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Introduction


This document will outline the manpower modeling methodology the U.S. Army will follow to develop tools for use in determining manpower requirements.  It will discuss the purpose of manpower modeling, give a detailed explanation of the methodological steps, and define some of the roles and responsibilities of all of the parties involved in completing the task.  


Current procedures defined in the most recent policy documents, while not necessarily incorrect, do not provide the manpower community with the depth and breadth of analytical tools available to improve resource decision making.  The tools developed using the methodology outlined herein will enable practitioners of manpower analysis throughout the Army to employ tools to present leadership at all operating levels of the enterprise the necessary information to make informed decisions.  


The key to the successful implementation of this methodology is the creation of a multi-disciplinary analysis team comprised of representatives from the US Army Manpower Analysis Agency (USAMAA) and the organization under study (OUS).  The exact composition of the team will be dependent upon the OUS, and the functions being analyzed.  Representatives from the OUS may be organic or external, but should have a strong understanding of the business processes under consideration.  The early and continuous collaboration within this team is critical to success.  Ideally, the majority of the intellectual capital would be supplied by the OUS, but it is understood that not every command in the Army has the organic capability to conduct in-depth manpower analyses.  


When the analysis team implements this methodology, the result will be a model or suite of models that will be credible, flexible, adaptable, transparent, and based on reliable data.  The model can then be used to provide the analytical justification for manpower requirements, and also be available for follow-on uses.  In order to derive the most benefit from modeling, the manpower community should continue to evolve common methods, procedures, techniques, algorithms, and representations of basic functions.  Common use and reuse are fundamental development objectives, and coincide with Army strategic management objectives.


By current regulations, an organization is not required to involve USAMAA in the development process from the very beginning, but it is a good business practice to do so.  An organization can choose to develop models on its own, but before these models can be used to justify manpower requirements, they need to be validated and approved for use by USAMAA.  Recent lessons learned have shown that delivering completed models for validation leads to a laborious validation process, costly rework, and an inferior product that needs to be revisited sooner rather than later.  A fully collaborative effort should lead to a streamlined validation process, limited rework, and an overall better tool for the Army.

Purpose of Manpower Modeling
 
Manpower models are decision support tools that are typically used to calculate the expected level of manpower that will be required to generate an estimated level of workload in the future.  They are meant to represent the system under consideration in terms of its logical and quantitative relationships.  By understanding these relationships, one can better understand the interactions between manpower and workload, as well as gain insight into the system’s sensitivities.  Manpower modeling also allows the user to manipulate controllable inputs and drivers to see how the model responds, and thus how the system would respond to similar changes.  This information can give decision makers insight into the intended and unintended consequences of potential resourcing and policy decisions.
Methodology


The methodology presented below follows a logical systems engineering process, is consistent with generally accepted modeling methods, and conforms to the principles outlined in current Army regulations.
  Figure 1 provides a graphical depiction of the methodology.  A key feature is the recurring reassessments that take place during each step.  Before advancing from one step to the next, the analysis team should verify that the decisions made during that portion of the process have adequately addressed the questions created by the previous step, reaffirming that they have not diverged too far from the original intent.  This continuous verification will lead to continuous learning, a superior product, and a streamlined validation process.
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Figure 1.  Manpower Model Development Methodology 

Step 1 – Select the function

The first step is to formulate the problem by selecting the type of function to analyze, and then selecting the level that function is executed.  While this step may seem obvious, it is critical to the rest of the process because it establishes a foundational baseline.  Key to this step is the definition of the functions under consideration.  For a single function or a collection of adjacent functions, the team must be able to clearly define the processes and the boundaries between them.  If we attempt to model two adjacent processes, but are unable to determine where one ends and the other begins, then we will only be able to accurately model the single aggregate function. 
Step 2 – Business Process Analysis

The next step requires close coordination between the analysis team and the subject matter experts (SMEs) who have in-depth knowledge of the business processes that comprise the function under study.  This step begins with an initial development of a business process model.  At the outset, a picture or flow diagram of the processes is usually most helpful.  The business process model can take on many forms, such as a process map or a value stream map, and will likely be quite similar to those created as part of a Lean Six Sigma project.  When building the process model, the analysis team will need to consider a set of basic questions.  Examples:
· What takes place inside this function?

· Why does this function exist in this organization?

· Is the function conducted elsewhere within the command, or across the Army?

· Is this function mandated by a law, regulation, or policy?

· What creates the demand for the output generated by these processes?

· Is the demand driven by internal or external forces?

By answering these questions and others like them, the team will have a better understanding of the functions themselves, and can begin to develop a candidate list of workload and process drivers.  Appendix A provides a definition for each of these terms.  The initial list of drivers should be very broad and include all of the factors that could have an influence on the overall process.  Then, the team will need to analyze the list of workload and process drivers to determine which are the most appropriate to use for modeling.  Appropriate workload drivers should have a logical linkage to the process under consideration, and should be historically available from authoritative data sources.  These drivers should also be available in a predictive sense in programmable, authoritative databases, either directly or derived.  

An example of a directly available workload driver is total garrison military population.  The Army Stationing and Installation Plan (ASIP) database contains historical data for garrison population, as well as forward looking POM-based decisions.  At the headquarters level, the Army decides what the total military population will be at each garrison, and documents that data in the ASIP.  An example of a driver that could be derived from one or more authoritative, programmable sources is the number of meals served in a garrison dining facility.  There is no database that explicitly contains this information for future years, but the combination of total population and hours of operation can lead to a reasonable prediction of the total number of meals a dining facility would serve over a period of time.
Process drivers are those that have a significant impact on the process under consideration, but are not determined in advance.  For example, in a pharmacy, a process driver would be the amount of time it takes a pharmacy technician to fill a prescription.  That time has a significant impact on the productivity of a pharmacy and its value is a function of many things decided internally and externally, such as level of automation, training, and rules and regulations.  However, the value itself will not be decided at the headquarters level and mandated ahead of time.  
Early on in the process, the analysis team should be careful not to eliminate potential workload or process drivers, even if they appear initially to have no statistically significant effect on the process.  The overarching goal of this methodology is to build models that have continued utility over a long period of time.  If circumstances change, an initially insignificant driver could become more important.  Retaining it for as long as is feasible is a good modeling practice, as it would be much more difficult to add the driver back in later. 

Before moving on, the analysis team should confirm that the conceptual model provides a reasonable approximation of reality, and substantiate that the expected product will provide information beneficial to the decision makers.  This is the beginning of the overall verification and validation process that should continue throughout the development cycle.  

Step 3 – Select Potential Modeling and Simulation Approaches


Once the analysis team has mapped out the business process out and identified the modeling drivers, they can begin to select candidate approaches.  These approaches should logically fit the business processes, and can utilize one or more operations research techniques.  The team should start with a simple solution, and embellish it as needed.  In some cases, the simple, straightforward solution is sufficient and will be the best approach.  For a basic function, the manpower model might be a simple allocation rule.  In other cases, such as in a medical clinic, the best fit might be a discrete event queuing model.  The list of acceptable methods is long and constantly under review.  Currently, some of the acceptable are banded allocation rules, templates, ratio models, mathematical regression, discrete event simulations, and stochastic analyses.  There are no real bounds placed on what is an appropriate technique, as long as it conforms to generally accepted modeling methods, and as approved for use by the stakeholder members of the analysis team.  Regardless of the method the team selects, the result should strike a balance between creating a model that is useable and one that is useful. 
A useable model will:

· Have characteristics to make it relatively easy to employ

· Provide credible information to support decision makers

· Provide consistent results when applied across a set of similar circumstances

· Be easy to adapt when changes occur, and 

· Be easily understood by people outside the development team.  

Models not useable are those that:

· Only apply in a very narrow set of circumstances

· Use a mathematical equation that does not logically match the business process

· Require so many input variables that they become cumbersome to use, and difficult to understand, or

· Are subject to too much randomness.

A useful model will:

· Generate results that add value to the overall decision making process, and

· Provide a clear understanding of the cause and effect relationships between workload and the manpower necessary to produce it.

Models not useful are those that:  

· Generate single point average answers where distribution estimates are needed, or

· Generate results that are inexplicably counterintuitive.


When considering the useable vs. useful balance, the analysis team should also consider potential follow-on uses for the manpower model.  Traditionally, manpower models have used mathematical regression to calculate single instance estimates of the manpower required at an installation to generate a set amount of workload.  When using regression, the modeler is assuming that the current process is working at the proper efficiency level, and that the relationships among the drivers, manpower, and workload will not change.  If the current process is flawed – under resourced and not completing the mission or over resourced and not operating efficiently – a regression approach will perpetuate that.  Similarly, if the business process changes through the introduction of new technology or the emergence of new laws, policies, or regulations, the regression approach will not capture the effects of those changes.  By taking a long term, strategic view and applying more flexible analytical approaches, the analysis team can potentially create models and simulations that can be leveraged for sensitivity analyses, Lean Six Sigma and process improvement studies, and organizational analyses.

Finally, the analysis team should resume the continuous verification by ensuring that the approach they choose to pursue logically fits the functions and processes being modeled. 

Step 4 – Develop models, create simulations


In this step, the analysis team should take the process model created in step 2, and combine it with the approach(es) selected in step 3.  This will result in a model that can be populated with data to become useful and useable.  
Data is the lifeblood of any modeling effort.  There are four types of data that can be used to support decision making: available, derived, proxy, and missing.  Available data is singular data that resides in an authoritative source, is validated by the owner, and is accessible to the user.  This is the most preferable kind of data to use in manpower modeling.  An example of available data is the aforementioned Total Military Population at an installation, housed in the ASIP database.

When there is no available data, the next best alternative is derived data.  Derived data takes pieces of information, either from different sections of the same source or from different authoritative sources, and combines them into a single piece of information.  Derived data can be as valid as available data, but may be more cumbersome to use because it depends on multiple sources, and has the extra calculation step.  
Proxy data may be used as a substitute for available or derived data, when those are unobtainable.  Proxy data is the least useful because it relies on an assumed relationship between itself and the desired data.  This relationship is often tenuous, and difficult to validate; therefore, using it may decrement the model’s overall credibility.

Missing data is information that is not available from an authoritative source.  Often, data appears to be available, but without a formal validation, approval, and storage process, the data cannot be used to support official decisions.  When data is required to support development of a manpower model and is classified as missing, the community must decide if the value of obtaining the data outweighs the cost.  That is a calculus that falls outside the scope of this paper.
If data is to be used in a validated manpower model to support the assumed value of a workload driver, then that data must either be available or derived from one or more authoritative sources.  If data is to be used to support the assumed value of a process driver, then that data can be available, derived, or proxy.  
The model should start out simple, and then increase in complexity, but only as needed.  Choosing the proper level of detail to model should depend on the objectives of the overall effort, the availability of data to support it, any credibility concerns, opinions of SMEs, and resource constraints.  Going too far in the functional decomposition will be resource intensive, and runs the risk of being overly confusing to the users and the decision makers who need to trust the results.  

Typically, a thorough functional decomposition will go one level further than is necessary.  The analysis team should expect to decompose a business process to a point where the resultant sub-processes are no longer consequential.  At that point, the team can back up one level of detail and move forward.  While this extra level of decomposition might seem like a waste of time, it actually serves as a process check.  It confirms that the analysis team has gone far enough with its functional decomposition.  
It should not be the goal of the analysis team to account for every minute of every day of every employee within an organization.  Instead, the analysis team should employ the Pareto principle, and focus on the functions and processes that have the greatest impact on the manpower–workload relationship, and thus have the biggest influence on the information provided to decision makers.  

After initial model development, the analysis team should be able to determine how much randomness exists in the system under study.  If the resultant model is a static rule of allocation – e.g., one commander and one executive officer per command – then this step is complete.  However, if a process has inherent randomness to it – e.g., a distribution of prescription fill times driving pharmacy performance – then the analysis team can develop a simulation to investigate the effects of the randomness.  The extent of randomness in the system must be understood by the analysis team, the OUS, and the decision makers who will be asked to trust the outputs.  
Typically, during the initial development of the model, a great deal of learning takes place.  Entering assumptions are supported or disproven, and new assumptions surface.  Because of this, it is not unusual for this learning to lead to a complete overhaul of the initial model, perhaps more than once.  This is part of the learning process that perhaps provides the greatest return on investment of the model development methodology.
As mentioned earlier, the verification process should begin early in the development and continue throughout.  Verification is defined as ensuring the model performs the way the developer intended.  Verification evaluates the extent to which the M&S has been developed using sound and established systems engineering techniques, and determines if the conceptual model has been correctly translated into a computer program.  By the end of this step, the analysis team should have confidence that the conceptual model they created is a reasonable representation of the actual process, and the set of equations or simulations are a reasonably accurate translation of the conceptual model.  

Step 5 – Validation 
The British statistician George Box is often credited with the phrase “All models are wrong; some models are useful.”  That is to say that no model can accurately represent all of the inherent variability and uncertainty that exists in a real world process.  However, a well developed model can provide insight into the areas of the process with the greatest impact on the overall performance, and can reflect reality to an extent sufficient enough to support decision making.  The process of validation will determine the degree to which the model and its corresponding simulations reflect reality.  
Validation is defined as ensuring that the model represents the real world to a degree sufficient enough for the model to be useful.  A model may not be able to address all contingencies or answer every possible question, but a model can be useful and valid if it addresses the questions for which it was designed.  There are several validation methods the analysis team can use, including expert consensus, comparison with historical results, comparison with test data, peer review, and independent review.

If the validation process exposes limitations that make the models unfit for approval, the analysis team should identify those limitations and take appropriate action to mitigate, where feasible.  First generation models often identify gaps in available data, and can highlight the benefits of collecting that data.

Verification and validation (V&V) must examine both the model under development, and the data that underpins it.  While assessing the model, the analysis team should evaluate the underpinning assumptions on the functions within the overall business process, especially the interrelationships between adjacent steps in the process.  The model of the processes should be relatively transparent, i.e., easily understood by those who intend to use the tool, as well as repeatable, generating reasonably similar results when subjected to the same inputs.  
When assessing the data, we differentiate between reliability and validity.  Reliable data is evident when the same conditions result in the same values.  If the same environmental conditions can result in two distinct values, or the same value results from disparate environmental conditions, then the data is not reliable.  Perfectly valid data exhibits a completely diagnostic relationship with the event that caused it, or the event we are trying to predict.  However, data is seldom perfectly valid, especially when considered in isolation.  For use in manpower model development, the validity of the data should be addressed, and should be sufficient enough to warrant its use in supporting a decision.  If the analysis team develops a valid model that is underpinned by invalid or unreliable data, the model will not be validated or approved for use in determining manpower requirements.
The verification and validation process must be conducted at many levels, and is most effective when begun at the outset of the model development process and continues throughout.  In general, a model can be developed independently by an organization for their own internal decision making, but to be used as a justification for manpower requirements, it must be validated by USAMAA, acting as the executive agent for the ASA(M&RA).  Regardless, before any model is applied to support a resourcing or policy decision at any level, it should be verified and validated.
The V&V of the conceptual model and the models and simulations that follow also lead the analysis team to have a better understanding of the limitations and the bounds within which the model results can be trusted.  This is a critical set of information that must be clearly articulated and understood before a model is applied to support a decision.  Otherwise, the model could be used inappropriately, resulting in an incorrect decision.

Once a thorough V&V of the model is complete, it should be approved for use by the proper authorities.  If the OUS intends to use the tool to make internal resourcing or policy decisions, the cognizant functional leads within that organization have approval authority.  If the models are to be used as a justification for manpower requirements to be documented on a TDA, the model must be approved by the Special Assistant for Manpower and Resources within the office of the Assistant Secretary of the Army (Manpower and Reserve Affairs).  
If a model employs workload or process drivers that were developed using subject matter expert opinion, and have not been statistically validated, then the model may be approved for up to one year.  During that time, the drivers should be statistically validated using authoritative data, enabling a longer term of approval.  If the model employs statistically validated drivers, the model may be approved for up to three years.

Model Application

Once the previous five steps have been completed, the result should be a model that is verified, validated, and approved for use.  If the analysis team utilized foresight enough to make a flexible tool, then the tool can be used beyond the traditional manpower requirements determination.  It can be used at many levels for sensitivity analyses, organizational efficiency assessments, and process improvement studies.  Again, the model and its commensurate simulations are tools that can have more than one use.  However, these tools will not be universally applicable, so the community should be sure that the use is appropriate before applying it.  
Roles and Responsibilities

The development work in a modeling effort must be distributed between the OUS and the USAMAA.  Neither entity can create verifiable, validated manpower models that are useable and useful at the headquarters level without critical input from the other.  

The USAMAA will need to provide overarching guidance for the development of the model, and provide in-process feedback in order to facilitate the continuous verification process.  To use a model as justification for manpower requirements, the USAMAA will also need to provide final validation and approval of the model.  The OUS will need to provide the majority of the business process expertise, as well as access and maintenance of the authoritative data sources critical to the development effort.  The USAMAA and the OUS will share the burden of applying the modeling expertise, and executing the steps of the V&V process.  

Ideally, the preponderance of the developmental work will fall to the organization under study.  The benefits of this distribution are multifold.  First, the analytical expertise at the OUS will be much more familiar with the business processes and critical drivers for that organization.  Second, once the models are developed, the OUS will be better able to utilize them to support local internal decisions.  Lastly, resource constraints within the USAMAA limit its ability to meet the increasing demand for manpower model development.  By pushing more of the responsibility to lower levels that are closer to the execution, the Army on the whole can greatly increase its manpower model development capacity.  However, it is understood that many Army organizations do not currently have the organic capacity to execute this type of manpower analysis.  In those cases, the USAMAA will take on the preponderance of that work.   

Conclusion


The methodology presented in this document will enable the manpower analysis community to apply powerful analytical tools and techniques to traditional requirements determination problems and beyond.  The methodology expands the analytical toolbox, allowing for alternative modeling approaches, and includes the power of simulations for use in decision support.  The process herein begins with a thorough business process analysis, followed by rigorous model and simulation development, ending with a systematic validation process, with verification occurring throughout.  The process relies on close collaboration between the USAMAA and the OUS, and depends on the availability and veracity of authoritative data.  When the process is complete, the OUS, and the Army overall, will have a powerful analytical tool at its disposal to enable leadership at several levels to make informed decisions.
Appendix A – Glossary
Authoritative Data Source

A source of data or information that is recognized to be valid or trusted because it is considered to be from an official publication or reference (e.g., the United States Postal Service is the official source of U.S. mailing ZIP codes). 
 
Business Process
A collection of interrelated tasks, where an organization applies its manpower (inputs) to generate workload (outputs).

Data reliability

An assessment of the extent to which similar conditions result in similar values.

Data validity 

An assessment of the relationship between the data and the environment it is attempting to measure or predict.  

Manpower (requirements)
Human resources needed to accomplish specified workload within an organization.  Manpower is one of the key assets that act as inputs into the overall business process.

Manpower Model

A tool made up of one or more mathematical equations and/or logical relationships that represent a system.  It is used to calculate an expected level of manpower needed to generate an estimated level of required workload.

Mathematical Model

A series of mathematical equations or relationships that can be discretely solved.

Model

A physical, mathematical, or otherwise logical representation of a system, entity, phenomenon, or process.
  

Process driver
Any one of a number of metrics whose value can vary, has a meaningful impact on the process, but is not based on programming decisions.  

Programmable Database 

An authoritative data set, managed at a headquarters level, containing information that is decided on in advance and is forward looking in its scope.

Simulation

The operation or exercise of a model in order to study or accurately imitate the behavior of a system. 

Verification
The assurance that the model reflects the developer’s intent.  
Validation
The assurance that the model reflects the essentials of the system under study.  

Workload

The amount of work in terms of work units or volume that a work center has at hand.  Workload is the output produced by the organization as a result of the implementation of the business process.

Workload Driver

Any one of a number of metrics having a meaningful influence on the amount of workload (output) a process needs to generate.  A workload driver should have a logical rationale that can be statistically validated.  A typical workload driver used in manpower modeling is population served.
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