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Acquisition is the means which provides a new, improved, or continuing material or information system or service capability in response to an improved need.  The needs of the various branches of service under the Department of Defense – Army, Navy, Air Force, Marines – are improving on an almost constant basis. Technological developments and requirements in a world of rapidly changing innovations and warfare dictate a high level of need for new equipment.  The Defense Acquisition System is the management process by which the Department of Defense provides effective, affordable and timely systems to the users to satisfy capability needs.
  Currently this system is managed by DOD Directive 5000.1, entitled the Defense Acquisition System and DOD Instruction 5000.2, Operation of the Defense Acquisition System.  There are five overarching policies the Defense Acquisition System aims to incorporate and address:  Flexibility, Responsiveness, Innovation, Discipline, and Streamlined and Effective Management.  

Currently however, it is believed that the Acquisition life cycle takes too long and costs too much.  For this 

reason, our group will analyze different systems engineering processes, and compare them to the current Acquisition 

process, in order to improve the Defense Acquisition System. 
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1. Introduction
Acquisition is the means which provides a new, improved, or continuing material or information system or service capability in response to an improved need.  The needs of the various branches of service under the Department of Defense – Army, Navy, Air Force, Marines – are improving on an almost constant basis. Technological developments and requirements in a world of rapidly changing innovations and warfare dictate a high level of need for new equipment.  The Defense Acquisition System is the management process by which the Department of Defense provides effective, affordable and timely systems to the users to satisfy capability needs.
  Currently this system is managed by DOD Directive 5000.1, entitled the Defense Acquisition System and DOD Instruction 5000.2, Operation of the Defense Acquisition System.  There are five overarching policies the Defense Acquisition System aims to incorporate and address:  Flexibility, Responsiveness, Innovation, Discipline, and Streamlined and Effective Management.  

Currently however, it is believed that the Acquisition life cycle takes too long and costs too much.  In light of current world events and the evolution of the way in which the United States fights wars, it is no longer acceptable to take 10 – 15 years to invent a new Defense System.  One example is the immediate need of addressing the issue of armor plating on HMMWVs in Iraq that are frequently exposed to IEDs.  The extreme threat that these devices pose was not part of the initial expectations of combat operations and therefore the need was not voiced until troops were being effected.  As a result, many soldiers are forced to weld any available metal onto the floors and sides of their vehicles, forcing the DOD to frantically begin development of better suited HMMWVs for this type of fight.
  Improvements in the Acquisition life cycle will ensure that soldier equipment needs are addressed faster and with more efficiency.

Potential for improvement lies in many places such as bureaucratic organization of the agencies involved, swiftness of Congressional budge approval, policies governing the system by which new products are developed and approved for use by DOD agencies.  Systems engineering is perfect for dealing with the third possible area for improvement.  The International Council on Systems Engineering (INCOSE) defines systems engineering to be 

An interdisciplinary approach and means to enable the realization of successful systems focuses on defining customer needs and required functionality early in the development cycle, documenting requirements, then proceeding with design synthesis and system validation while considering the complete problem.

It is by applying this definition and the principles associated with systems engineering that this paper outlines a process through which systems engineering is to be applied in reforming the Defense Acquisition System.
2.  Problem Statement
2.1 General Problem Statement: To identify where it is most appropriate to introduce systems engineering into the DOD Acquisition Process by identifying specific omissions and redundancies within the DOD Acquisition Process, and aiming to correct them. 

2.2 Specific Problem Statement: Using comparison and analysis of the SEMP and various other Systems Engineering processes applied to DOD Acquisition, DOD Regulation 5000.2, as well as plans from the Defense Acquisition University, we will identify problems with the current role of Systems Engineering in DOD Acquisition and develop and recommend improvements or suggestions for new methods of approach. 
3. Stakeholders
The stakeholders in our system consist of the users, clients, decision makers, and sponsors: 

Users: all DOD (DA, DON, DAF, NSA, NASA, etc.) agencies and personnel engaged in the acquisition process

Clients: Dr. Glenn F. Lamartin, Office of the Under Secretary of Defense, Director of Defense Systems;  Mr. Mark Schaeffer, Principle to the Assistant Secretary for Acquisition (OUSD (AT&L))

Decision Makers: Mr. Mark Schaeffer

Sponsors: Department of Systems Engineering, United States Military Academy

Others: Dr. Lamartin, Secretary of Defense, Mr. Douglas K. Weltsie, Mr. Bolton
4. Phases of Work
The Benchmark Phase provided the foundation for the project.  During this phase, team members researched, studied, and dissected each of the systems engineering processes and extracted key aspects relevant to the project.  The first sub-phase involved producing a functional decomposition model of each process.  The functional decomposition visually illustrates each function and sub-function found in the process and any prescribed metrics associated with the process.  The next sub-phase required a functional flow analysis.  The team studied each process and determined the relationship of each function and sub-function, how they interrelated, and how information and products flow from one function to the next.  The team gave special attention to feedback, milestones, and repetition within the functional flow diagrams, as these would be key in comparison, the next phase.  Finally, the Benchmark Phase concluded with a Functional Flow Narrative, in which the team explained the flows through narration.  

The Comparison Phase showed the diversity of the numerous systems engineering processes.  During this phase, the team placed each process next to the other and found all common characteristics.  The team also found omissions, redundancies, and outlying aspects within each process.  Now that this phase is complete, the team is producing an interim report covering all findings to this point. 


Follow-on phases include building and testing a model that integrates aspects of each process to create an optimal systems engineering design process.  After the testing phase, the team will revise and display this model 
	Phase
	Estimated Date of Completion
	Lead Engineer

	Benchmark SE Methods (scope, bound and define the problem, stakeholder analysis, functional decomposition, functional flow)
	September - October 2004
	Cadet Meghan Vrabel

	Comparative Analysis of SE Methods (presentation of findings to date to SE FORUM)
	October - November 2004

19 NOV: Present to SE FORUM
	Cadet Andrew Hitchings

	Build & Test Model/Present Interim Report (to OUSD (AT&L) or appointed rep.)


	 
	Cadet Eric Turner

	Design Execution / Re-design as necessary
	March - April 2004
	Cadet Jessica Forman

	Final Presentation (to OUSD AT&L or appointed rep.)
	May 2004
	Cadet Travis Reinold


Table: Phases of Work

5. Engineering Processes Reviewed
User Needs & Technology Opportunities 5000-2

Current DOD Acquisitions process
Engineering Design Methods - Nigel Cross

Defense Acquisition University SEMP – Defense Acquisition University, Fort Belvoir, VA

Systems Engineering - Andrew Sage

Engineering Design - Clive L. Dym and Patrick Little

Systems Engineering and Management Process - Dept of Systems Engineering, USMA, West Point, NY

Methodology currently taught within the Systems Engineering Department at USMA.  This process is the foundation of numerous courses and large projects.

Systems 6 Engineering and Design Methodology - COL Mike McGinnis, Department of Systems Engineering, USMA, West Point, NY

Methodology personally developed and implemented by COL Mike McGinnis

6. Functional Analysis


For each engineering process, we decomposed them into their functions.  After decomposing each process, we organized the functions into hierarchies, which show the top-down relationships between functions and sub-functions (Appendix A).  Next, we developed functional flow diagrams.  Flowcharts show the sequential transition form phase to phase in each systems engineering process.  Like a snapshot, flowcharts provide a glimpse of the system at a point in time.  Functional Flow Diagrams are located in Appendix B.  Also, written explanations for each functional flow diagram are in Appendix C.  

7. Comparison
During the Comparative Analysis phase, the group looked at the functional flow diagrams to find similarities, redundancies, and omissions.  The purpose was to see which practices respected institutions and individual system engineers believe are the best ways to tackle a problem.  Through our analysis, and slight personal bias, we believe that the Systems Engineering Management Process (SEMP) is a creditable baseline of all comparisons.  In all other eight systems engineering processes, excluding regulation 5000.1, each phase can be directly related to a phase in the SEMP.  Typically, we see a simple change in the choice of words, such as “systems definition,” found in Andrew Sage’s work, compared to “problem definition” as found in the SEMP.   Other times we see the breakdown and increase in specificity of one phase in the SEMP into many in another process.  An example is Nigal Cross’ process.  Cross’s method has multiple phases, “clarifying objectives, establishing functions, setting requirements, [and] determining characteristics,” that are best represented overall by the “problem definition” phase.  We repeated this processes of identifying and establishing relationships between phases with each process.  Once completed, we concluded that the SEMP was the most overall encompassing systems engineering process.  

DOD Regulation 5000.1 is a systems engineering process of acquisition.  One problem with working with DOD Regulation 5000.1 is the increased complexity due to acronyms and references to numerous military terms.  We produced a functional flow diagram that we thought best represented the regulation and then proceeded to look for similarities to our baseline process, which is the SEMP.  5000.1 can be looked at in four overall phases just as the SEMP.  They are broken up by milestones.  Before moving on to the next phase, requirements must be met before each milestone.  The phases before milestone A are all problem definition type work.  Everything from research, scheduling, budget, and performance goals help define the problem.  After the second milestone, milestone B, the phases are shifted towards an optimization focus.  The concerns are reductions in the project that will best fit the project’s purpose.   These phases are an iterative approach to the problem.  The major concern we see in Regulation 5000.1 is the lack of decision making.  According to the SEMP, once design and analysis has been completed, one must take the results and compare and contrast them through alternative scoring.  Instead, 5000.1 jumps directly into the implementation phase producing the product followed by eventually termination.  Also, Regulation 5000.1 contains some functions that do not match a phase in the SEMP.  For example, “systems development and demonstration,” is not involved with design and analysis in the SEMP, or any other phase.
Overall Regulation 5000.1 is well anchored in the systems engineering approach to problem solving.  DOD  Our primary focus will be in integrating the missing phases of decision making.            
8. Future Work
Our future work entails building and testing the model as well as the design execution phase.  In building and testing a model, we will model a new piece of technology moving through the difference phases of Acquisition.  Using information gained from identifying the omissions and redundancies in the functional flows and decompositions of the previously studied systems engineering methods, we will use simulation software to aid in building our model.  Testing the model will be done by taking a previous Acquisition project, sending it through our designed system, and comparing our process with the previous one – identifying areas of improvement and areas of weaknesses.  The model will continue to be refined and rebuilt until a satisfactory product is made.  The recommendations for improvement we glean from this modeling process will be submitted in report form to our stakeholders.

Appendix A: Functional Decomposition
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Appendix B: Functional Flow
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Appendix C: Functional Flow Narratives
Rational Methods

From Engineering Design Methods
By Nigel Cross

The author begins the process by introducing clarifying objectives to determine the actual needs of the client.  In most instances, the clients do not fully understand what they need from the system.  In conducting the stakeholder analysis, the systems engineer helps the client clarify the system’s objectives.  Often the systems engineer creates an objectives tree.  The system’s objectives in a hierarchy to show the relationships between higher-level and lower-level objectives.

After clarifying objectives is the establishing functions phase, or functional analysis.  There are five steps to functional analysis:

1. Expressing the overall function in terms of its inputs and outputs.

2. Breaking apart the function into its sub-functions.

3. Showing the interactions between sub-functions.

4. Defining the boundaries of the system

5. Find the alternative components which will execute the sub-functions and their interactions.

Following functional analysis, the systems engineer works with system users and 

engineers to develop the system.  While the functional analysis phase shows the types of activities a system can perform, the setting requirement phase sets the limits for the system.  Within this phase are 4 steps:

1. Consider the different levels of generality of solution which might be applicable.  There might be a choice between: 

a. Product alternatives

b. Product types

c. Product features

2. Determine the level of generality at which to operate.  This decision is usually made by the client.  The higher the level of generality, the more freedom the designer has.

3. Identify the required performance attributes.  Attributes should be stated in terms which are independent of any particular solution.  

4. State succinct and precise performance requirements for each attribute.  Wherever possible, specifications should be in quantifiable terms, and should identify ranges between limits.

The fourth phase is determining characteristics.  In this phase, the designer decides on the 

Characteristics, or “physical products,” of the system’s outputs for the client.  The physical products might include the product’s “weight”, “rigidity”, and “texture.”  However, to correctly design the product’s characteristics, Cross gives a seven step process to ensure that the product’s characteristics match the client’s needs.

1. Determine the attributes of the product based upon the client’s needs.

2. Weight the attributes according to their importance.

3. Evaluate the attributes.

4. Create a decision matrix.

5. Identify the relationships between engineering characteristics and product attributes.

6. Identify interactions between characteristics.

7. Establish goals that the engineering characteristics will meet.  

Next, the engineer generates alternatives, or creative ways to solve the system’s problems.  In 

this phase the engineer follows a four step process:

1. Lists the features or functions that are essential to the product.

2. For each feature of function list the means by which it might be achieved.

3. Draw up a chart containing all the possible sub-solutions.

4. Determine the feasibility of sub-solutions.

After generation alternatives, the engineer evaluates them.  Evaluation alternatives

is accomplished through the weighted objectives method.  This method contains five steps:

1. List the design objectives.

2. Rank order the list of objectives.

3. Assign relative weightings to the objectives.

4. Establish performance parameters or utility scores for each of the objectives.

5. Calculate and compare the relative utility values of the alternative designs.

Finally, the last phase is improving details.  The purpose of this phase is to maintain the 

productivity of the system and reduce costs.  Cross breaks this phase into five components:

1. List the separate components of the product, and identify the function severed by each component.

2. Determine the values of the identified functions.

3. Determine the costs of the components.

4. Search for ways of reducing cost without reducing value.

5. Evaluate alternatives and select improvements.

While Cross lists these phases in logical and sequential order, he explains that there is no 

fixed path for the engineer to follow.  The engineer is free to navigate between these phases as they break apart the overall problem into sub-problems.  Sub-problems lead to sub-solutions, and eventually the engineer attains an overall solution.

DAU SEMP Flow Narrative

Requirements Analysis

The first step of the Systems Engineering Process is to analyze the process inputs. Requirements analysis is used to develop functional and performance requirements of the system.  The systems engineer must ensure that the requirements and constraints are understandable, complete, and concise. 

Functional Analysis/Allocation

Once the requirements are defined, functions are analyzed by decomposing higher level functions identified through requirements analysis into lower-level functions. The performance requirements associated with the higher level are allocated to lower functions. The result is  description of the product or item in terms of hat it does logically and in terms of the performance required.  

Requirements Loop

Performance of the functional analysis and allocation results in a better understanding of the requirements and should prompt reconsideration of the requirements analysis. Each function identified should be traceable back to a requirement. This iterative loop ensures that all requirements are met by functions and there are no unnecessary functions.  

Design Synthesis

If the Functional Analysis meets requirements, the Design synthesis phase ensues.  This is the process of defining the product or item in terms of the physical and software elements which together make up and define the item. Each part must meet at least one functional requirement, and any part may support many functions. 

Design Loop

Similar to the requirements loop described above, the design loop is the process of revisiting the functional architecture to verify that the physical design synthesized can perform the required functions at required levels of performance. 

Verification

For each application of the system engineering process, the solution will be compared to the requirements. This part of the process is called Verification. Appropriate methods of verification include examination, demonstration, analysis, and testing. Formal test and evaluation are important contributors to the verification of systems.

Systems Analysis and Control

Systems Analysis and Control include technical management activities required to measure progress, evaluate and select alternatives, and document data and decisions. These activities apply to all steps of the systems engineering process. System analysis activities include trade-off studies, effectiveness analyses, and design analyses. They evaluate alternative approaches to satisfy technical requirements and program objectives, and provide a rigorous quantitative basis for selecting performance, functional, and design requirements. 

Systems Engineering Process Output

Process output is dependent on the level of development. It will include the decision database, the system or configuration item architecture, and the baselines, including specifications, appropriate to the phase of development.
 

The Design Process (Functional Flow)

From Engineering Design

By Clive L. Dym and Patrick Little

After taking the client statement, or need, the first phase of the design process is problem definition.  Problem definition clarifies objectives for the design, establishes user requirements, and identifies constraints and functions.  The systems engineer refines the client’s problem statement and reforms it to a revised problem statement followed by identification of high-level system functions that are transformed into weighted objectives bounded by constraints with user requirements.


Following problem definition is the conceptual design.  In this phase, the systems engineer takes the outputs from the problem definition phase and establishes design specifications and generates design alternatives.


Next, the preliminary design phase is the modeling and analysis of the conceptual design alternatives.  Following modeling and analysis, the systems engineer narrows the generated alternatives down to a selected design.


The detailed design phase is the refinement and detailed definition of the final design.  Here, the engineer refines and optimizes the chosen alternative, and the output is a final design ready to present to the client.       


Design communication is the engineer giving a report to the client.  The report entails fabrication specifications and justification for fabrication specifications.


The result from working through these five phases is a final conceptual design that meets the client’s needs.  Feedback also plays an important role in the design process.  From the final design, the engineer creates a product that is compared with the revised problem statement.  The engineer ensures that the product matches the client’s need.  This is shown as validation.  Lastly, as the engineer progresses from problem definition to conceptual and preliminary design, they also ensure that their design matches their revised problem statement.  This is shown as verification.

Seven Phases in the Hall Engineering Life Cycle

from Systems Engineering
By Andrew P. Sage

The Seven Phases in the Hall Engineering Life Cycle are broken down into three categories consistent with Sage’s Three Phase Cycle.  The further detail indicates that it is more appropriate when designing larger or more complex systems.  

The System Definition involves program planning and project planning.  Program planning is the first phase in this life cycle and involves the formulation of the activities and projects supportive of the overall systems requirements into more detailed levels of planning. It includes identification of system requirements usually obtained from the client.  

Project planning is the second phase.  Individual projects comprise the program, and are specific projects that need to be completed for the program to be successful and initiate system development.

System Design and Development involves both system development and production.  System development implements the project plan through design of the overall system as a number of subsystems.  This is the first phase which begins to translate the system definition into a product.  Ultimately, the phase prepares architectures, detailed specifications and materials for the system manufacturer.

Production is what gives physical reality to the system.  It uses detailed planning to develop a new product – whatever the aim of the system.  At the end of this phase, there is a product capable of being implemented in an operational setting.

System Operation and Maintenance involves distribution, operation, and retirement.  Distribution ensures systems engineering products are delivered to consumers, Operations is the ultimate goal of system development, and involves the utilization of the system for its intended purpose, as well as any needed maintenance, and finally, retirement is the phasing out of the current system for the implementation of a new one.  Retirement happens with almost all systems as new innovations and discoveries are made.

Sage’s Three Phase Process

from Systems Engineering
By Andrew P. Sage

Sage’s three phase process outlines a typical systems engineering/acquisition life cycle approach to developing a system.  As already stated, it is comprised of three basic phases:

1. System Definition

2. System Design and Development

3. System Operation and Maintenance

For larger systems, these three phases are expanded into a number of more finely defined phases.

Systems Definition conceptualizes and identifies the needs and objectives of the client group, as well as specifies system requirements.  This information serves as input leading to the next phase of the system, System Design.

System Design is the creative process through which systems products are conceptualized or specified, implemented and maintained.  It is broadly responsive to client needs and results in specifications or architecture for a product, process, or system.  

Once the design is implemented, the cycle ends with operational implementation or deployment and associated evolutionary maintenance.  In essence, this means actually operating the system as intended and making adjustments necessary to ensure better, more efficient performance.  Maintenance involves constant monitoring of the system to ensure that it is operating to the best of its ability and is best addressing the client’s needs.

USMA DSE SEMP Flow Narrative

The USMA Systems Engineering and Management Process follows a simple flow compared to other systems engineering processes.  The process begins with the descriptive scenario of what the status may be in the situation.  From this, information flows into the Engineering Design Problem and the process begins.

Problem Definition

During the Problem Definition Phase, the analyst provides the baseline for the functions of the product.  Through the needs analysis, the analyst polls stakeholders and other clientele to determine what requirements, functions, and other criteria the system must meet.  These aspects are then weighted in importance through the value system, completing the Problem Definition.

Design & Analysis

Once the problem is defined, potential solutions are designed and modeled.  Through the alternatives generation phase, all solutions are created to meet the functional needs of the system and the desires of the stakeholders.  Alternatives are then modeled using systems engineering methods and evaluated based upon performance.  

Decision Making

Once evaluated, alternatives reach the Decision-making stage, in which they are scored according to performance and suitability to the needs analysis.  From this, the analyst presents pertinent information from previous steps to the decision-maker.  Once the decision-maker chooses the best course of action, the systems engineer implements the system.  

Implementation

Program managers and systems engineers have a vital role in implementation, as they must properly plan all steps necessary to create the selected system.  Once these plans are executed, the systems engineer continues to assess performance and how each function meets the demands of stakeholders given the environment and unseen factors.  The engineer also controls variables to optimize performance.  

Once the system is implemented, the normative scenario ensues, from which stakeholders and the systems engineer assess performance and deduce feedback.  With this new information, the descriptive scenario is produced, the cycle continues again, and information flows back into the systems engineering and management process.  
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