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Summary
Human Resource (HR) issues pervade virtually all aspects of Defence Activities.  Operational Research and Analysis (OR&A) has for several decades provided the Canadian Department of National Defence (DND) with quantitative workforce analysis and mathematical modelling in support of HR policy, planning and programs. The analysis and advice provided to the DND and the Canadian Forces (CF) in recent years with respect to resource management and readiness issues has failed to realize its full potential due to challenges imposed by existing modelling and simulation technologies.  To address this current modelling and simulation capability gap, a simulation tool will be developed and demonstrated over the next four years, within the context of the Right Person, Right Qualifications, Right Place, Right Time Human Resource (R4 HR) Technology Demonstration Activity.  The R4 HR objective is to build and demonstrate an integrated modelling and analysis software environment that provides the ability to simultaneously examine integrated aspects of force structure, force generation and force employment.
1.0
Introduction
The identification and development of optimal business processes to manage the acquisition, allocation, development and deployment of finite resources across time and space is a continuing challenge faced by the Department of National Defence (DND) and Canadian Forces (CF). The demand for resources, including personnel, materiel, time, and finances which are related to the support and sustainment of operations must be continually balanced against competing demands related to the sustainment and development of the military (and civilian) establishment in order to ensure that the CF can aptly respond to the ongoing operational challenges of today while remaining poised to meet the increasingly complex operational requirements of the future.  In contrast to the popular industrial processing phrase “just in time”, the DND / CF must manage risk to accommodate “just in case” scenarios within the context of an environment where the development of appropriate capabilities may require lead times of many years.  This is particularly true with respect to the supply of military personnel where the skills, trades, experience, and leadership required must be grown internally.

There are many complex inter-related defence issues involving human resources (HR), which need to be addressed holistically if personnel resources are to be efficiently and effectively managed. Defence Research and Development Canada (DRDC) recently identified a capability deficiency in the field of defence 
HR-related modelling and analysis: the technological capability to holistically address complex inter-related defence issues involving HR does not currently exist with the DND / CF, Allied Nations or industry. Existing modelling and simulation technologies are not well suited to the scale and complexity needed for comprehensive, integrated defence HR modelling requirements.  In addition, different problem domains are typically modelled in isolation, utilizing different tools and / or paradigms, and as such do not permit research analysts to readily capture and examine the important interactions between individual yet related HR domains. 

The Right Person, Right Qualifications, Right Place, Right Time Human Resource Technology Demonstration (R4 HR TD) activity aims to fill this current modelling and simulation capability gap.  In this paper we provide a general overview of the R4 HR TD activity, which is currently in the beginning stages. We begin by describing some of the extant HR modelling and simulation capabilities within DRDC. In Section 2 the ensuing challenges currently faced by DRDC operational research analysts are discussed. We then describe the objective, scope, operational concept, architectural framework, development approach and future exploitation of the R4 HR technology demonstration.
2.0
Current HR Modelling and Simulation Capabilities
DRDC currently provides expert, objective and timely operational research (OR) and analytical advice to the DND / CF in order to support the overall force development, resource allocation, acquisition, operational effectiveness / efficiency, and related policy and human resource goals and objectives of the CF.  Several simulation models with an HR focus or component have been developed by DRDC to serve the needs of different clients within the department. Brief descriptions of the objectives/capabilities of some of the more prominent models currently used by OR analysts within DRDC are provided in Table 1.
Table 1:  Examples of Existing DRDC HR-related models 

	
Model

	Objective/Capabilities

	Arena Career Modelling Environment (ACME)
	Developed with Arena, and also utilizing Visual Basic for Applications (VBA), Microsoft (MS) Excel and Access.  Models military occupational trends within a rank-oriented career progression perspective. [1]

	Managed Readiness Simulator (MARS)
	Developed with Arena, Visual Basic, and MS Access.  MARS is an analytical tool for tracking and forecasting the Army’s ability to generate forces that fulfil government commitments over a time period. [2]

	Production Management Tool (PMT)
	Developed with Arena, and also utilizing Visual Basic and MS Access and Excel.  PMT is an application for analysing and optimising military occupation training pipelines at the micro level.

	Tyche
	Visual Basic simulation model. Tyche evaluates the ability of a maritime fleet to meet future demands by simulating a number of time periods in which realistically random, concurrent, and geographically distributed missions are scheduled, taking into account force generation and force employment issues, amongst other themes.

	Pilot production / absorption / retention simulation (PARSim)
	Simulation model developed in PowerSim, and using MS Excel.  The PARSim model simulates the flow of pilots from recruitment, through pilot training to the Operational Training Units and into the various operational communities, accounting for attrition, Instructor Pilots and staff requirements. [3]

	ASTRA
	The model was originally developed with VBA and MS Access; it was subsequently redone utilizing Matlab and Simulink; further development is being planned.  The aim of ASTRA is to determine the Air Force structure (in terms of fleet size, number of crews, yearly flying rate, etc.) required to meet a given set of operational parameters. [4]


A majority of the currently existing HR-related models were developed by individual research teams; some modelling and simulation efforts have involved cross-team and international collaborations.  In all cases, the research was driven by the needs of specific clients. Typically, such models are designed to address a specific issue at either the tactical, operational or strategic level. The scope and level of granularity examined by each model is driven by the clients’ requirements and the availability of supporting data. As much as possible, the models are designed to be as generic as possible, so that their applicability extends beyond the original realm envisioned by the defence client.  The software environment in which the models are developed varies, the choice influenced by a combination of problem requirement, software availability, timelines and analyst expertise.
While the HR domains touched upon by these models are inter-related, the models themselves are “stove-piped”: they are run in isolation of each other. Ideally these models should be able to be inter-connected. For example, projections of the DND / CF readiness posture over time should take into account the dynamic nature of defence organization populations due to attrition, promotions, and recruitment. Attempts to integrate two or more of these models together (e.g., ACME and MARS), in order to capture the important interactions between HR domains, have proven to be extremely difficult, due to restrictions imposed by the software platforms in which the models were developed.

3.0
Current Challenges
The analysis and advice provided to the DND / CF in recent years with respect to HR management and readiness issues has failed to realize its full potential. The fundamental limitations in the capabilities of existing modelling and simulation tools to adequately address defence HR management and readiness requirements include, but are not necessarily limited to, the following deficiencies: 

· Flexibility: The simulation requirements and scenarios required by defence decision makers change frequently and demand rapid response, yet the complex models of DND / CF processes embedded in existing software tools are often difficult or impossible to change and update;

· Scalability: The scale of defence resource simulations, including HR, is much larger than those required by most commercial enterprises.  As a consequence, most commercial software tools are not usually capable of handling the volume of data that must be processed in a typical simulation of standard DND / CF processes; and

· Integration: DRDC maintains a wide range of highly developed models built on years of input from OR analysts and military subject matter experts (SMEs).  However, each of these models is typically focused on an individual problem domain which cannot be readily integrated with models of other related DND / CF processes to take into account the interactions between different domains.

These limitations have in turn resulted in:
· 
The prevalence of persistent difficulties associated with attempting to integrate or combine the “stove-piped” models into larger, more comprehensive system models;

· 
A failure to capture the system-wide implications and effects of potential solutions to resource management issues due to the necessity to model complex systems in isolation when they are actually interconnected;

· 
The provision of sub-optimal solutions because all feasible options are merely compared, rather than optimized; and

· 
The utilization of simulation techniques which lack the flexibility required to meet the changing needs of Force Generators.

4.0
R4 HR Technology Demonstration Activity
4.1 
Objective

The objective of the R4 HR TD activity is to build and demonstrate an integrated framework for modelling and analysis of defence HR-related issues, providing a currently unavailable technological capability to simultaneously examine integrated aspects of force structure, force generation and force employment. This new software tool will allow analysts to rapidly build and integrate complex discrete-event, multi-agent models and simulations, and permit both analysts and decision makers to visualize the results in a flexible and dynamic framework.  

The exploitation of this technology will enable DRDC to respond to more challenging and pressing HR issues in addition to providing DND / CF decision makers with more comprehensive HR-related analyses.  This will generate more comprehensive insights and alternatives to foster improved management of complex DND / CF personnel issues and their associated resources.

4.2 
Scope
4.2.1
Simulation Framework
This proposed simulation framework will build on existing modelling paradigms through the integration of state-of-the-art concepts and techniques in order to provide the DND / CF with:
· a new simulation engine that integrates several powerful software technologies into an advanced framework optimized for large-scale integrated DND / CF resource management simulations; and

· graphical user interfaces (GUIs) which work in conjunction with the simulation framework to rapidly create models, execute simulations and dynamically explore results.

The architecture of this new modelling and analysis software environment will be extensible to include custom or third party algorithms for advanced analysis techniques.  The new simulation tool developed will also be fully scalable to facilitate modelling of interdependencies between all domains that fall within the purview of individual DND / CF directorates.  
4.2.2
Demonstration Case Studies

Case studies will be developed and used to demonstrate, verify and validate the capabilities of the new simulation tool. For each case study, two or more models for individual yet related HR domains will be built in the new software environment, tested independently and then integrated. This will allow for the modelling and analysis of interactions between related domains which cannot be captured within the frameworks of our current modelling and simulation technologies.

The case studies will focus on the analysis of relevant and realistic scenarios, utilizing realistic supporting data wherever possible.  A central theme throughout will be the management of DND / CF personnel resources, within the context of the Canada First Defence Strategy (CFDS), and consistent with the Government of Canada’s commitment to expand the size of the Regular and Reserve forces.  The parameters of the case studies to be examined, and specific questions of interest to be addressed, will be defined in conjunction with SMEs from DND-based sponsor organizations.

Within the CFDS, six core missions for the CF are highlighted.  As a consequence, one case study which will almost certainly be examined will consider a situation where three of these core missions must occur within a specified time frame – potentially simultaneously.  These core missions include: (1) support to civilian authorities during a crisis in Canada such as a natural disaster (e.g. a major flood or ice storm); (2) leading and / or conducting a major international operation for an extended period of time; and (3) deploying forces in response to crises elsewhere in the world for shorter durations (e.g. disaster relief or humanitarian assistance missions).  It should also be noted that during the same timeframe in which these hypothetical missions are proposed to take place, an effort will also be underway to actively expand the size of the Regular Forces by approximately 5,000 personnel.

The objective of analysing such a scenario would be to examine the impact over time of the competing demands placed on CF resources emanating from conducting operations and attempting to grow the forces at the same time. The availability of senior Non-Commissioned Members (NCM) would be of particular interest in this type of scenario, since the services of these members are required to provide leadership in both theatres of operation and training schools.
4.2.3
Out of Scope Activities

During the R4 HR TD, the following research activities will not be undertaken; this does not however preclude the work being conducted after the demonstration phase has been completed.

· Development and delivery of a final software tool for widespread application and general use;

· Development of functionalities that provide direct access to DND / CF data repositories;

· Demonstration of models of resource management systems beyond the realm of HR management;

· Demonstration of distributed, real-time or human-in-the-loop simulation technologies; and

· Direct application of the social or psychological aspects of multi-agent simulation.

4.3 Operational Concept

It is anticipated that DRDC research analysts will be the main hands-on users of this new integrated modelling and analysis software environment, and serve as both model developers and output analysts.  Military and/or civilian clients within the DND / CF would provide the strategic resource management questions to be addressed by the system, and work closely with DRDC to fully define all problems requiring resolution.  DRDC would subsequently assume overall responsibility for all model development, customization and execution activities carried out within the simulation environment utilizing relevant data and information on applicable policies, procedures and processes provided by respective client groups within the department.  The verification and validation of simulation outputs would be jointly undertaken by representatives of DRDC, the DND / CF, and other SMEs, with key CF client groups playing a lead role in the final design of any customized reports or outputs derived from the modelling results.  These reports and related outputs would then be distributed to strategic decision makers within the department for review and potential implementation.  Figure 1 provides a schematic illustration of how this process might be operationalized within the DND / CF.
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Figure 1: Operational Concept
Moreover, upon maturity, the modelling environment will be capable of allowing both analysts and decision makers within the DND / CF to visualize all modelling and simulation results in a fully flexible and dynamic format.  Its reporting GUI will also incorporate an embedded library of standardized and customizable report templates, which will include, but not necessarily be limited to, a suite of multi-dimensional graphics capable of depicting: (1) demographic trends over time; (2) resource demand patterns over time; and (3) resource utilization patterns over time.  This reporting GUI will be fully interactive allowing users to customize all resulting displays in order to explore patterns from multiple perspectives.  The reporting GUI will also incorporate customization capabilities to facilitate the design of new reports and report templates.
4.4 Architectural Framework

The framework of this new simulation environment will be based upon the integration of a selection of powerful and mature software technologies that are ideally suited to meeting present and future DND / CF resource management requirements.  As portrayed in Figure 2, these technological building blocks include:

· data repositories connected to a Database Management System (DBMS);

· a discrete-event simulation engine with an embedded event coordinator and integrated database processor;

· a flexible and unified graphical environment designed for rapid development and integration of simulations in a modular fashion; and

· an interactive reporting GUI for analysing and displaying simulation results.
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Figure 2: Architectural Framework
A scripting language (e.g., Python) will form the central core of the proposed simulation engine, which will allow for fully dynamic model logic, extremely flexible development possibilities, and efficient management of code objects for easy modification, reuse, and knowledge transfer.

A DBMS (e.g., Oracle, MS Access, PostgreSQL) capable of holding the entire simulation state including all data and model implementations, will be exploited in this technology demonstration.  The contents of this DBMS will be directly processed by the simulation engine during simulations (as opposed to the customary but inefficient practice of transferring the entire input dataset from a database to application memory prior to execution and then transferring the output data back to the database after execution).  This DBMS technology will also ensure data integrity and facilitate the efficient storage and retrieval of a virtually boundless volume of data.

Structured Query Language (SQL) software, which is the industry standard language for processing data in databases, will be used to actively process simulation events during simulation execution.  SQL is the most complete, standard and efficient language for representing the complex data processing steps involved in large-scale resource management simulations.

The simulation architecture built on this technological foundation will consist of an amalgam of two dominant simulation paradigms in the field of complex systems, Discrete Event Simulation (DES) and Multi Agent Simulation (MAS), which are both highly amenable to the simulation of resource management logistics.  DES represents the system to be modelled as a logical process where sequences of arbitrary events occur at discrete points in time.  Each event corresponds to a change in state of some part of the system with the outcome of each event triggering future events.  This technique is highly applicable to the simulation of very detailed, complex processes and multi-iteration Monte Carlo-type analysis of simulation outcomes.  In contrast, MAS techniques represent the system to be modelled as a collection of autonomous agents with their own behaviours which interact with each other.  The net effects of these micro interactions between agents are macro-scale emergent properties of the entire system which can be subsequently measured and analysed.

The envisioned framework will merge these two simulation techniques by associating events with specific agents.  This will permit simulation development personnel to define the model as a logical sequence of events occurring at discrete points in time to be carried out by specific agents.  These agent-driven events will then trigger subsequent events carried out by other agents which are involved in their own event-controlled processes.

The aforementioned suite of technologies will be packaged within a GUI specifically designed to facilitate: 
· Rapid model development, such that the user is presented with an intuitive visual environment with the necessary building blocks to rapidly construct complex models; 
· Visual exploration of results, which will permit users to dynamically view the results of a simulation in order to quickly assimilate what occurred during a run and to present these results in reports; and 
· Knowledge transfer, such that all model logic is accessible, visually representative of the real system, and well documented so that successive users of a given model will be able to quickly acquire the knowledge necessary to further develop and maintain such models.

This visual DES / MAS software tool that will be incorporated within a script-driven simulation engine with unique DBMS and SQL capabilities, will address many of the capability deficiencies pertaining to development flexibility, scalable datasets, and the integration of separately developed but interdependent models associated with the utilization of existing software tools in addition to providing DRDC research analysts with the requisite tool set required to construct highly representative models of DND / CF resource management processes.

It will also provide a presently non-existent technological platform that both encourages and fosters the integration of “stove-piped” models into larger, more comprehensive system models.  Advanced analysis techniques, such as optimization via genetic algorithms or neural networks, can be readily incorporated through the addition of third party or custom developed algorithms.

4.5 Development Approach

A spiral development approach will be used throughout this technology demonstration activity. Figure 3 highlights the four phases and their main foci. At the end of each phase, a trial experiment will be conducted to: (1) demonstrate, assess and evaluate the to-date capabilities of the modelling and analysis environment; and (2) verify and validate the case study models built and integrated within the environment.
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Figure 3:  Spiral Development Approach
4.6 Future Exploitation

This new integrated modelling and analysis software environment will provide a framework for consistent implementation and integration of different models of HR-related processes. This will significantly improve DRDC’s ability to respond to present and future defence resource management requirements by directly enhancing DRDC modelling and simulation capabilities in the following areas:

· Response Time: The tool will provide a streamlined workflow for DRDC research analysts who facilitate the development, reuse, integration and maintenance of models of relevant DND / CF processes and the communication of results to SMEs in less time than previously possible;

· Accuracy: The tool will foster the creation of better models by providing DRDC research analysts with the best technology and features for assigned modelling and simulation tasks which will result in more authentic representations of complex systems and the provision of more accurate projections under fewer limiting assumptions; and

· Visualization: The tool will provide an interface to dynamically explore simulation data to aid in the discovery of the critical conclusions drawn from a given simulation scenario and permit DND / CF SMEs to participate in the process of interpreting projected outcomes and exploring cause-and-effect relationships occurring in the systems being modelled.

The enhanced modelling and simulation capabilities resulting from this technology demonstration will be exploited to provide improved analysis and advice to decision-makers in many defence HR-related areas including:
· Force Structure Analyses:  Examining downstream direct and indirect impacts of proposed changes on Force Generation and Force Employment.
· Force Generation Issues:  Projecting future demand patterns for personnel and associated materiel resources required.
· Force Employment and Sustainment:  Analysing impacts of policy and practice on personnel tempo, and finding balance between Force Generation and Force Employment demands.
Given a specific scenario of interest, the simulation tool will support decision-makers by providing quantitative and qualitative information to assist in answering questions such as:  What can I do to achieve a particular effect?  How will this action promulgate through the system? What are the costs? What are the risks?  What are potential mitigation options for unwanted impacts? and, How well will mitigation methods work? Additionally, the measures of effectiveness and performance used during the technology demonstration to assess the tool may provide valuable metrics for reporting / tracking the efficacy of DND / CF resource management policies.

5.0
Summary

The objective of the R4 HR TD activity is to build and demonstrate an integrated modelling and analysis software environment that provides the ability to simultaneously examine integrated aspects of force structure, force generation and force employment.  This proposed advanced software tool will allow analysts to rapidly build and integrate complex discrete-event, multi-agent models and simulations, and permit both analysts and decision makers to visualize the results in a flexible and dynamic framework.  

The major deliverables that will be developed and demonstrated include:

· A new simulation engine which will integrate several powerful software technologies (scripting, object-relational databases, multi-agent systems, discrete event simulation) into an advanced framework optimized for large-scale, integrated DND / CF resource management simulations;

· A GUI that will allow analysts to conveniently and rapidly develop models, execute simulations, and permit both analysts and SMEs to dynamically explore simulation results; and,

· A series of case studies to verify, validate and demonstrate the capabilities of the proposed software tool which incorporate relevant CF resource management problems, a logical representation of the processes to be modelled, sufficient realistic data to execute simulations, and final simulation end-products presented in a manner that allows analysts and decision makers to visualize the outcomes of the options analyzed.

The exploitation of this technology will enable DRDC to respond to more challenging and pressing HR issues.  By effectively integrating models of individual but related HR domains, DRDC will be better able to analyse interactions between force structure, force generation and force employment, thereby enhancing senior leadership understanding of policy alternative implications.
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Annex A
List of Abbreviations
	ACME
	ARENA Career Modelling Environment

	CF
	Canadian Forces

	CFDS
	Canada First Defence Strategy

	DBMS
	Database Management System

	DES
	Discrete Event Simulation

	DND
	Department of National Defence

	DRDC
	Defence Research and Development Canada

	GUI
	Graphical User Interface

	HR
	Human Resources

	MARS
	Managed Readiness Simulator

	MAS
	Multi Agent Simulation

	MS
	Microsoft

	NCM
	Non-Commissioned Member

	OR
	Operational Research

	OR&A
	Operational Research and Analysis

	PARSim
	Pilot Production / Absorption / Retention Simulation

	PMT
	Production Management Tool

	R4 HR
	Right Person, Right Qualifications, Right Place, Right Time Human Resource

	SME
	Subject Matter Expert

	SQL
	Structured Query Language

	TD
	Technology Demonstration

	VB
	Visual Basic

	VBA
	Visual Basic for Applications
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