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Iterations in the BES Process Directory Guide
Introduction
The BES Process Directory (BPD) phases are similar to the Waterfall Development Model if you look at it phase by phase.  However, the flow of activities and the production of products within a phase allow quite a bit of parallelism.  The end of each phase is marked by a review that determines if the project can proceed to the next phase based primarily on the quality of the products produced in the current phase, the competence of the plans for the next phase and the rest of the project, and the integrity of the budget and schedule. 
Iterations may exist within a phase and may include activities and products not normally associated with the phase.  Iterations may also produce products or sub-products that normally would be produced in subsequent phases.  For example, an iteration may include activities that create products related to requirements, design, code development and test.  
This guide provides direction for using iterations in the BPD.   Iterations do not change the order that phases in the BPD are completed.  When sufficient products in a phase have been developed or integrated, the phase must be reviewed to determine if the project can proceed to the next phase.  The goal of an iteration should support the objectives of the phase.  For example, if the objective of the phase is to produce a detailed design, the goal of an iteration of that phase may involve designing and coding a subset of the system for experimentation to reduce the risk of design failure. 
Iterations not delivered to the field are generally concluded at or before Test Readiness Review I (TRR I).  The Evolutionary Acquisition Strategy DoD 5000.02 defines iterations delivered to the field as increments and the increment must satisfy all of the organizational requirements in the BPD, such as demonstrating acceptable functional behavior and satisfying requirements for security, interoperability, sustainability, supportability and usability.  To field an increment, the project must demonstrate through formal reviews that the increment has the quality, documentation and support to execute in the operational environment.
Iteration Concept

Each iteration generally consists of a subset of activities and products required by the BPD and identified in the approved project BPD Tailoring Worksheet.  The BPD activities and products are selected from the activities and products that occur from project initiation through TRR I.  

During iterations, new products that are unique to the iteration may be added to the iteration.  Some examples of those products are conceptual prototypes, design experiments, simulations, user evaluations of prototypes in a controlled environment and feasibility studies of Commercial-off-the-Shelf tools.  For example, in testing a particular interface to reduce the risk of a proposed communication design, a simulation of a communicating system may be constructed as part of an iteration.  This simulation may not be a deliverable in the final system, but it should be added to the products in the tailored worksheet.  If a report comparing the simulation to the real interface will be constructed as part of the iteration, that report should be added to the products in the tailoring worksheet.  Products not defined in the work breakdown structure Work Breakdown Structure Lexicon can use the "products not otherwise coded" category.  In addition, the tailoring worksheet can always be tailored up by adding products. 

Planning for the Iteration                                   
Each iteration must have a plan, approved by the same approval authorities and using the same reporting techniques as the schedule re-baseline process Schedule Re-baseline or Refinement Procedure.  The plan must identify goals, schedule and cost before the iteration begins as well as requirements or partial requirements that are related to the iteration.  Before executing the iteration, the release schedule must show the start and end of the iteration milestone and all of the detailed products.  Each iteration must be evaluated and reviewed at the end of the iteration by the same approval authorities that approved the iteration plan.  For example, the goal of the iteration may be to construct code that implements a particular group of requirements.  The evaluation of the iteration will be based on a test report of test scripts associated with that particular group of requirements.  Another goal of an iteration may be to create a conceptual prototype that demonstrates technology (reduces risk) that will be needed to implement specific requirements.  The main product of this iteration will be a report that describes the key features that the prototype demonstrated and the relation of those features to the implementation of the requirements.
The goals must be verifiable.  General goals are suitable for iterations when scheduled as planning packages in the release schedule.  However, before an iteration is undertaken, the plan (goals, schedule, costs and related requirements) must be defined to the level that allows an objective evaluation during the review at the end of an iteration.  An iteration review must be requested at the end of an iteration by the developer and can be requested anytime by the Program Manager.  The iteration review is conducted by the same authorities that approved the iteration plan.  The objective of the iteration review is to determine if the goals have been met, if the resources (budget, schedule, skilled personnel, etc.) required by the iteration are available and adequate for the remaining iteration tasks, if the rationale underlying the iteration is still valid, and if the risks of continuing are justified by the remaining goals.  If the review results in the termination of the iteration, that review is the end of iteration review.
Iteration products must be defined in the release schedule and should generally follow the product sequence in the phases.  For example, assume that the project decides it needs an iteration to produce a conceptual prototype, based on a set of high-level user interface requirements, to develop the detailed user interface requirements.  The conceptual prototype could be developed using a preliminary design and critical design followed by component coding for the conceptual prototype, component integration and validation.  There will be a design review after critical design.  During the iteration, a full design review could be conducted as part of the iteration (the associated product would be the minutes of the design review), a tailored design review reduced in scope or level of participation could be conducted or the design review could be tailored out.  The type of design review in the iteration should be based on the risks and resources involved in the iteration.  If this iteration requires a small quantity of project resources, it may be justifiable to reduce design reviews in scope or eliminate them and count on the iteration review to determine if the goals were satisfied.  However, if this iteration consumed significant project resources or involved relatively immature technology that increased the risk, a design review after the critical design would be justified.
The Program Manager determines the frequency and level of reviews during iterations.  Products created during iterations are not immune from reviews, and reviews should be conducted based on risk and resource consumption.  However, there must always be at least one iteration review at the end of the iteration and the reviews defined in the BPD must be conducted while progressing through the phase or moving from phase to phase.  Reviews during the iteration may reduce the amount of effort expended in other major reviews defined in the BPD.
Examples of Types of Iterations

Iterations during Construction and Test by the Developer
Assume that the project has gone from Project Initiation (PI) to the Critical Design (CD), and the CD for the system has been completed, reviewed and approved.  The project may have gotten to this point sequentially or by doing some iterations in the previous BPD phases.  Assume further that the project decides to complete the construction and test of the system through TRR I in several iterations.  The overall strategy is illustrated below in Figure 1.
PI                             CD                               TRR I                                           Release
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Figure 1.  Iterations during Construction and Test by the Developer
Each iteration will create partial products in the current phase.  At the end of each iteration, some requirements or parts of requirements are satisfied or the implementation risks are reduced.  Each iteration may produce complete products or parts of products.  However, the Project Development Team integrates the product parts in the final iteration to produce the complete products.  During an iteration, peer reviews must be conducted on parts of products completed or integrated with parts completed during previous iterations.  Below is an example of three iterations that each start following CD.
Iteration 1:  Construct, review and approve an Iteration Plan.  Construct the outline of the User Manual, Configuration Item (CI) #3, and the database.  Peer review these partial products.  Perform the Component Integration and Validation Tests.  Execute the Functional Tests for the requirements associated with these products.  Produce an iteration report and review the iteration results.
Iteration 2:  Construct, review and approve an Iteration Plan.  Construct the rest of the User Manual, CI #2 and Module 5 of CI #1 and peer review these partial products.  Perform the Component Integration and Validation tests and integrate these products with those from Iteration 1.  Perform the Functional Tests for the requirements associated with these integrated products.  The Functional Tests may include some of the Functional Tests from Iteration 1.  Produce an iteration report and review the iteration results.
Iteration 3: Construct, review and approve an Iteration Plan.  Construct the remaining components including the rest of the Modules of CI #1.  Peer review the final products.  Perform the complete Component Integration and Validation tests and integrate these products with those from Iterations 1 and 2.  Produce an iteration report and review the iteration results.  Conduct a complete TRR I. 
Iterations during Construction and Test by the Developer may be a viable approach for sustainment systems, especially when a release consists of deficiency reports that do not require changes in the design.

Iterations during Design and Construction
Assume that the project has gone from Project Initiation (PI) to the Preliminary Design (PD), and the PD for the system has been completed, reviewed and approved.  The project may have gotten to this point sequentially or by doing some iterations in the previous BPD phases.  Assume further that the project decides to reduce the risk of implementing the PD by doing a CD and partial construction of the parts of the PD that appear to have the highest risk.  The overall strategy is illustrated below in Figure 2.

PI                             PD             Construction     TRR I                                  Release
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Figure 2.  Iterations during Design and Construction
The iterations cover both the design (after PD) and construction.  All of the BPD products through a completed PD are assumed.  Each iteration will create partial products in the rest of design and through construction.  At the end of an iteration, some potentially troublesome requirements or parts of requirements may be satisfied by constructing selected parts of the critical design and the related code that will be included in the final product.  It is also possible that an iteration may reduce risks associated with implementing a PD by designing and implementing a simulation of an interface, based on the PD, that can be utilized for testing if the real interface is not available in time.  At the point that the risks are reduced sufficiently or enough confidence is gained in the integrity of the PD, the last iteration will involve the rest of the design and construction of the system along with other products and reviews in the phase.
The timebox methodology, described in System Development Life-Cycle Methodologies Guide, uses iterations that cover design and construction.  This may be a viable approach for sustainment systems, especially when a release consists of deficiency reports that may require changes in the detailed design as well as construction.

Iterations beginning with Requirements 

Assume that the project has gone from Project Initiation (PI) to the High-Level Requirements (HLRs) and the HLRs have been determined.  Assume further that the project decides to complete the rest of the system through the Functional Baseline in several iterations.  Figure 3 illustrates the overall strategy.

PI                             HLR                    Functional Baseline                             Release
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Figure 3.  Iterations beginning with Requirements
Assume, based on the HLRs, that there are three Commercial-off-the-Shelf (COTS) tools that might satisfy a significant percentage of the HLRs.  Construct and review three iteration plans that consider the following four spheres Integrating a COTS Based Solution - Feasibility Procedure for each COTS tool:

· The HLR, related business processes and operational environment;

· The COTS marketplace, existing COTS products, emerging COTS technology, and relevant standards;

· The architecture and design constraints of the environment for the COTS product;

· The program management constraints on the project with emphasis on cost, schedule and risk including the cost, schedule and risk associated with modifying the other spheres of the COTS solution.
As the iterations are progressing with trade-offs in the spheres, the HLRs should be refined into three sets of more detailed requirements associated with each COTS solution.

Based on the results of these three iterations, 

· If no COTS tool looks promising, examine the options for a custom solution.
· If more than one COTS tool is feasible, create iteration plans to experiment further with the remaining COTS tools until one high fidelity COTS tool can be selected.
· If one COTS tool is feasible, continue examining the four spheres and experimenting with the tool until the tool is either rejected or a solution based on that tool is determined with predictable and acceptable cost and schedule.
Therefore, after the initial investigation into the four spheres, there are several approaches that may lead to a Functional Baseline.  Depending on the BPD phases that are appropriate for this project, the phase in which the iterations originated may be completed before the Functional Baseline is determined.  In that case, at the end of the initial iterations, the phase must be completed with all of the appropriate products and reviews in the phase.
Sequential and Simultaneous Iterations

Iterations have been presented as if they occur sequentially.  It may appear that when one iteration ends, the next iteration begins.  However, iterations can occur simultaneously.  For example, during construction, iterations could all start at the same time with little risk if the requirements are independent or the interfaces of components are well defined.  In early phases, each iteration can begin after the requirements are grouped and associated with iterations.  However, the risk of failing during integration could be considerable.  It might be more reasonable to create a high-level design with clear interfaces before beginning iterations concurrently.  Even then, discoveries during detailed design and construction may modify the interfaces causing integration failure and rework.
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