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Problem Definition: This study is being completed for the Department of Transport (D.O.T.), Pilots Association and ship owners in the Montreal River Pilotage District.  The objective is to determine the minimum number of pilots to hire such that there are no transport service delays in the district.  Furthermore, the study is concerned with the summer season only.
Assumptions:
· The interarrival times are assumed to be exponentially distributed with a mean given by the number of arrivals during the season divided by the length of the season.

· The duration times are assumed to be triangularly distributed, with the given lower, mean and upper bounds.

· For a pilot to reach an assignment always takes 4 hours.

· The pools within a section should have an equal number of pilots at all times (off by a maximum of one if the total number of pilots are odd).  If pools are not equal, a pilot travelling from one pool to another takes 4 hours.  In addition, it is assumed that the pilots are initially split evenly across both pools of each section.
· A pilot will always take up all of the ten hours given to them for rest after an assignment, even if it is a busy period.
· A cancelled assignment is determined before a pilot is called, and thus does not take any of the pilot’s time.
· The priority of assigning individual pilots to an assignment is based solely on availability rather than selecting the pilot with the fewest number of trips.  This will not impact the result since it is concerned only with finding the optimal number of pilots and not on the detail level of recording pilot’s work assignments. 

· Only the summer period will be considered, since it is the busiest period and thus likely puts the greatest constraints on the system.

· All pilots can perform any assignment regardless of their class designation due to insufficient information.
· Information regarding vacation time has been disregarded, as well as the apprenticeship system.

Model Description:
Model: In determining the minimum required pilots, a discrete event simulation model was made.  This model can be considered as the combination of a number of sub-sections: (1)Assignment Generation, (2)Work Completion, (3)Pilot Cycle, and (4)Equalization. It should be noted that (1), (2), and (3) are repeated 4 times, once per “Pool”, and (3) is repeated twice, once per “Section”.

(1) Assignment Generation: This section involves a set of work entry points (WEP’s) putting generated ship assignments into a single assignment storage bin. Each WEP corresponds to a unique source and destination. These WEPs are connected to the pool’s storage bin that corresponds to the assignment source. At this stage, the work items are given tokens corresponding to data such as the total assignment time, if the trip is cancelled or a movage, the work item’s purpose (identifying it as a ship and not a pilot), trip number (which WEP it was generated at), and destination pool.
(2) Work Completion: This section involves sorting work assignments pertaining to their cancellation status, coupling pilots with assignments, and completing assignments. Throughout the duration of the simulation, a work centre checks the contents of the assignment storage bin, and removes any work items whose cancellation token is active, ensuring that no pilots are dispatched un-necessarily to a cancelled assignment. A work centre then pairs the remaining assignments with a pilot from the waiting pilot storage area, whenever one is available. At this point, the pilot is imbued with the “assignment time” and “movage” token properties of the assignment it is completing. The completed assignment is transferred to a work complete bin, and the pilot is placed in an assignment completion storage bin where it remains for a minimum time corresponding to its assignment time token value, simulating the duration of the assignment trip.
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Pilot Cycle: This section involves the cycle by which pilots go from actively completing an assignment to being placed on a new assignment. Once a pilot has spent an amount of time equal to his “assignment time” in the assignment completion storage bin, it is routed out to a rest area if its movage token is not active. Depending on the value of its “destination” token, this rest area will either be in its current pool, or in the other pool of its section. If the assignment completed was a movage, it is immediately transferred to a storage bin corresponding to active pilots. Otherwise, it goes to its rest bin, where it remains for 10 hours, before being moved to the active pilots bin. Once in the active pilots bin, the work item waits until transferred to the waiting pilot storage area to receive a new work assignment.
(4) Equalization: This section involves either transferring pilots to receive a new assignment, or to the other pool within their section to balance out the number of pilots in each pool. For each pool, a storage bin with a capacity of 1 pilot supplies the assignment coupling work centre of (2). When this pilot leaves the bin, a work centre is activated, and transfers a pilot from the active pilots’ storage bin of (3) to this bin. Otherwise, the work centre checks to determine if the active pilots’ storage bin of the pool it corresponds to has more work items than the same bin of the other pool in the section. If this is true, it transfers a pilot to the other pool. All pilot transfers occurring within stage (4) of the model take a total of 4 hours to complete. 

This model was run with 10 trials, for the summer period of June 1 to September 30th, on an hourly basis for 24 hours per day, 7 days per week.

Solution:
	Simulation Object
	Ship Delay Times
	-95%
	Average
	95%

	Pool 1
	# of Non-Zero
	7.46602
	37.6
	67.73398

	
	Average
	0.77199
	1.17994
	1.58788

	
	Maximum
	2.04979
	3.44235
	4.83491

	Pool 2
	# of Non-Zero
	3.62305
	18.8
	33.97695

	
	Average
	0.5805
	1.58335
	2.58619

	
	Maximum
	2.04464
	3.51416
	4.98369

	Pool 3
	# of Non-Zero
	-0.34276
	3.4
	7.14276

	
	Average
	0.07143
	0.44634
	0.82125

	
	Maximum
	0
	0.99569
	2.16045

	Pool 4
	# of Non-Zero
	-1.94718
	94.3
	190.5472

	
	Average
	1.44624
	2.30076
	3.15528

	
	Maximum
	3.61357
	8.92107
	14.22857


With the current number of pilots as presented in the case, the delay times are as follows:

As can be seen, with the current number of pilots, a small number of ships experience delays, the most occurring in pool 4, then pool 1, pool 2 and the least in pool 3.  

The number of pilots required to be 95% confident that no delays occur was found to be 101 in Section 1 (split with 51 in pool 1 and 50 in pool 2) and 105 in Section 2 (split with 52 in pool 3 and 53 in pool 4).  This requires the hiring of an additional 26 pilots in Section 1 and 35 in Section 2.
Sensitivity Analysis:
It should be noted that the solutions presented above are based on conservative estimates of travel times.  In other words, it was assumed that the maximum allotted travel time of 4 hours to reach an assignment is always needed.  In addition, a time of 4 hours to travel between pools was assumed, though this may be overly conservative.  Finally, pilots always take a 10 hour rest break, even if a period is busy.  Thus, if more information was given about these factors, a more accurate model could be developed that would likely yield fewer delays and a reduced need for additional pilots.

However, neglecting to include information regarding the vacation time, apprenticeship program and class system has simplified this model.  If these aspects were accounted for, this would further constrain the assigning of pilots and would likely increase the number of delays, requiring additional pilots.















