
The Incremental Commitment Model

PRINCIPLES TO ACHIEVE SUCCESSFUL SYSTEM DEVELOPMENT
The ultimate goal of system development is to deliver a system that satisfies the needs of its operational stakeholders—users, operators, administrators, maintainers, interoperators, the general public—within satisfactory levels of the resources of its development stakeholders—funders, acquirers, developers, suppliers, others.  From the human-system integration perspective, satisfying operational stakeholders’ needs can be broadly construed to mean a system that is usable and dependable; permits few or no human errors; and leads to high productivity and adaptability.  Developing and delivering systems that simultaneously satisfy all of these success-critical stakeholders usually requires managing a complex of risks such as usage uncertainties, schedule uncertainties, supply issues, requirements changes, and uncertainties associated with technology maturity and  technical design.  Each of these areas poses a risk to the final delivery of an acceptable operational system within the available budget and schedule.  End-state operational system risks can be categorized as problems in achieving a system mission, carrying out the work processes, or operating within various constraints such as cost or personnel (Gallegher, et al., 2005).  

The purpose of this chapter is to describe a system development process model that better enables integration of the human, hardware, and software aspects of a system’s development and evolution.  This model, called the Incremental Commitment Model (ICM), embodies the principles underlying the spiral model of system development [Boehm, 1988; Boehm-Hansen, 2001], but organizes its process into multiple views (including a spiral view) that are more straightforward to apply and harder to misinterpret than the spiral model has been.

The five key principles underlying the Incremental Commitment Model and the spiral model are particularly critical success factors for human-intensive system development and evolution.

1. Stakeholder satisficing – If a system development process presents a success-critical operational or development stakeholder with the prospect of an unsatisfactory outcome, the stakeholder will generally refuse to cooperate, resulting in an unsuccessful system.  Stakeholder satisficing involves identifying the success-critical stakeholders and their value propositions; negotiating a mutually satisfactory set of system requirements, solutions, and plans; and managing proposed changes to preserve a mutually satisfactory outcome.

2. Incremental growth of system definition and stakeholder commitment --This characteristic encompasses the necessity of incremental discovery of emergent human-system requirements and solutions via prototyping, exercises, and use of early system capabilities.  Requirements and commitment cannot be monolithic or fully pre-specifiable for complex, human-intensive systems; understanding, trust, definition and commitment is achieved through a cyclic process.

3. Iterative system development and definition -- The incremental and evolutionary approaches lead to cyclic refinements of requirements, solutions, and development plans.  Such iteration helps projects to learn early and efficiently about operational and  performance requirements.

4. Concurrent system definition and development – Initially, this includes concurrent engineering of requirements and solutions, and integrated product and process definition.  In later increments, rebaselining of next-increment requirements and subsystem definition occurs simultaneously with development of the current system increment.  This allows early fielding of core capabilities, continual adaptation to change, and timely growth of complex systems without waiting for every requirement and subsystem to be defined.

5. Risk management – risk driven activity levels and anchor point milestones -- The intensity of specific design activities will depend on the level of risk associated with them.  If the user interface is considered a high-risk area, for example, then more design activity will be devoted to this component to achieve stakeholder commitments at particular design anchor points.  On the other hand, if interactive graphic user interface (GUI) builder capabilities make it low-risk not to formally specify GUI requirements, much time-consuming effort can be saved by not formally documenting and continually updating them.

THE INCREMENTAL COMMITMENT MODEL: OVERVIEW

The Incremental Commitment Model (ICM) builds on concepts in the risk-driven spiral model [Boehm, 1988], the phases and anchor points in the Rational Unified Process (RUP) [Royce, 1998; Kruchten, 1999; Jacobson-Booch-Rumbaugh, 1999; Boehm, 1996], the Cooper stage-gate model [Cooper, 2001] and recent extensions of the spiral model to address systems of systems acquisition [Boehm, 2006].  In comparison to the software-intensive RUP, the ICM also addresses hardware and human factors integration.  It extends the RUP phases to cover the full system life cycle:  an Exploration phase precedes the RUP Inception phase, which is refocused on Valuation and investment analysis.  The RUP Elaboration phase is refocused on Architecting; the RUP Construction and Transition phases are combined into Development; and an additional Operations phase combines operations, production, maintenance, and phase-out.

In comparison to the sequential waterfall and V-models, the ICM explicitly emphasizes concurrent engineering of requirements and solutions, establishes explicit Feasibility Rationales as pass/fail milestone criteria; explicitly enables risk-driven avoidance of unnecessary documents, phases, and reviews; and provides explicit support for a stabilized current-increment development concurrently with a separate change processing and rebaselining activity to prepare for appropriate and stabilized development of the next increment.

An overview of the ICM life cycle process is shown in Figure 3.1.  It includes the life cycle phases, the stakeholder commitment review points and a general statement of activities for each life cycle phase.  There are a number of alternatives at each commitment point.  Some of these are: (1) the risks are negligible and the analysis and evaluation activities of a particular phase can be deemphasized; 2) the risk is acceptable and  work can proceed to the next life cycle phase: (3) the risk is addressable but requires backtracking; or (3) the risk is too great and the development process should be halted.
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Figure 3.1  Overview of the Incremental Commitment Life Cycle Process

The following section provides multiple views of the Incremental Commitment Model including a process model generator view, a concurrent level of activity view, an anchor point milestone view, a spiral process view, and an incremental development view for incorporating rapid change and high assurance using agile and plan driven teams.  It concludes with a comparison of the Incremental Commitment Model with other often-used process models.

Process Model Generator View

As can be seen by the four example paths through the Incremental Commitment Model in Figure 3.2, it is not a single monolithic one-size-fits-all process model.  As with the spiral model, it is a risk-driven process model generator, but the ICM makes it easier to visualize how different risks create different processes.
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Figure 3.2 Different Risks Create Different ICM Processes

In Example A, a simple application based on an Enterprise Resource Planning (ERP) package, there is no need for a Valuation or Architecting activity if there is no risk that the ERP package will not support the application.  Thus, an agile method such as a Scrum/Extreme Programming combination would be a good fit.  There is no need for a Big Design Up Front (BDUF) because it is already present in the ERP package.  Nor is there a need for heavyweight waterfall or V-model specifications and reviews.

In Example B, one could use a sequential waterfall or V-model if its requirements were stable, the risks were low, and low cost were more important than a rapid development.  Otherwise, a concurrent risk-driven waterfall or V-model that develops and reviews a Feasibility Rationale (described below) would generally be workable.

In Example C, the stakeholders may have found during the Valuation phase that their original assumptions about the stakeholders having a clear, shared vision and compatible goals were optimistic.  In such a case, it is better to go back and assure compatibility and feasibility before proceeding.

In Example D, it is worth pointing out that it is not necessary to proceed to the next major milestone before terminating a clearly non-viable project, although stakeholder concurrence in termination is advisable.

Concurrent Levels of Activity View

The Concurrent Levels of Activity view shown in Figure 3.3, is an extension of a similar view of concurrently engineered software projects developed as part of the Rational Unified Process [Kruchten, 1999].  As with the RUP version, it should be emphasized that the magnitude and shape of the levels of effort in will be risk-driven and likely to vary from project to project.  A main intent of this view is to emphasize the necessary concurrency of the eleven primary success-critical activity classes shown as rows in Figure 3.3. Thus, for example, although system scoping is the primary objective of the Exploratory phase, doing it well involves a considerable amount of activity in understanding needs, envisioning opportunities, architecting solutions, life cycle planning, evaluation of alternatives, and negotiation of stakeholder commitments.  Many HSI best-practice tables confine each recommended practice within a single phase-activity cell.  Experts treat these confinements as suggestions that need not be followed, but non-expert decision makers often follow such confinements literally, seriously reducing their effectiveness.  The second column of the figure shows how the main parts of the HSI activities overlap with the System activities.  These HSI activities represent collections of methods and shared work products that will discussed in Part II of the report.
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Figure 3.3: ICM Activity Categories and Level of Effort

The Anchor Point Milestone Review

Figure 3.3 indicates that a great deal of concurrent activity is going on within and across the various ICM phases.  This gives rise to two main questions.  First, more specifically than in Figures 3.2 and 3.3, what are the main concurrent activities that are going on in each phase?  Second, how are the many concurrent activities synchronized, stabilized, and risk-assessed at the end of each phase?

Figure 3.4, an elaboration of Figure 3.2, provides the next-level answer for the first question.
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Figure 3.4:  Elaboration of the ICM Life Cycle Process

The elaboration of the concurrent engineering and feasibility evaluation activities makes it clearer just what is being concurrently engineered and evaluated in each phase.  For example, at the Development Commitment Review (DCR), the stakeholders and specialty experts review the Life Cycle Architecture (LCA) package for the overall system and for each increment to assure themselves that it is worthwhile to commit their human, financial, or other resources to the system’s development.  

During the Architecting phase, the project prepares for the DCR by concurrently engineering the system’s operational aspects into a detailed operational concept and set of system requirements; the various COTS, custom, and outsourced capabilities into a compatible build-to architecture; and the business case and resource constraints into a set of compatible plans, budgets, and schedules for each phase and for the overall system.

The next-level answer for the second question on synchronization, stabilization, and risk assessment is provided by the contents of the ICM anchor point milestone feasibility rationales referred to in Figures 3.4 and shown in Figure 3.5.  The contents indicate that the project is responsible not just for producing a set of artifacts, but also for producing the evidence of their compatibility and feasibility.  This evidence—from models, simulations, prototypes, benchmarks, analyses, etc.—is provided to experts and stakeholders in advance of the milestone review.  Shortfalls in this evidence—such as lack of synchronization, stabilization, compatibility, and feasibility of the concurrently engineered artifacts—are provided to the developer as potential project risks.

	· Evidence provided by developer and validated by independent experts that if the system is build to the specified architecture, it will

· Satisfy the requirements:  capability, interfaces, level of service AND evolution

· Support the operational concept

· Be buildable within the budgets and schedules in the plan

· Generate a viable return on investment

· Generate satisfactory outcomes for all of the success-critical stakeholders

· All major risks resolved or covered by risk management plans

· Serves as basis for stakeholders’ commitment to proceed


Figure 3.5:  ICM Anchor Point Milestone Feasibility Rationales

At the DCR milestone review of the LCA package, the project then either provides adequate additional evidence of feasibility or risk management plans to address the risks.  The stakeholders then decide whether the risks are negligible, acceptable, high, but addressable, or too high and unaddressable, and the project proceeds in the direction of the appropriate DCR risk arrow.

The Spiral View

A simplified view of the spiral model is provided in Figure 3.6 below.  Rather than risk misinterpretation as with previous versions of the spiral model, this version concentrates on the five key spiral development principles.  Stakeholder satisficing is implicit in the stakeholder commitment review points or anchor point milestones.  Incremental growth in system understanding, cost, time, product, and process detail is shown by the spiral growth along the radial dimension.  Concurrent engineering is shown by progress along the angular dimension.  Iteration is shown by taking several spiral cycles both to define and develop the system.  Risk management is captured by indicating that the activities in the angular dimension are risk-driven.  Other aspects of the spiral model, such as risk-driven phase skipping or backtracking, the specific artifacts being concurrently engineered, and the use of the Feasibility Rationale are consistent with their use in Figure 3.4 and the other figures, where they are easier to understand and harder to misinterpret than in a spiral diagram.
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Figure 3.6  Simplified Spiral View of the ICM

Incremental Development for Accommodating Rapid Change and High Assurance

Many future systems and systems of systems will need to simultaneously achieve high assurance and adaptation to both foreseeable and unforeseeable rapid change, while meeting shorter market windows or new defense threats.  Figure 3.7 shows an increment view of the Incremental Commitment Model for addressing such situations.  It assumes that the organization has developed artifacts that have passed a Development Commitment Review, including:

· A best-effort definition of the system’s steady-state capability;

· An incremental sequence of prioritized capabilities culminating in the steady-state capability;

· A Feasibility Rationale providing sufficient evidence for each increment and the overall system that the system architecture will support the incremental capabilities, that each increment can be developed within its available budget and schedule, and that the series of increments create a satisfactory return on investment for the organization and mutually satisfactory outcomes for the success-critical stakeholders.
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Figure 3.5.  Risk-Driven ICM for Accommodating Rapid Change and High Assurance.

The need to deliver high-assurance incremental capabilities on reelatively short fixed schedules (to avid delivery of obsolete capabilities) means that each increment needs to be kept as stable as possible. This is particularly the case for very large systems of systems with deep supplier hierarchies (often 6 to 12 levels), in which a high level of rebaselining traffic can easily lead to chaos. In keeping with the use of the ICM as a risk-driven process model generator, the risks of destabilizing the development process make this portion of the project into a waterfall-like build-to-specification subset of the concurrent activities, in which the only changes accommodated are potential show-stoppers or foreseeable changes that have been accommodated in the increment’s architecture. The need for high assurance of each increment also makes it cost-effective to invest in a team of appropriately skilled personnel to continuously verify and validate the increment as it is being developed.

Concurrently, an agile team is assessing the unforeseeable change traffic and rebaselining the next increment’s LCA package and Feasibility Rationale, so that the stabilized build-to-spec team will have all it needs to hit the ground running in rapidly developing the next increment.  More detail on this process, and its staffing and contracting implications, is provided in [Boehm, 2006].

Principles-Based Comparison of Alternative Process Models

Figure 3.7 compares a number of frequently-used system development models with respect to the five key spiral/ICM principles discussed earlier.  Pure-sequential implementations of the Waterfall and V-models are becoming less frequent, but are still often encountered due to imposition of legacy contracting clauses and standards.  More recently, they have adopted more risk-driven and incremental approaches that encourage more concurrent engineering, but it takes some skill to avoid overly heavyweight implementations and difficulties in coping with rapid change.  Risk-driven evolutionary development is better at coping with rapid change, but can have difficulties in doing easiest-first increments and encountering later scalability problems.

	Process Models
	Principles

	
	Stakeholder Satisficing
	Incremental Growth
	Concurrency
	Iteration
	Risk Management

	Sequential Waterfall, V
	Assumed via initial requirements
	Sequential
	No
	No
	No

	Iterative, Risk-Driven Waterfall, V
	Assumed via initial requirements
	Risky parts, iterations
	Risky parts
	Yes
	Yes

	Risk-Driven Evolutionary Development
	Revisited for each iteration
	Risky parts, iterations
	Risky parts
	Yes
	Yes

	Agile
	Fix shortfalls in next phase
	Iterations
	Yes
	Yes
	Some

	Spiral Process 2001
	Driven by stakeholder commitment milestones
	Risk-driven
	Risk-driven
	Risk-driven
	Yes

	Incremental Commitment
	Driven by stakeholder commitment milestones
	Risk-driven
	Yes
	Yes
	Yes


Figure 3.7  Principles-Based Comparison of Alternative Process Models

Agile methods are even better at coping with rapid change, but can have even more difficulties with scalability and with mission-critical or safety-critical systems, in which fixing shortfalls in the next increment is not acceptable.  There are a wide variety of agile methods; some such as Lean and Feature-Driven Development are better at scalability and criticality than others.  The version of spiral development in [Boehm-Hansen, 2001] with stakeholder satisficing and anchor point milestones covers all of the principles, but is less explicit than the ICM about how to apply them.
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