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Assignment 3 - Syntax Analysis
SEG-2106 - Hiver 2008
Introduction 
The purpose of this lab assignment is to model, simulate and observe behavior of a given physical problem involving concurrent access to shared resources.  The simulation is developed and conducted in java using synchronized methods. Simulation experimentation is then used to determine bottlenecks or potential optimization of resource numbers.

Problem Definition
The following figure provides a flow schematic for operations at a quarry. The principle idea is that ore scooped from an open mine is loaded onto trucks, to be transported to a crusher. Three shovels load ore onto trucks. Each shovel has three trucks dedicated to carry ore from that shovel to the crusher. Two of each shovel's trucks are of 20-ton capacity, and the third is of 50-ton capacity. In the figure, each truck is represented by a circled number that matches the number of that truck's shovel. Of the three trucks dedicated to Shovel 1, for example, one is being loaded in the figure, one is traveling with a load to the crusher, and one is waiting to unload at the crusher. (The figure does not indicate which trucks are of 20-ton capacity and which are of 50-ton capacity.) Of the three trucks dedicated to shovel 3, one is being unloading at the crusher, one is en route to Shovel 3, and one is being loaded by Shovel 3.
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Parameters

The table below provides key data for the system. Loading and unloading times are uniformly distributed, whereas travel times are constant. These values are used for the simulation model.

	Truck capacity (tons)
	Loading time by shovel

(minutes)
	Transit time to crusher  (minutes)
	Unloading time at crusher

(minutes)
	Returning to the shovel

(minutes)

	20
	5.0 ± 1.0
	2.5
	2.0 ± 0.5
	1.5

	50
	10.0 ± 2.0
	3.0
	4.0 ± 0.5
	2.0


Loading and unloading times are in the form A±B, where A is average loading or unloading time, and B is one half of the range of the uniformly distributed loading or unloading time. In other words, A±B means the interval [A-B, A+B); and a uniformly distributed value within this range

Service order at the crusher is FCFS (First Come First Served). Service order at the shovels, however, is "higher capacity, higher priority."
Simulation Tasks

 The following tasks were executed to obtain simulation results.

[1] A model was built of the system described above using the Java programming language that simulates the model and measures the utilization of all resources, such as shovels, crusher, and trucks. Trucks are distinguished by capacity, and   by associated shovel). The utilization of a resource is defined as the ratio of the time the resource is used over the total elapsed time. For a truck, one considers that it is in use when it does not wait for a shovel nor the crusher. The beginning of the simulation   corresponds to a system state where all trucks wait for their shovel. Carry out a simulation for an 8-hour period and print out the simulation results at the end.

[2] The model was then changed, such that in the new model, the crusher serves the trucks associated with shovel 1 at higher priority than the other trucks. Do a similar simulation for this revised model.

[3] An analysis and discussion addressed the  following questions:

1. Is the system well balanced or are there bottlenecks?

2. Would it be better to change the number of trucks or the number of shovels? 

The analysis and conclusions are based upon the criteria that   simulations were conducted with different numbers of trucks and shovels.

Assumptions

· Because no starting position for the trucks has been given, it is assumed that the trucks must initially dpart and finally return to a specified “Head Quarter”.

· Initial time to arrive from “Head Quarter” to “Shovel” will take between 2 and 4 minutes inclusively.

· Time to arrive from “Head Quarter” to shovel will be counted as “Time in Transit”

· When a truck calls it a day, the time to get back to “Head Quarter” will not be counted.  (Rational behind this decision: If a truck is full at the time when the truck is called off, then the truck will proceed to the Crusher, or, if it is in line at the Crusher, will stay in line until the truck is unloaded.  Trucks that are not full however will need to return to their “Head Quarter” from wherever they are.  Because there is too much uncertainty as to which paths trucks can take to head back to their Head Quarter, to this time is simply not counted)

· Truck’s Time In Transit will include time for a truck to get from the “Head Quarter” to the “Shovel”; the time for a truck to get from the “Shovel” to the “Crusher” and time for a truck to get from the “Crusher” back to the “Shovel”.

· Truck’s Time In Line will include the time from when a Truck arrives at either the “Shovel” or the “Crusher” to the time it is being served.

· Truck’s Working Time will include the time a Truck is being served by the “Shovel” or the “Crusher”

· Because information on a typical work day hours are not provided, we will assume a 300 minute typical work day schedule.
Simulation Design Overview

The design includes java Truck, crusher, shovel classes, instantiated in the main class.

Synchronized threads are used to assure correct concurrent access of the trucks to the shared shovel and crusher resources.

The simulation design is based upon a generic truck class that has bucket size, truck name and associated shovel number variables. A truck may be instantiated and associated to any one of the shovel resources.  A simulated truck executes a set of states in a loop that simulates travel to shovel, wait for shovel, load by shovel, travel to crusher, unload to crusher. 

A   truck resource  is associated with a shovel by attaching to it with:

· public void attachShovel(Shovel oShovel)

And attaches to a crusher with:

· public void attachCrusher(Crusher oCrusher)

A crusher resource includes synchronized methods

Used by the truck that places itself in the crusher queue by calling the crusher method:

· public synchronized void placeTruckInLine(Truck oTruck)

And access the crushed calling the crusher method

· private synchronized void loadNextTruck()

Similar    shovel resource includes synchronized methods

Used by the truck that places itself in the shovel queue by calling the shovel method:

· public synchronized void placeTruckInLine(Truck oTruck)

And access the shovel calling the crusher method

· private synchronized void loadNextTruck()

A “TimeCal” timer class facilitates the timing of the simulation.

The simulation is set up and executed in the main class by instating a number of arrayed structures to hold lists of shovels, trucks and crushers.  The vector class is used for this function.

For the initial simulation 9 truck objects [ plus one bogus joke truck] are instantiated , 3 for each shovel including two 20 ton and one 50 ton truck per shovel.  Three shovel objects are instantiated, and added to the vector truck list.   Trucks are the attached to the shovels and crusher.  The shovels and crusher objects -9 threads) are then stared. 

The simulation is then run a set period of time.  The simulation is terminated by the shutdown of the truck, shovel and crusher resources.

Statistics are then printed for the simulation run, including run times, and wait times and utilization.

Technical Design Detailed Discussion

The basic idea behind the construction of the program was to have a standard “Truck” class, a “Shovel” class and a “Crusher” class, to use the built in java “synchronized” to insure mutual exclusion where needed, software semaphores are not used.  The thought was that, theoretically from there, multiple “Truck”, “Shovel” and “Crusher” instances could be spawned and inter-connected and then basically given the order to “do it”.  We’ll get back to the actual code construction a bit later, for now it is important to state that a side effect of this type of simulation is that the code becomes tighter.  A Truck expects to have access to a Shovel and a Crusher, it expects them to work in a certain way and to make certain assumptions.  Similarly, both the Shovel and Crusher expect the Truck to act in a certain way and come to them in a pre-determined order (HQ – Shovel – Crusher – Shovel – Crusher …).

Removing the tension from the code, getting it to “loosen” up a bit

The first step in loosening the code was to have the three main classes use the “TimeCal” for time management.  Now although all classes assume a time compression  of 1 actual second per 1 effective simulation minute.  This offers the possibility of modifying the TimeCal in a distant future to apply additional time compression without disrupting the way time works in the three classes, in other words, if time is accelerated by 10 times in TimeCal, then all three classes would count time 10 times faster, therefore the simulation would not be affected (the quality of the results due to higher compression however is another story).

Where a “Crusher” or “Shovel” instance needs to access a “Truck” instance, for example when injecting the amount of time they [the Crusher/Shovel] spent working on “that” Truck and how long it took for a truck to get out of a line.  Once again, in order to loosen the code a bit more, first, it is the “Truck” instance itself that starts a timer at a time of its choosing and 2) both the “Crusher” and “Shovel” were required to call a single “Truck” function to ‘add’ the time the truck was in line for.  It is the “Truck’s” responsibility to figure out if it was currently in line at the Shovel or the Crusher, not the Shovel or Crusher’s job to call a “setThisVariable” call.  Also, the Shovel and Crusher do not explicitly “add” or “set” the time the truck was in line for, they just both call a Truck function whose job it is to figure all this “mumbo jumbo” out by itself.

A third way to attempt a loosely written code was to leave each class keep track of their own states by themselves.  It is the Truck’s job to know in what state it is at all times, it’s not the job of the Crusher or Shovel to tell it so.  Similarly, the Shovel and the Crusher must both always know what they’re supposed to be doing, it is not the Truck’s job to ask them, “are you free”, “can you take care of me now”.  The truck should just go in “line” and wait for the Shovel or the Crusher to “do something”.

Of course, a fourth way the code attempts to remain as loose as possible is to cut down to “zero” the number of publicly accessible variables that each class holds.  If any “other” classes wish to access another class’s variable, it will need to do so through a function call which can at least try and validate what this other class is trying to do rather than having a free for all.

But the truth is, we are not [loosely] free, and some parts remain tight

There was an assumption made that, when a Truck is told, “it’s time to go home”, then if the truck is empty at the time then it goes home, but that if the Truck is not empty, that it must continue its journey to the “Crusher” and get emptied before “calling it a day”.  This type of assumption places subtle dependencies between the Truck and the Crusher class. A Crusher instance should only be “shutdown” if and only if all trucks carrying Ore have “shutdown” themselves first.  If this condition is broken, then a full truck will get stuck and stay trapped in line at the Crusher, preventing it from ever shutting down.

But how do you program something that works with something else and yet something else again?

A Truck could be programmed to link itself with a Shovel, a Crusher, have certain other properties set to it, be able to sense in which state it is supposed to be, perform some timing calculations, collect basic statistics, activate itself and simply do nothing then.  A Shovel could be programmed and ready to accept Trucks (have a managed queue), but simply be in a ready state and not act.  A Crusher could do the same as the Shovel.  So this is what was done, all three classes were created at the same time, their constructors built, their basic properties set.  A “debug” main project was created to ensure they worked properly “so far”.

Once all three parts could start up, go into a waiting state and do nothing successfully ( then it was time to start working on the making them gracefully shutdown as opposed to using the “Thread.stop()” function which apart from being deprecated, would prevent the assumption between the Truck and the Crusher from working if they are all “stopped” suddenly.  Once this was done, work was focused more on the Truck and Shovel class, getting the Truck to go time and time again to the Shovel class and the Shovel Class loading Ore into the Truck and releasing the Truck correctly from its queue.  Once this was done, the same was done between the Truck and the Crusher.  Once all three classes were fairly solid, they’re main run() procedure were re-written to now keep track of their states.  The truck was now supposed to be able to go from an imaginary HQ, to the Shovel, to the Crusher, back to the Shovel, etc…

Problems, always with the problems

The single biggest problem occurred when we decided to use the built-in java notifyAll/wait functions inside the run() procedures.  This worked rather badly because using them inside a non-synchronized function caused the while loop to just loop normally (the wait, notify and notifyAll would all throw exceptions inside a non-synchronized procedure).  To attempt to fix this issue, a separate synchronized procedure was created and all of the run() procedure was transferred to it instead, the run() just calling the new synchronized procedure.  Once again we were greeted by failure.  The new synchronized procedure now blocked all other synchronized functions and procedures in the class instance to be called and the program would to put it simply, come to a screaming halt very fast (well, immediately really).  There was then only two options left, to use software semaphores, that, because there are software, and that when using them critical sections must be managed manually in order to avoid deadlocks were a risk to use with the time allocated to us (of course, this could go in the “it would be nice” in the requirements for a future implementation of these classes).  The other option was to simply have use a while loop since the program really didn’t need additional resources spared for anything else anyways.

In the end, an exciting, working and fully operational program was running successfully and passing with flying colors our “tests” (example, tracing through the verbose output and making sure it matched what the basic statistics said at the bottom).  Additional statistics gathering functions were then added to all three classes to give the information we needed to analyze the various test scenarios at our fingertips.
Simulation Results – Baseline Model

The following run log of summary stats uses standard truck assignments [ 2 20t and one 50 t truck per one of three shovels] with no priority for shovel 1 trucks at the crusher.  Utilization of the trucks is low due to long wait times at the shovel, and in particular at the crusher.  Either adding more shovels or another crusher may improve the utilization.  Also 50 ton trucks are more efficient than 20 ton trucks, and more 50 ton trucks may improve efficiency.

-----====={ TIMER STARTING }=====-----

-----Timer set: 300.0 minutes
 -----

-----Priority System: OFF        -----

-----=====~~~~~~~~~~~~~~~~~~=====-----

…run  .. stat results….>

 SHUTDOWN: Shovel n°1 is shutting down now... (1150 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 38.0 minutes.

                Total Time Lost due to Trucks stuck in line: 124.31 minutes.

SHUTDOWN: Shovel n°2 is shutting down now... (1120 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 44.0 minutes.

                Total Time Lost due to Trucks stuck in line: 150.28 minutes.

SHUTDOWN: Shovel n°3 is shutting down now... (1130 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 47.0 minutes.

                Total Time Lost due to Trucks stuck in line: 179.84 minutes.

SHUTDOWN: Crusher is shutting down now... (3400 Tonnes of Ore processed. 

                Idle time (after first truck passed through): 2.0 minutes.

                Total Time Lost due to Trucks stuck in line: 740.87 minutes.

Statistics for the Ryan Clemence 20T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 260.0 Tons

Time in line at Shovel: 51.7 minutes

Time in line at Crusher: 105.09 minutes

Transit Time: 57.24 minutes

Actual Work Time: 91.21 minutes

Total Run Time: 305.25 minutes

Truck Utilization %: 0.48 %

Throughput: 0.85 Tons of Ore/minute

Statistics for the Dimitri Berlokovitz 20T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 71.28 minutes

Time in line at Crusher: 95.23 minutes

Transit Time: 51.87 minutes

Actual Work Time: 84.19 minutes

Total Run Time: 302.58 minutes

Truck Utilization %: 0.44 %

Throughput: 0.79 Tons of Ore/minute

Statistics for the Jean-Pierre LaMalice 50T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 650.0 Tons

Time in line at Shovel: 1.32 minutes

Time in line at Crusher: 65.47 minutes

Transit Time: 67.74 minutes

Actual Work Time: 179.61 minutes

Total Run Time: 314.15 minutes

Truck Utilization %: 0.78 %

Throughput: 2.06 Tons of Ore/minute

Statistics for the Ronald Hochobar 20T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 260.0 Tons

Time in line at Shovel: 82.67 minutes

Time in line at Crusher: 79.62 minutes

Transit Time: 55.34 minutes

Actual Work Time: 92.49 minutes

Total Run Time: 310.12 minutes

Truck Utilization %: 0.47 %

Throughput: 0.83 Tons of Ore/minute

Statistics for the Julie Lafontaine 20T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 260.0 Tons

Time in line at Shovel: 56.39 minutes

Time in line at Crusher: 98.89 minutes

Transit Time: 59.82 minutes

Actual Work Time: 88.98 minutes

Total Run Time: 304.08 minutes

Truck Utilization %: 0.48 %

Throughput: 0.85 Tons of Ore/minute

Statistics for the Big John 50T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 600.0 Tons

Time in line at Shovel: 11.21 minutes

Time in line at Crusher: 63.92 minutes

Transit Time: 64.92 minutes

Actual Work Time: 167.63 minutes

Total Run Time: 307.69 minutes

Truck Utilization %: 0.75 %

Throughput: 1.95 Tons of Ore/minute

Statistics for the Scout 20T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 93.48 minutes

Time in line at Crusher: 81.98 minutes

Transit Time: 53.8 minutes

Actual Work Time: 80.51 minutes

Total Run Time: 309.77 minutes

Truck Utilization %: 0.43 %

Throughput: 0.77 Tons of Ore/minute

Statistics for the Ruby 20T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 85.68 minutes

Time in line at Crusher: 85.18 minutes

Transit Time: 54.34 minutes

Actual Work Time: 82.74 minutes

Total Run Time: 307.95 minutes

Truck Utilization %: 0.44 %

Throughput: 0.77 Tons of Ore/minute

Statistics for the Pyro 50T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 650.0 Tons

Time in line at Shovel: 0.67 minutes

Time in line at Crusher: 65.46 minutes

Transit Time: 69.3 minutes

Actual Work Time: 184.06 minutes

Total Run Time: 319.5 minutes

Truck Utilization %: 0.79 %

Throughput: 2.03 Tons of Ore/minute

BUILD SUCCESSFUL (total time: 5 minutes 24 seconds computer run time)

= aprox. 300 minutes or 5 hours of simulated real run time 

          (1 second simulates one minute)

Re-run of Simulation with Shovel 1 Priority

The simulation was rerun using a higher priority for shovel 1 trucks at the crusher.  Based on the statistics of the output [listed below] the utilization of the trucks with shovel 1 improved due to reduced wait times at the crusher, but at the expense of the reduced utilization of the trucks at the other two shovels.  The net result was that within the overall system the Crusher produced 3330 Tonnes of Ore processed with priority compared to    3400 Tonnes of Ore processed without priority. Thus there is an overall degradation in performance  with  priority. [Note only based on one run comparison, needs more runs for statistical validity]

SHUTDOWN: Shovel n°3 is shutting down now... (1080 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 48.0 minutes.

                Total Time Lost due to Trucks stuck in line: 160.05 minutes.

SHUTDOWN: Shovel n°2 is shutting down now... (1060 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 57.0 minutes.

                Total Time Lost due to Trucks stuck in line: 160.06 minutes.

SHUTDOWN: Crusher is shutting down now... (3330 Tonnes of Ore processed. 

                Idle time (after first truck passed through): 4.0 minutes.

                Total Time Lost due to Trucks stuck in line: 696.62 minutes.

SHUTDOWN: Shovel n°1 is shutting down now... (1190 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 20.0 minutes.

                Total Time Lost due to Trucks stuck in line: 187.29 minutes.

Statistics for the Ryan Clemence 20T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 280.0 Tons

Time in line at Shovel: 94.75 minutes

Time in line at Crusher: 54.9 minutes

Transit Time: 60.7 minutes

Actual Work Time: 100.11 minutes

Total Run Time: 310.47 minutes

Truck Utilization %: 0.51 %

Throughput: 0.9 Tons of Ore/minute

Statistics for the Dimitri Berlokovitz 20T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 260.0 Tons

Time in line at Shovel: 89.5 minutes

Time in line at Crusher: 66.45 minutes

Transit Time: 58.46 minutes

Actual Work Time: 91.19 minutes

Total Run Time: 305.6 minutes

Truck Utilization %: 0.48 %

Throughput: 0.85 Tons of Ore/minute

Statistics for the Jean-Pierre LaMalice 50T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 650.0 Tons

Time in line at Shovel: 3.04 minutes

Time in line at Crusher: 41.65 minutes

Transit Time: 69.53 minutes

Actual Work Time: 187.92 minutes

Total Run Time: 302.16 minutes

Truck Utilization %: 0.85 %

Throughput: 2.15 Tons of Ore/minute

Statistics for the Ronald Hochobar 20T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 79.53 minutes

Time in line at Crusher: 88.62 minutes

Transit Time: 50.94 minutes

Actual Work Time: 83.27 minutes

Total Run Time: 302.36 minutes

Truck Utilization %: 0.44 %

Throughput: 0.79 Tons of Ore/minute

Statistics for the Julie Lafontaine 20T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 220.0 Tons

Time in line at Shovel: 76.23 minutes

Time in line at Crusher: 96.26 minutes

Transit Time: 48.36 minutes

Actual Work Time: 82.02 minutes

Total Run Time: 302.88 minutes

Truck Utilization %: 0.43 %

Throughput: 0.72 Tons of Ore/minute

Statistics for the Big John 50T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 600.0 Tons

Time in line at Shovel: 4.29 minutes

Time in line at Crusher: 84.46 minutes

Transit Time: 63.72 minutes

Actual Work Time: 166.6 minutes

Total Run Time: 319.08 minutes

Truck Utilization %: 0.72 %

Throughput: 1.88 Tons of Ore/minute

Statistics for the Scout 20T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 82.23 minutes

Time in line at Crusher: 91.09 minutes

Transit Time: 54.5 minutes

Actual Work Time: 86.26 minutes

Total Run Time: 314.09 minutes

Truck Utilization %: 0.44 %

Throughput: 0.76 Tons of Ore/minute

Statistics for the Ruby 20T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 77.53 minutes

Time in line at Crusher: 101.4 minutes

Transit Time: 53.72 minutes

Actual Work Time: 82.75 minutes

Total Run Time: 315.41 minutes

Truck Utilization %: 0.43 %

Throughput: 0.76 Tons of Ore/minute

Statistics for the Pyro 50T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 600.0 Tons

Time in line at Shovel: 0.28 minutes

Time in line at Crusher: 71.75 minutes

Transit Time: 62.44 minutes

Actual Work Time: 173.06 minutes

Total Run Time: 307.53 minutes

Truck Utilization %: 0.76 %

Throughput: 1.95 Tons of Ore/minute

BUILD/RUN SUCCESSFUL (total time: 5 minutes 23 seconds computer run time)

= aprox. 300 minutes or 5 hours of simulated real run time 

          (1 second simulates one minute)

Re-Run of Simulation with Different Truck Values

The simulation was rerun using more 50-ton trucks per shovel [same total number but with the combination of: 1 20 ton and 2 50 ton].   The overall Truck utilization improved since 50 ton trucks appear to have better utilization, and therefore one additional 50 ton truck in place of a 20 one, provided the improvement.  Since 50T truck are also ore efficient, as expected, the system throughput improved with 3730 tons of ore produce, or about 200 tons more with only one 50 ton truck per shovel.

There still is a large wait tie at the crusher, and provide either a more efficient crusher or another crusher would improve the bottleneck.

SHUTDOWN: Crusher is shutting down now... (3730 Tonnes of Ore processed. 

                Idle time (after first truck passed through): 1.0 minutes.

                Total Time Lost due to Trucks stuck in line: 938.39 minutes.

SHUTDOWN: Shovel n°1 is shutting down now... (1290 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 35.0 minutes.

                Total Time Lost due to Trucks stuck in line: 89.21 minutes.

SHUTDOWN: Shovel n°3 is shutting down now... (1220 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 39.0 minutes.

                Total Time Lost due to Trucks stuck in line: 108.32 minutes.

SHUTDOWN: Shovel n°2 is shutting down now... (1220 Tonnes of Ore loaded on trucks). 

                Idle time (after first truck passed through): 39.0 minutes.

                Total Time Lost due to Trucks stuck in line: 122.6 minutes.

Statistics for the Ryan Clemence 20T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 240.0 Tons

Time in line at Shovel: 43.46 minutes

Time in line at Crusher: 141.07 minutes

Transit Time: 51.9 minutes

Actual Work Time: 81.53 minutes

Total Run Time: 317.97 minutes

Truck Utilization %: 0.41 %

Throughput: 0.75 Tons of Ore/minute

Statistics for the Dimitri Berlokovitz 50T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 550.0 Tons

Time in line at Shovel: 15.18 minutes

Time in line at Crusher: 94.62 minutes

Transit Time: 60.01 minutes

Actual Work Time: 153.03 minutes

Total Run Time: 322.86 minutes

Truck Utilization %: 0.65 %

Throughput: 1.7 Tons of Ore/minute

Statistics for the Jean-Pierre LaMalice 50T truck assigned to Shovel n°1 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 500.0 Tons

Time in line at Shovel: 30.56 minutes

Time in line at Crusher: 89.73 minutes

Transit Time: 54.08 minutes

Actual Work Time: 136.23 minutes

Total Run Time: 310.6 minutes

Truck Utilization %: 0.61 %

Throughput: 1.6 Tons of Ore/minute

Statistics for the Ronald Hochobar 20T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 220.0 Tons

Time in line at Shovel: 72.01 minutes

Time in line at Crusher: 117.81 minutes

Transit Time: 50.46 minutes

Actual Work Time: 77.29 minutes

Total Run Time: 317.57 minutes

Truck Utilization %: 0.4 %

Throughput: 0.69 Tons of Ore/minute

Statistics for the Julie Lafontaine 50T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 500.0 Tons

Time in line at Shovel: 19.01 minutes

Time in line at Crusher: 93.29 minutes

Transit Time: 52.54 minutes

Actual Work Time: 136.96 minutes

Total Run Time: 301.82 minutes

Truck Utilization %: 0.62 %

Throughput: 1.65 Tons of Ore/minute

Statistics for the Big John 50T truck assigned to Shovel n°2 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 500.0 Tons

Time in line at Shovel: 31.57 minutes

Time in line at Crusher: 87.04 minutes

Transit Time: 55.4 minutes

Actual Work Time: 141.13 minutes

Total Run Time: 315.15 minutes

Truck Utilization %: 0.62 %

Throughput: 1.58 Tons of Ore/minute

Statistics for the Scout 20T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 220.0 Tons

Time in line at Shovel: 64.42 minutes

Time in line at Crusher: 114.03 minutes

Transit Time: 48.04 minutes

Actual Work Time: 77.85 minutes

Total Run Time: 304.34 minutes

Truck Utilization %: 0.41 %

Throughput: 0.72 Tons of Ore/minute

Statistics for the Ruby 50T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 500.0 Tons

Time in line at Shovel: 14.48 minutes

Time in line at Crusher: 93.81 minutes

Transit Time: 54.24 minutes

Actual Work Time: 143.39 minutes

Total Run Time: 305.92 minutes

Truck Utilization %: 0.64 %

Throughput: 1.63 Tons of Ore/minute

Statistics for the Pyro 50T truck assigned to Shovel n°3 and the Ace Crusher

¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯¯

Ore Processed: 500.0 Tons

Time in line at Shovel: 29.42 minutes

Time in line at Crusher: 106.95 minutes

Transit Time: 53.06 minutes

Actual Work Time: 137.1 minutes

Total Run Time: 326.54 minutes

Truck Utilization %: 0.58 %

Throughput: 1.53 Tons of Ore/minute

BUILD SUCCESSFUL (total time: 5 minutes 32 seconds computer run time)

= aprox. 300 minutes or 5 hours of simulated real run time 

          (1 second simulates one minute)

Observations and Conclusions

 The following observations and conclusions are derived form this simulation exercise.

-Using “break even” analysis, it can be found that the 50T truck quickly becomes mathematically more efficient than the 20T truck due to quicker transit times compared to the 20T trucks for the amount of weight they carry.

-Although the trucks can take between “this” and “that” time to do various things, if we use uniform distribution, then the “average” time between “this” and “that” can be used for calculating probabilities.

-The default run with no priority worked relatively well

-The default run with [shovel 1] priority: the priority didn’t seem to make much difference.  The key bottleneck is the crusher, and since the trucks were underutilized, adding more trucks would not help the throughput, but increase the overhead with more idle truck time.

-Default run: A lot of man-minutes wasted sitting in line at the crusher (~26% of the total time lost are trucks sitting in line there)

-The best ratio a 50T truck can have if it is by itself is ~2.62 Tons of Ore/minute
-The best ratio that a 20T truck can have if it is by itself ~1.77 Tons of Ore/minute (consistently less than a 50T truck @ 300 minutes)

Recommendations based on Model and Simulation Experimentation

It is therefore recommended to: 

· Replace 20-ton trucks with 50-ton trucks, 

· Not increase the overall number of trucks; and

· Replace the crusher with a more efficient model or add an additional crushers.

Appendix:  Full Run Data Logs and Code

Separate full run data logs are provided which gives a full running simulation.  The summaries of the runs were included in the main body of the report.

The Java simulation code is included as part of this report as separate source listings.
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