State Capital Tours

Mark Senn
February 28, 2011

The state capital tours problem isto find the shortest and longest tour lengths for visiting all state capitalsin thelower 48
states. Each solution starts at any state capital and then visits each of theremaining 47 state capitals once.

| asked four peopleto guess at solutions. Short trip guesses were 6,000 to 75,000 miles; long trip guesses were 100,000 to
“morethan 250,000 miles.”

The Mathematica program below solves this problem. It doesn’t try every permutation of states but tries to give a good
answer. The program took 71 seconds (update this timethis after all modifications to program done) to run on a 8 CPU
Intel Corei7 920 running at 2.67 GHz using Mathematica 8.0.0.0 on Fedora 14 Linux. The default Mathematica method
and ten user-chosen methods were used to find each tour. The shortest tour found was 10,648.5 miles; the longest tour
found was 70,587.1 miles. Thedefault Mathematica method did not find the shortest or longest tour.
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in[143]:= (%» Define PrintTourlnformation. =)

Print Tour | nformati on[headi ng_, caplatlong_, tour_] : = Mdul e[
{print, t},
(*» Print heading. =)

Print [Gaphi cs[{Li ght G ay, Rectangl e[{0, 0}, {1, 0.25}1}1,
Style[" " <> heading, 12]1;

(* Print the tour distances and order of states for tour.
print = tour;

(* Wl fram|Al pha stated there are 125/201168 neters/m | e.
print [[AIl, 1]] = Abs[# %125/201168] & /eprint [[All, 1]7;
print [[AIl, 2, Al]]=table[[#, 2]] &/eprint [[AIl, 2, All]];
Print [print];

(*» Change capl atlong from
(latitude, | ongitude) order to (x,y) order for
t = Reverse[#] &/@capl atl ong;

pl otting.

(*» Print the tour distances and plot of tour. =x)
Print[
Tabl e[
{
print [[i, 111,
Li stLi nePl ot [
t[[tour [[i, 21111,
Axes - Fal se
1
h
{i, 1, Length[tour]}
1
1
1

(» Save starting tine. %)
starttine = Absol uteTi me[];

In[144]:=

*)

*)

*)

I got the following Mathematica code by typing “==Uni ted States state abbreviations” (that's two equal
signs)in an input cell. In theresulting “Table” box, thethird box down, | left clicked on the + with a gray circlearound it
and chose“Computabledata”. |then deleted theinput and output cellsfrom the“==Uni ted St ates state abbre-

vi ati ons” input.
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in[145]:= (* Get state abbreviations. =x)
ab = Wl framAl phal
"United States state abbreviations",
{{" Tabl e: Abbrevi ati on: USSt at eDat a", 1}, " Conput abl eDat a" }

1;
ab

oufiss)= {{Arizona, AZ}, {California, CA}, {Georgia, GA}, {Indiana, IN}, {Montana, M},

{Chio, OH}, {Virginia, VA}, {Kansas, KS}, {Massachusetts, MA}, {Nebraska, NE},

{Okl ahoma, OK}, {Al aska, AK}, {SouthDakota, SD}, {Hawaii, H }, {Al abama, AL},

{Arkansas, AR}, {Col orado, CO}, {Connecticut, CT}, {Del aware, DE},

{Florida, FL}, {Idaho, 1D}, {Illinois, IL}, {lowa, I A}, {Kentucky, KY},

{Loui si ana, LA}, {Maine, ME}, {Maryland, MD}, {Mchigan, M}, {Mnnesota, M},

{M ssi ssippi, M5}, {Mssouri, MO}, {Nevada, NV}, {NewHanpshire, NH},

{NewJersey, NJ}, {NewMexico, NM}, {Newvork, NY}, {NorthCarolina, NC},

{Nort hDakot a, ND}, {Oregon, OR}, {Pennsylvania, PA}, {Rhodelsland, R },

{Sout hCarolina, SC}, {Tennessee, TN}, {Texas, TX}, {Utah, UT}, {Vernont, VT},

{Washi ngton, WA}, {WestVirginia, W/}, {Wsconsin, W}, {woning, W}}

| got the following Mathematica code by typing “==Uni t ed States state capital s” (that'stwo egual signs)in an
input cell. In theresulting “Table” box, the fourth box down, | left clicked on “More” until “More” went away, then |eft
clicked the + with a gray circlearound it and chose “Computabledata’. | then deleted theinput and output cells from
the“==United States state capital s”input.

in[147):= cap =Wl f ramAl phaf|
"United States state capital s",
{{"Tabl e: Capital City: USSt at eDat a", 1}, " Conput abl eDat a"},
PodSt at es - {
"Tabl e: Capital Cty: USSt at eDat a__More",
"Tabl e: Capital Cty: USSt at eDat a__More",
"Tabl e: Capital Cty: USSt at eDat a__Mor e”

}

1

ouf147)= {{Arizona, {Phoenix, Arizona, UnitedStates}},
{California, {Sacramento, California, UnitedStates}},
{Georgia, {Atlanta, Georgia, UnitedStates}},
{I ndi ana, {Indianapolis, Indiana, UnitedStates}},
{Mont ana, {Hel ena, Montana, UnitedStates}}, {Chio, {Col unbus, Chio, UnitedStates}},
{Virginia, {Richmond, Virginia, UnitedStates}},
{Kansas, {Topeka, Kansas, UnitedStates}},
{Massachusetts, {Boston, Massachusetts, UnitedStates}},
{Nebraska, {Lincoln, Nebraska, UnitedStates}},
{Okl ahoma, {Ckl ahomaCity, Ckl ahome, UnitedStates}},
{Al aska, {Juneau, Al aska, UnitedStates}},
{Sout hDakot a, {Pierre, SouthDakota, UnitedStates}},
{Hawai i, {Honol ul u, Hawai i, UnitedStates}},
{Al abama, {Montgomery, Al abama, UnitedStates}},
{Arkansas, {LittleRock, Arkansas, UnitedStates}},
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{Col orado, {Denver, Col orado, UnitedStates}},
{Connecticut, {Hartford, Connecticut, UnitedStates}},
{Del awar e, {Dover, Del aware, UnitedStates}},
{Florida, {Tallahassee, Florida, UnitedStates}},

{I daho, {BoiseCity, Idaho, UnitedStates}},

{I'inois, {Springfield, Illinois, UnitedStates}},

{I owa, {DesMvines, | owa, UnitedStates}},

{Kentucky, {Frankfort, Kentucky, UnitedStates}},
{Loui si ana, {BatonRouge, Loui siana, UnitedStates|}},
{Mai ne, {Augusta, Maine, UnitedStates}},

{Maryl and, {Annapolis, Maryland, UnitedStates}},

{M chi gan, {Lansing, M chigan, UnitedStates}},

{M nnesota, {SaintPaul, M nnesota, UnitedStates}},
{M ssi ssi ppi, {Jackson, M ssi ssi ppi, UnitedStat es}},
{Mssouri, {JeffersonCity, Mssouri, UnitedStates}},
{Nevada, {Carson, Nevada, UnitedStates}},

{NewHanpshi re, {Concord, NewHanpshire, UnitedStates}},
{Newdersey, {Trenton, NewJersey, UnitedStates}},
{NewMexi co, {SantaFe, NewMexico, UnitedStates}},
{NewYor k, {Al bany, NewYork, UnitedStates}},
{NorthCarolina, {Raleigh, NorthCarolina, UnitedStates}},

{Nort hDakot a, {Bi smarck, NorthDakota, UnitedStates}},

{Oregon, {Salem Oregon, UnitedStates}},

{Pennsyl vani a, {Harrisburg, Pennsylvania, UnitedStates}},

{Rhodel sl and, {Providence, Rnodelsland, UnitedStates}},

{Sout hCar ol i na, {Col unbia, SouthCarolina, UnitedStates}},

{Tennessee, {Nashville, Tennessee, UnitedStates}},

{Texas, {Austin, Texas, UnitedStates}}, {Utah, {SaltlLakeGity, Utah, UnitedStates}}
{Vernmont, {Montpelier, Vernont, UnitedStates}},

{Washi ngton, {Q ynpia, Washington, UnitedStates}},

{West Virginia, {Charleston, WestVirginia, UnitedStates}},

{Wsconsin, {Madison, Wsconsin, UnitedStates}},

{Woni ng, {Cheyenne, Woning, UnitedStates}}}

in[148]:= (* Get the state capitals' coordinates. =)

(*
This statement:
latlong =
Function[x, G tyDatal[x, "Coordinates"]] /@ Map[ToString, cap[[All,2]]1, {2}1;
can be shortened to
latl ong = CtyData[#, " Coordi nat es" ]&/@ Map[ToString, cap[[All,2]1], {2}I;
which _can't_ be shortened to
latl ong = CtyData[#, " Coordi nates" ]&/@ ToString, {2}&/@ cap[[Al, 2]]
*)
latlong = CityData[#, "Coordi nates"] &/@ Map[ToString, cap[[All, 211, {2}];
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in[149]:= (* Put nunber, abbreviation, capital,
I ati tude, and |ongitude information in data. x)
data = {ab[[AlIl, 2]]1, ab[[All, 111, cap[[AIl, 2, 111, latlong};
data = Transpose[dat al;

In[151]:= (%
CGet data for only the continental United States and
sort by state abbreviation the first colum of each row

*)
| oner48 = Sort [
Sel ect [
dat a,
# [[2]] # "Al aska" & #[[2]] # "Hawai i " &
1
IE
In[152]:= (%

Change, for exanple,
"NorthCaroline" and "SaltLakeCity" to "North Carolina" and "Salt Lake City".

*)
Tabl e[
lower48[[AIl, i1]
= StringRepl ace[
H,
Regul ar Expression[" ([[: | ower: 1]1) ([[: upper: 11)"1 - "%$1 $2"
1
&/@ |l ower48[[AIl, i1],
{i, 2, 3}
1

in[153]:= (* Construct the table of information to print. =x)
table = Flatten[#] &/@| ower 48;
Tabl e[
table[[i 1] = Prepend[table[[i1], i1,
{i, 1, Length[l ower487]}
I



6 | state.nb

In[155]:=

Out[155]=

(* Print the table of
Gidf

]

t abl e,
Al'i gnment » {{Ri ght, Left,
Spaci ngs » {2, 0. 3}

O~NO O WN P

R665502=Ro3520zro>8 RABRREA

zez

SETESSSNZLBARIRRZ%

Al abama

Ar kansas

Ari zona
California
Col or ado
Connecti cut
Del awar e

Fl ori da
Ceorgi a

| owa

| daho
Il1linois

I ndi ana
Kansas

Kent ucky
Loui si ana
Massachusetts
Mar yl and

Mai ne

M chi gan

M nnesot a

M ssouri

M ssi ssi ppi
Mont ana

North Carolina
Nort h Dakot a
Nebr aska

New Hanpshire
New Jer sey
New Mexi co
Nevada

New Yor k

Chio

k| ahoma
Oregon
Pennsyl vani a
Rhode I sl and
South Carolina
Sout h Dakot a
Tennessee
Texas

Ut ah

Virginia

Ver nont
Washi ngt on

W sconsi n
West Virginia
Womi ng

information. =)

Left, Left, ".",

Mont gonmery
Littl e Rock
Phoeni x
Sacr anent o
Denver
Hartford
Dover

Tal | ahassee
Atlanta

Des Mi nes
Boise City
Springfield
I ndi anapol i s
Topeka
Frankfort
Bat on Rouge
Bost on
Annapol i s
August a
Lansi ng
Sai nt Paul
Jefferson City
Jackson

Hel ena
Ral ei gh

Bi smar ck

Li ncol n
Concord
Trent on
Santa Fe
Car son

Al bany

Col unbus

|l ahoma City
Sal em

Harri sburg
Provi dence
Col urmbi a
Pierre
Nashville
Austin

Salt Lake City
Ri chnond
Mont pel i er
d ynpi a

Madi son
Charl eston
Cheyenne

. " }}1

32.
34.
33.
38.
39.
41.
39.
30.
33.
41.
43.
39.
39.
39.
38.
30.
42.
38.
44,
42.
44,
38.
32.
46.
35.
46.
40.
43.
40.
35.
39.
42.
39.
35.
44,
40.
41.
34,
44,
36.
30.
40.
37.
44,
47.
43.
38.
41.

3615
736

5284
5556
7263
7626
1619
4518
7595
5909
6137
7833
7909
0392
1973
4581
3216
9729
3235
7176
9544
573

3204
5958
8188
8133
8099
2201
2217
6672
1609
6598
9898
4823
9311
2698
8236
0171
368

1548
3005
7547
5383
2614
0424
0746
3495
1455

-86.
-92.
-112.
-121.
-104.
-72.
-75.
-84.
-84.
-93.
-116.
-89.
-86.
-95.
-84.
-91.
-71.
-76.
-69.
-84.
-93.
-92.
-90.
-112.
-78.
-100.
-96.
-71.
-74.
-105.
-119.
-73.
-82.
-97.
-123.
-76.
-71.
-81.
-100.
-86.
-97.
-111.
-77.
-72.
-122.
-89.
-81.
-104.

2791
3311
076

469

965

6886
5268
2728
4032
6209
238

6504
1477
6895
8631
1402
0891
5012
7653
5549
1141
1893
2044
027

6446
779

6753
5491
7561
965

754

7813
9915
535

029

8756
4221
0108
336

7621
7472
893

4615
5728
893

3948
6333
802
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n[1s6]:= (* Get state capitals' coordinates fromthe sorted list. =)
caplatlong = table[[A |, {5, 6}11;

in[157:= (* For this data, if no Method option is speciied,
the "OOpt" nethod is used. x)
met hod = {
"G eedy"”,
"G eedyCycl e",
"I nt eger Li near Pr ogr ammi ng",
"OrOpt",
"Or Zwei g,
" RenmoveCr ossi ngs”,
" SpaceFi |l i ngCurve",
" Si mul at edAnneal i ng",
"TwoOpt "
I
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In[158]:=

(* Using a font size of 24 would be better. *)Print[
G aphi cs[{Li ght G ay, Rectangl e[{0, 0}, {1, 0.5}1}1, Style[" BEA N QUTPUT", 12]1;
(*
CGet shortest and | ongest tours:

sign = 1 for shortest tour
sign -1 for longest tour

The shortest tour is found ny mnimzing
the sum of distances fromone state capital to another.
The | ongest tour is found ny minimzing the sum

of the negative distances fromone state capital
*)

For [sign =1, sign=-1, sign -=2,

to anot her.

(* Print "SHORTEST TOUR' or
t = "SHORTEST TOURS';
I f [sign == -1,
t = "LONGEST TOURS'
1
(» Using a font size of 18 would be better. x)
Print [Gaphi cs[{Li ght Gray, Rectangl e[{0, 0}, {1, 0.375}]}],

"LONCGEST TOUR' headi ng. =)

Style[" " <>t, 1211;

(» Define distance function for the distance between two points. %)
distfun[{latl , longl_ }, {lat2_, long2_}] : =

signCGeoDi stance[{l at1, | ongl}, {lat2, | ong2}];

(» Find the shortest or longest tour with Mathentica choosing the method.

*)

tour = {Fi ndShortest Tour [capl atl ong, Di stanceFunction - di stfun]};
Print Tour I nformation[

"Mat hermatica found with no nmet hod specified:", caplatlong, tour];
(» Find the shortest or |ongest tour using all the nethods defined earlier. x)
tour = Tabl e[

Fi ndShort est Tour [capl atl ong, Di stanceFunction - di stfun, Method - nmethod[[i 111,

{i, 1, Length[nmet hod]}

1
Print Tourlnformation[" Trying ten different nethods:",

capl atl ong, tour7J;
1

(*» Using a font size of 24 would be better. x)

Print [Graphi cs[{Li ght G ay, Rectangl e[{0, 0}, {1, 0.5}1}], Style[" END OQUTPUT", 12]7;

BEG N QUTPUT

SHORTEST TOURS
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Mat hematica found with no nethod specified

{{10894.9, {AL, FL, GA, SC, NC, VA, MD, DE, NJ, CT, R, NA
NH, ME, VT, NY, PA, W, O4 M, W, M\, | AL NE, KS, MO, IL, IN, KY, TN,
AR, OK, CO WY, SD, ND, MI, I D, WA, OR, CA, NV, UT, AZ, N\M TX, LA M5}}}

{{10 894. 9, }}

Trying ten different nethods:

({10834.1, {AL, MB, LA, AR OK, TX, NM AZ, NV, CA OR WA
ID, M, UT, CO, W, ND, SD, NE, KS, MO, IL, A M\, M, IN, TN, KY,
OH, W/, PA, NY, VT, ME, NH, MA, R, CT, NJ, DE, MD, VA, NC, SC, GA, FL}},

(12860.9, {AL, GA SC, NC, VA MD, DE, NJ, PA NY, CT
ME, OH, W/, KY, IN, IL, MO, KS, NE, A, M\, W, M
TX, OK, NM CO, W, SD, ND, MT, I D, UT, NV, CA, OR WA, AZ,
(13998. 2, {AL, FL, GA SC, NC, VA, MD, PA, DE, NJ, CT, NY, R, MA, NH, ME
VT, TN, KY, OH, M, W/, IN, IL, W, MO, AR, M5, LA |A M, NE
SD, W, CO, UT, ID, NV, CA, OR WA, MI, NM AZ, ND, KS, OK, TX}},
(10648.5, (AL, FL, SC, NC, VA, MD, DE, NJ, CT, R, MA, NH, ME, VT, NY, PA,
W/, OH M, W, M\, |A KS, NE, SD, ND, W, CO, UT, M, 1D, WA
OR CA NV, AZ, NM OK, TX, LA, M5, AR MO, IL, IN KY, TN, GA}},
(10894.9, (AL, FL, GA SC, NC, VA, MD, DE, NJ, CT, R, MA, NH, ME, VT, NY,
PA, W, OH, M, W, M, A NE, KS, MO, IL, IN, KY, TN, AR OX,
) WY, SD, ND, MT, I D, WA, OR CA, NV, UT, AZ, NM TX, LA, M8}},
(11075.7, (AL, FL, SC, NC, VA, MD, DE, NJ, NY, VT, ME, NH, MA, R, CT, PA,
M, W, IA KS, OK TX LA M, AR MO, NE, W, CO NV
, NV, CA, OR, WA, ID, M, ND, SD, M\, 1L, IN, KY, TN, GA}},
(10834.1, (AL, M5, LA, AR OK, TX, NM AZ, NV, CA OR WA ID, M, UT, CO
WY, ND, SD, NE, KS, MO, IL, A M\, W, M, IN, TN, KY, OH, W,
PA, NY, VT, ME, NH, MA, R, CT, NJ, DE, MD, VA, NC, SC, GA, FL}},
(46865. 4, (W, W/, W, WA, VT, VA UT, TX, TN, SD, SC, RI, PA, OR OK, OH,
NY, NV, NM NJ, NH, NE, ND, NC, M, M5, MO, M\, M, ME, MD, MA,
LA, KY, KS, IN, IL, ID, |A GA FL, DE, CT, CO, CA AZ, AR AL}},
(10648.5, (NC, VA, MD, DE, NJ, CT, RI, MA, NH, ME, VT, NY, PA, W, OH, M,
W, M\, 1A KS, NE, SD, ND, W, CO, UT, M, ID,
AZ, NM OK, TX, LA, M5, AR MO IL, IN, KY, TN,
(10824.2, (AL, LA MBS, AR OK, TX, NM AZ, NV, CA OR WA ID, M, UT, CO
WY, ND, SD, NE, KS, MO, IL, A MN, W, M, IN,

2z

z
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[fros3a.1, W} 2060.9,
j3500.2, W} 10640.5,
0584, W} fovs.7
jos34.1, W} jasses.«,
10640.5, W} jo524.2,

LONGEST TOURS

Mat hematica found with no et hod specified:

{{70522.1, {AL, W, LA IN OR KY, MI, TN, I A, FL, ND, GA,
SD, SC, WA, NC, I D, W, Wy, VA, UT, OH NV, MD, CA, DE, NE, PA CO NJ,
KS, CT, AZ, RI, NM MA, IL, NY, MO, NH, OK, ME, TX, VT, AR M, M5, WN}}}
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{{70 522. 1,

Trying ten different nethods:

({11174.4, {AL, AR, MO, IL, W, IA M, ND, SD, CO, NM AZ,

NV, CA, OR WA, ID, MI, UT, W, NE, KS, OK, TX, LA, M5, TN, KY, IN, M,

OH, W/, PA, NY, VT, ME, NH, MA, RI, CT, NJ, DE, MD, VA, NC, SC, GA, FL}},
(68115.3, {AL, WA ME, CA, MA, OR RI, NV, NH, AZ, VT, I D, CT, UT, N,
MI, NJ, NM DE, CO, MD, W, VA, ND, FL, SD, NC, TX, PA, OK, SC, M\,

M, MS, W, GA, NE, W, KS, OH, AR IN, IA TN, MO, KY, IL}},
(13998.2, {AL, FL, GA SC, NC, VA, MD, PA, DE, NJ, CT, NY, R, MA, NH ME

VT, TN, KY, OH, M, W, IN, IL, W, MO, AR M5, LA A M, NE

SD, W, CO, UT, ID, NV, CA, OR WA, MI, NM AZ, ND, KS, OK, TX}},
(10648.5, {AL, FL, SC, NC, VA, MD, DE, NJ, CT, R, MA, NH, ME, VT, NY, PA,

W/, OH, M, W, M\, IA KS, NE, SD, ND, W, CO, UT, M, ID, WA,

OR CA NV, AZ, NM OK, TX, LA, M5, AR MO, IL, IN, KY, TN, GA}},
(70522.1, {AL, W, LA IN OR KY, MI, TN, IA FL, ND, GA, SD, SC, WA, NC,

D, W, W, VA, UT, OH, NV, MD, CA, DE, NE, PA, CO, NJ, KS, CT,

AZ, R, NM MA 1L, NY, MO, NH, OK, ME, TX, VT, AR M, M5, M\}},
(70587.1, (AL, W, M5, M, LA IL, NY, OK ME, TX, VT, AR NH, MO, MA NM

R, AZ, CT, KS, NJ, CO, PA, NE, DE, CA MD, NV, OH, UT, I N, W,

VA, 1D, W, OR NC, WA, KY, MT, SC, SD, TN, ND, GA, | A, FL, MN}J,
(10955.5, {AL, MB, LA, TX, OK KS, NE, CO, NM AZ, NV, CA OR WA, |D, M,

UT, W, SD, ND, M\, 1A, W, IL, MO, AR TN, KY, IN, M, OH, W,

PA, NY, VT, ME, NH, MA, R, CT, NJ, DE, MD, VA, NC, SC, GA, FL}J,
(46865.4, (W, W, W, WA, VT, VA UT, TX, TN, SD, SC, R, PA, OR OK, OH,

NY, NV, NM NJ, NH, NE, ND, NC, M, MS, MO, M\, M, ME, MD, MA,

LA, KY, KS, IN, IL, ID, IA GA FL, DE CT, CO CA AZ AR AL}},
(10648.5, {NC, VA, MD, DE, NJ, CT, RI, MA, NH, ME, VT, NY, PA, W, OH, M,
W, M\, A KS, NE, SD, ND, W, CO, UT, MI, I D, WA, OR, CA, NV,

AZ, NM OK, TX, LA M5, AR MO IL, IN, KY, TN, GA, AL, FL, SC}J,
(70567.4, {AL, MWN, FL, | A, GA, ND, TN, SD, SC, MI, KY, WA NC, OR W, ID,
VA, W, OH, UT, IN, TX, VT, AR ME, OK, NH, MO, NY, N\M RI, KS,

NJ, CO, PA, CA MD, NV, DE, NE, CT, AZ, MA IL, LA M, M5, W 1}}
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%)
T}
—
—
[e0)
(o]
o,
—

{{11 174. 4,

}, {10 648. 5,

{13 998. 2,

o
N
[9V)
o
o
~

-

{46 865. 4,

b

{10 955. 5,

}, {70 567. 4,

{10 648. 5,

END QUTPUT
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In[161]:= (%

fn ="/hone/mark/tal k/nma/st em-web-r esour ces/doc. km ";

I mport [fn]

I mport [fn, "El ements”]

Import [fn, {"Data", 1}]

t = Tabl e[

I mport [fn, {("Data",1, "Geonetry", i, 2}1,
{i,1, 50}
Ik

G aphi cs3D[t ]

fn =" /honme/mark/tal k/mma/st emweb-r esources/us_states. knml ";

I nport [fn]

| nport [fn,"El enents"]

I nport [fn, {"Data", 1}]

I nport [fn, "G aphics"]

t = Table[
Inport [fn, {"Data",1, "Ceonetry", i, 2}],
{i,1, 50}
1
Graphics[t]
*)

inf162]:= endti me = Absol uteTi nme[];

Print ["programtook ", endtine-starttine, seconds to run"J;

program t ook 70.102629 seconds to run



