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Introduction

Systems engineering (SE)
 solutions to customers’ problems often defy conventional methods. These methods generally assume that the solution is primarily a system of hardware and software, that requirements are fully understood from the start, that the organization in charge of the system solely controls its development and configuration, and that the external environment can be represented by interface specifications for machine interactions. Such assumptions apply in some circumstances, but they are seldom true for today’s complex problems. Although traditional SE rigor pays dividends across a broader space, SE methods must be augmented if we are to be successful when the underlying assumptions no longer hold. 

Complex Systems Engineering (CSE) deals with the more challenging systems environment where SE’s simplifying assumptions do not necessarily apply. [1] Complementing traditional techniques, CSE embodies the principles of complexity theory and Complex Adaptive Systems (CASs), burgeoning topics [2] that focus on complex systems characteristics and principles and the processes of natural evolution. Mimicking natural evolutionary processes, CSE has the potential to help engineer improved solutions to exasperating systems problems. 

Cross-boundary connections and human-machine intercommunication clearly characterize our modern world. This has two implications for SE. First, people, with all their varied motivations and non-deterministic behaviors, must be added explicitly to the mix of elements that form a “system.” Second, success depends not only on what the organization “in charge” is able to control, but also on the cooperation of (or lack of interference from) others. SE methods therefore must now include techniques that influence rather than control.

This paper presents a Complex Adaptive Systems 
Engineering (CASE)
 methodology. Applicable to any CAS (hereafter referred to as the “System”), CASE’s eight SE activities focus on the System’s people aspects. Its machine aspects (e.g., software, hardware, interfaces) are the subject of conventional SE methodologies documented abundantly elsewhere.

CASE aims to influence not only the System but also the environment in which the System is developed and employed. Its goals are to create conditions that encourage solutions to emerge from interactions among those developing and using the System and to effectively direct, monitor, and re-direct the interactions both among the System’s components and between the System and its environment. Using CASE, we can improve the System by accelerating natural processes while the System is co-evolving [4] with its environment. In doing so, we come to recognize that engineering is done more by intervention than by global analysis and design.

In this paper, CASE is focused on the government acquisition community: System users and operators, acquisition professionals, government sponsors and program managers, portfolio managers and budgeters, Congressional staffers, contractors, suppliers, chief engineers, systems engineers, program directors, project/task leaders, and SE researchers and practitioners throughout government, industry, academia, and Federally Funded Research and Development Centers (FFRDCs). The paper highlights some of these roles in specific CASE activities and uses the air traffic control and management domain (unmistakably a CAS) as a common-thread example to enhance understanding of the interrelationships.

ACQUISITION PROBLEMS AND A BETTER WAY

We hypothesize that most acquisition program failures result more from ineffective interactions of people and inappropriate processes than from technology shortfalls. Supporting evidence is available in documentation concerning specific troubled programs such as those listed in Table 1. Either the cost, or a cost increase/overrun or loss (compared to the Budget column) is listed in the Cost column. Either the schedule or a schedule slippage is listed in the Schedule column. One or both of these factors contribute to program failure. As implied by Table 1 and recognized by others, many major government acquisition programs have failed to meet cost, schedule, and performance expectations because of:

1. Unrealistic, complex, rigid, or unbalanced requirements

2. Insufficient assurance of adequate and stable funding
3. Unrealistic schedules and cost expectations

4. Insufficient systems architecting and SE

5. Unrecognized assumptions

6. Inadequate program planning and risk management
7. Understaffed government program offices

8. Insufficient contractor capability and or experience

9. Award/incentive fees not tied to intended outcomes
Table 1. Problem: Failing Acquisition Programs
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Many believe software is the culprit in most program failures. A CHAOS 2004 report by The Standish Group International, Inc., [19] provides statistics from 1994 through 2004 on the failures/successes, and cost/schedule overruns of software projects in the U.S. Department of Defense (DoD) and the commercial sector. Though some trends have improved—lower failure rates (18%, down from 31%), smaller cost overruns (56%, down from 180%), and smaller schedule overruns (84%, down from 164%)—these data still indicate problems. Not surprisingly, people figure heavily into the factors offered for successful software projects:

1. User involvement

2. Executive management support

3. Clear business objectives

4. Optimizing scope

5. Agile
 process

6. Project manager expertise

7. Financial management

8. Skilled resources

9. Formal methodology

10. Standard tools and infrastructure.      

The acquisition improvements that CASE advocates align with findings in the reports discussed below. (This paper especially relates to the bolded words highlighted by this author.)

In a broad view of DoD acquisition problems, the January 2006 Defense Acquisition—Performance Assessment (DAPA) Report [20] presents the following major findings across the spectrum of acquisition processes:

· Strategic Technology Exploitation—Key U.S. Advantage
· The U.S. Economic And Security Environments Have Changed
· The Acquisition System Must Deal With External Instability
· DoD Management Model Based On Lack Of Trust
· Oversight Is Preferred To Accountability
· Oversight Is Complex—Not Process or Program Focused
· Complex Acquisition Processes Do Not Promote Success—They Increase Cost And Schedule
· Incremental Improvement Applied Solely To The Little “a” Acquisition Process Requires All Processes To Be Stable—They Are Not
The “Change the Culture” section of Department of Defense Business Transformation (Vol. I, 30 September 2005, p. 4) says “the Department requires a culture that embraces change. Both the Military and Civilian workforce must become more agile, responsive, and lean. We must encourage high performance individuals and foster organizations that are
· Quick and responsive

· Attracting and retaining the best qualified employees

· Rewarding of high performers.” 

In Unleashing Change—A Study of Organizational Renewal in Government (Brookings Institution Press, 2005) Steven Kelman says, “You have many people who resist change, but there’s also likely to be an important group who welcomes and even is eager to try to change and improve the organization. The task of a leader is to unleash those people and give them a feeling that if they go ahead and try to make the changes, they won't be shot down.” 
Some well-known techniques of conventional SE, such as working exclusively on a system’s technological pieces and interfaces (i.e., reductionism), are not only insufficient but sometimes counterproductive, especially when programs experience issues like those just listed. Systems engineers (SEs) continually are asked to work in more complex and dynamic environments with fewer situations that can be controlled but with more opportunities for influencing others. Accordingly, SEs need to explore new mindsets and ideas (see “the curse of knowledge” in [21, p. 19]) that further progress for improved capabilities.
A fundamental assumption of this paper is that by practicing CSE, collectively we can do much better in delivering value to System users in the public interest (i.e., in return for tax dollars spent on government acquisitions). The acquisition community is not doing so well:

We’re not getting the outcomes we’re paying for, the weapon systems we are getting cost significantly more than what we contracted for, and they don’t always do what they’re supposed to do. … But for all the criticism leveled at government contracting and all the earnest efforts at reform, the system may not change significantly. The participants, the press, Congress, DOD, contractors and the critics—are not necessarily unhappy with the way it works now. … As long as the way we’re doing these contracts meets the needs of the participants, we’ll continue to do them this way. [22]
Funneling money into certain sectors of the economy through government contracting  which creates and maintains jobs is not enough—CASE is about creating better value by applying taxpayer money to create and field effective and efficient Systems.

CASE ACTIVITIES OVERVIEW

Figure 1 shows the basic CASE activities. Although the arrows indicate a certain order, the activities are meant to be applied continually and iteratively, not according to some strict sequence or linear causal chain.
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Figure 1. Logical Relationships Among CASE Activities
This section briefly describes the purpose of each CASE activity, who might be involved, and how these activities and their constituents might interact with each other.
Activities 1 and 2: Engineer the System’s environment 
Create a Climate for Change (Activity 1) suggests a process wherein advisors (e.g., consultants, complex SEs, and program personnel), try to convince those in charge (e.g., government organizations, executives, and program managers) to shift from the usual mindset of top-down, hierarchical control of “turf” toward one of bottom-up, networked, and cross-boundary influences for innovation and integration. However, like traditional SE, CASE still needs strong executive sponsorship. 
Given that Activity 1 is reasonably successful (or perhaps unnecessary!), government managers and their advisors together Architect a Strategy (Activity 2) by figuring out how to proceed with the most important stakeholders (e.g., a governing body, protagonists, and antagonists) in trying to achieve specific improvements in the System environment.

Activities 3 and 4: Engineer the System itself

In consultation with System users and operators, advisors, and government managers, Target Outcome Spaces (Activity 3) creates and effectively describes desirable outcome spaces and goals so that it’s clear what mission capabilities the System improvements must achieve. These goals (and possibly the potential rewards for achieving them) are shared as widely as possible but particularly with potential contractors and the governing body, if one has been established. Typically these outcome spaces and goals would either affect existing contracts or effect (lead to) new contracts.  

Reward Results (Activity 4) is for motivating, developing, implementing, and recognizing desirable System outcomes. Here the government managers, with help from advisors and oversight by any governing body, decide who among the population of contractors generating System improvements have helped achieve desired outcomes, and allocate and publicize rewards based on the respective degrees of accomplishment, possibly enabled contractually through efforts of Activity 3.  

Activities 5, 6, and 7:  Direct System interactions (exercised in parallel to Activities 3 and 4, at the discretion of managing stakeholders, for example. 

An effort undertaken primarily by advisors to Formulate Decision-Making Heuristics (Activity 5) is about working on practical indicators to help government leaders improve their decision-making abilities as the System and its environment evolve. 

Interventions, primarily from government managers, to Stimulate Natural Processes (Activity 6) are intended to increase interactions among System developers and their environment that accelerate progress in System innovation and integration. 

In Develop in Operational Regimes (Activity 7), contractors, principally, particularly their SEs, work with users and operators to focus the System development on what is needed in the field.

Activity 8: Rinse and repeat
Government managers and their advisors Assess, Learn, and Re-Plan (Activity 8) in preparation for reiterating the CASE process to address, for example, another System issue, the same issue in more depth, or a partially unresolved issue. In other words, the CASE methodology can be viewed as an instantiation of a time-varying life cycle that can form a repeating pattern.  

CASE activities

CASE activities can affect (or be affected by) cross-boundary or overlapping environments and a number of constituent or contributing Systems. CASE has many elements that will promote a new
 and more effective way of doing business in the acquisition community. This section outlines each CASE activity and provides more detail.

Activity 1: Create Climate for Change

The overarching process that CASE embodies is “evolution.” Unlike natural evolution, which is undirected, CASE employs value judgments and selection functions to move the aggregate toward greater achieved operational value. Evolution demands change. Evolution is a process, not a design. It is a framework within which potential solutions to smaller aspects of a problem are tried in competition with other potential solutions. Those with greater value—as measured globally in the system—persist and spread. 

Throughout this paper, CASE promotes change through adaptation—continually emphasizing the big picture to reexamine how a program and its System fit into its enterprise
 and what might be done to make the System more successful. Although the distinction between the System and its environment is blurred sometimes, with CASE, people work both in the environment and inside the System to encourage and harness evolutionary change that will lead to desired outcomes. The challenge is to “manage”—and influence rather than precisely control—this essentially uncontrollable process.

Evolution needs two basic inputs: a means for generating a variety of possible changes and a process for selecting which to adopt. The types of change CASE seeks are those that resist and deemphasize the control mindset, entrenched bureaucracy, and politics, and instead focus on needed results, embrace diversity, encourage collaborative action, and recognize significant achievement that really matters to the public as well as proponents of the System. Nonetheless, it would be naïve to expect controls, bureaucracy, and politics to somehow melt away; they will always remain part of the context to be dealt with and influenced. 

The primary goal of Activity 1 is to elucidate, share, and establish such a mindset within government organizations engaged in systems acquisition. This is akin to making a business case that motivates an organization to change their current approach in order to realize more attractive future benefits than what they are currently projecting. By taking the outlined actions, SEs can play a key role in achieving this state, but success also depends on the government organization’s ability to change. Assessing customers’ readiness can help determine whether they are willing to experiment with self-organization techniques or not. Corporate culture and whether or not the organization tends to be risk averse are considerations.
 In part, we are attempting to reformulating established management concepts to appeal to and be applied by (enterprise) SEs.

In the mid 1990s, the author and others from The MITRE Corporation, which operates an FFRDC—the Center for Advanced Aviation Systems Development (CAASD) that supports the Federal Aviation Administration (FAA)—were involved for several years in an effort to modernize air traffic control (ATC) air-ground communications between pilots and controllers. This example illustrates the essence of Activity 1. A healthy climate for change was already established by the even-then recognized need to provide more capacity in the 25 kHz-wide channels allocated to ATC communication. Air traffic at major airports was expected to increase, and existing communications capacity was predicted to be exhausted within about 7 years around several metropolitan areas, especially New York City. Thus readiness to change was driven by an impending threat. The ensuing RTCA (formerly known as the Radio Technical Commission for Aeronautics) and International Civil Aviation Authority (ICAO) meetings became self-organizing venues. In trying to at least double the communications capacity we collaborated and shared many experiences and learnings in creating a widely acceptable digital waveform. Along the way we thoroughly explored innovation and integration options while considering inter-channel, co-channel, and aircraft co-site radio interference tradeoffs, for example.
Again, Create Climate for Change is more about being willing to deemphasize a top-down control mentality and concentrate on ways to foster, experiment with, and learn to trust in the power of self-organization. This is when constituent individuals or organizations interact to produce solutions that might not otherwise be feasible using traditional approaches such as high-level mandates and methods of hierarchical control. Probably the most obvious example of this would be how the Internet evolved. No one was—or is—in charge. We are skeptical that advisors can—on their own and up front—often suggest particular changes that ultimately improve the chances of System success, especially in the context of the larger enterprises of which the System is part. We believe that such changes are more likely to arise from the collective interactions and ideas of constituents working the problem. So the challenge is to convince leaders to try the complementary CSE approach. For example, instead of looking for a quick fix, consciously adopt strategies that put in place mechanisms that 1) solicit, foster, experiment with, and reward bottom-up innovation; 2) continuously search for, identify and seize upon opportunities for continuous improvement; 3) nurture cross-boundary engagements that enlist support from other stakeholders; and 4) consider ways to adjust policy, funding, and so on to improve environmental conditions that enhance the chances for success.

Realistically, it is helpful to recognize that people need a motivation to change.—usually some form of pain because the existing rewards are not enough to overcome the inertia of not changing. In the private sector, that motivation is often the bottom line. In the government, it’s far more elusive, especially in those agencies that do not deal directly with life and death.

We want to encourage government organizations and leaders to try new techniques to solve their most important problems, especially when past or currently imposed methods do not seem to be working. This goes beyond imposing “Band-Aid” fixes to failing programs and their prevalent cost, schedule, and performance issues. We suggest a more fundamental approach that may have greater potential for addressing root causes of programmatic difficulties, while paying more attention to the higher mission purpose of the System under development. Essentially, this approach asks us to more proactively encourage others, even beyond those engaged directly in managing the program or developing the System, to interact to help create ideas for accomplishing the mission to which the program and System are contributing.   

Before encouraging government organizations and leaders to try this, advisors should prepare background material (survey important opportunities and risks, leverage internal resources and external information, and consider political, operational, economic, and technical factors), assess the possibilities for contributing value-added assistance, and devise a game plan. If a viable initiative can be mounted, advisors can approach government leaders and engage in dialogs about the nature of their Systems and their willingness to try the indirect self-organizing approach described earlier.
 The dialogs can take on many forms and are aimed toward reaching understandings of the following sort.

The development of CAS capabilities like the ones targeted by the programs in Table 1 tends to be an ongoing effort to build an overlaying cross-system capability that involves an ensemble of individual systems. Even if the System is new, it normally is meant to function in a legacy environment. Because complex systems include human beings and human interactions (in our definition), we cannot fully control stakeholder behavior, accurately predict many shaping events, nor successfully pre-specify most outcomes that would satisfy users. Stakeholders have different perspectives [24] and needs. They form community groups (e.g.,, user, operational, broker, acquisition, infrastructure, supplier, and industry, and peer groups), which may have competing agendas. All the groups have potential roles in evolutionary change, that is, in causing the System and its environment to adapt. Stakeholder definition and analysis is a critical step [25] toward determining intersections of common stakeholder interests and identifying potential disruptive dichotomies, both critical for finding ways to encourage trusted relationships across stakeholder groups. This involves establishing value propositions and discriminating factors for each group. Success in this endeavor would be measured by the degree of collaboration and cooperation toward common objectives. 
Governance by an authoritative overseer in the subject leader’s organization, perhaps higher up (e.g., for DoD, a Program Executive Officer, or oversight body such as the Joint Requirements Oversight Council or Joint Review Board), might be useful to help adapt and shape complex processes for positive effect. Other forms of authoritative governance that are not in the leader’s management chain or organization are conceivable and might be explored. For example, the Object Management Group (OMG) is a non-profit organization that oversees the Common Object Request Broker Architecture (CORBA). Similarly, Linus Torvald's UNIX (LINUX) (flavor of UNIX for PCs) is an open software development environment that is “governed” by stewardship oversight. Also, progress in establishing acceptable protocols employed in the Internet is “governed” to some extent by the Internet Engineering Task Force (IETF) through issuing Requests for Changes (RFCs) that either get adopted by the community of users or not. 
Members of the aforementioned community groups should be included as participants. Fundamental policies enabling change and challenging developers to further System effectiveness and efficiency are helpful. This could range from overseers encouraging the vigorous use of flexibility in Federal Acquisition Regulation (FAR)
 to changing regulations (legally), or incentives for government program managers to more directly reward System integration and interoperability efforts that enhance mission capabilities. Such actions would positively influence the environment in which Systems are developed and operated.  

Assuming customers agree to pursue this type of approach, engage stakeholders to discuss the situation, define and analyze the problems, and synthesize potential solutions. Actively listen to what is important to stakeholders, particularly for the System and its environment. A very successful and recommended group discussion process for sustained progress is offered by Knowles [26].
Activity 2: Architect a Strategy

If customers (and, ideally, some other stakeholders
) agree to try a CSE approach to synthesizing solutions (see Activity 1), it is appropriate up front to devise with them a strategy for making this happen. In traditional terms, Activity 2 can be viewed as a trade-off analysis among solution alternatives.  Whereas CASE is intended as an overall strategy for guiding or influencing progress using CSE, Activity 2 architects (designs and structures) a strategy for specific change
 for the System and its environment, hence its name. The architecture guides the overall effort and may not change very much compared to some of the other activities, but the strategy may adapt to accommodate learning about the complex environment (see Activity 8).
The discussion now proceeds to the next level of specificity, compared to Activity 1, in terms of how CSE principles and techniques might be applied to the System and its environment. It includes analyzing the dimensions of the System discussed in Activity 1 from different perspectives and brainstorming ideas for influencing others to shape a healthier and more productive System environment.  The hope is to engender an environment of friendlier policies (i.e., less restrictive or risk-averse policies that encourage exploration and opportunity-seeking initiatives), supportive oversight, and conditions more conducive to self-organization (see Activities 1 and 3). Fitter Systems—those more robust and resilient in the face of unexpected events that tend to slow or halt progress—ideally would result. For example, the air traffic management system responds well to severe weather and still keeps the system operating albeit with delays. 

Who might be enlisted, and who else might be considered adversaries? Consider what programs and organizations are relevant to the System, decide which to include within the current purview, postulate the extent to which the subject government leader’s will want to be involved, and identify what influencing goals are targeted to be achieved, and how. Seek to gain a better understanding of the target System, where it begins and ends in terms of boundaries and what it is trying to achieve, that is, its fundamental unique value (FUV). [27] Sharpen thinking about the desired outcome spaces of mission capabilities (see Activity 3). As answers emerge and the strategy gels, you can concentrate on the more important relationships among the identified organizations and people (e.g., the connectors, movers, and shakers) to gain leverage.

Regarding boundaries, the System may be part of other systems, systems of systems (SoSs), enterprises, or complex systems in either nested or overlapping ways. Even with due diligence, the boundaries of these entities may remain fuzzy. Understanding how boundaries vary from differing stakeholder perspectives and how both might change over time (e.g., with each implemented increment of an upgraded System) is important in determining the degree of control versus influence there is in and surrounding the System.

Consider trying to improve the air transportation system in just one component, say, the communications system between pilots and air traffic controllers. The aforementioned attempt in the 1990s to introduce a fully-digital, integrated voice-data radio capability had only limited success because the System boundary was not inclusive enough. An ICAO waveform standard was achieved [28], but the System was not implemented because of inadequate support: air controllers were reluctant to modify existing procedures, the European ATC association (EUROCONTROL) wanted another round of analog channel splitting, the airlines balked at yet another new radio, and the FAA  was unable to secure congressional funding for the ground radios. Greater success might have been achieved by engaging more closely with all these stakeholders early—treating them as part of the System.

Thus central to strategizing is recognizing that successful System improvements will more likely happen if certain stakeholders buy in and if other stakeholders do not block initiatives. You must first identify the potential supporters and blockers. If a strategy can be devised to build support and remove blockages, progress can be made.

Seek to probe the higher levels of the stakeholder organizational chains to help identify and influence people with clout as potential advocates or champions of proposed System improvements (FUVs) to mandate needed changes. In addition to securing high-level advocacy, identify an authoritative governing body (or bodies)
 and determine in what category of the customer’s control or influence abilities they would reside. If feasible, enlist these governors to remove barriers and interpret or modify existing policies to ease effective System upgrades.

Increasing complexity is a double-edged sword. Attempting to create or upgrade a System without properly gauging the problem or anticipating the challenge’s complexity can lead to failure, particularly if pitfalls that can trap the best intentions go unrecognized (see Activity 5). But complexity theory teaches that a more robust, adaptable, and survivable System can be achieved with requisite variety [29]. This principle guides the development effort by ensuring that enough degrees of freedom and capability exist in each dimension of the problem for dealing with the complexity of the System and its environment.
An insightful overview of one approach to a more precise, accurate, and ultimately quantitative strategic architecture (design and structure) for attempting to engineer the environment of System—such as what we have in mind for operating in complex domains—was offered by researchers at M.I.T.’s Engineering Systems Division (ESD) under the Systems Engineering Advancement Research Initiative (SEARI) led by Donna Rhodes and Adam Ross. [30] Ross’s work has elements of defining and attempting to measure “value robustness” for stakeholders and eventually for quantitative decision-making aids. Their intent was to apply this value-robustness methodology over time for a sequence of different epochs where the context (or situation, e.g., System environment) is assumed to be essentially constant within an epoch but changes from epoch to epoch. The objective is a way to continually improve the perceived outcomes for users, including costs associated with each alternative path that terminates in a given point solution in the outcome space.   

Finally, consider the strategy of employing Real Options [31], a relatively new SE technique for identifying System aspects that are more likely to change and for continually planning to accommodate such changes. This involves some investment to keep options open. The payoff is more flexibility in achieving improved overall value.

Activity 3: Target Outcome Spaces

This activity emphasizes holistic
 solutions that address the stakeholders’ essential mission needs. This balances the normal and understandable human tendency to become enamored with glitzy subsystem technologies that are continually discovered by or foisted on decision makers. Thinking about and elucidating desired outcome spaces as well as contemplating specific attractive goals broadens the potential solution set for System improvements. Also, a larger class of developers might be attracted by stating outcome spaces clearly and in compelling ways so recipients can easily internalize them, and sharing the descriptions as broadly as possible (within classification constraints). 

Target Outcome Spaces is akin to a higher level design activity in more conventional forms of SE. This should increase competition with more innovative offerors
 beyond those that already have an established product or approach for specific outcomes. Further, this should mitigate tendencies to prematurely discourage promising approaches or accept seemingly attractive but short-sighted solutions. In the government acquisition world the latter tendency is aggravated by marketing efforts of vendors and contractors in hawking technologies that entice government officials. Successful complex engineering (circa 2004) of the Air and Space Operations Center [32] can be attributed to rethinking what it takes to achieve longer term benefits, namely, fundamental and longer term infrastructure capabilities that are less exciting than whiz-bang technologies that address more immediate needs. The U.S. Comptroller General, the top official in the Government Accountability Office (GAO) criticized the use of immature technologies in a December 2006 report to Congress: “Without mature technologies at the outset, a program will almost certainly incur cost and schedule problems.” [22]

In contrast, technology does not seem to be the limiting factor in modernizing air transportation in the United States. For example, for air-ground communications VHF Data Link (VDL) Mode 3 radios (of the previously mentioned ICAO standard) and for in-cockpit situational awareness, Automatic Dependent Surveillance - Broadcast (ADS-B) systems represent mature technologies. Other problems involving people, processes, and business tradeoffs have thus far prevented the widespread introduction of these subsystems into the air traffic management system.

Complexity science shows that complex systems often design themselves (self-organize) through the collective actions of their constituents.
 Through this process, more robust systems can result than otherwise would be obtained (again we assert) by trying to manage this process in a controlled, top-down fashion. We claim that appropriate desired outcome space descriptions will result in more successful outcomes in the space.

It is appropriate to express outcome spaces in mostly qualitative
 but compelling ways that can be easily remembered, internalized, and therefore readily applied in people’s daily work. Outcome space slogans like the U.S. Army’s “Own the Night” and Southwest Airlines’ claim to be “The low cost airline” [21] may be insufficient, however. Pithy expressions address the core mission, but for clarity they should be accompanied by several specific goals that define targeted capabilities. In describing an outcome space for network centricity, for example, providing the ability for anyone to tap various infrastructure services with assurance when required, and with a modicum of effort, might obviate network users from having to develop those services on their own. This might challenge potential providers to compete for the privilege of developing and maintaining such ubiquitous services with the motivation of reaping the benefits in serving many users. This assumes sufficient incentives are provided for doing so (see Activity 4).

In formulating outcome space descriptions, think about desired states for the foreseeable future but keep intermediate results in mind. Ask “How can we shape the current environment to better enable the future states?” Manage the evolution of enterprise capabilities by harnessing complexity. [33] This includes shaping interactions among constituents to help manage variety/exploration and selection/exploitation. In network centricity, the principle of loose coupling comes to mind. Focus on simple functions nearly everyone wants: connection through a common networking protocol like the Internet Protocol (IP) or message exchange using a common message format like the eXtensible Markup Language (XML). This lets anyone leverage the power of networks with comparatively little effort.

Create intermediate outcome spaces by working backwards from the desired System state as well as forwards from the present. Continually adapt the outcome space “volume” to be large enough to admit a healthy degree of unanticipated desired outcomes without being as broad as to accept what might be considered previously tried solutions that are known not to work. Again, for network centricity, target full interoperability with a layered (physical, data link, network, message, application, and human brain) architecture.

Activity 4: Reward Results


Activity 4, Reward Results, is the heart of the CASE methodology. This principle represents a significant departure from most current government acquisition practices. 

This activity is about working with stakeholders and a governing body to create incentive/reward (or penalty) structures to motivate developers to realize outcomes within the desired outcome spaces (see Activity 3) rather than the current practice of paying mostly for expended effort or the development of only intermediate results. We hypothesize that by adopting the principle of rewarding only desired results, the government’s losses to failing programs would be much less than the large sunk costs typical of the current acquisition system (see Table 1). An example of the latter was the finally cancelled Federal Aviation Administration’s Advanced Automation System program of the 1990s [34].
The military acquisition process puts much effort into trying to pre-specify and predict what can be achieved for a given level of funding. Achieving success is difficult at best when dealing with complex systems. Award fees as historically implemented tend not to work, as shown in Table 2. 

Table 2. Program Performance and Award-Fee Payments on Selected DoD Development Programs
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The U.S. Comptroller General testified that award fee contracts are not resulting in value for the taxpayer.

I think one of the problems that we have in government … is that if we’re paying incentive and award fees, we need to pay for positive results achieved; that people do … what we need and what they promise, when they promised it, and at the cost that was agreed to. Unfortunately, that’s not the case for all too many contracting arrangements in government. They pay for effort and that’s it, not results. [35]

Incentives for results, not just effort, worked very well in the early 1990s on the Peace Shield Air Defense/Command, Control, Communications and Intelligence system with the award to Hughes Aircraft. Hughes delivered the system several months ahead of the 51-month schedule and won a $50M award for doing so. $20M of it was shared with employees who helped make it happen. Some full-time employees’ bonuses equaled 80% of their annual salaries. [36] It is curious that this positive experience has not been replicated widely. A well-publicized example of achieving results with no buyer investment occurred in the private arena: X Prize Foundation
 awarded SpaceShipOne $10M for safely achieving privately sponsored manned space flight. 

Here is a simple example that might be tried in DoD acquisition: Employ a single DD 250 form
 where two contractor teams, one developing sensors and one developing communications, say, only get paid if the two systems work together as intended on delivery.
 Assuming two teams would sign up for such a deal, they likely would be more motivated to work together to achieve successful integration.  Such a scheme may not be practical if a contractor does not trust the other team. Alternatively, you could pay a single team to work on several subsystems but offer an incentive to be paid only when the subsystems work together, a condition not always realized in the past. This would be easier to implement if the team has sufficient internal trust to work well together and is paid for the work. Only the incentive opportunity is at risk, but as indicated by the Peace Shield experience noted earlier, large bonuses can justify that risk.
Another option is for government to increase the use of partial funding up front for several contracting teams operating in parallel to develop demonstrable prototypes. To the extent teams produce desirable interim results, the next stage would be funded after winnowing those not performing and or by introducing an additional team (see Activity 6). This allows a program manager to pull the plug earlier in the acquisition effort if major problems occur or if mission needs change drastically. This idea is supported by a September 2007 Memorandum from John Young, the Under Secretary of Defense for Acquisition, Technology and Logistics. 

Military Services and Defense Agencies will formulate all pending and future programs with acquisition strategies and funding that provide for two or more competing teams producing prototypes through Milestone B. Competing teams producing prototypes of key system elements will reduce technical risk, validate designs, validate cost estimates, evaluate manufacturing processes, and refine requirements. In total, this approach will also reduce time to fielding.  [37] 

Through rewarding results, developers might, over time, generate deep pockets from past successes, enabling them to thrive in several ways: financially to please their stockholders, managerially to sustain and grow leaders, and to retain their workforce, while supporting customer and user missions. Those that have less success would not be able to compete as well and may eventually disappear. A migration to such a fundamental process change could take a couple of decades because the government is slow to introduce sustained acquisition reform and contractors are used to winning awards/rewards up front. Unfortunately a practical strategy for gradually moving monies from up-front payments to after-the-fact reimbursements/rewards remains to be formulated, but this goal can be explored when applying CASE. We suggest seeking creative techniques for rewarding good results and experimenting with those that seem most promising.

An especially difficult case would be trying to visualize how Reward Results would work for all stakeholders in ATC and air traffic management. Now may be the time to experiment in limited ways under the current NextGen
 effort. A start might be with some applied research involving two groups of stakeholders.

Rewarding results could have unintended consequences. Therefore, with government leader concurrence, advisors should stimulate the definition and implementation of reward-results oriented multi-agent-based simulations and or selected pilot experiments with minimal downside risk to start. To the extent such trials yield promising ways of enhancing interoperability and horizontal integration, say, faster than present practices, reward-results may catch on and be applied in larger contexts, thereby gradually building momentum to fundamentally change the acquisition process.
Rewarding results is like the staged financing practice in the commercial venture capital arena where funding is tied to achieving inchstones. Potentially large commercial rewards for innovation, risk taking, and opportunity pursuit, in the form of financial gains (stock price increases) and market share, exist. DoD is driven by mission success (not profit) and is much more risk averse. Rewarding results seems like a rational way to deal with uncertainty, but it runs counter to attitudes that allow even government programs that are in trouble to continue (sometimes for political reasons). Changing this mindset will be quite challenging. [38]

Two other aspects of Activity 4 are important: judging outcomes as to how well they fit the mission needs of the desired outcome spaces and characterizing what is happening so everyone in the community is aware of the reward justifications. Typically, judging would be done by the governing body, with counsel from expert technical advisors and users. Sustained progress depends on obtaining stakeholders’ concurrence with the outcomes, so they should be consulted as well. Judgment criteria should be defined and announced up front, well before looking at specific outcomes. These criteria should favor desired outcome-space results of direct value to users, while allowing rewards for intermediate results potentially leading to user benefits, but with little reward just for expended effort. Be sure to protect against criteria that might be manipulated by those being judged to receive rewards that do not have direct positive effects on mission capabilities. Rewards should be made in proportion to the overall capability value attained by those organizations responsible. In characterizing what is being rewarded, to whom, and why, enough detailed analysis must be provided so that everyone involved can assess the climate for further improvement and better determine future actions.

At the same time, we advocate for operating in ways that would engender trust in all participants, dealing with uncertainty instead of just risk, and creating rewards sufficient to break down cultural barriers against information sharing.
Activity 5: Formulate Decision-Making Heuristics


Activity 5, exercised in parallel with Activities 3 and 4, at the discretion of managing stakeholders, for example, aims to discover and promulgate management heuristics (i.e., rules of thumb) that help stakeholders, particularly government leaders, improve their decision-making processes. It is akin to a common practice of postulating measures and devising metrics used in decision making. 

Most people in positions of authority must continually make decisions. They would likely welcome practical aids to tell them what to look for in decision-making inputs and how long to wait before executing each step of the decision-making process. If so, SEs, for example, can support stakeholders by postulating and reviewing potential decisions and jointly assessing if enough information exists on which to base such decisions. SEs can proactively help plan how to gather additional data that may indicate the impacts of decisions, gather that information, if necessary, and continue to observe. By way of lessons learned (see Activity 8), heuristics (with their rationales, results, degrees of success) that seem useful would be recorded and shared.

Thinking too cavalierly about managing a complex system is misleading because, as has been pointed out, no one can be in full control of what happens.
 Rather, think more in terms of positively influencing the System’s development through an iterative process. When leaders decide to stimulate the System or its environment, they will not be certain of the perturbation’s effect. Consequently they need to observe carefully and wait for some effects to appear. Trying to advance System development toward what are believed to be achievable goals is much more challenging than playing chess. But the image of continually trying to improve your position in the game with the next move is appropriate. Much can be learned by the opponent’s next move, but you cannot expect to discover his or her ultimate strategy. Similarly, the System may evolve in ways that are helpful to its goals, or degrade, but you cannot predict which. What might be done to strengthen the ability to decide more wisely?

Decision-making heuristics must be provided and stated so alert managers can determine which to apply, and when, in real situations. But be cautious of the role of intuition (something based on learned experience) in decision making. See some examples in Blink. [39] Also, as suggested in [40, p. 30] “It is also probably true that a proposed action or decision is stronger if it is consistent with several heuristics rather than only one.” Developing new and practical rules of thumb for dealing with complex situations, and leading indicators of impending disaster should tell decision makers when it is wise to start a decision process. But again, this is tricky. In system dynamics, time delays are critical; something that initially appears positive can ultimately prove negative, and vice versa. Peter Senge’s The Beer Game highlights the importance of time delays. [41] As another example, imposed process improvements can help performance in the short term. [42, pp. 64-88] However, some workers might be so antagonized that they resist future progress improvements with passive aggressive techniques. To help avoid such unintended consequences, contemplate the longer term effects of current actions as well as the possible benefits expected in the near term. 

Because there is an opportunity cost in waiting to make a big decision, it may be more helpful to make an informed incremental change than wait for enlightenment, that is, avoid analysis paralysis. But postponing a decision that might have made things worse can be more productive if deferral results in a better position. Unfortunately we cannot predict which path to take reliably. Also, events that destroy our beliefs carry more weight than a sequence of events that confirm our hopes. “The Black Swan asymmetry allows you to be confident about what is wrong, not about what you believe is right.” [43, p. 192] Thus waiting longer than you might otherwise before making decision, while gathering additional information on what is happening, may increase the likelihood of a Black Swan event that makes your next decision clearer and more effective.

People may wonder whether today’s pervasive airline delays and largely nonexistent airline profits could have been mitigated by taking earlier action on modernizing the ATC system in this country. It’s curious that dire predictions of running out of airport capacity within seven years or so were made just as emphatically 10–15 years ago. Should we view this as “crying wolf” again and do little more to push for modernization? Or, perhaps it is time to wait no longer and to think about transforming air transportation in the United States safely rather than focusing so much on effectiveness and efficiency. For example, greater emphasis on sharing military and civilian air traffic management resources (e.g., air traffic controllers and funding) and assets (e.g., air bases, airports, and aircraft) might lead to a larger outcome space of creative solutions benefitting multiple stakeholders. 
Here are two preliminary examples for generating heuristics:

1) When contemplating a complex problem and what to do about it, record and save your quickly formed right-brain first impression. [39] Then over a longer time, gather some facts and apply the analytical powers of the left brain. After sleeping on it, quickly reassess the overall situation with the right brain again. Now compare your two right-brain assessments. If the impression has changed significantly, maybe more facts should be gathered and a major decision should be postponed. If the two impressions are quite similar, it could be time to start a major decision-making process.

2) After making a significant move showing the way forward, a decision maker could challenge his or her peers, subordinates, and others to “Prove me wrong!” This has most of the elements of SUCCESs
: Simple by being of core value as well as compact; Unexpected because most people would be surprised that a decision maker would have the confidence to challenge anyone to show him or her wrong; Concrete (a specific path is defined); Credible (the decision maker has authority to pronounce the future path); Emotional because it taps into some people’s competitive nature to show the boss wrong; and Storied
 if the circumstances surrounding the offered criticisms or cautions from the respondents are sufficiently compelling. We think this has the potential for creating powerful heuristics.

Once heuristics are generated, they should be repeatable, that is, reasonably accurate and useful over an extended period of time, perhaps until proven wrong by a Black Swan event. For example, over the past 70 years, megaprojects from many different sectors (e.g., airports, toll bridges, toll roads, and defense) worldwide have cost (on average) 40% more than originally bid. [44] So a simple, repeatable rule of thumb to reflect some skepticism might be to multiply cost estimates of such projects by 1.4 until further information is available.  

Consider these examples of possible “red flag” heuristics:
· In System development, the program may be at risk if a contractor, program manager, or acquirer shows a new schedule without showing the original schedule along with the rationale relating discrepancies between the two schedules.
· An organization being taken over by a new boss may be in for trouble during the coming phase of operations if one of the first things the new boss does is restructure the organization, particularly if it is hierarchical. The boss’s boss or the in-place deputy(ies) may see this as a delaying tactic to “buy time” in mitigating the risk of not producing effective mission results. The immediate expectations for progress are blunted because everyone realizes implicitly that reorganizations need time to gel. Undoubtedly some progress will be made during the middle portion of the phase, which has been shortened by the reorganization. The boss is likely to highlight some worthy accomplishment of the organization and parlay that into his or her next assignment or promotion. Then during the last part of his or her watch the boss lays out the grand challenges (not yet met) for the next boss, who subsequently arrives and reorganizes …  
· Periodic reorganization of a project or program can also be a signal for eventual disaster, especially if the frequency of reorganization increases or the period decreases. [45] 
· If interrelated tasks are scheduled too tightly, the margins for error may need to be increased to decouple inter-task dependencies. [45]
· A complex system or enterprise with descriptions (e.g., briefings) that have: 
· Too many acronyms, especially if they are undefined and/or unquestioned
· Many words with first letters capitalized.

· Many statements about control and optimization 
· Detailed roadmaps with hazy future milestone dates
· Three or more significant digits used in defining funding
· Continual references to risk without attention to opportunity
may be ripe for examination and transformation through embarking on a rejuvenated decision- making process.
· An organization or program focusing on specific outcomes without having defined an outcome space may be less effective in pursuing its goals.
· Noticing that some stakeholders call for a strategy development only when a crisis occurs in an organization or a program.

Activity 6: Stimulate Natural Processes 


Activity 6, exercised in parallel to Activities 3 and 4, at the discretion of managing stakeholders, for example, is about ensuring that self-organizing forces within the System facilitate participants’ critical evolutionary roles. Activities 3 and 4 are presumed to have created the conditions for self-organization. However, if this has not been sufficient, government managers, in consultation with their advisors, can initiate, moderate, or reenergize interactions among System constituents to enable future progress by further stimulating this process of natural evolution. 

A governing body or program office, for example, will continually stir the pot by introducing variation (innovation) or selection (integration) while trying to avoid chaos or stasis, respectively, if the evolution goes too far in either direction. Creating such conditions requires continual planning and observation to maintain a viable acquisition approach in the face of an uncertain future. For instance, a program office might like to exercise creative pre-planned contractual modifications
 if untoward events occur. One way to support this possibility is to hold enough funding in reserve to reward results (see Activity 4). Then, if the contractor team is not performing to expectations, instead decide (perhaps using heuristics from Activity 5) to terminate existing tasks and spend some of this reserve to add another contractor to the mix.
Again, basic game analogies illustrate the concept. Two players vying for the same position on a team often practice against each other to hone their skills (collaboration) even though they want to beat the other out for the position (competition). Teams play according to agreed-upon rules (collaboration) although they are out to win (competition). As in sports (and nature), sometimes common benefits are achieved through conditions of collaboration and competition. Ultimately there may be losers even if the System wins. Effective communication and other forms of constructive interaction can leverage the talents of individual members to yield satisfactory emergent results for whole organizations. Unhelpful communications, for example, that spread misinformation, can be as detrimental as too little communication, so we need a happy medium.

Adopt a mindset of pursuing System opportunities [46] with as much vigor as usually applied in mitigating risk to maintain an appropriate balance in uncertainty management, as well. With government leader concurrence, design, propose, conduct, and evaluate System pilots to validate complex systems concepts (as in Activity 4). Resist drawing a box around the problem. Consider omissions as well as discrepancies. Take holistic, trans-disciplinary
 as well as multidisciplinary viewpoints. Identify interconnections and patterns. Understand energy (e.g., money) flows.

An example of Activity 6 is the experimentation with ADS-B
 in the challenging (because of prevailing bad weather and rugged terrain) air traffic environment of general aviation (GA) users in Alaska. What better environment might be used to demonstrate the value of ADS-B for improving safety? The FAA successfully created worldwide interest through the competing system concept, instigated in part by providing free radio equipment to GA users.

Activity 7: Develop in Operational Environs


Activity 7, exercised in parallel with Activities 3 and 4, at the discretion of managing stakeholders, for example, promotes strong collaboration between System developers and users by carefully
 introducing evolutionary System improvements in operational environments to the extent feasible. It almost goes without saying that all suggested actions or attempted solutions should be developed with safety in mind. Development efforts should not place anyone in situations of undue risk of bodily harm. 

Field operatives know best what threats and opportunities they are facing and often need help within a much shorter timeframe than the typical acquisition process can accommodate. They are motivated by what accomplishes their mission, particularly in situations that crop up unexpectedly and demand quick, effective solutions within hours, days, or weeks. They have an uncanny ability to use and refashion whatever materials are at hand to accomplish their mission. 

For example, in Afghanistan, U.S. military users on horse-back cobbled together a capability for locating and attacking targets using their range-finders and laptops, the Global Positioning System, radios, and B-52 bombers. Users are accustomed to waiting for applicable results from traditional acquisition processes, which can often take years. [27] Adding development engineers to the operational mix can result in more effective and efficient improvements. This is one way to stir the pot (see Activity 6). 

In addition, especially if development in an operational environment is not tenable, developers need to participate in experimentation, exercises, and live simulations that mimic real situations as closely as possible. [47] Reserve laboratory development mostly for prototyping and System subsystems that are relatively insensitive to changes in the operational environment.

Although the CAASD-invented User Request Evaluation Tool (URET)
 was conceived in the laboratory, it matured in the field; it has been used in the Indianapolis and Memphis Air Route Traffic Control Centers (ARTCCs) since November 1997 and has now been installed nationwide. URET enhances the ability of air traffic controllers to foresee potential aircraft conflicts many minutes in advance. This allows enough time for pilots to take corrective action without significantly disrupting flight times or sacrificing passenger comfort.
Activity 8: Assess, Learn, and Re-Plan


Activity 8 is primarily about reflecting on what has just transpired in preparation for repeating the CASE process for the next iteration, usually with an adjusted focus that would include reshaping the desired outcome spaces, for example, armed with the experiences just acquired. The job of attempting to successfully engineer the environment of a CAS is never done. The challenge is to continually hone interventions for overall benefits while being careful not to overcompensate by either inducing a chaotic death spiral or realizing a System that is too rigid. [48] 

In this reflective Activity 8, government managers/leaders and their advisors continue to evaluate overall results and trends, focusing on the big picture, and to revisit the intent of all CASE activities, making adjustments as warranted. Special focus on the unexpected forms of emergence, particularly the surprises that cannot be explained, even after they are observed, is encouraged. [24] To the extent you are confident enough to be going in a better direction, periodically adjust your strategy (see Activity 2) to facilitate System improvements. Refine CSE principles as appropriate. This is a time for learning from mistakes, recording lessons learned, documenting case studies, and celebrating recent successes.
NextGen is an example of learning from past efforts in the air traffic management arena. In a larger context the FAA has joined with several other government agencies under the Joint Planning and Development Office (JPDO)
 to modernize air transportation in the United States.

conclusion

The CASE methodology introduced in this paper is meant to be complementary to conventional SE methods known to sometimes fail in complex environments. CASE is based on evolutionary processes that abound and thrive in nature and other complex environments (such as human language development). We look forward to furthering its adoption on an experimental basis with willing participants.
Beyond the scope of the paper, we are gathering case studies of actual programs to determine how strongly the CASE methodology is evident. A set of successful programs is currently under study, but the case results are not yet ready for public release. So far CASE resonates well, in varying degrees within each program. We will be considering other programs, as well.
Government leaders/managers and decision makers and their advisors are encouraged to try CASE to show its validity. Rather than resist experimenting, saying “First prove to me this works,” why not join the author in saying “Prove me wrong!”
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Convince government organizations and leaders (e.g., customers, and other System stakeholders) to adopt a self-organizational approach to creating solutions.


Understand customers’ environments.


Pursue a learning process.


Together suggest potential policy changes.


Identify and approach those who might adjust policies, formulate new policies, or mandate changes.


Work with other stakeholders to surface issues, harmonize mutual interests, and propose solutions.





With customers and other System stakeholders, determine how to engineer an environment that enables the System to evolve well.


Discuss, define, and analyze the


Nature of the problem


System boundaries 


Desired outcome spaces


Relevant organizations


Potential stakeholders


Decide What and Whom to control (if possible) or influence, and How.


Include and induce the activation of a governing body.


Keep options open.





Describe and share (as widely as possible) the customers’ or users’ mission and vision in terms of desired outcome space(s), including specific goals.


Describe them in ways that are


Clear, succinct, and compelling


Oriented toward (mostly qualitative) expressions of outcome space capabilities 


Devoid of specific (mostly quantitative) solutions


Continually adapt and reshape the outcome spaces.











Work with System stakeholders and a governing body to


Establish incentive structures that motivate developers to realize desirable outcomes more rapidly.


Judge outcomes that ensue, and reward contributors in proportion to how well the mission is satisfied.


Publicize the rewards with supporting information on what was accomplished and why.





Discover management heuristics that improve decision-making processes.


Discuss potential decisions with stakeholders.


Jointly assess if enough information exists to make such decisions, and take appropriate action otherwise.


Support the stakeholders as they take action.


Observe and record System behavior.


Share useful heuristics with others.





Continually stir the pot seeking to further innovate and integrate.


Encourage frequent interactions to foster competition and cooperation among System constituents.


Manage uncertainty considering opportunity and risk.


Design, propose, conduct, and evaluate new concepts.





Develop evolutionary System improvements with users in operational surroundings and circumstances.


Emphasize safety.


Participate in field experimentation.


Use laboratories for prototyping and subsystems.





Evaluate overall results, revisit CASE activities, and alter the methodology as appropriate.


Focus on understanding surprises.


Adjust your strategy.


Refine CSE principles.


Record lessons learned and document case studies.


Celebrate successes











� The author’s Lexicon of systems engineering (SE) terms is offered at �HYPERLINK "http://enterprise-systems-engineering.com/phpwiki/index.php/HomePage"�http://enterprise-systems-engineering.com/phpwiki/index.php/HomePage�, as an adjunct to The MITRE Corporation’s book series (with Taylor & Francis, publisher) on Complex and Enterprise Systems Engineering.


� CASE has its roots in the Regimen for Complex Systems Engineering (cSE) pioneering by MITRE’s Doug Norman and Mike Kuras [3].


� The requirements are “rigid” in that once defined they are defended and protected from change. The requirements are “unbalanced” in that their fidelity to real-world needs degrades over time as the real world constantly changes and begs for different requirements.


� Characterized by “chunking” projects into small pieces and using an iterative process with relatively quick deliverables so as to better understand and correct for problems in development.


� Admittedly, many of the ideas espoused as part of CASE are not really new; they have been formulated and applied in other forms by consultants to people aspects of business and organizational development for many years. What is novel is the belief that these precepts should be organized holistically and applied more vigorously in SE and the government acquisition environment. 


� An excellent discussion of enterprise, enterprise capabilities, and SE, not only for systems but systems of systems and enterprises can be found in [23].


� Legions of program management and risk folks have been espousing these ideas for years, e.g., Tim Lister (http://tinyurl.com/2ayh6p) and Tom DeMarco (http://tinyurl.com/3wfvdz) point to non-information technology (IT) causes in failing systems in their risk management work, as did the CHAOS report cited earlier in this paper.  


� If, after a reasonable amount of effort, there is limited success in establishing a willing government leader in need of help, look for opportunities elsewhere instead of continuing into the other CASE activities.


� http://www.arnet.gov/far/


� Typical stakeholder types and their natural “dual” pairings, indicated by the —s include Owners/Leaders—Workforce, Collaborators—Competitors, Customers—Suppliers, Regulators—Communities/Public. [25] An important subactivity of Activity 2 is to define and analyze the relevant stakeholders of interest.


� If this is a continuation of an on-going CASE process, the basic strategy may already be in place.


� In some System environments, it may be unclear whether a governing body even exists. This makes strategizing more difficult because you must influence communities of interest, both individually and in the large without the help of governing authority.


� Holism focuses on the whole of System as opposed to the parts; emergent behavior that cannot be explained solely by the behavior of the System components is sought, and each part is thought of as being a reflection of the whole, as in a human cell’s DNA, as opposed to the converse.


� Eventually, if CASE’s Reward Results (Activity 4) becomes more accepted as a way of doing business, some offerors may even work on solutions without requiring the usual types of acquisition contract up front!


� http://en.wikipedia.org/wiki/Self-organization


� Using quantification, e.g., numbers, even numerical ranges, tends to make outcome spaces too specific, i.e., like outcomes addressing requirements as in conventional SE. 


� �HYPERLINK "http://www.xprize.org/"�http://www.xprize.org/�


� http://tinyurl.com/6qxw7p


� This contrasts with typical practice of using two separate forms and paying each contractor separately through delivery even if the two systems are not properly integrated, or integrable.


� A new idea conceived by Doug Norman suggests rewarding developers of FUVs after users have composed such capabilities quickly to accomplish their mission. [27]


� �HYPERLINK "http://www.jpdo.gov/"�http://www.jpdo.gov/�





� We may not be able to manage the whole system, but we can manage the risks inherent in probing or changing the system.


� If one applied this idea to the air traffic management situation in the U.S. as outlined just above, one might decide to push for transformation.


� Simple, Unexpected, Concrete, Credible, Emotional, and Storied; see [21]


� Storytelling is a powerful technique that we think can be tapped for developing good decision-making heuristics; see Steve Denning’s books and other materials at  http://www.stevedenning.com/


� This would not be the time to contemplate a new strategy that would somehow fix the current problem—it’s too late! Ideally a general strategy for dealing with the current crisis should already be in place. Fundamental strategies should be developed when there is no particular urgency, as a way of planning for future uncertainties; it’s one of those “important but not urgent” activities that should receive more attention. Probably the best one could hope for, in this situation, is for the people of the organization to collaborate unselfishly and focus on the crisis at hand in the best possible way. Unfortunately, as often happens, when the crisis is resolved, people return to their more selfish interests instead of adhering to the relationships that have resulted in a successful and productive collaboration. [26]


� Some SE professionals have observed that there is considerable latitude that are legally available in system acquisition regulations,  e.g., the “Federal Acquisition Regulation (FAR),” including updates effective 12 June 2008, http://www.acquisition.gov/far/ ; the “The Defense Acquisition System,” Department of Defense Directive, Number 5000.1, 12 May 2003, �HYPERLINK "https://akss.dau.mil/dag/DoD5000.asp?view=document&doc=1"�https://akss.dau.mil/dag/DoD5000.asp?view=document&doc=1�; and the “Operation of the Defense Acquisition System,” Department of Defense, Number 5000.2, 12 May 2003, �HYPERLINK "https://akss.dau.mil/dag/DoD5000.asp?view=document&doc=2"�https://akss.dau.mil/dag/DoD5000.asp?view=document&doc=2�, but that are not exercised in common practice,


� This term, used by Andy Sage of George Mason University and Editor of INCOSE’s Systems Engineering Journal, is more descriptive of enterprise systems engineering or CSE, where sociology, psychology, and other disciplines not usually associated with SE, are in play.


� http://tinyurl.com/465dkx


� In threatening environments, such as military conflicts or public transportation, do not compromise the safety of individual participants.


� http://tinyurl.com/43p2pl


� http://www.jpdo.gov/
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