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Abstract

In this research project we present the results obtained
after the development of the situation raised by the
teacher, who tells us that a candy trading company, located
in the metropolitan area of Barranquilla, intended to
determine what were the travel times from the origin to
the destination of each delivery, where the addresses of
each node are discriminated. At this point it is necessary
to elaborate an Origin-Destination (O-D) matrix where
numerical data of times and distances will be necessary,
and with the use of the Google Maps application a
mapping of nodes was made in which the obtained data
of times (minutes) and distances (km) were related in an
OriginDestination (O-D) matrix, for the deliveries made
from 6:00 am to 12:00 noon, In order to obtain the relevant
analysis from the final consolidated information and thus
estimate times and overall costs of the different routes, it
is relevant to perform mathematical analysis in order to
determine which are the best options, thus optimizing the
processes and having a real approach to their costs.

Keywords: Node mapping; Time estimation; Process
optimization.

Resumen

En el presente proyecto de investigacion se dan a conocer
los resultados obtenidos luego del desarrollo de la
situacion planteada por el docente, quien nos indica que
una empresa comercializadora de dulces, ubicada en el
areametropolitana de Barranquilla, pretendia determinar
cudles eran los tiempos de viaje desde el origen hasta
el destino de cada entrega, donde se discrimina las
direcciones de cadanodo. En este punto se hace necesaria
la elaboracion de una matriz Origen-Destino (O-D)
donde se tendran datos numéricos de tiempos y distancias
necesarios, y con el uso del aplicativo de Google Maps se
realiz6 un mapeo de nodos en el que se relacionaron los
datos obtenidos de tiempos (minutos) y distancias (km),
en una matriz Origen-Destino (O-D), para los repartos
realizados en el horario de las 6:00 am hastalas 12:00 md.,
con el fin de obtener los andlisis pertinentes a partir de la
informacion final consolidaday d e e stamanera e stimar
tiempos y los costos globales de las diferentes rutas, por
este motivo es relevante realizar los analisis matematicos
con el finde determinar cudles son las mejores opciones,
de esta manera optimizar los procesos y tener un
acercamiento real de sus costos.

Palabras Clave: Mapeo de nodos; Estimacion de tiempos;
Optimizacion de procesos.
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Introduction

Knowing the target information of the analysis, we set out to evaluate the time and distance of
the route, composed of 21 nodes in a usual day, which was established on Sunday, October 18,
2020, we built a matrix of origin destination, in an Excel file, where for the 5 established ranges of
time, 6 am, 7:30 am, 9 am, 10:30 am and 12 noon, we relate both the distance and the minimum
time and maximum time from the origin node to its 21 destination nodes, in the different time
slots.

We performed this activity with the registration of online information from the Google Maps
tool, a tool that "will define a route that goes through all the locations entered (in the order in
which you have done it) and tells you the total distance and the time required to perform that route"
(Sanchez, 2017; Rodriguez et al, 2020), relating the aforementioned data, of time, time, origin and
destination.

In order to consolidate the data obtained, the different parameters were grouped in the Ori-
gen-Destination Matrix, as a fundamental tool in the study and analysis of transportation, since it
allows us to visualize the minimum and maximum times and distances required to travel between
the different trips to be made; therefore, it is essential to use this tool to gather the data mentioned
and calculate the averages and standard deviations of each trip per node in a given hour.

Currently there are tools that allow a very accurate measurement as the one used for the
problem presented, Google Maps, where the measurements were taken as a reference day on
Sunday, October 18, 2020 at the proposed times: 6:00am, 7:30am, 09:00am, 10:30am and 12:
00m.m, likewise the calculation of sampling by nodes, "statistical operation that allows estimating
the precision of samples (medians, variances, percentiles) through the use of subsets of available
data or randomly taking data from a set of data" (Godo, P. 2005).

The capture of these data, 9,680 records, took approximately 7 hours, an activity of utmost
importance, since the proposed mathematical calculations are derived from it.
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When calculating the standard deviation of the times taken for the different non-doubles, a
relevant deviation is considered to be those that exceed 5%, since these are the ones that
generate a relevant variation. This would allow us to affirm that the time of the route to the
destination node could suffer alterations, since it will be affected by vehicular traffic, weather,
road arrangements or other factors, which, although they are the ones that lead us to perform
this analysis with a view to optimization, generate a more important incidence in the node
where the variation is present.

L1.1 Node resampling calculations

Once we have the data stored, we proceed to generate the analysis of the information by
node, where we relate in a database the times for each node in its 5 different schedules,
indicating the estimated minimum and maximum travel time between them, this action is
executed for each of the nodes with their 5 different delivery schedules.

This information allowed us to simulate that the travel time between nodes behaves uniformly,
allowing us to generate random numbers that will have the same opportunity of choice, as long as
they are between the minimum and maximum time generated by the origin node to the destination
node. We perform this exercise for all the nodes from origin to all the destination nodes, to finally
generate the average time, thanks to the random values generated according to the minimum and
maximum ranges.

In this way we have determined the average travel time between nodes and dynamically the

random data are generated, always within the minimum and maximum captured in the initial
information.

Figure 7: Determination of minimum and maximum time, resampling and averaging time (Reference image)
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L12 Replication of random averaging times

We also generated the replication of the random average times, for which we automatically
and thanks to the parameterization of a macro in Excel, we generated

100 random iterations, which had to be kept within the range.
With this information we performed confidence interval calculations for each of the nodes,

"which is a range of values, derived from sample statistical data that includes the value of an
unknown population parameter" (Minitab Support, 2019, para. 1).
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Figure 8: Replication of the average times per node (reference image) And we calculate the confidence interval information

Estimation of travel times between nodes in the vehicle routing problem with stochastic times.

\Nod
S 1 {234 s5|e| 7|8 |9 |10]nn|12|3|14|15|16]|17]18[19]2 ]2
1 13,2 7,000 12,0 | 15,2 12,2 990| 27,1 | 27,8 | 24,2 | 25,7 | 22,3 | 33,8| 57,9 10,1 | 31,8 [ 12,6 | 23.4| 7,50] 22,6| 71,4 | 26,6
1] 0 0 (1] 1] 0 0 0 1] (1] 1] 1] 0 0 0 0 1] [1]
2 13,317,000 990 185 134 11,4| 267|273 | 254 | 25,3 | 23,0 32,0 52,9 10,2 25,6 | 13,5 | 19,3 ]| 6,90 21,6 | 60,5 | 23,6
0 0 0 0 [ 0 0 0 0 0 0 [1] 0 [1] 0 0 0 [1]
3 12,1 | 8,200 12,7 | 18,8 11,7| 11,8 | 26,0 | 24,4 | 25,0 | 27,1 | 22,7 | 354 | 62,6 | 9.60| 26,9 | 12,7 | 21,4 | 8,30( 21,8 | 69,5 | 20,6
0 1] 1] 1] 1] [ 1] 1] ] 0 0 1] 1] 0 0 1] 0 1]
4 1,8 7,200 11,9 | 17,9 | 10,5| 9,90 26,6 | 27,9 | 26,9 | 23,5 | 23,7 | 39,5 | 54,6 | 10,2 | 25,6 | 12,7 | 20,8 | 6,80| 19,5 71,5 | 28,8
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
L 11,7] 7,400 10,9 | 194 | 12,1 | 960| 26,8 | 25,0 | 26,7 | 26,2 | 25,5| 32,9 56,6 | 10,4 [ 22,9 [ 15,1 | 21,5] 7,20] 21,7 | 61,4 | 26,5
0 1] 0 [1] [ 0 0 1] 0 0 0 [1] 0 0 0 [1] 0 [1]
] 12,1 | 7,700 12,2 | 18,6 | 12,2 10,9 ] 25,0 26,7 | 25,2 | 23,4 | 26,9 | 35,1 | 61,3 | 9,00| 23,8 [ 15,0 | 20,3 | 9,30 22,0| 63,2 | 22,7
0 [\ (] 1] 1] [ [1] 0 1] 0 0 1] [1] 1] 0 [1] 1] 1]
7 145|640 12,3 | 21,2 11,8 10,3 30,3 | 23,6 | 24,1 | 24,2 | 246 33,2| 63,3 | 10,3 | 27,2 | 12,0| 17.3| 8,80( 24,4 58,9 | 24,4
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
8 13,0 7,100 11,2 | 16,6 | 124 | 11,2 285| 249 | 25,5 | 28,3 | 25,7 35,5 54,5 10,1 [ 31,4 [ 13,9 21,1 ] 6,70 22,8 62,7 | 25,3
0 1] 1] [1] 0 [ [1] 1] 0 0 0 0 [1] 0 0 0 [1] 0 [1]
9 13,707,900 13,1 | 17,8 11,4 990| 24,1 | 26,1 | 22,8 | 27,8 | 22,6 | 30,7 | 47,9 | 9,90] 25,2 [ 12,0 | 23,3 | 6,50] 23,6 | 63,9 | 25,6
1] 0 [\ (1] [i] 1] 0 0 1] 1] 1] [1] (1] 0 1] 1] 1]
1m0 13,1 7,600 10,9 | 174 ] 139 104 ]| 256 | 26,4 | 27,9 25,1 | 233 | 31,6 | 50,0 | 10,0 30,3 | 154 | 20,1 | 7,50( 22,6 | 53,2 | 26,4
] 0 0 0 0 0 0 0 [ 0 0 0 0 0 Y] 0 0 0 0
11 12,1 | 7,100 12,5 | 19,8 | 11,2 970 27,1 | 23,3 | 25,8 | 25,3 | 25,2 | 35,6| 58,7 | 10,5]| 25,2 [ 14,9 | 21,2 | 8,30] 26,5| 47,2 | 21,9
0 0 0 1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0
12 1477600 10,9 | 21,1 | 114 920] 254 26,1 | 23,0 | 244 | 21,6| 336| 54.7| 980|309 [ 128 | 21.5| 840| 245| 708 | 26,6
0 0 0 [1] 1] [1] 1] 0 0 0 0 0 1] 0 0 1] [1]
13 134 7,700 990|200 ( 11,2 11,1 | 2R,5| 255 | 28,1 | 28,1 | 21,2 | 34,1 | 67,1 | 10,7 274 [ 153 | 20,4 | B 40| 21,4 | 56,0 | 27,5
0 [ 0 0 { 0 0 0 1] 1] 0 0 0 0 0 0 0 [
14 13,0 7,90 10,7 | 19,3 | 12,0 10,1 | 26,3 | 25,0 | 26,8 | 25,4 | 22,1 | 30,6 | 54,6 | 10,1 | 29,0 | 14,9 | 21,8 | 6,20| 23,0 | 58,1 | 28,1
0 0 ] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
15 13216300 12,2 | 17,7 13,3 10,2] 276 26,7 | 25,2 23,5 | 22,8 320|672 10,5 27,7134 | 17,7| 7.20| 244 | 68,6 | 27,3
0 0 0 0 0 0 0 0 1] 0 0 0 0 0 0 0 0 0 0
16 | 11,7)7.40 12,1 | 194 | 116 11,2 | 24.6| 253 | 252|277 | 22,1 | 37.2| 53,0 | 10,2 283 | 13,7 20.9| 6.90| 29.8 | 64,5 | 23,2
0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
17 12,9 7,000 9.80| 16,6 | 11,8 10,1 | 27,9 22,2 | 24,2 | 25,0 | 240 | 31,2 | 67,6 | 10,8 25,5 | 14,3 | 21,1 | 8,30( 27,6 60,5 | 22,7
0 ] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
18 12,7( 8,100 12,3 | 202 11,9] 990| 25,0 258 | 26,4 | 23,7 | 193] 36,9 557| 11,1 | 28,5 | 14,5 21,7| 7.50] 24,1 | 72,0 | 279
0 0 V] [1] [1] 0 (] [1] 0 0 0 [1] 0 0 0 0 0 0
19 | 128|710 132 195] 11,1| 107| 27.7| 27,5 | 23.0| 23,5 | 20.5| 34.5| 67.8 | 104 21,1 | 12,6 | 22,0 | 7.80| 24,9 55.5 | 22.1
0 0 [ 0 0 [ 0 0 0 0 1] 0 0 0 0 0 0 0 0
20 | 142]7.30 11,9 [205] 12,0] 990] 28,6 | 29,0 [ 24.8 | 26,0 | 22,9 30,7| 54,6 | 8.90[ 27,0 | 15,3 | 21,2| 8.20] 204 59,5 | 25,7
0 0 0 0 0 [1] 0 0 0 0 0 [1] 0 0 [1] 0 [1]
CDII“I]I.I Ll k| v LA LL] - - LA W i Lil LLd - v LL LL Ll Lid L - e
a * * * * * * * ® * * * * * * *® * * * * *
70 13,2800 13,8 | 21,7 126 108 272|257 | 26,6 | 256 | 20,6 | 302|563 | 103|312 [ 11,6 22.0| 7.50] 255|740 | 23,6
0 1] [\ [1] 0 [ [1] 1] 1] 0 0 0 ] 0 [1] 0 0 0 [1]
71 | 13,4660 10,1 | 17,0] 12.5( 103 | 26,8 | 22,9 | 24,9 242 | 21,0| 29,3 | 57.4| 9.00| 31,3 | 142 | 24.1| 7.50| 24.6| 63,1 | 25.2
0 [ [ 0 0 [\ 1] 0 0 0 0 0 0 0 0 0 0 [
72 13,3830 11,0 | 18,8 | 12,1 | 11,2 27,5| 27,3 | 24,1 | 24,7 | 20,4 | 35,1 56,5 | 9,30| 274 | 15,3 | 20,8 | 9,90| 22,8 | 63,4 | 25,2
0 0 ] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
73 13,7 6,800 11,3 | 202 130] 10,0| 26,9232 255]23,3]20,1( 326501 990] 280|122 19,0] 8,00] 24,5| 64,0 [ 243
0 0 V] [1] 0 0 0 0 [1] 0 [1] 0 0 0 0 0 0 0
74 | 14,2 |7.800 1,0 | 179 | 124 | 104 | 254 26,1 | 24,1 | 26,3 | 23.4 | 37,3 55.7| 11,5 25.6 | 16,4 | 20.8 | 6.60| 20,5| 62,3 | 24,2
0 0 [ 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
75 1L, 7,100 1,6 | 16,0 | 12,6 10,8 | 28,8 21,4 | 26,0 | 26,9 | 24,0 | 349 | 60,4 | 10,4 | 23,6 [ 15,1 | 23,5| 8,70 24,5| 60,0 | 24,6
0 0 0 0 0 0 [1] 0 0 0 0 0 0 0 0 0 0 0 0
76 12,717,500 13,8 | 202 12,8 10,8 | 26,2 | 26,8 | 29,5 | 253 | 23,0 33,1 | 54,5| 10,0 | 274 | 144 | 19,1 | 7,70) 27,4 71,1 | 25.6
0 0 ] ] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
77 144680 109|203 11,1 106| 241|262 | 272|220 |220] 318|458 11,8] 286|127 21,1 | 9,30] 269 57,8 | 26,4
0 1] 1] 1] 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
78 14,6 7,200 13,0 | 19,7| 10,7 | 8,80| 27,6| 24,4 | 24,3 | 24,1 | 21,4 | 34,5 41,9 | 9,10]| 26,2 | 10,0 | 22,0 | 6,20] 27,1 | 62,7 | 27,1
[1] 0 1] 1] 0 0 0 0 0 1] 0 0 0 0 0 0 0
79 | 129|670 115|206 124|106 | 26,5 | 26,6 [ 259 26,5 [ 193] 33.3| 55.1| 10,1 | 243 | 15,5 21,7| 8,70| 23,3| 75.8 | 23.1
1] 0 1] 1] [I] 0 V] 0 0 0 0 1] [1] [ ] 0 0 0 [1]
80 13917600 11,9188 | 132|104 | 247 239 2221250 27,1 1345871107270 124 202 730] 26,2| 71,4 | 30,5
[\ 1] 1] 1] 0 0 0 0 0 0 1] 0 0 0 1] 0 1] 0 0
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81 12,9 6,500 12,5 | 200 | 12,0 11,1 | 250 26,5 | 29,2 28,2 | 23,2 | 28,7 | 59,7 | 9,80| 27,9 | 14,3 | 21,8 | 8,70( 24,0 | 58,1 | 23,0
0 0 o Jo Jo Jo Jo o Jo fo fo Jo o Jo |o o o |o
81 12,4 | 880 10,4 | 17,5| 10,6 | 9,60| 28,5]| 243 | 24,5 22,5 | 25,8 | 33,8 | 57,7 | 9.80| 26,4 | 15,0 19,7 | 9.90| 26,8 | 63,6 | 24,6
0 0 Jo |o 0 o Jo Jo fo fo Jo 0 o Jo 0 o |o
83 12,0 7,00 11,0 | 21,5 11,8 11,8 | 254 | 26,3 | 27,0 21,5 | 24,0| 37.2| 63,6 | 9,80| 24,9 | 153 ] 20,2| 7,20 26,3 | 63,4 | 28,3
0 o o Jo Jo Jo Jo |o Jo fo fo Jo o o |o o o |o
84 11,8 6,700 10,8 | 14,5 | 12,1 | 10,4 | 28,7 | 25,6 | 24,5 22,8 | 20,3 | 35,2 | 53,2 | 9,30| 26,4 | 14,2 | 22,5 | 9,00 23,6 | 65,6 | 27,7
0 0 o Jo Jo Jo Jo Jo Jo fo fo Jo 0o Jo |o 0o o |o
85 11,5[ 7,00 109 | 19,1 | 10,9] 10,2] 26,3 | 26,0 | 29,3 ] 25,7 23,1 | 34,2| 50,1 | 10,6 | 25,6 | 16,5] 21,6 | 830[ 21,0 | 62,8 | 25,7
0 o Jo lo lo Jo Jlo lo lo fo lo Jo lo Jo Jo lo o lo lo
86 12,1 7,804 11,2 | 20,2 | 11,9 10,7 | 26,3 | 26,5 | 27,0 25,3 | 22,2 | 34,1 | 51,8 | 9,80)| 27,6 | 13,5 | 21,1 | 6,90| 25,4 | 68,1 | 24,7
0 0 jo Jo Jo Jo Jo Jo Jo fo fo Jo o jo Jo 0o o |o
87 1387900 10,0 | 17,8 12,0] 100 | 24,5| 220 | 228|258 | 21,5 36.6| 72,1 | 840| 30,2 | 151 | 23,0 7.50| 24.4| 67,0 | 25,0
0 o0 o Jo Jo Jo Jo o Jo fo fo Jo o _Jo |o o o |o
88 13,9 6,000 11,4 | 195 13,2| 8,80[ 27,6 | 25,2 | 27,2 [ 22,9 | 18,4 | 33,8 | 61,8 | 9,10] 30,3 | 16,0 18,4 | 7,70| 24,1 | 57.4 | 24,1
0 0o _Jo |o 0 o _Jo Jo fo fo Jo 0o _Jo |o 0o o |o
89 13,9780 10,8 | 183 11,5] 10,8] 252|251 | 230|264 | 22,6 31,5| 56,8 | 9,50] 27,4 | 12,2] 22,0 9,30| 22,1| 73,9 | 24,6
0 0 o Jo Jo Jo Jo Jo Jo fo fo Jo o _Jo Jo 0o o |o
90 13,5[7.50 10,9 | 188 123]106| 275|253 | 268|257 | 22.0| 28.8| 62,7| 108 26,7 | 13,4 | 19,5 8,30 20,7| 69,7 | 29,0
0 0 o Jo Jo Jo Jo o Jo fo fo Jo Jo Jo Jo Jo 0o o |0
21 12,917,704 12,6 | 19,0 11,8 | 11,1 | 27,7 25,8 | 253| 27,8 | 20,9 | 27,8 | 55,3 | 10,7 | 30,6 | 13,8 | 20,8 | 7,00| 26,1 | 77,0 | 26,8
0 0 o Jo Jo Jo Jo Jo Jo fo fo Jo Jo Jo Jo Jo 0o o |o
92 13,7800 105|180 11,8 11,4] 27,6 [ 242 | 232 23,5 | 21,6 358| 67,7| 8,60] 25,1 | 12,9] 22,5] 9,20] 27,6 | 59,4 | 23,5
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
93 14,5[ 6,50 11,8 | 18,4 11,9] 10,3 | 28,7 | 25,5 | 26,7| 25,2 | 23,0 38,6 | 59,3 | 10,4 | 28,5 | 12,8 | 18,9 | 6,350| 27,8 | 62,4 | 23,0
0 0 o Jo Jo Jo Jo Jo Jo fo fo Jo Jo Jo Jo Jo 0o o |o
94 12,817,304 9,50 183 | 12,3 | 11,0 | 29,6 | 24,1 | 26,5 26,3 | 24,5 | 33,0 | 61,9 | 8,50| 28,9 | 16,5 22,5| 890| 25,1 | 69,4 | 25,5
0 o o Jo Jo Jo Jo Jo jo fo Jo o o |o o o |o
95 12,5 8,600 12,3 | 204 | 12,1| 10,3 | 26,6 | 242 | 258 25,9 | 24,9| 33,6| 652 | 10,4 28,3 | 129] 22,1 | 830 21,0 53,2 | 26,7
0 0 o lo Jo Jo Jo o Jo fo fo Jo Jo Jo Jo lo o o |o
96 12,8 | 6,600 10,9 | 15,7 | 9,80 9,70| 26,2 | 24,8 | 24,8 | 27,3 | 22,3 | 351 | 64,7 | 9,60| 29,4 | 13,3 | 23,0 [ 10,0 | 22,3 | 59.2 | 23,6
0 0o 0 o Jo Jo fo fo Jo 0 o Jo Jo o Jo |o
97 11,9760 12,6 | 190 11,5] 10,0] 253 [ 28,6 | 29,1 23,8 [ 24,7| 34,0| 49,8 | 10,5] 23,9 | 12,5] 22,4 | 7,90| 24,5 | 66,2 | 24,8
0 0 0 0 0 0 0 0 0 0 0 ] 0 0 0 0 0 0 0
98 13,9740 11,3 | 18,8 | 12,4 12,1 | 26,4 | 26,8 | 27,3 | 22,2 | 24,2 | 34,1 | 63,2 | 10,4 | 27,1 | 14,1 | 24,3 | 8,40 23,2 67,3 | 24,3
0 0o o Jo Jo Jo Jo Jo Jo Jo fo Jo Jo Jo Jo Jo 0o o |o
99 1L,7| 640 11,1 | 18,0 11,9 9,60 26,1 | 22,0 | 23,5| 26,7 | 23,2 | 39,0 | 59,2 | 10,4 | 27,3 | 12,2 | 19,8 | 8,80| 23,3 | 72,3 | 26,7
0 0o Jo |o 0 Jo Jo Jo Jo fo Jo Jo Jo Jo Jo 0o o |o
10 11,0860 107|174 11,9] 10,1 ] 23,5[ 23,1 | 2606|232 [ 22,4| 358| 569| 10,0] 27,3 | 12,1 ] 20,7 | 8,70[ 25,8 | 524 | 20,3
0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
Figure 9: Confidence interval (reference image)
INTERVALO DE CONFIANZA
Promedio 12,94) 7,42 11,38 18,87 11,97 10,46 26,35 25,49 25,77 25,47 23,10 34,12 57,25 10,00 27,08 13,63 7,94 23.88 65,11
21,24 2540
Desvest 096 059 097 142 0,73 070 1,42 1,538 L78 1,77 2,17 2,97 632 089 244 14 083 2,19 6,29
141 2,01
Min 10,20{ 5,70 890 14,50 9,80 8,80 23,40 21,40 21,40 21,50 18,10 25,10 41,90 7,80 20,30 10,00 6,10 19,50 47,20
17,30 20,30
Max 14,80 8,80 14,30 21,70 13,90 12,10 30,30 29,80 30,80 30,00 29,20 42,40 72,10 11,90 32,90 18,20 10,00 29,80 80,40
24,60 30,50
Alpha 0,05 0,05 0,05 005 005 005 005 0,05 005 005 005 0,05 005 005 0,05 0,05 0,05 005 0,05
0,05 0,05
Z 1,96/ 196 1,96 1,96 1,96 196 196 19 196 1,96 1,96 196 1,96 196 196 1,96 1,96 1,96 1,96
1,96 1,96
n 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00
10,00
L 12,35 7,06 10,78 17,98 11,51 10,03 2546 24,51 24,67 24,37 21,75 32,28 53,34 945 2557 12,73 743 22,52 61,21
I 20,37 24,16
L 13,54/ 7,78 11,98 19,75 12,42 10,90 27,23 26,47 26,88 26,57 24,44 3595 61,17 10,56 28,59 14,52 B46 25,23 69,01
22,11 26,65
s
Amplitud IC 1,19 073 1,20 1,77 090 0,86 1,76 196 221 2,19 269 3,68 7,83 LIl 302 1,79 1,74 1,03 271 7,80 2,49
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Estimation of travel times between nodes in the vehicle routing problem with stochastic times.

Where we indicate the average time from the origin node to its 21 destination nodes, the
standard deviation, the minimum travel time, the maximum time; Alpha: as a significance level
of 5%, to achieve a confidence level of 95%, the lower limit, the upper limit, taking into account
the number of data analyzed, which for our study were 10, minimum time and maximum time
per trip in the 5 different schedules analyzed.

We performed this activation for the 21 target nodes, which allowed us to find the
following confidence intervals:

Figure 10: Confidence interval for node 0 (reference image)

INTERVALO DE
CONFIANZA
Promedio 12,94 742 11,38 18,87 11,97 10,46 26,35 2549 25,77 25,47 23,10 34,12 57,25 10,00 27,08 13,63 7,94 23,88 65,11
21,24 25,40
Desvest 096 0,59 097 1,42 073 070 142 1,58 1,78 1,77 2,17 297 632 089 244 144 0.83 2,19 629
1,41 2,01
Min 10,20( 570 890 14,50 9,80 8820 23.40 21,40 21.40 21,50 18,10 25,10 41,90 7,80 20,30 10,00 6.10 19,50 47.20
17,30 20,30
Max 14,80 8,280 14,30 21,70 13,90 12,10 30,30 29,80 30,80 30,00 29,20 42,40 72,10 11,90 32,90 18,20 10,00 29,80 80,40
24,60 30,50
Alpha 0,05/ 0,05 005 005 005 005 005 005 005 005 005 005 005 005 005 005 0.05 0,05 0,05
0,05 0,05
Z 1,96| 1,96 1,96 196 1,9 196 1,96 1,96 1,9 19 1,9 196 1,96 1,96 196 196 196 1,96 196
1,96 1,96
n 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00 10,00
10,00
L 12,35 7,06 10,78 17,98 11,51 10,03 25,46 24,51 24,67 24,37 21,75 32,28 53,34 9,45 25,57 12,73 743 22,52 61,21
1 20,37 24,16
13,54 7,78 11,98 19,75 12,42 10,90 27,23 26,47 26,88 26,57 24,44 35,95 61,17 10,56 28,59 14,52 8.46 25,23 69,01
L 22,11 26,63
s
Amplitud IC 1LI9 0,73 1,20 1.77 090 086 1,76 196 221 2,19 2,69 3,68 7.83 1,11 302 1,79 1,74 103 271 7,80 2,49
Figure 11: Average time from node 0 to node 1 (reference image)
Promedio tiempo nodo 0 a 1
180
160 154
140 22 B
120
100 =
87 oo
80 - »
‘53 43 =
;O 11 g L2
. o o 1.5 8.5 a a1

Thanks to this information we were able to determine the average travel time from node zero
(0) to node one (1) is 12.94 minutes, with a confidence level of 95%. Obtaining a confidence
interval for the average travel time from node zero (0) to node one (1) between 12.35 minutes
and 13.54 minutes.
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Figure 12: Confidence interval for Node 1 (reference image)

INTERVALO DE CONFIANZA
::" 1444 | 2101 | 2361 | 2560 | 2235 | 2086 | 3920 | 2994 | 4330 | 4172 | o4 | 4650 | 7040 | 1652 | 2639 | 1790 | 894 1503 | 2584 | 7291 | 2893
2‘["" 109 135 245 265 24 158 am 175 | 442 470 269 | 395 642 135 | 2 L10 0,60 145 248 6,66 LET
Min 1220 | 17,00 | 1800 | 1820 | 1620 | 1690 | 3280 | 2540 | 330 | 2670 [ 2300 | 3500 | s430 | 1300 | 1930 | 1540 | 760 100 | 1950 | 5730 | 2450
Max | 1700 | 2430 | 3240 | 3190 | 2930 | 2500 | 4540 | 3220 | seu0 | s290 | 3sso | sveo | ssso | 1e7e | 33s0 | 2000 | w000 | 1830 | 32,00 | ss30 | 3370
LI 13,76 | 2008 | 2208 | 2405 | 2084 | 1988 | 3751 | 2885 | 4056 | 3m%1 [ 2908 | 4406 | 6643 | 1569 | 2458 | 172 | 856 1413 | 24,11 | 878 | 277
LS 1501 | 21,85 | 2513 | 2734 | 2386 | 2184 | 4090 | 30,02 | 4604 | asé3 | 3240 | 4m9s | 7439 | 1736 | 2820 [ 1sss | om 1593 | 27,18 | 7704 | 30,08
AI'{"lP 135 167 105 12 e 1,96 138 217 | S48 5H2 133 490 7.95 1,68 162 137 075 1,50 307 4,26 23

We find the confidence intervals for the 21 nodes and determine the average travel times from
each node to its 21 destinations.

1.1.3 Travel time estimation

We generate the travel time estimation matrix, which is derived from the lower bound and
upper bound information of the confidence interval for each of the nodes.

It is with this information that we perform the cost calculations.

Figure 13: Travel time estimation (reference image)

Tiempo
Estimado de 0 1 Continua 20 21
Viaje
0-D L L L L Continua L L L L
1 S I S 1 S 1 S
0 0 0 12,35 13,54 e 61,21 69,01 24,16 26,65
1 13,76 15,11 0 0 *re 68,78 77,04 27,77 30,08
2 7,16 7.82 20,06 22,04 b 64,36 74,52 24,51 26,98
3 12,71 14,29 21,95 24,40 - 60,07 68,18 30,24 33,24
4 15,50 16,83 24,08 2745 *okE 64,45 73,79 37,84 4236
5 11,44 12,60 23,29 25,51 e 64,74 74,78 29,56 32,79
6 11,49 12,44 18,66 20,58 bt 58,99 67,66 29,64 32,94
7 29,59 32,69 38,76 43,66 il 50,44 57,21 22,07 24,33
8 2432 26,50 27,69 30,32 ot 57,13 66,28 10,38 11,68
9 21,05 22,76 33,25 36,83 *AE 49,12 55,29 47,60 55,25
10 20,03 21,63 31,64 35,50 e 46,71 53,51 29,53 33,89
11 22,95 2547 33,28 36,27 gkl 44,23 50,83 35,01 40,57
12 42,40 48,00 39,91 43,87 *uw 31,97 35,85 35,70 40,65
13 58,97 68,18 68,12 77,34 A 5.81 6,10 52,74 59,87
14 12,01 13,21 18,74 21,33 ok 64,66 73,80 31,02 33,81
15 25,54 28,38 22,01 2495 - 73,39 83,38 28,41 31,97
16 10,80 11,94 16,13 17,85 Howk 61,03 68,69 13,46 15,06
17 20,89 22,91 8,67 9,45 ok 74,42 83,87 31,92 35,69
18 6,66 739 15,29 17,19 had 58,50 66,91 28,84 31,18
19 19,97 21,88 22,08 24,90 = 58,96 64,91 50,56 57,95
20 69,10 75,14 76,83 83,75 e 0 0 65,11 70,51
21 2435 26,67 27,82 30,32 kot 61,17 67,18 0 0

1.14 Cost matrix

To make this calculation it has been important to take into account the fixed costs and
variable expenses, where the company has two workers who generate overtime and Sunday
working hours, so our company has two workers who generate overtime and Sunday working
hours.
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The confidence intervals per node play a fundamental role, since "it is an estimation technique
used in statistical inference that allows to delimit a pair or several pairs of values, within which
the desired point estimate will be found, with a certain probability" (Marco Sanjuén, (undated),

Estimation of travel times between nodes in the vehicle routing problem with stochastic times.

confidence interval), and shows how travel times fluctuate and so will the company's costs.

In order to find this information we take into account the daily salary of the worker and
determine the value of the minute, we proceed to calculate the cost taking into account the lower
limit and upper limit previously mentioned and thus we obtain the average cost of the stretch,

with our two workers.

Figure 15: Cost per travel distance (Reference image)

Costo x
'fl':‘:[';;:: 0 1 Continua 20 21

0-D Continua

0 $ - |8 779,68 L $ 4.392,85 | § 2.17741
1 $ 796,80 | § - LLL $ 5.296,14 | % 2.738.40
2 $ 41837 | % 1.150,51 ek S 4.706,63 |8 2.367,58
3 $ 690,31 | $ 1.312,15 bt 3 4.392,85 | § 2.662,33
4 $ 950,83 |$ 1.445,27 bt $ 4.183,67 |3 3.556,12
5 3 675,09 [$ 1.388,22 ¥ $ 434531 | $ 2.74791
6 $ 627,55 |$ 1.416,74 bl $ 433580 | $ 2.700,37
7 $ 2.481,68 | % 3.689,23 bl $ 4.231,21 | $ 1.825,60
8 $ 2.072,82 | § 2.671,84 e $ 5.296,14 | § 836,73
9 $ 1.625,93 |% 2.919,06 *k $ 3.556,12 | § 3.582,74
10 $ 1.530,84 |3 2.852,50 et 3 3.480,05 |3 3.147,26
11 h) 1.359,69 | 3§ 2.167,90 bl ) 3.270,87 | § 3.679,73
12 $ 2.614,79 | § 3.879.40 L $ 2.339,05 | % 3.33743
13 $ 4.267,34 | % 5.503,42 ki $ 28525 | % 5.039.42
14 $ 599,03 |§ 1.112,48 ko2 $ 4.55449 | § 2.848,70
15 3 1.692,48 |3 1.511,83 ik $ 6.370,58 | % 2.567,25
16 $ 713,13 |§ 1.017,39 T S 494433 | § 1.350,18
17 3 1.511,83 |3 663,58 Tk 3 5.990,25 | § 3.137,75
18 $ IRO.R4 [$ 903,29 HE S 4.84925 | § 2.377,08
19 $ 1.483,30 [$ 1.730,52 b 8 4.136,13 |$ 4,088,58
20 b 4.383,34 |3 5.296,14 ox $ -8 5.191,55
21 $ 2.167,90 | § 2.738,40 0% $ 5.210,57 | § -

Figure 16: Price parameters cost km traveled (Reference image)

Parimetros

SHP + Recargo

(75%) $ 7.338,04
Rendimiento 42
(km/gal)
Precio Gasolina
MC ($/gal) $ 7.987,00
Costo km
recorrido $ 190,17
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The information presented in the matrix shows the costs per travel distance between each
node, which allows us to state, for example, that between node 19 and node 20 the cost per travel
distance is $4,136.13.

1.1.6 Overall travel cost
The overall travel cost was obtained by taking the lower limit of the travel time cost value

added to the travel distance cost for each node, and the upper limit of the travel time cost value
added to the travel distance cost for each node, respectively.

Figure 17: Overall cost of the trip (Reference image)
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The matrix presented allows us to see what the overall travel costs are between each node,
which allows us to say for example, that between node 10 and node 1 the lower limit of the overall
cost is $10,591.04 and between node 10 and node 1 the upper limit of the overall cost is
$11,536.99.
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Estimacion de tiempos de viaje entre nodos en el problema de ruteo de vehiculos con tiempos estocasticos
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