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Scope of Inquiry

As many as 1,000,000 systems practitioners, regardless of title, domain of endeavor, or global location, are measured by a) the worth of the models they produce as compared to b) the cost and cycle time of producing the models. Model worth stems from adequate, accurate and timely elucidation of the salient facets of the whole system throughout its value cycle to the degree of confidence needed by the system realization personnel (development, test, etc.) and by those stakeholders who sponsor the system effort. Also included in model worth are the ease of use and clarity of communication factors. 

The cost and cycle time(s) incidental to producing a model include the costs of the modeling activity (including stakeholder participation) and of the modeling infrastructure/tooling. Cycle times include not only the initial modeling episode but the several model elaborations and calibrations that are accomplished throughout the system development phases and throughout the operational life of the system being represented by the model.  

Although the preparation and use of sketches, mockups, breadboards, prototypes, and other forms of models have been used for centuries, current systems engineering standards and courseware have focused on specifications as the main method of knowledge production, transfer and utilization. Increasingly, the specification-based way of initializing and evolving systems is proving unsatisfactory. Approximately two decades ago specification-based practitioners and their sponsors encountered the turbulence of failed projects. Meanwhile the problem space continued to increase in scope, variety, and ambiguity. Also, Sponsors are demanding better, faster, cheaper solutions and are less tolerant of shortfalls than ever before. For many systems practitioners, especially those serving markets, litigation looms large. 

Practitioners face significant challenges in maximizing model worth while minimizing cost and time of modeling. There are no known methods and tools suitable for whole systems modeling across the variety of domains that depend on systems practitioners for viable solutions to vexing and even wicked problems. This situation frames the locus of discourse of this Panel/Workshop. 

Context of Modeling Whole Systems

Those accountable for meeting the challenge of maximizing model worth while minimizing cost and time of modeling lack sufficient clarity regarding the nature of the challenge. This situation portends the inability to think beyond current doctrine, resources and technologies and to fall victim to any ‘silver bullet’ syndrome that comes along.
  

The well known Law of Requisite Variety http://pespmc1.vub.ac.be/REQVAR.html  indicates that specialization is not the answer. A threat model/specification, that is separate from a functional model/specification, that is separate from a reliability model/specification, in parallel with a separate logistics model/specification, etc., simply does not work, even after great efforts to create a modeling and simulation infrastructure for interoperability of all the specialized models and specifications. Likewise, standard modeling frameworks and model infrastructures is not responsive to the dynamics of the Sponsor-place. A holistic approach to rapid composition is indicated. And a holistic approach is less expensive and higher quality, especially if a high percentage of existing assets can be reused. Beyond models that describe the behavior of a whole system are models that describe the maximization of systems effectiveness by seeking the best pattern of system gradients, structure and content with respect to the context of the system being modeled.  

Practitioners need a strategy that enables agile melding of multiple discipline views and multiple technologies. Further, systems practitioners need insight into the formulation of the strategy in order to commit to its implementation. Before committing to a strategy they will want to determine that appropriate consideration was given to,

1. the spectrum of sponsor problem situations to which they may have to respond.

2. the methods, tools and techniques required to produce necessary and sufficient models.

3. the assurance that a system model produced will consider and balance the economic, social and technological needs and constraints.

4. the spectrum of personnel required.

5. the ways in which such personnel can be acquired or developed.

6. the likelihood of being able to respond to the levels of productivity and innovation that will be discovered continuously,

7. the implementability of the strategy at the pace of opportunity.

A strategy addresses the issue of how obstacles to success can be overcome, precluded or bypassed by specific resources or capabilities, especially if deployed and used in synergistically. Prior to strategy comes the clear, objective assessment of challenges/impediments on the one hand and resources/capabilities on the other.  

Triggering Question #1

What Challenges/Impediments and Resources/Capabilities must be considered in formulating a strategy for whole-system modeling for the future spectrum of societal needs?
Major Outcome Sought

An articulation of the factors in tension, ordered by relative influence, that will influence a viable strategy. 

Intended Usage of the Information

This information generated by this project will be provided to a second project , probably concurrent with IW08, that will address Triggering Question #2, What strategy will enable the creation of sufficient whole-system models for the future spectrum of societal needs?. 

Background

This section is intended to prompt thinking and discussion, not to bound participant views.

Very few systems appear spontaneously. Most systems are sponsored. Systems are sponsored to suppress or dissolve the tension between stakeholders and (their) problematic situation. A sponsored system is best seen and treated as an intervention system. Such system is measured by how well it intervenes, the collateral effects it causes and the cost (money, material, manpower, and misery) of stewardship. 

Systems modeling must encompass the three body problem of Stakeholder(s), Problematic Situation and Intervention System. We do not model A System. We model The System. One measure of a modeling is the worth of the output (the quality, parsimony and beauty/coherence of the model) and the cost and cycle time of the modeling activity. Model quality depends on the user’s perception of the adequacy, accuracy and timeliness of the model. Model parsimony depends on the absence of factoids not relevant to modelers or model users and on the users ability to navigate and leverage the complexity inherent in using the model. 

Starting approximately two decades ago the scope, variety and ambiguity of problematic situations outpaced the evolution of theories, principles, and practices of systems engineering. Systems project failures abound. Problematic situations are on the increase, the rate of growth compounded by the results of the unintended consequences of previous modeling gone awry. 

Meanwhile, evidence shows that successful large, complex systems are composed of successful small, simple systems. Attempts to create large, complex systems in a single-shot project typically prove futile. This indicates that modeling interventions of large, complex problematic situations and stakeholder communities must be done by modeling the interactions of several small, simple systems.  

Similarly encouraging evidence indicates that new thinking, approaches, and principles, as well as intellectual, informational and interpersonal aids can significantly accelerate the ability to respond the increasing scope, variety and ambiguity of The System while leveraging complexity. 

Approximately 60,000 people strive to perform systems engineering as currently standardized, documented, taught and enforced according to such artifacts as ISO/IEC 15288, ANSI/NDIA 632, and the INCOSE SE Handbook v.2. Approximately 600,000 to 2,000,000 people, world-wide, perform similar work even though they don’t call it systems engineering. They adhere to other standards and practices. Likewise, most of these practitioners are employees in or owners of upwards of 100,000 establishments spanning industry, government and academia, the majority of which may be more interested in repeating the past than in inventing the future. 

Although the majority of practitioners may be housed in organizations larger than 500 people, evidence suggests that the larger SE organizations are also the less innovative (size may be the cause of the problem, not a response to the challenge). This suggests
 the possibility that the route to meeting societal needs for more successful systems, faster and cheaper, may be through individual development and motivation rather than through organizational change management. The willingness to be responsible and accountable for adequacy, accuracy and timeliness of models appears to be a very large, fundamental problem.

The situation is much more complicated and virulent than indicated here but the foregoing serves to focus the Triggering Question: 

Usage of Terms 

Strategy:  A strategy specifies the allocation and scheduling of resources intended to overcome impediments to achieving an objective. Strategy is manifest as a relationship schema among a) objectives, b) impediments, c) resources, d) intended effects of resource deployment and e) scenarios of expected achievements, in degree and time, of respective objectives. Once initiated, strategy is adapted as events transpire and situations become clearer. A strategy is adapted by changing timing of resource deployment, interrelation of resources and even extent and kind of resources. 

System: A system consists of entities, relationships among the entities and relationships among the relationships
 such that distinct stimulus-response characteristics emerge that cannot be achieved by any subset of the entities and relationships. Systems exist only when operating, otherwise the emergent characteristics are not observable. The purpose of a system is manifest by the effects of its emergent behavior on its context. In all but trivial systems POSIWID applies, that is, the purpose of a system is what it does, regardless of the intent of the designer(s).
Whole system: Whole-systems thinking actively considers all relevant interconnections between entities and acknowledges that an entity may consist of a system, ad infinitum. In whole systems thinking, solutions are sought that address multiple problems at the same time. Some refer to this as the search for "solution multipliers." Accordingly, system of systems considerations are one instance of whole systems thinking. One aid to whole systems thinking is the holon construct, an entity that is a system and, simultaneously, a subsystem of another system.
  

The whole system scope has three facets. One facet spans the context, content, structure and behavior of any object being modeled. A second facet spans the whole situation, notably: 

a) The Problem System underlying the problematic situation. 

b) The Stakeholder System underlying the angst or motivation for change of the problematic situation.

c) The Intervention System intended to suppress the undesirable characteristics of the Problem system. Intervention system includes five subsystems:

1. Mission subsystem, typically called the system of interest, SOI; 

2. OpAvail subsystem that ensures adequate operational availability of the mission subsystem throughout its operational deployment (includes logistics, the ‘ilities’ the management of actual upgrades to deployed systems, etc.); 

3. OpPrep subsystem that prepares operators of the Mission and OpAvail subsystems; 

4. Production/Construction subsystem that will produce multiple copies or versions of the Mission, OpAvail and OpPrep subsystems sufficient to bring them to operational status in the operational environment;  

5. Test subsystem(s) that tests (unit, subsystem, system, operational readiness, diagnostic, etc.), the Mission, OpAvail, OpPrep and Production subsystems. 

The third facet ensures that the system/subsystems as conceived is Fit For Purpose. Typically, this means that the model must address at least the thermodynamics, informatics, teleonomics, human social dynamics, financial and ecological aspects
 of the situation because the use of the model is to inform the follow-on cadre who will accomplish system development, construction, deployment and operation.

Modeling: Modeling satisfies the branch of systems science called the science of description.
 The first focus is on articulating ‘what is.’ With the intent of parsimoniously revealing situational aspects sufficiently to avoid underconceptualization yet preclude cognitive overload on the part of all involved decision makers. Modeling involves method, rules and tools. Tools are necessary to; a) capture the myriad assertions about the aforementioned systems/subsystems, b) exercise the model with respect to usage scenarios and c) permit comprehensible views of model aspects.  

The second focus of modeling is on prescriptive or ‘to be’ modeling wherein hypotheses regarding appropriate technologies are projected to anticipated system capabilities thus stimulus-response behavior. The completeness and accuracy of such projections determine whether anticipated system value is achieved once the system is used in its operational environment. The systems practitioner applies knowledge, rule, and somewhat inexplicable foresight in formulating these projections. 

It is not presumed that all modeling is performed presciently by humans. In fact, the Run, Break, Fix cycle is used more often in engineering than is conceptual modeling and rational decision. The ability to objectively observe what isn’t happening during tests can be as valuable as the ability to design. Also, modeling may be partly accomplishes by rules-driven, goal-seeking automatons such as software agents. 

Model: A model is a partial representation of an entity, either conceptual, physical or both. Adequacy, accuracy and timeliness are key usage measures. Adequacy includes useability in the Friedman
 sense of being well-posed with respect to the range of questions about which the users need answers. A system model must represent a system --- entities, relationships, and behavior. Wymore
 asserts that six considerations are essential, I/O, Technology, Performance, Cost, Test and Trade-off. Warfield asserts that the main source of error in models stems from humans. Wymore asserts that a three step progression of model content is prudent. 

Quality: (per Phil Crosby) Objective is Conformance (to requirements especially the ‘real’ requirements that make a difference with respect to mission effectiveness). Measured by Price of Non-Conformance™. Goal is Zero defects. Method is Prevention.

Parsimony: Educing sufficient, sustainable understanding by model users at the least cost of time, energy and money. 

Variety: The number of propositions that must be stated about a system, including propositions about the propositions, and the time rate of change of the propositions.

Current State of the Practice

Three basic approaches to systems modeling exist. None produce a whole system model.

One approach represents a system as function-flows mapped to components having specific interfaces. This approach posits entities and relationships but has trouble revealing intended emergent capabilities and effects. In addition, the function-first approach has trouble revealing the expected implications of non-functional requirements. This approach rarely models the three-body situation of Stakeholder, Problematic Situation and Intervention System. 

A second approach recognizes the importance on not modeling “a” system but of modeling “the” system.  Typically, the system represents a three body system as a set of interacting objects.
  In contrast to the function-first approach which parallels procedural programming languages (or vice versa) the interacting-objects approach parallels declarative languages. The interacting objects approach can posit ways of accommodating multiple, overlapping stimulus-response scenarios and achieves parsimony both in model content and in subsequent system content.

A third approach, is typified by the autocatalytic school,
 specifies measures of effectiveness for the system of interest and prepares models of the characteristics of various technologies. These models are reflected in genetic algorithms. Computer power is used to explore millions of tradeoffs per minute during which ‘centered’ system design solutions are discovered and described. This author is not aware of any examples of the autocatalytic modeling/simulation of the three-body situation. 

Panel Value Proposition 

Practitioners actively involved in modeling systems today generally agree that the available languages, methods, and tools do not enable the construction of a unified model of a median system let alone an adequate, accurate and timely model of a large, high-variety system, especially a system in which humans or other indeterminate elements are mutually interactive. Meanwhile, technologies for modeling and simulation are evolving faster than their rate of adoption. This emerging gap indicates a lack of strategy or, worse, lack of commitment and willpower. This panel/experiential workshop is intended to discover a strategy that is equal to the challenges ahead. This means a strategy that is acceptable to systems practitioners as well as one that motivates them to rise to the challenge. The intended outcomes are, To raise practitioner expectations about the next era of system modelling. To engage practitioners in judging the strategic relevance of various issues and options. To increase clarity regarding desirable and undesirable capabilities  of methods, tools and specialists. To initiate an on-going commumity of purposeful practice for continual learning and as the source for promulgation of new practices, world-wide. 

Panelists

The panel/workshop will accommodate 6-20 Panelists from a variety of application domains. Panelists will represent at least three viewpoints; Theorist, Practitioner and Tool Builder. The Panel session will accommodate at least 40 attendees. The Workshop session scheduled for Thursday morning, July 28, will be open to Observers but ‘voting’ will be limited to Panelists. 

Participants identified to date include:

	Moderator

Jack Ring
	Fellow, INCOSE

2001- 2006: Co-chair, Intelligent Enterprises WG

1957-Present: Manager and executive in aerospace, industrial, commercial and consulting corporations. 

	John Clymer, Ph.D.
	Professor, Cal State Fullerton.

jclymer@Exchange.FULLERTON.EDU    714.278.3708

	Terry Bahill, Ph.D.
	Fellow, INCOSE

Univ. of Arizona

terry@sie.arizona.edu    (tbd)

	Ted Blackmon, Ph.D.
	CTO, Commonpoint Inc.

Tblackmon@commonpointinc.com


	Robert Cloutier, Ph.D.
	Stevens Institute of Technology

Robert.Cloutier@Stevens.com    (tbd)

	Ralph Hodgson
	TopQuadrant Inc.

ralph@topquadrant.com    703.960.1028

	Carol Jacoby, Ph.D.
	Jacoby Consulting 

www.jacobyconsulting.com    (562)421-3412

	Steve Krane
	Parker Hannifin Aerospace

Sk57@adelphia.net    949.465.4215

	Ken Lloyd
	Watt Systems Technologies

kalloyd@wattsys.com    (tbd)

	Richard A. Newman
	Human Factors Engineer
Northrop Grumman Ship Systems
r.newman@ngc.com    202-264-7114

	Joel Orr, Ph.D.
	Consultant

joel@joelorr.com

	Claudia Rose
	CEO, BizBees

claudia_rose@bizbees.com 

	Joe Skipper, Ph.D.
	Senior Member Technical Staff

jskipper@jpl.nasa.gov    818.248.2568

	Rick Sorenson
	Consultant

Vitech Corp. 

ricksorensen@att.net     703.883.2270

	Rick Steiner
	Raytheon Corp.

fsteiner@raytheon.com    (tbd)
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� There are several such candidates, especially if “compatibility with software engineering” is presumed necessary.


� As pre-saged by W. Edwards Deming


�  An Introduction to General Systems Thinking, Weinberg, Gerald, Dorset House, Reprinted 2001


�  The Ghost in the Machine, Koestlyer, Arthur, 1967


� See also James Martin’s Seven Samurai paper from INCOSE IS05.


� An Introduction to Systems Science, Warfield, John N., World Scientific Publishers, 2006 


� Model-based Systems Engineering, Wymore, A. Wayne, CRC Press, 1993


� Constraint Theory, Friedman, George, Springer, 2005 


� c.f. Simula and specifically not Object Oriented.


� e.g., Harnessing Complexity:  Organizational Implications of a Scientific Frontier” R. Axelrod and M. Cohen, The Free Press/Simon & Schuster, 1999.  Presents twelve concepts.  The following sentence indicates how twelve key concepts interrelate in the concept of a complex, adaptive system (the numbers in parentheses to indicate the twelve concepts). Agents (1), of a variety (2) of types (3) , use their strategies (4), in patterned interaction (5) across both physical space (6) and conceptual space (7), with each other and with artifacts (8).  Performance Measures (9) on the resulting events drive the selection (10) of agents and/or strategies through processes of error-prone copying (11) and recombination (12), thus changing the frequencies of the types within the system, thereby changing the emergent characteristics of the system and creating a new gap relative to desired performance. 
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