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RELATIONAL LOGIC MANAGEMENT 
SYSTEM 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 12/234,122 filed on Sep. 19, 2008 and 
claims priority to Ser. No. 10/861,777 filed on Jun. 4, 2004, 
now U.S. Pat. No. 7,428,519, which in turn claims the benefits 
of and priority to provisional U.S. Provisional Patent Appli 
cation Ser. No. 60/475,674 filed on Jun. 4, 2003, the disclo 
sures of which are hereby incorporated herein by reference in 
their entirety. 

FIELD OF THE INVENTION 

0002 This invention relates to business management in 
general, and specifically to the management of systems that 
include multiple interacting processes and rule sets. 

BACKGROUND OF THE INVENTION 

0003 Large enterprises are complex environments, made 
up of thousands of processes focused on the efficient delivery 
of goods and services. If any of these business processes are 
insufficient to meet the changing needs of the business, the 
result can be higher costs, lower customer satisfaction, and 
missed opportunities to generate incremental revenues and 
increased profits. 
0004 Companies address this challenge through a combi 
nation of automated and manual processes. Automated busi 
ness applications were initially introduced to handle routine 
processes. Application developers attempt to manage com 
plexity by delivering multiple, separate applications, creating 
discrete functional islands with limited integration that con 
tinue to restrict business agility. The traditional method of 
hard coding business information into these applications 
sometimes proves inflexible for handling the full range of 
complexity and flexibility needed for business solutions. 
Additionally, the high cost of maintaining and updating Such 
business information hard coded within applications adds to 
the cost of missed business opportunities when every busi 
ness change requires an IT development project. 
0005. A challenge for dynamic companies is choosing a 
system designed to handle all aspects of highly complex 
business process. Software called Business Process Manage 
ment Systems (BPMS) has been developed in recent years to 
enable companies to build and maintain complex enterprise 
wide process management systems. At a minimum, a BPMS 
must contain both a structured workflow engine and a busi 
ness rules engine. In general, the overall control flow of a 
company's business process is captured in a structured work 
flow model, while complex decision-making components of 
the process are captured in formal business rules. Control 
flow describes the steps by which a business process is regu 
lated at different stages in a process or model. 
0006 Programs have been developed in the past to analyze 
business components implemented using formal business 
rules. These programs are generally limited to analyzing one 
set of rules at a time. As a result these programs have limited 
usefulness when they are applied to business processes imple 
mented using a BPMS, because a system implemented using 
a BPMS will typically contain multiple sets of rules, and these 
rule sets will often involve complex interactions. 
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0007. A need therefore exists for systems and methods 
that allow for processing and reconciling multiple interre 
lated rule sets and business processes. Additionally, a need 
exists for systems and methods that allow business analysts 
and professionals to express the policies, tasks, rules and 
objectives in a format that allows interoperability with exist 
ing business procedures and automated systems without cum 
berSome coding requirements. 

SUMMARY OF THE INVENTION 

0008 Prior to discussing the aspects of the Relational 
Logic Management System (RLMS) in detail, an introduc 
tion to Some of the characteristic terminology used herein 
may prove informative. However, the scope of the terms 
discussed herein is not intended to be limiting, but rather to 
clarify their usage and incorporate the broadest meaning of 
the terms as known to those of ordinary skill in the art. 
Specifically, some of the terms that are summarized herein 
include workflow, control flow, business logic, relationship, 
information, relational information, and meta-information. 
0009. A workflow includes the procedural steps, in which 
two or more business units (or individuals), collectively 
share, manage, and operate on information. A workflow 
includes a series of tasks executed in a specific sequence. As 
a result of the execution of these tasks, a result desired by the 
business is achieved. This allows the flow of work between 
individuals and/or departments to be defined and tracked. 
Consequently, a company's workflow typically includes mul 
tiple users and Stages. 
0010 A workflow can be a graphic representation of the 
flow of work and its related components; including specific 
work processes, information dependencies used when per 
forming the work, and the sequence of decisions and activi 
ties. A workflow may define where inputs are required, the 
location of decision nodes and the alternative branches in 
output paths. A workflow facilitates the tracking of the flow of 
work between individuals and/or departments as well as pro 
viding the basic description of the work to be done. As such, 
a workflow can be generally characterized by a graph incor 
porating lines, branches, nodes, and functional blocks in one 
embodiment. 
0011 Control flow describes the steps by which a business 
process is regulated at different stages in the process. In one 
embodiment, control flow describes various restrictions in a 
larger workflow, Such as the requirement that one process step 
be completed before the next task may start. A control flow 
can be defined in terms of if then, and else statements that, in 
turn, describe how, when and by whom steps can be per 
formed based upon logical relationships. 
0012 Business logic also includes the use of symbols and 
expressions to represent quantities, relationships, arguments, 
decisions and other concepts in order to express ideas relating 
to a business. Additionally, business logic relates to any busi 
ness relevant representation and/or information Such that con 
clusions may be derived from one or more inputs. Typically, 
these inputs relate to a business’ tasks, processes, and work 
product. In one aspect, business logic includes, but is not 
limited to at least one of the following: a workflow, a business 
rule, and a routing rule. 
0013. A relationship or relation describes a link or con 
nection between two elements that, in part, is based upon at 
least one attribute associated with a given element. Further 
more, a relationship is an association, or connection, that can 
be concrete, abstract, existing or possible, between elements 
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of the same or a different set, that characterizes the interaction 
of the elements. Additionally, the relationship between one or 
more elements describes their individual dependence upon 
each other, their mutual interdependence, and/or their lack of 
dependence. The type and basis for the connection between 
two elements and the individual elements themselves are 
unlimited. 
0014 Some exemplary elements can include, but are not 
limited to rules, variables, processes, workflow components, 
projects, tasks, and business units. Other Suitable elements 
between which relationships may exist are described 
throughout this application. 
0015 Relationships can enumerate how different ele 
ments are related to each other. For example, some elements 
may have a many-to-many relationship, a many-to-one rela 
tionship, a one-to-many relationship, a one-to-one relation 
ship, or combinations thereof. In other examples, elements 
may share a cause and effect relationship. Various other rela 
tionships between different elements are discussed through 
out the application. 
0016. In part, the term information is used to describe 
Some form of data that is capable of communication and use. 
Information is a representation of knowledge. As such, infor 
mation includes, but is not limited to facts, Suppositions, or 
content in any media or form. Suitable forms of information 
include but are not limited to text, numbers, variables, graph 
ics, images, auditory signals and combinations thereof. Rela 
tional information communicates something about the rela 
tionship between one or more elements. 
0017 Meta-information is defined indirectly with respect 
to some underlying content. Thus, meta-information is sec 
ond order information, as such it is information about infor 
mation. In the context of a document, the identity of the 
author, or when the manuscript was first written are both 
meta-information, in contrast with the informational content 
of a document itself. 
0018. The Relational Management System includes vari 
ous aspects and particular embodiments. In one aspect, the 
invention relates to a method to propagate relations between 
a first rule set and a second rule set wherein the first and 
second rule sets are invoked by a common workflow model. 
The method includes tracing paths forward through the work 
flow model from the first rule set to the second rule set. 
Enumerating relations that extend forward from the first rule 
set to the second rule set is another step in the method. 
Additionally, using multi-valued logic, calculating the effects 
on the relations of control flow through the workflow model 
from the first rule set to the second rule set is another step in 
the method. Thus, the method can operate in a forward direc 
tion. 

0019. In one embodiment, the method also includes the 
steps of tracing paths backward through the workflow model 
from the second rule set to the first rule set, enumerating 
relations that extend backward from the second rule set to the 
first rule set, and using multi-valued logic, calculating the 
effects on the relations of control flow backwards through the 
workflow model from the second rule set to the first rule set. 
Accordingly, in one embodiment the method can operate in a 
forward direction, a backward direction or a combination of 
both. 
0020. In one embodiment, the method includes creating 
flow graphs for the ordinary procedural code embedded in the 
workflow model, propagating relations between the nodes in 
the flow graphs. In another embodiment, the method includes 
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creating flow graphs for the business rules embedded in the 
workflow model, propagating relations between the nodes in 
the flow graphs. In yet another embodiment, the multi-valued 
logic is a two-valued logic. 
0021. In another aspect, the invention relates to a method 
for storing at least one sequence of workflow steps and rule 
sets in memory Such that the reuse of the at least one sequence 
is facilitated. The method includes storing the sequence, and 
storing relational information computed for each variable 
used in the sequence, wherein the relational information 
remains accessible to an operator to facilitate sequence reuse. 
0022. In one embodiment of the method, the sequence 
includes meta-information. In another embodiment of the 
method, the sequence has one input and one output. In yet 
another embodiment of the method, the relational informa 
tion is accessible through an interface. In still another 
embodiment of the method, the sequence is arranged based 
upon a hierarchy. 
0023. In another aspect the invention relates to a method 
for inserting a sequence of workflow steps into a business 
process model. The method includes comparing the relational 
information stored for each variable in the sequence to the 
relational information computed for the business process 
model, creating computer initialization instructions to initial 
ize each variable in the sequence, and inserting the computer 
initialization instructions into the business process model 
such that the computer initialization instructions will be 
executed before the sequence of workflow steps. 
0024. In one embodiment, the method further includes the 
steps of creating computer finalization instructions to finalize 
the sequence by converting the values of the variables in the 
sequence into a form that can be used by the business process 
model, and inserting the computer finalization instructions 
into the business process model Such that the computer final 
ization instructions will be executed after the sequence of 
workflow steps. In another embodiment, the business process 
model is a Sub-process. 
0025. In yet another aspect the invention relates to a rela 
tional logic management system. The system includes a mod 
eler adapted for generating business logic, at least one reposi 
tory for storing business logic generated by the modeler, and 
at least two rule sets. The modeler includes at least one logical 
component. Additionally, the relationships between rule set 
elements are determinable using a bi-directional comparative 
process. 
0026. In one embodiment of the system, the business logic 
includes at least one workflow. In another embodiment, the 
system further includes at least one code generator adapted 
for generating code in response to the modeler. In yet another 
embodiment, the system further includes at least one code 
executor for receiving code from the code generator and 
executing a portion of the code. In still another embodiment 
of the system, the modeler includes a graphical user interface. 
In an additional embodiment of the system each rule set 
includes at least one rule. In a further embodiment of the 
system at least one rule set includes a pattern matching rule. 
In one embodiment, a pattern matching rule is a rule that uses 
one or more patterns to describe the data that it operates on, 
relying on the rule engine to locate the correct data at run time. 
Non-pattern matching rules use named variables to specify 
the data they operate on. 
0027. In still another aspect, the invention relates to a 
system for analyzing a business process model. The system 
includes a first rule set that includes at least one rule and a 
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second rule set that includes at least one rule. Additionally, the 
system includes a workflow defining at least a portion of the 
business process model, a means for identifying rule param 
eters; and an interface means for modifying the workflow. 
0028. In one embodiment of the system, the workflow 
includes reusable logical sequences. In another embodiment 
of the system, the means for identifying rule parameters 
detects dependency relationships among rules by input and 
output parameters. In yet another embodiment of the system, 
the interface means comprises a graphical user interface. In 
still another embodiment of the system, the workflow 
includes at least one path and at least one node. 
0029. In another aspect, the invention relates to a method 
for propagating relations between a first business parameter 
and a second business parameter wherein the first and second 
business parameters are invoked by a common workflow 
model. The method includes tracing paths along a first direc 
tion through the workflow model from the first business 
parameter to the second business parameter, enumerating 
relations that extend along the first direction from the first the 
business parameter to the second business parameter, using 
multi-valued logic, calculating the effects on the relations of 
control flow through the workflow model from the first busi 
ness parameter to the second business parameter. In one 
embodiment, the method also includes the steps of tracing 
paths along a second direction through the workflow model 
from the second business parameter to the first business 
parameter, enumerating relations that extend along the sec 
ond direction from the second business parameter to the first 
business parameter, and using multi-valued logic, calculating 
the effects on the relations of control flow along the second 
direction through the workflow model from the second busi 
ness parameter to the first business parameter. In one embodi 
ment, each business parameter is chosen from a group con 
sisting of a workflow, a rule set, and a rule. In one 
embodiment, the first direction is forward direction. In 
another embodiment, the first direction is a backward direc 
tion. 

0030. In one aspect of the invention, the RLT component 
can (1) propagate information forward and backward through 
the workflow, taking into account the multiple paths that may 
be followed through the workflow, and (2) work with meta 
information about a process, including constraints on terms 
and definitions of terms, thereby allowing the RLT compo 
nent to perform a semantic as well as Syntactic analysis of the 
business logic. 
0031. In another aspect, the invention includes a method 
for facilitating the reuse of existing fragments or modules of 
business logic in new contexts. Units of reuse in the RLMS 
are sequences of workflow steps, rule sets, or both, with a 
number of properties. The properties allow the RLMS to 
automate many of the steps involved in adapting a sequence 
for reuse in a new environment. 

0032. Other features and advantages of the invention will 
become apparent from the following detailed description and 
drawings. 

BRIEF DESCRIPTION OF DRAWINGS 

0033. The objects and features of the invention can be 
better understood with reference to the drawings described 
below, and the claims. The drawings are not necessarily to 
scale, emphasis instead generally being placed upon illustrat 
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ing the principles of the invention. In the drawings, like 
numerals are used to indicate like parts throughout the various 
views. 
0034 FIG. 1 is a schematic diagram of a RLMS according 
to an illustrative embodiment of the invention; 
0035 FIG. 2 is a schematic block diagram showing a 
relationship among modelers and a logic engine according to 
an illustrative embodiment of the invention; 
0036 FIGS. 3A and 3B are schematic diagrams of mod 
eler component of the RLMS according to an illustrative 
embodiment of the invention; 
0037 FIGS. 4A and 4B are graphic user interface repre 
sentations of rule information according to an illustrative 
embodiment of the invention; 
0038 FIG. 5 is a schematic diagram illustrating an exem 
plary rule management hierarchy according to an illustrative 
embodiment of the invention; 
0039 FIG. 6 is a relational map diagram illustrating a 
portion of a business model according to an illustrative 
embodiment of the invention; 
0040 FIG. 7 is a schematic diagram of an asset valuation 
business model created using an illustrative embodiment of 
the invention; 
0041 FIG. 8 is a table illustrating various exemplary busi 
ness logic categories Suitable for use in an embodiment of the 
invention; 
0042 FIG. 9 is schematic diagram of a car rental business 
process illustrating various activities and Sub-processes 
according an illustrative embodiment of the invention; 
0043 FIG. 10 is block diagram illustrating an exemplary 
chunk that includes a sequence of consecutive activities 
according to an illustrative embodiment of the invention; and 
0044 FIG. 11 is a tree graph showing a relationship 
among a virtual chunk, sequences, and processes according to 
an illustrative embodiment of the invention. 

DETAILED DESCRIPTION 

0045. The presently preferred and alternative embodi 
ments of the invention, including the best mode for practicing 
the invention known at this time, are now described in detail 
in connection with the accompanying drawings. It is, how 
ever, expressly noted that the present invention is not limited 
to these embodiments, but rather the intention is that modifi 
cations that are apparent to the person skilled in the art and 
equivalents thereof are also included. 
0046. The invention includes aspects of a new system, 
referred to here as a Relational Logic Management System 
(RLMS), which is, in part, an enhanced Business Process 
Management Systems. The RLMS provides a modeling envi 
ronment, execution environment, and logic repository to cap 
ture, manage, analyze, distribute and execute business logic. 
The analysis component of the RLMS is referred to as the 
relational logic technology (RLT) component of the RLMS. 
Combining an advanced rules engine and a Sophisticated 
business process management system results in an efficiently 
integrated approach that allows business analysts to model, 
test, optimize, and analyze an existing business. This inte 
grated approach represents one aspect of the invention. 
0047. The RLT component addresses a number of issues, 
including the problems that result from different rule sets 
using conflicting terminology. RLT understands and inte 
grates with individual rule sets and the workflow that incor 
porates the individual rule sets. RLT component typically 
includes analytical and visualization features. These are used 
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to ensure accuracy, consistency and completeness in business 
process design. Aspects of the invention further Support these 
goals by providing visual feedback about logic errors, incom 
plete or inconsistent rules and defective workflows. This 
enables changes that can meet new business needs and 
respond to user feedback. The ability to analyze an entire, 
complex business process with multiple rule sets across mul 
tiple workflow steps, within a department or across an enter 
prise provides many advantages to business analysts. These 
aspects of the invention and others are discussed in more 
detail below. 

0048 Referring to FIG. 1, the RLMS system 10 includes a 
modeler 12 for business analysts and information technology 
(IT) staff to model and generate business logic. Modeler 12 
has several logical components. An exemplary modeler with 
different exemplary logical components is shown in FIG. 2. 
An exemplary modeler can include a process modeler 13a, a 
meta-data modeler 13b, a rule modeler 13c, and/or a relation 
ship modeler 13d in one embodiment. However, in another 
embodiment the modeler includes one or more generalized 
logical components capable of modeling elements and infor 
mation typical for a given business application. 
0049. After the logic is modeled, it is stored in a logic 
repository 14. The system generates code, in one embodiment 
Java code, for decision Support and workflow business logic. 
This code is executed by a logic server 16, which is a robust 
and Scalable environment for executing code for the rules and 
processes defined by modeler 12. The server 16 can automati 
cally prompt application software and users when a business 
process needs to be completed. Additionally, it can track 
progression, monitor performance, and maintain a compre 
hensive historical audit trail. The logic server 16 can be based 
on rule engines that employ industry-standard RETE or 
enhanced RETE matchers. An exemplary RETE algorithm 
suitable for use in one embodiment of the invention is dis 
closed in Charles L. Forgy’s “RETE: A fast algorithm for the 
many pattern/many object pattern match problem'. Artificial 
Intelligence 19(1): 17-37, September 1982, the disclosures of 
which are herein incorporated by reference in their entirety. 
However, the logic server 16 can include other logical engines 
or enterprise system components. The analyzer 18 shown 
uses the relational logic technology to examine and charac 
terize the business model once it has been finalized by a user 
or at an intermediate stage in the development of the business 
model. 
0050 Although multiple repositories are possible, the 
RLMS preferably has a single common repository 14 for the 
storage and management of business logic. As also indicated 
in FIG. 2, the logic from the modelers can be represented in an 
XML-based format, allowing it to be quickly moved between 
the RLMS and other business applications. However, in other 
embodiments the logic can be expressed according to any 
Suitable format, protocol, or programming language. Because 
the logic is represented in a common format, it provides a 
coherent view of business logic across the enterprise. A trans 
lator deployer 19 can be used to transfer or convert XML or 
another Suitable format for use by a logic engine 20 Such as 
the RETE engine. An optional work manager 21 can also be 
incorporated in some embodiments of the RLMS that pro 
vides task management capabilities to enable collaboration 
between operations staff members, business management, 
and other company employees. 
0051 Modeler 12 typically uses a graphical, drag-and 
drop interface for allowing a user to create a workflow. How 

Mar. 3, 2011 

ever, any suitable interface for communicating information to 
the modeler can be used. In some embodiments, a workflow is 
represented by functional blocks interconnected by branches. 
An exemplary workflow incorporating a graphic user inter 
face (GUI) is shown in FIG. 3A. 
0052. The workflow shown in FIG. 3A illustrates how a 
business process, such as for example a mortgage refinancing 
process can be represented. The graphical representation 
shown corresponds to one embodiment of the modeler por 
tion of the RLMS introduced with respect to FIG. 2. However, 
whereas a typical word-processing or organizational charting 
program generates Static graphics, the modeler is an intelli 
gent and evolving tool. A series of blocks, as shown in FIG. 
3A, corresponding to different processes can be connected 
together by branches and nodes. This collection of connecting 
flow lines, branches and nodes is typically referred to as a 
graph. Information passes between the different input and 
outputs. Additionally, different rule sets can be defined for 
some orall of the blocks to control the flow of information and 
data. Both manual and automatic processes can be modeled 
using the RLMS. Once the model is complete, different 
aspects of the RLMS can be used to analyze the rules and 
describe their interactions based, in part, upon the linkages 
shown in the workflow. Additionally, current, historic or 
simulated data can be introduced to test the model or evaluate 
a particular business operation. 
0053 As an example of a conflicting rules problem that 
RLT is designed to solve, consider two rules that could be 
used by a mortgage lending organization. An exemplary 
workflow relating to this example is shown in FIG. 3B. The 
workflow embodiment in the modeler shows a sales division 
having a business rule that states that a buyer must have a 
down payment of at least 5% of the property value. The 
mortgage fulfillment division might have a business rule that 
no mortgage can be issued for more than 90% of the value of 
the property. These rules are reasonable in isolation, but they 
have a gap and are thus in conflict. 
0054 Existing systems would typically not find this con 

flict, however, for two reasons. First, the rules are in different 
rule sets—the first in the rule set is used by the sales depart 
ment and the second in the rule set is used by the fulfillment 
department. These two rule sets are linked only because both 
are part of the same overall business process. However, both 
exemplary rules are executed at different stages of the pro 
cess. Second, the rules use different terminology: “down pay 
ment” amount versus “mortgage.” To identify the conflict, the 
system would have to know the relation between the terms 
“down payment,” “mortgage.” and “property value.” 
0055. The RLMS is capable of recognizing the conflict 
between the two mortgage rate rules. Thus, a business analyst 
receives instant, visual feedback about logic errors, incom 
plete or inconsistent rules and incorrect workflows. In this 
instance, the visual feedback is shown by the stylized excla 
mation points in this exemplary embodiment in FIG. 3B. 
Further, as a result of the GUI interface incorporated in 
embodiments of the RLMS system, clicking on the visual 
feedback indicator allows for more detail about the error 
message and access to different portions of the system. As 
shown in FIGS. 4A and 4B, the GUI allows for the conflicting 
rules in FIG. 3B's workflow to be explored in more detail. 
However, the conflict illustrated in FIGS. 4A and 4B relates to 
a collision between two different rules. 

0056. In particular, FIGS. 4A and 4B illustrate and 
expands some of the information associated with the Deter 
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mine Rate block of FIGS. 3A and 3B. In FIG. 4A, the rules 
associated with the Determine Rate blockare shown. While in 
FIG. 4B, a rule analysis and rule comparison window are 
shown that illustrate the specific nature of the colliding rules, 
as well as the particular If. Then logical relation describing 
the rules. Thus, comprehensive analysis of a business model 
is possible that includes incompleteness, unused variables, 
violations of global priority or formula rules, or many types of 
conflicts within rules. As such, a business analyst could adjust 
the rules or change the workflow to improve the process of 
mortgage financing for the company. The flexible nature of 
the rules modeling and the workflows allows for quick 
changes and precise business modeling. 
0057 Workflows can include processes that need to be 
done, choices, loops, and other forms of branching, each of 
which is represented by an icon. Once a process, choice, or 
other option is selected, the user can define the processes or 
rules for that choice. This aspect of the modeler allows busi 
ness professionals with no experience in programming or 
symbolic operations to create a working representation of a 
particular business unit or process. 
0.058 Some of the blocks used to assemble the workflow 
logically expand into multiple components. For example, a 
two-way split is a branch at one end and a logical exclusive-or 
(XOR) at the other end after the branches have come together. 
In the branching portion, the user can identify the rules that 
will govern the branching. An example of this is shown in 
FIGS. 3A and 3B at the Start Fulfillment block. For example, 
if a variable has a first value, the flow branches in one direc 
tion, and if it has a second value, then in a second direction; 
for example, invoices that are received may be routed differ 
ently depending on the value of a variable representing the 
amount or a variable representing the department that is being 
billed. In FIGS. 3A and 3B, the default rule is for the infor 
mation present at the start of fulfillment process to be sent to 
marketing. However, if the application process has resulted in 
an acceptance of the application, the information is sent on to 
underwriting. 
0059. Within a process block, the system can have one, 
several, or many rules that operate on the inputs, potentially 
taking the place of many branching steps and reducing the 
complexity of the flow. Thus, large complex inefficient tasks 
can be combined to form discrete process blocks in the work 
flow. 

0060. The use of graphical user interfaces and drag-and 
drop systems for defining workflows, and automatically gen 
erating code, simplify the rules analysis and business model 
ing process. In the modeler according to an embodiment of 
the present invention, however, the components of the work 
flow are well defined and constrained to a relatively small 
number of specific function types. The user does not enter 
lines between steps to show the flow between steps, but can 
drop a process or block between two other processes, in 
which case the lines, and hence flow, between them will be 
established automatically. To create alternative paths, the user 
can select splits or choices to create a block with multiple 
branches. This constrained system can limit some of the flows 
that could be made, such as flow between branches, but the 
flows that would not be possible in this system are ones that 
would less likely be used, and could be represented in other 
ways. By keeping a constrained set of options in some 
embodiments, more efficient results and model creation can 
be obtained. 
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0061 The relational logic management platform is built 
upon rules, and essentially uses the rules as its underlying 
language. The relationship modeler Supports relational logic 
modeling (e.g., analyzing the dependency between activi 
ties), and also provides a conceptual layer for runtime execu 
tion (e.g., transaction management). As shown in FIG. 5, 
relationship management can have at least three levels: Vari 
ables, rules, and logical sequences of information referred to 
as chunks. Generally, a "chunk” is a piece or sequence of 
information that is reusable by a component of the RLMS. A 
sequence of logic with workflow steps and/or rule sets, and 
properties can be a specific type of chunk in one embodiment. 
The concept and benefits of chunking are discussed in more 
below. 

0062. In general, different features and functionalities can 
be associated with a given relationship modeler embodiment. 
A relationship modeler can define the relationships in the 
different relationship management levels and represent the 
relationships diagrammatically as shown in FIGS. 3A and 
3B. Alternatively, a relational map can be used to visualize the 
model organized in different hierarchical levels as shown in 
FIG. 6. The relational map in FIG. 6 corresponds to a portion 
of the model described by FIGS. 3A-4B. The relational map 
provides a view of relationships between rules, workflows 
and variables that helps trace the potential impact of changes. 
0063 Showing and managing relationships at different 
levels, such as at the process flow level and at the activity level 
to allow users to navigate the hierarchy with Zoom-in and 
Zoom-out operations is another aspect of a relationship mod 
eler. Further, a given relationship modeler can derive depen 
dency relationships among rules and chunks. This derivation 
process can be based on the input parameters of a chunk, 
analyzed upstream to determine if any input parameters need 
to be defined first. Finding implicit dependency relationships 
among rules defined by the input and output parameters of 
rules is also within the scope of the modeler's feature set. 
0064. Utilizing the established relationships, the modeler 
can perform impact analysis for rule and process modifica 
tions. For any modified rule or process step, it shows all other 
affected steps and rules and the possible impacts due to modi 
fication. 
0065 Relationship management can play a role at both the 
modeling stage and run stage. During the modeling stage, 
relationship management can perform various functions. Cer 
tain exemplary functions include, but are not limited to 
chunk/rule dependency analysis (input dependency, change 
management); variable constant value change management; 
constraint validation; conflict detection; and “what if impact 
analysis. Similarly during the run stage, the relationship man 
agement system can perform functions that include, but are 
not limited to variable constant value change management; 
constraint validation; and conflict detection. 
0066. The Relational Logic Technology system locates 
and analyzes relations between all the components of a busi 
ness process, including variables, workflow steps, individual 
rules, groups of rules, complete rule sets, and even user 
defined groupings of workflow steps and rule sets. Relations 
can be deduced automatically by the RLT code, they can be 
supplied by the user, and they can be proposed by the RLT 
code and approved or disapproved by the user. 
0067. This analysis of relations is useful at multiple times 
during the lifetime of a business process. At process modeling 
time, the RLT can be used (1) to perform syntactic and seman 
tic analyses of the process to locate problems in the business 



US 2011/0054970 A1 

logic, (2) to perform impact analysis of proposed changes to 
the logic, and (3) to perform what-if analysis of the logic to 
determine what the system would do in specific situations. At 
runtime, the information created by the RLT can be used to 
monitor the process So that variables can be monitored, con 
straints can be enforced, and statistics can be captured. At 
debug time, the information created by the RLT can be used to 
help the programmer to understand the system's underlying 
behavior. 

0068. The RLT system has several useful characteristics: 
(1) a common model to represent both formal business rules 
and structured workflow at design and maintenance time, (2) 
a common execution platform for both formal business rules 
and structured workflow, and (3) computer code that imple 
ments a calculus of relations. The common model for both 
rules and workflow permits the RLT computer code to operate 
on both rules and workflow, finding relations not only 
between two rule sets, but also between two workflow steps 
and between rules and workflow steps. For example, if a 
variable is set in a workflow step and is used in a Subsequent 
rule set, the RLT code can recognize and handle the relation 
between the two sets of rules. 

0069. The common execution platform permits the RLT to 
operate at runtime on both rules and workflow. For example, 
the system can identify a constraint violation at runtime 
regardless of whether the constraint is violated by a rule or by 
a workflow step. RLT identifies rule conflicts, ambiguity, 
inconsistencies, overlap, redundancy, and completeness as 
well as enforcement of priority and formula relationships 
within and across complete processes. Additionally, applica 
tions of RLT also can detect dependencies and relationships 
between rules, workflows, and their variables, within and 
throughout a process. 
0070 The RLT according to one embodiment of the 
invention, preferably includes at least one of the following 
four functions: 

0071 (1) extracting relations from both the workflow 
steps and the business rules in the combined model; 

0072 (2) propagating the relations rule to rule, from 
rule set to rule set, from workflow step to workflow step, 
and between workflow steps and rules; 

0073 (3) recognizing semantic errors that are uncov 
ered by the relations at design time; and 

0074 (4) monitoring the execution of a workflow and 
business rule process at runtime to collect runtime sta 
tistics as well as to catch runtime violations of con 
straints. 

0075. The overall RLMS and the relational logic technol 
ogy component use rules to define part of the control flow 
throughout a given process, Sub-process, or an overall work 
flow. Rules use variables and constants as their data items. 
Together, they make up the context environment for a given 
rule. Each constant can have a name, a type, and a value, 
which is defined declaratively. The value of a variable can be 
changed in run time (e.g., modified through a rule). Each 
variable can have a name, a type, an initial value and a privi 
lege criterion. However, other characteristics can be associ 
ated with a given variable in different embodiments. 
0076 Rules typically have an Ifportion and a Thenportion 
(with an Else portion being an optional rule portion). Boolean 
portions such as AND and OR can also be incorporated within 
a rule. Thus, two specific exemplary interrelated rules for a 
company's credit procedures could be written as follows: 
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IF 
Credit. Rating = A 

THEN 
Customer is PlatinumCustomer 

IF 
Customer is PlatinumCustomer 

AND 
Home. Equity. Loan.Value greater than $200,000 

THEN 
Insurance. Premium. Discount is S100 

The “if part of the rule contains conditions and the “then 
part of the rule contains actions. This format for rule encoding 
is also illustrated above with respect to FIG. 4B. 
However, since the rules engine embodiments selected for 
used with the RLMS use logic written in a common format, 
any type of rules based encoding format can be used, as long 
as it is used consistently throughout the RLMS. 
0077 Meta-data can also be defined for a particular rule. 
The metadata for a rule may include: 
0078 Classification: a list of (attribute value) pairs used to 
classify a specific rule 

0079 Jurisdiction: a list of (attribute value) pairs used to 
identify an organization where the rule will be applied 

0080 InputParameters: the context data used in the rule 
0081. OutputParameters: the context data changed by 
the rule 

0082 Any extensions (e.g., capturing rule relation 
ships) 

I0083. There is a many-to-many relationship between rules 
and variables, i.e., each rule can have many variables, and 
each variable can be used in many rules. However, other more 
limited relationships between rules are variables are also pos 
sible. The vertical relationships between variables and rules 
can be captured for efficient query. For example, when a 
variable's value is changed, the system can find all the rules 
that use the variable. 
I0084 Propagation generally refers to exploring the inter 
relationship between a particular workflow's constituent ele 
ments in order to analyze and more fully understand the 
overall workflow and its components. Propagation can be 
used to test business data by introducing the data into an 
applicable model prepared using the techniques discussed 
above. Alternatively, propagation can be used to check for 
rule conflicts, redundancies, or overlaps. In a preferred 
embodiment, the RLT system can identify and analyze vari 
ous classes of relationships. Some exemplary relationships, 
that can be used within or analyzed by the RLMS include, but 
are not limited to membership, variable, rule, and rule group 
relationship. Additionally, hierarchical taxonomy, organiza 
tion structure, semantic network, logical dependency, tempo 
ral, and input/output relationships can also be identified and 
analyzed. Thus, these types of relations between variables, 
rules, processes, workflow steps, and other elements of the 
RLMS can be used to model aspects of a business and stream 
line its operation. 
I0085. A membership relationship describes how elements 
of the RLMS are used and/or categorized. The membership of 
variable can be identified in various ways. A variable can be 
used in a rule. A variable can be used in the condition of a rule. 
A variable can be used in the action of a rule. A variable can 
be used in the both condition and action of a rule. A variable 
can be used in a routing condition. A variable can be used in 
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a workflow step. A given rule can belong to a rule group or a 
rule set. Alternatively, a particular rule may be uniquely 
defined. 
I0086. In addition to the membership relation of different 
elements, the specific functional aspects of the variable rela 
tionship can be defined and used to specify rules, model 
processes, and optimize a given model. A variable can be a 
Boolean function of other variables. A variable can be a 
qualitative function of other variables. A variable can be a 
quantitative function of other variables. The characteristics 
and functional qualities of a given variable can be defined as 
necessary for any business operation. Propagating relation 
ships between multiple rule sets for a given common work 
flow model is another aspect of the RLMS. 
0087 Propagating relations between rule sets can be a 
function of various rule parameters and definitions as estab 
lished by the rules engine. The rules engine can provide the 
criteria that define conflicts, collisions, Subsuming events, 
impacts, unreachability conditions and incompleteness for 
two or more rules. Some exemplary rule interaction criteria 
are as follows: 

0088 A rule is in conflict with another rule if two rules 
have equivalent conditions and different actions, 

0089. A rule is in collision with another rule if the two 
rules have different conditions and equivalent actions. 

0090. A rule subsumes another rule if the first rule is 
more general than the second rule in their conditions. 
For example, Rule has a condition (A and B) and Rule 
has a condition (A), Rule Subsumes Rule. 

0091. A rule overlaps another rule if the conditions of 
the two rules are satisfied by some, but not all, of the 
same data. 

0092 A rule is semantically equivalent to another rule if 
the two rules have equivalent conditions and actions. 

0093. A rule impacts another rule if the action of the first 
rule has an impact on the second rule. 

0094 For example, if Rule uses a variable that is 
defined in Rule, Rule impacts Rule. 

0.095 A rule is unreachable if the other rules cannot 
create a situation in which the condition part of the rule 
is satisfied. 

0096. A group of rules is incomplete if the conditions of 
the rules cover some but not all of the situations that can 
OCCU. 

0097 Generally, a rule group (a rule set) can be evaluated 
and propagated using the same techniques applied to a given 
rule. Accordingly, the rules engine can provide the criteria 
that define the nature of the interactions between rule groups. 
Some exemplary rule group interaction criteria areas follows: 

0098. A rule group is overlapped with another rule 
group if they share some rules. 

0099. A rule group is independent of another rule group 
if they do not share any rules. 

0100. A rule group impacts another rule group if a rule 
in the first group impacts a rule in the second group. 

0101. A rule group is conflict with another rule group if 
a rule in the first group is in conflict with a rule in the 
Second group. 

0102) A rule group is collision with another rule group 
ifa rule in the first group is in collision with a rule in the 
Second group. 

0103) In addition, to the categories of relationships dis 
cussed above, various other categories are possible in differ 
ent embodiments. The RLMS can employ hierarchical tax 
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onomy that reflects the classification of a given variable, rule, 
rule group, and/or workflow step. An organization structure 
relationship can also be used that denotes a jurisdiction for a 
given variable, rule, rule group, and/or workflow step. A 
semantic network that denotes the meaning and interrelation 
between variables, rules, rule groups, and workflows steps 
can also be established. The logical dependency amongst 
different propagation elements, such as truth maintenance 
can serve to define a relationship category. Further, in an 
example, wherein A depends from both Band C, this depen 
dence can also serve as a relationship category. Finally, the 
temporal relationship and an Input/Output relationship can be 
used when propagating relations between variables, rules, 
rule groups, and workflows steps. Some of these features can 
be graphically illustrated using different relational maps to 
facilitate analysis of business processes. 
0104. Other relationship categories known to those of skill 
in the art can be used in different embodiments. Each relation 
is identified and handled in a way that is consistent with its 
meaning. A programmer with reasonable skill in the art can 
write code to identify and analyze many of these relation 
ships. The rest of the relations can be specified explicitly by 
the users of the RLMS. 
0105. The computer code used for propagating these rela 
tionships between rule sets and workflow steps can be com 
plicated by the fact that there can be many execution paths 
through a given business process model. A more complex 
business model relating to asset valuation in a consumer 
lending context is illustrated using the RLMS modeler in 
FIG. 7. In FIG. 7, from the start point to the end point, data is 
passing through multiple branches and decision points and 
subject to different policies prior to reaching the end of the 
model. Manual work steps are included. Additionally, FIG. 7 
illustrates that data can be entering the business model from 
existing legacy databases and other external sources of data. 
Some of the complexity of the model arises because of all of 
the different locations where data is entering the model and 
being processed. The RLT is designed to take this into 
acCOunt. 

0106 When relations are propagated forward or back 
ward, the system identifies (a) decision points, (b) join points, 
and (c) parallel paths through the model. The RLT code traces 
through every possible path, determining the effect of each 
path on the relations, and then combining the effects into a 
joint result. As a simple example, Suppose there is a choice 
point that creates two possible paths of execution, and Sup 
pose that variable X is set on one path, but not set on the other. 
At the point where these two paths of execution come 
together, the RLT system will combine the relations on X, to 
give the result that X is possibly (as opposed to definitely) set 
at that point. 
0107 To insure that inputs are available, the constraint 
checking portions of the RLMS can, for each node in the 
graph, walk backward from that node, following every pos 
sible path, to determine which variables are defined and 
which are possibly defined. It compares those definitions to 
the input requirements of the node, and reports problems. 
0108. The logic for determining which variables are 
defined at any point is straightforward. Assume 'A' indicates 
that A is defined and “(A) indicates that A is possibly 
defined. Some exemplary logic relations for use with the 
RLMS include, but are not limited to: 

01.09. If A is defined before a node, then A is defined 
after the node. 
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0110. If A is set by a node, it is defined after that node. 
0111. If (A) is set by a node, and A is not definitely 
defined before the node, then (A) is defined after the 
node. 

0112) If a split-join section exists in a process or work 
flow step, the level of definition of A after the join is the 
highest level of definition of A on any path. That is, 
where "+" represents OR; 

0115 A+empty->A) 
0116 (A)+(A)->(A) 
0117 (A)+empty->(A) 
0118 empty+empty->empty 

0119. If a decision-join section exists, then the definition 
level of A after the join is the AND of the definition levels 
computed for the individual paths, where AND is defined by: 

(0.122 (A)*(A)->(A) 
(0123 A*empty->(A) 
(0.124 (A)*empty->(A) 
(0.125 empty empty->empty 

0126 To insure that outputs are used, the program pro 
ceeds forward from each node, checking whether the outputs 
from that node are used later. Some error conditions that can 
be detected in response to certain inputs include, but are not 
limited to: 
0127. If A is required, and neither A nor (A) is available, 
then error. 
0128 If A is required, and only (A) is available, possible 
eO. 

0129. If A is possibly required, and only (A) is available, 
possible error. 
0130. If A is possibly required, and neither A nor (A) is 
available, possible error. 
0131. Accordingly, an error condition can also be detected 
for outputs. If A is set or can possibly be set by a node, and 
neither A nor (A) appears on any input to a Succeeding node, 
then the system should provide a warning. This can be a text 
message displayed by the program or one of the visualization 
cues used by the interface, such as the exclamation mark 
indicators discussed above in FIG. 3B. 
0132) There are several ways to perform propagations. 
Propagating can be performed using forward or backward 
processes. A drill-down process that reveals child categories 
and a corresponding drill-up process that reveals the parent 
categories can also be used when propagating relations. Input 
completeness and output necessity can also serve as the basis 
for propagating relations or filtering results. Additionally, 
generic impact analysis can be used to discern the location 
being affected. Specific what-if analysis can be used to deter 
mine how a given relationship will be affected. 
0133. In one embodiment, performing relationship propa 
gations uses a logical system. Typically, a multi-valued logic 
is used. For a given relation, at any point in the model, the 
relation may be true, false, or possibly-true. A predicate is an 
operator that allows a particular statement to be made in 
response to an operand, such as a variable, rule, or relation. 
Thus, if the statement of interest, is the “account is in arrears.” 
The account is the operandor variable and “is in arrears' is the 
predicate. This can be written in the form P(operand). If A is 
the particular variable or other RLMS element we can desig 
nate the relation by P(A)=true, P(A)=false, P(A)=unknown 
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(possibly-true), respectively. In an exemplary set of logic, 
operations AND (“*”) and OR ("+") are defined according to 
the following relationships: 
0.134 true true->true 
0.135 true--true->true 
0.136 false false->false 
0.137 false-false->false 
0.138 false true->unknown 
0.139 false--true->true 
0140 unknown unknown->unknown 
0.141 unknown-unknown->unknown 
0.142 true unknown->unknown 
0.143 true--unknown->true 
0.144 false unknown->unknown 
(0145 false--unknown->unknown 
Although these relations are used within components of the 
RLMS system, the modeling of business process typically 
includes concrete categories of business logic. Some exem 
plary business logic categories suitable for use with the 
RLMS are shown in FIG. 8. 
0146 In a graph, there are several execution types that are 
typically encountered. FIG. 9 is a business model describing 
portions of a car rental company's operation. The business 
model illustrated in FIGS. 7 and 9 illustrates some of the more 
common execution types. The common types include sequen 
tial execution, parallel execution, and mutually-exclusive 
execution. Sequential execution describes how predicates are 
handled when control passes through a node in the graph. 
Parallel execution relates to the split-join construct in the 
graph that specifies how control passes down every path 
between the split and join. The join is the point in the graph 
where the parallel paths come back together, and control 
continues down a single path. That is when control passes 
through the join node, parallel execution specifies how predi 
cates are handled. Mutually-exclusive execution describes 
the decision-join construct in the graph. This type of execu 
tion specifies how control passes through exactly one of the 
paths between the decision and the join node. The RLMS has 
a number of approaches for handling these types of execution. 
0147 The logic in incorporated in the RLMS for handling 
these cases in one embodiments is as follows: 

0.148 Sequential execution: For predicate A: 
0149. If the node does not change A, then A has the 
same value after the node as before the node. 

0150. If the node makes A true, then P(A)=true after 
the node. 

0151. If the node makes A false, then P(A)=false after 
the node. 

0152. If the node possibly makes A true, and P(A) is 
the value of the predicate before the node, then P(A) 
=P'(A)+unknown after the node. 

0153. If the node possibly makes A false, and if P(A) 
was the value of the predicate before the node, then 
after the node, P(A)=false if P(A)=false, and P(A) 
=unknown otherwise. 

0154 Parallel execution: After the join node, P(A) is the 
OR of all the values of A produced by the parallel paths. 

0.155 Mutually-exclusive execution: After the join 
node, P(A) is the AND of all the values of A produced by 
the parallel paths. 

It is also desirable to propagate Some predicates backward 
through the workflow graph. The same logic is used forback 
ward propagation of predicates. Backward propagation is 
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useful, for example, to determine whether a variable set at a 
certain node is used after it is set. 
0156 Some nodes in the workflow graph contain ordinary 
executable code. A flow graph can be constructed for that 
code, and the predicates handled the same way in the flow 
graph as they are in the workflow graph. A set of rules can be 
handled like a set of ordinary if-then statements. The code for 
characterizing and analyzing relationships at runtime is sim 
pler because it does not have to deal with alternative possible 
paths. On each given execution of the system, only one alter 
native is taken. 
0157. The propagation also includes criteria for handling 
various types of loops, branches, and other structures that can 
appear. Examples of these types of connectors are shown in 
FIG. 9. For example, in a loop, such as a “do while' loop, the 
system can proceed through the loop one time in order to 
determine the definitions and relationships of variables. For 
example, in a loop in which some task is done while one 
variable is less than a defined amount and is incremented 
through the loop, that value is still defined, regardless of how 
many times the process circulates through the loop. 
0158. The system thus proceeds from node to node to 
identify each relationship, and to prepare a report on the 
workflow. This report can identify rules that are in conflict, 
the use of undefined variables, or other situations that can 
cause errors, assist with debugging, or other management of 
the workflow. In one embodiment, the system can determine, 
for each of the variables, whether those variables are defined 
throughout the flow, or whether there are undefined paths. As 
a further addition, the system can determine that if a value 
defined for a particular variable is increased or decreased, the 
direction (increase or decrease) in other variables that use that 
value. For example, the system could determine that as the 
prime interest rate decreases, what is the impact of other 
variables. In still another application of propagation tech 
niques, the value of a variable can be stepped up or downto try 
to determine the change in other variables as a result of the 
change in a particular variable or constant. In essence, this is 
analogous to determining apartial derivative within the work 
flow. 
0159. Sets of definitions for interrelating various variables 
in the RLMS can also be used. For example, using the 
example regarding mortgage financing discussed above, the 
system can define that at the time that a loan is taken out, the 
house value is the sum of the loan amount and the downpay 
ment, and that downpayment equals equity. For the time 
period after the determination of the original loan amount, the 
equity can be defined as the assessed value minus the out 
standing loan amount. A change in downpayment will be 
detected as a change in the equity requirements. This infor 
mation might be used for home equity credit lines. 
0160 To use a more generic example, if it is known that 
A+B=C and that C is a constant, the RLMS can look at 
changes in A and determine that there is an offsetting change 
in B which may be used to identify conflicts or collisions in 
rules in different rule sets used in different departments. 
0161 The ideal of propagation as set out in one embodi 
ment of the invention includes the use of logical relationships 
and a set of logic tables to establish whether certain values are 
true, false, or unknown from node to node. Additionally, in 
this embodiment paths are propagated through many paths, 
preferably all available paths in both the forward and reverse 
direction in order to identify relationships, highlight prob 
lems, and prepare analysis of the workflow. 
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0162 Implementing new business logic in a BPMS can 
require close interaction between a business analyst, who 
understands the logic to be implemented, and programmers 
who are responsible for specifying logic in a formal computer 
language. A Suitable rules engine is typically selected that 
natively executes both inference rules and data rules, enabling 
ease of use and flexibility across the broad range of business 
problems encountered in organizations. Additionally in some 
embodiments, the logical processing of the engine automati 
cally prompts application Software and people when a busi 
ness process needs to be completed. 
0163. However, even when an existing sub-process is 
being adapted to a new environment, many steps can be 
necessary to make the Sub-process work in the new context. 
Pre-modeled sequences of business information and logic 
enable business analysts to perform tasks that previously 
required a programmer. This aspect of the invention facili 
tates the quick development of business models by the parties 
most directly involved in the day to day operation of the 
company. 
0164. A business analyst can select a chunk from a library 
and drop a graphical representation of the chunk into a busi 
ness process. The RLMS can automatically perform complex 
tasks involved in making the chunk work in this new environ 
ment. The RLMS can add input and output code to the 
sequence, if necessary, and even modify the internals of the 
chunk if necessary. 
0.165. Using chunks in this way provides several important 
benefits: new business logic can be implemented more 
quickly than with prior methods, and at less cost; because 
much of the complex logic required to adapt an existing 
fragment of logic is automated, many human errors can be 
avoided; and the existence of chunk libraries creates an incen 
tive for users to write reusable chunks. An exemplary chunk is 
shown in FIG. 7 that is represented by the elements disposed 
between the start sequence and end sequence blocks. 
0166 Although a chunk is broadly described as a piece or 
sequence of information that is reusable by a component of 
the RLMS, an exemplary "chunk” can also include a 
sequence of workflow steps, rule sets, and combinations of 
other chunks. In one embodiment of the invention, every 
chunk has the following properties: 

0.167 The sequence has one input and one output. 
0.168. The sequence is transparent in that all of the indi 
vidual steps in the sequence, and all of the variables used 
in the sequence are visible (not hidden as in Standard 
component architectures). 

0.169 All the relational logic information that the 
RLMS has for the sequence is recorded along with the 
Sequence. 

0170 All meta-information that the RLMS has that is 
relevant to the sequence is recorded with the sequence. 

0171 A chunk is used to provide a unit of logic, like a 
module, that can be inserted into a new environment. A chunk 
can include one or more logical elements. This insertion of a 
chunk can be straightforward, but it can be complicated by a 
number of factors: 

0.172. A new environment may use different variable 
names for equivalent concepts. 

0173 A new environment may use different represen 
tations for the same information. For instance, the new 
environment may spell out state names such as “New 
York’ while the chunk may use abbreviations such as 
“NY. 
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0.174. The chunk may use information which is implicit, 
not explicit, in the new context. For instance, the chunk 
may require the name of a township, but the new envi 
ronment may not include that. If the new environment 
has say a Zip code, the name of the township can be 
determined from that. 

0175 Embodiments of the invention include a method for 
handling these problems. When a chunk is placed into the new 
environment, the information and meta-information about the 
variables are used to link up the variables correctly. This can 
be accomplished in a variety of different ways based upon the 
specific conditions. For example, if a variable in the new 
environment is equivalent to a variable in the chunk, the 
variable in the chunk is renamed. If a variable in the environ 
ment has a different representation from the variable in the 
chunk, conversion code is added to the input and output of the 
chunk. The information in the environment's variable is con 
Verted to and assigned to the chunk's variable at the input to 
the chunk. The reverse conversion and assignment is per 
formed at the output of the chunk. Additionally, if a variable 
in the chunk can be derived via Some process from informa 
tion in the environment, the derivation process is performed at 
the input to the chunk, and if necessary, the process is reversed 
at the chunk's output. 
0176 When a chunk is put into a new environment, the 
user has a choice of whether to maintain or sever a logical 
connection with the original chunk. If the connection is main 
tained, any changes that may be subsequently made to the 
original chunk are automatically propagated to the chunk in 
the new environment. For example, ifa formula is modified to 
change the way a variable is determined for one set of rules, 
that modification can be propagated to other areas. This 
dependency thus makes a chunk different from a simple tem 
plate. 
0177. When changes are propagated from the original 
chunk, the system may have to perform mapping operations 
analogous to those performed when the chunk was originally 
inserted into the new environment. The system keeps all the 
information it originally created when the chunk was first 
inserted. Any variables that were handled in the original inser 
tion operation, and which still have the same information and 
meta-information as they had before, are handled just as they 
were previously. Any new variables and any variable which 
has had a change in its information or meta-information are 
processed again using the mapping process described above. 
0.178 A chunk should be made persistent so that it can be 
reused. An XML schema can be developed for representing a 
chunk to accomplish this. Because a chunk and a process 
share much in common, including the top level activity and 
the process context data, the same process Schema can be used 
for representing a chunk. In other words, a chunk can be seen 
as a lightweight process: it contains all the required elements 
and attributes of a process and Some of the optional elements 
and attributes. However, since a process exists in a package 
and a chunk is part of a process. Some package level infor 
mation may be used in chunk, including package context 
variables, domain objects, and domain actions. As a result, 
this information is isolated from a package so that a chunk can 
be reused across different packages. 
0179 A client tool can be used to create a process inde 
pendently and save it as a chunk, or a chunk can be created 
from an existing process. For the client tool, any activity can 
be selected, whether it is a simple activity or a complex 
activity, and saved as a chunk. Because a chunk is stored in the 
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chunk repository (part of the logic repository in FIG. 1), it is 
named and provided with package information. The selected 
activity is analyzed, identifying all the process context vari 
ables that are used within the activity and saved in a new 
process structure. Furthermore, all the package level infor 
mation is identified, including package context variables, 
domain objects, and domain actions, and saved in a new 
chunk definition (chunkdef) structure, which refers to the 
newly created process structure. 
0180. Another way to create a chunk is to select a subset of 
consecutive activities in a sequence activity, because they 
form a structure that has a single entry and a single exit. To 
Support this, the client tool can select a Subset of consecutive 
activities within a sequence activity and save it as a chunk. 
Note that a sequence activity may be nested within another 
sequence activity and Such a selection is allowed to go across 
the boundaries. 

0181. As illustrated in FIG. 10, a chunk that contains a 
Subset of consecutive activities a1, a2, and a3 can be created, 
even though they belong to different sequence activities, and 
even though sequence s3 is nested in sequence S2, which is 
nested in sequence S1. To create Such a chunk, first, a new 
sequence activity which contains activities a1, a2, and as is 
created. The system then creates a new process structure that 
contains the sequence activity and a new chunkdef structure 
that refers to the new process structure. 
0182 To indicate the chunk structure in the existing pro 
cess, for a chunk that contains one activity, a label can be 
introduced in the activity, indicating that it corresponds to a 
chunk in the chunk repository. However, for a chunk that 
contains a Subset of consecutive activities, there is not one 
activity to attach the chunk label. Thus, for consistency, a 
virtual chunk structure is created to contain the related activ 
ity or activities. For a chunk that contains one activity, it is 
represented by a process chunk element, which contains the 
activity within it. For a chunk that contains a subset of con 
secutive activities, it is represented by a virtual process chunk 
element, because the subset of activities may cross different 
sequence activities, so it is only referred to indirectly through 
pointers. Multiple virtual process chunks can be created for 
one sequence activity, because there can be more than one 
subset of consecutive activities. All the virtual process chunks 
are attached to the sequence activity from which they were 
created. 

0183 XML definitions can be used as extensions to the 
process Schema for indicating a chunk structure in the exist 
ing process. Within each chunk, a variable association inter 
face between the context variables in the existing process and 
the context variables used in the chunk are included. Such 
information is not always necessary, but it is included in case 
it is desired to undo the chunk creation or reuse. 
0184. A chunk thus represents a piece of commonly-used 
logic that can be used repeatedly. One advantage is the ability 
to provide an efficient way for creating and/or expanding a 
process. To reuse a chunk, the context variables in the chunk 
are mapped to the corresponding variables in the current 
process so that the chunk can fit Smoothly with the process. 
Everywhere in the process where an activity is needed, it can 
be filled it in with an existing chunk in the chunk repository. 
It can also be filled in with a process call, which establishes a 
connection to an existing process at the running time. A chunk 
is similar to a sub-process in that they both allow the reuse of 
common activities, but a difference is that for a sub-process, 
the variable mappings are handled at the running time, 
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whereas for a chunk, the variable mappings are done at the 
modeling time. Thus, the chunk reuse is like a macro Substi 
tution and a Sub-process reuse is like a procedure call in a 
traditional programming language. 
0185. Each chunk structure contains an association ele 
ment which maps each context variable used in the chunk to 
the context variables defined in the current process context. 
When a chunk structure is created, the server side goes 
through a series of variable substitutions so that the new 
chunk fits with the current process. For chunk reuse, only 
process chunk elements are created. The virtual process 
chunk is a by-product of creating a chunk for a Subset of 
activities in a sequence activity, as a way of recording the 
chunk itself in the existing process. Once a chunk is created 
and saved in the chunk repository, it can only be reused in 
another process as a process chunk. 
0186 Because chunks contain meaningful groupings of 

activities, it is useful to explore various relationships between 
chunks, including temporal constraints between chunks, 
which describe which chunks or activities are before which 
other chunks or activities, and the membership relationships, 
which indicate which variables are contained in which activi 
ties and chunks, which may be contained in other activities 
and chunks. 
0187. Since a chunk contains a simple or complex activity, 

it can also be used to specify a temporal constraint with 
another activity or chunk. A virtual chunk, however, should 
not be allowed in a temporal constraint, because all the ref 
erenced activities already exist in a process and can be used 
directly to specify any temporal constraint. As a result, the 
chunk nodes are exposed to a user for specifying temporal 
constraints and to validate them against the process model. 
0188 Both chunks and virtual chunks can be shown in a 
membership view, because they are part of the composition 
hierarchies and cannot be easily displayed in the workflow 
view of a process unless it is drilled down level by level in a 
crowded window. For a single process, all the activities and 
chunks can be shown in a tree structure. FIG. 11 shows the 
membership view of the sequence activity along with a virtual 
chunk. 
0189 As chunks are continuously created, there will be 
many chunks in the repository. One desirable task is to exam 
ine the membership relationships among different chunks to 
determine which chunks are used in which other chunks. 
Such relationships are different from those for processes in 
that there are often multiple hierarchies; most of the interest is 
on chunks rather than activities; and certain clunks may be 
used repeatedly in other chunks. Consequently, graphs are 
implemented for the membership relationships among differ 
ent chunks in the chunk repository. 
0190. The methods and systems described herein can be 
performed in Software on general purpose computers, Serv 
ers, or other processors, with appropriate magnetic, optical or 
other storage that is part of the computer or server or con 
nected thereto, such as with a bus. The processes can also be 
carried out in whole or in part in a combination of hardware 
and Software. Such as with application specific integrated 
circuits. The Software can be stored in one or more computers, 
servers, or other appropriate devices, and can also be kept on 
a removable storage media, Such as a magnetic or optical 
disks. 

0191 In one embodiment, the invention can connect to 
various external repositories and applications through Suit 
able adaptors. Suitable adaptors can be provided to support 
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the following standard interfaces: Java classes, Enterprise 
Java Beans (EJB), Web Services (WSDL, UDDI & SOAP), 
Java Database Connectivity (JDBC), Java Messaging Service 
(JMS), and combinations thereof. Other suitable standard 
interfaces can be used as known to those of ordinary skill in 
the art. 
0.192 It should be appreciated that various aspects of the 
claimed invention are directed to portions of the systems 
described, the methods and the processes of the RLMS dis 
closed herein. Further, the terms and expressions employed 
herein are used as terms of description and not of limitation, 
and there is no intention, in the use of such terms and expres 
sions, of excluding any equivalents of the features shown and 
described orportions thereof, but it is recognized that various 
modifications are possible within the scope of the invention 
claimed. Accordingly, what is desired to be secured by Letters 
Patent is the invention as defined and differentiated in the 
following claims, including all equivalents. 

What is claimed is: 
1. A method for implementation by one or more data pro 

cessors comprising: 
receiving, by at least one data processor, user-generated 

input via a user interface capturing at least one sequence 
of steps and rule sets of a first workflow model of a 
business process; 

storing, by at least one data processor, the sequence of steps 
and rule sets as a single business logic module; 

storing, by at least one data processor, relational informa 
tion computed for each variable used in the sequence 
within the single business logic module; and 

enabling, by at least one data processor, reuse of the single 
business logic module for another workflow model for a 
different business process. 

2. A method as in claim 1, wherein relations between a first 
business parameter and a second business parameter are 
invoked by the workflow model. 

3. A method as in claim 2, wherein each business parameter 
is chosen from a group consisting of a workflow, a rule set, 
and a rule. 

4. A method as in claim 2, wherein the method further 
comprises: 

tracing, by at least one data processor, paths along a first 
direction through the first workflow model from the first 
business parameter to the second business parameter, 

automatically enumerating, by at least one data processor, 
relations that extend along the first direction from first 
the business parameter to the second business param 
eter; and 

computing, by at least one data processor using multi 
valued logic, the effects on the relations of control flow 
through the workflow model from the first business 
parameter to the second business parameter. 

5. A method as in claim 4, wherein the first direction 
comprises a forward direction. 

6. A method as in claim 4, wherein the first direction 
comprises a backward direction. 

7. A method as in claim 4, further comprising: 
tracing, by at least one data processor, paths along a second 

direction different than the first direction through the 
workflow model from the second business parameter to 
the first business parameter, 



US 2011/0054970 A1 

automatically enumerating, by at least one data processor, 
relations that extend along the second direction from the 
second business parameter to the first business param 
eter, and 

computing, by at least one data processor using multi 
valued logic, the effects on the relations of control flow 
backwards through the workflow model from the second 
business parameter to the first business parameter. 

8. A method as in claim 4, wherein the tracing paths along 
a first direction through the workflow model from the first 
business parameter to the second business parameter com 
prises creating flow graphs characterizing the relations in a 
user interface. 

9. A method as in claim 2, further comprising: 
generating, by at least one data processor, a map organized 

at hierarchical levels and providing a view of the rela 
tionships between the first business parameter, the sec 
ond business parameter, and other business parameters. 

10. A method as in claim 2, further comprising: 
providing, by at least one data processor, visual feedback in 

a graphical user interface to enable reconciliation of 
conflicts, redundancies, and/or overlaps between the 
first business parameter to the second business param 
eter within the workflow model. 

11. A method as in claim 2, wherein the first business 
parameter and the second business parameter utilize conflict 
ing terminology or rules, and wherein the workflow model 
creates a format that allows interoperability between the first 
business parameter and the second business parameter. 

12. A method as in claim 11, wherein the first business 
parameter and the second business parameter are executed at 
different stages of a business process defined by the workflow 
model. 

13. A computer readable storage medium encoded with 
instructions, which when loaded in a computing device 
implements a method comprising: 

receiving user-generated input via a user interface captur 
ing at least one sequence of steps and rule sets of a first 
workflow model of a business process; 

storing the sequence of steps and rule sets as a single 
business logic module: 

storing relational information computed for each variable 
used in the sequence within the single business logic 
module; and 

enabling reuse of the single business logic module for 
another workflow model for a different business process. 

14. An article as in claim 13, wherein relations between a 
first business parameter and a second business parameter are 
invoked by the workflow model. 

15. An article as in claim 14, wherein each business param 
eter is chosen from a group consisting of a workflow, a rule 
set, and a rule. 

16. An article as in claim 14, wherein the implemented 
method further comprises: 

tracing paths along a first direction through the first work 
flow model from the first business parameter to the sec 
ond business parameter, 

automatically enumerating relations that extend along the 
first direction from first the business parameter to the 
second business parameter, and 

computing, using multi-valued logic, the effects on the 
relations of control flow through the workflow model 
from the first business parameter to the second business 
parameter. 
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17. An article as in claim 16, wherein the first direction 
comprises a forward direction. 

18. An article as in claim 16, wherein the first direction 
comprises a backward direction. 

19. An article as in claim 16, wherein the implemented 
method further comprises: 

tracing paths along a second direction different than the 
first direction through the workflow model from the 
second business parameter to the first business param 
eter; 

automatically enumerating relations that extend along the 
second direction from the second business parameter to 
the first business parameter, and 

computing, using multi-valued logic, the effects on the 
relations of control flow backwards through the work 
flow model from the second business parameter to the 
first business parameter. 

20. An article as in claim 16, wherein the tracing paths 
along a first direction through the workflow model from the 
first business parameter to the second business parameter 
comprises creating flow graphs characterizing the relations in 
a user interface. 

21. An article as in claim 14, wherein the implemented 
method further comprises: 

generating a map organized at hierarchical levels and pro 
viding a view of the relationships between the first busi 
ness parameter, the second business parameter, and 
other business parameters. 

22. A method as in claim 21, wherein the implemented 
method further comprises: 

providing visual feedback in a graphical user interface to 
enable reconciliation of conflicts, redundancies, and/or 
overlaps between the first business parameter to the sec 
ond business parameter within the workflow model. 

23. An article as in claim 22 wherein the first business 
parameter and the second business parameter utilize conflict 
ing terminology or rules, and wherein the workflow model 
creates a format that allows interoperability between the first 
business parameter and the second business parameter. 

24. An article as in claim 23, wherein the first business 
parameter and the second business parameter are executed at 
different stages of a business process defined by the workflow 
model. 

25. A method for implementation by one or more data 
processors comprising: 

receiving, by at least one data processor, user-generated 
input via a user interface capturing at least one sequence 
of steps and rule sets of a first workflow model of a first 
business process; 

storing, by at least one data processor, the sequence of steps 
and rule sets as a single business logic module; 

storing, by at least one data processor, relational informa 
tion computed for each variable used in the sequence 
within the single business logic module; and 

enabling, by at least one data processor, reuse of the single 
business logic module for a second workflow model for 
a second business process, wherein the second workflow 
model incorporates the stored sequence of steps and 
rules sets as well as other steps and rules sets. 

c c c c c 


