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1. Introduction

The role of feedback control in software and information systems development has traditionally focused on a milestone plan to deliver a prespecified set of capabilities within a negotiated budget and schedule.  

Under the right conditions (capable people; realistic budgets and schedules), the traditional approach has been highly successful in project control.  It has also created a legacy of project data that has been used to develop more accurate models for estimating future projects’ budgets and schedules.  These models have also been very helpful in supporting software cost/schedule/performance tradeoff analysis and in improving software development efficiency.  

Section 2 of this paper summarizes a set of four nested feedback loops which have been successfully used to scope, estimate, control, and improve the predictability and efficiency of software development.  Section 3 summarizes one of the most powerful approaches available for controlling traditional software projects: the Earned Value system.

However, three recent trends have required information system development organizations to raise their sights above the level of managing and improving development efficiency using traditional milestones and earned value systems.  These trends are:  

1. The increasingly rapid pace of change in information system technology, market conditions, and business value propositions, making prespecified plans and requirements increasingly infeasible.

2. The increasing leverage that software project decisions have on an organization’s competitiveness and profitability.  Most products and services are becoming increasingly software-intensive, and software project decisions are increasingly becoming value decisions that affect the organization’s bottom line. 

3. The increasing need for organizations to rapidly adapt to changes in their marketplace, technology, or structure.  The rapid adaptability of software becomes an increasingly valuable asset in enhancing an organization’s agility in the marketplace.  But it also means that the proposed adaptation structure and changes need to be evaluated in terms of their impact on both cost and value.  A good example is the choice of software commonalities and variabilities an organization uses to achieve a software reuse-oriented product line, such as for software-based radios, communications equipment, and transaction processing systems.  

These trends make it increasingly important for organizations to evolve from purely project efficiency-based decisions, plans, and feedback control toward system value-based decisions, plans, and feedback control.  Today’s “earned-value” feedback control systems can produce projects that are completely successful with respect to meeting cost and schedule targets, but completely unsuccessful in terms of the value they earn for their stakeholders.  

Thus, today’s “earned value” systems are a misnomer. They have absolutely nothing to say about the stakeholder value of the system being developed. They serve a purpose, but need to be incorporated into feedback control systems which focus on the real stakeholder value being earned. 

In sections 4 and 5, we provide an alternative approach for project feedback control which focuses on the actual stakeholder value likely to be earned by completing the project.  Section 4 provides a framework for monitoring and controlling for value in terms of the DMR Benefits Realization Approach and on business case analysis, using an order processing system as an example.  Section 5 elaborates on the value-based feedback control mechanisms and illustrates them via the example.  Section 6 represents the conclusions and promising directions for future research and development.

2. Feedback Control of Software Development: Four Primary Feedback Cycles


This section presents four feedback cycles that have been successfully used to control software project scoping, project execution, and continuous organizational improvement of project estimation accuracy and project execution efficiency.  The specific techniques discussed here are based on the Constructive Cost Model COCOMO II [Boehm et al., 2000], but other software cost estimation models can be used as well.

2.1 Feedback Cycle 1:  Project Scoping 


Figure 1 shows how the COCOMO II model can be used to drive a feedback cycle which converges on a stakeholder-satisfactory definition of a project’s scope in terms of its COCOMO II parameters.  As shown by the arrows entering the COCOMO II box in Figure 1, these parameters address such system objectives as functionality (expressed as software size in COCOMO II), performance, and reliability.  Additional parameters cover project characteristics such as personnel and team capability and experience, multisite development, and computing platform capability and volatility; and corporate parameters such as tool usage, process maturity, and software reuse (expressed as a reduction in product size).  COCOMO II will then estimate how these changes will affect the project’s expected cost and schedule, and will provide you and your stakeholders with a framework for performing tradeoff analyses involving the system, project, and corporate parameters indicated in Figure 1, and using a feedback cycle to rescope the project until its estimated cost and schedule are satisfactory.  


Figure 1.  Feedback Cycle 1:  Project Scoping

2.2 Feedback Cycle 2: Project Execution 

Frequently, changes in project objectives, priorities, available componentry, or personnel will occur during project execution.  If these are anticipated, COCOMO II can support a variant of the project definition process above to converge on a stakeholder-satisfactory rescoping of the project.


A more serious case occurs when the changes are unanticipated and largely unnoticed.  This can frequently happen via personnel changes; shortfalls in COTS products, reusable components, or tools; requirements creep; or platform discontinuities.  In such cases, the COCOMO II phase and activity distributions can be used to develop a quantitative milestone plan or an earned-value system for the project.  These enable deviations from the plan to be detected, and appropriate corrective actions taken in a second feedback cycle (Figure 2).  These again may involve the use of COCOMO II in project rescoping.





2.3 Feedback Cycle 3: Model Update

At times, unanticipated project changes are indications that your COCOMO II model needs to be recalibrated or extended.  The more management data you collect on actual project costs and schedules, the better you will be able to do this (see Figure 3).

Figure 3. Feedback Cycle 3: Model update
Recalibration might be appropriate, for example, if your organization is acquired by or merged into an organization with different definitions of project endpoints, or with different definitions of which types of employees are directly-charged to the project vs. being changed to overhead.  As described in Chapter 4 of [Boehm et al., 2000], techniques are available to recalibrate COCOMO II’s base coefficients and exponents for cost and schedule estimation.  Some COCOMO II tools such as USC COCOMO II and COSTAR provide such calibration features.


Extending the model will be appropriate if some factor assumed to be constant or insignificant turns out to be a significant cost driver.  For example, additional cost drivers such as development for reuse, multisite development, and process maturity were added to COCOMO 81 to produce COCOMO II, in response to user indications of need and our confirmation via behavioral analysis.

2.4 Feedback Cycle 4: Organizational Productivity Improvement

Your organization will be much better off once it evolves away from reacting to change, and toward pro-active anticipation and management of change.  This is what Level 5 of the SEI Capability Maturity Models are all about, particularly such key process areas as Technical Change Management and Process Change Management.

The COCOMO II model and parameters can help you to evaluate candidate productivity improvement and change management strategies.  For example, investing in sufficient software tool acquisition and training to bring your projects’ “Use of Software Tools” rating from Nominal to High will replace a 1.0 effort multiplier by an 0.90, for a 10% productivity gain.  Similar investments in improving Process Maturity, Architecture and Risk Resolution, Team Cohesion, Multisite Development, reuse, or any of the personnel factors can also have significant benefits that can be investigated via COCOMO II (See Figure 4).  A good example of the use of this approach is provided in [Rational, 2001].


An integrated capability for using COCOMO II for evaluating the payoff of cost and schedule improvement strategies is provided by the COPROMO extension described in [Boehm et al, 2000].   It enables you to start from a current baseline of cost and schedule drivers from either your own organization’s data or the COCOMO II database; and to express candidate cost and schedule improvement strategies in terms of achievable time-phased improvements in cost and schedule drivers.  COPROMO will then generate the resulting estimates and provide time histories of cost and schedule improvements for each of the candidate strategies. 

 

Figure 4.  Feedback Cycle 4: Organizational Productivity Improvement


Put together, the four COCOMO II feedback cycles in Figure 4 can enable your organization to determine and evolve project-level and organization-level set of project analysis, management, and improvement strategies based on your own quantitative metrics.  These strategies will enable you to determine appropriate objectives and approaches for each project, to manage projects to more successful completion, and to improve your organization’s software development productivity, speed, and quality by anticipating and capitalizing on change rather than being a reactive victim of change.

3.  Using “Earned Value” for Feedback Control of Software Development

Performing feedback control of large software projects becomes very difficult, because there will be hundreds of tasks going on concurrently.  Some tasks will be ahead on budget and schedule; others will be behind.  Current “earned value”  [Forsberg et al., 2000] systems enable large-project managers to achieve better visibility and control of such complex situations.  

Software cost and schedule estimation models such as COCOMO II include breakdowns of a project’s budget and schedule by software component, development phase, and task activity.  This enables a project to set up an Earned Value system in which the estimated cost for each task can be considered as the value earned for the project when the task is completed.  

The Earned Value System works as follows:

1. The project develops a set of tasks necessary for completion, and associated budgets and schedules for each.

2. Each task is assigned an earned value (EV) for its completion, usually its task budget.

3. As a project proceeds, three primary quantities are reviewed at selected times T:

a. The Budgeted Cost of Work Scheduled (BCWS): the sum of the EV’s of all tasks scheduled to be completed by time T.

b. The Budgeted Cost of Work Performed (BCWP), or project level earned value: the sum of the EV’s of all tasks actually completed by time T.

c. The actual cost of the project through time T.

4. If the BCWP (budgeted cost of work performed) is equal to or greater than the      BCWS (budgeted cost of work scheduled), then the project is on or ahead of schedule.

5. If the BCWP is equal to or greater than the project cost, then the project is on or ahead of budget. 

6. If the BCWP is significantly less than the BCWS and/or the project cost at the time T, then the project is significantly overrunning its schedule and/or its budget, and corrective action needs to be performed.


The six steps are summarized in the earned value feedback process shown in Figure 5.

Figure 5.  “Earned Value” Feedback Process

3.1 An Earned Value System Example












Figure 6.  Earned Value System Example


Figure 6 provides an example to explain how the Earned Value System can help us to assess the project progress and likely cost to complete a software project.  For simplicity, we assume that the project starts with four sequential tasks: prototypes, analyses, plans and specs.  

The first step is to assign an earned value to each task.  We estimate that the completion of prototypes will take 2 months and $15,000, the analyses one month and $10,000, the plans one month and another $10,000, and the specs one month and $15,000.  Therefore, the cumulative earned value we can get after successfully finishing the four tasks is $50,000.  

Let’s take a snapshot at the end of the fourth month to assess the status and actual cost of the project as shown in Table 1.  At the end of the fourth month, we are scheduled to complete the first three tasks which are prototypes, analyses and plans, so that the cumulative BCWS (EV scheduled) is $35,000.  However, we have only finished the prototypes and analyses at the end of the fourth month which only gave us a BCWP (EV performed) of $25,000.  

In this case, BCWP ($25,000) < BCWS ($35,000), which means that we are behind schedule at the end of the fourth month.  On the other hand, the actual cost to finish the prototypes is $14,000 and the actual cost to complete the analyses is $6,000.  Thus the cumulative actual cost of work performed is $20,000, which indicates that the actual cost is below our budget for the first two tasks.  

	Project Tasks
	BCWS (EVscheduled) ($)
	BCWP (EVperformed) ($)
	Actual Cost ($)

	Prototypes
	15,000
	15,000
	14,000

	Analyses
	10,000
	10,000
	6,000

	Plans
	10,000
	0
	0

	Specs
	0
	0
	0

	Total
	35,000
	25,000
	20,000


Table 1.  The snapshot of earned value and actual cost at the end of the 4th month


Thus, in terms of our earned value feedback process in Figure 5, BCWP > Cost ($25,000 > $20,000), so we have no need of corrective action on budget.  However, BCWP< BCWS ($25,000 < $35,000), so our project is behind schedule and needs corrective action there.  This might involve slipping the schedule, or if that is infeasible, rescoping the project to fit within the available schedule.  Techniques such as the Schedule as Independent Variable (SAIV) process [Boehm et al., 2002b] are available to accommodate such corrective action.   

4.  Real Earned-Value Feedback Control

The Earned Value Management process is generally good for tracking whether the project is meeting its original plan. However, it becomes difficult to administer if the project’s plan changes rapidly.  More significantly, it has absolutely nothing to say about the actual value being earned for the organization by the project’s results. A project can be tremendously successful with respect to cost-oriented “earned value,” but an absolute disaster in terms of actual organizational value earned. This frequently happens when the resulting product has flaws with respect to use acceptability, operational cost-effectiveness, or timely market entry. Thus, it would be preferable to have techniques which support monitoring and control of the actual value to be earned by the project’s results, and the project’s resulting return on investment:

ROI = (Benefits-Costs)/Costs, adjusted for inflation effects

4.1 Business-case and Benefits-Realized Monitoring and Control

A first step is to use the project’s business case as a means of monitoring the actual business value of the capabilities to be delivered by the project. This involves a continuing update of the business case to reflect changes in business model assumptions, market conditions, organizational priorities, and progress with respect to enabling initiatives. Monitoring the delivered value of undelivered capabilities is difficult; therefore, this approach works best when the project is organized to produce relatively frequent increments of delivered capability.  See [Reifer, 2002] for further information and guidelines on software business case analysis.


In order to formulate the business case, it is necessary to determine and reconcile the value propositions of the project’s success-critical stakeholders. Further, this makes it necessary to identify the success-critical stakeholders and their roles in realizing the project’s benefits.


An excellent technique for doing this is the DMR Consulting Group’s Benefits Realization Approach [Thorp, 1998].  Its centerpiece is the Results Chain, an example of which is shown in Figure 7.  The Results Chain establishes a framework linking Initiatives that consume resources (e.g., implement a new order entry system of sales) to Contributions (not delivered systems, but their effects on existing operations) and Outcomes, which may lead either to further contributions or to added value (e.g., increased sales).



A particularly important contribution of the Results Chain is the link to Assumptions, which condition the realization of Outcomes.  Thus, in Figure 7, if order-to-delivery time turns out not to be an important buying criterion for the product being sold, (e.g., for stockable commodities such as soap and pencils), the reduced time to deliver the product will not result in increased sales.


The Results Chain is a valuable framework by which software project members can work with their clients to identify additional non-software initiatives that may be needed to realize the potential benefits enabled by the software/IT system initiative. These may also identify some additional success-critical stakeholders who need to be represented and “bought into” the shared vision.


For example, the initiative to implement a new order entry system may reduce the time required to process orders only if some additional initiatives or system features are pursued to convince the sales people that the new system will be good for their careers and to train them in how to use the system effectively.  For example, if the order entry-system is so efficiency-optimized that it doesn’t keep track of sales credits, the sales people will fight using it.

Further, the reduced order processing cycle will reduce the time to deliver products only if additional initiatives are pursued to coordinate the order entry system with the order fulfillment system.  Some classic cases where this didn’t happen were the late deliveries of Hershey’s Halloween candy and Toys’R’Us’ Christmas toys.


Such additional initiatives need to be added to the Results Chain.  Besides increasing its realism, this also identifies additional success-critical stakeholders (sales people and order fulfillment people) who need to be involved in the system definition and development process.  The expanded Results Chain involves these stakeholders not just in a stovepipe software project to satisfy some requirements, but in a program of related software and non-software initiatives focused on value-producing end results.


One the initiatives are agreed on, they can be elaborated into project plans, requirements, architectures, budgets, and schedules.  The resulting budgets establish the cost inputs to the business case. The corresponding benefits for the business case are determined by a benefits analysis. The quantitative part of the benefits analysis will include the effects on the organization’s profit-and-loss bottom line, either in terms of additional profit streams or cost savings.


The benefits analysis should also include qualitative analysis of such additional benefits as customer satisfaction, corporate reputation, or supply chain controllability.  For a public service organization, the benefits analysis needs to determine quantitative proxies for benefits wherever possible, such as improved health and safety records; reduced service delays and complaint rates; or high service-recipient satisfaction ratings.  Such proxies are often worth tracking for commercial organizations, as they are often key competitive discriminators.  A good example is the strategic profile approach presented in [Kim-Mauborgne, 2002].


Figure 8 shows the resulting value realization feedback process.  The Results Chain, business case, and program plans set the baseline in terms of expected time-phased costs, benefit flows, returns on investment, and underlying assumptions.  As the projects and program perform to plans, the actual or projected achievement of the cost and benefit flows and the realism of the assumptions are becoming invalid, the project or program will determine and apply corrective actions in terms of changes in plans or initiatives, and associated changes in expected cost and benefit flows.


Figure 8. Value Realization Feedback Process

5. Value-Based Feedback Control: An Order Processing Example


Sierra Mountainbikes, Inc. has an outstanding reputation for high quality in their specialty area of mountain bicycles. However, an operations review confirmed that its retailers were highly dissatisfied with Sierra’s order processing systems.  Retailers were encountering significant problems with delivery delays and mistakes; poor synchronization between order entry, order confirmation, and order fulfillment; and disorganized responses to problem situations.  The resulting crisis management mode of operation added to an already costly and inefficient order processing system.


Sierra has entered into a strategic partnership with eServices, Inc., for joint development of a new order processing and fulfillment system.  The partnership will subsequently continue to integrate the new system with an upgrade of Sierra’s financial, production, and human resource management informational systems.  The strategic partnership is organized around both the system’s results chain and business case, so that both parties share in the responsibilities and rewards of realizing the system’s benefits.  Thus, both parties are motivated to understand and accommodate each other’s value propositions or win conditions, and to use value-based feedback control to manage the program of initiatives involved in realizing the system’s expected benefits.

Figure 9 shows the overall Results Chain for the program.  Compared to Figure 7, it adds an order fulfillment initiative and initiatives for business process reengineering, outreach, and training associated with the new order entry and fullfillment functions.  Besides involving its in-house stakeholders in those initiatives, Sierra has obtained commitments from its three leading distributors to participate in defining and beta-testing the resulting new system, and in evaluating such expected outcomes as increased customer satisfaction and ease of use (Planning how to monitor these aspects of benefits realized led Sierra to recognize the distributors as additional success-critical stakeholders to be involved in the system’s definition and development).

Figure 9.  Expanded Order Processing System Results Chain



 

 

  
















                 


Figure 9 is at about the right level of detail for a system of this complexity.  It is sufficiently detailed to record the overall program vision and structure, and to identify the success-critical stakeholders.  It also provides a sufficient framework for developing the new system’s business case, and for feedback control of whether the initiatives are realizing the expected benefits.  As most of its critical assumptions are program-wide, these are recorded in Figure 9 as a general list of assumptions to be monitored, rather than additional hexagons in the figure.  

5.2 Business Case Analysis:  Costs, Benefits, and Return on Investment

The overall development budgets and schedules for the order processing system are shown in Table 2.  The project uses an evolutionary spiral approach [Boehm-Hansen, 2000] involving overall strategic plans for an initial operational capability (IOC) and full operational capability FOC.  The detailed content of the IOC and FOC is initialized by prioritized sets of features, with an architecture supporting growth to FOC and ease of dropping or adding features as their nature or priorities change.  

	Table 2. Order Processing System Schedules and Budgets

	Milestone
	Due Date
	Budget ($K)
	Cumulative Budget ($K)

	Inception Readiness
	1/1/2004
	0
	0

	Life Cycle Objectives
	1/31/2004
	120
	120

	Life Cycle Architecture
	3/31/2004
	280
	400

	Core Capability Demo
	7/31/2004
	650
	1050

	Initial Oper. Capability: SW
	9/30/2004
	350
	1400

	Initial Oper. Capability: HW
	9/30/2004
	2100
	3500

	Developed IOC
	12/31/2004
	500
	4000

	Responsive IOC
	3/31/2005
	500
	4500

	Full Oper. Cap'y CCD
	7/31/2005
	700
	5200

	FOC Beta
	9/30/2005
	400
	5600

	FOC Deployed
	12/31/2005
	400
	6000

	Annual Oper. & Maintenance
	 
	3800
	 

	Annual O&M; Old System
	 
	7600
	 


Some additional key milestones are the Life Cycle Objectives (LCO) and Life Cycle Architecture (LCA) milestones used in the USC Model-Based (System) Architecting and Software Engineering (MBASE) approach [Boehm-Port, 2001] and the Rational Unified Process (RUP) [Royce, 1998; Jacobson et al., 1999; Kruchten, 2001], and the Core Capability Demonstration (CCD) milestone in the Schedule as Independent Variable (SAIV) specialization of MBASE and RUP [Boehm et al., 2002b].

These milestones are also used in the COCOMO II cost estimation model to estimate the budget, effort, schedule, and staffing level required to meet these milestones, as discussed in Section 2.  Table 2 shows the resulting milestone due dates, budgets, and cumulative budgets derived for the order fulfillment project from the COCOMO II estimates, adjusted to cover the related business processes, outreach, and training initiates (covered under “software”) and to new purchased computer hardware and COTS infrastructure software (covered under “hardware” in the 9/30/2004 IOC milestone).  These are used both for monitoring and controlling project progress using traditional earned value techniques, and as the costs incurred in calculating the program’s return on investment.  

Overall, we see that the IOC sill start development on January 1, 2004.  It will be installed for beta-testing with the three key distributors on September 30, 2004, and cut over as a replacement for most of the old system on December 31, 2004, at a cumulative investment cost of $4 million.  An incremental release of the IOC responding to the most cost-effective fixes and enhancements will occur on March 31, 2005.  Concurrently, work will start on the enhancements for the FOC, which will also be beta-tested by the three key distributors, and then cut over as a full replacement for the old system on December 31, 2005, at a cumulative cost of $6 million.  Thereafter, six-month increments and annual new releases will be installed at an annual investment level of 500K.

Table 3 shows the corresponding expected benefits and return on investment, ROI = (Benefits – Costs) / Costs, annually for the years 2004-2008.  For simplicity in this analysis, the costs and benefits are shown in 2004 dollars to avoid the complications of discounted cash flow calculations, and the 10% annual growth rate in estimated market size is not compounded, both for simplicity and conservatism.

	Table 3. Order Processing System : Expected Benefits and Business Case

	
	
	Current System

	New System

	
	
	
	
	
	
	
	
	

	Date
	Market Size ($M)
	Market Share %
	Sales
	Profits
	Market Share %
	Sales
	Profits
	Cost Savings
	Change in Profits
	Cum. Change in Profits
	Cum. Cost
	ROI
	Late Delivery %
	Cust. Statis. 0-5
	In-Tran. Visib. 0-5
	Ease of Use 0-5

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/03
	360
	20
	72
	7
	20
	72
	7
	0
	0
	0
	0
	0
	12.4
	1.7
	1.0
	1.8

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/04
	400
	20
	80
	8
	20
	80
	8
	0
	0
	0
	4
	-1
	11.4
	3.0
	2.5
	3.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/05
	440
	20
	88
	9
	22
	97
	10
	2.2
	3.2
	3.2
	6
	-.47
	7.0
	4.0
	3.5
	4.0

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/06
	480
	20
	96
	10
	25
	120
	13
	3.2
	6.2
	9.4
	6.5
	.45
	4.0
	4.3
	4.0
	4.3

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/07
	520
	20
	104
	11
	28
	146
	16
	4.0
	9.0
	18.4
	7
	1.63
	3.0
	4.5
	4.3
	4.5

	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	12/31/08
	560
	20
	112
	12
	30
	168
	19
	4.4
	11.4
	29.8
	7.5
	2.97
	2.5
	4.6
	4.6
	4.6


As seen in columns 2-5 of Table 3, Sierra’s current market share and profit margins are estimated to stay roughly constant over the 2004-2008 period, with annual profits growing from $7M to $12M, if the new program is not executed.  This is a conservative estimate, as the problems with the current system would increase with added sales volume, leading to decreased market share and profitability.  


The next columns in Table 3 up through ROI show the expected improvements in market share and profit margins (due both to economies of scale and decreased operational costs) achievable with the new system, and the resulting ROI relative to continuing with the current system.  They show that the expected increase in market share (from 20% to 30% by 2008) and profit margins have produced a 45% ROI by the end of the second year of new-system operation (2006):  

ROI = Benefits-Costs  = 9.4 – 6.5  = 0.45




                     Costs
            6.5

The expected ROI by the end of 2008 is 297%.


The final four columns in Table 3 show expected 2004-2008 improvement in overall customer satisfaction and three of its critical components: percentage of late deliveries, ease of use, and in-transit visibility.  The latter capability was identified as both important to distributors (if they know what is happening with a delayed shipment, they can improvise workarounds), and one which some of Sierra’s competitors were providing. Sierra’s expected 2004-2008 improvements with the new system were to improve their 0-5 satisfaction rate on in-transit visibility from a low 1.0 to a high 4.6, and to increase their overall customer satisfaction rate for order processing from 1.7 to 4.6.

5.3 Value-Based Monitoring and Control


The expected benefits and business case in Table 3 are valuable not only as a means of justifying the program of initiatives.  They are also valuable as a means of tracking actual progress in realizing the benefits and applying corrective action wherever the expected benefits are not being realized; wherever the assumptions in the results chain in Figure 9 are becoming invalid; or wherever new opportunities may surface with a higher payoff than the program being executed (e.g., via acquisition of a competitor with an inferior product line but a superior existing order processing system).

Table 4 shows an example value-based monitoring capability for the order processing system.  It is a simple, straightforward approach that can easily be implemented as a spreadsheet program.  Some complications such as present-value discounting of future cash flows have not been included here, but can easily be added within a spreadsheet program.  Most of the cells shown here compress two cells of information into a pair of numbers separated by a horizontal line.  The number above is the expected value of the given elements at the given time, as expressed in the expected benefits and business case in Table 3.  The number below is the actual cost or benefit actually realized at the given time.  

Some cells just have a single number with an asterisk.  These show interim ratings provided by the early-user distributors based on early trial use.  They provide additional feedback on whether the project is on track in meeting its qualitative goals.  

	Table 4. Value-Based Expected/Actual Outcome Tracking Capability

	Milestone
	Schedule
	Cost ($K)
	Op-Cost 
	Market 
	Annual 
	Annual 
	CumΔ 
	ROI
	Late 
	Cust. 
	ITV
	Ease 
	Risks/Opportunities

	 
	 
	 
	Savings
	Share %
	Sales ($M)
	Profits ($M)
	Profits
	 
	Deliv %
	Sat.
	 
	of Use
	 

	Life Cycle
	3/31/04
	400
	 
	20
	72
	7.0
	 
	 
	12.4
	1.7
	1.0
	1.8
	Increased COTS ITV Risk.

	Architecture
	3/31/04
	427
	 
	20
	72
	7.0
	 
	 
	12.4
	1.7
	1.0
	1.8
	Fallback identified.

	Core Capa-
	7/31/04
	1050
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	Using COTS ITV Fallback.

	bility Demo 
	7/20/04
	1096
	 
	 
	 
	 
	 
	 
	 
	2.4*
	1.0*
	2.7*
	New HW Competitor;

	(CCD)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	renegotiating HW

	Software
	9/30/04
	1400
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Init. Op. Cap'y
	9/30/04
	1532
	 
	 
	 
	 
	 
	 
	 
	2.7*
	1.4*
	2.8*
	 

	(IOC)
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Hardware
	9/30/04
	3500
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	$200K savings from

	IOC
	10/11/04
	3432
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 
	renegotiated HW

	Deployed
	12/31/04
	4000
	 
	20
	80
	8.0
	0.0
	-1.0
	11.4
	3.0
	2.5
	3.0
	New COTS ITV source

	IOC
	12/20/04
	4041
	 
	22
	88
	8.6
	0.6
	-.85
	10.8
	2.8
	1.6
	3.2
	identified, being protoyped

	Responsive
	3/31/05
	4500
	300
	 
	 
	 
	 
	 
	9.0
	3.5
	3.0
	3.5
	 

	IOC
	3/30/05
	4604
	324
	 
	 
	 
	 
	 
	7.4
	3.3
	1.6
	3.8
	 

	Full Op.
	7/31/05
	5200
	1000
	 
	 
	 
	 
	 
	 
	3.5*
	2.5*
	3.8*
	New COTS ITV source

	Cap'y CCD
	7/28/05
	5328
	946
	 
	 
	 
	 
	 
	 
	 
	 
	 
	initially integrated

	Full Op.
	9/30/05
	5600
	1700
	 
	 
	 
	 
	 
	 
	3.8*
	3.1*
	4.1*
	 

	Cap'y Beta
	9/30/05
	5689
	1851
	 
	 
	 
	 
	 
	 
	 
	 
	 
	 

	Full Op.
	12/31/05
	6000
	2200
	22
	106
	12.2
	3.2
	-.47
	7.0
	4.0
	3.5
	4.0
	 

	Cap'y Deployed
	12/20/05
	5977
	2483
	24
	115
	13.5
	5.1
	-.15
	4.8
	4.1
	3.3
	4.2
	 

	Release 2.1
	6/30/06
	6250
	
	
	
	
	
	
	
	
	
	
	





For example, let’s look at the expected vs. actual outcomes at the end of the program’s first year.  The Deployed IOC was expected to be done by 12/31/04, but actually finished early on 12/20/04. Its cost was about 1% overrun ($4041 K actual vs. $4000K expected).  A $200 K savings in hardware and COTS software acquisition kept the overrun from being serious.  On the other hand, customers’ knowledge that Sierra was developing an improved order processing system enabled Sierra to land some new purchase contracts which actually raised their market share to 22% in the first year.  This enabled Sierra to record a $600 K profit increase by the end of 2004 instead of the zero profit increase expected, and to repay $5.1M of the $6 M investment by the end of 2005. The new system had decreased the late delivery rate to 10.8% vs. the expected 11.4%, and had increased he systems ease-of use rating to 3.2 vs. the expected 3.0 by the end of 2004.


However, the new system’s in- transit visibility rating had increased only to 1.6 vs. the expected 2.5, pulling down the overall customer satisfaction rating to 2.8 vs. the expected 3.0.  We can follow the feedback control trail of this shortfall by looking at the Risks/Opportunities column.  By the Life Cycle Architecture milestone, which requires all major risks to be either resolved or covered by a risk management plan, the project had identified a risk that TrackCorp, the primary COTS-vendor offering an in-transit visibility package, would back off from its marketing promise to convert its ITV package to run on Sierra’s selected Unix platform in early 2004.  The projects’ fallback plan was to develop an interim in-house ITV capability and search for alternative Unix- based COTS ITV sources.


By the Core Capability Demo milestone on 7/20/04, the project had verified that TrackCorp would not deliver a Unix ITV package in 2004 if at all, and had gone to its fallback strategy.  The in-house ITV capability slowly increased the distributors’ ITV rating, but it was only when the search for alternative Unix COTS ITV packages turned up a viable new source at the end of 2004 that significant progress was being achieved on improving the distributors ITV rating.  By the end of 2005, it had increased to 3.3 vs. the expected 3.5, and overall customer satisfaction was at a 4.1 rating vs. the expected 4.0.


Thus, we can see that the value-based monitoring and control capability provided by the MBASE/RUP life cycle milestones, the DMR Benefits Realization Approach and results chains, and the value-based outcome tracking capability shown on Table 4 enable an organization like Sierra to pro-actively anticipate shortfalls in its benefits realization plans and initiate corrective action to recover from them.  They also enable organizations to pro-actively pursue opportunities to improve on a planned outcome, such as the emergence of a new hardware competitor becoming an opportunity to save on hardware costs and compensate for a software cost overrun. 

6. Conclusions and Future Challenges

The increasing pace of change in the information technology field makes feedback control essential for organizations to sense, evaluate, and adapt to changing value propositions in their competitive marketplace. 

Traditional project feedback control mechanisms such as “earned value” systems are effective for controlling the development efficiency of relatively stable projects in well-established value situations.  But they have absolutely nothing to say about the actual value being earned by the project’s results, and can lead to highly efficient waste of an organization’s scarce resources.

The value-based monitoring and control capability formulated and illustrated above can enable organizations to pro-actively monitor and control not only fast- breaking risks to project success in delivering expected value, but also fast-breaking opportunities to switch to even higher- value emerging capabilities.   

Challenges for the future of value-based monitoring and control include:

· Integrating advanced financial instruments such as real options [Amram- Kulatilaka, 1998] into the planning and control of software-intensive systems [Sullivan el al., 2001].  

· Integrating the explicit information in plan-driven feedback control methods with the tacit information used in agile methods [Highsmith, 2002] to support both agility and discipline in controlling software projects [Boehm, 2002a].

· Integrating project-level and organization-level feedback control of software-intensive projects, programs, portfolios, and organizations, using such techniques as the Experience Factory [Basili et al., 1994], Balanced Scorecards [Kaplan-Norton, 1996], the Benefits Realization Approach [Thorp, 1998], and the CeBASE Method [Boehm et al., 2002a].

· Integrating value- based methods into the full range of disciplines involved in software engineering: requirements, design, development, test, COTS integration, planning and control [Boehm- Sullivan 2000; Boehm, 2002].
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Figure 2.  Feedback Cycle 2: Project Execution  
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Figure 7. Benefits Realization Approach Results Chain
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