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1. Understanding the Problem Domain

1.1. Overview

After conducting interviews with our primary staldtter, a representative of DMVFTA, our
team identified the central problems associatet thié existing system. These core
problems were captured in Stakeholder Requiren®&ht8 — 3.1.6 in the System Design
Document (SDD). These requirements are as follows:

The system shall de-conflict where vendor prefezsrare greater than location
availability;

The system shall match vendors to locations incantable way, where
“equitability” is considered to be a measure ofd@mnpreference values versus
assigned locations;

The system shall not employ auctioneering or bigdmnvaluate parking spaces
monetarily.

It was assessed that the central problem was st i high demand for a limited number
of resources. Given that one of our specified traimds was that the food truck location
assignment system could not employ monetary vanaif these resources (e.g. an auction),
we determined that it was critical that the syshenfifair.” This presented us with a
challenge as it was difficult to define “fairness”.

Initially, we were uncertain of how evenly the aiig system distributed high value vendor
location assignments. We reasoned that the cusystém may be distributing high value
locations equitably. However, because of desigmeis&nd limited resources (i.e. high value
locations), vendors may not have perceived theegy$d be fair. This initial analysis of the
problem domain led us to reason that before we raagl@lesign decisions, we had to first
analyze the existing system to confirm whetherdlexisted a real or perceived “fairness”
problem. Differing outcomes of this analysis wolddd to significantly different design
recommendations for a new and/or improved locadgsignment system.

1.2. Building the Analytical Structure: Defining “Fairn ess”

In the previous section, we identified the centoé& that “fairness,” both actual and
perceived, played for the success of any food tloc&tion assignment system. This implies
that there exists some definition of “fairness” afhive can measure objectively, and thus
use to analyze the existing system and any alegystem that we might design. Our first
real analytical task was therefdoedefine the concept of “fairness” as it relatexthis
problem domain.

After considering various value models, our teattiexton a very simple way to define
“fairness” relative to food truck vending locatidistribution. First, we recognized that each



vendor had preferences for the existing food tlocktions, and that records of these
preferences, rank-ordered, are held in the existication distribution system.
Conveniently, the outcomes of vendor location dhstion (i.e. where the trucks were
actually assigned to vend) are also held in rebgrthe existing system.

From here, we realized that we might define faisr®ga simple binary check of whether a
vendor received his or her preferred location givan day. In other words, we simply
askeddid the vendor get what he wanted in this instages,or no?We could apply this
methodology at each level (e.g. the vendor’s firgiice, second choice, and so on), and we
need not apply a value curve as it is possibled& bt each level independently.

Once these binary comparisons were constructed hsstorical data, it is now possible to
get a sense of how “fair” the system is. Oveneegiperiod of time, the more closely the
results conformed to a uniform pattern, the moa&™fthe system was. That is, a uniform
pattern indicated that all vendors were receivingqual number of their preferences at any
given level. Additionally, we could say that them rapidly a system converged on a
uniform pattern, the better it was at assigningtimns to vendors in an equitable way.

We now had a quantifiable definition of fairnesshis problem domain, and had developed
two measures by which to judge any system thatadpemvithin. These measures were as
follows.

How closely does the system produce results thaterge on a uniform pattern?
Over what interval does the system produce retuditsconverge on a uniform
pattern?

These two measures became the yardstick by whichssessed the existing system and the
later proposed Food Truck Location Assignment araftCsystem (FTLADS).

1.3. Data Collection and Cleansing

Initially, our team intended to either negotiatéhathe existing vendor location distribution
system’s operators to obtain data or to scrapsybiEm’s website. Both of these tasks
would have proven to be time consuming, but oumtegrimary stakeholder provided us
with a well-developed data setThe complete data set included preferences amdmes

for 22 unique trucks, operated by 14 unique busiees It covered an interval of nine months
from July of 2014 through March of 2015.

Our team conducted some cleansing of the datal$et.data was trimmed for the following
reasons.

Some of the vendors had gaps within the interbal is, they had not made
preferences for each month studied.

1 Qur team owes a debt of gratitude to Mrs. Karen Wrege for collecting and building a data set that was well-
structured and easy to use. Her efforts truly helped make this analysis possible.



- Many of the vendors had not input preferences for the month of March, 2015.

After trimming the data, we now had a normalizethdset with 17 unique trucks, operated
by 10 unique businesses, which covered a pericéw#n months. After a discussion with
our primary stakeholder, our team discarded thecktiowner/business” factor, as the system
should distribute locations on a “by license/tri@nd not “by owner,” basis. A sample of
our cleansed working data can be found in Figupelaw?

VSP Number Vendor Name Month  Assign/Prefer Monday Tuesday Wednesd Thursday Friday
KK HAHHH 1/15 A Off MNavy Yard Franklin  Off Farragut
KO0 K 2/15 A Off MNavy Yard State L'Enfant Metro
KO0 K 3/15 A Franklin Off L'Enfant Off Farragut
KO0 K 7/14 A Union Off Metro Off Farragut
WK R 8/14 A State Off Metro Off Farragut
XHHNK HIHH K 9/14 A Off Franklin Off Mawy Yard Off
OO0 OO 10/14 A State Off Metro Off Farragut
OO0 OO 11/14 A State Off Metro Off Farragut
OO0 0K 12/14 A Off Union Off Patriots Metro
HHHNK FIHK 1/15 1 L'Enfant Metro Patriots Metro Farragut
OO0 OO 2/15 1 L'Enfant Metro State Farragut Farragut
OO 0K 7/14 1 L'enfant pMetro State Mawvy Yard Farraout
OO XHAHK 8/14 1 L'Enfant Figure 1: Cleansed Data

1.4.Methodology and Valuation Analysis

Using seven months of normalized data, our teandelivthe data according to Preference
Level (e.g. “First Preference,” “Second Preferehaad so on). Next we made a simple
comparison between a given preference and therassig, recording the results in a binary
fashion. These results were then aggregated angawltruck identification number.

Figure 2 provides a synopsis of the binary compar@ocess

Figure 2: Comparison and Aggregation

V5P Number Vendor Mame Month  Assign/Prefer Friday Pref Friday Assign  FridayGotPref By VSP Sum
XHKRK KHAXX 1/15 1 Farragut Farragut 1

XHKAHX XHAXHX 3/15 1 Farragut Farragut 1

XHKRK XHANX 7/14 1 Farragut Farragut 1

XHHHX XHHXX 8/14 1 Farragut Farragut 1

XK XK, 9/14 1 Farragut Off 0

R AR 10/14 1 Farragut Farragut 1

XOUKHX XXX 11/14 1 Farragut Farragut 1

FOHHEK PN, 12/14 1 Farragut Metro 0 51

While constructing this analysis, it became cléat some locations were much more valued
by vendors than others. We recognized that theamealuation of vending locations could
lead to a potential flaw in our analysis. Pregis#iose vendors who choose high value
locations more often are likely to receive theifprred spot less often than those who

2 A full copy of our working data in Microsoft Excel format can be found in Appendix 1 to this Annex.



choose less valued ones. This meant that thensyatey appear to produce unevenly
distributed results, but that this was an artitdfatneven demand, and not a system flaw.

To account for this, we not only focused on ovedatribution of results, but also chose to
analyze high value locations specifically. Of c®yrin order to do this, we needed to
determine how vendors valued the locations. The léat itself to such a study; all we
needed to do was sum vendor preferences for eaahido. In fact, we took this a step
further, assuming that valuations varied not jyskdgation, but by time. In other words, we
wanted to account for the fact that some locatroag be more valuable on certain days
while different locations might be more valued ahers. Figures 3 and 4 provide insight
into vendor valuation of the various locations, #&htions by time.

Preference Totals

Location 1st Preference  2nd Preference  3rd Preference Total

Farragut Square 17th 5t 195 177 191

Franklin Square 13th St 66 78 125 269
Union Station 91 84 155 330
L'Enfant Plaza 162 133 120

Metro Center 228 292 133

Waterfront Metro 22 16 16 54
Nawy Yard/Capital River Front 38 39 33 110
Patriots Plaza 67 60 60 187
Virginia Ave (State Dept) 75 59 91 225

Figure 3: Vendor Valuation of Locations

(1st - 3rd Preferences)

First Preference

Location Monday Tuesday Wednesday Thursday Friday
Farragut Square 17th 5t 4.76% 6.35% 13.23% 12.17% 66.67%
Franklin Square 13th 5t 6.35% 16.93% 3.17% 4.76% 3.70%
Union Station 10.58% 13.76% 8.99% 13.76% 1.06%
L'Enfant Plaza 17.46% 26.46% 25.40% 13.23% 3.17%
Metro Center 19.58% 15.87% 37.04% 35.98% 12.17%
Waterfront Metro 7.41% 1.59% 1.06% 1.06% 0.53%
Mavy Yard/Capital River Front 9.52% 4.23% 1.06% 5.29% 0.00%
Patriots Plaza 14.29% 10.05% 2.12% 8.47% 0.53%
Virginia Ave [State Dept) 10.05% 4.76% 7.94% 5.29% 11.64%

Figure 4: Two Variable Analysis of Valuation

(Day and Location, 1st Preference Only)

Note that Figure 3 is based tmtal preference countvhile Figure 4 is based upon
percentage of preference for each d&jonsider Metro Center as an example. Over the
interval studied, the Metro Center vending locaticas chosen as a “First Preference” a total
228 times, and its aggregate “First,” “Second,” &hlaird” ratings came to 703. Figure 2
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shows us that Metro Center dominates on Wednesda/3 hursdays, receiving 37% and
36% of the total “First Preference” ratings for ¢shalays.

From our analysis of valuation, we now had a betkea of how the nine different locations
were valued. In general, we concluded the foll@grabout vendor valuation.

The Farragut Square, Metro Center and L’'Enfant Rlézcations were far more
valued than the other six possibilitie¥he weakest of these three, L’Enfant Plaza
held a 25% advantage over the next most valuedidmgaJnion Station.

L’Enfant Plaza was selected as*h 2" or 3° Preference 7.7 times more than the
weakest overall performer, Waterfront Metro.

Vendor preferences varied considerably at different times of the week. While

Metro Center is the most valued location during the middle of the week, the
Farragut Square location overwhelmingly dominates on Fridays.

These initial results of vendor valuation of vasdacations provided us with the ability to
assess how the existing system performed at asgi¢pgations generally, but also to see
how well it performed at distributing high valuecadions specifically.

1.5.Results Analysis of Existing System

Our analysis showed that the overall distributibmending locations as a function of First,
Second and Third preferenagigl not conform to a uniform distributiaduring the interval
studied. However, the system did attempt to pmWmbse vendors who got worse results for
their First Preference with better results for ttf82cond and Third Preferences. We interpret
this result to mean that the existing system wasliattempting to apply an value-based
optimization algorithm toward the problem set, aithh we cannot confirm this as we did

not have direct access to the system’s code s=.Figure 5 for the overall results.
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Figure 5: Existing System Assignment Distributions
(Valuation Independent)




Figure 5 shows how the system distributed all pezfees, regardless of whether the vendor
chose high or low value locations. The resultseapgd uneven, but it should be noted that
this could be an artifact of highly divergent vdloas. One question remains: how did the
system perform against those locations which agklyivalued?

Our valuation results provide us with a very ussfuld-set of data by which to answer this
guestion. We can focus on those vendors who dRasagut Square as their First
Preference, specifically on Fridays, and see hasyistem distributes those locations. A
look at Figure 4 shows that the Farragut-Fridayloalds by far the highest concentration of
vendor First PreferencésTherefore, to determine how the system performedocused on
only those vendors who chose Farragut as theit Freference on Fridays and looked at
how the system distributed locations against tlppeterences. Figure 6 shows the results of
this analysis.
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Figure 6: Existing System Assignment Distributions
(Farragut-Friday, First Preference)

As we see from Figure 6, the system does not ewdisisibute high value vending distributions.
In fact, if anything, the most highly valued comdtion, Farragut-Friday, was distributetbre
unevenly than the broader set of location assigtsne@ur group did not attempt to explain why
this is the case, as we did not have access tothligs that the existing system used in order to
match locations to vendor preferences.

Nevertheless, our analysis confirmed that the syshiel not evenly distribute location
assignments, both in the general case and takiogansideration variance in valuation by
vendors. This analysis heavily influenced our giesinstead of focusing on usability and

3 Note that we conducted the same analysis for vendors’ First through Fourth Preferences. The First
Preference set was the most unevenly distributed; lower valued sets were more evenly spaced among all
points in the matrix. Among all combinations, preferences were most concentrated for the combination of
First Preference, Farragut-Friday.



interface, we opted to develop a new method fagasgy locations to vendors based upon their
preferences. To test the effectiveness of ourgeeg solution we could replicate the study
above. To do this, we executed a simulation ofsygstem using an equivalent data set (i.e.
equal numbers of vendors over an equivalent tirrexval) and recorded the results. The next
section of this annex discusses the specific mellogy¢ and results of that simulation.

2. Validation of the Proposed Algorithm

2.1. Overview

In order to validate the proposed algorithm, imgortant to test the outcome of the drafting
mechanism against the requirements derived thretakeholder discussions and the evidence of
lack of fairness from current system analysis. Fal@lation looks to confirm the new system
offers equal chances to vendors to get their peafags. The algorithm also needs to allow for an
equal chance of getting those preferences onfédrent days of the week. A certain cycle

length is needed in order to achieve fairnessaniging the above.

2.2. Achieving Perfect Fairness

Using the developed algorithm, an initial wheejénerated to provide 252 draft numbers in an
order that takes system constraints into accowmpp&se the movement of a given vendor on the
wheel is being monitored. Using the proposed allyorj in the first 21 days after generation of
the wheel, the vendor receives a number from esmlpgf numbers explained in the design
document exactly once, getting these numbers dereift days of the week. This process is
shown in Figure 7.

Group  |Mon Tue Wed Thu Fri
112 il

13-24 1

25-36 1

37-48 il

49-60 1

61-72 1
73-84 1

85-96 1
97-108 1

109-120 1

121-132 1l

133-144 1

145-156 1

157-168 al

169-180 1

181-192 1
193-204 il

205-216 il

217-228 1
229-240 gl

241-252 1

Figure 7: Distribution of Draft Numbers after Month 1.

month 1

As the vendor continues to visit the numbers gerdrhy the wheel through the next month, he
will visit different numbers from the same grougsiambers, however this month he receives
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these numbers on the weekday immediately aftertwimécgot a number from the same value the
previous month. For example, if he received a nurbbéveen 13 to 24 on a Tuesday in the first
month, in the second month he receives another aubdiween 13 to 24 on a Wednesday. At
the end of the second month he will have completsiting the second set of numbers, but not
received any 2 numbers belonging to the same tevéhe same weekday. Figure 8 shows the
distribution of draft numbers at the end of month 2

Group  |Mon Tue Wed Thu Fri
1-12 1 1
13-24 1 1
25-36 1 1
37-48 1 1
49-60 1 1
61-72 1 1
73-84 1 1
85-96 1 1
~ 97-108 1 1
g 109-120 1 1
‘E’ 121-132 1 1
133-144 1 1
145-156 1 1
157-168 1 1
169-180 1 1
181-192 1 1
193-204 1 1
205-216 1 1
217-228 1 1
229-240 1 1
241-252 1 1

Figure 8: Distribution of Draft Numbers after Month 2.

This process continues through the next three nsoetrery month giving the vendor exactly
one number from each level and never providingitimaber on a day previously given for that
draft level. At the end of month 5, equal to 105kirng days, the vendor will have received
numbers from all levels on all five working daystbé week, exactly once. This is shown below
in Figure 9.

Group |Mon Tue Wed Thu Fri
1-12
13-24
25-36
37-48
49-60
61-72
73-84
85-96
97-108
109-120
121-132
133-144
145-156
157-168
169-180
181-192
193-204
205-216
217-228
229-240
241-252

month 5
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Figure 9: Distribution of Draft Numbers after Month 5.




The fairness cycle thus finishes at the end of méme, or 105 days, after which a new wheel
would need to be generated.

In addition, because the mechanics of the wheerkitign means all vendors are visiting the
same numbers on the wheel at different times, angled with the fact that there are only 21
levels of numbers, once the 105 day cycle is coteglall vendors will have been exposed to
the same behavior from the wheel regardless of ghaiting position on the wheel,. The
proposed algorithm therefore offers perfect faisnesproviding chances to receive equally
valued draft numbers to all vendors given a cyeigth of 105 days.

2.3. Simulation

In order to further illustrate the practical outauwf the proposed algorithm, our team performed
a simulation. Through this simulation, 17 vendeese placed on the wheel, and were assumed
to input the popular preference choices identifledugh data analysis. After receiving the draft
numbers and depending on the availability of tleations given the number of vendors ahead of
each vendor every day, a similar analysis to whe @escribed in section 1 was performed to
display the frequency of receiving first, second #rird preferences by the 17 vendors.

The results indicated that, at all times, thereldidne a difference of no more than one in the
number of times different vendors received thestfj second and third preferences. Figure 10
displays the frequency of receiving the first thpeeferences over five months for a sample of
17 vendors.

Positive PReference Assignments

Figure 10: FTLADS Assignment Distributions

2.4. Comparison with the current system

In summary, through validation and simulation, veendnstrated that the proposed system is
mathematically guaranteed to give equitable assagtsmafter 5 months in the worst case
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scenario; that is if all vendors always asked fiersame assignments. The proposed system may,
however, provide equitable assignments sooner,|dlvemdors have different rankings for
locations. Perhaps even more impressively, wieidemt data on current system behavior
indicated a lack of fairness after 8 months, theusated results suggest perfect fairness is
achievable after 5 months using the proposed FTLAQSrithm.
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