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(57) Abstract

A rules base (34) according to the invention comprises multiple entries (36A-361) encoded in a storage medium. Each entry is
encoded to include an objective and a circumstance. Each entry is also marked to reflect its respective status. These statuses include,"valid",
reflecting that information encoded in the entry corresponds to a rule for corresponding objective/circumstance; "“inheritance", reflecting
that the rule for the corresponding objective/circumstance is to be sought elsewhere, e.g., in another entry in the rules base; and "invalid",
reflecting that the corresponding combination of objective and circumstance is invalid. The rules base also includes "inheritance” structure.
A method for determining a rule for a designated objective and circumstance responds to identification of a valid entry that is associated
with the designated objective/circumstance. The method also responds to an entry that is marked for inheritance and is associated with that
objective/circumstance. The method constructs a rule from data elements collected from valid entries or ancestor entries.
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RULES BASES AND METHODS OF ACCESS THEREOF
Reservation of Copyright

The disclosure of this patent document contains material which is subject to
copyright protection. The owner thereof has no objection to facsimile
reproduction by anyone of the patent document or the patent disclosure, as it
appears in the U.S. Patent and Trademark Office patent file or records, but

otherwise reserves all copyright rights whatsoever.
Background of the Invention

The invention relates to digital data processing and, more particularly, to

rules bases and methods of access thereof.

Computer-based systems for solving problems based on previously defined
rules are well known in the art. Often referred to as "expert systems," these
systems use rules bases (or knowledge bases) that list -- or otherwise represent --
problems and their solutions, or that list other collections of facts and
corresponding steps or substeps. Typically, the rules bases are compiled from

information provided by experts in the respective fields.

A simple expert system can incorporate a rules base directly in the program
code. For example, a sequence of "if . . . then . . . else" statements can embody
the rules, permitting the program to determine an appropriate solution to
conditions input to the system, e.g., by a human operator or by automated
monitoring equipment. A simple expert system for determining and displaying
loan rates charged at branch offices of a bank might utilize a rules base that is
encoded as follows:

If (city = Boston) and (state = MA), then display 8.1%.

-1-
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Elseif (city
Elseif (city = New York) and (state = NY), then display 8.5%.

Providence) and (state = RI), then display 8%.

Elseif (city = Washington) and (state = DC), then display 8.1%.
Elseif (city = Sacramento) and (state = CA), then display 7.5%.
Elseif (city = San Francisco) and (state = CA), then display 6.6%.

One drawback of such a simple system is that encoding rules using
programming constructs such as "if . . . then . . . else" statements make
implementation difficult for all but the most limited systems. A further drawback
is that the complexity and operational inefficiencies of these systems grow rapidly

as their sizes increase.

More complex expert systems employ rules bases that are specified or
stored separately from the programs that access them. Rather than encoding the
rules in programming constructs, the rules bases store situation/solution data in
records. For example. such a rules base might encode the information above in a

simple table as follows:

Boston MA 8.1%
Providence RI1 8.0%
New York NY 8.5%
Washington DC 8.1%
Sacramento CA 7.5%
San Francisco CA 6.6%

Traditionally, a single expert system and rules base are dedicated to a
single class of problems. For example, a bank might use one expert system for

determining loan rates, another for determining credit worthiness, and so forth.

22-
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A more comprehensive rules base could store and access information via
two values, i.e., "objective" and "circumstance.” The objective identifies the class
of problems, e.g., loan rates, credit worthiness. etc. The circumstance identifies
the particular situation of interest, e.g., city name (for the objective loan rates),

savings balance level (for the objective credit worthiness), etc.

This multi-field approach permits rules for several different classes of
problems to be stored in a single rules base. For example, a rules base can store
records with rules pertaining to loan rates, e.g., by marking those records as
applying to the objective "rate" and further marking them to cite the circumstances
to which they apply, e.g., city/state to which each rule applies. Such a rules base
can also store rules that pertain to a level of credit to be extended. e.g., by
marking those records as applying to the objective "credit" and further marking
them to identify the circumstance of "customer type" (such as "preferred” or
"standard"), as well as the corresponding level of credit worthiness and credit

amount.

An object of this invention is to provide improved rules bases and methods
for searching them. More particularly. an object is to provide such systems and
rules bases that can be more readily constructed and can be operated with

increased efficiency.

A related object of the invention is to provide rules bases that store

information without excessive redundancy and that can be easily modified.

Still another object of the invention is to provide such systems and rules
bases that can be implemented without undue consumption of computer storage

and processing resources.
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Summary of the Invention

These and other objectives are achieved by the invention which provides, in
one aspect, a rules base that stores multiple entries in a storage medium. such as
magnetic disk. optical disk, read-only memory, or random access memory. Each
entry stores information identifying an objective and a circumstance to which a
rule pertains. Each entry is also marked to reflect whether information encoded
therein corresponds to the rule for that objective/circumstance. or whether some or
all of that information is to be sought elsewhere, i.e., in another entry of the rules
base. An entry can also be marked to reflect that the objective/circumstance is
invalid. The rules base also includes an "inheritance" structure that identifies an

ordered -- to wit. ancestral -- relationship among the circumstances in the entries.

In another aspect. the invention provides a method for determining a rule
for a designated objective and circumstance by accessing a rules base of the type
described above. The method, which can search the rules base in response to a
query specifying the designated objective and circumstance. responds to the
identification of a "valid" entry associated with that objective/circumstance by

generating a rule based on information in (or associated with) that entry.

According to one aspect of the invention, if the method fails to identify an
entry associated with that objective/circumstance, it generates a rule based on
information associated another entry in the rules base -- particularty, an entry that
1s associated with the same objective and with an immediate or prior ancestor of
the designated circumstance. According to another aspect of the invention, if the
method identifies an entry associated with that objective/circumstance. it generates
a rule by combining information in that entry (and its rule elements) with
information in entries (and rule elements) associated with the same objective and

with an immediate or prior ancestor of the designated circumstance.

The method can determine an immediate ancestor of the designated

circumstance from the inheritance structure provided in the rules base. It can use

4-
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that ancestor circumstance, along with the designated objective. to search the rules
base for a valid rule matching that objective/circumstance combination. If found,

the method generates a rule based on information associated with that entry.

If no entry is found matching the designated objective and first ancestor
circumstance. or if the found entry is marked for inheritance. the method uses the
inheritance structure to determine a second ancestor of the designated
circumstance. The method then searches the rules base for an entry associated
with the designated objective and with that second ancestor circumstance. The
method continues this iterative process until it finds a valid entry matching the
designated objective and an immediate or prior ancestor of the designated
circumstance. which entry it then uses for generating a rule for the designated

objective/circumstance.

In further aspects. the invention provides a rules base as described above in
which there are provided multiple inheritance structures. each defining a collection
of ancestral relationships of circumstances for a respective objective. or set of one
or more thereof. In a related aspect, the aforementioned method determines the
immediate or prior ancestors of a designated circumstance from the inheritance
structure corresponding to the designated objective. The method can move from
one collection of circumstances/objectives to another to continue the inheritance

processing if the initial collection is not sufficient to generate an applicable rule.

In still further aspects of the invention, a rules base as described above
includes one or more entries that identify a further condition that must be satisfied
in order to determine whether that entry contains the rule for the corresponding
objective/circumstance. Parallel methods provide for determining whether the
condition is satisfied before generating a rule based on information in an entry,
and responding to a failure of satisfaction for generating a rule based on
information associated with an ancestor entry. That determination can be made,
for example, by invoking a call-back software module to obtain the requisite

information, or by querying the operator or other information stores.
-5-
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Yet still further aspects of the invention provide a rules base as described
above in which at least one entry contains multiple rules elements. By way of
example, in an entry for the objective "branch office business hours." multiple
rule field elements can store office hours for each day of the week. Each such
field element is marked to reflect whether it contains a rule element. or whether
the corresponding rule element should be sought elsewhere, e.g., in a
corresponding field of an entry associated the same objective and with an ancestor
circumstance. In addition, each rule entry as a whole may have a status (or
conditions) controlling whether the rule entry should be skipped during inheritance

processing or be considered invalid.

In related aspects. a method as described above can respond to
identification of a multi-rule entry matching a designated "key fragment” and
objective/circumstance for generating all valid rules in that entry and for
generating all inherited rules from entries that are associated with a similar
objective and with an immediate or prior ancestor of the designated circumstance.
In this way, the method is capable of compiling a list of rules distilled from

multiple entries across the ancestor circumstances.

Yet still further aspects of the invention provide a rules base as described
above in which at least one entry is associated with a muitipart objective. Such an
objective -- which can take the form "Assemble | Step 1,"” "Assemble | Step 2,"
and so forth -- can be used, for example, to coordinate access to sets of related
rules that define manufacturing procedures. In a related aspect, a method as
described above responds to the identification of a valid entry that is associated
with a muitipart objective for generating (along with a rule corresponding to
information in that record) an identifier that forms part of the multipart objective
of a related entry, e.g., an entry containing a rule for the next step in a procedure.
The method can return that identifier to an applications program that generated the
original query, or it can retain the identifier internally to facilitate finding the next
entry in response to the next query from that program. The next rule identifier

can be stored, for example, as a rule in a multi-rule entry of the type described

-6-
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above. In this way, the value of an identifier can be inherited from a ancestor

entry.

According to other aspects of the invention. an applications program
software module can generate a structured request, e.g., in "Structured and Query
Language” SQL format, for determination of a rule for a designated objective and
circumstance. The methods described above can then be executed by a rule finder

software module to make that determination.

These and other aspects of the invention are evident in the drawings and in

the descriptions and claims that follow.
Brief Description of the Drawings

A more complete understanding of the invention may be attained by

reference to the drawings, in which:

Figure 1 depicts a digital data processing system of the type with which the

invention is practiced;

Figure 2 depicts a relationship between an applications program. a rule

finder and rules base according to the invention;
Figure 3 depicts a structure of a rules base according to the invention;
Figure 4 - 6 depict sample rules bases according to the invention;

Figure 7 depicts a method for accessing a rules base according to the

invention in order to find a rule meeting a designate objective/circumstance; and

Figure 8 - 11 depict methods for creating, displaying and accessing a rules

base according to the invention.

-7-
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Detailed Description of the Illustrated Embodiment _

Figure 1 depicts a digital data processing system for use in operation of the
invention. The system includes a digital data processor 12, including a processor
section 14, a random access memory section 16 and an input/output control section
18. The digital data processor 12 is connected, via input/output control section
18. to workstation 24 (including a monitor, keyboard and pointing device) and to
hard disk 22 for storage of software and data. The digital data processor 12,
along with other computers 27A, 27B and printer 25, are coupled via network 26

to file server 27C.

Digital data processor 12. as well as its sub-components 14 - 18 and
peripherals 22 - 24, preferably comprise a conventional commercially available
personal computer or work station adapted in accord with the teachings below for
storing and accessing a rules base. Computers 27A, 27B, laser printer 25,
network 26 and file server 27C also comprise conventional commercially available
components of their respective types. Computers 27A, 27B can likewise be

adapted in accord with the teachings below for storing and accessing a rules base.

Those skilled in the art will appreciate that. in addition to implementation
on stand- alone or "networked" computers of the type shown in Figure 1. the
methods and apparatus taught herein can be implemented on other digital data
processing apparatus of the type known in the art, e.g., mainframe computers,

dedicated microprocessor-based systems, etc.

Figure 2 depicts a relationship between applications programs 30A, 30B,
30C, and a rule finder 32 and rules base 34 according to the invention. The
applications programs 30A - 30C are conventional software programs operating on
digital data processor 12. These can be, for example, conventional programs of
the type used by customer service representatives to facilitate answering customer
inquiries or setting up customer accounts. Alternatively, these programs can be of

the type used in manufacturing industries to assist in formulating or carrying out

-8-
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production processes. More generally, applications programs 30A - 30C represent
any software, any user interface or other functionality that would benefit from
generating a rule request that specifies an objective and circumstance. Such

requests can be in any format. for example. in the industry standard SQL format.

Rule finder 32 responds to requests generated by the applications programs
30A - 30C by accessing rules base 34 to determine rules corresponding to the
objective/circumstance specified in each such request. The rule finder 32. which
is preferably implemented in the software modules independent of applications
programs 30A - 30C. operates in the manner discussed below and illustrated in

Figure 7.

Illustrated rules base 34 has two parts: 34A. 34B. The rules base is
digitally encoded and stored on any conventional digital data processing storage
medium or computer-readable medium, e.g., random access memory, 16, read-
only memory (not shown), CD ROM (not shown), hard disk 22 and/or file server
27C. The first part, 34A, contains multipie entries, or records. each associated
with an objective and a circumstance, as discussed further below. The second part,
34B, contains a structure defining an ordered -- and, more particularly, an
ancestral -- relationship among the circumstances associated with the records in the

first part 34A.

Referring to Figure 3, the rules base 34 and its component parts 34A, 34B
are shown in greater detail. Particularly, part 34A is shown as including a
plurality of records 36A - 36I. Each record 36A - 36l is associated with an
objective and a circumstance, as well as with a status and, optionally, one or more
fields. Thus, for example, record 36A stores the objective "Objective 1" and the
circumstance "Circumstance 1." In lieu of storing these values directly in the
record 36A, they can be associated with a record by other techniques known in the

art, e.g., pointers, linked lists, relational database fields, etc.

9.
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As shown 1in the illustration. the objective/circumstance value associated
with each record is unique as to that record. Thus, forl eiample. record 36A
contains the unique objective/circumstance combination "Objective 1/Circumstance
1," while record B contains the unique combination "Objective 1/Circumstance 2."
While such uniqueness is preferred, it is not dictated by the invention if there is an
order, substeps, or other facts to allow the rule finder 32 to return an appropriate

rule should an objective/circumstance be specified.

Each of the records 36A - 36l has at least one status field and one rule
field. In the illustration, these are labelled as "Status Element 1" and "Rule
Element 1." respectively. As above, values of the statuses may be stored in the
respective records or otherwise associated with rule entries or rule elements by any
other manner known in the art. e.g., pointers, linked lists. named fields. fixed

positions, etc.

As shown in Figure 3. each of the records 36A - 361 include muitiple
status/rule field pairs. In the illustrated embodiment, a status value of "valid"
indicates that the corresponding rule is valid for the objective/circumstance
associated with that record. In the case of a record with only one status field and
one rule field, a valid status indicates that rule field stores a rule (or information
associated therewith) for the associated objective/circumstance. In the case of a
record with multiple status/rule field pairs. an "inherit" status typically means that
a particular rule (or a portion of the rule) for the objective/circumstance is to be

sought elsewhere, to wit, in another record.

A status value of "invalid" may be associated with the entire rule to
indicate that the corresponding rule is invalid. In this case, an invalid status
indicates that the corresponding objective/circumstance is invalid and inheritance is

not generally performed on the associated rule.

As shown in Figure 5, a record with multiple status fields can include one

that does not have a paired rule field. In that instance, the unpaired status field

-10-
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serves as a status field for the record as a whole. e.g., indicating whether there is
any valid or inherited rule for the objective/circumstance or, alternatively, whether
the objective/circumstance is invalid. An unpaired status field may be the only

status field in a record, in which case it provides status for all rules in the record.

The records 36A - 361 need not be of identical length nor contain identical
numbers of fields. However, in a preferred embodiment, records pertaining to
like objectives are similar structures, thus, for example, records 36A - 36C which
pertain objective "Objective 1" would inciude a like number of fields and parallel

structures.

The second part 34B of rules base 34 reflects the ordered relationship, or
“inheritance” or "ancestral" relationship. of the circumstances contained within the
records of the first part 34A. More particularly. it reflects an order in which
records having a given objective are searched when (i) no record having the
objective/circumstance specified in a query, e.g., by the applications programs
30A - 30C is found, or (ii) a valid record matching the objective/circumstance
designated in a query has a status. to wit. "inherited," indicating that the
corresponding rule is to be sought elsewhere, or (iii) a validation condition
disqualifies the current entry. The relationships can be reflected by a hierarchy, a
network, or any other structure reflecting precedence. For convenience. the
ordered relationship reflected by the structures of part 34B are referred to herein

using the terminology of inheritance or ancestry.

As those skilled in the art will appreciate, as used herein. the term
“inheritance” refers inter alia 10 the process through which ancestor records are
examined to provide or complete the synthesis of a rule to be returned by the ruie
finder 32.

Thus, for example, the collection structure 38 reflects that for Objective 1,
Circumstance 1 and Circumstance 2 are descendants of Circumstance 3. In turn,

Circumstance 3 and Circumstance N are descendants of Circumstance 4. As a
-11-
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consequence. if an applications program 30A - 30C generates a query for a rule
for combination Objective 1/Circumstance 2 and correépoﬁding record B has a
status of "inherited" (or if no such record is found). the rule finder 32 seeks a
record with the combination Objective 1/Circumstance 3. If that record. too, has
a record or field status of "inherited" (or if no such record is found), the rule
finder 32, in wrn, seeks a record having the combination Objective

1/Circumstance 4.

Although a single collection structure, e.g., 38, can define the ancestral
relations of circumstances for all objectives in the records of part 34A. muitiple
collection structures can be provided. For example. as illustrated in Figure 3, a
collection structure 40 can define an ordered relation of circumstances for
Objective 2. while a collection structure 38 and 40. together.defines an order
relation of circumstances for Objective M. In accordance with this example, the
same objective name may appear in multiple colilections, in which case the

collections will be navigated in a predefined order for the rules base.

Figure 4 depicts an instance of the rules base shown in Figure 3. The rules
base 44 of Figure 4 includes a first part 44A, containing entries, or records,
providing rules for the objective "Loan Rate," and a second part 44B, containing a
structure reflecting an ancestral relation among circumstances in the records of

part 44A.

Referring to part 44A, there is shown a rules base 44 entry for the
objective "Loan Rate” and circumstance "San Francisco.” That record has statuses
of "valid" relating to two rule elements. The first rule element contains
information indicating that the Loan Rate for San Francisco is 6.6%. The second
rule element in the record is a valid "description” rule indicating that the loan rate
is a "Special Rate." In response to a request. the Rule Finder 32 returns those

rule elements to the querying program 30A - 30C.

The first part 44A of rules base 44 also includes a record for the objective/
-12-
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circumstance combination "Loan Rate"/"Boston.” As reflected by the overall
status fields in that record. both rule elements for that 6bjéctive/circumstance are
inherited. Referring to the structure in part 44B of the rules base 44. it is seen
that the circumstance "Boston" is a descendant of the circumstance

5 "Massachusetts." Accordingly, in attempting to determine rules for the
objective/circumstance "Loan Rate"/"Boston," the rule finder 32 search seeks a
record with the combination "Loan Rate"/"Massachusetts.” Such a record exists
in the illustrated embodiment. From it, the rule finder 32 determines that the
rules for the combination "Loan Rate"/"Boston" are "6.9%" and "MA rate." It

10 returns those rule elements to the querying program 30A - 30C.

The first part 44A of rules base 44 further includes a record for the
objective/circumstance "Loan Rate"/"Chicago." That record. too. has both rule
elements marked for inheritance. Referring to the structure of part 44B. it is seen

15 that the circumstance "Chicago” is a descendant of the circumstance "Illinois."
Rule finder 32. accordingly, seeks a record with the objective/circumstance "Loan
Rate"/"Illinois." Because that record too has both rule element fields marked for
inheritance, the rule finder 32 seeks a record with the combination "Loan
Rate"/"Central." No such record exists. however, in the illustrated rules base 44.

20 Accordingly, the rule finder 32 makes further reference to the structure in part
44B. indicating that the circumstance "Central" is a descendant of the circumstance
"USA." The rule finder 32 thus seeks a record with the objective/circumstance
"Loan Rate"/"USA." As shown in the illustration, such a record exists and has
two valid rules indicating that the Loan Rate is 8% and that this is a "standard"

25  rate. From this, the rule finder 32 would infer that the rule for the original
objective/circumstance "Loan Rate"/"Chicago" is a standard 8% rate. It returns

those rule elements to the querying program 30A - 30C.

Although in the prior examples, the records in part 44A were designated as
30 having two valid staws fields, it will be appreciated that the status corresponding

one rule element in the record may be valid, while another other is inherited.

13-
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As evident above. the records or entries in a rules base according to the
invention can include muitiple rules. A further examplé of this is shown in Figure
5. There is illustrated the first part of a rules base 46 containing records
pertaining to the objective "Hours" and the respective circumstances "San
Francisco."” "California.” "West," "East.” and "USA." An initial status field in
each record indicates whether the corresponding objective/circumstance
combination is valid. e.g., whether there are business hours for branch offices in
the respective city, state. regions or country. In the illustration. this status field is

marked as "valid" in all of the records.

The multi-rule records of part 46 include further rules reflecting the
business hours for each day of the week. As above. each rule element is
associated with a status. For example, the record for the combination
"Hours"/"San Francisco” has an invalid status for Sunday, indicating that the store
is not open that day. That same record has a status reflecting that the Monday
hours are inherited from another record. That record further shows a pair of valid
rule elements for the Tuesday business hours, specifying that they are 9 a.m. to 9

p.m.

A rules base according to the invention can also be used to store sequences
of rules, e.g., procedures. These can be, for example. sequences reflecting how
to open a customer account. how to process a customer claim. or how to
manufacture a product. Figure 6 illustrates a rules base 48 storing sequences of
rules for baking, e.g., cakes. Unlike the embodiments shown in Figures 3 - 5,
each record in rules base 48 of Figure 6 includes a two-part objective. Thus, the
first record in the illustrated rules base is for the two-part objective "Bake-Step 1"
and for the circumstance "Denver.” That record contains a valid rule indicating

that the oven is to be preset to 350°.

That record further includes a valid rule identifying the next rule in the
baking sequence. More particularly, that rule identifies the second part of the

two-part objective of the next record in the sequence. In the illustrated example,
-14-
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that identifier is "Step 2." Those skilled in the art will appreciate how additional
key segments (three or more) could be used to provide further extension of

structure and control.

A rule finder 32 finding rules in rules base 48 for the objective "Bake" and
circumstance "Denver” uses the next-record identifier in each record to construct
complete, two-part objectives with which to search the rules base 48. In the
preceding example, the rule finder 32 can construct from the next-rule identifier
contained in the "Bake-Step 1"/"Denver" record, the objective "Bake-Step 2."
Combining that two-part objective with the original circumstance, "Denver." the
rule finder 32 can identify the next rule in the baking sequence. This process
continues until all rules in the sequence are identified. as indicated. e.g. by a next-

rule identifier of "Done."

Referring to the illustration, the record for objective/circumstance "Bake-
Step 2"/"Denver." requires an inherited rule. Assuming that the second part (not
shown) of the rules base 48 indicates that the circumstance "Denver" is a
descendant of the circumstance "USA," the rule finder 32 seeks a record with the

combination "Bake-Step 2"/"Denver."” In the illustration, that record exists.
revealing that the next step is "mix ingredients.” That record also specifies that
the next rule is "Step 3." With this information, the rule finder 32 constructs a
two-part objective "Bake-Step 3" and searches for a record combining that

objective with the circumstance "Denver." In this same manner. the rule finder 32
determines the entire sequence for the "Bake"/"Denver" procedure. Selection of
valid or applicable rules may be subject to condition evaluation as described

above.

A further vanation of this is reflected in the records of rules base 48 for
the circumstance "Boston.” As shown in the illustration, the majority of rules in
that sequence are inherited, €.g., from the records for the circumstance "USA."
One of the Boston baking sequence records, however, calis for inclusion of an

additional step. Particularly, the record for the combination "Bake-Step
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3"/"Boston" includes a valid next objective identifier "Step 4(b)." On processing
that record. the rule finder 32 seeks a rule for the combination " Bake- Step
4(b)"/"Boston.” Since no such record exists in the illustrated rules base 48. the
rule finder 32 seeks a record with the same objective but a related circumstance,

to wit, a record with the combination "Bake-Step 4(b)"/"USA."

Such a record exists in the illustrated rules base 48. On generating a rule
based on the information in that record and passing that rule back to the querying
program 30A - 30C. the rule finder 32 construct a new objective, to wit. "Bake-
Step 5." Combining that with the original circumstance "Boston." the rule finder
32 seeks a record matching that objective/circumstance combination. In this
manner. a rule finder 32 identifies a sequence of rules for the objective

"Bake"/"Boston."

Described above are embodiments of rules bases according to the invention,
along with salient aspects of the operation of rule finder 32. A more formal

depiction of the operation of rule finder 32 is provided in the flow chart of Figure
7.

To begin. the rule finder’s operation is invoked upon the generation of a
query by an applications program 30A-30C. As reflected in Step 50. that query
includes an original objective and an original circumstance for which the

applications program seeks a rule (or rules). As noted above. that query can be in
SQL format.

The rule finder receives the objective/circumstance generated by the
applications program 30A - 30C and denotes them, internally, as "current.” The
rule finder then searches the first part of the rules base for records matching the

“current” circumstance; See step 54.

In step 56, the rule finder determines whether any of the found records

meet the "current” objective. If not, step 58 requires that the rule finder search
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the structure in the second part of the rules base for an ancestor of the current
circumstance. As noted above. if that second part includes multiple structures, the

rule finder searches the structure corresponding to the current objective.

If no ancestor circumstances are found, the rule finder rerurns a message
indicating that no rule was found for the original objective/circumstance. See step
60. If, on the other hand. a predecessor to the current circumstance is found in
the second part of the rules base. the rule finder 32 denotes that predecessor
circumstance as "current:” See step 62. Using this new current circumstance, the
rule finder again searches the rules base for records with that circumstance. See

step 54.

According to step 64, if the rule finder did find a record meeting the
current objective and current circumstance. the rule finder determines whether that
record is marked as invalid or is invalid due to conditions evaluated by a calling
program. If so, the rule finder returns a "rule invalid” message to the calling
program 30A - 30C. See step 66. On the other hand, if the record meeting the
current objective/circumstance is not invalid, the rule finder determines whether all
rules making up that record are valid. See step 68. If so, rule 70 calls for the
rule finder to remrn that rule record (or the rules contained therein) to the calling
program 30A - 30C.

If not all the rules in the identified record are valid, i.e.. some are
inherited. the rule finder 32 collects all valid fields and, then. returns to step 58 to

identify predecessors of the current circumstance. See step 72.

In this manner, and as further described above, the rule finder searches the
rules base to determine rules corresponding to an objective/circumstance specified

by the calling program 30A - 30C.

As reflected in step 70, rules bases containing rule sequences are processed

in a similar manner, albeit the rule finder 32 returns, along with rules meeting the
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designated objective/circumstance. a next-rule identifier for use in constructing a
next objective with which to query the rule finder. Alfemﬁtively and preferably,
this next objective identifier is retained within the rule finder. so that the calling
program 30A - 30C can automatically invoke a search for the next record in the
sequence by issuing the request for a "next" rule and giving the prior/current
values as input. For exampie, after generating a query for the
objective/circumstance "Bake-Step 1"/"Denver," the calling program generates a
query for the objective/circumstance "Bake-Step 1(next)"/"Denver." In this
scenario, the rule finder 32 utilizes the retained next identifier value to interpret

that query as calling for the objective/circumstance "Bake-Step 2"/"Denver."

In a preferred practice of the invention. the rule finder 32 can use a
conventional function call return value to indicate to a requesting applications
program 30A - 30C the result of a request. A preferred embodiment uses an
integer method return status associated with each method to return a value which
corresponds to a specific result and may be used to direct further processing in the
calling program 30A - 30C. A table of such values is provided below. Of course,
those skilled in the art will appreciate that other embodiments of the invention may
utilize alternate or more specific values and/or data types that would allow greater

granularity and specificity in the subsequent processing by the calling program.

Value Meaning Comment / Description
10 Success Performed as expected for request

30  Problem - Value Not Unable to retrieve or update because

Found designated value was not found
40 Problem Duplicate Unable to update as expected due to
Found duplicate being found
99  General Problem Other problem than those defined above
-18-
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In addition to storing rules that correspond to designated combinations of
objective/circumstance, those skilled in the art will appfeciéte that rules base as
described above can also be used to validate information supplied by an
applications program 30A - 30C. For exampie. the first part of a rules base can
store records that contain, for each objective/circumstance, one or more
permissible values. An applications program 30A - 30C can invoke the rule finder
32 by specifying an objective/circumstance, along with the information to be
validated. Upon finding a record with a matching objective and matching or
related circumstance, the rule finder can compare the information to be validated
with the permissible values contained within that record. By this means. the

system permits validation of the information supplied by an applications program.

Definitions and Data Structures
A further understanding of the invention may be attained through an

understanding of the following terms. data types and concepts:

a) Rules Base

A collection of Rules (possibly, a very broad assortment of rules) that is
identified by a unique Rules Base Name. In a preferred embodiment. this name is
a 12 byte character string. Of course. those skilled in the art wiil appreciate that
other embodiments of the invention may utilize a name of different or variable

length comprised of one or more data types.

(a) Rule Collection

A subgroup of Rules in a Rules Base which subsets and brings organization
to the Circumstances and Objectives defined in the Rules Base. as collections have
an implied or specific traversal order identified in the Rules Base. Each Rule
Collection has a specific Rule Collection Name, but that Rule Collection Name
may not need to be specified on calls to the Rules Base if the Objective that is
specified is only defined within a single collection in the Rules Base or if there is

a designated order of precedence to the collection. In a preferred embodiment a
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Rule Collection name is defined as a 12 byte character string. Of course. those
skilled in the art will appreciate that other embodiments of the invention may

utilize a collection of different or variable length comprised of one or more data

types.

(b) Circumstance Name

Each Rule Collection may include one or more Circumstances in which the
rules apply. In a preferred embodiment, each circumstance is defined by a
Circumstance Name of up to 20 alphanumeric bytes. Of course. those skilled in
the art will appreciate that other embodiments of the invention may utilize a
variety of individual or compound data types of fixed or variable length and

possibly separated with delimiters.

In any place in which a Circumstance can be used for Inherited traversal of
the Rules Base. it is also possible to specify a list of starting Circumstances that
will be traversed in order. Thus. if a set of Circumstances exists using a
geographical model (as shown in Figure 4), a calling program can provide a list of
circumstances such as “Boise\Idaho\Midwest” as insurance against the possibility
that neither Boise nor Idaho were in the Circumstance definition. As discussed
above, should “Boise” not be found in the Rules Base, the Rule Finder will
proceed to search using the value of Idaho. Should Idaho be found. the Rule

Finder will ignore the “Midwest” or subsequent specifications.

(c) Circumstance Ancestor Definition

Each Rule Collection brings organization to a set of Circumstances by
defining the order in which Circumstances are to be navigated to find a match on a
particular objective. In a preferred embodiment, the Circumstances are defined in
terms of a tree hierarchy consisting of one or more Circumstance Nodes. Each
Node in the tree structure has zero, one or muitipie children circumstances. Of
course, those skilled in the art will appreciate that other embodiments of the

invention may support alternative organizations with greater flexibility than a
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hierarchy tree-type structure. including forms of directed graphs. network

organizations, or explicit search lists.

The base Node in a collection has an ancestor Circumstance Name of the
Collection Name identified by the literal string constant of ‘SROOT". Of course,
those skilled in the art will appreciate that other embodiments of the invention may
utilize an alternate value or a value whose definition is defined by a value in the

Collection data structure.

(d) Objective Name

The Name of an Objective varies in length and consists of one character
string or multiple character strings separated by hyphens or periods. i.e. “-” or
".". The Objective Name is either the key that uniquely identifies the Rule. or a
portion of the key that limits the number of applicable rules to a subset of the
rules base. The key can be of the format “RULE-CLASS.OBJECTIVE.” Of
course, those skilled in the art will appreciate that other embodiments of the
invention may utilize a single element, a series of fixed length elements. and/or a
mix of variable and fixed elements (including alternate data types such as Integers)

separated by a variety of alternative separating values.

(e) Rule Key

A Rule Key is an intersection of an Objective and Circumstance that
together uniquely defines a Rule. The Rule Key may be partially specified on
request of a rule, but whén the Rule Finder function returns a Rule it will always
be identified by a specific key. In the case of a returned Rule assembled from
Rule fragments collected from partial records retrieved at multiple circumstances,
the Rule Key is the first Circumstance/Objective combination that contributed to

the assembly of the Rule as appropriate to uniquely define the key.

(f) In addition to the other fields described herein, the records in the

Rules Base can include, for example, the following information:
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(1) Date added. Version Control. and other such information for

facilitating management of the Rules Base.

(2)  “Not There” indicator. The rule finder 32 responds to this
field in a record for returning “not found™ (or “not valid”) to a
requesting applications program 30A - 30C, without continuing to
traverse up the hierarchy. The existence of this indicator suspends
additional editing of fields in this record. Additionally, the a
“verified” or “not yet verified” field can be included to suspend the
availability of rules pending management approval or until a

designated time period is in effect.

Relationships Between Data Structures

Preferred relationships between the aforementioned data structures are

indicated below, wherein defined Terms are underlined:

(a)

(b)

©

Rules Base Contains:

(1) One Or Many Collections (of Circumstances)
(2) Many Rule Obijective Names

Note that it is possible for a Rule Objective Name to span muitiple

Collections.

Collections Contain:

(1) Many Circumstances (each with an Ancestor definition)

Circumstances Contain:

(1) Many Rule Obijective instances
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Rule Structure Definition
In a preferred embodiment, the rules base includes control information

records including the following entities:

(a) Position of Rule Status Flag

Identifies the location of the value in the field where the optional status that
controls overall Rule Inheritance is defined. Of course, those skilled in the art will
appreciate that other embodiments of the invention may utilize a rule definition
that generally supports records in a data storage environment where the data
elements are accessible by name or have logical descriptors instead of being
described positionally in a record structure. e.g., a relational database
environment would have a Field Name as an alternative to the Position of Rule

Status Flag.

(b) Rule Element Field Descriptor
This is used to identify the overall structure of a rules base. In supporting
rules defined in a system where the records are based on a particular record
structure, each field for which collection is intended to work has the following
characteristics defined:
(1) Element Id
An identifier of the field invoived.

(2) Start and End Position of field
(3) Position of Inheritance Value Status Flag
If the field itself is configured to hold the value this will be the same

as the Position of Rule Status Flag.

(4) Inheritance Value

The value in the field that indicates that inheritance is supported.
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Those skilled in the art will appreciate that other embodiments of the
invention may utilize multi-byte status fields or the use of different types of status
fields for different fields, i.e., allowing some of the fields to be defined as part of
the underlying data and allowing some of the fields to have explicitly defined

5  alternative fields to hold the status value. Those skilled in the art will also
appreciate that other embodiments of the invention may utilize a rule definition
that supports records in a data storage environment where the data elements are
accessible by name or have logical descriptors instead of being described
positionally in a record structure, e.g., a relational database environment in which

10 a field names are used as alternatives to the Start Position, End Position and

Position of Inheritance Value Status Flag.

Inheritance Structure Definition
In a preferred embodiment, the second part of the rules base, e.g., 34B.
15 comprises the following structures:
(a) Inheritance Structure
Provides the structure of the Rules Base to support the navigation of
Circumstances. In one embodiment, this supports a series of Named Hierarchies
of Circumstances. where each hierarchy represents a structure of Circumstances by
20 explicitly indicating applicable ancestor circumstance. Where different Objectives
are organized by different structures of Circumstances. a single Rules Base can

contain muitiple (and possibly alternately organized) structures of circumstances.

Of course. those skilled in the art will appreciate that other embodiments of
25 the invention may utilize other forms of precedence organization, such “lists”
designating the relative precedence of circumstances or a “network” structure.
What is distinguishing about the organization of circumstances is the ability to
always find the “ancestor” circumstance if one exists from a given circumstance,
and the ability to definitively know when the final node of a circumstance chain
30 has been reached and that there are no further circumstances to traverse. Those
skilled in the art will also appreciate that other embodiments of the invention may

utilize other types of structures to reflect this core organization, e.g., a linked lists
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of nodes. and the opportunity to put an attractive user interface. e.g., atree

control in a Windows™ environment. on top of such structures.

(b) Objective to Inheritance Association

Given an Objective and the possibility of more than one inheritance
structure within a Rules Base. there is a need to be able to determine which
structure should be traversed in the event that an Objective is specified.
Accordingly, each Objective can be tracked in a data structure that identifies which
Inheritance is being used to inherit Rules for that Objective. The structure of such
a table (whether kept in a relational Data Base or in another Data Store) serves to

associate and order Objectives with Collections of Rules within the Rules Base.

Methods for Rules Base Management

Definitions for methods that display or augment elements in the Rules Base
are provided below. These definitions represent a preferred approach for creating
interface objects that will facilitate access and management of the structures that
define the Rules Base. Though the function call definitions and summary of steps
are not supplied. those skilled in the art will readily appreciate that the methods

can be readily made from the definitions that follows.

Those skilled in the art will also appreciate that other embodiments of the
invention may utilize aiternate methods, including methods that (i) perform similar
functions with alternate levels of granularity or (ii) techniques based on the
creation and editing of textual files to define the structure and/or defauiting
mechanisms through which certain values might be defaulted or constructed
automnatically in the event that they are not specified by the calling routine and the
ability to attach security criteria to all or a subset of the defined objects to limit

access and/or modification of such objects.

(a) Method: Rule-Base.Add

225

SUBSTITUTE SHEET (RULE 26)



WO 97/49049

PCT/US97/10648

This fundamental call creates and identifies an instance of the Rules
Base. It associates the defined input name with the Rules Base. as well as
the description used in presenting and displaying the Rules Base. If a
Rules Base of that name already exists. the specified description is used to

modify the existing description of the Rules Base.

In/Out  Value Description / Comments

Input Rule-Base Name

Input  Description String

10

15

20

25

(b) Method: Rule-Base.Display

Figure 9 shows a method allowing display of information in the Rules
Base. Given a Rules Base name as input. the method provides output
consisting of the description of the Rules Base (useful in reports and other
displays), and a pointer to a data structure consisting of sets of collection
names. the counts of circumstances and the counts of objectives associated
with each named collection. The input/output designation on the Collection
List pointer indicates that the pointer is passed in when the routine is
called, and the resulting collection list is output to the memory that was
allocated and pointed to by that pointer. The last entry in the Collection
List has a Null Collection Name. In the illustrated embodiment. the
Collection Names is of fixed length, 12 character strings, and the counts of
Objectives and Circumstances will be 4 byte integers. Those skilled in the

art will observe the opportunity for additional metrics or formats.

In/Out  Value Description / Comments

Input Rule-Base Name

Output  Description String

Input/  Collection List Pointer to list of Collection Names,

30 Output Counts of Objectives, and Counts of

Circumstances
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(c) Method: Circumstance-Collection. Add
Figure 8 shows a method to add a collection of Circumstances to a

specified Rules Base. In defining the collection. information as to the

5 name of the collection (to be used in subsequent calls to the Rules Base),
the description (used for displays of Rules Base information), and the
collection type (used to define how the collection will be organized and
what form of navigation is preferred to determine ancestors of
circumstances within the collection). In this example of the preferred

10 embodiment, the valid collection types are “Hierarchy” and “List”. Those
skilled in the art will also appreciate that other embodiments of this
invention may use alternate data structures or navigation methods to move
between circumstances (such as directed graphs) as supported by the
particular implementation of the Rule Finder code. The final input of

15 Collection Order allows an integer to be specified providing a relative
ordering between collections in the event that a specified objective is
associated with circumstances in more than one collection without an
explicit order being provided for the navigation between those collections in

the Objective definitions.

20
In/Out  Value Description / Comments
Input Rule-Base Name
Input Collection Name String
Input Collection String
Description
25 Input Collection Type String identifying a particular type of

Circumstance navigation supported by the

Rule Finder code.
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Input Collection Order Integer allowing specification of relative
precedence of collections should
inheritance require moving across
collections and objective-specific

information not be available.

(d) Method: Collection.Display
Figure 10 shows a method used to return information about the
5 Circumstances within a collection. The input of Rules Base Name and
Collection Name are used to identify the collection whose information will
be reurned. The method browses the internal list within the Rules Base
that contains the collection and finds the specified entry. The method then
returns the Collection Description associated with that Collection Name. It
10 then examines the list of circumstances associated with that collection, and
for each entry in the circumstance list it rerurns the Name. Description and
Circumstance Type for each entry as well as the default Circumstance
order. The return list is sorted in Circumstance Order. and then

Circumstance Name, in the event of duplicate Circumstance orders.

15
In/Qut Value Description / Comments
Input Rules Base Name
Input Collection Name
Input/  Collection
20 Output  Description

Input/  Circumstance List Pointer to ordered list of Circumstance

Output Names and Descriptions and Circumstance
Type (Identifying the ordering and structure
of circumstance list, e.g., Hierarchy,
Directed Graph, etc.) and integer

Circumstance Order.
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(e)  Method: Circumstance.Add

Adds an individual Circumstance to a defined collection within a
Rules Base. Input consists of the information needed to add a
Circumstance Name to a Collection and to associate it with appropriate
ancestor values. Input includes the Rules Base and coilection name that
are impacted. as well as the Circumstance Name to be added. the
description associated with that circumstance to be rerurned in subsequent
interaction and displays, and, of critical importance. the name of the
Ancestor Circumstance that will be considered the predecessor just added.
The requirements and conventions for Ancestor Circumstance Name are
defined by the code and structure referenced in the previously defined
Circumstance Type. In the preferred embodiment involving a Hierarchy,
an Ancestor Circumstance Name of "SROOT" indicates that the added
node has no predecessors within that particular collection, and is thus a
“top level node” of the Hierarchy. In the alternate preferred embodiment
of a list. there would be one "SROOT" Ancestor Circumstance Name,
indicating the top most node in the list. In the Hierarchy example. it is
feasible to have multiple nodes with "$ROOT" Ancestor Circumstance
Names. but in the list implementation it would be only allowable to have a
single "SROOT" (head) Circumstance per collection. Those skilled in the
art will recognize that alternate structures and edits will be appropriate for
additional implementations and specifications of ancestor and predecessor

relationships.

In/Out Value Description / Comments

Input Rules Base Name

Input Collection Name

Input Circumstance Name Circumstance Name to add

30 Input Circumstance

Description
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Input Ancestor String. Identifies-the name of the
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Circumstance Name circumstance that is to be considered the
Ancestor in the Hierarchy. Directed

Graph, etc.

This Method edits that indicated item to ensure that there is not

circularity in the navigation of the Circumstances.

(f) Method: Rule-Objective-Name.Add

Adds the definition of a Rule Objective to a Rules Base. Would be
used prior to the association of a Rule Objective to collections. The
contents allow the Rules Base to obtain definitions of where certain
pertinent elements of the Rule will be located.

The Objective Name and Description are added to the Rules Base
for use in subsequent presentation and display methods. or to act as a Key
for access to this particular rule objective. The objective type is used to
indicate what types of inheritance are valid for this particular objective
name. Two fundamental objective types are a value of 1 which dictates
that subsequent processing will be based upon the construction of rules for
muitiple elements (allowing inheritance on a field by field basis). or a
value of 2. which indicates that inheritance is to be allowed only at a rule
by rule basis.

In the event that construction is allowed from multiple elements of a
rule, additional fields supporting the Rule Objective Structure, the Rule
Edit Data Elements are required to provide the rule finder information
needed to construct a complete rule across individual records.

The structure also supports information about Rule Edit Data
Elements which provides the rule finder with information needed to
evaluate whether a rule is valid in deciding if it is eligible to be returned
as either an entire entity or as the subset of a rule. The Valid Collections
indicates if this Objective Name is to be allowed in circumstances at

mulitiple collections. In the event that multiple collections are allowed (by
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multiple entries being specified in this list) then this Valid Collections list

designates the order that coliections are 1o be traversed if needed to

complete the Inheritance operation. As with all parameter lists in this

implementation, the list is terminated by an entry whose first vaiue is

WO 97/49049
5 Null.
In/Qut
[nput
10 Input
Input
Input

Value
Rules Base Name

Rule Objective
Name
Objective
Description

Objective Type

Description / Comments

The name of an Objective that will be
supported in this Rules Base.

The standard description for this
objective.

Integer. A Value of 1 indicates this rule
may be subject to construction from
components through inheritance of
elements from ancestor circumstances:

if Value = 2 it is always constructed
from a integral Rule at a particular

circumstance
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Input Rule Objective If Objective Type .= 1 (allowing
Structure construction across Circumstances) this

is a pointer to a list of zero, one or more
starting position and ending position
pairs that the rule finder will use to
identify portions of the designated record
that need construction, and a parallel set
of starting positions for one byte trigger
values (either defined in the above
constructed fields or in parallel fields)
that will tell the rules base that a

particular portion of the rule is subject to

construction.
Input  Rule Edit Data An optional pointer to a list of data
Elements elements within the rule (identified by

name. starting position. ending position
and data type) that the calling program
may use to indicate that the rule is valid.
This 1s done by having the Rule Finder
evaluate an expression referencing these
values in determining if a particular rule
instance has a valid status.

Input Valid Collections Pointer to a list of one or more
Collections that may contain this
Objective. If muitiple collections are
defined, the order of their specification
in this list will define an alternate order
of traversal in certain subsequent rule
retrieval methods.

Input  Next Rule Pointer  Position of Next Rule if this Objective

Position supports Next Rule processing.
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Input Next Rule Pointer Length of Next Rule. Pointer allowing the
Length Rule Finder to return the Next Rule

value from the rule entry record.

Those skilled in the art will appreciate that other embodiments of the
invention may utilize alternative representations for the above information with
variations in representation appropriate to the means of information storage. For
example, the alternate means of using a Relational Database to store the rules
would allow the Rule Objective Structure and the Rule Edit Data Elements to be
specified as a series of Relational Column Names as opposed to the definition of

starting and ending positions as defined above.

(g) Method: Rule-Objective-Entry.Add

The addition of a specific Rule Objective in intersection with a
particular Circumstance within a Collection creates a new entry in the
Rules Base. Editing is performed when the Rule-Objective-Entry is added
to ensure that the objective is being added at a Collection Name that was

previously defined by the Rule-Objective-Name method.

In/Out  Value Description / Comments

Input Rules Base Name
Input  Collection Name

Input Circumstance Name Circumstance Name to which to add this

rule.
Input Rule Objective The name of an Objective that will be
Name added to this Circumstance in the Rules

Base. If not specified, the defauit (or
inherited) value for the description will

be returned.
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Input Objective An optional specialized description for
Description the use of this Rule Objective at this
Circumstance.
Input Rule Objective Integer - Value of 0 means that this
Entry Status Rule is not valid at this circumstance and

that no further examination of
circumstances to find a valid Rule (or
rule portion) is to be performed. Value
of 1 means that this is a valid Rule at
this Circumstance and that the Rule
Content should be examined and possibly
returned to the calling program. Value
of 2 means that this instance of the Rule
is to be ignored but that additional Rule
Circumstances are to be evaluated to see

if a valid Rule may be returned.

5 (h) Method: Rule-Validation.Browse
Method to browse a list of entries across the hierarchy to provide a
listing of valid Rules. This is particularly useful when the rules are a
series of validation entries that are to be presented as a list.
The effect of this processing is to browse across all circumstances
10 for whatever part of the Objective Key is specified and find any valid
Objective Names and their descriptions. The method requires as input a
starting Objective Partial Key and a starting Circumstance. The method
browses all collections (in the order that those collections have been
specified relative to any Objective Name encountered) to derive a unique
15 list of full objective names and their circumstances that both match the
criteria of being valid completions of the Specified Partial Key as well as
being valid based on any other editing information that might be passed

into the routine. The Allow Inheritance integer is a Yes/No flag that
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indicates if the browses objective should be constrained to a single
Circumstance. If this is set, then Circumstance ancestors are not
evaluated in constructing the list. The output from the method is a list of
objective names, objective descriptions and the circumstances at which the
objective names were found. In the event that inheritance was allowed,
and the valid objectives were compiled from a variety of circumstances,
then the initial Circumstance at which that particular Objective Name was
found will be returned by the Objective List pointer. Those skilled in the
art will recognize numerous alternatives for editing or selecting such
records. This sort of display is of particular value in the event that a
validation table or other “look up” value is to be used where the user may
have a need to select from a list of valid entries (constrained by the
circumstance hierarchy and other editing information that might be

specified) to make a selection of a valid value from a list.

In/OQut  Value Description / Comments

20

25

30

Input Rules Base Name

Input Rule Objective Leading position of key to be used for

Partial Key browse

Input Circumstance Name
Input Allow Inheritance Integer Yes/No Status Flag

Input/O  Objective List Pointer to list of Objective names,
utput Objective descriptions, and the initial

circumstance, of which they were found.

Output  Objective Count

(i)  Method for Additional Lists and Displays

Additional Methods may be constructed to support the retrieval of
information identified by the Rules Base Data Structures in either list or
specific detail form. This could include Methods such as an Collection-

Objectives. Display to list all Objectives in use at a particular collection or
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a Circumstance-Objectives. Display to list all Objectives with records
available at a particular Circumstance. These dispfays can be
implemented as simple lists or with additional detail indicated in the Rules
Base. Of course. those skilled in the art will appreciate that other
embodiments of the invention may utilize a listing that could contain
information derived from the existence or absence of information, such as
being able to indicate which Objectives at a particular Circumstance will
be subject to construction inheritance (as opposed to being retrievable in

their entirety at that circumstance).

(J) Methods for Update and Deletion
Parallel Methods will be defined to support the Update. Deletion
and other manipulation of the above Rule Entries and supporting data

structures.

(k) Method for Recording and Auditing Changes

Every method that adds, deletes or modifies an element of the Rules
Base will create a special audit trail record that indicates the Date, Time,
User and list of changed values. Methods that display and allow review,
reporting and program access to these audit records are provided for each
data class with a method name of CLASS.AUDIT, e.g., Objective. Audit.

All data entry methods are be supplemented by parallel methods to
delete or update values. Integrity checks (such as relational integrity
checks to ensure that updates or deletions of values do not damage or
render inaccessible elements of the Rule Base) may be performed at the
time of such delete or update method. This would lead to a method being
created with a value of “UPDATE” or “DELETE” paralleling each
previously specified method (e.g., “CIRCUMSTANCE-
COLLECTION.UPDATE” and “CIRCUMSTANCE-
COLLECTION.DELETE").
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30

Methods for Rule Retrieval

Definitions for methods for rule retrieval are pfoviﬁed below. As above,
although specific sequences of steps are not supplied, those skilled in the art will
readily appreciate that the methods can be readily made from the definitions that
follow. Values in the tables are required or always returned unless specified in

the description/comments section.

(a) Method: GETRULE.INHERIT Retrieve Rule with Inheritance

This 1s a fundamental method by which a Rule will be returned by the
Rule Finder to a calling program as per the criteria associated with the
various parameter values below. Based on the Rule Base Name. the
Collection Name. the Objective Name and the Starting Circumstance, the
Rule Finder will use the Collection Type appropriate to each Collection in
which the Objective Name is mentioned to seek a rule that responds to the
specified Objective and starting Circumstance. In the event that a specific
Collection Name or list of Collection Names is provided. only those
Collection Names and appropriate collection types will be used to navigate
the Rule Base. The information provided in response to this navigation
will both return a particular Rule Entry, a Description that could be a
specialization of the basic Description associated with the original
definitions of this Rule Objective Name. and navigation information as to
the number and construction of circumstances that were navigated.
Navigation for this and subsequent rule retrieval methods will be as per
the general structure of Diagram 7. Those skilled in the art will recognize
the possibility of other statistical or navigation information being returned
as well as alternate formats or structures by which evaluation criteria

could be passed in to or information returned from the Rule Finder.

In/Out  Value Description / Comments

Input Rules Base Name
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Input

Input

Output

5 Output

Output

Collection Name

Rule Objective
Name
Starting

Circumstance

Initial Found

Circumstance

Circumstances

Construction Count

Circumstances

Navigation Count
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Optional -- if specified. it limits the
search to the named Collection or
Collections of Circumstances. If not
specified. it examines all Circumstances

in which this Objective Exists.

The name of an Objective that wiil added

to this Circumstance in the Rules Base.

The name of the Starting Circumstance
to be used in initiating the search and
traversal of the Rules Base. May be an
ordered list of starting circumstances if
the calling program wishes to enable the
Rule Finder to examine additional
circumstance names should an initial one
not generate a valid rule entry or appear
in the Circumstance Collection.

The Circumstance at which (at least a
starting portion of) this rule was found.
This and all subsequent output values are
only returned if the Method’s Return
Status is “Success”.

The number of Rules that were used in
creating the Rule. If the entire Rule
derived from a single rule, this value
will be 1.

The number of Rules that were examined
in creating the Rule. If the entire Rule
derived from a single rule that was found
at the Starting Circumstance, this value
will be 1.
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Output Objective Returns the specialized description for
Description the use of this Rule Objective at this
Circumstance.
Input/  Rule Instance The pointer to the returned rule.

Output  Pointer

(b) Method: GETRULE.INHERIT-CONDITIONS Retrieve Rule with
Inheritance and Conditions
Identifies the Search for a Rule using the Inheritance features of the Rule
Finder, but subjecting each Rule to additional examination before considering it
10 valid for use in selection or inheritance operations. Should one of these conditions
fail. the Rule is considered to not suitable for inheritance. and the rule finder will

proceed to the next applicable circumstance.

In/QOut Value Description / Comments
Input Rules Base Name
15 Input Collection Name Optional -- if specified, it limits the

search to the named Collection of
Circumstances. If not specified. it
examines all Circumstances in which

this Objective Exists.

Input Rule Objective The name of an Objective that will
Name added to this Circumstance in the Rules
Base.
Input Starting The name of the Starting Circumstance
Circumstance to be used in initiating the search and

traversal of the Rules Base.
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Input Condition to Optional pointer.to one or more
Evaluate condition expressions (that may access

data elements defined in the Rule
Objective Name definition) to be to be
calied before the Rule Finder
determines if it is eligible for return or
use in the inheritance process.
Evaluation of the Condition may resuit
in an interactive query to an end-user,
another system, a database. or another

rules base.

Input Callback Routine Optional Name of a Subroutine to be
called (with a pointer to the Rule being
evaluated) to have program specific
examination of the Rule before the Rule
Finder determines if it is eligible for
return or use in the inheritance process.
Each callback returns to the Rule
Finder a Status Flag that indicates if a
failure of the condition should suspend
further Inheritance. or if Inheritance
should be continued.

Output Initial Found The Circumstance at which (at least a

Circumstance starting portion of) this rule was found.
This and all subsequent output values
are only returned if the Method’s

Return Status is “Success”.

Output  Circumstances The number of Rules that were used in
Construction Count  creating the Rule. If the entire Rule
derived from a single rule, this value
will be 1.
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The number of Rules that were
examined in creating the Rule. If the
entire Rule derived from a single rule
that was found at the Starting
Circumstance, this value will be 1.
Number of times that either the
Condition Check or the Callback
routine disqualified a rule record from
consideration.

Returns the specialized description for
the use of this Rule Objective at this
Circumstance.

The pointer to the rerurned rule.

Method: GETRULE.SPECIFIC Retrieve of a Specific key

Identifies the Search for a Rule without using the Inheritance features of
the Rule Finder 32.

In/Out

Value

Input
Input

Input

Input

Output

Rules Base Name
Collection Name

Rule Objective
Name

Circumstance

Rule Validity

Description / Comments

Optional.

Name of the Objective being sought.

The name of the particular
Circumstance to be returned.

Integer value of 1 if the Rule is
considered “valid”; value of zero if the
rule has elements that would require
inheritance to attempt to resolve (in
which case the Method Return Status

will also be set to "Problem)".
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15

20

Output  Objective Returns the specialized description for
Description the use of this Rule Objective at this
Circumstance.
Input/ Rule Instance The pointer to the returned rule.

Output Pointer

(d) Method: GETRULE-NEXT.INHERIT-CONDITIONS Retrieve next
Rule in series with inheritance and conditions

Identifies the Search for a Rule entry using the Inheritance features of the
Rule Finder across circumstances. but also using the feature of the Rules Base
which allows Objectives to be linked sequentially in the Rules Base (so that a
“next step” can be defined). This “next Rule” feature allows a series of rules to
be iterative returned, by having the calling program provide the Rule Finder with
a “Previous Rule” and having it use the linkage defined in the Rule Objective
Name to define a connection to the “Current/Next Rule”. Also subjects each Rule
to additional examination before considering it valid for use in selection or
inheritance operations. Should one of these conditions fail, the Rule is considered

to not be a candidate for use, and inheritance will continue at the next applicable

circumstance.

In/Out Value Description / Comments

Input Rules Base Name

Input Collection Name Optional -- if specified, it limits the
search to a particular Collection of
Circumstances. If not specified, it
examines all Circumstances in which
this Objective Exists.

Input Rule Objective Name of the Objective being sought.

Name
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The name of the Starting Circumstance
to be used in initiating the search and

traversal of the Rules Base.

Optional pointer to one or more
condition expressions (that access data
elements defined in the Rule Objective
Name definition) to be to be called
before the Rule Finder determines if it
is eligible for return or use in the

inheritance process.

Optional Name of a Subroutine to be
called (with a pointer to the Rule being
evaluated) to have program specific
examination of the Rule before the Rule
Finder determines if it is eligible for
return or use in the inheritance process.
Each callback returns to the Rule
Finder a Status Flag that indicates
either that the rule qualifies for use, or
is unqualified if the failure of the
callback should suspend further
Inheritance, or if Inheritance should be
continued.

The Circumstance at which (at least a
starting portion of) this rule was found.
This and all subsequent output values
are only returned if the Method’s

Return Status is “Success”.
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Output Circumstances The number of Rules that were used in
Construction Count  creating the Rule. If the entire Rule

derived from a single rule. this value

will be 1.
Output  Circumstances The number of Rules that were
Navigation Count examined in creating the Rule. If the

entire Rule derived from a single rule
that was found at the Starting
Circumstance. this value will be 1.
Output Condition Failure Number of times that either the
Count Condition Check or the Callback

routine disqualified a rule record from

consideration.
Input Rule Objective Name of the Objective being returned.
Found
5 Output Objective Returns the specialized description for
Description the use of this Rule Objective at this
Circumstance.
Input/ Rule Instance The pointer to the returned rule.

Output Pointer

With regard to the Conditions and the Callback capabilities, the calling

10 routine is able to specify Conditions to Evaluate on each call to the Rules Base or
use varying criteria in performing its evaluation during the Callback. Thus, the

ruie qualification process can vary in accordance to specific information regarding

the work in process.

15 Described above are a rules base and method for accessing the same
meeting the objects set forth herein. Those skilled in the art will appreciate that

the illustrated and described embodiments are illustrative and that further
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embodiments incorporating the principles hereof fall within the scope of the

invention. In view thereof. what is claimed is:
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A method of determining a rule for a designated objective and

circumstance. the method comprising the steps of

any of creating and accessing a rules base that includes

ii.

a plurality of rule entries. each associated with an objective and with
a circumstance. at least one of which entries has a staws indicating
that information associated with the entry corresponds to one or
more rules for that objective and circumstance, and at least another
of which entries has a status indicating that one or more rules for

that objective and circumstance should be sought elsewhere.

a structure that defines an ancestral relationship of circumstances.

responding to existence of an entry in the rules base associated with the

designated objective and circumstance. which entry has a status indicating

that information associated with the entry corresponds to one or more rules

for that objective and circumstance. for generating those rules based on

information associated with that entry,

responding to any of

il.

absence of an entry in the rules base associated with the designated

objective and circumstance, and

an entry in the rules base associated with the designated objective
and circumstance, which entry has a status indicating that one or
more rules for that objective and circumstance should be sought

elsewhere,
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1 for generating those rules based on information associated with an entry

that is associated with the designated objective and with a circumstance that

2

3 is any of an immediate or prior ancestor of the designated circumstance.
4
5 2. A method according to claim 1. wherein step (B) includes the step of
6 searching the rules base for an entry, if any, associated with the designated
7 objective and circumstance.
8
9 3. A method according to claim 1. wherein step (C) includes the steps of
10 responding to any of
11
12 absence of an entry in the rules base associated with the designated
13 objective and circumstance. and
14
15 an entry in the rules base associated with the designated objective
16 and circumstance. which entry has a status indicating that one or
17 more rules for that objective and circumstance should be sought
18 elsewhere,
19
20 for (i) determining, from the structure, an immediate ancestor of the
21 designated circumstance. that immediate ancestor being termed a first
22 ancestor circumstance, (ii) searching the rules base for an entry. if any,
23 associated with the designated objective and with that first ancestor
24 circumstance.
25
26 4. A method according to claim 3, wherein step (C) includes the steps of
27 responding to any of
28
29 absence of an entry in the rules base associated with the designated
30 objective and the first ancestor circumstance, and
31
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an entry in the rules base associated with the designated objective
and the first ancestor circumstance, which entry has a status
indicating that one or more rules for that objective and circumstance

should be sought elsewhere,

for (i) determining, from the structure, an immediate ancestor to the first
ancestor circumstance, that immediate ancestor being termed a second
ancestor circumstance, and (ii) searching the rules base for an entry, if any,
associated with the designated objective and with that second ancestor

circumstance.

A method according to claim 4. wherein step (C) includes the step of

responding to any of

absence of an entry in the rules base associated with the designated

objective and the second ancestor circumstance. and

an entry in the rules base associated with the designated objective
and the second ancestor circumstance, which entry has a status
indicating that one or more rules for that objective and circumstance

should be sought elsewhere,

for (i) determining, from the structure, a third or subsequent ancestor
circumstance, (ii) searching in the rules base for an entry, if any,
associated with the designated objective and that third or subsequent
ancestor circumstance, and (iii) generating those rules based on
information associated with one or more entries associated with the
designated objective and with the third or subsequent ancestor

circumstance.

A method according to claim 1, wherein
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step (A) includes the step of accessing a rules base that comprises multiple
rule collections. each defining an ancestral relationship of circumstances for

a respective set of one or more objectives. and

step (C) includes the step of determining an immediate or prior ancestor of
the designated circumstance from the collection for the designated
objective. or moving in an ordered fashion between collections if a

designated objective appears in more than one collection of circumstances.
A method according to claim 1. wherein

step (A) includes the step of accessing a rules base in which at least one
entry has a characteristic identifving a condition necessary to determine
whether information associated with that entry or with another entry
corresponds to one or more rules for the associated objective and

circumstance,

step (B) includes the additional step of determining whether the condition is
satisfied before generating those rules based on information associated with

an entry associated with the designated objective and circumstance. and

step (C) includes the additionai step of responding to failure of satisfaction
of the condition for generating those rules based on information associated
with one or more entries associated with the designated objective and with
a circumstance that is any of an immediate or prior ancestor of the

designated circumstance.

A method according to claim 7. wherein step (B) includes the step of
invoking a call-back software module to obtain information necessary to

determine whether the condition is satisfied.
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A method according to claim 8. wherein step (B) includes the step of
querying any of an operator, another system. a database. and another rule
base for information necessary to determine whether the condition is

satisfied.
A method according to claim 1, comprising the steps of

generating a request in an applications program software module for

determination of a rule for a designated objective and circumstance. and

responding to that request with a rule finder software module that executes

steps (A) - (C).

A method according to ciaim 1. including the step of generating, in an SQL
format, the request for determination of a rule for an objective and

circumstance.
A method according to claim 1, wherein

step (A) includes the step of accessing a rules base in which at least one

entry is associated with a multipart objective,

step (B) includes responding to existence of an entry in the rules base
associated with the designated objective and circumstance, which entry has
a status indicating that information associated with the entry corresponds to
one or more rules for the associated objective and circumstance, for
generating, based on information associated with that entry, a next
objective candidate rule key for use in defining a subsequent objective for

which one or more rules is to be determined,

step (C) includes responding to any of
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absence of an entry in the rules base associated with the

—

~
(S

—

2 designated objective and circumstance. and

3

4 (11) an entry in the rules base associated with the designated

5 objective and circumstance. which entry has a status

6 indicating that one or more rules for that objective and

7 circumstance should be sought elsewhere,

8

9 for generating, based on information associated with an entry associated

10 with the designated objective and with a circumstance that is any of an

11 immediate or prior ancestor of the designated circumstance, a next

12 objective candidate rule key for use in defining a subsequent objective for
13 which one or more rules are to be determined.

14

15 13. A method according to claim 1. wherein

16

17 step (A) includes the step of accessing a rules base in which at least one of
18 the entries has a status indicating that the associated objective and
19 circumstance are invalid, and
20
21 step (B) includes the step of responding to existence of an entry in the rules
22 base associated with the designated objective and circumstance. which entry
23 has a staws indicating that the associated objective and circumstance are
24 invalid for generating any of a message and a return status reflective
25 thereof.
26
27 14, A method according to claim 1, wherein
28
29 step (A) further includes the step of accessing a rules base in which at least
30 one entry is associated with multiple statuses and with multiple
31 corresponding rule elements for the objective and circumstance associated
32 with that entry, each status indicating any of (i) that information
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1 corresponding to the respective rule element is associated with that element,

t2

and (i1) that the respective rule should be soughi eléewhere.

3
4 step (B) includes the step of responding to existence of an entry in the rules
5 base associated with the designated objective and circumstance. which entry
6 has one or more statuses indicating that information corresponding to one
7 or more respective rule elements is associated with that element. for
8 generating rules corresponding to those statuses from information associated
9 with that element. and
10
11 step (C) includes the step of responding to existence of an entry in the rules
12 base associated with the designated objective and circumstance. which entry
13 has one or more statuses indicating that the respective rule elements should
14 be sought elsewhere. for generating rules corresponding to those statuses
15 from information associated with one or more entries that are associated
16 with the designated objective and with a circumstance that is any of an
17 immediate or prior ancestor of the designated circumstance.
18
19 15. A method according to claim 1 for validating designated information,
20 comprising the step of comparing such designated information with the rule
21 generated in any of steps (B) and (C).
22

23 16. A method according to claim 1, wherein

24

25 step (A) includes the step of accessing a rules base storing information

26 indicating a structure of the rule base, that information including whether
27 each of one or more entries are any of (i) associated with a characteristic
28 identifying a condition necessary to determine whether information

29 associated with that entry or with another entry corresponds to the rule for
30 the associated objective and circumstance, (ii) associated with a multipart
31 objective. (iii) associated with a next objective candidate rule key for use in
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defining a subsequent objective for which a rule is to be determined. (1v)

associated with any of muitiple rules or statuses.

A method of determining a sequence of rules for a designated objective,

rule identifier and circumstance. the method comprising

accessing a rules base that includes

ii.

a plurality of entries, each associated with an objective, a
current rule identifier and a circumstance. at least one of
which entries has a status indicating that information
associated with the entry corresponds 1o a rule for that
objective, current rule identifier and circumstance. and at
least another of which entries has a status indicating that the
rule for that objective. current rule identifier and
circumstance corresponds to information associated with an

another entry,

a structure that defines an ancestral relationship of

circumstances,

responding to existence of an entry in the ruies base associated with the

designated objective, current rule identifier, and circumstance. which entry

has a status indicating that information associated with the entry

corresponds to the rule for that objective, current rule identifier and

circumstance. for generating a rule in the sequence based on information in

that entry and for at least one of (i) storing and (ii) generating an identifier

for a next rule in the sequence, and

responding to any of
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1 (1) absence of an entry in the rules base associated with the
2 designated objective. current rule identifier and
3 circumstance. and
4
5 (i)  an entry in the rules base associated with the designated
6 objective, rule identifier and circumstance. which entry has a
7 status indicating that the rule for the associated objective.
8 current rule identifier and circumstance should be sought
9 elsewhere,
10
11 for generating a rule in the sequence based on information associated with
12 an entry that is associated with the designated objective. current rule
13 identifier and with a circumstance that is any of an immediate or prior
14 ancestor of the designated circumstance. and for at least one of (i) storing
15 and (ii) generating an identifier of a next rule in the sequence.
16
17 18. A method according to claim 17, wherein step (B) includes the step of
18 searching the rules base for an entry, if any, associated with the designated
19 objective, current rule identifier and circumstance.
20
21 19. A method according to claim 17. wherein step (C) inciudes the steps of
22 responding to any of
23
24 absence of an entry in the rules base associated with the designated
25 objective. current rule identifier and circumstance, and
26
27 an entry in the rules base associated with the designated objective,
28 current rule identifier and circumstance, which entry has a status
29 indicating that the rule for that objective. current rule identifier and
30 circumstance should be sought elsewhere,
31
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1 for (i) determining, from the structure, an immediate ancestor of the

[ 2]

designated circumstance. that immediate ancestor being termed a first

[98]

ancestor circumstance, (ii) searching in the rules base for an entry. if any,
associated with the designated objective. current rule identifier. and with

that first ancestor circumstance.

A method according to claim 19, wherein step (C) inciudes the steps of

responding to any of

= O O 00 N & W
D
(@]

1 absence of an entry in the rules base associated with the designated
1 objective. current rule identifier. and the first ancestor circumstance,
12 and

13

14 an entry in the rules base associated with the designated objective,
I5 current rule identifier, and the first ancestor circumstance. which
16 entry has a status indicating that the rule for that objective. current
17 rule identifier. and circumstance should be sought elsewhere,

18

19 for (i) determining, from the structure. an immediate ancestor to the first
20 ancestor circumstance, that immediate ancestor being termed a second

21 ancestor circumstance. and (ii) searching in the rules base for an entry, if
22 any, associated with the designated objective. current rule identifier. and
23 with that second ancestor circumstance.

24

25 21. A method according to claim 20. wherein step (C) includes the step of

26 responding to any of

27

28 absence of an entry in the rules base associated with the designated
29 objective, current rule identifier, and the second ancestor

30 circumstance, and

31
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1 an entry in the rules base associated with the designated objective,

(39}

current rule identifier. and the second ancestor circumstance. which

(93 )

entry has a status indicating that the rule for that objective. current

4 rule identifier. and circumstance should be sought elsewhere.
5
6 for (i) determining, from the structure, a third or subsequent ancestor
7 circumstance, (ii) searching in the rules base for an entry, if any,
8 associated with the designated objective. current rule identifier. and that
9 third or subsequent ancestor circumstance. and (iii) generating a rule in the
10 sequence based on information associated with an entry associated with the
11 designated objective and with the third or subsequent ancestor
12 ctrcumstance. and at least one of (i) storing and (ii) generating an identifier
13 for a next rule in the sequence.
14
15 22, A method according to claim 17. wherein step (B) includes the step of
16 invoking a call-back software module to obtain information necessary to
17 determine whether the condition is satisfied.
18
19 23, A method according to claim 22 wherein step (B) includes the step of
20 querying any of an operator. another system, a database. and another rule
21 base for information necessary to determine whether the condition is
22 satisfied.
23

24 24, A method according to claim 17 comprising the steps of
25

26 generating a request in an applications program software module for

27 determination of a rule for a designated objective and circumstance, and
28

29 responding to that request with a rule finder software module that executes
30 steps (A) - (O).

31

32 25. A method according to claim 24 wherein
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steps (B) - (C) includes the step of responding to a first request from the
applications program software module for determination of a rule for a
designated objective and circumstance for generating a rule in the sequence
for the designated objective, a first rule identifier and the designated

circumstance, and for storing a next rule identifier. and

steps (B) - (C) includes the step of responding to a subsequent request from
the applications program software module for determination of a rule for a
designated objective and circumstance for generating a rule in the sequence
for the designated objective, the next rule identifier. and the designated

circumstance.

A method according to claim 17. including the step of generating, in the
SQL format. the request for determination of a rule for a designated

objective and circumstance.
A method according to claim 17. wherein

step (A) includes the step of accessing a rules base in which at ieast one of
the entries has a status indicating that the associated objective. current rule

identifier and circumstance are invalid. and

step (B) includes the step of responding to existence of an entry in the rules
base associated with the designated objective, current rule identifier and
circumstance, which entry has a status indicating that the associated
objective and circumstance are invalid for generating any of a message and

a return status reflective thereof.
A method according to claim 17, wherein

step (A) further includes the step of accessing a rules base in which at least

one entry is associated with multiple statuses and with muitiple
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corresponding ruies for the objective, current rule identifier and
circumstance associated with that entry, each status indicating any of (i)
that information corresponding to the respective rule is associated with the

entry, and (i1) that the respective rule should be sought elsewhere.

step (B) includes the step of responding to existence of an entry in the rules
base associated with the designated objective, current rule identifier and
circumstance. which entry has one or more statuses indicating that
information corresponding to one or more respective rules is associated
with the entry, for generating rules corresponding to those statuses from

information associated with the entry, and

step (C) includes the step of responding to existence of an entry in the rules
base associated with the designated objective, current rule identifier and
circumstance. which entry has one or more statuses indicating that the
respective rules should be sought eisewhere. for generating rules
corresponding to those statuses from information associated with one or
more entries that are associated with the designated objective and with a
circumstance that is any of an immediate or prior ancestor of the designated

circumstance.
A method according to claim 17 wherein

step (A) includes the step of accessing a rules base storing information
indicating a structure of the rules base, that information including whether
each of one or more entries are any of (i) associated with a characteristic
identifying a condition necessary to determine whether information
associated with that entry or with another entry corresponds to the rule for
the associated objective and circumstance, (ii) associated with a muitipart
objective, (iii) associated with a next objective candidate rule key for use in
defining a subsequent objective for which a rule is to be determined, (iv)

associated with any of multiple rules or statuses.
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30 A method of determining a rule for a designated objective and

2 circumstance. the method comprising the steps of
3
4 A. accessing a rules base that includes (i) a plurality of entries. each associated
5 with an objective and with a circumstance. and (ii) a structure defining an
6 ancestral relationship of circumstances.
4
8 B. responding to existence of an entry in the rules base associated with the
9 designated objective and circumstance for generating a rule based on
10 information associated with that entry, and
11
12 C.. responding to an absence of an entry in the rules base associated with the
13 designated objective and circumstance for generating a rule based on
14 information associated with an entry associated with the designated
15 objective and with a circumstance that is any of an immediate or prior
16 ancestor of the designated circumstance.
17
18 31. A method according to claim 30. wherein step (B) includes the step of
19 searching the rules base for an entry, if any, associated with the designated
20 objective and circumstance.
21

22 32. A method according to claim 30. wherein step (C) includes the steps of (i)

23 responding to an absence of an entry in the rules base associated with the

24 designated objective and circumstance determining from the structure an

25 immediate ancestor of the designated circumstance, that immediate ancestor

26 being termed a first ancestor circumstance, (ii) searching the rules base for

27 an entry, if any, associated with the designated objective and that first

28 ancestor circumstance.

29

30 33. A method according to claim 32. wherein step (C) includes the step of

31 responding to an absence of an entry in the rules base associated with the

32 designated objective and the first ancestor circumstance for (i) determining
-59.-
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1 from the structure an immediate ancestor to the first ancestor circumstance,
2 that immediate ancestor being termed a second ancestor circumstance. and
3 (ii) searching in the rules base for an entry, if any, associated with the
4 designated objective and that second ancestor circumstance.
5
6 34, A method according to claim 33, wherein step (C) includes the step of
7 responding to an absence of an entry in the rules base associated with the
8 designated objective and the second ancestor circumstance for (i)
9 determining from the structure a third or subsequent ancestor circumstance,
10 (i1) searching in the rules base for an entry, if any, associated with the
11 designated objective and that third or subsequent ancestor circumstance,
12 and (iii) generating a rule based on information associated with an entry
13 associated with the designated objective and with that third or subsequent
14 ancestor circumstance.
15
16 35. A method according to claim 30. wherein step (A) includes the step of
17 accessing a rules base wherein, additionally, at least one of which entries
18 has a status indicating that the rule for the associated objective and
19 circumstance corresponds to information associated with an another entry.
20
21 36. A method according to claim 30. wherein step (B) includes responding to
22 existence of an entry in the rules base associated with the designated
23 objective and circumstance, which entry has a status indicating that the rule
24 for that objective and circumstance should be sought elsewhere, for
25 generating a rule based on information associated with an entry associated
26 with the designated objective and with a circumstance that is any of an
27 immediate or prior ancestor of the designated circumstance.
28
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A method according to claim 30. wherein

step (A) includes the step of accessing a rules base that comprises multiple
structures. each defining an ancestral relationship of circumstances for a

respective set of one or more objectives, and

step (C) includes the step of determining an immediate or prior ancestor of
the designated circumstance from one or more collections for the

designated objective.

A method according to claim 30. wherein

step (A) includes the step of accessing a rules base in which at least one
entry has a characteristic identifying a condition necessary to determine
whether information associated with that entry or with another entry

corresponds to the rule for the associated objective and circumstance.

step (B) includes the additional step of determining whether the condition is
satisfied before generating a rule based on information associated with an

entry associated with the designated objective and circumstance, and

step (C) includes the additional step of responding to failure of satisfaction
of the condition for generating a rule based on information associated with
an entry associated with the designated objective and with a circumstance
that is any of an immediate or prior ancestor of the designated

circumstance.

A method according to claim 38. wherein step (B) includes the step of
invoking a call-back software module to obtain information necessary to

determine whether the condition is satisfied.
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A method according to claim 39. wherein step (B) includes the step of
querying any of an operator. another system. a database. and another rule
base for information necessary to determine whether the condition is

satisfied.

A method according to claim 30, comprising the steps of

generating a request in an applications program software module for

determination of a rule for a designated objective and circumstance, and

responding to that request with a rule finder software module that executes
steps (A) - (C).

A method according to claim 41. including the step of generating, in an
SQL format. the request for determination of a rule for a designated

objective.

A method according to claim 30, wherein

step (A) includes the step of accessing a rules base in which at least one

entry 1s associated with a multipart objective,

step (B) includes responding to existence of an entry in the rules base
associated with the designated objective and circumstance, which entry has
a status indicating that information associated with the entry corresponds to
the rule for the associated objective and circumstance, for generating, based
on information associated with that entry, a next objective candidate rule
key for use in defining a subsequent objective for which a rule is to be

determined,

step (C) includes responding to absence of an entry in the rules base

associated with the designated objective and circumstance for generating,
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1 based on information associated with an entry associated with the

r9

designated objective and with a circumstance that is anv of an immediate or

3 prior ancestor of the designated circumstance. a next objective candidate

4 rule key for use in defining a subsequent objective for which a rule is to be
5 determined.

6

7 44. A method according to claim 30. wherein

8

9 step (A) includes the step of accessing a rules base in which at least one of
10 the entries has a status indicating that the associated objective and

11 circumstance are invalid. and

12
13 step (B) includes the step of responding to existence of an entry in the rules
14 base associated with the designated objective and circumstance. which entry
15 has a status indicating that the associated objective and circumstance are
16 invalid for generating any of a message and a return status reflective
17 thereof.
18

19 45 A method according to claim 30 for validating designated information as a
20 factor in determining the applicability of the rule. comprising the step of

21 comparing such designated information with the rule generated in any of steps (B)

22 and (C).

23

24 46. A method according to claim 30. wherein

25

26 step (A) includes the step of accessing a rules base storing information

27 indicating a structure of the rules base, that information including whether
28 each of one or more entries are any of (i) associated with a characteristic
29 identifying a condition necessary to determine whether information

30 associated with that entry or with another entry corresponds to the rule for
31 the associated objective and circumstance, (ii) associated with a multipart
32 objective, (iii) associated with a next objective candidate rule key for use in
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defining a subsequent objective for which a rule is to be determined. (iv)

associated with any of multiple rules or statuses.

A method of determining a rule for a designated objective and

circumstance. the method comprising the steps of
accessing a rules base that includes

1. a plurality of entries. each associated with an objective and
with a circumstance at least one of which entries has a status
indicating that information associated with the entry
corresponds to the rule for the associated objective and
circumstance. and at least another of which entries has a
status indicating that the rule for that objective and
circumstance corresponds to information associated with an

another entry,

ii. a structure that defines an ancestral relationship of

circumstances,

responding to existence of an entry in the rules base associated with the
designated objective and circumstance. which entry has a status indicating
that information associated with the entry corresponds to the rule for that
objective and circumstance, for generating a rule based on information

associated with that entry,

responding to existence of an entry in the rules base associated with the
designated objective and circumstance, which entry has a status indicating
that information for the associated objective and circumstance should be
sought elsewhere, for generating a rule based on information associated

with an entry that is associated with the designated objective and with a
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circumstance that is any of an immediate or prior ancestor of the designated

circumstance.

A method according to claim 47, wherein step (B) includes the step of
searching the rules base for an entry, if any, associated with the designated

objective and circumstance.

A method according to claim 47, wherein step (C) includes the steps of
responding to existence of an entry in the rules base associated with the
designated objective and circumstance, which entry has a status indicating
that information for the associated objective and circumstance should be
sought elsewhere, for (i) determining. from the structure. an immediate
ancestor of the designated circumstance. that immediate ancestor being
termed a first ancestor circumstance, (ii) searching in the rules base for an
entry, if any, associated with the designated objective and that first ancestor

circumstance.

A method according to claim 49, wherein step (C) includes the steps of
responding to existence of an entry in the rules base associated with the
designated objective and the first ancestor circumstance. which entry has a
status indicating that the rule for that objective and circumstance should be
sought eisewhere. for (i) determining from the structure an immediate
ancestor to the first ancestor circumstance, that immediate ancestor being
termed a second ancestor circumstance, and (ii) searching the rules base for
an entry, if any, associated with the designated objective and that second

ancestor circumstance.

A method according to claim 50, wherein step (C) includes the step of
responding to existence of an entry in the rules base associated with the
designated objective and the second circumstance, which entry has a status
indicating that the rule for that objective and circumstance corresponds

associated with another entry, for (i) determining from the structure a third
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or subsequent ancestor circumstance. (ii) searching the rules base for an
entry, if any, associated with the designated objective and that third or
subsequent ancestor circumstance. and (iii) generating a rule based on
information associated with an entry associated with the designated

objective and with that third or subsequent ancestor circumstance.

A method according to claim 47. wherein step (B) includes the step of
responding to an absence of an entry in the rules base associated with the
designated objective and circumstance for generating a rule based on
information associated with an entry associated with the designated
objective and with a circumstance that is any of an immediate or prior

ancestor of the designated circumstance.
A method according to claim 47. wherein

step (A) includes the step of accessing a rules base that comprises multiple
structures, each defining an ancestral relationship of circumstances for a

respective set of one or more objectives, and

step (C) includes the step of determining an immediate or prior ancestor of

the designated circumstance from the structure for the designated objective.
A method according to claim 47, wherein

step (A) includes the step of accessing a rules base in which at least one
entry has a characteristic identifying a condition necessary to determine
whether information associated with that entry or with another entry

corresponds to the rule for the associated objective and circumstance,

step (B) includes the additional step of determining whether the condition is
satisfied before generating a rule based on information associated with an

entry associated with the designated objective and circumstance, and
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step (C) includes the additional step of responding to failure of satisfaction

2 of the condition for generating a rule based on information associated with
3 an entry associated with the designated objective and with a circumstance
4 that is any of an immediate or prior ancestor of the designated
5 circumstance.
6
7 55. A method according to claim 54. wherein step (B) inciudes the step of
8 invoking a call-back software module to obtain information necessary to
9 determine whether the condition is satisfied.
10
11 56. A method according to claim 35. wherein step (B) includes the step of
12 querying any of an operator. another system. a database and a rule base for
13 information necessary to determine whether the condition is satisfied.
14
15 57. A method according to claim 47. comprising the steps of
16
17 generating a request in an applications program software module for
18 determination of a rule for a designated objective and circumstance. and
19
20 responding to that request with a rule finder software module that executes
21 steps (A) - (C).
22
23 58. A method according to claim 47, including the step of generating, in an
24 SQL format. the request for determination of a rule for a designated
25 objective.
26
27 59. A method according to claim 47, wherein
28
29 step (A) includes the step of accessing a rules base in which at least one
30 entry is associated with a multipart objective,
31
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l step (B) includes responding to existence of an entry in the rules base

2 associated with the designated objective and circumstance. which entry has

(99

a status indicating that information associated with the entry corresponds to

4 the rule for the associated objective and circumstance. for generating a part
5 of a next objective for which a rule is to be determined in the database
6 based on information associated with that entry,
7
8 step (C) includes responding to existence of an entry in the rules base
9 associated with the designated objective and circumstance. which entry has
10 a status indicating that the rule for that objective and circumstance should
11 be sought elsewhere for generating a part of a next objective for which a
12 rule is to be determined in the database based on information associated
13 with an entry associated with the designated objective and with a
14 circumstance that is any of an immediate or prior ancestor of the designated
15 circumstance.
16
17 60. A method according to claim 47, wherein
18
19 step (A) includes the step of accessing a rules base in which at least one of
20 the entries has a status indicating that the associated objective and
21 circumstance are invalid. and
22
23 step (B) includes the step of responding to existence of an entry in the rules
24 base associated with the designated objective and circumstance, which entry
25 has a status indicating that the associated objective and circumstance are
26 invalid for generating any of a message and a return staws reflective
27 thereof.
28
.29 61. A method according to claim 47, wherein
30
31 step (A) further includes the step of accessing a rules base in which at least
32 one entry is associated with multiple statuses and with multiple
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corresponding rule elements for the objective and circumstance associated
with that entry, each status indicating any of (i) that information
corresponding to the respective rule element is associated with that element,

and (ii) that the respective rule element should be sought elsewhere.

step (B) includes the step of responding to existence of an entry in the rules
base associated with the designated objective and circumstance. which entry
has one or more statuses indicating that information corresponding to one
or more respective rule elements is associated with that element. for
generating rules corresponding to those statuses from information associated

with that element. and

step (C) includes the step of responding to existence of an entry in the rules
base associated with the designated objective and circumstance. which entry
has one or more statuses indicating that the respective rule elements should
be sought elsewhere. for generating rules corresponding to those statuses
from information associated with one or more entries that are associated
with the designated objective and with a circumstance that is any of an

immediate or prior ancestor of the designated circumstance.

A method according to claim 47 for validating designated information,
comprising the step of comparing such designated information with the rule

generated in any of steps (B) and (C).
A method according to claim 47. wherein

step (A) includes the step of accessing a rules base storing information
indicating a structure of the rules base, that information including whether
each of one or more entries are any of (i) associated with a characteristic
identifying a condition necessary to determine whether information
associated with that entry or with another entry corresponds to the rule for

the associated objective and circumstance, (ii) associated with a mulitipart
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objective. (iii) associated with a next objective candidate rule key for use in
defining a subsequent objective for which a rule is to be determined, (iv)

associated with any of multiple rules or statuses.
A digital data processor storage medium storing a rules base comprising

a plurality of entries, each associated with an objective and with a
circumstance. at least one of which entries has a status indicating that
information associated with the entry corresponds to the rule for that
objective and circumstance. and at least another of which entries has a
status indicating that the rule for that objective and circumstance should be

sought elsewhere.
a structure that defines an ancestral relationship of circumstances.

A digital data processor storage medium storing a rules base according to
claim 64, comprising multiple structures. each defining an ancestral

relationship of circumstances for a respective set of one or more objectives.

A digital data processor storage medium storing a rules base according to
claim 64. in which there may exist at least one entry which has a
characteristic identifying a condition necessary to determine whether
information associated with that entry or with another entry corresponds to

the rule for the associated objective and circumstance.

A digital data processor storage medium storing a rules base according to

claim 64, in which at least one entry has a multipart objective.

A digital data processor storage medium storing a rules base according to
claim 64, in which at least one entry exists indicating that the associated

objective and circumstance are invalid.
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1 69. A digital data processor storage medium storing a rules base according to

2 claim 64. in which at least one entrv has multiple siatuses and multiple

3 corresponding rules for the objective and circumstance associated with that
4 entry. each staws indicating any of (i) that information corresponding to the
5 respective rule is associated with the entry, and (ii) that the respective rule
6 should be sought elsewhere.

7
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