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Abstract

A predictive independent verification and validation (IV&V) return on investment (ROI) model must take into account project characteristics that influence ROI. This task, part of Phase IIA of the IV&V ROI study, identified a set of predictive model characteristics and inputs based on Phase I case studies, Phase IIA indirect benefits analysis, and published literature. Significant variation existed among the four cases studied with respect to the selected characteristics. The set of characteristics is sufficiently large that additional case studies will be required for initial calibration, and continuous refinement using future IV&V projects is recommended.
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1 Introduction

One goal of the IV&V return on investment (ROI) study is to develop a predictive ROI model. This model will allow IV&V decision makers to estimate IV&V ROI prior to beginning a software development project, and to therefore determine whether IV&V is appropriate, from the ROI perspective. The third task of Phase IIA was to determine the characteristics of a predictive ROI model to ensure that the IV&V ROI methodology will lead successfully to such a predictive model. There were three elements to this task:

· Predictive model configuration dependencies. Identify parameters that likely should be included as variables in the predictive model (for configuration to fit a particular project) based on variances seen in the projects that were a part of the Direct ROI study.

· Project information required. Identify necessary product and project metrics such as CMM level, complexity, criticality, and software tool use.

· Verification requirements. Identify levels and methods of verification that will be needed to guarantee model credibility. Identify calibration requirements. Discuss sample size for verification.

2 Predictive Model Configuration Dependencies

This section reviews the projects used in the Direct ROI study [DB03] and identifies project characteristics that likely impacted the resulting ROI.  The specific impact of these characteristics is an early task of the development of the predictive model. These characteristics will become candidates for the project-specific drivers for the model.  It is expected the model will produce a distribution (possibly Poisson) of expected ROI that varies with confidence factor.  The model parameters (based on the following list) will drive the shape of the ROI curve. The following is a list of the project characteristic variations observed:

a. Difference in method of working with IV&V

One project had a single point of contact. All questions and contact with the developers funneled through that person.  That restriction slowed both identification and resolution of IV&V issues. Another project allowed all IV&V personnel to communicate freely with any developer.  This resulted in issues being resolved at the lowest level possible.  One project accepted IV&V issues directly into the project defect repositories, while other projects either kept IV&V issues separate or created special processes for working with IV&V identified issues.  This resulted in a tendency to separate IV&V activity from development activity supporting the perception of IV&V as an extra add-on for the developers.

b. Difference in preconceptions of IV&V within developer community

One project was opposed to the use of IV&V at both management and working levels.  This made communication with the developer difficult sometimes forcing assumptions to be made.  Correctness of assumptions had to be confirmed after portions of work were accomplished. On another project, the contractor was somewhat hostile however the NASA Project Manager was generally supportive.  This led to conflicts that had to be resolved at higher than working level.  That led to inefficiencies in analyst time.

c. Difference in lifecycle focus

On one project IV&V was focused primarily on requirements.  This led to an abnormal distribution of issues.  Since the Direct ROI model is phase dependent, abnormal skewing of phase focus will skew the results. One project had no detailed design documents and a very late arrival of architecture documents.  That had the result of very few design issues from IV&V and a disadvantage in code review.

d. Difference in availability of developer problem database

One project made the problem database readily available to all participants.  This allowed effective communication of issue definition and resolution progress. One project had no developer problem database usable by IV&V.  This prevented IV&V knowledge of current status of software and resulted in some duplicate issues.

e. Difference in cost-to-fix data

One project had cost-to-fix data in the problem database.  This made definition of cost-to-fix per issue relatively easy and largely irrefutable. The other projects did not maintain cost-to-fix data.  For those cases, function point development was needed.

f. Development lifecycle style

There was considerable variation among the cases studied to date with respect to variations in development lifecycle (use of waterfall – spiral continuum).  The impact on ROI due to this variation appears to be negligible.  However, specific impact needs to be determined.

g. Software environment

The projects studied to date used a variety of software development environments ranging from simple text editors and build scripts to integrated development environments. There were also a variety of programming languages including both procedural (C, Ada) and object-oriented (C++). Organizational experience with the development technologies employed may be more of a driver than the technologies themselves. The impact on ROI due to this variation appears to be negligible.  However, specific impact needs to be determined.

h. Capability Maturity Model (CMM) level.

It has been reported [DS97] that variations in CMM level correlate well with variations in development cost and error densities. Therefore, variations in CMM level may also correlate with variations in IV&V ROI.

i. Developer productivity

There was considerable variation in developer productivity among the projects studied in Phase I. There appears to be an inverse relationship between productivity and IV&V ROI.  This could be a result of higher productivity being achieved at the cost of quality documentation (this is likely when the productivity for the project is at wide variance from the industry productivity for like projects).  Lack of quality documentation is a hindrance to IV&V ROI.

j. Developer defect history

The defect history on previous projects and releases of the same project are likely to correlate with defect density for the current project for a particular developer organization. Defect density has a direct relationship with IV&V ROI.  This information may be difficult to obtain, however.  Also, this characteristic may not be independent from CMM level.

k. Adherence to quality standards

The extent to which a project applies quality standards during product reviews will impact the benefits realized from IV&V analyses, especially during the early lifecycle phases. A reliance on developer knowledge rather than written specifications, exhibited through de-emphasis on addressing ambiguities and other types of defects in requirements and design specifications, was observed on a project that also experienced excessive integration problems and eventual cancellation.

l. Development organization cohesion

The projects in the Phase I case studies varied widely in the make up of the development organizations. One project had a single software development organization. Other projects had multiple development organizations, some widely dispersed. The manner in which responsibilities were distributed across the various organizations varied as well. While most were based on a functional decomposition of the system, one project distributed responsibilities based on roles: system and software architecture engineering, system software, and application software.  This can result in distributing the IV&V organization to match the developer organization thus increasing cost and reducing ROI.

The differences identified in the list above will impact the tailoring of the model. Specifically, the tailoring process will need to:

a. Define ROI impact due to each difference independently

b. Expand the list to all differences that might impact ROI

c. Define range of impact due to each difference

d. Define method to obtain that range

e. Define method for assessing projects to define ROI relevant characteristics

3 Project Information Required

This section defines the information that will have to be collected for projects using the predictive model.  This information will then be used to drive the parameters to tailor the model to the specific characteristics of a specific project.  The information needed is as follows:

a. Type of interface planned with IV&V.  This should be documented in the MOA. It is recognized that the IV&V interface with the project usually changes as the developer becomes accustomed to dealing with IV&V.  The model will need to accommodate this change to provide an accurate prediction.  This input, and others like it which are expected to vary over the life of the project, will likely need to represent a dynamic characteristic.  The distribution of the parameter over time will be based on experience with the same or similar developers.

b. The lifecycle phases in which IV&V is expected to be engaged.  This should be documented in the MOA.

c. The expected handling (documentation and availability to IV&V) of developer detected defects.  This should be contained in the Software Development Plan and the MOA.

d. The software development method to be used, including development product set, tools used to support the development method, and internal V&V plan.  This should be contained in the Software Development Plan. 

e. The configuration management strategy to be used.  This should define the project boards, their disposition mechanism, and the phase in which they are imposed.

f. Test strategy. Lack of availability of test design information near the CDR timeframe or test procedures prior to execution of test hampers IV&V ability to confirm verification of requirements.

g. Project certification requirements (manned, planetary, ground, etc)

h. CMM or equivalent level

i. Defect history and IV&V ROI for previous projects by same developer organization.

j. Planned development environment. This should be documented in the software development plan.

k. Developer productivity on similar projects

Some project information may not be clear or even available until IV&V is fully engaged with a project. The predictive model may need to be designed such that it is configurable to the nature of the information available. Once additional insights or information becomes available, it may be useful to conduct iterative refinements to the ROI predictions.

4 Model Verification Requirements

This section defines the verification needed to result in a credible model accepted by a wide range of project managers.  It is expected this will be continuous as new case studies are done.  Initially, it is suggested to pick projects of like type to those used to calibrate the model and do a case study on those projects.  The prediction error should be no greater than the variations among results for similar projects.  The model should be continuously calibrated as projects are completed to improve its accuracy.  The calibration will be accomplished by performing a case study on the completed project and re-assessing the project characteristics and their dynamic nature.  The effect of model parameters will then be adjusted to bring the expected value of the ROI prediction in line with the case study results.  The number of IV&V projects available to calibrate and verify the model is and will remain small.  This will affect confidence in use of the model as a predictor.  The justification for use with a small sample set is predicated on early prediction success in the verification activities.  Projects used for successive calibration will be picked that are known to have wide variances in their project characteristics impacting ROI.   This will broaden the predictive accuracy of the model.

5 Conclusion

Wide variations in a number of project characteristics were observed in the case studies of Phase I of the IV&V ROI study. Many of the characteristics appear to be independent, but the four case studies completed to date do not constitute a sufficiently large sample space to support meaningful correlation analysis. The next phase of the ROI study will provide additional data points and will allow a further definition of the factors that impact ROI. It is expected that ROI data collection will be a part of the standard IV&V process and will enable continued refinement of the predictive model calibration.  Upon successful calibration and verification of the model, it can be used for IV&V optimization with respect to the project characterization parameters in the model.  At project initiation, the ROI impact of project characteristic variations can be used to negotiate a change to those characteristics.  
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