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ISE 4100 Spring 2020 Stochastic Modeling and Simulation 
FINAL PROJECT (Group 15) 

Introduction 
​ The purpose of this report is to summarize Group 15’s approach to the Last Mile 
Transportation System (LMTS) problem posed in the ISE 4100 final project. In this 
system, two types of passengers - ordinary and “special” - exit their train at the local 
train station and walk to the local LMTS. There, they are separated depending on their 
passenger type; special passengers go to the discount line and regular passengers 
must decide to wait in line or take a taxi home, depending on the expected wait time. 
Should they choose to utilize the LMTS, both groups are sorted into 1 and 2 passenger 
cars to be taken to their final destination. The local train station is looking to build a 
system in order to optimize their LMTS. Due to the complex nature of mapping these 
constantly moving parts and the goal of minimizing wait times, the train station would 
like to develop a simulation using previous data to better understand and predict future 
traffic and wait times. The following report will summarize Group 15’s methodology to 
develop this simulation using previous arrival time distributions as well as historical 
travel time data to predict future behavior of this system.  
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Planning  

 
Figure 1 - LMTS Flow Chart 

 
There are two components of our model: ordinary people and special people. Special 
people are given priority with discounted tickets and the opportunity to wait in a shorter 
line. This is with the expectation that they will have a good experience and will increase 
in value. During rush hour, half of our fleet of cars will be 2 passenger vehicles, the 
other half will be 1 passenger. We designed it this way in order to move people quickly 
out of the station and not have people waiting as long as if the fleet were all 2 
passenger vehicles. 2 passenger vehicles must make two stops before returning to the 
station, thus they would take longer than 1 passenger vehicle. During off-peak hours, all 
the vehicles will be 2 passenger vehicles since demand is not as high. Assignment of 
vehicles is on a first come first serve basis. 
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Table 1 - Parameters 

Parameters 

Number of drivers Number of different types of vehicles 

Number of queues   

 
Table 2 - Input Variables 

Input Variables 

Number of passengers exiting the train Train arrival time 

Time for ordinary passengers to walk from 

the train to the LMTS Service 

Time for special passengers to walk from 

the train to the LMTS Service 

Travel times for a trip from the station to a 

passenger destination 

Travel times for a trip from one passenger 

destination to another passenger 

destination 

Number of passengers waiting in each 

queue. 
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Input Analysis 

One-Way Drop Off Time 
 

 
Figure 2 - One-Way Drop Off Time Distribution 

​  
Distribution Summary 
 
Distribution:​ Uniform       
Expression:​ UNIF(5, 10) 
Square Error:​ 0.014743 
 
Chi Square Test 
  Number of intervals​ = 7 
  Degrees of freedom ​ = 6 
  Test Statistic     ​ = 5.16 
  Corresponding p-value​ = 0.525 
 
Kolmogorov-Smirnov Test 
  Test Statistic​ = 0.0767 
  Corresponding p-value​ > 0.15 
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Passenger House to Passenger House Time 
 

Figure 3 - Passenger House to Passenger House Time Distribution 
 
​ Distribution Summary 
 
Distribution:​ Weibull       
Expression:​ 5 + WEIB(3.6, 1.32) 
Square Error:​ 0.024301 
 
Chi Square Test 
  Number of intervals​ = 5 
  Degrees of freedom ​ = 2 
  Test Statistic     ​ = 6.31 
  Corresponding p-value​ = 0.0443 
 
Kolmogorov-Smirnov Test 
  Test Statistic​ = 0.11 
  Corresponding p-value​ > 0.15 
​
 
Total Driving Time 
 
The total driving time (TDT) to drive to a passenger’s destination and return to the 
station (depending on the type of car) is based on the two above distributions.   
 
For a single-passenger car: 
 
​ TDT = 2 * (UNIF(5, 10)) 
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For a two-passenger car: 
 
​ TDT = UNIF(5,10) + (5 + WEIB(3.6, 1.32)) + UNIF(5,10) 
 
This equation represents the time needed to drive to the first passenger destination, 
drive to the next passenger destination, and then return to the station. 
 
Arrivals 
 

 
Figure 4 - Train Arrivals by Hour 

 
From the above plot, it is clear that the train arrivals are at a stationary rate throughout 
the day.  Therefore, the average interarrival time (approximately 29 minutes) will be 
used as the arrival rate for the model.   
 
Next, it was necessary to plot the volume of passengers by hour to discover the trends 
of passenger volume throughout the day.  Based on the operating hours of the system, 
the day was broken into 21 separate intervals, one hour in length, as summarized in the 
following image: 
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Figure 5 - Passenger Arrivals 

 
Based on the above data, the colors represent the five different blocks of the day, 
indicating large differences in volume.  The red block is the first hour of the shift, with 
slightly higher volume than off-peak.  Orange is off-peak, or not rush hour, times in 
which volume is similar.  Yellow and green are two separate rush hour blocks, with 
green (afternoon rush) having slightly higher volume than the morning rush.  Lastly, the 
blue block indicates passengers after midnight.  Each block was put into Input Analyzer 
and resulted in the following distributions: 
 
Table 3 - Block Distribution Results 

Block # Corresponding i Values Distribution 

1 1 POIS(10.5) 

2 2-3, 6-12, 15-20 POIS(10.1) 

3 4-5 TRIA(8.5, 17, 33.5) 

4 13-14 11.5 + 17*BETA(2.03,1.9) 
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5 21 NORM(8.63, 2.12) 

 
 
In conclusion, train arrival times will be based on the stationary rate provided above and 
passenger volume will come from 1 of 5 distributions depending on the hour of the day. 
 

Assumptions and Additional Data 
In modeling this system, our team did make some assumptions in order to assure that our 
model was as accurate as possible while also reflecting a realistic outcome. We made the 
assumption that the drivers will finish any drive they start, even if it goes overtime. This 
assumption is built into their salary. Also for drawing conclusions and making recommendations, 
we assumed that the mean for the values outputted from the arena report were good 
representations of our model.  
 
 

Modeling 
 
The ‘create’ module controls the rate at which trains arrive as well as the number of entities 
(passengers) that are included in each train using boolean logic based on the simulation time.  
The two attached ‘decide’ modules first filter out the 25% of passengers who choose not to use 
the LMTS, followed by splitting the remaining passengers into ordinary and special passengers.  
The ‘station’ and ‘route’ modules have no direct impact on the model itself and are used for the 
purpose of animation only. 
 
For both types of passengers, there is a ‘delay’ module for their time to walk to the LMTS 
station.  For special passengers, their time is recorded before and after their travel in order to 
test whether or not the additional social welfare bonus is included in the sales.  Finally, their 
sales are added to the running total and they leave the system.   
 
Ordinary passengers follow similar steps, with an initial ‘delay’ module to represent their walk to 
the LMTS station.  Per the project instructions, ordinary passengers will choose to not use the 
LMTS if their line has 10 or more passengers already waiting.  This is represented by the 
‘decide’ module, sending passengers out of the system if the queue in the following process 
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module is 10 or higher.  Finally, their sales are added to the system and the passengers leave 
the system. 
 
The drivers are scheduled based on the time ‘blocks’ found in the Input Analysis section above.  
The number of drivers in each interval was decided based on passenger volume in that interval 
and the upper constraint that the total daily operating cost must be no greater than $2000.  
 
Sales for both types of passengers, as well as the operating costs and calculated revenue, are 
all displayed to the screen as the model runs.  
 

Output Validation & Verification System 

Verification 
In order to verify and validate the above system, our team utilized a multi-step approach to 
prove to our client that our system is accurate and reliable all the while satisfying given 
requirements.  
 
Our first method of verification was completed through performing various common sense 
techniques. As can be seen in Figure 1, our flow chart follows the complete process as it is 
stated in the problem description: the riders, both special and ordinary, enter the system, wait in 
queues depending on their choice of ride, and exit the system by leaving on their own or taking 
one LMTS ride options as they become available.  Using this as our baseline for future 
decisions as well as a max operating budget of $2,000 for paying drivers, our system showed 
that we should incur a profit within the range of $2,300 to $2,400 after operating costs. The 
system showed that our overall income comes from an average of approximately 563 
passengers passing through the system each day (or each “run”), paying us anywhere from 
$7-$12 per ride depending on their passenger status. Assuming that 75% of the passengers pay 
$12 and 25% pay $7, it is reasonable to expect a theoretical revenue of $6,052. After 
subtracting a max $2,000 operating budget, we should expect a theoretical maximum profit of 
$4,052. After ten replications of our system, we observed a daily average income around $4,593 
(Ordinary Passenger Sales + Special Passenger Sales). This value, minus the observed 
operating cost of $1,970, shows a profit of approximately $2,623 for an average day. This can 
be assumed to be within reasonable limits when accounting for variation in passenger numbers, 
types, as well as their respective priorities within the LMTS system and decision to utilize the 
system or not. One way to test how the system will work is to test it using a slow and a stressed 
model to make observations. A slow model can be created by following a single entity (person) 
through the system at a reduced speed to see how the system models their experience. A 
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stressed model was created by functioning with 1000 people - double the average entity - to see 
how the system would perform at the upper limits of its capabilities. Looking at the system 
functioning at a reduced pace using ‘Slow’ and stressed animation, it is clear to see that there is 
a potential for bottlenecks at each queue which can be expected for most systems involving 
limited resources, such as available cars. These bottlenecks will not be of major concern during 
off-peak hours however, in order to mitigate this issue, our team chose to bring on more riders 
during those peak hours. Since these periods of concern are infrequent and easy to track our 
team finds it reasonable to believe that no further action is required. 
 
The next technique that we used for verification throughout this process was assuring the use of 
thorough and complete documentation. In doing so, each member of our team was able to 
understand the model well enough to examine it for errors, check for accuracy at each stage of 
creation, and make necessary corrections to assure that we were putting forward the highest 
quality model possible. At this time, the four members of our team see no errors in variable 
identification or inputs.  
 
The final technique our team utilized for verification was debugging by tracing the simulation. 
While a fairly straight-forward and reasonable method, verifying that the system has no “bugs” 
or errors has proven to be an important step to verifying that the system works as a whole. This 
approach has allowed us to identify potential errors and address error messages to put forward 
our current state. After this was completed we performed a single entity release and followed 
that single entity through the system to make sure that the route and decisions being made 
were reasonable and worked as expected for the model. What we saw was that the entity 
successfully exited their train, sorted themselves into their respective passenger category, and 
successfully used the LMTS in a way that was reasonable for this system.  
 

Validation 
The team also did a multi-step validation for the model. The first step we did was proving the 
model satisfied face validity, which means the model appears to measure what it claims to 
measure. The model successfully simulated the entire process of the LMTS system. In addition, 
since the sales for both types of passengers, as well as the operating costs and calculated 
revenue were all derived from the model, the measurements of the model were consistent with 
the purpose of the project. Therefore, the model subjectively appeared to measure the construct 
it claimed and met the face validity.  
 
Secondly, we did a sensitivity analysis for the number of passengers and the relative percentage 
of ordinary passenger based on our theoretical assumptions, as was shown in table 4: 
 
 



Melissa Holland.428 
Jake Langermeier.4 
Allison Spicer.135 
Luyang Wang.11850 
 
Table 4 - Sensitivity Analysis Results 

 
According to the table, when the number of passengers increases and the percentage of 
ordinary passengers increases, the total profit will also increase, which is in line with both the 
reality and our model results.  
 
The third step we did was the data validation. Due to lack of real-world data for drivers, the only 
data validation we could do was to compare the daily number of passengers derived from our 
model and from the given data. The result was shown in table 5 below: 
 
Table 5 - Passenger  Number  Comparison 

 
According to the table, the average number of passengers is about 505 in reality, and 563 for 
our model. The approximate error is 0.11, which is relatively small. Thus, the model was a good 
representation of the real-world train station system. 

 

Recommendation & Decision Support 
 
After simulating multiple models, our team found that a model that prioritizes special passengers 
and only uses one-passenger vehicles produces the most profit while not sacrificing high quality 
service. This model produces a profit of $2,623.60 with a wait time of 4 mins and 26 mins for 
special and ordinary passengers, respectively. This end model was contrary to our initial model 
design where we used 2 passenger cars as well.  
 



Melissa Holland.428 
Jake Langermeier.4 
Allison Spicer.135 
Luyang Wang.11850 
 
We considered a model where we used solely 2 passenger cars however we noticed a 
significant drop in profit ($1953.80 drop) because of the lack of throughout due to the extra time 
needed to drop off both passengers. Our service quality also decreased because while wait time 
was decreased to under a minute, passengers were required to ride with strangers and their 
trips home were longer than they would have been had they been driven in a one passenger 
car. Most special passengers’ trips were longer than 30 mins which means we did not receive 
the 5$ satisfaction bonus, which decreased our revenue.  
 
We also considered the model where neither ordinary nor special passengers received any 
priority. This model accumulated $10.60 more profit than a special passenger priority model, 
however wait times increased to 25 mins and 29.5 mins for special and ordinary passengers, 
respectively. This model’s increase in profit is not worth the sacrifice of quality of service for 
special passengers.   
 
 

Conclusion 
It is our recommendation that the train station move forward with the one-passenger LMTS 
structure as detailed in this project. In creating this simulation and model our team learned many 
valuable lessons as it pertains to collaboration, simulation, and remote work. While it was 
unintentional, our group found that creating multiple simulations for each potential option 
allowed us to better understand the situation and real-life implications to make more 
well-informed decisions. It was through comparing the model with no priorities to the model with 
one-person passengers that prioritized special passengers that a higher profit of $10 was not 
worth the extra wait time for our special passengers. Our next takeaway was that efficient 
project management is key, especially when working remotely. While this was not the intended 
platform for conducting this project, our team did a good job of communicating regularly and 
putting forward detailed documentation that allowed for better cross-collaboration in each 
section of the project. Finally, by the end of the project we walked away with a better 
understanding of how to proceed with our next simulated scenario. At the beginning of this 
project we tried to delve too deep into detail before we had a high-level visualization of the 
system and this caused many setbacks. Moving forward we now understand that it would 
benefit us to start at a high level, going into greater detail as the phases move forward.  
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Appendix 

 

 
Figure 6 - KPI, Special Priority Model 
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Figure 7 - Time, Special Priority Model 
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Figure 8 - Sales, Special Priority Model 
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Figure 9 - KPI, Two Passenger Model 
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Figure 10 - Time, Two Passenger Model 
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Figure 11 - Sales, Two Passenger Model 
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Figure 12 - KPI, Even Priority Model 
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Figure 13 - Time, Even Priority Model 
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Figure 14 - Sales, Even Priority Model 
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