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Policies, rules, conventions, procedures, contracts, agreements, regulations, societal and
physical laws are the defining structure for an enterprise. These items forge relationships
between people, information, material, and machines to make a system. In thisreport, we
refer collectively to these items as constraints. Constraintsinitiate, enable, govern, and limit
the behavior of objects and agents to accomplish the goals or purposes of a system. If we
want to change the behavior of a system for whatever reason (e.g., improve its performance,
efficiency, or effectiveness) we need to know what the relevant constraints are. However, the
collection of constraints that forge an enterprise system is generally poorly defined. That isto
say, the knowledge of what constraints exists and how those constraints interact is at best
incomplete, digoint, distributed, and often completely unknown. The IDEF9 Business
Constraint Discovery method described in this report was designed to assist in the discovery
and analysis of constraints in a business system. Once these constraints have been catal oged
they can be systematically examined and, if necessary, tuned or replaced to improve the
performance of the system.

Subject terms: Integration, Integration Definition, IDEF, method, methodology, modeling,
knowledge engineering, knowledge acquisition, constraint, systems engineering
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FOREWORD

The Department of Defense (DoD) has long recognized the opportunity for significant
technological, economic, and strategic benefits attainable through the effective capture,
control, and management of information and knowledge resources. Like manpower,
materials, and machines, information and knowledge assets are recognized as vital resources
that can be leveraged to achieve a competitive advantage. The Air Force Information
Integration for Concurrent Engineering (11CE) program, sponsored by the Armstrong
Laboratory’ s Logistic Research Division, was established as part of a commitment to further
the development of technologies that will enable full utilization of these resources.

The IICE program was chartered with devel oping the theoretical foundations,
methods, and tools to successfully evolve toward an information-integrated enterprise. These
technologies are designed to leverage information and knowledge resources as the key
enablers for high quality systems that achieve better performance in terms of both life cycle
cost and efficiency. The subject of this report, the IDEF9 Business Constraint Discovery
method, is one of afamily of methods that collectively constitute atechnology for leveraging
available information and knowledge assets. The name IDEF originates from the Air Force
program for Integrated Computer-Aided Manufacturing (ICAM) from which the first ICAM
Definition, or IDEF, methods emerged. It was in recognition of this foundational work, and
in support of an overall strategy to provide afamily of mutually-supportive methods for
enterprise integration, that continued development of IDEF technology was undertaken.
More recently, with the expanded focus and use of IDEF methods as part of Concurrent
Engineering, Total Quality Management (TQM), and business re-engineering initiatives, the
IDEF acronym has been re-cast, referring now to an integrated family of Integration
Definition methods. Before discussing the development strategy for providing an integrated
family of IDEF methods, however, the following paragraphs will briefly describe what
constitutes a method.

Method Anatomy

A method is an organized, single-purpose discipline or practice (Coleman, 1989). A
method may have aformal theoretic foundation, although thisis not a requirement.
Generally, methods evolve as a distillation of the best-practice experience in a particular
domain of cognitive or physical activity. The term methodology has at |east two common
uses. Thefirst useisin reference to aclass of similar methods. According to this use, one
may, for example, hear reference to the function modeling methodol ogy when discussing
methods such as IDEF@! and LDFD.2 In the second common use, methodology is used to
refer to a collection of methods and tools, the use of which is governed by a process
superimposed on the whole (Coleman, 1989). Thus, it is common to hear the criticism that a
tool (or method) has no underlying methodol ogy when the tool (or method) has a graphical
language but no underlying procedure for the appropriate application of the language or use

11CAM Definition method for Function Modeling.
2 Logical Data Flow Diagramming method.
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of the resulting models. Tool is used to refer to a software system designed to support the
application of a method.

Although a method may be informally thought of as a procedure for performing atask
and, perhaps, arepresentational notation, it can be more formally described as consisting of
three components asillustrated in Figure 1. Each method has (1) adefinition, (2) a
discipline, and (3) many uses. The definition specifies the basic intuitions and motivation
behind the method, the concepts involved, and the theory of its operation. The discipline
includes the procedure by which the method is applied and the method’ s language, or syntax.
The procedure associated with the method discipline provides the practitioner with areliable
process for consistently achieving good results. The method syntax eliminates ambiguity
among those involved in the devel opment of complex engineering products. Many system
analysis and engineering methods use a graphical syntax to provide visualization of collected
datain such away that key information can be easily extracted.3 The third element of the
method anatomy, the use component, focuses on the context-specific application of the

method.
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Anatomy of a M ethod

Ultimately, methods are designed to facilitate a scientific approach to problem
solving. Thisgoal isaccomplished by first helping one understand the important objects,
relations, and constraints that must be discovered, considered, or decided on. Second,
scientific problem solving occurs by guiding the method practitioner through a disciplined
approach that is consistent with good-practice experience and |eads toward the desired resullt.

3 Graphical facilities provided by a method language serve not only to document the analysis or design process
undertaken, but more importantly, to highlight important decisions or relationships that must be considered
during method application. The uniformities to which an expert, through experience, has become attuned are
thus formally encoded in visualizations that emulate expert sensitivities.
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Formal methods, then, are specifically designed to raise the performance level (quality and
productivity) of the novice practitioner to alevel comparable with that of an expert (Mayer,
1987).

Family of Methods

As Mr. John Zachman, in his seminal work on information systems architecture,
observed:

[T]hereis not an architecture, but a set of architectural representations. Oneis
not right and another wrong. The architectures are different. They are
additive, complementary. There are reasons for electing to expend the
resources for developing each architectural representation. And, there are
risks associated with not devel oping any one of the architectural
representations.

The consistent, reliable creation of correct architectural representations, whether they be
artificial approximations of a system (models) or purely descriptive representations, requires
the use of aguiding method. These observations underscore the need for many “architectural
representations,” and, correspondingly, many methods.

Methods, and their associated architectural representations, focus on alimited set of
system characteristics and explicitly ignore those that are not directly pertinent to the task at
hand. Methods were never intended to evaluate and represent every possible state or
behavioral characteristic of the system under study. If such agoal were achievable, the
exercise would itself constitute building the actual system, thus negating the benefits to be
gained through method application (e.g., problem simplification, low cost, rapid evaluation of
anticipated performance, etc.).

The search for a single method, or modeling language, to represent all relevant system
life cycle and behavioral characteristics, therefore, would necessitate skipping the design
process altogether. Similarly, the search for a single method to facilitate conceptualization,
system analysis, and design continues to frustrate those making the attempt.

The plethora of special-purpose methods which typically provide few, if any, explicit
mechanisms for integration with other methods is equally frustrating. The IDEF family of
methods is intended to strike a favorabl e balance between special -purpose methods whose
effective application islimited to specific problem types, and “super methods” which attempt
to include al that could ever be needed. This balance is maintained within the IDEF family
of methods by providing explicit mechanisms for integrating the results of individual method
applications.

Critical method needs identified through previous studies and research and
development activities* have given rise to renewed effort in IDEF method integration and

40f particular note is the Knowledge-Based Integrated Information Systems Engineering (KBIISE) Project
conducted at the Massachusetts I nstitute of Technology (MIT) in 1987 where a collection of highly qualified
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development activities, with an explicit mandate for compatibility among the family of IDEF
methods. Providing for known method needs with a family of IDEF methods was not,
however, the principal goal of the methods engineering activity within the I1CE program.
The primary emphasis for these efforts was directed toward establishing the foundations for
an engineering discipline guiding the appropriate selection, use, extension, and creation of
methods that support integrated systems development in a cost-effective and reliable manner.

New methods development has struck out where known and obvious method voids
existed (rather than reinventing existing methods) with the explicit mission to forge
integration links among existing IDEF methods. When applied in a stand-alone fashion,
IDEF methods serve to embody knowledge of good practice for the targeted fact collection,
analysis, design, or fabrication activity. Aswith any good method, the IDEF methods are
designed to raise the performance level of novice practitioners by focusing attention on
important decisions while masking out irrelevant information and unneeded compl exity.
Viewed collectively as atoolbox of complementary methods technology, the IDEF family of
methods is designed to promote integration of effort in an environment in which global
competitiveness has become increasingly dependent upon the effective capture, management,
and use of enterprise information and knowledge assets.

experts from academic and research organizations, government agencies, computer companies, and other
corporations identified method and tool needs for large-scale, heterogeneous, distributed systems integration.
See Defense Technical Information Center (DTIC) reports A195851 and A195857.
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EXECUTIVE SUMMARY

Policies, rules, conventions, procedures, contracts, agreements, regulations, societal
and physical laws are the defining structure for an enterprise. These items are the
mechanisms for forging relationships between people, information, material, and machines to
make a system. In thisreport, we refer collectively to these items as constraints. If you view
an enterprise as a machine, constraints form the architecture and the programming language
that define the behavior of that machine. If you view the enterprise as an organism, they form
the control structure of that organism, from the genetic code level through the autonomous
stimulus response level, to the cognitive behavior level.

The IDEF9 Business Constraint Discovery method described in this report was
designed to assist in the discovery and analysis of constraintsin a business system. A
primary motivation driving the devel opment of IDEF9 was an acknowledgement that the
collection of constraints that forge an enterprise system is generally poorly defined. That isto
say, the knowledge of what constraints exists and how those constraints interact is at best
incomplete, digoint, distributed, and often completely unknown. This situation is not
necessarily alarming, just as a human as aliving organism need not be aware of the genetic or
autonomous constraints that govern certain behaviors, an organization can (and most do)
perform well without explicit knowledge of the glue that structures the system. However, if
the desire exists to modify the business to improve its performance or adapt to market,
product, or process changes in a predictable manner, then knowledge of these constraintsis
as critical as knowledge of geneticsisto the genetic engineer.

Constraints are the mechanisms by which humans and nature form systems.
Constraints initiate, enable, govern, and limit the behavior of objects and agents to
accomplish the goals or purposes of a system. If we want to change the behavior of a system
for whatever reason (e.g., improve its performance, efficiency, or effectiveness) we need to
know what the relevant constraints are. The payoff of the IDEF9 technology to an
organization isthat it facilitates the discovery and mapping of the relevant constraintsin an
organizational system. Once these constraints have been cataloged they can be systematically
examined and, if necessary, tuned or replaced to improve the performance of the system.
Constraints often serve adual role as both the glue and the rationale for a system. That is, the
collection of relevant constraints often constitutes the description of why the system behaves
asit does. From this perspective, IDEF9 provides areverse engineering tool for the business
engineer. It can assist himin discovery of the “logic” behind the design of an existing
system. It also provides a mechanism for specifying the logic of a“To-Be” system.






INTRODUCTION

It is easy to think of instances of policies, rules, laws, or methods etc., that govern the
behavior of parts of an enterprise. But in order to define a method for discovery and analysis
of such phenomena we need to step back and form a perspective for understanding the nature
of how these and other constraint forming mechanisms work.

What isa constraint?

A constraint isarelationship that is maintained or enforced in agiven context. The
term relationship refers to an abstract, general association or connection that holds between
two or more conceptual or physical objects. A constraint is simply a special kind of
rel ationship—one that is checked, restricted, or compelled to exist under agiven set of
conditions. Theterm context refersto such adistinguished set of conditions. A constraint is
thus said to hold in a given context when arelationship is maintained or enforced in that
context. Conversely, a constraint does not hold in a given context if for that set of conditions
the constraint is not maintained or enforced.

Examples of constraints are found all around us. There are constraints between
objects, between objects and processes, between processes, and between objects, object
properties, and the value of those properties. Constraints are expressed in constraint
statements. For example, a constraint statement expressing a constraint between objects
might be “ Only project managers are authorized to sign pre-trip requests.” An example of a
constraint between objects and processes might be something like, “All travel requires an
approved pre-trip request.” “Drilling precedes reaming” or “Leasing requires making
monthly payments” reflect constraints between processes. “ The maximum occupancy of the
building complex istwo hundred people” or “Product A requires 3600 hours of machining
time” are examples of constraint statements involving objects, object properties, and their
values.

In this framework, the notion of a systemis characterized as: a collection of objects
standing in particular relations and exhibiting particular behavior prescribed by a collection
of constraints. In manmade systems, this characterization is usually extended to include the
notion of achievement of some goal. It isthe behavior and relationship influencing role of
the collection of constraints that distinguishes the notion of a system from the more general
notion of a situation or state of affairs. Specifically, not all of the properties of, or
rel ationships among, objects in a system are relevant to the system. In fact, particularly in
manmade systems, the constraints may specify that particular properties and relations (e.g.,
equal opportunity constraints) cannot influence the behavior of the system. Because of their
distinguished behavior-determining role, constraints have long been the focus of studies
directed at both understanding and better controlling our natural environment. In ecology, for
example, constraints between living organisms are studied to better understand and maintain
the delicate balance of nature. In chemistry, discovering constraints among basic elements
and reactive processes comprise much of the discipline. Similar examples could be
considered in physics, thermodynamics, medical physiology, and so forth. The study of
constraints, however, is not confined to the natural sciences. Similar examples can be found



in the study of man-made objects and systems. Constraints manifest in the design process,
for example, are relations among properties or variables of the proposed artifact and its
environment or context [Maher 89]. Design constraints establish the rules, requirements,
relations, conventions, and principles that designers must use to synthesize design solutions
[Gross 87].

Consistent with the above framework, business systems can be viewed as a collection of
objects behaving to perform one or more business functions under the influence of
constraints to accomplish aparticular goal. Figure 2 illustrates the variety of business
systems found in typical manufacturing enterprises. In the analysis of the collection of
constraints relevant to a particular business system, it is useful to characterize where a
constraint is enforced and controlled relative to a system. Therefore we characterize
constraints as: in (enforced internal to the system), on (enforced externally on or controlled
externally to the system), of (possessed by and hence controllable within the system) and
between (among) (constraints which link business systems as objects together to form larger
systems). The performance of a business system, whether operating independently or in
concert with other business systems, is governed by constraints.
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Figure2
Typical business systems

Constraints can be broadly classified as either enabling or limiting within a given
context (See Figure 3). Although the term “constraint” often evokes images of negative
influence or control, constraints serve the vital enabling role of establishing the system.
Tolerances between mating parts, for example, establish the constraints required to ensure
correct fit. Fiscal management policies and accounting procedures maintained within a
company not only keep a pulse on the health of the business but facilitate the prevention of
unmanageable debt, fraud, and waste. Both the limiting and enabling aspects or constraints
are evidenced in alternative definitions for a constraint in the literature. For example,
Eliyahu Goldratt defines a constraint as “anything that limits a system from achieving higher
performance versusits goal” [Goldratt]. Other definitions state that constraints are “the rules,
requirements, relations, conventions, and principles that define the context of designing



[Gross, Ervin, Anderson, Fleisher],” * specifications, requirements, needs, performance
measures, and objectives’ [Ullman, Diettrich, and Stauffer], and “a characteristic of the
environment, or of the artifact as currently conceived, [that] rules out or against potential
settings of design variables’ [G.F. Smith and G.J. Browne]. In other words, whenever the
term isused there is an implicit thought that a constraint can be an enabling or limiting factor
in design or on performance.

Enabling
Condgraints

Business
Performance

Limiting
Congraints

Figure3
Constraints can be enabling or limiting

Limiting constraints are, of course, the most obvious since they tend to manifest
themselves through problematic symptoms. Bottlenecks, excessive costs, low quality, long
development lead times, waste, and inefficiency are all symptoms of limiting constraints.
Symptoms are one form of evidence that constraints exist within the system.

We define evidence as an indication, sign, or manifestation that supports or proves the
existence of a constraint in agiven context. Evidence of both enabling and limiting
constraints can take many forms. Some of these include symptoms (observable evidence of a
system failing to meet goals), operating instructions, procedure manuals, employee
handbooks, regulations, specifications, policy manuals, project files, design models, and so
forth. These are not the constraints themselves but an indication, sign, or manifestation of
possible constraints. Policy statements written in a policy manual, for example, would
provide evidence supporting the proposition that there are constraints whose description is
found in the policy manual. If the policies are not maintained or enforced, however, no
constraint exists.

The need for maintaining or enforcing arelation to qualify as a constraint implies the
need for some agent or system; i.e., the existence of a constraint implies the existence of a
system that maintains or enforces the relationship. One should be cautions, however, not to
confuse a constraint with the system that maintains the constraint. A constraint, after al, is



simply a special kind of association between a relationship that is maintained and the system
that maintains that relationship.

It should be obvious, however, that since constraints involve the use of a system in
their maintenance or enforcement, constraints come at acost. In the natural world, balance
sheets and cash flows are not used to reflect the cost of constraints. Instead, the maintenance
of natural constraintsis reflected in terms of energy expended or transformed. Business
constraints, however, are maintained by business systems, and operating business systems
costs time and money.

Motivation for collecting and managing business constraints

Given the influence constraints have on overall business performance, one would
expect typical organizations to spend as much time and effort on managing constraints as, for
example, on managing the objects that comprise business systems. Evidence of some level of
constraint management activity is abundant, although it may not be so recognized. Authority
isgiven or denied, policies are changed and assignments made, standards are developed and
enforced, etc. However, decision-makers and system developers alike often have only
limited support to identify and manage constraints effectively.

Effective constraint visibility and management enables decision-makers to recognize
and respond appropriately to constraint problems typical of many businesses, asillustrated in
Table 1.

Typel problem The cost of maintaining a constraint exceeds the value of the

constraint.

Typell problem Constraints exist that no longer support the organization’s
goals.

Typelll problem The constraint causes unintended or undesirable effects.

TypelV problem The agent or system (mechanism) responsible for
maintaining the constraint fails to consistently or correctly
enforce the constraint.

TypeV problem What was believed or intended to be a constraint lacks any
explicit maintenance or enforcement mechanism.

Tablel

Some typical problems

Lacking visibility of constraints and effective constraint management support,
business owners, strategic and tactical planners, and process owners soon fall prey to
outdated or ill-suited constraints that both limit performance and frustrate attemptsto seize
opportunity. Systems overburdened with outdated or inappropriate constraints unnecessarily



levy costs in overall business performance and consume resources that could be better used
elsewhere. According to Eliyahu Goldratt, a notable industry consultant in constraint-driven
change, outdated rules, policies and procedures are the main cause of limited organizational
performance. In such an environment, decision-makers soon fall prey to areactive stance
toward constraints. Problematic symptoms, and hence limiting constraints, take center stage,
demanding most if not all of the decision-maker’s attention. Lacking visibility on the current
constellation of constraints under which the business operates, decisions are made without
the benefit of tools to anticipate or predict downstream effects. Increasingly, the limitations
of heavy reliance on intuition and experience alone become obvious as decisions made to
solve problems at alocal level create unanticipated negative effects on the overall enterprise.
Opportunities, too, take a back row seat as resources and time become increasingly scarce.

Interestingly, while many negative symptoms are most effectively dealt with by
changing or eliminating existing constraints, many decision-makers instead add new business
constraints. Thistendency may actually exacerbate the challenge of business constraint
identification and management. Informal mechanisms of business constraint management
thus tend to grow increasingly inadequate as the organization adapts to changesin the
business environment, as the number and scope of business systems increase, and as the
corporate memory of constraint development history fades with time or islost through
personnel turnover.

Benefits of constraint identification

Constraints initiate, enable, govern, and limit the behavior of objects and agents to
accomplish the goals or purposes of a system. If we want to change the behavior of a system
for what ever reason (e.g., improve its performance, efficiency, or effectiveness) we need to
know what the relevant constraints are. Business constraint identification and management
provide decision-makers with increased visibility on the business constraints that govern
achievable performance. Discovering, cataloging, and maintaining business constraints thus
enables decision-makers to deal more effectively with constraint-related problems (See Table
2).

The ability to ssmply catalog business constraints can assist decision-makersin both
designing and prioritizing constraints relative to organizational goals. Knowledge of
interrel ationships among constraints also enables more reliable performance predictions and
change impact assessments. By identifying and eliminating outdated or unnecessary
constraints, costs are eliminated, improvements in performance (e.g., schedule and quality
gains) can be realized, and freed resources can be used to leverage new opportunities. Often
these benefits can be realized without any additional investment in automation or information
systems.



Constraint-related problem Benefit of constraint discovery

The cost of maintaining a constraint exceeds | Enable decision-makersto identify and

the value of the constraint. eliminate constraints that exceed the value
they provide.

Constraints exist that no longer support Enable decision-makers to identify and

organizational goals. eliminate outdated or unnecessary
constraints.

The constraint causes unintended or Enable decision makers to reengineer or

undesirable effects. eliminate constraints that produce

unintended or undesirable effects.

The agent or system (mechanism) Enable systems devel opers to identify and
responsible for maintaining the constraint remedy system designsthat fail to

failsto consistently or correctly enforcethe | appropriately enforce constraints.
constraint.

What was believed or intended to be a Enable decision-makers to identify missing

constraint lacks any explicit maintenance or | systems needed to maintain both

enforcement mechanism. precautionary and enabling constraints.
Table2

Some benefits of constraint discovery

Somewhat less obvious, perhaps, isthe fact that knowledge of constraints can yield
new sources of information and expose misinformation. For example, knowledge of the
constraint that trees add one ring each year to their circumference, when coupled with
knowledge of the number of ringsin agiven tree, yields new information—the age of the
tree. Similarly, knowledge of business constraints can be used to yield otherwise inaccessible
information about the health and productivity of the business, to determine how quickly and
cost effectively products within the company can be produced, to estimate what it takes
competitors to produce their products, and to identify where changes can be made to achieve
competitive advantage.

Motivation for a method to collect constraints

Whileit is easy to see the value of identifying and managing business constraints, it is
not so easy to discover and catalog them. For one thing, it is common for people to confuse
constraints with policy statements, symptoms, or the object(s) that maintain a constraint.
Furthermore, like ariver flowing over ariverbed filled with rocks of varying sizes at various
depths, constraints often don’t manifest themselves until they become a visible obstacle in the
path of workflow. Asthe tides of business ebb and flow, constraints become more or less
obvious. Recognizing and circumventing these obvious obstaclesis only part of the
constraint discovery undertaking. Successful navigation through the politics of the
organization is also challenging in a constraint surfacing endeavor. Constraints are



mechanisms for extension of power. They aso provide aframework that bolsters a sense of
security within the workplace. These factors can result in reluctance or even animosity for
any initiative directed toward surfacing and examination of constraints.

The purpose of amethod for constraint discovery isto provide a systematic and
reliable approach for business owners, strategic and tactical planners, systems devel opers,
project leaders, and decision-makers to identify and document business constraints. Indeed,
the most significant failing of current reengineering practice is the lack of such a method.
The developments documented in this report toward establishing an IDEF9 Business
Constraint Discovery method are intended to satisfy these needs. A number of methods
provide partial support for constraint discovery. There are no methods, however, that
explicitly distinguish between simple relations and constraints or which don’'t confine
themselves to avery restricted set of constraint types (e.g., precedence constraintsin IDEF3).
Additionally, there are no methods that provide a systematic approach to discover, document,
validate, and refine both enabling and limiting business constraints.

The payoff to an organization in having a method for business constraint discovery is
that it facilitates mapping relevant constraints in an organizational system. Once these
constraints have been cataloged they can be systematically examined and, if necessary, tuned
or replaced to improve the performance of the system. Constraints often serve adual role as
both the glue and the rationale for a system. That is, the collection of relevant constraints
often constitutes the description of why the system behaves asit does. From this perspective,
IDEF9 provides areverse engineering tool for the business engineer. It canassist himin
discovery of the “logic” behind the design of an existing system or for specifying the logic of
a“To-Be’ system.

The intended contribution of the IDEF9 method is to guide practitionersin rapidly
and reliably 1) discovering, 2) displaying, 3) characterizing, and 4) validating business
constraints. Given the wide range of anticipated users, we have designed the prototype
IDEF9 method to be easily used by a personnel with varying skill levels and representing all
segments of the business.

Usersand beneficiaries of constraint discovery

Two broad categories of users for an IDEF9 Business Constraint Discovery method
can be considered. First among these users are those who would directly apply the method to
identify, document, validate, and refine the corporate library of constraints. This class of
users ranges from those who manage constraint discovery efforts to those who perform the
detailed evidence collection, analysis, interviewing, and so forth. The individuals targeted as
direct users of IDEF9 include managers and practitioners of enterprise improvement
initiatives (e.g., Total Quality Management, Business Reengineering), strategic and tactical
planners, knowledge workers within the organization, and systems developers (both internal
and external to the organization). Strategic and tactical planners will gain tremendous
leverage through the use of IDEF9 as critical assumptions are questioned, external and
internal forces are identified and analyzed, future challenges and opportunities are predicted,
and as needs and requirements for supporting business systems are developed. System
developers are supported by providing a mechanism to discover and refine constraints



through the process of specification and design. The second class of users represent those
individuals who do not necessarily make direct use of the method but use the products of an
IDEF9 application effort. Business owners and managers are among this set of users. For
them, the most visible element of an IDEF9 Business Constraint Discovery method is not the
set of techniques used to extract, validate, and refine constraints from the domain but the
graphical language facilities used to display constraints. These users will apply the
knowledge captured in constraint libraries to identify patterns, perform change impact
assessments, and to identify new avenues of potential improvement.

Business owners
Organization managers
Strategic and tactical planners
Managers of enterprise improvement initiatives
Systems engineering practitioners
Modeler/analysts
Simulation analysts

Knowledge workers

System designers and developers

Figure4
Targeted usersof IDEF9

Potential Applicationsfor IDEF9

The IDEF9 Business Constraint Discovery method was designed to assist in the
discovery and analysis of constraintsin abusiness system. A primary motivation driving the
development of IDEF9 was an acknowledgement that the collection of constraints that forge
an enterprise system is generally poorly defined. That isto say, the knowledge of what
constraints exists and how those constraints interact is at best incomplete, digoint,
distributed, and often times completely unknown. This situation is not necessarily alarming,
just as aliving organism need not be aware of the genetic or autonomous constraints that
govern certain behaviors, an organization can (and most do) perform well without explicit
knowledge of the glue that structures the system. However, if the desire exists to modify the
business to improve its performance or adapt to market, product, or process changesin a
predictable manner, then knowledge of these constraintsis as critical as knowledge of
geneticsis to the genetic engineer.

Knowledge of business constraints can benefit or aid efforts like Business Process
Reengineering (BPR), Total Quality Management (TQM), strategic planning, constraint-
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driven information systems design, Activity Based Costing (ABC), and so forth. Each of
these efforts represent activities aimed at improving organization performance by striving to
break away from outdated rules governing how we organize and conduct business.
Recognizing the constraints in which the business currently operatesis thefirst step to
finding imaginative new ways to conduct business. Once those constraints have been
recognized, outdated or burdensome constraints can be eliminated—providing an effective
means for achieving both incremental and quantum leaps in performance. An on-line library
of constraints, indexed so as to be able to display the constraints relevant to a given business
context (e.g., doing business with DoD, doing business in the semiconductor manufacturing
industry).could then provide additional support for leveraging new opportunities. Using the
knowledge contained in an on-line library of constraints, business owners and system
developers could explore opportunities to expand into new areas of business and rapidly
determine the costs of maintaining the constraints necessary to operate in those environments.

11






APPROACH OVERVIEW

The approach taken by the 11CE methods engineering team to initiate developments
toward a business constraint discovery method leveraged both the 1) knowledge gained
through studying common method engineering practice and 2) experience in developing other
analysis and design methods. The purpose of this section isto provide a general overview of
that approach.

Figure 5 provides a process-oriented view of the approach used to develop prototype
IDEF9 method concepts, a procedure, and candidate graphical language el ements.

« | solate basic intuitions and method conoeps\
I | dentify potentials users
 Survey existing constraint discovery prectice
IR | dentify shortcomings voids, and/or
| improvement opportunities _J
~
| - Adopt
- e(lstlgg
| -~ meth
P 3 T
Document Search for T_alé'lt or Des'gln r;pthod
tivati existin existing applicaion
MOMVALIONS k- method(s) | mathog | techniques [
1] 2 ] a1 4 ] K7 6 T
Develop
new method ~
N
5 1 ~

| ~N

| ~
Test candidate Iteratively
L design | | refine method [ Develop method ontology ]

dements design * Design procedure asa distillation of best
7T 5] prectice
» Design method |anguage(s)

Figure5
Process description of the I DEF9 development approach

Asisevidenced by this figure, one of the basic strategies of methods engineering is reuse.
Whenever possible, existing methods that address the identified needs are adopted. The next
option isto find methods that with minor modification can satisfy the identified needs. This
option is an attractive one provided the scope of modification does not necessitate a
fundamental change in the basic concepts or design goals of the method. Only when neither
of these optionsis viable should method designers seek to develop a new method.

A knowledge engineering approach is used as the predominant mechanism for both method
enhancement and new method development. In other words, with very few exceptions,
method devel opment involves isolating, documenting, and packaging existing practice for a
given task in aform that promotes reliable success among novice practitioners. Expert
attunements are first characterized in the form of basic intuitions and method concepts.
These are often first identified through analysis of the techniques, diagrams, and expressions
used by experts. These discoveriesaid in the search for existing methods that can be
leveraged to support novice practitioners in acquiring the same attunements and skills. New
method devel opment is accomplished by establishing the scope of the method, refining
characterizations of the method concepts and intuitions, designing a procedure that provides
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both task accomplishment and basic apprenticeship support to novice practitioners, and by
developing a language(s) of expression. Method application techniques are then devel oped
outlining guidelines for use in a stand-alone mode and in concert with other methods. Each
element of the method then undergoes iterative refinement through both laboratory and field
testing.

Although much progress has been made toward the development of an IDEF9

Business Constraint Discovery method, considerable testing, analysis, and refinement is
needed to achieve full maturity. A summary of the current state of IDEF9 is provided below.
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SUMMARY OF RESEARCH FINDINGS

Basic conceptsfor constraint discovery

A thorough understanding of IDEF9’ s basic concepts is needed to effectively apply
the procedural and language components of the prototype method. Among these are the
following concepts:

1. Constraint

2. Context

3. Evidence

4.  Effect(s) of aconstraint

5. Symptom

6. System

7.  Rationalefor the constraint
8. Goa

The purpose of this section is to describe these concepts and provide some examples of each.

Constraint

In the IDEF9 method, a constraint is defined as arelationship that is maintained or
enforced in agiven context. Policies, rules, conventions, procedures, contracts, agreements,
regulations, and societal and physical laws that are maintained within the enterprise establish
the defining structure for the enterprise. These items are the mechanisms for forging
rel ationshi ps between people, information, material, and machines to make a system. If you
view an enterprise as a machine, constraints form the architecture and the programming
language that define the behavior of that machine. If you view the enterprise as an organism,
they form the control structure of that organism, from the genetic code level through the
autonomous stimulus response level, to the cognitive behavior level.

Constraints are expressed in constraint statements. Some examples of constraint
statements might include:

1.  Protect against liability.
2. Minimizein-process inventory.

3. Maximize cost recovery.
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4.  Load first-class passengers, families with small children, and disabled
passengers before al others.

5.  Load the aircraft beginning with passengers seated in rear.

6.  All projects produce afinal report.

7. Projects whose contract value exceeds $10M require an additional cost report.
8. Anindividua must maintain a current license to operate avehicle.

9.  Only cleared personnel may enter the secure area.

10. A group leader must be a member of the management team.

Notice that use of the imperative form is not necessarily the only form that a
constraint statement might take. Furthermore, finding a statement that uses the imperative
form does not necessarily ensure that one has found a constraint. For example, constraint #9
above may have appeared as the command “ Challenge all unidentified personnel within the
secure area.”

Throughout the process of constraint discovery, analysts identify candidate
constraints, or relations suspected to be ones that are maintained or enforced in agiven
context. Candidate constraints are first substantiated by the analyst through examination of
the data collected. Candidate constraints are then challenged by domain experts. This
process eventually leads to a refined collection of validated constraints and context
characterizations establishing under what conditions the constraints hold.

Context

The term context refersto adistinguished set of conditions. Each context must be
uniquely distinguished within aconstraint model. A context label is a short descriptive
phrase (e.g., when removing asbestos, procuring computer hardware and software, [being] at
the construction site) used to convey a general understanding of the context boundaries. A
more in-depth look at what comprises the context is generally needed, though, to distinguish
one context from another. In other words, alabel alone may not suffice in distinguishing one
context from another. For this reason, those applying IDEF9 should catalog the minimal set
of essential facts or conditions that uniquely distinguish one context from another.
Accidental facts and conditions may also be noted. However, those facts or conditions that
must hold (i.e., essential facts or conditions) define the minimal set needed to bound the
context.

Evidence

We define evidence as an indication, sign, or manifestation that supports or proves the
existence of a constraint in agiven context. Just as chemical reactions are manifested by the
resultant by-products, the existence of a constraint will manifest itself through some form(s)
of evidence. For example, a candidate constraint statement such as “All purchase requests
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require both project manager approval and senior company official authorization” might be
hypothesized from the presence of one signature block for the project manager and another
for an authorization official on the company’ s Purchase Request form. The Purchase Request
form is said to be evidence supporting the proposition that there is a constraint requiring
project manager approval and senior company official authorization on all purchase requests.
Evidence must be grounded, however, in the appropriate context and validated before the
existence of the constraint can be established. For example, purchase requests requiring
authorization may be applicable only to purchases made under contracts that disallow certain
purchases (e.g., government contracts precluding the purchase of computer hardware and
software). Overhead projects, on the other hand, may require only project manager approval
to purchase the necessary material.

The most easily identified evidence of a constraint is the existence of a problematic
symptom. Such a condition may indicate the existence of alimiting constraint, the lack of an
enabling constraint, or both. For example, excess in-process inventory and the existence of
bottlenecks at various points in the production line may indicate the existence of constraints
that serve to maximize the efficiency of individual processes in the production line or the
lack of existence of constraints on the manner in which raw material is ordered and jobs
released to the shop floor. Limiting capacity constraints might be identified by finding the
places in the production line where bottlenecks occur. An enabling constraint wherein the
entire process is set to match the rate at which the slowest process in the production line
would maintain the same throughput and minimize in-process inventory. Another source of
evidence are documents outlining policies, procedures, requirements, designs, and so forth.
Forms with signature blocks, operating instructions, procedure manuals, handbooks,
regulations, standards, specifications, policy manuals, project files, and design models are a
representative set of possible evidence.

Effect(s) of a constraint

The term effect is used to describe, in general terms, something that inevitably follows
an antecedent (as a cause or agent). Constraintsinitiate, enable, govern, and limit the
behavior of objects and agentsin the system. These behaviors are generally referred to as
effects. Constraints also establish cause-effect chains that propagate effects through the
system. Thus, effects are often considered either direct or indirect. Effects may also be
intended or unintended, and desirable or undesirable in a given context. For example, a
manufacturing company may have a constraint to collect metrics reflecting the productivity of
individual shops. Presumably, this constraint would provide decision-makers with the
visibility needed to identify where excess capacity exists and where additional resources are
needed. This constraint may give rise to an unintended, direct effect wherein shop foremen
create work for their people to keep them busy, and thus inflate the data reviewed by
decision-makers. Anindirect effect is the creation of excess in-process inventory and
downstream bottlenecks.

Symptom

Symptoms are something characteristic or indicative of a condition impairing normal
functioning of a system. Symptoms provide subjective evidence of a condition that is used to
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aid in correctly diagnosing the condition. That is, the same symptoms may be indicative of
one or more conditionsimpairing normal functioning. A fever, for example, may indicate the
presence of an infection or the flu. In business systems, the lack of some core competency
may give rise to poor quality products, late delivery, and so forth. While symptoms are
observed failings of a system they are often confused with concerns which are “possible”
failings of a system.

Although symptoms are not the condition themselves, they are often problematic. Perhaps
for this reason, domain experts often refer to symptoms as problems. Problem, however,
often connotes the source of distress or difficulty and may therefore lead to the wrong
conclusions. The IDEF9 constraint discovery process leverages domain expert attunements
to symptoms, probable causes, and effects to assist usersin identifying candidate constraints
or the lack of needed constraints. Symptoms are the point from which cause-effect
constraints are hypothesized relative to other symptoms. For example, a production
supervisor may describe frequent failures of Integrated Circuits (1Cs) as among the key
problems that they are attempting to address. The production workforce, however, may view
those failures as a symptom of high turnover rates, contamination, improper handling,
insufficient training, and so forth. Manufacturing engineers may attribute the failures to poor
moisture control, cracked dies, or broken and bent leads. Design engineers may attribute
failuresto oxide or silicon defects. Each of these observations reflects knowledge of
constraining relations which themselves may be symptoms of other conditions.

System

A systemis defined as a collection of objects standing in particular relations and
exhibiting particular behavior prescribed by a collection of constraints. In manmade systems
this characterization is usually extended to include the notion of achievement of some goal.
Business systems can be viewed as a collection of objects behaving to perform one or more
business functions under the influence of constraints to accomplish a particular goal. Several
examples of business systems comprised of multiple objects are provided in Figure 2 above.

The systems of primary interest within IDEF9 are systems that maintain or enforce a
given constraint or set of constraints. Examples of a system that maintains or enforces a
constraint might include individual objects (e.g., particularly an active object or agent such as
an account manager or an authorization official) or collections of objects (e.g., an accounting
System or a prime contractor).

Rationalefor the constraint

The set of beliefs motivating the establishment and maintenance of a constraining
relationship is called the rationale of aconstraint. This set of beliefs includes those held to
be true when the constraint exists as well as those held to be true in situations where the
constraint does not exist. The rationale of a constraint is documented to assist with periodic
review of the currency and relevance of the constraint.
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Goal

A goal isdefined as an object or end that one strives to achieve. Business systems
exist to accomplish a particular goal or set of goals. Goals may stand in a number of
relationships with other goals. Among these are depends-on-existentially, implies, is-part-of,
and so forth. Ideally, each goal within the business will be oriented so as to contribute to the
accomplishment of an overall goal or set of goals. Goals, however, are highly dependent on
the environment and are therefore subject to frequent changes and reprioritization. Changes
in the organization’s goals in turn motivate changes to the constraint set used to direct the
organization toward achieving those goals.

| DEF9 Procedur e®

This section presents a prototype procedure for constraint discovery, validation, and
refinement. The procedure presented in this section assumes a large constraint discovery
effort involving ateam approach. Projects that are narrower in scope may not require all the
activities described herein. Aswith all methods, the procedure of application depends largely
on the purpose for which the method is being used. Those undertaking a constraint discovery
project are therefore encouraged to prepare a detailed method application guide at the
beginning of the project.

Constraint discovery is an evolutionary process through which candidate constraints
areidentified, validated, and refined. In general, when using IDEF9 to discover and
document constraints, the following six steps are applied recursively:

1. Collect - Acquire observations and sources of evidence for constraints.
2. Classify - Individuate contexts, objects, object types, properties, and relations.

3. Hypothesize - Postul ate candidate constraints from the data and evidence
acquired.

4.  Substantiate - Generate or collect examples to determine which candidate
constraints can be shown to merit promotion to the status of a constraint.

5.  Challenge - Involve domain experts in testing the conclusions of anaysts asto
the validity of their conclusions.

6. Refine- Filtering, improving, adjusting, and adding detail to constraint
characterizations.

These steps are embodied in the prototype IDEF9 procedure presented below. The
activities comprising IDEF9’ s procedure should be considered “ modes of thought” rather

5 Significant reuse of the procedural components from the IDEF3 Process Description Capture and IDEF5
Ontology Description Capture methods facilitated the devel opment of the prototype procedure description that
follows.
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than sequential steps. Users should not expect to apply these activitiesin a strictly
sequentially manner, or that organizing activities by project phases necessarily defines when
those activities start or stop. Rather, phases reflect which modes should or do predominate
during agiven interval of time. Thus, modes of activity may be organized into phases to
assist with management of the project. The following section provides afunctional
description of the modes of activity constituting IDEF9’ s procedure, thus establishing a basic
framework for constraint discovery.

Mode Zero: Definethe Project

The constraint discovery team must establish the purpose and scopef of the constraint
discovery effort as early as possible in the project. The purpose statement provides a
“completion criteria’ for the constraint discovery effort. The purpose is usually established
by 1) prioritized objective statements for the effort, 2) statements of needs that the constraint
discovery effort must satisfy, and 3) questions or findings that the client wants answered.

The scope of the project is established by a set of statements that bound or delimit the area of
the domain addressed by the project. In other words, scope statements identify the
specifically targeted areas of constraint discovery activity and identify those that are explicitly
ignored.

The purpose and scope can rarely be determined completely and accurately in
advance. The client often revises hislist of needed findings or questions as the data starts
being compiled. The area an analyst thinks will lead to the answer often turnsup leadsin
other areas that were not considered within the scope. The purpose and scope generally
evolve during the initial part of the project. The purpose and scope of an IDEF9 effort are
captured on an IDEF9 Project Summary Form similar to the one shown in Figure 6.

IDEF9 Project Summary Form

Project Title:
Project Leader:

Purpose:

Context:

Major i n-scope situations: M aj or out-of-scope situations

Figure 6

60ne of the central concepts in constraint discovery is the notion of a context in which a constraint holds. A
different meaning for context is generally applied among IDEF method practitioners using other IDEF methods.
Context is used with other IDEF methods to describe the scope or boundary of the project. To avoid
unnecessary confusion, scope has been adopted for IDEF9 when describing the boundaries of the project.
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IDEF9 Project Summary Form

Define the purpose

Defining the purpose is an important initial step in the constraint discovery effort.
Normally a purpose statement will be centered If taken for granted or ignored, project
personnel are likely to find the results of their effortsignored by or of little use to the client.
Without a purpose statement, the only completion criteriais the budget and time allocated to
the effort. Conversely, with aregularly reviewed and clearly defined purpose, the project can
often be completed in a budget much less than that anticipated. Defining the purpose
involves 1) listing the stated objectives of the client and the specific source(s) of each (e.g.,
person, project, or organization), 2) defining the information goals of the project in terms of
how the constraint information will be used, and 3) establishing priorities among the stated
objectives and information goals of the effort. The process of developing a purpose
statement can be facilitated by involving the client in answering questions like the following:

1.  What problematic symptoms, concerns, or opportunities are of the greatest
interest to the client?

2. Who will usethe constraint information once it is available?
3. What question(s) does the client need answered?
4.  What issues are behind the need for constraint discovery?

5. What decisions are behind the need to identify constraints?

Establish the Scope

Once the purpose of the effort has been characterized, it is possible to define the
scope of the project. Defining the scope of the project begins with delineating the boundaries
of the constraint discovery effort and documenting those boundaries in a set of scope
statements. ldeally, scope definition should identify only those areas that are relevant to the
needs of the client.

An effective mechanism for defining the scope of the project isidentifying the
important situation type(s) or context(s) to be considered and those that, although related, fall
outside the project boundaries. Characterizing the context(s) of interest may begin at avery
course-grained level by devel oping a descriptive phrase (such as with an adverb phrase like
working for government agencies, disposing of hazardous materials) for the context(s) of
interest accompanied by a brief description. Characterizing the key context(s) of interest
involves achieving a consensus among constraint discovery team members on both the title
and paragraph description for the context(s). It iscommon for differently named contexts to
be nearly identical. Conversely, it isaso common for different contexts to be named the
same. The similarity or dissimilarity among contexts considered in scoping the project will
initially become evident through the development of paragraph descriptions. Consensus
among team members may require more fine-grained definition of the context(s), particularly
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as the team members review the purpose and scope statements periodically through the
project. When necessary, more detailed characterizations of the context(s) of interest can be
accomplished by identifying the participating objects, relations, and facts that must hold in
the context(s). Additionally, those contexts that impact or are directly related to the in-scope
context(s), but which are outside the scope of the project, should be identified. Those
intimately familiar with the domain must be relied upon to actually identify the context(s).

Scope and level of detail decisions are tentative at this stage of the project and should
be updated as the constraint data becomes available. An astute project leader will regularly
assess the adequacy of the constraint data captured against the specified needs and
information goals of the client.

Mode One: Organizefor Data Collection

Oncetheinitial project purpose and context have been determined, the task of
organizing for data collection can begin in earnest. At this point, the makeup of the project
team will be solidified, team member roles will be established, and scenario development
responsibilities will be assigned to team members.

The following roles are normally assumed by personnel involved in a constraint
discovery effort.

1. Anayst: ThelDEF9 expert who will be the primary developer of the IDEF9
constraint models.

2. Client: The person or organization requesting the constraint discovery effort
development.

3. Domain expert: The knowledge source person in the application domain of
interest.

4.  Primary contact: The individual who acts as the interface between the analyst
and the domain expert.

5. Project leader: The person ultimately responsible for the entire constraint
discovery effort.

6. Reviewers. Persons knowledgeablein the domain and/or the IDEF9 method
responsible for reviewing and approving draft models and documents.
Reviewers authorized to make written critiques of IDEF9 schematics are
commentors. The remainder are readers. Both team members and domain
experts can be reviewers.

7. Librarian: A person assigned the responsibility of maintaining source material

logs and files of documents, making copies, distributing kits, and keeping
records.
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8. Team members: All personnel involved with the IDEF9 constraint discovery
effort.

Among the roles assumed within the team is that of the project librarian. With large
systems, therole of the librarian is essential. In smaller efforts, that role may be assumed by
the analyst. In establishing the librarian function, the project leader assigns an individual(s)
to be responsible for collecting, cataloging, controlling, and distributing source material, kits,
glossaries, files, and so forth throughout the project. Additionally, the librarian function is
responsible for assembling reference models and materials from external sources that can be
used to accelerate team efforts. A glossary of terms may also be maintained by the librarian
as areference to be used during interviews to ensure that analysts understand terminology
that is unique to a discipline, industry sector, company, or company segment. Whether
maintained by the librarian, or informally shared among analysts, the glossary of terms will
grow and undergo incremental refinement throughout the project.

A pivotal task in organizing the data collection effort is identifying the key sources of
knowledge and information in the domain. Working with the primary contact, the project
leader or analyst compiles alist of expertsto beinterviewed. In compiling thisligt, itis
helpful to obtain background information about each expert from the primary contact. This
includes information about the responsibilities, current assignments, and other areas within or
related to the domain in which the expert has experience. The name, location, and telephone
number of the expert(s) should also be recorded.

Throughout the data collection effort, other valuable sources of information will be
sought and identified. Some of these include operating instructions, procedure manuals,
employee handbooks, regulations, policy manuals, project files, reusable IDEF models, and
models derived through the use of other methods and techniques. These items often
constitute evidence of constraints themselves or provide references to available evidence
within the domain.

In addition to organizing the structure of the team, the project leader also needs to
organize the activities of the team. Organizing constraint discovery activity may begin by
casting the general IDEF9 procedure into a more formalized method application guide
tailored to the specific needs of the project. A method application guide is intended for use
by the analysts on the constraint discovery team and outlines a proj ect-specific application of
the IDEF9 procedure tailored to meet the needs of the effort. Among the items that may be
included in the method application guide are modeling conventions to be used, standard
outlines for interviewing domain experts, method and tool interface specifications, project
library use procedures, and a standard glossary of terms. This guide may be accompanied by
aproject plan. A typical project plan will delineate phases of effort with clearly established
tasks and milestones, intermediate and final deliverables, individual team member
assignments, informal and formal reporting structures, and so forth.

Mode Two: Collect and Analyze Evidence

Having organized the team and outlined the approach, the team will begin constraint
discovery by engaging in evidence collection. By direct interaction with domain experts,
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constraint discovery team members document expert observations and collect evidence of
constraints. These are later analyzed to form the basis for hypothesizing constraints within
the domain of interest.

Preparefor Interviews

The most valuable mechanism of evidence collection isthe interview. Interviews
with domain experts afford the interviewer an opportunity to collect special insights, both
into normal situations and the exceptions to the normal situations within the domain. Direct
observation techniques, although often used to augment interviews with the domain expert,
generally only afford the interviewer an opportunity to observe normal situations.

While the specific interviewing approach and format is likely to vary across projects,
afew simple guidelines are recommended. Before the interview, the analyst should prepare a
tentative agenda and some specific questions. Analysts are encouraged to prepare a brief
outline of: 1) the purpose of the interview with the expert, 2) the topicsto be covered, 3) the
types of information being sought, 4) the authority for requesting the interview, and 5) the
probing questions that can be used to motivate discussion. On large projects, project leaders
may wish to include more formalized interview preparation guidelines and standardsin a
method application guide—including standard interview planning sheets, question templates,
glossaries of terms, and so forth.

The ultimate success of the interview depends largely on the preparation made by the
analyst. A number of activities contribute to successful preparation, each of which isleft to
the discretion of the analyst as dictated by the needs of the project. In general, the following
activities are accomplished prior to the interview:

1.  Schedulethe interview and make necessary logistics preparations.
2. Establish the goal(s) of the interview.
3. Prepare candidate questions.

4.  Anticipate the probable questions and concerns of the person being interviewed
and be prepared to resolve concerns.

Once alist of experts to be interviewed has been compiled, an interview schedule can
be developed. Interviews are normally scheduled with domain experts through the primary
contact. Whether done through the primary contact or by more direct means, the analyst
should make sure that the scheduled time and duration of the interview is coordinated with
the person being interviewed and his or her supervisor.

Additional logistics considerations are aso important to the success of the interview,
such as finding and reserving a suitable location to conduct the interview and arranging for
the necessary supplies. Analysts also generally find it useful to plan the attire they wear to
the interview in order to convey a professional appearance and still set the interviewee at
ease.
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The goal(s) of the interview should also be established up front. In establishing the
interview goal(s), analysts establish why the interview is being scheduled and what
information is needed from the domain expert. Preparing agoal statement is often helpful if
it is kept as succinct as possible so asto provide agenera direction for the interview line of
guestioning.

Once the goal(s) of the interview has been established, candidate questions can be
formulated. Candidate questions should be written down and organized into alogical
sequence. With experience and practice, analysts will eventually become proficient in
developing questions that are clear, that use words and phrases appropriate to the educational
level and cultural background of the person being interviewed, and which invite rather than
lead answers. In preparing candidate questions, it is often useful to explore the following
topics:

1.  What arethe organizations goals and objectives?

2. What are the organization’s Critical Success Factors (CSFs) and performance
measures?

3. What are the organization’ s problematic symptoms?

The answers to these questions often provide valuable guidance in searching for and
identifying business constraints. Statements of goals and objectives give strong indications
of perceived environmental constraints and, with appropriate follow-through, can lead to the
discovery of deeply-rooted belief systems and undocumented constraints. Quite often, many
of the constraints discovered through lines of questioning centered around organization goals
and objectives will reveal both enabling constraints and constraints that no longer support
current goals. When thisline of questioning is applied across different organization levels,
hidden transformations between strategic and tactical goal structures may be revealed that in
turn may be used to identify missing and/or inappropriate constraints. In asimilar fashion,
exploration of the organization’s CSFs and performance measures yields important constraint
information. In fact, there is not likely to be any more obvious evidence of existing
constraints than artifacts of performance measurement (e.g., graphs, charts, reports).
Constraints arising through the establishment of performance measures, while generally
intended to be enabling, often drive unintended and undesirable behavior. Finally, valuable
guidance in discovering constraints may be obtained through listing problematic symptoms
and the influencing factors believed to be the underlying cause(s) of those symptoms.
Symptoms of problems may be manifest in business systems as bottlenecks, excessively long
cycle times, poor quality, high cost, and so forth.

In preparing candidate questions for the interview, analysts should be cautious not to
over prepare. The exercise of writing questions down and analyzing the way they are formed,
however, serves to build good interviewing skills. The time invested to this activity must be
balanced, however, against the possibility that the questions formulated may or may not
actualy be used. Their necessity may be eliminated through the discovery of new
information or the interview may follow aline of discussion that was not previously
anticipated.
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An element of preparation often overlooked by inexperienced analysts is the need to
provide the person being interviewed with the information necessary to understand why they
are being interviewed, what will be done with the information they provide, and what they
can expect in return. Each interview, and particularly the first, should begin by establishing a
mutual understanding of these items before attempting to satisfy the information needs of the
anayst. Thefollowing list is representative of the topics and concerns that the analyst should
be prepared to address [Harrington 1991].

1.  Why theinterview is being conducted.

2. Who authorized the interview

3. Who elseisbeing interviewed.
4.  How theinterviewee was selected and by whom.
5. How theinformation will be used.

6.  Whether the person will be anonymous.

7. Whether the person will be quoted in summary findings.

8.  What feedback the person will receive.

9.  How the person might participate in the outcome of the process.
10. What isinit for the interviewee.

11. Why highly detailed, accurate information is important to the success of the
interview and the project.

12.  How the person plays a key role in an important process.

I nterview Domain Experts

Interviews may be conducted at any time throughout the project with one or more of
the following goals in mind:

1. Tocollect additiona information.
2. Toconfirm and/or clarify previously collected information.
3.  Tovalidate candidate constraints with the domain expert.
4. Toobtainleadsfor acquiring additional information.
Interviews with domain experts are critical. The analyst (interviewer) should create a

positive and friendly atmosphere during the interview. The interviewer should attempt to
convey to the domain expert the feeling that they are working together to discover constraints
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and solve some problem for the organization. A novice interviewer should constantly remind
himself that the expert is the one with the knowledge of how a organization should or does
work. Generadly, the expert isinterested in helping and will often provide questions and lines
of investigation that the interviewer had not thought of pursuing. The well-prepared
interviewer will find that the expert will provide far more information than was expected,
often covering topics the interviewer had not anticipated. In constraint discovery, thisisthe
bonus for good preparation.

Analysts should be aware that domain experts often begin by describing rules,
policies, procedures, and relations that should be maintained and those that actually are.
Questions that help to distinguish desired operating conditions from the norm, and normal
operating conditions from work-arounds or special cases can be helpful in guiding the
interview. The main focus of the interview should be on rules, policies, procedures, and
relations that are currently maintained or enforced (i.e., constraints), rather than “ Should-Be”
conditions that may not be maintained. When focused on constraints, analysts should also be
cautious to avoid talking about “To-Be” constraints to avoid introducing bias in the domain
expert’sanswers. Throughout the interview, constraint information provided by the domain
expert needs to be faithfully recorded in aform that can be shared among all team members.
Analysts should pay particular attention to the use of the imperative form in the description or
in documents provided by the domain expert (e.g., Complete the attached job application
form). Wordslike must, will, shall, always, and never are often included in imperative
phrases (e.g., Applicants must complete the attached job application form before they can
become dligible for an interview). However, neither the absence nor presence of these terms
necessarily indicates aconstraint. Logical quantifierslike all, every, some, and none a'so
provide clues for discovering candidate constraints.

Collect and Catalog Evidence

As appropriate, analysts should also request copies of artifacts that constitute forms of
evidence for constraints. Evidence of business constraints can take many forms including
procedure manuals, instruction sheets, forms with fields for approval signatures, handbooks,
policy manuals, regulations, specification documents, standards documents, strategic and
tactical plans, organization charters or mission statements, efficiency reports, and so forth.

Other sources of evidence include analysis models (e.g., IDEFJ function models,
IDEF1 information models, IDEF3 process descriptions, IDEF5 ontology descriptions) and
design models (e.g., IDEF1X semantic data models, IDEF4 object-oriented design models)
developed within areas of the domain relevant to the project. Displayed directly in IDEFQ
function models are objects classified as controls and mechanisms with respect to agiven
activity. Objects modeled as controls often list artifacts within the domain (e.g., documents
containing information about rules, policies, and procedures) that govern how the activity is
or should be performed. Objects classified as mechanisms represent the means by which the
activity is accomplished, thus providing valuable assistance in cataloging and validating
constraints. The IDEFZ method thus captures some constraint-related information, albeit at a
relatively course-grained level. Even IDEF@ controls identified below the artifact level
cannot be assumed to necessarily represent constraints without further validation since the
IDEFJ language does not explicitly capture which mechanisms maintain or enforce which
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controls. Nevertheless, IDEFZ models remain avaluable source of information to the
constraint discovery team. IDEF1 information models capture and display a specialized class
of constraints; specificaly, those constraints that are maintained in the domain through the
information system. In other words, IDEF1 is used to model constraints for which some
information objects have been designed and implemented. Similarly, IDEF3 process
descriptions explicitly capture another specialized class of constraints. IDEF3 captures
precedence and causality relations among processes and events within the environment.
IDEF3 also captures constraints relative to the state change behavior among objects
participating in a process. Ontologies developed using IDEF5 include characterizations of
objects, object properties, and relations, thus providing a solid foundation for constraint
discovery. IDEF5 ontologies also distinguish between defining versus non-defining and
essential versus accidental properties and relations. Accessibility to IDEF5 descriptions can
therefore greatly accelerate the process of constraint discovery. Design models (e.g., IDEF1X
and IDEF4 models) also capture reusable constraint information. IDEF1X models capture
the design constraints to which information system developers must conform. These
constraints reflect business rules and policies that are to be implemented through the
information system. IDEF4 models capture similar information with a specific target toward
implementation in an object-oriented language.

All datathat is collected during the course of the project should be logged on an
IDEF9 Evidence Log asillustrated in Figure 7.
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Analyze Collected Data

Following data collection, interview notes are compiled, the Evidence Log is updated
to reflect newly collected evidence, and the initial findings are cataloged into lists called
pools. Among the pools found to be potentially useful in organizing and analyzing
constraint-related information are the following:

1. Businessgoals pool

2. Performance measure pool

3. Symptom pool
4.  Source statement pool
5.  Context or situation type pool

6. System or object pool

29



7.  System or object property pool
8. Relation pooal.
In analyzing the collected data, analysts may also perform the following activities:

. Further refine and individuate contexts (e.g., working for KBSI, [being] at the
construction site, acquiring replacement parts, [conducting] Programmed Depot
Maintenance (PDM)).

. Associate existing business goals with context(s).

. Associate existing performance measures with context(s).
. Associate existing symptoms with context(s).

. Catal og the objects involved with context(s).

. Catalog object properties.

. Identify relations.

A focus on relations can be of great assistance in uncovering candidate constraints
during analysis. Relations may be found between contexts, between objects and contexts,
between object types and object instances, between object types and property values, and so
forth. Table 3 below illustrates candidate constraint statements illustrating different kinds of
relations.
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Context System Property

Context » Working » Carry acurrent  Children under
government contracts | driver’ s license while | thirteen are to be
involves maintaining | operating a motor accompanied by a
an auditable vehicle. parent when
accounting system. attending PG-13
* People are not rated movies.
* Drilling precedes | alowed on the
reaming. construction site
without a hard hat.
System * Peopleowncars. |« Birdshave
feathers.
e John ownsthelLe
Baron. * Bill’shourly wage
is$7.25.
* Thetensile

strength of stedl is * First-line

greater than that of supervisors sign off
iron. al flight safety-
critical maintenance
operations.

Property * The number of
ringsin aliving tree
corresponds directly
toitsagein years.

Table3
Different relationsillustrated by constraint statements

It is aso often useful to classify constraints to assist in both discovery and
downstream reuse of constraint information. Two criteria should be considered when
developing a classification or taxonomy of constraints. First, the taxonomy should express
orthogonality among categories, i.e., each category of the taxonomy should digoint such that
every element within the taxonomy’s domain can be uniquely assigned. Second, the
taxonomy should be exhaustive over the specific domain.

Both constraint granularity and coupling among constraints should also be considered
when developing ataxonomy. Granularity isthe level of abstraction used to represent the
constraint. The more abstract the representation, the more difficult it is to assign a constraint
to aunique category. For example, one of the constraints used in production management is
“in-process inventory between stations should be kept balanced.” Thelevel of granularity
represented by this constraint statement is very high. There are many factors that contribute
to abalanced production line, e.g., machine capabilities, down-time, set-up time, material
routing strategies, and so forth. More fine-grained constraint statements such as “the work in
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process (WIP) for station A is4 unitsor less” and “WIP for station B is under 10 units’
permit unique classification to a subcategory of balanced production constraints called “WIP
limits.” Coupling among constraints may also need to be considered. That is, constraints
often stand in relationships with one another that make it difficult to divide them into
separate categories. Again, refining the granularity of the constraint representation often

hel ps one to effectively categorize constraints.

Several possible classifications for constraints may be considered as a meansto
systematically analyze and manage both candidate and validated constraints. For example
one might find it useful to classify constraints in terms of the measure on control that the
organization has over the constraint’ s structure or very existence. Constraints could then be
divided between those that are volitional (imposed by choice) and those that are non-
volitional (no choice) in agiven context. Constraints may also be classified as enabling or
limiting relative to some goal in a given context. Constraints dealing with resources may
broadly be categorized as resour ce constraints; those dealing with the capacity properties of
systems as capacity constraints; those arising from the selection of one design strategy versus
another as design constraints; those for which the rationae is largely unknown or poorly
justified as status quo constraints; and so on.

The IDEF9 method does not prescribe one classification scheme or set of
classification schemes over any others. The most appropriate classification scheme(s) will be
determined by how the constraint information needs to be used. It is generally useful,
however, to adopt severa classifications to permit analysis of the constraints within and
across those classifications. This analysis often leads to the discovery of new constraints and
to previously unrecognized opportunities for improvement.

Mode Three: Hypothesize Candidate Constraints

Using source statements and the evidence collected, members of the constraint
discovery team hypothesize candidate constraints. A candidate constraint can be thought of
asa“first pass’ at aconstraint. A candidate constraint that can be supported by data
collected is said to be substantiated. A candidate constraint is said to mature into a
constraint upon successfully passing further validation testing.

Common ways in which candidate constraints emerge are as follows:

1. Candidate constraints are obvious to the modeler can be substantiated based on
the evidences collected.

2.  Congtraints that emerge due to personal belief systems of the domain experts
can be substantiated based on interview notes or the evidence collected.

3.  Congtraints that emerge from characteristic functions (e.g., height of atable) and
can be substantiated by the data collected.

4.  Candidate constraints that are suspected by the modeler but which cannot be

supported by the evidence collected so far can be hypothesized and later
substantiated (or unsubstantiated) through additional evidence collection.
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For each candidate constraint identified, the following information will be recorded
on a candidate constraint specification form:

1. Candidate Constraint |D#

2. Constraint statement

3. Constraint description.
4.  Context ID#(s) (Context(s) in which the constraint holds)
5. Arguments of the candidate constraint

6. System or object(s) that maintain(s) the constraint
7. Constraint violation consequences

8.  List of supporting evidence.

Mode Four: Validate and Refine Constraints

Candidate constraints must undergo a validation process to ensure that they are in fact
constraints. The validation process can be divided into two parts, both of which should are
applied to promote candidate constraints to the constraint pool. The first element of
validation is characterized by analysts attempting to substantiate candidate constraints using
collected evidence, interview notes, and direct observations collected by the team. The
second element of validation involves engaging domain experts in challenging the candidate
constraints that remain. Throughout the validation process, candidate constraints and
constraints alike undergo a refinement process wherein derivative versions of constraint
statements are proposed and tested, pool datais extended, and more in-depth
characterizations are devel oped.

Substantiate Candidate Constraints

Once candidate constraints have been hypothesized, analysts will attempt to
substantiate their hypotheses. In effect, analysts set out to prove to themselves that they have
actually discovered constraints. Substantiating candidate constraints involves testing them
against example instances of contexts to determine whether the relations thought to be
constraining arein fact maintained. Any one of the following situations may arise while
attempting to substantiate candidate constraints:

1. Thecandidate constraint is substantiated.

2. Thecandidate constraint is accepted after refining the proposed characterization
of the context(s) in which the constraint holds.

3. The candidate constraint can be substantiated with slight modification.
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4.  Both candidate constraint and the context(s) in which it holds undergo slight
modification to support substantiation.

5.  Thehypothesis of a candidate constraint is found to be unsubstantiated.

When discrepancies surface, analysts may simply need to refine their characterization
of the holding contexts to establish the validity of the constraint given the currently available
evidence. Alternatively, they may need to refine their characterization of the candidate
constraint.

Either situation generally involves the need for additional data. A number of
approaches are available for collecting additional information. Approaches that can be
considered include:

1.  Conducting follow-up interviews to answer questions and/or identify additional
evidence.

2. Arranging for direct observation of the situation(s) included in the scope of the
effort.

3. Revisiting source material with anew focus of analysis.
4.  Conducting facilitated workshops.

The approach or combination of approaches used will be determined by both the
nature of the information needed and the purpose for which IDEF9 is being used. Any
additional data collection activity will involve making appropriate updates to previously
collected data (e.g., updating the evidence log).

Candidate constraints having undergone this step in the analysis are migrated to an
intermediate classification as either substantiated and unsubstantiated.

Challenge candidate constraints

Both substantiated and unsubstantiated candidate constraints are subject to domain
expert review and validation. Thus, domain experts challenge the analyst’s conclusions. If
the constraint discovery team has been successful in collecting a strong body of evidence to
justify its hypothesis, there is high probability that substantiated candidate constraints will be
promoted to the status of a constraint. On occasion, unsubstantiated constraints will also be
supported by new evidence provided by the domain expert at this stage of the process. The
various steps involved in the validation of a constraint are:

1. Theconstraint discovery team provides domain experts with alist of
substantiated and unsubstantiated candidate constraints together with the
supporting evidence for their hypothesis.

2. Theconstraint discovery team interacts with domain experts to obtain and
record feedback.



3. Theconstraint discovery team analyzes feedback obtained from the domain
experts.

4.  The constraint discovery team refines validated constraints and their associated
context descriptions based on the acquired feedback.

Refine constraints

Refinement is a process of filtering, improving, and adding value to a product. The
process of constraint discovery isitself arefinement process. Hence, refining constraintsis
an ongoing activity that occurs throughout the constraint discovery effort. Treating this
activity as one of prominence, however, allows more focused attention on what isinvolved in
the refinement of constraints. More precisely, the constraints themselves are not refined.
Rather, the characterization of those constraintsisrefined. The resulting characterizations
obviate the true value of having engaged in the constraint discovery processin the first place.
The extent of refinement is largely determined by the purpose of the project, athough
companies interested in maintaining libraries of constraints will want to adopt standards for
the information to be managed about business constraints. Among the items aiding in afull
characterization of the discovered constraints, if not completed during analysis, are the
following:

1. Identify correlations between contexts and business constraints that hold in
those contexts. Contexts can be classified using any number of classification
schemes. It is often most useful, however, to classify contexts based on the
degree to which they share constraints.

2. ldentify correlations between business constraints and the system(s) or object(s)
responsible for maintaining the constraints. Because business constraints are
defined as relations that are maintained or enforced in a given context, it should
be obvious that it isimportant to identify the object(s) responsible for
maintaining business constraints. Knowledge of the object(s) that maintain
constraints is useful in helping identify and resolve resource contention
problems, determining the impact of absent individuals, systems, and processes,
and exploring aternative mechanisms to maintain adesired constraint.

3. Document the motivation(s) for the business constraint. The motivation of a
constraint characterizes the justifications, intuitions, assumptions, and
judgments giving rise to its existence. Among the assumptions that should be
captured are the presumed consequences of the constraint not being in place.
The elimination or reversal of any of these elements will help to identify those
constraints that no longer need to be maintained.

4. ldentify correlations between business constraints and organization goals and
objectives. Both positive and negative correlations can be established between
business constraints and the goals and objectives of the organization for a given
context. Alternative contexts are likely to reveal different correlations than
those for another context. However, the task of identifying these correlations

35



may be used to prioritize constraints of the system, provided the purpose of the
project calls for leveraging constraint knowledge in this manner. Correlations
between business constraints and goals enable downstream analysis of the
impact of constraints on organization goals in addition to providing support for
sengitivity, cause-effect, and influence analyses. Prioritization of constraints can
also be performed for a given business situation.

5. Document correlations between constraints, performance measures, and effects.
Performance measures are among the most obvious evidence of candidate
business constraints. Performance measures often serve to drive behavior
patterns within the company, at timesin ways that were not previously
anticipated or desired. When undesirable effects surface, it is often valuable to
revisit both the performance measures chosen and the constraints maintained to
provide management visibility on those performance measures.

6. Correlate observed effects (intended and unintended) and symptoms with
business constraints. Cause-effect chains can be established by linking
constraint interrel ationships across contexts. Documenting the effects of a
constraint helps establish these correlations.

7. Further classify constraints using classification schemesthat are likely to
provide the greatest downstream value to the organization. Severa potentially
useful classification schemes are presented in the Basic Concepts section.

I DEF9 language design resear ch and development

The method language design process

The method language design process is highly iterative and experimental in nature.
Unlike procedure development—where a set of heuristics and techniques representative of
existing practice can be identified, merged, and refined—Ilanguage designers rarely encounter
well-developed graphical display or textual information capture mechanisms. When
potentially reusable language structures can be found, they are often poorly defined or only
partially suited to the needs of the method.

Critical to the design of amethod language is clearly establishing the purpose and
scope of the method. The purpose of the method establishes what needs the method must
address. This, inturn, isused to determine the expressive power required of the supporting
language. The scope of the method establishes the range and depth of coverage which must
also be established before one can design an appropriate language design strategy. Scope
determination also involves deciding what cognitive activities will be supported through the
process of method application. For example, language design can be confined to only display
the final results of method application (asin providing IDEF9 with graphical and textual
language facilities that capture the logic and structure of constraints). Alternatively, there
may be a need for in-process language support facilitating information collection and
analysis. In those situations, specific language constructs may be designed to help method
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practitioners organize, classify, and represent information that will later be synthesized into
additional representation structures intended for display.

With this foundation, language designers begin the process of deciding what needs to
be expressed in the language and how it should be expressed. Language design can begin by
developing atextual language capable of representing the full range of information to be
addressed. Graphical language structures designed to display select portions of the textual
language can then be developed. Alternatively, graphical language structures may evolve
prior to, or in parallel with, the development of the textual language. The sequence of these
activities largely depends on the degree of understanding of the language requirements held
among language developers. These may become clear only after several iterations of both
graphical and textual language design.

Graphical language design begins by identifying a preliminary set of schematics and
the purpose or goals of each in terms of where and how they will support the method
application process. For each schematic, the central item of focusis determined. For
example, in experimenting with alternative graphical language designs for IDEF9, a Context
Schematic was envisioned as a mechanism to efficiently classify the varying environmental
contexts in which constraints may apply. The central focus of this schematic was the context.
After deciding on the central focus for the schematic, any additional information that should
be captured or conveyed needs to be identified. Other concepts or relations to be included in
the schematic are then identified.

At this point, two sets of graphical symbols have been explored. The primary focus
has been on the information that should be displayed in a given schematic to achieve the
goals of the schematic. Thisiswhere the language designer must determine which items
identified for possible inclusion in the schematic are amenabl e to graphical representation
and will serveto keep the user focused on the desired information content. With this general
understanding, previously developed graphical language structures are explored to identify
potential reuse opportunities. For example, while exploring candidate graphical language
designs for IDEF9, awide range of diagrams both from within the IDEF family and without
were identified and explored.

Quite often, even some of the central concepts of a method will have no graphical
language element in the method. For example, the IDEF1 Information Modeling method
includes the notion of an entity but has no syntactic e ement for an entity in the graphical
language’. When the language designer decides that a syntactic element should be included
for amethod concept, candidate symbols are designed and eval uated.

Thoughout the graphical language design process, the language designer applies a
number of guiding principlesto assist in developing high quality designs. Among these, the
language designer seeks to avoid overlapping concept classes or poorly defined ones. They
also seek to establish intuitive mechanisms to convey the direction for reading the

7 The IDEF1X Semantic Data Modeling method uses ‘entity’ to describe a different concept than that used in
the IDEF1 Information Modeling method. In IDEF1X, an entity is represented explicitly in the method
language and represents a set of things that share the same set of attributes.
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schematics. For example, schematics may be designed to be read from left to right, ina
bottom-up fashion, or center-out. The potential for clutter or overwhelmingly large amounts
of information on a single schematic is also considered as either condition often makes
reading and understanding the schematic extremely difficult.

Each candidate design is then tested by devel oping awide range of examples
designed to explore the utility of the designs relative to the purpose defined for each
schematic. Initial attempts at method development, and the development of supporting
language structures in particular, are usually complicated. With successive iterations on the
design, unnecessary and unnecessarily complex language structures are eliminated.8

As the graphical language design approaches alevel of maturity, attention turns again
to the textual language. The purposes served by textual languages range from providing a
mechanism for expressing information that has explicitly been left out of the graphical
language to providing a mechanism for standard data exchange and automated model
interpretation. Thus, the textual language supporting the method may be simple and
unstructured (in terms of computer interpretability) or it may emerge as a highly structured,
and possibly somewhat complex, language. The purpose of the method largely determines
what level of structure will be required of the textual language.

In addition, as the method language begins to approach some level of maturity,
mathematical formalization techniques are employed to help ensure that the emerging
language has a clear syntax and semantics. Potential ambiguities with the correct
interpretation of a given schematic, the presence of awkward language structures, and other
language streamlining and simplification opportunities are often uncovered by scrutinizing
the method language through the formalization process.

These general activities culminate in alanguage that helps focus user attention on the
important information that needs to be discovered, analyzed, transformed, or communicated
in the course of accomplishing the task for which the method was designed. Both the
procedure and language components of the method also serve to apprentice usersin
developing the necessary skills and attunements required to achieve consistently high quality
results for the targeted task.

Candidate schematic designs explored

A number of candidate schematic types were explored to support the constraint discovery
process. The general questions used to guide the development of candidate schematics are as
follows:

1.  What step(s) of the procedure is a schematic needed or desired?

2. What information (type, amount, etc.) should the schematic convey?

8 Language development activity for an IDEF9 method reached the initial levels of this stage of development
during the 11 CE project. Some of the language designs explored during this process are presented later in the
report.
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5.

How isthe information to be conveyed? What will be the view (perspective)
adopted? What graphical metaphor will be used (hierarchical, spider’ s web,
network, sequential, etc.)

What is the syntax for the graphical language? List the different elementsto be
represented and the graphical symbol used for each element.

What is the semantics of each graphical construct?

In answer to these questions, six candidate schematics have been identified, subject to further
testing and analysis. Among these were the following:

1.

2.

Eal

o

6.

7.

Context schematic

Constraint resource schematic
Constraint-relationship schematic
Constraint effects schematic

Goal schematic

Goal-relationship schematic

Symptom schematic

Each of the candidate schematics explored is described in the following sections.

Context Schematic

Purpose: The purpose for this schematic isto help users (1) establish and incrementally
refine the scope of a constraint discovery effort, (2) display the constraints that hold in a
given situation, and (3) rapidly identify shared constraints among distinguished contexts.

Viewpoint: Context-centered

Procedur e component(s) supported:

Mode Zero, Establish project context
Mode Two, Collect and analyze evidence
Mode Three, Hypothesi ze candidate constraints

Mode Four, Validate and refine constraints

Graphical metaphor: Hierarchical

Candidate syntax:
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Context box

<Context_|D>

<Context Labe >

<Constraint_ID>
<Constraint_ID>
<Constraint_ID>
<Constraint_ID>

Link
—_—
subsumes
Figure8
Candidate syntax for the context schematic
Example:
x| Y
<Context Label> <Context Label>
Cl c4
c2 [
v\_w
z W]
<Context Label> <Context Label>
c3 C6
Y
v
<Context Label>
c7

Figure9
Example context schematic

Candidate semantics:

. A double-line box denotes a context. The box is divided into top and bottom

halves by a separator line with the upper half containing a smaller rectangle
anchored to the top left inside corner of the box.



. A single-headed arrow denotes that the context attached to the tail of the arrow
subsumes the context attached to the head of the arrow. That is, all constraints
that hold in the context attached to the tail of the arrow also hold in the context
attached to the head of the arrow.

Discussion: The example (Figure 9) illustrates five distinguished contexts (V, W, X, Y, and
Z). Each context is uniquely distinguished by a context identifier and provided with a
descriptive label. A more detailed description of the context would be included in an
elaboration form supporting the schematic. Although the central focus of this schematicis
the context, graphical depiction of the anatomy of the context (i.e., the facts, objects, and
relations that collectively define the context) was found to be unnecessary and possibly
burdensome. The primary purpose for the schematic is to organize constraints in terms of the
situationsin which they hold. Thus, the only information deemed necessary to display about
the context was that needed to distinguish one context from another. Asindicated by the
example above, constraints C1 and C2 are listed in the context box identified as X. The
arrow leading from context X to context Y isto show that context Y is a subcontext of
context X. That is, all that wastruein X isalsotrueinY plus possibly more constraints.
Contexts can be merged to form new contexts as is shown by context W, a combination of
context X and context Z. Note that this processis strictly additive. That is, new constraints
are always added to the contexts as you move down the schematic. Y ou can not remove
constraints as you move down the schematic.

I ssues:

. Is there one way of expressing the label for a context that is somehow better than
others? Adverbial phrases (e.g., [being] at the construction site, working on government
contracts?) “When...?’

. When the list of constraint identifiers grows long, is this an indication that one needs
to further refine the context and thus break things up into more manageable pieces?

. What pieces of information do we want to record (and/or display) about the contexts
and their relationships? What are the types of relationships that we can expect between the
concepts? What are the ones that we want to display in the diagram?

Constraint Resource Schematic

Purpose: The purpose of this schematic isto display (1) the system(s) or object(s) that
maintain or enforce the constraint.

Viewpoint: Constraint-centered
Procedur e component(s) supported:
. Mode Two, Collect and analyze evidence

. Mode Three, Hypothesi ze candidate constraints
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. Mode Four, Validate and refine constraints
Graphical metaphor: Hierarchical

Candidate syntax:

Constraint box System Context r eferent

<Condrant nane> <System Name> <Context_ID>
<Context Labe>

<Condrant_ID>

Instance markers

)
[ )

®|ngance name

Links
<labe> <labd> _
isvalid in/context for enforces

Junctions

o] [e] [x]

Figure 10
Candidate syntax for the constraint resour ce schematic

Example: Constraint C15: The Board of Directorsis responsible for representing the
shareholders in ensuring that the allocation of end-of-year profits toward stock value and
dividends maintain an acceptable level of Return on Investment (ROI). Acting on a majority
vote of the Board of Directors, the Comptroller invests profits and/or distributes dividendsto
stockholders.

x ]
C-corporation end of
year close-out

Board of Directors

Dividends
digribution

Comptroller ci5

®Harriet Smith

Figurell
Example constraint resour ce schematic
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Candidate semantics:
. A double-lined box denotes areference to a context.

. A round-cornered box denotes a particular constraint whose unique identifier is
located in the lower left-hand corner and whose label isin the upper left hand
corner. Thelabel isameaningful name given to the constraint.

. A rectangle denotes a system (object or collection of objects). Instance markers
may be included in the lower left-hand corner of the system rectangle. When no
instance marker is present, the system rectangl e represents the object kind
indicated by the system label. An open instance marker indicates that all
instances of the object kind areinvolved. A filled instance marker without a
name indicates that any one instance of the object kind isinvolved. A filled
instance marker with a name represents the specific named instance that is
involved.

. As a convenience, the logic symbols could be omitted when the semanticsis
equivalent to an &-junction.

Note: All links have alabel and should have an associated elaboration form that describes,
for example, how a constraint is enforced by a system, object, or instance.

Constraint-relationship schematic

Purpose: The purpose of this diagram isto display existential dependency, part-of, and user-
defined relationships among constraints.

Viewpoint: Relationship-centered
Procedure component(s) supported:

. Mode Two, Collect and analyze evidence

. Mode Four, Validate and refine constraints
Graphical metaphor: Hierarchical

Candidate syntax:



Constraint box

Context referent

<Congrant name> M
<Context Labe>
<Congrant _ID>
Links
<labd >y _ _<Iabﬁ,|>_ _
irrplria isvalid in/context for user-defined
<labe >/ <label> o
depends-on-exigentially is-part-of
Figure 12
Candidate syntax for the constraint relationship schematic
Example:
Y
Sate University MS program

Sudentsin theMS
program must turnin a
thesis.
Cl

Student must submit Sudent must pay Student must filea N

threecopies of thess binding fee. thesis proposa tothe

tothesis derk. graduate office.

C4 Y,
/a/ \\ L6
Thesismust be prnlet] { Thesis format must
on blue linepaper. follow guidelines.
Figure 13
Example constraint relationship schematic
Candidate semantics:



. A double-lined box denotes areference to a context.

. A round-cornered box denotes a particular constraint whose unique identifier is
located in the lower left-hand corner and whose label isin the upper left hand

corner. Thelabel isameaningful name given to the constraint.

Discussion: Theideafor the diagram is to use the high level relation (depends-on) as the
main focus. The analyst can specialize these relations using different symbols. Finally, other

relations (user-defined) are marked with another symbol.

Issues: All links should have labels and elaboration forms associated with them. The
elaboration forms define the nature of the relationship in detail. Animportant

characterization of the relation may be the essential/non-essential property.

Constraint Effects Schematic

Purpose: To display the object(s) and system(s) affected by a constraint.

Viewpoint: Constraint-centered

Procedur e component(s) supported:

. Mode Two, Collect and analyze evidence

. Mode Three, Hypothesi ze candidate constraints

. Mode Four, Validate and refine constraints

Graphical metaphor: Spider web

Candidate syntax:

Constraint box Yystem Context r eferent
<Condrant name> <System Name> <Context_ID>
<Context Label>
<Congdrant_ID>
Instancemarkers
o
°
®|ngance name
Links
<labe> <labe> _ _<label>
isvalid in/contextfor ~_ Producesan _ producesan
intended effect on unintended effect on
Figure 14

Candidate syntax for the constraint effects schematic

Example:



v

Purchasing material

L1

Materid Center (MC)

Economic order M echanic

quantity purchasing

Maintenance department Purchasing Department

IFigFigure 15

Example constraint effects schematic
Candidate semantics:
. A double-lined box denotes areference to a context.

. A round-cornered box denotes a particular constraint whose unique identifier is
located in the lower left-hand corner and whose label isin the upper left hand
corner. Thelabel isameaningful name given to the constraint.

. A rectangle denotes a system (object or collection of objects). Instance markers
may be included in the lower left-hand corner of the system rectangle. When no
instance marker is present, the system rectangl e represents the object kind
indicated by the system label. An open instance marker indicates that all
instances of the object kind areinvolved. A filled instance marker without a
name indicates that any one instance of the object kind isinvolved. A filled
instance marker with a name represents the specific named instance that is
involved.

Goal schematic

Purpose: The purpose of this diagram is to show the relationship between constraints and
individual goals. It may also be used to display the relative impact of each constraint with
respect to the goal of interest and in particular the “prioritization” of constraints with respect
to the system’s goals. The constraints are ordered from top to bottom in “priority” (the
highest priority being at the top). The constraints having a negative effect on the goal are
displayed on the | eft of the goal, while the constraints having a positive effect on the goal are
displayed on the right.

Viewpoint: Goal-centered

Procedur e component(s) supported:
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. Mode Two, Collect and analyze evidence

. Mode Three, Hypothesi ze candidate constraints

. Mode Four, Validate and refine constraints

Graphical metaphor: Spider/Hierarchical

Candidate syntax:

Constraint box

<Condrant name>

<Condrant_ID>

Links

O

Goal

<God name>

negatively affects

OF

positively & fects

Example:

Figure 16
Candidate syntax for the goal schematic

<constraint name>

c7

<constraint name>

]

<constraint name>

i

Maximize
© throughput ©

<constrant name>

c2

<constrant name>

C25

<constrant name>

c4

or

<Constraint_| D>
<Constraint_| D>
<Constraint_| D>
<Constraint_| D>
<Constraint_| D>
<Constraint_| D>
<Constraint_| D>

Maximize
© throughput O

<Constraint_| D>|
<Constraint_| D>
<Constraint_| D>
<Constraint_| D>|
<Constraint_| D>
<Constraint_| D>|
<Constraint_| D>|

Candidate semantics:

Figure 17
Example goal schematic
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. An oval denotes agoal where the goal isidentified by the goal name.

. A rectangle denotes a system (object or collection of objects). Instance markers
may be included in the lower |eft-hand corner of the system rectangle. When no
instance marker is present, the system rectangl e represents the object kind
indicated by the system label. An open instance marker indicates that all
instances of the object kind areinvolved. A filled instance marker without a
name indicates that any one instance of the object kind isinvolved. A filled
instance marker with a name represents the specific named instance that is
involved.

. For any given pair of constraints on alink, the constraint positioned above the
other has a stronger affect.

Discussion: An alternative mechanism for correlating constraints with goalsis through the
use of a matrix-based metaphor, such as used in Quality Function Deployment diagrams.
Both strong and weak positive and negative correlations could be displayed between all goals
and all constraints rather than centered on a single goal, as with the schematic above.

Goal relationship schematic

Purpose: The purpose of this diagram isto show the relationships (subsumption, conflicts,
etc.) between goals.

Viewpoint: Goal-centered
Procedur e component(s) supported:
. Mode Two, Collect and analyze evidence
. Mode Four, Validate and refine constraints
Graphical metaphor: Hierarchical
Candidate syntax: To be developed.
Example: None.
Candidate semantics:. Not applicable.
Discussion: A number of relationships between goals can be considered. Among these are
isvalid in/context for, depends-on-existentially, implies, is-part-of, and so forth. The concept
of a performance measure may also be needed in the schematic (perhaps as alist of metric

names in the goal object).

Issues: To be determined.



Symptom schematic

Purpose: Assist with tracing the underlying cause of symptoms to the lack of an enabling
constraint or to the existence of alimiting constraint.

Viewpoint: Symptom-centered
Procedure component(s) supported:
. Mode Two, Collect and analyze evidence
. Mode Three, Hypothesi ze candidate constraints
. Mode Four, Validate and refine constraints
Graphical metaphor: Spider

Candidate syntax:

Symptom (undesir abl e effect)

Links

J— .
causes

Figure 18
Candidate syntax for the symptom schematic

Example:

Work priorities to atan Excessin-process
shop efficiencies inventory
-

Reactive inventory Long cycetime
management
Too many jobs hot
liged

L ack of inventory
control

Frequent schedule
changes

Lack of capecity
planning

Customer changes
order

Figure 19
Example symptom schematic

Candidate semantics:
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A half-oval denotes a symptom or negative effect that is distinguished by its
labdl.

An*“inclusive or” condition isimplied at any point where arrow heads or tails
converge. In other words, either one, a combination, or al of the symptoms
stand in the relation “causes/is caused by” when multiple arrows originate from
or terminate at a symptom symbol.

Discussion: A symptom is defined as an indication or sign (e.g., change in normal function,
sensation, or appearance) indicating aproblem. A problem isdefined as a source of trouble
or annoyance. To one domain expert, another’ s problem is the cause of another problem. To
another individual, the same problem will be recognized as merely a symptom of another
problem. Thus, the way negative effects are described (i.e., as the cause, problem, or effect)
depends on the viewpoint taken. The actual root cause(s) of negative effects (or positive
effects) can be very elusive. Symptoms and causality relationships among symptoms, on the
other hand, are relatively easy for domain experts to recognize. For thisreason, the
schematic above has been named the symptom schematic.

I ssues:

Given an inclusive-or semantics on the relation causes/is caused by in the above
schematic, additional information will need to be captured on a supporting
elaboration form. Thiswould help make the relations explicit, provided that
information was available. An alternative might be to explore the introduction
of new graphical symbols to display additional logic on the schematic.

It may be useful to provide a mechanism to classify sets of like symptoms.

An dternative schematic that merits further investigation is the Ishikawa
diagram, also called afishbone or cause-effect diagram, to assist in discovering
the relationship between undesirable effects. Ishikawa diagrams are single
problem-centered (i.e., one problem, symptom, or effect isisolated in the
diagram as the center of focus). The central problem displayed on Ishikawa
diagramsis represented by a “backbone” arrow from which one or more
branches and sub-branches are created to illustrate cause-effect chains
terminating at the backbone. The schematic above allows for either single
effect-centered analysis and data collection or multi-effect analysis.
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SIGNIFICANCE OF THE EFFORT

Among the most significant contributions of the Armstrong Laboratory’s [1CE
program is a characterization of the nature and role of constraints in governing and predicting
behavior among objects and agentsin a system. This contribution is underscored by the
observation that most domain experts need to “unlearn” an association between constraint
and something negative. The mgjority of constraints, in fact, are necessary and enabling.

The IDEF9 method helps to promote awareness of both the enabling and limiting aspects of
constraints in an organizational context.

Building upon this foundation, the need for a method promoting a systematic
approach to business constraint discovery was established. The work that followed has
produced a prototype procedure and graphical language that is uniquely suited to the task.
Together, these components establish an explicit process for recognizing, collecting,
documenting, and validating business constraints.

Among the central features of the procedure is the provision for identifying type
problems typical of business systems (See Table 1). The procedure itself was also designed
to help avoid analogous problems in IDEF9 method application. A unigque validation
procedure was devel oped wherein analysts first hypothesize candidate constraints and then
attempt to substantiate them by generating or collecting supporting data. Thisis followed by
a step wherein domain experts challenge the conclusions of the analyst. The challenge step
helps to ensure that candidate constraints promoted to the status of constraint arrive there
with the full participation and consensus of domain experts.

Explorations into alternative language designs uncovered a number of promising
schematics, each with a unique focus supporting both constraint discovery and downstream
reuse of constraint information. One of the most interesting of these is the Context
Schematic. The overall simplicity of this schematic in representing the context in which a
constraint holds underscores the observation that alanguage is best judged not by what can
be expressed but by what is explicitly not expressed. The structure of a context in terms of
the objects, facts, and relations comprising the context could have easily overwhelmed the
design of this schematic. Inits design, the context schematic permits successive levels of
detailing that in turn allow the analyst or domain expert to describe the context at an
appropriate level of granularity. This design also permits focus on the relationship between
the constraints and the context(s) in which it holds rather than placing an inordinate emphasis
on the context itself. Additional schematics provide visualizations for other relationships of
interest. For example, the Constraint Effects Schematic illustrates the relationship between
constraints and affected objects in terms of intended and unintended effects. Existential
dependency relations among constraints are displayed in the Constraint Relationship
Schematic permitting rapid identification of outdated or unnecessary constraints. The Goal
Schematic provides a mechanism to establish the relationship between constraints and
organization goals and for prioritizing their relative impact. The Symptom Schematic assists
in identifying cause-effect chains among problematic symptoms in the organization that can
ultimately lead to the discovery of constraints among objects and agents within the system.
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Collectively, these developments provide a sound foundation for future devel opment.
Additional development, testing, and refinement will be needed, however. The following
section outlines some potential areas for future development, both within the IDEF9 method

and in terms of spin-off work that can provide additional capabilities to leverage constraint
information.
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POTENTIAL AREASFOR FUTURE WORK

A number of promising areas for additional work were identified during the devel opment of
the IDEF9 method. Several of these are listed below together with a brief description of the
benefits to be gained by pursuing further development along these lines.

1.

Method refinement. A number of areas within the prototype method merit
further development and testing. Among these are expansions to the techniques
supporting the IDEF9 method procedure, further development of graphical
language el ements, the incorporation of elaboration forms and data collection
sheets, the development of a computational language of expression (elaboration
language) and so forth. Specific provisions were made to ensure ease of
integration with other methods (particularly with the IDEF5 method), however,
amore in-depth treatment of this aspect of IDEF9 merits consideration. Each of
IDEF9' s design elements also needs to be tested, both in a highly controlled
setting and in a production environment where unanticipated misuse or other
problems can be detected and resolved. A wide range of test situationsis
recommended to maximize the robustness of the method.

Application framework development. Methods are, by design, highly task or
skill oriented. Their true value is demonstrated mainly through their application
in the context of projects involving the use of many skills and tasks coordinated
to satisfy some goal or objective. Constraint discovery isan implicit first step
for strategic planning, BPR, TQM, and a number of similar improvement
strategies. Thereis aneed, however, to establish exactly how constraint
discovery activity and the constraint information collected can be integrated into
the process.

Argument validity checking. Most decision-making is based not on quantitative
data (e.g., bottom-line cost) but on qualitative judgments. Arguments for or
against some proposed decision establish a case for action, one of whose
supporting elements may be a business case. The relative merits of one decision
over another, however, islargely determined by the validity of the argument
posed to support the decision. Arguments are themselves composed of achain
of premises and conclusions that eventually lead to the final conclusion. Further
investigation could be made to provide the IDEF9 method with techniques
specifically enabling decision-makers to assess the validity of a proposed
argument.

Mechanisms to alocate costs for enforcing constraints. Activity Based Costing
(ABC) has been successfully applied as a mechanism for allocating costs to
organization functions and for determining the appropriate cost of doing
business [Kaplan 88]. The basic mechanism underlying the ABC approach isto
identify how resources are used by activities to accumulate costs. The activity
costs are then traced to the products and services generated by the activities. In
asimilar fashion, it would be useful to explore using asimilar approach to
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allocate costs to constraints since they involve the use of resourcesin their
maintenance or enforcement. Such mechanisms would provide additional
decision support for determining when the cost of a constraint exceedsits value
and when it merits additional emphasis.

Methods and tools to design constraints. The design or redesign of constraints
isapotential research topic in which a number of promising areas can be
explored. The purpose of such efforts would be to assist with change
management through more effective, proactive constraint management.
Methods and tools are needed to support the design of constraints such that
intended effects are maximized and unintended effects are minimized, systems
designed to enforce constraints are appropriately configured, constraints are
“flagged” whenever changes in the environment precipitate the need to
reevaluate the need for a constraint, and so on.

Constraint categorization schemes. The mental exercise of classifying
constraints has been shown to assist both in constraint discovery and
downstream reuse of constraint information. Further research is needed,
however, to explore alternative constraint taxonomies and their use in analyzing
candidate constraints, checking for appropriate coverage in constraint discovery
effort, and in identifying opportunities for improvement. The product of such
effort would be a set of constraint taxonomies and techniques for using the
taxonomies to support varied analyses.

Tools to capture, display, and maintain constraint information. The success of
any method depends heavily on the existence of automated tools. This fact has
always been true and is likely to continue to be so in the forseeable future.
Automated tools not only assist practitionersin the application of a method but
provide arapid and reliable means for sharing, storing, and reusing information.

Libraries of constraints. On-line repositories of business constraints made
available through the information superhighway would provide business

owners, strategic and tactical planners, and systems devel opers with a powerful
mechanism for exploring new ways of doing business and for expanding into
new areas of business. The goals of dual-use conversion, agility, and similar
initiatives depend on the ability to expose the current constraints under which
the business operates and the constraints under which world-class systemsin a
given industry sector operate. With thisvisibility, a clear path to leveraging new
areas of opportunity can be established.

Tools and environments for constraint-driven change management. One of the
key problems facing organizations today is not having the ability to understand
the effect of local change on the global enterprise. Many times asmall change
in policy, procedure, or product in one area has adverse effects, not initialy
understood, in other areas. The resulting effect isthen either having to ‘undo’
theinitial change or to have the change ripple through the enterprise in adomino
effect. Either of these effects resultsin an inefficient use of the systems and



human resources within the organization. In organizations today, significant
effort is expended on managing the effects of change, not the management of
changeitself. To reverse thissituation, there is aneed for more visibility of
constraining relationships giving rise to organization behaviors, predictive tools
enabling assessment of the impacts of change, and design tools to assist in the
development of the system of constraints needed to proactively manage change.
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CONCLUSION

Effective change management is greatly facilitated through the discovery and
documentation of business constraints. The change management process begins with
identifying business constraints. The knowledge of what constraints exists and how those
constraints interact is often at best incomplete, digoint, distributed, or completely unknown.
Y et business constraints initiate, enable, govern, and limit the behavior of objects and agents
within the business to accomplish the goals or purposes of the business. The IDEF9 method
was designed to assist in the discovery and analysis of these constraints.

Considerable progress has been made toward the development of a complete and
mature IDEF9. Inits current form, IDEF9 provides a systematic and reliable approach for
business owners, strategic and tactical planners, systems devel opers, project leaders, and
decision-makers to identify and document business constraints. These developments provide
the foundation for future endeavors both to refine and mature the IDEF9 method and to more
effectively leverage the products of IDEF9 application.
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GLOSSARY OF TERMS

Constraint A relationship that is maintained or enforced in agiven
context.
Context A distinguished set of conditions.

Project scope

A delineated set of boundaries for constraint discovery
effort documented in the form of scope statements.

Project purpose

The aim, object, or desired ends for the constraint
discovery effort. The purpose is usually established by 1)
prioritized objective statements for the effort, 2)
statements of needs that the constraint discovery effort
must satisfy, and 3) questions or findings that the client
wants answered.

Evidence

Anindication, sign, or manifestation that supports or
proves the existance of a constraint in a given context.

Relation, relationship

An abstract, general association or connection that holds
between two or more conceptual or physical objects.

Effect(s) of a constraint

Something that inevitably follows an antecedent (as a
cause or agent). Effects are classified asdirect or indirect,
intended or unintended, and desirable or undesirable.

Symptom

Something characteristic or indicitave of a condition
impairing normal functioning.

Process

An ordered sequence of events. In human-designed
systems, the events that constitute a process are designed
and ordered to achieve some desired outcome. A
business process, in particular, is an ordered sequence of
eventsinvolving people, materials, energy, and
equipment, that is designed to achieve a defined business
outcome

System

A systemis defined as a collection of objects standing in
particular relations and exhibiting particular behavior
prescribed by a collection of constraints.

System, business

A collection of objects behaving to perform one or more
business functions under the influence of constraints to
accomplish a particular goal.
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Goal An object or end that the business or system strivesto
achieve.

Constraint, rationale of the | The set of beliefs motivating the establishment and
maintenance of a constraining relationship.

Constraint statement A textual description of the constraining relationship.
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