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 ABSTRACT  

Analysis of Business Operations of Hometown Auto & Ag 
Using SIMPROCESS 

by Amber Nuxoll 
 

The flow of vehicles through an auto parts and repair business, Hometown Auto & 

Ag, was modeled using SIMPROCESS software. 100 replications of a week of business were 

used to analyze the amount of time customers waited for a mechanic to begin repair on 

their vehicles. These results were used to provide insight on whether or not the addition of 

another mechanic would significantly improve these waiting times. This model showed that 

the addition of another mechanic would reduce waiting times for resources and would most 

likely be beneficial to the business, especially if business was likely to increase. The 

sensitivity of the results to certain parts of the model, like the percentages representing the 

probability of the occurrence of certain types of repairs and the distributions used to 

represent repair times, was also analyzed. The results were particularly sensitive to both 

the percentages and distributions. This indicated a need for further study of the frequency 

of the types of repairs and the nature of the probability distributions that would most 

accurately portray repair times. 
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Chapter 1 
Introduction 
 

Business owners and supervisors have always been faced with important decisions 

that directly affect the success of their business. One example of such a business decision is 

employment; how many people should be hired? Once those people are hired, how is it 

determined whether this number of employees was enough? In this study I analyzed the 

employment and business patterns of a small auto parts and repair shop called Hometown 

Auto & Ag. Hometown Auto & Ag is located in a small town located in somewhat of a large 

farm community. Its sole owner operates this business with 3 parts men and 2 mechanics. 

Hometown performs a wide range of automobile repairs from oil changes to repairing 

heavy farm equipment. Of particular concern to the owner of this business was whether or 

not it would be beneficial to hire another mechanic. 

To aid in this decision, I used SIMPROCESS to both set up and analyze a model of 

how automobiles flow through the system at Hometown Auto & Ag. SIMPROCESS is a 

modeling tool used to simulate and analyze hierarchical processes using flow chart 

methodologies. It was especially designed for processes in which the goal is to reduce the 

time and risk it takes to service customers. SIMPROCESS allowed me to set up the structure 

of how automobiles were diagnosed and repaired at Hometown Auto & Ag. It also allowed 

me to simulate the amount of time these repairs took, as well as how many customers 

arrived in a given time period. In doing this, results were obtained about the utilization of 

mechanics and the waiting times customers experienced. After analyzing these results, I 

have provided a look at how a given number of mechanics could be expected to perform in 
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certain scenarios. I analyzed how waiting times were affected by both changes in the 

number of mechanics employed and the number of customers that arrived in a given week. I 

also analyzed which parts of this model were important to the accuracy of the simulation. 

All of these results allowed me to offer suggestions for improvement of the simulation 

model as well as suggestions for improvement in existing employment patterns at 

Hometown Auto & Ag. 
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Chapter 2 
Model of Hometown Auto & Ag 
Operations 
 

In order to build a model of the business operations of Hometown Auto & Ag, a few 

details about the repair services were needed. For example, I needed to know how many 

automobiles typically came through the business in a certain period of time. I also needed to 

know what kinds of repairs were typically done and how long they took.  

To do this I analyzed work orders for two weeks of the mechanical repairs of 

Hometown Auto & Ag which indicated which repairs were performed each day. Table 1 

shows the two week period of repairs and their percentages of the total repairs performed. I 

was then given estimates on the usual amount of time it took to complete each type of 

repair by the owner of Hometown Auto & Ag. The repairs and their repair times were 

classified into the groups listed in Tables 1 and 2.  
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Type of Repair Week 1 Jan 3-8 2011 Week 2 Jan 10-14 2011 Total Percentage

Oil Change 8 15 23 41.07%

Transmission

     4-wheel drive 3 0 3 5.36%

     2-wheel drive 1 1 2 3.57%

Brakes

     4-wheel drive 0 2 2 3.57%

     2-wheel drive 0 1 1 1.79%

Engine

     Car 1 1 2 3.57%

     4-wheel drive 1 2 3 5.36%

Clutch

     4-wheel drive 0 1 1 1.79%

     2-wheel drive 1 0 1 1.79%

Intake Manifold 1 3 4 7.14%

Tune-up

     4-cylinder 0 0 0.00%

     6-cylinder 1 1 1.79%

     8-cylinder 0 0 0.00%

Miscellaneous 7 6 13 23.21%

Total 23 33 56 100.00%

 

Table 1. Repairs for January 3rd-14th, 2011 
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Table 2. Types of Repairs and Estimated Repair Times in Hours

 

In order to represent the system Hometown Auto & Ag used for its auto repair 

services, I set up a model using SIMPROCESS software, which allowed me to break down the 

different processes and repairs. First, I set up a Process module called Hometown 

Operations. Within this process I could then design a model of the repair system by adding 

customers, repair types, and repair times. Figure 1 shows the structure of the SIMPROCESS 

model. 

Type of Repair

Estimated Repair Time 

(Hours)

Oil Change 1

Transmission

     4-wheel drive 6

     2-wheel drive 12

Brakes

     4-wheel drive 8

     2-wheel drive 1.5

Engine

     Car 12

     4-wheel drive 8

Clutch

     4-wheel drive 5

     2-wheel drive 8

Intake Manifold 8

Tune-up

     4-cylinder 3

     6-cylinder 4

     8-cylinder 5

Miscellaneous 0.25-2
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I inserted a Generate function at the beginning of the system called Hometown 

Operations. Using this generation function (A), customers could be generated and sent 

through the system at certain times of the day and at certain arrival rates. For this system 

customers were generated during the business hours of Hometown Auto & Ag, that is, 8 

hours per day for Monday through Friday and just 4 hours per day on Saturday. I set the 

generation rate to produce vehicles with inter-arrival times that varied according to an 

exponential distribution with a mean of 1.4 hours during business hours in order to 

produce a reasonable number of customers per week, usually between about 20 and 40, 

depending on how busy the business was that particular week. The customers that were 

generated here were entities entitled Pre-Assessment Autos, indicating that they were 

customers who have come in and have not yet had their vehicle diagnosed and sent off to 

wait for the needed repair.  

Next, these Pre-Assessment Autos were sent to a second Branch function called 

Initial Assessment (B). Here was where one of the mechanics assessed what needed to be 

done to each automobile and let the owner of the vehicle know the nature of the repair and 

an estimated length of time it would take for their automobile to be repaired. The owner of 

Hometown indicated that this assessment generally took between 5 and 20 minutes. Thus, I 

set the duration of this step using a triangular distribution with a minimum of 5 minutes, a 

maximum of 20 minutes, and a mode of 10 minutes. At this stage a portion of the vehicles 

(about 20%) would need parts that were not readily available at Hometown Auto & Ag. 

These vehicles were branched away to a Delay function (C) where the entities waited 24 

hours for the needed part or parts to arrive. The remaining 80% of the automobiles for 

which all of the needed parts were already in the inventory at Hometown were immediately 

sent on to be repaired. Eventually the vehicles that needed parts would also be sent on to 

repaired.  
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The next step in the SIMPROCESS model shows another Branch function (D). This 

was where the different repairs would be represented. As the model shows, the path 

branched out to the 8 different main repair types listed in Tables 1 and 2. In order to 

visually trace the automobiles with different types of repairs, the Transform function 

changed the entities going through the system from a Pre-Assessment Auto (A through D) to 

the appropriate repair entity, like Oil Change (E) or Intake Manifold. Each type of repair was 

also assigned a different symbol or color in order to easily trace the flow of certain 

automobiles through the system.  

These entities were then sent to a Delay function (F) which represented the actual 

time it takes for repair. Those categories of repair for which there was a significant 

difference in the amount of time for repair for a 4-wheel drive automobile in comparison to 

a 2-wheel drive were separated (G and H). Also, the Tune-up category of repair was 

separated into the different times needed to repair a 4-cylinder vehicle, a 6-cylinder vehicle, 

and an 8-cylinder vehicle (I, J, and K). Notice the repair types that were not broken down 

further into 4-wheel drive and 2-wheel drive followed with a delay that merely indicated 

the duration of the repair time for that type of repair in general (L). 

 In order to direct the traffic of automobiles flowing through this system, it was 

necessary to indicate approximately what percentage of Hometown customers required a 

certain type of repair. The percentages used in the model were those calculated from the 

two weeks of work orders, which can be seen in Table 1. 

The repair types with different repair times for specific qualifications were 

subsequently branched off again. Relative percentages based on how often each repair was 

seen were used to send the entities (automobiles) to their appropriate delay (repair time) 
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in this model. Table 3 shows the additional breakdown of repair types with the percentages 

I used. 

Table 3. Repair Types and Subsequent Branching Percentages 

 

*One thing to note here is that, for the particular two weeks for which there were 

work orders, there were no 4 and 8-cylinder repairs. This resulted in a breakdown 

of 0% occurrence for these repairs. In order to account for the fact that these repairs 

do actually occur at Hometown more often than never, the owner of Hometown 

estimated that the 6-cylinder repair was seen about 60% of the time a tune-up was 

required. The 4 and 8-cylinder repairs were then seen the remaining 40% of the 

time. Thus, instead of not having the 4 and  8-cylinder repairs represented in this 

simulation, I used the breakdown of 20%, 60%, and 20% for the 4, 6, and 8-cylinder 

repairs, respectively, as shown in Table 3. 

Type of Repair Additional Breakdown

Oil Change 100%

Transmission

   4-wheel drive 60%

   2-wheel drive 40%

Brakes

   4-wheel drive 66.67%

   2-wheel drive 33.33%

Engine

   2-wheel drive 40%

   4-wheel drive 60%

Clutch

   4-wheel drive 50%

   2-wheel drive 50%

Intake Manifold 100%

Tune-up

   4-cylinder 20%*

   6-cylinder 60%

   8-cylinder 20%

Miscellaneous 100%
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Delay functions in SIMPROCESS were then used to represent the actual estimated 

repair times for each different type of repair. All of the delay times for the repairs were 

done using an exponential distribution, with the exception of the Miscellaneous category. 

The mean for each distribution was set to the estimated repair time from Table 2. An 

exponential distribution was appropriate for these repairs as the vast majority of these 

repairs are done in time frames very close to the mean. However, the few repairs that took a 

longer  time than the mean took a lot longer. A couple examples of when this might occur 

would be if an unfamiliar model of automobile needed repair or if something unexpected 

came up that made the repair last much longer than usual. 

For the Miscellaneous category a triangular distribution was used because little 

could be said about the actual probability of the repair times for this category. The 

minimum time was set to 15 minutes, the maximum time was set to 2 hours, and the mode 

was set to 30 minutes. This made the triangular distribution skewed to one side so that 

short repairs were somewhat more likely than long ones.  The reason for this was that 

Miscellaneous repairs were slightly more likely to take less time. Figure 2 shows the skewed 

triangular distribution used in this model for the Miscellaneous repairs and how they can be 

used to increase or decrease the frequency of certain times of repairs. 
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Figure 2. Skewed Triangular Distribution (Minimum, Mode, Maximum) 

 

Using this distribution ensured that most of the repairs took around half an hour, 

while some, but not as many, took as long as 2 hours. 

Another important aspect of the Miscellaneous category is that entities needing 

Miscellaneous repairs were marked as preempt. This means that if a customer came in 

needing a Miscellaneous repair, they would be served first, regardless of the other 

appointments the mechanics were handling. The mechanics would drop what they were 

doing and would assist these people, as their repair likely would not take much time. After 

each automobile finished at their Delay function, signifying that it was done with its 

necessary repair, it was sent to a Dispose function (M) which dismissed the entity from the 

system 

In order to account for the fact that one of the two current mechanics did each 

repair, I defined two mechanics as the resources in the SIMPROCESS model. At each delay, 

including the initial assessment, one of the two mechanics was assigned to be the utilized 
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resource for that automobile. Their utilization could then be tracked and analyzed 

throughout the system. 
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Chapter 3 
Analyses of the System  

 My strategy for analyzing the system was first to analyze the system with the 2 

mechanics that were already at Hometown by looking at waiting times and cycle times, 

making sure that the number of customers generated were within reason. Then I added 

another mechanic to the system and observed how the waiting times and cycle times 

changed. Customer arrival was then increased and then analyzed for a system with only 2 

mechanics to see how the cycle times and waiting times would change if Hometown became 

busier. 

Analysis of the System 2 Mechanics 

Of particular interest to the owner of Hometown Auto & Ag was whether or not the 

addition of another mechanic would be beneficial. In order to gain insight on this topic, the 

Run Settings of the system were set to run for one business week, 8 hours per day for 

Monday through Friday and 4 hours on Saturday. These times were considered the "open" 

hours when repairs take place. When the model was simulated I could watch automobiles 

flow through the system. Since each repair was symbolized differently, it was easy to 

visualize where the hold-ups were and which repairs were occurring the most often.  

If only one week of Hometown Auto & Ag operations was simulated, it would give 

some insight on how the business operates. However, if a week of operations was simulated 

numerous times, it would help more accurately portray an average of what really occurred 

and would reduce the chance of random error. In other words, if we looked at 100 

replications of a week of operations instead of just one replication, it would reduce the 

chance that we would get odd results that reflected a week that just happened to be a 
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particular way. Also, in using more than one replication, minima and maxima were 

analyzed. Standard deviations also shrink with more replications. Thus, with 100 

replications rather than just one or two, the data collected is narrowed down in accuracy. 

This was why I set the simulation settings for this model to display results for the average of 

100 replications of one week of business operations.  

After running the simulation at the status quo, that is, with the percentages reflected 

in Tables 1 and 3, with the setup of Figure 1, and with only 2 mechanics, several results 

were analyzed. First of all, I needed to make sure that the model produced customers at a 

reasonable rate. An example of average total entities (customers) from 100 replications of 

one week of operation of this system is shown in Table 4. 

Table 4. Average Total Count of 100 Replications of One Week of Operations 

 

This model appeared to generate a reasonable number of customers as it produced 

an average of about 31 Pre-Assessment Autos. This was well within the acceptable range of 

customers (20-40 customers) in one week. The number of customers generated in one 

week was known by the number of Pre-Assessment Autos rather than the sum of all the 

counts because each Pre-Assessment entity is accounted for twice; once as a Pre-

Assessment Auto and again once it is classified as a certain repair. Note that there were 

entities that remained in the system at the end of the week; an average of about 31 Pre-

Total Generated Remaining In System Total Processed

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 31.38 5.89 13.00 48.00 4.45 4.17 0.00 20.00 26.93 5.13 13.00 40.00

Brakes 1.32 1.21 0.00 5.00 0.28 0.57 0.00 3.00 1.04 1.03 0.00 4.00

Clutch 0.98 0.98 0.00 4.00 0.18 0.46 0.00 3.00 0.80 0.82 0.00 3.00

Engine 2.26 1.55 0.00 6.00 0.41 0.74 0.00 4.00 1.85 1.44 0.00 6.00

Intake Manifold 1.99 1.46 0.00 6.00 0.37 0.66 0.00 3.00 1.62 1.26 0.00 6.00

Miscellaneous 6.29 2.59 1.00 14.00 0.56 0.93 0.00 5.00 5.73 2.46 1.00 12.00

Oil Change 11.08 3.61 4.00 21.00 1.18 1.44 0.00 10.00 9.90 3.54 3.00 18.00

Transmission 2.41 1.50 0.00 7.00 0.58 0.79 0.00 3.00 1.83 1.27 0.00 6.00

Tune-Up 0.60 0.76 0.00 4.00 0.12 0.32 0.00 1.00 0.48 0.67 0.00 3.00

Total (excludes Pre-Assess. Autos) 26.93 3.68 23.25
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Assessment Autos were generated, while only an average of about 27 were fully processed 

which left about 4 Pre-Assessment customers remaining in the system. For the entirety of 

repairs, it seemed that an average of around 8 customers remained in the system at the end 

of the week. This was realistic because sometimes a repair did not get completed before the 

end of the week and the automobile was continued to be worked on the following week.  

Another aspect of this model that deserved attention, as with most businesses, was 

that we wanted to observe how long it took vehicles to cycle through the system. This was 

important because if it took great lengths of time to have a repair completed on a vehicle, it 

was likely that customers would opt for a speedier service and would take their business 

elsewhere. Therefore, an analysis of the cycle time for this model would help determine if 

people were waiting too long for their repairs to be finished. The results from 100 

replications of one week of business are in Table 5. 

Table 5. Cycle Time (In Hours) By State: Average of 100 Replications 

 

Here was where there may have been evidence of room for improvement in 

business. It showed that the people who needed an engine repair waited up to about 70 

hours, with an average of about 13.5 hours, for a mechanic. Note that the times reported in 

this table are not business hours, but regular hours. Therefore, it was reported that the 

maximum wait time for a mechanic for an engine repair was 70 hours, this meant that the 

Total In System Processing Wait For Resources

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 11.40 5.90 1.61 32.93 4.60 1.87 0.21 9.58 6.79 5.84 0.03 29.53

Brakes 14.57 13.81 0.00 72.56 4.87 4.78 0.00 26.65 9.69 9.98 0.00 48.00

Clutch 13.79 11.92 0.00 49.07 5.02 4.59 0.00 27.86 8.77 8.90 0.00 46.41

Engine 20.85 16.72 0.00 90.68 7.40 5.49 0.00 28.85 13.45 12.47 0.00 70.14

Intake Manifold 19.70 14.88 0.00 53.45 6.68 4.56 0.00 20.07 13.02 11.70 0.00 39.54

Miscellaneous 7.29 6.57 0.72 32.62 0.94 0.20 0.46 1.87 6.35 6.55 0.00 31.64

Oil Change 7.48 6.52 0.50 26.72 0.99 0.31 0.30 1.98 6.50 6.42 0.00 25.51

Transmission 17.96 13.76 0.00 69.03 6.34 4.92 0.00 30.96 11.62 9.81 0.00 48.00

Tune-Up 15.04 11.42 0.00 47.72 3.87 3.03 0.00 15.28 11.17 9.57 0.00 46.34
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wait for a mechanic was about 3 full days, not 70 hours in business hours. The type of repair 

that experienced lengthy waiting times was not particularly significant, as the type of repair 

with lengthy waiting times would change which each replication. There were always a few 

customers who experienced long wait times using this system regardless of the type of 

repair they waited for. Whether the lengths of waiting times were threatening to business 

might depend on how long customers were willing to wait or the type of repair it was. Also, 

Brakes, Clutch, Transmission, and Tune-Up repairs waited for a mechanic for up to a 

maximum of about 46-48 hours (about 2 days) for a mechanic to begin repair on the vehicle.               

About half of the repair types had average wait times between 10 and 13 hours, not 

including the time it took to wait for a part. This meant that, since one business day was 

only 8 hours, these repairs were not started until the next day, at the least.  It may perhaps 

have been that the mechanics were just very busy, in which case, these results might have 

suggested that another mechanic might have shortened the wait times for Hometown's 

customers. 

I wanted to know more about how long any customer would expect to wait, 

regardless of the repair the vehicle needed. Since this value was not given directly by 

SIMPROCESS, I worked backwards using the values in Tables 4 and 5 to find the average 

time vehicles waited for repairs. This was then added to Pre-Assessment waiting time and 

Pre-Assessment processing time in order to account for the time needed to merely diagnose 

or get parts for the vehicle. This number then represented an average of how long a 

customer was waiting for a mechanic. This calculation did not involve the number of Pre-

Assessment Autos as each Pre-Assessment Auto entity was eventually accounted for after 

they were classified as a certain repair. Also, this figure did not include the time in which a 

vehicle was being repaired, but reflected how long customers were waiting, on average, for 
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a mechanic to begin the actual repairs on their vehicles. This calculation is further described 

by Equation 1. 

Equation 1. Calculation for Average Number of Hours Waiting for a Mechanic to Begin 

Repair 

 
∑(                              )(                                               )

∑(                              )
 

                                          

                                   

= Average Number of Business Hours Waiting for a Mechanic to Begin Repair 

For the system with 2 mechanics, this calculation came to be: 

(         )  (         )  (          )  (          )  (         )  (       )  (          )  (          )

     
 

           

 19.586 hours 

This meant that the customer could expect to wait an average of almost 20 hours 

(almost a full day) for a mechanic to begin repair on their vehicle.  

One other analysis might put these waiting times into context. It was useful to see 

how busy the mechanics were during the week. The results from the 100 replications 

indicated that at least one  mechanic was busy an average of 77.39% of the time and both 

were idle for an average of 22.61% of the time. This was most likely the reason for the 

lengthy wait times from Table 5. 
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The question still remained whether it would be worth it to hire another mechanic 

at Hometown Auto & Ag. Would people get faster service? Would the mechanics be less 

busy, so much less that it would not be worth paying to employ an extra mechanic? In order 

to see what may result, I added another mechanic to the list of resources, making for a total 

of 3 mechanics. The percentages for repairs and repair times as well as the rate of 

generation of customers were held the same and the same week was replicated 100 times.  

Analysis of the System with 3 Mechanics 

After running the simulation with an additional mechanic on staff, I made sure that 

the number of customers generated was reasonable. I also checked to see if there was any 

change in the number of customers that remained in the system at the end of the week. 

Table 6 shows the average total count for the 100 replications with a system including 3 

mechanics. 

Table 6. Average Total Count of 100 Replications of One Week of Operations- 3 

Mechanics 

 

 

Since the rate at which customers were generated remained the same, it still 

produced a reasonable number of customers each week, again about 31 Pre-Assessment 

Autos. Notice that now the total average number of entities remaining in the system was 

about 5, a slight difference from the previous simulation in which about 8 total remained.  It 

Total Generated Remaining In System Total Processed

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 30.96 6.26 16.00 46.00 2.17 2.46 0.00 13.00 28.79 5.50 16.00 40.00

Brakes 1.34 1.10 0.00 5.00 0.15 0.38 0.00 2.00 1.19 1.02 0.00 5.00

Clutch 1.15 1.03 0.00 4.00 0.19 0.46 0.00 2.00 0.96 0.99 0.00 4.00

Engine 2.54 1.64 0.00 7.00 0.44 0.70 0.00 3.00 2.10 1.43 0.00 6.00

Intake Manifold 2.06 1.42 0.00 5.00 0.29 0.55 0.00 2.00 1.77 1.30 0.00 5.00

Miscellaneous 6.62 2.66 1.00 14.00 0.53 0.94 0.00 5.00 6.09 2.62 1.00 13.00

Oil Change 11.91 3.86 2.00 22.00 0.66 1.02 0.00 5.00 11.25 3.79 2.00 22.00

Transmission 2.63 1.44 0.00 7.00 0.42 0.74 0.00 4.00 2.21 1.27 0.00 6.00

Tune-Up 0.54 0.78 0.00 3.00 0.03 0.17 0.00 1.00 0.51 0.75 0.00 3.00

Total (excludes Pre-Assess. Autos) 28.79 2.71 26.08
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appeared that adding another mechanic reduced somewhat an overflow of one week's 

customers to the next. This was both expected and logical since there were more mechanics 

to make the entities flow through the system faster. 

In order to see if customers were going through the system more quickly with 3 

mechanics, rather than with just 2, I analyzed the new cycle times. Table 7 shows the new 

cycle times with a system including 3 mechanics.  

Table 7. Cycle Time (In Hours) By State: Average of 100 Replications- 3 Mechanics 

 

The new longest average waiting time for resources was now only about 11 hours. 

The new longest maximum waiting time was about 66 hours. Compare this with the longest 

average and maximum waiting times when there were 2 mechanics, which was about 13.5 

hours with a maximum of about 70 hours. It appeared that the longest waiting times were 

reduced, at least somewhat. Table 8 shows the comparison between waiting times for 

resources for the system with 2 mechanics and the system with 3 mechanics. 

 

 

 

 

Total In System Processing Wait For Resources

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 7.30 3.29 0.28 18.75 4.91 1.97 0.20 9.80 2.38 2.72 0.00 15.64

Brakes 10.68 9.24 0.00 40.96 4.13 3.82 0.00 24.96 6.55 6.69 0.00 24.00

Clutch 13.05 9.85 0.00 31.83 5.42 3.76 0.00 14.09 7.63 7.09 0.00 25.36

Engine 19.44 13.10 0.00 51.29 8.25 5.99 0.00 28.85 11.19 8.49 0.00 32.00

Intake Manifold 17.58 15.35 0.00 95.59 6.85 5.27 0.00 28.97 10.73 10.78 0.00 66.62

Miscellaneous 3.79 3.30 0.56 15.42 0.95 0.16 0.50 1.37 2.85 3.29 0.00 14.50

Oil Change 3.57 2.62 0.35 14.63 0.98 0.28 0.34 1.66 2.60 2.58 0.00 13.29

Transmission 17.51 12.76 0.00 69.59 6.78 4.82 0.00 27.54 10.74 9.24 0.00 48.00

Tune-Up 9.77 8.40 0.00 49.16 3.44 2.65 0.00 15.28 6.33 6.36 0.00 38.09
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Table 8. Comparison of Waiting Time for Resources- 2 Mechanics vs. 3 Mechanics 

 

It appeared that average waiting times improved for all types of repairs. The 

maximum wait time for an Intake Manifold repair jumped from 39.54 to 66.62 hours. This 

just meant that when the shop got really busy, there happened to be someone waiting for 

that particular type of repair. Since the only thing changed in the system thus far was the 

number of mechanics, it was the addition of another mechanic that provided faster service 

at Hometown Auto & Ag. 

The calculation for average total waiting time for a mechanic was made again for the 

system of 3 mechanics using Equation 1. This calculation produced 12.3 hours, meaning 

that customers could expect an average wait of 12.3 hours for a mechanic to begin repairing 

their vehicles. This was much less than the wait for the system of 2 mechanics, which was 

almost 20 hours. 

However, if there were more mechanics than before, it was important to make sure 

that they were staying busy. It would make no sense to hire too many mechanics. Even 

though service times would be shorter, it might not be financially beneficial to pay 

mechanics to be around if they were not doing many repairs. Thus, an analysis of the 

percentage utilization of resources was beneficial once again. With 3 mechanics staffed, the 

Wait For Mechanic (Hrs.)- 2 Mechanics Wait For Mechanic (Hrs.)-3 Mechanics

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 6.79 5.84 0.03 29.53 2.38 2.72 0.00 15.64

Brakes 9.69 9.98 0.00 48.00 6.55 6.69 0.00 24.00

Clutch 8.77 8.90 0.00 46.41 7.63 7.09 0.00 25.36

Engine 13.45 12.47 0.00 70.14 11.19 8.49 0.00 32.00

Intake Manifold 13.02 11.70 0.00 39.54 10.73 10.78 0.00 66.62

Miscellaneous 6.35 6.55 0.00 31.64 2.85 3.29 0.00 14.50

Oil Change 6.50 6.42 0.00 25.51 2.60 2.58 0.00 13.29

Transmission 11.62 9.81 0.00 48.00 10.74 9.24 0.00 48.00

Tune-Up 11.17 9.57 0.00 46.34 6.33 6.36 0.00 38.09
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percent of time that at least one of the mechanics was busy was reduced to 61.57% and the 

percent of time all the mechanics were idle was increased to 38.43%. Whether the 

reduction in busyness of the mechanics would be too much is most likely up to the owner. In 

the long run, it would be up to him to determine whether it was affordable to hire another 

mechanic merely to reduce waiting times.  

Analysis of the System with 2 Mechanics  
and an Increase in Customer Arrival 
 

 To further this point, it was useful to see how the system would be affected if there 

were only 2 mechanics and Hometown Auto & Ag had more customers. This would likely be 

the case, especially during the harvest season. During harvest there are many farmers that 

rely on quick, immediate service in order to continue their work, most of which relies on the 

weather. In order to see how a system of 2 mechanics would be able to cope with an 

increase in customers, the rate of generation of customers was increased to having 

customers arrive at an average rate of one per hour instead of one every 1.4 hours. 

Everything in the system remained as it was set up for the analysis of the system with 2 

mechanics, except the generation rate. 100 replications were produced and the system was 

then similarly analyzed. Table 9 shows how the number of customers increased by this 

change. 
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Table 9. Average Total Count of 100 Replications of One Week of Operations- 2 
Mechanics and an Increase in Arrival Rate 

 

 

With only a change of about 24 minutes to the average inter-arrival time of 

customers, the number of Pre-Assessment Autos generated increased by about 13 

customers per week to about 44. The number of customers that remained in the system did 

increase as well, as the total average number of customers remaining in the system was 

now around 17. This was rational, since more customers were coming through the door 

with the same number of people to repair their vehicles, which meant that more customers 

were be carried over at the end of the week if the repair was not completed.  

I also analyzed how waiting times were affected by an increase in business. This was 

important for determining whether or not the mechanics were keeping up with the increase 

in business activity. If waiting times had increased drastically, it would be evidence that 

another mechanic at Hometown Auto & Ag would be needed, at least during busier seasons. 

Table 10 shows the new cycle times for the system of 2 mechanics with increased business. 

 

 

 

 

Total Generated Remaining In System Total Processed

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 43.79 5.81 28.00 57.00 10.12 6.66 0.00 28.00 33.67 6.43 12.00 52.00

Brakes 1.68 1.33 0.00 5.00 0.44 0.64 0.00 3.00 1.24 1.21 0.00 5.00

Clutch 1.09 0.98 0.00 3.00 0.25 0.50 0.00 2.00 0.84 0.85 0.00 3.00

Engine 2.93 1.81 0.00 8.00 0.86 0.99 0.00 4.00 2.07 1.47 0.00 5.00

Intake Manifold 2.52 1.46 0.00 6.00 0.65 0.93 0.00 5.00 1.87 1.21 0.00 5.00

Miscellaneous 7.87 2.85 2.00 16.00 1.45 1.33 0.00 5.00 6.42 2.76 0.00 12.00

Oil Change 14.04 4.40 4.00 27.00 2.63 1.93 0.00 7.00 11.41 4.71 2.00 27.00

Transmission 3.09 1.76 0.00 8.00 0.79 0.92 0.00 4.00 2.30 1.41 0.00 7.00

Tune-Up 0.45 0.70 0.00 3.00 0.06 0.24 0.00 1.00 0.39 0.68 0.00 3.00

Total (excludes Pre-Assess. Autos) 33.67 7.13 26.54
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Table 10. Cycle Time (In Hours) By State: Average of 100 Replications- 2 Mechanics and 
an Increase in Arrival Rate 

 

 

The number of hours waiting for resources dramatically increased. The highest 

average waiting times for resources were now 17 hours for the Intake Manifold repair type. 

Note that all types of repairs had an average waiting time for resources above 8 hours. This 

meant that the average wait time for a mechanic to begin any type of repair was longer than 

a business day. Maximum wait times were also very high, upwards of a full day for all of the 

types of repairs. The longest maximum wait time was now 85 hours (about 3.5 full days). 

This was most likely an undesirable amount of time for customers to wait, especially if it 

were during harvest season, or a time when the repairs were needed as soon as possible.  

To further analyze this concept, Equation 1 was again used to calculate the average 

time any customer waited for a mechanic to begin repair on a vehicle. For this simulation 

with 2 mechanics and an increase in business, this calculation came out to be 24.910 hours. 

With the normal amount of business the average number of hours to wait was only 20 

hours; the wait time went up by almost 5 hours, or 25%. Thus, the waiting time for a 

mechanic significantly increased when Hometown Auto & Ag had more customers and only 

2 mechanics. 

Total In System Processing Wait For Resources

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 14.29 6.74 3.21 36.58 4.89 1.78 0.92 10.39 9.39 6.43 0.20 28.64

Brakes 17.11 15.67 0.00 100.07 4.31 3.99 0.00 19.96 12.80 12.94 0.00 85.00

Clutch 21.73 15.93 0.00 70.60 5.85 4.80 0.00 28.65 15.89 12.97 0.00 66.41

Engine 22.10 14.15 0.00 49.17 7.47 5.75 0.00 32.74 14.62 10.92 0.00 41.95

Intake Manifold 23.87 19.29 0.00 89.67 6.87 5.47 0.00 26.33 17.00 16.21 0.00 68.31

Miscellaneous 9.05 8.78 0.00 47.23 0.91 0.21 0.00 1.34 8.14 8.76 0.00 46.10

Oil Change 9.62 8.62 0.36 44.79 1.01 0.35 0.21 1.94 8.61 8.55 0.03 43.48

Transmission 21.71 15.39 0.00 73.89 6.58 5.59 0.00 37.01 15.14 12.40 0.00 68.93

Tune-Up 16.30 10.06 0.00 42.53 2.51 1.68 0.00 7.51 13.79 8.81 0.00 39.83
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This illustrated that the addition of another employee may be beneficial, especially if 

business was likely to increase or during the busiest season. To emphasize this, the percent 

utilization of the mechanics in this system of only 2 mechanics and an increase in customer 

arrival was 87.88% busy and 12.12% idle. When the customers arrived at a slower rate, the 

mechanics were only busy 77% of the time. Thus, if business increased much more than 

what it was, the mechanics may be too busy to handle any additional business, and 

Hometown Auto & Ag would acquire the risk of having to turn down some customers, which 

is not ideal for most businesses. 
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Chapter 4 
Sensitivity Analysis 

Using Percentages Provided by the Owner 

One aspect of the previous models that needed further investigation was that they 

were based on percentages calculated from 2 weeks of work orders. Was 2 weeks of work 

orders enough to accurately represent how often different repairs actually occur? Are the 

percentages used in the simulation even important to the accuracy of the results? Perhaps 

estimated percentages would have sufficed, or perhaps many more weeks needed to be 

studied to obtain very accurate values.  

To determine how sensitive the results were to the accuracy of the percentages used 

for the branch functions, I first compared the model using the percentages from the two 

weeks of work orders to off-the-cuff percentages produced by the owner of Hometown Auto 

& Ag. He provided an estimate of what he thought the breakdown of percentages was, which 

were slightly, but not drastically, different from the calculated percentages. If the model 

provided significantly different results, then the model could be said to be sensitive to the 

accuracy of these percentages. In that case, I should gather more work orders to better 

understand these percentages. The percentages provided by the owner of Hometown Auto 

& Ag and the subsequent branched off percentages can be seen in Table 11. 
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Table 11. Repair Types and Percentages Provided by the Owner of Hometown Auto & Ag 

 

Figure 6 shows how the Simulation setup was altered using the percentages 

provided by the owner of Hometown Auto & Ag. 

Type of Repair Percentage 

Oil Change 40%

Transmission 6%

     4-wheel drive 83%

     2-wheel drive 17%

Brakes 6%

     4-wheel drive 83%

     2-wheel drive 17%

Engine 3%

     Car 33%

     4-wheel drive 67%

Clutch 13%

     4-wheel drive 77%

     2-wheel drive 23%

Intake Manifold 2%

Tune-up 10%

     4-cylinder 20%

     6-cylinder 60%

     8-cylinder 20%

Miscellaneous 20%
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Figure 6. Simulation Using 

Percentages from Owner of 

Hometown Auto & Ag 
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Note that the layout of the simulation remained unchanged. The only parts of the 

simulation that were changed were the percentages that branched off for each different 

type of repair. 

The simulation was once again run for 100 replications and with 2 mechanics on 

staff. The generation rate was again set to produce normal business conditions, that is, using 

an average interval of 1.4 hours for the arrival of customers. The cycle times were analyzed 

in order to determine if much of a change occurred in the results with these new 

percentages. The number of customers generated was reasonable as the generation rate 

using an interval of 1.4 hours had already produced a realistic number of customers for the 

previous simulations. Table 12 shows the cycle times for the system using percentages 

estimated by the owner of Hometown Auto & Ag. 

Table 12. Cycle Time (In Hours) By State Using Percentages from Owner: Average of 100 
Replications-2 Mechanics 

 

 

In order to see how the waiting time for resources had changed, Table 13 shows the 

Wait for Resources times from the simulation using the percentages calculated from work 

orders and the simulation using percentages provided by the owner of the business. 

 

 

Total In System Processing Wait For Resources

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 9.27 4.61 2.02 29.59 4.64 1.70 0.19 8.66 4.64 4.33 0.01 24.05

Brakes 17.48 15.46 0.00 95.49 6.16 6.20 0.00 47.49 11.32 10.70 0.00 48.00

Clutch 14.42 9.06 0.00 44.03 4.93 3.08 0.00 14.87 9.48 7.25 0.00 37.75

Engine 18.00 13.82 0.00 53.18 6.67 4.91 0.00 21.18 11.33 9.55 0.00 34.24

Intake Manifold 17.83 11.84 0.00 47.09 6.10 4.04 0.00 17.83 11.74 8.87 0.00 41.90

Miscellaneous 5.31 6.53 0.56 43.99 0.90 0.19 0.50 1.55 4.40 6.50 0.00 43.16

Oil Change 5.26 4.12 0.56 21.51 1.00 0.31 0.44 2.08 4.26 4.07 0.00 20.02

Transmission 16.45 14.70 0.00 51.48 5.42 5.25 0.00 35.48 11.02 11.03 0.00 48.85

Tune-Up 11.71 9.59 0.00 44.49 3.35 2.68 0.00 19.32 8.36 7.78 0.00 40.61
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Table 13. Wait Time for Resources (in Hours)- Comparison of Simulation using 
Calculated Percentages and Estimated Percentages 

 

 

It seemed that there were differences in average and maximum waiting times when 

different percentages were used. The general trend, although there were a couple 

exceptions, was that the wait times were lower when the percentages used by the owner 

were used. 

The calculation for the average total waiting time (Equation 1) was made for the 

simulation using the owner's percentages. It came out to be 15.668 hours. This average wait 

time was about 20 hours for the simulation using percentages from work orders. This 

showed that the percentages used to represent how often different types of repairs were 

performed made a difference in the wait times that resulted, decreasing the average waiting 

time by about 24%. This is quite a large discrepancy. 

In this simulation the mechanics were 73.50% busy and 26.50% idle. In comparison 

to the simulation using actual work orders to calculate the branched percentages the 

mechanics were busy an average of 77.39% of the time and were idle for 22.61% of the 

time. The differences in these percentages did not seem to reflect a drastic change in 

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 6.79 5.84 0.03 29.53 4.64 4.33 0.01 24.05

Brakes 9.69 9.98 0.00 48.00 11.32 10.70 0.00 48.00

Clutch 8.77 8.90 0.00 46.41 9.48 7.25 0.00 37.75

Engine 13.45 12.47 0.00 70.14 11.33 9.55 0.00 34.24

Intake Manifold 13.02 11.70 0.00 39.54 11.74 8.87 0.00 41.90

Miscellaneous 6.35 6.55 0.00 31.64 4.40 6.50 0.00 43.16

Oil Change 6.50 6.42 0.00 25.51 4.26 4.07 0.00 20.02

Transmission 11.62 9.81 0.00 48.00 11.02 11.03 0.00 48.85

Tune-Up 11.17 9.57 0.00 46.34 8.36 7.78 0.00 40.61

Wait Times- Using Percentages 

from Work Orders

Wait Times- Using Percentages 

from Owner
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mechanic utilization, but there was still a change. Thus, the simulation was sensitive to the 

accuracy of the percentages used in respect to each repair type.  

Using a Different Distribution Type for Repair Times 

Another assumption of this model that had the potential to change the results was 

the assumption that the repair times, represented by delay functions in SIMPROCESS, 

followed an exponential distribution. In the previous models, each repair used an 

exponential distribution to represent how long a repair took, except for the Miscellaneous 

repairs, which were represented using a triangular distribution. It was important to see 

what would happen to the results if all of the repairs used a different distribution. What if 

all of the repairs were represented based on a triangular distribution rather than an 

exponential distribution?  

In order to see the effect of changing the distributions used to represent repair 

times, I repeated the simulation again, only with all of the repair delays using a triangular 

distribution rather than exponential. All other aspects of the model were kept the same as 

the original simulation with 2 mechanics, a normal customer arrival rate, percentages 

calculated from the work orders, and the same general structure of the model. I made each 

distribution symmetric about the modal repair time, rather than skewed like an exponential 

distribution.  The simulation was again run for 100 replications. Table 14 shows the new 

wait times for resources using triangular distributions for all repairs in comparison to the 

old wait times for resources using exponential distributions for all repairs, except the 

Miscellaneous repair category.  
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Table 14. Wait Time for Resources (in Hours) for the Simulation Using Triangular 
Distributions for Repair Delays in Comparison to Simulation Using Mostly Exponential 

Distributions- (100 Replications) 

 

From this table it appeared that some of average and maximum wait times 

drastically changed. For the most part, the average wait times were longer for the triangular 

distribution model, while the maximum wait times were shorter. This was not surprising 

given the nature of the triangular and exponential distributions. An exponential distribution 

allows, albeit rare, but possible instances of very lengthy waiting times. On the other hand, a 

symmetrical triangular distribution is not skewed, which does not allow instances of 

extremely lengthy waiting times. Most of the waiting times will be shorter or around the 

mean in an exponential distribution, while it is just as likely for a wait time below the modal 

waiting time as it is for a time above the modal waiting time. This would explain while the 

average waiting times increased, in general, when the distributions were switched from 

exponential to triangular distributions.  

I also compared the utilization percentages that resulted for each of these 

simulations. While the simulation using mostly exponential distributions had a busy 

percentage of 77.39% and an idle percentage of 22.62%, the simulation using triangular 

distributions had busy and idle percentages of 82.77% and 17.23% respectively. The 

change in distributions used causes the busy rate to increase by about 5 percentage points. 

Exponential Distributions Symmetrical Triangular Distributions

Entity Names        Average Std. Dev.   Min   Max   Average Std. Dev.   Min   Max

Pre-assessment Auto 6.79 5.84 0.03 29.53 8.16 6.06 0.39 28.69

Brakes 9.69 9.98 0.00 48.00 13.61 10.82 0.00 39.98

Clutch 8.77 8.90 0.00 46.41 15.70 10.85 0.00 60.71

Engine 13.45 12.47 0.00 70.14 18.34 10.25 0.00 39.20

Intake Manifold 13.02 11.70 0.00 39.54 10.67 9.08 0.00 38.69

Miscellaneous 6.35 6.55 0.00 31.64 6.77 7.57 0.00 39.51

Oil Change 6.50 6.42 0.00 25.51 7.54 6.30 0.03 26.33

Transmission 11.62 9.81 0.00 48.00 16.19 10.29 0.00 40.55

Tune-Up 11.17 9.57 0.00 46.34 9.89 7.69 0.00 43.28
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To further investigate this, I calculated the average total waiting time a customer 

could expect to wait for a mechanic to begin repair using Equation 1 for the simulation 

using triangular distributions. This came to be about 22.4 hours. When the exponential 

distributions were used in the previous simulation, this average waiting time was only 20 

hours. Here it shows a difference of about 2.4 hours in expected waiting time. This showed 

evidence that the distributions chosen to represent the repair times were important to the 

accuracy of the results. 
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Chapter 5 
Strengths and Weaknesses  
of This Model 

Strengths 

One of the strengths of this model was that it was very easy to adapt to certain 

situations. For example, if someone wanted to analyze what would happen if a certain type 

of repair was suddenly occurring a lot more often than before, it would be very easy to 

change the percentages in the model to account for this and the system would be easy to 

analyze afterwards. It can also be easily adapted to show changes in customer arrival rate 

and repair types. 

Another aspect of this model that is worth noting is that more accurate information 

could be attained relatively easily if it was so desired. Only two weeks’ worth of work 

orders were used for this model, but if it was necessary to acquire more exact probabilities 

and percentages, it could done by using a month’s worth of work orders, or even a year’s 

worth. By doing this, the simulation would be more likely to reflect the true breakdown of 

repairs. 

Weaknesses 

One of the biggest weaknesses of this model was that it only considered the two 

week period in January for which work orders were collected. This was a very narrow view 

of the operations of Hometown Auto & Ag as they are significantly busier and perform 

different repairs during the different seasons of the year. For example, Hometown Auto & 
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Ag is very busy during the summer harvest time as their business is located in an area with 

ample farming acreage. Also, during such harvest times, farmers are more likely to receive 

service before other customers as their farm work highly depends on the ever-changing 

weather.  

Another aspect of this model to consider was that it was very difficult to calculate 

exact probabilities of the occurrence of the different repair types and how long repairs took. 

This was because the event of a vehicle needing repair was somewhat hard to predict. The 

make and model of an automobile can also make the usual repair times vary from their 

normal estimated times. For example, an automobile with outdated parts or a newer 

automobile that was not as familiar to the mechanics may have taken longer to do the usual 

repairs. Also, unforeseen problems of a vehicle can be found when a vehicle is brought in for 

repair. All of these issues introduce a drastic variability of how the simulation would best be 

set up, making an accurate year-round analysis of the business extremely difficult. 
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Chapter 6 
Conclusion and Future Research 

Conclusion 

Hometown Auto & Ag is constantly faced with the decision to add another mechanic 

to the staff. Different models of its business operations were made to provide insight on this 

topic. It was first analyzed using percentages calculated from two weeks of work orders 

with 2 mechanics staffed. Then another mechanic was added to this system and similarly 

analyzed. Finally, the system was analyzed with 2 mechanics, but with an increase in 

customer arrival. Table 15 shows a summary of the results for the average waiting time for 

a mechanic to begin repair on a vehicle for each of these scenarios. 

 

Table 15. Summary of Average Waiting Time (In Hours) for a Mechanic to Begin Repair  
 

 

 

After simulating business operations based on percentages calculated from real life 

business activity for two weeks, it appeared that 2 mechanics were not always sufficient, 

especially if business was likely to increase. The addition of 1 mechanic to the system 

improved average waiting time by over 7 hours. The results showed that the system with 

only 2 mechanics would have a lengthier average waiting time if business was increased. 

The sensitivity of the results to the accuracy of the percentages for the distribution 

of repair types and the types of probability distributions used to represent repair times was 

also analyzed. First, the original system with 2 mechanics was analyzed using off-the-cuff 

2 Mechanics 19.59

3 Mechanics 12.32

2 Mechanics/ Incr.in Business 24.91

Average Waiting Time (Hrs.) to Begin Repair
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percentages provided by the owner of Hometown Auto & Ag. Then the original system was 

analyzed using symmetrical triangular distributions rather than exponential distributions 

to represent repair times. The comparison of the average waiting time for a mechanic to 

begin a repair for the original system and the systems with different percentages and 

distributions are shown in Table 16. 

 

Table 16. Summary of Sensitivity Analysis Results for Average Waiting Time for 
Resources (In Hours) for 100 Replications 

 

 

 

The average waiting time for a mechanic to begin repair that the simulation 

produced did change when percentages reported by the owner of Hometown Auto & Ag 

were used. Results also changed when different distributions were used to represent the 

repair times. These indicated the need to collect better data on the percent of customers 

needing each repair and on the distribution of repair times. Thus, if the system using 

percentages from two weeks of work orders accurately represented reality, then there is 

evidence that hiring another mechanic would allow Hometown Auto & Ag to better handle 

busier times of the year as well as reduce wait times. However, if this was not the case, more 

investigation on the percentages and distributions that would be appropriate to represent 

repairs and repair times would be necessary.  

 

 

Using Percentages from Work Orders/ Exponential Distr./ 2 Mechanics (Original model) 19.59

Using Percentages from Owner/ Exponential Distr./ 2 Mechanics 15.67

Using Percentages from Work Orders/ Symmetrical Triang. Distr./ 2 Mechanics 22.36

Average Waiting Time (Hrs.) to Begin Repair
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Future Research 

 

The most natural continuation of this simulation would be to collect more data on 

the business operations of Hometown Auto & Ag. It would be beneficial to analyze work 

orders for time periods longer than two weeks, perhaps a month or a year. It might also be 

useful to collect work order samples from various seasons of the year, as some seasons, like 

harvest season, are much busier than others. This would make the percentages more 

accurately reflect long term percentages. Also, given the change in results that occurred 

when different distributions were used, it would be necessary to gather more information 

on the nature of the distributions that would most accurately represent true repair times. 

Another aspect of the auto repair business to consider is how operations would 

change during different times of the year. For example, during harvest season, the layout of 

the simulation might need to be changed in order to account for farmers who unexpectedly 

bring in a piece of farm equipment or a vehicle for repair. Not only would these farmers 

usually take precedence over other customers with appointments, but the repairs they 

would need would be different. The simulation might also have to account for large farm 

equipment which may or may not take longer than a car or pickup to repair.  

This model could also be extended by analyzing the system using more than 100 

replications. This would shrink the standard deviation of the results, narrowing down the 

true location of the averages reported by SIMPROCESS. The standard deviations that were 

produced in the model that was analyzed with 100 replications had standard deviations 

that were relatively large in comparison to the averages that resulted. Doing more 

replications, perhaps 200, or even more, would reduce these standard deviations.  
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 It might also be beneficial to see how the waiting times would be affected by having 

a person at Hometown Auto & Ag that performs one or two of the more common, simpler 

jobs. That might free up the mechanics for the longer, more complicated repairs. 

A final way in which the analysis of the business operations of Hometown Auto & Ag 

could be extended is by incorporating business costs. It would be useful to look at the 

feasibility of financing a certain number of employees. The cost of having 2 mechanics could 

be compared to the cost of having 3, or maybe more. Profits could also be analyzed in order 

to see if the profitability of the business changed with the addition of mechanics.
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