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Exhibit 2: Resources & Capabilities 

Relevant to Future Modeling of Whole Systems

The following are the panelists’ views to date.  Interested parties are invited to seek clarification at the  IS’07 Panel session (or before then by contacting jring@amug.org).  At the Panel session each Panelist and each Attendee will be asked to designate the top five items on the list. These will inform the post-symposium strategy discovery session.

Categories (Cat) of Resources and Capabilities

A. Principles and Theories 

B. Exemplars and Examples 

C. Demanding Customers, Peers, Personal Best 

D. Facilitators and Disseminators – Academic, Standards Bodies, Societies and Associations, Commercial Staff Development Companies

E. Evolving Knowledge Base regarding modeling Methods, Techniques and Tools

F. Technology Base regarding Thermodynamics, Informatics, Teleonomics, Human System Dynamics, etc.. 

	ID and Title
	Expansion
	Cat

	1.
Emerging attention to system performance gradients 
	Awareness that system emergent characteristics are conditioned by the nature of system interrelationships highlights the importance of explicit and implicit differentials of system parameters, e.g., cents per seat mile, miles per gallon, carbon dioxide/kilowatt hour, suggestions per person year, etc.  Also called marginal return on input.
	A

	2. 
Emerging attention to system integrity envelope 
	Superseding attention to Risk and Risk Management, is concerned with dynamic limits and integrity limits of a system, regardless of the nature or likelihood of threats.  c.f., Goldratt.
	A

	3.
Comprehension of complexity via models
	The OpEMCSS traffic control model is an example of being able to observe a complex adaptive system evolve toward emergence.  Initially, traffic light red-green transitions occur randomly, but after about 10 minutes the traffic agents self-synchronize their behaviors and a definite fractal pattern to the light changes emerges and waiting time in the network minimizes.  Many more such instances of understanding complicated systems will occur as executable models proliferate.
	A

	4.
Attention to semantic unification 
	Systems modeling languages will evolve to ensure both sufficient expressibility and maximum parsimony. Probably a “local language” unique to knowledge production and utilization will occur.  
	A

	5.
Applying technology coefficients and scenarios (e.g. $/pound in orbit, Moore’s Law)
	See #20  
	A

	6.
Object technology thinking 
	Representing system behaviors, entities and interrelationships as objects, each of which have a (specified but editable) variety of interrelations to other objects.
	A

	7.
Models of model-making/operating
	Some kinds of models which are developed on a recurring basis would benefit from models which illustrate: 

a) the model’s relationship to business purpose 

b) a model of the process by which the model is created, 

c) a model of the process by which model operating cases are identified and selected, 

d) models illustrating the relationship between consumption of resources and subject model fidelity and scope
	A

	8.
.Better paradigms for understanding complexity
	xxxxxxxxx  
	A

	9.
Better understanding between coupling in product & process
	xxxxxxxxx  
	A

	10.
Refinements in concept, language, taxonomy, ontology cycle
	xxxxxxxxx  
	A

	11.
Logic is important – not resources.
	xxxxxxxxx  
	A

	12.
Operations analysis should be brought into the Systems Engineering discipline.
	xxxxxxxxx  
	A

	13.
Create high level model definition process  guidelines
	We need a set of procedural guidelines to help assure the above and other issues are addressed. It must be tailorable, clear, and fairly comprehensive. A big job, but it should be done – relates to MBSE as a “standard”?
	A

	14.
Development of general modular modeling tools and interfaces
	A Chinese (one from column A…) menu approach which would permit shaping modeling tool capabilities to the system. Would require strict configuration and interface control, and probably development of middleware. Another big job
	A

	15.
Stronger interaction and interface analysis tools
	While modeling physical aspects of interactions and interfaces is part of most tools, modeling content and the effect of content on system behavior/function needs better quantitative analysis. This is especially true of distributed systems where communications are critical to function.
	A

	16.
Simulations that exhibit emergent behavior 
	Traffic system OpEMCSS model (Traffic.Mox) simulates communication and adaptation of traffic control agents in a traffic grid.  Adaptation of agent control decisions results in a self-synchronization of traffic light timing and emergence.
	B

	17.
Systems Dynamics
	Promotes two important perspectives, a) relevance of time delays to behaviors and b) building models to understand the problem, not to justify hypothesized solutions.
	B

	18.
Interactive Management method, www.jnwarfield.com 
	Warfield’s Work Program of Complexity will become widely used and will be augmented by newer decision methods such as Bayesian Belief Networks. 
	B

	19.
Context sensitive models and simulation tools 
	Supports models of systems that can adapt to context in three ways, by adjusting interrelationship gradients, structure (pattern of interrelationships) and content (entities and relations).
	B

	20.
Pattern languages 
	Ways are being found to create a repository of re-useful system design constructs and to facilitate reuse by designers.  Will greatly reduce cost and error in system designs.  
	B

	21.
Error Detection and Correction in human workgroups
	Techniques for EDAC, such as design reviews, peer reviews and automated design verification will be rediscovered and elevated to workgroup practice. 
	B

	22.
Product design frameworks 
	c.f., DH Brown Assoc. 
	B

	23.
Enterprise Architecture frameworks ala’ Zachman, FEAF, DoDAF, etc.
	Checklists, Frameworks (n-dimensional checklists) and metaphors can prompt completeness of thinking about a situation. 
	B

	24.
Common Lexicon
	a) DoDAF separates operational from system/implementation concepts – this is becoming ingrained into DoD community. 

b) UPDM adds rigor to DoDAF – this facilitates making DoDAF model-based. 

c) SysML provides standardized way of expressing systems concepts, including definition/usage, allocation, parametric analysis, and requirements.
	B

	25.
Plethora of modeling tools & techniques 
	
	B

	26.
Financial success of model based projects (examples?)
	xxxxxxxxx  
	B

	27.
Thermodynamically “motivated” models, relating energy, entropy, and information
	xxxxxxxxx  
	B

	28.
Proliferation of cyberspace (a concept expressed as a network/services model) 
	xxxxxxxxx  
	B

	29.
Proliferation of CGI models in entertainment venues
	xxxxxxxxx  
	B

	30.
Install more computer capability than required.
	xxxxxxxxx  
	B

	31.
Assume continuous communications to the lunar surface.
	xxxxxxxxx  
	B

	32.
Many different flavors of INTEGRATED tools - UML/SysML, math, simulation, visualization
	xxxxxxxxx  
	B

	33.
Management/customer appreciation and willingness to pay early for modeling
	xxxxxxxxx  
	B

	34.
Rule learning classifier systems.
	xxxxxxxxx  
	B

	35.
Evolutionary programming optimization tools t
	Computer-based iterations discover the best tradeoffs rather than humans attempting prescient design. Especially useful in network centric operations where intelligent agents communicate and adapt to achieve self synchronization and the proper emergent behavior.  Example: the Classifier System in OpEMCSS.
	B

	36.
High level consistency and completeness checking – meta-models
	A tool to permit these checks during development could go a long way towards minimizing V & V problems. Currently most modeling tools have only limited self-check capability if any. 
	B

	37.
Modeling tools with adaptive elements – object oriented?
	Help for challenges 7 &  8 above. Some few do exist, but most attempts to model variability of that sort is limited. Possibly develop in conjunction with the modular component approach above.
	B

	38.
Common architecture (HLA); common operating environment?
	Is the approach being taken by DOD for HLA and COE the way to go for future system modeling? In particular, given the increase in distributed systems and distributed decision making, can this give us a usable paradigm? Or do we need to look elsewhere.
	B

	39.
Dee Hock’s advice adapted to Whole Systems Modeling, WSM.
	a) Create a dozen or more examples of new, successful WSM organizations spanning education, government, social services, commerce, the environment, etc. 

b) Develop visual, physical, and dynamic models of a whole systems modeling activity and the evolution of its adoption world-wide. simulations will help people ee how clarity of purpose and principles allow institutions to self-organize, evolve over decades, and link in new patterns for an enduring, constructive WSM community.

c) Develop and disseminate an impeccable intellectual foundation that establishes a common language and metaphors necessary for widespread understanding of WSM concepts.

d) Create a global institution, itself a successful example of a whole system, for the sole purpose of developing, disseminating, and implementing concepts of WSM 

(Birth of the Chaordic Age by Dee Hock, Berrett-Kohler, 1999, pg 295 
	B

	40.
Organizations specializing in whole systems 
	 Businesses, as they move into systems-of-systems development need to have organizations tasked with understanding, describing, and analyzing the environment and the complex interactions of the subsystems.
	C

	41.
Enthusiasm for MBSE 
	Increasing number of practitioners interested in MBSE.  May be more due to dismay with specification-based SE than to a real understanding of MBSE, but an opening, anyway. 
	C

	42.
Emerging attention to the “fuzzy front end” of projects
	See #33. 
	C

	43.
Emerging attention to Whole System Modeling
	Customers, suffering from the unintended consequences of ‘blind spots’ during systems acquisition are wanting a more comprehensive model of the intended system, a unifies model of Problem system, Mission Subsystem, Operational Availability Subsytem, Test Subsystem, Operator Preparation Subsystem, and Production Subsystem.  
	C

	44.
“Brain-Drain” of retiring baby-boomers will force re-usable knowledge capture
	a) key senior technologists are leaving the workplace – especially in mil-aero industry the incentive for retaining knowledge, and doing it quickly, will ramp up dramatically. 

b) opportunity for organized knowledge capture, using business process models. 

c) opportunity for emphasizing focused analysis. 
	C

	45.
Industry emphasis on rapid response, lower cost
	a) opportunity for business shift – selling solutions composed of reused elements, validated in system models. 

b) side industry of consigning, characterizing, validating, and paying for models to be used in larger systems. 
	C

	46.
Acceptance that models represent/contain/document requirements
	xxxxxxxxx  
	C

	47.
INCOSE as focal point for dissemination of knowledge.  
	INCOSE purpose and goals are consistent with the promulgation of MBSE to several thousand practitioners. 
	D

	48.
Facilitation Skills 
	The ability to facilitate exploration of fuzzy situations by contentious stakeholders is becoming known.  Systemists will be chosen for facilitation capability as well as ‘technical’ ability. 
	D

	49.
Brain-drain may accelerate promulgation of MBSE. 
	May reduce the ‘we’ve always done it this way’ thinking and unleash innovation.
	D

	50.
Exposure of SE Modeling in professional organizations (INCOSE, OMG, IEEE) 
	
	D

	51.
Comfort of millennial generation with computer models (via online gaming world of warcraft, call of duty, etc) 
	xxxxxxxxx  
	D

	52.
Ubiquitous low-cost, high-performance computing 
	xxxxxxxxx  
	D

	53.
Engineers cross trained in multiple modeling methods (but not necessarily all)
	xxxxxxxxx  
	D

	54.
Dynamic models (simulations) 
	 Static models cannot predict subtle interactions of systems with a changing environment and among its own subsystems. Without this you cannot design for system success.
	E

	55.
Techniques for using sub-models while modeling interactivity 
	 There are usually detailed subsystem models available, that have been built to support development of a product line. They are too detailed to use directly in a system model, yet their outputs are insufficient. There need to be techniques developed to make use of these models.
	E

	56.
ROI of Whole Systems Modeling
	Understanding the value of a unified model of the whole system and the costs of integrating fragmented models. 
	E

	57.
Integrated scenario generation tools 
	Sonar array system OpEMCSS model (SonarNet.Mox) simulates ship/sub arrival and motion through a sonar array.  Also, models sonar range of detection of acoustic signals.  While many models have been built with flexible and reactive scenarios, I know of no tools to facilitate this.
	E

	58.
Interactive post-processors for interpreting outcomes Chain-of-events analysis tools
	 Interactive post-processors for simulation output need to be developed to follow threads both forward (validate model output) and backward (causal analysis). Currently this is a tedious manual process.
	E

	59.
Emerging attention to Capabilities and Implications 
	Awareness that modeling system Capabilities that will have the desired Effects on system context is a prerequisite to articulating ‘system shall’ statements.  
	E

	60.
Emerging attention to semantic unification and zooming
	Realizing that the language used to describe systems must be sufficient yet parsimonious.  Also that multiple Views of a system model (or the ability to zoom-in and zoom-out semantically) are necessary for both individual comprehension and especially for group consensus. 
	E

	61.
Criteria for computable models (c.f. G. Friedman’s Constraint Theory)
	Modeling and modelers getting beyond ‘cause-effect’ FFBD models to honor the spectrum of questions and might be asked of a model.   
	E

	62.
Methods and tools for ontology development
	OWL is the second generation of ontology design.  Higher level languages and tools will become available for ontology design and fallibility testing. 
	E

	63.
Repository of technology coefficients and scenarios (e.g. Moore’s Law, $ per pound in orbit, )
	A knowledge base of systems parameters will accumulate.
	E

	64.
Models that learn 
	Sonar array, prisoner’s dilemma, gridworld are OpEMCSS models that learn to optimize system behavior.  Genetic programming, SWARM and other computer-based techniques will enable large scale optimization of a system design.
	E

	65.
Incremental modeling and simulation.
	The time to build a model is determined by how long it takes the modelers to understand the problem situation and decide on a model concept.  Extensible modeling language and reuseful constructs greatly reduce modeling time, effort and error
	E

	66.
System Realization courseware 
	The main output of systems engineering, system models, are essentially courseware for the other 95% of the systems realization project staff.  eLearning methods and techniques will inform the design of systems that perform systems engineering. 
	E

	67.
Attention to the Fuzzy front end of projects 
	Highlighting the knowledge generation and decision that is presumed done by the customer in the Acquisition Phase of a system life cycle.  Attention to non-government scenarios is highlighting the importance of SE in market-vetted product life cycles. 
	E

	69.
Awareness to assumptions and their implications
	Techniques for discerning assumptions and examining their unstated implications are appearing and can inform the practice of SE. 
	E

	70.
Ability of systems engineers to express complexity via models
	Navigation of complexity by collaborative modeling in entities, interrelationships among the entities and interrelationships among the interrelaitonships will enable systems practitioners to leverage complexity rather than naively strive to minimize complexity. 
	E

	71.
Ontology development methods and tools
	See #19 
	E

	72.
Context sensitive simulation tools 
	Context-sensitive systems are best described as a collection of interacting concurrent processes.  Action blocks that allow processes to share knowledge and send messages to each other are required.  To do this, each process requires a unique identifier. OpEMCSS. ?????
	E

	73.
Pattern languages 
	See #26 
	E

	74.
System Realization courseware 
	See #28 
	E

	75.
Standard Reference Ontologies for various domains. 
	The next step beyond Checklists, Frameworks (n-dimensional checklists) and metaphors for prompting system synthesis (emergence-enabling composition)
	E

	76.
Faster computers
	There is no doubt that modeling is still constrained by the speed of modern digital processors.  For example, in a typical aircraft hydraulic system model, even after incorporating many simplifications to decrease computation time at the expense of utility, it may take hours to simulate a 1-second event on computers commonly available to engineers.  The number of cases analyzed, and iterations of model structure resulting from learning about model behavior, is limited.
	E

	77.
Model validation database for EDAC
	Due to pressures of time, validation results of models or model components are not stored such that they can be re-used or fully understood by future builders or operators of these same models.  

The creation and maintenance of appropriate databases connecting validation results and models could reduce unnecessary re-validation.
	E

	78.
The previous model
	More often than not, a new model has some precedent which could be a useful baseline from which to start.  If the modeler cannot identify the similar model, or if the similar model lacks appropriate documentation, it may be faster to simply start from a clean sheet.  Completing validation, documentation, and modularization of models and storing that information in a suitable database would enable the modeler to start from a higher baseline.
	E

	79.
Successes of Model Driven approaches is breaking down resistance
	MDA™ has garnered some success for software development. Commercial success of models in software development, reuse and rapid time to market. More DoD programs are using models to capture DoDAF views. A body of knowledge is accumulating for when model driven approaches add value
	E

	80.
Need for knowledge capture (boomer engineers retiring) 
	See #51
	E

	81.
Assume nothing goes wrong.
	xxxxxxxxx  
	E

	82.
Assume only one thing goes wrong.
	xxxxxxxxx  
	E

	83.
Teleonomics
	Worth of performance = value of Accomplishment/cost of Behavior.  Focuses on enabling and motivating humans
	F

	84.
Category theory and practice 
	The mathematical field of category theory will inform ways to classify systems and patterns. 
	F

	85.
Modeling of persons and workgroups (cognitive systems engineering) 
	Prisoner’s dilemma OpEMCSS model (Dilemma.Mox) simulates co-evolutionary discovery by two agents of rules to optimally play the prisoner’s dilemma game.  Model of two agents learning to play Tic Tac Toe is another example of this.  Starkermann’s model of human interaction, the Center for Creative Leaning model of leaning styles and other models of human social dynamics will become available. 
	F
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