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1. Field of the Inventjon:

The present invention is generally related to
an automated program and documentation generating system
and, in particular, to a multi-stage, rule based system

10 for managing the concurrent development of a program and
documentation specifications that are then processed
into program code and directly corresponding user
documentation.

2. Description of the Related Art:

15 Automatic program generation, referred to
variously as the product of program synthesizers,
application generators and self generating systems, are
particularly desirable as the complexity of application
programs increase concurrent with an ever growing desire

20 for different and distinct functionality at all levels
of an application’s operation. The ability to design,
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mai ntai n and docunment an application with broad and highly configurable
functionality di mnishes as the comprehensi veness of the application

i ncreases. Furthernore, training and docunentation nust deal with 5
the mani fold options that such applications include. In order to
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dat abase managenent . syst eng.. These st ens rmt reasonably 15
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forms and dat bﬁF?J%‘B %ro r 8p6ipenting  dedicated applicati
10 programs, a variety of program generators have been
proposged. Perhaps the most common form of program
generators are the form and report generator shells
commonly used with or provided as part of database
management systems. These systems permit reasonably
is5 complete screen and report layout definition through the
identification of field locations, data types and
formatting, and relations to data stored in an
underlying, predefined database management system. An
operative program is generated that allows user data
20 exchange through forms and data output through reports
based on a defined correspondence between form, report
and database fields. The concept of a data dictionary
has been introduced to, in part, support internal
documentation of the relatiomal correspondence between
25 the defined database fields and the form and report
fields. Such systems typically provide 1little
additional support of application design, little if any
support of functional logic to process data transported
to or from the database, and essentially no automatic
30 documentation of the programs generated.
In order to support a greater degree of internal
functional capabilities, program synthesizers based on
libraries of pre-established program parts have been
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capabi lities oprototype is processed through macro substitution to

10 merge the interface to the part prototype with,
presumably, a previously processed part prototype and,
further, to unify the wvariable names utilized by the
part prototype with those of the previously processed
part prototype.

15 In functional terms, however, the capabilities of
each part prototype is essentially fixed upon initial
egtablishment within the part prototype library. The
patent does not describe how part prototypes are
selected based on function as opposed to available

20 interface definitionms. In the absence of such
selectability, the functionality of the wvarious part
prototypes must be narrowly defined as against the
particular function of the overall program to be
generated to insure that the inherently realized logic

25 of the program follows from the definition of the part
prototype interfaces.

Another program synthesizing system is described in
U.S. Patent Number 5,315,710. This system again
operates from a library termed by the patent as a

30 program components data base. The system provides for
an increased degree of freedom in interfacing program
components for the automatic generation of mediating
program parts that are tailored to specifically couple
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transformations for each of the variables through wh:.ch
10 data is passed between program components, a mediating
program is assembled. The two interfaces of such a
mediating program are inherently defined by the
interfaces of the program components to be 3joined.
Thus, the program components and mediating program can
15 Dbe assembled into a larger functional unit as part of or
to complete a larger application program. However, the
generated mediating program is inherently limited in its
ability to alter the operationmal function of the program
components. Consequently, the available selection of
20 program components must be well predefined and highly
consistent with the ultimately intended functionality of

the application program generated.
An automatic program synthesizer system of greater
functionality is described in U.S. Patent Number
25 5,038,296. In this system, a system specification and
set of program synthesis rules functionally define a
target program through the description of operations to
be performed on data represented by variables. The
system specification and program synthesis rules
30 identify these variables through functional definitions.
The program synthesizer processes these definitions to
resolve functionally described variables to specific
variable names. Existing variables are identified by
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10 to obtain the variable value that is to be functionally
stored by the newly created variable. That is, the
function of the program generating means is to couple
specific operations to essentially singular variables.
Consequently, the functional outline of the target
15 program provided by the system specification with
functional sub-steps being defined by program synthesis
rules can reasonably define a complete target program.
The program synthesizer described in U.S. Patent
Number 5,038,296, however, appears to inherently require
20 a very closge concordance between the system
specification and the pre-existing program synthesis
rules in order to generate a target program. The
disclosed system provides no identifiable method or
mechanism for creating or maintaining such a concordance
25 or insuring valid use during the operation of the
program synthesizer. Furthermore, the disclosed system
fails to identify any mechanism for supporting the
development of the system specification and certainly
fails to disclose any mechanism for generating
30 documentation appropriate for the target program
specifically produced.
In order to increase the available performance of
program generators, various forms of expert systems have
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-6- predefined rules, limits the perceived complexity of the
10 operative system to the particular d4data input and
requests made of the expert system. As such, these
expert systems present an environment within which an
application appears to have been constructed.
Compilable or interpretable application program code is
15 not generated. Consequently, such environments are
difficult to design and maintain and make 1little
provision for the production of documentation that is
specific to a particular working application program.
Expert systems have also been utilized as
20 components in more conventional program generators.
However, in most instances, the expert systems are
functionally limited to more completely or expansively
enabling the selection of program part prototypes for
use in the construction of the application program or
25 inferring suitable mediation transformations necessary
to interface program components. As a result, the prior
art utilization of expert systems in program generator
gystems has not previously enabled the development of a
comprehensive application program generator.
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-7- 10  program, data and field definitioms from a plurality of
input event elements. A seguence generator, coupled to
the guided editor, autonomously processes the program,
data and field definitions into a plurality of
functionally descriptive atomic sequences, each
15 describing a unique characteristic such that a plurality
of frames, each including zero or more functionally
descriptive atomic sequence from each of the
functionally descriptive sequences, respectfully
describes the plurality of input event elements. A rule
20 processor, including a program rule base conditionally
describing the structure and operation of a
predetermined application program, autonomously
bProcesses the program rule base in concert with the
plurality of functionally descriptive atomic sequences
25 proceeding generally sequentially over the plurality of
frames conditionally unifying the plurality of
functionally descriptive atomic sequences with the
structure and operation of the predetermined application
program. A syntax processor, including a syntax rule
30 Dbase defining the syntax of a predetermined programming
language, then autonomously unifies the plurality of
functionally descriptive atomic sequences with the
syntax of said predetermined programming language to
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Summary of the Invention Thus, a general purpose of the present

I nvention is to provide for the conprehensive design, generatian

mai nt enance and docunent ati on of i ndependent, 5 functionally
targeted application prograns. This is achieved in the present

I nventi onwyymsss2 programmed system that provides for paOpUSAsnGsdti c
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gui ded, image editor for establishing 10 program data and field
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generator, coupled to t he gui ded editor, autononously processes the
program data and field definitiong-.into a plurality of
functionally descriptive atom c sequences, each 15 describing a
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utilizing the contents of the sequences to automatically
generate an application program substantially defined by
the input event elements and consistent with the program
15 rules.
Another advantage of the present invention is that
the syntax generator provides for the autonomous
generation of compilable or interpretable code fully
consistent with the definition of a predetermined
20 progranming language.
A further advantage of the present invention is
that the guided image editor provides for objectifying
a series or grouping of one or more input event
elements. The resulting objects can be cut, copied and
25 stored away for future use. Since an image, rather than
a mere reference is captured by the object, complete
inheritance characteristics are not provided. Rather,
internal references are maintained within the image and
used subject to consistency rules upon pasting of the
30 object into another cbject or larger image. Thus, reuse
coupled with the capability for independent modification
is provided.



- 8- provi de a coded representation of the structure and operation

I ned—appl-ecat+or—program——eohistSst ent - with—the—synt ax of
t he predeterm ned programm ng | anguage. 5 An advant age of the
present invention is that a set of sequences describing input event

el ements i by the guided image editor. Proyé-figshehbiy t he
I nput evgﬁ{sgfe‘ll enents reasonably correspond to the anticipated

function of the predeterm ned application program the 10 rule generator
provi des for autononously unifying the sequences wWith the programrul es
by conditionally utilizing the contents of the sequences to
automatically generate an application program substantially defined by
the i nput event el enents and consistent®with the program 15 rul es.

Anot her advantage of the present invention is that t he syntax generator

provides for the awé@rmswer advaaRabat benchl gem@birﬁrée{wo% gpretabl e
code fully con3|%ten tgthe définition of gvgfleg rmned 20
he

progranmm ng | guided  IMAgE)cedi%OL 1 BF BFes i nventi on
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series or OrOYRENGnBhe OBGeRt SRdferdl) ‘{:‘iﬂha 1y S&Bfiehe Wty esul ling
obj ects can be CUtﬁ 1np'85 and 25 store \B/? ture _use. Since an

i mage, rathher thRd mePREReA oD | hyed I8P 3bPBc®, conpl ete
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ref erences ar thﬁ’ﬁ

consi st ency rgPes upon pag |n of t gg& gﬂgét |nto§ékcn Ject or

| arger inmmge. ®VeRYs desdfed s ﬁﬁﬁﬁm(ﬁqu??l??ﬁﬁ%%ﬂﬁ Pef5p Bndependent
nodi fi cation genera;oprdM(kwhcert with the help text to provide

10 highly characterizing documentation that closely follows
the structure and appearance of the generated
application program. The generated documentation can
include textural descriptions generated in
correspondence with the processing and limiting logic

15 defined funct.ionalljr in connection with the input
events. The generated documentation is further
processed to include 1library text and constructed
tables, including tables of contents and figures.

Brief D ipti £ the T .
20 These and other advantages and features of the
present invention will become better understood upon
consideration of the following detailed description of
the invention when considered in comnnection of the
accompanying drawings, in which like reference numerals
25 designate like parts throughout the figures thereof, and
wherein:
Figure 1 provides a general organization of the
knowledge structure of the present invention;
Figure 2 provides a diagram of the preferred
30 relational architecture of the various components of the
present invention;
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-9- Yet anot her advantage of the present invention is t hat
t he gui ded i nage editor provides for the docunent ati on of the
exi stence, purpose and operation of t he i nput event el enents
subst ant i amopmmasssaci dent with 5 their input. Docunent ati orcrmssssees? ved
generally on a per event basis as text input in response to guiding
guestions or pronpts. Subsequently, all aspects of the event desired
sequences can be accessed by the rule generator in concert with the
help text to provide 10 highly characterizing docunentation that closely
fol | ows the structure and appeargpce of the generated
application program The generated docunentation can i ncl ude t ext ural
descri ptions gener at ed in correspondence with the processi ng and
limting logic 15 Hichimed3 fprotidesaldy simplifdedecliagram tdf tthe i nput
events.  Theg. wilgd gl@ﬁgg@ﬁtéatlminé nJ&thgg he PF ﬁgd to
!§ in

i nclude Iibrar ext and constructed I ng tables of
contents and f Brlef Description of the Draw ngs
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know edge structure 0 resent 1 nverntion; Figure 2 provides a

di agram of the prefBFE® 80 r?¥§@ﬂﬁ 8ndlagram deradiiag okhe mparations

conponent 200f bhethe s¢umneswrd gemesatoirOlh establishing the parallel
application sequences;

Figure 7 provides a diagram detailing the
application author expert sub-system constructed in
accordance with the present invention; and

15 Figure 8 provides a diagram detailing the preferred
construction of the documentation publisher expert
system constructed in accordance with the present
invention.

D i nv
20 A system that provides for the substantially
comprehensive and automatic generation of any number of
application programs is generally shown in Figure 1.
The application generator system 10 is preferably
executed within a conventional general purpose computer
25 system (not shown) and within a conventional operating
system environment such as provided by Microsoft Windows
3.1 and supporting a conventional programming language,
such as BBX Business Basic available from Basis
International, Microsoft C available from Microsoft,
30 Inc. and C++ available from International Business
Machines, Corp. Within this environment, the system 10
operates to acquire and construct the application
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-10- Eigur e -3—provi-des—a—stwpt-Het—ttagr am of —the
application structure maintained by the present i nventi on;

Figure 4 provides a diagramof the image editor and 5 rel ated sub-systens

utilized tQy, m e application sequences in accor dapepysdeiezérhe
present i nven I on; Figure 5 provides a diagramdetailing the
operation of the i magi ng editor sub-system Figure 6 provides
a diagramdetailing the operation 10 of the sequence generator in
establishing the parall el application sequences; Figure 7
provides a diagram detailing the 1% pplication author expert
sub-system constructed in accor dance th the present invention; and 15
Figure 8 provides a diagramdetailing the preferred construction of the

docunent ation pgplishifie HR sequeﬁbiééenmortaiawctcﬁﬁme@paﬁaordance with
t he pr esent I nvent i on.
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prograns is genﬁéfiiz)éﬁ%\ﬂeflaeﬁ%esﬁemf inghebjemt sCﬁlowuaéittor
system 10 |s preferab ecuted wthin a con t|on gener%l pur pose
conputer 253 syIBRRY ( ﬁ%t m?ﬁo&vﬁ) SFi t%%rﬁn?Sﬁvéﬁg?oﬁggrgpersXP
system enV| r onnepecifitda tasorpr @rithearedy byl er ekdfileldy pdvwser, ertand
supporting a COB¥&aidiORE cBhP@¢evdiagal #Ra4AA8 of other programs and
specifications that, in combination with a user’s
qualifying direction, produce the equivalent of direct
10 user input.

The objects 16 are, in accordance with the
preferred embodiment of the present invention, high
level arbitrarily formed components of the user input
14. As such, the objects 16 are not directly program

15 parts but, rather, are partial detailed specifications
encapsulated into objects that may be cut, clipped,
stored, replicated and moved within the process of
providing user input 14 during the creation of the
application structures and sequences 12.

20 As the application structures and sequences are
created or subsequently modified, the resulting
structures and sequences are parsed through a
substantially hierarchial expert system that
successively applies program rules 18, skill rules 20

25 and syntax rules 22 that culminate in the generation of
a discrete module or set of modules of compilable or
interpretable code 24, independent documentation, or
both code 24 and corresponding documentation 26. The
program rules 18 are provided in a rule base organized

- 30 to provide a set of common rules and discrete sets of
rules specific to particular precgram types. Although
program types may be arbitrarily defined consistent with
the present invention, the presently preferred set of




‘such as BBX Busi ness Basic available from Basis | nt ernati onal ,
M crosoft C available from M crosoft, 30 1Inc. and C++ avail able from

| nt er nati onal
system 10

97/ 15882 w0 97/15882
-11- structure and sequences 12 that correspond to a

Busi ness Machi nes, Corp. Wthin this environnent,
operates to acquire and construct the application
PCT/ US96/ 162 PCTNIS96/16267

t he

particul ar

)

application programthrough the application of user input 14 optionally

in conbination with the

The user 5 input 14 may be direct progranmmer data entry, system

utilization of sequence specifying objects 16.

specifications authored by a skilled endzuser, or the product of
conput er ai ded analysis of other progranms and specifications that, in
th a user's qgual i fying direction, produce the eqU|vaIent

conbi nati on w

of direct 10 DpEegrampypes include da@mgmige,adatauwmmce with
afd @Hradi sREpuf F&‘Bﬁrﬂﬁle&ﬂfﬁed .nvendaarionhdh progragy €l

t he prefer

arbitrarily foprnmed co ents o
obj ects 16 ar egm?sdlggsg

t he

950t bpPriatng, 8 ene qefindtion'et an 1o

detail ed speci xpexti @ystem tbhatapam |l atsemtaepalnpeag thain rm;p;iw:cut
clipped, s sbere@here&né—aat oggﬂmm)uﬁqew téaxp hﬁﬁoprﬂée fned.

provi di ng user

struct ures anngﬁ

sequences are
hi er ar chi al

10

15

20

25

30

ut 14 durlng e crea catl on

Eypes,gay he %?EPF&QF?G rﬁ%t‘ﬁﬁﬁ*&ﬁé’s and

categormmna)rof stheepregrap ruddsf i8d, Cdmsigtemitlting
structures andnﬁequqsmn@ae emwﬁﬁgntt eoudle Bresent SHRRANA! Y

gﬁge”is or.yLentga toward accounting or accounting type
application generation, the program sub-types preferably
include maintenance, transactional, and detailed
analysis screens subordinate to the data collection
program type, a posting process subordinate to the
processing program type and columnar report, inquiry
report, and form reports subordinate to the output
program type. Thus, as the program rules 18 are applied
to the application structure and sequences 12,
appropriate sets and sub-sets of the program rules are
data dependently identified and executed toward the
realization of the application program specifically
corresponding to the particular application structure
and sequences 12 to which the program rules 18 are
applied. Consequently, the present invention provides
most directly for the presence and utilization of
potentially conflicting program rules that may
appropriately exist in support of different types and
sub-types of application programs. Since some rules are
not associated with any particular program type or sub-
type, some of the program rules 18 are generically and
therefore efficiently defined for use in generation of
all types of application programs.

The skill zrules 20 represent the low-level
functional operations that are utilized to effectively



succe55| vely applies programrules 18, skill rules 20 25 and syntax rules

te in the-genreratt+eor—of————ea—dtseret e nodute—or—set—of

nodul es of conpil abl e or i nterpretabl e code 24, independent
docunent ati on, or bot h code 24 and correspondi ng docunentation 26. The
programru re provided in a rule base organized 3 Geobh &y de a set
of conmon &Eﬁgé and discrete sets of rul es specificf#%fpart?%tlar
program types. Although programtypes may be arbitrarily defined
consistent with the present invention, the presently preferred set of
WD 97/ 15882 PCT/ US96/ 16267

-12- programtypes include data collection, data processing, and
data out put programtypes. AdditionaJ'%ﬁbgran1 types, such as one
providing for the definition of an expert systemthat can be used

separately or lenpwaaet tie E?cﬁ&i‘&‘i BE OBF& DEYRES CATL G SO Bgagef i ned.

Further, program'sub-t e associate

cat egori zat i onstSef thR SBuPESV: ge bagigiunghional ePerRRBioR®ferred
enbodi ment of tthatpr esent wimi@ytlcmaed irhatties ogemdtaddrowayfil axcounti ng

or accounting tye dzﬁ@@' '{é}{fe@é&%%ﬁt N, 5t %&Eﬁgﬁ“ gi‘?%ﬁﬁ?

preferably I.ncl u mai nt énance t.ransacti o
anal ysi s sc? eer%l%@t‘d?%t"é'mpﬁrtﬂ% Skidd TuieR 30 GRY be geEined £9%e,
posti ng procesasaubwirhimt ehe osybeem 10pr ches pragent odmpleingntatdsh col urmar

report, inqui r_Vﬁ]zJo%ld!é@pf boei sftﬁ%& :ﬁlilate to the output

program type. as t e pr amru are to the
application structd?eSigghe HHRencesdirects th@ppPé‘B‘??%ﬁ’é‘%ePg @hd
sub-sets of the program rules tahreugh substitution or interpretation

10 to establish an intermediate or final code
representation of a constant or variable
element in a one-to-one relationship of rule
to output line {(Example: a rule uses this
skill to instantiate the rule as a line of

15 code;

2) Recurring Line: directs the processing of a
rule through substitution or interpretation to
generate a series of nearly identical
intermediate or final code representations of

20 a constant, or more typically, a variable
element (Example: a rule uses this skill to
generate code providing for an array of detail
lines in a header detail relationship);

3) Variable List: directs the processing of one

25 or more rules referencing variable elements
that may be used in different contexts (such
as numeric verses string) and generates a
corresponding single intermediate or final
code representation of the rules (Example:

30 rules establish multiple variables that are
initjalized to either numeric or string
defaults based on the type of a switch
variable and organized into a £final code




data dependently identified and executed toward the 20 realization of the
application program specifically corresponding to the particul ar
application structure and sequences 12 to which the programrul es 18
are applied. Consequently, the present invention provides nost
directly fwogrhssspresence and utilization of 25 potenti admwssemsaer i cting
program rules that nmay appropriately exist in support of different
types and sub-types of application prograns. Since sone rules are

not associated with any particul ar programtype or sub- type, sone of
the programrules 18 are generically and 30 therefore efficiently defined
for use in generation of all types gfg.application prograns.

The skill rules 20 represent the | owl evel functi onal operations that
are utilized to effectively WO 97/ 15882

PCT/ US96/ 16267 representation of a ‘ddBe" progrgmnengnt the
application of the progrgm¢dieis) ;That I's, the skill rules provide
basi ¢ functi onal opgfa i ons that are mﬁdelg used in the generation of
an i nt er nedi at e e%?‘é‘é’%ﬁ%ﬁ iLhPtor GEERES atRe Prorpsaing ©f guenough any
nunber of skill rules 20orayoree rd2ésnecndistent with vhéhappliwatsived em 10,

the presents i nplementatign a redhfMdlPeabl okight e83! fatlddile® dile! udi no:
1) Single Line:  directs the( rocefslng o, a ,rul"e through
substitution or interpre®stthbn (f5ample: provides o§pxngeneratiprnt @fnedi ate
or final code separ®ps csasé abtavtemdnts CHmst 8@th Orowabicakl e

el ement in a one-to-one gglaii onshipapf rul 00 ut line
(Exanpl e: a rul e uses th?s ¢ Kerepy  providing® °O¥d¥

independent processing of the detail rows);

10 5) Implied List: directs the generation of a
list of constant values to be used in a
variable element (Example: generation of
program subroutine name references in the
construction of a jump table);

15 6) Translate: directs a sequence search to select
one or more sequences related based on a
defined constant or variable {Example: search
sequences to find the sequence specifying a
screen field location of a field referenced by

20 the functional logic of a feature packet
referenced by a current sequence};

7} Combined List: directs the evaluation of one
or more rules to select and process each of
one Or more related sequences based on

25 sequence type, such as alpha verses numeric,
based on an examination of a set of sequences
for given relationships (Example: first
declaring and then establishing the wvalue of
a system variable based on the content of

30 other system variables further constrained by
whether such other variables are in use in a
relevant context); and



"skill to instantiate the rule as a line of 15 code; 2)

Recurring Line: directs the-processihg—ot—a—— ——'r-u’r-e—‘t‘hrough

substitution or interpretation to generate a series of
nearly identical internedi ate or final code representations
of 20 sggf constant, or nore typically, a vari pglRsoenesr -

el enent (éyanpfe a rule uses this skill to gener ate code
providing for an array of detail lines in a header det ai

rel ati onship); 3) Variable List: directs the processing of one 25
or nore rules referencing variable el enents that may be used
in different contexts (such as nuneric verses string) and
generates a corr espondi ng %lngle i ntermedi ate or fina

code representation of the rules (Exanple: 30 rul es establish

mul tiple variabl es gyhaii xd€Ligt: directs théHdliedridfdot Ot bRehorelmeri ¢ or

string defaults based on the type ,of a
vari abl e and organi zed PREYSE°PPnat°c Qa% sed® o eﬁ%ﬁfggﬁamg a
PCT/ US96/ 16267 variable element based on ldrny coincidental

representation of a re33s€onsip¥ EHEE Nn be :Ldentifiedsﬁﬁi-&'i@m)
4) Recurripg List: directs the groce

rul es consPstent with tFEEPBRFESRI BﬁSI n%“ag'lgled sBf 8ER§83'F??‘5%‘F Li ne
skill to a Variable List{(Example: determikel |a (Bestpl matgh ojiodes ¢bHr

generation of fieldﬁeaéﬁg$§e5a§§ ?&f& CSENLwo B RGEL ELYE OF a
det ai | array, t hereb provi g | ndependent
processing of the detai FECOREP; ty develoma, key; &Py jrderingithes the
generation of a return of data from a file).
10 The program rules 18 may exist in the program rule
base in a seemingly arbitrary order. However, the

program rules 18 may be considered to be ordered when
viewed as applicable to a particular program type and
sub-type. Thus, for a particular program sub-type,
15 program rules will appear to be ordered in an evaluation
sequence that, upon application to the application
structure and sequences 12, will provide for the
realization of a corresponding application program sub-
type. The procegsing of program rules 18 begins at a
20 logical root rule and proceeds through the ordered set
of rules that are either generic to all program types or
specific to the sub-program type presently being
evaluated. As the program rules 18 are being evaluated
against the application structure and sequences 12, the
25 skill rules 20 are executed to develop a logically
complete representation of the application program to be
realized through the generation of the code 24. That
is, the skill rules provide for the instantiation of the
logical statements that, when further evaluated against
30 the syntax rules 22, provide for the generation of the
code 24. Since each logical statement of an application
program can be fully represented as a constant or



|ist of constant values to be used in a vari abl e el ement

(Exanpl e: generation of program subrouti ne nane references in
t he construction of a junp table); 15 6) Transl ate:
directs a sequence search to sel ect one or nore sequences

rel ated bwoadnses:a defi ned constant or varkcrsssf@snnpl e:
search sequences to find the sequence specifying a

screen field location of a field referenced by 20 t he

functional logic of a feature packet referenced by a current
sequence) ; 7) Conbined List: directs the evaluation of one

or nore rules to select and process eagg-of one or nore
rel at ed sequences based on 25 sequence type, such as al pha
verses nuneric, based on an exam nation of a set of sequences

for given rekitablghepemenExarwppresentedteither in numerdesbammg and

then establi Shsogrt heripl 88 Slst structures oft ik Slleicdh] @yased on the
content of 30 varla Lffls lther onst r ai ned by

whet her such BPﬁePWh’F"T’%b?%rs %Fréﬁﬁ%‘tu sif § 8 sufficisnts Fon
context); andsupport a fwuﬂgibQSBQQCtionally complete set of program

PCT/ US96/ 6262u es 18 necessary to generate most)” if not al118) Mxed
Li st: dlrects t ection of ‘one or sequencés to be

used in estabPFgﬂ’r‘ﬁ ng or a°°°untingvaF‘F1§rﬂe@ ARREHA LA on TASY
coi nci dent al eight basic skitlatudeshege tllab cuitlee suldfiicilened tichr ough 5

exam nati on Ofefefycaiiy eﬁ'lxﬁ%r@fgé%i‘éﬁﬂ%ﬁs of many other tiypedTee:
determ ne a best mat ch A
applications s well. Should either different

10 functionality be desired or regquired for a particular
application or a higher level program rule be desired to
be supported through the construction of a complex
gkill, such skills may be readily added to the skill
rule base 20.

15 In the preferred@ embodiment of the present
invention, the intermediate representation of the
application program is only transiently developed. &as
each statement representation is generated, syntax rules
from the syntax rule base 22 are applied to realize and

20 output the code 24 to a persistent file stored
preferable on a non-volatile storage medium.

The syntax rules 22 are maintained in the syntax
rule base as largely an ordered series of rule
statements. Division among the syntax rules within the

25 syntax rule base may be defined by a language type code

. attached to each rule. Different language codes may be
defined for variants of the same general type of
language such as Business Basic and Visual Basic or for
significantly different languages, such as C. Where the

30 languages are substantially similar, a common
intermediate representation of the application program
is adequate for generating the code 24 specific to
either particular language. Where the language of the



fields declared as part of two or nore file records to
devel op a key for ordering the Fett-A—of ile).
10 The programrules 18 nay exist in the programrul e base in a
seemngly arbitrary order. However, the programrules 18 may be
consi dered dered when viewed as applicable to ol ar
progran1tyﬂ%8§%§éa sub-type. Thus, for a particular prggHE¥%L -type, 15
programrules will appear to be ordered in an eval uation sequence t hat,
upon application to the application structure and sequences 12, will
provi de for the realization of a corresponding application program sub-
type. The processing of programrules 18 begins at a 20 logical root rule
and proceeds through the ordered set “1%f rules that are either generic
to all progran1types or specific to the sub-programtype presently

being eval yalgd S d e %qrca%gyl ietbeane, Dol ghe VAl 4

agai nst the app Cats on s cture an uences 12

are execut ed téjﬁ%veﬁﬁﬁag'ﬁﬂglc irplemente nﬁWétetPQpreééﬁFE??Q&PEﬁ t he
application pr @p&‘ﬁsénté‘.lﬂon of tkealcads 2uhmay e treeegeneyat | DA tihid he code
24. That I I | r eg | &1 t he

| ogi cal stat errent S l%i édﬂé tlhg ?Pﬁ&%e\%g égt %é&a %?%is?%joéé tﬁg Oi nt ax
rul.es 22, p?ovikhy fRe made jﬁEEFQF iakedy ﬁﬁEﬂlth%oﬁ% bhe Eﬂﬁébc%hﬁh | ogi cal

statement of ansapphgéatheden forpther eowdeazu o fad Ity saptaBtet£cérs a

const ant or 2 . .

PCT/ US96/ 16267 the in@ﬂzé% representation qfl 6_the application
program as needed for closure in applying the syntax

rules 22 for that language to realize the code 24 in its

10 entirety.

Subject to the selection of the appropriate
programming language, the application of the syntax
rules to the intermediate representation of the
application program proceeds on a logically statement by

15 statement correlated basis. Bach logically complete
statement of the intermediate representation of the
application program is utilized to select one or more
corresponding syntax rules 22. The syntax rules 22,
like the program rules 18, utilize the skill rules 20 to

20 actually perform the operations necessary to realize the
output of potentially one or more language specific
statements to the code £ile 24 for each 1logical
statement of the intermediate representation of the
application program. Thus, the syntax rules 22, like

25 the program rules 18, are well supported by even a small
set of skill rules. Syntax rules 22 that specify higher
level functions or require different operations in the
generation of the code 24 may be readily supported by
augmenting the skill rules 20 with different or more

30 complex skill rules.

Although the foregoing description of the system 10
has largely been in relationship to the generation of
code 24, the gystem 10 equally produces documentation 26



" variable el enent, represented either in nunerical or ASCII form or

| ist structures of such elenents, even the limted set of eight basic
skills is sufficient to support a full and functionally conplete set of
program5 rules 18 necessary to generate nost, if not all, accounti ng
or accounwowgnssskat ed applications. The ei ght basiRCHUSHN62K6T| es are
al so quite sufficient to generically support generation of many ot her
t ypes of applications as well. Should either different 10
functionality be desired or required for a particul ar application or a
hi gher | evel programrule be desired to be supported through the
construction of a conpl ex skill, sum@h skills nmay be readily added to

t he skill rul e base 20. 15 In the preferred enbodinent of
the present invention, the internedi ate representation of the

appl i cati on ptbgtaisi bighly cerrelatrd raidhe epegifics of thercedeit enent
represent ati OR4i §g UPRRNRULRA bYYHhe eyate@S10. THOUgRCifyit X4 rdfle base 22
are applied tobr eakl zgﬁand %0 ou':?outt@ the .code 24 t':rgﬁ a lQter si st ent )
file stored °PIeSEEf dEBOER MY SERTEIParPLe TEPEPEGR pERipCive The
syntax rul es zzmmentsretih@taiamedul pimatelyysrbedied inykthebgodeazs |andiel y an
ordered sefi egegbripteve tektatBEBNGescPi¥es| AL BFONBrédfamy,Ntsib s Ul es
within the 25__synt ax rul(ﬁfvgsse nRYy, ebe def i.ned %ﬂa anguage. tlﬁoe code
attached to eXERIFEFR. BR} PRIy A R oty ARG PRITHRAIAR for
vari ants of tlfdeidacthrihaing a paatothereof |amegdlocumantatBogi2kess Basi c

and Vi sual BaginggOr ¢idse coddl Wtnmerda! | dndli EE%&EEPti@é‘glt%&%S’aﬁé‘Ch as C.
Wiere the 30 | angyagqes are substantially simTar, igi ctglanfgon
i nt er medi at e reégﬂ"gé aB% orP%of CPRESLPLTT c &9 ofSBrERTein Withips quate for

gener at i NP t happddeakdoppestfuctixe and cigdguengest | davar | ddguwrerk. Were

the language QfpiaRted to evaldatilohdIR2 program, skill and syntax
PCT/ US96/ 16267
rules 18, 20, 22 generally as the seguences are

evaluated. The code comments are thus effectively
compiled into the code 24. The descriptive text is

15 similarly compiled into the documentation file 26 that
is persistently stored preferably on a non-volatile
storage medium.

Since the application structure and sequences 12
are also stored in a persistent file, preferably on a

20 non-volatile storage medium, the system 10 permits
ongoing maintenance, modification and derivation of the
stored application structure and sequences 12,
Consequently, the application generation system 10
provides for the comprehensive design, implementation,

25 maintenance and documentation of a substantially
automatically generated application program.

The preferred architecture 30 of an application
generator constructed in accordance with the preferred
embodiment of the present invention is shown in Figure

30 2. An image editor 32 that combines features of a
prompting guided editor facility as well as a context
sensitive editor in combination with a full screen
imaging editor, provides the primary environment for a



-17- code 24 is significantly different, slight changes in t he
1*%%%#{%&-—+ﬂp|enEnted———by~—44ﬂ?——ﬁ*ﬁ1#ﬁﬁﬂ?a%e—— r epresent-att+on—of the
code 24 may be necessary. If this is the case, the programrul es and
skill rules 18, 20 5 nay be made appropriately sensitive to the parti cul ar
| anguage c{p9Assep’ the code 24 so as to suitable alter

I nternmedi ate representation of the application program as neeJéd for
closure in applying the syntax rules 22 for that | anguage to realize
the code 24 inits 10 entirety. Subj ect to the selection of the
appropriate progranm ng | anguage, the application of the syntax

rules to the internediate representatloq of the application program
proceeds on a logically statenent by 15 %tatement correl ated basis. Each
| ogi cally conpl ete statenent of the internediate representation of the

application praggairing Uhskirzedphe. seleet ﬁ&e&&eﬁorlﬁuage éa‘irtB%SBQnd' ng

Wil ive the skPEESFd s UL S 75 SEHh VYT Ro SHSIPRP) SR Inccessary

to realize thelmageoﬂ?%t o?h?)dileﬁnlaaﬂ Ilyaenepmsmedlmguawrs;f@m f iC

st?terregts to uee Qﬁdenﬁnteca}fr lftéﬁra Qﬁﬁ:{ba.'n‘ajﬂhEﬁi of vidlpd 'Fh th

i nt er nedi a s n._ o e plication ram_ 1hus, the
syntax rul tesg 2(;%0?' %‘%g%hg'?ﬁep B r & Wf? %p g"f APHOZA by even
a smal | seeEfecEialy Pﬁfe%cr%}hmxtlm%wﬂzhehmggqmgq dwglber

Iﬁvel ;unctlonatmlgeqwig @Jﬁ@mntaggﬁatdﬁqqzba tbg Sep I ||on of20
e o e B5PeahBES s YRRT R0 openet VTN 20, )
foregoi ng descri ptiBhe ofimege mditom 132 is hutsilizedelto bdemg:m mebat i onshi p
to the generat teifé an £5IE cdtiohGatRItePel B ILGhYr AR CES a
documentati on ?u.erarchal relationship between a topic, identifying a
particular application program, corresponding programs
that together implement the application program, and
sequences that, together, define specific programs. The

15 hierarchical relationship serves to establish the
application structure 36 in a definite and easily
referencable form. Furthermore, each topic, program and
segment is uniquely identified by a reference name
stored as part of application structure 36.

20 The application structure 36 also maintains a
hierarchical relationship of files and file records
utilized in commection with a particular topic. Each of
the files and file records in the application structure
36 store reference names that are hierarchically unigque

25 for each file and record.

The reference names stored within the application
structure 36 provide not only a convenient way of
designing and defining the application structure 36, but
also uniquely defined reference handles for utilization

30 by the image editor in establishing relationships that
will serve as the basis for the generation of
application sequences 38,
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- 18- that is highly correlated to the specifics of the code 24 as
generated by the system 10. The user input 14 and obj ects 16 both may
contain and represent descriptive comments that are ultimately enbodi ed
In the codewdbhrasdr 5 descriptive text that describes entireramvegiréns, sub-
prograns, individual screens and report, and particular fields that
are a part thereof as the docunentation 26. Thus, these code conments
and descriptive text are enbodi ed as or correlated to sequences within
the 10 application structure and sequences |ayer 12 and

subj ected to evaluation by program skillygand synt ax rul es 18, 20, 22
generally as the sequences are eval uat ed. The code comrents are thus
effectively conpiled into the code 24. The descriptive text is 15
simlarly conpiled iThe towidedcuaditar i andf idont2gtt eeEnsitivies gritorstent |y

stored pref er able,oards RN tHR! dhhgé edjcot! 8538iRe ‘Bdre¥hbly driven Py'Ce the

application structure and sequences are al'so stored I.n a persistent
file, preferabl $Pof*X®e3§ S¥ e%l"gquaé:"?ﬂorfaré’@ FedfifNiedds. RaRe &4 -10
permts ongdheg ewpertnascEiemociuppoxtiog arite ddmiaget | edivdrt B2

stored appld caljleRg rakéucauasmaé&aaéf&yeﬂr@%fmﬁ% th thBNEGAMEUdy . the
appl i cation generatlon system 1, Q des faor, the congre ensive design,
i mpl enent ati on, N Aad defdniggcthe ARRYisAtion shrugtwre dfiially
automatically gewmvamﬁxigamﬁracabnobfpagpnaaation sequendes [Bef erTiels
architecture 30 gg £ om9§n§E£E£H fTQQSEBPBEQQtég rdance
with the preferr f esent 1 nventiron I's shown in
Figure 30 2. AR Si%a"ftha?fcé'rﬁﬁl ﬁ\?épf Fitl§ 40 of PEROMPLing

pronpting dud ded;uemhltuonsf andl lsltyraing/etbxas aTuenpenpipting geestionee editor
gﬂvffgﬁ'ngﬁ: ' ?gr‘éfrbhcanéé&é sPe¥ic to thiPEsAP HfitOandPtRY! §8sridlfy Primary
text is context specific to the prompting guestions.
Different prompting gquestions are retrieved from the
help file 40 by the image editor 32 as topics, programs,

15 sequences, files and records are defined. Additionally,
prompting questions are selected by the image editor
correlated to each field or display data defined for
individual segments of programs based on program types
and sub-types. In each instance, corresponding starting

20 text that anticipates and suggests the form and nature
of the user input answer is provided.

In general, the prompting questions take two basic
forms. The first form is a request for introductory
information that might be utilized to explain the

25 functional relationship of a segment to a program or a
program to a topic or of a process to be carried out by
a segment or program. The second form is utilized to
elicit information describing a specific field or
display area or processing choice presented to an end

30 user. These prompting questions are selected from the
help file 40 based on the current context of the user
operation of the image editor 32 and thus serve to guide
the further use of the image editor 32 including
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-19- 36 giH ri ng user—+nput——-re—preferred—rmage edi tor—32-

presents as a 80x25 cell viewport on a 999x999 cell i mage page. The
di spl ay inage presented to a user for use in input can be a

conbi nati o Nﬁﬁyport sections 5 fromdifferent parts ppissctérage
page. In a |on effectively off screen portions of the inage page
can be utllized as scratch areas utilized in support of processes
that realize on screen viewable infornmation. The i mage editor 32
Is utilized to design and 10 define an application structure 36
constructed as a hi er ar chal relatlggfhlp between a topic, identifying
a particul ar application program respondi ng prograns t hat
toget her inplenment the application program and sequences that,

together, defi "b?pe'iﬁ%'c&&iypr Oghalrs. a&ﬁxﬁtx@her apghi Cabcuﬁeil@étﬂﬁﬁh' p
i,cation structure 36 in a deflnlte and

serves to establish .th

easily r ef diEOmRabieR ¢ or']r'ﬁe ﬁ#&héf‘ﬁ’d?ere%?qsoﬁo ¢ Br BHPIRY
segnent is uni gnedsyiodentaiei estdrpdahaekerimaetharrmap fiﬂleord@d iaxs apart of
application stp B&ekégﬁed%{% the orid¥naAP bﬁ?"éiﬂg‘ qu%&'i:’i'.ﬁhﬂrgnéﬁtl?é SO

mai ntai ns a era L§%|onsh|£ | €s "an l e reco
utilized i r® coftRRILGE vﬁ?‘?F’é’np FPPHifation, gFmgrcture 36 £9% o5 and
file records iwkitch apel prampoingtquesticas wer8ogeneararedf er ence nanes t hat

are hierarchically 4hequemdge f&ciif&‘?hﬁz' | 81850 g8GRldks  for imadd
ref erence nanes st.oored mﬁthlg t he pllcatlog ructure 36 rOV|de not
nl?&;

only a conveni &2 RRNOGy ) pPREER
structure 36 tpdsting ahdcsemechngysghﬁﬂamsdofeﬁhgemmagehgagées Thnse
utilizati oy pllacliBRoc onis (S¥ndltl | SGY pBELLANSRLPd hat

will serve as t b SIS f.qr en
move replcicates g

' iete Based on user input,
these operations are implemented with the appearance of
a conventional block operation. However, the image
editor 32 provides, as part of block operation, for the
15 hidden selection of the attributes associated with each
of the display items and fields within the blocked
portion of the image. The wvarious block object
operations are preferably implemented subject to the
evaluation of block operation rules retrieved from the
20 knowledge base 34. These rules aid in the reasonable
selection of the attributes associated with a blocked
object and their merger with existing attributes when an
object is copied back into an image. As such, the block
operation also provide for comsistency check and merge

25 validation in the execution of the image editor 32.
Block portions of the image may also be copied to
an object store database 42 and stored subject to
retrieval upon reference to a uniguely assigned object
identifier. Since the image editor 32 preferably
30 associates attribute identifiers with each display item
or field rather than just references to an attribute,
objects stored to the object store database 42 are
logically self-contained and do not inherit subsequent
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PCT/ US96/ 16267 - 20- The gui ded
editor and context sensitive editor features of the image editor 32 are
preferably driven by an expert system operating froma know edge base
34. Thwois882 syst em supporting the image editor 32 ECTASIV/EGSAt es a
docunentation function with the functions of designing and defining the
application structure 36 and the generation of application sequences

38. This expert systemdraws, froma static file associated with

and effectively part of the help file 40, pronpting 10 questions and
starting text. The pronpting questionsgz. are context specific to the
user input and the starting text is context specific to the pronpting
guesti ons. Different pronpting questions are retrieved fromthe

help file 40 byhanges mage through Ineaimageiasiitopr 33r bosanyt rigdaqadnces,
files and recopgdSogier %bynaé tnédébjéémal |dénsequeﬁ£9mf’té isons are
selected by the_im t or cortre at egﬁé field or ay data
defined for St?’ﬁageﬂﬁu{%\ < sRIRGh Srsre, A3GARARS biR AF S BT ypes

and sub-t ypes. statiechthoughihe thﬁ@ﬁpmﬁlhg éymia:glm sdledtedhat

antici pat eg ang; 48RS Srdhe g,_gbrrhﬁad &ﬂﬁi’éz £ of the user input answer
i s provided. ener al guestijons take two basic

forms. The first B rf*jls?qéyr éﬁﬁ‘@%ta‘%rf’ﬁm Qﬁgét 8F§ input iftg RS on t hat
m ght be utili imdgeoedxpbaiI2 tarnd 2t fibutesoant asdignadshthe dfmages egnent

to a program Ogaftor 32 RIeR4%RE &ﬁd%f&ﬁ&&ﬁe@inﬁt?&?&fsﬁﬁ&% Gl ried out
by a segnent orap%rﬁ%atg}onThe second f

an seguence generator that produces a set

10 of application sequences that comprehensively describe
a program segment as well as identify the database
program and the display item or field, the location of
the item or field within the space of the image page,
and each of the functional attributes associated with

15 the item or field. These application seguences are then
provided to the application sequences stacks 38.

Once the application structure 36 and application
sequences 38 for a program have been constructed through
the operation of the image editor 32, an application

20 author 44 is invoked to generate a corresponding set of
compilable or interpretable code. The application
author operates from the application structure 36,
application sequences 38, the contents of the help file
40 and a corresponding set of programs, skill and syntax

25 rules as stored by the knowledge base 34. The
application author 44, operating generally as an expert
system, applies program, skill and syntax rules to the
available definition of the application structure 36 in
concert with the specific application sequences 38 to

30 produce the code for a program of the particular type
and sub-type being generated. That is, a program of the
selected program type and sub-type is constructed by the
operation of the expert system of the author 44 based on




elicit information describing a specific field or di splay area or
—processing choi ce—present-ed—to—amend—SO—user—These pronmptTNg quésti ons
are selected fromthe help file 40 based on the current context of the
user operation of the image editor 32 and thus serve to guide t he

further usgoefssefae i mage editor 32 including VW SviuddeiSsT
PCT/ US96/ 16267 -21- specifically

t he acqui sition of docunent ati on i nformati on. The user input
responses to the pronpting guestions are stored back into the help file
40 in a manner keyed to the original pronpting questions and the 5
specific portion of the application strycture 36 for whi ch the
pronpti ng questions were gener at ed. The image editor 32 al so

provi des for inmage mani pul ati on functions, including clipping, cutting,

pasting and selrct hagised! iappiichtits isaRti2Ec.3dhapd 1Qvaiminiyll ation

operations permt.i ortions _tao ved, I | cat d. del et ed.
Based on user aipﬁ’tptﬁf:,ggggngt r?téaggggﬁgPa'[b%%o'ns are ?ﬁﬁ?’éﬁ%ﬁ?eedw%gflha? fo
appear ance of presegt cinNantiobnathe|ande ppedugeddy thenavehor t4d ismge

editor 32 provindes preduldl t ool EhéClkorifrant | @Q1ebor chie lgefingden
selectlonégf t he attéébutes aSS%CIated Whh? each c of t@e gl lay itens
and fiel d&® wi BRFTERE DI RIS YPBO?'?‘FO JYPS %8 Pﬁaﬁ’é.en Yari ous
bl ock obj ect such vplestdarmsonsdspent ewiih \tlienprovideddappbieatiam t he

eval uation of i ekuepenat adn hpbescatish c¥yeshddcdn 3 2Qgiddwwhipdge base
34. These rm4$% ai in the reasoggbl sel ectiqQn o&ythe attruﬁutes
B £ t g

associ at ed wit BeRpes arg g °§$¥F%¥uﬁﬂﬂ SRt FERST LT

attri butes whéy athe operation of the author 44 based on the

10 application structure and sequences 36, 38 the

individual code statements are inherently unified with

respect to the number, naming and typing of all

variables instantiated by the author 44. No further

unification of variables or mediation of the interfaces

15 between segments of a single program is required.

Interfaces between segments, to the extent that they are

required, are automatically matched by the operation of

the expert system of the author 44 based on the

definition of the application structure 36 and the

20 application sequences that define data items and fields

that are shared by different segments of a common
program.

Finally, a documentation publisher 46 effectively

operates in parallel with the application author 44.

25 The expert system implementing the document publisher 46

operates based on the application structure and

sequences 36, 38 and rules and information provided from

the knowledge base 34 and help file 40. In the

preferred embodiment of the present invention, the

30 publisher expert system 46 is simplified by relying upon

the application author 24 to first effectively process

the application sequences 38 to particularly provide

detailed help text describing process elements



object is copied back into an i mage. As such, the bl ock operation al so
provi de for consistency check and nerge 25 validation in the execution of
the i mage editor 32. Bl ock portions of the image may al so be
copied to an object store database 42 and stored subject to

retrieval upewrissgerence to a uni quely assi gned obj ect PCTaIspdricRé7er .
Since the image editor 32 preferably 30 associates attribute identifiers

wi th each display item or field rather than just references to an
attribute, objects stored to the object store database 42 are

| ogi cally self-contained and do not inherit subsequent WD 97/ 15882
PCT/ US96/ 16267 -24- -22- changes nade
through the image editor 32 to any ori ginal or other copy of the

obj ect. Consequently, the objects stored by the object store database

42 are essenti aimglementsdat by, Yhsoufhnchiondyj etogicmdefdnggdndy c &hey
sel ected 5 Wé@q@é@éééarywﬂ%ﬁ%f@mm&mp texe fo:.ASad'ﬁEhay i tens

and field data arég, i i nt.o e, edi tor ttri butes are
assi gned, the |ﬂ%’=g’é’e%paseﬁlgb‘?e%2h§éﬁ %%ﬂé’ﬁ’(? ?He‘%‘ﬂl}ﬂ:f %t i ONRE
I nformation vilueafappei Aatomtmthmdgémelat oanndstatezqareamws,a set 10

of application ﬁ&gt&%v%u@tsx&q&pra@ws' Veolisl5IEENF, the AdtddRAM
segnent as wel | entify the database pral'gp m-and t |spI ay item
or field, the I® |§i1'}eof: t 1ig gensrated, by they aRpticatish aé"ﬁé"@é 8f t he

| mage page, onnd>ee:arllf obf t hhef Wmtunenzhtdonr ipabléshessad.at edhdst h 15

the itemor 11 clsorbash BAAL! SRAOTY SRAHRARRRECER \HER 1on1 o Qlgded to

t he application sequences s
structure 36 anﬂeﬁﬁﬁ‘?%tq}bﬁhe application author and allev1a.tes the

10 requirement of the documentation publisher 46 might
otherwise have to completely reconstruct the code
through reparsing the application structure and
sequences 36, 38. Alternately, the expert system
underlying the documentation publisher 46 could be

15 merged with the application author 44 so that fully
formed documentation is directly generated by the author
44. Equivalently, the documentation publisher 46 may
duplicate the expert system of the author 44 and operate
directly from the information sources utilized by the

20 author 44. In any event, the documentation publisher 46
operates on the information provided to the publisher 46
to generate text documents that correspond closely to
the code produced by the application author 44. In
particular, this includes a merge of the explanatory

25 text entered into the help file 40, the screens,
processes, and report formats designated by the
operation of the publisher 46 itself, the structure and
menu organization of the documented program as
determined from the application structure 36 including

30 any definitions and explanations processed by the
publisher 46 based on documentation structure definition
rules obtained from the knowledge base 34.
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sequences 38 for a program have been constructed through t he operation

of—t-he—rage-—edi t or 32—ah—appHecaton—20—eatthor—44 | s—naveked—to—-

generate a correspondi ng set of conpil able or interpretable code.

The application aut hor operates fromthe application structure 36,
application es 38, the contents of the help file a
correspondlﬁgﬁgg of prograns, skill and syntax 25 rulesnc%@gm®9%?ed by
the know edge base 34. The application author 44, operating
generally as an expert system applies program skill and syntax rules
to the avail abl e definition of the application structure 36 in

concert with the specific application seqyences 38 to 30 produce the code
for a programof the particular type 5and sub-type being gener at ed.
That is, a program of the sel ected programtype and sub-type is

constructed by the puo 9gN3CaRGoR" dYIRCRLRE’ 56V ah P lndd uf Y 44

based on
PCT/ US96/ 16267 appllcatlon generator 30 is illustygted in Rigurgefi.-ned

app! i cati on str Ubeuappldcaidnaserhcthire 36 1@pﬁkﬁ@ﬁhb&n§s §eﬁﬂé¥&¥ah y38. In
accordance with p n o] ode oduc d author
abli€naingPEESRTG hBYLOL OBoof fodEe MOUNESTAN L

44 is the product o n1ru|es défl
program typ@ an8tEREE4RRHS& GOPﬁé%ﬁt@%taxma%umber §§ch°P£|¢ e'semscéﬁm st ent

with the provi dedpappéncing ospecifisi rappilikat $6n ﬁbg&ﬁﬁé(ﬂﬁdd%ﬂa§eﬁﬂences
by theoper ati of SPRRFe “bRYRETY, SoBLEcdt (g L%% I aagencr o o
and sequences tragki n%8aPPﬁé°at10¢ndPV|ﬁuarltbﬁﬁlsmanhwmnnstnnutlpnherentIy
unified with manageeeit tapplhicavisher, Faehi BEp2ddréddbd GO imiiudes

10 a topic identifier, typically a descriptive name of the
application program, a menu structure used to organize
application program menu entries in a hierarchy of one
or more screen oriented menu forms, and a program list
that is used to identify each component program provided

15 to realize as a cumulative whole the particular
application program identified by the topic. Another
list structure associated with each topic collects file
identifiers as references to each file operated on or
from by a particular topic 50.

20 Thus, a particular topic 50, associates a topic
identifier, Topic,, a menu list structure (not shown} and
program and file lists diagrammatically shown as logical
connections to one or more programs 52 and files 56.

Each of the program records 52, for example specifically

25 program 52,, includes a program identifier, Program, , a
program type and, as a program level sequence, a sub-
type identifier and a list structure that identifies the
set of program segments that in turn, together, define
the function of the program 52,.

30 In the preferred embodiment of the present
invention, the programs 50 are partitioned into
relatively discrete functional operations. For example,
within an accounts payable topic, a particular program



var| ables instantiated by the author 44. No further uni fication of
‘vari bl es or mediation of the interfaces 15 between segnents of a single

program is required. I nterfaces between segnents, to the extent that
they are required, are automatically matched by the operation of

t he expert wperass8nf the aut hor 44 based on the def i nipCTAIS9@I626Te
application structure 36 and the 20 application sequences that define data
items and fields that are shared by different segnents of a conmon

pr ogr am Finally, a docunmentation publisher 46 effectively

operates in parallel with the application author 44. 25 The expert system
I npl enenti ng the docunent publisher 46 _agoperates based on the
application structure and sequences 36, 38 and rules and information
provi ded from t he knowl edge base 34 and help file 40. In the
preferred enmbodi $Rmayofischaterant perfavethe funchiod(of mesieistiog srgert

system 46 is si n&dai-i@;i i&spdtelcwmmgoan mvé{@e AP PAAGHerO prdgirBfl 544 tO
first effectlvela#‘?‘ ces £ é e ap | icati nse uences 3 to part,lcul arly
provi de det d *5hePprrPeERt et PPBP?]& é’é'ssp 8

WO 97/ 15882 records to general ledger accountsPC‘I'AmSQﬁér’LQﬁﬁ:bram may
-24- | gpl epBNtHb ¥ ilhe tf.é'ngél@é@ A4 %ﬂ?ft' ngd :?’cf iation
Ined as a three

sequences. For exa I.e_ a,hhe eh&#@i:[cglor
digit positive n i PAERLtS T’n%’l‘% % S BERGTPER| od
et ai 100 o ol byba | onceut SBpest he0 e (e st s S g b
on behal o1 e A b e et h e semmenon e
generating the
10 corresponding program code. PFurther, additional program
types and sub-types may be readily added or defined and
the set of program rules modified or extended to
appropriately support new program types and sub-types.
Each program, such as Program, 52, is effectively
15 implemented as a set of one or more segments 54. A
segment record, such as segment record 54, logically
identifies a set of application seguences that
functionally define a sub-program function of the
program 52,. In the preferred embodiment of the present
20 invention, up to 99 segments can be associated with a
particular program 52,. The arbitrary 1limit of 99
segments is believed more than adequate to permit
definition of sufficient segments, each practically
preferred to be of limited complexity, to implement the
25 function of any particular program 52. Thus, a segment
54 may represent an isolated data entry screen and
associated input field data validation logic. A subset
of segments 54 may be utilized to implement a more
involved process where separate segménts are utilized to
30 implement, for example. a report selection screen, a
report data qualification input screen and report
generation.



i nfor,mation thus closely represents the particular code gener ated by

’the_a.ppl_l_ca-t-l_on aut hor—and- a

docunent ati on publisher 46 m ght ot herwi se have to conpletely
reconstruct the code through reparsing the application structure
and se 36, 38. Alternately, the expert sys der | yi ng
t he docuneﬁ?ggﬁgﬁ publisher 46 could be 15 nerged wth tﬁgﬁgggyﬁggtlon
author 44 so that fully formed docunentation is directly generated by

t he aut hor 44. Equival ently, the docunentation publisher 46 may
duplicate the expert systemof the author 44 and operate directly from
the information sources utilized by the %3 author 44. |In any event, the
docunent ati on publisher 46 operates“on the infornmation provided to the

publ i sher 46 to generate text docunents that correspond closely to

the code produced bygdée aipldHeats é&ﬂhﬁécd’:ﬁs 54 Ngtore Ba'ddgméngl. this

I ncl udes a nerge.of, t eexl nat text entered into the lp file
40, the screené"dentl g %.d&q.&a}%goﬁpqa&pﬁmg 1Ry /1R 1‘(‘};3' ¥t he

oper ation of thgrmenplswe:tMG in seath tdke Sheuamrlacandlon sequaEnces
organi zati on 0fggbBfat&oCyEmt egl PO AfflarS segmen net g ned i@ t he
tl

ons~ _and exp anat I ons

i cat tructyre 36 includi def
o ocoseed iy PRuticacion Beatinoda Sy, I3 eyrBaoBnrHn: P dataiaed

definition loghesucblaZﬂédmrrbhet&mpkxnnﬂuaﬁggehasatet 30 in the MO
97/ 15882 process of generating code and dd%GI(eH%Qéi&g%?

-25 - Wﬁx |1 cation_Structuye, 36 nalntaln

appl i cati on generato Jllf FRFORS 26-82FR irGinde g file ID that can

be referenced in an application sequence to specify an

10 access of the file corresponding to the file record.

The type of a file, file name and location are also

stored as part of the file records 56. The file type

information specifies, in effect, the access methods for

a specific file. File types may include relational

15 database file, flat file, temporary data file, or in-

memory data structure. The file name may be either a

relative or absolute path name to a filesystem file or,

in the case of relational database, the name of the

database and table that is to be referenced by this file

20 record 56. The file 1location information may be

provided to support distributed file references or

structured indirections in the location of files within

a specific filesystem. In addition, the preferred

embodiment includes a data dictionary that stores

25 information that describes the file and data structures,

including field size and types, and contains
maintainable location information.

Each file record 56, such as File, 56, includes a

list logically identifying a set of one or more field

30 {or record) records 58. These records 58 each store a

record identifier that can be referenced by an

application sequence as a unique name within a name

space comprehensive to the file data space utilized by



The application structure 36 is organi zed as a hierarchy dependi ng
froma logical root node. The instantiated 5 structure 36 consists of
any nunber of topic records 50 representing specific application
prograns, such as an accounts payabl e application, a charitable gift
donor wonzedssng application, or a critical path consPEUBISPHA§267
managenent application. Each topic record 50 includes 10 a topic
identifier, typically a descriptive nane of the application program a
menu structure used to organize application programmenu entries in a
hi erarchy of one or nore screen oriented nenu forns, and a program
list that is used to identify eachzgsenponent program provided 15 to
realize as a cunulative whole the particular application program
identified by the topic. Another i st structure associated with each
topi ¢ col | ect s & particularicn¥q-cr s Eashr &ferdicesecordmchs f ma¥ Rferated on

or from bmaraﬁémwaxllqr refgrénddl zﬁ; root rHtiexd éeﬁﬁéﬁd:@uhﬁt topl c

50[err] associ a C 0 u

structure (not s%ﬁé% f&ggh recoﬁ‘riogr am and qyﬁ-le_ I?,_ %51515133 g‘%ra?l cal |y
shown as | ogi cflield re@é‘ﬁﬁé@??én@ﬁ teh%r@@ri%ﬁé Hﬁégl’-‘@rms 'Slzt‘-afmﬁlfd | es 56.
Each of the prearam ia¢ermstden fef e repeekbheal | Mh85 maXk Rl M

52 | udes d t
and. o8 a pr ogFIFRER PG suRibsbie i, reratbaiiin pyle prer Pl | IP°

structure that figddti fThs ﬂileé-d type sinfagapioyrapacidgesnasdatattype t ur n
together, defingat is &éﬁé&déﬁ'&t bancﬁé zté&rareﬁs@m 78081, For 3&xample

t he preferred odi nent r i nvention, the rograns
50 are partitidfhe ﬁ%t%a °€r'él?%t ?b%'?ygfsif%'crtetfee ﬁﬁ%’fc{]o%é aé)? ons. For
exanpl e, 10 \ASGIIn dmtegesuers Qimaayl.e tlopithe «ccane t¢fcmarlapm§pem

WO 97/15882  table field, the field type may PegédfPP/ Aag66f the
predefined database types, including date, money, text,
integer and float.

Figure 4 provides a more detailed diagram of the

15 architecture 60 closely associated with the image editor
32 of the application generator 30. The image editor
architecture 60 operates to merge user input 14 with
objects stored in the object store 42 and feature
packets stored as part of the knowledge base 34. The

20 image editor 32 performs this function based in part
upon application structure information and validation
information obtained from a rule table 62. Based on
these inputs, the image editor produces a sequence of
image definitions that are provided to a sequence

25 generator 66.

The user input 14 to the image editor 32 permits a
user to directly input image information that, in the
case of a screen oriented form for example, specifies
background data identifying the location and intended

30 content of screen fields. The user input 14 is also
utilized for performing conventional editor functions
that, in particular, include the storage and retrieval
of image sections as objects to the object storage base



- 26- 52 may isolate and performthe function of receiving and

+ storing input defining an involse—Arother—ptogram 52 —may be defined
as responsible for posting invoice records to general | edger

accounts. Another programmay 5 be specified to select and print a

reconciliation report. Thus, the logical partitioni pgrRisedfsgs7Pr 0gr ans
50 can be WPI¥IBL| y identified by program type and sub- type thereby

supporting the operation of the expert system under | yi ng the author 44
in generating the 10 correspondi ng program code. Further, additional

pr ogram types and sub-types may be readily added or defined and

the set of programrules nodified or extended to appropriately support
new programtypes and sub-types. ~29- Each program such as
Progranierr] 52[err] S effectively 15 inplenented as a set of one or nore

segments 54. Idem Ieg; Axg%%g ?&'Cﬁb ?ﬁsésan&mo "GP ithagl gagb

| ogi cal ly atron sequences hat
functional ly deﬂﬁ*@'—%}%bﬁr §§Pah4‘4%(ﬂqlcﬁ?rof t he program 52[err]. In

the preferred enbodirerdadiitilone peesenhpd 14 Wtsmzﬁypatmﬂbukegrrents
can be associ at edsget Qﬁglied Bgaﬁﬁkﬁulﬂ[ﬂ&éo g@:[&grlm thérh‘imi%@”ary

limt of 99 eved nore an a CL' te erm
definition &f sB4§¢-0| dhesgcabpriateg 1y hey Siregred to thepr"@’FéP‘FéHet o be of
limted conpl expiycessd icopleitipldrented fnwcaupnogfamngzpmmay program

52. Th t 5 t
and | hssoc: BOCH egpecy Wiite, 1PE GREN, Rllckered 80 AR Ynd®! OO0

segments 54 mayobemoxe jsperifdc fpieddsntof %Pértlc"“l?*ﬁvﬁﬁﬂﬂnﬁrééess vvhere
separat e segnengfusf €adt id | peegtam 362, iiEp| weRRY , déPinexanhkeugh ithport

;gn:(r:;![ Iogni%r €€B8pefation LEPRRS SRlde Gé@:ll.ﬂgf GALT Qhhy YTy ShfdeEined report
set of program attributes may be selected by the
incorporation of program based feature packets. These
program based feature packets each provide a specific
high level specification for a particular procedure oOr

15 qualification that will be applied by the author 44 in
generating the code for the program 52,. Program based
feature packets generally are not addressed to any
specific field and are generally assigned one per
program segment. Table I provides an exemplary list of

20 program based feature packets employed in a preferred
embodiment of the present invention and a description of
the functional specification generated by each.

Table |
25 _Program Feature Packets

Basic Program Specification Allows change to Type, Subtype, Read
and Write Program options selected
when the program was created.

Suppress Deiste Key Disables the F5 DELETE function key

30 from the user access. Used to prevent
delstion of records from master files.
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-27- Each of the segnent records 54 store a segnent

identifier that is logically repeated, either explicitly or inplicitly
in each of the application sequences associate wth a particular
segnent wi#9r/i1s882These 5 application sequences 38, in PCEMUS96{1628%i de t he
detail ed |l ogic utilized by the application generator 30 in the

process of generating code and docunentati on. The file records 56
each include a file ID that can be referenced in an application
sequence to specify an 10 access of the file corresponding to the file
record. The type of a file, file nggee and location are al so stored
as part of the file records 56. The file type i nformati on specifies, in
effect, the access nethods for a specific file. File types may

i ncl ude rel at i onaBugpkess FrintBlankdings | ¢, f | aFlinfinakes printivap blank §pedehen alli | e, or

i n- menory data structure. The file nd#e figld§ apothei repst age blank, r o] at j ve

or absolute path name to a filesystem fi| grtigpally any backoropnd texton the
rel ationgl dat aba%%puw .name of the 'ﬁﬁef?e"‘:%‘ﬂ;gr ble that is to be
referencet by this Tirle record 56. o Pops émwgi ﬂigrzinforrratlon

Inqui

may be provided to support distribut 1 Diid -faeél?dl&?%;{%n 10
structured indirections in the |ocation oac iyf%atpm ilel Rame from S4¥eCi fi cC

filesystem In addition, the preferredmustbeapisifibgirent i ncl udes a data
di ctionat§ that stOverede Pdge Headiigor mat i on t Revividels for rsisipressioh af fstandardnd dat a
structures, including field size pagadeadingpaliowing thyfgrmatobat ai ns

mai nt ai nabl e | ocati on i nfornation. custom, hgading; oGenorally yserforg o as

File[err] 56[err] includes a list |ogfowmsp" ) mntﬁ%’?!"g} of one or
nore fie 30 (or record) records 58. 'ﬁ PECoPds a8 Hore a
record identifier pgefice NnéxfBedntont €f €r enced o chang®® Habfr##t biar EQUENCE as

a uni que name Within a nane space CONpégatent skecatidnOfrbmethkitbwesdat a space
utilized by number to the highest number. Can
provide branching t¢c a program not
20 generated by the system (non-native)
- as well as native program processing.
Ask User for Main File Name Prompts the user to assign the main

program file to a different file on the
disk. Generally used with archive/de-

25 archive program s to allow control over
file placement.

Add Process Halt Support Provides for user initialed program halt
on demand.

Destroy File on Purge Program will delete the file specified in

30 Segment records as the Purge output
type with this option activated. Used
for temporary work files which are used
during a session and then deleted in
entirety upon program completion.

35 Side by Side Records Detines number of columns of records
to print on report before beginning a
new row. Used to create double-up or
four-up lahels, for example.

Reset Autonumber on Purge All continuous autonumbers will be

40 reset to O when records are cieared
from the file during purges.

Suppress Posting Screen Specifies that a posting process will be
silent and not announce that it has
started.

45 Don’t Protect Field Math Disallows divide by zero protection for
a field; also disables field initialization
as a product of a calculation.

Programs Pop-Up Call ldentifies Selector Pop-Up program to
be called from this fieid, enter name or
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28 a- part+ettar—topi c—FEactrof—tteTecords—58nay be
hi erarchically referenced by a root record sequence that stores field
record size and type information for each field represented by the
particul argfeRkdz The field 5 size information typicaldrwseépéresents
the nmaxi mum st orage space avail able or referenceable by a particul ar
field. The field type information specifies a data type that is
dependent on the record type. Thus, for exanple in the case of the flat
file, the record type may be 10 ASCI|, integer or binary. In the case of
a dat abase table field, the field type may specify any of the
predefi ned dat abase types, i ncl udi ng date noney, text, i nt eger and
fl oat. Figure 4 provides a nore detail ed diagramof the 15
architecture 60 closely associ ated w t h t heuserR2gRIl phikcédad by Topic BXieafé t he
application generator 30. The inage editor Ilistofavgitablhptogmmst Thé&Comider ates t o

merge user input 14 with obj ect's st or el$ refprredito ap BjSeleetosst ore 42 and
feature paekets—stered—as—part—et—the—khowedge—base—34—Hre—20 image
editor 32 performs this function based in part upon application

structure imformti dm ad&itmmiaﬂégment 54,) egivnated ¢heddacdnftleen a rule

tabl e 62. Bas?iqa@{é trg;_gg tQhy rg%ge%s sequence
of i mage derini t?a%s tﬁgt lté:'re pr gc? ggéuéﬁngg gen%% at or 66.
The user input EBRtPZEeiPRCKSRGe JHRES Bﬂlﬁe‘ﬁﬁ% f@ature packets amg ectly
i nput i mage mfznnﬂfﬁlzeﬂn tbatdefind heperativaselafi daceasionsendmwdl form

for exanpl e, 1fiif9%at 1ongPR w%&%&&%ﬁ%&ﬁ%@ 1peghien and

i nt ended 30 co tent of screen e‘user In
utilized f8Y pefr¥ %cégﬁf?eﬁ?‘?bﬂal BReh orield, F?sfeat“r? hBcket,
particul ar, i noda:deefénemd:e)mgb thedebyt usever effect the contents of

other fields. They can also control program flow by

starting or skipping other program segments. Exemplary

field based feature packets as used in a preferred
- 15 embodiment of the present invention are identified in

Table II.
TABLE i
Field Based Feature Packets
20 Feature Packet Name Basis Dasgription
Screen Data Element defines the local iteration of the data name.
Location This is the “00" packet or root packet that

declares that there is & data name and that
it may have packets. The imaging sditor
automatically prompts for the root packet as
part and parcel of implementing the data
name in the current segment. The packet
can override data dictionary definitions of
the data name. For example; increase the
minimum allowed collection length or reduce
the display length. The packet can aiso
make the data name "not a field”, but part
of the background screen mask, causing it
to be re-displayed on a later scresn with any
processing 10 support it.



of image sections as objects to the object storage base W
97/ 15882 PCT/ US96/ 16267
- 29- 42. Retrieved objects can be pasted onto the i mge page
mai nt ai ned by the inage editor. I n addi tion, user input 14 may
speci fy at WQ 9715883 to be applied to data fields i derRGHVVEIEHT t he
image 5 page. These attributes may be directed to the operative
process to be inplenented by a program 52 currently bei ng edited
within the image editor 32 or regarding one or nore specific fields of
a particular segnent 54. Thus, as a program 52[err] is being defined
through the 10 operation of the inmage €4or 32, any of a predefined
set of programattributes may be selected by the i ncor poration of
program based feature packets. These program based feature packets
each provide a spaehfddds hi gh gpereel s pamit thedrige Bf éréredivasbs] detsll ar
procedure or 15 gqualification that will iepeapplec@etingsntry3pecifichtivns, séts i N
generating the code for the program 52[ er r palcultiogrelativiship@od establisheeat ur e
packets generally are not addressed to anydisplay maskingific field and are
generally assig N Sis ; @M S Ay i ' n
exenplary list o q’fo %%Lé’?'ém bagg%g'f“gat ugﬁfiggﬁ e&%ﬁéﬁﬂﬁ%@ﬁﬂﬁgﬁg
preferred enbodi nent of the present bRANENIFoREd, D) Deultl & Thilyatget) Of
the functional specification generated by emc3).invisible. Logic is necassary for all

options other than {4) Tally Target. Hslp

text F7 is available to explain each of the

five options.

Element Verify Logic VERIFY Identifies Reference File and Record to
verify field valus for data entry accuracy.
Specify enfarcement option and use ~I[A~
for alpha or ~1#~ for numeric field
{equivalent 1o "value of current fieid"} to
build the key value for verification of current
field. Any other elements of the key should
use existing data elements by their name.

Element Skip Logic SKiP Allows a field to be by-passed for data entry
if the conditions specified in the Logic
section are met. If checking a padded field
for skip, such as the skip logic on a Display
Only variable used to show the name of a
field read with verity, you should use SKIP
}F FIELD 1S EMPTY, otherwise you must
check for blanks, as well as a null condition.

5 Element Display to Logic DISP2 Displays a value created by the specified
logic at a sslectable location at the bottom
of the screen. The packet causes a value to
be placed eisewhers without having the
benefit of any known target field.

Field Validation Logic VALID Defines allowable values for field data entry.
In Logic section you must include field name
if a comparative is used as it is not assumed
that the field name involved belongs to the
right or left of the inequality.

Element Caiculate to Logic CALC2 Causes another field’s value to change
based on the value captured or received into
the current field. The change may be any
math operator and may be displayed as it is
happening or wait until the other field
processes.



Table | 25 Program Feat ure Packets Basi c
' Program-Speci-fi-cat i -eA—AH-ews—etrange—to—Type;—Subtype, Read

and Wite Program options sel ected

when the program was creat ed. Suppr ess Del ete Key Di sabl es

the F5 DELyydBrhsggsti on key 30 PCT/US96/162¢70M t he

user access. Used to prevent del etion

of records frommaster files.
PCT/ US96/ 16267

Suppress Print Bl ank Lines
data fields on the report are bl ank,
optionally any background text on the

line my be suppressed. 5

Defi nes special _program processing for
1) Screen InquiF@ngfmgﬁggﬁﬂsSelector or
3) ASCIl file - if chosen, option to

receive output file name from user
must be specified. 10
Provi des for suppression of standard
page headi ng, aEf‘vai ng the format CHPE a
custom headi ng. Generally used for

forms processing. Al nost always used
when generating an ASCII file for 15
export. Def i ne Next Segnent
natural order of

execution fromthe | ownest

Etement Skip Field if SKIPEM
Empty

- 5 input Edit Options INPUT
Copy Value to Field COoPY2
Transiate to a Field TRANS
Element Tally {Running TALLY
Total]

10 Don’t Exit on Logic NO EXIT

Post to Another Field POST TO

Overri de pnaghts delenh

WD 97/ 15882

- 30-

Elimnates printing a blank |ine when all
-33-

Qut put Options

Specifies optional data entry program for
input. The current options are Single
Character 1/0 to allow in-field editing and
Muiti 170 to allow for fong text fields of
a'liges.

Causes the value {in any type of string field}

to hava its case forced. The options are

change to all UPPERCASE, change to

Capitalized first word, Change to Capitalized

First Letter or change to all lower case. The

packet can act on any da nge

in the program segment. {many packets caregnent
cause changaes in fislds which are not

displayed in the image, not on the screen or

report}.

Allows a field to be by-passed for data entry
if another field contains a null value {blanks)
for string variables or zero for numerics

Allows for the entry of a user-specified
range of valid characters for an alpha field.
Options are to limit to numbers, numbers
and alpha, aipha only, Y or N or a specific
list of characters.

Target field is identified to recsive contents
of the source field. This is equivalent to a
Move in programming.

Specifies conversion required for 1)
Encryption, 2] Decryption, 3} Soundex -
used in phonatic searching for names,
including Description and Program Target.

Provides totaling options {=-"/) for a
Display Only Field identified to recsive
results from this source field.

Tests for a specific value in field which
allows program termination only when the
logic is satisfied. Forces the user to
compete requirements such as an in-balance
condition before exiting

Causss a valus created by the defined jogic
to be place in a targeted field.



nunber to the highest nunber. Can

provi de branching to a program not 20

generated by the system (non-native)

as well as native program processi ng. Ask User for Main File
Nanme wWoensss2 t he user to assign the main PCT/US96/16267
programfile to a different file on the

di sk. Cenerally used with archive/de- 25

archive programs to allow control over

file placenent. Add Process Halt Support Provi des for
user initialed program halt -34- .
on denand. Destroy File on Purge Program wi | |

delete the file specified in 30

Segnment 1 eCor d$od Frdn{ Rndthlr $fe1a0U E‘LQ}S'%E& Causes the value created by logic to be

type with this option activated. placed in the current field to which the
for tenporary work files which are used packetis anchored.

during a sessign and then deleted in _

entirety upon peddEEitconpl eti onNEWYAL  Specifies a dnfapit figid vajugao Preplaneds
Defi nes nunber of colums of records '“t:'”""d°'ﬂ'°”"h°"°"'p“'°’“°°d.t°
to print on report before beginning a ;:‘;::::g’:cgt't;":lﬁ:s?:;’?:' This
new row. Used to create doubl e-up or

conjunction with the One-to-Man tin
four-up | abels, for exanple. re:aiﬁﬁh%ﬁb débﬁs@éﬂ%ﬁﬁhﬂﬂﬁe‘ﬁ\ﬁﬁ@r
Al'l continuous autonunbers will be 40 in this guide.

reset to 0 when recqrds arge . clear .
fromthe file %ggfﬁgi"b’df‘ﬁ’ e cBRvor :’a@@?jﬁ@é" W&ﬂm stpeesahe)
.y : i1l be age a ulian number, a string field
S_peCI fies that "a posting pr ocess W which can be the day of the week or the
silent and not announce that it has month of the year. This feature is used

started. 45 Don't Protect Fi el guddeivbly in scheduling? Sal | ows di vi de by
zero protection for . a
field; alsd di %@ﬁf JNumeds dmpvnt | SONY2H| onUsed to make a worded dollar amount for

as a product of arcal cul ation. printingpn efee¥fes Pop- Up Cal |

| denti fi es Sel Resosr DePafr-Topllipg 0gr RMOTAL Requires numeric field validation prior to
be called fromthis field, enter name or using field in a rdpGn Sutitdtaba Yrand
PCT/ US96/ 16267 total. For numarics, operator { +-/*)

Calculate to Subtotal Requires numeric field validation prior to
using field in a report subtotal. Same
scheme as Report Defauilt Totaling. The
subtotal region must exist and contain the
target variable.

Calculate to Grand Total Specifies numeric file validation prior to
using field in a report grandtotal region must
exist and contain the target variable.

10 Specified Range Inclusive  START Spacifies Data name from Start-Up screen
Start used to verify beginning range of fiald value
for inclusion in report.
Specified Range Inclusive END Specifies Data name from Start-Up screen
End used to verify ending range of figld value for

inclusion in report.

Specified Exclude on Exact MATCH Compares field value with value entered
15 Match here to exclude a record from the report.

Yes or No Logic YES/NO Compares field value to logic to determine if
field should be included. Only works when
combined with Exclude on Yes or No
Option.



- -31, use F2 Call preceded by
' i ; - -—t-st—of—avartabl e

progranms. The Pop- Up is referred
to as a Sel ector. 5 In editing a segnent 54[err], designated
fields on Wfynsss2 1 Mge page can be assigned attribut epcghisfefdscd on
feature packets. These field based feature packets are utilized to
define operative logic inclusions and qualifications that are to be
performed generally on a 10 field specific basis. Each field based
feature packet can reference and thereby use or effect the contents
of ot her fields. They can also.gontrol program flow by

starting or skipping other progran1segﬁg ts. Exenplary field based

feature packets as used in a preferred 15 enbodi ment of the present

invention are identjfied in le 1, "

TABLE | | ormal Exciide katord MEE‘Q'Nel efionssonditings i be 'P%&Réi‘%“?o
Feat ure Packet ﬁgf?e Basi s Descrﬁ: D:‘Bl::l"!,- :rl%(‘,’?g‘e;l?;a 'féefc’ El enent
defines the |ocal iteration of the data n manchn,;; @ﬁ%h“‘f'ie,d

This is the "00" packet or root packet thajhich does appear on report.

declares that there is a data nane_and that ) )

it may have pacRefine Sotkeyimagi ng 88fTor Al sort options created in the Start-Up
automatical ly prompts for the root packet 3 s"u::;s::mf':::n’"?r::‘;g‘:?t‘;n

part ?‘”d parcel of inplenenting the data shouldbelocatadonthe.lowestﬁeldporder

name in the current segnment. The packet s the sor.

can override data dictionary definitions of

t he dat a name. Paijemaanphcr ceMEMING o Causes thae valge in the anchor ﬁs!d to be

m ni mum al | owed col | ection | ength or reduchanged by a fixed amount each time

the display |ength. The packet can al so ‘"‘“;'.':".""‘ {:";‘::;‘;”.::‘g;":am

nmake the data nane "not a field", but par t::;a'v:,;s:wmin r:o;mwandmene

of the background screen mask, causing it cears.

to be re-displayed on a | ater screen with any )
processingto s gyp@!ripciqlqe_ﬂecord NORMIN Causes records being processed to be

Logic included or ignored based values at the
time. The packet is commonly used in
processes and output.

-~

Skip Program Segmenton  SKPPRG Completely sliminates execution of this

Logic segment based upon logic condition
passing. The logic must be loaded into a
non-stored data nams in an earlier segment.
No recards will be read.

Hide Output Detail HIDE Provides print suppression for record based
upon logic successfully complated.
Infarmation from the record can be used in
the program to accumulate totals without
printing the detail records.

10 Change Sign on Logic SIGN Changes the sign of a numeric variable
based upon passing the logic specified.
Grand Total Specifies that the field to which the packet

is anchored should have grand total,
subtotal or hoth created for it. even though
there is no specifications on how to create
subtotals or grand totals defined for the
reportiprocess. The packet supports the
definition of sums, negative sums,
progressions and negative progressions.

Debit Logic
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El emrent Edits EDI TS Limts the range of entered val ues,
sets repeat or recurring
entry spewoioasss2 ons, sets PCT/US96/16267

cal cul ation rel ationship and establishes

di spl ay maski ngs. El ement Display Logic DI SPLAY Provi des

field characteristics for displayed

data in the follow ng nethods - 1) D splay
Only, 2) Forced, 3) Default, 4) Tally.%grget
and 5) Invisible. Logic is necessary for all
options other than (4) Tally Target. Help

text F7 is avaglapdTQate ciRl ai N each of ty)g same operation as Taily To Credit Logic
five options. Logic El ement Verify Logiexcept it isMiWshded to be usedd4s Bidate’ €S
Ref erence File and Record to specifically defined grand total region’s
verify field value for data entry accur adiglds.

Specify enforc nt tion and u ol A .

for al pha or f—aﬁgm—-o%rmﬁﬁneri c ?lﬁé"lyd The same operation as Effect Other Field

; 5 ) " ut only subtracts field contents from
(equivalent to "value of current field") Rable specified under passing conditions

build the key value for verification of cifidgRitntered.

field. Any other elenents of the kex shoul d )

use existing dx"™eFedeiuc hy t hERYnane, The same operation ay Effgct SthepFisld o ¢
SKI P Allows a field to be by- passe?ﬂ“ﬁ?!eda?ﬁet:ﬁ”é’&t? “d‘;i:a;fbl:f.

if the conditions specified in the Logic :“:a'd ¢ passing " gl
section are net. |If checking a padded fieﬁg |

for skip, SuchAaomaticdnerkingntérogi CAUTOWN Di sipls@inown as autonumber} Specifies one
Only variabl e used to show the nanme of a of two types of automatically incremented
field read with verify, you shoul d use SKjejds. The first type continuously numbers

. the file within the specified range, one
|F FIELD I S EMPTY, otherw se you nust in ent oach iteration. The last

incremented value is stored on disk and the
incrementing continues next time. The
second type counts lines based on 2
referanced header record. Each header gets
its own incriminator and the values can
continue from session to session.

Fields Pop-up Call POPUP jdentifies Selector Pop-Up program 1o be
called from this filed, enter name or use F2
Call precedsd by Topic to view list of
available programs. The Pop-Up is referred
to as a3 Selector.

-

Verify By-pass Logic Makes ali of the various verify features
conditional based on the defined logic.

Element Verify Denial DENIAL Is a negative verify. Specifies that a

Logic referenced record should NOT be there to

pass. Both the feature and the basis are
spelled right in the system.,

10 Verify Only VONLY Same as Element Verify Logic but the read
to the referenced file/record is only for the
purpose of verification, no data should be
changed or loaded.

Write Record WRITE is an inverted verify. Instead of reading the
: referenced record, write the referenced
record.



check for blanks, as well as a null condition. 5 El emrent Display to
" Logi-6———D-SP2———Dbi-splays—a—vatte—ctreated—bythe-speci fied

|l ogic at a selectable |ocation at the bottom

of the screen. The packet causes a value to

be pl aced Y@gLe W thout having the CT/US96/16267
benefit of Qgﬁg knoz\?m target field. Field Validat iPon Logi c VALI D
Defines all owabl e values for field data entry.

In Logic section you nust include field nane

If a conparative is used as it is not assuned

that the field name involved belongs to_fhe

right or left of the inequality. El ement Cal culate to Logic
CALC2 Causes another field s value to change

e ot S RBRERNE . HBaE, "L vty anrne s

math operator and may be di Splayed a5 it i fupaanced racord), but the key valus to the
happening or wait until the other field  iyner referenced fileiracord is not

processes. WO 97/ 15882 completely known. This packet will cause
PCT/ US96/ 16267 the authored program to be able to do taBle

El ement | nput Options Spenos as 6t @ pisimplatefetacarsadt r y
program f or allowing inexact related data to baparched The
current options are Single up during processing.

Character |/ 0 t Geptyli1@¥4 vabief | €l d edigpg angk 5 complete verify including reading the
Multi I/Oto allowfor long text fields of gntire {other) referenced record, but the
mul tiple recurring lines. Case  record will be treated as nonvolatifeA¥ata
Causes the value (in any type of string fi elshgthe program’s run.

Update From Specifies the field or collection of fields that
will contain the value to place in the current
field.

Post Program Completion Override the Author’s default termination

5 Action scheme for posting programs; options for

alternate termination logic provided.

The image editor 32 preferably provides a picklist
for the sgelection of both program and field based
feature packets. As a feature is selected based on user

10 input 14, additional information is presented for user
input completion. This additional information is
presented typically in the form of a pop-up display
record that prompts for user input to sufficiently
qualify the desired function of the selected feature

15 packet.

The feature packet identification and supporting
information are collected by the image editor as
enumerated attributes of a particular program 52, or
segment 54,. Preferably the image editor 32 further

20 operates to reasonably validate these attributes against
the existing application gtructure including



to have its case forced. The options are

change to all UPPERCASE, change to

Capitalized first word, Change to Capitalized

First Letter or change to all |ower case. The

packet camweni5882 any data nane anywhere PCT/US96/16267
I n the program segnent. (many packets can

cause changes in fields which are not

di spl ayed in the inmage, not on the screen or

report). El ement Skip Field if SKI PEM Allows a field to be
by- passed for data entry Enpt y-38-

if another field contains a null value (bl anks)

for string variables or zero for nunerics 5 | nput Edit Options

| NPUT Adgpefdficallindide ppdorecpns 86, sherefexgnces. Feature

rd';nge of vali Cbafﬁ_k’é{t&“&fa% frurthidraldg@fankl 8hdis attributes are also
tions are tqQ |, (0] rg, .n el .

and al pha, al ﬁﬁ’é‘l?ﬁ'};e‘,& @%’Hﬁ% %rrg ésdr}:eacﬁ%ﬁ gz that :..ncludes a record

list of charadicar each basis. @Gpsh vasie receyd|dpfines chevabstract Tar get

field is iglentddHatd oAl CEMA A YRS that define a particular
of the source field. T'Pllxes

| s, equivalent to.a_, .. ,
Move in progr &R, Leha‘%’%ﬁ%ali SETAFRTEPERGS, WheRaRRmbined
Speci fi es conwsitdi Sher gepd iftingointgrmation entered by the user with
EnC(erPt i OR, széﬁﬁdﬁ)t %,@Wa ?ép&@i!mxinstance of a feature packet
used in phonetic seagghi or_nane .
i ncl udi ng Desm%%oﬁﬁgnggﬂ%‘gﬁ”a?ﬂ ‘f%r gefet of appligation segREBCRunni ng
TALLY 10 Prihatiecan dealutidigedi dosipplément] /Yhe fungtionality Tof al
Di splay Onl'y Rixgd heabidel ba@Ret O T ecei ve
results fromthis ur ¢ i el d. 0 Don't. Exit _on.Logic NO EXIT
Tests for a speci fis@evaﬁeﬁ?é:"irﬁ f;faé’lk&tﬁhf“ﬂf and generally do’provide
al | ows progr anfar thienusevninpity enhty efidunctional logic to complete

logic is satisipedaeb@hi€soh NBfUSEpdfticular feature packet. For
conpet e r]e_gw renent.s su

as, i n-pal ance
condi ti ontBef cFEAIRYS n&p‘e Tefly SStg??)t%ﬁ)t RBFKEF o YPPPOTSESTERS
Causes a val uespeehiimatipn heoflef i apeklayyi cfield name and the
to be place i nggediHitt8dnl b8l dn arithmetic operator. For example,

the realized feature packet can be represented as:

16AP200100Total Cost

20 0
+
Value Tally
0
where:
25 16 Ib of rule corresponding to
this packet
AP Topic identifier
2001 Program identifier
00 Program Segment identifier
a0 Total Cost Field identifier where feature
packet is anchored
0 Reserved for future use
+ First feature value
Value Tally Second feature value -
as destination fields.

0 Third feature value
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Post From Anot her Field PSTREL Causes the value created by logic to be
placed in the current field to which the

packet i sygesiéaged. Field Default WEYH8een6267Speci fi es
a default field value to be pl aced

in the field either when enpty or used to

replace the current field contents. This

Feature Packet is always used in

conjunction with the One-to-Many posting._

rel ati onship discussed as a full function |ater

in this guide. Convert Date Into String CONVDT Transl ates a
date field, whhe#, Sthéesuhdional logi¥aBF such feature packets is

whi ch can be REIRY aeiiBLE, Cplkh' Hhe 'Gaér proviatng ana being

month of the g¥pesedhite fwinimal | yeguigement specifications. In
extensively igy Ubf NEhisS Funct SOAYET LogheTEr 4 CnARBERt of EyblYen Used
to make a_worde .dgi(lasara%gour}t Vfgr i3 Al pha The cem
printing 8n cHREkRL P ﬁeﬁ' e 5 FS eﬁﬁnzﬁel'i ng P& OFXP Requi res
nuneric fi el dvaniables oargr not toenventional variables, but rather
using field i apsci£POré1&mbity alo Afheddr sy¥tem functions, calls, and
total. For nu Eécs]eff operat%g (F=1/* or Ca:!:ecégétn%dt %a%tnj.giﬂt al
Requi res nune feefrefa Sl *i%ﬁ PLTeD P * es
using field iand nepordefimedtvarigdakes. System functions include
schenme agoRepgbtaifimukheT8ystéNUatd S 1Data Date), while calls may
subtotal regi Onli“?otr exl gt and ¢ gt ain t%ﬁﬁ ating an au
t ar get vari abf& YSCEm | Wi °p3 BWehFSrEFRE- g an d§8%8ifies
nuneric fil e veneddiliDatapRing tBell), literals include fixed data
using fi 3' d | Be2ih@PON tLIE aﬁi&é&:’é&kglr %idi'ﬁdﬂ&tcsonsta]{xpsa RReserlvedl _
exi st and contain.he target . var e. eci.fie ange.locl usive
START " SpecVRTLRPLER  SHATROF, GHRSEEPRAY), RrauzamLay ® Codli pl
used to %&rify!Bbgi kR Rpunkegd, ohritbigtia| functions (1Ele Calc 2
fS or i ][l_cl us IDg nFiéld)‘%p?&:‘e-- allocated SRECIAH10E RRapaea | ey duke 1) ENBna
pecities tguﬂggg%naﬁog§s£gﬂt§t %CQ?EEEr Topic; !Data Main Read).
Finally, user defined system wvariables include all of
the field names defined by the user through the image
20 editor, thereby allowing direct consistent reference to
custom as well as predefined aspects of an application
program and its dynamic execution environment.
The functional 1logic may include conventional,
numeric and logical operators that serve as relatiomnal
25 connectors between combinations of system wvariables,
field names, file names, and record names, as well as
information in the application structure, provided by
the sequences, and dynamic execution memory wvariables
and literals. The field names are the names associated
30 with fields as part of the definition process
implemented by the imaging editor 32. The file and
record names correspond to the file and record ID’s
specified in the definition of the files and records 56,




End used to verify ending range of
field value for

I ncl usi on
in report. Speci fi ed Exclude on Exact MATCH Conpares field val ue
wi th value entered 15 Mat ch here to

excl ude awaewasss2from the report. Yes or No LogP@IAUS96/16267 YES/ NO
Conpares field value to logic to determne if

field should be included. Only works when

conmbi ned with Exclude on Yes or No

Opt i on. WO 97/ 15882
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Nor mal Excl ude Record NORMAL Defines conditions to be net to exclude a
Logi c record fromreport. Field does not

have to 58 of the application structure 36.
report, and peaktaibl®y afe detailed in Table III.
used to anchor exclusion to another field

whi ch does appear on report. Define Sort Key SORT
Al'l sort opti eRs—c+eat-ed—tr—the~StartUp
screen nust be defined and-anchor eg tﬁmﬁ}"
fields used or iy

Exemplaxye §¥8tf®ht on

S

14 Clrreht Numeric Fisld Variable
shoul d be | ocated gn COHeédE String Field Variable
of the sort. iCurr Hagik RePNane Increﬁfig\,p,;,,fg);s._,i,,u,,}:;ﬁ}%I\g.a nce Causes the val ue

in the anchor fi el LutrErioe Current Error Number
changed By a fi xed!CunrdFiald each ti nme In Process Fisld Name
(usual Iy each recolwrfittMaxed) the Number of Fields in Segment
counting is self-clyrdiablec it st art s Curent Felds Record

sanme val ue, count sfﬁuﬁw and t henFully Substituted Text Line
ICurr Next Se Programs Next Segment Number

15 ICurr Page No. Current Audit Page Number
1Curr Program Current Program 1D
1Curr Segment Current Segment 1D
{Curr Topic Current Topic 1D
- 1Curr Variable Current Variable in Translation
20 IData Bell Sound Sound Bell with Message
{Data Date Run Time System Date
1Data DSZ Remaining Data Size Variable
iData End Check End of Data Variable
{Data Input Run Time Input Variable
25 IData Main Read Main File Read Succeeded
1Data Menu SW1-14 Menu Parameter Switches 1-14
{Data Next Prog Run Time Set Next Program
{Data Page Count Report Page Counter
1Data Read Write Buffer ReadAWrite Flag
30 1Data Required Raguired Record Yes/No Flags
iData Row Temporary Variable for Row Number
1Data Search Search Key
1Data Temp Num 0-7 Run Time Temporary Numeric Storage
IData Temp Str 0-7 Run Time Temp String Variable
as IData Total Base Numeric Total Array
{Data VDP User Run Time WorkStation and Ussr
{DDICT Case CVT Case Conversion Option
IDDICT Data Type Data Type
1DDICT Desc Description of Entry
40 IDDICT Justify Field Justification
IDDICT Max Len Maximum Length
IDDICT Min ten Minimum Length
{Ele Calc Dest Calculated from Screen Math
{Ele Calc Source Source for Screen Math
45 IEle Cailc2 Field Target Field of Calculation
{Ele Calc2 Op Calculate to Math Operation



Nor mal i nclude Record NORM N

be togte
i gnored based val ues at the
time. The packet is commonly used in
pr ocesseswiyshnesszput . Ski p Program Segnent on SkHibSesne2e¢fonpl etely
el imnates execution of this Logi c
segnent based upon |l ogic condition

clears. 5 Causes records being

rmict-uded or

passing. The logic nust be |oaded into a

non-stored data nane in an earlier

No records will be read.

segnent .
Hi dg ;Qut put  Det ail HI DE

Provi des print suppression for record 4based

upon | ogi c successfully conpl et ed.

I.nformation from tEeCaleshosk can be u®agiay Calculated Field
the programto acéfm@dlat e total s w t Rement Column

printing the detaffle ?@U(fl"!!% 10

@n Eelsrtgrcoowruﬂ% c SI GN

Changes t he si gn 3 C vari ab| ield for Numeric to Alpha Conversion
based up passin ‘T ‘3“"I1 speC|f| U"“F““Aﬁ:' égﬁ’i?c ot al
Specifies that th | ch t h ""L:E:‘:md'.?.g onvert

i's anchored shoul d tota ’BaeordTypeofCopyTo

subtotal or both mga&@dod‘@r i t. everengmitidplay Logic

there i s1;mo speci tBichisp Oftionon how t O ERmestiDisplay Option
subtotal s or grantkld @sptbPosief i ned f oElstniast Display to Position
report/ process. TPFéB @Ré’w%upports Rpcprd Type of Display to

definition of sumé

97/ 1588
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{Ele Grand Sign
{Ele Grand Plus Field
I€le Grand Plus Logic
20 tEle Grand Minus Field
IEle Grand Minus Logic
1Ele imm Field
1Ele imm File
lEle Imm Op
25 IEle increment
iEle Input From1
|Ele Input From2
{Ele Input From3
IEle Input Thrul
30 IEle Input Thru2
1Els input Thru3
iEle Loop Use
IEle Lp Counter
1Ele Lp Exac tEn
35 IEle Lp Exact St
1Ele Lp Var En
1Ele Lp Var St
IEle Tally Clear
|Ele Tally Field
40 {Ele Tally Op
1Ele Tally Plus Fisid
{Ele Tally Plus Logic
lEle Tally Minus Field
{Ele Tally Minus Logic
45 {Ele Type
{Ete Up To Logic
{Ele Up To Option
{Ele Up To Target
IEie Up XI8 Func

P& suns
progres;igns and @?Eﬂ&&l{ogrogresm 0

Element Display to Logic
o 't Exit Logic ;

on’t Exit Option Debit Logic
Grand Total Calculate to Field
Mathematical Operator - 36-
Grand Total Add to Field
Grand Total Add to Logic
Grand Total Subtract to Field
Grand Total Subtract to Logic
Immediate Update Target Field
Immediate Update File
Immaediate Update Operation
Numeric Display increment
From Value Range one
From Value Range 2
From Vailue Range 3
Through Value-Range 1
Through Valus-Range 2
Through Value-Range 3
Loop Start or End Flag
Loop Counter Variable
Exact Ending Loop Number
Exact Starting Loop Number
Variable Ending Loop Number
Variable Starting Loop Number
Running Total Clear Option
Targat Field for Running
Running Total Math Operation
Tally to Add to Field
Tally to Add to Logic
Tally to Subtract from Field
Tally to Subtract from Logic
Field Type
Post to Update Logic
Post to Option
Post to Target Variable
Update with Translation Function Name



Gand Total to Credit The sane operation as Tally To Credit
Logi c Logi c except it is intended
to be used to update

specifically defined grand total region's _
fields. wo9mssskally to Debit Logic TALLY The BERUS{6I64t i on as
Effect OGther Field but
only subtracts field contents from

vari abl e specified under passing conditions

of | ogic entered. Tally to Credit Logic TALLY The sane
operation as Effect Qther Field -42-

but only adds field contents to variable

speci fied under passing condition of |ogic

ent er ed. 5 AlbtedireXIB Logizicr ement oPourcefigidyoNransiatefrery known as

aut onunber) Speci f iEle & Prog Translation Program Nams

of two types of aurSfetCaf|y mcremeﬁf@ :_"b;:;w;; File Name?
fields. The first %,&93 ously np ‘B{faxtmgetMamFule
the file W thin thggsh range biforts Output Data File Name
I ncrenment each i terpg,;dc%-r,‘;he | ast rts Output File Prompt

i ncrenent ed val ue ipgpeetoutmd on di sk ar tput Option

increnmenting continues next tine The
second type counts |ines based on a

referenceg header ‘i‘ﬁéoé téﬁ%r!ﬂ%ﬂ@é td#®isS provide an easy mechanism
its own incrim ator t he

conti nue froma§ §§'|"Bﬁ t §es§¥‘8n esting Ofi oFHETERD- LBF2E1  tBe popup
| denti fi es Semestipulpbponp gadbgrenversben or translation of data

gg: : ed frogﬁ Ej @e%w%bheé‘etcSQRQraﬁén?:{.ﬂd#%f%etween sets of fields,
precede i C | i st of
avail abl e pro hg agblp" PEf @Pign sets, and in specifying
to as a Sd& ectlmglc functi&enopprsyipass fiyi particular fieldsMvues all of
thedv.tarl Ouis \t;%c't:%&ﬂné e!fath%@staken entering or exitln f:.eél.da fWh:‘.le I
conditi onal ba on_the ment Mer i a
DN AL SR e PR BEr Yo SHER AvadleRie for retsiqugh E
ref erenced recﬁﬁea:mm%lckm,bethﬁwr @reo more commonly used in or
pass. Both th&éﬁ%@bﬂé@dw él{@ Eﬁd test rules 1mplemented in

spelled r i.n the
Sane as E#‘gne,ﬁh dr dfg& (Paﬁﬁt 3[4n‘e r g? the system varisdbléd
to the referemffiedti logy detaid Aowen| ;«evel functions relative to the

pur pose of verﬂJﬂ&the.n égeéi&tl%a&heubd ditablished in relation to
changed or ?%%%Stegac]ﬁt%me R%co ple, a mewl -I;Eield naxlué an

i nverted veri adl
ref erenced recxsferende dn nefeetgrenpaqket that supports editing of

record. 25 the displayed value will be implicitly evaluated subject
to the program and test rules to determine if an initial
default value is to be displayed in the field. The test
rules that will determine if a default value is to be
displayed and the program rules that will determine or

30 fetch the default wvalue can reference the system
variables extensively in implementing the necessary
functional logic. If a field is to be defaulted to the
current date, but permitted to be user modifiable, then

the rules may retrieve the current date (!Data Date) and

35 place the date in the field (!Display To) if the current
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=.3/- Ver i f y-Approxiratety—APXNVER—t+s—a ful t—vertTfyto(anot her)
ref erenced file/record that wll

| oad data (the full ref erenced
record), b7/is8@ key value to the PCTAIS96/16267

(other) referenced file/record is not

conpl etely known. This packet will cause

the authored programto be able to do table

scans as part or a sinple reference read.

al | ow ng inexact related data to be mgi,ched

up during processing. Verify Load Tabl e LOAD s a conplete
verify including reading the

entire (othegjetef eragncedempepl d, Cdndedititly, a direct and highly

record wil | ggnt-é%?éeed}d%ﬁ QQBXBlf:&gtgjfsg%%]ded by the use of the
: i

during the progr ) . )
Speci fi es t heyprerd yprdgblesti yathinf| fugstipnt packets, while

wi Il contai nprBeidalg/@ GetRiPe® yet highly dttiracted capability in
field. Post PnQQ5%HkCO£§kgghonf gygrrLde_ he Aut hor' s
def aul t F%rnFHEPPBE © S Of program and test ruleS¢ pene for
posting prograns; Fé@@lbﬁs thg various definitions generated by the

alternate tenphgatéditdrogre Provided preferably as each lderidRa@nedi tor 32

preferably pravi des | ¢kl st for the selectio of oth program
and field Bgsgggm?fegéﬁeé¥hrghSacﬁggggnaﬁsa?eP5§?§?§ igssele &d based on
user 10 i dgfdinigiong axe @valuated: bat the Seqpercs rgeneratory S6

10 to generate sets of application sequences. The
definition evaluation is preferably performed by an
expert system underlying the sequence generator 66. As
feature packets and functional logic are evaluated by
this expert system, reference is made to a control table

1S 64 that, in combination with rule table 62 operates as
an abstract, multi-level data look-up facility utilized
in support of generating definite application sequences.
The control table identifies sets of rule table entries
while the rule table provides the abstracted behavioral

20 characteristics for each basis referenced in the feature
packets. A simple basis may have a single rule table
entry that is properly used in all instances where the
basis may appear. A more complex basis, or function,
defined as a basis that may be subject to some ambiguity

25 in its intended use, may be first evaluated against the
control table to determine a particular set of basis
rules to consider in further evaluating the complex
basis or function. Thus, for example, a function
reference to a field name in the context of a data input

30 process may imply the need for establishing the input
focus transversal of the field relative to others.
However, the same function in the context of a report
process would imply a significantly different



I nput  conpl eti on. This additional information is present ed
typically in the formof a pop-up display record that pronpts for
user input to sufficiently qualify the desired function of the
sel ected feature 15 packet . The feature packet identification
and suppowWa 91(5882 information are collected by the i ne@pAosseiIeE6r as
enunerated attributes of a particular program52[err] or segnent

54[ err]. Preferably the inmage editor 32 further 20 operates to
reasonably validate these attributes agai nst t he exi sting
application structure I ncl udi ng WO 97/ 15882

PCT/ US96/ 16267 -44- - 38- specifically
file and record 56, 58 references. Feature packets that further define
basis attributes are al so val i dated against a rule table 62 that

i ncl udes a refyngtional bty eoparipiailarlysonehaelatedchbe dthef oprimurhe

abstract 5 bebavieval otheraeierdatial Gfor haliglednder@iodd | e1dpds.  basis.

The behavi oral, .c eristi e | ne with the_qualifying
i nf or mat i on e%t‘”e‘?gélgéy' t ﬁéyﬁgé?n%#: 88’{'?#%’%8%%71?'0 3r%p’é§1€%%n‘??%t ance of
a feature packsgough g corpeckethbiei &t.of Fhese dungrilonsatane

sequences 510 gulwhakicéed e TH¥Ie 289 to i npl enent the functionality of
t he feature packet. The feature packets may and generally do
provi de for the user input entry of functional logic to conplete

the definition-of—aparticu a-L_.f-aaI_uL.e_?ac.k.eL Ear 15 _exanple  the
Tally To feature packet supports thEDeIV gspecification of  another
field name af at~ ' et ser-ator . For

exanpl e, 10 an glternate index key reference in differant
contexts.

AUTONUMBER Defines how ordered program elsments are to be
sequenced in different contexts.
ELEMENT Defines the process for creating a program element in

15 different contexts.

ENTRY Definas traversal order for fields in different contexts.

LOCATION Determines how the location of a field or program
element is to be determined in different
contaxts.

20 MAIN KEY Defines how program elements are to be selected by
the main index key reference in different
contexis.

ORDER Detarmines the method of dsfining ths order of
program records or slements in different

25 contexts.

RECORD TYPE Determines the type of a program record in different
contexts.

UIP FIELDS Determines the set of additional fields or program
elemants that must be defined in support of the

30 further rule processing of a program segment in
different contexts.

For example, the ELEMENT function, in the context of a
data capture program, will, in turn, reference the

35 following functions or simple basis:
ELELOC Element location on the image page;

ENTRY The order in which data fields
collect data;
NAME Element of £ield name;
40 PTRANS Translation sequence for the field
name; and

RECORD Add to the database.



t he reaI | zed feature packet can be represent ed as:

‘ 16AR200100Fetal Cost—26 Vatue—Tatty '
0 where: 25 16 | D of rule corresponding
to t hi s packet AP
Topi ¢ i dentywhis®ksss2 2001 Pr ogr am i degirhisbe16267
00 Program Segnent identifier 30 Tot al Cost
Field identifier where feature packet is
anchor ed 0 Reserved for future use
+ First feature val ue Val ue Tal ly Second
feature value - 35 -45- destination fields.

0 Third feature val ue WD 97/ 15882
PCT/ US96/ 16267 - 39- Thus, the

functional |ogi Boeévengch ifeathie e dontlegts ofs a pd»ar:g@ ypropéss) t thei th the

soct PrOU G110 B upcr POIER | RoBLIAIEL SRV SRR e

speci fications. % I ogrc, a nu
system 5 vari BERBNS qranFFEORBd for reference. These system

vari abl es are not comifiid Gnallvstratfdec the pfodedishemplemented by the

5 image editor 32 in creating the various definitions and

text that are provided to the sequence generator 66.

The process 70 begins with the election of a user choice

72 to define the file structure 74, define a program

structure 76, or create a field definition 78. With

10 each of these choices, the user is prompted, and

provided with starting text as appropriate, through a

process that results in the production of definitions

and text representing the user’s further inputs. In the

case of defining a file structure 74, file definitionms

15 and text are produced. The £file definitions are

utilized to logically establish the file and record 56,

58 entries in the application structure 36. Prompt

responsive text entered with respect to each of file and

record 56, 58 is also captured by the define file

20 structure step 74. This text is stored to the help file

40, The process 70 then resumes with another user

choice 72.

The define program structure step 76 similarly

results in the creation of program definitions and text.

25 The program definitions are utilized to logically define

the program and segment records 52, 54 of the

application structure 36. The prompt responsive text is
stored in the help file a0,

The file and program definitions created by the

30 steps 74, 76, including the applicable record and are

effectively made immediately available to the sequence

generator 66. That is, with each iteration of the

operation of sequence generator 66, the application



abstract elenents to the systemfunctions, calls, and literals, as well
as reserved or predefined variabl es and user defined variables. System
functions include 10 obtaining the systemdate ( Data Date), while calls
may call for system operations such as generating an audi bl e t one
(1 Data RwaprBessz), literals include fixed data st r i MOBUSIH6267 Ast er i sk)
and data constants. Reserved vari abl es i nclude functional progranm ng
constraints 15 (IEle LP Counter), arithmetic functions (IEle Calc 2
Field), pre-allocated variables (I Data Tenp Num 1), and functi onal
system status (I Curr Topic; |Data Main Read). Finally, user defined
system vari abl es include all of t-kg-fi el d nanes defined by the user
through the image 20 editor, thereby allow ng direct consistent reference
to custom as well as predefined aspects of an application program
and its dynafttuekuret3éni®ravaidande to the sequdihce denmtatenaléé | ogi ¢ nay
I ncl ude convegti peférence. NUNEri c and | ogi cal operators that serve as

[reld names. 11| g aeate s PR CHER I e BRepCpe 44 Socddediammni ion in-
t he appl i cat sbepst r&i uBd, ptdvi 86d tygether t detatljudheesflawmd afynani c
execut| OB MEEREXtYA§ BRLE8 definBtithdd lfid!textIne PHi@ bAHS L the nanes
associ ated 30 _w th fleldi as__part éﬁﬁ?-tg def i ni t7i on rocess

i mpl ement ed BFPEFE-YMSEEL8EY « Of %ﬁe aefiine Séeaﬁaructurq. e7c‘€rad‘dnarres
correspond t defime fprtagrand stxuotdre (76 steps described abovwde drfe nition of
the files and heeREdesSBefining a £V & hdeBf2 with the choice %
PCT/USQG/lGZtZe create field definition 78 by user choice 72._42{

10 predefined prompting question and any applicable
starting text is obtained from the question file
associated with the help file 40 and presented to the
user for response. This introductory question step 80
is utilized to obtain an introductory statement as to

15 the purpose and function of the field being defined.

This field introductory text is stored back to the help
file 40. A define field step 82 permits the user by
input to select the appearance of the field being
defined. This may include the selection of an object

20 from the object store 42. The attributes of any fields
within an object retrieved during the define field step
82 are maintained initially, subject to further
modification by user input. Specifically, feature
packets associated with a field with in an object may be

25 opened and edited during the define field step 82.
Feature packets associated with an object can also be
added or removed. Thus, an cbject, once retrieved in a
define field step 82, preferably ceases from being
distinguished as an encapsulated object. Each field and

30 attribute defined through the retrieval of an cbject is
functionally no different from a field or attribute
newly defined through user input.



58 of the application structure 36. Exenplary system vari abl es are

" detait-ed—ina—Tabl e | H Table 111
5 System Vari abl es 1#
Current Nuneric Field Variable | a
Current Stwiownkdsel d Vari abl e | Curr Basis KeCTAas96/16267
Current Pointer into Sequence | Curr Error
Current Error Nunber 10 | Curr Field I n Process
Field Name | Curr Field Max Nunber of Fields in
Segnent | Curr Field Rec Current Fields Record
| Curr New Line Ful l'y Substiggted Text Line | Curr
Next Seg Progranms Next Segment Nunber 15 | Curr Page
No. Current Audit Page Nunber | Curr Program
Current Program | DWhen the user lHiGpntSégdbedtes that the deflmitdon Segnent
| D IQHJ r
| Curr Variable of rﬁa{ﬁl&):‘C:uﬁreg'r(li l\sla??rg ][eth EEP%%JS- atl,0 2r grily.

| Dat a Bel | Souﬁ’ae imaging edSB%d“Bé?zlanﬁ--ttPﬁﬁésE%g'éhe validate fielf,i 5 pate
Run Tinme Systestépte4. The rule tdbke aidFonsulted in real timlenmdnni ng Data

Si ze Variahl e tga,g Varlable
| Data | npulf% combination wi @e% nput@ienrl aﬁcnﬁ%e %%d tg e%h Mai n
Read thahi RTEPPE FRalhus Rasdwl( basis and funqgtigpal\degl S\NL 14
Menu Par anet er hipwe tdens ddfided for each attdibate desdcitegl with the Run

Time Set Next E&E%é&‘l field, %fWhé Wéﬁ&'@&%nc%gmtfhe £iel \ff&& gort Page

Count er . . ie’Flag 30
| Dat a Requi r edthe imaging edﬁEﬁﬁl??ecFmsdt?eél%fW%Qfsle SteP 82 |pata
Row 10 to permi'enwﬁr@z‘éﬂtbablceri'et‘:tﬂﬁm Nurdidlures that are | Data

'Sl'?ﬁlrac'rllenporary R]b-rlrerl c %tora e)é‘uous correctz?ija%f]ﬁr %ﬂ&q‘f;uy RuRﬁn

Tinme Temp Stri ﬁ@r%?‘?%I%YBShe imaging edifior RA-al WARR 2 field is\yppric
Total Array finally validagiesl,Videriesponding field definlitienddmkst ation

and User Sroducedl pe C-Ehgas$n%aq._ng editor 35:?%%' % Siggay@ption

IDDICT Data T y
Descriptié® of dEﬁPFV?i%ns serve tg Ffyual] gspects of the fiedfdy
Justification and assigned | BEt€ibbbkasl en Although themenufiileddgt h

| DDICT M n Leng initions %M BOELBIY Drmediately provided teiithelest

Cal cul at ed from Creen
sequence generator 66 for processing, an image is

maintained by the image editor 32 in support of further
20 editing of the defined fields.

Once a field has been walidated, an explain
question step 86 is performed to obtain detailed
explanatory text regarding the purpose and function of
the defined field. A prompting question and, again, any

25 applicable starting text selected based on the currently
chosen attributes of the defined field is presented to
the user. Prompt responsive text provided by user input
is stored in the help file 40 as field explanatory text.

Where multiple fields are to be defined relating to

30 a specific function, such as category and sub-category
fields used to identify an inventory item, the image
editor 32 returns to the define field process step 82 to
define a next field. Once the set of one or more fields



| El e Cal ¢ Source Source for Screen Math 45 | El e Calc2

Field Target Field of Cal cul ation |El e Calc2 Op

Cal cul ate to Math Operation WO 97/ 15882
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| El e Cal CWOSFHEARS2 Di splay Calcul ated Field PCT/US96/16267] E|l e Col

El emrent Col um | El e Conv From Source Field for
Conver si on | El e Conv2 Al pha Target Field for Nuneric
to Al pha Conversion 5 | El e Convl Field Target Field
After Conversion | El e Convto Mask Use Mask Nunber to
String Convert | El e Copytes¥iel d Field Nanme to be
Copi ed To | El e Copyto Type Record Type of Copy To
|Ele Disp Logic enment Display, 6 Logic 10 | El e Disp
Option are f“éﬂ@n@ﬁflﬁ%'plré}? dgpgsneditor returns tg &hg ¥8e5 Pos

El emrent D splehoiae Baept 7@n0 | El e Dispto Type Record
Type of Display t | &:L1.Spt @ Logi . El Display to
Logi ¢ Referzipg gy 5 P 8,50 Beraiy, oo G Lhe

| El e Exit Optfepence generatqy,fé; apdaprigicpshon sequences prpgugedr and Fi el d
Grand Totsl Gsycthatsedwerdde|gbnerator 66 arel Bhow( ang ?:ﬂﬂiou sly

Mat hemat i cal  £neRdtighes, tﬁlseq&nc%% a%gg 133 uépézf@%e Jaand Total

Add to Field Add to
Logi ¢ 20 applicpfien BERCHUTR S 6 eresent@iaml fidendeSimdtaonst o Fi el d
| El a Grand Mgrisandgrografidefinieiohs Dt aaat the $00IE definitions |El e

::in}neFl el d 96 produceé”ﬂfd}.% }#&‘Lﬁtﬁ‘aﬂé&gﬁﬁ Fifildhe aefinitiona1! '€ 1M
10 inputs are processed by the expert system of the
sequence generator 66 directly or indirectly through
reliance on the control table 64 to identify and select
behavioral characteristics of a specific basis from the
rule table 62 as identified by attributes of the field
15 definitions 9s6. In the preferred embodiment of the
present invention, the sequence generator 66 cperates to
generate discrete sequences that are functiomnally
descriptive of particular aspects of the input
definitions. Specifically, program sequences 98 are
20 generated to define the apparent ordered execution of
the process represented by a particular segment 54. For
example, program sequences will define the order that
screen display fields are visited. Program sequences
will also implicitly define the order of retrieving,
25 editing, and saving record data.

Data seguences 100 are discretely generated to
describe ordered data relationships between various
records 58. For example, data sequences will define the
files and records 56, 58 and the key fields that are to

30 be used to retrieve or store data to those or other
files and records 56, S$8.

File sequences 102 are generated to provide
relation references between program and data sequences



| Ele imm Qp | medi ate Update Operation 25 | El e

* lhcrement—m— ——-Neett+e—Brsptay—ncrementT "Elre Tnput
Froml From Val ue Range one | El e | nput Frong
From Val ue Range 2 | El e I nput Fron8 From Val ue Range

3 e | nput Thrul Thr ough Val ue- Rapppsdende?
| Ele | nputwcf‘ﬁmsh5 Thr ough Val ue- Range 2 | El e | nput

Thru3 Through Val ue- Range 3 | El e Loop Use

Loop Start or End Fl ag | El e Lp Counter Loop Counter
Vari abl e | El e Lp Exac tEn Exact Endi ng Loop Nunber
35 | El e Lp Exact St Exact Starting Loop Nunber

|Ele Lp Var En Vari abl e Endi ng” Loop Number |Ele Lp
Var St Variable Starting Loop Nunber |Ele Tally

d ear 98 Ruﬂﬁkb ng f@i‘abxgnﬁﬁé Oat if9fe sequence may! prévige !y Field
Target Field for nni ng

ni n
Total Math Opet ‘i?ﬂ cBflnéce ion betygeg & aqeile} Pl'lé%ncgffe’r%i as PAFFy°to Add to
Fi.el d a 1ogJJcED.efi[actyoxialJ§U@myn§nt of Tal fgattureﬁmitckethgac

el by o 'nﬁsMLfJ”@ Eéﬁ%ﬁﬁd Y lh CRasily 86t of Widludl sequences and | = ©
Frel Typed MO8\ dara Bquiped T OB rdr3Penldh ‘a Paxkioutar maaond, oo ¢

|Ele Up To Optsen A f1le seguencesOp0Rods utilized to BBpeeifp TheTar get

Post to Target,Nald f%l}l Sf data referenééafa UEhe(l &atd'Nfequence 100 tRdate with
Transl ati on Functi 5882
PCT/ US96/ 162678 field referenced by a program sequencg,98. IEle Up

X18 Logic Sour ce Taagisdatdoilir segieices-10h are generated to support

10 the ultimate association of particular data names with

abgtracted variable names that are either implicitly

allocated on a dynamic basis through ‘the operation of

the sequence generator 66 or represent system variables.

Thus, data identified by a data sequence 100 and

15 retrieved as specified by a file sequence 102 will be

instantiated ultimately in a ©program variable

established by the author 44 based on a translation
seguence 104.

Validation sequences 106 provides discrete

20 sequences that represent conditional gqualifications that

may be applied in reference to other sequences. In

particular, validation sequences are utilized to embed
functional logic conditions applicable to particular
data fields or groups of data fields.

25 Segment record sequences 108 provide a list of the
record identifiers of the records 58 that may be
involved in a data read or write, test for existence of
a specific record, a purge or clear of a particular
record, and any records that are to be used as a source

30 or target or involved in a header/detail relatiomship
with a record that is to be read or written during a
current segment 54.



|Ele Up X18 Prog Transl ati on Program Nane | Pgm Subt ype

Program subt ype | Pspec Ask Ask for Main Data File Nane? 5
| Papec Ask Pronpt Pronpt Text to get Main File | Pspec At File
Reports Qutput Data File Nane | Pspec Al't Text Reports Qut put
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The system vari abl es thus provide an easy nechani sm allowing for the
testing of current state, the mani pul ati on and conversion or

transl ati on of data bet ween records and fields and between sets of
fields, for the establishnent of option sets, and in specifying 15

| ogi ¢ function operations for particul agpti el ds or actions to be taken
entering or exiting fields. Wi | e the systemvari abl es are avail abl e
for reference in feature packets, they are nore comonly used in or
ref erenced by the pFedfture sfeuences Rl prmptidies ficsd seguadceshdahatow edge

base 34. Mbst gghctibe SYahOMMAY albPe chat a4 6cd BE dpbRibal pyeyn | evel
functions rel at.i Vi to the ];fm(\lt& onal ;éech I cat1 ons_established in
relation to ledd,Phr EXPUR K Lields-gnd, pay,ipvolve references, teyne
reference in asiyebenr vapéghles tdhitallppyres. eohlimpugli &fch fidarutiespl ayed
val ue w || gbe bE&hhﬁbé' ﬁsgvlg(wa ggféfgﬁpt cmlegé) ;_He B?’%Q%?gh&nq t est

rules to determne,if_an Lnitia I Splayed in

default” yalue i1s
the field ThePpESicular fupciiqnal, lgoic %@P@F#ﬂe sych aRrtARIYIP e is to
be di spl agegantitiliae field o rmotbermattinial bpdelificiawithmedic fetch
th def aul t ' i vel
e derau V%B:?ﬁooi@&n 6§§H@Eeﬁ&£&ege%$§%§%e?cguﬁéia I:ﬁ%&e?ﬂeens' vely

in inplementin € necess unct’l ona Is to be

defaul ted to tp@plementgd, éﬁ¥°ﬂﬁ}l‘ef‘hﬁupsﬁeﬂﬁ e ipd e SERUEBTRIJIYT abl e,

t hen iithe repeeseny a esinglee feheurarpackeriate (| Data Date) and 35
place the date in t9gef hghbtliéddd P! sbubbe! Et&ﬁ@?&f’éﬁ% 100, 102,V0
97/ 15882 PCT/ U

104, 106, 108, 110 are not ordered str?gg %63%96 7fir8t~in

first-out sequence buffers. Although sequences may be
added to the structures in a generally parallel FIFO
15 order, each of the application sequences are added in a
frame by frame relationship that relates zero or more
sequences in the sequence structures 98, 100, 102, 104,
106, 108, 110 in a virtual frame such as the frame 112.
Thus, if a program sequence within the frame 112 does
20 nothing more than assign a value to a field, a
translation sequence may be the only other sequence in
the frame 112. Conversely, any number of sequences in
one or more of the sequence structures 98, 100, 102,
104, 106, 108, 110 may be related by a particular frame
25 112. Consequently, each frame 112 of the application
sequences fully defines a very narrow logical
relationship that may be ultimately realized in the
execution of the code generated by the application
generator 30.
30 Although the application sequences are related to
one another as frames 112, the individual sequences may
be added to the application sequence structures 98, 100,
102, .04, 106, 108, 110 on an as generated basis. The



1-43-° field ('a) is enpty. Consequently, a direct and highly

non-procedural capability i s—prev-ded-—by—t+He—tse—of the system
variables within function packets, while providing a detail ed yet
hi ghly abstracted capability in 5 support of the formation of program
and test pilldgsess Finally, the various definiti gga@effnet ed by the
I mge editor are provided preferably as each definition Is conpleted
to the sequence generator 66. The definitions are eval uated by

t he sequence generator 66 10 to generate sets of application
sequences. The definition evaluation is preferably performed by an
expert system underlying the sequence ggperator 66. As feature packets

and functional |ogic are evaluated by~ this expert system reference is
made to a control table 15 64 that, in conbination with rule table 62

operates as funcEibmiistpaeticibl tof | enel séqa&é\néépkmpttaaaulsbwwtl lized
in support of eneratl defln égPapg tscatlon se he control
e~en

tabl e identifPEIRTS ?ﬁﬂ%?qg pfagnce rel; ﬁqgspﬁgs Beang ap) e
provi des t he #plicidtlod deghaedobyl f2dne xdfmreoreri stics for each basis

referenced in the feq! %ngene@%himeﬁt Sifmhe ?f‘ééénﬂ%v'&?a\é%ﬁ singl e

rul e table entr I S pro erly used jn.alT.instances wheré the
basi s maySappEat . aRPisAF B&ggsar%r BITRLG dAT2 recoxdp; RBERas a basis
that may be swbileca Bmatbnauahergqft pegbence nfiekds nt eRalehl aSetheny be

first evaluaig&kfgggdgnt*ﬁgg of sé ﬁégstgplelég des£r mipg, a1pglticul ar
set of basis conS|der||1fl%§ Ff valuatlgg t he conplex

basis or funci?®n. 1 Ve t Br Pt oL " SEHEPBRte to a
field nane |nfiekd$ont@m:gﬁha;amﬂealkumﬁ Bne peques@emaynchwwy &ahe need
for EStaQb'ShéQQuéﬁﬁé'f&EEd iderdtocs oﬂﬁ;ﬁ&esébﬂéﬂtrghat've to

o octes  woul BBS Fipserly Sa%ﬁ;ggﬁ; thea MY R FIReA!

However, some sequences 98, 100, 102, 104, 106, 108, 110
may be generic to a file 56, program 52 or even a topic
50. These generic sequences are considered part of the

15 sequence sets of art all hierarchically depending
segments 54 and records 58. Sequence type specific
fields include function fields for specifying a program
sequence function, such as verify wvendor, and more
generalized segquence fields, such as counters, for

20 specifying the order of sequences related to a
particular frame or sequence.

Frames 112 of the application sequences are
generally sequentially evaluated by the expert system
underlying the application author 44. As indicated in

25 Figure 7, programmer specifications, representing the
collected application sequences are received as an input
to the application author in combination with the
application structure 36 as represented by the file
definitions 92 and program definitions 94. In

30 addition, the application author 44 has access to the
knowledge base 34 for retrieval of program rules 120,
test rules 122, basis rules 124, skill rules 126, and
syntax rules 128. Based on the program type and sub-



+ WO 97/ 15882 PCT/ US96/ 16267

- 44- functionality, particularly one related to the optinum
retrieval order of data for this and related fields. Functi ons,
representing conplex basis, are referenced through the control
table 64wo9wistsese functions are 5 summari zed i n HGHU8I6{16267

Table IV Control Table Functions

ALT KEY Def i nes how program el enents are to be selected by 10
an alternate index key reference in different

cont ext s. AUTONUMBER Defi nes how ordered program

el enments are to be -52- sequenced in

di fferent contexts. ELEMENT Defines the process for

creating a programelenent in 15
di fferent conttd®es obtained effectfyryy from the prpgramedefinieidml order

for fields ingdiffehent apphbicattbe set of progflfThridlles 120 anddetern nes

2?‘2’&2? ! SC? E)I%I}r%%’er mlrfg %egli: gﬁ??ée %2 are selected for evaluation
contexts. 20 by the ayioy ggyagainst “the DEPIFRMNSTORPSLa§iaatborprent s are

to be sel extedtHbe selected program rules anticipate ad&&d@éé 'éJdeX key

reference in dlffe nt

ORDER STRIRNOT, £Q o EE o TBPCHAPTS, AR FELAFARRABIPE
program recor d's’»‘aﬂene,tleénehlfs the dprpgrammeps specifications. As a
contexts. consequenmér%gram rulbst e3dnigeasse ke bulbecef oge program
record in dlffeg rh ramm ficat N o Poé

U P FIELDS DREPFFHTET, PR ISACAGHP FBRAOFPETRS EF%‘& am

el ement s ihat thestavrlladlienaprnlicationr seguenpes 3peeded to satisfy

further rule P QsdhPam OfulRsPR0! AMSE HENR! rifles 122 serve as high
level qualifications tests to determine whether
different subsets of the program rules 120 are to be
utilized in ~view of the particular programmer
15 specifications being supplied to the application author
44. Consequently, the comprehensive structure and flow
of.a particular code module generated by the application
author 44 is inferentially dependant on the fielda and
field relationships initially established based on user
20 input.

The basis rules 124 are evaluated in concert with
individual program rules and specific frames of
application sequences to instantiate the previously
abstracted behavioral characteristics of feature packets

25 as represented by the programmer specifications.

The skill rules 126 are applied by the application
author 44 to develop the intermediate representation of
the code being produced by the application author as a
consequence of the evaluation of the program and basis

30 rules 120, 124. The skill rules 126 also participate in
the evaluation of the syntax rules 128 against the
intermediate representation of the code to ultimately
realize the instantiation of individual code statements.



‘di fférent contexts. For exanple, the ELEMENT function, in the
context—ef—a— —data—ecapture—program—witT—nturn, referencethe 35

fol |l ow ng functions or sinple basis: ELELOC

El ement | ocation on the imge page; ENTRY The
order in wifehsdas: dat a fields PCT/US96/16267

col | ect data; NANVE El ement of field name; 40
PTRANS Transl ati on sequence for the field

nanme; and RECORD Add to the database. WO
97/ 15882 PCT/ US96/ 16267

- 45- However, in the context of g.posting process, the ELEMENT
function will reference only ELELCC, , PTRANS, and RECORD.

Figure 5 illustrates the process inplenented by the 5 I mage editor 32 in

creating the vari owdindgfiyni thenapplfcatioh Cxithdiil 4@l 8186 Opiréadcés t he

iser ohoi e e intomeliBalk bRy B L Fipll] BISaRaRE AR T
structure 76, ®ROUSr Shat wikl dedreelized itbmough they execotienchfothet hese
choices, the &sfd. | STRIS"Ri@ThiomNd inforRaeYbceypi bl 8y aihbNgadeXxt as
appropriatg, tpire%h g s ,OCESS tha% rf%g%#s Lo the prod ctlgg of
definition Pakt r@%?es%?srfg RE PrPEFEMRt i tTeM 1 t he
case of defi niorganigptiorss 36t wedl 728 dontextespedifiicndirgctionstenxt are
produced. e fndmhedef bhi toge¥atliy at a screen prompt, the
available program options at different points of
execution, actions that are specifically disallowed at
10 a point of execution, for example. This information is
stored in the help file 40 by the author 44 to augment
the information previously stored there,
Referring now to Figure 8, the documentation
publisher 46 operates generally in parallel with the
15 application author 44, though with the notable
distinction of the dependency upon the help file 40 as
being prior augmented by the author 44. The publisher
46 depends on the application structure 36 as provided
by the file definitions 92 and program definitions 94,
20 which include the segment and record definitions, as
well as the programmer specifications provided from the
sequence generator 66, Specifically, the document
publisher 46 implements a relatively simple expert
system that evaluates document rules 130, obtained from
25 the knowledge base 34, primarily against the information
provided by the help file 40. The document rules 130
serve to guide the construction of the documentation
from the help file information based generally on the
application structure 36. In particular, the menu lists
30 associated with the current topic of the program
definitions 94 is utilized to organize the body of the
documentation. The programmer specifications are
evaluated, again generally on a frame by frame basis, to



cutil'ized to logically establish the file and record 56, 58 entries in
the application structure 36. Pr onpt responsive text entered with
respect to each of file and record 56, 58 is also captured by the
define file 20 structure step 74. This text is stored to the help file
40. The woocasss270 then resunmes with anot her user FICTYLES6/ 15267
The define program structure step 76 simlarly results in the creation
of programdefinitions and text. 25 The programdefinitions are utilized
to logically define t he program and segnent records 52, 54 of the
application structure 36. The pronpt responsive text is stored in the
help file 40. The file and pr.ggram definitions created by the 30
steps 74, 76, including the applicable record and are effectively nmade
I mmedi ately avail able to the sequence gener at or 66. That is, with

each iteratiopopgtriet scrgssy agndn véperhudmmagententeseBR L idns

application gyjtable W8 911488R%cions within the documentation. Ke
PCT/ US96/ 16267 est rtl'hca ure 36 is

avail abl e to PREISeqERFR G AN &key nameg, apd; B?%?’l% types ' The
create field detini tirontke epeld dhidesuéteadiengused soe;ts'iegeerheM, 86

together det diebaliigeibAGE! rdseriePidity el 9921 NI dhadle AlLARg - This

process is genera % exerrp ary of ing file structure 74 and
define prograMPEer (EE18R 7625t 3PS KRSy BERRFablYe to HHRRARS
defining a fi ekxgabdgdnsexpldnationshobfe béy coride@ter, catpefateiaghalefi nition

78 by user ch@pgpudes, dr WernBaSUSE! B84 1L HYr-Ppeliesbs Ganddld any

appl i cabl e Regserved word rules 132 may also support key word
10 indexing and creation of glossary entries for key words.
The text library 134 is provided tc support the
publisher 46 in evaluation of the documentation and
reserved word rules 130, 132. The text library provides
predefined text sections, including section titles,
15 screen introductions, appendix titles, legal notices and
standard instructions. The text library 134 may also
include a wvariety of samall, less specialized text
strings that can be manipulated upon evaluation of the
syntax rules 136. In particular, the help file 40 and
20 programmer specifications will provide for the
identification of various fields and user visible
attributes, such as display only, numeric or text only
entry or the source of a default field value. The
syntax rules 136 are evaluated to manipulate this
25 information into a standard form of presentation
appropriate for inclusion in the documentation in
reference to the corresponding image. Consequently, a
highly detailed set of documentation is produced by the
publisher 46 in direct correspondence to the exact
30 screen displays processes and reports that are
implemented by the specific code generated by the
application author 44.



:starting text is obtained fromthe question file associated with the
help file-40-and presented—te—the———user—for—responser—THI S TATTOAUCt Ory

guestion step 80 is utilized to obtain an introductory statenment as to
15 the purpose and function of the field being defined. This field

I nt roduct o‘w,t,ﬁg&g%i s stored back to the help file 40pcrhsokpisagre field
step 82 perm'ts the user by I nput to select the appearance of the field
bei ng defined. This may include the selection of an object 20 from
the object store 42. The attributes of any fields Wi thin an obj ect
retrieved during the define field step 82 are maintained initially,
subject to further nodi fication by user input. Specifically, feature
packets associated with a field with in"an object nmay be 25 opened and
edited during the define field step 82. Feat ure packets associated with
an object can al sofms, a 20@plele & @@hxﬂug%ne&atabj gobtednand retri eved

def field bI
st ngui Shed HRSHg ensea%%ﬁépgﬁréﬁé% R o855 080 98t e
defi ned t hr ougimplementational oRimtepbpeet jand dogumentatign vy @b

di fferent fronagsddt@ad19’ ubstblUt @pplicab€dhy 92 yAaRl { TRAsIghpeser | nput .
WO 97/15882 [ US96/ 16267

-47- 5 desggriPedre uIBP lsﬁ'ﬁﬁfeml FRBUTEE tahatfl QA JTOHREG ot of a
particul ar fi elnfammatdepl ¢oe beatinpulisbyt enpeear iny order t:nespemgfmg edi tor

34 transitionsgg® f&fcﬁi%dadatﬁ BE ekﬁe resﬁi@fhéﬁhppm%awbﬁ peByLarh S
consulted in real l,ication structure 36
to ensure et B?‘éﬁﬂ?'ti‘%‘ét b?@u ag'fet tl%%ﬂf‘ﬁ%n I'(')}té
definition of the appl:.ca.tmn structure and logical
10 attributes of fields that specify the characteristics of
field and the relationships between fields that
inferentially define the functions necessary to carry
out the realization of the attribute defined functions
and relationships. From these attributes and the
15 application structure, an over-specification of
application sequences is created that fully describe the
inferred detailed relationships and qualifications of
the attributes defined by wuser input. This
over-specification is then reduced by an expert system
20 that selects and utilizes needed and applicable portions
of the application sequences to realize the control
logic necessary to construct an application program
consistent with the program types specified as part of
the application structure. A complete application
25 program is thereby constructed through reduction by
syntax rules to a specific programming language. A
parallel reduction of the prompted and automatically
collected textual information also provides for the
generation of application program documentation highly
30 correlated to the specific application produced.
Various modifications and alternate implementations
of the present invention are contemplated and may be
readily resorted to by those of skill in the art without



have'been defined for each attribute associated with the defined field.
If the validation of the field fails, the imaging editor 32 returns to
a define field step 82 10 to permt user directed correction. Failures that
are subj ect to unanbi guous correction nay be automatically ,
corrected wormsss: nagi ng editor 32. Wien a field is PCHAISPE/16267 | dat ed,
corresponding field definitions are produced by the imging editor
32. These field 15 definitions serve to identify all aspects of the
field and assigned attributes. Al t hough these field
definitions are preferably imrediately provided to the sequence
generator 66 for processing, an inmage i-$6- mai nt ai ned by the image editor
32 in support of further 20 editing of the defined fields. Once a
field has been validated, an explain guestion step 86 is perfornmed to
obtai n det ai | e@eParting| £xemorihe cRRLRER) aABAN FIBE p&be [FEBEBECti on of
the defined fi¢hdentignionpti ng Imest pagtasdlapgai Nnmaapy 27ifHdentabl e

starting text EhEf: 5#’0 t c I C tributes of the
defined field ?@ﬁ%r esen%"gf 0 o fﬁ’? hg*%%‘g% .X’ﬁ?r%erxrnpst ‘#Eegscgé'r?%hvgbt g’)?t
provi ded by us®RYi Rgulrtilizedsint gp¥dparticelar| gmsadiment .as Dijnscy
expl anatoryg textle parsing \bagenes! tdel eelleldls dackwarde diefimiad rel ating

to 30 a specif] i : a Ly.and.sub- eqor fields
used to identi ;hgg%&lq%/e%%zfr;&ﬂ&ear bt%htel%lg%%ég uglfl%%‘lf?%? g‘ff}iri&i&gns to the
define field pFbeesexpaxy Pystems of déhencpresrnt finyegticnece tHa set of
gg% ag gg;)rl gzg |7 Qbdstion, the eXfbPd/satéds of the auZhor and publisfhelrl
. . < 48- e y

defined, the inn%ﬁebeecﬁ'npg'remr etﬁrdngs_t% ?’f%glu%eerxpert gys';em or Unained

10 sequentially to provide for the production of code and
documentation. Accordingly, the present invention may

be practiced otherwise than as described above though

within the scope of the present invention particularly

as defined by the appended claims.



-choi'ce step 72. Referring now to Figure 6, a detail 90 of the
-sequence—-gener at or—66—ane—appti-eation——sequences—pr oduced 5Dy The seguence
generator 66 are show. As previously establ i shed, the sequence
generator 66 operates fromthe. _.._appl4cat44;n-_structure 36, presented as

file defig %1{_;@8 " 92 and program deflnltlons 94, and pPBuddeRérr
definitions 6 produced by im Im 32. These definitional 10
i nputs are processed by the f the sequence
generator 66 directly or indi rect| y th rough reliance
table 64 to identify and sel ect behavi oral char
specific basis fromthe rule table as identif ed
the field 15 definitions 96. In the preferred enb
present invention, the sequence generator 66 operates to gener ate

di screte sequences that are functionatlaymg descriptive of particular
aspects of the input definitions. Specifically, program sequences
98 are 20 generated to define the apparent ordered execution of t he
process represented-by & [puogremmed sygtem exfcufed on axeAPRtedrogram

sequences wil | xdﬁflamﬁgtf@r%éeautaaanc geaees@{bzﬂloffphayaﬁpﬂéétﬁ@ vi si ted.
Program sequences w ll, also ﬁe& sys gmdefl ne, the order of retrieving,

25 editing, HRPERRnFRAEBTRE fuences 100 are
di scretel ysgenerated toa) a guidefbedbraorrier cﬁﬁf@hlébamgnpmwmet ween

various I ftiadSamB. £1O1q CaSFin i i e RUENSRSral iy d6¥ | Depddie
files and records 56, 58 gnd the key fields that are to 30 be ‘used to

retrieve or st BUELE™EE Phose or ot her files and records 56, 58.
Fil e sequences 102 are Yeneaatsediiencpr oyénirator, etmpmﬂréberMS bet ween

pro/gram ;’;md d%\ﬁd‘hﬁ‘lﬂ&ﬂ€8§ for autonomb@s?y¥/ pr&&ssing said program,
PCT/ US96 %(? 26 data and field definitions into a plurality of
functionally descriptive atomic sequences, each of said

& SLEES HAB BEEN |
yﬁrﬁiﬁﬁfﬂmt es df

functionally descriptive atomic sequences describing a

unique characteristic such that a plurality of frames,

each comprising zero or one functionally descriptive

15 atomic sequence from each of said functionally

descriptive sequences, respectfully describes said
plurality of input event elements; and

c) a rule processor including a program rule

base conditionally describing the structure and

20 operation of a predetermined application program, said

rule processor autonomously processing said program rule

base in concert with said plurality of functionally

descriptive atomic sequences proceeding generally

sequentially over said plurality of frames conditionally

25 unifying said plurality of functionally descriptive

atomic seguences with the structure and operation of
said predetermined application program.

2. The programmed system of Claim 1 further
comprising a syntax processor including a syntax zrule

30 base defining the syntax of a predetermined programming
language, said syntax procesgsor autonomously unifying

This Sheet Has B

DTN



. -49- 98, 100. For exanple, a file sequence nmay provide a | ogi cal
connection between a field identified as part of a |l ogical functional
statenent of a feature packet that is realized as an ordered set of
program sequences and 5 a data-sequence 10Q that refereaces a particul ar
record wow3asssA file sequenc d to speddTyUSbIEs267
transfer of data referenced by “ﬂﬁ“ “‘Emm?“ e 100 afield
ref erenced by a program sequen . s *Transl gt FERE are
generated to support 10 the ultinmte association of [

ES
wth abstracted vari able nanes that are either i ted
on a dynam c basis through the operati.gg-of t he sequence gemner#

or represent system vari abl es. Thus, data identified by a data sequence

100 and 15 retrieved as specified by a file sequence 102 will be
instanti ated sebidi nplerglity n ofa fynwgioaallyar AestEiptivestatigiighed by t he

aut hor 44 bass@qﬁaneeéraaelﬁﬂﬁ%a wzt?@%ﬁ@nﬁﬁzﬁgﬂur _and op ed@ligiat | on
sequences 106 prqvid di screte 20 quences t represent

conditional qR&l |sﬁ19at3r(?ﬂ§t?ﬁ§?‘ne aﬁﬁ}l I?‘é‘lﬂ‘f‘ﬂ“ % FRYSD ot her
sequences. from sgial t rele aprovessor) | orw:s:e:qumesyatm:ubtfl =il t 0 enbed

functi onalg g&gaeeggmihwspf&&m%e 1hPAlge ¢4 6§rov1dedaé aedddy ds or

groups of dat | el nent recor se uences prOV|de a list

of the r é'@?i"&s?ﬂ’éﬁ'?"?‘? 2% B‘FetﬁEnr‘%t'c‘b'?% aid | ol ved
in a data reagredetermined eapplicatebors t progprant cons;aa:smecmfukc tlecord, a

pur ge O CLeeyited B8/ b4 rhloaccermifl rodithudily nacidael el 2re to Lo
with a record that is to be read or witten during a current segnent
54. 3. The programmed system of Claim 2 wherein said
10 guided editor comprises a first module, responsive to
said input event elements, for maintaining a program
hierarchical data structure defining ordered tiers of
named program nodes and named segment nodes, a second
module, responsive to said input event elements, for
s maintaining a data hierarchical data structure defining
ordered tiers of pamed file nodes and named record
nodes, and a third module, responsive to said input
event elements, for maintaining a field data structure
defining ordered screen data, including named fields,
20 and operational attributes.

4. The programmed system of Claim 3 wherein:

a) said third module of said guided editor
further comprises a text submodule for providing to a
screen context sensitive prompting text in anticipation
25 of predetexmined input event elements and for receiving
descriptive text describing said predetermined input
event elements, said text submodule providing for the
ordered storage of said descriptive text in a help file;

and
30 b) said rule  processor includes a
documentation rule base conditionally describing the
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50 Feattre—seguences—tr0—provirde—for sequences—that
describe functional logic that is to be applied to a field or group of
fields and may involve references to system vari abl es of all types.

Al though apglyi@sd ure 5 sequence Ts nowpreferably conppei@sdspssspeci fying
a particul ar functional Iogl ch as tallying a
particular field to another wt !] g & ﬂﬂ'lﬂr hret i ¢ or bool ean
operator, nore generalized funct |nple TR nluu%ggagﬁiﬁse

of nultiple sequences to 10 represent a single featur

The application sequence structures 98, 54100, 102, 104, W%
are not ordered strictly as first-in first-out sequence buffers.
Al t hough sequences nmay be added to the structures in a generally

paral | el Fl FO structuferand orfani zd thionapil 4 Caddumizntcaus8beebing saidried in a
sequence st rudreiseptingd fatiflod ol Probtal, cballl fure ordEEBEIETL " 1
frame such as aUkeneRaRElY processinghsaid doqumensgtimnssuleeaseiimhin t he
frame 112 does:oaeeramiumgaamnpeuramﬂy @@%xﬂmlanmhyedeé@m{tﬁé eld, a

I f
Conver cel b o oREoadiiartes, (ondll dor I wSfEBS" By anporipivnd Sonce

structures 98tewyp wigh the stogmctuge and crpaniwatBonr edfit eshid a
particul ar fr@Rudent.112. Consequently, each franme 112 of the application

sequences fully defines a very narrow |ogical rel ati onship that
may be ultimately realized in the execution of the code generated by
t he application generator 30. 30 Al t hough the application
sequences are related to one another as frames 112, the individual
sequences may be added to the application sequence structures 98, 100,

102, 104, 106, 108, 110 on an as generated basis. The

"“‘ﬁﬁ'ii‘ﬂ‘li‘iilﬁiﬂ“ I
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sequence types results in sequence relationships being

defined by frane ref
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erence.

| nunmber of sequence fields.
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inmplicitly
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test r'ules 122, basis rules 124, skill rules 126, and syntax rules 128.
Based—en—t-he—proegramtype—and—SsSth———WE-9+-15882

PCT/ US96/ 16267 -52- t ype obtai ned
effectively fromthe programdefinition 94, the applicable set of
program rul nd corresponding test rules 122 ar for
eval uati on %Jyé)g/ss?he aut hor 44 agai nst the programmer sp?é‘ﬁﬂ Cﬁl ons.
These sel ected programrul es antici pate and i npose a gener al franemork
to the functions and rel ati onshi ps 2psesented by the programrer
speci fications. As a consequences, the programrules 120 serve to
sel ect out of the programmer specifications the information from 10
the avail abl e application sequences needed to satisfy the programrul es
120. The test rules 122 serve as high | evel qualifications tests to
determ ne whet her di fferent subsets of the progr rules 120 are to be
utilized in view of the "#Zgasticular programmer ﬁgﬁgr?catlons

e

bei ng supplied to the appliTatton aut hor 44, Cbnsequ t he
conpr ehensi ve structure fl ow auN\T\a\QQL;LE;lar endant Jon the fields
by the application uthor 44 isNynferenti dependant on the fields

and field rel prromstrips initi al | i shed based on user 20 input.
The basis rules 124ﬁaﬁ§de | uat ed ﬁﬁbnmqe t mmth indig$é program
rul es and speci fi e—+ares Og J s€gquences to in ntiate the
previ ously abs/}éﬁred behavjefal/ cha istics of feature packets 25
as represented by the programwr sp Cifﬁfatl S. The skill rules
126 are applied by the qukrcation \
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aut hor 44 to develop t he |nterned|ate representation of t he code being

produced by theappticatiom author—as—= eensegtence don
of the programand basis 30 rules 120, 124. The skill rules 126 al so
participate in the evaluation of the syntax rules 128 against the
i nt er nedi at ewoopisasent ati on of the code to ultimately Wz&he
instantiation of individual code statenents. WO 9
PCT/ US96/ 16267 - 53- Finally,
the application author 44 al so produces3/5 textual information relating
to the fields, prograns and menus that will be realized through the
execution of the code. This additional information typically includes
5 field sizes and types, included programs, and menu or gani zati ons,
as well as contex c directions on t he manner of operating at a
screen pronpt, theyUs=sgwraveilable programoptions at different points of
execution, aoyhopbcliiabe: specifically disallowed at 10 ajpoint of
execution, for ex his informatio stored in the help file
40 by the author 4 gnent pff or mati on preyrously or ed
there. Referrijng now nt Ei@mbﬁ”@iﬁhﬁ??ther
46 operates generall]y gn patghl Qlé aut hagr—44,
though with the hnotdble NUEVIMITE NS
file 40 as being prior augnented by tlhe aumlﬁr 44 sher
46 depends on the plicatlon : 349 as provided by the file
definitions 92 and prodgramdef sl 7o 4> 20 _which includg the segnent
and record definitifns,} as - ) S sgft i LHons
provi ded fromthe &4 '3*§§ﬁfmb05
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‘sequence generator 66. Specifically, the docunent publ i sher 46
+nplemsat-s—a—rel ati vely—si-pte—expert——systemt hat evaluates docunment

rul es 130, obtained from25 the know edge base 34, primarily against the

i nformation provided by the help file 40. The docunent rules 130

serve to %gﬁ,ggﬁe construction of the docunentation pétosechgs7hel p file
i nformati on based generally on the application structure 36. In
particular, the nenu lists 30 associated with the current topic of
the program definitions 94 is uui/bi zed to organi ze the body of the
docunent ati on. The programrer specifications are eval uat ed, again
generally on a franme by franme basis, to WO 97/ 15882

PCT/ US96/ 16267 - 54- construct screen
and report format representations sui tABMEcRgMBPuUst rati ons within the
docunent ati on. Key words, syglk as func E&IéStEﬁg,mes and basis types

t hat occur _in the help fil/& 40 are used _to trigger:the 5 gval uation of

reserved word 32._sfhese resefved rd rules!1B2 ars provi ded
preferably to kﬁi . |espasmied 24 ana'ti%gzﬁ?tﬁ key, chyceptls,
oper at i onafiz~ t or _methods of} use Tn a noniré&petif¥ vie manner.
Reserved word Fm_Le'__s"] —'gfx:)po [ kdy word I0: ngexing and creation
of glossary entrres y words. e Wh'EAtext‘ ltbfary 134 is

provi ded to su ‘

eval uat i OHTD "Lt,é”@ docunent ati on
and reser vedaror ext—-bratylpy ovi de

predef i ned %4xj DgdEL | on f o : i it kes, !L5.
i nt roducti ons, | ces—and ff emdar d
i nstructions. ; o2 | o
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i ncl ude a vari ety of small, |ess specialized text strings that can be

mani pul at ed upon evaruatiomof—tie syntax—rutes- 136. +a—partteubar t he

help file 40 and 20 programrer specifications wll provide for the
identification of various fields and user visible attributes, such as
di spl ay onl wogrmsssei c or text only entry or the sour G Qfe &F;ault
field val ue. The syntax rules 136 are evaluated to nanlpur e this
25 information into a standard form of presentation appropriate
for inclusion in the docunmentation in s7/5 reference to the correspondi ng

i mage. Consequently, a hi ghly detailed set of docunentation is
produced by the publisher 46 in direct correspondence to the exact 30
screen displays processes and reports that are i npl enent ed by
the specific code generated by the application aut hor 44. WO
97/-15882 PCT/ US96/ 16267

- 55- frrs—a conpl et L cation generat5;:§yst and

met hod, providg.%n-ﬁg_e:t support M
mai nt enance o ent ati on
: h
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he desi gn, |rdg3; ation,
sentially cust application
&

prograns has beep describ e stemrequires a m ni mum anount of
information to bg by 4 rder to specify the functionality
of the resulting applicati pr ogr am the information input is largely
constrained to the definition of the apprcation ot“ac%#:e and | ogi cal
10 attr weRlieldg that Sﬁbﬁhiixéﬁgnﬁ??b terlstlc field and
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out- the realization of the attribute defined_functions and :
rel at’i onshi ps. Fromthese attrjbutes and the 15 application structure,

an over-specification of Emgﬂﬂﬁnﬂuuﬂ?Mnces is created that fully
descri be the i nferred detai l i and qualifications of

the attribut ¥O%YBhed by wuser Gnput®™ 5 * This pCtiseliler
over-specification is then reduced by an expert system 20 that_s cts and
utilizes needed and applicabl e portions 57— of th ] NgNCHERPENCes to
realize the control | ogi ¢ necessary t0 constr §8L g H+pN}{ program
consistent wwth the programtypes specified as part bl § cation
structure. A conplete application 25 program ijs ugt ed

t hrough reduction by syntax rules to a specifijc Iprogrammi ng_l dnguage.

A paral l el reduction of the pronpted and autorattcally col | gcted

textual information also provides for t@lgime genefation of-appki-eati on
program docunentation highly 30 correlated to the specific application
pr oduced. WVar i duprognatiined systemsexacuted| anea samputenprayiding for it s

of the present_| ti .2 cQn | LLy rted

to by those ofaug?‘?{ Pgn?r%é arq é\llr?t gﬁéa?ﬂnaﬂgng\gﬁgﬁrfg@géé syrsfeﬁj

PCT/ US96/ 1626 £omprising: - 56- departing from
the nature and scope of the present . lnventian.. [ n particul ar,

mny - diferent e i mBeh@Hpas roree sfier fRr SaiPhing PoRHE. SREETAIRR above
may be utili zegfihiflom oA plivalityaf ifpiibedtinteRmentd;rect 5 rule parsing

engi nes as well as backvvar'?:l cﬂdgi ni'?gb i nference engines may be readily

utilized in realizing b)asRauencs generate),qoupigdde saidiguigadJimage editorfont i on.

I'n autonomously processing said program, data and field definitions into a plurality

of functionally descriptive atomic sequences, each of said functionally descriptive
atomic sequences describing a unique characteristic such that a plurality of
frames, each comprising zero or one functionally descriptive atomic sequence
from each of said functionally descriptive atomic sequences, respectfuily
describes said plurality of input event elements; and

¢) a rule processor including a program rule base conditionally
describing the structure and operation of a predetermined application program,
said rule processor autonomously processing said program rule base in concert
with said piurality of functionally descriptive atomic sequences proceeding
generally sequentially over said plurality of frames conditionally unifying said
plurality of functionally descriptive atomic sequences with the structure and
operation of said predetermined application program.

2, The programmed system of Claim 1 further comprising a syntax
processor including a syntax rule base defining the syntax of a predetermined
programming language, said syntax processor autonomously unifying said
plurality of functionally descriptive atomic sequences, as unified with the
structure and operation of said predetermined application program as received
from said rule processor, with the syntax of said predetermined programming
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addition, the expert systens of t ki

: A LTT LY sher
I npl enented as a single expert sy$ tém or chal ned sequelmm lm lml
provi de for the production of code t cﬂ?&?ment tion

present invention na be practi ged ot hervm se k han as descrl bed above
t hough wi W ¥ASBE scope of the present inventiodn partiBgF

defined by the appended cl ai ns. W0.972/.15882
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Cl ai s . A programed system gxecut ed on a conputer providi ng

for the auto t|c eneraton of an applicgatio ra sald

syst em conpr {Tfanﬁgage to p’"”"‘éé a codeg)re&g &n@' esq%m’%ranﬂo? tﬁ:{g P Shl ng
program dat asa;edpiéde{eﬁnﬂﬁal Shglicaith brdyrard é&dérseémtwnwfmé Ngyrtaxe v Bhid

el enent s; a sequence generator, coupled to said guided

i mage edi t or pmdewmqﬁrmmmnpnw@s@ageg said program data and field
definitions into a plurality of functionally descriptive atom c sequences,
each of said functionally descriptive atom c sequences describing a uni que
characteristic sucR.t hatfThe grbgraminted,systent rofiGiaim 2 adierein spidi guided eage or one

functionally d | |y
descripti veyat §ﬁ§'r %@&gﬁég%ﬁgéqgg%t%gﬁ'{svgescﬁg @ué gﬂtp% mreIt"*‘e)t’ y&l
i nput event elnﬂmalrmg aamigram hierarchical datacstrmtwmde" nmgm’demdrﬁemoﬂ namety a
program rul e base con t|o &]ESCI‘I % t he strugtur(«iﬂand H'gner at on of a
predet er mi ned PEFR 'i"c%ﬂ '}9‘?83% gfhsedey F‘%‘Fet? Fr TRAOEE JPOA® o IFSREIYS
processing Sa'sdadpfnﬁﬂf alerit UdIemBAE S farmamtmang a\bata IerafcHidal rdalta Tsﬁ‘u@tﬁre
functionally descriptive atom.c seguences proceedltﬂ% ener al I g%mgt ially
t

over said pi udgfining °8’fef?ﬁ‘ ters of Pamer e pedes\andname 'EPdSFu
functional ly deshid meélﬁfﬁls%otm $aic® HPUL RUER ibthBntshfor ShaikEining acsld @agy at i on

of said predeterm ned application program
structure defining ordered screen data, including named fields, and operational

attributes.

4. The programmed system of Claim 3 wherein:

a) said third module of said guided image editor further comprises
a text submodule for providing to a screen context sensitive prompting text in
anticipation of predetermined input event elements and for receiving descriptive
‘text describing said predetermined input event elements, said text submodule
providing for the ordered storage of said descriptive text in a help file; and -

b) said rule processor includes a documentation rule base
conditionally describing the structure and organization of a document describing
said predetermined application program, said rule processor autonomously
processing said documentation rule base in concert with said piurality of
functionally descriptive atomic sequences conditionally unifying said descriptive
text with the structure and organization of said document.

5. The programmed system of Claim 1 wherein said guided image
editor objectifies a series or grouping of one or more said plurality of input event
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predet er m ned progranm ng | anguag g y§gy a} pgrocessor aut dnotroull y*
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unified with t ture and bpkratior d {pr edet ermi nea application
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PCT/ US96/ 16267 | - -58- language to

provi de a coded re ent | t uct e 1.on of '

pr edet er mi ned SPPFY P&PB?@@‘Q b&???sﬁ‘?‘{ Wﬁ gﬂ'gg ?’ﬁ{ §re51f @afag

pr edet er mi ned fg[uegugénn ng | anguage. The progranmed system of

Claim 2 wherein said guided i nage editor corrprl ses a first nodul e,
responsive to said input event elenents, for maintaining a program

hierarchi cal data s§ructtHeprtdmmed s9§téﬁnr@ﬂcrair@wﬁéremaéwgnmarmag@odes
and named segnment nodes, a second nodul e, responsive to said input event

el ements, for ediipnpravides fortha dosumentation of amexistance, Purmose @nd aperatian of
ordered tiers ghy {5@ Séaf'sﬂgﬁxlt %9&%%(&9&1@@{}@&”%:{%@?5%&@&&%%% Blurality'of

nodul e, responsiv nput event e mai ntaining a“field
dat a st ruct ur enptfeventejeroeotstibputscr een data, includi ng naned fields, and
operational attributes. 4. The progranmmed system of C aim3
wher ei n: a) said third nodule of said guided i mage editor
further conprises ar.t extThanmgdalhmeﬂmystanomf mlauy GMIEranrayewtpmofexaid

sensitive pron&ll?g text Jnoantici atlolp determ ncg rpr { an

el ements and f&fd Of BRLPINNY 8P &Y CP?fBP#gag PECIEIAY 8L 2% ned

i nput event e'ﬂﬂﬁﬂfyé‘oflm évémﬂen’iémmﬁf%dmm\/a dlumltyfdimdﬂl@xﬂbm\&ab atorage
of said descriptive text in a help file; an rul e

processor i nclefu@dtypf @m%&t?'&‘f‘gr@9%’"19&@°BM|°{°§B'M?"°WS&@%W%‘H§ t he
structure and g O&5H A g@agfp@dé{gﬁmﬁg@gpﬁﬁegﬁgd ptbgidpsai d predeterm ned

application program said rul’e processor autononously processing said
docunentation rule base in concert with said plurality of

8. A programmed system executed on a computer providing for the
automatic generation of an application program, said programmed system
comprising:

a) a guided image editor for establishing program, data and field
definitions from a plurality of input event elements;

b) a sequence generator, coupled to said guided image editor for
autonomously processing said program, data and field definitions into a plurality
of functionally descriptive atomic sequences, each of said functionally descriptive
atomic sequences describing a unique characteristic such that a plurality of
frames, each comprising zero or one functionally descriptive atomic sequence
from each of said functionally descriptive atomic sequences, respectfully
describes said plurality of input event elements;

¢) a rule processor including a program rule base conditionally
describing the structure and operation of a predetermined application program,
said rule processor autonomously processing said program rule base in concert
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PCT/ US96/ 16267 el enments into plurality of objlects that can be cut,
copi ed, and stored away for future—tse: 6. The progranmed
systemof Claim5 wherein said QU|ded |nage “editor provides for the
docunent ati on of  an eratlon of said plurali gy of
i nput
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wherei n an out put of said g p?e edi tor representi tg sai d exi st ence,

purpose and op®kEalithef JP"@@PB’%F’B?% Y%/ Smic grauencas, with | Baesttuctyre andi 1 ed
with a plurali bﬁe&%en‘?edfpsél@?rec?]é?erﬁﬁ g,&?ﬁ'%'f hofddram, @hd WiEHe said rule
| ose

characterizi ng docunmentati o ows sald structure and
operation of saratepsardertharindusiesancunentaton pre jasersonditionally desgribing the
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generation of an-applicati program sai rogranie conpri sing:
a) a gui ded i napplication oprcgcam e sstaith| nuwllmgcqssograltwncalmmyamméesshﬂ said

definitions froma_plu f In t e b) a
sequence gener JPEymeREi i pee Iy Bsef B s, GURBY ot unstiopaly gesconige) y
processi ng sai dutqrmegreqaendéstcbnaiudnéllyalrﬁfyﬂgfsald deswriptiventent withlthe atrrdl‘.tyreof
functionally des tiv m, ences, each of said functionally
descriptive at @r’?&@ ﬂ'& s%‘igi‘ﬁq%m%ga@ uni que characteristic such that a
plurality of d) a syntax processor including a syntax rule base defining the

syntax of a predetermined programming language, said syntax processor
autonomously unifying said plurality of functionally descriptive atomic sequences,
as unified with the structure and operation of said predetermined application
program as received from said rule processor, with the syntax of said
predetermined programming language to provide a coded representation of the
structure and operation of said predetermined application program consistent
with the syntax of said predetermined programming language.

9, The programmed system of Claim 8 wherein said guided image
editor comprises a first module, responsive to said input event elements, for
maintaining a program hierarchical data structure defining ordered tiers of named
program nodes and named segment nodes, a second module, responsive to
said input event elements, for maintaining a data hierarchical data structure
defining ordered tiers of named file nodes and named record nodes, and a third
module, responsive to said input event elements, for maintaining a field data
structure defining ordered screen data, including named fields, and operational
attributes.
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(57) Abstract

Automatic generation of an application program is performed by a programmed system (30) .int.:luding a guided editor (32) for
establishing program (76), data (74), and field definitions (78) into a plurality of functionally desc_npuve atomic sequences (38), cach
describing a unique characteristic such that a pluraiity of frames, each comprising zero or more functionally descriptive atomic sequences
from cach of the functionally descriptive sequences, respectfully describes the plurality of input event clements (14). A rule processor (66),
inctuding a program rule base (62) conditionally describing the stracture and operation of a predetermined application program, a‘utonomously
processes the program rule base (62) in concert with the plurality of functionatly descriptive atomic sequences (38) proceeding generally
sequentially over the plurality of frames conditionally unifying the plurality of functionally descriptive atomic sequences (38) with the
stracture and operation of the predetermined application program. A syntax processor (22), including a syntax rule base (128) defining
the syntax of a predetermined programming language, then autonomously unifies the plurality of functionally descriptive atomic sequences
with the syntax of the predetermined programming language, then autonomously unifies the plurality of functionally descriptive atomic
sequences (38) with the syntax of the predetermined programming language to provide a coded representation (24) of the structure and
operation of the predetermined application program.




