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Preface

This document has been prepared and produced by a volunteer group of contributors within the International Council on Systems Engineering (INCOSE): the Intelligent Enterprises Working Group (IEWG) and the Central Arizona Chapter (CAZC).
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Summary

This paper presents the findings of a signature project detailing the Potential Indicators of Intelligent Systems Engineering.  Candidate  indicators are nominated herein for consideration and trial application.  This project was conducted as part of an on-going effort to reveal, through modeling and simulation, the dynamic characteristics of various classes and types of systems engineering efforts.  This project focused on identifying a number of factors that represent intelligent approaches for accomplishing systems engineering.  The factors recommended in this report were discerned by considering systems engineering as an enterprise and by applying INCOSE IEWG ideas about intelligent enterprises to the specifics of a systems engineering enterprise.  In the interest of readability we endeavored to highlight a limited number of factors yet ensure these were sufficient to capture the distinctions between nominal systems engineering practice and the intelligent form of systems engineering as well as to ensure sufficient sensitivity of the simulation.  In addition to informing a modeling and simulation task, this list of Potential Indicators may be useful for determining whether and to what extent any current instances of systems engineering exhibit intelligent behavior and perhaps to gauge the relative level of effectiveness of such instances.

Background

According to its charter, the INCOSE Intelligent Enterprise Working Group (IEWG) investigates the application of systems engineering principles and practices to the initiation and evolution of intelligent enterprises whether they be commercial, government, or not-for-profit.  Similarly, the IEWG investigates ways of making intelligent any enterprise that performs systems engineering.

The INCOSE Central Arizona Chapter (CAZC)  seeks local projects to engage members beyond attendance at chapter meetings.  A project proposal to explore intelligent systems engineering (ISE) was made to members and guests.  The proposal attracted a workgroup of four persons, Bill Austin, Jim Pennington, George Muncaster, and Jack Ring who committed to this project for a period not to exceed 100 days.  The workgroup met in the Phoenix area for two to three hour coordination sessions twice per month and interchanged interim work products via the internet and subgroup meetings.  

Volunteer reviewers included Andy Lindenburgh, Warren Smith, David Ullman, Tyson Browning and Steve Krane. However, the contents of the report remain the responsibility of the co-authors.  We were supported by Alison Boardman with the Elipsis Inc.’
 Process Envisioning Tool (PET) and its view of the content of the EIA 632 standard.  Also, we coordinated with Prof. John Clymer to ensure that the  indicators are described in a way that is consistent with creating a simulation scenario.  

Project Overview:

Project Purpose and Scope:

In light of the limits on team size and the 100 day time constraint of this project, the participants chose to focus on identifying a list of  indicators that could be expected to discriminate an intelligent type of SE enterprise from other types of SE enterprises.  

Project Completion Criteria:

This project will be complete when the 100-day maximum time limit occurs or when a Final Report is available that:

1. Describes our terminology meanings sufficiently for other SE practitioners to understand the report.  

2. Presents a list of candidate indicators and interrelationships among the indicators

3. Provides recommendations for validating the candidate indicators.

4. Informs the modeling and simulation project.

Content and Structure of the Project

The project generated four work products: 

1) Meanings:  Descriptions, sufficiently clear to systems engineering practitioners, of the sense respectively of the terms: enterprise, intelligent enterprise, systems, systems engineering, intelligent systems engineering, effectiveness and value. 

2) Potential Indicators:  A list of intelligent systems engineering (ISE) indicators.

3) A comparison of EIA 632 “Processes for Engineering a System” with the ISE Potential Indicators as a way of testing the acuity of the Potential Indicators; and, 

4) A description of the factors to be included in a simulation of SE intended to enable exploration of the gradients in various classes and types of SE.

The project was self-organized by the workgroup members as to: 1) defining the target scope of exploration as well as the objectives and intended results, 2) defining the tasks and milestones, 3) volunteering for the various artifact development jobs, and 4) agreeing to review status and progress and adjust as necessary.  
Principals and Preferred Emphases

Principals volunteered as follows; Bill Austin, concepts, Jack Ring, discuss/coordinate; Jim Pennington, write; and George Muncaster, review and edit.  Associates included reviewers Warren Smith and Andy Lindenburgh, Central AZ Chapter, Alison Boardman, Elipsis Inc., modeling tools, and John Clymer, CSU Fullerton, simulation tools.  Also, a request was made of Rich Harwell and James Martin to flag any inaccuracies in our interpretation of the EIA632.

Group behavior groundrules; 

The only groundrule formalized by consensus was agreement that the work of this ISE group would not be conducted at INCOSE meetings except for final reviews of the draft report.
Master Schedule

7/22/2003 -- Project kickoff session.  

08/01/2003 – Visit by John Clymer to discuss simulation objectives.

08/22/2003 --Follow-up Group Meeting 

9/22/2003 -- List of Factors and Relationships published to reviewers and associates 

10/01-22/2003 – Report plan and content developed

10/15/2003 -- Deadline for reviewer and associate critique: 

11/01/2003 -- Final Report published

Initial Work Plan

	Meeting
	Homework

	Project planning
	Review EIA 632, PET(632)

Glimpse of Clymer tool and method

Produce notes from Meeting 1, (overall = GM, concept map = JP)

	Q&A materials

Q&A notes from Meeting 1

Clarify What We Mean by System, SE, Enterprise, Intelligent, Factors

Adapt and elaborate plan
	Critique 632, 15288, PET(632) with respect to Factors version 1

	Evolve list of Factors Version 2

Consolidate and update critique

Review “Model-based SE” model
	Critique Model-based SE model

	Consolidate and update Model-based SE model

Review IE model
	Critique IE model

	Consolidate and update IE model critique

Concept Map of Final Report Contents
	Craft Final Report modules

Review respective modules drafts

Determine IP situation

	Review Discrepancy Reports List of draft Final Report
	Resolve DR’s

Resolve IP issues

	Finalize and approve Final Report
	


Project Deliverables

The project work product will consist of a public domain summary report with, if necessary, attachments containing marked IP. The intent of disseminating this report is to continue to stimulate contributions from a wide spectrum of SE practitioners, leading to further refinements of the concepts and methods of Intelligent Systems Engineering.

Project Results

Work Product #1:  Meanings

Enterprise:  By “enterprise” we mean two or more persons applying resources to produce results.
  An enterprise;

· Honors Requests, provides Responses and garners Rewards.  

· Uses artifacts as the value carriers in order to make measurements meaningful.

· Uses a minimum number, here, nine, fundamental processes to Operate (interpret all Requests, commit to and fulfill Responses and earn Rewards) while simultaneously Adapting to situations and Aligning to it context,

· Implements approximately 60 basic relationship classes (aka “action scripts”), 

· Uses and produces more than 150 artifact types, in more than 800 value generation steps.

· These interactions are conducted with variegated stakeholders and with regard to systems and societal principles.  

· According to Peter Drucker, enterprise measures of effectiveness (MOE’s) include Market Standing, Productivity, Innovation and Liquidity. 
Intelligent:  By “intelligent” we mean that the enterprise seeks to maximize its sustainable value not only by operating in response to Requests but also by adapting and aligning to its situation, both external and internal.  In this sense intelligent is not a scalar – it is not analogous to IQ -- but simply exists or not, analogous to Phil Crosby’s meaning of quality.  

An enterprise is considered intelligent when it exhibits the ability; 

1. To sustain sufficient awareness of external and internal situations,

2. To facilitate the ‘Ten C’s’ (connection, communication, convergence, commitment, cooperation, collaboration, combustion, co-celebration, co-learning and co-evolution) among involved personnel in multiple media.

3. To form workgroups of appropriate size as well as mix of knowledge, skills and abilities, the latter including interpersonal styles and learning styles. 

4. To organize work into projects consistent with workgroup abilities and appropriate durations.

5. To self-organize workgroups and work packages into one or more projects that are generated Just In Time (JIT) as guided by process templates or checklists that ensure both necessary and sufficient action.

6. To allocate and schedule resources to projects consistent with commitments and sufficient for fulfillments.

7. To adapt to resource and staffing variances and constraints as necessary while still minimizing cycle time, maximizing Return on Resources and meeting Quality commitments.

8. To align enterprise repertoire, resources and staff competencies with external factors (independent variables).

9. To manage multi-level, temporally overlapping change sequences necessary for adaptation and alignment.

10. To continually seek and maintain the best operating point for the tradeoff between efficiency vs. change proficiency (investing in agility, change proficiency and learning) and the tradeoff between labor vs. technology (investing in physical, information and decision automation).  

An IE consists of a multipartite, goal seeking system.  The first part attends to Rewards goals which the enterprise seeks by Operating.  The second part attends to enterprise effectiveness goals with respect to stakeholder expectation which the enterprise seeks by Adapting to its external and internal operating constraints in a way that maximizes Rewards as well as Opportunities for Future Rewards.  The third part attends to co-alignment of its own enterprise goals with the goals of mutually interdependent enterprises, including applicable principles of systems and society, which the enterprise seeks by Aligning. 

Effectiveness:  Complementary to the concept of intelligent is the concept of “effectiveness”.  The degree to which an enterprise meets typically ever-changing stakeholder expectations is a measure that indicates the effectiveness of intelligent behavior.  Two enterprises, both intelligent, may compete and the one that applies its goal seeking behaviors more vigorously will likely prevail.  Such effectiveness has variously been identified elsewhere as Success, Stakeholder Value, Six Sigma, and Sustainable.

The most effective enterprise demonstrates that it seeks to maximize not only its stream of external rewards but also its ‘freedom to’ rewards -- the latitude to change direction while minimizing its change investment .  We suggest that an intelligent enterprise understands that such trades exist and knows the trade envelope (permissible trade space).  An effective IE sets and achieves goals appropriately.

The archetype for a goal seeking enterprise features:

· A Goal

· Trigger mechanisms that stimulate the system

· Energy (including enthusiasm)

· Competency (enterprise personae, practices, products and principles,)
· Situation Awareness (of gaps between status, goal, and fidelity of the enterprise model to the extant real world)

· Response Ability (to minimize the gaps due to nominal, non-nominal and unknown causes)

A goal seeking enterprise honors inputs including Requests, Resources and Time while experiencing inevitable Disturbances.  A goal seeking enterprise outputs Responses, interim Status Reports and Learning.  The enterprise operates in a context of Culture, Work Climate and Competing Goals.  Its measures of effectiveness are Goal Achievement (c.f., the Drucker set), Sensitivity to Disturbance and Stability Limits.

Note that each of the enterprise activity modes, Operate, Adapt and Align uses the goal seeking archetype in which Adapt is nested within Align.  Operate is further nested within Adapt.

System:  By “system” we mean two or more entities with relationships among the entities and among the relationships such that the stimulus <> response behavior is:

A. Determined both by the capabilities of the entities and the nature of the relationships,

B. Not demonstrated by any subset of the system.  Emergent behaviors also stem from internal (autocatalytic) interactions.
Further, “the purpose of a system is what it does” (POSIWID) regardless of the intent of the system designers, and this purpose is itself demonstrated by the actual stimulus <> response behavior.  How well the exhibited behavior meets the demands of the system’s stakeholders is deduced as the system effectiveness. By this interpretation ‘purpose’ becomes the ‘extension’ of a system rather than its ‘intent’  A system cannot have intent.  The closest it can come is 100% coherence among the intents of its members.
Systems Engineering:  By “systems engineering” or SE, we mean, per INCOSE, ‘an interdisciplinary approach and means to enable the realization of successful systems.’
  For the purposes of this project to the Warfield model of Context, Content and Structure we add Behavior.  SE Context consists of the composite demands of all stakeholders plus the environment afforded by any organizational culture, work climate and competing goals.  For the purposes of this project the content of SE is described by the process requirements set forth in EIA 632 “Processes for Engineering a System,”
 a listing of which, from [Martin], is:


[image: image1]
Table 1:  SE Content per EIA 632
The content of SE was further elucidated by a PET view of EIA 632 which highlights the SE artifacts and their interrelationships.  This view of EIA 632 can be seen at http://www.elipsis.com/EIA/models.html.  We note that the artifact view promoted by PET is important because artifacts are treated as the exchange medium for transmitting value to the stakeholders, thus triggering rewards.  

Value:  The “value” of SE is demonstrated by its contribution to an overall project in two aspects.  First, value of SE to system realization [associates on the project], which is delivered by: 1) models of the solution system and the expected solution system effectiveness (impact on the problem system), 2) an ontology of and for the problem system and solution system being designed and 3) converging creativity to closure with respect to requisite variety and parsimony
.  Second, value of SE to its sponsors, which value is composed of; minimizing (or avoiding);  1) cycle time and 2) cost, while 3) Maximizing return on resources.  

The importance of considering the value of SE, as contrasted to simply the content or functions of SE, highlights the relevance of the reach and span of SE.  

In this context, “reach” refers to the extent of a system value cycle to which SE attends as illustrated in Figure 1.  Note that the value cycle contains more considerations than does the system life cycle as described in ISO/IEC 15288 and other current SE literature.  
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Figure 1:  Reach of SE

As described in “Discovering The Value of Systems Engineering” by J. Ring, INCOSE 2000 Conference Proceedings, the purview of systems creation starts at the perception of need within a community situation and proceeds (counter clockwise) until a system has been in operation sufficiently long for its effects on the initial situation to be quantified.  This indicates the “Reach” of SE.  The “Value” of SE leads to the IDEA of systems.  

· Identification of the system causing the unwanted situation in the first place (Mode 1).  

· Ideation of the Problem Suppression System (PSS and subsequent Design and Architecture of the PSS (Mode 2).

· Engineering of the system is accomplished in Mode 3 to the satisfaction of the Operational Readiness Criteria. 

· Adoption of the PSS by the users and the Adaptation of the system to the operational situation that it causes is the remaining added value of SE.  Also included is the value of the PSS added by amelioration of the original situation.  

· A Learning cycle should be active  in every systems project.  In such a learning cycle, the system is characterized and the SE Body of Knowledge is updated with any resulting knowledge claims.
This perspective indicates that there is more to systems engineering than simply engineering.

Again in Figure 1 (and reading counterclockwise from the top of the ellipse), when SE addresses the whole system value cycle from Community Situation  through Value of System Quantified, the stakeholder(s) are more likely to realize maximum value from the SE effort.  In the absence of such synoptic SE scope, the installed system may demonstrate unintended adverse consequences that may be more costly in practice than the original problem.  

From this perspective, “span” refers to the portion of the whole system which SE addresses, as illustrated in Figure 2.  


[image: image3.emf]11/30/2003 jring@amug.org 23

System Value Management Span

Problem

Suppression

System

Problem

Suppression

System

Operational 

Availability System

Operational 

Availability System

Production Sys

Production Sys

Operator

Preparation

System

Operator

Preparation

System

Test System(s)*

Test System(s)*

*

Lab, integration, acceptance, production, readiness, confidence

Designs

Is produced by

System

Value

Management

Enterprise


Figure 2.  Span of SE

In addition to the Reach of SE as required by a Value Cycle view, the SE of Intelligent Enterprises requires a Whole-System view, as well.  Figure 2 indicates the Span of a Whole-System view by the System Realization Enterprise (of which ISE is a part).  This means that a Whole-System view includes five major subsystems, indicated by the boxes in the figure, that should be created concurrently.  
Of course, one need not “do SE” this way, but if one enterprise does not and a competitor does, the first enterprise will be at a significant disadvantage:  The competitor will possess as much as a 30% cost advantage, a 40% Cycle Time advantage, and a 50% Return on Resources advantage.  The competitor thus is likely able to grow, and profitably, about twice as fast as the first enterprise.  In ISE context, the message is:

“If you are not willing to undertake the whole job, don’t even start.”
For example, when a given SE project considers and addresses the five subsystems as a whole (vs.  five disjoint SE efforts, each staffed by different practitioners), then the total cost of SE may be reduced by 50%-80% when compared to a delivered system costing two to five times the possible minimum cost).  


Note that an activity which accepts and encompasses the synoptic concepts of “reach” and “span” described above and which further can effectively manage the structure and behavior of an SE activity might better be called Systems Management and thus be perceived as the complement of Project Management.]


Potential Indicators:  By “Potential indicators” we mean the external and internal attributes of an SE activity viewed as a system in active operation.  In other words, what the ISE enterprise incumbents must Know, Do, and Be.

Work Product #2:  Indicators of Intelligent Systems Engineering

A systems engineering activity may be considered intelligent when it exhibits all of the nine characteristics listed in this section.  Note that although each of these characteristics is further exemplified or bounded by subordinate bullets, the bullets are not the indicators.  Only the nine numbered indicators designate intelligent behavior.  As is the case for IE, ISE should demonstrate greater or lesser effectiveness depending on how well it achieves each of the nine characteristics.  An enterprise not intelligent can score far over on the negative side of the effectiveness scale.
1. Ability to perceive and model the SE activity as (in the context of) an enterprise and the enterprise as (in the context of) a system;

· By SE practitioners,

· By Project Managers and Sponsors,

· By Enterprise Managers who establish culture, work climate and SE infrastructure.

2. Ability to perceive, model and manage an SE project as a human activity that, although guided, programmed, and aided with automation, remains largely human, especially in the many ways its decision activities can err without being detected.

· By SE practitioners

· By Project Managers and Sponsors

· By Enterprise Managers 

3. Requisite Variety and Clarity of the SE Mission and Value Proposition.

· System of SE activities and decisions consistent with the degree of uncertainty and instability inherent in the problem system.

· Focus on pursuit of Reward (impact of SE effort), as contrasted to conformance to a priori process requirements, standards or plans 

· Utilizes and produces artifacts whose value can be quantified.

4. 
5. 
6. Establishment of  Goals (for Operation, Adaptation, and Alignment) which are:

· Traceable to stakeholder(s) preferences and value gradients. 

· Coherent with associates’ goals and practices,

· Necessary and sufficient (conform to applicable principles of systems and society).

· Allocated to SE work packages and tasks as necessary

7. Situation Awareness 

· Plans, builds and uses a model of ISE, customized to the system project.

· Apprehends and understands the situation in an adequate, accurate and timely manner:

· Assessment of technological readiness, e.g.:

· Informatics

· Thermodynamics

· Teleonomics 
· Valuable as well as Toxic by-products of the activity

· Enterprise Capabilities

· Competing Goals

· Enthusiasm

· Current and anticipated status of goal achievement

· Current and anticipated status of changes in all factors.

· Situation Assessment reflects (for each task) adequate:

· Input (bandwidth, latency, meme expanse, etc.)

· Interpretation (state, status, progress, sufficient, surprise)

· Knowledge Claim formulation

· Output

· Builds and maintains records of its configuration and decisions.  The enterprise has enabled a complete and synchronous measurement picture of its activity and results through the records of its business process execution.

· Comprehensive and accurate source information.

· Time and timing consistency.

· Adequate current representation of the progress of the activity.

· All in the context of its enterprise models and goals.
· Quantifies gaps or shortfalls with respect to; 
· Measures of Effectiveness and 

· Expectations of Effectiveness levels

6. Agility

· Possesses sufficient Requisite Variety with respect to all of;
· Semantic variety and levels of abstractions in the problem system
· Semantic variety and levels of abstractions in the solution concept
· Scalability required by the volume of work to be done.
· Degree of change to be honored during project.

· Involves SE’ing the ISE enterprise in view of the work to be done on any given project.  The ISE to be done is context‑dependent, thus not able to be specified in advance. 

· Enabled by a framework and modular architecture instantiated in the information automation infrastructure, the semantic infrastructure, and the personnel infrastructure according to the principles for design of agile systems.  
· Informed and guided by a priori process designs but executes as self-orchestrating projects.
· The information system matches the process, does not usurp it.

· Generating and interpreting information in multiple media.
· Using composite data structures, not flat relational records.
7. Change Proficiency

· Cellular/Heterarchical (non-hierarchical as in network or lattice) relationships exist among its entities. .  
· Synchronicity/Orchestration enables members to connect, communicate, converge, commit, cooperate, collaborate, combust, co-celebrate, co-learn and co-evolve.

· Knowledge Claim Production and Utilization is actively supported and managed

· Decision Flow <controls> Workflow <controls> Data Flow

· Each information system is synchronized with a business process:

· Direct correlation of information system job execution with the business process model.

· Business process execution is driven by, tracked by, and recorded by the information system.

· Sustains sufficient relationships with Associates (Metcalf’s Law)

· The Activity Improves its own Body of Knowledge.

· The Activity Improves its own Design Rules and Agents.

· Facilitates control of changes to SE context, content, structure and behavior, by:

· Revision control methods and tracking information

· Audit trails and notation

· Process for approval and promotion of change

· The ability to revert (undo in a timely fashion changes which demonstrate unanticipated adverse consequences. 
8. Performance (Elaboration, Decision, and Error Detection and Control (EDAC)

· Seeks sufficient effectiveness as perceived by all stakeholders.  Includes seeking the best balance across opposed views and for educing stakeholders into higher coherency of views.

· Fosters sufficient emergent behavior by the downstream system realization cadre which designs, develops, produces, tests, trains, and performs in-service engineering, as well as logistics, etc.

· Produces and utilizes knowledge claims regarding systems, systems engineering and intelligent systems engineering. 

· 
· Seeks to minimize the number of SE practitioners involved by using an infrastructure that affords a high level of language in the [Halstead] sense of language level.

· Fosters and operates via goals and goal setting (provided, negotiated, emerging)

· Avoids commitments to Requests that invoke unacceptable risk of garnering sufficient Rewards. (Lanchester’s Law)

· Harmonizes and integrates technologies effectively

· Fulfills and/or renegotiates commitments with stakeholders sufficiently in advance of their execution.
· Exhibits sufficient parsimony 

· Uses an Ontology as the agreed constraint on term use for all Enterprise Information. 
· Has information system integrated (one fact one place) from start to end of the process and with other system realization processes. 
· Adapts its own behavior, structure and content to staff and resource situations.

· Diligently resolves deficiencies in and polarities among participant mental models to avoid skewed, poorly framed, or poorly considered decisions (e.g.: Groupthink, Clanthink, Spreadthink, etc.).

· Aligns:

· Target results with goals.

· Demands with process, with target results.

· One information system with one complete process.

· With enterprise architectures and standards.

· 
· Orchestrates the adaptation to preclude conflicts or ‘reboots’

9. 
10. 
11. 
12. 
13. 
14. Proceeds at the pace of opportunity ---

Work Product #3:  Notes on Evaluation of EIA 632A with respect to the Indicators: 

The following observations reflect a review of EIA 632 with respect to ISE concepts.  The observations do not necessarily reflect a 1‑to‑1 relationship with the Potential Indicators listed in the previous section.  The Comparison Matrix in the following section indicates how well these observations relate to the foregoing Potential Indicators.  That is, EIA 632:

1. Emphasizes the ‘Artifact – Activity – Artifact’ triad which rigor is consistent with value‑oriented SE.  However, the PET model view reveals some discrepancies in this regard.
2. Is purposefully limited to process requirements.  The structure and behavior of SE are not addressed in EIA 632.

3. Does not address cycle time, return on resources, quality or other behavioral requirements which we maintain an ISE activity must honor

4. Does not consider, address, posit or manage the scope (Reach) or extent (Span) of a SE effort with respect to project cycle time, cost and Return on Resources, nor to System Operational Effectiveness and Life Cycle Cost of Ownership. We also maintain an ISE activity must honor these  indicators.

5. Is ambiguous as to whether the stated requirements address an Engineering activity that only models a system, or a Production activity that actually materializes a system or concerned itself with the Operational Results of a deployed system.

6. Does not identify process requirements for arriving at Stakeholder Requirements.

7. Assumes Product Supply without regard to processes for ascertaining availability of required product. This may seriously minimize its utility in new product development applications.

8. Is ambiguous regarding the practical role of a Systems Engineering Management Plan (SEMP), and specifically does not address conditions for triggering a SEMP, (e.g. one shot SEMP prior to the SE project start vs. after X% of the SE project is done vs. adapting the SEMP (whenever conditions indicate) vs. aligning the SEMP whenever situations change).

9. Provides for incremental design but does not provide for a Convergence Method and Termination Rule to assure that design decisions will converge.

10. Provides for Risk Analysis but does not call for doing anything with the findings (such as producing Risk-factored plans).

11.  Does not use Acceptance of the system as the focus of all work.

12. Does not explicitly acknowledge POSIWID, thereby providing the framework for determining and adapting systems effectiveness in the actual operational environment. 

13. Does not acknowledge the cardinality of Tradeoff(s), i.e. the design of a tradeoffs scenario.

14. Does not provide for Learning 

a. about problems, 

b. about “solutions” 

c. about SE

15. Uses the concept of ‘Layers.’ Layers, in fact, may make the system model more complicated than the system being modeled.

16. Seeks to identify the work products from each process, but does not verify that the set is consistent with the flow of information needed for the decisions indicated by the trade scenarios and risk-factored SEMP.  There is no explicit provision for focus on the management of decision flow and learning.  (Note: This observation is not intended to diminish the importance of the information focus, but to augment its effectiveness by introducing variables that have stronger relationships to sustaining success of the SE enterprise.)

17. Does not provide for linking process effectiveness with performance outcomes. That is, there is no provision, for example, for performing “failure modes and effects analysis” analysis/assessment of the SE process(es) concurrent with performance of the processes.  (This appears especially important for suppressing or correcting inadequate support conditions [e.g., managerial, supply, etc.] within an SE effort/enterprise.

18. Required Process Repertoire contains redundant elements and ones that are not apparently necessary.  



IE, ISE, EIA 632 Comparison Matrix

Table 2 compares the indicators of IE and ISE with the observations about EIA 632 above.  To keep this comparison matrix table from becoming unwieldy, short form descriptors are used in the first two columns.  Column 3 includes only the number of the item listed in Work Product #3.  A plus sign indicates that EIA 632 calls for the indicated capability. A negative sign indicates that EIA 632 does not satisfy the indicator, contrary to its own purpose statement.  An unsigned number means that EIA 632 does not address the indicator.  

	IE Criteria

Ref: WP #1
	ISE Potential Indicators

Ref: WP #2
	EIA 632 Comparison

Ref WP#3

	Requests, Responses and Rewards.  
	Mission and Value Proposition (3)

Performance (8)
	-2, -3, -5, -6, -10, -11, -12, 

-14



	Artifact‑based
	Situation Awareness (5)
	+1, -15

	Minimum # of processes to Operate Adapt Align
	Agility (6)
	2, 6, -7, 

	Implements relationships 
	Agility (6)

Change Proficiency (7)
	1, -2

	Honors stakeholders and principles
	Goals (4)
	-2, -3

	MOE’s include Market Standing, Productivity, Innovation and Liquidity
	Goals (4)
	-2, -3

	Situation awareness 
	Situation Awareness (5)
	-3, -7, -8, -9, -12, -13, 

	Ten C’s in multimedia
	Agility (6)
	-2

	Workgroup composition. 
	SE as human activity (2)
	-2, -3, 

	Work package composition.
	SE ≈ enterprise ≈ system (1)
	-4

	Projects composition
	
	-16, -17, 

	Resource Allocation/Scheduling.
	Goals (4)

Performance (8)
	-8, -10,

	Adapting to actual constraints.
	Change Proficiency (7)


	-8, -10,

	Aligning t context and removing constraints.
	Change Proficiency (7) 

At the pace of opportunity (9)
	-4, -11

	Evolutionary Maximization.
	SE ≈ enterprise ≈ system (1)

Performance (8)
	-9, -17, 

	Efficiency vs. Innovation setpoint.
	Goals (4)
	-17, -18, 

	Labor vs. Technology setpoint
	Goals (4)
	-17, 

	
	
	


Table 2 – IE, ISE, EIA 632 Comparison Matrix

Work Product #4:  Recommended Concept of Operations for ISE Simulator Capabilities

A parameterized model and scenario-driven simulation capability is required to adequately explore the effectiveness of various types of SE as engaged in various system engineering situations.  

We envision active use of such simulation capability to examine the effects of the following SE factors:

1. Artifact library growth factor.  An indicator of the Quantity of Work Product produced throughout an SE project.  Uses an expansion ratio parameter to reflect classes of projects such as Precedented (e.g. 100X), Expeditionary (e.g. 500X) or Exploratory (e.g. 2000X).  A representative listing of work products to be included in the Requirements includes:
 
a. Problem Statement (aka Requirements), 

b. CONOPS, 

c. System Design Description, (includes analysis findings, trade studies, alternative hypothesis evaluations, verifications)

i. Mission Subsystem Design Description

ii. Operational Availability Subsystem Design Description

iii. Test System Subsystem Design Description

iv. Operator Preparation Subsystem Design Description

v. Production and Deployment Subsystem Design Description

d. Component Specifications (fan-out parameter)

e. Integration Test Checkpoints (fan-in steps parameter)

f. Change Requests (% of Quantity)

g. Discrepancy Reports (% of Quantity)

h. Revisions to Work Products (% of Change Requests and Discrepancy Reports)

2. System variety and ambiguity (aka “bolts to belly buttons” ratio) reflecting the diversity as well as the indeterminacy of systems containing humans as interacting operational elements.

3. SE Effectiveness Coefficient(s?)

a. Staffing buildup rate

b. Expertise

c. Tooling

d. Error Insertion Rate

e. Error Detection (acuity)

f. Error Correction (latency) characteristic

4. SE Staffing Policy

a. Workgroup size

b. Workgroup interpersonal style

c. Workgroup learning style

5. Integrity Recovery Policy (fixes in series or parallel with on-going work, e.g. waterfall, spiral, incremental, goal seeking, intelligent)

6. System Effectiveness Risk and Mitigation factors

7. System Parsimony and Complexity factors

8. Complexity Navigation factor (an SE toolsuite sufficiency measure)

9. Process relations scheme

10. Project Duration effects (gradients of cycle time vs. staffing vs. error insertion rate)

Note 1: 
The above draws on the model described in “Measures for Excellence” by Lawrence Putnam and Ware Myers, Yourdon Press, 1992.

Note 2:  
As a follow-on study the above may be restated to reflect the CoSysMo factors once they are described.  

Note 3:  
Ideally the model can be arranged to support not only a single project simulation but also a “resource capacity simulation” to investigate how many successful SE projects can be done with a SE workforce of size X.

Conclusions

The project completion criteria have been met.

· The terminology used herein is meaningful to SE practitioners.

· A list of candidate indicators (and interrelationships) are recommended.

· Recommendations for validating the indicators have been made.

· The modeling and simulation project has been informed.

The Potential indicators nominated herein have not yet been demonstrated to meet the tests of “Necessity” and “Sufficiency”, thus must be used with caution.

The Potential indicators nominated herein have not yet proven useful in informing modeling and simulation of SE.  A trial application and evaluation project must be accomplished.  

Intelligent Systems Engineering is a misnomer because the activity and especially the mental models necessarily consist of more than engineering.  A  better label for this whole system effort may be System Management because that term encompasses the whole system cycle. Thus, Identifying, Designing/Architecting, Engineering, Adapting and Learning across the whole system value cycle to seek maximum parsimony (better, faster, cheaper)are required to be addressed by ISE and these knowledge disciplines are rarely practiced or applied by project SE staff today.

The Potential Indicators workgroup included a diversity of personal styles.  This highlighted the potential utility of reaching early consensus on group norms in order to avoid productivity loss and foreshortening of innovative ideas.

Recommendations for Future Work

1. A review, critique and update of this report by an expanded, but bounded, set of typical SE practitioners should be solicited.  Candidate reviewers include the IEWG members, the CAZC members and other volunteers.

2. Recommended Potential Indicators should be scrutinized in real world trial projects which can be adequately simulated in advance of application.

3. Recommended Potential Indicators should also be scrutinized by application to other prescriptions regarding SE, including ISO/IEC 15288, the INCOSE SE Handbook, and Project Management/System Management guidelines.

4. Interested parties should facilitate the use of Potential Indicators in the on-going ISE modeling and simulation project.

5. Recommended Potential Indicators should be used to analyze and assess INCOSE SE Principles, 
6. Recommended Potential Indicators should be used to analyze and assess CMMI™ and determine degrees of correlation of ISE effectiveness with CMMI™ [SE behavior] Levels.
7. 
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� � HYPERLINK "mailto:gmuncaster@systemsynergies.com" ��gmuncaster@systemsynergies.com� 


� � HYPERLINK "mailto:jack@jackring.com" ��jack@jackring.com� 


� � HYPERLINK "mailto:penn47@cox.net" ��penn47@cox.net� 


� � HYPERLINK "mailto:wbaustin@worldnet.att.net" ��wbaustin@worldnet.att.net� 


� www.elipsis.com


� c.f.: � HYPERLINK "http://www.incose.org/iewg/knowledge.htm" ��www.incose.org/iewg/knowledge.htm� “Introduction to IEWG.”


� In the process control industry this is called Evolutionary Optimization.


�  Other characterizations of an enterprise exist that are referenced not to Expectations, but only to patterns of activity.  These include Maturity Level, Excellence, Baldridge Score, and Emotional Quotient. 


� Note that by SE we mean the active performance of SE on a project.  We do not mean SE organizations per se, as these collections of practitioners include those who may not be actively engaged in a project.  An SE organization is best thought of as an enabling infrastructure for SE with the added proviso that the enablement may demonstrate a negative, as well as a positive, influence on project outcomes.


� Note that EIA 632 addresses process only and does not purport to model the whole of SE, let alone ISE.





� Avoidance of complexity; that is, the simplest is preferred to the more complex and the system consuming the least energy is preferred to one that consumes more.


� An exhaustive list of artifacts involved in larger scale SE projects exceeds 100.
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