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ABSTRACT
The Production Management Tool (PMT) is a simulation tool that can be used for viewing and analyzing the current and future state of a training pipeline for a Canadian Forces (CF) occupation.  Using the PMT, existing or arising scheduling problems can be identified, and "what if" testing can be performed by adjusting pipeline parameters so that potential solutions to these problems can be explored.  This document introduces the PMT and illustrates how an analyst would go about performing a simulation study as a series of five major steps.  Sample output reports and graphs are provided.  Areas for possible future work are also identified.
1.0
Introduction
1.1
Need for Training Pipeline Analysis Tool

For a given Canadian Forces (CF) occupation, the training pipeline can be quite complex, involving numerous possible entry plans and course sequences.  This is complicated further by events such as varying recruitment levels, course cancellations or postponements, and changes to the course capacities, as well as by events occurring at the individual trainee level such as attrition or course failure.  Even small changes to the training system can have a noticeable impact on the training pipeline flow in both the short and the long term.

Because of these complexities, it is difficult for managers to understand the current state of the training pipeline (by having visibility on course loads, wait times, expected future graduates, etc.), or to anticipate the situation at some point in the future.
1.2
Production Management Tool (PMT) Overview
The PMT was designed to address these issues through stochastic modelling of individuals’ careers while they are on the Basic Training List (BTL); that is, from enrolment in the CF until they reach the Operationally Functional Point (OFP).  The PMT can be used to identify existing scheduling problems and anticipate future ones, and to help identify potential solutions to these problems.  Some questions that can be answered include the following:

· How many personnel are currently in the training pipeline?

· When are they expected to reach the OFP?

· How long do new recruits take to become qualified in the occupation?

· What proportion of students fails to graduate?

· How many students are currently attending courses and how many are expected in the next semester?

· Are scheduling problems causing excessive wait times for students between courses?

· Will wait times be reduced by simply adding extra seats to a course?

· What may happen if we are temporarily unable to offer a course?

1.3
Aim
The aim of this report is to introduce the reader to the PMT.  After reading this report, the reader will understand the general structure of the PMT, have a sense of how a PMT-based study is carried out, and be aware of the types of results that can be obtained using the tool.  

1.4
Document Outline

The next section of this document introduces the PMT by describing its three main components.  Next, using a test case based on the Air Navigator (ANAV) CF occupation, we illustrate how an analyst would go about performing a simulation study as a series of five major steps.  Finally, areas for possible future work are identified.
2.0
THE PMT

The PMT is an event-based simulation tool that comprises three major components: an Arena-based simulation environment
; a database that contains information required by and produced by the simulation (including information on past, present, and planned courses, and the training history for each individual in the pipeline); and a Graphical User Interface (GUI), which includes a series of spreadsheet-based templates used for producing a variety of charts and reports.  
Each of the three components of the PMT is described in the sections that follow.
2.1
Arena Model

The Arena model is designed to be completely generic so that it can be applied to any occupation. Inside the model individuals are simulated and led through the training system according to the occupation’s course flow structure.  Rather than modifying the Arena file for each occupation, the course flow of an occupation is specified in the model inputs stored in the database files.  Therefore, there is only one generic Arena model file, while there will be different database files that describe different occupations or different variations of a single training system.

In the model, each individual is modelled as an entity with that individual's entry plan and course history assigned.  From the simulation start date onward, each entity progresses through a series of courses (as defined by the user) until graduation.  Factors such as course dates and course capacities are considered, and an entity can undergo events such as attrition or course failure.  To represent recruiting, new personnel are also generated in the PMT based on parameters assigned to the various entry plans. 

Figure 1 shows the top-level view of the Arena model.  
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Figure 1: Top-Level View of the Arena Model
The Arena model is organized into a chain of submodels, each of which is briefly described below. 

· Read Files:  The Read Files submodel reads in all of the input tables from the scenario database.

· Build Serial Lookup Tables: This submodel builds several lookup tables relating to the course serials.
· Write File Headings:  This submodel is used to fill the first row of the events log file with the field headings as they will appear in the database output file (described later).

· Spawn Course Managers:  The Spawn Course Managers submodel creates one course manager entity for each course used in the pipeline. The course type is determined as either a scheduled course, an entry plan, or a “delay” course.  (A delay course refers to a course that will accept new students at any time that there is space in the course.  It is suitable for modelling On the Job Training (OJT) courses.  Entry plans and delay courses are treated the same way by the PMT.)  Depending on the course type, the course manager entity is sent to either the Entry and OJT Manager or the Regular Course Manager submodel.
· Entry and OJT Manager:  Each course manager entity in the Entry and OJT Manager submodel controls the flow of students waiting to attend their respective entry plan or delay course.

· Regular Course Manager: Each entity in the Regular Course Manager submodel controls the flow of students waiting to attend their scheduled course.
· Populate: The Populate submodel reads in the starting population from the scenario database at the beginning of each replication and sets the members up in the model.

· Produce:  New personnel are generated by the Produce submodel according to the entry plan parameters specified in the scenario database.  It ensures that these new personnel are generated for the various entry plans in the correct proportions.

· Activities:  In the Activities submodel, personnel take courses until they leave the simulation.  The submodel loads a student on the earliest available serial of the highest-priority course currently open to the student.  It then repeatedly checks if there are lower-priority courses that could be taken while waiting to attend the higher-priority course.  This continues until the student leaves the simulation through attrition, graduation, or when there are no course serials remaining before the end of the simulation.

· Attrition:  This submodel controls the attrition of the personnel in the simulation.  The user enters an annual attrition rate, and this number is divided by 12 to represent a monthly attrition rate (or alternatively, the probability of attriting in a given month).  This attrition probability is applied to every member in the model on a monthly basis. 

· Release:  The final submodel takes care of releasing the entities from the simulation as required by the Activities and Attrition submodels.
2.2
Scenario Database

The Arena model requires information including course schedules, priorities, and information on how the personnel flow from one course to another.  It also requires information on recruiting rates for each entry plan and a starting population if desired.  All of the input data are organized in the scenario database file which the Arena model reads.  Later in this report, we will work through a test case that demonstrates how a user would go about setting up and running a scenario using the GUI, and analyzing the results using the GUI’s built-in charts and reports.  In doing so, more details regarding input data will be given.

As the simulation runs, the Arena model generates an output text file that is imported into an output table in the scenario database when the simulation completes.  This file consists of a log that records information on events concerning each individual in the simulation.  These events include, but are not limited to. enrolling in the occupation, registering for and attending courses, graduating, and being released.  Information pertaining to the restoration of the state of current students in the simulation is also recorded to indicate that a student is eligible for a course, is attending a course, or has passed a course as of the simulation start date.
The scenario database also contains an extensive set of queries that extract information from the output table and process it into formats that are then used by the PMT’s reporting and charting capabilities that can be accessed through the GUI.

2.3
GUI

The GUI was developed in Visual Basic (VB) and Visual Basic for Applications (VBA).  It acts as a user-friendly portal for viewing and managing the scenario database information, and for analyzing the simulation results.  It hides the database and the Arena model from the user; the user does not need to have any knowledge of Arena to be able to use the PMT.  The GUI interacts with the scenario databases and calls the Arena model to run when requested by the user.

More specifically, some of the functions that can be performed from within the GUI include:

· building a training pipeline by creating courses and defining how they flow from one to another;

· importing the current status of the pipeline (including current and planned courses, and the training history for each person currently in the pipeline) from the Military Individual Training and Education (MITE) database extract;

· adding user-defined courses, serials, and personnel, and modifying their details to explore different scenarios;

· analyzing the current performance of the pipeline using a range of charting and reporting functions; and

· forecasting the future status of the training pipeline months or years into the future, and using the charting and reporting functions to analyze these forecasts in order to predict the future impact of management decisions.

The GUI will be illustrated and described in greater depth in the following section.

3.0
TEST CASE – ANAV OCCUPATION

After developing the PMT, it was necessary to conduct a test case to identify and correct any shortcomings with the components of the PMT, and to better understand what exactly is involved with performing a study using this tool.  

An analysis of the ANAV training pipeline was carried out.  In the context of this test case, this section describes a series of five general steps that would be required for any similar study: gather information; generate the credit matrix; “clean” the data
; set up the scenario in the GUI and run; and analyze the data.  Follow-on scenarios designed for “what if” analyses were not explored in this test case, but they would be easy to carry out by manipulating scenario parameters such as the attrition rate, course schedules, course capacities, or entry plan intake.

3.1
Gather Information

Before using the PMT itself, the first step for any study is to gather the pertinent information.

3.1.1
Training Pipeline

First, the training pipeline must be established.  That is, the course flow from enrolment in the CF to graduation must be defined for each entry plan.  Generally, the involvement of a Subject Matter Expert (SME) will be required here, as someone who is very familiar with the occupation will be able to specify how the course flow changes according to different entry plans, and to point out any other relevant information.  
Figure 2 illustrates the training pipeline for the ANAV occupation.
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Figure 2: ANAV Training Pipeline

The items shown in boxes represent courses, and the bold arrows represent entry plans.  Where more than one course is shown in a single box, this means that the courses can be taken in any order. 

The entry plans are:

· Regular Officer Training Plan (ROTP)

· University Training Plan – Non-Commissioned Officer (UTPNCM)

· Regular Officer Training Plan – Civilian University (ROTP CIV)

· Continuing Education Officer Training Plan (CEOTP)

· Direct Entry Officer (DEO)

· Commissioning From the Ranks (CFR)

· Occupational Transfer (OT)

· Compulsory Occupational Reassignment (from pilot occupation) (COR (pilot))

· Compulsory Occupational Reassignment (from unrelated occupation) (COR (unrelated))

After coming through one of these entry plans, personnel follow the course flow as indicated above.  

In this test case, the courses include:

· Royal Military College (RMC)

· Civilian University (Civ Univ)

· Initial Assessment Period (IAP)

· Basic Officer Training Period (BOTP)

· Second Language Training (SLT)

· Aeromedical Training Initial – Aircrew (AMT)

· Sea Survival (Air Operations) (Sea Surv)

· Basic Survival Evasion Resistance Escape (BSERE)

· Basic Air Navigator Course (BANC)

· CH-124 Sea King Tactical Coordinating Officer (CH-124 TCO)

· CP-140 Aurora Navigator/Communicator (CP-140 N/C)

· CP-140 Aurora Acoustic Sensor Officer (CP-140 ASO)

· CC-130 Hercules Navigator (CC-130 Nav)

The last four of these courses are Operational Training Units (OTUs) that lead to graduation.

In the cases of RMC and Civ Univ, several courses were amalgamated into one to simplify the model.  In each of these cases, students progress through several years of university education, which could include SLT, as well as IAP and BOTP (normally taken during the summers while the students are not attending university). 

In addition to the course flow, other information that must be obtained includes:

· the failure rate for each course;

· whether a course failure results in the student having to take the course again or transfer to another occupation; and

· the overall annual attrition rate; this will be applied to all individuals throughout the simulation.

3.1.2
Current Pipeline Status

After obtaining this basic information, the next step is to determine the current status of the pipeline.  Information about military courses, including past, current, and in some cases planned course schedules, as well as each student’s training history (if applicable) are stored in the MITE module of the Human Resources Management System (HRMS). The PMT imports the current pipeline status from a data extract, taken largely from this module, that conforms to an expected format.  Sometimes, the MITE database is not kept up-to-date, in which case the data must be entered manually with information obtained from SMEs.  Even when all of the data are up-to-date, some data cleaning must be done.  This is discussed in more detail in Section 3.3.

3.2
Generate Credit Matrix

The next step is to generate the credit matrix (shown below in Table 1), which ensures that trainees follow the correct sequence of courses in the training pipeline illustrated in Figure 2.  The credit matrix defines credits that a trainee accumulates toward future courses when any course is completed.  When the accumulated credits for a course reach 1.0, the student becomes eligible to attend that course.
Table 1:  ANAV Credit Matrix

	Courses
	RMC
	CIV UNIV
	IAP
	BOTP
	SLT
	AMT
	Sea Surv
	BSERE
	BANC
	CH-124 TCO
	CP-140 N/C
	CP-140 ASO
	CC-130 Nav
	Graduate

	Entry Plans
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	ROTP
	1
	
	
	
	
	
	
	
	
	
	
	
	
	

	CFR
	
	
	
	1
	
	0.5
	0.5
	0.5
	
	
	
	
	
	

	UTPNCM
	
	
	1
	
	
	0.5
	0.5
	0.5
	
	
	
	
	
	

	CEOTP, DEO
	
	
	1
	
	
	0.5
	0.5
	0.5
	
	
	
	
	
	

	CEOTP, DEO - SLT
	
	
	1
	
	0.5
	
	
	
	
	
	
	
	
	

	COR (pilot)
	
	
	
	
	
	
	
	
	1
	
	
	
	
	

	OT, COR (unrelated)
	
	
	
	
	
	1
	1
	1
	
	
	
	
	
	

	ROTP CIV
	
	1
	
	
	
	
	
	
	
	
	
	
	
	

	Courses
	
	
	
	
	
	
	
	
	
	
	
	
	
	

	RMC
	
	
	
	
	
	1
	1
	1
	
	
	
	
	
	

	CIV UNIV
	
	
	
	
	
	1
	1
	1
	
	
	
	
	
	

	IAP
	
	
	
	1
	0.5
	
	
	
	
	
	
	
	
	

	BOTP
	
	
	
	
	0.5
	0.5
	0.5
	0.5
	
	
	
	
	
	

	SLT
	
	
	
	
	
	0.5
	0.5
	0.5
	
	
	
	
	
	

	AMT
	
	
	
	
	
	
	
	
	0.4
	
	
	
	
	

	Sea Surv
	
	
	
	
	
	
	
	
	0.3
	
	
	
	
	

	BSERE
	
	
	
	
	
	
	
	
	0.3
	
	
	
	
	

	BANC
	
	
	
	
	
	
	
	
	
	1
	1
	1
	1
	

	CH-124 TCO
	
	
	
	
	
	
	
	
	
	
	
	
	
	1

	CP-140 Nav/Comm
	
	
	
	
	
	
	
	
	
	
	
	
	
	1

	CP-140 ASO
	
	
	
	
	
	
	
	
	
	
	
	
	
	1

	CC-130 Nav
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


To illustrate, consider a person who joins the ANAV occupation through the ROTP entry plan.  Looking at the ROTP entry in the left-hand column of the table and reading across, we see that the student earns one credit for RMC simply by coming through that plan.  Then, once he/she passes RMC, we see that he/she is eligible to take AMT, Sea Surv, and BSERE.  When this happens, the student will take the courses in the order that they are available.  These three courses give 0.4, 0.3, and 0.3 credits respectively for the BANC, so the student can only take the BANC after completing all three courses.  Then, after passing the BANC he/she is eligible for all four OTU courses – the course taken will define the student’s specialty in the occupation.  The student will take the first one that is available, and this will lead to graduation.

For the group of four OTU courses, a streaming matrix could have been used instead of a credit matrix.  With a streaming matrix, after passing a course, students are directed into one of several courses according to the proportions specified by the user (rather than earning credits toward course eligibility as is the case with a credit matrix).  So, in this case, each student would have been streamed into one of four OTU courses rather than simply taking the first available course.

3.3
Clean Data

If a large existing population is to be imported, the most time-consuming step involved in the process of setting up the simulation is to “clean” the data in the MITE extract.  As noted above, even if all of the data in MITE are up-to-date, considerable work needs to be done.

There are four main tables in the MITE extract to work with:

· The OP_COURSE_TBL table provides general high level details for every course.

· The OP_CRSE_SESSN_TBL table provides details for every session (or serial) of a course including its start date, length, and minimum and maximum capacities. It is used when importing serial data into the PMT.

· The OP_TRAINING table provides details of student registration and attendance results. It is used when importing person data. 

· The POPULATION table provides details of the CF population. It includes each person’s employee ID service number, name, rank, occupation, hire date, and entry plan.  It is also used when importing person data.

Examples of data cleaning required for the ANAV test case are given below, although this is not an exhaustive list.  It is expected that similar procedures would be required for studies involving any other occupation.  

· Adjust serial capacity where required (OP_CRSE_SESSN_TBL).  This may be necessary for courses that are shared with other occupations, such as the IAP or the BOTP.  The PMT will not recognize personnel that are in occupations other than the one being studied.  So, if a course has a minimum capacity of ten, the PMT will not run the course if it does not have ten ANAV (in this case) participants.  However, in reality, some of these ten participants could come from other occupations.  Changing the minimum capacity to one would resolve this problem.

· Update course codes and serials where required (OP_TRAINING).  Sometimes CF courses are restructured and given a different code.  If an individual took a course under an older code, it must be updated to the current code and given a valid serial number (i.e. one that exists in OP_CRSE_SESSN_TBL).  Otherwise the course will not be recognized by the PMT and the tool will attempt to place the person in that course.  A similar approach must be taken in cases where a person took a course that can be considered equivalent to a course required by his/her course flow.  

· Validate entry plans and update where required (POPULATION).  The most cumbersome step of the data cleaning process is to validate each student’s entry plan in the POPULATION table.  However, it is an important step since the entry plan determines the course flow that the person will follow in the simulation.  This step is necessary even if the data in the MITE database are complete and up-to-date.  The reason is that in a PMT-based study, the entry plans must be defined according to the various possible course flow options, rather than simply the plan through which one enters the CF.  Thus, in the ANAV case, although the standard CF officer entry plans were included, additional ones were required to cover the options for OT and COR.  Further, some entry plans had to be split into two distinct entry plans: ROTP through RMC vs a civilian university; COR from the pilot occupation vs from an unrelated occupation; and CEOTP/DEO with SLT required vs SLT not required.  In many cases, the entry plan listed in the MITE extract will already be correct, but the analyst must check the information in the POPULATION and OP_TRAINING tables to infer the correct entry plan in the event of a COR or OT, and update the POPULATION table accordingly.

· Ensure that each person in the pipeline has a record relating to a course that is part of the training pipeline (OP_TRAINING).  This is required because the only method that the PMT can use to identify the current population is to search for all individuals in the occupation that have a record relating to a course in the pipeline.  If this step is not done, people without at least one such record will not be imported by the PMT.  This can happen if someone is awaiting the first course to be taken after passing through his/her entry plan.  The easiest way to resolve this is to enter the person’s first required course with a “waitlist” status. 
Taking the steps described above will resolve the major issues with the data.  However, less significant problems will remain, as there are always exceptions and unusual cases.  

3.4
Set Up Scenario in GUI and Run

After ensuring that the data are as accurate as possible, the user is ready to set up the scenario in the GUI.  This section outlines the basic steps.  

Upon opening a new scenario, the Entry Plan Split and Graduation items are automatically created as beginning and ending points to the training pipeline.  The user must enter some basic scenario information, as shown in the right-most frame in Figure 3.
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Figure 3: ANAV Test Case – Scenario Information Entered
The general scenario information that must be provided includes:

· scenario start and end dates (the start date must match the date of the MITE Extract);

· the number of replications to be performed by the simulation;

· the annual attrition rate;

· the Military Occupational Structure Identification (MOSID) of the occupation being studied; and
· the location of the MITE extract on the computer’s hard drive or network (if applicable).
Next, each course must be entered into the GUI (shown in the central frame of Figure 4).
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Figure 4: ANAV Test Case – Courses Defined
For each course, the following information must be entered:

· name and description;

· code (as defined in the MITE extract), if applicable;

· type (entry plan, scheduled course, or delay course);

· whether failure results in the student being re-coursed or transferred out of the occupation; and

· whether the course leads to graduation (in this case, the four OTUs).

Next, the credit and streaming values, explained in Section 3.2, are entered for each course in the right-most frame shown in Figure 4.  
The course serials can then be imported from the MITE extract by selecting a command from the menu, or entered manually (Figure 5).
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Figure 5: ANAV Test Case – Serials Defined
The serial number, start date, length, minimum and maximum capacities, and failure rate must be provided for each serial.  All but the course type and failure rate can come from the MITE extract, if the information is available.  It is possible to change the information in the GUI after importing the data; further, more serials can be added.
Although courses and serials do not necessarily need to exist in the MITE extract, it was found that it is easiest to add them to the extract rather than to enter them directly into the GUI.  The data entry process is much faster using this approach.  It also makes it easier when starting new scenarios, since the data can simply be imported rather than re-entered.  For the ANAV test case, all course and serial information were entered in the MITE extract (with the exception of the course type and serial failure rate), and then imported into the GUI.  

Finally, the personnel already in the training pipeline are imported from the MITE extract by selecting a command from the menu (Figure 6), and the scenario is run (Figure 7) by clicking the run button.
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Figure 6: ANAV Test Case – Existing Personnel Imported
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Figure 7: ANAV Test Case – Simulation Completed

In the completed scenario, new personnel created during the simulation can be identified by an employee number beginning with 9.  Personnel who remain in the training pipeline at the end of the simulation are denoted by a green person icon, whereas those who have left (either through attrition or graduation) are denoted by a grey person icon.
3.5
Analyze Data

As noted previously, there are a number of charts and reports that can be produced by the PMT.  Several key graphs are shown below; most are also available in report format.  Note that these charts and reports were generated for the purposes of the ANAV test case only, and do not necessarily represent the real situation.   
Figure 8 shows the number of personnel who graduated from the system in each fiscal year; that is, the number of people who graduated from the four OTUs, which were selected by the user as those that lead to graduation.  In this graph, the time period of interest was selected as a five-year period beginning on the simulation start date (14 Feb 2008), although this parameter can be changed by the user. 
A similar chart that shows the same type of results for all courses, rather than only those that lead to graduation, is also available.
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Figure 8: Graduates by Fiscal Year for the Period 14 Feb 2008 to 13 Feb 2013

Figure 9 illustrates the demand and attendance ratios with respect to maximum capacity for each course.  The demand is evaluated as the number of people who are nominated for the course, while attendance represents the number of people who take the course.  Usually the demand exceeds the attendance (since normally one must be nominated for a course before taking it), but this will not be the case if a relatively large number of people are taking the course on the simulation start date.  Again, the time period of interest was selected as a five-year period beginning at the simulation start date.  Note that the capacity far exceeds the demand and attendance for all but the BANC and the four OTU courses, as the demand and attendance ratios are much less than one.  This is due to the fact that all of these courses are shared with personnel from other occupations.  (The demand and attendance shown here only reflect that of the personnel in the scenario, i.e. in the ANAV occupation.)  The graph indicates that during the time period of interest, demand for the four OTU courses exceeded the capacity, and that this problem did not occur for any other course.  
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Figure 9: Demand and Attendance Ratios Relative to Course Capacity for the Period 14 Feb 2008 to 13 Feb 2013

Figure 10 shows the status of the pipeline as of 13 Feb 2013.  (A similar graph can be generated by the user for any date after the simulation start date.)  The number of people waiting for each course is shown, along with the number of people attending each course.  The wait times are indicated by the colour-coding.  The maximum capacity is also indicated for each case, although as noted previously, this is only relevant for the courses that are attended exclusively by those in the ANAV occupation.  Again, the BANC and the four OTU courses are areas of concern as indicated by the simulation results.  For all of these courses, more personnel are waiting for the course than are attending.  Wait times for the OTU courses are generally longer than for the BANC.
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Figure 10: Future Pipeline Status as of 13 Feb 2013

Figure 11 shows a box plot of the wait times for each course.  Examining this graph leads to the same conclusions as those described previously:  The four OTU courses are an area of concern, as students may need to wait well over a year to take one of these courses.
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Figure 11: Wait Time Statistics by Course for the Period 14-Feb-2008 to 13-Feb-2013

The previous graphs have shown data at the course level; it is also possible to display data for the serials of a given course.  An example is shown in Figure 12 – similar to Figure 9, it shows the demand and attendance for all of the BANC serials held within a five-year period beginning on the simulation start date.  The minimum and maximum capacities are also shown for each serial.  For this simulation, results indicate that there will be a very high demand for the BANC beginning in the summer of 2012.  It also shows that there are periods where the demand does not meet the minimum capacity required to run the serial.
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Figure 12: Demand and Attendance for the BANC for the Period 14 Feb 2008 to 13 Feb 2013
Finally, data can also be displayed for any given person in the simulation.  Figure 13 shows a Gantt chart of an individual who already existed in the training pipeline when the simulation started.  The grey bars represent the data imported from the MITE extract, i.e. the person’s course history prior to the simulation start date.  The orange bars represent simulated results.  In this graph, we can see that the individual was required to wait for over a year before enrolling in the CC-130 Nav OTU course.
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Figure 13: Person Gantt Chart

4.0
AREAS FOR FUTURE DEVELOPMENT
In this section, possible areas for future development, including a follow-on case study and technical development of the tool, are identified.

4.1
Case Study of Related Occupations

The case study described above was concerned with only one occupation.  An interesting application would be to examine training pipelines of a pair of related occupations, in which the personnel belonging to the different occupations share a number of courses, and in which personnel frequently transfer from one occupation to the other.  Given that the ANAV case has already been looked at, a logical choice would be to next look at the ANAV and pilot occupations together.  

The PMT was designed to look at one occupation at a time, so this test case would not be straightforward.  It is expected that the data cleaning process would be more extensive than in the single occupation case.  This is in part simply due to the increased volume of information to validate, but also because of the interaction between the two occupations. 
4.2
Probability-Based Recourse/Transfer on Fail

At this time, the user can select whether a course failure results in the student being re-coursed, or forced to transfer to another occupation.  Denoted by the Transfer on Fail checkbox in the PMT GUI, this is an option applied to each course, and therefore it will apply to all individuals who fail the course.  In reality, if a person fails a course, the decision of whether the person should take the course again or transfer to a different occupation is made on a case-by-case basis.  This is quite logical, as some people fail (or drop out of) courses for reasons such as language difficulties or circumstances beyond their control, while others are simply not well-suited to the occupation.  The PMT could be improved by allowing the user to enter a probability of Transfer on Fail for each course, rather than only a yes/no option.

4.3
Add Flexibility to Attrition Parameter

The PMT accepts a single annual attrition rate that is applied to all individuals throughout the simulation.  In the context of the PMT, it encompasses both attrition from the CF and voluntary occupation transfers.  In reality, attrition rates vary according to a number of factors, one of them being the individual’s number of Years of Service (YOS).  Therefore, people coming in through the different entry plans would experience different attrition rates (since they have a different number of YOS upon entry into the occupation).  Furthermore, the probability of an individual choosing to leave the CF or the occupation would vary as the simulation progresses.

Modelling attrition accurately within the PMT, taking into account the variations over time and the different YOS (or other characteristics) of the personnel in the scenario, would be difficult.  However, it could perhaps be improved somewhat by allowing the user to apply a different attrition rate to different groups of personnel, the groups being defined according to the various entry plans.

4.4
Improve Handling of Entry Plans

The way in which entry plans are handled in the PMT can be impractical if the user wishes to have a greater degree of control over when new personnel enter the system.  It is suitable in cases where an approximate number of people is required over some approximate time interval (e.g. 50 people arriving over a 12-month period, on average).  However, if an exact number of people is required to come through an entry plan on a particular day (or in specific time intervals), the entry plan is more difficult to implement.  It would be desirable to update the entry plan manager such that the user would have the option of simply identifying how many people are to enter the system on which day.  It is unclear how difficult implementing such a change would be.

4.5
Improve Procedures for Data Cleaning

In the ANAV test case, all of the data cleaning described above was done manually, with each person’s training history validated individually.  In a small or medium-sized occupation that might have approximately 100 individuals on the BTL, the data cleaning could normally be done within a day, provided that the analyst is very familiar with what exactly needs to be done.  For large occupations, however, this manual data cleaning could take an unreasonably long period of time.  Therefore, it would be desirable to improve the procedures to maximize efficiency and reduce the probability of human error, possibly through automation.
4.7
Improve User Interface

Improving the GUI is one of the lower-priority areas for future development, since the PMT functions fairly well with the current GUI.  A desirable additional feature would be to have the system give a warning to the user in cases where the user does not enter certain information required by the PMT.  For example, the program will crash if there is a course that does not contain serials, even if no personnel enter that course.  Or, the scenario will not terminate if the Entry Plan Split is not defined.  In these cases, a warning to the user would be helpful.

5.0
CONCLUSION

The PMT was designed as a tool for viewing and analyzing the current and future state of a training pipeline for a Canadian Forces (CF) occupation.  In this document, its three main components (Arena model, scenario database, and GUI) were described.  

We used a test case for the ANAV occupation as a “proof of concept” of the PMT.  While the tool is not without limitations, it will be useful for helping analysts and managers to identify the possible outcomes of changes to the training system.

Several areas of future work were identified.  These include test case studies that will help to further identify areas in need of improvement, as well as new features on the technical side of the PMT. 

Annex A
List of Abbreviations
	AMT
	Aeromedical Training Initial – Aircrew

	ANAV
	Air Navigator

	BANC
	Basic Air Navigator Course

	BOTP
	Basic Officer Training Period

	BSERE
	Basic Survival Evasion Resistance Escape

	BTL
	Basic Training List

	CC-130 Nav
	CC-130 Hercules Navigator

	CEOTP
	Continuing Education Officer Training Plan

	CF
	Canadian Forces

	CFR
	Commissioning From the Ranks

	CH-124 TCO
	CH-124 Sea King Tactical Coordinating Officer

	Civ Univ
	Civilian University

	COR (pilot)
	Compulsory Occupational Reassignment (from pilot occupation)

	COR (unrelated)
	Compulsory Occupational Reassignment (from unrelated occupation)

	CP-140 ASO
	CP-140 Aurora Acoustic Sensor Officer 

	CP-140 N/C
	CP-140 Aurora Navigator/Communicator

	DEO
	Direct Entry Officer

	GUI
	Graphical User Interface

	HRMS
	Human Resources Managent System

	IAP
	Initial Assessment Period

	MITE
	Military Individual Training and Education 

	MOSID
	Military Occupational Structure Identification

	OFP
	Operationally Functional Point

	OJT
	On the Job Training

	OT
	Occupational Transfer

	OTU
	Operational Training Unit

	PMT
	Production Management Tool

	RMC
	Royal Military College

	ROTP
	Regular Officer Training Plan

	ROTP CIV
	Regular Officer Training Plan – Civilian University

	Sea Surv
	Sea Survival (Air Operations)

	SLT
	Second Language Training

	SME
	Subject Matter Expert

	UTPNCM
	University Training Plan – Non-Commissioned Officer

	VB
	Visual Basic

	VBA
	Visual Basic for Applications

	YOS
	Years of Service
































� Arena is a commercial, off-the-shelf modelling and simulation environment.  It is often used for modelling industrial processes, although it also has applications in other areas, including human resources.


� This step is only required in cases where an existing population is used, i.e. where data are obtained from the MITE extract.  
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