn wihidh RRogerindludefichrsaagiveni teespeBassdnaand
updates,; {0 Thi s.is_t | orj.gt . record was
W i tten(éens%%?%%uc f%%) : rzpke? §%§Hfgg%3{é1§'1,:£ﬁfe éhg?'ggh%ﬁfl and permts
t €51 i nglevelnpmene pProjefrodli@adonthus, Ehher Ghieatsbyhepednveilnglt ket a

Test S [ ' e a S | er (DBAC 24,
S, 1ra e AR Redncd ety eydfic yﬁ%‘%ﬁg:g%@éus??%ﬁ?h e record
o}

read dRTRFSSEs ANRsiNWRLERdn |& PevelgpRap effiBhtedER LRIt FOn&Tar e
unchanggghoditRe MBASE 2¥ne 3Prés oAy Sihtrefit i8h eoBinprisekead t he Test
Directory, but otherw se £$ﬁ€8 t he rgcogd rgguested.frgm %Sl'the roducti on
portion of the databhik.° YSe BRA; HBEFEEPTE ADpIPRLLEFA) LoPkcCides
alx®rati on of Proolbiécos whiehdarengoabdeihcludefedni apsthihgt o€ pheducti on
file record read g&{ti:gg a Test Session is changed in terns of its

format or el enent ~“tefinition, then any production record that is read
-or 20 extra®ted dilisbeofr pthen Testh8utess, diifeanyny tdaky axgopeing nor nal

out put.. fbmbiAeli IR, 8B 92HET B?Oﬁh%?ibéndQ'égk:O@.hﬁﬁe@n appl i cation
may i nvoke a test session_when, confrgonied wifh a Menu screen. The Test

Suite is sel®cted®ftdfFaCFi ReIASEBELEt dGSHPLR t AL SK"BFEr &t &. The
dezpred Test Direeharsctérttigergrkgetadter egne;

° a list of known Test Directories (described below);

and
L the identity of a responsible quality assurance
individual for the Test Suite.
25 A Test Directory is a location to hold the output of a

Test Session. A Test Session is invoked at run time and -
involves any given Test Suite. B2Any file that is updated by a
Test Session will be duplicated into the Test Directory and the
update record/table placed into it and not into the Production
30 version of the file. This process is described in connection
-with Figure 7. Given that multiple Test Directories can be
applied to a single Test Suite, individual testers have the
option of operating independently of others that may be testing
-the same suite. A Test Directory in an embodiment of the
35 present invention comprises:
o a Test Directory ID;
® - a Test Suite; and
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list attached to that Suite and this operator. During the Test
Sessi on, wdgiesie data are tracked, including but not Iim tﬁgslrmwmgsg t he

fol | ow ng: j obs that have been run; 30 dat abase
fields that have been accessed; * oper at or keystrokes;
* errors encount & testing comments entered by the

d;
operator; afd 2 Ist +OF ?‘%Js?w?@sﬁﬁit?ﬁ%mded by the operator. 35
Test Direct gniyesnumbeheof | Pesedditbéatorsesrmsgdbandctivet at a gla'enany

{me: MAMRverediad Elee ALY Nonseralernat cPh el obBhkdsponassty 8 11

per5|ste

31 given TesipD3I\YHE3M9 A Test D:Lrectory, as illustrated below in
PCTg | B%Jxﬁi’e@:st%on w:.th F u%vy@é’rwal Eaeéhégtélma%éf%E@eBgE?ﬁEggnst hey can be
made part dl I on wave" or si e available for

| egi t i HRARGES ﬁ‘-’h aa Wamm |?}a¥$theHWPoﬁ’H‘§ﬁt if the origpRad a Test

Sui t e hase Qe wad Feveteh Oihoéi\ﬂ Pﬁo&iﬁétﬁ.aﬁ, ahther thanOaj eeks ,associ at ed
with it are transferred to "Production " |In certain 1’5& g‘rrpl cati ons

cont ext@RVigiqnment, ;ang jpexrmits Feshiads 5P Pﬁo§8n80f‘rf1e?t Erogy osed
prior tEnvaisomgwenty by speeilfigihgntbhst asTestt Beshpacts @mgmea;tsed with a

T Sui t ' ta _Fi 6, t 2 t

b nsu!t oelgh%u??tbakf%%é g%%‘é%%a@%?%#g?%gefo (@%3%%55506(;@1 t}%ogl V‘:ﬁ' a era
Model 1) widdi raptomatichdlbyf coput a prnoémnatpbe 6filehirekoxds m@s‘brdmg n
connecty Gg, W tébézé eff 1@§dfém¥\éeart %\ie%h@chegiﬁll@ﬁ%s arﬁbu' l't, it may

becone part of evel opnent reg |str , eve nment

regi st r%n%ﬂgﬁfi{ er'-'ﬁ%%i ABedé) o%ﬁeﬁ EﬁFe@P—TS}}Satﬂ'—@m@Fﬂ |"-ﬁ’gl¥e§@p i%he r om a
LPL oducgdgn Iﬂ%é@éory"‘“ﬂ:?ﬁ bﬁhemléégtéhﬁged%lénrécakﬁd 5 t@axi?dt@r)é or

i brary. he nature o sfration_process ma epen

uﬂo’% the RF QT o%?’él‘:’c%e?ﬁgt?l@ggg éi’éﬁe ‘Mo d8fs USBa PdithR éfr“r‘(ftp

var i antljl:aéca:cs:e;gl;st@azhddascandengtmns OIﬂ’EMaﬁudltﬁ.‘bﬂr ejaltaZ(aurdmgs iad reatti OBS
t han nd Par adi ar, t) can be
creat g‘;éé]é)glor? %—P % p¥°du ﬁg?g?h%yggg%ge?e%esggn %ol\é 6?];

modi fi 3esimn gtk cclmalb@edama temsewarr@l:e formateprseilggent regi st ered

Model , ddie .change, V\eﬁénbs gﬂﬂgoaﬂcwsnf %Eb% %ha%'z jYariay dypdel . Any

number Of Variant’ Mbdel s e creat hat correspond to a diven
Pa#Qdi g IR ed w:Lll be written to the Test dlrectory only upon

normal output.
At run time, an operator who is developing an application

may invoke a test session when confronted with a Menu screen.
The Test Suite is selected from a list associated with that

25 operator. The desired Test Directory is then selected from a
list attached to that Suite and this operator. During the Test
Session, various data are tracked, including but not limited to
the following:

° jobs that have been run;
30 L database fields that have been accessed;
® operator keystrokes;
o errors encountered;
L testing comments entered by the operator; and
o test issues recorded by the operator.

35 Test Directories can be cleared, that is erased and reset,
at any time; however, the results of the session are preferably
stored in persistent storage for recordkeeping purposes.
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A flowhart for the logic of an enbodi nent of a Model Desi gn Tool - 208
I S shown_| | e 6A. The Model Design Tool 208 first &ﬁﬁﬁy s he

applicatygﬂmggg oper at step 2081 to 30 setect a Mdel f%on1a.¢?%% of
exi sting Models or to create a new Model, which will be added to the-

existing list. If an . existing Paradigm Mydel is chosen, the changes to
the Model ar#ren akipRieqks hayei Bpennvbgerets EREYPSARIPENPREGPATFhe

Model of despedddepiorOBat8enctnsimplesba maaur avielhbdp foradd all of 35
t he rule]res aésociated wth tge s{f_:l ectgd I\/gdel. The firs% step of this
| oop perTIHSIIRES sRFBcHoR HPCRLPPBHRSAHACR FBYFHRNMENE ohiect, by type,
to be part ofhéheasBésctsditbdrhs Bbeachpprayed following testing, all

32 . 9 4 o . :

ner 1 oo Rbedts 4863 3ken ity 4t ovp, SERRSSRETEA SR SEFRINSTIRD are
regi st 3wakus." Inheertaintappdicabiongetonhextgqguioktbrencyriteridbj ects to
be segdyb daser ke gn P 2288 3n ik
applica??%%gggée?gge?hggghgégt?ﬁg?.géﬁe%? ?gggﬁgawgﬁgﬁrsgﬁda%gnéné gﬁso add
par anetRredugten abEatwht hot hBesebdects appesiated withegaMesthSuitsi nce

the Mdel sheéfefpith ieonﬁigﬁﬁé, 6t hatobkest 204 thieS deelopel! Yepiieseo i n

t he Model ; ééther, t he Mode gontalns ? refsrence to the sehgg#gg
ob}&ct . PHHLA(ERE| BRI BECaBEFAYIAAT £O SEEPECE G52t he MEUEFEARe 3 tion
devel opssivitey dbsuiyablelforimatet anokixetipd casfoamhiichd waist desioriMdedelin By
way of ILJlustratio t he appligation vel oper n.sel ect: *
Dat a EE$?%???%%8§ H%#bngiggfgsugeanﬁn%rhigg%ﬁdgﬁ aﬁgg%Ct Tiad b%ﬁ%ey t he

el ementbuilt heiBamay Doecpmeapart2ofhat devied opmeat registry.de®mithjset

poi nt's i Le : heh of il r A15% JrG-N u

el errentg? é_dg‘,’ﬂ&{?ﬁ?ﬁ% Lgﬁfifﬁ't&w \ggb i %3 E?g?“eiaqﬁut DeVEIS atfgt tdgﬁts%cﬁe f or
ust? ent?i @kStinguipbcihl LHEM 8n"ProdcEion PPorSteft which 18 resylt code

(i f anypégistered in*a pBoiLieRiondREpBSithe bt eandeidnition, the label to

.20 di spl ay he special action to.take on different possibl
~“fesult code ﬂ’? gﬁtﬂ‘?e B the Pegisty 5 PXOSESE: ¢ %&ﬁ%& (fridg YERPke
and t hethe type ofpaebjeetebeihg pegdistefresiny) Modeiler ((Haxrasiigm alndaction to

take o ' n 0SS| u if ; . * Tool usage -
sel ect W%%%%@ggegfg ?‘%égkgeggg % %-889-&%19( to %egrrhétierdsl foe rﬁglsts; enter the
spe@i al cemsidarabionRetban methods agidf loodim- possi bl e result codes (if

any) ; Models (both Paradigm and Variant) can be created or
modified, for example, by a Model Design Tool 208. If
modifications are to be made, for example to an existing
registered Model, the change will be made in the form of a
25 Variant Model. Any number of Variant Models can be created
that correspond to a given Paradigm Model.
A flowchart for the logic of an embodiment of a Model
Design Tool 208 is shown in Figure 6A. The Model Design Tool
208 first permits the application developer at step 2081 to
30 select a Model from a list of existing Models or to create a
new Model,-which will be added to the existing list. If an
existing Paradigm Model is chosen, the changes to the Model are
stored as a Variant Model to the Paradigm Model. The Model
Design Tool 208 then initiates a recursive loop to add all of
35- the rules associated with the selected Model. The first step
of this loop permits the selection at step 2082 of a design
object, by type, to be part of the selected Model. Objects may
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* Model - select the Mddel to invoke and the paraneters _ tto
' 5 ter the special action to take on 30 .
Pai bl o ToYae®S : eﬁ?iej@&g)?‘l%gt I ons

possi bl e result codes (if any);- * Deci si on - f

for this decision step (if any) and the special actions to _
perfor i f _any); * Exi t ) * Rol | Screen Activation
- ente:nb hée&eﬁkﬁd Y fFras among those-ebiRetni Ehak aveusegisbereder een

refers that is, thdasenatiamalddty tie p@é@mirauélgﬂ%t E6rseppbtBoLypeR data
ggtry, 5%%%'5%'4%)}8%}3)} eapsetééslélreigenérl){egein?t aAtl: r]step 2083, the
PCT/ | BORppld®ation developersumressid echi@roslif¢ct etd ethé fmoaezpi a&hdaghhon -
to tzake ' r | bl e. res coges ay)e . _
* TSRol la‘i%gr ggrc]i |asl‘tja§(}?(ycge€s?n%glooér?%-séé efvl?:'ht[éﬁh%&b\% _n%?‘l ectéé °g3_¥ §rsual Iines
to "rol Recallsthat, sdince gdhe dﬂcsiﬂlayshabhtemntaimmofcmé_étheacbiictf .
* TextgDhopl @%a1190iledditt &P tife WSHLRY Sfht he Moddf ESRELERQ! 1N
process&gPhg?e SOS%Uﬁeo now as&gel np?c% / ]%eereh.%pena%e a {:l_ s? 55t he
obj ect s2aSEEEFENEE K IHhe Msdactedrobiect. t e additiomovevaddingean
or der i ngbgcthecoltjirc Moddl t td iagpl Scatfon Sdé‘Pél’oE&f%%;‘ r‘l@o&?fghgior dﬁr
in iC h%' hav.e g:een added .to, | t.he Mdel. Next, at step 2084, the
apblp(ihca{gf%ﬁ ée?gj(%: ~ RRFocLated, with the Mogel), RY YaYt@E Model . For
exanpl eililfisthratdesi,grche ap%htq&nﬁtozsei@@élbqﬁb@dfl_@a/@?@p%ﬁtglr sual hggrrt)gnggg
e.g., a scrgen . and, t application dev
gi sgreen 15e BUan Doe?ﬂ g{lﬁ:grdnqu gice[ ﬁbe t‘gaet?vblb%?, %‘ﬁﬁ%@%ﬂﬂ%‘ﬁ%iﬁnﬂ
devel oper deSR§REnFhEhelameat iin mkmrméj_aagitmn.dtpﬁ.m&fy&) o 121|51:@f)]hgnisoﬂat§ieze
vi sual form BGbf@n: +Hilhh : 0 dis u . i1e,
ang posi ti oniﬁbfgnfltgagio%l%t%;Erogb&tle'ct i's 1géélfec ed f r%‘?ﬁh th?haﬁb?ﬁ a®%et
of 3vai | abl ewg‘gf:?’oﬁé“,t%ﬁﬂlﬁ‘?‘qm'—)general are those 20 known in the art.
Jliedbe t et e.rl r1h'ehalltsé:t Qlihh { encedﬁg[@grStoremﬁ%%ecal | ed
objects int |..t.0 e them. e sequ .
by RTEM 10 a0B8PdeRsiamn Foe SHRFHAHL RRHOBEO take b b EBEEORRS 1o
effectuate thesudsi n@depr(d(ﬁessiyng associated 25 with the I\/gdelb. bg{ ng(;i .
designed. 1§ the hect _s 0 . & Processi ne .e.,
it i%vokes a _Met h(})ag‘)ty,t%t?%e @eﬁﬁf‘ea&p |'c§ft1|'tf($)°nr_1 ade%*rbzptg*?rd’es%l%%n%ﬁet%del
caf®nove t hi $18Bja8Yy the spesiajo@wrigrodia itake edmtdiffeventepotsible
processi ng oppealle. code (if any);
' ® Method - select the method to invoke and the
parameters to pass (if any); enter the special action to
take on different possible result codes (if any) ;
25 ® Toolusage - select toolusage to invoke and the
parameters to pass; enter the special action to take.on
different possible result codes (if any);

o Model - select the Model to invoke and the parametérs
to pass (if any); enter the special action to take on

30 different possible result codes (if any);
L Decision - enter conditions for this decision step
(if any) and the special actions to perform (if any);
° Exit
® Roll Screen Activation - enter the visual rolling

35 screen definition to use (roll screen refers to

functionality to permit automatic scrolling upon data
entry, especially involving repetitive entry of data in

33



The default adds all new processing objects to the end of the 30 parent

sequence, f e application devel oper that is desi Mode

W shes tg"m& Met hod (for exanple) a Pre-Pr ocessPtQ‘glJ ag%{"tggg

object, this is performed at this step 2085. Thus, for exanple, if an
object is a Method and is to be a Pre-Process or a Post-Process for a

particul ar pRuesRsHbyecrecords) t hentar thepspesbalhechppropPi htker BMative
ordering i's dfpesséhe possiBle result ebabbe(possps;though step 2085 i a

control

|ist.

98/ 26349 . Roll Screen Visual def1n1t10nchﬁegﬁaeoggggmany .
VWen a partieidwdl Miees desi ypopLogess of portion A of the fl owchart

has_been conpl et fo articul ar d t Vbd sign Tool 208,
theh at por??on g£ﬁ* %n%pf?%méhﬁ?eerhﬁag&é ogc€8¥d?n5 ?BYEﬁomn met hods,
RTEM 10 i nvokes drébdebisplap 5 entceresegtetoobpi iddpilayedbank ( PCDB)

10 o noceac ther ot ot rnfBEbBess orratploePa e PR BRE bikply =

pre- corpiércto makiata bisk 95 thet bbjects asspaiakedgwibbh RbMedelso TRat

t he

speci fi e

@5% mﬁawétetlasthevetaerengjbee' thsaebﬁeetelr Mt beer yhies 3G

g the desi roce bei ng

med it ai FEEP 1% %Cquh% wBdehe Gﬁﬂ?rt kB vairhBnthrydBRve beers 3dfeC &7 i s
stored gel ME¥&E] ONFeRE & aradetép tbsztyathantappncuaﬂeh Bakleg opeat may

attache o the Par t hat decl n that a
Lgp Dy raragt g Nodel T uPlaces  roll Balubte d3d) atinaddian &
functi ovleg eédty séleetbdoantheallabEEepisualthemybdehthelgn Taobcm@&ncan be

Var i antP

i mpl e
i f Met hods ™ or Too

@goﬁ' ﬁanghe agﬁg%éggfgggggsg g&r WéSst ggtgﬁﬁ!%? %gure 6,

are any ed

meldt ai ango@fo:s obtbercodzerd tbothBhMOdeﬂ-ho@beo appéetcetll@nddw PSep

212, DEgCEHE Mogel( %t B%m%eeaceoor»pqace@t teadebpiecRC e or
i1l egal o eratlons at ste he scan i Il egal "operations, in an
enbodlnﬁnﬁu%% Eﬁ%mln%eﬁtroﬁndiééﬁ§ whereode Si@reay: $beobuthon, or Fh&ence

~of keyweigle, amlpbsﬂteohmﬁgnaﬁea Bbx) .| egale epgeati Qes s%iedtléd Frduinguage

that the code is

Lhat oxenongea Bet aREs SPasiabaf: PRELone. wiiEh i gsd

a%%_l encountered
€a call

or2@ wkneynein. Yhesarh.l anguage _|s identified as |IIegaI and
”Dd'f'cat'O”Th§ ééﬂﬂi&ﬁ@iohndeveloﬁg? RER%,Bat GeelPR 0PRSS, Ad1%dd L9l

operations Inc

25

30

35

the objects in the Model to place them in the sequence that,
when called by RTEM 10 according to that sequence, will be
executed so as to effectuate the desired processing associated
with the Model being designed. If the object selected above is
a processing object (i.e., it invokes a Method), the
application developer designing the Model can move this object
to another position relative to the other processing objects.
The default adds all new processing objects to the end of the
parent sequence. If the application developer that is

~-designing the Model wishes to make a Method (for example) a

Pre-Process to another object, this is performed at this step
2085. Thus, for example, if an object is a Method and is to be
a Pre-Process or a Post-Process for a particular parent object,
then at step 2085 the appropriate relative ordering is imposed.
The result of the process though step 2085 is a control list.
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- 30 * CALL * EXTRACT * PERFORM *

PRINT  woosnesss® VRITE * RUN *  pdiAN97/01659
* | NPUT * FI ND * OBTAI N 35 * CLOSE
* OPEN The registration process 200, at step 216, also

dentifies ynoal PEeLS. IR MIRLS HELLYGIpINEEDY bRopRERIDLNG, EOGERS.

Any
PCT/ | Bgﬂlcm@wt has heenapbwpleabedi §oxssi gneuiau&arrumoﬁelll. baer Mageded

from tRe oé“'tﬁéﬁeaé 5&@%83%&% EhewRLhed. ang All

obj ects are then subject to a te gect rocedure edinning at step
218, WRIOEFHNG ke Frovncngbheds, | RTEMJaPeinvakes PoModedeM®ighd vari ants

(229) acdest&edors-domdiled daeh HanR! (P@Q)Zﬁalnﬁe}%'s'f(%%@ etalfeweﬂdae Model

(or variant Model ), to be_tested usi ng_{nﬁ g '
wi t houttumeray (36 17 Figure, 3L, f Vhacht BEIPR L tH& §TEP€atlt‘?ert° Etclceﬁét +he
aut omatacthay Meded. |rrrnet1a'eEﬁe$bBEdads chgudaed. ih®o the phriegompiAethows

f t . fl h Test Bed net hod that i
by SR JEUBE of e S8 LERE, BE: Pafonspel e WIBDS" R BT IO P2 ¢
of the RIPEMiLGt iwmen itthas imvbkedgacMededd cannpeiificawh thequeslies an i nput

t 2 o "I : (F t t hod k t
1505, Heeirigd QEindPOR8 BRe UES16Y BERAMERIC 1F ui My tidd O €
i nput (m@em;alm@pys uWardanbr Madeadt i onlyr &pgy¥priant Model |f the request
i's one {,0r CAREKICEn a:té eééoi‘@ér ﬁh&OBevEEQBnét are ma%lfeel%oz‘t:‘het hi%r-li_%?itBEd

met hod det er m nes her or not_the be read Is in

Test BedModel s"oab:{“?let%F hd8 AEERFBEES tPhéhEO Palréﬁiﬂ@’c Mededt a}tatupéscwsﬁo
At thi s(peattisreddelaZdlgCanates Variad! MoAear axisepand wemead vth;at

tai p_concurtence o ate r.s | t
TetS: & dRta endffisn anlﬁgoke 1t) of o YR CraLdbrat Saeh PF Tse
st eps, 262p258n(ekeniodel Desaigni Tooled0Br aremimivee zirdpdlemmﬂ:ekﬂ amctordu.ngat hod
240 andtg\n]jdm‘ple :ﬁéth@hébor ated upon below. At step 260, processing returns

appl rcatron. If the data sought via the read
oper at i on i sReleRERINGelOaFigure & epfoMetheds @& AL REETdN BRI, then the

Test Bedré@i@@éred aéeﬁﬁbm Q.ﬁ§ eﬁ‘it%.h%p o@gmal‘mt%.tﬂiﬁrngt fof dRhided c?&lé ead is

in the 30" Test Bed DS etion fiLle.(aiso referred to sinmply as TestB
20 for the methods or Tools is done at step 212. Next, the co

(either source or object code) is scanned for illegal
operations at step 214. The scan for illegal operations, in an
embodiment of the invention, reads the code and tests for the
presence of keywords, which are the names of illegal operations
25 in the language that the code is written in. In general, when
language is encountered that executes a transfer of control or
an I1/0 operation (e.g., a call or a Write, etc.), such language
is identified as illegal and modification is required. 1In
Business Basic, for example, the illegal operations include:

30 e CaLL ®  EXTRACT
PERFORM - e PRINT
®  WRITE e RUN
®  READ e  INPUT
| ®  FIND ®  OBTAIN
35 ®  CLOSE - e  OPEN

The registration process 200, at step 216, also identifies
parameters that were derived during the scanning process. Any
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Del etion"). The TestBed Del etion stores records that have been del et ed
during lae3fpSSi on, for the follow ng reasons. g ggﬁgbase
(cont ai ni ng actual , rather than test, data, and mhlch ata ase may be
referred to sinply as "Live") is not 35 altered during a test session.

Mor eover, any tinme a record does_not exist in the TestBed it is
retri eRF¥IOM LFRRE 36 assigRefani €ATES VhetePBr EFREREAETPB kAGW about

gg} Sgggtéétﬁ&m ds a1l others are passed in to the metho%GO 650 dV\D_
urin
the test seddtorPRICFFRVRRE HRPR: BWPI8EL, B8 ?rgéFé ggpgﬁ pBEPFRGUFR t he )

Test&abegxmnnmmeatlsEepaZh&asnhederthg thpe of thet obgestoms That

th;%‘a”'ééﬁ SOy dfa'rb;goagfsTsﬁ&Bsgm?nthk%&b.?n firgg'teeat QLage gt records

have een session appears I n TestBed
Del eti g8t up aheatemeznqueet'eesuaed pdlowasther Madpsdt (py ¥rirdBNtNo data

'S M&det el Bé‘%@%?é&sﬁég ré&lﬂﬁgi 8k, 9&§9e254da5:9 b¢ without

appl i cation. a I's deferm ne ROlI',. not to be in

the 10 affectieg Jehettone fhiescipBebhabt A3badet RARNAES, a&tl daép R§2
if the atﬁtan@eié@nﬁaﬂovédalﬁeéeﬂhe €Bctdear abt 28dakioea.file.

P t" B I hat. h |_at f t "Chi | d"
S S PRt FILEL LR R e e, L
gead'_elr 280 a rwzyela@eamlappnhcataoﬁathat is uhtibEgoWhlgt deivellopmenitomnsiich as

et al n S a C r
pl aced ¢%§§#§§bré§§§iflggYEYdarMES?Q ?hég ga gg%gs asg%bgggéﬁﬂﬁ%gﬁﬁ%h
Parent that. igheeing egpeaheddaramecdhfaedst reguests ame igputd cfacRtEwR t he
Child (n }d@iﬁ ﬁﬁé‘i”&h&ﬁ' SE&%" ?‘gggﬁehhﬁteEﬁBanbll@at;% ﬁv%t@ada' Qe sft'épﬁ 20

I S one that | ac a Par ent - ata rel ationship

detr i 36, aFestRed Methagt 24Ai defpraingsywhetber F-PIee Requespt;r 6(?e§§§%g
cont i nugsr ainphep (RO&d) , output Theleer)eatr datletien qideed from” Ll ve" at

tep RO5 and t dtqthe T d_at_st. h
Shild 25 f1TE Wt FPeuanEais! ngs FgCobluRE BareRt GREFLichr: BHST Atom
]thfa appa;nmlaee theveestBedsmantHodr dbtemmhne}shmh&he:pmramt theTeiatt%q

Il es S S . IS
unl ocker? (BEPREIGAFRER EReITESCRERS L5 RRL Bh® pithog rdBiiRed bt
re2®i eveeueshedhdafasaBegtap §5§p 29@ tdds PN mytétogpg‘lz)smes n

Whi ch SyaPBsyvErel dsfabd intefBBAUELSREE nits ifRICHRMIGEHRS off £ USAE

bel o rocessin
W, ga aggregates or sums multiple record details, which can be

referred to as a "Summary Field." These steps, 252-258 (even),
are invoked from more than one branch in method 240 and will be

25 elaborated upon below. At step 260, processing returns to the
application.

If the data sought via the read operation is determined at
step 244 not to be in the TestBed, then the TestBed method
determines, at step ROL, whether the data to be read is in the

30 TestBed Deletion file (also referred to simply as "TestBed
-Deletion"). The TestBed Deletion stores records that have been -
deleted during a test session, for the following reasons. A
"Live" database (containing actual, rather than test, data, and
which database may be referred to simply as "Live") is not

35 altered during a test session. Moreover, any time a record

- does not exist in the TestBed it is retrieved from Live. A
mechanism is therefore required to know about deleted records
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returns to the application at step 254. If the file was determ ned
at st ep WO3sre49e St andal one, then, at step 246, the RYVIBAT/IS5%Uata is
retrieved fromthe 35 appropriate "Live" data source. When the data has
"been retrieved, all Summary Fields (described below are cleared at

step 24fri PR & eastiatki on Updahpdvedt 8bRLE48rebdrdki ELBA
37 WD 98/ 26349

PCT/ | BFEEPPSSFing in theTegBedy ofremt Bhenbivendatalestd. ARangatls s
then test iRigdieed friame thecHast £iRdi 8t pH6eP3280bRNEhe abéet BRI Nt Ai NI NQ
data cgncurr.ence hetween the Live and Test Bﬁds, in tge Sugmar Field
at ste%? OZ’S%:‘( &)ﬁt%ﬁ%s‘é‘?nﬂe?%{‘g’?ng 8b bage eﬁﬂpaggﬁfy'ﬁgn at step
254 during a lfestatsed=ioR02If i datv@sappéarsi hrdTébaBetihpelekéonas a

Chi l d, n . at erm nat | | t her 1 he rent
ot o okPSEL the HERARS SAS R "BohElabpedrE6: 68! SEL ot U vor aatd! 13

Test Bedeaursiesh 28061 pupdessied ardiburmsncatr ehep 2h4sutoatheFiel ds is

mai nt aia@:{iﬂi@%}aé{‘d?ﬂs 254- 258 (even) (as described bel ow) and processing
returns~to the application at step 254. If, for this Child file, the
Par ent Ifatthendateet 69 riekermined eprROSt 8Bt RPY, bBOEntOhPeTaSt BE@ t hen

a 1¢et emEstHd P D et Be, Ans PdstBda Whethea BEEePﬁiﬁEE,dQEasgggédiog.g? :ge

Test Bed Del etion at step R04, . If so, the data_is cqonsi

exi st HndNe dieS BRIBSIERHE 1% 2 HRATENt, oGBI 1 APFoftandaippe Eale

a herwiAse',Pdatﬂfeell tParianta dmxaeitShat:T haé e{:jélavad iﬁﬁﬁg&ht)’tﬁ% gl_ agxef_oFOShand_ i's

written and,l ocked, t.o. the Test at_s . _Eac | ile has its

Gt o 368 B (S 1eR. Pl S RHP LS rbP; FEB.0ORI SREER CaRE RS Se

"Live" an ["©xded' viile en dxdehecHeppeopdanbaemdgsbBedlackdsiat a Paresitep RO7.
t s r i 4 Par e ' ] ck ' he

o B e A Pt Ol 6n Shen Bk b3t fpkSancy 14680 KEemh B

Test Bed iResst @nP 5ipediat cCRAFIE nbine st WaKsbesplpgefhénappei 0& MeFsat step

254.  order DetdilIEnifh shPVesaas86€08r£HOWERAr Enher rieehBed iRl hoded0.
1N dodestd s o, (001 Loy el BB dRLotIl aed ot 2o 2 R s B
are suldatactahridgtoretiet Subthoyt FepédpypbriesdaBat heA3Btahided oftat ddde. Al
N “aE Sl B R Aot Sy Eha®s resplitrE oy ad. S Bk ng
t hen r slahewningd satepstep RO1 that this file is a Parent file,
processing continues at step R05.
The Parent data is retrieved from "Live" at step R0O5 and
is written and locked to the TestBed at step R06. Each Child
25 file has its data, relating to the Parent data, retrieved from
the appropriate "Live" files and written to the appropriate
TestBed files at step R0O7. Once this process is complete, the
Parent data is unlocked in the TestBed at step R08, and the
requested data is retrieved from the TestBed at step 250.
30 Following steps 252-258, in which Summary Field data
- concurrence is maintained (as discussed below), processing
returns to the application at step 254.
If the file was determined at step R02 to be Standalone,
then, at step 246, the requested data is retrieved from the
35 appropriétg "Live" data source. When the data has been
retrieved, all Summary Fields (deécribed below) are cleared at
step 247. Then the TestBed is updated, at step 248, by writing
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266, to the application. At step 242, if the 1/0O request type was

deterninqgoggag%) 'renove", the data is updated into Taiéggggﬁgbetlon

at step At step R11, the data is removed from thet
38 WD 98/ 26349
PCT/ 1 B97/ 01659 dat abase. Finally, at step 266, processing returns to

t he the petEheyed data into RbpeTeskeBackThe Fagar 4S7Ahest eps 252- 258

(even) ﬁéerlevedlfgﬁmedhétTEBtBéalatngtégnégbr%ﬁﬁe a?%%%eﬁﬁlhkﬁﬁngékﬁ and
the 5 TestBed, of an ag%éﬁgate vari abl.e accor to the present

i nvent i FAC3 | ACBAYEREBRE WEPD: ke &%ﬁ@cﬁnéfT@ﬁgBﬁﬁﬁenﬂPoﬁhe Summry’
'var|abIElexdaaﬁsunepsyzﬁzebds"(bhbﬁh | pracedaibgt Yebuehd to thlat holds the

Ogl%ﬁ#iig#ﬁﬁgﬁggénéFconkg ni ng detail dat a. In an exanple relating

d is a 10 "Product Master" record that
stores t he tbfalaquaheptgoat at wasgde&arminédcthahathbsfhnd wagnteory,

" d. e t ' red records
relatlﬁaﬁtga JH %ﬁcStgg Rog> and ?ﬁ??%kﬁgét Be t#gusan Sfétb%at apply
to éeyﬁo@%%@ eXEBES. lnntbed@estaedake1£ qauctheeﬁamm dsti on of 15
the t ot pbt BUEvEAt Fréh 8her edyehelinat b%eﬁnzdénd ibaang'HSE tinme, the

i&base I s designed to store a, total - uantity 1n the Product
er TRROMEFERORNIR| AE™Ragy: Hiplds 1?e@6#ﬂtﬁéP§§1ﬁ§ B5eRsPRSGue5 8ot

ghangeS(eﬁém)daff@ﬁepggbeg béi&@¢lah?dppbbasbhagC&@EQ§n@St%d@ﬁé to ? .
unmar e r ster r eratin e
TestBeéagééig?gl?éc%Fdgtgﬁnggﬁangg?v for %gﬁé EP&éddgﬂaﬁaséhﬁhggqﬁﬁ¥ Igad
to t he Gatvaewys Fletesminedhat steplRe3andtTestBedldatabase&tm%ungtmuﬁlOf
balancaa @g@iﬂgtlgp EQ”&H&EGQEeste | BBQr ﬁ%gk%;hgg t|n g@%&%@%&%e

val ues. eff can_occur ~untess a
cop? ed 1n t¥% Tﬁ%tﬁéétP@detiﬁnsathéﬁspeR04n1gﬁﬁ sntathecdpyangsthousands

of det adn&PEOres hBtOEgekxt 8t MEARA n econcurrence of
a Summar eId whi ch coufd prove ?goFgésh gegéhhxn%nef?|C|ent and tinme

consum %Ftion a?oSEﬁHr3§§ t hgt PSUP§ﬁvatP&cPa5?n§oﬁéﬁﬁréﬁce bet ween
t he fmmmﬁeye&|grdmoﬁLihe"Lauesaag Rost Bad dat aRaseen &G 1ewkBd to

stores (. tPe-cHORBLY EL&pIrbBe t8L2h 8hidl £94LM LGRS Wachne
20 relating to the Parent data, retrieved from the appropriate
"Live" files and written to the appropriate TestBed files at
step R0O7. Once this process is complete, the Parent data is
unlocked in the TestBed at step R08 and the requested data is
retrieved from the TestBed at step 250. Processing now returns
25 to the application at step 254.
Figure 7B shows a second flowchart for TestBed method 240.
If the request is one to write data, as determined at step 242,
then at step 262 the values associated with Summary Fields in
the TestBed are subtracted from the Summary Field Values in the
30 Live database. At step 264, the data to be written is updated
-into the TestBed database. Next, at step R0O9, -any data in
- TestBed Deletion is removed. Processing then returns, at step
266, to the application.
At step 242, if the I/O request type was determined to be
35 "remove", the data is updated into TestBed Deletion, at step
R10. At step R11l, the data is removed from the TestBed
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detail- records that have occurred during the test session. To this
quant i t ywiobgiksseTest Bed Summary Field i s added the val ue FcTaBe7/01%689 SunMary

Field of the Live database. The TestBed stores only the changes nade
during a test session. If the record containing Summary Fields is

\AV\IB gtsfg%%ﬁ QSeTES%E‘SQuE’r‘ft artl.ostep 266, proc:ess:Ln'_gc.l':.ﬁtétﬁ}%ﬁﬁ3 the 39
changesapp¥gcatiéonred to the Summary Fields during the test session, -

the Summary FheLdyablgachn % TeslPod Widdedte 2 005 (ef&Arghess of the

values in the corres ng Li vegglat abase rﬁ/ Fie When
t he tes@1§@§§ﬁ§naﬁeﬁ‘§é§f¢§lﬂﬁé19r COHMWF vemae r dadreen Livetdatamtandstfe or

nor g SUPRBEEeH ebdSant Bege g?lé %r&'ﬁl@ accordidg k& reid i@weseds om t he

Li ve dat abase. The vyal ués fields fromt he Li ve, dat abase are
stored FRVEBRBPE-f oDyl © 08’&1“}% LIS ASRRSE OFTHNR FRVEREHPR: wi | |
be retrtrygdvhieable ishe TeumbedydFidiase waTis U A titypadEidedval ues

of the ry. Fields of. the TestBed are, added to t orr pondi ng
Surmmr yERRE HETRE Ehe” ELTh Skt oo A STt G T (JREA LT G
curr ent Inabueexhopleheelasti nge s dmg:m:i:cds reqﬂacsumdmy Flekci si*sng menory
val yes. , &l t each
tthsum O?S?ﬁﬂggﬁ%%:ék Ff‘j%lcéagdlJ r]]’t%g: S%oq&e% achl cor spon i ng
Sunmmar ygﬁvendprdeFhetlbla\te is inddrwtendmry, i.e. ,"Qﬂrefiam@e“te'gheses& on
request §et He31Wr bl %a%f % r"‘%ﬁlQr}%nd“ ts’é‘é&:‘g@'ﬂ? rREGEEY Fofh€Sngt 88

current val ues, as of time of the request are subtracted ?romt he

(previ oBEPGUCt’ Lofy éﬁ@) tpg,eg:@ FRvahe Chausands f bRk tekat stPey FA
NMENDrY one @¢blNGt! Fecordd ragleider Hic nid ra i ik Yaet @pmifhgt yehues of

the differe s.resu during the test sessi record that
coﬁ?ai ngﬁgugﬁg 51’151-' 1'3(5 O%:etar &Epéﬁmftr d"rﬂat%elilé}é I%n&d%\: aPa8tVeid i s
updat edtimeQ the TattBedel drs tdexsifgriel o netore a tthetolnbmsBakdel ds are set

o zerog AL LY yte SIen0en Q. bl eer SHNEY RRELIS IRL!angucatore only

t he chaﬁues ma I'n Sessi on. errlng to Figure
7A, in mcnrdnmeémn@em iRy SMctaisvte ¢changesh tsh%pd25©ersn¢§ached t he

processaagoaiﬁ%aaw%h theMdHAR}E RS Raeddd %/eéumﬁafycl’v\iéisdoeuahe At
steg determnation 1S made as to whether any Summary Fi el ds
t.

ex? PrOdPFtnNFStﬁFOE&?sqrﬁjg is returned at step 260 to the application.
When operating the TestBed, detail records can change in

the Live database that can lead to the Summary Fields in the
Live and TestBed databases being out of balance or lacking
concurrence -- incorrectly reflecting different values. This

25 problem can occur unless all of the detail records are copied
to the TestBed. This, however, might entail copying thousands
of detail records in order to maintain the integrity and
concurrence of a Summary Field, which could prove prohibitively
inefficient and time consuming.

30 To address the problem a lack of concurrence between the

. Summary Field of the Live and TestBed databases, the TestBed

stores in the Summary Field the total of all differences in the
detail records that have occurred during the test session. To
this qugntity in the TestBed Summary Field is added the value

35 in the Summary Field of the Live database. The TestBed stores
only the changes made during a test session. If the record
containing Summary Fields is written to the TestBed, but no
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| f Summary Fields do exist, then, at step 254, they are 35 retrieved from
t he Livagégkﬁ&a§e.,-The Live Summary Field val ues are o1y menory,

at step and the Live Summary Field Val ues are added to the TestBed
Summary Field Val ues at 40
WD 98/ 26349 PCT/I897/01659 step

258. Pridgssidaee (e¢arryed ckar He®, SurmargpF26ds: gurhBg the 5E§Ei cati on.
Ret ur niggsdimmBegiisd r ldmidryr PLese 2Q0ues Fhouhe Pesvwbea willtbe ZesbBed has

b 2 Mod
bee T esHublatt B Ve REaLCER FRE YBELRRLendMBTE Y BataBhRE 2L L
st ep 2RBymmadmn Fiwlds ocess i S repeat ed; the devel oper nust nDdlfy t he

b 5 “ret ot the £280TsEnn fotl FEyPEELOtnE ReadiiRBE bGRERCT MUt
det er mthat ocrprwmlm:&d@ne hetr mbreoSjonary Fl@&ﬂﬁenth?sgoSngmﬁWoﬁgﬁl@ﬁe

regi st gt PoPragesseteq ardbhNPHe Ofive adf8batal ePTRE6)a1hBEN o2 thlaR 228
val ues for araneters of the Met hod or Tool are set. Once the

par anetier Sasi t?%e%IYﬁedatabR@?héHeoFt?6Gﬂ 18 mewpgy. LorpXEgpt for
subr outddxe?dg § ewppke t @eé&est he RIEMsdfie( vBoRdake1deper raesibole@WEroro

bIock of, ¢ no thod or Tool)) dire |nvoke
o1 rknS BB S abagn AP ooph R R euEELs S0 ERoL vatRes CEadb o b
i ndeperﬂiﬁmﬁahyytr—:sébdis ef ethat TegtBedmarehalidetiheoc atie bs:rtr‘ﬂespondﬁnlgiuct | on.

caught ST FE2Tad of PEhF L kP oaBteBals - vl B b bE brdduces ¢
i nst anttihe eirSeme @RémpSeﬁouftheraﬁstneehsdgnbhuhlwbutéplace K@edetected
and f| %gféitﬂzﬁe'tﬂ&néf‘ﬁ ' égrat "I'HE gﬁ FieldsNckidened Mef hod

contaln t hat mou tected variable; _.a Method that
CARRhFhWEL msa "oach’ taen@t%e £t khe RYBM@TYaFdelois id thfay
from t hreiﬂféa 18nd aﬂﬂeacorresfsfbhb@ﬂgt Bamaet ¢ienass 160 fhien $.ivieor exarml e
t he daHg?a;a presentation and processing domains. If the
Met hod %ﬁ undergoing the registration process 30 fails the test
procedure, dcimémothéestestusesdidbn sbgpets, tae wr:.t\zumigclmft Iaemh@mjd)per of
the ap e c hod _or_ T
correcfgﬁﬁgteverggﬂ? E?&m59§h§98i§ eﬂg curf Q%%MEE I%FeOf P the
re@@str%&m%no%r%b%s§eqépéﬁtsarﬁoﬁubtraphgﬁ §K@@»the (PIEVlOUS1Y

current) Live database values that had been stored in memory

during the read request. This subtraction yields the values of
the differences resulting during the test session. When a
record that contains Summary Fields is retrieved from the Live
25 database and is updated into the TestBed for the first time,
the Summary Fields are set to zero. All future changes to the
Summary Fields will now store only the changes made in the test
session. |
Referring back to Figure 7A, in each instance described
30 above in which step 250 is reached, the processing associated
.with steps 252-258 (even) are carried out. At step 252, a
determination is made as to whether any Summary Fields exist.
If not, processing is returned at step 260 to the applicationm.
If Summary Fields do exist, then, at step 254, they are
35 retrieved from the Live database. The Live Summary Field
values -are stored in memory, at step 256, and the Live Summary
Field Values are added to the TestBed Summary Field Values at
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35 | f the obj ect passes the test either at step 224 (for Model s)

or step %’gb 9 Methods and Tool s), then the object G/ RR7/TRR6
"public, hat | s accessible to the RTEM 10 during
41 WD 98/ 26349 PCT/ 1 B97/ 01659

t he running of an application. To nmake an object_ public, the
reglstr%%?anﬁﬁoce§§°€P§§ﬂ§§ RisniE ipgdanme orrnadic RtaStameare, to =k,
homfusggpllcahgancreated "when- deleted " Figure 8 shows a

fl onmchart 30 descrlblng he . %Eer tlon %M mh.odi nt of an .RTEM 10

accordi ng t o~"EhBXBFBLef T rﬂﬁ?ﬁ@T BES i R ed in a

third geher@éstBed hagr bgearrmemgubaragu&gm;( "2, )t,hesmﬂdea]s (s | veeskamasi c,

++ h it abl ngu T es

t hegr unlﬁlé%alz)f %ngé % ficg"?'l %ﬁ‘%% 2(32%= 10%?38‘ s[%oedcel % 5&4 %%éf

regi st ededingcthei Mgdied &est pRogiests &t @tep cﬁ%ls,s uhena t‘ehﬁe m@c%%s isrth

(0 P 9UEEpBackl, chel@tuBh oRbONRISK Mad P (IEMIdLT QAN £k 1 ! Mode!

for an E ati1on that fines erations,’ udi ng
cal | s texamphBdsa Meded Qﬁ@lﬁphér'loq\lbc?&ss ank the Qh)'.]%f& gouss: 1P¢ sted in each

Model afgtégggd qgagbtsl K @ﬁfrlo%_%(ﬂl fzy,; t hat obj ect are checked to
det er m ne whet her S%Vare nmet_ and so, the_obje IS invpked. G ven

tha?, as desgﬁlﬁédsﬁ elfna degﬁﬁﬂ%ﬁﬁﬁ%ﬂ?wﬁﬁ?1@4ﬂ? %t?@ﬁl?ﬁﬂ?ﬁBcess a

Regi st et@ﬁlrehj:ayt goingC &gk lthea reidiait i el  prodddHlis sa ahe\amsa or
cutl on assocl at

he curfRRE (oEeg:das) SRR SE et Pob aier 0N nAf i er b REstHG,

RTEM 10Methodhork Topdcinaile ametti onzorme ebtterpmtamﬁat& irs setd, themptbee
condi tigosnsq bRabobie 4 %b‘il"e's%":eﬁiio”St 'é:é& é‘:gssubx%&PcPiﬂ&?tir?@ewlb‘éo

flexibly accessed accor to conditio evo
Rel&rri BBenBREMo 10| dwdHaht amodeeﬁcrsﬂaﬁ ml@w)fn e m of cede| faed

into megRaMp1Bef abr MatHoa idie APy ffe@ef/tw'ﬂeé@iy invéke SShy | BtRELACE
| on. nenu provided .in Figures 4A 4B nod Inenu data is

applic

popu caiy SRa508Gs | Y GRUE SRR SVRTY dLOTRE BRR VEO0OFN Fi gur e
1). Thiﬁdapenae&ttrgrytested)v@m rsgadiuly e Mitliele ushangedBBipoint ers 96
(in Figﬁgédgéti n This al so involves linking a preconpiled data bank

poi nt er P8 the Mdel's menory bl ock into the VIAB 94 of Task Menory
902035 VAplatdensl @©f ReENC pminziksldésrof thexpsesent biventiant

are caught during the registration process and prevented from
being instantiated. Some examples of errant methods that would
be detected and flagged during the registration process
include: a Method containing code that would modify a

25 protected variable; a Method that would invoke another Method;
a Method that would take control away from the RTEM 10; and a
Method that would cross domains, for example the database,

presentation and processing domains.
If the Method or Tool undergoing the registration process
30 fails the test procedure, control is returned to step 212, at
- which the developer of the applicétion can edit the source code
of the Method or Toocl to correct whatever defect may have led
to the test failure, and the registration process repeats from
that step.
35 If the object passes the test either at step 224 (for
Models) or step 230 (for Methods and Tools), then the object
can be made "public," that is accessible to the RTEM 10 during
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Model s associated with the Mbdel that has just been | oaded. The process

associated with checking for the existence of T/IB97/01659
42 . WO9BREM{\p 98/ 26349 ¥e
PCT/ 1 B97/ 01659 variant nodels 310 is set forth in Figure 9.

Essenti al | the . EM 10 wi k] _check the copditions.of all ria

Model s trﬁﬁé TURRIRSG Dot m%%%?gaOBQai gtm?ﬁg FBaagaeﬁBngb¥§c$egth any
current | yregistyratien phecssat erebtebeliakainforhatione shchhas5"wbhhrek; if
a Vari ant eh BLLE waPRLLES, Al Lyl pbg d ¢by witing a

poi nt er t%ﬁ% 'ipt%@@%%é#%G) a%hgﬁeggéaE%#fh tﬁ%gﬁ ?g?ﬁﬁﬁgr data currently
in menory.  Figurergshews sh&hewaharbwdffr desogibéngt khe pperasionvién
step 810 15 &fpeaeHeht bk OMMREkI98. abRE RTEY 18 2heSheBsdfie Lvehtlbheves
the first (or, depending upon the iteration, the n xtf.con Ition

associ at €thei RFEN ht0\iay ahe awpéemensed: Az a thisdegenaydtdas | oaded at

step 302 ﬁfbéi&hﬁfhé-léﬁ@@éééogg%g%f), subBsSgg Qﬁsi%%ﬁgfhgﬁﬁélué§ tr+t Be

Model . For exanpl e: lon 1:client$="

pr oduct $=CHERNCHFRRERD153GL 1angagR:i on 2: product $=" NET" A table
rel ates Eondl tTIRASRTEMVED | @Gér‘i/i@é_@' &héor’gﬁlnti.ﬁ§05§dawﬂaﬂplicaewgéhl v:ﬁ%dht i on
exi sfs. Fpr exa £. arl gn el '""A and varl ant, el 'B" are
2ot Wi odt® SPGREFESA PY ot St ARENOURASFBEIEESISHEACRORALRS 28 2
Vari ant Nvelgistfatisnaptrovatedlikentheoduet $stNEdrth inTPegRFEMELO BYl | set
the "curr | tion! be e , f , I tl.QN and
then to 8%%%i§€2%#2§9§ﬁg£§%'oﬁﬁg ﬁﬁgﬂtﬁﬁ %Pﬁdéo% igﬁggggﬁavéagge%bghgéked
agai nst tapptieakhon thavafieésnes the dataimd tperkbdens,23ncludingt step
404, the &gi{keygdueendaki ofob C? gk alBEk1s. AEUEhENbpdategval ues
(stored in.d§naﬁ§c var?a%fe ?aEFe g) ggh%? M, , %ask %Ennry Sg, sﬁomn I n
Figu%% 1)1iglpd ei@npRreh Model are rpagpefrpAatdendi Apdanedafgr that
cl i ent $="d et adifle PEREERES-L BEASHeBAL he *Bether they arkhfBtMadalsifA and
"B are actlve; b , I clke8t$ i.s not "ACVE" or b i f_pr.oduct$
s not "EEACHFRR pPiect is' invoked. i hGiviHyLhat. a2saAgscEibEfe ARGV EdH ve.
| f the retommeedicnomdithobhehRelgddtattibappddéess,3a Reatistbred objepassed"”
(step 406),40s0 ééil?’éﬁbé@&r"@ﬂgéétt Nabntrol 3:CalRals LRLASEAaRSN RiTRf
retri‘eved’conditron i s-satrsfred aré
20 10 upon completion of the execution associated with the current
object being processed. Between each object processing, the
RTEM 10 can check special actions or external conditions and
update conditions so that the Models constituting the
‘application can be flexibly accessed according to conditions as
25 they evolve.
Referring now to flowchart 300, at step 302 a first Model
is loaded into memory. Referring to the example of a Model for
a user-interface application menu provided in Figures 43, 4B
and 4C, model_menu data is populated at step 302 into local
30 memory (i.e., Task Memory 90 in Figure 1). This process may
- involve reading the Model using PCDB- pointers 96 (in Figure 3).
This also involves linking a precompiled data bank pointer 96
for the Model’s memory block into the VIAB 94 of Task Memory
90. _
35 At step 310, RTEM 10 checks for the existence of variant
Models associated with the Model that has just been loaded.
The process associated with checking for the existence of
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PCT/IBQ?W@]S,%ﬁ@Mg - added at step 410 to a |list of acti pwerymyiensso I\/bdel S
stored in Task Mem)ry 90 to be processed by the RTEM 10. For exanple: -
active variant Mdel s="A and "B If the retrieved condition

checked _at. step Ss all Var ant

corres (?ﬁ.d'laﬁﬁ-‘ t“@‘f)%es éﬁr}f é’& ﬁ%’ﬁtﬁlttﬁnﬁ haveS béen ﬁ‘aaggb?gllﬁetpl Fst at
st ep 4RTEM hegn vATIEM citeck tluoheodosddticnspod(8lihéaheantnModede tbaditi ons
must b egked, e et ur to step
402 to a% retri eI\./e lﬁe%\égtgﬁ%%ﬁg%%%glio?ﬁédsﬂo?gi%noteé RE an t step 10
412 al lcurnentity MRl given khe steied o6 the data ah theptime of thee

| oagled dyicd e # QR AN SHOGRSMEE é'@.fféh@?ﬂ aﬁ@yszesAnyt wiltUbkenbhrekioaded
Variant Mbdels which are not presenf in t of Active Variant

Model s &Ye 36d IR ih PIHESF de@skt ofnto P@Bwﬁﬁar?HQO@eﬁgﬁduWF-GEdErHe o)
t hat th@d@_r |dm{ta Mi%éatf ;t;lnemé;ﬁorj;urrent Par adi gm Model consist only of

t he active ri ant and. unl oadi n of . Vari ant
Vool o o0 Pl o andte G rioudige | 280 PO, DR K P8EER8 . O ek 2L ure
10 Ot@tet;henlo sts crfeaé‘cﬂted/ea_r\/aflasmthabdekeohaahbeRmEM 1l0estakktiephad2( duri ng
rocedure. o , oLt 15.20 conp hllstof
%lgnt% e%%ée% héa4 ar?% ?‘gﬁg |§ef>enaf.8§d1éaggt @f1§ %g%@iﬁ; s%conparl son
establ irshey) \eoruhi tbon aa:ssociatwﬂleWStheeuet vabidaatt moéteéa @Iocradtél@) and
whi ch a4 nttﬂ\@tg%a%s lo ﬁﬁ@é‘ﬁdgaﬁtiﬁabfgg(:ﬁnboad@ d1t10n|s aret

step 504, a check Is per or ne here a rrently Loaded
Var i ant @&%%I%n ke fAta valieesiip sheateded . FOVaP?‘éWP ®bdels. If no such

Curr ent I K/b éwtmbﬁmn acn;cweﬁt:s--tmmtthaanar graahctsabhggmsbtm.&.lmct ive |
rian e en no eactjvation is required and control is passe
asstep 514, ondi 'ﬂ’e%’&r?f%’é"%‘é?%%r NET"however, there are one or nore

Currentd yeaifle Immdeé:/amm:tt:tbﬂsl sot krariane Motiels thebe Snvelkel tihen
Var i ant eégndjtpjfe égg SOEOEt heg&g rent Vari ant Mbdel to

deactivate | & & next in of 't hose Currently Loaded
Vari ant I\/bdér%rxmlt— M@@ehotAf nanflevariantf MadeilvéB’ aver estivibed s. 35

At st eRRd8. \@ﬂ@,ms.mg@jmi.ngﬁanﬁt,baacggr_ngﬁgcﬁugmﬁt. Variant Mdel to

deactivate I.s renoved froma set of Control Var i abl es. The RTEM 10 uses
sdral suchVapiant Mede] ahfesigpactivated when product$="NE

The RTEM 10 will set the "current condition” to be checked to,
for example, condition 1 and then to condition 2, and so on
until all conditions have been checked against the current
values of the data in the Model.

25 At step 404, the retrieved condition is checked against
current data values (stored in dynamic variable table(s) 98 of
Task Memory 90, shown in Figure 1). For example:

if checking condition 1 and
client$="ACME" and product$="BEACH-BALL"
30 then Models ‘A’ and ’B’ arxre active;
if client$ is not "ACME" or
if product$ is not “BEACH-BALL"
then Models ‘A’ and ‘B’ are not active.
If the retrieved condition checked at step 404 is

35 satisfied or "passed" (step 406) then all variant Models that

are to be invoked when the retrieved condition is satisfied are

43



44 WD 98/ 26349

PCT/ | B97 &2& be able to identify which objects t nd the
pr oper (&Q}l a‘ﬂ"ence in which to process them The Controlq)(%;rl a@f%gg are -
mainly lists of objects. If any object listed in the Current Vari ant

Model to_deactivate is identified in _any of the Control 5 Variable |jsts,
the |istddadeahpaFePedlOotPeApdédshinpisashive viagdants Modelsn starathdde

obj ect sTa &R memaep! so it Bbj g%bcle@sed pyMRHORTENR 0. FRRORRAARNEA00401_"
(32 character

r_ot her .suit e.Co rresponding to Current Variant
I\/bdel to deaﬁf’gﬁgﬁevP‘FﬁP&s@Rfie}G qs‘n aRd %%r ent IoobJ ectg sequence i st
e. , ControE vhei zkkedpved conflintibn kheoked at fstep W04 :us snot
t he_ V, t he
I oc I ﬁ%gsrg%fi’i Sg. @ as%l%grmr 331'%518 }@Pea%n%%ﬁﬂrég%\?’gnt S ager 1%‘931
step 51Conébtierahpie, bekenaaddedano the Nuddl dtorstepPdlddi ghavbRIEN G ai ns
a Metho éEﬂE %SSEQE b whethBs" %E&dkg?hévgﬂﬁldlél%é Ql{lfg d Uhahy this

Met hod e, repository, etc woul d be 1n the

Var i ant r thedeuraep& Modedhat IfascanRTWHAO Zetonas &hStRmAQ3 #d,

this i nf@tﬁéb@“tﬁ@ﬂ%ﬁt“%o&ﬁh'&@.@rﬂ Sof ¥Ry ed dy OmIrfE'ﬂHa’ RhetD atindeiki ng
Variant Mode ref erence nuper al from Task nory

9010shofh?i ﬁllﬁ yare @t Moge15 that. wede |a§35c€f?eﬁ:‘?’r§a@ Aisk & SRt her
any nor&r¥aloadtd perMutel 3caddtat priveatian ided@dbdd amveRTEM ret urns

Chat ¢ ngPErgaFal, dBaaad ieRy Eﬂ%ldéiéﬁeavma%}af%%’ o ed SR
step 513ishetleRctiyes Vars aaty Madeilse crmatad dwdgls the pmeﬁ efiot in

the | entyl r lsan dvttqg te
posi t : \S;g B‘f"ﬁgﬁ% 100) ak%agﬁq}?\‘é% Ida 5 ©\rhe avn#;,\%g@ et o Iget to
t héSnexeuva?pgnPawe@agm Maded e@nanqsg FIWRT dite Mridee t\@#mt

AI tesgI Mlédéggn mla-?.%:[l%t lgja@inlég-%\rli@%ﬂltﬂadld Q¥ r\%_mlaz}t .Mégeié:?é‘tn.&/bdﬂ 'tﬁ

al ready .| oade e Curre ari ant is alrea not hi ng
needs tgeﬁgr&gﬁg %‘r’e% fgoﬂwcg?‘ﬁr‘?/as?qoa'nts |11?3‘g LTS r eady
| oaded, 10t wohlcebehleoa.dmi: IE maftistecVariant tModel s dids deedri ol data. The

RTENIlO?gﬁgﬁllshedcq V rla$f§§1éhfe(%¥ é@b#%ﬂé%&fKB§$ts éo Lr 0Cess

and wha sequence roce em’in New ob] ect’s ThtTdduced by
20 compared against the list of Variant Models that are currently

loaded at step 502. This comparison establishes which Variant
Models need to be activated (loaded), and which Variant Models
need to be deactivated (unloaded). '
At step 504, a check is performed whether there are any

25 Currently Loaded Variant Models are not in the list of Active
Variant Models. If no such Currently Loaded Variant Models
that are not in the list of Active Variant Models, then no
deactivation is required and control is passed to step 514,
described below. If, however, there are one or more Currently

30 Loaded Variant Models that are not in the list of Active
~Variant Models, then at step 506, the Current Variant Model to
deactivate is set to the next in a list of those Currently
Loaded Variant Models that are not in the list of Active
Variant Models.

35 At step 508, Variant Model information for the Current
Variant Model to deactivate is removed from a set of Control
Variables. The RTEM 10 uses several such Control Variables to
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t he Variwologhbsdel need to be nerged with these Control péaviBehbmwse This
nmerge occurs at step 524. In order that the RTEM-10 wi Il be able to
determ ne when to activate a new Met hod t hat has been introduced by a

Var i My th f 5.th Met hod i d t CD t
Var | abiRS FH1% (e TiTHREEEy vhidh RpadBrgcbos DePRars” ARited o0 REREYT ot of
Pr e- Pr cospeerder in whiehobpeprotchas thethe ﬁ'aeeﬂpnmrcstlhéfamitams( &ung, in
the map.\%{%: 'tbe&i, &t gée‘ﬁﬁécétéh t%f éﬁ regh e%@ ‘?‘cﬁ‘st%@} 1%; ”i erfgiCe

any new o S assocl a W | an have merged with
t he Coﬁf&lblal\larl‘ﬂ%fiﬁbstOoieaﬁtaVaEGEepSSléem‘-l\ﬁ/&@d in gayeod tde demtudle

curg entyMafdid Mogled V‘@ﬁeaﬂEéankgaﬁ\%Qu.hed EBeEEeE{BEM Bt @Rich whether

any nore actjve Variant Mbdel's need be dled. I.f So, RTEM_10
r et ur nstAenHElCAREOR oL PEY Fh@% objegks - neFPI\/&F‘ﬁﬁ‘Et evoddl oPOE ike, or
I f at stvgedddetdrbad 15 been determ ned that no active Variant Mbdel s

exi st e Iete at 52 and control r rns either -
to step‘w0 0%}80%0;% " §§2 F@ﬁt§§2°(:a8’ neZs &Y @&’(}ﬁ) ,co‘ét@gendi ng upon
wher e  tduertesp oad iy amhchﬁrlentl Yardbhy Modelr €d. deactivateAssuprasent

Lord] vt FREWSenE PPTpCE  Eank8pedinitt (e P TR al Meiathe), (1
obj ect it wibll dvesrepogéd fvomhthis lfistst object in that Mdel. As

desoribed ahigy 14} OBk CEheTPkriant PRCARA! Belackaddled M Rada ool or

ot her obj ect. retrieves the first rent j ect romalist
of par eFRMPERA chramt Ehenlera LVBGBPLY , Udi-Rg it ﬁ-‘@ﬁlﬁ)a&mﬁw%@ﬁ REhr es

4A-C Time Events rl@én&@égclo aEY§€§§Je|S@.©$(1F%2:) exam 1e, if a Variant

L, FRE FRLES!paraalle HIGAIO lsg cherk b0 T anese on the
- Li sthefrdradRymcrsdes, fahethferaJté.ram abou(HOJtenIs Metndd ale.g.,
€, FSGRASER, i bt L8| KEhaBH At He SR S nd i o
obj ect .Modwl @xbap| &f that VaripptsModigiledis=gne [sicoduss siag(ak 3mted,
- Fi rgfi £ en P PREESoPEBBlt the Method is removed from memory by
20 unlinking Variant Model PCDB pointer, at reference numeral 96,
from Task Memory 90, shown in Figure 3.
A check is then made at step 512 whether any more Variant
Models need to be deactivated. If so, RTEM 10 returns control
to-step 506; otherwise, or if at step 504 it was determined
25 that there were no Variant Models to deéctivate, a check is
made at step 514 whether there are any Active Variant Models
that are not in the list of Currently Loaded Variant Models.
If the test result is positive, then at step 516 the Current
Variant Model to load is set to the next Variant Model in the
30 list of Variant Models to load.
‘A test is then made at step 518 whether the Current
Variant Model is already loaded. If the Current Variant Model
is already loaded, nothing needs to be done. If, however, the
. Current Variant Model is not already loaded, it will be loaded
35 at step 322 with current control data. The RTEM 10 uses
Control Variables to identify which objects to process and what
sequence to process them in. Any new objects introduced by
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current =f i rst. object - Set t pPOY/IBITOL1E3I I ent

obj ect ?@%’ﬁ&t ?-I r st obj ect At step 314,
any conditions corresponding to the current 5 object are checked agai nst
current data_to,dete mheth xe uted. If no
condi t i ohR@sVatise a& ﬁ°tﬁ@ ﬁﬁﬁf“&%%e&%‘ Oteens there to

be a satvatiables. oE‘hiBameegé oaedirisl @t step Szanpl e[n lma:rde;: ttina trdrine nodel

o eneck B aP: FiLopScatae to aetstulfi® el ERact Nl AR, Mt

obj ect athasahasf beénauntrodsucepi ¥4 a Maemiaait ModrmlSlﬁi:HéTléMjm:tl MSEQ;md
di spkays ARV pH5eliernoal BLCEEARE" £8! 20 AR YA0n Al T 44 Rpd Meditd ent

obj eCt . ep corresponds to process "as S
under st ob8 BnPrReProckssef lobjlectaddredemce@m dgrsé;mﬂfn@rmoceSSeM| e, if
the curr C tt‘i% y

current eg}aeg grgg gﬁage?srﬁ%ﬁ&?f) Ject such as a rcf " |nput

field, thetrFEmR1QLcTipures the Kur r{mrraptdmme@:ecmjopr\ﬁmssr)or manEs he

vi sual f ah{n ABwWBLSBCERE ae%rcqefteebmeh ithe vardiaH¥ adl 'Ha\ﬁé’%é{ e
different, the new visual formw | | oaded and di spl aaye
i MRk ks the

The1Bur r BREIEH] WEEh; §h€hgﬁrﬁtﬁ\9&ké’&r&ta@t9@p PR 1T
type of gheeohiaet andte&euw&rtehﬂ; wry&&@@ftﬂ MoaeaS wasD Gl da@iy Nkied),

?Enﬂgms egg?llég{l‘#ﬁg Bf gtpg& O% (‘E&mer any more c@% VaFiant Mode]&tneﬁg

par anet ete hadhamﬂaled Ifl\/m:ho&m 10 returns t2 stEwlS5ldage retriesss up
paraneteﬁﬁeaﬂgxtnwg§g }%phodel therw%f ﬁ(lf at step 514‘{%%55@

3 = Mod pardmeter’ s an
Mbddb  been detrgamined ttﬂnetcm @at iots étarmagztaMme eoticait attlersdhe he 35

Model Ts1bg3deds chiphBeesUnteBgoDle dentrdEiittdrdd W dlexr to HilpLhe

Met hod is |nvoke urrent Oﬁ ect_1s a Toal t he, Tool
i nvoked At039§-Figure 8, or step 322 (addressed below), depend:.ng upon

where the logical branch had originally occurred.
Assuming a return of control to the check for Variant
20 Models at step 310 of the top-level RTEM 10 loop of Figure 8, a
variable identifying a current object is set at step 312 to the
first object in that'Model. As described above, the cobject may
be another Model, a Method, a Tool or other object. The RTEM
10 retrieves the first parent object from a list of parent
25 objects in the Model. Using the model _menu from Figures 4A-C:
first object = lvsequence$(l,32) '
. - First Parent Object
The RTEM 10 also checks for Pre-Process on the object; for

example:
30 pre_processes={first object}.preprocs$
- List of Pre-Processes for First Parent
Object

If any Pre-Processes exist, the first object will be set to the
_first object in the Pre-Process list, otherwise it will remain
35 as the first parent object. For example:
first object=pre processes(l,32)
- First Pre-Process Object
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PCT/ | BQ?@;@@&@ Wien the object, if it is a Mt ROWIBITAOIES , is
finishe executing, at step 320 RTEM 10 updates the user interface, if
necessary. The RTEM 10 checks if any of the data that is di spl ayed on

t he current foewrhentghhﬂged=f;ﬂs¥ dbtjecthat is 5 displayed on the current
formthat has changed w ||

of relevant data may have chaﬁﬁgé Q'SQEGYFH515?§CSPPSHQL¥,tﬁ%ﬁgaqggésgﬁée

t hat the changed data may 5§t which variants "apply," in view of the
condi tions forAQOStepo§é4vaanyncsndﬁtﬁhnsocoﬁeebpcnddagagm ttheatcuZ22ntf or

Variggia %b%é@ﬁeéfeaﬁﬁgﬁﬁéngkﬁiég% Q&%ﬁﬁ'ﬁgg f el Qe angﬁﬁn%p%hetﬁ§ﬂpy of

t he anged orm a alle
det er mi nethe @h&evﬁriﬁntohbéeﬁsepﬁéﬁdareléunpeﬁpnﬁltéaaeds assesdates be

| oaded A d
unl oaded @ght EnéO0adr2A¥ENS &cECtgigMegg @%eﬁ@t éireNQQﬁgézﬁg%ﬁg¥§¥iéﬁa

I n connection wth 'Iomchart 400 | gur es
respect i V@Fy"passed" CORRERLOD .neFOrcREXERDLEYy 9§4n9bﬁh§p§@P§Lm99ﬁkww. For

exanmpl e, &%a @?ieobfu§§g§régrQAL@voked to read information from t he
database and I nforpation g d . not exist, a.,re uIt code 20 would be

ret uthed to th&" “ﬁ??ﬁ bp egtdi- GRndd ke attached to this
result code to set the next caheektc@haaeuohpof obaec&he object 1D for a

nmessage t hat i_nf rator that | |nfornat|o 0.

t he dat abase. o#hsxgﬁﬁaéklonqg? To? FR& CHRE 8%?%9&%?%9 ikl oY
code 0000s0epj 3bdh, BBen at sfepr Bast BIEMCLD. rlmadlst amnte A1 HYs esyt tuHgr$=
oj ectI D )

{currento gaec?f ?§s§??§88d 6888f8a&1§?tFEﬁH§rEdfb?éggfbcurrenﬁ oq?%lﬁe

di sptay sagétep corpespasdsotondl ['Cost Fogusdnpreisess: aso thes &gmtls D
Spec'f'eduﬁ@eré@obaelﬂaﬁhébEieﬁﬁ“BEe%kjg%ke%khented.Programmlﬁg\Ml

result code 000010.resul-tob] $ his even Ste then

be ski ppe®*@MBleontfoFhe cu%FFPtbeﬂﬁﬁﬁsﬂ@m&Qﬁ-F@W%F€p3§9¥esent35 bquh
when the spmdbli eugreher obheceyr ienta QlgedCtingRite obS ectljedirth als Albutiten

i d not °2ﬁ5$)ea%§3gé¥‘*?ﬁé cBpPoRTEM 10, pefpares, THE i rantdal Mgl ' O
exec0e. visuahef&FaMd0the visual form on which the current objetf is
displayed. If they are different, the new visual form will be
loaded and displayed. '
The current object is then invoked at step 318. The RTEM
10 checks the type of the object and executes the appropriate
25 logic to invoke or otherwise make use of the object. For
example: _
{current_object}.objecttype:

1 = Method - set up parameters and invoke
Method
30 2 = Tool Usage - set up parameters and invoke Tool
Usage
3 = Model - set up parameters and invoke
- Model

Thus, if the current object is a Model, then at 318a, the
35, Model is loaded. If the current object is a Method, then at
318b the Method is invoked. If the.current object is a Tool
then the Tool is invoked at 318c.
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currentl| 0 sing a list of Pre-Processes to a Parent the
current %Y)(Fé%%%?s set to the next object in the Pr e- Pr%%g@%%ﬁ

there are no nore Pre-Process objects, the current object is set to t he
parent object. Since the 5 existence of an object to process nmeans. that
processi ng i ¥naBt the objespl efd, ist ist @ MErhod em Tololi,s IfetiitHead st ep

314. execut::l.né'f &hesB‘éENbé@ R@E@P‘ﬁroe'ﬁgdéﬂérsoct@l%s'dlﬂaxa RS Ha D) et . a
check is made for any POSt- Processes to t he objec

{curr enPBEEEERFYpostPRoBIEM 10t chreks dife 3y misth hﬁr(%@g@sé@altﬂ igo the

current d@bpeayed%ﬁl\/th@ ee&&ehlaefwmts Qiuae@ed 0 thfy datahetatobjsct in
t he_par ist (I vs ence?} checked .to.determne if

e object
any>Pr egf-”FB 3¥§Qs°§r s SHEFERE I%\ﬁ that lhr"f'es shaRged M1l P& he current
obj ect dsspkhyed.the first object in the Pre Processes I|st (e g ,

currentobj ectz. 13 tplrae_p(q):g_‘g(sk,_a%%) )(Jf IJF_ NQ C%erg%a[y proc : remai n

as the next par ent J.U I'S Ccur SI ng a
Parent @brang auecutlpneoﬁarteet o@bje@ctt raagi Rd®t Rhscaheaiged datss dedwt ed

Wi th itarEBErCHhEBR! v%.%.%.?ltts""'“l #aéﬁgrus'et:.rf Qe df tHe condfridieseror

Post - Processes. | f the rrently 20 processi ng Post-Processes
and0t heEBOGR VAE1ABLES PB@@MD@@CMS ORQQ) agaddbt @t (3 tiRr (AFiaRt

ng e<F:)t Measek h@cbgﬂlﬁ*@xg:op%'h%n rgces@?drﬂ_ftof m@,mﬂas@wﬁd :Ef)rpan of

re- Process a escri be above | s 0CESS
returnsgﬁ g@F% as ?laf‘@é%l't thsy & tt Odé%?sréﬂﬁm% éﬂ}' X5 %

at t achedot detbrﬁﬁne @.ﬁefamyemmmm:ldéﬂ% tihaﬂzlagw edrertiey clusatdam obj ect
is set to t 4 t 0

checkean8?‘ groe-ggr cg}(&:{és?ggs? %lfn l%%cf% 3113{ ‘{Es‘ﬁa El"f(:\}‘?‘]%fa‘rwset to

t hd5f i r¥edede. PaecelescrAgmdn int rwrmecs:tmevndih tﬁﬂe:wcham r&M amfl e290 neans

t hat thggt Qi%mr@% st @Ra34%, 0 process is done will evaluate
negatively, fhus control is returne to step 314. If at 326 no

more obj ect sRERMs {0t feste SpeCk SR Y P24 %qlepSPe°13312@%F%$}E%1 alF@Etion | eads
to an i axkimplel OAft @ @Ol eleere idvskay aldl gt ﬂtféﬁmﬁaﬁ emhuat es

p05|t|v%} EM 1 t.e on_ fi

t hat acg épgﬁggg‘%sﬁe aﬁ(‘)ﬁiﬁhﬁu astldpr’r rff’d? hi:ih oe??”sﬁro're% 5 Ef i) e“3 eaI I

coR@i t i woulthbe efinraed &ld the RTEM 10. A special action could 48
attached to this result code to set the next current object to
be the cobject ID for a message that will inform the operator

that this information is not in the database. For example:
{current_object}.result code 000010="jump"
25 {current object}.result code_000010.resultobj$=
ObjectID of the message
{current_object}.result_code 000010.descriptn$="if record
not on file, digplay message"
This action will set current object to the object ID specified
30 in the variable {current object}:
result_code_000010.resultobjs$.
In this event, step 326 will then be skipped and control
will be transferred to step 314.
If, when the condition(s) for the current object were
35 checked at. 314, the condition(s) was (were) not met, or if at
step 324 the special actions did not already set the current
object, the logic of step 326 will execute. If the RTEM 10 is
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Vari ant WexR8I26349A1 | Vari ant Moddel s that are regi stered agaPCEIBI7/01659

Par adi gm Model update this table. Variant Mdels are regi st erred agai nst
a Paradi gm Mbdel during the registration process when an operat or

appl i e%h@:ﬂ\élﬁ?%y @Ecb@é‘sé'?ﬁ{; Qf 1&9@ éfsﬁ&fe @‘i‘:%%(e's‘é%@ 'trc‘) %O%Q‘Hﬂton Wi th

Fi gures_6, and format of this control Is as foll ows:
L VRTEM QPR Giag  Eae C‘Eﬁf%nFsoaJP%t igf S@&n&iot the next object in the

evaHxﬂDtﬂEPf@Ee@@Chlﬂﬁtlatfoﬂhere are noLMBEENbYéRbﬁgd@N§$oHH@dtSS a list

of variation nanes t.hat corr.es to the
Ivrtenﬁah ObJECC 1SF5Fte§8nﬁP§ PEFRBE QRIeSH- MdD a given
Parsadi gm:.sterM:mledﬁ (amt olshewn) teaplﬁoeapbymla@her thiae m{ddwsigxgcamirtdmns:

", I
V\%Ir ?gt?%ﬁn%@@ %%JNT‘F’Q"%C §?u Aft rﬁ&b‘&’%&:"agﬁ‘%’/’bq’%ﬁ "ENT$=" ACMVE"
The val ues off etlaty RTEMi 10 ohsusedreotagt pracessivgr caparent Midelctar e
st or ed aﬁbémy%s%@'go%{&%g&t @%%aes's&%% k;ae gbje qOJ age 5=C°' der for

each condition use [ vari ations i'ded t here
are t hriexxentioRirct} mepatprecsd) -t hdife thexe gree ngl é’@@wwsesthe

Varg at ity chedl Gurrent obj echrR'rQM' apt kek@ l%e%h'ff%nt%@td’ Yhe must
be true gresented b; "1"),, Cg%g RY$="CA" nust_bé fal se

(repr et %ﬂﬂ C ) the \parepEntsstadimsegmenses)r.ue The oRigst is
becausa:ﬁéck@drmrb medrmﬂnacifvah p@tel—@&uce(srs@@r egentebdiiatetb with )

The V T t__Look . '
et el | AR F 1880 AR burBBR ohSBer is) s £ the TaTtrRYS=" US'
must tmphze@b in th%rEpeeBEQCedsby aise" )e. @OUNEBrteﬂﬁthnﬁntdnetrue

hp b |
( rﬁ)r emsﬁoéé)use t O actiFvgth \%#}Fg%{ﬁ IJ%I' e ng%%ttegl%rlu%e%rﬁ £§ tl}?é;ause

The variexh Paaemt eobpechar i At 2heoBTEM ﬂ@els currently processing a
|VrtemP&’d‘éxﬂb|@§5j=é@é0and if the PE®EnY20LARCE hHADSAH B SLALETRYS="US"

can be true or %? gg e bec use it is nof, used . tqQ activate variant3
(r epr eBHARQAG-ALed Bt ipyt ECERFFR?@Z jeckn idd 1t Bfe 85t £ ShdERe it

i's not of these Post-Processes. If the RTEM 10 is currently
20 processing Post-Processes and there are no more Post-Processes
to execute, then the current object is set to the next parent
object, which is checked for Pre-Processes (as described
above). If, at any time, a Post-Process returns a positivé
result code that does not have a Special Action attached to it
25 (reference numeral 324 in Figure 8), the current object is set
to the current object’s parent object. This object is then
checked for Pre-Processes. If any exist, the current object is
set to the first Pre-Process. Again, the existence of the
current object means that the test, at step 328, whether the
30 process is done will evaluate negatively, thus control is
.returned to step 314.
If at 326 no more objects exist to execute, or if at step
324 a special action leads to an instruction to exit RTEM 10,
the evaluation at step 328 evaluates positively and RTEM 10
35, exits at'spep 330.
A companion file that accompanies the Model run-time
information stores a table of all conditions that activate all

49



50 WO 98/ 26349 '
PCT/ | BO744léa23349 : used to activate variant3 (representwgeapyreeid”), and

CLI ENT$="ACME" nust ‘be true (represented by a "1"). The Variation
Table for variant3 | ooks |ike: | vrtem vart abl e$="001" 5 The

Vari atipn .Tabl e used to what_Variations apply is _._, built .addi ng
al | (NM#%?% t tod%ﬁﬁgvar%ﬁ%t3%?&%#?0Eha€ a¥%bF39F88E§ePiE§¥1ngg

| vr t emay Parerdgfic" MADE T idete "€018 table. Varidafit Models| areem var
table$fé5§gp§¥g§ﬂ . ' rj S bS4 \n the
vari abl’e vr éﬁ?%%??%l?d%%fa#%éﬁQ@éggfoéﬁ?%%gegﬁ%af%éﬁék?éegﬁg sanme as
t he or TOQHSS HENR RN t PRRr aL®Y capPbdieaxanyipdel Design Tool of the

| vrd emayd aid Ssiced alh aBbhndEaf i A wiVAT F2h3edS6 ang eAhe condition to
check to see _what variations are active is stored_in the variable

| vrt em var c & Lonmat pHcFhbs epmtrol tablgi £FoRE £S1LR¥Ssame order as the
val ues in thevrered VARNTABLES t abtBi sAlseyanpke: of conditiohvrtem var

check$="( COUNTRY$="US") + ( COUNT&¥&ru&lipns £0r each variation

( CLI ENT$="ACME") At run tinme, a variable is set to conpare agai nst
t he Var ILYRTEM TOAR FATDORSHW vhit ¥Yar naliensofipphyiatiba wnamesblthaits
set0 usi ng | vrtem varcheck and t hecrumesponhdstat ehef lvicéem.varatakiled i n
menory. The foll ow ng provides an exanple. 25 G ven t hat :
COUNTRY$=" UFFomreka@mnp EaTsehnesEvagiantnMeodess for ahgiven daradiom tine

table %c%cief’e(r% alKGhm) ?%ghiﬁpﬁ%hﬁaua&ﬁug E?E%@%&h& L¥hsg i kals .checks)

(
This evaluates the variab ry agai ns Vari ation Table as

fol lows: 30 yariant (MESBTR¥$arifntis . EovRTRYREPOERENt ed by a "1”

( COUNTRY$=" Gfapianfaks@el !eatesaBbedcoyNari@="cav (CLI ENT$="ACME") -
Trie - represeritt Model 1Y varian¥Br ¢ BLgERTSEhackmk| oW ng run tinme table:

| vitem varcurrent$="101" 35 This run tinme table is conpared agai nst
each of the Thdleslues ofoeathi sohidelioat ased to bhettisatean Vabliaht

Model are stored in the variable lvrtem.var_table. There is a
place holder for each condition used for all variations. In
the example provided there are three conditions, therefore

20 there are three place holders in the Variation Table.

For variantl to be active, COUNTRY$="US" must be true
(represented by a "1"), COUNTRYS$="CA" must be false
(represented by a "0"), and CLIENT$="ACME" can be true or false
because it is not used to activate wvariantl (represented by a

25 "ov). '

The Variation Table for wvariantl looks like:

lvrtem.var tables="100"

For variant2 to be active, COUNTRYS$="US" must be false
(represented by a "0"), COUNTRYS$="CA" must be true (represented

30 by a "1"), and CLIENT$="ACME" can be true or false because it
.1s not used to activate variant2 (represented by a "0").

The Variation Table for variant2 looks like:

lvrtem.var_ table$="010"

For variant3 to be active, COUNTRYS="US" can be true or

35 false becayse it is not used to activate variant3 (represented
by a "0"), COUNTRYS$="CA" can be true or false because it is not

50



51 . WO 98/ 26349

PCT/ | BO7MW031 $85255349 It is known that the | ength of POBIRGOLEHAt tine
table is t hree characters, so the Variation Table is checked in chunks
of three: conpar e:

AND| vrd g vas | ABLEaber LamY r.»_@urr M Hckrbed By a "0"), and Lrue,
therefore t first Sarlat?g 3 (x€ © y'vrtem)varlatlons(varlantl)

i s not %E?EV@s "ACME" m“Stc§ﬁp§F@e (represented byadD('1¥'tem var

tabl e$, | vrt enhdayaui BeRbH( 4adllk iforl@ariant3 looKslSike i herefore the
second varia | vitem variations(variant2) is not

i 0
acti ve. Lv2len! - ¥BipLpbles="001"
ANDg! vr t em vE@heabbedakionhe Tabdlec weethtth kriw wimt Variations apple,is

B i %@sﬁw@ aplep, tqodiel | A VARRREATTY

| vitem Vablebleookst dhkehe "I "s in the correspondi ng position in the run
time current 1y EéﬁtbQQ @g&;ﬁé\”fﬁﬂpﬁﬁﬁfﬁg+f§§’"the - Variation is

considered to e actrv he term astic Database,” as used in
this docunmen®¥ is intended to refer to a class of databases having the

pregerty 19§tgﬁn@gkcg@gmggydiddﬁgboofkwwent|onal file and record
term nology is u i nTt he follomnng description, rather than

rel ati onal dgpﬁbiééttéﬁnWHQNiﬁF st TRaedin Hehe YRF1PDS  Dat abase
descr} bNrbéié\OWariat‘drothh OIut ﬂhdﬂdxaielxorblf athe varia{wcssztiyetRMa@mhd e ?é one
way o ovi di.ng suc at se n t exa ase Records of an
Elasticgﬁﬁtgﬁggg 8§nt8§ °°ﬁa£gﬁﬂﬂkQTQ%?1r1 Qﬁkféghéi?bnal fields, and each
of t he Base lvrtPRwcersdatdonsd-vamidditl erarisxtdfvaxiame3 oh fiel ds. 30

AngBlastic DahabassdliRalaniss, aifAse o |fod Nuldle JEBelofs arecgBUEREi Onal
da ata Int

abase fi I n a convent ase, e records e Base
Fil e ha¥g& sﬁ@rgdnénn@#@ewamnablg<iyrtem var_ekeck {i Tk harder of gihe

charact gph8likeSnaCHES TH &R ider aflndfvdRiE d5n tHet BSn&l 8bhC
Dat abase, _.this is called the
table. An example:

lvrtem.var check$=" (COUNTRY$="US")+ (COUNTRY$="CA") +
20 " (CLIENTS="ACME")

At run time, a variable is set to compare against the
Variation Table to know what Variations apply. The variable is
set using lvrtem.var check and the current state of the

variable in memory. The following provides an example.
25 Given that COUNTRY$="US" and CLIENT$="ACME" at run time
the following run time table will be created:
lvrtem.varcurrent$=str (lvrtem.var_check$)
This evaluates the variables in memory against the
Variation Table as follows:

30 (COUNTRY$="US") - True - represented by a "1"
(COUNTRY$="CA") - False - represented by a "O"
(CLIENT$="ACME") - True - represented by a "1"

which give the following run time table:
lvrtem.varcurrent$="101"
35 This run time table is compared against each of the tables
for this Mpdel stored in lvrtem.var_table$.

51



35 Base Record. An illustrative exanple of a Base File and Base

Record f stic Database are shown in Figure 11. |nary
benefi t g‘%‘; g’%’“&{’ﬁst.c Dat abase is its ability to al | ol THEZ e/(% ensi on of
Base Records with additional fields such
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PCT/ 1 B97/ 01658 1S knowp,thag,thepdepdatbe Sy than marens diifeet@R1lesés of
ext ensi three chhirabdersThest thyt gasgion ildneléd1ar € Urceadd o \Eurdd on
Set s" g%ﬁ borated upon bel ow) for easier maintenance and use. Any
Base Recg § Yy "have zero or nore Variation Sets that apply to 5 it. The
| ist of VariaebmparSets that apply to a given Base Record may change
dynam cal ly, under differing conditions, as the data in the Base
RecBrd. Figure 12ANPduvarsemanar_tabllledstivattemm vair cax renti$lle 30f itswo
Vari ation Set def ERkei oftereforghsheolflimsti oranifattilem Base File and al
Variati on Sets whi¥rtem. vappryicostivarieadd )f idse it eaitiste.a " Logi cal
File." Once the base file is defined in the data dictionary 12
(Figure 1), TGFPPa&FP6n sets may be added to the Logical File

definition. This ne throu h data dlctlonary mai nt enance. . Figures
13A, 13B, and 13c¥‘§lj ng& Y5 e IREaUTFeRLEs(4 3 i i ati on
Se Each Vari at t8n-8et & ﬁgg econd yARLAGIOR P t he data
di ctionary 12. Fo Fﬁ?mVXPFé:F 3R tvgr:.antl2|)| 3t PR @GT ¥S gure 12,

descri bed be fe identifiers are "0001" and "0002", respectlvely

Each Vari ati on e I t t he ds t Vays..ati on Set
contains, along wi Qggthgé.vaigrgﬁ ig té% varé§§1 iqgf7 %?dﬁ%ltlon

cagh Variation  1veelnTokz1a¥soAs(vadl i Withit. This

condi tion det erm nes t base recor S the ‘vari ati on set
appl i es. Ipf talfa‘/aﬁﬁampéﬁ Saf khe h’é-"@oﬁd’i tqhawéfaé;gmcm dabgie h it, that

Vari at i perSein. '&aﬁ| tableomakkhBagse Racey ds e corres%%ﬁmi(i@(iidém&?ts
forth a, I| % Ids fromthe Base Re rd and the values each of them

must comtal f’(ﬂ’m éme cugzeRL VaE1aki AR TRt ¢ HBase
Record Variabmoni ns aohsebdredltedbécbmmmv a Varlatlon Set may have a

Fo2, 0, whens LR aEeagk IR phisn i 9 b s 9Pty Dl D e
provi delBRerladpre 6ﬁf§r8§§eaFPﬂéS§n@f daﬂahaﬂﬁa(having;the1pﬂqpﬁntﬂj. t he
Base Fipge dfﬁéﬁﬁéoéﬂﬁehglbﬂilty Loﬁdﬁyeﬂ@ﬂdiafﬁyﬁfé'&ﬂﬁ redih 1s afile
that stores. ggignt gel d addresses and which can be accessed by
referenE%r?b gy is use n the following descrlptlon, rather than
relational database terminology. The embodiment of the Elastic
25 Database described below is, without limitation, an
illustrative example of one way of providing such a database.
In the example, Base Records of an Elastic Database can be
extended to include additional fields, and each of the Base
Records can have a different set of extension fields.
30 An Elastic Database includes a Base File in the form of a
conventional database file. In a conventional database, all
~ the records in the Base File have the same number of fields,
and each field has the same characteristics across the entire
set of records. In the Elastic Database, this is called the
35 Base Record. An illustrative example of a Base File and Base
Record for an Elastic Database are shown in Figure 11.
A primary benefit of an Elastic Database is its ability Eo
allow the extension of Base Records with additional fields such
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35 the Data Source Table Nane "sandbclient”, corresponding to the

Dat abasew‘&agtg}zgﬁgFl le 126 in Figure 3. The Base Record of tgermsovofzse File
contains five fields: client, nane, country, street
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PCT/1B97/ 01659 Cit ach havin descr pt. e and
si ze. t{"aéi Gare §§S§h cﬁf% V& Bf V‘%r?%et 'f’%%?ﬂ)% i ng,
and attfAtéadds.t oThegiacebctléldsaotszﬁnelm&sntare sg”mupech :l-'ng'Waerﬂatlon S&he"

first eg@i’?iaﬁréée a{lh%&xl %%1%%} QUL o %rﬁéeﬂ{éeﬁé}ﬁ C%&E‘Sﬁ pt'

" Canadi or ma conai tion I on
vari ati BaseeRereydi mey hisye BeX® R HFe Vaﬁ@prNaﬁ%tS cleha r@PPh}ivEOt he

val ge " EA méndh@%tb&gv%&mon Seéaooahwas%ﬁgn%l@rgﬁéﬁ Base Record

i ncl udes not only the five ds set_ftor I'n Figure 11 for the Base
Recor d, RBGOTH| ¥8Yt pharge %m’&?&i Wi é’r nfer d’p%%?’a}n%dﬂm?‘?%?%???nga\?o a
six di g_the dataoahalth@owseamécd&@w :fé ef Brit i dds aah Wo- char act er

pr ovi nci, Ill code). In qther word this Varl atJ on Set agpé al |
Base. RoLoHE CHAFIAME% Ath SFATRR (QorE VO rtAHEOR St QefntEiPRR - Set

r ecor dsTheseoclaeedivnt it die \Msatm}gre Said dle \Z&rlasebmgszemsgwlgischf ah
Vati.atign Set . in_FEi 2 | dent i f.i an ears the
deé ri p%pg:r'?' " ’t-J.C'S.tEIL’l (E))?ar?ét é&'ﬁ' co%dljt’?% %T% £ %I i cation of this
Vari ati on Sefnce thet base f11EBa$e d@:n_teﬁ Azl theladatd cdlet tonahymva2t he
Base ReqRiguEbey, van@iits Ris Way W9 d0d§%6%8 Loghchicrage Record

is 20 ext 0|ncuetwo new : errin
the U. SAegipifdem) ad@pis dise donte t(l?@ahici@tq Jacwan%mrta@%@?enance -S.

st at e cedguebsalibngVvinaly,otdng s é&i@ﬂpél?e'é&é?é rawéu-@@ in gEk2fihg a
e

base's ability to extend tQ create new fields und dlfferlng data

coF'r it Bﬁg’ Vagiation Sel, vHach ariakian £S8% 18 %?%?’%eﬁinaﬁ conpani on
file t01dentt1hf&e|3a$:§r EHe.daﬂw&ﬁ.Wmil | eBoAar ehérvaspacrtonl gets

i nt
Cont ol Farus e A ridiind S EedentbddhoPol. BIR 6688 Tciers are | .
is i dent'D@éll"t enchée OFQQZr’r'ar yeapeafitaky bas@a@@ Variaties Sﬁbrecpstalns

one-to-gn | ate | tg?aslgj d Vi et
record \%hlgéﬁ% e ﬁg%htﬂgé;%at Base a'tlmtid§815 cgjﬂtg%g Qibﬁ% QE!tﬁBO uses

a 2f%al | P&bPEtE&ﬁU&TSa ofargagh Fraetfield punln| ﬂédwbovvmwht Baaé%‘&lﬁinne
whi ch Vgetainagn haeles aaunaiadicid dskodidbed et PBAE. 24Th38 RouAditien

Variatiantg%gf%ééstlgaﬁ%se records to which the variation set applies.
If a Varlatlon Set has no conditions associated with it, that
Variation Set applies to all Base Records.

25 Each condition sets forth a list of fields from the Base
Record and the values each of them must contain for the
Variation Set to apply. For example, if the Base Record
contains a field called "client", a Variation Set may have a
condition which indicates that the Variation Set applies only

30 when the field "Client" contains the value "BENJAM".

Figures 11 and 12 provide an example of a Base File and
Variation Sets. 1In Figure 11, the Base File corresponds to the
Logical File "sam client" which is a file that stores client
names aqd addresses and which can be accessed by reference to

35 the Data Source Table Name "sam dbclient", corresponding to the
Database Tables/File 126 in Figure 3. The Base Record of the
Base File contains five fields: client, name, country, street
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structure as the RTEM 10 Model Variation Run Tine table
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PCT/ | BQ?/"[I)(R%?Jgp ref erenced above in connection with t%CT egglg}ﬁls?)t i on of
Fi gure 5. Where three variations apply to the Logical File, an
exanple Variation Set Run Tinme Map is as foll ows: 5 Vari ation

Condi ti ®apd city, eaphahagaiingnits own description, type and size.

Code  pFigure 1b£Vahbakl @%o exampleC¥Hdiidr@lition Sets dSrdkgdriding,
Field L.SE? (Condi ti,on
)

Group LREf)attacheq, to L@S&Eal File \G&T SAdGRRY = Sievn in Figungdl.

0002 The fYken SEHN§R¥ isChariation Sedl®00i] which bear¥)Ghe I h.VWen
nthis

cos A
exaEpI eDeﬁFFlg’séPﬁ‘a Cﬁlﬁa 338 RSP R nar P m%tﬁ"m%ﬂ/rﬁrﬁ only one
digit ispplication of thilge vRuiztiiom EBaqur assiuireEallmy Baee REdand:

(CONTRYSZ! HSidhet (CONTRIS=LCAD) chd GRHENTSACYE ), A8 o AS an caml e, the

fol |l ow ng I'S assuned“toresi menor y aft
CLI ENT HponChiris conditionQOgiiERBase Bgcord 1ncludelss|mg: tarel e aftdem

Code Tabhgi1kg gBEaiERrLRE gV ;! g,‘eorilzofor GEe Al Hbddi Sthitl | Msddwe and

plugglng t he .eval uati on es So obtai ned Into the Run Ij me EXpression

additional EpefiRvs= "'ms)ta@cag’f\rrm@feamns( B9 BTSN a
Run Ti rrpoEuatLuabaém gade riprogaiRieat etefekling o Hawdtharactaet ual

B ey L e
as "0" to all Basgi Regoxds Mmydﬁ‘meeﬁuthls condifteirors, taypenditdnethe
Expressvgglggg ofi b%tnggdgyﬁs aé%éélaégﬁealth that Variation Set. The

15 second example of a Variation Set in Figure 12 is identified as
Number 0002 and bears the description "U.S. Information." The
condition for application of this Variation Set is that the
Base Record Field Name "country" have the Base Record Field
Value "US". If this is the case, then the Base Record is

20 extended to include two new Fields: "zip_code" (referring to
the U.S. ZIP code) and state code (referring'to a two-character
U.S. state code or abbreviation). This example illustrates the
Elastic Database’s ability to extend to create new fields under
differing data conditions.

25 Each Variation Set’s data is stored in a companion file to
-the Base File. These companion files are transparently
maintained (and created, as required) by the Data Base Access
Controller 24, 30 (Figure 1). The primary key for each
companion file is identical to the primary key of the base

30 file, as there is a one-to-one relationship from any base
~record to each Variation Set record whlch applies to that Base
Record. _

The DBAC 24, 30 uses a small table called a Variation Set
Run-Time Map (VRTM) to determine which Variation Sets apply at

35 run time. . The DBAC 24, 30 Run Time Variation Table is the same

structure as the RTEM 10 Model Variation Run Time table
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the country is not Canada (CA) -- the evaluation code is zero, 30 e.g., O.

Because o sgdigssval uati on of COUNTRY="CA" is the secopcrmndidgspon, the
evaluation of this condition is stored in t he second position of the
bi nary out put, 101. 55

WD 98/ 26349 CTLI /01 9.

The recth (TTRISER FP7%° b GORPSRELBRe 5 c BREAFETCAEBEASE OF FATAS) o
denonst¥ating a correspondence between an eval uati on code and the

vari ations ty [ o] Th ol LV akizati o are those
t hat have aQﬁﬁéﬁQ tﬂﬁegsgﬁglggg§?go%§p E EEE Euﬁlff%e%ggglug?ion code.
The fo|erwwge|‘§arahafé;mp$@tokun T:L@acﬂaa figbps: follows: Run Tinme

Vari ation Vari ation Active? Eval uati on

Tabl e Code 10 -

gg Va%géfion O$g§Condition 010

correScondlngv£ 1§€f8nL°g' al oﬁhh%

two stgtes: g ﬁ; |nac%éggd ls@gmﬂy

i nactile. until epr|C|t e ac |ve Vh_

active, ' =BGt g = S6 , ks Sl

t hat the DBAC:2400£O knoms anean ¢¢UNT@ylatugn Set and yees it
appropnfrate. Ven_a variatijon Ser s nade Tnacyrve, 20 1ntornmati op about
that Vvadriation &802is renmnidihenr FRYVRERY/RTNEA so thedOEBAC 24, 3D no

I er jknows ab t he Vari t erefore s nothing with
i?ﬂg Thgy¢%llomﬁngéﬁﬁéﬁyéfiElnfornatlcn are stgggd in the

VRTM Pe———tre—Centi-tti—at-t—ti-ed CRl= Alist

of all flelds that are involved in al
In this example, all evaluation codes are of a binary form in

which only one digit is a 1.
The Run Time Expression Table is as follows:
(COUNTRYS$="US") + (COUNTRY$="CA") + (CLIENTS$="ACME")
15 As an example, the folloﬁing data is assumed to reside in
memory after the Base Record:
CLIENT = "ACME"
COUNTRY = "US"
Using the Evaluation Code Table to obtain the evaluation
20 codes given the existing data, and plugging the evaluation
codes so obtained into the Run Time Expression Table:
(COUNTRY$="US") + (COUNTRY$="CA") + (CLIENT$="ACME")

a Run Time Evaluation Code is generated: "101". To show the
actual binary mathematical operation:
25 position 1: COUNTRY$+"US" is TRUE represented as "1"

position 2: COUNTRY$="CA"™ is FALSE represented as "0"
gives the result: "l1l01*.
When a term in the Expression Table is not met -- e.g., here
the country is not Canada (CA) -- the evaluation code is zero,
30 e.g., 0. Because of the evaluation of COUNTRY="CA" is the
second cénqition, the evaluation of this condition is stored in
the second position of the binary output, 101.
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Variation Set conditions. This list is used to generate very

qui ckly a Stl’l ng that contains the current val ues of #5 el ds
i nvol ved W ?%t ion Set conditions. The 30 generatle(ar/E?F b:

call ed the Oondl tion Values String (CvS).
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PCT/ | B97/ 01658e resulting Rej Time EBvadiuntdonGCode Lisstofpared against
A groupy 0Eaﬁié'&&§Ng§EE§E§§%'59889§§hﬁ5ﬁdgﬁhg E@EH%%n an evalua®idgftterns.

At run-tine pattern in turn. If
the cvscadechrd the parierhonsharesactive giyen Gﬁa&f cmle paffie Gt vene
CG— 'S vaedagsons hﬂée%_hose that hha®E0al Mg wan %hbo%aﬁfeogiésﬂﬂtitor{ss%%

be zr he ,Vari ati on oup@lll st g_l
e oftaf?oﬁge bimGaFYalrehisBt CRERber I8 SOLLRYING 2k an TEEHS 95 ot

w th t heuthdaxtablehe CG. which the CVS 10 mat ches gives a l|ist of
Variatigp-Sets that aooly to the . _Base Reocord curreontlvy in nenory
The VR c I ncliud t er{nal g a st atlus

i nforngf i %%Ialfuf?zin eyg%gggﬁ%HDB/C 2\2&9 an perforr}% &r?@e f unc i on for
any 15 | Logi gadgdi l e, [it nmust have adcess to the datja dictionary 1.

The DB = -"—'" """"""" ; """“‘:"“"‘.‘"‘—:‘"_““_:""‘:‘:"‘:'—':""““_:"""'—'_"'"""'”—'"—_———_ d
Logpcalll Fi esmnd t heifr physiomal datd sourcesp Wen{the vedBAC 24, 30 is
i nvokedTO TULTITT a rjequest_Tor a rqgical FiTeE, the DBAT 24, B0 will
open t he_dat alﬂilr'tLo y 12 %492 t hat 20 1 081%al Fille's o8l e iflthat
data di opgn. Onggpthe b3gse datyggicti o&ary 12
I S openf=tRe=BRAC=24 S ' A IS ie s riation
Set run-tine nap The above process of opening the data dictionary is
shown There is one such table corresponding to each Logical

File. Variation Sets may be in one of two states: active or

15 inactive. A newly created Variation Set is inactive until
explicitly made active. When a Variation Set is made active,
information about that Variation Set is added to the VRTM, so
that the DBAC 24, 30 knows about the Variation Set and uses it
when appropriate. When a Variation Set is made inactive,

20 information about that Variation Set is removed from the VRTM,
so the DBAC 24, 30 no longer knows about the Variation Set and
therefore does nothing with it.

The following pieces of information are stored in the
VRTM:

25 1) The Condition Field List (CFL)
A list of all fields that are involved in all
Variation Set conditions. This list is used to generate
very quickly a string that contains the current values of
all fields involved in Variation Set conditions. The

30 generated string is called the Condition Values String
(Cvs) .
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in Figure 15. 25 The process of reading records fromthe El astic

Dat abase wo ogpgfaeeed as follows: At run-tine, the DBAC 24, P@,IP 54

base record fromthe base file. Once it has done this, it ooks |nthe
Variation Set run-tinme map to determ ne which Vari ation Sets apply.

Fi gure 16A a sho g steps the 30 AC 24, 30 uses for this task.

If there arerb@arl %If r&%?ﬁ‘stlon PR LhFy (CPH: DBAC 24, 30 then reads the

data for each A/graip oof Setringm t&prepenopngabessoppandatal vheudst a

record ek i n GEFPVO i afg_capgpanion file, .the fields for
t hat Vari atlon et are set I%J‘c]) nu t '%‘uf sh\?l\nel ?GIEJ) lfhgo‘gggﬁé‘fio?galnm
57 eagh oE3Y in turn. If the CVS matches the pattern, the

PCT/g B97/ 0168 sition @@Sﬁné SRt dsrh hah ehéeegﬁg agsg st

Vari ation Set, was i on ets \%%I ch apply
to a base reddiP e varkutee @yeMmi tasty(aeethelawia in the base record
changes, the 5 DBAC 24, 30 returns to the application not only the base

record w%g atlon Set, data, but alsothe list of fields in the base
record and te Wa‘ﬁ%&?‘b%’%e@%o%pﬁ-ﬁﬁ (Y&F: all ows the appl i cation

to determ ne whi cmfmﬂmoﬁ@rwp@e@f Vﬂriaﬁlon Sé@ghﬁﬁ\beiﬁcorﬂook&%g
pr esent thatd ftci{rgatl.o t.o, t.he era

a
process of wH TG T ecor Wlttc}'lt%gE:f‘ré ﬂ‘:c %a%ﬁﬁaégﬂ Wfllﬁ?oEEEdcgg’ foI I ows:
At Xoun-ti ne, mmIM@ms 3D lomiksof n'vahbationVaetat that Sapplyntbi mihemap to

see whi ch Vag c’%%? rgx‘p_|1:11|t. dance with Figures 16A and 16B.
The DBAC 34, 3 the é(e%tjf}ﬁe }\‘/arl a?ggn Set data to the appropriate
conmpani on files, then wites the base record data to the base file. | f

sone Varna! vervbeish Faioly t d : | onger
apply when the recor\éﬂii&re Wli‘lf?eer‘\mgﬁ bﬁD%%\%ﬁgi h%§Ekgé§lﬁgvggdt hat

out - of - FAEEFNF PSRN dat a fromthe 20 appropriate conpanion fil es.

A record in Exfddeatlic IBQDSE IVYcRE pefrwe@l Ayt bﬁnct;oﬁOEbQWa
the record to be

Péﬁ%ﬁzzL°§56k§eﬁéﬁ%§né§pe D%ﬁ lééaggﬁégg tos%gg d?Faaﬁ}CtéBBP§Yt&2the base
recor d, The 2BaEH che?QMusteQ&nfmgm\%oﬂGAramddaﬁs didbabn¥ayi aRi omoSet
data isfﬁﬁﬁpﬁﬁﬂbiéﬁﬁjFiles and their physical data sources. When the

' DBAC 24, 30 is invoked to fulfill a request for a Logical File,
the DBAC 24, 30 will open the data dictionary 12 for that

20 Logical File’s module, if that data dictionary 12 is not yet
open. Once the base data dictionary 12 is open, the DBAC 24,
30 checks for a variation registry and Variation Set run-time
map. The above process of opening the data dictionary is shown
in Figure 15.

25 The process of reading records from the Elastic Database
proceed as follows: At run-time, the DBAC 24, 30 reads the
base record from the base file. Once it has done this, it
looks in the Variation Set run-time map to determine which

~Variation Sets apply. Figure 16A and 16B show the steps the

30 DBAC 24, 30 uses for this task. If there are Variation Sets
which apply, the DBAC 24, 30 then reads the data for each
Variation Set from the appropriate companion file. If a record
is not found in the appropriate companion file, the fields for
that Variation Set are set to null. This will be the case for
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the base record i s renoved. Once the Base File is defined in the

Dat a Di C%J,?OM%X“S’%-Z" Variation Sets may be added to thidgfl,gg%“f' | e

definiti his is done through mai-ntenance of data nary 12.
Each 30 Variation Set is assigned an identifier by the data dictionary

12. Each Variation Set definition contains a list of the . fields that

t he VarPasporeserdgorbatnalrepdiyg exitstachdeforeithg Mardatgiore Kt Wasd d.

I n an eghgdinent of the present invention, referring to 35 Figure 13A a
Vari ation Set ,may be defined according_to procedure 560, which begins
at step 562. SEPF8t the Ygrdatipn Sets WhiadhspHlYeFuR Rase HeFom ma

\O/IVe)scErg } pthengef dyhamYetlali @@ B@le data in the base record changes, the 58

2 . . PCT/.1.BQ7/ 01659 is
t he engéégdzéf 3P FeEBENS, EOn SR ARPIGHAHCR Bat Sy %éﬁa Bave 5G% Y i ng
to Fi guardl¥Briattent Set dama,abutt eyisw/@Heo list afetfrelide hatHeerbase
conditi d 0 | £ f.Qr  t rjiati Set_ 4 he
field f’rqgﬁqeg ﬁeaggse %g%gr% Iv'g%g.ea ?&Ie%%lg‘esd afp(?ﬁafﬁ]cf;t glglnl | tﬁlolngwsz%erh ered at
step 57appAisatign to detepmgng which figddsharenpnedsnt inHdhefiel d for

the 16896kt i eBcheabe aigt gg:’é%?yie \%Ygehq&iﬁhéﬁéﬁrp APRne i)o};&rg@cgfdas

A check 15 then nade, "at st er any nore conditi I el ds
exf8t . FPAYdregrocessing returns to step 572. If not, 10 or if at step 570

no conditi onghaepdedes® RE $RAHIHEGecordP Qs agsd ML AN eI dBasd ep 578,
in Figure 13C. At

t 578, the f,jeld.infaqr ion is tered, for. the
hext 71 BRACRE0ES ToTRguBneAt FUlrE ifite dHE BHAGA o TR lOGS R KBS t hen
made, VardttibepSe80rumietie map e udde fwielals Vi dinidre Sed umeplly ) f 15
S0, progessi rns._. . 578.. - f__not., .4 he it et
defi ni tlgglngfzggsrg\%ég,e g’tlttg ?EL ,S élns& t%é)plrso%‘edufr{gé g%l{é)rsé't e3r9n' ?\% s at
st @p 58¥rites the VBgfigtdorh&edBAR L tBhxmpprdrprintacompariom for any

Logi cal gkhkg, theRUstiRawe a@%?a%fet %éé@r@%@cﬂtﬁ%i&@rﬂas@-fﬁé. Thee DBAC

24, 30 uses data dictionary 12 information to fin Logical Files and
t hei r pAPELcYPTaaLaOoFoFedds Whikdh apRt igghehen the rrexd (YARIERAY AP ul fil |l

-a requesbnger appl§ Ghlenfithe ddtdrd iPBALCWAdLirckhWile qpEACIDE, B0
oot Onarpet 8 ik B 89 aare S BIUE et "Bl Y St LT 12
a ¢8ri apppropriategicempardmoh HileE.te Map, as shown in Figure 14.

A record in the Elastic Database may be removed by the
following process: At run-time, the DBAC 24, 30 reads and
locks the record to be removed, and determines which Variation
Sets, i1f any, apply to the base record, in accordance with

25 Figures 16A and 16B. That Variation Set data is removed, and
the base record is removed.

Once the Base File is defined in the Data Dictionary 12,
Variation Sets may be added to the Logical File definition.
This is done through maintenance of data dictionary 12. Each

30 Variation Set is assigned an identifier by the data dictionary
~12. Each Variation Set definition contains a list of the
fields that the Variation Set contains, along with the
attributes of each field.

In an embodiment of the present invention, referring to

35 Figure 13A, a Variation Set may be defined according to
procedure 560, which begins at step 562. First a Logical File
is specified at step 564. A description of the Variation Set
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Referring to procedure 600, illustrated in Figure 14, after starting at

602, a Vsyoegnem Registry File is opened at step 604. RexmBIZoi6s9eck IS
made at step 606 as to whether such 30 file exists. |If so, procedure 600
opens a Variation Run Tine Map file at step 608. A check is then nade

at st eplglghen D gote MSLRE T hft 2?”56% ' Oé‘l%’a? ifE MRmbhts, eétsgﬁegt bk gSo,

st ep i s set catl’n active Variations exist for
this m)BGIESrIPPSt Wé’ tFéQqu%.llpéﬂ @ "e¢$¢1e¥s ofiore et 69%eBr 5¢Pep035 610,

proceduper@oamitRy MHEHRS o SdePiildn needs to Befopecarked Eak Ehke nay be

accessed fqr readi n or witing, it _must first_be o ened eg
Logi cal Vpriation Se If so, the field from the BasggRecord to beyn

9ﬁ136349hecked for E?at ?onﬁlt%fn ?f entered #ETstE7602059A1s0, atopsned,
t he DBAC, 24 i_ate oads the Variatjon_ Set n Time map for

t hat LOS 5%% rgﬁeﬁ q’?é'}% als TRWPT Nt B}ﬂ?lé gleﬂlgchgpgr“ ng now to
that fi g:ond,:.m}w dye hengnest md itlee i¥grbation Seertorappglacisr éntgred.

pr ocedupe t 6 S d S nade
whet herharcl:g%(%c |ve \%{arl a |%e:1sea& 3@e %7‘?&%?%:1@% ‘3% ﬁb?%%gﬁgﬁ@io _
record Sfeflds exdisdri ol so,samrmssrim mpurnatt@esg\epswa t hEE m@,cal

Fi g 1soread ale step9t§%b Q?@ céﬁdléfoﬂ§tﬁéf§a@&dt6tbét §Be@3§1édr ecord was

f ound, then at Step 0, the Variation Run for this file
10 is ?F@F&?ﬁ%%é’rﬁﬁ‘iﬁeas’f ft?nogt?%o%swaénf anarat 1§Fep 6 gstgp 78,  at

it Ielo 624neo f&@ﬂd/%[n\@ﬂ:@dtﬁm ﬂ@r%ﬁ@ﬂé& E@reKAl{xétnéﬁf. Elﬂ.éid to DE%?:I cZ:ZI 20
ile, proc st Qps at st . un, ti
eaq t paDEIoEeR a3 FHe dnateie Vahiaien Setonch Pheflsigonbernrade,
| ooks i att lsteyasen, whdtheSatofeinsdelres iapdsoadet eonbae inkilladedar i atfi on
Se appl S 6 e I bed_-bel pw, 0 I

‘1% %oli’elgaro%e@% rzééfggé‘dt& S egtg‘igccoﬁlﬁé ﬁﬁQ Wa%%a%’i%ﬁps%
any Var Befiioi tdens Jaﬁ)rﬁajvedheam}24$830 aedd'shehprOCEGmftEaSﬁ@r each such

Vari ati ¢Rratndredndthes@npropii ate conpanion 20 file. If a record is not
found in the a%é)rlate conpani on file, the fields for that variation

set are set the)RBAC 24,39 GaRtRETEQER RBY BUEECRODBLLAT @RAt
al r eady Legitaad ﬂierre)reLt mustt heaw@raetéss et twasnaddedlctlonary 13i.nce the

VgL RN SPRLC) 8 BoRPcLREaLd, THY Zos Chalin Say |y oo
appl i catliogh-aadt Rﬁﬂgﬁt&nﬁEﬁh&nfepmydlcal dataVaouatesn S#hedattie DEACI so
the 1isbeof Jfg aldsffokdle B3SRu1ri1l a request for a Logical File, the
DBAC 24, 30 will open the data dictionary for that Logical
File’s module, if that data dictionary is not yet open. Once
25 the base dictionary is open, the DBAC 12 checks for a variation
registry and Run Time Map, as shown in Figure 14.
Referring to procedure 600, illustrated in Figure 14,
after starting at 602, a Variation Registry File is opened at
step 604. Next, a check is made at step 606 as to whether such
30 file exists. If so, procedure 600 opens a Variation Run Time
.Map file at step 608. A check is then made, at step 610,
whether the Variation Run Time Map file exists. If so, at step
612 a flag is set indicating that active Variations exist for
this module. If the test failed at either of step 606 or step
35, 610, prdchure 600 terminates at step 614.
Before a Logical File may be accessed for reading or
writing, it must first be opened. When a Logical File is
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Record and whatever Variation Sets applied. This allows the application

to deterg;ﬁ)rb%/z%y?ch fields are present in the 30 Logical mg.,m%ggd to
at n

pr esent ormation to the operator, as required. run
time, the DBAC 24, 30 |looks in the Varlatlon Set - Run Tinme map to see
whi ch Vari ation Sets An examl e process I.s provided in

Fi gur esPREPEAN L Il%BDBﬁEser@v bél éﬂmEGéPG\%IYTIJrQa@ér |t YATIEC1gR $8% Ken

writtenrimetiig€p for 8RREOPBHatalcEARankiemof Me&@rgrndst e okas dnRaderutedat a i s

\AV\,;)I gg/eg%%zlg Rttege£'g$n§a§1%w|:£o that figure, the opea&f;ﬁl §§7 /aofé.g.& may Q)%

| f sonepafomhednaebrdihgehoappbeeduwee62iDhe startigdgvas stepr &&& .no Atonger
appLy t (o] 4

out Sor “BEFR §247 SR BRcEIpifabh I8 phidt Wiiner o5 2Bt AW IS o
At run exhet far DBACLRglcad Fades add IS@oksmaweracardr @ft #he Vaydatdmived,
and det & REs M NMYBr 'tﬁh'c%e?ﬁi:%s o s ikal rit@ tike HRase Record,

as illustrated in the exa Fi_gures 16A and 16B. Tha Vari ati on Set
data i sSF@RDO2E; tﬁgm Fﬁed85§émln9dRé@ms&eiPs 6REey d@corst was fondhy v ng

now to £héewr &t 1§6epaa3exambevehh&eofzpmom Time M=gr F&H a4 filke
i I ustrat ed. bg%l nni ng a ocedure 640 5gzteshrs the.list

t ste
of 1¥ari 5¥ | %Flgr PeFYat Sfep® P‘ec@fﬁl Wﬁe%(rg ound ah St&R: e Yartht i on
Set Runafi m!,-ep'apzaonot betive Vatrtemtiochs erdreofomite @Existefdddhid t-he

Vari at i ur t e is found, at step 648,
t hen atﬂgg?‘gg%%‘gééﬂ 3%%%5%%% %E_Tto&)%arl at%te%% §Iat£) Is generated for the

base record. Atrheuuveme t ltbec DBAENR4r,uR Ot ineachithenBaseaRendrsh £rom gihe he
condi ti Bage Upgdel O bﬁegealeoygswee%ove&f% | as R in theThfa%a.ascfé"@l ogous

to lLvrtem varcurrent Scr woul of' be call
| viBac. S&F cRFReRimen el §ocLaksraineg H’l'ﬁi%rvarlat\/%tﬂrﬁ§ett%@1@;§1 s the

-val ue oivlghgegun_snntanaan@t Odlé%cﬁ:H%lﬁedaelow ,2Gi0v taxl exav@dleatdorerabl e to
o ke LAb! BRACCYA PO Yy, el oSy B T W e U e
-anal ogous t oIf5ankvNaematdichalSlets cepdv,bathaaMBAC 23nd AMutehdse W | ed
o0 4ol Sk chin! M AL LIl 80T R U A compilisn,
coﬁﬁar|§éheks kida ;pcgg@p1@5mot found in the appropriate companion
file, the fields for that variation set are set to null. This
will be the case for Base Records that already existed before
the Variation Set was added.
Since the Variation Sets which apply to a Base Record may
25 change dynamically as the data in the Base Record changes, the
DBAC 24, 30 returns to the application not only the Base Record
and Variation Set data, but also the list of fields in the Base
Record and whatever Variation Sets applied. This allows the
application to determine which fields are present in the
30 Logical Record, and to present that information to the
.operator, as required. '
At run time, the DBAC 24, 30 looks in the Variation Set
Run Time map to see which Variation Sets apply. An example of
 this process is provided in Figures 16A and 16B, described
35. Dbelow. The Variation Set data is then written to the
appropriate companion files and the Base Record data is written
to the Base File. .
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between the CVS and the current CG elenent. If there is a 30 match, as
det er m n&¥0 982688%p 656, then, at step 658, a VG ( Var PETABAT/OGBup
List) elenent is added to the list of Vari ations which apply. If no
match is found at step 656, then a check is nmade, at step 660, to

determ ne Vm@thgbméh%?clértﬁon Setd N HIHE 15?24&%{3& tid Seotdepathe

current CGL elepent is 35 set to the next el enrent at step 662, and
pr ocessFREr BPUARBIEr applyt shessAhe raRPThries g Wik s We? PPAGNd at

step 6604, 30 kb&bv&@OQﬁéﬁ REL S Hate StLPLL6(bn Set data from the
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has tenREEPER P& me@owqq}a logic 10 for an exanple of each is descri bed |n

tuRgQ. cekNGH REAA 1 e4th bys | phéd | fbtEG8Engnd
val i dati ngﬁg%?afneters q’]2&875 120§1ﬁ: he RE'AE)&?hen Iﬂféerj efs ¢ égé ?Qt he

alias i BT urer 64970 18 ALINSTHALAA | s BHeRE RERIIDING BhH whet her
It he | olgp]gralbeﬁuh:e rsalrme dledrie vhd redt 16 hvmi.@sl {iot® ﬁ&&hnapprSathetep
ogi cal file al.r eady _qpen. o the a

conti nug§4 ot ﬁ%n% sé‘t ’XL s'the e‘{ﬁ'?satjr%a%%’f Zélénft}T%O%aRZfigREﬁ? t he

aI i as wensrkpgndidet from mEmETyett, step R, opEhsthéeVariat ino 8ptnBuand
st da e 1 QA r 1 t op ugceeded

gg 8‘3 hmBE&Brc%rﬁcelt nues: é%%ﬁfe% s]gg:%f&g‘gdt gg@l %%%%a???\g ?g?ﬁurgg
1228 I \Stﬁﬁ’e 6RPER LS s(qunzant dasiattiemeSet) nhﬁiygﬁt%?r%'ﬁe@h@r therecord

to readbfal‘s@mﬂé&r@frbl que datR {12 3Ghe th@Rrankeuh Stime bgaaagiaéedlﬁae&bn
anbi ent att%FIZSS i f thedr(l}ﬁg/ ner tlon sucgceeds 1240, .t he READ

conti nu& ‘Pi‘b‘f Wt LT 1R RLOREARPRY Y S
i ndi cat Thg sf disl lalrﬁllb%ﬂ:ﬁ:s td lvrtereaiér@ﬁrrérlﬂe Ri&St#Dosasabouad bat to

{neBanp e he ¢l dd Aypnac Ry, o (RFs SRARGLELY o BERER " TTOT
previ ouyyds, theiGWd ig HdreRFAD U eof rielaeschusent edatd taf bengheoker om
di sk against the Variation Table to know what Variations currently
- apply. Next, at step 652, the current CGL (Condition Group
List) is set to the first CGL element. The CGL is analogous to
25 lvrtem.var_table, described above, and would be called

lvdbac.var_table in this example. The CVS is compared against

this Table to know what Variations apply.
Referring to Figure 16B, a comparison is made at step 654
between the CVS and the current CGL element. If there is a
30 match, as determined at step 656, then, at step 658, a VGL
_(Variation Group List) element is added to the list of -
Variations which apply. If no match is found at step 656, then
a check is made, at step 660, to determine whether there are
any more CGL elements. If so, then the current CGL element is
35 set to the next CGL element at step 662, and processing returns
to step 654. If no more CGL elements were found at step 660,
then processing stops at step 664. )
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30 1245. |If the record exists 1250, the READ conti nues; otherw se it
sets a " ' ecord" indicator 1255 and continues. |If [ ead

fail ed f??o?gggéééts ot her than "no such record" 1260, t%%M@I%D
exits, indicating failure 1262. If the read did not fail, it continues.

A data variation run-time map is 35 checked 1265 and, if there exist data
vari at i f sBEsSKRPcR48 inaFaioyres 16Re mecdfatiEXA®@n tSedn Rum Riae atdpn dat a

i s readwhEORbund,t Beed 86 YRS atlibn?0 a%:léc%ﬂ%fe%t\i@f 'a%ﬂlQ}\%D T G §t then

t he
PCT/lsgeratséé File. Epahdsnevienss. tl°l°ft w&oqﬁ%%et |ﬁ1‘-’tﬂl€tator has
been se6t64. 1280, then the READ conti nues; however, if not, then the READ
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open yebnd3dRbodihehb? Bhiedbmac 24!S WP Hhs Wit REERACEANH] TSR the

| ogi cal f|Ie name in curr ént request t mat'ches t
Iog cal TPF| 8nngxample of Pé&&ylépéﬁs@ﬂflh?@ al &3r115. |f so, the EXTRACT

continues; FUNCULOR:W peapt henhEXRBAGT 18%d b EﬁéA%%T Hg';)g.'rll'ga:{lﬁggijll%éé ;Hnrgd | f
|

the 15 s.were_found, not the
opens an%ﬁ‘?@%ﬁ%n?h@aaﬁfnﬁt&rét ?@ﬁérylﬁ’ e gqueries (he open
succeedtehethée ENERACIasolti bDpes; yetthalz\MOS.e IItf Q)Het @lias 135'32:&>exi naixeaat i ng
failuregg gg a dto bwl% ri Y, f the
record to Fe 8??%%%%%:%% |§ AL e o L"‘fonat“t?e tlrg%y rated from
anbPentTegwastiBg BEAD mhtcheskéhe 1ogng:arierfaﬂteormamc<aém<i§8£ﬁbeﬂ fon
EXTRACTERONA1 08851245 L NerkY, tne RBARS Uokid n ks
-EXTRACT exjts, .indicating Fale %?? [n?ﬂe(éa{r %lttglr%li%}etseedm%&e was
found nB¥*td- hé’t}élcatlngoﬁghtlwe Balllad t FE shiemadyiageyegie theandeqatd and t o
o eiad i to@én et the anhnegpeﬂat @hé?’%%é-?t e bﬂ%n%xd Eb%ﬁCEeﬁd@Hhé?cHHﬂaﬂues
Unl ess L QUs exite en reads base reco
nf or et L B¥aRY Y, 5L kBeus 88, TR0 Fe b SPPBs FucqRed & Saggmac
codfi nuete BERRraeppbinteset sthetmwdssudit eeridsd” 1ndlcaltﬁdigca'iaimitr%5 and
continuespg ! f thecheagriii hgd o SQRs A ke L [EROT ¢
1360, thea ihe EXTRA 1E Etsfc%ﬁ 9.% p%Q.ld?R:@xl :T%%?' ?(ﬁlﬁ‘ eead
did notr?%?Fd e read from the amblent data 1230 then a key is
generated from ambient data 1235 and, if the key generation
Succeeds 1240, the READ continues. If the key generation did
25 not succeed, the READ exits, indicating failure 1242. If
earlier, the RTEM 10 was found not to have sought to build the
primary key of the record and to read it from the ambient data
1230, then the READ simply continues. Unless it previously
exited, the READ then reads base record information from disk
30 1245. 1If the record exists 1250, the READ continues; otherwise
"it sets a "no such record" indicator 1255 and continues. If
the read failed for reasons other than "no such record" 1260,
then the READ exits, indicating failure 1262. If the read did
not fail, i;.continues._ A data variation run-time map is
35" checked 1265 and, if there exist data variation sets which
apply to the record 1270, then the variation data is read from

the disk 1275. If no such data variation sets exist, then the
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continues. A data variation run-tine map i s checked 1365 and, - If there

exi st datWOA8/2634% on sets which apply to the record 1 3 Ermishe s he
variation data is read fromthe disk ‘1375. |If 35 no such data variation
sets exist, then the EXTRACT conti nues. If the "no such record"

I ndi cat REARSchHeeinsses . 1388, +haenph GT.cantinues; however, if
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WO 98/ 2 » then the READ continues; however, iBChotRY e 5he READ
appr opr ixeaihi amy yapprger 08t €ChihaBl-OBa)-gar kY (hieglogkrda rom
di sk 1385':'5_.el\lgle{%é£i§ <gro{ges% ﬁ goﬁgl et e,g@E%kI%ACT e(xi tgﬂq o f?ggr}j

i ndi catirig_ el tnher SUcTRSELSG, 1433 - subRePeLhig. Process is complgtieeRENE
Ibet \li%e? gi@(mf ) Vﬂoma_hcabmgndiahE&EADul cEe@Q¢|r t@ﬁ;i OR o %ub'hf‘ffretd&t B-EXT {?ﬁCT
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sane dataggg% d %ieA Fjé'a%ess]tqé‘ﬁ’ b§7nnﬁFF9ﬁP‘@m§B€F‘at F8fs sheprshdesaribeacthe.
To prevé’&o"e- corruption of the database, any data that is to be updated

gets EXTRASIEE dk-0C K b St f ta,l | ready, EXTRACTED 10
(Locked), Me,mf%%ﬁt'%%%uﬁs{?%igihﬁ gﬁg\ﬁlﬁ D¥ai t for the
data t o B AR R reatifat Heg npaproetessng305hi 3308.  Thed BXTRACT

at et ithgert hpidDIERAGT sQMe St nadal Na af iéroﬁeﬁe§8[ﬂd1 10. 232294 LS
di spl ayq_% toet heacg_ggerﬂé}or war ni ng, of this I'tuation. ‘Fhe 8p 465t can
then reqiestih EOFRAGE deerisaresthegutbe, lagicalsénde aaspednal
$ E?“'li Oct@@e cvendertto Fekfid s_t_td_CExTRACTdmatEHéE_ ; rEeb: 1 NERLEY %Eiflg%m\éﬂ)g\(
| i ializi validating paraneters )5, :
The VER%I::L%%%d}SLQ%rf eh t{(}%fgeral’ e ng%ﬁgr tﬁt ﬁPiaEg?sEEFBﬁC?eFOM}OPEISﬁ t he
20 ﬁ' | Fherwdmen, thee EXIRACT KXY tme13 B8, whrabeat ihg tlag'malef.fi lt¢ the Nane
i n1she gUREENL: i e £.4,0gi ca i.Le nane
al r eady opl)'en or(1er ﬁﬁ'ﬁéagm\lglagé{} @%mﬁg %E%#EQJI' 8peREYtESnFFLhGe§,nd
ot her wi SESNShANFEReRdsbhe data dieiomalryal2ngs reqharedr 232bf, the al i as
wer e fothe o pRRtRided h& t ' ngd, opens and
ey S e ong PSR | PPnbrufsd te BRATs

Pl T T M M e R
fai | ureprimarekey oRTEMelGrdcomskas teadUitent Hige PAMBRENE KaX 9 %ggglggcor d
oavcaiensn, A0 e WA Ml 080 B12AASS S8 LECLOER0
KEY con8FREEELILR Sheeefsydidat ithe BEXITRACT sconettives. IhephéhReyER FY
KEY exigenéféﬁiohﬂ@H@aHdHJé&ﬂdé&&? dden the EXTRACT exits, indicating
failure 1342. If earlier, the RTEM 10 was found not to have
sought to build the primary key of the record and to read it
25 from the ambient data 1330, then the EXTRACT simply continues.
Unless it previously exited, the EXTRACT then reads base record
information from disk 1345. TIf the record exists 1350, the
EXTRACT continues; otherwise it sets a "no such record"
indicator 1355 and continues. If the read failed for reasons
30 other than "no such record" 1360, then the EXTRACT exits,
.indicating failure 1362. If the read did not fail, it
continues. A data variation run-time map is checked 1365 and,
if there exist data variation sets which apply to the record
1370, then the variation data is read from the disk 1375. 1If
35 no such daFa variation sets exist, then the EXTRACT continues.
If the "no such record" indicator has been set 1380, then the
EXTRACT continues; however, if not, then the EXTRACT reads any
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earlier, the RTEM 10 was found not to have sought to build the primary
key of t and to read it fromthe anbient data, 3 VERI FY
KEY si rrpll%@o(g:%%?%%ues Unless it previously exited, %Ci@g/ﬁwﬁEY t hen
reads with this key fromthe dat abase 1445. |f the record exi sts 1450,
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e engLa unctli o 1545 1.ndi catin al | ur
FUNCTI O W%EL %ﬁ“‘?& e %W%ng%e% agpin phteq glzﬁ%“%‘g
val i dat Angepaagmeu@r disglRyetbd® thEhepfRtakdr wardingwtobrtiien queri es
whet her siéﬁaﬁﬁ.bﬁs | &‘ %:%tto]zﬁjc%n It:fheq Eec%xﬂa @ldr?saﬁ poef] cgdle WRITE

function guer I es nane I n current request
t oTAR TEXTRACT EﬁqHEStrrrét{héWéb aemsls @glsmc:fall ek aqcrd,eadqa@petrp ORTEMe
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-alias 1685. 25 If so, the WRITE function conti nues; otherw se, the WRI TE-

~function exi cating failure 1618. 1f the alias were ., found not
open yet, th%ﬁé&&—uﬁm e (ERLE KiopehfP0 beging B¥ads t he

data di taibhailyzitgasnde yaliehtife) padfandterpanos, 14903:cee1&e£ WERDFY t he
1¥ TE 1R RO RIS AR, ) S Wk 2 oo A | v
fréfh anBLeAs agt QP;GBBO the WER@E\me fowestiieon witetdrmt stlte) Xvgieall 68tle | f
the keynameJgfACERAR! @MrFénteednukiq0 cd RATRIFE RV Haddied 11l COSY{ B4ES;
file name already open on the alias 1415. If so, the VERIFY
KEY continues; otherwise, the VERIFY KEY exits 1418, indicating
failure. If the alias were found not open yet, the VERIFY KEY
25 opens the file and opens and reads the data dictionary 12 as
required 1420. If the open succeeded 1425, the VERIFY KEY
continues; otherwise it exits 1428, indicating failure. If the
RTEM 10 is asked to build the primary key of the record to read
from the ambient data 1430, then a key is generated from
30 ambient data 1435 and, if the key generation succeeds 1440, the
* VERIFY KEY continues. If the key generation did not succeed,
then the VERIFY KEY exits 1442, indicating failure. If
earlier, the RTEM 10 was found not to have sought to build the
primary key of the reéord and to read it from the ambient data,
35 then the VERIFY KEY simply continues. Unless it previously
exited, the VERIFY KEY then reads with this key from the
database 1445. If the record exists 1450, the VERIFY KEY
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otherwise, it exits, indicating failure 1642. |If, however, the 35 RTEM 10

di d not rewgusesifhat the primary key of the record be ed1iBo%/H R
anbi ent data, the WRI TE function continues. |f there is a non-null
primary key 1645, the WRI TE function
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exte:i gn5| %%é%ts hg'tsqaap :%1% %\ﬁnt-eg'ﬁ hfeézflelg%e(rad s\I/afs é]ée g\fléit‘?%]&? eﬁouﬁﬂt BPhat no
| onger &PFRyYEE90 thef CGGHVERATE WEVTRPpenettlon fibeovasdttpemnd 6824 vehdsw se

i t cont tAde gt aClkiddtiRthary 12 ¥ id&nlOcdy Hhexitia S
FUNCTI ON. %The REMOVE functlo{q‘lﬂoo beégi ns by gt%% é?%?tls‘é Frerisdand
a

val i dat FRG>p VERIFY7 dEY canfinuesy reispvise ¢S exiesi obndheatiugri es
mhetherfaﬁ&u&blaSZBS ofeia YIHENERAKR KﬁY then éﬁé&é&é@sa'ﬁeQPEFGmthe REMOVE

fuggtio e r.th ical file nane in current
regéestgpggéwé\g%uh‘%godn It the kg ?lFﬁet’r%l%‘é‘Fc?‘?‘li% ?‘nﬁ%ﬁ'aF'P@Edy
open onthke fahickdoh7exits 2%40,f mlddImrFQEl\ﬁﬂfcéwct|m cmttndem:her

ot her wi §gnqt he HBEMVE e | ndi n ilure.

the ali asn\/verghB gfeneréa ncét.!{]g%)a{e]ﬁ&y’e;%ﬁ$ %\m :EJ?I\LC% :g#gpens the
file andndicating,dadlmxe reads the dat a d| ctionary 12 as required 1720. |f
the open sucgomtedoi2Suriig; M/ 116 LG CH | 1665 neg s BYher vi se it

exbha aggbca_zggéfaggg:_;gggaﬁ | the REFM 10 ré%uest t hat the
primary I d g parAmeters L4 entb@i a Il?QOWREWE
REMOVE function sheanpuedtiesiolsrheiS3Sthe alias |is tdsekeyegensiati ons
ngfgeggﬂé7égﬁag g%PEFﬁﬁygdﬂﬂﬁ§ fihction quer{ééuﬁﬁﬁtﬁggeéﬂgse 't
oglcal flle name in the current request to WRITE function
matches the logical file name already open on the alias 1615.

25 If so, the WRITE function continues; otherwise, the WRITE
function exits, indicating failure 1618. If the alias were
found not open yet, the WRITE function opeﬁs the file and opens
and reads the data dictionary 12 as required 1620. If the open
succeeded 1625, the WRITE function continues; otherwise it

30 exits 1628, indicating failure. If the RTEM 10 requested that

" -the primary key of the record be built from ambient data 1630,
the WRITE function attempts to do so 1635. If the key
generation succeeds 1640, then the WRITE function continues;
otherwise, it exits, indicating failure 1642. If, however, the

35 RTEM 10 did not request that the primary key of the record be
built from ambient data, the WRITE function continues. If
there is a non-null primary key 1645, the WRITE function
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35 however, the RTEM 10 did not request that the primary key of t he
record bﬁ@g&é@ rom anbi ent data, the REMOVE function . PCT/Ié‘ggmgsgues.

Assum ng E function continues, it checks

66 WD 98/ 26349

PCT/ 1 B97/ 01659 whether it is renoving the currently extracted
record EPeRpiTNes; otheypusentity|gxids 7uHts | fl%@}cﬁﬁﬂé“ﬁﬂﬂél?%nct i on

‘conti NUAgsuding the WRITE GWBM& 1ot NeorEMMs [ UNEtdds extwaLts 1Hexbase
record da | f the extract succeeded 1755, then the RE E

a |, 1750. :
functi o &991(’?&?1 ifid&s 189G notens ki, 15 MR TR o PR ER TSRty
Assuni negxithe SO dofi torD e N ta THESS , 1655 | ety SR ITE ﬂmetj(.jon reco(rjd
data fromdi.sk 1760, rengves a propriate .ext.ensi gn t at a
from di $° S gy &f%@?o’p‘?i‘%ﬁe Sreerier the fReefd fobe sk
1770, amdtittten editeady’ @xidis 1660. FUNCTEIGN: rechibrexTdes CLOSE WRETEI on

1800, ' it ey 8 .
whet her SRS AR ke S £ odie AR P P AT g PRy dPLC gBBET B9
CLCSE f difctthen nenqrdeines nitolrist stthe WRERE afurelion contgnseset her wi se
it cont pRdRsnitR nM tv&klaréiﬁnééi&iit idwes ProVigeds by RIEMdp. For each

alias in the I'I'st obtained e previous step, CLOSE function cl oses

t hé-%as&XrESGiPns thah arxgnyly arrivse’ Bh§ RPpFeRELTRCeXEche?Bn sdE
physi calassignd iveies | arseqidnsy egi e1as 1678 or et i wpiedoUnYyhi s ali as
1825 and exi tsm, icr]\geiicat'neqlgu cess. 20 FUNCT t(:‘]\I: SHUT DOWN
After | RPPEORARS A5 ddtThg-L %%?%m r 3y gBBPTIBESRALE e SHUTDOMN
functi oext&sGiion deds ddtm to dEIOSHESWNct Tha WBDLE afnnceijorsaisot to cl ose
ALL ali e net L.on n S I dat a
dicti ong’r%?%sejsg%e Bf‘éoﬁ %&%@|480§%%6d1%§€a g#‘lggﬁbnglr:ycﬁ%ggrsrmt I on
1843 anwhefheaxitheresExe iextiensions sthaksapplied when FRRCrecNrd @&F KEY

~The CET eYaldted,| Bl Yht no 1diddRl 4368y Yabodates par apREeRRIFROS, 1908
and querjes |, whet her the alias is O en,get,lQlO. |f so, the GET KEY
“functi oﬁ%:‘i% TRRARS §hRm | LRY2 bpfé?%g?‘ﬁh ®nlEneoprEREALPE0C18RFABYi s a
~success iwliteXTRAK dfil exidingasdhen GET KEY ..retrieves a current key
1920. If not T rigve he next ke 25, L _the attenpt
to retrieve %Wuc&%kiﬂ%%%,gwgﬁl@#é§ é???‘?sl 45,

i n@Cat idmy tsiwddeming and ordleiddsing gpardmehersa3¥06petabBon Thet RENOYE as
vas not 3% i HIGHRSS qlle SIS AeriGET Y SXiks 194004992t hpdboatirpy

the alias is open, the REMOVE function queries whether the

logical file name in the current request to REMOVE function
matches the logical file name already open on the alias 1715.

25 If so, the REMOVE function continues; otherwise, the REMOVE
function exits 1718, indicating failure. If the alias were
found not open yet, the REMOVE function opens the file and
opens and reads the data dictiomary 12 as required 1720. If
the open succeeded 1725, the REMOVE function continues;

- 30 otherwise it exits, indicating failure 1728. If the RTEM 10

' ~ requested that the primary key of the record be built from
ambient data 1730, the REMOVE function attempts to do so 1735.
If the key generation succeeds 1740, then the REMOVE function
continues; otherwise, it exits 1742, indicating failure. If,

35 however, the RTEM 10 did not request that the primary key of
the record be built from ambient data, the REMOVE function
continues. Assuﬁing the REMOVE function continues, it checks
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failure. 67 WD 98/ 26349

PCT/ | B97/ ®¥d3i826349 FUNCTI ON: GET FI RST.KEY The GET Hdiabothése
function 1950, after initializing and validating paraneters 1955, 1958,
queries whether the alias is yet open 1960. If so, GET FIRST KEY

tri e, fisst. I h ' I 5 first d
1670, 1t R CRF Fipeke amShieg | b oBubRbhE i ea b 08a’ reckRe, ERbm MRS
exits 1PFBSHdikkahgl745. f alfuse, thet REMaVEaSumasibourdntdhues ; bafopen

t, GE R EY% o
Ot her 1] onere el ek T v B B L M-
NEXT KE$' %éET LWS \EXEW‘%@W%@@W 1755 dehenchhpy REMOVEe EGETLRORST

KEY ¥ unctompindus . difd Qiot N iheexits ke_’[n&ﬂé‘&tiﬁﬁyféﬁiﬂke %PE Wi th g<l|est i ng

advanta of the sReé}i ntiopn is its, abil

Legacy fé" %d%b%/ O pf‘i“&%’f:l-% %‘Bn%ﬁ‘ﬂ?ﬁvaréte%?@??"ﬁg BRBOP23EE t he

t eachi ng@ctdrd hiatpa eRamorh dlsklmlml Iﬁ@m@ﬁdsvﬂh?hzaﬁidﬁbpb@a&éﬁék@@n‘s&oﬁr dﬂ
s specifically

torun | %ﬁeél ﬂ?%ngr% %clargg es N4 opri L

devel ope u3| ng G prese FRY oRBRFOPE1355pBLPBgacy

sof t war € Mea@iata im@mledlm tandetheneszibkelyusthe DBAC 24, 30.

To 1igmpl enment al o] S r L

hybrolrrg Iegac&@gﬂm(}aﬁre cLo nﬂ% éﬂé?éva’?‘ghé\ng?ﬁﬁ %{??é fﬁ/ﬁﬁel s and

Met hods i@ddadiipiag an@m‘f&ﬂ-mrm)pavaamedarab%%actsgsesqaerlelsanged to

i nks tahetheRBAGLATHHP 10 %@c@&@éé&ncfas "ge! 811081 268d<0Y 038! S 0 25
atio

"pre-wite e- nt valj based updn preconpi
for Di cfP Ongk’? g&%ﬁ rungtion FehEiewary gdobaiing of 0P§naaﬁ-P-B§er55
acconpl ishé&d oyhersiingd el DBAGPued PEPESHitl 801ist 8! hstagbsfiles

| | t t t and out put
oI v EFBYR By kP g S eadh aias TS B oL i8R, ePERInER 48 [he
Dat a Di &bpoPZeyipms stidpe CLOSR afjymctniom nmlm@eas(the babel eacbhat are
d Da
D ot onboyedgat’ (f'llle, i eésélcél{fh Rfféﬁf 0£c Cefefil ﬁlﬁgdﬁggsa‘ﬁ%iacter

D|ct|onar 12. arla are ren
i dent i f FeaBFonS1E8EH Al Rl SHte |Uhfé@19matzlorﬁ oabewtnphis 85ia821BRE

| dent i fbad! enite 1Bafos! QoA M %ifoddsd. progrant line) and how
(628 evalu%bﬁ%Tﬂ&Rfﬂ?ﬂnﬁﬁBSkV lJ€after initializing and validating
parameters 1855, 1858, the SHUTDOWN function 1850 invokes the
CLOSE function 1800 and requests it to close ALL aliases 1860.
The SHUTDOWN function then closes all open data dictionaries
1865 and clears all cached data dictionary information 1870 and
25 exits 1875, indicating success.

FUNCTION: GET KEY The GET KEY function 1900
initializes, validates parameters 1905, 1908 and queries
whether the alias is open yet 1910. If so, the GET KEY
function queries whether the last operation on the present

30 alias is a successful EXTRACT 1915. 1If so, then GET KEY
.retrieves a current key 1820. If not, then GET KEY retrieves
the next key 1925. If the attempt to retrieve the next key
succeeds 1930, then GET KEY exits 1935, indicating success;
otherwise, or if the last operation on this alias was not a

35. successful extract, GET KEY exits 1940, 1942, indicating
- failure.
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concat enated, transferred, dinmed, input, updated). During the

68 98/ 26349

101
PCT7IBQ7F61%E§£Q | egacy conversion process, only errgvn%%?zgé??on
changes are permtted to be nade to the | egacy software; no. neM/Iogic

S permtted to be added. A Lega%% Engi ne (Library)
created to fHUNCTEON: CBEB.FIRST KEE| cTh¢ ER RRL 1KEY" QHEFPPoﬁgﬁo

CbJeC;EHEthNiﬂh@ﬂé&lZlnﬁrQﬁaedaﬂﬂdéﬂﬂnéhﬁakéﬂéﬁéks0m955Q”lelQCy sof t war e
to software

roach enmented by E may be

coupl e@HFIHR YR gﬁ CBB% 2 1%?eé?ey yBPFB FQBQCy g%oﬁPaHEEE ykﬁg?h
couplir&EYsreﬁtBeved theoﬂghsthkeysmsés "@feshe Asttfevdisofi bbeé above,
Gﬁt S cy | n tements in the

e B R Bt 1590 R obR B RE T ke BEE R 15 B hver oi on
processlndaaaﬁnm@asunoess, otherwise fhbyepdtadd@80t oindgasypivgde, in
accordaace Wih a e esen t t he
code that 1 mou % F%%o?ggg%gﬁg% Eauhnug?Ebgslﬁsoéégﬂ gggnsgp?rgg§g&gate
that WKBY epgbre bP8%i shBdécaténgnéailvgee. The new logic is itself

enbodl ed in é@@efél apeher ﬁ@hbeﬂensAnseéemheaqtryaem preNtbuicoraly, Gate to
|c f Ete $¥§ use with 10: nnn DPCU- 123456; Perform
t

%¥'a%FTvEE%$tE§Y GET LAST KF¥ AERPOEARRERS2TFYTHEN

Perforr&déﬁﬁfﬁiﬁﬂyct the GET FIRB® gEkl fuactfehn,| bat dfiffet e galecs” will
build | S ates (or "gate- controlled" logic) that is valid
for thgk‘le éhurr%ﬂ%y SFgr{lhr s evaluation will include all public as well
25 as test Qﬁ@e@dsanhagethfstheepresenEgnswenedonoisséts Abdd iftlye to

| ogi c W@?ﬁ i o) e progy » Lhe sinply
made pu ! ﬁﬁ%hc%x%éggﬁg Béﬁgkg Epagatlon%5§%g1 i3 a§§h385§1%n The
fo$%gor$@F%&Eﬁ%a@ﬁ1§§¥ﬁ9tEréﬁrgﬁpn§h§n§ﬁﬁ§hénﬁﬁd°§0the'Peﬁéﬁﬂt of

hybri d- i@@é@ﬂléﬂféﬂ@rﬁhlcﬁoﬁugﬁaﬂﬁ|Qdaﬂt%h &hrerder WPRQACHD te ol | owi ng

“Toal {1 CHBYHOASE eV BEPHRCRL: ROREBpiSe £BS NPRERenPPecitioally i/ xes;

-35 devélopedansﬁhgethhspregehtshavemM1ba created Year
2000 date C0ﬂ¥e5§589 HByaBSpéci8HB &sgggtware, the code Téﬂaéﬂvéfiégﬂ'be

nodi fi ed;
20 to be accessible to the DBAC 24, 30. To implement an initial

conversion from legacy software to hybrid-legacy software
(legacy software with calls to Models and Methods compatible
with RTEM 10), all database accesses are changed to links to
DBAC 24, 30. Validation checking is replaced by calls to

25 "pre-write file-element validation" based upon precompiled data

banks for Dictionary Segments of Data Dictionary 12. Writing
to a file is accomplished by a single DBAC 24, 30 access using
a list of files compiled by validity test routines. All
presentation input and output is converted to use the UIO 26.
30 The code is also converted to use the Data Dictionary 12. File
usage information (i.e., files that are written, read from,
extracted or deleted) is placed in the Data Dictionary 12.
Variables in the legacy code are renamed to character
identifications used in the Data Dictionary 12, for example, -
35 32-bit identifications. References to where (e.g.,
program/line) and how (e.g., evaluated, printed (maskvalue),
concatenated, transferred, dimmed, input, updated). During the
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PCT/ | BO7 Al 6555340 * ol d Masks may be repl aced; pcTaBo7m1659 *
potential overprints (e.g., on nodified reports) may be
addr essed. In addition, the foll ow ng Hybrid-Legacy nodifications

can 5 _be nade; . 1. I nput. fields_and the#r assgciated | ogi ¢ can
be added®IaCY conversion Rrocessy PBHEtaEFPBICRTTREFLPHr GHgRIER20Se of
Gates permitted to e npdettertmeadbsgacy softwar@; noneewf legds dmy be
added t |t | 15, Regords: 10 a. using the Elastic

Dat abas%e?ﬁ&;ttl%#?t@ (bgeescrl &ei'd in _connection wWith the
function of thdegRAy Bngine (Library) is cregdped to file Logic Opjects
fields ia0StNEHd Briecs 95 vpyaRe: £ eoRYedobjects, » which for
exanpl e, f?éTds}?hat are obsol ete §%ou?d gﬁ 15 Jects, T Wale arglefaulted
to a valdFeahed R the mnghegieptfrom legacy software ggpfpégware

iElmTefI! aTcQDJan%patﬁlitbb lre?ltvfmfbh ae_éxtl@ dpphebaéh PBmplemented b RTEMdlol,'Sh_a bee

astic e capabi]ity; . new fil eads, wites "

oxt ract SOUED i 1egddy code tocrherbAc  HUYTRE-LaHERY BrORLRIS g
testi ng,Thehamipliyy is effected colntibhighnehei ugecefi H@Gatase"usag (a new
filegis . def j.ne S a bj ) o..an acy
I 061 c m%? & lcpu%d Oalﬁc?ve? ’n%%‘?%%t%ﬁe oF fﬁé\lﬁés%gg& thé gegacy codgngnb'gg.h hed
past usibefwesmestatenintonin eshé ngode, as describefiogbove23n The

f or egoi et s a0 th | et h syat d

Struat urRfa A AT %Sﬁ??%%%%ng&*’ggzﬁ#o%%sﬁﬁsmt S e
princi phey dogife R destadded | tgechegady Aadeti dRapcaopéanse wasbu@ds and

ad;/ant agedbcindir of tHYeptéSEntM 1hvERt #BRA 8RAnEAst Besehekidoded thad he
art_.
1

5 would involve new logic must be invoked by inserting a Gate
that will enable or disable such new logic. The new logic is
itself embodied in Models and/or Methods. An exampie of a
conditional Gate to logic formatted for use with RTEM 10:

nnnnn DPCU-123456; Perform

20 "Get_list of active_Gates";

IF ACTIVE GATES > 0 THEN Perform "Gate Control"
The call to "Get_list_of_active_gates" will build a list
of all gates (or "gate-controlled" logic) that is valid for the
. current user; this evaluation will include all public as well

25 as test objects that this user is registered to use. When the

logic modification is acceptable for production, the object is

simply made public; no changes to the applications are

required.
The foregoing approach permits on-going analysis and
30 "repair" of hybrid-legacy software. For example, with this
. approach, the following changes may be made to hybrid legacy
software: |
° modifications to the Data Dictionary 12 to implement
~ fixes;
35 L4 ,variable Masking Lists can be created;
L Year 2000 date conversion may be accomplished;
® time units may be modified;
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70 WD 98/ 26349 - PCT/ 1 B97/ 01659 .Vhat is
claimed igio 1. A conputer-inplenmented system faor runnin
appllcatlongkgo?%mare the system having a processor, a neﬁﬁ?¥um7°“ﬁ -and
a storage nedium the systemconprising: 1 a plurality of Mbdels
stored in the storage nedium the Model s each contai ning data

i ncl udi ng ref®rencesdtYaghe @ﬁanﬁereplacedCbJects and 7 a Run
Time Events Mnageposgapiad bobrbeadtas (142, MTBA° age
medi um a sel ected one 8 8 ur?a |ty (F bo k%&grfg'earfg;g@ﬂq §rtaLata
of the selected M8 Qﬁﬁsﬁﬁ M reference to an bject is read,

i nvoki ng and Emesdditgohhethe folibwgﬁé HYb%ld Legacy m%dlfigﬂilons can
conpyt erg éqaé&%ented system of claiml, the Model s are part
of a set of nbdéls created according to a 3 registration process and
the Run Tine Eventinpbnafieldanandceheis asso@ﬁhteﬂhﬁoy&@eb&ntbﬂidaaé@.been
regi stered accordi i e S Lon, proce .
The conputer inple %g%tgﬁéé °fe%$g?ui§§?n%§%h eI sthe uﬁﬁd& QQ9§S
registered only i fO¥hay ethevtmeansain references to 3 met hods t hat

oo EOaimice dev oe paedgp, HyfRARbeLy SR

firsY type of Modet- thd?s¥%$n§h§ E%?&HFQHPa§ﬁbaﬂe capabilitly. (descsatmﬂu

type of Mdel that is aiyagbaibc€ioh"@ibn the functi Bﬁr 95@5&‘&" 1
5. The conputer-lnple §£6d system of claim 4, u?ﬁ n edte arlant

Mbdel s have one or nore Eoci ated conditions that nust
b. fields in existing file records may be removed;

for example, fields that are obsolete should be

15 defaulted to a value by the DBAC 24, 30, and not
removed immediately but rather at a later time
using the Elastic Database capability;

a

3. new file reads, writes, extracts, and other
. operations may be added, even during testing, wherein
20 conditional invocations are used (a new file is

defined as a new object); and

4. Legacy logic may be cut out, invalidated or bypassed
and branched past using normal condition testing
logic.

25 The foregoing sets forth an embodiment of the method,
system, and data structures for software application
development that illustrates the principles of the present
invention. Additional aspects, features and advantages of the
invention will be apparent to those skilled in the art.
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3 be satlsfled for the be processed by the Run 4
Ti me Eveg‘;&9 m ma @' ut er - i npl enepéEasTNsdsom of

claimb5, In |ch 2 the nager is further adapted for:

71 WO 98/26349 PCT/I897/01659 3 a.
checklgga when 3 Rar .am Model has been invoked, the 4
presen 5t *§ G4 del for that paradigm Model; 5 b. i f a

lvari ant Modal. i sApresgntter-cimplanant edatydbeiel fo Ffunning C. checki ng

LA eSO i e AE DY e oraerd B b

5|Vbde| apd a storage megidum, thecastieny eoRPIASiRGt Moddel . 7.

tThe conput e HTRhATBRELGSWRIRM OfsicdAdn £ ttttev@taﬁage medthﬁ Repe Ti me
Events_Manager is adapted for repeagaag sfeps b-d until no further

Nar i antoNBd& §288s SORRIRIAG Haba gk 129 rEf%B%I%FeSah‘a PRE QR BRTE
-varlanobya@@gg kg associ at ed condltlons 5 exi st. 1 8. The

conmput er - ed s of claiml n Tine Events
e T BIRnie, E h Lad Dl £ 1 onas ol MEnfl ey
after ﬁtome&hengummdgdlmeﬂmumraEséléhﬁed ode of the pluralftRuofTi me

Fetivi PRETAGC rePl B ihe, Y PR e breq miGeE e MbgRIGE S ™

kxt er nzefesenice tomput bient 4s reabmmimvelkieg andtégecenpugerhehr ough

iext er nghsiput and output, 5 the conputer including a storage nediumin
which is stored a6 set of Models accessible to the Run Tine Events
Manager, 7 conprising: 8 - means for |oading a Model froma

dibrary of khdel $hed computer-iEndedeipstini 68 vhaiker, aihogdednMde

|s
the Models are part of a set of models created according to a

3 registration process and the Run Time Events Manager can access
1 only the Models that have been registered according to the

5 registration process.

L 3. The computer implemented system of claim 2, in which
2 Models are registered only if they do not contain references to
3 methods that can invoke other methods.

L 4. The computer-implemented system of claim 1, in which
2 the Models comprise:

3 a. a first type of Model that forms a Paradigm; and

- b. a second type of Mcodel that is a Variant of the

5 Paradigm model.

L 5. The computer-implemented system of claim 4, in which
2 Variant Models have one or more associated conditions that must
3 be satisfied for the Variant Model to be processed by the Run

1 Time Events Manager.

1 : 6. The computer-implemented system of claim 5, in which
2° the Run Time Events Manager is further adapted for:
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10 appropriately invoked'gl t he conputer and the 11
Run Ti nme_Events Manager; and L ” " "F’Fﬁi m I nvoki n the ‘E%
det er ni n¥® BF 13 appropri a Y ate of the &Tﬂﬁﬂ? and t he
Run Tine 14 Events Manager. - The Run Tinme Events
Manager of claim9, wherein the 2 means for executing the Model
3ncludes a reeans ¢heckitectvingn a paradigm Model has been invoked, the 72

A0 98/ 26349 Jresence F&d! é@ﬂ»@&ﬁé%odél foraeﬂagegaeagigﬂ kBaext er nal

events prior to ectuating a given 4
31. A nethdd forlﬁeWéV%§4%@tc%@%@%e%saﬁﬁﬁﬁéﬁFroﬁe§6#FVhP3 phat Maﬁﬁﬂpzung
€& Run Tinme Events Manager, conprising the steps of: 3 a.
creating a plurality of Mdels, each |nclgd|n

Bf the fol | i ng:Clecking whether the cpn 1tégP§f Lpenthe; seLriBYer:
g!: a reference'WarﬁﬁﬁﬁOM§deY exist; and iii. data; and 8

1. input or out I nstru ons; e t|n h els to
nsure that %o f dﬁh?e?%?$é Logs gor the retr%8v8§ g&# ggﬁbﬁnvoke
.anot her Method; aexlistl, processing thegVarganthgMbllelModels to pernmit access

Ieast one

by the Run .2 ' Tire Events Manager. 1 12. The
nmet hod for devel opi ng conputer application 2 sof tware of claim1,
hherein the %{epéT%?eC9@P$b$ﬁE§mE£emﬁﬁh¢ﬁgSSStem afRghaimmé, EdenWEiklinager

2N asSGUAMP Mhd BvestshalRgelSis adapted for %épeaﬁlﬁ%f beape Magel for
use I n coqghter application, 2 softmare and enbodred in

orrput Rt RO B Teetnyaniant MedpipspAgociated with g Beaéfilgm
adenti fmwél Pramd®desor Swhich vVariangl Mbakilbytbt nekeceaeed conddthwase

£ ect s, Al

1 8. The computer-implemented system of claim 1, in which

N

the Run Time Events Manager is adapted for processing actions

-3 external to the Models after processing each Object in a Model.
1 9. A Run Time Events Manager for execution by a computer
2 to carry out processing activities associated with instructions
3 and responses to events external to the computer and
4 communicated to the computer through external input and output,
5 the computer including a storage medium in which is stored a
6 set of Models accessible to the Run Time Events Manager,

7 comprising:
8 means for loading a Model from a library of Models;
9 means for determining whether a loaded Model is

LO appropriately invoked given the state of the computer and the
i1 Run Time Events Manager; and
L2 means for invoking the Model if determined to be-

L3 appropriate given the state of the computer and the Run Time
L4 Events Manager.

1 10. The Run Time Events Manager of claim 9, wherein the

means for executing the Model includes a means for detecting
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6 sof tma re claim13, in which
the 2 wdggheg‘gnces to softwﬂmu} & ﬁgll!: |“jdes a Parentp@;mwMamd an 3
bj ect selected fromthe grou re-Process and 4

Post - Process bj ects. . The software Mddel of claim13,

erein the Mdel Var f a, Par avi set
%h r ef eﬁré%c%%s%ondlﬁgotgo?%‘ﬁﬁi“ga egglf\{ggaﬁg e ts?ofa?%/g%é: u%%qu& S r%nfqgerr?‘ed
40 in tdkerent o¥/aniMadebbdel dlffer fromthe Objects referred-to inthe 5
Par adi gm Model . 73 WO
98/ 26349 PCT/ 1 B97/ 01659 1 The
3of t ware Modk}- ofAc‘F‘%FhfP‘iSfoﬁh@?é’?ﬂroPPrﬁgMS@@PuﬁﬁF zppllqgéa%cﬁ&ﬁfw% Run

Zi me Evewi Bi 2@ 08" REA| Yilb Qvéﬁtsoiwa%ager C@@ﬂipwlga@gart@lesestaeﬁs k. 1
17. A nethod for creating a Libr b for use by

3 Run Tine B¥ent sCHERGYRT, acBFﬁ:}FPgFﬁg e c ncq.u%lnga

anvoki ng an Obj eclehssednencs unequelndﬁﬂkxﬁler f0r the Model; 6

? scanni ng the contents of t n;ec% foryhgﬁlpresence 7 of contents
hat are restricted; ahd 8 2 Sremge il y 4n Obj ect contains no

festricted contents, 9ii. aegefbeenng ttloe Malheds ;as part of the library.

18. The neﬁggd agtglahgh;7 wherein the restricted 2
contents incl udes a referénce I'h an Object to an object that 3 has not
Been regi stered. iii. inpug. orTieutpatthddsHrusItdionsy7, wherein the

gontents to ge 2 testﬁ.ﬁét Ehe! fdaens %@ee%éiﬁfeert?!&eﬂd)%m%ﬁ&ﬁd that

cont ai ns
.0 to by a Model can invoke another Method; and

.1 c. registering the Models to permit access by the Run

.2 Time Events Manager.

1 12. The method for developing computer application

2 software of claim 1, wherein the steps are performed by running
3 a Run Time Events Manager in association with a set of Models.

13. A software Model for use in computer application
software and embodied in a computer-readable medium,
comprising:

a Model identification code;

a plurality of references to software Objects; and

data.

o U W

14. The software Model of claim 13, in which the
references to software objects includes a Parent Object and an
Object selected from the group consisting of Pre-Process and
.Post-Process Objects..

B W R

15. The software Model of claim 13, wherein the Model is
a Variant Model of a Paradigm Model having a set of references
to software Objects and the software Cbjects referred to in the
Variant Model differ from the Objects referred to in the
Paradigm Model.
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3 a reference to another Method Ohject. 1 200 A

conput er -§ t ed dat abase system the system 2 havi essor
a nmenory, ang a storage nedium the sy t]ﬂl“ﬁMl“'lﬂmmr]“Fl nd{&ﬁﬁ&%
Base File stored in the storage nmedium cont ai ni ng a
plurality of base records, each Base Record havihg & * one or nore

fieI ds; 7 ‘at least one Variation Set stored in the storage nedi um
Corresg_cmdl Mth el %dﬂ’lﬁv%%&déﬁ ofNéh Pim 15, whef@:@nsﬁ’ﬁé HRE PIRayIE

i mpl enent__a Vari.ation Set run I me adapted for determnlng
Va?. ch V. &%‘eiéetbifaﬁpﬁ% Tie Events, %aaﬁl%s’%vgralnsafs% ReBBF L 1

The:cnrmnnﬂcﬁ:rs ian ey et stit abase system of claim 20, 2 i n which
the Vari ation Set has one or nore associ ated
74 conditions that nust. be satisfied for the Variation Set to

dpply to a park. ClA arethczis ﬂ%ancczcbating a llbrary2t2f Gbpects reglstered

\%?P;: :a(r)r?rrsrg ru -t| rre nap I nc eé&es a %(‘)%%g)%i prlsn.n% %ﬁ[’%wﬁéﬁl

Gndition Géup Liigwvokimg aan/aﬁhmd!ibrb{smlpomsmnlque identlflerZBorA
rgat hod f@fe #RAALI Ng a dat abase system conpri sing 2 the steps of: 3

| oadi ng a Base Record having one or nore fields from4 a Base
M e: 5 . [FCantgig IGhR) GONERRES | of the Okieet nEormbhe cPresenge
presencefofcomt‘éamsatﬁrﬁt Sete GREdtESONE Ndard® the Base File; and 7
| f Vari ation_set . retrieving data from 8 the Variation

t " ava Ica.t Oonﬁy if & Sb_')edt: contains ‘no restrfcted contents,

9 registering the Object as part of the library.

1 18. The method of claim 17, wherein the restricted

2 contents includes a reference in an Object to an object that

3 has not been registered.

1 _ 19. The method of claim 17, wherein the contents to be
2 restricted include a reference to a Method Object that contains
3 a reference to another Method Object.

20. A computer-implemented database system, the system
having a processor, a memory, and a storage medium, the system
comprising: _

a Base File stored in the storage medium, the Base File
containing a plurality of base records, each Base Record having
one or more fields;

at least one Variation Set stored in the storage medium
corresponding to the Base File; and

the system programmed to implement a Variation Set run-
time map adapted for determining which Variation Set applies to
a particular Base Record.

P o 0o g U WP

21. The computer-implemented database system of claim 20,
in which the Variation Set has one or more associated
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L 24. The neth a dat abase system of claim

23, wher QidogifsgseSt ep of EB lemg Iﬁ‘m from_t he Vari ati onpSEiBe7R1659
further conprises the s checki ng whet her condi-tions for
the Variation Set exist; and 6 if the conditions for the
retrleved Vhrlat|8§ﬁ§et exi q§ data from

' he Var Pt bHORE CRAECHMSS 5 Shretied Fimanseraan et

£75 apply to a particular Base Record.

. 22. The computer-implemented database system of claim 21,

Vo

in which the Variation Set run-time map includes a Condition
} Field List, a Condition Group List, and a Variation Group List.

- 23. A wmethod for operating a database system comprising
the steps of:

(X

3 a. loading a Base Record having one or more fields from
b a Base File;

3 b. checking a Variation Set run-time map for the

3 presence of a Variation Set corresponding to the Base File; and
7 c. if a Variation set is present, retrieving data from

3 the Variation Set.

L. 24. The method for operating a database system of claim

[S¥]

23, wherein the step of retrieving data from the Variation Set
further comprises the steps of:

e e

checking whether conditions for the Variation Set exist;
and

e

if the conditions for the retrieved Variation Set exist

v

and are met, retrieving the data from the Variation Set which
applies to the base record.
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