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1. Problem Definition and System Overview 

1.1.  Problem 
The introduction of mobile restaurant platforms (“food trucks”) into the DC metropolitan area 
economy has created a problem for the Department of Consumer and Regulatory Affairs 
(DCRA).  There exist a limited number of available parking locations for potential food truck use 
at any given time.  DCRA is presented with the problem of providing food trucks with equitable 
access to these parking locations. 
 
To answer this problem, DCRA has recently developed a lottery-based monthly assignment 
mechanism for assigning parking locations in popular food truck zones.  Unfortunately, this 
system has been met with dissatisfaction by the food truck vendors as they have complained 
about an unfair system that is also not easy to use. DCRA is now concerned with underutilization 
of assigned parking locations and strategic gaming. There is also a fear of abandonment of the 
lottery system by the food truck vendors. DC Maryland Virginia Food Truck Association 
(DMVFTA) is looking to find a solution to assign the parking locations fairly to the vendors. 

1.2. Mission Statement  
We intend to provide DMVFTA with a prototype of an alternative primary market mechanism 
that assigns food truck vendors to available locations in an equitable manner.  We also intend to 
demonstrate the “fairness” of our system in a quantifiable way, through a longitudinal analysis of 
vendor preferences and resulting assignments. 

2. System Overview 

2.1.  Guiding Principles 
 
Following a detailed qualitative and quantitative analysis of DCRA’s problem domain, our team 
determined that weaknesses in the current system fell into three categories: (1) effective 
equitability, (2) vendor perception of equitability and (3) system usability.  These three 
weaknesses are the guiding principles for our design.  These guiding principles are as follows: 

2.3.1. Provide an even distribution of access to high-demand food truck parking 
locations. 

2.3.2. Ensure system transparency. 

 2.3.3. Provide vendors with an easy-to-use system that provides options, rather than 
dictating outcomes. 

 

2.2. Strategic Approach 
 
Based on the problem statement, analysis of the data and following our guiding principles, we 
are introducing the concept of a drafting mechanism to give the control back to the vendors. Our 
research and literature review included sports based drafting algorithm (Snake draft, Ladder 
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draft, NBA draft). Our algorithm takes inspiration from the newly proposed NBA Wheel draft, 
which is explained in detail in Section 5.1: The FTLADS Model. 

3. Requirements 
 
The following system requirements were defined during requirement elicitation:  

3.1. Stakeholder Requirements  
3.1.1 The system shall receive parking location preferences from food truck vendors. 
3.1.2 The system shall match food truck vendors to parking locations based upon 

selected preferences. 
3.1.3 The system shall output location assignments to vendors. 
3.1.4 The system shall de-conflict where vendor preferences are greater than location 

availability. 
3.1.5 The system shall match vendors to locations in an equitable way, where 

“equitability” is considered to be a measure of vendor preference values versus 
assigned locations. 

3.1.6 The system shall not employ auctioneering or bidding to valuate parking spaces 
monetarily. 

3.1.7 The system shall provide web access. 

3.2. Derived Requirements  
3.2.1. The system shall include a user interface for vendors. 
3.2.2. The system shall utilize an algorithm that assigns parking spaces to vendors based 

on user preferences. 
3.2.3. The system shall ensure that preference distributions are not clustered over short 

intervals. 
3.2.4. The system shall utilize a structured query database to store user profile 

information and process user requests. 
3.2.5. The system shall maintain historical location preference data. 
3.2.6. The system shall provide secure access. 
3.2.7. The system shall be able to process payment transactions. 
3.2.8. The system user interface shall be compatible with the following browsers: (1) 

MS Internet Explorer version 8.0 or later, (2) Mozilla Firefox version 3.0 or later 
and (3) Google Chrome version 41.0 or later. 

4. System Architecture 

4.1. Architectural Design 
All operations executed by the FTLADS are through five primary sub-systems: (a) the FTLADS 
draft model, (b) a central database, (c) the system’s user interface, (d) payment processing sub-
system and (e) the location trading subsystem.1  These sub-systems accomplish the following 

                                                        
1The secondary trading mechanism was developed by another group of GMU students in Fall 2014. This 

document provides a design for future integration of this platform with their algorithm. 
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tasks. 
 

4.1.1. The FTLADS draft model will: 
4.1.1.1. Assign food truck vendors draft picks (e.g. 1st through Nth choice) for 

locations, thus de-conflicting preferences [Requirements 3.1.2; 3.1.4; 3.1.6 and 
3.2.2] 

4.1.1.2. Assign draft picks such that they are evenly distributed over some period 
of time, T [Requirement 3.1.5] 

4.1.1.3. Space high-valued draft picks over even intervals [Requirement 3.2.3] 
4.1.2. The system’s central database will: 

4.1.2.1. Utilize SQL tables to store user profile data, preferences and current draft 
assignments [Requirement 3.2.4] 

4.1.2.2. Maintain historical data relevant to vendor location preferences and draft 
assignments [Requirement 3.2.5] 

4.1.2.3. Feature secure access protocols [Requirement 3.2.6] 
4.1.3. The system’s user interface will:  

4.1.3.1. Provide food truck vendors with web-based forms to enter profile 
information, make preference selections and make payments [Requirements 
3.1.1; 3.1.7; 3.2.1 and 3.2.7] 

4.1.3.2. Provide food truck vendors with draft outputs and location assignments 
[Requirement 3.1.3] 

4.1.4. The system’s payment processing sub-system will: 
4.1.4.1. Receive payment inputs from the user interface sub-system and transfer 

them to external payment processing systems 
4.1.4.2. Feature secure access protocols 

4.1.5. The system’s location trading subsystem will: 
4.1.5.1. Provide users with the ability to trade assignments with other users via a 

1-to-1 swapping pool 
 
These five sub-systems compromise the full range of tasks needed to meet DMVFTA’s 
requirements.   
 
This SDD focuses on subsystems A-C.  A location trading sub-system has been developed by 
another team and is currently being implemented and a functional payment processing capability 
is already in place. Thus, sub-systems D and E are incorporated into our top-level designs. 
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The top-level data flow structure of FTLADS provides a visual overview of how the system 
operates. 

 
 

 

4.2.  FTLADS Sub-System Description 
4.2.1. The FTLADS Draft Model.   The core of the location assignment system is its 

draft model. Instead of a system defined value assignment of locations, the FTLADS 
model dispenses an ordered set of choices.  In other words, instead of matching 
Vendor A to Location X, the system simply says, “Today Vendor A is fourth in 
order of priority for his choice.” 
 
The FTLADS employs the “Wheel algorithm” to achieve the above. This technique 
is currently under consideration by NBA, which has spent considerable capital in 
developing a fair methodology by which basketball teams get to pick new recruits.  
We have adapted this system to suit the needs of the DC-area food truck 
stakeholders. 
 
We will provide a mathematical explanation of the model in Section 5.1 below.  The 
following diagram provides a synopsis of the inputs, outputs and data 
transformation relevant to the FTLADS draft model. 

 
4.2.2. The FTLADS Database.  The system database performs three key functions.  

First, it stores user (vendor) profile information, to include their daily location 
preferences.  Second, the database stores the results of the FTLADS wheel 
algorithm in the form of daily draft results.  Third, the database builds a weekly 
schedule based on vendor preferences and the draft results. 
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4.2.3. The FTLADS User Interface.  The user interface allows the user to interact with 
every part of the system, other than the draft mechanism itself.  This sub-system will 
be an HTML-based interface which will be compatible with the following web 
browsers: (1) MS Internet Explorer version 8.0 and later, (2) Mozilla Firefox 
version 3.0 and later and (3) Google Chrome version 41.0 and later. 
 
The system’s interface will be user friendly. No operation will take more than three 
screen transitions between action initiation and completion.  A more thorough walk-
through of user interface interactions is discussed in Section 6.1 of this document.  
However, for a general understanding of the inputs and outputs of the FTLADS user 
interface, the following data flow diagram is provided. 
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Note that for the purposes of readability, the data flow diagram above does not list 
all the interactions between the user and the various entities within the user 
interface.  Here, all interactions between the user and interface entities (e.g. “User 
Profile”) are routed through the “Index” page.  In practice, the “Index” page will 
allow the user to access other entities and interact with them directly. 

 
4.2.4. The FTLADS Payment Processor.  The existing system features a payment 

processor interface.  A full breakdown of this sub-system is not within the scope of 
this SDD. 
 

4.2.5. The FTLADS Trading Floor.  The secondary market or “Trading Floor” 
subsystem was designed by students from the George Mason, Volgeneau School of 
Engineering.  It has been recently deployed. Please see the Design section for future 
integration. 
 

4.3  Design Rationale 
The central perceived problem that exists within the current food truck parking location 
assignment methodology is that it does not distribute high-value vending locations in an 
equitable way.  This problem had been voiced by the vendors and DMVFTA. The first step, 
before we designed the FTLADS system, was to determine whether this problem was supported 
by empirical evidence, or whether it was purely a function of stakeholder perception.  In other 
words, we needed to determine whether the system was actually fair.  Thus, the null hypothesis 
was that the system is equitable while the alternate or “popular” hypothesis was that it was not. 
 
The answer to this question would make for considerably different system designs.  If it turned 
out that the existing system actually did distribute vendor locations equitably, then our focus 
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would be on user interface aspects of the system.  Alternately, if our analysis showed that 
popular sentiment was correct and that the existing system did not produce equitable results, then 
our design must focus on developing an assignment algorithm does produce fair outcomes. 
 
Developing a method to test for fairness proved to be a task unto itself, and a full discussion of 
the analysis methodology and results can be found in Appendix A of this SDD.  The fairness was 
assessed by comparing vendor preferences at each level and point in time (e.g. Thursday, 1st 
Preference is “Farragut Square”) against those locations assigned to that vendor and time period 
(e.g. Thursday, Location assigned is “Metro Center”).  Through a one-for-one comparison, we 
could then convert our results into a binary “yes” or “no” data set.  From here, we were able to 
assess how often a test group of vendors received their preferences versus others.  The more even 
the distribution, the more fair the system. 
 
Our results were definitive; after eight months, the system had failed to evenly distribute high-
value locations to vendors within our test sample.  With this in mind, we focused our design on 
the vendor location assignment algorithm itself. 
 
Recall that our guiding principles for development included fairness, transparency and user 
empowerment.  After determining that that the existing system produced uneven results over 
extended time periods, we did a literature review for potential algorithm options that distribute 
preferences evenly among users. 
 
The first concept our team considered was to use a bidding system whereby vendors might use 
either money or digital “tokens” to bid on various locations.  Our analysis showed that certain 
locations were more highly valued by vendors than others.  We also found that vendor 
preferences for locations varied by time.  That is, any given location is much more valued on 
some days of the week than others.  For example, Metro Center locations dominated in the 
middle of the week, while Farragut locations dominated on Fridays.  Because of this two-
variable gradient, our team assessed that a bidding mechanism might an appropriate choice as the 
basis for our system’s base location assignment process.  However, after discussion with our 
stakeholders, we determined that the second and third order effects of a bidding system were not 
acceptable.  Specifically, stakeholders did not want to create a system that might allow well-
financed vendors to drive up prices of highly valued locations such that smaller food truck 
vendors could not compete.  This discussion evolved into a specific requirement (Stakeholder 
Requirement 3.1.6). 
 
We then started looking at optimization algorithms.  These algorithms attempt to apply a value 
function to the problem at hand and then generate results which optimize for these values.  The 
weakness of such systems is that they imply a pre-defined value system.  In other words, our 
team would have to rely on our own analysis to define which locations were most valuable and 
apply weights accordingly.  Although we felt our analysis was strong enough to build such a 
system, this type of design is directly in contradiction of our third guiding principle of returning 
power to vendors.  In other words, we wanted to avoid forcing our own valuations (even if 
justified) onto the system. 
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From here on, we considered implementing a drafting algorithm.  We realized the potential of 
such a system after we concluded that the problem could be fully understood with one variable, a 
simple vendor “pick,” as opposed to two, vendor preferences and location results.  With this 
realization in hand, it became apparent that we might be able to evenly distribute location 
matches by simply distributing the order of vendor choices.  That is, over a given period of time, 
each vendor will be able to pick his or her first choice the same number of times as everyone 
else.  Likewise, he or she will be low in choice order an equivalent number of times.  

5. Data Design 

5.1.  In Depth: The FTLADS Model 
Based on the strategic approach described earlier in this document, our team started looking at 
sports based drafting algorithms in order to distribute equal chances to each of the truck vendors 
to pick their preferences. In our research we came across various algorithms: Snake algorithm, 
Ladder algorithm and the newly proposed NBA Wheel draft algorithm. There were similarities 
between how the Wheel draft worked compared to what we were trying to achieve. Hence, we 
utilized a part of that algorithm where the total draft pick numbers are divided by equally valued 
prime numbers and create groups. Now, these groups are arranged in an order based on the 
constraints of the problem and randomly a number is chosen from each group, in that order, 
without repetition. The string of numbers formed makes the “Wheel”. 

Our problem is unique as we have to equally distribute these draft numbers to 250 plus trucks 
while there are only 100 plus spots. This would mean that the truck vendors will have more off 
days than working days in a week. And we want to distribute these numbers equally on all days 
of the week for each truck vendor. In that sense, our problem is harder than that faced by the 
NBA. 

Based on the data analysis of the DC jurisdiction, there were 3 popular streets identified - 
L’Enfant Plaza, Farragut Square and Metro Center. The lowest capacity for the above 3 streets is 
12. Hence, the draft pick numbers 1 to 12 are considered equally valued numbers for creating 
this draft algorithm. In other words, whether a vendor gets a “1” or a “12” as his or her pick, the 
functional result is the same: the vendor is guaranteed to get whatever location he or she chooses 
for that day.  Dividing the total draft numbers (as defined by current truck licenses) by 12 gives 
us 21 groups. The groups are arranged based on the constraints of the problem:  

• No consecutive working days. 

• The difference between the number of working days between any two trucks 
cannot be more than 1 over a given week.  This is our “Envy Free Factor” 

• Prime pick numbers to be distributed across all 5 days of the week for each 
truck vendor. 
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• Groups (1-12) and (13-24) are placed at 10 number of groups interval so that a 
truck vendor has a chance to pick the 1st or 2nd potential preference every 10 
days. This is our “Perception Factor.” 

With these constraints in mind, our algorithm constructs the “Wheel” using the following 
methodology.  First, ranks are assigned from highest to lowest. These numbers are selected in the 
order of highest rank from each of the 21 groups to the lowest without repetition.   

 

 

 

 

As an example, Group [1-12] had 1 as the highest rank number, followed by Group [145-156] 
with 145 as the highest and so on for each of our 21 groups.  The algorithm will pick “1,145 ...” 
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and so on until it has selected a number from all 21 groups.  The algorithm will now start over at 
Group [1-12] and select the next highest ranked number from each of the 21 groups.  This 
process will continue until all numbers from each of the groups are exhausted. The sequence of 
numbers that would be formed constitutes a “Wheel”.  Currently, the FTLADS prototype 
produces a wheel of 252 numbers and is integrated into a functional database. 

 

Once the wheel is created and stored in the database, the system randomly pairs each truck 
vendor to a number on the wheel.  This marks a draft cycle’s initial state and decides each tuck 
vendor’s picking number for the first day. The next day, each truck moves clockwise and takes 
the position of the truck that was ahead of it in the wheel. The number on that position becomes 
the next day’s draft pick for that truck.  This movement continues until the cycle is complete, at 
which point a new “wheel” is generated. 
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By matching the draft wheel with vendor preferences of locations, our solution constructs a 
weekly assignment schedule. Truck vendors have until a set deadline (set by DCRA 
administrator) to lock in their street location preferences.  After the cut-off time for changes to 
vendor preferences, the administrator will run the assignment algorithm.2   

The assignment algorithm requests the street information (identifier, name, capacity) for each 
street in the database. Next, it requests vendor preferences, arranged on a per truck basis, and 
retrieves the truck picking order for each of day of the week in question (5 working days of the 
week) from the database. The algorithm then assigns vending locations based on the truck 
vendor’s preferences ordered by the draft pick numbers for that day. Once the assignment 
process is completed, the schedule for each truck vendor is itself stored in the database published 
to the FTLADS interface; it may now be accessed by vendors who log on to the system. 

 

5.2.  The FTLADS Database 
5.2.7. Database Overview.  The FTLADS database accomplishes two purposes.  First, 

it serves as the data link between all other components of FTLADS.  Second, it 
provides the basis for forms which are used by vendors in order to input preferences 
and receive location and draft assignments.  While the user works directly with a 
web-based interface, all processes are carried out via the database itself.   
 
Additionally, the schema is designed so that it can be easily integrated with a data 
warehouse for pattern analysis purposes in the future.  Note that this database is 
based on components of the existing system which were analyzed through 
interactions with the current web interface; our team did not have access to 
diagrams or source code that would more thoroughly describe the existing system. 
 

5.2.8. Entity-Relationship Diagrams.  Note that the following schema are built from 
executable SQL code.  These diagrams were built using SQL Server 2012.  Because 
the full schema is somewhat extensive, a single ER diagram for the entire database 
is difficult to read.  For this reason, we have opted to break the ER diagram into 
components. 

 
 

 
 
 
 
 
 

                                                        
2 Alternately, this action can be executed using a time based script that runs every week at a particular time.  Our 
data flow diagrams incorporate this capability. 
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5.2.9. Schema.  Please see Annex C (Prototype Database Code) for a thorough 
explanation of the FTLADS database schema.  The code is executable, but is not a 
stand-alone prototype. 

6. Human Interface 

6.1. Overview 
 
The proposed modified Web interface is designed to address the problems identified through 
discussions with stakeholders and observations from the current system interface, as described in 
detail in the following section. 

6.2.  Step-Through 
 
The current user interface requests the vendor to input a preference matrix with 45 cells to 
account for location preferences for each working day. This process must be completed prior to 
each assignment cycle, and the web interface lacks a feature to save preference data. The 
modified interface is designed to request default ranking information as part of a profile to be 
saved for each vendor; thus offering the chance to avoid repeating the input process for vendors 
should their preferences remain static over time and days of the week, as shown in the following 
figure. 
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The new system does maintain the current assignment mechanism should vendors intend to make 
adjustments to their default choices. 
 
Through discussions with stakeholders, we learned that vendors find the lack of transparency in 
the current system’s interface a concern. The current system’s lottery assignment merely takes 
vendor preferences as an input, and outputs a schedule of assignments prior to the start of the 
month. In order to address this problem, a two-step assignment process is proposed. In the first 
step, through the drafting algorithm, vendors are assigned the random pick numbers before a 
request for their preferences is made. This process offers vendors a chance to decide on their 
location preference for a given day after learning about their chances of getting the requested 

User Interface - Profile 
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location. For instance, if the random pick number given to a vendor was 25, the vendor would 
know that there will be 24 other vendors whose location request would be considered before him. 
Additionally, given the likelihood that several vendors would share an interest in the locations 
considered most popular, and the fact that locations have limited capacities, the vendor would 
anticipate that he will not be assigned the most popular location. This process helps vendors 
maintain more control over their assignment and aids the perception of fairness from the 
vendor’s point of view. The vendor could then choose a less popular location of his own choice, 
and his chance of achieving his “new” preferred alternative location is increased. In the second 
step, the location assignment is announced at a later date based on the location preferences. 
 
Another discussion with stakeholders revealed that a weekly assignment cycle is preferred to the 
current monthly assignment due to the fact that an out of favor location assignment that a vendor 
must occupy for a long period of time would increase the likelihood of vendor abandoning the 
assignment and causing under-utilization. The sign-up fee for vendors to take part in the lottery 
system is $25 and would not justify the costs to operate the food truck in a less popular location 
for business owners. The final modification in the interface is to integrate the recently proposed 
trading mechanism with the new interface, allowing for the trading mechanism to be used 
following the announcement of weekly schedule. The following figure displays the two-step 
draft process employed on a modified, weekly cycle. 
 

 
 

User Interface – 2 Step Assignment 
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7. Conclusion 

7.1.  General Conclusions 
In general, our analysis shows that FTLADS produces much more evenly distributed results 

than does the existing vendor location assignment system.  Even better, the system does 

this in a shorter period of time than does the existing system.  FTLADS provides evenly 

distributed assignments in less than five months, whereas the existing system has uneven 

results over an eight month period.  A more thorough discussion of a comparison between 

FTLADS and the existing DC food truck vendor location assignment system can be found in 

Annex A, Analysis and Simulation. 

 

Even distribution of our preference assignments is not the only strength of FTLADS, 

however.  Our algorithm is specifically designed to produce mathematically even results, 

but also addresses potential vendor perception issues arising from the way preference 

assignments are distributed.  Specifically, our algorithm guarantees that favorable draft 

results (i.e. low numbers) are interspersed at even intervals vice unfavorable results (i.e. 

high numbers).  Additionally, we believe that the use of a draft system returns power to 

vendors, and encourages them to interact with the system more regularly.  Whereas the 

current system locks vendors into set monthly schedules, FTLADS operates over two week 

intervals, with actual location matching changing week over week.  This means that even if 

a vendor perceives that a particular week is not particularly favorable, he is not locked into 

this particular schedule for long. 

 

Ultimately, we believe our system will meet the needs of all the identified stakeholders: 

DCRA, DMFTVA, and the food truck vendors themselves.  We believe that the 

improvements our system makes in both usability and functional design makes FTLADS an 

attractive alternative when compared to the existing system.  Specifically, we believe that, 

should it be implemented, FTLADS will be well received by all parties as it adheres to the 

principles of fairness, transparency and ease of use. 

 

 

7.2.  Recommendations and Future Efforts 
This design document, and its supporting documentation, should offer a proven baseline 

for the development of a fully functional prototype.  Indeed, as of the completion of this 

document significant progress has been made toward that end.  In short, we believe that 

the next phase of this operation is implementation.  As such, we would recommend that 

this phase of the effort not be selected for further efforts relative to an academic project in 

the fields of Systems Engineering and Operations Research (SEOR).  What remain to be 

completed are coding, testing and deploying; the design aspect of this system is complete. 

 

However, we do believe that there are components of the problem domain that would 

provide future SEOR students with appropriate work.  Specifically, we believe that future 

student efforts should focus on the following. 
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7.2.1. Creation of a Data Warehouse.  Data currently maintained by the existing 
system is limited in scope.  For example, while it was more than sufficient to 
complete an analysis of vendor preferences over two variables, location and time, 
we could not account for seasonality or weather, two variables that are almost 
certainly relevant to the problem domain.  A project dedicated toward improving 
this design such that it (a) incorporated a data warehouse and (b) integrated 
algorithms to conduct trend analysis would be exceptionally useful. 
 

7.2.2. Integrate FTLADS with the Newly Deployed Trading Mechanism.  This 
document accounts for previous work conducted by GMU students toward the 
development of a secondary trading mechanism.  However, our primary focus 
revolved around analyzing the existing primary mechanism and designing an 
improved capability.  Should DCRA decide to implement FTLADS, considerable 
work would no doubt remain with respect to phasing out the existing system and 
integrating our system with the secondary trading mechanism, which would remain 
in place. 

 
In summary, should DCRA decide to implement FTLADS, we believe that this design 

document will be sufficient for a capable team to develop a prototype, test and implement 

the new system.  While we believe FTLADS would be an excellent alternative to the existing 

DC-area vending location distribution system, it would certainly benefit from further 

efforts related to the two areas listed above. 
 
 

 
 


