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Introduction/Problem Overview

Our group has decided to visit a large number of the major cities in the continental United
States. We have pre-determined the 36 cities which we will be visiting: New York City, NY;
Niagara Falls, NY; Boston, MA; Washington, DC; Baltimore, MD; Atlanta, GA; Philadelphia, PA,
Charlotte, NC; Greensboro, NC; Orlando, FL; Chicago, IL; St. Louis, MO; Madison, WI;
Minnesota, MN; Nashville, TN; Oklahoma City, OK; San Antonio, TX; Detroit, Ml; New Orleans,
LA, Dallas, TX; Phoenix, AZ; Salt Lake City, UT; Denver, CO; Boulder, CO; Flagstaff, AZ;
Sedona, AZ; Albuquerque, NM; Yellowstone, WY; San Francisco, CA; Las Vegas, NV; Portland,
OR; Seattle, WA; Los Angeles, CA; Reno, NV; San Diego, CA; and Spokane, WA. All four of us
will start from Pittsburgh, and depart in different directions to make sure we visit every city. In
each city, there are different landmarks and attractions that we want to see (appendix A). Once
all of the attractions have been visited, we consider the city to be visited, and move on to the next
city. Each city will be visited exactly once, so only one person will visit each city. Lastly, we
want to minimize the total time needed to visit all of the cities and have everyone return to

Pittsburgh.



Details

Time Constraints:

As stated before, we have 36 cities we want to visit. At each city, we have a number of
attractions and landmarks to see before we can leave. Each of these attractions require a
certain amount of time, thus each city requires a different amount of time needed to visit. There
are 12 hours available for each day, and a person is either traveling to or visiting a city on each
day; they are not permitted a combination of the two. For example, if a person spends 6 hours
traveling to a city, they cannot spend the remainder of the available time visiting landmarks. This
way, our model iterates each timestep as one day. Finally, if traveling between cities requires

more than one day, we assume that the person finds a hotel at the end of the 12 hour period.

Visiting Cities:
Since we are visiting multiple locations in each city, we must solve a simple network for
each city. For each of the cities, we used the traveling salesperson algorithm to generate

optimal solutions for visiting all of the landmarks in the minimum amount of time. (appendix D)

Other Assumptions:

First and foremost, we are not taking the total cost of the trip into consideration. In this
problem, we focus on time, and assume that each person budgets enough money to
successfully complete their portion of the trip. Also, we are assuming a constant travel speed of
60 miles per hour, and not explicitly accounting for other complicating factors, such as heavy

traffic or bad weather. However, given our time constraints (not always using all 12 hours each



day), that extra time can be used to account for any traveling complications one could

experience.

The Model:

The multi person traveling salesperson problem is a variant of the traveling salesperson
problem. This section will discuss the basic solutions to the one person traveling salesperson
problem and we will utilize these techniques to formulate solutions to the multi person traveling
salesperson problem. The traveling salesperson problem can be formulated as an assignment

based integer linear programming problem with the following criteria:



Graph G = (V, E) where |[V| = n and each edge (¢,7) € E has an associated cost ¢; ;. We define a
binary value z; ; for each edge (i,7) € E where x;; s 1 if the edge (i, 7) is in the path.

Objective:

min Y e @i
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Constraints:

Exactly 1 salespersons is leaving the starting city.
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Exactly 1 salespersons is returning to the starting city.
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Exactly one salesperson is entering a city.
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Exactly one salesperson is leaving a city.
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Let S be any collection of cities that is not the entire set of cities, and let T denote the rest
of the cities. To remove subtours through 5, we add the condition that the sum of the variables
corresponding to the edges from S to T must be at least 2.

Z[I:‘:j :Exactly lofiand j € §) = 2

NP-Hardness:

The traveling salesperson problem is NP-Hard because it can be reduced in polynomial
time to the Hamiltonian cycle problem which is proven to be NP-Complete and verifying solutions
can also be done in polynomial time. Because this problem is NP-Hard, finding an optimal
solution is very difficult and many optimization techniques can be applied to reduce the

computation cost each with respective trade offs.



Solutions

Brute Force:

Given a graph G(V,E), a simple brute force approach can be categorized using the following

pseudocode below which just computes all possible paths. This algorithm runs in O(n!) time.

def TSP(G):
best perm = None
min cost = Infinity

for each permutation of V(G):
tmp = cost (permutation)
if (tmp < min cost)
best perm = permutation
min cost = tmp

return (best perm, min cost)

Branch & Bound:

A better approach compared to checking all possible paths is to prune off paths that have a
higher cost than what we have currently seen. An added benefit of this algorithm is that it is

easily parallelizable and has a faster asymptotic run time of O(2*n).

def find paths(node, cities, path, distance):

#add the current city

path.append (node)

if len(path) > 1:
# index -2 because we just added index -1
distance += cities[path[-2]] [node]

# stop exploring if what we have so far is not optimal

if distance > min distance:

return



if (len(cities) == len(path)) and
(cities[path[-1]].contains (path[0])) :

path.append (path[0])
distance += cities[path[-2]][path[0]]
if distance < min distance:
min distance = distance

min path = path

return
for city in cities:

if (city not in path) and (cities[city].contains (node)):

find paths(city, dict(cities), list(path), distance)



Multi Traveling Salesperson Solution Attempts

In this section, we apply a few techniques that were not explored in the one person
traveling salesperson problem. Similar to the one person traveling salesperson problem, we can
formulate the multi person traveling salesperson problem as an assignment based integer linear

programming problem:

Graph G = (V, E) where |V| =n and each edge (i,j) € E has an associated cost ¢; ;. We define a
binary value z; ; for each edge (i,7) € E where z; ; is 1 if the edge (i, 7) is in the path.

Objective:
min Z Ci T,
(L5 E

Constraints:

Exactly m salespersons is leaving the starting city.
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Exactly m salespersons is returning to the starting city.
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Exactly one salesperson is entering a city.
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Exactly one salesperson is leaving a city.
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Let & be any collection of cities that is not the entire set of cities, and let T denote the rest
of the cities. To remove subtours through 5, we add the condition that the sum of the variables
corresponding to the edges from S to T must be at least 2.

Z[:E;':J' :Exactly lofiand j € 5) > 2



Greedy Algorithm:

What we have discussed in the previous section are exact algorithms, algorithms that will return
the optimal solution exactly; however, there is a class of algorithms that are approximate.
Approximate algorithms will not necessarily return the optimal solution, but as the name
suggests, an approximation, and usually can do so with a significantly faster asymptotic run time
complexity. The greedy algorithm is an example of such approximate algorithms where each
traveling salesperson simply travels to the closest point from it at each time step. The greedy
algorithm for the multiple traveling salesperson runs in O(n*2) which is a polynomial time

algorithm.

def find paths():
routes = []
for each ith salesperson:
routes.append([ith closest city])
cities = cities - [ith closest city]

for each ith path:

curr city = routes[i][-1]
routes[i] [-1] .append(closest city to curr)
cities = cities - [closest city to curr]

The greedy algorithm does not return an exact solution but it can be used to approximate
solutions, in particular it can be used as a starting minimum cost for branch and bound

algorithms.

Swapping Algorithm:

Another approximation algorithm is the swapping algorithm where you continually swap 2

random edges until you have a more optimal solution. This in practice yields a better solution

10



than the previously mentioned greedy algorithm and also avoids the combinatorial overhead of
calculating all possible solutions in an exact algorithm. The swapping algorithm could potentially
yield an exact optimal solution but since the edges you choose are random, it could also

potentially take longer to find the exact optimal solution.

def swap(T): #T = some starting tour
changed = False

do:
T' = swapEdges (T)
if cost(T') < cost(T)
T =T"'

changed = True
while !changed
return T

11



Results

In summary, there exist a handful of methods for solving the stated problem. Our analysis
emphasized the advantages and disadvantages of using a particular model to solve the research
problem. Specifically, we observe a tradeoff between speed and accuracy. In order to arrive at
an optimal solution, we consider both exact and approximation algorithms. Approximation
algorithms such as the greedy and swapping algorithms terminate at a non-optimal solution, but

they are significantly more efficient. We can demonstrate this tradeoff with a simplified example:

A/Z//;%QF*\\L

| N
>

Consider 4 people denoted by a, B, y, and 8. With an initial state of city A, we can use the TSP

algorithm to get an optimal solution as seen below:

a: A->B (5)

12



B:A->D(7),D->C(1),C->E (2)
y:A->F (9)
0:A->G(9)

The time it takes to visit all nodes is the time of the longest path, which is 3 at 10 time steps.

Now, we can use the Greedy algorithm and compare to the result of the previous algorithm.

a: A->B (5)
B:A->C (6),C->F (3)
y:A->D(7),D->G(6)
o:A->E (8)

The time it takes to visit all nodes is the time of the longest path which is y at 13 time steps.

This simulation demonstrates that while the (multi-person) TSP results in a better solution, the
greedy algorithm is only 30% worse. This loss in solution optimality is generally prefered as the
number of cities and number of participants increase, since time complexity of the (multi-person)

TSP is much longer than that of the greedy algorithm.
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Solution:

Note: parentheses denote (# miles traveled, # days elapsed)

Person A:

Pittsburgh (0, 0) -> Niagara Falls (238, 2) -> Boston (646, 4) -> New York City (836, 6)->
Philadelphia (917, 8) -> Nashville (1600, 10) -> Dallas (2216, 12) -> Sedona (3086, 16) ->
Phoenix (3186, 19) -> San Diego (3485, 22) -> San Francisco (3943, 24) -> Pittsburgh (6518,
28)

Person B:

Pittsburgh (0, 0) -> Washington, D.C (238, 2) -> Charlotte (568, 5) -> Orlando (1031, 11) -> New
Orleans (1564, 13) -> San Antonio (2071, 16) -> Albuquerque (2686, 18) -> Salt Lake City (3171,
21) -> Portland (3806, 23) -> Pittsburgh (6373, 27)

Person C:

Pittsburgh (0, 0) -> Baltimore (240, 3) -> Greensboro (522, 5) -> Atlanta (828, 8) -> St. Louis
(1295, 11) -> Oklahoma City (1754, 13) -> Denver (2258, 16) -> Flagstaff (2739, 19) -> Las
Vegas (2947, 21) -> Los Angeles (3172, 24) -> Pittsburgh (5599, 28)

Person D:

Pittsburgh (0, 0) -> Detroit (286, 2) -> Chicago (525, 6) -> Madison (647, 9) -> Minneapolis
(1008, 11) -> Boulder (1712, 14) -> Yellowstone (2120, 17) -> Spokane (2516, 19) -> Seattle

(2744, 22) -> Reno (3316, 25) -> Pittsburgh (5674, 29)

14



Conclusion

In conclusion, it took 29 days to visit all of the required locations. Collectively, the group traveled
24,164 miles, or 6,041 miles per person. As seen in our analysis, a combination of fundamental
linear programming algorithms can be applied to solve more complex problems. Our work also
demonstrates the need to consider practical trade offs when choosing a model, such as time
and precision. In the future, we may consider adding more constraints and possibly minimizing
cost or allowing for complex modes of transportation. Our model serves as a foundation that

could be expanded in many direction to provide a great deal of practical use.
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Appendix A: Cities, their respective attractions, time spent in

each one

Eastern
1. New York City, NY - 1 day
a. Times Square
b. Central Park
c. Grand Central Station
d. South Street Pier
2. Niagara Falls, NY - 1 day
a. Goat Island
b. Maid of the Mist
c. Prospect Point
3. Boston, MA - 1 day
a. Museum of Fine Arts
b. Freedom Trail
c. USS Constitution
4. Washington, DC - 1 day
a. White House
b. National Mall
c. Smithsonian National Zoological Park
5. Baltimore, MD - 2 days
a. National Aquarium
b. Fort McHenry
c. Maryland Science Center
6. Atlanta, GA - 2 days
a. Six Flags Over Georgia
b. World of Coca-Cola
c. Centennial Olympic Park
7. Philadelphia, PA - 1 day
a. Philadelphia Museum of Art
b. Liberty Bell
c. Independence Hall
8. Charlotte, NC - 2 days
a. NASCAR Hall of Fame
b. U.S. National Whitewater Center
c. Carolinas Aviation Museum
9. Greensboro, NC - 1 day
a. Hagan Stone Park

16



b. Blandwood Mansion and Gardens
10. Orlando, FL - 5 days
a. Epcot
Magic Kingdom
Animal Kingdom
Hollywood Studios
DisneyQuest

©®ao0 o

Central

11. Chicago, IL - 3 days
a. Navy Pier

b. Willis Tower

c. China Town

d. Magnificent Mile - Michigan Ave

e. Botanical Gardens

f. Art Museum

g. Giordanos

h. Museum of Science and Industry
t. Louis, MO - 2 days

a

12. S
. Gateway Arch
b. Six Flags
c. The Zoo

d. Forest Park
13. Madison, WI - 2 days
a. State Capitol
b. Cascade Mountain Ski & Snowboard Area
c. Ehlenbach's Cheese Chalet Inc
14. Minneapolis, MN - 1 day
a. Mall of America
15. Nashville, TN - 1 day
a. Country Music Hall of Fame
b. BrigdeStone Arena
c. Parthenon
16. Oklahoma City, OK - 1 day
a. White Water Bay
b. OK City National Memorial
c. Newcastle Casino
17. San Antonio, TX - 2 days
a. The River Walk
b. Seaworld
c. Alamo Museum
18. Detroit, Ml - 1 day
a. Palace of Auburn Hills

17



b. Ford Museum
c. Greek Town
19. New Orleans, LA - 1 day
a. Bourbon Street
b. Villalobos Pit Bull Rescue Center
20. Dallas, TX - 1 day
a. Sixth Floor Museum
b. Dallas Children’s Theater
c. Medieval Times Dinner & Tournament

Mountain
21. Phoenix, AZ - 2 days
a. Musical Instruments Museum
b. Hot Air Balloon
c. Desert Botanical Garden
d. Heard Museum
22. Salt Lake City, UT - 2 days
Clark Museum
Family History Library
Mormon Tabernacle Choir
Natural History Museum of Utah
e. FamilySearch Center
23. Denver, CO - 2 days
a. Mount Evans
b. Denver Museum of Nature and Science
c. Denver Botanic Gardens

aoop

d. Coors Field
24. Boulder, CO - 2 days
a. Flatirons

b. Chautauqua
c. Eldorado Canyon
d. Flagstaff Mountain
25. Flagstaff, AZ - 2 days
a. Hitchin Post Stables
b. Coconino National Forest
c. Wupatki National Monument
d. Museum of Northern Arizona
26. Sedona, AZ - 2 days
a. Cathedral Rock
b. Oak Creek Canyon
c. Broken Arrow Trail
d. Bell Rock
27. Albuquerque, NM - 1 day

18



a. Sandia Peak Tramway
b. Indian Pueblo Cultural Center
c. Rio Grande Zoo
28. Yellowstone, WY - 2 days
a. Geyser
b. Hayden Valley
c. Mammoth Hot Springs
d. lamar Valley

Pacific
29. San Francisco, CA - 1 day
a. Union Square
b. Golden State Park
c. Dolores Park
d. Twin Peaks
30. Las Vegas, NV - 1 day
a. Fremont Street
b. Adventuredome
c. Red Rock Canyon
d. Las Vegas Motor Speedway
31. Portland, OR - 1 day
a. Oregon Zoo
b. Star Theater
c. Portland Japanese Garden
d. Crystal Ballroom
32. Seattle, WA - 2 days
a. Space Needle
b. Seattle Aquarium
c. Safeco Field
d. Seattle Art Musuem
33. Los Angeles, CA - 2 days
a. LACMA
b. Hollywood
c. Beverly Hills
d. Venice Beach
34. Reno, NV - 2 days
a. Lake Tahoe
b. Hidden Valley
c. Squaw Valley
d. Fallen Leaf Lake
35. San Diego, CA - 2 days
a. San Diego Zoo
b. Balboa Park

19



c. Petco Park

d.

SeaWorld San Diego

36. Spokane, WA - 1 day

a.

b.
C.
d.

Riverfront Park
Spokane Civic Theater
Spokane Falls

Avista Stadium
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Appendix B: Distances between all cities

Pittsburgh, PA -> New York City, NY | 370
Pittsburgh, PA -> Niagara Falls, NY | 238
Pittsburgh, PA -> Boston, MA | 572
Pittsburgh, PA -> Washington, DC | 238
Pittsburgh, PA -> Baltimore, MD | 240
Pittsburgh, PA -> Atlanta, GA | 685
Pittsburgh, PA -> Philadelphia, PA | 297
Pittsburgh, PA -> Charlotte, NC | 448
Pittsburgh, PA -> Greensboro, NC | 428
Pittsburgh, PA -> Orlando, FL | 971
Pittsburgh, PA -> Chicago, IL | 461
Pittsburgh, PA -> St. Louis, MO | 602
Pittsburgh, PA -> Madison, WI | 607
Pittsburgh, PA -> Minneapolis, MN | 868
Pittsburgh, PA -> Nashville, TN | 561
Pittsburgh, PA -> Oklahoma City, OK | 1100
Pittsburgh, PA -> San Antonio, TX | 1497
Pittsburgh, PA -> Detroit, MI | 286
Pittsburgh, PA -> New Orleans, LA | 1093
Pittsburgh, PA -> Dallas, TX | 1222
Pittsburgh, PA -> Phoenix, AZ | 2058
Pittsburgh, PA -> Salt Lake City, UT | 1845
Pittsburgh, PA -> Denver, CO | 1450
Pittsburgh, PA -> Boulder, CO | 1465
Pittsburgh, PA -> Flagstaff, AZ | 1962
Pittsburgh, PA -> Sedona, AZ | 1990
Pittsburgh, PA -> Albuquerque, NM | 1639
Pittsburgh, PA -> Yellowstone, WY | 1876
Pittsburgh, PA -> San Francisco, CA | 2575
Pittsburgh, PA -> Las Vegas, NV | 2199
Pittsburgh, PA -> Portland, OR | 2567
Pittsburgh, PA -> Seattle, WA | 2523
Pittsburgh, PA -> Los Angeles, CA | 2427
Pittsburgh, PA -> Reno, NV | 2358
Pittsburgh, PA -> San Diego, CA | 2411
Pittsburgh, PA -> Spokane, WA | 2245
New York City, NY -> Niagara Falls, NY | 307
New York City, NY -> Boston, MA | 190
New York City, NY -> Washington, DC | 204
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New York City, NY -> Baltimore, MD | 169
New York City, NY -> Atlanta, GA | 746

New York City, NY -> Philadelphia, PA | 81
New York City, NY -> Charlotte, NC | 531
New York City, NY -> Greensboro, NC | 448
New York City, NY -> Orlando, FL | 939

New York City, NY -> Chicago, IL | 711

New York City, NY -> St. Louis, MO | 872
New York City, NY -> Madison, WI | 807

New York City, NY -> Minneapolis, MN | 1109
New York City, NY -> Nashville, TN | 759
New York City, NY -> Oklahoma City, OK | 1324
New York City, NY -> San Antonio, TX | 1581
New York City, NY -> Detroit, M| | 481

New York City, NY -> New Orleans, LA | 1168
New York City, NY -> Dallas, TX | 1371

New York City, NY -> Phoenix, AZ | 2140
New York City, NY -> Salt Lake City, UT | 1968
New York City, NY -> Denver, CO | 1627
New York City, NY -> Boulder, CO | 1638
New York City, NY -> Flagstaff, AZ | 2069
New York City, NY -> Sedona, AZ | 2084

New York City, NY -> Albuquerque, NM | 1808
New York City, NY -> Yellowstone, WY | 1863
New York City, NY -> San Francisco, CA | 2566
New York City, NY -> Las Vegas, NV | 2231
New York City, NY -> Portland, OR | 2439
New York City, NY -> Seattle, WA | 2402

New York City, NY -> Los Angeles, CA | 2446
New York City, NY -> Reno, NV | 2394

New York City, NY -> San Diego, CA | 2428
New York City, NY -> Spokane, WA | 2174
Niagara Falls, NY -> Boston, MA | 408
Niagara Falls, NY -> Washington, DC | 308
Niagara Falls, NY -> Baltimore, MD | 292
Niagara Falls, NY -> Atlanta, GA | 707
Niagara Falls, NY -> Philadelphia, PA | 295
Niagara Falls, NY -> Charlotte, NC | 552
Niagara Falls, NY -> Greensboro, NC | 487
Niagara Falls, NY -> Orlando, FL | 1014
Niagara Falls, NY -> Chicago, IL | 446
Niagara Falls, NY -> St. Louis, MO | 659
Niagara Falls, NY -> Madison, WI | 523
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Niagara Falls, NY -> Minneapolis, MN | 804
Niagara Falls, NY -> Nashville, TN | 631
Niagara Falls, NY -> Oklahoma City, OK | 1117
Niagara Falls, NY -> San Antonio, TX | 1431
Niagara Falls, NY -> Detroit, Ml | 210
Niagara Falls, NY -> New Orleans, LA | 1093
Niagara Falls, NY -> Dallas, TX | 1198
Niagara Falls, NY -> Phoenix, AZ | 1897
Niagara Falls, NY -> Salt Lake City, UT | 1686
Niagara Falls, NY -> Denver, CO | 1359
Niagara Falls, NY -> Boulder, CO | 1367
Niagara Falls, NY -> Flagstaff, AZ | 1817
Niagara Falls, NY -> Sedona, AZ | 1834
Niagara Falls, NY -> Albuquerque, NM | 1569
Niagara Falls, NY -> Yellowstone, WY | 1567
Niagara Falls, NY -> San Francisco, CA | 2285
Niagara Falls, NY -> Las Vegas, NV | 1967
Niagara Falls, NY -> Portland, OR | 2137
Niagara Falls, NY -> Seattle, WA | 2097
Niagara Falls, NY -> Los Angeles, CA | 2186
Niagara Falls, NY -> Reno, NV | 2109
Niagara Falls, NY -> San Diego, CA | 2177
Niagara Falls, NY -> Spokane, WA | 1870
Boston, MA -> Washington, DC | 394
Boston, MA -> Baltimore, MD | 359

Boston, MA -> Atlanta, GA | 936

Boston, MA -> Philadelphia, PA | 271
Boston, MA -> Charlotte, NC | 720

Boston, MA -> Greensboro, NC | 637
Boston, MA -> Orlando, FL | 1116

Boston, MA -> Chicago, IL | 849

Boston, MA -> St. Louis, MO | 1036

Boston, MA -> Madison, WI | 931

Boston, MA -> Minneapolis, MN | 1197
Boston, MA -> Nashville, TN | 942

Boston, MA -> Oklahoma City, OK | 1493
Boston, MA -> San Antonio, TX | 1765
Boston, MA -> Detroit, MI | 612

Boston, MA -> New Orleans, LA | 1358
Boston, MA -> Dallas, TX | 1549

Boston, MA -> Phoenix, AZ | 2295

Boston, MA -> Salt Lake City, UT | 2093
Boston, MA -> Denver, CO | 1765
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Boston, MA -> Boulder, CO | 1774

Boston, MA -> Flagstaff, AZ | 2219

Boston, MA -> Sedona, AZ | 2235

Boston, MA -> Albuquerque, NM | 1965
Boston, MA -> Yellowstone, WY | 1970
Boston, MA -> San Francisco, CA | 2693
Boston, MA -> Las Vegas, NV | 2373
Boston, MA -> Portland, OR | 2533

Boston, MA -> Seattle, WA | 2486

Boston, MA -> Los Angeles, CA | 2591
Boston, MA -> Reno, NV | 2517

Boston, MA -> San Diego, CA | 2579
Boston, MA -> Spokane, WA | 2260
Washington, DC -> Baltimore, MD | 35
Washington, DC -> Atlanta, GA | 542
Washington, DC -> Philadelphia, PA | 123
Washington, DC -> Charlotte, NC | 330
Washington, DC -> Greensboro, NC | 247
Washington, DC -> Orlando, FL | 758
Washington, DC -> Chicago, IL | 594
Washington, DC -> St. Louis, MO | 709
Washington, DC -> Madison, WI | 705
Washington, DC -> Minneapolis, MN | 1042
Washington, DC -> Nashville, TN | 566
Washington, DC -> Oklahoma City, OK | 1149
Washington, DC -> San Antonio, TX | 1386
Washington, DC -> Detroit, M| | 394
Washington, DC -> New Orleans, LA | 965
Washington, DC -> Dallas, TX | 1182
Washington, DC -> Phoenix, AZ | 1976
Washington, DC -> Salt Lake City, UT | 1842
Washington, DC -> Denver, CO | 1489
Washington, DC -> Boulder, CO | 1502
Washington, DC -> Flagstaff, AZ | 1914
Washington, DC -> Sedona, AZ | 1927
Washington, DC -> Albuquerque, NM | 1646
Washington, DC -> Yellowstone, WY | 1760
Washington, DC -> San Francisco, CA | 2435
Washington, DC -> Las Vegas, NV | 2084
Washington, DC -> Portland, OR | 2347
Washington, DC -> Seattle, WA | 2322
Washington, DC -> Los Angeles, CA | 2294
Washington, DC -> Reno, NV | 2268
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Washington, DC -> San Diego, CA | 2270
Washington, DC -> Spokane, WA | 2093
Baltimore, MD -> Atlanta, GA | 577
Baltimore, MD -> Philadelphia, PA | 90
Baltimore, MD -> Charlotte, NC | 365
Baltimore, MD -> Greensboro, NC | 282
Baltimore, MD -> Orlando, FL | 791
Baltimore, MD -> Chicago, IL | 605
Baltimore, MD -> St. Louis, MO | 731
Baltimore, MD -> Madison, WI | 714
Baltimore, MD -> Minneapolis, MN | 1044
Baltimore, MD -> Nashville, TN | 596
Baltimore, MD -> Oklahoma City, OK | 1175
Baltimore, MD -> San Antonio, TX | 1417
Baltimore, MD -> Detroit, M| | 396
Baltimore, MD -> New Orleans, LA | 999
Baltimore, MD -> Dallas, TX | 1211
Baltimore, MD -> Phoenix, AZ | 2000
Baltimore, MD -> Salt Lake City, UT | 1857
Baltimore, MD -> Denver, CO | 1506
Baltimore, MD -> Boulder, CO | 1519
Baltimore, MD -> Flagstaff, AZ | 1935
Baltimore, MD -> Sedona, AZ | 1949
Baltimore, MD -> Albuquerque, NM | 1668
Baltimore, MD -> Yellowstone, WY | 1771
Baltimore, MD -> San Francisco, CA | 2451
Baltimore, MD -> Las Vegas, NV | 2103
Baltimore, MD -> Portland, OR | 2356
Baltimore, MD -> Seattle, WA | 2328
Baltimore, MD -> Los Angeles, CA | 2315
Baltimore, MD -> Reno, NV | 2284
Baltimore, MD -> San Diego, CA | 2292
Baltimore, MD -> Spokane, WA | 2100
Atlanta, GA -> Philadelphia, PA | 666
Atlanta, GA -> Charlotte, NC | 226
Atlanta, GA -> Greensboro, NC | 306
Atlanta, GA -> Orlando, FL | 402

Atlanta, GA -> Chicago, IL | 589

Atlanta, GA -> St. Louis, MO | 467
Atlanta, GA -> Madison, WI | 699

Atlanta, GA -> Minneapolis, MN | 1046
Atlanta, GA -> Nashville, TN | 215
Atlanta, GA -> Oklahoma City, OK | 755
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Atlanta, GA -> San Antonio, TX | 881
Atlanta, GA -> Detroit, MI | 597

Atlanta, GA -> New Orleans, LA | 424
Atlanta, GA -> Dallas, TX | 720

Atlanta, GA -> Phoenix, AZ | 1589

Atlanta, GA -> Salt Lake City, UT | 1581
Atlanta, GA -> Denver, CO | 1210

Atlanta, GA -> Boulder, CO | 1229

Atlanta, GA -> Flagstaff, AZ | 1551

Atlanta, GA -> Sedona, AZ | 1559

Atlanta, GA -> Albuquerque, NM | 1267
Atlanta, GA -> Yellowstone, WY | 1577
Atlanta, GA -> San Francisco, CA | 2136
Atlanta, GA -> Las Vegas, NV | 1744
Atlanta, GA -> Portland, OR | 2169

Atlanta, GA -> Seattle, WA | 2178

Atlanta, GA -> Los Angeles, CA | 1933
Atlanta, GA -> Reno, NV | 1991

Atlanta, GA -> San Diego, CA | 1887
Atlanta, GA -> Spokane, WA | 1958
Philadelphia, PA -> Charlotte, NC | 451
Philadelphia, PA -> Greensboro, NC | 368
Philadelphia, PA -> Orlando, FL | 864
Philadelphia, PA -> Chicago, IL | 664
Philadelphia, PA -> St. Louis, MO | 808
Philadelphia, PA -> Madison, WI | 766
Philadelphia, PA -> Minneapolis, MN | 1083
Philadelphia, PA -> Nashville, TN | 683
Philadelphia, PA -> Oklahoma City, OK | 1257
Philadelphia, PA -> San Antonio, TX | 1505
Philadelphia, PA -> Detroit, M| | 442
Philadelphia, PA -> New Orleans, LA | 1088
Philadelphia, PA -> Dallas, TX | 1298
Philadelphia, PA -> Phoenix, AZ | 2078
Philadelphia, PA -> Salt Lake City, UT | 1920
Philadelphia, PA -> Denver, CO | 1575
Philadelphia, PA -> Boulder, CO | 1586
Philadelphia, PA -> Flagstaff, AZ | 2010
Philadelphia, PA -> Sedona, AZ | 2024
Philadelphia, PA -> Albuquerque, NM | 1746
Philadelphia, PA -> Yellowstone, WY | 1825
Philadelphia, PA -> San Francisco, CA | 2519
Philadelphia, PA -> Las Vegas, NV | 2175
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Philadelphia, PA -> Portland, OR | 2406
Philadelphia, PA -> Seattle, WA | 2373
Philadelphia, PA -> Los Angeles, CA | 2388
Philadelphia, PA -> Reno, NV | 2347
Philadelphia, PA -> San Diego, CA | 2368
Philadelphia, PA -> Spokane, WA | 2145
Charlotte, NC -> Greensboro, NC | 83
Charlotte, NC -> Orlando, FL | 463
Charlotte, NC -> Chicago, IL | 587
Charlotte, NC -> St. Louis, MO | 567
Charlotte, NC -> Madison, WI | 709
Charlotte, NC -> Minneapolis, MN | 1071
Charlotte, NC -> Nashville, TN | 340
Charlotte, NC -> Oklahoma City, OK | 939
Charlotte, NC -> San Antonio, TX | 1104
Charlotte, NC -> Detroit, MI | 505
Charlotte, NC -> New Orleans, LA | 649
Charlotte, NC -> Dallas, TX | 928
Charlotte, NC -> Phoenix, AZ | 1779
Charlotte, NC -> Salt Lake City, UT | 1724
Charlotte, NC -> Denver, CO | 1355
Charlotte, NC -> Boulder, CO | 1372
Charlotte, NC -> Flagstaff, AZ | 1731
Charlotte, NC -> Sedona, AZ | 1742
Charlotte, NC -> Albuquerque, NM | 1451
Charlotte, NC -> Yellowstone, WY | 1690
Charlotte, NC -> San Francisco, CA | 2294
Charlotte, NC -> Las Vegas, NV | 1918
Charlotte, NC -> Portland, OR | 2285
Charlotte, NC -> Seattle, WA | 2281
Charlotte, NC -> Los Angeles, CA | 2115
Charlotte, NC -> Reno, NV | 2143
Charlotte, NC -> San Diego, CA | 2077
Charlotte, NC -> Spokane, WA | 2056
Greensboro, NC -> Orlando, FL | 529
Greensboro, NC -> Chicago, IL | 581
Greensboro, NC -> St. Louis, MO | 598
Greensboro, NC -> Madison, WI | 703
Greensboro, NC -> Minneapolis, MN | 1063
Greensboro, NC -> Nashville, TN | 390
Greensboro, NC -> Oklahoma City, OK | 993
Greensboro, NC -> San Antonio, TX | 1177
Greensboro, NC -> Detroit, MI | 466



Greensboro, NC -> New Orleans, LA | 730
Greensboro, NC -> Dallas, TX | 994
Greensboro, NC -> Phoenix, AZ | 1833
Greensboro, NC -> Salt Lake City, UT | 1757
Greensboro, NC -> Denver, CO | 1392
Greensboro, NC -> Boulder, CO | 1408
Greensboro, NC -> Flagstaff, AZ | 1781
Greensboro, NC -> Sedona, AZ | 1793
Greensboro, NC -> Albuquerque, NM | 1503
Greensboro, NC -> Yellowstone, WY | 1711
Greensboro, NC -> San Francisco, CA | 2337
Greensboro, NC -> Las Vegas, NV | 1964
Greensboro, NC -> Portland, OR | 2306
Greensboro, NC -> Seattle, WA | 2297
Greensboro, NC -> Los Angeles, CA | 2165
Greensboro, NC -> Reno, NV | 2180
Greensboro, NC -> San Diego, CA | 2130
Greensboro, NC -> Spokane, WA | 2070
Orlando, FL -> Chicago, IL | 986

Orlando, FL -> St. Louis, MO | 861
Orlando, FL -> Madison, WI | 1099
Orlando, FL -> Minneapolis, MN | 1448
Orlando, FL -> Nashville, TN | 614
Orlando, FL -> Oklahoma City, OK | 1058
Orlando, FL -> San Antonio, TX | 1035
Orlando, FL -> Detroit, Ml | 958

Orlando, FL -> New Orleans, LA | 533
Orlando, FL -> Dallas, TX | 961

Orlando, FL -> Phoenix, AZ | 1842
Orlando, FL -> Salt Lake City, UT | 1916
Orlando, FL -> Denver, CO | 1549

Orlando, FL -> Boulder, CO | 1570
Orlando, FL -> Flagstaff, AZ | 1827
Orlando, FL -> Sedona, AZ | 1831

Orlando, FL -> Albuquerque, NM | 1544
Orlando, FL -> Yellowstone, WY | 1942
Orlando, FL -> San Francisco, CA | 2437
Orlando, FL -> Las Vegas, NV | 2030
Orlando, FL -> Portland, OR | 2526
Orlando, FL -> Seattle, WA | 2546

Orlando, FL -> Los Angeles, CA | 2198
Orlando, FL -> Reno, NV | 2308

Orlando, FL -> San Diego, CA | 2137

28



Orlando, FL -> Spokane, WA | 2331
Chicago, IL -> St. Louis, MO | 262
Chicago, IL -> Madison, WI | 122
Chicago, IL -> Minnesota, MN | 483
Chicago, IL -> Nashville, TN | 397
Chicago, IL -> Oklahoma City, OK | 692
Chicago, IL -> San Antonio, TX | 1053
Chicago, IL -> Detroit, Ml | 237

Chicago, IL -> New Orleans, LA | 835
Chicago, IL -> Dallas, TX | 805

Chicago, IL -> Phoenix, AZ | 1452
Chicago, IL -> Salt Lake City, UT | 1257
Chicago, IL -> Denver, CO | 918
Chicago, IL -> Boulder, CO | 928
Chicago, IL -> Flagstaff, AZ | 1372
Chicago, IL -> Sedona, AZ | 1388
Chicago, IL -> Albuquerque, NM | 1125
Chicago, IL -> Yellowstone, WY | 1167
Chicago, IL -> San Francisco, CA | 1855
Chicago, IL -> Las Vegas, NV | 1524
Chicago, IL -> Portland, OR | 1754
Chicago, IL -> Seattle, WA | 1733
Chicago, IL -> Los Angeles, CA | 1742
Chicago, IL -> Reno, NV | 1684
Chicago, IL -> San Diego, CA | 1731
Chicago, IL -> Spokane, WA | 1505

St. Louis, MO -> Madison, WI | 310

St. Louis, MO -> Minneapolis, MN | 604
St. Louis, MO -> Nashville, TN | 253

St. Louis, MO -> Oklahoma City, OK | 459
St. Louis, MO -> San Antonio, TX | 793
St. Louis, MO -> Detroit, Ml | 455

St. Louis, MO -> New Orleans, LA | 599
St. Louis, MO -> Dallas, TX | 548

St. Louis, MO -> Phoenix, AZ | 1270

St. Louis, MO -> Salt Lake City, UT | 1160
St. Louis, MO -> Denver, CO | 795

St. Louis, MO -> Boulder, CO | 810

St. Louis, MO -> Flagstaff, AZ | 1205

St. Louis, MO -> Sedona, AZ | 1219

St. Louis, MO -> Albuquerque, NM | 938
St. Louis, MO -> Yellowstone, WY | 1125
St. Louis, MO -> San Francisco, CA | 1741
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St. Louis, MO -> Las Vegas, NV | 1378

St. Louis, MO -> Portland, OR | 1719

St. Louis, MO -> Seattle, WA | 1720

St. Louis, MO -> Los Angeles, CA | 1586
St. Louis, MO -> Reno, NV | 1582

St. Louis, MO -> San Diego, CA | 1561

St. Louis, MO -> Spokane, WA | 1498
Madison, WI -> Minnesota, MN | 361
Madison, WI -> Nashville, TN | 497
Madison, WI -> Oklahoma City, OK | 681
Madison, WI -> San Antonio, TX | 1069
Madison, WI -> Detroit, MI | 327

Madison, WI -> New Orleans, LA | 907
Madison, WI -> Dallas, TX | 817

Madison, WI -> Phoenix, AZ | 1392
Madison, WI -> Salt Lake City, UT | 1164
Madison, WI -> Denver, CO | 838

Madison, WI -> Boulder, CO | 846
Madison, WI -> Flagstaff, AZ | 1305
Madison, WI -> Sedona, AZ | 1323
Madison, WI -> Albuquerque, NM | 1071
Madison, WI -> Yellowstone, WY | 1059
Madison, WI -> San Francisco, CA | 1763
Madison, WI -> Las Vegas, NV | 1447
Madison, WI -> Portland, OR | 1642
Madison, WI -> Seattle, WA | 1617
Madison, WI -> Los Angeles, CA | 1668
Madison, WI -> Reno, NV | 1589

Madison, WI -> San Diego, CA | 1664
Madison, WI -> Spokane, WA | 1389
Minneapolis, MN -> Nashville, TN | 836
Minneapolis, MN -> Oklahoma City, OK | 792
Minneapolis, MN -> San Antonio, TX | 1213
Minneapolis, MN -> Detroit, Ml | 648
Minneapolis, MN -> New Orleans, LA | 1185
Minneapolis, MN -> Dallas, TX | 970
Minneapolis, MN -> Phoenix, AZ | 1293
Minneapolis, MN -> Salt Lake City, UT | 950
Minneapolis, MN -> Denver, CO | 708
Minneapolis, MN -> Boulder, CO | 704
Minneapolis, MN -> Flagstaff, AZ | 1186
Minneapolis, MN -> Sedona, AZ | 1207
Minneapolis, MN -> Albuquerque, NM | 1013

30



Minneapolis, MN -> Yellowstone, WY | 784
Minneapolis, MN -> San Francisco, CA | 1537
Minneapolis, MN -> Las Vegas, NV | 1284
Minneapolis, MN -> Portland, OR | 1336
Minneapolis, MN -> Seattle, WA | 1293
Minneapolis, MN -> Los Angeles, CA | 1508
Minneapolis, MN -> Reno, NV | 1354
Minneapolis, MN -> San Diego, CA | 1528
Minneapolis, MN -> Spokane, WA | 1066
Nashville, TN -> Oklahoma City, OK | 603
Nashville, TN -> San Antonio, TX | 823
Nashville, TN -> Detroit, MI | 470

Nashville, TN -> New Orleans, LA | 470
Nashville, TN -> Dallas, TX | 616

Nashville, TN -> Phoenix, AZ | 1443
Nashville, TN -> Salt Lake City, UT | 1390
Nashville, TN -> Denver, CO | 1020
Nashville, TN -> Boulder, CO | 1038
Nashville, TN -> Flagstaff, AZ | 1393
Nashville, TN -> Sedona, AZ | 1404
Nashville, TN -> Albuquerque, NM | 1114
Nashville, TN -> Yellowstone, WY | 1372
Nashville, TN -> San Francisco, CA | 1958
Nashville, TN -> Las Vegas, NV | 1578
Nashville, TN -> Portland, OR | 1965
Nashville, TN -> Seattle, WA | 1970
Nashville, TN -> Los Angeles, CA | 1776
Nashville, TN -> Reno, NV | 1807

Nashville, TN -> San Diego, CA | 1740
Nashville, TN -> Spokane, WA | 1749
Oklahoma City, OK -> San Antonio, TX | 421
Oklahoma City, OK -> Detroit, MI | 909
Oklahoma City, OK -> New Orleans, LA | 576
Oklahoma City, OK -> Dallas, TX | 190
Oklahoma City, OK -> Phoenix, AZ | 840
Oklahoma City, OK -> Salt Lake City, UT | 861
Oklahoma City, OK -> Denver, CO | 504
Oklahoma City, OK -> Boulder, CO | 527
Oklahoma City, OK -> Flagstaff, AZ | 796
Oklahoma City, OK -> Sedona, AZ | 805
Oklahoma City, OK -> Albuquerque, NM | 513
Oklahoma City, OK -> Yellowstone, WY | 927
Oklahoma City, OK -> San Francisco, CA | 1386

31



Oklahoma City, OK -> Las Vegas, NV | 989
Oklahoma City, OK -> Portland, OR | 1485
Oklahoma City, OK -> Seattle, WA | 1523
Oklahoma City, OK -> Los Angeles, CA | 1178
Oklahoma City, OK -> Reno, NV | 1251
Oklahoma City, OK -> San Diego, CA | 1138
Oklahoma City, OK -> Spokane, WA | 1323
San Antonio, TX -> Detroit, MI | 1238

San Antonio, TX -> New Orleans, LA | 507
San Antonio, TX -> Dallas, TX | 253

San Antonio, TX -> Phoenix, AZ | 847

San Antonio, TX -> Salt Lake City, UT | 1087
San Antonio, TX -> Denver, CO | 802

San Antonio, TX -> Boulder, CO | 826

San Antonio, TX -> Flagstaff, AZ | 864

San Antonio, TX -> Sedona, AZ | 862

San Antonio, TX -> Albuquerque, NM | 615
San Antonio, TX -> Yellowstone, WY | 1230
San Antonio, TX -> San Francisco, CA | 1487
San Antonio, TX -> Las Vegas, NV | 1072
San Antonio, TX -> Portland, OR | 1719
San Antonio, TX -> Seattle, WA | 1786

San Antonio, TX -> Los Angeles, CA | 1202
San Antonio, TX -> Reno, NV | 1395

San Antonio, TX -> San Diego, CA | 1126
San Antonio, TX -> Spokane, WA | 1614
Detroit, Ml -> New Orleans, LA | 940
Detroit, MI -> Dallas, TX | 999

Detroit, MI -> Phoenix, AZ | 1687

Detroit, MI -> Salt Lake City, UT | 1488
Detroit, MI -> Denver, CO | 1154

Detroit, MI -> Boulder, CO | 1164

Detroit, MI -> Flagstaff, AZ | 1608

Detroit, Ml -> Sedona, AZ | 1625

Detroit, MI -> Albuquerque, NM | 1359
Detroit, MI -> Yellowstone, WY | 1384
Detroit, MI -> San Francisco, CA | 2087
Detroit, MI -> Las Vegas, NV | 1761

Detroit, MI -> Portland, OR | 1964

Detroit, MI -> Seattle, WA | 1933

Detroit, Ml -> Los Angeles, CA | 1979
Detroit, Ml -> Reno, NV | 1914

Detroit, Ml -> San Diego, CA | 1968
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Detroit, MI -> Spokane, WA | 1705

New Orleans, LA -> Dallas, TX | 442

New Orleans, LA -> Phoenix, AZ | 1313
New Orleans, LA -> Salt Lake City, UT | 1433
New Orleans, LA -> Denver, CO | 1080
New Orleans, LA -> Boulder, CO | 1103
New Orleans, LA -> Flagstaff, AZ | 1304
New Orleans, LA -> Sedona, AZ | 1307
New Orleans, LA -> Albuquerque, NM | 1026
New Orleans, LA -> Yellowstone, WY | 1501
New Orleans, LA -> San Francisco, CA | 1922
New Orleans, LA -> Las Vegas, NV | 1510
New Orleans, LA -> Portland, OR | 2060
New Orleans, LA -> Seattle, WA | 2099
New Orleans, LA -> Los Angeles, CA | 1669
New Orleans, LA -> Reno, NV | 1803

New Orleans, LA -> San Diego, CA | 1605
New Orleans, LA -> Spokane, WA | 1897
Dallas, TX -> Phoenix, AZ | 884

Dallas, TX -> Salt Lake City, UT | 999
Dallas, TX -> Denver, CO | 662

Dallas, TX -> Boulder, CO | 686

Dallas, TX -> Flagstaff, AZ | 865

Dallas, TX -> Sedona, AZ | 870

Dallas, TX -> Albuquerque, NM | 585
Dallas, TX -> Yellowstone, WY | 1093
Dallas, TX -> San Francisco, CA | 1481
Dallas, TX -> Las Vegas, NV | 1070

Dallas, TX -> Portland, OR | 1631

Dallas, TX -> Seattle, WA | 1679

Dallas, TX -> Los Angeles, CA | 1238
Dallas, TX -> Reno, NV | 1361

Dallas, TX -> San Diego, CA | 1181

Dallas, TX -> Spokane, WA | 1488

Phoenix, AZ -> Salt Lake City, UT | 505
Phoenix, AZ -> Denver, CO | 586

Phoenix, AZ -> Boulder, CO | 589

Phoenix, AZ -> Flagstaff, AZ | 124

Phoenix, AZ -> Sedona, AZ | 100

Phoenix, AZ -> Albuquerque, NM | 332
Phoenix, AZ -> Yellowstone, WY | 763
Phoenix, AZ -> San Francisco, CA | 653
Phoenix, AZ -> Las Vegas, NV | 255

33



Phoenix, AZ -> Portland, OR | 1006
Phoenix, AZ -> Seattle, WA | 1114
Phoenix, AZ -> Los Angeles, CA | 357
Phoenix, AZ -> Reno, NV | 601

Phoenix, AZ -> San Diego, CA | 299
Phoenix, AZ -> Spokane, WA | 1021

Salt Lake City, UT -> Denver, CO | 371
Salt Lake City, UT -> Boulder, CO | 352
Salt Lake City, UT -> Flagstaff, AZ | 384
Salt Lake City, UT -> Sedona, AZ | 407
Salt Lake City, UT -> Albuquerque, NM | 485
Salt Lake City, UT -> Yellowstone, WY | 262
Salt Lake City, UT -> San Francisco, CA | 599
Salt Lake City, UT -> Las Vegas, NV | 367
Salt Lake City, UT -> Portland, OR | 635
Salt Lake City, UT -> Seattle, WA | 700
Salt Lake City, UT -> Los Angeles, CA | 580
Salt Lake City, UT -> Reno, NV | 427

Salt Lake City, UT -> San Diego, CA | 627
Salt Lake City, UT -> Spokane, WA | 549
Denver, CO -> Boulder, CO | 24

Denver, CO -> Flagstaff, AZ | 481

Denver, CO -> Sedona, AZ | 502

Denver, CO -> Albuquerque, NM | 332
Denver, CO -> Yellowstone, WY | 433
Denver, CO -> San Francisco, CA | 948
Denver, CO -> Las Vegas, NV | 609
Denver, CO -> Portland, OR | 981

Denver, CO -> Seattle, WA | 1020
Denver, CO -> Los Angeles, CA | 830
Denver, CO -> Reno, NV | 788

Denver, CO -> San Diego, CA | 833
Denver, CO -> Spokane, WA | 826
Boulder, CO -> Flagstaff, AZ | 482
Boulder, CO -> Sedona, AZ | 503
Boulder, CO -> Albuquerque, NM | 347
Boulder, CO -> Yellowstone, WY | 408
Boulder, CO -> San Francisco, CA | 934
Boulder, CO -> Las Vegas, NV | 602
Boulder, CO -> Portland, OR | 959
Boulder, CO -> Seattle, WA | 996
Boulder, CO -> Los Angeles, CA | 824
Boulder, CO -> Reno, NV | 772
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Boulder, CO -> San Diego, CA | 830
Boulder, CO -> Spokane, WA | 802
Flagstaff, AZ -> Sedona, AZ | 24

Flagstaff, AZ -> Albuquerque, NM | 284
Flagstaff, AZ -> Yellowstone, WY | 640
Flagstaff, AZ -> San Francisco, CA | 624
Flagstaff, AZ -> Las Vegas, NV | 208
Flagstaff, AZ -> Portland, OR | 918
Flagstaff, AZ -> Seattle, WA | 1018
Flagstaff, AZ -> Los Angeles, CA | 384
Flagstaff, AZ -> Reno, NV | 539

Flagstaff, AZ -> San Diego, CA | 360
Flagstaff, AZ -> Spokane, WA | 911
Sedona, AZ -> Albuquerque, NM | 292
Sedona, AZ -> Yellowstone, WY | 663
Sedona, AZ -> San Francisco, CA | 626
Sedona, AZ -> Las Vegas, NV | 210
Sedona, AZ -> Portland, OR | 933
Sedona, AZ -> Seattle, WA | 1035
Sedona, AZ -> Los Angeles, CA | 374
Sedona, AZ -> Reno, NV | 547

Sedona, AZ -> San Diego, CA | 344
Sedona, AZ -> Spokane, WA | 931
Albuquerque, NM -> Yellowstone, WY | 677
Albuquerque, NM -> San Francisco, CA | 897
Albuquerque, NM -> Las Vegas, NV | 486
Albuquerque, NM -> Portland, OR | 1107
Albuquerque, NM -> Seattle, WA | 1183
Albuquerque, NM -> Los Angeles, CA | 665
Albuquerque, NM -> Reno, NV | 786
Albuquerque, NM -> San Diego, CA | 627
Albuquerque, NM -> Spokane, WA | 1030
Yellowstone, WY -> San Francisco, CA | 767
Yellowstone, WY -> Las Vegas, NV | 623
Yellowstone, WY -> Portland, OR | 595
Yellowstone, WY -> Seattle, WA | 604
Yellowstone, WY -> Los Angeles, CA | 825
Yellowstone, WY -> Reno, NV | 582
Yellowstone, WY -> San Diego, CA | 883
Yellowstone, WY -> Spokane, WA | 396
San Francisco, CA -> Las Vegas, NV | 416
San Francisco, CA -> Portland, OR | 536
San Francisco, CA -> Seattle, WA | 679
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San Francisco, CA -> Los Angeles, CA | 347
San Francisco, CA -> Reno, NV | 186
San Francisco, CA -> San Diego, CA | 458
San Francisco, CA -> Spokane, WA | 728
Las Vegas, NV -> Portland, OR | 759

Las Vegas, NV -> Seattle, WA | 874

Las Vegas, NV -> Los Angeles, CA | 225
Las Vegas, NV -> Reno, NV | 346

Las Vegas, NV -> San Diego, CA | 261
Las Vegas, NV -> Spokane, WA | 806
Portland, OR -> Seattle, WA | 145
Portland, OR -> Los Angeles, CA | 826
Portland, OR -> Reno, NV | 439

Portland, OR -> San Diego, CA | 932
Portland, OR -> Spokane, WA | 290
Seattle, WA -> Los Angeles, CA | 960
Seattle, WA -> Reno, NV | 572

Seattle, WA -> San Diego, CA | 1064
Seattle, WA -> Spokane, WA | 228

Los Angeles, CA -> Reno, NV | 388

Los Angeles, CA -> San Diego, CA | 112
Los Angeles, CA -> Spokane, WA | 941
Reno, NV -> San Diego, CA | 494

Reno, NV -> Spokane, WA | 574

San Diego, CA -> Spokane, WA | 1033
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Appendix C: Map of all cities
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Appendix D: Maps of all attractions within each city
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Appendix E: Solution to optimal route to visit all cities

Note: parentheses denote (# miles traveled, # days elapsed)

Person A:

Pittsburgh (0, 0) -> Niagara Falls (238, 2) -> Boston (646, 4) -> New York City (836, 6)->
Philadelphia (917, 8) -> Nashville (1600, 10) -> Dallas (2216, 12) -> Sedona (3086, 16) ->
Phoenix (3186, 19) -> San Diego (3485, 22) -> San Francisco (3943, 24) -> Pittsburgh (6518,
28)

Person B:

Pittsburgh (0, 0) -> Washington, D.C (238, 2) -> Charlotte (568, 5) -> Orlando (1031, 11) -> New
Orleans (1564, 13) -> San Antonio (2071, 16) -> Albuquerque (2686, 18) -> Salt Lake City (3171,
21) -> Portland (3806, 23) -> Pittsburgh (6373, 27)

Person C:

Pittsburgh (0, 0) -> Baltimore (240, 3) -> Greensboro (522, 5) -> Atlanta (828, 8) -> St. Louis
(1295, 11) -> Oklahoma City (1754, 13) -> Denver (2258, 16) -> Flagstaff (2739, 19) -> Las
Vegas (2947, 21) -> Los Angeles (3172, 24) -> Pittsburgh (5599, 28)

Person D:

Pittsburgh (0, 0) -> Detroit (286, 2) -> Chicago (525, 6) -> Madison (647, 9) -> Minneapolis
(1008, 11) -> Boulder (1712, 14) -> Yellowstone (2120, 17) -> Spokane (2516, 19) -> Seattle
(2744, 22) -> Reno (3316, 25) -> Pittsburgh (5674, 29)

Solution:

In conclusion, to visit every location and have every person return to Pittsburgh took 29 days, and

the total distance traveled by the four people was 24164 miles (average of 6041/person).
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