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Representative / Notional
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The Problem

+ We need to send a team to a specified
number of locations to perform New
Equipment Training (NET)

» Locations are both in the Continental United
States (CONUS) and Outside the Continental
United States (OCONUS)

* How can the travel costs be optimized using
common tools such as Microsoft Excel?

- Travel costs include airfare, per diem, rental car
and lodging
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Original Estimating Method

+ Status Quo - Use the Mean

- Estimate cost to travel from Huntsville, AL
to each training location

* NET training is one(1), two(2), or three(3) days
- We assumed 2 person team, 2 travel days, 2 training

2

days
» If possible, travel only on week days
- Always start travel from Huntsville, AL

- Average CONUS tfravel cost
- Average OCONUS ftfravel cost
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Travel Zone Method

* Travel zones are
based on neighborin
training locations

* Travel to two(2) or
three(3) locations in
one trip, travel back
to Huntsville, repeat
until all locations
have been visited

A B (] D E F G H I 4 K L M N
L] L] First& Air Fare Air fare " Rental
@ Tralmers |Travel | Tralning| Lodging FuIII'I:r LastDay| toffrom between '::::: - |Car - per C:::;ﬂ Total

1 Days | Days Per Diem | LOCATION ¥ | training week

2 LOCATION A $107 [ $o00 | $000

3 [LOCATION B F: F: $107.00 $0.00 $583 00 I $0.00

4 LOCATIONC 2 2 £47.00 £448 00 000 z

5 |LOCATION D $70.00 23300 | $447 % | $180 55
|6 LOCATIONE $70.00 $429 60 $000 | $000

7 |LOCATION F £118.00 4 £379.00 $287.00 | $0.00 |$67.99) €170.93

8 |LOCATION G 2 2 Fi $17700 [$112.00] $5400 $1.43800 | $35000 | $0.00 |$61.43) $34543

9 [LOCATION H 2 2 2 $10800 | $5900 | $4425 $458 00 000 | $000 [$754%( $28549
(10| LOCATION I 2 2 2 $14000 | $6400 | $48 00 276 00 3440000 | $000 [$7049] $318 49 A48 00 277596
{11 [LOCATION K 2 2 2 $70.00 | $39.00 | $2935 373.00 $373.00 | $0.00 [$62 49| $276 49 4800 | §2 482 06

12 |LOCATICN L 2 2 2 £150.00 | §84.00 | £4800 385.00 $385.00 | $0.00 |€66.43) €250.49 4800 | §3 25506
{13 LOCATION b 2 2 2 FT900 | 34400 | $3300 £208 00 000 [$000 [$5743( $24449 | § 4500 | $159196

14 | LOCATION M 2 2 = $121.00 | §54.00 | $48.00 £413.00 $391.00 | $0.00 |$73.49) €250.00 | § 4300 | §3 16796
(15 |LOCATION B 2 2 2 $7000 | 93900 | $3925 $320.00 $000 | $000 [$664% |46 49 4800 | §3 286 96

16 | LOCATION 2 2 $103.00 | $45.00 | $36 75 $320.00 $2 554 96
(17 LOCATION R $47.00 $171.00 $1,.98196
|18 [LOCATION S $47 .00 $224.00 $2.193 96
12 LOCATION T 3359 56
|20 LOCATION U £401 00 $5515.20
| 1 LOCATION W $739.00 $6.194.45

2
| 22 [Region 5 766,55

24| Region 2 267634
|25 | Reion 3 E79 76
| 26 | Region 4 108.32 |

7 |Regon 52934 |
| 2 [Region 31392 |

2 Region 086.32

30 | Region 52440

n
E)
|33 TOTAL $47.786.28

34 MINIMUM COST Region | § 3.676.34

3 MAXIMUM COST Reglen | § 210032

% |AVERGE COSTReglen | § 597329

South Paific

“The Continents of the World.” http://www.nationsonline.org/oneworld/continents_map.htm . April 9, 2008.
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Seeking the Optimal Solution

- Brute Force methods
- ‘Monte Carlo Simulations
+ 'Ant Colony Optimization (ACO)

through 13,509 US cities with population over 500. http://www.tsp.gatech.edu/history/img/usa_big.html. April 10, 2008
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Traveling Salesman Problem

How many Hamiltonian Paths exist between the
twenty-one (21) locations?

-Each location isvisited exactly once
- Return home at the end of the tour j

The solution space for this problemis 5(n-1)
forn»>2

This approach has 1.21645 x 10'® solutions

TSP tour through 13,509 US cities with population over 500. http://www.tsp.gatech.edu/history/img/usa_big.html. April 10, 2008.
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TSP Background

+ In 1962, Proctor and
Gamble hosted a
contest to solve the
TSP for 33 cities
- 54 $1000 prizes *
- 1.$10,000 prize

+ The Traveling i
Salesman Problem ~E 9 IS

website
- http://www.tsp.gatech.edu/

BHANZS W L5 chuNTs S8arS [n wZ2TITecs# LERGH OF GIRGUIT A3GUT 455 AL

BE . W ezences s
vemei0E, 8TH CIRCUIT AS TRAVELED BY MR. LINCOLN IN 850 @

TSP tour through 13,509 US cities with population over 500. http://www.tsp.gatech.edu/history/img/usa_big.html. April 10, 2008.
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Solution Methods - Brute Force

5.17 miles * Brute Force Method

Compute permutations
throughout all fwenty-one
(21) locations

A->B->C->D+D->C —->B—-> A

- Find the least of the
solutions

- Solution set is nl

- In this method, the
solution set would contain
5 211 = 51.0909422 x 108 =
51 quintillion elements

- There are about 100

billion, or 10% stars in the
Milky Way Galaxy

5.17 miles

The Sears Tower"

http://www.kokogiak.com/megapenny/eighteen.asp . April 10, 2008
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Brute Force Solution

* An experienced programmer wrote a C
program for this method

- Spent 2 hours to understand problem and write
code

: 2 days 20
$43 755.88 | 1 “1"31832 ™ | hours (and
counting)

*High Performance Workstation / Still Working......
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Solution Methods - Monte Carlo

Simulation

There is no single Monte Carlo Method
Define data set
Perform repeated random sampling
Aggregate the results

Monte Carlo Process for the Traveling Trainer
Collect cost data for traveling to all of the 21 locations
Carry out repeated random sampling on the data and

calculate cost of each complete path
The algorithm runs for a specified number of iterations

Microsoft Excel and Visual Basic for Applications (VBA) were
used to create this solution

Save the least cost and highest cost paths until a more
optimal path is calculated
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Monte Carlo Solution

| — —— 1 S I O B N1 |
LOCATION & LOCATIONE | |
i X 1 z
0ED4T LOCATION A 53548 71143 1% - F 299136
03845 LOCATION B A0.532 39406 2 0% 2939 | % -
01164 LOCATIOMN = 42144 TE.2 3 0F EBIVIE | 1VEESE
00829 LOCATION O 112 168374 4 % 6550 | % 535256
05132 LOCATIONE 1] 1]
0ETER LOCATION F T4 T1.EE COST
0g282 LOCATION G .24 2188 =WLOOKUP[E4 table_location_cost HLOOKUP[EStable location_cost2 FALSE]+4FALSE)
y " S Zomos | § 280738 | & D5ODZ0 | § EB8SisE| S 2,] g;g;g tgg:ggm? B;;E: 2310?33 ='I.I'LIIII:IK!_!F"[EIE.V tu:\n_cDst.HLDDKUF"[EH.taI:-Ie_Ic\cat!nn_cDst.2.F.ﬁ.LSE]+4,F.ﬁ.LSE]
=WLOOK "ABE, n_cost, HLOOKUP[BS,table_location_cost,2,FALSE]+4FALSE)
z 22::?122 z e z 172238 : 543551'222 z ::3;22 z 22 Ef'fz‘gg tggﬂ:g:f ?gfgg &1L 3 on_cost HLOOKUF{ES table_location_cost2 FALSE]+4FALSE]
e e . e e i - . , n_cost, HLOOKUP[BY table_location_cost,2,FALSE]+4,FALSE)
£ 54520 & 5I5G5E & 4EMIE § - (% B3m4E3 | § 2f 04895 LOCATIONM 53884 ta ation_cost HLOOKUP[B table_location_cost 2 FALSE]+4F ALSE)
01189 LOCATICR M 7206 L = = : L = = =
t GBEII6 § 323TH6 | ¢ BETINE ¢ EI54E3 % S 0063 LOGATION B o Dtable location_cost HLOOKUP[ES.Lable_location_cost2,FALSE)«4,FALSE]
289396 F 209186 §  2VVISE § 2EIER ZRISED | & 00484 LOCATION O EF 452 [Eltable_location_cost HLOOKUP[EID able_location_cost,2 FALSE)+4 FALSE)
¥ 223636 § 1EEEIE | ¥ 151836 | % 353896 | & 1 03972 LOCATION R 74 80136 =YLOOKUP[ENZ table_location_cost HLOOKUP[E N Lable_location_cost2 FALSE)4 FALSE]
$ 143683 ¢ ~omdae ToTg 292883 F 05748 LOCATION & Ba. e =YLOOKUP[EN2 table_location_cost HLODOKUP[EIZLable location_cost,2 FALSE]-4,FALSE]
¥ OE1MM45 % 55323 % 5 07433 LOCATION T 35928 0055 =WLOOKUP({EM table_location_cost HLOOKUP[EAZ table location_cost2FALSE)«4 FALSE]
18391356 % . man — EUP[BG.table_location_cost HLOOEUF[BE14,table_location_cost,2FALSE]«4,FALSE)
G = - w7 HE : - EUF[EIE table_location_cost HLOOKUP[EIS table_location_cost,2,FALSE]+4 FALSE]
255496 2, TEE.96 KUF[EIT table_location_cost HLOOKUP[E1E table_location_cost,2,FALSE]+4FALSE)
f 326096 G986 F 27396 WEUP[ER Lable_location_cost HLOOKUP[ENT table_location_cost,2 FALSE)«4,FALSE)
$ 248296 % WPdE ¢ 182686 | §  2E42.96 KUP[B13,table_location_cost, HLOOKUR[E1S,table location_cost,2,FALSE]+4,FALSE]
$ 189696 | & 201286 % 110495 ¢ 226235 KUF[E20table_location_cost HLODOKUF[E1S table_location_cost,2,FALSE]+4,FALSE)
¢ 277696 | $ 235986 4 Z4ETOE | § 284396 KUP[B21table_location_cost HLOOKURP[BZ0,table_location_cost,2,FALSE]+4,FALSE)
$ 143683 % 238483 % 239283 % aN2.83 oMEUP(EZ2 table_location_cost HLOOKUF[EZ!table_location_cost,2 FALSE]+4,FALSE]
$ 1,38156 $ 2,4':'336 $ 325333 $ 2,53335 ! KLIF"[EI23.tal:-le_ln:\cat?c\n_cnst.HLDDKUF’[EI22.tabIe_lc\cat!nn_cnﬁt.ZF.ﬁ.LSE]ﬂ.F.ﬁ.LSE]
$ 35996 F 210986 | §  G26EO6 § 302T.96 KUP[BE24 table location cost, HLOORUP[EZ3 table location_cost,2,FALSE]+4,FALSE)
F 219386 % 2409486 4 329396 | § 253396
F 324206 % 181086 3 2ER40E | F 202296

To Range ("integer nuwber iterations”

tion™) = integer Monte Carlo_loop
_paste_sort'”)

nee™) Then
COpy_current path')

stance™] Then
Acro_Ccopy _current path max™)

_
End IT
End If

MNext integer Monte Carlo loop
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Monte Carlo Results - 60K
Iterations

il | Mean $58,084.39]

3000 +

2500

Optimal Cost | I Maximum Cost
$47,058.64 - - $73,293.87

1500 -

| ]

Lowest Cost Path H H H Highest Cost Path

I 1 3 5 7 9 11 13 15 17 19 21 23 25 27 29 31 33 35 37 39 41 43 45 47 49 51 53I

®Path is (X, Y) coordinates to show
distance
@Distance is not indicative of cost
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Monte Carlo Results

$48,678.17-

$67,617.20-

19 sec

$48,809.43 $71,371.07 7 sec
$47,672.77- | $70,886.80- 1 min 7 sec
-$48,325.17 | $71,249.53 2 min 33 sec
$47,217.44- | $70,560.74- 3 min 2 sec
$47. 318.30 | $71,837.03 | 3 min 22 sec
$45,576.64 $74,213.40 | 90 min 34 sec
$44,740.17 $76,209.80 ~ 23 hrs
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