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RESUMEN

Este proyecto aborda la problematica de determinar rutas optimas de ventas directas para
minimizar la distancia total recorrida y reducir las emisiones de C 0, en una empresa de la industria
alimentaria. Con una cartera de 9.539 clientes y 53 rutas mal estructuradas desde el Centro de
Distribucion de Guayaquil, se enfrentaban inconvenientes, como visitas incompletas y recursos
subutilizados. El objetivo general fue optimizar las rutas mediante un modelo matematico mTSP,
complementado con el método de machine learning “K-Medoids” y un modelo de clusterizacion,
junto con el algoritmo metaheuristico GRASP. La sinergia de estos procedimientos mas la
capacidad de manejo de datos de Wolfram Mathematica proporciono una estrategia eficiente para
la distribucion de rutas. Los resultados resaltaron una disminucion en la flota de camiones y
mejoras en las rutas, lo que contribuyo a la optimizacion de la logistica y a un aumento en la
satisfaccion del cliente. Ademas, se logro una notable reduccion de costos totales y de la huella de
carbono. En conclusion, se logro optimizar las rutas de la empresa y se demostro el impacto

positivo de los algoritmos metaheuristicos en la gestion logistica.

Palabras Clave: mTSP, Clusterizacion, algoritmo, emisiones de C0,, eficiencia operativa.



ABSTRACT

This project addresses the challenge of determining optimal direct sales routes to minimize
total distance traveled and reduce CO_2 emissions in a company in the food industry. With a
portfolio of 9.539 clients and 53 poorly structured routes from the Guayaquil Distribution Center,
issues such as incomplete visits and underutilized resources were encountered. The overall
objective was to optimize routes using an mTSP mathematical model, complemented by the "K-
Medoids" machine learning method and a clustering model, along with the GRASP metaheuristic
algorithm. The synergy of these procedures, combined with the data handling capabilities of
Wolfram Mathematica, provided an efficient strategy for route distribution. The results
highlighted a reduction in the truck fleet and improvements in routes, contributing to logistics
optimization and increased customer satisfaction. Furthermore, a significant reduction in total
costs and carbon footprint was achieved. All in all, the company's routes were successfully
optimized, demonstrating the positive impact of metaheuristic algorithms on logistics

management.

Keywords: mTSP, Clustering, algorithm, C0, emissions, operational efficiency.
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CAPITULO 1

1. INTRODUCCION

La industria alimentaria y de distribucion exige eficiencia en la gestion y la planificacion
de rutas de ventas a sus clientes dada la alta competitividad del mercado. La empresa sujeta de
estudio tiene presencia a nivel mundial y estd consolidada en el mercado ecuatoriano desde hace
varios afos. Esta empresa maneja una amplia gama de productos, entre los cuales estan alimentos
para bebés, lacteos, chocolates y café. Dado su fuerte crecimiento en el mercado nacional, la
empresa cuenta con flota propia de vehiculos de carga para manejar sus ventas directas con tiendas
minoristas. No obstante, las rutas actuales no logran alcanzar los objetivos de ventas, originando
clientes sin cobertura, por lo que se requiere optimizarlas.

El hecho de que no se han disefiado rutas optimas de venta ocasiona algunos efectos
negativos: insatisfaccion en los clientes, menor sostenibilidad ambiental e ineficiencia de la
operacion. El problema de optimizacion de rutas es un gran desafio para las empresas
distribuidoras, ya que deben considerar diversos factores al momento de buscar la optimizacion
del ruteo. Algunos aspectos claves para tener en cuenta son: demanda, capacidad de los vehiculos,
distancia, tiempo de viaje y otras reglas de operacion.

La planificacion del sistema de transporte involucra no solo a la empresa alimentaria, sino
también a sus equipos de ventas, transportistas y consumidores finales. Este proyecto de
graduacion se centra en abordar los desafios y oportunidades en la optimizacion de rutas de venta
directa a través de un modelo matematico de optimizacién y la implementacion de un algoritmo
basado en metaheuristicas para resolver adecuadamente este problema de negocio y contribuir
significativamente a la mejora de la eficiencia operativa, la satisfaccion del cliente y al impacto

medioambiental.
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1.1 Descripcion del Problema

La problemaética que pretende solucionar este proyecto es la determinacion de rutas 6ptimas
de ventas directas con el objetivo de minimizar la distancia total recorrida, y por consiguiente
disminuir las emisiones de CO2 hacia el medioambiente.

Hoy en dia, la empresa cuenta una cartera de 9,539 clientes, internos y foraneos, cuyas
visitas son cubiertas por 53 rutas que parten desde el Centro de Distribucion de Guayaquil. Estas
rutas no estan correctamente estructuradas, puesto que algunas cuentan con menos de 50 clientes
mientras que otras superan los 250. El sobrecargo de clientes en una ruta causa que no todos los
clientes que se planificaron en la misma sean visitados, generando asi inconvenientes e
inconformidades por parte de los consumidores por lo que al dia siguiente solicitan una visita por
parte del chofer. Esto a su vez causa que el chofer se desvie de su ruta programada con la finalidad
de atender al cliente que no pudo visitar el dia anterior, creando asi una cadena de inconvenientes
por los clientes que no logran ser atendidos. A su vez, las rutas que cuentan con pocos clientes
ocasionan que los recursos involucrados, personal y vehiculos asociados, estén siendo
subutilizados. Por lo tanto, lo que la empresa necesita es que las nuevas rutas cuenten con 32
clientes dentro de la cartera de clientes diaria, es decir 192 clientes a la semana.

La empresa opera con una flota homogénea de 53 vehiculos, con una capacidad de carga
de 1.1 toneladas cada uno. Cada ruta tiene asignado su respectivo vehiculo, el cual es operado por
un conductor designado. Esta persona es la Unica que se moviliza de punto a punto para realizar
las ventas directas a los clientes.

La rutina de un chofer en ruta se la puede observar en la Tabla 1.
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Tabla 1. Rutina de chofer en rutas de ventas directas

Hora Actividades
06h30 Llegada al CD
Inventario

Revision de indicadores con Supervisor

07h30 Traslado al primer punto de venta
08h10 Llegada al primer punto de venta
13h20 Fin primer turno (15 clientes visitados)

Inicio Almuerzo

14h20 Fin almuerzo

Llegada al punto de venta

18h20 Fin segundo turno (11 clientes visitados)

Traslado al CD

19h00 Llegada al CD
Cierre de jornada, entrega de liquidacion,

depdsitos y notas de crédito al Supervisor

19h30 Salida del CD

Fuente: Empresa de Alimentos
En la Tabla 1 se puede observar que el primer turno del chofer tiene una duracion de 5
horas y 10 minutos, con lo cual se identifica que, en promedio, el tiempo de visita por cliente es
de 22 minutos. Dentro de estos 22 minutos, el chofer debe buscar parqueo, identificar las
necesidades del cliente (proceso de negociacién), cerrar la venta, cobrar, y finalmente despachar
y entregar el pedido.
El alcance de este proyecto se centra en disefiar rutas 6ptimas que logren cubrir los 9,539

clientes que son visitados desde el centro de distribucién de Guayaquil. Los datos que se requieren
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para el desarrollo de este proyecto son los siguientes: posiciones geograficas de los clientes,
posicion geografica del centro de distribucion, tiempo promedio de visita por cliente, nUmero
minimo de clientes por dia, cantidad de dias laborales y rutas actuales que se encuentran operando.
Con esta informacién, se puede construir un modelo matematico que pueda ser resuelto con
técnicas metaheuristicas y que permita encontrar las rutas 6ptimas que garanticen una operacion

eficiente.

1.2 Justificacién del Problema

La presente investigacion tiene como finalidad abordar un problema de relevancia critica
en el contexto de una empresa alimentaria en Guayaquil: la optimizacion de rutas de ventas
directas.

Un aspecto que justifica esta investigacion es su contribucion al cuidado del medio
ambiente. Al optimizar las rutas con respecto a la minimizacion de distancia total recorrida,
cuantificada en kildmetros, se reduciran las emisiones de CO2 lo que respalda los esfuerzos de
sostenibilidad y responsabilidad ambiental de la empresa.

Este proyecto apuntala a promover el Objetivo de Desarrollo Sostenible (ODS) numero 12,
"Produccion y Consumo Responsables”, dado que el trabajo se basa en la creciente importancia de
abordar la sostenibilidad en el &ambito empresarial y la optimizacion de recursos en la cadena de
suministro de alimentos y bebidas. El sector de alimentos y bebidas enfrenta desafios significativos
en terminos de eficiencia, desperdicio y sostenibilidad. EI consumo insostenible y la produccion
ineficiente de alimentos tienen un impacto negativo en el medio ambiente, la economia y la
sociedad. Por lo tanto, es esencial abordar estos problemas a través de enfoques innovadores.

Asimismo, este trabajo busca mejorar la cobertura de la cartera de clientes de cada chofer.
Los clientes finales serdn beneficiarios directos, ya que contaran con visitas regulares y
planificadas, lo que les permitira anticipar y gestionar sus pedidos de manera eficiente, mejorando

la experiencia del cliente. Los choferes, por su parte, gozaran de rutas mas eficientes y podran
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atender a la totalidad de su cartera de clientes de manera mas efectiva, lo que puede aumentar su
satisfaccion laboral. La empresa misma se beneficiara significativamente. La optimizacion de rutas
permitird alcanzar los objetivos de ventas pactados de manera mas eficiente y rentable, al tiempo
que reducira la flota necesaria y el consumo de combustible.

La investigacion no solo ayudara a resolver un problema especifico en la empresa, sino que
también tiene un potencial de aplicabilidad mas amplio. El algoritmo desarrollado en este proyecto
podria ser utilizado por otras empresas con caracteristicas similares que enfrentan desafios
relacionados con la optimizacion de rutas y el cumplimiento de visitas a clientes.

Este proyecto no solo se alinea con los valores de la empresa, sino que también responde a

las demandas cambiantes del mercado y la creciente preocupacion por la sostenibilidad.

1.3 Objetivos
1.3.1 Objetivo General

Optimizar las rutas utilizadas para la venta directa en una empresa de la industria
alimentaria, considerando como objetivo la minimizacion de la distancia total recorrida mediante

la implementacion de algoritmos metaheuristicos para mejorar la eficiencia de la operacion.
1.3.2 Objetivos Especificos

o Analizar los datos proporcionados con herramientas tecnoldgicas para asi garantizar su
calidad y coherencia.

e Formular el modelo matematico de optimizacién identificando todas las restricciones
relevantes y reglas de distribucion de la empresa para resolver el problema de estudio.

o Implementar los algoritmos metaheuristicos en un lenguaje de programacion cientifico que
permita encontrar soluciones de buena calidad y en tiempos aceptables.

o Medir el beneficio que la empresa obtendria con la propuesta de mejora realizando un

analisis comparativo con las rutas actuales.
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1.4 Marco Tedrico

1.4.1 Antecedentes

La optimizacion de rutas en el sector de distribucién y logistica de empresas alimentarias
es un desafio critico que ha cobrado una creciente importancia en los Gltimos afios. De acuerdo
con (Ballou, 1991), la funcion del sistema de transporte se basa en la seleccion de los medios
idéneos para cada ruta, teniendo que definirlos con relacién a costes fiabilidad y riesgos. Por su
parte la ciudad de Guayaquil, Ecuador, como un centro importante para la produccion y
distribucion de alimentos, enfrenta desafios significativos en términos de eficiencia logistica,
costos operativos y satisfaccion del cliente. La entrega oportuna de alimentos perecederos y no
perecederos es esencial para garantizar la frescura de los productos y la competitividad en el
mercado.

Histéricamente, la planificacion de rutas ha sido un proceso manual, segin (Murray, 2018)
la planeacién de rutas ha sido empleada por compafiias por varios afios, y a pesar de experiencia
de los planeadores, el sistema cambiante y complejo actual afecta la validez de una ruta dia a dia.
Sin embargo, en las Ultimas décadas, los avances en la tecnologia de la informacién y la
investigacion en algoritmos de optimizacion han brindado nuevas oportunidades para abordar

estos desafios.

1.4.2 Estado del Arte

La optimizacidn de rutas es un campo ampliamente estudiado en la literatura académica y
ha sido aplicado con éxito en diversas industrias, por lo que a continuacion se presenta 3 fuentes
de informacion que complementan el desarrollo de este trabajo.

Como primera fuente de consulta se presenta el articulo titulado Solucion del problema de
multiples agentes viajeros resuelto mediante técnicas heuristicas. Este menciona que las
exigencias de los clientes con respecto a productos y servicios se intensifican con el paso del

tiempo; los consumidores demandan menores tiempos de visita y/o entrega (Ocampo, Bolafios, &
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Echeverri, 2014) Es por esto por lo que es indispensable contar con un sistema de transporte 6ptimo
que garantice el suministro pertinente de insumos, asi como la entrega en el tiempo y lugar preciso.
La metodologia que se maneja en este articulo es la heuristica de dos fases: asignar primero, rutear
después. Esta se basa en, primero, establecer los clUsteres, es decir grupos de clientes. Luego, se
rutea dentro de cada cluster y se aplica una mejora al tour encontrado. EI método para definir los
clusteres fue la heuristica de barrido, la cual se encarga de formar grupos mediante el giro de una
semirrecta con origen en el dep6sito y se detiene cuando se sobrepase la restriccion dada. El
problema que se resolvi6 en esta investigacion fue la visita de 75 ciudades por medio de la
heuristica del vecino mas cercano. Las secuencias obtenidas fueron mejoradas con estrategias de
busqueda local, tales como shift, swap y 2-opt. En términos generales, todas las estrategias
mejoraron la solucion inicial significativamente; no obstante, la que tuvo un mejor desempefio fue
la shift con pardmetros 1y 0.

El aporte de este articulo cientifico al proyecto se centra en las politicas de rutas y en la
metodologia empleada. El presente proyecto maneja una politica fija, ya que los clientes deben
conocer con antelacion el dia de visita para poder planificar su pedido. Por otro lado, la
metodologia de heuristicas de dos fases con estrategias de mejoras es aplicable a esta problematica
debido a que se debe cumplir con un numero de clientes en cada portafolio de chofer, por lo que
se debe crear los clusteres y luego rutear dentro de cada uno, sin olvidar aplicar mejoras al tour
obtenido.

“Comparison of K-means and K-medoids in Tourist Attraction Clustering based on visitor
Characteristics” es el segundo articulo que se consultdo como fuente de investigacion. A lo largo
de este articulo se manejan la terminologia de K-Means y K-Medoids, los cuales son metodos de
particionamiento para formar clisteres. El analisis de divisién empieza creando un cldster con
todos los objetos, luego se separan los objetos con la mayor diferencia del cluster. Asi

sucesivamente hasta que todos los objetos separados se convierten en un nuevo claster. Por su
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parte, el de aglomeracion combina dos objetos con similitudes en un cluster, asi hasta formar un
cluster en donde todos los objetos se relacionen unos con otros. Cabe destacar que el pardmetro
gue se emplea para determinar si son similares es la distancia euclidiana (Jauhari, et al., 2023).

La data que se tratd6 para la comparacion de los métodos K-Means y K-Medoids fue
recopilada de 21 puntos turisticos del area de Bangkalan, tomando en cuenta el nimero de comida
de cada turista. Los datos pasaron por un proceso de depuracion y normalizacion para luego poder
ser clusterizados; de esta manera, se puede identificar el nivel de influencia que las caracteristicas
(edad, género, estado civil, etc.) de los turistas tienen sobre los puntos mas visitados en la zona.
Los resultados de aplicar los dos métodos de agrupamiento arrogaron que K-Medoids tuvo un
mejor desempefio que K-Means. La caracteristica que resulté mas dominante fue el género, con
un porcentaje de 90.48% empleando el método K-Medoids.

Este articulo contribuye al presente proyecto integrador ya que se tratan de métodos para
agrupar datos, siendo esto parte primordial para el establecimiento de rutas. Ya sea el método K-
Means o K-Medoids el que se emplee, se debe evaluar no solo el resultado de los clusteres
obtenidos sino también el tiempo computacional puesto que se trata de una cartera extensa de
clientes.

Finalmente, la tercera fuente de investigacion que se analiza es el articulo titulado “An
Improvement to the 2-Opt Heuristic Algorithm for Approximation of Optimal TSP Tour”. Este
articulo aborda el TSP, uno de los problemas NP-Hard con aplicaciones practicas mas
significativas y que se adapta al contexto de la problematica del proyecto de materia integradora.
La metodologia que se propone es una mejora con el algoritmo heuristico llamado 2-Opt++, el
cual resuelve problemas del TSP usando la técnica de bldsqueda del 2-Opt para generar mejores
resultados.

Esta herramienta brindaria muchos beneficios al proyecto en cuestion debido a que

reduciria considerablemente el tiempo de célculo computacional, teniendo en cuenta que se
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trabajaran con mas de 9,000 clientes. En el algoritmo 2-Opt++ se implementa un paso de
compresion de grafico opcional. Este enfoque se basa en la lista de candidatos, revertir los caminos
seleccionados y luego probar una solucion mejorada es un método simple, pero poderoso (Uddin,
etal., 2023). Sin embargo, hay un problema en este método, y es que a medida que se buscan todas
las soluciones surge la posibilidad de perder una solucién mejor, y este punto se aborda en el
algoritmo a través de criterios de posible aceptacion, es decir, si el margen de ganancia en el paso
anterior es mayor que 0, se mantiene la nueva solucion.

Asimismo, al analizar y contrastar los resultados de margen de error con otros algoritmos
en instancias predefinidas, el algoritmo 2-Opt++ es claramente superior y mas efectivo que el
resto, en términos de porcentaje de error comparado con el resultado 6ptimo. Basado en la eficacia

de la heuristica se plantea emplear métodos similares para resolver la problematica actual.

1.4.3 Marco Conceptual

Habiendo revisado literatura relacionada a la problemaética a tratar, se presentan algunos
conceptos esenciales que ayudan a la comprensién del desarrollo de este trabajo.

Multiple — Traveling Salesman Problem

El Multiple Traveling Salesman Problem, o0 mTSP es una variante muy relevante del
problema clasico del agente viajero (TSP), donde se consideran multiples agentes viajeros los
cuales deben visitar un namero de ciudades exactamente una vez y volver a la posicion inicial con
el minimo costo de viaje (Cheikhrouhou & Khouf, 2021).

El mTSP es uno de problemas de optimizacién mas importantes, ya que su aplicacion en
escenarios de la vida real es muy destacada. Para aplicar el mTSP se deben establecer la
representacion de los agentes viajeros; estos pueden ser aviones, drones 0 camiones (agente de
este proyecto). De manera analoga, las ciudades visitadas por los agentes pueden ser representadas

por objetivos en servicios militares, victimas en emergencias o clientes.
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Con respecto a la funcidn objetivo, se pueden establecer diferentes escenarios tales como,
minimizar el costo del tour, el tiempo de la mision, la energia consumida, o la distancia total
recorrida, el cual es el escenario por tratar.

Por ultimo, las restricciones desempefian un papel esencial en la formulaciéon ya que
ayudan a garantizar la factibilidad y calidad de las soluciones considerando limitaciones
operativas, tiempo, etc.

Algoritmo GRASP (Greedy Randomized Adaptive Search Procedures)

Con el propésito de brindar soluciones optimas a problemas de la industria, no solo se
necesitan métodos heuristicos que sean moldeables a los requerimientos sino también de
herramientas novedosas tales como procedimientos de reinicio y aleatorizacion controlada (Feo &
Resende, 1995).

Las siglas GRASP corresponden a Greedy Randomized Adaptive Search Procedures, lo
gue en espafiol se traduce a procedimientos voraces de blusqueda adaptativa aleatoria. Los autores
Feo y Resende mencionan que GRASP es una heuristica que se basa en un proceso iterativo y
consiste en dos fases: construccion y mejora.

En la fase de construccion se arma una solucion de manera iterativa basandose en una
funcién glotona. Esta funcion se encarga de medir el beneficio de agregar cada uno de los
elementos a la solucion y de esta manera optar por el de mayor beneficio. El aspecto que caracteriza
a esta heuristica es su componente aleatorio, pues de una lista de candidatos restringidos (LCR) se
escoge aleatoriamente un elemento. Dentro de la LCR se encuentran los mejores elementos a
formar parte de la solucidn, por lo que esta lista se va actualizando en cada iteracion (Sandoya,
2023).

En la fase de mejora se emplean algoritmos de busqueda local que ayuden a perfeccionar
la solucidn que se tiene. Un algoritmo de busqueda local se encarga de reemplazar un elemento de

la solucidn actual por uno mejor dentro de una vecindad definida, por lo tanto, el criterio de parada
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esta definido por la vecindad ya que, si no hay una mejor solucién dentro de ésta, se detiene el
algoritmo arrojando asi la Gltima solucion obtenida (Sandoya, 2023).

La implementacion de esta heuristica requiere de dos parametros claves, los cuales son el
tamafio de la LCR y el nimero de iteraciones, es por esto por lo que Feo y Resende (1995)
consideran que la sencillez y la facilidad de implementacion son de las cualidades méas importantes

del GRASP.
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CAPITULO 2

2. METODOLOGIA

2.1 Técnicas De Investigacion

En el desarrollo de este proyecto, se implementaron diversas técnicas de investigacion con el
fin de recopilar y analizar datos criticos. En primer lugar, se destaca la realizacion de entrevistas
online a través de la plataforma Microsoft Teams, en donde se tuvo contacto con los colaboradores
de la empresa alimentaria permitiendo asi obtener informacion directa acerca del proceso de
ventas.

Asimismo, la empresa proporcioné una base de datos de Excel, de la cual se obtendria
informacidn crucial sobre la localizacion geografica de los clientes. Esta data se analiz6 para la
comprension de la distribucion geogréafica, facilitando la identificacion de areas con alto volumen
de clientes.

Para garantizar la precision y calidad de los datos, se llevo a cabo un exhaustivo proceso de
depuracion a través de Google Sheets, con el objetivo de identificar posibles errores y asegurar la
fiabilidad de los resultados obtenidos. En particular, se eliminaron dos clientes ubicados en
Galapagos, ya que no era factible considerar una ruta terrestre desde el centro de distribucion en
Guayaquil hasta esta ubicacion insular. Esta decision se tomo en concordancia con restricciones
logisticas y de transporte. Ademas, se identificO que siete clientes en Duran carecian de
coordenadas geograficas, lo que complicaba la integracion efectiva en la optimizacion de rutas.

Estas metodologias combinadas permitieron obtener insights significativos que constituyeron
la base para proponer las estrategias efectivas de optimizacion de rutas de venta directa en el

contexto especifico de Guayaquil.
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2.1.1 Levantamiento De Informacién

En el proceso de levantamiento de informacién, se destaca la aplicacion del proceso de
empatia, que permitio obtener una vision integral de los actores clave en el sistema de transporte.

Figura 1. Mapa de actores
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Una de las consideraciones mas significativas fue la creacion de un mapa de actores
englobando a figuras fundamentales del servicio tal como se observa en la Figura 1. Esto permitio
identificar y tener una idea grafica de las partes relevantes del sistema tales como la jefa de
transporte, analistas de transporte, conductores y clientes, quienes fueron los que se posicionaron
en el centro del mapa dado que son el ente mas importante y deben ser satisfechos con el servicio
que se provee.

Ademas, se logré comprender las relaciones latentes en el sistema, dado que se pudo observar
gréficamente cudl es la cadena de interacciones del sistema, quién influye sobre quién, y como se
comunican entre si. De manera similar, se rescata que el mapa de actores brind6 una clara idea de
coémo podria planificarse la implementacion de las nuevas rutas propuestas y como participarian

los actores del sistema.

27



Figura 2. Mapa de empatia
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De forma similar, se realizaron mapas de empatia para comprender las necesidades de cada
parte. La Figura 2 se centr0 en la jefa de transporte con el propdsito de identificar sus
motivaciones, desafios y objetivos individuales.

Entre los puntos méas relevantes se destaca la vision de la jefa de transporte, a quien se
reconocio que estaba consciente de que las rutas actuales no eran 6ptimas, y estaban muy lejos de
serlo. Se coment6 haber identificado oportunidades de mejora a las rutas de transporte aplicando
una mejor clusterizacién empleando algoritmos que consideren las restricciones del escenario
existente. Otro detalle que aportdé en gran medida a la realizacion de este proyecto fue el
razonamiento logico que establece que, al recorrer mas kilometros, no se asegura que se realizan
mas ventas.

El andlisis proporciond una base solida para el disefio del proceso de optimizacidén que no
solo maximiza la eficiencia en el sistema de transporte, sino que también considera las dindmicas

interpersonales y las metas particulares de quienes desempefian roles claves en la gestidn logistica.
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2.1.2

Recopilacion De Los Datos

Tabla 2. Datos en bruto

Num. Cliente Rutas Dias CustomerCity CusLatitude  CusLongitude
1 EC9201 4 Guayaquil -2.079554 -79.853561
2 EC9201 4 Guayaquil -2.078533 -79.852824
3 EC9201 4 Guayaquil -2.148299 -79.868375
4 EC9201 4 Guayaquil -2.149788 -79.868097
5 EC9201 4 Guayaquil -2.078526 -79.852818
6 EC9201 6 Guayaquil -2.054763 -79.881871
7 EC9201 2 Guayaquil -2.033584 -79.908674
8 EC9201 6 Guayaquil -2.053525 -79.879864
9 EC9201 6 Guayaquil -2.054252 -79.88178

10 EC9201 6 Guayaquil -2.061016 -79.872625

Fuente: Empresa de Alimentos

La Tabla 2 alberga informacion esencial para la optimizacion de rutas de venta directa. Cada
fila representa un cliente, en este apartado se colocaron las primeras 10 filas de la tabla. En primer
lugar, se encuentra la columna de la identificacion por nimero del cliente. La siguiente columna
es la de rutas que las identifica por codigos que comienzan con "EC" junto con un nimero asociado
a la ruta. Seguido a esto, esta la columna Dias. En esta se encuentran los nimeros asociados al dia
de la semana, empezando por el domingo con 1y finalizando el sabado con 7. Mientras que en la
columna CustomerCity esta la ciudad a la que pertenece el cliente, y por ultimo se encuentran las
ubicaciones que se detallan mediante coordenadas de latitud y longitud. Este conjunto de datos
ofrece una vision detallada de la distribucion espacial de los clientes, proporcionando la base para

abordar la eficiencia de las rutas.
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2.2  Andlisis De La Informaciéon Levantada: Situacién Actual

Como parte del analisis de la data recopilada, se realizé un mapa de calor, con el fin de
identificar las zonas que mas clientes tienen, y un diagrama de barras de los clientes por rutas, para
tener una vision mas clara de la reparticién actual de clientes.

Figura 3. Mapa térmico de los clientes
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En la Figura 3 se puede observar las zonas con mayores concentraciones de clientes, siendo
estas identificadas con color rojo. Guayaquil, Babahoyo y La Libertad son de las ciudades con un
elevado volumen de clientes. Con color amarillo se puede observar las zonas que albergan una
cantidad moderada de clientes, mientras que las zonas grises representan una baja concentracion

de clientes.

30



Figura 4. Diagrama de barras de clientes visitados por ruta

RUTAS

EC9263
EC9261
EC9260
EC9258
EC9256
EC9255
EC9253
EC9252
EC9251
EC9249
EC9248
EC9247
EC9246
EC9245
EC9243
EC9242
EC9241
EC9240
EC9239
EC9238
EC9237
EC9236
EC9235
EC9232
EC9231
EC9230
EC9229
EC9228
EC9226
EC9225
EC9224
EC9223
EC9222
EC9220
EC9219
EC9218
EC9217
EC9216
EC9215
EC9214
EC9213
EC9212
EC9211
EC9210
EC9209
EC9208
EC9207
EC9206
EC9205
EC9204
EC9203
EC9202
EC9201

83
160
213
263
210
248
246
56
229
159
32
239
219
56
234

181

283

222
83
40
169
144
210
190
258
188
87
211
26
193
199
226
75
218
250
227
202

279

50 100 150 200 250 300
CLIENTES

31

314

350



En la Figura 4 se logra identificar cuantos clientes son visitados por cada ruta durante la
semana. El objetivo de la empresa de alimentos es visitar semanalmente 300 clientes. Esta grafica
deja en evidencia que no se estad cumpliendo con aquello, pues hay rutas que estan muy por debajo
del objetivo, como la rutas EC9218 y EC9202. Por otro lado, se evidencia una ruta que supera los

300 clientes, la cual es EC9236 con 314 clientes.

2.3 Modelos Mateméatico

2.3.1 Modelo mTSP
Los modelos matematicos que se consideraron formular para este problema de estudio
fueron: el Vehicle Routing Problem (VRP), el Travelling Salesman Problem (TSP) y el mTSP. Sin
embargo, se descart6 el VRP por su complejidad computacional. Resolver el VRP conlleva méas
trabajo computacional debido al nimero de restricciones por implementar. En cuanto al TSP, se
descarto este modelo debido a su limitacion de un Unico agente viajero. Ademas, el TSP no es muy
representativo en aplicaciones reales, pues en el campo de la distribucién es coman contar con
maultiples vehiculos. En cambio, el mMTSP logra hacer participe a varios vehiculos, siendo asi este
ultimo el modelo matematico elegido para este problema de ruteo.
Se opt6 por este modelo pues aborda los siguientes puntos (Granada Echeverri, Cubides
Rivera, & Bolafios, 2022):
- Ladistancia total recorrida de todas las rutas debe ser minimizada.
- Todas las rutas deben comenzar y culminar en el depdsito.
- Cada cliente debe ser visitado una sola vez por una ruta.
- Existe un nUmero M de agentes viajeros.
- Cada agente viajero visita un nimero maximo de clientes P.
La formulaciéon del modelo matematico comienza con la definicion de los conjuntos. Se

definid el conjunto ¥V de nodos que representan los clientes. Después, se defini6 al depdsito, es

32



decir al centro de distribucion (CEDI), como R y pertenece también a V. A su vez, se definié el
conjunto E para denotar que tanto i como j pertenecen a V.
Con respecto a los parametros, se trabajo con la matriz d;; que muestra la distancia entre

los clientes, incluyendo el depdsito. EI valor de M corresponde al nimero de conductores o
vehiculos disponibles, en este caso seria 53. P hace referencia al nUmero maximo de clientes a
visitar por ruta, por lo que el valor que se atribuye es 192.

En cuanto a las variables, se planted una binaria y otra entera, x; ; y u; respectivamente. La
primera representa el paso por el arco ij y la segunda la secuencia de visita al cliente i.
Conjuntos:

vV =1{123,..,9539}

ReV -~ v={0123,..,9539}

Ecl{i eV,jeV}

Parametros

d;; = matriz de distancia.
M = ndmero de conductores o vehiculos disponibles.

P = nimero maximo de clientes a visitar por ruta.

Variables de decision

x;; = variable de decision binaria que representa el paso por arco ij. Toma el valor de 1 si se visita
al cliente i y luego se visita al cliente j, 0 caso contrario.

u; = variable de decision entera que representa la secuencia de visita al cliente i.

Funcidn objetivo

min z d, * X, (2.1)

eEE
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Restricciones

X, =2 Viev
eed(i)
Z X, = V|- M—1
eeE
Z ij = M
JEV,j#R
Z xl'R = M
i€EV,i#R
2<u; <P Vi € V\{R)
uR = 1
xe € {0,1} Ve €EE

La ecuacion (2.1) representa la funcion objetivo. Esta busca minimizar la distancia total

recorrida.

La ecuacion (2.2) hace referencia a que la suma de arcos incidentes en el nodo debe ser 2,

es decir, uno para entrada y otro para salida.

Por otro lado, la restriccion (2.3) asegura que, en la solucion 6ptima del modelo, la cantidad
de arcos activos sea equivalente al nimero de nodos menos uno (para excluir el depdsito),

afiadiendo un arco adicional por cada ruta que represente el retorno al deposito desde el Gltimo

cliente visitado.

(2.2)

(2.3)

(2.4)

(2.5)

(2.6)
(2.7)
(2.8)

(2.9)

La restriccion (2.4) establece que los conductores deben salir estrictamente del deposito.

Mientras que la restriccion (2.5) indica que cada conductor debe regresar al deposito

después de visitar al ultimo cliente.
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Con el fin de evitar subciclos, se recurre a las restricciones MTZ (Miller-Tucker-Zemlin),
las cuales se utilizan para garantizar que cada cliente sea visitado exactamente una vez y asegurar
la formacion de rutas coherentes. La restriccion (2.6) elimina subciclos. Se plantea una desigualdad
donde se le adiciona una unidad a la suma de wu; y u; con el fin de que esta se cumpla solo cuando
x. = 1, lo que indica que el cliente j sigue al cliente i en la ruta. Por su parte, la restriccion nimero
(2.7) mantiene el nimero de visitas entre 2 y P (32 clientes).

La ecuacion (2.8) indica que las secuencias de las rutas empezaran desde el depdsito.

Finalmente, la restriccion (2.9) define a la variable binaria x,, es decir solo puede tomar

valores de Oy 1.

2.3.2 Modelo de Clusterizacion
El modelo matematico de clusterizacién corresponde a un problema de programacion
entera — binaria. Su formulacién comienza definiendo los indices: i que representa a los clientes
y j que representa a los centroides.

Se trabajo con dos parametros. EI primer parametro fue la matriz d;; que muestra la

distancia entre los clientes y los centroides. El segundo pardmetro es € que corresponde al nimero
maximo de clientes por cluster, en este caso seria 192.

En cuanto a la variable de decision, se planted x;; . Esta variable es binaria'y representa la

asignacion de un cliente a un cluster.
Indices:

i =1{1223,..,9539}

J = centroides

Parametros

d; ; = matriz de distancia.

J

C = numero méaximo de clientes por cluster.
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Variable de decision
x;j = variable de decision binaria que toma el valor de 1 si el cliente i se asigna al centroide j, 0
caso contrario.

Funcién objetivo

, 2.10
min Z Z di,]'xi']' ( )
Jj

i

Restricciones

Z — vi (2.11)
J

j

xl-,j € {0,1} (213)

La ecuacidn (2.10) representa la funcién objetivo. Esta busca minimizar la distancia total
recorrida de los clusteres.

La restriccion (2.11) garantiza que cada cliente sea asignado exactamente a un cluster.

La restriccion (2.12) impone que la suma de las asignaciones por clister no supere los 192
clientes.

La restriccion (2.13) establece que x; ; es binaria y, por ende, solo puede tomar valores de
Oyl

Para la subclusterizacion dentro de cada cluster se aplica el mismo modelo de
clusterizacién cambiando el parametro C.

Para las rutas con 180 clientes, se considera C = 32. Mientras que, para la ruta con 131
clientes, se agrega un cliente ficticio para considerar C = 22. Posteriormente, se elimina el cliente
ficticio del subcluster en el que se encuentre.

Cabe destacar que el modelo matematico mTSP propuesto se presenta como una base para

abordar el desafio de optimizar las rutas de venta directa. No obstante, se reconoce que, dada la
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complejidad inherente del problema, se requiere una estrategia mas avanzada para obtener

soluciones eficientes en un tiempo razonable. Por lo tanto, se incorpor6 el método de machine

learning K-Medoids para encontrar centroides y con ello emplear un modelo de clusterizacién para

la realizar la nueva distribucion de las rutas. Ademas de un algoritmo metaheuristico GRASP para

obtener soluciones con respecto al ruteo. La sinergia entre el modelo mTSP, la clusterizacion y el

enfoque GRASP proporciono una estrategia integral y eficiente para la optimizacion de las rutas

de venta directa en el contexto especifico.

2.4 Uso De Software

Para el desarrollo de este trabajo se emplearon cuatro softwares, los cuales son: Wolfram

Mathematica, Microsoft Excel, Google Sheets, Power Bl. A continuacion, se presenta una tabla

en donde se puede identificar la funcion principal del software, sus ventajas y desventajas.

Tabla 3. Softwares utilizados: ¢qué son?, ventajas y desventajas

Software ¢ Qué es? Ventajas Desventajas
Wolfram Es un lenguaje de e Ofrece una e Puede resultar
Mathematica programacion y amplia variedad relativamente

computo cientifico de funciones costoso  contar
que destaca en “los integradas  que con el software
campos de la facilitan el para  usuarios
computacion analisis 'y la individuales o
técnica, incluyendo visualizacion de pequefas

redes neuronales, datos, asi como la empresas.
aprendizaje implementacion

automatico, de algoritmos de

procesamiento  de optimizacion.

imagenes, e Tiene una gran

geometria, ciencia capacidad  para

de datos y realizar calculos

visualizaciones” con base de datos

(Wolfram grandes en

Mathematica, tiempos

2023). considerables.

Microsoft Excel Es “una e Es una e Puede tornarse
herramienta  muy herramienta lento al
eficaz para obtener ampliamente momento de
informacién  con utilizada por lo manejar grandes
significado a partir que muchos conjuntos de

de grandes

usuarios ya estan

datos.
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cantidades de
datos” (Microsoft,
2023).

familiarizados
con su interfaz.
Ofrece funciones
que permiten
realizar calculos
estadisticos y
matematicos,
ademas de contar

Google Sheets

con tablas

dindmicas.
Es un espacio en la La integracion e Presenta
nube en donde se con Google Maps limitaciones en
crean hojas de es  beneficiosa cuento a
calculo y se trabaja para identificar procesos

en tiempo real posiciones computacionales
(Google, 2023) geoespaciales. complejos e
Permite la intensivos.
colaboracion en
equipo desde
cualquier
dispositivo  que
cuente con
conexion a
internet.

Power BI Es una plataforma Ofrece e Requiere
unificada y herramientas capacitacién
escalable de avanzadas de sobre las
inteligencia visualizacion de distintas
empresarial ~ (BI) datos que herramientas
(Microsoft  Power permiten  crear integradas para
Bl, 2023). paneles de poder

control aprovechar  al
interactivos. maximo el
Se integra programa.
facilmente  con
bases de datos de
Microsoft Excel.

2.5 Consideraciones Legales Y Eticas

En la investigacion sobre la optimizacion de rutas directas para una empresa de la industria
alimentaria en Guayaquil, se abordd diversas consideraciones legales y éticas para
garantizar la validez y responsabilidad del estudio. Desde el punto de vista legal, se tuvo
en cuenta la normativa nacional e internacional relacionada con el transporte de alimentos,

asegurando el cumplimiento de leyes especificas como las establecidas por la Agencia de
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Regulacion y Control Fito y Zoosanitario (AGROCALIDAD) en Ecuador. Se analiz
especificamente el articulo 22, el cual aborda los aspectos de higiene con el propoésito de
mantener la inocuidad y prevenir la contaminacién (Jacome, 2009).

De manera similar, la investigacién se alined con regulaciones ambientales que controlan
las emisiones de vehiculos de transporte y la gestion adecuada de residuos relacionados con la
industria alimentaria. El articulo 207 del Codigo Organico del Ambiente (Rivadeneira, 2016)
responsabiliza a las empresas sobre el constante monitoreo de sus emisiones, descargas y vertidos
con la finalidad de cumplir con el parametro definido en la normativa ambiental.

Desde una perspectiva ética, fue crucial considerar el impacto social de la optimizacién de
rutas. Esto incluyd evaluar como los cambios propuestos afectaran a los trabajadores del transporte
y a las comunidades locales en términos de empleo, acceso a servicios y calidad de vida. De manera
analoga, analizar una propuesta de solucion relacionada a la equidad en la asignacion de rutas
también fue un criterio ético fundamental. Esta propuesta alternativa contempla la implementacion
de un sistema rotativo de asignacion de rutas basado en criterios predefinidos de equidad. Este
enfoque manual podria tener en cuenta factores adicionales, como las preferencias y habilidades
individuales de los vendedores, asi como consideraciones practicas, como la proximidad de sus
residencias a las areas de venta. Un comité ético interno podria ser designado para revisar y ajustar
periédicamente las asignaciones de rutas, garantizando asi que la carga de trabajo sea distribuida
equitativamente y se adapte a las necesidades cambiantes del personal.

Por dltimo, se abord6 el impacto econdmico de la optimizacion de rutas. Esto implico
evaluar los costos asociados con la implementacion de nuevas estrategias logisticas, asi como los

beneficios econdmicos que la empresa podria obtener a través de la eficiencia operativa.
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2.6 Fases Del Proyecto

En la Figura 5 se presenta el diagrama de las fases del proyecto. Estas fases fueron
definidas con el propdsito de contar con una clara organizacion de los pasos a realizar para no solo
culminar el proyecto sino también alcanzar los objetivos planteados.

La primera fase es el levantamiento de informacion; ésta engloba entrevistas con actores
relevantes de la empresa de alimentos y la interpretacién y depuracién de la data. Como segunda
fase esta la ejecucion del algoritmo. Los pasos para llevar a cabo esta fase contemplan el analisis
de datos, elaboracién del modelo de optimizacion y la clusterizacion y ruteo. Finalmente, la Gltima
fase se la denomind evaluacion y conclusion. En esta etapa se analizaron los resultados y costos
de implementacion del algoritmo. También se compard la situacion de situacion actual y la
propuesta de mejora, para finalizar con las conclusiones.

Figura 5. Fases del proyecto

* Entrevistas con jefe de transporte y analista de transporte
y distribucion.
Levantamiento

RTINS e Interpretacion y depuracion de la data.

¢ Andlisis de datos.
* Elaboracion del modelo de optimizacidn.
Ejecucion del . Ny
algoritmo e Clusterizacion y ruteo.

* Analisis de resultados y costos.
* Comparacién de situacion actual vs propuesta de mejora.

Evaluacion y .
PR e Conclusiones.
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2.7 Cronograma De Trabajo

Con la finalidad de establecer un orden y tener un mejor control de las actividades que se
necesitaban realizar para completar las fases previamente presentadas se definié un cronograma
de trabajo, el mismo que puede visualizarse en la Figura 6. En este se detallan las actividades por

realizar, las fechas de inicio y fin, y su duracion en dias.
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Figura 6. Cronograma de trabajo

Fase: Levantamiento de informacidn Ejecucién del algoritmo Evaluacién y conclusiones
Actividades Semana: 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

Inicio: 02-oct 09-oct 16-oct 23-oct 30-oct| 06-nov| 13-nov| 20-nov| 27-nov 04-dic 11-dic 18-dic 25-dic| 0Ol-ene 08-ene 15-ene

Fin: 06-oct 13-oct 20-oct 27-oct| 03-pov| 10-nov| 17-nov| 24-nov D1-dic 08-dic 15-dic 22-dic 29-dic| 05-ene 12-ene 19-ene

Reunién de lanzamiento del proyecto

Capacitacion de procesos de la empresa

Solicitud de data

Definicion de objetivos

Andlisis y depuracion de data

Eleccion de algoritmo metaheuristico y softwares

Monitoreo de progreso

Definicion de parametros

Planteamiento del modelo matematico

Validacion de restricciones

Disefio e implementacion del algoritmo metaheuristico

Monitoreo de progreso

Analisis de resultados y costos

Comparacion entre situacion actual vs propuesta de mejora

Presentacion de proyecto terminado




CAPITULO 3

3. RESULTADOS Y ANALISIS

3.1 Clusterizacioén

El proceso se inicio con la aplicacion del método “K-Medoids” para hallar 50 centroides
que sirvieron de punto céntrico para armar a su alrededor los clusteres. Los 50 centroides fueron
uno de los parametros de entrada para el modelo matematico de clusterizacion. Este modelo generd
50 clusteres: 49 clusteres contienen 192 clientes cada uno, y un claster alberga 131 clientes debido
a que se cuenta con 9.539 clientes y estos no pueden ser divididos en grupos iguales de 192
clientes. Los clusteres fueron disefiados con la finalidad de satisfacer la demanda de 32 clientes
diarios, equivalente a 192 clientes semanalmente (de lunes a sdbado).

Posteriormente, se llevo a cabo una subclusterizacion en cada cluster con el fin de
determinar la asignacion diaria de clientes.

Este procedimiento arrojo como resultado 6 subclusteres de 32 clientes cada uno para todos
los clusteres (rutas) de 192 clientes. Para el cluster de 131 clientes se obtuvo 6 subclUsteres: 5 de

22 clientes y 1 de 21 clientes.

Tabla 4. Clientes por ruta

Ruta Dia Secuencia de visita

1 2 {4636, 8102, 269, 98, 229, 4707, 86, 207, 147, 99, 5037, 5203, 5141, 5137, 5235,
7642, 4709, 5076, 5077, 5063, 5035, 5024, 5164, 5162, 5221, 5083, 5121, 5152,
5160, 7660, 184, 91}

3 {301,267, 289, 264, 230, 3592, 213, 122, 225, 105, 193, 292, 278, 281, 190, 188,
199, 129, 170, 111, 165, 130, 228, 215, 88, 293, 216, 166, 167, 96, 146, 263}

4  {4273,4166, 4704, 4079, 5180, 5036, 5140, 5033, 5079, 5027, 5146, 5190, 5090,
5220, 5055, 5156, 5150, 4265, 4191, 117, 200, 273, 5261, 5183, 5237, 5021,
4697, 4078, 4081, 5132, 5241, 5207}

5 {5062, 5109, 4668, 5050, 5255, 5194, 5230, 5078, 5214, 5049, 5248, 5106, 5080,
5098, 5104, 5172, 5179, 5122, 5069, 5143, 5208, 5082, 5071, 5138, 5186, 5238,
5028, 5262, 4698, 5215, 5187, 5209}




6  {5218,5056, 5096, 5184, 5173,5127, 5130, 5087, 5073, 5201, 5103, 5213, 5159,
5126, 5217, 5195, 5181, 5234, 5161, 5070, 5247, 5115, 5244, 5107, 5239, 4638,
5131, 5068, 5134, 5025, 5243, 5067}

7 {5092,5105, 5174, 5178, 5148, 5097, 5129, 5051, 5136, 5053, 5075, 5155, 5058,
5084, 5047, 5086, 5147, 5211, 5038, 5040, 5041, 5165, 5042, 5043, 5044, 5193,
5099, 5210, 5048, 5039, 5246, 5228}

50 2 {2455,2444,2431, 2432, 2438, 2467, 2427, 2460, 2458, 6892, 6831, 6849, 6796,
6826, 2457, 2472, 2456, 2482, 2426, 6797, 6827, 2459}

3 {4381,4352,4391, 4055, 4041, 3920, 3980, 4030, 2434, 4042, 3918, 3970, 4044,
3968, 4051, 4298, 4049, 4382, 4323, 4383, 4408, 4377}

4 {3613, 2483, 2474, 2462, 2463, 2486, 4384, 4385, 2461, 4379, 4293, 4029, 3899,
4036, 4050, 3614, 6828, 6798, 6799, 4551, 2440, 2435}

5 {4346, 4308, 4317, 4358, 3553, 6750, 6751, 6747, 6887, 6748, 6749, 6765, 6850,
6800, 6879, 4345, 4347, 4313, 3616, 3554, 3617, 3573}

6  {4378,4023,4018, 4370, 4369, 2451, 4388, 4288, 4386, 4389, 4411, 2428, 4412,
4362, 4380, 2445, 2441, 4311, 4365, 4344, 4294, 4303}

7 {2442,7672,2436,4277, 2475, 2469, 2473, 4024, 4028, 2477, 2476, 2454, 2465,
2470, 8068, 2487, 2485, 2429, 2430, 2433, 2439}

Nota: Los valores de la columna “Dia” corresponden a: 2 = lunes, 3 = martes, 4 =

miércoles, 5 = jueves, 6 = viernes, 7 = sabado.

La Tabla 4 muestra la distribucion de los clientes para el primer y Gltimo clister. Para el
caso de la ruta 1, se cuenta con 32 clientes por atenderse por dia, es decir que la ruta atendera 192
clientes semanalmente. De manera similar sucede con las rutas 2 a la 49 (ver Apéndice A). Por
otro lado, se cuenta con la ruta 50 que cuenta con un total de 131 clientes por atenderse

semanalmente. En este caso, un dia 21 clientes seran atendidos y el resto de la semana 22 clientes.

A continuacion, se presenta la distribucion geogréafica de los clusteres dentro de la primera

ruta (Figura 7) y altima (Figura 8) ruta.

Dada la extensa cartera de clientes para este proyecto, en el Apéndice B se hallan los mapas

de las rutas 2 a la 49.
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Figura 7. Clientes de la ruta 1
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3.2 Asignacion de Rutas

Después de la implementacion del algoritmo metaheuristico GRASP se obtuvieron las

secuencias de visita de todas las rutas.

Tabla 5. Secuencia de visita por ruta

Ruta Dia Cluster
{0, 86, 91, 98, 99, 147, 184, 207, 229, 269, 4636, 4707, 4709, 5024, 5035, 5037,
2 5063,5076,5077,5083,5121, 5137, 5141, 5152, 5160, 5162, 5164, 5203, 5221,
5235, 7642, 7660, 8102, 0}

{0, 88, 96, 105, 111, 122, 129, 130, 146, 165, 166, 167, 170, 188, 190, 193, 199,
3 213,215, 216, 225, 228, 230, 263, 264, 267, 278, 281, 289, 292, 293, 301, 3592,

0}

{0, 117, 200, 273, 4078, 4079, 4081, 4166, 4191, 4265, 4273, 4697, 4704, 5021,
4 5027,5033, 5036, 5055, 5079, 5090, 5132, 5140, 5146, 5150, 5156, 5180, 5183,

5190, 5207, 5220, 5237, 5241, 5261, 0}

1 {0, 4668, 4698, 5028, 5049, 5050, 5062, 5069, 5071, 5078, 5080, 5082, 5098,
5 5104, 5106, 5109, 5122, 5138, 5143, 5172, 5179, 5186, 5187, 5194, 5208, 5209,
5214, 5215, 5230, 5238, 5248, 5255, 5262, 0}
{0, 4638, 5025, 5056, 5067, 5068, 5070, 5073, 5087, 5096, 5103, 5107, 5115,
6 5126,5127,5130, 5131, 5134, 5159, 5161, 5173, 5181, 5184, 5195, 5201, 5213,
5217, 5218, 5234, 5239, 5243, 5244, 5247, 0}
{0, 5038, 5039, 5040, 5041, 5042, 5043, 5044, 5047, 5048, 5051, 5053, 5058,
7 5075, 5084, 5086, 5092, 5097, 5099, 5105, 5129, 5136, 5147, 5148, 5155, 5165,
5174, 5178, 5193, 5210, 5211, 5228, 5246, 0}
5 {0, 2426, 2427, 2431, 2432, 2438, 2444, 2455, 2456, 2457, 2458, 2459, 2460,
2467, 2472, 2482, 6796, 6797, 6826, 6827, 6831, 6849, 6892, 0}
3 {0, 2434, 3918, 3920, 3968, 3970, 3980, 4030, 4041, 4042, 4044, 4049, 4051,
4055, 4298, 4323, 4352, 4377, 4381, 4382, 4383, 4391, 4408, 0}
4 {0, 2435, 2440, 2461, 2462, 2463, 2474, 2483, 2486, 3613, 3614, 3899, 4029,
50 4036, 4050, 4293, 4379, 4384, 4385, 4551, 6798, 6799, 6828, 0}
5 {0, 3553, 3554, 3573, 3616, 3617, 4308, 4313, 4317, 4345, 4346, 4347, 4358,
6747, 6748, 6749, 6750, 6751, 6765, 6800, 6850, 6879, 6887, 0}
6 {0, 2428, 2441, 2445, 2451, 4018, 4023, 4288, 4294, 4303, 4311, 4344, 4362,
4365, 4369, 4370, 4378, 4380, 4386, 4388, 4389, 4411, 4412, 0}
7 {0, 2429, 2430, 2433, 2436, 2439, 2442, 2454, 2465, 2469, 2470, 2473, 2475,

2476, 2477, 2485, 2487, 4024, 4028, 4277, 7672, 8068, 0}
Nota: Los valores de la columna “Dia” corresponden a: 2 = lunes, 3 = martes, 4 = miércoles,

5 = jueves, 6 = viernes, 7 = sabado.
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La Tabla 5 detalla el orden de visita a los clientes por ruta y por dia para las rutas 1 y 50.
Cada ruta parte desde el centro de distribucién (valor 0) y retorna después de completar todas las

visitas. De manera similar sucede con las rutas 2 a la 49 (ver Apéndice C).

Las distancias totales recorridas por ruta se encuentran anexadas al Apéndice D.

A continuacion, las Figura 9 y Figura 10 hacen referencia a los recorridos que tanto la ruta

1 como la ruta 50 realizan para el lunes.

Figura 9. Recorrido de la ruta 1 — lunes (2)

Ruta 1 - Lunes (2) - 29.2813 km.
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Figura 10. Recorrido de la ruta 50 — lunes (2)

Ruta 50 - Lunes (2} - 207.962 km.
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Los recorridos para el resto de la semana para estas y las rutas 2 a la 49 se podran observan

en el Apéndice E.
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3.3 Analisis de Costo de la Propuesta

El software que se requirio para dar solucién al problema de optimizacion de rutas de venta
directa fue Wolfram Mathematica. Se calculd el presupuesto de la propuesta con base a los

recursos tecnoldgicos y humanos necesarios.

Tabla 6. Costo de la propuesta

Rubro Mensual Anual

Licencia de Wolfram Mathematica $ 138,33 $ 1.660,00

Consumo de energia eléctrica $ 5,00 $ 60,00

(proporcional)

Consumo de internet (proporcional) $ 10,78 $ 129,36

Remuneracion del analista $ 600,00 $ 7.200,00
Computadora $ 5825 $ 699,00
Mantenimiento de computadora $ 500 $ 60,00
TOTAL $ 817,36

TOTAL PRIMER ANO $ 9.808,36
TOTAL ANOS POSTERIORES $ 9.109,36

La Tabla 6 muestra que el valor anual que se debera cancelar el primer afio es $ 9.808,36.
Este valor incluye el pago de servicios basicos, salarios, licencia del software y la adquisicion de
una computadora. No obstante, el valor anual de los siguientes afios sera $ 9.109,36. Este es menor
ya que no se debera incurrir en la compra de un nuevo computador.
Entre los beneficios que brinda el contar con la licencia de Wolfram Mathematica se tienen
(Wolfram Mathematica, 2023):
e Acceso completo a Wolfram Language y Wolfram Knowledgebase.
e Creacion y almacenamiento de cuadernos en la nube.

e Interfaz de implementacion estética.
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3.4 Comparativa entre Situacion Actual y Propuesta de Mejora

Para los célculos de esta seccidn se tuvo en consideracion que el combustible que se le

administra a la flota es diésel y que cada vehiculo recorre 45 km por cada galon de diésel.
3.4.1 Distancia Total Recorrida

En la Tabla 7 se muestra la reduccion de distancia total recorrida gracias a la nueva
propuesta de rutas de venta directa. Las nuevas 50 rutas recorren semanalmente 20.346,0 km,

generando un ahorro de 16.147,5 km en contraste con el recorrido actual de las 53 rutas.

Tabla 7. Comparacion de distancia total recorrida

Recorrido (km) Actual Propuesta Reduccion
Semanal 36.493,5 20.346,0 16.147,5
Mensual 158.138,5 88.166,0 69.972,5
Anual 1.897.662,0 1.057.992,0  839.670,0

3.4.2 Impacto Medioambiental

En la Tabla 8 se muestra la reduccién de las emisiones de dioxido de carbono, C0O,. Con
la propuesta se disminuye 187 tn aproximadamente cada afio, lo cual se alinea con el Objetivo de
Desarrollo Sostenible (ODS) 12 "Produccion y Consumo Responsables™ y con el compromiso

medioambiental de la empresa.

Tabla 8. Comparacion de emisiones de CO,

Emisiones de CO, (Tn) Actual Propuesta Reduccion
Semanal 8,10 4,52 3,58
Mensual 35,11 19,57 15,54
Anual 421,28 234,87 186,41

Nota: Las emisiones de C 0, fueron obtenidas gracias a la calculadora de emisiones de Sun

Earth Tools.
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Ademas, por medio de la calculadora de emisiones del Instituto Vasco de Logistica y
Movilidad Sostenible se obtuvo las emisiones anuales de los 6xidos de nitrégeno, NOx.

Tabla 9. Comparacion de emisiones de NOx

Emisiones de NOx (kg) Actual Propuesta Reduccion
Anual 7,59 4,23 3,36

3.4.3 Ahorro en costos

Es importante analizar el ahorro que se obtendria una vez se aplique la solucidn propuesta.
Es por esto por lo que con base a los costos inmersos en la operacion se calcularon los costos

mensuales y anuales tanto de la situacion actual y la propuesta.

Tabla 10. Comparacién de costos

Actual Propuesta
Vehiculos propios 19 19
Vehiculos rentados 34 31
Total vehiculos 53 50
Conductores 53 50
Salarios conductores $ 730,00 $ 730,00
Salario total mensual $ 38.690,00 $ 36.500,00
Salario total anual $ 464.280,00 $ 438.000,00
Renting por vehiculo $ 833,33 $ 833,33
Renting total mensual $ 28.333,22 $ 25.833,23
Renting total anual $ 339.998,64 $ 309.998,76
Galon de diesel $ 1,75 $ 1,75
Km por galon 45 45
Galones requeridos semanal 811 453
Combustile semanal $ 141925 $ 792,75
Combustile mensual $ 6.150,08 $ 343525
Combustile anual $ 73.801,00 $ 41.223,00
TOTAL MENSUAL $ 73.173,30 $ 65.768,48
TOTAL ANUAL $ 878.079,64 $ 789.221,76
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La Tabla 10 explica en detalle los rubros relacionados con la operacién de las rutas de venta
directa. En esta tabla se calculan los costos de salarios de conductores, contratacion de flota
(renting), combustible. Comparando los costos anuales de la situacion actual y la propuesta se
evidencia una disminucion de $ 88.857,88.

Figura 11. Comparacion de costos anuales
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La Figura 11 brindan una representacion grafica de los costos anuales presentados en la
Tabla 10. Este diagrama presenta por separado los 3 rubros que se consideraron para el calculo de
los costos totales.

Tabla 11. Liquidacion del personal

Reduccion personal 3
Afos promedio trabajados (supuesto) 4
Liquidacion por persona $ 1.177,47
Liquidacion total $3.532,41

Nota: La liquidacion por persona fue obtenida gracias a la calculadora de liquidaciones del
Ministerio de Trabajo del Ecuador.
La optimizacion de las 53 rutas genero 50 nuevas rutas, lo cual implica que se necesitarian

50 conductores en lugar de 53. Esta reduccion de personal genera un desembolso por conceptos
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de liquidacion. Para el calculo de la liquidacion total se consider6 los afios de trabajo en promedio,
obteniendo asi un total de $ 3.532,41. La Tabla 11 muestra detalles del calculo de liquidaciones.

Teniendo en cuenta el calculo de las liquidaciones se elaboré un diagrama de barras que
muestre el movimiento de dinero para los 3 primeros afios después de aplicar la propuesta. Esto se
puede apreciar en la Figura 12.

Figura 12. Movimiento de dinero para los 3 primeros afios

MOVIMIENTO DE DINERO
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3.5 Entregables

Los entregables que se le proporcionaran a la empresa son:

e Archivo de Microsoft Excel con las rutas optimizadas por medio de la implementacién del
algoritmo metaheuristico.

e Mapas georreferenciados que muestren el recorrido de cada ruta.

e Comparativa entre la situacion actual de las rutas de venta directa y la propuesta de mejora.
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CAPITULO 4

4 CONCLUSIONES Y RECOMENDACIONES

4.1 Conclusiones

La optimizacion de las rutas de venta directa se logré de manera sobresaliente, cumpliendo
de manera efectiva con los requerimientos establecidos por la empresa. Para atender las
necesidades de los clientes, se implementd un modelo matematico que se centr6 en minimizar la
distancia recorrida. Inicialmente, se llevd a cabo una clusterizacion eficiente de los 9.539 clientes,
dividiendolos en 50 clusteres y 6 subclUsteres. Esta segmentacion estratégica permitio la posterior
resolucion del problema MTPS mediante VMCM con GRASP y mejora 2-opt.

Los resultados fueron satisfactorios ya que se redujo la flota de camiones de 53 a 50 y
transformando de manera analoga las 53 rutas mal distribuidas y sobrecargadas en 50 rutas
distribuidas eficientemente. Este enfoque no solo optimizo la logistica de entrega, sino que
también mejoro significativamente la satisfaccion del cliente al garantizar un servicio mas eficiente
y puntual.

Se llevo a cabo una investigacion detallada para realizar una estimacién precisa de los
costos. La optimizacién no solo se tradujo en una mejora operativa, sino que también se reflej6 en
una reduccion sustancial de los costos totales, disminuyendo de $ 878.079,64 a $ 789.221,76. Este
ahorro financiero significativo demuestra el impacto positivo de la implementacion de algoritmos
metaheuristicos en la gestion logistica de la empresa.

Adicionalmente, se utilizé6 Wolfram Mathematica para calcular la distancia recorrida antes
y después de la optimizacion. Los resultados fueron impresionantes, pasando de 1.897.662,0 km
recorridos anualmente a 1.057.992,0 km. Esta reduccion en el recorrido no solo se tradujo en
eficiencia operativa, sino también en un impacto ambiental positivo al disminuir la huella de

carbono.
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La conciencia ambiental también fue una prioridad al evaluar las emisiones de C 0, anuales.
Las emisiones de C 0, anuales se redujeron significativamente, pasando de 424,63 a 234,87. Este
logro subraya el compromiso de la empresa con la sostenibilidad y demuestra cémo la
optimizacion de rutas puede tener beneficios tanto econémicos como ambientales.

En conjunto, los resultados obtenidos respaldan la efectividad de la implementacion de
algoritmos metaheuristicos en la optimizacion de rutas de venta directa para empresas de la

industria alimentaria en Guayaquil

4.2 Recomendaciones

En el contexto de la optimizacion de rutas de venta directa en la industria alimentaria
mediante la implementacion de algoritmos metaheuristicos, se presentan diversas
recomendaciones que buscan mejorar la respuesta del sistema y hacerlo mas realista.

e Se sugiere evaluar la posibilidad de incorporar ventanas de tiempo en la planificacion de
rutas, contemplando la utilizacion de tiempos promedio por cliente. Esta adicion permitiria
optimizar las entregas al tener en cuenta las restricciones de tiempo, mejorando asi la
eficiencia del proceso de venta directa. Ademads, otra consideracion valiosa para la
personalizacion de rutas seria la inclusion de restricciones de priorizacién por cliente. Dado
gue algunos clientes pueden tener necesidades especiales, asignar prioridades en la
planificacion podria contribuir significativamente a una atencion al cliente méas efectiva.
Estas restricciones adicionales no solo modelarian de manera més realista la situacion, sino
que también enriquecerian la adaptabilidad del sistema a las necesidades especificas de
cada cliente.

e Ademas, se destaca considerar la posicion geogréafica del estacionamiento relacionada al
cliente al disefiar las rutas. Se pudo observar que existen zonas donde los clientes estan

alejados de las vias transitadas, por lo que planificar el estacionamiento estratégico del
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vehiculo cerca de esos puntos de dificil acceso puede mejorar la eficiencia y reducir
tiempos de desplazamiento innecesarios.

Para futuros estudios, se aconseja la aplicacion de otros algoritmos metaheuristicos que
aborden el problema MTSP. Comparar los resultados obtenidos con estos algoritmos
adicionales permitira evaluar la robustez y eficacia de la propuesta actual, contribuyendo
a la seleccion del algoritmo mas idoneo para la optimizacion de rutas de venta directa en
la industria alimentaria.

Se sugiere considerar la posibilidad de incorporar informacion sobre el trafico actual o
estimado durante las 8 horas de trabajo en la asignacion de rutas a los subclusteres. Integrar
datos de trafico en tiempo real o estimaciones precisas permitira ajustar las rutas de manera
dinamica, adaptandolas a las condiciones cambiantes del trafico. Esto no solo optimizara
los tiempos de desplazamiento, sino que también ayudara a prevenir posibles retrasos y
mejorar la puntualidad en las visitas a los clientes.

A pesar de haber calculado una notable disminucion de emisiones de CO2, pasando de
424,63 a 234,87 toneladas anuales mediante la implementacion de optimizacion de rutas,
se identifica una oportunidad adicional para mejorar aun mas este valor. Se sugiere
considerar la incorporacion de una flota de vehiculos eléctricos en la logistica de entrega.
La adopcion de vehiculos eléctricos no solo reduciria significativamente las emisiones de
gases contaminantes, sino que también contribuiria al compromiso ambiental de la
empresa. Este enfoque sostenible no solo mejoraria la eficiencia operativa, sino que
también posiciona a la empresa como un actor responsable y consciente de su impacto

ambiental, generando beneficios tanto economicos como medioambientales a largo plazo.
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APENDICES

APENDICE A

Clientes por cluster

Ruta Dia Cluster

5 {86,91,98,99,147,184,207,229,269,4636,4707,4709,5024,5035,5037,5063,5076,5077,508
3,56121,5137,5141,5152,5160,5162,5164,5203,5221,5235,7642,7660,8102}

3 {88,96,105,111,122,129,130,146,165,166,167,170,188,190,193,199,213,215,216,225,228
,230,263,264,267,278,281,289,292,293,301,3592}

4 {117,200,273,4078,4079,4081,4166,4191,4265,4273,4697,4704,5021,5027,5033,5036,50
55,5079,5090,5132,5140,5146,5150,5156,5180,5183,5190,5207,5220,5237,5241,5261}
{4668,4698,5028,5049,5050,5062,5069,5071,5078,5080,5082,5098,5104,5106,5109,512

1 5 2,5138,5143,5172,5179,5186,5187,5194,5208,5209,5214,5215,5230,5238,5248,5255,526
2}
{4638,5025,5056,5067,5068,5070,5073,5087,5096,5103,5107,5115,5126,5127,5130,513

6 1,5134,5159,5161,5173,5181,5184,5195,5201,5213,5217,5218,5234,5239,5243,5244,524
7}
{5038,5039,5040,5041,5042,5043,5044,5047,5048,5051,5053,5058,5075,5084,5086,509

7 2,5097,5099,5105,5129,5136,5147,5148,5155,5165,5174,5178,5193,5210,5211,5228,524
6}

5 {236,238,242,256,1520,1526,1528,1530,1531,1532,1545,1583,1588,1600,1601,1612,162
7,1651,1652,1657,1687,1699,1703,1772,3242,3246,3320,4201,4634,4643,4995,7659}
{1516,1525,1527,1529,1550,1559,1567,1597,1607,1611,1621,1624,1625,1626,1632,164

3 4,1646,1647,1648,1666,1670,1675,1693,1696,1702,1706,1711,1713,1717,4639,4703,870

1}

{1549,1596,1610,1628,1643,1689,1700,1709,3241,3260,3264,3279,3280,3281,3284,329
4,3302,3314,3317,3324,3326,4071,4653,4654,4658,4663,4664,4665,4681,4683,4689,469

4}

{1541,1542,1543,1568,1571,1573,1574,1577,1579,1580,1582,1590,1598,1605,1613,161
6,1620,1649,1653,1668,1682,1697,1705,1707,1725,1782,1836,1914,4644,4655,4685,468

7}

{1552,1553,1554,1555,1558,1576,1581,1584,1603,1606,1619,1642,1660,1669,1676,168
1,1683,1684,1690,1691,1712,1716,3239,4631,4641,4650,4657,4660,4680,4693,4695,953

8}

{3236,3240,3243,3253,3254,3262,3265,3275,3277,3288,3291,3295,3296,3297,3298,329
9,3300,3301,3303,3304,3310,3311,3312,3322,3327,3328,3333,3339,3340,4642,4647,469

1}

{27,28,31,47,56,58,62,64,65,66,73,75,79,84,92,93,95,103,108,114,131,132,134,141,153,
154,162,163,168,194,202,218}

{30,32,34,60,61,77,118,120,121,124,125,127,128,151,156,157,158,159,177,181,185,187,
192,196,197,198,201,203,204,2413,3110,3120}

{40,63,69,76,81,97,100,101,106,109,110,112,119,123,148,169,175,205,209,210,211,222,
3455,3458,3494,6714,6740,6743,6771,6840,6858,6863 }

{50,52,57,68,71,78,82,107,150,178,219,227,260,279,282,3430,3431,3435,3436,3444,346
0,3472,3479,3482,3483,3485,3543,3556,3567,3568,3600,3607}

{48,51,70,72,74,80,83,94,102,135,142,149,160,176,265,268,271,290,3410,4702,5032,50
46,5066,5119,5120,5125,5188,5197,5212,5249,5254,9476}

{29,33,59,67,85,87,90,126,133,136,139,143,155,172,174,179,180,183,206,212,220,221,3
442,3445,3446,3450,3451,3462,3470,3538,3570,4282}
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{3049,3081,4072,4077,4089,4091,4097,4102,4105,4106,4117,4118,4120,4140,4161,416
3,4167,4175,4177,4179,4181,4182,4198,4214,4216,4228,4238,4243,4244,4248,4260,426

7}

{4074,4075,4087,4100,4103,4114,4115,4124,4126,4128,4137,4142,4144,4145,4150,415
4,4159,4184,4193,4197,4202,4205,4213,4235,4236,4245,4252,4268,4272,4275,4640,465

1}

{3114,4067,4084,4090,4092,4119,4131,4136,4146,4192,4209,4220,4221,4222,4226,422
9,4234,4271,4669,4977,5057,5059,5081,5091,5102,5108,5111,5133,5142,5257,5258,526

3}

{3073,4066,4068,4076,4082,4083,4086,4093,4096,4099,4101,4110,4111,4116,4143,414
7,4164,4172,4174,4178,4180,4186,4190,4204,4207,4224,4230,4231,4233,4241,4256,427

4}

{4069,4085,4121,4125,4135,4138,4141,4148,4149,4171,4188,4196,4206,4208,4210,421
5,4217,4218,4237,4249,4253,4255,4259,4262,4270,4632,4682,4944,4978,6322,6358,642

8}

{4073,4080,4094,4095,4107,4108,4109,4112,4113,4122,4129,4130,4132,4133,4134,413
9,4151,4152,4162,4168,4183,4185,4187,4195,4232,4246,4676,4945,5060,5110,5135,514

4}

{2917,2918,2935,2947,2956,2962,2990,2991,2992,2994,3014,3031,3076,3088,3099,310
2,4088,4098,4155,4156,4158,4169,4170,4189,4200,4211,4219,4223,4240,4242,4247,425

1}

{41,113,115,116,144,145,152,173,191,224,226,3104,3432,3434,3437,3443,3557,3572,35
84,3585,3879,3979,3986,4046,4047,6723,6735,6737,6759,6811,6878,6885}

{16,266,275,298,2943,2944,2996,2997,3048,3056,3057,3058,3115,3533,4123,4127,4157
,4173,4199,4225,4227,4261,6261,6729,6755,6757,6852,6856,6864,6886,7151,7647}

{2913,2914,2920,2937,2940,3002,3003,3004,3005,3006,3007,3010,3053,3071,3093,349
7,4967,5166,5168,5227,6251,6257,6260,6264,6270,6275,6282,6284,6313,6324,6342,765

4}

{2916,2938,2999,3000,3001,3091,6247,6250,6256,6266,6268,6273,6277,6283,6291,629
2,6293,6296,6297,6299,6304,6305,6309,6310,6337,6341,6363,6373,6385,6393,6403,641

2}

{3433,3448,3453,3461,3467,3534,3552,3586,3877,3888,3905,3915,3923,3924,3925,392
9,3930,3944,3946,3948,3953,3995,4007,4009,4011,4045,6754,6785,6809,6859,6876,716

7}

{1768,1770,1774,1781,1788,1789,1793,1794,1795,1797,1801,1802,1803,1804,1805,180
6,1807,1808,1826,1869,1872,1882,1889,1897,1899,1901,1902,1903,1904,1910,1944,487

3}

{1737,1741,1742,1743,1748,1749,1750,1767,1771,1785,1854,1855,1858,1860,1861,186
6,1879,1896,1900,1912,1931,1942,3196,3203,3248,3285,3316,4633,4637,4662,4667,470

6}

{1759,1823,1863,1873,1894,1934,1936,3138,3150,3184,3185,3195,3197,3198,3199,320
0,3201,3202,3237,3247,3249,3250,3269,3272,3274,3287,3293,3306,3307,3342,4666,467

2}

{1724,1744,1745,1746,1747,1764,1810,1811,1816,1817,1818,1856,1857,1884,1895,190
7,1930,1933,3132,3134,3220,3271,3273,3292,4212,5029,5088,5191,5206,5225,5229,523

2}

{1008,1751,1773,1815,1819,1820,1822,1827,1828,1867,1878,1906,1913,1935,4165,464
6,4677,4705,4856,4868,4886,5026,5085,5100,5114,5128,5145,5177,5189,5199,5204,525

0}

{3141,3143,3180,3186,3187,3189,3190,3193,3194,3217,3223,3224,3226,3228,3231,323
3,3257,3261,3278,3282,3283,3286,3290,3305,3308,3309,3325,3334,3338,4659,4673,468

4}

{3,250,255,1701,2248,2255,2266,2274,2282,2295,2310,2314,2315,2349,2377,2378,2380
,2384,2396,2409,5416,5420,6491,6496,6497,6503,6505,6506,6511,6514,6702,8088}
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{2213,2214,2225,2240,2241,2262,2268,2269,2297,2299,2304,2317,2318,2336,2337,234
2,2346,2357,2386,2387,2390,2399,3397,5493,6490,6501,6507,6510,6513,6697,6698,809

0}

{2221,2226,2232,2234,2258,2286,2287,2298,2303,2311,2334,2335,2343,2359,2362,236
7,2382,2407,3350,3362,5435,5505,6465,6469,6471,6472,6476,6479,6483,6515,6711,909

0}

{5491,5492,5503,6434,6435,6436,6445,6447,6449,6450,6454,6455,6456,6458,6459,646
0,6461,6463,6493,6495,6499,6502,6504,6508,6509,6512,6516,6518,6691,6700,6703,806

6}

{5410,5412,5417,5422,5426,5428,5437,5440,5449,5454,5456,5472,5473,5475,54 77,547
8,5479,5484,5486,5487,5488,5498,5499,5500,5502,5556,5569,5577,6486,7671,8087,811

1}

{2679,5489,5494,5496,6437,6438,6439,6440,6441,6442,6443,6444,6446,6451,6452,648
5,6487,6488,6489,6492,6494,6498,6500,6517,6532,6534,6692,6699,6701,6704,6705,671

0}

{1945,1946,1976,1985,2006,2014,2019,2022,2054,2060,2078,2080,2091,2101,2102,210
9,2158,2171,2172,2181,5839,5840,5841,5842,5874,5910,5920,5921,5923,6029,6037,715

U

{1961,1962,1974,1975,1981,1983,1989,2010,2011,2030,2034,2035,2036,2040,2043,206
3,2065,2068,2076,2083,2089,2090,2094,2097,2104,2105,2106,2108,2131,2148,2176,218

4}

{1947,1948,1949,1999,2020,2021,2061,2110,2146,2151,2155,2167,3398,5843,5844,584
5,5846,5895,5896,5903,5909,5911,5925,5926,5931,5936,5958,5964,5981,5987,6013,603

U

{1950,1953,1954,1977,1992,1997,1998,2001,2002,2012,2013,2057,2058,2059,2064,206
6,2067,2069,2073,2077,2079,2081,2099,2129,2130,2134,2139,2153,2160,2161,2162,216

6}

{1951,1952,1955,1956,1988,1996,2008,2016,2023,2031,2046,2049,2050,2053,2055,205
6,2062,2075,2087,2088,2098,2103,2116,2128,2136,2142,2152,2163,2192,2194,3371,593

0}

{2052,2093,2107,4764,4770,4771,4780,4781,4782,4783,4784,4786,4788,4789,4796,480
2,4808,4809,4814,4829,4830,4831,4835,4836,4857,4863,4867,4907,4908,4910,4915,491

7}

{235,239,240,243,248,257,258,2281,2307,2320,2321,2323,2325,2326,2328,2329,2348,2
365,2370,2373,2374,2391,2395,2403,2406,5962,7540,7855,7914,7930,7943,7949}

{237,2196,2198,2201,2205,2231,2238,2246,2247,2270,2283,2291,2381,2408,3353,3354,
3381,3392,4888,5852,5862,5863,5899,5900,5905,5938,5940,5943,6006,7853,7875,7970

¥

{245,2195,2217,2249,2364,2366,2372,3361,5860,5861,5939,5946,5956,5957,5960,5961,
6020,6021,6022,6023,6024,6025,6026,6035,7974,8056,9469,9479,9485,9490,9521,9522

¥

{246,247,3111,3117,7887,7890,7891,7892,7893,7894,7895,7896,7897,7905,7913,7928,7
929,7942,7956,7957,7975,7977,8052,8053,9462,9463,9484,9486,9498,9500,9516,951 7}

{2215,2216,2218,2219,2222,2223,2224,2227,2235,2236,2239,2243,2245,2257,2273,229
6,2308,2309,2312,2316,2344,2369,2376,2393,2404,2411,3349,3373,3374,3402,3403,460

8}

{3109,3112,3125,3131,5929,5944,6063,7173,7837,7850,7851,7852,7858,7862,7877,788
9,7900,7904,7906,7907,7908,7909,7910,7911,7912,7915,7922,7925,7968,7969,9510,952

4}

10

{2206,2207,2208,2209,2210,2211,2212,2233,2263,2264,2265,2271,2288,2302,2333,235
0,2351,2354,2375,2383,2392,2400,2412,3376,3379,3419,3422,3424,3425,3427,6615,662

S5}

{253,254,849,2202,2203,2228,2230,2237,2242,2256,2261,2289,2290,2292,2300,2301,23
13,2341,2345,2353,2361,2379,3345,3347,3348,3382,3383,3386,3407,3413,3420,4975}

61



{1517,1518,1561,1562,1563,1564,1565,1566,1570,1587,1589,1595,1599,1617,1629,163
3,1639,1640,1656,1662,1664,1672,1673,1686,1698,4629,4648,4649,4674,4696,4699,517

5}

{1546,1547,1548,1569,1572,1575,1591,1618,1634,1663,1674,3346,3358,3367,3375,339
0,3412,5153,5857,5858,5859,5869,5870,5873,5891,5902,5904,5906,5932,6008,6016,604

U

{2197,2199,2200,2204,2244,2251,2253,2254,2267,2280,2284,2294,2305,2355,2360,237
1,2385,2394,2398,2405,3352,3355,3365,3368,3378,3384,3385,3391,3400,3405,3416,718

2}

{3359,3387,3394,3401,3409,3417,3421,5000,5847,5865,5871,5877,5885,5886,5887,588
8,5889,5890,5892,5893,5894,5897,5915,5934,5941,5954,5965,5966,5985,6011,6034,603

9}

11

{2169,2177,2178,2179,2182,2714,2731,2739,2768,2798,2812,2837,2840,2850,2901,290
7,2908,2912,4719,4752,4787,4807,4828,5878,5879,5972,5973,5991,7025,7149,7160,716

6}

{1969,1972,1973,2032,2038,2039,2044,2086,2117,2119,2127,2727,2734,2736,2743,274
5,2753,2777,2810,2824,2864,2871,2872,2896,2902,2903,2904,2905,5838,7024,7027,715

5}

{1963,1994,2017,2018,2113,2124,2190,2729,2767,2797,2800,2801,2829,2866,2869,287
0,2884,2888,5837,5880,5881,5882,5967,5968,5969,5971,5974,5975,5976,5989,5990,600

2}

{2715,2716,2719,2720,2724,2725,2728,2732,2733,2737,2738,2742,2744,2746,2752,275
9,2763,2772,2779,2781,2782,2787,2795,2796,2831,2833,2841,2845,2846,2855,2856,289

7}

{2721,2723,2740,2747,2751,2755,2765,2771,2793,2799,2802,2803,2805,2806,2808,280
9,2811,2814,2818,2819,2838,2839,2851,2852,2853,2857,2865,2877,2880,2886,2895,289

9}

{2000,2092,2120,2121,2122,2123,2125,2156,2180,2183,2185,2191,2820,2832,2867,288
1,2887,3019,3025,3129,3344,3369,4894,5883,5901,5916,5928,5996,5999,6000,6001,713

4}

12

{2921,2922,2924,2942,2949,2952,2955,2974,3015,3016,3036,3065,3077,3094,3098,624
8,6254,6265,6298,6314,6332,6345,6347,6348,6370,6384,6405,6420,6720,6731,6732,712

8}

{3008,6252,6263,6267,6311,6319,6330,6352,6369,6371,6375,6376,6380,6382,6394,639
5,6424,6427,6716,6724,6728,6733,6738,6739,6756,6788,6789,6842,6843,6877,7143,715

6}

{4153,4160,4257,4258,4263,4264,4269,4652,4679,5167,6249,6294,6317,6318,6321,632
7,6336,6349,6351,6359,6374,6386,6387,6389,6398,6401,6404,6408,6418,7152,7171,717

9}

{4250,4254,6271,6272,6279,6281,6285,6286,6290,6295,6300,6308,6316,6320,6323,632
9,6331,6335,6339,6344,6346,6362,6377,6379,6388,6390,6397,6399,6400,6415,6416,641

7}

{4936,5170,5259,6253,6255,6258,6274,6276,6301,6302,6307,6312,6340,6350,6364,636
5,6367,6378,6392,6407,6409,6414,6421,6422,7133,7162,7644,7649,7655,7656,7657,766

7}

{5094,5169,5171,6259,6262,6269,6278,6280,6288,6289,6303,6306,6315,6325,6326,632
8,6333,6334,6343,6353,6354,6357,6361,6366,6368,6372,6381,6391,6396,6402,6406,765

3}

13

{277,288,1593,1729,1758,1766,1784,1812,1813,1814,1821,1824,1850,1892,1905,2478,3
121,3575,3579,4765,4792,4840,4848,6287,6974,6981,7032,7035,7650,8014,8064,8077}

{1730,4716,4730,4744,4753,4755,4756,4757,4758,4760,4761,4766,4768,4794,4800,484
1,4847,4859,4861,4862,4865,4870,4876,4877,4878,4879,4889,4891,4900,4901,4914,491

8}

62



{2932,2939,2941,2946,2951,2958,2959,2964,2967,2969,2984,2986,2989,2995,3021,302
2,3026,3035,3038,3043,3045,3051,3060,3069,3072,3097,3101,3103,4591,5019,7127,713

7}

{2915,2919,2925,2926,2927,2928,2929,2930,2931,2933,2934,2948,2953,2957,2963,299
8,3013,3046,3061,3067,3075,3083,3100,4203,4266,4610,4678,7130,7146,7169,7170,764

8}

{2936,2960,2961,2965,2970,2971,2972,2975,2976,2978,2993,3011,3017,3018,3020,302
3,3028,3029,3033,3037,3039,3041,3044,3066,3074,3078,3082,3090,3096,3105,3124,467

5}

{2945,2950,2954,2966,2968,2973,2977,2979,2980,2981,2982,2983,2985,2987,2988,300
9,3012,3024,3032,3040,3042,3054,3063,3064,3079,3080,3084,3085,3095,4104,4194,423

9}

14

{323,325,339,353,354,358,369,374,375,377,379,383,387,388,393,409,410,413,436,437,4
59,2418,2420,2421,2422,2425,3106,3896,3960,3971,7645,7669}

{337,338,344,345,376,378,407,408,418,427,434,463,3880,3881,3883,3885,3889,3900,39
06,3909,3914,3919,3932,3938,3947,3962,3966,3974,3991,4022,4064,4286 }

{3878,3890,3892,3895,3901,3911,3916,3922,3927,3928,3937,3940,3951,3963,3969,397
3,3978,3985,3990,3996,3999,4008,4016,4021,4025,4033,4058,4060,4061,4062,4063,406

S5}

{3050,3052,3087,5017,6018,6338,6356,6360,6411,6419,6423,6426,6717,6734,6745,676
7,6768,6773,6787,6801,6819,6821,6822,6829,6835,6836,6837,6853,6866,6868,6870,688

9}

{3086,6355,6383,6410,6413,6712,6713,6719,6721,6722,6725,6726,6727,6736,6741,674
2,6761,6770,6790,6791,6792,6793,6820,6830,6834,6855,6867,6872,6873,6881,6882,688

8}

{3127,3499,3500,3882,3893,3898,3933,3934,3952,3956,3972,3988,3997,4010,4013,401
7,4031,4043,4048,4054,6715,6718,6752,6753,6772,6786,6807,6810,6844,6851,7142,717

8}

15

{304,305,306,315,322,328,329,330,334,341,347,348,363,364,386,411,421,441,442,443 4
44,445,451,452,453,462,2464,3517,4297,4309,4326,7661}

{316,317,318,319,320,352,359,360,361,362,366,373,381,382,392,414,3459,3464,3520,3
522,3527,3536,4281,4285,4302,4331,4335,4336,4337,4338,4363,4390}

{321,332,343,346,356,415,450,456,457,461,2443,2466,2468,2471,2481,3501,3535,3539,
3558,3894,3897,3917,3945,3955,3957,4003,4005,4032,4053,4056,7174,7652}

{3480,3608,3876,3884,3891,3902,3908,3913,3921,3931,3935,3949,3961,3975,3981,398
3,3989,4000,4001,4004,4026,4038,4039,4052,4059,4319,4366,4367,4398,4403,4405,441

5}

{2452,3886,3887,3904,3907,3910,3912,3926,3936,3939,3941,3942,3950,3959,3964,396
5,3976,3977,3987,3992,3993,3994,4002,4012,4014,4015,4019,4020,4035,4037,4040,405

7}

{2447,3515,3903,3943,3954,3958,3967,3982,3984,4006,4284,4287,4289,4292,4296,431
2,4320,4322,4327,4328,4329,4330,4332,4333,4334,4364,4371,4372,4374,4376,4394,441

4}

16

{303,307,309,310,312,313,324,326,327,331,335,336,350,351,370,371,401,403,404,416 4
20,430,431,432,439,446,447,448,455,458,2417,2453}

{308,357,365,372,380,384,385,389,390,391,394,395,402,412,417,422,423,424,425,426,4
28,435,440,449,460,2423,2437,2449,7646,7658,7662,7664}

{311,314,333,340,342,349,355,367,368,396,397,398,399,400,405,406,419,429,433,438,4
54,2446,7938,7939,8020,8027,8028,8029,8030,8031,8032,8040}

{6094,6095,6096,6097,6099,6104,6131,6132,6133,6134,6135,6136,6137,6138,6139,614
3,6161,6175,6176,6177,6183,6185,6188,6189,6191,6192,6203,6204,6210,6226,6227,623

6}

63



{6100,6101,6102,6103,6144,6145,6146,6179,6180,6193,6194,6195,6208,6209,6219,623
4,6235,6238,6243,6244,6246,7940,7993,7994,7995,7998,7999,8000,8001,8002,8035,803

9}

{6163,6164,6165,6166,6167,6168,6169,6170,6171,6178,6211,6212,6213,6214,6215,621
6,6228,6239,6240,7978,7979,7996,7997,8003,8023,8024,8025,8033,8034,8041,8042,805

1}

17

{470,497,512,513,518,519,526,528,531,535,544,546,547,552,555,556,565,566,588,592,5
95,596,600,601,613,614,620,621,625,637,8096,8109}

{493,502,539,557,558,560,561,563,573,574,575,576,577,583,587,590,591,593,609,6 10,6
23,624,632,648,974,979,982,983,987,1013,8104,8116}

{474,475,480,486,491,492,510,527,536,537,540,542,553,554,559,564,567,578,585,586,5
97,598,599,615,616,617,618,619,629,633,635,647}

{464,465,472,478,496,498,499,503,504,505,506,514,523,525,532,548,549,550,551,562,5
84,589,611,612,622,628,631,636,638,640,641,642}

{937,939,940,941,945,947,955,959,967,972,975,993,1016,1023,1025,1049,1069,1070,10
78,2527,2551,2552,2610,2617,2628,5011,5334,5345,5359,5363,5382,8106 }

{986,989,997,1001,1006,1010,1011,1012,1022,1027,1028,1029,1043,1044,1045,1046,10
47,1050,1073,1075,1076,1077,1082,1087,7147,8100,8101,8103,8110,9043,9044,9046}

18

{928,929,936,944,958,991,992,998,1014,1030,1048,1057,1085,1161,1167,1170,1174,11
76,1185,1186,1187,1196,1204,1207,1245,1270,1298,1299,1322,2585,2709,2710}

{930,931,933,935,943,952,964,965,969,981,984,985,988,994,995,1019,1038,1040,1041,
1042,1061,1062,1063,1072,2600,2605,4420,4428,4509,4535,4567,8074}

{1177,1180,1188,1190,1193,1195,1198,1199,1200,1202,1203,1205,1206,1208,1210,121
3,1216,1217,1218,1219,1226,1230,1232,1233,1234,1235,1236,1239,1269,1311,1312,132

U

{1162,1163,1164,1165,1166,1168,1169,1172,1178,1209,1211,1212,1214,1215,1220,122
1,1222,1223,1224,1238,1276,1277,1278,1280,1294,1295,1296,1301,1303,1315,1511,530

6}

{1179,1181,1182,1183,1184,1189,1191,1192,1194,1242,1251,1257,1266,1273,2489,249
0,2491,2492,2493,2494,2495,2496,2497,2498,2499,2500,2547,2556,2582,2584,2701,806

3}

{1197,1201,1237,1241,1243,1244,1247,1248,1252,1255,1256,1259,1260,1263,1264,126
5,1267,1313,2586,2589,2599,2604,2607,2609,2706,4426,4435,4439,4440,4453,4456,457

0}

19

{1103,1104,1106,1107,1109,1111,1112,1113,1114,1115,1116,1117,1118,1119,1120,112
1,1125,1127,1129,1135,1136,1137,1139,1143,1144,1148,1149,1150,1157,1159,1175,444

3}

{466,467,468,469,471,481,538,932,934,951,953,970,1002,1021,1051,1068,1080,1086,10
89,1090,1091,1092,1094,1095,1096,1097,1099,1100,1102,1105,4445,4450}

{477,482,484,485,487,488,494,495,511,515,516,517,522,524,529,533,534,571,604,605,6
06,607,608,630,634,639,646,1093,4992,4998,5001,7665}

{572,626,1318,4424,4430,4431,4432,4433,4434,4436,4437,4438 4441 4442, 4444 4446 4
447,4448 4449,4451,4452,4454,4455,4531,4559,4560,4562,4571,6641,6683,6689,8105}

{1122,1123,1124,1126,1128,1130,1131,1132,1133,1134,1138,1140,1141,1142,1145,114
6,1147,1151,1152,1153,1154,1155,1156,1158,1160,1171,1173,1271,1274,1275,1297,130

9}

{473,476,479,483,489,500,501,508,520,521,541,545,568,569,570,582,602,603,627,643,6
44,645,942,948,954,999,1000,1017,1026,1081,4701,5018}

20

{507,509,543,579,580,581,4972,4989,7651,8824,8838,8839,8841,8843,8850,8854,8863,
8864,8866,8869,8875,8876,8894,8899,8946,8954,8976,9023,9060,9064,9117,9257}

{490,530,594,4997,5008,5020,8842,8847,8877,8878,8885,8892,8905,8909,8914,8949,89
58,8960,8961,8962,8978,8994,8998,9027,9032,9078,9118,9178,9495,9501,9533,9536 }

64



{4690,8825,8853,8859,8860,8861,8865,8870,8871,8904,8910,8935,8942,8943,8945,896
5,9013,9014,9017,9022,9025,9061,9079,9175,9180,9235,9237,9264,9290,9291,9491,953

1}

{4940,4942,4943,4948,4979,4980,4981,4982,4983,4984,4985,4986,4987,4988,4990,499
1,4993,5002,5003,5004,5006,5007,5012,5013,5015,5016,5022,5023,8927,9005,9058,915

9}

{3778,6595,6645,6648,6650,6651,6653,6655,6656,6658,6661,6663,6664,6666,6668,668
0,7934,8913,9116,9130,9131,9183,9187,9188,9189,9190,9191,9202,9223,9255,9281,928

2}

{3871,7666,7832,7976,9105,9108,9115,9124,9133,9136,9138,9139,9144,9146,9151,917
0,9179,9186,9194,9199,9214,9231,9238,9240,9266,9267,9279,9283,9285,9295,9296,949

6}

21

{1225,1227,1228,1229,1231,1268,1283,1286,1290,1291,1292,1293,1302,1305,1306,131
0,1319,1321,5299,5313,5315,5319,5332,5361,5364,5397,5401,5402,5515,5558,556 3,643

0}

{1240,1246,1249,1250,1253,1254,1258,1261,1262,1316,2501,2502,2503,2504,2505,250
6,2507,2516,2560,2569,2583,2591,2592,2705,4427,5267,5346,8075,8089,8108,8112,811

5}

{2488,2531,2533,2535,2537,2541,2542,2544,2545,2561,2564,2566,2568,2571,2572,257
3,2574,2576,2577,2581,2687,2688,2693,2712,5272,6429,6684,6686,6687,8061,8092,809

7}

{2508,2509,2510,2511,2512,2513,2514,2515,2517,2518,2519,2520,2521,2522,2523,252
4,2525,2526,2528,2529,2532,2538,2539,2543,2546,2548,2549,2550,2553,2555,2557,811

4}

{2530,2534,2536,2540,2554,2558,2559,2587,2588,2590,2593,2594,2595,2596,2597,259
8,2601,2602,2603,2606,2608,2707,2708,4425,4429,6670,6671,6673,6678,6706,8069,808

4}

{2680,2681,2682,2683,2684,2685,2686,2689,2690,2691,2692,2694,2695,2696,2697,269
8,2699,2700,2702,2703,2704,2711,6521,6643,6646,6667,6677,6679,6681,6685,6694,670

7}

22

{5703,5714,5758,5759,5801,5802,5805,5815,5822,5824,5825,5826,7139,7158,7216,721
7,7222,7223,7229,7235,7239,7241,7246,7251,7307,7309,7315,8639,8647,8682,8740,879

3}

{1384,1423,1426,1453,1466,1487,8643,8646,8656,8657,8658,8673,8678,8681,8683,868
7,8688,8689,8692,8695,8708,8709,8725,8736,8750,8751,8778,8788,8795,8810,8811,881

2}

{3363,3366,3380,3388,3428,3429,3817,5848,5849,5850,5851,5875,5898,5912,5918,593
3,5949,5988,6009,6014,6028,7359,8050,8672,8706,8710,8711,8729,8731,8754,8796,880

9}

{699,5581,5582,5584,5590,5613,5614,5615,5616,5617,5618,5620,5682,5687,5688,5700,
5748,5749,5756,5757,5761,5765,5806,5810,5833,8637,8653,8690,8699,8742,8761,8779

¥

{5736,8630,8631,8640,8642,8645,8676,8679,8684,8696,8697,8713,8721,8722,8730,873
9,8747,8755,8756,8759,8760,8767,8768,8770,8774,8784,8790,8797,8799,8800,8816,881

8}

{4941,4966,7240,7342,7367,8611,8615,8628,8629,8632,8634,8636,8638,8641,8655,865
9,8662,8666,8675,8717,8738,8741,8746,8749,8752,8753,8765,8791,8792,8798,8801,881

S5}

23

{652,654,661,693,696,715,726,735,737,742,751,780,819,827,837,847,860,867,869,871,8
75,876,877,878,879,880,888,890,893,918,1396,6955}

{685,710,761,781,787,788,794,800,809,826,831,864,866,882,883,887,889,894,3618,362
0,3624,3626,3627,3667,3670,3708,3751,3796,3836,3860,5010,7051}

{673,706,708,720,724,746,747,762,807,822,844,845,848,900,902,904,905,906,911,914,9
20,921,922,923,6957,6959,7046,7094,8827,9148,9526,9528}

65



{896,3625,3671,3682,3685,3688,3691,3694,3712,3719,3733,3749,3760,3793,3798,3800,
3802,3804,3807,3808,3813,3815,3826,3830,3847,3848,3858,3859,5224,8972,9030,9534

¥

{662,663,717,718,745,765,782,792,874,892,898,916,919,924,926,1326,1388,1428,1444,
1447,1448,1455,1467,1479,1490,1498,1501,4938,4946,4955,6961,9508}

{3619,3623,3629,3630,3649,3661,3674,3681,3686,3706,3709,3721,3730,3805,3814,382
0,3827,3828,3832,4935,7093,7096,8071,8073,9154,9182,9210,9227,9457,9477,9480,951

1}

24

{649,741,805,834,835,1506,7226,8612,8613,8614,8616,8617,8619,8621,8622,8624,8651
,8694,8698,8700,8703,8716,8720,8724,8732,8733,8734,8735,8737,8748,8771,8776}

{658,660,664,666,672,674,686,711,714,740,775,784,797,801,802,812,852,855,903,927,1
387,1474,4952,4974,7299,8623,8769,8775,8783,8789,8805,8806 }

{651,653,655,668,684,698,700,707,709,725,727,734,755,767,776,779,783,791,808,815,8
24,825,828,832,842,850,854,861,912,915,2848,3728}

{659,677,680,682,688,695,701,702,704,728,729,730,736,743,752,768,772,773,777,789,7
98,816,820,829,836,841,853,857,863,881,884,7390}

{656,665,669,705,744,748,763,769,774,796,804,814,830,858,3621,7220,7221,7231,7238
,1245,7250,7252,7272,7292,7352,7358,7401,8618,8620,8702,8744,8766}

{667,670,676,679,690,692,697,703,712,722,723,733,750,753,756,757,766,771,786,790,7
95,817,818,885,899,917,7189,7191,7206,7291,7357,7396}

25

{1334,1360,1365,1366,1368,1378,1380,1382,1385,1411,1449,1471,1472,1480,1482,148
3,1484,1485,1486,1491,1494,1504,1505,1510,1514,1515,2450,6960,7088,9164,9487,950

6}

{716,891,1329,1335,1340,1350,1374,1381,1386,1391,1392,1404,1405,1406,1425,1432,1
433,1435,1436,1452,1457,1460,1478,1488,1492,1502,1503,1507,1508,4969,7047,7099}

{873,897,913,1323,1324,1325,1327,1331,1336,1339,1346,1355,1362,1363,1367,1407,14
08,1414,1418,1419,1446,1454,1458,1461,1465,1469,1476,1499,1509,4950,4976,7159}

{1330,1333,1349,1354,1357,1358,1364,1373,1377,1389,1403,1416,1424,1429,1434,143
7,1438,1473,1495,2854,4939,4994,7860,7886,7898,7917,7920,7921,7955,8018,9466,951

8}

{1328,1342,1345,1359,1372,1375,1379,1398,1401,1402,1415,1417,1420,1431,1442,144
3,1445,5005,7841,7844,7846,7849,7859,7867,7868,7870,7881,7935,7937,7972,8013,882

2}

{1464,3122,3123,3126,4626,4937,7668,7670,7838,7839,7842,7845,7863,7865,7866, 787
8,7879,7883,7899,7916,7923,7924,7926,7931,7933,7944,7946,7950,7973,8006,8019,802

1}

26

{294,1630,1635,1650,1654,1714,1738,1777,1779,1790,1791,1792,1796,1832,1852,1871,
1874,1888,1890,1920,3136,3144,3145,3154,3155,3179,3191,3204,3211,3213,3230,3235

¥

{938,946,950,957,960,963,977,990,1007,1009,1018,1020,1031,1032,1037,1039,1052,10
53,1054,1055,1056,1064,1065,1071,1079,1088,6708,8065,8083,8091,8093,8098}

{973,976,1005,1035,1036,1058,1059,1066,1067,1074,1083,4422,4472,4475,4480,4485,4
495,4513,4529,4547,4550,4553,4554,4561,4584,4587,4588,7643,7663,8081,8082,8107}

{272,286,949,961,962,966,978,996,1003,1004,1033,1034,1535,1536,1537,1538,1540,16
55,1704,3259,4423,4463,4494,4518,4519,4536,4537,4552,4555,4564,4572,8095}

{1614,1732,1734,1735,1752,1760,1765,1778,1837,1839,1843,1844,1845,1846,1847,184
8,1851,1853,1859,1881,1915,1916,1928,1929,1932,1939,3142,3178,3183,3210,3212,333

2}

{956,968,971,980,1015,1024,1060,1084,4421,4473,4474,4479,4483,4484,4492,4500,450
8,4512,4522,4534,4556,4565,4566,4568,4575,4576,4577,4580,4581,7145,8076,8079}

27

{1708,3151,3152,3153,3156,3157,3158,3161,3163,3165,3166,3168,3169,3170,3173,320
5,3214,3215,3216,3219,3221,3245,3251,3252,3276,3289,3313,3321,3329,3331,3335,333

6}

66



{262,1731,1733,1736,1739,1740,1753,1757,1769,1776,1783,1838,1840,1842,1876,1877,
1922,1924,1937,1940,1941,1943,3174,3177,3209,3229,3255,3323,4645,4671,4686,4962

¥

{53,89,217,1519,1521,1522,1523,1533,1534,1585,1586,1592,1604,1615,1622,1623,1631
,1638,1641,1658,1659,1671,1677,1694,1695,1710,2174,3135,3139,3140,3164,3225}

{274,296,1272,1279,1281,1282,1284,1285,1287,1288,1300,1304,1307,1308,1314,1317,1
539,1608,1636,1678,1715,3330,4700,5321,5390,5517,5518,5521,5557,5568,5575,8094 }

{1524,1551,1556,1557,1560,1602,1665,1667,1679,1680,1688,1692,1727,1728,1756,178
0,1809,1841,1862,1865,1911,1921,1925,3133,3172,3175,3176,3181,3207,3337,4661,467

0}

{3137,3146,3147,3148,3149,3159,3160,3162,3167,3171,3188,3206,3208,3218,3222,322
7,3232,3234,3238,3244,3256,3258,3263,3266,3267,3268,3270,3315,3318,3319,3341,468

8}

28

{1289,1544,1578,1637,1645,1685,1720,1721,1723,1754,1762,1775,1833,1834,1835,190
8,1918,1919,1923,2095,2173,3343,3389,3411,3414,4635,4656,4804,4885,4892,4893,489

S5}

{1718,1719,1722,1726,1763,1786,1787,1798,1799,1800,1825,1830,1864,1868,1870,187
5,1880,1885,1886,1887,1893,1898,1917,1926,1927,1938,4791,4849,4852,4890,4898,493

0}

{1755,1761,1829,1831,1891,1909,3182,4721,4726,4731,4732,4733,4735,4737,4739,474
1,4742,4743,4747,4822,4825,4827,4860,4866,4875,4896,4903,4911,4920,4923,4929,493

3}

{1883,4717,4720,4722,4724,4738,4740,4748,4749,4795,4816,4823,4832,4833,4846,485
0,4851,4854,4855,4858,4864,4869,4871,4872,4880,4881,4883,4884,4887,4919,4925,824

6}

{1970,1971,1990,1995,2009,2029,2071,2072,2074,2111,2112,2115,2132,2145,2147,215
4,2164,2168,2170,2189,3370,3396,3399,3404,3406,3426,4715,4734,4826,4905,5950, 785

7}

{1849,3192,4729,4745,4750,4751,4754,4759,4763,4767,4785,4790,4793,4797,4798,479
9,4810,4815,4818,4819,4821,4834,4843,4844,4845,4909,4912,4913,4922,4928,4932,716

4}

29

{231,1098,1101,1108,1110,2575,2677,2678,4569,5268,5340,5343,5344,5347,5351,5360,
5367,5371,5376,5377,5378,5384,5389,5400,5404,5476,5485,5495,5497,5510,8067,8072

¥

{2562,2563,2565,2567,2570,2578,2580,2612,2616,2621,2624,2627,2629,2633,2634,263
5,2637,2639,2640,2648,2653,2673,4457,5277,5305,5320,5331,5333,5335,5338,5342,535

8}

{2614,2619,2620,2625,2630,2631,2632,2638,2642,2643,2647,2650,2651,2666,2668,267
0,2674,5283,5288,5289,5292,5294,5303,5307,5314,5322,5323,5326,5329,5330,5372,538

1}

{2611,2649,2652,2659,2665,2672,2676,2713,5285,5295,5328,5337,5350,5353,5355,535
7,5365,5375,5395,5396,5399,5403,5405,5458,5462,5464,5467,5468,5480,5490,5524,556

7}

{2579,2613,2641,2644,2645,2646,4502,5284,5287,5290,5291,5297,5298,5300,5308,532
4,5325,5327,5336,5339,5348,5349,5352,5362,5394,5514,5516,5520,5559,5560,5562,557

1}

{2623,2636,2654,2655,2656,2657,2658,2660,2661,2662,2663,2664,2667,2669,26 71,267
5,5280,5293,5341,5354,5356,5366,5368,5374,5379,5383,5391,5442,5445,5481,5508,555

S5}

30

{283,3351,3357,3364,3372,3377,3408,3418,5876,5935,5953,5959,5978,6003,6004,6005,
7313,8626,8633,8635,8649,8663,8686,8704,8705,8712,8714,8745,8780,8781,8819,9481

¥

67



{1332,1347,1348,1351,1353,1413,1439,1489,4934,7834,7847,7861,7874,7880,7888,793
6,7971,8017,8059,8667,8669,8685,8691,8727,8764,8785,8787,8803,8808,8813,8817,882

U

{1337,1338,1341,1344,1352,1356,1369,1397,1399,1421,1422,1427,1440,1441,1450,145
1,1456,1462,1463,1468,1477,7165,7873,7952,7958,8010,8011,8012,8022,8043,8054,805

8}

{8625,8627,8644,8648,8650,8652,8654,8660,8664,8665,8668,8674,8677,8680,8693,871
8,8723,8728,8743,8757,8758,8762,8763,8773,8777,8782,8786,8794,8802,8804,8807,881

4}

{3360,3393,5866,5907,5913,5917,5924,5927,5937,5942,5945,5947,5948,5951,5952,596
3,5979,5980,5982,5983,5984,6007,6010,6012,6015,6019,6027,6031,6032,6036,7869,915

0}

{4957,7833,7835,7836,7843,7848,7856,7864,7871,7872,7876,7885,7918,7932,7941,794
5,7948,8004,8005,8007,8008,8009,8015,8016,8044,8049,8055,8661,8670,8671,8719,877

2}

31

{1,2,5,6,7,8,9,10,11,12,14,22,42,46,54,189,195,208,214,284,300,2419,2717,3456,3463,3
465,3475,3478,3481,3486,5151,5231}

{13,15,17,18,19,20,21,23,24,25,26,35,36,37,38,39,43,44,45,49,137,186,2479,2788,2863,
3466,3484,3489,3490,3545,3550,3998}

{182,3116,3118,3130,3471,3506,3508,3542,3549,3599,4459,4468,4481,4486,4491,4496,
4497,4505,4514,4524,4538,4539,4540,4557,4563,4585,4586,6730,6746,6795,6825,6848

¥

{2424,2480,3107,3128,3454,3469,3473,3476,3488,3504,3511,3512,3513,3528,3541,355
1,3581,3603,3604,3609,4027,4300,4354,4355,4356,4357,4359,4396,4397,4404,6823,682

4}

{4464,4465,4466,4467,4469,4470,4476,4477,4482,4487,4488,4489,4498,4499,4503,450
4,4510,4511,4521,4523,4525,4526,4527,4528,4541,4542,4543,4546,4549,4558,4573,457

8}

{55,138,164,2484,4458,4460,4461,4462,4471,4478,4490,4493,4501,4506,4507,4515,451
6,4517,4520,4530,4532,4533,4544,4545,4548,4574,4579,4582,4583,5914,8086,8099}

32

{4070,4176,4710,4947,5031,5045,5061,5072,5074,5089,5095,5101,5112,5113,5116,511
8,5123,5163,5176,5192,5200,5216,5223,5226,5236,5240,5242,5245,5251,5252,5253,526

0}

{3439,3440,3447,3449,3452,3474,3491,3507,3516,3519,3532,3537,3544,3562,3591,360
6,4276,4278,4291,4299,4304,4305,4306,4314,4318,4324,4350,4351,4361,4368,4375,440

6}

{161,223,3441,3559,3576,3583,5034,5052,5054,5064,5065,5093,5117,5124,5139,5149,5
157,5158,5182,5185,5196,5198,5202,5205,5219,5222,5233,5256,6760,6808,6875,6880}

{140,171,3457,3487,3496,3510,3514,3529,3530,3531,3560,3561,3578,3582,3587,3589,3
598,3605,3611,3612,4034,4279,4280,4283,4290,4339,4340,4341,4342,4353,4387,4395}

{3438,3495,3498,3505,3509,3546,3548,3563,3564,3565,3577,3588,3593,3594,3595,359
6,3601,3602,3610,4310,4316,4325,4343,4349,4373,4392,4393,4413,4417,5030,5154,679

4}

{2448,3477,3502,3503,3518,3521,3525,3540,3547,3569,3574,3580,3590,3597,3615,429
5,4301,4307,4315,4321,4348,4360,4399,4400,4401,4402,4407,4409,4410,4416,4418,441

9}

33

{4,104,232,241,251,252,270,280,285,287,291,295,297,299,302,1594,1609,1661,2327,23
52,2401,2402,2414,2415,2416,3356,4630,4692,4711,7641,7882,8062}

{5273,5276,5281,5302,5310,5311,5409,5411,5413,5415,5418,5419,5421,5429,5430,543
2,5433,5434,5436,5438,5439,5441,5470,5525,5526,5527,5528,5529,5530,5564,5565,556

6}

{2622,2626,5274,5275,5278,5279,5286,5296,5301,5304,5309,5312,5316,5369,5407,541
4,5423,5424,5425,5427,5443,5444,5446,5447,5453,5455,5459,5461,5463,5466,5576,811

3}

68



{3492,3493,3523,3526,3555,3566,5271,5408,5431,5448,5451,5452,5457,5469,5471,547
4,5482,5483,5504,5506,5507,5543,5544,5551,5552,5553,5554,6431,6432,6462,64 74,648

0}

{2615,2618,3468,3524,5266,5269,5282,5317,5318,5370,5373,5380,5385,5386,5387,538
8,5392,5393,5398,5406,5509,5519,5522,5523,5531,5532,5538,5570,5572,5573,5574,648

4}

{261,276,3571,4620,4708,5264,5265,5270,5450,5460,5465,5501,5511,5512,5513,5533,5
534,5535,5536,5537,5539,5540,5541,5542,5545,5546,5547,5548,5549,5550,6433,6466 }

34

{244,2277,2319,2324,2332,2340,2347,2363,2397,2843,6578,6579,6581,6582,6583,6584,
6585,6586,6590,6591,6592,6596,6597,6598,6599,6600,6601,6605,6606,6612,6693,6709

¥

{234,249,2188,2220,2229,2250,2252,2259,2260,2272,2275,2276,2278,2279,2285,2293,2
306,2322,2330,2331,2338,2339,2356,2358,2368,2388,2389,2410,6464,6467,6473,6475}

{6448,6453,6457,6468,6470,6477,6478,6481,6482,6520,6523,6524,6525,6526,6527,653
0,6535,6537,6603,6604,6607,6608,6609,6610,6611,6613,6617,6622,6626,6696,8078,808

S5}

{6519,6528,6529,6531,6533,6540,6542,6543,6544,6547,6548,6551,6552,6553,6554,655
5,6556,6559,6561,6563,6564,6566,6568,6569,6570,6571,6572,6573,6574,6575,6576,657

7}

{6522,6536,6538,6539,6541,6545,6546,6549,6550,6557,6558,6560,6562,6565,6567,661
6,6618,6620,6624,6631,6633,6634,6636,6637,6640,6649,6652,6654,6659,6665,6688,669

0}

{6580,6587,6588,6589,6593,6594,6602,6614,6619,6621,6623,6627,6628,6629,6630,663
2,6635,6638,6639,6642,6644,6647,6657,6660,6662,6669,6672,6674,6675,6676,6682,669

5}

35

{657,770,7163,7201,7207,7208,7219,7228,7234,7237,7242,7253,7254,7255,7261,7262,7
263,7264,7265,7266,7276,7294,7296,7304,7320,7345,7353,7361,7370,7373,7382,7397}

{689,868,7188,7190,7195,7196,7198,7199,7200,7203,7204,7212,7213,7214,7247,7288,7
289,7295,7298,7314,7318,7326,7329,7333,7336,7337,7340,7344,7348,7354,7360,7392}

{2890,7244,7257,7259,7260,7278,7284,7285,7303,7316,7321,7322,7325,7332,7338,734
1,7343,7346,7347,7365,7378,7387,7389,8283,9299,9394,9402,9404,9415,9417,9424,945

6}

{4951,4956,5583,5586,5588,5666,5667,5683,5686,5691,5702,5722,5729,5737,5744,575
4,5791,5793,7243,7279,7286,7300,7312,7324,7330,7335,7339,7371,7377,7380,7381,739

3}

{4963,8134,9300,9301,9303,9304,9328,9331,9332,9340,9342,9343,9344,9347,9357,935
8,9362,9368,9387,9393,9396,9405,9412,9425,9430,9431,9432,9435,9436,9437,9439,945

4}

{7187,7192,7193,7194,7205,7209,7210,7211,7236,7258,7268,7277,7283,7287,7290,729
7,7305,7306,7308,7310,7311,7319,7327,7334,7351,7355,7356,7364,7366,7376,7383,739

8}

36

{4953,5591,5602,5606,5626,5627,5628,6922,7066,7077,7078,7102,7104,7105,7112,711
6,7281,7372,8119,8120,8137,8144,8166,8242,8258,8313,8321,8323,8326,8331,8350,835

7}

{5587,5612,6917,6928,6929,6938,6943,6947,6948,6967,6968,6995,7005,7056,7057,705
8,7059,7060,7061,7072,7073,7107,7121,7122,7123,7125,8173,8175,8176,8264,8345,947

5}

{5600,5601,5629,5630,5631,5642,5646,5663,5671,5674,5675,5678,5684,5694,5707,571
6,5717,5731,6896,6899,6918,6942,6985,7020,7068,7079,7081,7083,7084,7087,7117,824

3}

{851,865,5603,5624,8128,8129,8130,8133,8136,8138,8139,8140,8143,8155,8158,8160,8
162,8163,8231,8250,8251,8252,8254,8256,8276,8290,8304,8315,8324,8329,8344,8358}

69



{764,5623,5625,7674,7685,7688,7689,7693,7696,7706,7715,7716,7722,7724,7728,7798,
7801,7814,7824,7827,8145,8157,8234,8239,8241,8265,8267,8270,8271,8322,8512,8595

¥

{7678,7680,7681,7682,7687,7690,7691,7698,7707,7712,7713,7714,7718,7719,7723,774
5,7746,7747,7748,7757,7785,7786,7787,7805,7806,7817,7829,8189,8229,8257,8259,908

3}

37

{650,671,691,713,731,732,754,760,799,806,823,833,840,843,846,856,870,3622,3628,36
80,3702,3705,3707,3718,3762,3789,3790,3811,3818,3834,3856,9467}

{675,678,681,683,687,694,719,721,738,739,749,758,759,778,785,803,810,811,813,839,8
59,862,872,886,907,908,910,3665,3695,4961,7161,8026}

{3643,3696,3701,3711,3713,3714,3732,3738,3742,3743,3744,3746,3753,3756,3768,379
2,3797,3799,3816,3822,3825,3855,7293,9317,9322,9326,9327,9355,9366,9370,9505,953

U

{3645,3764,3835,9308,9312,9315,9316,9318,9321,9323,9324,9325,9329,9330,9334,933
5,9336,9337,9338,9348,9351,9360,9363,9367,9371,9373,9389,9399,9410,9440,9447,945

2}

{3647,9297,9302,9305,9306,9307,9309,9310,9311,9313,9333,9341,9345,9349,9350,935
2,9356,9359,9361,9365,9382,9395,9397,9401,9409,9411,9416,9434,9443,9448,9449,945

1}

{3690,3698,3700,3710,3715,3716,3717,3720,3722,3734,3737,3740,3741,3745,3748,375
4,3763,3771,3785,3786,3821,3823,3829,4954,9353,9354,9427,9428,9429,9433,9445,944

6}

38

{3108,4965,5592,5609,5611,5659,5660,5664,5669,5697,5699,5706,5708,5723,5733,578
7,5800,5804,5808,5809,5821,7089,8146,8165,8180,8192,8224,8225,8226,8280,8356,871

5}

{3119,5621,7110,7111,8141,8147,8148,8149,8170,8171,8181,8185,8191,8197,8200,820
6,8207,8220,8221,8227,8233,8236,8245,8261,8282,8309,8335,8337,8338,8342,8355,836

2}

{4958,5772,6909,6910,6912,6914,6916,6934,6988,6998,7002,7006,7050,7063,7064,706
5,7080,7113,7126,8202,8208,8209,8210,8211,8212,8219,8228,8293,8318,8319,8346,834

7}

{5578,5589,5739,5816,6908,6923,7000,7015,7049,7124,8121,8150,8151,8152,8153,815
6,8159,8161,8164,8167,8168,8174,8184,8193,8195,8235,8281,8296,8333,8343,8352,836

1}

{4973,5579,6905,6907,6924,6941,6963,6966,6970,7001,7003,7004,7007,7010,7016,702
1,7036,7040,7041,7048,7067,7070,7082,7106,7114,7115,7120,7157,8118,8154,8214,821

S5}

{5608,5610,5665,5668,5681,5693,5698,5704,5710,5786,5792,5834,7218,7224,7225,722
7,7230,7232,7233,7248,7249,7269,7270,7271,7273,7274,7275,7362,7384,7394,7399,773

1}

39

{793,901,925,1343,1393,1400,1409,1412,1430,1470,1496,1497,1512,4949,4964,4999,69
62,7100,7101,7103,7141,7884,7919,7927,7947,7953,9085,9103,9104,9149,9155,9165}

{3113,3637,3648,3650,3652,3654,3656,3663,3675,3676,3683,3703,3704,3755,3766,376
9,3775,3777,3780,3781,3783,3787,3806,3838,3841,3850,3868,3870,3873,3875,8934,951

S5}

{3631,3632,3642,3664,3747,3761,3776,3779,3782,3784,3809,3840,3853,3866,8359,883
2,8844,8922,8936,8939,8940,9009,9029,9034,9062,9065,9075,9076,9461,9465,9509,951

2}

{8828,8830,8834,8835,8836,8837,8851,8852,8855,8856,8889,8897,8916,8917,8918,891
9,8921,8950,8953,8959,8969,8999,9056,9063,9068,9069,9070,9072,9073,9077,9468,949

9}

{3633,3634,3635,3636,3638,3640,3641,3657,3669,3677,3699,3750,3758,3774,3801,380
3,3810,3837,3842,3845,3849,3851,3852,3854,3863,3864,9319,9320,9339,9414,9497,950

4}

70



{8923,8924,8925,8979,8980,8985,8987,8988,8993,9033,9036,9074,9084,9096,9101,911
4,9134,9156,9204,9205,9216,9217,9218,9229,9236,9271,9273,9274,9275,9287,9492,953

9}

40

{821,838,895,909,1361,1371,1376,1383,1395,1410,1475,1481,1493,1513,4996,6950,695
1,6952,6953,6954,6956,7085,7086,7090,7091,7092,7095,7109,9483,9514,9535,9537}

{3644,3651,3653,3672,3673,3678,3679,3684,3689,3725,3729,3739,3752,3765,3843,384
6,3857,3862,3865,3869,8957,8974,8975,9097,9113,9123,9177,9197,9460,9472,9513,952

S5}

{3655,3660,3666,3668,3687,3692,3693,3697,3723,3724,3726,3727,3731,3735,3736,375
7,3767,3772,3773,3788,3791,3794,3795,3812,3819,3824,3831,3833,3867,8973,9523,952

7}

{4970,7132,8080,9087,9089,9092,9093,9111,9112,9120,9121,9122,9125,9126,9127,912
8,9147,9158,9162,9163,9176,9185,9192,9209,9219,9245,9253,9292,9459,9474,9529,953

2}

{6949,6958,7097,7098,9086,9088,9102,9166,9167,9168,9169,9193,9203,9211,9212,921
3,9220,9242,9243,9244,9247,9248,9249,9268,9269,9270,9286,9294,9458,9470,9473,947

8}

{3759,9091,9098,9100,9106,9109,9110,9119,9135,9140,9145,9160,9172,9173,9181,919
5,9201,9222,9228,9246,9252,9254,9258,9259,9276,9277,9278,9284,9293,9482,9503,950

7}

41

{233,2175,2906,3395,3423,3874,5855,5919,5922,6038,6902,6903,6932,6977,7138,7901,
8388,8394,8395,8396,8402,8404,8423,8427,8428,8431,8436,8437,8438,8439,8449,8588

¥

{1957,1958,1959,1960,1978,1982,1984,2003,2005,2015,2026,2027,2028,2045,2070,208
2,2096,2118,2138,2141,2144,2193,5854,5856,5864,5867,5868,5872,5908,5955,5986,603

3}

{1964,1965,1966,1968,1991,2007,2033,2041,2048,2051,2114,2140,2149,2157,3415,471
2,4714,4718,4723,4725,4736,4769,4803,4812,4817,4824,4882,4897,4904,4921,4926,599

7}

{1967,1979,1980,1986,1987,1993,2004,2024,2025,2037,2042,2047,2084,2085,2100,212
6,2133,2135,2137,2143,2150,2159,2165,2186,2187,4968,5853,6913,7129,7153,7902,790

3}

{4713,4727,4728,4746,4762,4772,4773,4774,4775,4776,4777,4778,4779,4801,4805,480
6,4811,4813,4820,4837,4838,4839,4842,4853,4874,4899,4902,4906,4916,4924,4927,493

1}

{6925,6969,8363,8377,8382,8383,8385,8386,8387,8390,8393,8398,8407,8408,8409,841
2,8413,8424,8425,8426,8429,8432,8433,8434,8435,8440,8585,8586,8589,8593,8596,859

7}

42

{1370,1390,1394,1459,1500,3861,4960,7954,8060,9099,9107,9141,9153,9157,9161,917
1,9174,9184,9196,9198,9200,9221,9224,9239,9241,9250,9251,9289,9471,9489,9502,951

9}

{3839,3872,8845,8848,8868,8872,8893,8903,8930,8931,8933,8941,8944,8947,8956,897
0,8990,8991,8995,8996,8997,9003,9004,9006,9007,9010,9012,9021,9031,9045,9054,905

9}

{3844,8821,8829,8846,8874,8879,8880,8881,8882,8883,8886,8887,8888,8890,8891,890
1,8915,8920,8928,8932,8955,8964,8986,9008,9018,9026,9050,9051,9055,9057,9066,952

U

{8862,8967,8983,9015,9071,9094,9095,9129,9132,9137,9142,9143,9152,9206,9207,920
8,9215,9225,9230,9232,9233,9234,9256,9260,9261,9262,9263,9265,9272,9280,9288,949

4}

{8823,8826,8849,8857,8858,8867,8896,8898,8902,8906,8907,8908,8912,8938,8948,895
1,8952,8966,8968,8984,8992,9002,9016,9019,9035,9037,9039,9040,9041,9042,9049,908

0}

71



{8831,8833,8840,8873,8884,8895,8900,8911,8926,8929,8937,8963,8971,8977,8981,898
2,8989,9000,9001,9011,9020,9024,9028,9038,9047,9048,9052,9053,9067,9081,9082,922

6}

43

{2722,2750,2766,2773,2783,2792,2794,2815,2835,2842,2849,2860,2861,2874,2878,291
0,5561,6915,6973,6980,6990,6992,6999,7013,7017,7026,7033,7135,7136,7148,7180,718

1}

{2726,2735,2749,2756,2761,2762,2776,2778,2780,2791,2804,2816,2826,2858,2889,289
1,2892,2894,2898,2909,2911,3055,5884,6776,6812,6813,6814,6815,6862,6869,6883,702

2}

{2741,2754,2758,2760,2764,2769,2770,2774,2775,2784,2785,2786,2789,2790,2807,281
3,2817,2821,2825,2827,2828,2836,2844,2859,2868,2875,2879,2883,7029,7031,7034,715

4}

{2923,3027,3030,3034,3047,3062,3089,6425,6764,6774,6778,6780,6781,6783,6784,680
4,6805,6806,6816,6833,6838,6839,6847,6854,6857,6860,6861,6871,6874,6890,7175,717

6}

{5701,6901,6939,6940,6944,6971,6975,6982,7014,7018,7023,7028,7030,7039,7042,704
4,7052,8183,8190,8222,8223,8272,8364,8365,8375,8389,8400,8411,8419,8421,8447,854

9}

{7215,7256,7267,7350,7374,7385,7386,7391,7803,7804,7828,7831,7854,8366,8371,837
4,8376,8379,8380,8381,8384,8391,8397,8403,8414,8420,8448,8496,8514,8519,8551,856

3}

44

{7700,7701,7702,7703,7704,7705,7710,7711,7721,7759,7761,7795,7807,7820,7821,782
3,8186,8188,8196,8260,8446,8468,8469,8470,8472,8497,8515,8516,8517,8518,8580,858

4}

{3639,3646,3658,3659,3662,3770,7732,7734,7751,7752,7774,7777,7794,7796,7802,781
8,8442,8443,8444,8445,8471,8473,8474,8475,8476,8477,8564,8605,8609,9346,9364,938

4}

{5598,5634,5640,5647,5648,5670,5705,5732,5734,5752,5767,5817,5818,7363,7379,738
8,7676,7735,7736,7775,7776,8452,9298,9369,9374,9378,9379,9380,9381,9386,9403,941

8}

{5009,5593,5594,5597,5599,5622,5643,5649,5650,5651,5652,5654,5655,5657,5658,571
2,5730,5764,5771,5811,5812,5813,5814,5827,5828,7840,8232,8253,8255,8266,8284,833

4}

{2900,7673,7684,7686,7717,7725,7726,7729,7737,7738,7739,7740,7741,7742,7743,774
4,7749,7750,7753,7754,7756,7781,7792,7793,7797,7799,7815,8070,8238,8240,8286,828

7}

{8450,8451,8462,8463,8464,8465,8466,8467,8478,8479,8480,8481,8482,8483,8484,848
5,8486,8487,8488,8489,8490,8491,8492,8493,8494,8498,8499,8522,8599,8600,8601,860

4}

45

{4592,4598,4602,4603,4605,4607,4616,4621,4628,6129,6155,6156,6186,7951,7959,796
0,7963,7964,7980,7981,7983,7985,7986,7988,7990,7991,7992,8038,8046,8047,8048,805

7}

{4623,6068,6114,6115,6116,6117,6118,6119,6120,6121,6122,6125,6126,6127,6128,617
4,6190,6218,6231,6237,7537,7961,7962,7965,7966,7967,7982,7984,7987,7989,8036,803

7}

{4604,6061,6065,6078,6079,6080,6081,6141,6158,6159,6160,6172,6197,6207,6233,776
3,7764,7765,7770,7772,7773,7783,7788,7789,7790,7808,7816,7822,7825,8553,8579,861

0}

{6084,6130,7550,7578,7579,7594,7612,7627,7628,7629,7630,7634,7635,7636,7638,851
3,8520,8523,8524,8525,8526,8527,8528,8529,8531,8532,8533,8534,8554,8559,8568,859

4}

{6077,6142,6149,6150,6151,6152,6153,6154,6157,6187,6196,6205,6217,6220,6221,622
9,6230,6241,7516,7518,7519,7520,7522,7524,7536,7552,7558,7559,7602,7614,7640,804

5}

72



{4593,4618,6067,6069,6072,6073,6074,6075,6076,6123,6124,6140,6206,6232,7762,776
6,7767,7768,7769,7771,7782,7809,7810,8530,8535,8536,8537,8538,8539,8540,8556,860

8}

46

{259,2718,2730,2748,2757,2822,2823,2830,2834,2847,2862,2873,2876,2882,2885,4627,
5970,5977,5992,5993,5994,5995,6895,6904,6991,6997,7008,7019,7140,7144,8179,8194

¥

{2893,3059,3068,3070,3092,4959,5998,6017,6744,6758,6762,6763,6766,6769,6775,677
7,6779,6782,6802,6803,6817,6818,6832,6841,6845,6846,6865,6884,6891,7168,7177,872

6}

{4589,4596,4609,4611,4615,4617,4622,6894,6897,6965,6993,7009,7692,7720,7730,773
3,7779,7813,8367,8368,8369,8370,8378,8392,8410,8415,8416,8417,8418,8422,8441,860

7}

{4594,4595,4599,4600,4601,4613,7675,7677,7679,7683,7694,7695,7697,7699,7708,770
9,7727,7755,7758,7760,7778,7780,7784,7791,7800,7811,7819,7826,7830,8172,8399,948

8}

{4971,5619,6906,6911,6920,6926,6927,6933,6964,6976,6978,6979,7043,7071,7119,816
9,8177,8178,8230,8244,8263,8273,8294,8300,8327,8328,8336,8339,8340,8341,8349,835

1}

{5014,6062,6900,6919,6921,6930,6931,6936,6937,6972,6983,6984,6987,6989,7011,703
7,7038,7045,7055,7118,7131,8268,8274,8285,8372,8373,8401,8405,8406,8430,8495,870

7}

47

{4590,4619,6047,7402,8453,8455,8456,8457,8460,8461,8500,8501,8502,8506,8508,854
4,8547,8569,8570,8571,8572,8573,8574,8575,8576,8577,8578,8591,8598,8602,8606,946

4}

{4597,4614,4624,4625,7418,7464,7465,7466,7468,7472,7474,7475,7478,7480,7482,748
8,7512,7534,7547,7548,7565,7592,7593,7596,7598,7599,7605,7606,7609,7616,7617,762

4}

{4612,7404,7406,7407,7409,7411,7413,7414,7415,7416,7452,7454,7455,7456,7457,745
8,7469,7479,7481,7484,7487,7494,7530,7539,7556,7566,7570,7571,7575,7582,7589,824

8}

{7460,7461,7462,7467,7470,7471,7476,7477,7489,7490,7491,7500,7501,7502,7503,750
4,7505,7509,7510,7511,7525,7526,7538,7541,7549,7551,7560,7567,7597,7600,7604,761

1}

{7405,7408,7410,7412,7417,7419,7451,7453,7459,7463,7473,7483,7486,7492,7493,749
5,7496,7497,7498,7499,7506,7527,7528,7529,7542,7557,7561,7572,7585,7590,7591,760

3}

{8454,8458,8459,8503,8504,8505,8507,8509,8510,8511,8548,8550,8555,8565,8566,856
7,8581,8582,8583,8587,8603,9314,9392,9406,9413,9421,9422,9426,9438,9442,9444,945

0}

48

{5580,5604,5605,5607,5633,5636,5637,5644,5645,5656,5695,5696,5709,5721,5738,574
0,5742,5747,5751,5755,5768,5770,5785,5788,5789,5796,5797,5798,5799,5829,5836,824

9}

{5585,6893,6898,6935,6945,6946,6986,6994,6996,7012,7053,7054,7062,7069,7074,707
5,7076,7108,8117,8125,8131,8198,8204,8216,8217,8262,8303,8305,8316,8317,8353,836

0}

{5595,5596,5653,5741,5745,5769,7172,8122,8123,8132,8142,8237,8269,8275,8278,827
9,8289,8291,8292,8297,8299,8301,8306,8307,8308,8310,8311,8312,8325,8332,8348,835

4}

{5632,5635,5638,5641,5672,5685,5690,5715,5718,5719,5720,5725,5726,5746,5753,577
5,5776,5777,5778,5780,5781,5782,5783,5784,5794,5795,5819,5820,5830,5831,5832,730

2}

{5661,5662,5673,5676,5677,5728,5760,5762,5790,5803,5807,5823,5835,8124,8126,812
7,8135,8187,8199,8201,8203,8205,8213,8218,8247,8277,8288,8298,8302,8314,8320,949

3}

73



{5639,5679,5680,5689,5692,5711,5713,5727,5735,5743,5763,5766,5779,7183,7184,718
5,7186,7197,7202,7280,7282,7301,7317,7323,7328,7331,7349,7368,7369,7375,7395,740

U

49

{4606,6041,6043,6048,6049,6050,6051,6052,6053,6054,6057,6059,6060,6064,6066,607
0,6082,6083,6098,6108,6109,6110,6111,6148,6162,6181,6224,6225,6245,7812,8295,833

0}

{5724,5750,5773,5774,6042,6044,6045,6105,6106,6107,6147,6198,8182,9372,9375,937
6,9377,9383,9385,9388,9390,9391,9398,9400,9407,9408,9419,9420,9423,9441,9453,945

5}

{6046,6055,6056,6058,6071,6112,6113,6184,6200,6201,6202,6222,7421,7439,7485,753
1,7584,7610,8521,8541,8542,8543,8545,8546,8552,8557,8558,8560,8561,8562,8590,859

2}

{7403,7423,7425,7426,7432,7436,7437,7438,7440,7513,7514,7515,7521,7532,7533,753
5,7543,7546,7563,7564,7573,7580,7581,7586,7587,7607,7608,7618,7619,7620,7621,762

2}

{6085,6086,6087,6088,6089,6090,6091,6092,6093,6173,6182,6199,6223,6242,7553,755
4,7555,7562,7576,7577,7583,7588,7595,7615,7623,7625,7626,7631,7632,7633,7637,763

9}

{7420,7422,7424,7427,7428,7429,7430,7431,7433,7434,7435,7441,7442,7443,7444,744
5,7446,7447,7448,7449,7450,7507,7508,7517,7523,7544,7545,7568,7569,7574,7601,761

3}

50

{2426,2427,2431,2432,2438,2444,2455,2456,2457,2458,2459,2460,2467,2472,2482,679
6,6797,6826,6827,6831,6849,6892}

{2434,3918,3920,3968,3970,3980,4030,4041,4042,4044,4049,4051,4055,4298,4323,435
2,4377,4381,4382,4383,4391,4408}

{2435,2440,2461,2462,2463,2474,2483,2486,3613,3614,3899,4029,4036,4050,4293,437
9,4384,4385,4551,6798,6799,6828}

{3553,3554,3573,3616,3617,4308,4313,4317,4345,4346,4347,4358,6747,6748,6749,675
0,6751,6765,6800,6850,6879,6887}

{2428,2441,2445,2451,4018,4023,4288,4294,4303,4311,4344,4362,4365,4369,4370,437
8,4380,4386,4388,4389,4411,4412}

{2429,2430,2433,2436,2439,2442,2454,2465,2469,2470,2473,2475,2476,2477,2485,248
7,4024,4028,4277,7672,8068}
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APENDICE B

Gréficas de clientes por ruta
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Ruta 40
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APENDICE C

Secuencia de visita por ruta

Ruta

Dia

Secuencia de visita

1

2

{0,4636,4709,5076,5077,5063,5035,5024,5164,5162,5221,5083,5121,515
2,5160,7660,184,91,8102,269,98,229,4707,86,207,147,99,5037,5203,5141
,5137,5235,7642,0}

{0,301,267,289,264,230,188,199,129,170,111,165,130,228,215,88,293,21
6,166,167,96,146,263,3592,213,122,225,105,193,292,278,281,190,0}

{0,4273,4166,4704,4079,4265,4191,117,200,273,5261,5183,5237,5021,46
97,4078,4081,5132,5180,5036,5140,5033,5079,5027,5146,5190,5090,522
0,5055,5156,5150,5241,5207,0}

{0,5062,5109,4668,5122,5069,5143,5208,5082,5071,5138,5186,5238,502
8,5262,4698,5215,5187,5209,5050,5255,5194,5230,5078,5214,5049,5248,
5106,5080,5098,5104,5172,5179,0}

{0,5218,5056,5195,5181,5234,5161,5070,5247,5115,5244,5107,5239,463
8,5131,5068,5134,5025,5243,5067,5096,5184,5173,5127,5130,5087,5073,
5201,5103,5213,5159,5126,5217,0}

{0,5092,5105,5086,5147,5211,5038,5040,5041,5165,5042,5043,5044,519
3,5099,5210,5048,5039,5246,5228,5174,5178,5148,5097,5129,5051,5136,
5053,5075,5155,5058,5084,5047,0}

{0,3242,3320,3246,1601,1652,1520,1687,1528,1545,1526,1772,1583,162
7,1530,1600,1657,236,256,4995,238,242,4201,7659,1588,4634,1531,4643
,1532,1651,1703,1699,1612,0}

{0,8701,1621,1625,1717,1646,1607,1567,1624,1711,1559,1693,1670,164
8,1644,1550,1529,1527,1696,1525,1675,1626,1611,4703,1516,1647,1706,
1597,1632,1713,1666,1702,4639,0}

{0,3294,3302,3284,4681,3241,3314,4665,3260,4653,3324,4663,3264,465
8,4683,4664,1628,1643,1709,1700,1596,4694,1549,1610,1689,3279,3281,
4071,3317,4689,3326,3280,4654,0}

{0,4687,4644,1577,1668,1605,1707,1836,1782,1725,1579,1541,1542,156
8,1573,1574,1571,1682,1580,1653,1616,1705,1598,1582,1613,1590,1543,
1697,4655,1649,1620,4685,1914,0}

{0,3239,4631,4650,1554,1581,1683,1553,1691,4641,4680,4660,1681,171
6,1552,1690,1555,1606,1669,1676,1660,1576,1603,1684,1584,1619,1712,
1642,1558,4657,4693,4695,9538,0}

{0,4647,3322,3333,3240,4642,3339,3262,3300,3328,3297,3275,3298,329
6,3310,3299,3312,3327,3311,3288,3304,3236,3340,3277,3295,4691,3301,
3265,3253,3254,3303,3291,3243,0}

{0,153,28,56,75,93,114,131,134,73,79,154,194,92,163,218,66,84,168,162,
62,103,64,132,202,31,58,65,27,108,141,95,47,0}

{0,201,197,60,61,77,177,185,187,118,159,196,2413,158,198,30,3120,311
0,121,203,34,181,128,127,204,151,120,156,157,192,32,125,124,0}

{0,69,76,81,205,209,110,101,211,222,40,106,112,100,119,148,123,63,109
,6858,6743,6863,6771,6840,6714,6740,210,3458,175,97,169,3494,3455,0

¥
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{0,68,52,50,82,282,107,3607,3543,3435,3485,3567,3568,3430,3431,3436,
3444,279,3479,3472,3556,3460,3483,3600,3482,227,219,71,178,57,78,15
0,260,0}

{0,5249,5188,5066,5125,5212,5032,5046,5119,5197,5254,5120,4702,74,5
1,72,135,142,70,48,149,176,102,271,94,290,265,9476,268,83,80,160,3410
0}

{0,3442,3570,3451,3445,3446,3462,3538,4282,3450,3470,136,221,139,18
3,180,87,33,85,126,155,212,206,133,143,29,179,172,67,90,174,220,59,0}

{0,4120,4161,4182,4091,4118,4248,4267,4140,4077,4260,4163,4238,417
7,4072,4198,4097,4214,4167,3049,4244,4216,3081,4181,4105,4179,4175,
4106,4102,4243,4228,4089,4117,0}

{0,4252,4651,4193,4087,4115,4150,4114,4103,4197,4205,4144,4145,420
2,4124,4275,4235,4074,4272,4245,4184,4100,4126,4159,4075,4236,4268,
4154,4640,4142,4128,4137,4213,0}

{0,4119,4090,4234,4222,4220,4146,4092,4229,4084,4226,4192,4221,406
7,4131,4209,5059,5142,5133,5111,3114,5263,5257,5108,5091,5057,5102,
5258,5081,4669,4977,4271,4136,0}

{0,3073,4116,4143,4233,4256,4086,4068,4101,4164,4178,4076,4093,423
0,4172,4180,4066,4147,4190,4099,4083,4224,4110,4186,4204,408
2,4231,4207,4241,4174,4111,4096,4274,0}

{0,6428,6322,6358,4237,4978,4171,4253,4188,4069,4632,4215,4125,425
5,4217,4270,4085,4944,4121,4206,4196,4135,4259,4262,4682,4149,4138,
4208,4141,4148,4218,4210,4249,0}

{0,4109,4195,4185,4113,4080,4122,4134,4139,4130,4945,4133,4162,412
9,4676,4132,4183,4073,4187,4107,4108,4112,5060,5135,5110,5144,4246,
4095,4168,4232,4152,4094,4151,0}

{0,3099,2990,2917,2947,3031,4247,4169,3088,4156,4251,4242,4200,408
8,4155,4219,4240,4223,4170,4189,4158,4211,4098,2956,3102,3014,2991,
2992,2918,2935,2994,2962,3076,0}

{0,6878,6723,6737,6759,6735,115,152,144,145,224,173,116,113,41,226,1
91,3104,3434,3443,3432,3572,3585,3584,3437,3557,4047,4046,3986,387
9,3979,6811,6885,0}

{0,4157,4173,4225,4227,4199,16,3533,6261,4123,4127,2996,3057,3056,2
943,3048,2997,3058,2944,4261,298,266,275,6856,6852,6864,6886,6757,6
729,6755,7151,3115,7647,0}

{0,3071,3093,2920,2937,2940,6342,2913,5166,3003,5168,5227,6264,626
0,6313,6257,6284,6270,6324,7654,3007,3006,6251,3053,3010,3004,6275,
3002,3497,4967,2914,3005,6282,0}

{0,2916,6363,6412,3091,6385,6273,6292,6296,6293,6266,6393,6299,293
8,3000,6247,6256,6309,6291,6305,6277,6337,6297,6304,6268,6341,6403,
6373,2999,6310,6283,6250,3001,0}

{0,7167,6754,6785,6859,6809,6876,3915,4009,4045,3905,3461,3534,343
3,3586,3467,3448,3453,3552,3929,3953,4011,3930,3925,3923,3877,3995,
3944,3888,4007,3948,3924,3946,0}

{0,1804,1803,1788,1807,1944,1899,1872,1793,1808,1897,1889,1797,179
5,1805,1801,1806,1826,1910,1902,1882,1904,1768,1781,1770,1802,1901,
1903,1789,1869,1794,1774,4873,0}

{0,1767,1855,1750,1854,1749,1861,1748,1858,1912,1896,1900,1866,319
6,3203,4637,3285,3248,4706,4633,3316,1931,4667,1785,1860,1771,1942,
1737,1879,1741,1742,1743,4662,0}
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{0,3272,3237,4666,3249,3197,3198,3195,3150,3199,3287,3200,3184,325
0,3293,3342,3274,3307,3247,3185,3201,3138,1823,1759,1873,1894,1936,
4672,3202,3269,3306,1863,1934,0}

{0,1724,5088,1747,1857,1856,3132,1764,1907,3134,3292,3220,3271,327
3,1884,5232,5229,5206,5225,4212,5029,5191,1895,1817,1816,1810,1811,
1818,1744,1746,1933,1930,1745,0}

{0,4868,4886,4856,1773,1820,1878,4705,1822,1008,1935,1906,4646,175
1,1913,1819,1815,1828,1867,1827,4677,5145,5199,5114,5177,5189,5250,
5204,5026,5128,5085,4165,5100,0}

{0,3282,3231,4673,3309,3190,4684,3283,3278,3180,3290,3186,3143,321
7,3257,3286,3233,4659,3334,3187,3338,3223,3189,3224,3305,3261,3141,
3193,3226,3325,3308,3194,3228,0}

{0,2314,2396,2266,2274,2378,2255,2248,255,2282,2380,250,2295,2315,2
384,2377,2310,2409,2349,5416,5420,6505,6702,6497,6496,6514,6511,65
06,6503,6491,8088,3,1701,0}

{0,2346,2318,2214,2268,2269,2213,2297,2299,2304,2240,2399,2342,226
2,2357,2387,3397,2241,2390,2337,2336,2317,2386,2225,8090,6698,6490,
6697,6507,6501,5493,6510,6513,0}

{0,2311,2343,2226,2334,2298,3350,3362,6711,6479,6483,6471,6469,651
5,6476,6465,6472,5505,5435,2303,2362,2258,2359,2287,2382,2335,2286,
2367,2407,9090,2234,2232,2221,0}

{0,6434,6493,6454,6516,6518,6435,6463,6495,6460,6436,6508,6450,650
9,6459,5503,6456,6502,6455,8066,6458,6504,6461,6703,6691,5491,6499,
6447,6449,6512,6700,6445,5492,0}

{0,5428,5422,5426,5417,5437,5500,5502,5577,8111,5440,5477,5479,547
5,5473,5488,5484,5449,5454,5456,5472,5478,5556,5498,5487,5486,8087,
5499,7671,6486,5412,5569,5410,0}

{0,5494,6488,6710,6494,6485,6438,5496,6701,6705,6487,6489,6443,649
8,6500,6492,6699,6532,6534,6451,6452,6444,6446,6441,6439,6692,54809,
2679,6437,6704,6440,6517,6442,0}

{0,2102,1985,2078,2172,2080,1976,2006,2054,2014,2060,1946,2019,210
9,2101,5874,1945,6029,7150,5841,5923,5842,5910,6037,5921,5839,5840,
5920,2171,2158,2091,2022,2181,0}

{0,2097,2131,2094,1975,1974,2043,1981,2035,2105,1983,2104,2036,210
8,2184,2063,2090,2068,2106,2083,1989,2040,2034,2065,2076,2089,2030,
2011,2010,2148,2176,1962,1961,0}

{0,2151,2110,1949,2146,2155,2167,2021,5846,1948,2020,3398,2061,593
1,5903,5844,5845,5981,5964,5911,1999,1947,6030,5896,5895,5958,5936,
5909,6013,5926,5925,5843,5987,0}

{0,2064,2012,2134,2013,1998,1953,2161,2067,2066,2162,1954,2130,207
3,2001,1997,2099,2160,2057,2058,1950,2069,2166,2139,2059,1992,2129,
2077,2079,2153,1977,2002,2081,0}

{0,2050,2049,1955,2098,1956,2128,1951,1996,2016,2088,5930,2046,200
8,3371,2023,2075,2192,2062,2194,2053,2152,1952,2055,2056,2116,2103,
1988,2087,2142,2031,2136,2163,0}

{0,4764,4917,4915,4867,4802,4796,4836,4784,4783,4808,4863,4782,491
0,4831,4781,4788,4814,4770,4809,4829,4835,4907,4908,4771,4786,4830,
4780,4857,4789,2107,2093,2052,0}
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{0,2391,2365,2395,2307,7540,2323,2320,2281,2406,240,243,2329,2403,2
321,2328,248,239,7943,7855,257,258,7914,7949,7930,2326,2325,235,596
2,2348,2373,2370,2374,0}

{0,5863,5862,5943,5852,5905,237,5899,6006,4888,7875,7853,7970,3392,
3354,3381,3353,5900,5938,5940,2238,2247,2381,2283,2246,2408,2205,2
196,2270,2291,2231,2198,2201,0}

{0,2195,2217,2249,6020,2366,6021,5956,6026,6025,8056,9521,9469,947
9,3361,5939,5861,7974,9485,9490,9522,245,6023,5860,6024,6022,2372,5
946,5961,5960,6035,5957,2364,0}

{0,8053,8052,247,3117,9500,9484,7929,7928,7894,7897,7895,7893,7892,
7891,7887,7905,7890,7957,7975,7942,7977,9498,7956,9463,9486,9516, 7
913,246,9517,9462,7896,3111,0}

{0,2227,2245,3373,4608,2219,2308,2215,2369,2216,3374,2411,2218,340
2,2296,2393,2312,2404,2316,2257,3403,3349,2309,2236,2376,2273,2224,
2223,2222,2344,2235,2243,2239,0}

{0,7852,7969,7968,7851,7837,7906,7907,7908,7909,7910,7911,7904,791
2,7858,7850,7862,7915,3109,3112,3125,3131,9510,7922,7889,7173,6063,
9524,7877,5929,5944,7900,7925,0}

10

{0,2233,2350,2209,3379,3376,2288,2208,2351,2375,2271,2207,2206,230
2,3419,3425,3424,3427,3422,2400,2333,2412,2265,2264,2211,2354,2383,
2392,2212,6625,2263,2210,6615,0}

{0,2202,3420,2300,2301,3382,2290,2203,3383,2353,2237,2361,2228,223
0,2261,253,2256,3348,3386,3345,2379,254,3413,2341,2289,4975,2345,34
07,2313,3347,2292,849,2242,0}

{0,5175,1570,1673,4648,4629,1565,1639,1662,1563,1564,4649,4696,164
0,1589,1518,1633,1587,1517,1595,1664,1672,1566,1629,1686,1698,1599,
4699,4674,1617,1656,1562,1561,0}

{0,1548,1547,1546,1591,3367,5857,6008,5870,1618,1569,1674,1575,341
2,1634,1663,1572,6016,3358,5891,5902,5873,5869,3390,5904,5906,3375,
6040,3346,5858,5859,5932,5153,0}

{0,3416,3368,3365,3384,3391,3355,2355,2394,2204,2244,2294,2251,236
0,2284,2200,2305,2267,2254,2280,2199,3352,3405,3400,3378,7182,2385,
2405,2398,2197,2253,2371,3385,0}

{0,5877,5892,5893,5894,5915,6039,5890,5985,3387,5954,5965,3359,339
4,6034,5966,5889,5887,5888,5886,6011,5885,3421,5941,3401,3417,5865,
5847,3409,5897,5000,5871,5934,0}

11

{0,2177,2182,2812,2908,2739,2731,7166,2837,2850,7025,2714,2912,279
8,2901,2907,2840,2768,5991,5973,5972,5878,5879,7160,2178,7149,21609,
2179,4807,4787,4752,4828,4719,0}

{0,1973,2824,2872,2743,2727,2871,2896,2777,2736,2745,2810,2734,286
4,2753,7024,7027,2119,2039,2086,7155,2117,2038,2127,5838,2032,1969,
2905,2904,2903,2902,1972,2044,0}

{0,2190,1963,2017,5880,2018,5837,5882,2767,2729,2829,2797,2801,286
9,2866,2800,2884,2870,5990,5974,5975,2888,5968,5989,5969,5976,5967,
5971,6002,5881,2113,2124,1994,0}

{0,2746,2742,2744,2724,2841,2725,2719,2781,2716,2715,2897,2737,273
3,2772,2752,2856,2779,2782,2720,2787,2738,2795,2846,2763,2845,2728,
2833,2831,2855,2732,2796,2759,0}
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{0,2808,2877,2853,2802,2805,2806,2851,2809,2857,2895,2751,2886,283
8,2755,2811,2839,2852,2803,2865,2814,2899,2721,2740,2765,2793,2747,
2723,2818,2771,2819,2880,2799,0}

{0,3344,4894,2191,2185,2122,2123,2121,2120,2820,2183,2180,5928,209
2,2125,2156,2000,5901,2832,2881,3129,5999,5916,5883,6001,6000,5996,
2867,2887,3369,7134,3025,3019,0}

12

{0,7128,3098,2924,6720,3036,2922,2955,2942,2974,3015,2952,3065,292
1,6254,6265,6345,6348,6298,6384,6347,6370,3094,6332,6248,6420,6405,
3077,6314,2949,3016,6732,6731,0}

{0,6311,6263,7156,6733,6724,6716,6728,6842,6877,6843,6756,6739,678
8,6738,6789,3008,6330,6267,6375,6380,6319,6376,6352,6394,6382,6252,
6427,6395,6371,6424,7143,6369,0}

{0,6349,7171,6387,6321,6359,6294,5167,6327,6318,6374,6404,4652,633
6,6317,7179,4153,4160,4679,4257,4263,4258,4264,6351,6249,6401,42609,
6398,7152,6408,6386,6389,6418,0}

{0,6397,6286,6323,6272,6295,6344,6346,6388,6281,6331,6279,6400,636
2,6308,6377,6271,6285,6316,6415,6399,6417,6339,6416,6379,6290,6320,
4250,6300,4254,6335,6390,6329,0}

{0,7162,6364,6367,6301,6302,7656,7655,6258,7644,6255,7667,6274,641
4,6407,7657,6409,7649,6350,6276,6340,4936,6421,6365,6378,5259,6253,
6307,7133,6422,6392,6312,5170,0}

{0,6303,6328,6259,6289,6326,6391,6402,6368,6306,6353,6288,6334,632
5,6361,6354,6315,6269,6372,6381,7653,5171,5094,5169,6280,6366,6343,
6262,6333,6357,6396,6406,6278,0}

13

{0,3575,7032,3121,288,277,7035,6974,8077,8064,6981,1905,1850,1821,1
814,1813,1812,1766,1784,1892,1758,1824,2478,8014,7650,6287,1729,35
79,4848,4792,1593,4765,4840,0}

{0,4753,4878,4889,4766,4794,4876,4758,4891,4900,4756,4757,4859,491
4,1730,4879,4841,4870,4800,4862,4744,4768,4865,4847,4877,4761,4861,
4760,4716,4730,4918,4755,4901,0}

{0,2932,2946,3021,3103,3097,3043,2995,2959,2989,3026,3101,2986,303
5,3022,2984,3045,4591,7127,7137,3072,2969,2958,2939,3038,3060,2951,
2941,2964,5019,3051,2967,3069,0}

{0,4266,2998,3075,2963,2925,2948,3100,4678,7169,7170,7130,7648,295
7,3046,2933,2927,2919,2934,4610,2926,2953,2930,3013,2931,3083,2928,
2929,7146,2915,3061,4203,3067,0}

{0,3066,2975,3023,3018,3044,3039,3011,3028,2972,2965,3078,2978,297
6,3037,2993,4675,3096,3124,3017,3041,2960,2961,2936,3074,3105,2971,
3020,3033,3029,2970,3082,3090,0}

{0,2950,3024,3009,3085,3095,2968,3079,3040,3080,2987,2985,2980,297
7,2954,2988,4104,3084,4239,4194,3012,2981,2973,3064,3063,2966,3032,
2982,2983,2945,2979,3042,3054,0}

14

{0,3896,3960,353,374,375,459,325,339,413,377,387,2422,410,323,354,37
9,2425,2420,7645,7669,2418,437,436,3971,388,409,358,2421,383,393,36
9,3106,0}

{0,3966,3914,3991,3974,418,337,376,378,3900,3885,3883,3938,3919,390
6,3880,4022,3909,4286,3932,3881,3889,4064,463,408,434,427,338,345,4
07,344,3962,3947,0}
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{0,3969,4021,3895,4016,4063,3963,3911,3985,4008,3937,3990,3927,394
0,4061,3878,3890,4060,4065,3916,4033,3892,4025,3922,4062,3978,3973,
3996,3928,3999,3951,4058,3901,0}

{0,3087,6423,6338,6356,3050,6419,3052,6360,5017,6426,6411,6889,686
8,6745,6767,6829,6821,6717,6822,6018,6773,6787,6853,6837,6819,6866,
6768,6835,6870,6836,6801,6734,0}

{0,3086,6355,6383,6410,6413,6830,6727,6867,6888,6881,6882,6736,679
0,6820,6855,6761,6834,6770,6722,6873,6726,6741,6793,6719,6791,6721,
6792,6712,6872,6742,6725,6713,0}

{0,6718,7178,6844,6851,6786,6715,7142,6810,6753,6752,3127,6772,680
7,3952,3893,3933,3956,3898,3500,3499,4013,4031,3934,3972,3882,4054,
3988,4010,3997,4048,4017,4043,0}

15

{0,347,305,386,334,363,443,451,304,462,444,452, 7661,348,442,341 411,
322,445,441,315,328,329,453,421,330,364,4326,3517,4297,4309,2464,30
6,0}

{0,320,362,319,316,317,361,360,318,382,392,366,4302,3459,4331,4337,4
335,4390,3522,3464,4336,373,352,359,381,414,3536,3520,4281,3527,428
5,4363,4338,0}

{0,7174,4005,2443,2481,4032,3917,4003,3897,4056,3945,3894,3955,405
3,3957,2466,2471,3501,3539,7652,3558,3535,450,457,461,2468,456,346,
332,343,356,321,415,0}

{0,3975,3913,3935,3989,4052,4001,4059,4038,4026,3949,3921,4000,348
0,3884,3891,3983,3908,3902,4004,3981,4039,3931,3876,4367,4366,3608,
4403,4405,4398,4415,4319,3961,0}

{0,3886,3939,4014,3976,4015,3926,3987,3887,4040,4035,3992,3964,395
0,4020,3936,3941,3910,3977,4002,3994,4019,3993,4037,3942,3912,4057,
3959,3904,3907,4012,3965,2452,0}

{0,4287,4414,4284,4322,4364,4334,4372,4333,4312,4332,3515,4320,429
2,4289,4376,4394,4328,4327,4296,3954,3903,2447,4006,3984,3982,4374,
4330,4371,4329,3958,3967,3943,0}

16

{0,446,447,448,303,313,430,324,370,431,312,335,2417,2453,350,404,403
,432,331,310,401,336,307,416,351,439,327,458,420,371,326,309,455,0}

{0,426,402,7664,2423,7658,2437,7646,7662,389,422,460,440,372,365,39
0,308,385,2449,380,395,412,423,425,424,391,449,394,428,357,384,435,4
17,0}

{0,368,438,419,405,406,342,311,333,2446,396,355,397,400,314,433,398,
399,367,8031,8030,8020,8029,8040,8032,8027,8028,7939,7938,349,429,3
40,454,0}

{0,6175,6097,6236,6210,6176,6226,6227,6096,6094,6095,6161,6177,618
8,6104,6185,6183,6143,6139,6138,6203,6132,6131,6135,6133,6134,6204,
6136,6137,6099,6191,6192,6189,0}

{0,6145,6243,6219,6144,7940,8002,8001,7998,8000,7995,8035,7999,803
9,7993,7994,6100,6193,6146,6194,6235,6208,6180,6195,6179,6209,6246,
6101,6244,6102,6234,6103,6238,0}

{0,7997,7996,8003,8023,8024,6178,6171,6164,6169,6165,6170,6214,616
6,6213,6212,6228,6215,6239,6211,6216,6167,6168,6240,8051,8034,8025,
7979,8033,8042,8041,7978,6163,0}

17

{0,588,544,566,613,600,637,552,547,556,565,512,621,535,513,8096,546,
592,596,497,625,595,531,526,519,518,614,555,528,620,601,8109,470,0}
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{0,987,8104,982,974,979,983,1013,583,563,561,560,590,593,610,587,632
,624,591,623,8116,557,558,502,577,493,648,539,574,575,576,573,609,0}

{0,510,585,586,615,475,474,616,486,617,618,619,553,536,635,633,527,5
78,597,598,480,492,564,629,599,647,491,567,542,540,537,559,554,0}

{0,465,631,611,622,589,562,612,523,514,472,503,548,549,551,499,525,5
50,628,464,584,636,638,504,641,640,642,505,506,478,496,498,532,0}

{0,2617,2628,5334,5345,5359,5363,5382,2552,2551,2527,2610,959,1069,
1070,1023,940,1049,1078,5011,8106,939,967,1016,993,1025,937,941,972
,955,947,975,945,0}

{0,1073,1082,7147,986,8100,997,1047,1046,1022,1045,1044,1043,1010,1
087,1075,989,1029,1011,1050,8110,9044,9046,9043,8103,8101,1077,107
6,1006,1028,1027,1012,1001,0}

18

{0,1204,1207,1187,1196,1186,1185,1161,1167,1176,1170,1245,1174,129
8,1299,1322,1270,2709,2710,2585,958,1048,928,1030,1014,998,929,936,
1057,992,991,944,1085,0}

{0,2600,4428,2605,985,1040,1019,1042,4535,1041,1062,4509,969,8074,9
81,1061,994,1038,1072,995,952,1063,935,943,984,965,933,4420,964,988,
930,931,4567,0}

{0,1213,1216,1218,1217,1232,1311,1180,1206,1188,1208,1199,1193,117
7,1200,1190,1198,1195,1202,1203,1205,1312,1226,1239,1233,1236,1320,
1269,1230,1235,1210,1234,1219,0}

{0,5306,1511,1212,1223,1222,1214,1224,1221,1238,1215,1220,1169,116
6,1162,1164,1172,1178,1163,1165,1296,1294,1295,1301,1280,1278,1276,
1277,1315,1168,1303,1211,1209,0}

{0,2701,2556,2547,1257,2493,2500,2499,2489,2490,8063,2491,2492,249
5,2496,2497,1266,2498,1251,1242,2494,1191,1273,1189,1181,1184,1182,
1183,1179,1194,1192,2582,2584,0}

{0,1197,1260,1252,1255,1313,1256,1259,1265,1264,1263,1247,1241,124
3,1244,1248,1267,1201,1237,4456,4453,4435,4440,4570,4439,2609,2604,
2607,2706,2589,2599,4426,2586,0}

19

{0,1120,1119,1121,1118,1117,1115,1116,1127,1125,1150,1149,1129,113
5,1104,1111,1107,1109,1106,1139,1114,1136,1113,1112,1103,1159,1143,
1137,1175,4443,1148,1144,1157,0}

{0,1105,1097,1092,1095,1100,1089,1090,1102,1094,1091,1096,468,481,4
67,471,469,466,538,951,1021,970,1080,932,1068,934,1086,1051,1002,95
3,4450,4445,1099,0}

{0,1093,4998,5001,484,533,515,604,534,495,482,605,634,607,571,606,51
6,608,487,524,477,511,485,494,4992,522,517,488,630,529,639,646,7665,

0}

{0,1318,4452,4441,4454,4449,4562,4571,4531,4438,4432,4560,4434,455
9,4437,4436,4433,4442 4444,4448 4446 4451 4447 4455 4424,4430,4431,
572,626,6641,6683,6689,8105,0}

{0,1133,1275,1274,1271,1146,1297,1131,1132,1134,1140,1122,1123,112
6,1152,1138,1147,1151,1153,1128,1130,1309,1124,1154,1142,1173,1158,
1141,1156,1145,1160,1155,1171,0}

{0,1017,1000,999,948,942,1081,1026,508,644,568,602,473,569,645,479,6
43,545,489,954,582,5018,570,500,521,501,520,627,483,603,541,4701,476

.0}
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20

{0,9117,9257,9064,8894,8838,8839,8899,8864,8863,8843,8850,8854,882
4,8946,8841,4972,9023,8866,7651,579,580,543,581,4989,509,507,9060,8
976,8875,8876,8869,8954,0}

{0,9118,9178,8914,8905,8892,8909,9501,9027,8847,8961,8960,9078,884
2,8878,8962,8877,8949,8958,8978,9495,9533,8994,490,530,4997,594,500
8,5020,9536,8885,8998,9032,0}

{0,9017,9290,9291,9180,9264,9237,8942,4690,9079,8945,8965,8870,902
2,8943,8853,8910,8859,8904,8825,8871,9025,8935,8865,9061,9531,9491,
9013,9014,9175,8860,8861,9235,0}

{0,9058,9005,9159,8927,5016,5004,4990,4991,5013,5023,5022,5007,498
5,5002,5012,4942,5015,4940,5003,5006,4943,4948,4980,4986,4987,4983,
4984,4979,4988,4981,4993,4982,0}

{0,6595,6653,6655,6680,6656,6658,6668,6666,6664,6663,6645,6661,665
1,6650,6648,7934,9188,9187,9223,9189,9255,9130,8913,9190,9191,3778,
9131,9116,9281,9282,9202,9183,0}

{0,7976,7832,9279,9295,9146,9199,9194,9139,9151,9115,9266,9144,912
4,9138,9105,7666,9238,9283,9267,9170,9296,9179,9231,9285,9108,9136,
9214,9496,3871,9133,9240,9186,0}

21

{0,5332,5563,5515,5558,1225,1229,1227,1231,1286,1228,1319,1283,129
3,1292,1290,1291,1305,1302,1310,1268,1321,1306,5319,5397,5364,5361,
5315,5299,5402,5401,6430,5313,0}

{0,2560,2569,2583,5346,5267,2516,2501,8075,2705,8089,2502,2505,250
4,2503,2506,2507,2591,2592,4427,8108,8115,1249,8112,1246,1262,1254,
1261,1258,1253,1250,1240,1316,0}

{0,6687,6686,2693,2687,6684,8097,8061,8092,2531,2535,2533,2537,254
1,2542,2544,2545,2712,2581,2571,2572,2573,2577,2488,2688,2561,2566,
2568,2564,6429,2574,2576,5272,0}

{0,2526,2546,2548,2549,2550,2532,2557,2555,2553,2543,2539,2511,251
0,2508,2509,2520,8114,2523,2528,2529,2524,2522,2521,2518,2515,2514,
2513,2517,2512,2538,2519,2525,0}

{0,6673,6678,6671,6706,6670,2708,2598,2595,2593,2590,2601,2596,270
7,2588,2608,2594,2606,2603,2602,2587,2536,2559,2534,4425,8084,8069,
2540,2554,2530,4429,2597,2558,0}

{0,2703,2692,2685,2702,2699,6521,2700,6707,6681,6679,6667,6677,664
3,6646,2704,2686,2681,6685,2690,2698,2680,2697,2691,2711,2694,2689,
2684,2695,2682,2696,2683,6694,0}

22

{0,7139,5826,5825,5824,5805,7158,8740,5714,7222,5802,5758,5801,575
9,5703,7223,7229,7217,7246,7251,7239,7241,7235,7309,7216,7315,7307,
8647,8639,8793,8682,5815,5822,0}

{0,8656,8736,8681,8689,8725,8673,8687,1466,1487,1384,1423,1453,870
8,8709,8751,8643,8678,8683,8692,8778,8810,8812,8811,8658,8688,1426,
8646,8795,8750,8695,8657,8788,0}

{0,5933,5898,6014,3363,5988,6028,5849,5850,5848,5851,3366,3380,338
8,6009,5912,3428,5875,5949,5918,3429,8809,8754,8796,8711,8672,8710,
8706,8729,8050,8731,7359,3817,0}

{0,5748,5616,5765,5761,5806,5581,5614,5590,5582,5749,5615,8761,583
3,699,8699,8779,5613,5682,5617,5618,8742,5687,8690,8653,8637,5688,5
757,5620,5584,5756,5810,5700,0}
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{0,8730,8721,8759,8790,8679,8767,8684,8774,8713,5736,8797,8818,864
0,8816,8784,8739,8631,8747,8770,8722,8768,8756,8799,8676,8697,8755,
8696,8645,8642,8760,8800,8630,0}

{0,8791,8801,8641,8675,8752,8753,8634,8632,8638,8666,8798,8628,862
9,8717,8815,8611,8662,8746,8615,7367,7342,7240,4966,4941,8636,8749,
8741,8792,8659,8738,8655,8765,0}

23

{0,893,837,661,735,827,869,751,871,1396,780,726,867,715,880,875,876,
737,918,890,652,888,742,860,878,654,879,6955,847,877,693,696,819,0}

{0,5010,809,788,364,685,831,883,710,794,800,781,761,787,894,882,826,
3708,3751,3796,3667,3618,3836,3670,3624,3626,3860,3620,3627,889, 70
51,866,887,0}

{0,9526,848,746,747,845,923,673,9528,720,914,900,822,921,762,8827,70
46,807,6959,724,6957,906,920,922,911,904,902,7094,9148,706,708,905,8
44,0}

{0,896,8972,3688,3682,9030,5224,3847,3625,3859,3685,3691,3749,3760,
3830,3802,3804,3813,3671,3694,3712,3793,9534,3808,3733,3798,3800,3
826,3807,3815,3858,3719,3848,0}

{0,1447,1455,1444,1467,4938,1501,1490,6961,765,898,916,892,9508,717
792,926,718,874,924,4955,745,919,1326,1498,1479,1388,662,663,1428,7
82,1448,4946,0}

{0,3730,3629,3721,3623,3709,3805,3674,3832,3706,9480,4935,9154,945
7,9511,8073,3686,3649,3820,3630,3827,3828,3619,3661,3681,3814,8071,
9210,9182,9227,9477,7096,7093,0}

24

{0,7226,8724,8703,8619,8612,8771,8776,834,805,8700,649,835,8621,862
2,8737,8698,8624,1506,8614,8716,8733,8734,8651,8720,741,8613,8617,8
732,8748,8694,8735,8616,0}

{0,664,4952,852,801,812,802,855,903,711,686,714,775,784,797,658,660,
8806,8623,674,672,4974,740,666,7299,8769,8783,8805,8789,8775,1387,1
474,927,0}

{0,668,854,808,825,727,828,3728,779,707,725,709,824,767,791,861,653,
755,734,2848,912,832,698,842,776,655,651,915,684,815,850,700,783,0}

{0,680,820,829,704,729,789,743,772,752,677,768,863,695,777,816,884,8
41,701,688,682,659,730,798,736,728,853,836,7390,857,773,881,702,0}

{0,7231,7272,7250,7220,8620,8766,7221,8702,8618,8744,763,7358,774,7
292,656,769,796,669,814,744,830,858,665,748,7352,3621,7238,7252,804,
705,7401,7245,0}

{0,7291,7191,7396,7189,7206,733,692,771,818,722,899,795,676,667,885,
817,712,757,697,679,753,766,690,723,756,786,917,670,750,703,790,7357

.0}

25

{0,9487,1368,1510,1378,1411,1494,1472,1334,1365,1449,1471,1505,150
4,1382,1483,1366,1380,1360,1484,1385,1491,1514,1515,2450,6960, 7088,
9164,1482,1480,1486,1485,9506,0}

{0,1460,1425,1391,1508,1433,1435,1386,1404,1329,1507,1503,7099,704
7,1488,4969,891,1432,1436,1340,1452,1392,1374,1350,1381,1478,1406,1
502,1492,716,1335,1457,1405,0}

{0,1339,1346,1499,1331,1355,1324,1419,1407,1367,1363,1362,1509,140
8,1469,4950,1325,1465,1476,7159,4976,1454,1458,1461,913,897,873,141
8,1336,1414,1323,1446,1327,0}

99



{0,7886,8018,4994,7917,7860,7898,1429,1357,1434,1333,1495,1424,285
4,1354,1473,1330,1364,1377,1358,1373,1349,4939,1389,1416,1438,1437,
1403,9518,7955,7921,7920,9466,0}

{0,7935,7881,7841,7868,7972,7870,8013,7937,7846,1328,7867,1402,784
4,1431,1445,1375,1443,7859,5005,7849,1372,1401,1398,1420,8822,1345,
1342,1379,1417,1415,1359,1442,0}

{0,7866,8019,4626,7933,7883,7838,7842,7973,1464,4937,7916,7899,767
0,7931,7845,7878,7865,7863,7879,7946,7923,7924,7839,3123,3126,3122,
7950,8006,7668,7944,8021,7926,0}

26

{0,1796,1777,1874,1888,1890,1871,1791,1920,1832,1790,1792,1779,173
8,1852,3191,3144,3145,3230,3211,3136,3204,1654,1635,1714,1630,3179,
3155,3154,3213,1650,294,3235,0}

{0,1020,938,1039,1065,960,1037,8083,963,977,1055,950,1053,1054,990,
1018,1031,1032,1052,1079,1056,1064,1088,957,1007,6708,946,8093,809
1,8065,8098,1009,1071,0}

{0,4472,4480,4422,4547,4475,7663,4554,4553,4485,4495,4529,4550,458
4,4587,4588,4513,4561,8082,8081,8107,7643,973,1005,1074,1067,1066,1
035,976,1059,1083,1036,1058,0}

{0,3259,1540,1655,1704,1538,1536,1535,1537,8095,996,1033,1003,1004,
949,1034,978,966,961,962,4463,4537,4423,4564,4555,4536,4519,4552,45
72,4518,4494,272,286,0}

{0,1881,1848,1778,1847,1844,1929,1851,1932,1916,1765,1845,1928,185
9,1837,1839,3212,3210,3332,3183,3178,3142,1614,1734,1735,1939,1843,
1752,1732,1846,1915,1853,1760,0}

{0,4522,4512,4577,4500,4484,4421,4483,4474,4479,4492,4473,4534,456
8,4580,4508,4565,4556,4581,4566,4575,4576,7145,971,968,1024,8079,95
6,1060,8076,1015,980,1084,0}

27

{0,3221,3289,3170,3165,3163,3166,3313,3216,3153,3331,3321,3152,315
8,3252,3161,3251,3245,3157,3214,3336,3276,3205,3329,3335,3219,3151,
3215,3173,1708,3156,3169,3168,0}

{0,1877,1753,1783,1736,1922,1937,1924,4686,4962,1876,1842,1776,183
8,1840,1733,1941,1769,1940,1943,4645,1731,1740,1739,4671,3229,262,3
209,3174,3177,3323,3255,1757,0}

{0,3135,1585,1522,1521,1592,1519,1677,1586,1641,1638,1523,1631,169
4,1615,1533,1534,1658,1622,1659,1604,1623,1695,1671,1710,3225,3164,
3140,3139,53,2174,89,217,0}

{0,3330,1636,1608,1715,1678,1539,4700,5321,296,274,1314,1307,8094,1
279,1272,1281,1284,1282,1288,1285,1317,1304,1300,1308,5518,5517,55
75,5568,5390,5521,5557,1287,0}

{0,1921,1865,1809,1560,1862,1727,1728,1841,1756,1925,1667,1665,155
1,1679,1780,1556,1680,1692,1557,1911,1602,1688,3133,1524,4670,3207,
4661,3176,3175,3172,3337,3181,0}

{0,3268,3206,3244,3146,3318,3222,3227,3234,3238,3258,3171,3162,327
0,3188,3147,4688,3218,3232,3208,3148,3160,3256,3159,3167,3315,3137,
3341,3267,3319,3263,3266,3149,0}

28

{0,4804,4885,3414,1923,1775,1762,1723,1835,1834,3389,4892,4635,341
1,1645,1637,1578,1685,4895,2173,2095,1289,3343,4893,1544,4656,1919,
1918,1833,1721,1908,1720,1754,0}

100



{0,1787,1786,1798,1898,1875,1870,1864,1880,1926,1885,1887,1726,182
5,1830,1886,1868,1722,1917,1938,1800,1719,1893,1927,1799,1763,1718,
4852,4898,4849,4890,4791,4930,0}

{0,4827,3182,4866,4737,4733,4896,4747,4933,4721,4739,4822,4860,492
0,4743,4726,4741,4742,4911,1909,1831,1829,1761,1755,4735,4875,1891,
4825,4732,4903,4923,4929,4731,0}

{0,4858,4869,4833,4846,4872,4823,4880,4887,4883,4749,4717,4851,485
5,4854,8246,4720,4919,4795,4724,1883,4738,4740,4925,4864,4722,4884,
4816,4850,4881,4871,4832,4748,0}

{0,4826,4715,4905,4734,3370,2164,7857,5950,2115,3399,2145,2111,207
2,2112,2029,2189,1995,2074,1971,2132,2168,2071,3404,2147,1990,2009,
1970,2170,3426,3396,2154,3406,0}

{0,4759,4729,7164,4785,4922,4821,4793,4750,4834,4819,1849,4798,481
8,4799,4843,3192,4845,4844,4745,4932,4790,4797,4912,4810,4913,4815,
4751,4763,4767,4754,4909,4928,0}

29

{0,5268,231,8067,1108,1098,1101,1110,8072,4569,5343,5400,5389,5376,
5404,5384,5378,5377,5371,5367,5360,5351,5347,5344,5340,2678,2575,2
677,5485,5497,5495,5510,5476,0}

{0,2673,2640,2639,2629,2633,2648,2627,2563,2567,2570,2565,2612,261
6,2621,2624,2634,2635,2637,2653,2562,2580,2578,5358,5342,5338,5335,
5333,5331,5320,5305,5277,4457,0}

{0,2632,2631,2643,2650,2620,2625,2630,2651,5381,2647,5372,5329,532
6,5307,5294,5289,5330,5323,5322,5314,5292,5283,2666,5303,5288,26 74,
2670,2668,2642,2638,2614,2619,0}

{0,5567,5462,5468,5458,5467,5524,2713,5480,5490,2672,2676,5285,539
9,5396,5365,5355,5350,5337,5295,2652,5357,5353,5405,5403,5395,5375,
5328,2665,2659,2649,2611,5464,0}

{0,5562,5394,5308,5560,2579,5520,2645,2644,2646,4502,5559,5514,551
6,5571,5324,5362,5352,5339,5336,5327,5300,5298,5297,5291,5290,5287,
5284,2641,2613,5325,5348,5349,0}

{0,5555,5445,5442,2669,2662,2667,2636,5508,5391,5383,5379,5374,536
8,5366,5341,5280,2654,5293,5356,5354,2623,2675,5481,2658,2664,2661,
2660,2663,2656,2657,2655,2671,0}

30

{0,3372,5959,8626,5953,8780,8635,8781,8705,8704,8712,8714,8819,866
3,8633,8745,8686,8649,9481,3408,283,3418,5978,3351,3357,7313,3364,3
377,6004,6003,5935,6005,5876,0}

{0,8667,8785,7971,7834,7936,7874,7880,8059,4934,1353,1439,1351,134
8,1413,8817,1347,8764,8813,8803,8669,8787,8808,8685,8691,8727,7847,
8017,1332,8820,1489,7861,7888,0}

{0,8043,7873,8058,7958,8011,8012,8054,8022,1344,7952,1427,1341,135
2,1399,1463,1356,1369,1338,1421,1397,1422,1456,1477,1337,1468,1451,
1450,1462,1441,1440,7165,8010,0}

{0,8644,8625,8814,8652,8758,8757,8660,8664,8762,8654,8763,8648,868
0,8650,8782,8668,8802,8777,8693,8786,8677,8627,8723,8665,8743,8804,
8773,8718,8674,8728,8807,8794,0}

{0,5937,5951,6031,5907,5984,5917,5980,6007,5963,5983,5982,5924,603
6,6015,6032,5947,6012,5942,5979,5927,5948,5952,6019,5913,6010,5945,
6027,3360,9150,5866,7869,3393,0}

101



{0,8772,8670,8661,7836,7856,8055,7835,8007,7941,8004,8044,7876,787
2,4957,7833,8049,7871,8016,7918,7843,7848,7932,7885,8015,7864,7948,
8005,7945,8009,8008,8671,8719,0}

31

{0,5151,5231,3481,300,195,284,189,7,208,214,42,9,6,8,10,11,14,12,22,5,
2,1,54,46,2717,3463,3475,3465,3486,3456,2419,3478,0}

{0,21,26,23,18,15,19,44,43,36,25,49,24,17,45,13,37,20,39,38,35,2479,186
,137,3466,3545,3489,3490,2788,3998,3550,3484,2863,0}

{0,182,4491,4459,4486,4557,4505,4585,4514,4540,4497,4563,4468,4586,
4481,4524,4496,4539,4538,6795,6730,6825,6848,3549,3506,3599,3116,3
118,3542,3130,3471,3508,6746,0}

{0,2480,3528,3504,3476,3107,3128,2424,3604,3603,3512,3541,3511,358
1,3488,3551,4354,4397,4355,4356,4396,4357,4359,3454,4404,4300,3513,
3609,3473,3469,6823,6824,4027,0}

{0,4558,4578,4465,4464,4510,4476,4488,4523,4542,4469,4470,4527,452
8,4549,4541,4546,4482,4477,4489,4511,4543,4467,4573,4521,4525,4526,
4487,4503,4498,4504,4466,4499,0}

{0,4517,4478,4532,4471,4574,4533,8086,4545,8099,4490,4493,4501,454
4,4582,4507,4579,4458,4515,4462,4461,4583,4530,4516,4460,5914,4548,
2484,4506,4520,164,138,55,0}

32

{0,5223,5113,5245,5192,5061,5116,5072,5236,5112,5176,5200,5101,509
5,4947,5089,5240,5252,5118,5163,5216,5074,5226,5251,5045,5031,5253,
5123,5242,5260,4070,4710,4176,0}

{0,4406,4324,4375,4291,4351,4350,4304,4299,4318,4314,4305,3537,356
2,3449,3507,3440,3491,3606,3452,3591,3519,3439,3447,3474,3516,3532,
3544,4278,4306,4368,4276,4361,0}

{0,5182,5205,5065,5093,5054,5124,5202,5222,5052,5158,5185,5064,523
3,5149,5034,5196,5219,5157,5256,5117,5139,5198,6875,3441,161,6808,6
760,6880,223,3583,3576,3559,0}

{0,171,140,3487,3457,3510,3514,3560,4340,4342,4339,4279,4341,4283,4
280,4387,3531,4353,4395,3612,4034,3611,3605,3589,3587,3598,3561,35
78,3529,3582,4290,3496,3530,0}

{0,5030,5154,3588,3601,3438,3495,3610,3594,3505,3595,3596,3563,349
8,3546,3565,3602,6794,3548,3564,3593,3509,3577,4316,4392,4417,4325,
4343,4413,4349,4373,4393,4310,0}

{0,3547,2448,3525,3590,3503,3615,3540,3574,3580,3518,3569,3502,347
7,3521,3597,4295,4399,4409,4419,4416,4400,4418,4315,4360,4407,4410,
4321,4348,4301,4402,4307,4401,0}

33

{0,1609,1661,241,3356,252,232,251,2327,2352,2402,2401,1594,4,295,27
0,297,2414,302,7641,285,299,2415,7882,291,2416,280,104,287,4630,806
2,4711,4692,0}

{0,5470,5438,5411,5434,5419,5526,5527,5432,5413,5418,5525,5430,556
4,5429,5281,5276,5273,5310,5311,5302,5566,5565,5421,5530,5433,5436,
5439,5415,5529,5441,5528,5409,0}

{0,5424,5423,5427,8113,5414,5407,5425,5459,5466,5453,5463,5461,557
6,5447,5444,5446,5455,5443,5369,5286,2622,2626,5279,5296,5304,5278,
5275,5274,5301,5309,5312,5316,0}

{0,5543,5448,5469,6431,5554,5471,5457,6462,5452,5553,3555,5504,550
7,5506,6474,3493,5271,3492,5474,5431,5408,3523,5482,5483,5544,3526,
3566,6480,5451,5551,5552,6432,0}

102



{0,5538,3468,5519,5532,5266,5317,5393,5385,5282,2618,2615,5572,540
6,5373,5370,5388,5380,5570,5574,5318,5398,5392,5573,5387,5386,55009,
6484,5523,3524,5522,5531,5269,0}

{0,4620,4708,261,276,5550,5545,5536,5539,5535,5450,6466,5513,3571,5
533,5534,5547,5548,5501,5549,5270,5265,5541,5264,5540,6433,5460,55
42,5537,5546,5511,5465,5512,0}

34

{0,2277,2843,2340,2397,2363,2324,2332,2319,6578,6599,6597,6596,670
9,6600,6598,6612,6606,6605,6601,6579,6693,6586,6582,6581,6584,6585,
6583,6591,6592,6590,244,2347,0}

{0,2188,2285,2368,2293,2220,2250,2252,2260,2275,2331,2276,2330,232
2,2229,2272,2278,2279,2339,2338,2259,2356,2358,234,249,2388,2389,24
10,2306,6473,6475,6467,6464,0}

{0,6468,6448,6477,6470,6525,6530,6527,6524,6523,6526,6696,6535,652
0,6537,6622,6617,6481,6626,8085,6603,6607,8078,6609,6604,6610,6608,
6613,6611,6482,6478,6453,6457,0}

{0,6528,6529,6531,6533,6519,6548,6547,6543,6542,6540,6544,6561,655
9,6566,6563,6570,6564,6571,6572,6573,6574,6568,6569,6553,6554,6552,
6551,6555,6577,6575,6556,6576,0}

{0,6522,6549,6546,6538,6545,6539,6541,6550,6624,6690,6620,6557,656
2,6565,6616,6654,6649,6652,6567,6688,6558,6560,6636,6637,6634,6665,
6618,6640,6659,6633,6631,6536,0}

{0,6629,6695,6621,6639,6638,6627,6644,6642,6662,6635,6660,6682,667
6,6672,6647,6669,6675,6674,6657,6632,6630,6619,6614,6628,6623,6580,
6589,6588,6602,6587,6594,6593,0}

35

{0,7397,7345,7370,7266,7304,7265,7163,7361,7294,7373,7264,7353,726
2,7261,7296,7208,7201,7382,7320,7207,7242,7263,7276,7253,770,657,72
19,7254,7228,7237,7255,7234,0}

{0,7298,7329,7200,7204,7190,7295,7213,7289,7247,7196,7188,7203,721
2,7392,7318,7199,7348,7336,7340,7314,7354,7214,7337,7198,7195,868,6
89,7333,7326,7360,7344,7288,0}

{0,7347,7285,7341,7303,7244,8283,7346,7278,7316,7378,7322,7321,738
9,2890,7325,7365,7343,9424,9402,9456,9417,9404,9394,9415,7284,7332,
7260,7259,7387,7338,7257,9299,0}

{0,5666,5754,5667,4956,5702,5729,5691,5686,5588,5683,5722,5586,579
3,7393,7380,7279,7286,7339,7381,7312,7324,7243,5744,7371,5791,5737,
5583,7335,7330,7377,7300,4951,0}

{0,8134,9331,9405,9362,9347,9332,9340,9344,9343,9393,9342,9396,943
1,9432,9357,9358,9454,9412,9301,9300,9430,9303,9328,9436,9435,9437,
9368,9439,4963,9425,9387,9304,0}

{0,7287,7297,7305,7277,7308,7192,7311,7210,7283,7364,7376,7205,739
8,7193,7310,7290,7258,7383,7209,7211,7355,7334,7366,7236,7327,7194,
7187,7306,7356,7351,7319,7268,0}

36

{0,5628,5602,5627,7281,7372,5626,5606,4953,8258,8350,8242,8331,832
3,8144,8321,8326,7112,7105,7066,7102,6922,7078,8119,7116,8166,8313,
7104,8357,7077,8137,8120,5591,0}

{0,9475,8345,6917,6928,6929,6938,6943,6948,6967,6995,6947,7072,712
3,7005,7107,7122,7121,7073,7059,7057,7061,7060,8173,7056,6968, 7058,
7125,8264,8176,8175,5587,5612,0}

103



{0,5684,5716,5717,5675,5707,5663,5671,5674,5601,5629,5631,5630,569
4,5678,5600,5731,5646,6899,7083,7084,7117,6918,7087,7068,7079,6985,
8243,6896,7081,6942,7020,5642,0}

{0,5624,5603,8160,8162,8163,8315,8304,8136,8133,8324,8130,8138,812
8,8129,8290,8140,8143,8358,8329,8276,8256,8254,8252,8251,8250,8155,
8344,8231,8139,8158,865,851,0}

{0,8241,8512,8595,7716,7724,7798,7824,7689,7685,7715,7801,7688,769
6,7693,7722,7827,7706,7674,7814,7728,8270,8239,8267,8271,8265,8145,
8234,8322,8157,5623,5625,764,0}

{0,8189,8257,7678,8259,7786,7745,7691,7748,7747,7746,7712,7806,771
9,7829,7713,7757,7687,7690,7682,7723,7805,7681,7698,7718,7714,7680,
7785,7707,7787,7817,8229,9083,0}

37

{0,833,754,731,840,713,760,823,806,843,870,846,3762,671,856,732,3622
,3680,9467,3790,3856,3818,3834,3707,3811,3702,3718,3705,3628,3789,6
50,799,691,0}

{0,839,739,721,759,872,910,7161,4961,758,687,886,859,749,862,681,907
,810,785,675,738,778,3695,694,678,719,8026,908,813,683,3665,811,803,

0}

{0,3855,3711,3738,9505,3701,3816,3825,3732,3753,3746,3713,3822,374
3,3797,3792,3744,3742,3696,3799,3714,9355,3768,9327,9366,9317,9370,
7293,3643,9322,9530,3756,9326,0}

{0,9308,9367,9348,9312,9389,9325,9324,3764,9329,9337,9330,9338,932
1,9336,3645,9323,3835,9363,9335,9373,9452,9334,9410,9440,9318,9315,
9371,9360,9399,9316,9351,9447,0}

{0,9333,9361,9365,9356,9352,9297,9434,9397,9449,9350,9448,9306,939
5,9443,9307,9382,9313,9305,9345,9451,3647,9409,9359,9311,9411,9349,
9310,9416,9401,9309,9302,9341,0}

{0,9429,9428,9353,9354,9445,9427,3754,4954,9446,9433,3745,3720,378
5,3722,3734,3700,3698,3740,3829,3821,3737,3690,3710,3748,3763,3741,
3771,3717,3715,3786,3716,3823,0}

38

{0,8356,8180,8192,8146,8165,8226,5697,5699,5809,3108,5664,5660,566
9,7089,5808,5609,5787,5611,5659,5733,5800,5708,5706,5821,5723,8280,
8224,8225,4965,8715,5592,5804,0}

{0,8355,8141,8148,7111,7110,8337,8342,3119,8233,8191,8245,8362,817
1,8236,5621,8309,8170,8227,8206,8181,8338,8185,8335,8261,8149,8221,
8282,8147,8197,8200,8207,8220,0}

{0,6909,7050,6910,6912,6916,6998,7063,7006,6934,5772,7064,8293,821
2,8211,8210,8208,8209,4958,8219,8318,8319,8347,8228,8346,8202,7065,
7113,6988,7002,7126,7080,6914,0}

{0,7015,7000,8333,8168,8361,8352,8121,8195,8167,8174,8152,8159,815
3,8150,8235,6908,8281,8343,8156,8296,8151,7124,7049,6923,8184,8161,
5816,5589,5739,5578,8193,8164,0}

{0,7040,7021,7004,7010,6924,7048,7114,6963,7003,7016,7120,8215,821
4,7070,7106,7067,8154,8118,6966,7115,6941,69/0,7007,6907,7001,5579,
6905,7157,4973,7041,7036,7082,0}

{0,5693,5668,5786,5681,5792,5710,7362,7232,7218,7270,7274,7394,727
5,7399,7233,7227,7248,7384,7269,7224,7225,7230,7249,7271,7273,5698,
5608,5704,5665,5834,7731,5610,0}
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39

{0,7927,7919,4949,7884,7953,7947,1497,1496,1400,9149,9155,9085,910
4,9103,9165,901,7103,7100,793,4964,7101,6962,925,1393,1470,1512,714
1,1409,1412,4999,1343,1430,0}

{0,3663,3675,3841,3806,9515,3838,3656,3868,3870,3873,3875,3650,378
3,3787,3781,3652,8934,3683,3704,3703,3676,3755,3780,3654,3850,3777,
3637,3766,3775,3769,3648,3113,0}

{0,3779,3631,3782,3747,3776,3840,3866,3642,3784,3853,9034,9009,950
9,9465,8844,9029,3632,8832,8922,9065,9512,8359,8939,3809,9076,9075,
9062,8936,3664,8940,3761,9461,0}

{0,9063,9070,9069,8836,8959,8917,8916,8918,8855,9072,8851,8856,906
8,8830,9056,8837,8852,8828,8834,8921,9077,8835,8950,8969,8919,9073,
9499,9468,8897,8953,8999,8889,0}

{0,9319,9414,9339,9320,3758,3640,3750,3774,3634,3810,3677,3633,363
5,3849,3803,3801,3657,3638,3863,3864,3837,3842,3854,3845,3669,9497,
3636,3699,3851,3852,3641,9504,0}

{0,9096,9287,9271,9101,9274,9273,9156,9114,9134,8925,8993,8987,907
4,8979,8980,8985,9033,8924,9217,9216,9084,8923,9036,8988,9236,9229,
9275,9492,9205,9204,9218,9539,0}

40

{0,1395,1361,1371,1410,1376,1513,1383,4996,1493,1475,7090,7109,695
0,6954,909,838,6952,6956,9535,7092,7095,6953,9483,7091,821,9537,695
1,9514,7086,7085,895,1481,0}

{0,3869,3729,3843,3725,9460,9525,9177,8974,3752,3673,3765,3679,368
4,3651,3862,3678,3689,3739,8975,3653,3672,3846,3644,3857,8957,9513,
9472,3865,9123,9097,9197,9113,0}

{0,3697,3772,3773,3666,3692,3788,3833,3727,9527,3687,9523,3867,366
8,3655,3767,3757,3660,3794,3795,3819,3723,3736,3831,3724,3735,3726,
3731,3693,3824,8973,3791,3812,0}

{0,9176,9192,9185,9087,9162,9253,9112,9126,9121,9219,9127,9158,912
2,9120,9529,9292,9125,9111,9245,9163,9474,9093,9209,9092,7132,94509,
8080,9532,9089,4970,9147,9128,0}

{0,6949,9478,9473,7098,9220,9270,9167,9166,9249,9269,9286,9169,921
2,9168,9213,9243,9268,9247,9294,9458,9211,9244,9102,9203,9470,9248,
9242,9086,9193,9088,6958,7097,0}

{0,9482,9181,9160,9100,9098,9284,9135,9172,9507,9228,9252,9173,922
2,9145,9109,9258,9276,9254,9140,9110,9293,9259,9278,9277,9119,9195,
9246,9503,9106,9091,9201,3759,0}

41

{0,5919,5855,6038,5922,7138,2175,7901,3395,233,6902,8428,8588,8388,
8396,8402,8395,8427,8431,8449,8394,8439,6932,8423,8404,8438,8436,8
437,3423,6977,3874,2906,6903,0}

{0,2005,1978,1984,1982,2141,2070,2015,2045,2003,1957,2118,2082,202
6,5908,5872,5955,6033,5986,5864,5868,5856,5867,5854,2028,2193,1958,
2027,2144,1959,2138,1960,2096,0}

{0,4926,4897,4714,4718,4921,4736,4769,5997,4723,4725,4812,4817,482
4,4882,2051,2140,2114,1964,2149,2007,1966,1991,1965,2033,1968,2157,
2041,2048,3415,4712,4904,4803,0}

{0,1967,1979,2037,2135,2143,2047,1980,2133,2165,2084,2100,2186,212
6,2024,2025,2004,1987,2150,1993,4968,6913,7903,7902,7153,7129,5853,
2085,1986,2159,2137,2187,2042,0}
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{0,4927,4772,4774,4773,4874,4746,4916,4762,4777,4811,4837,4924,477
8,4728,4806,4902,4842,4779,4899,4820,4727,4853,4839,4776,4775,4805,
4931,4906,4713,4838,4813,4801,0}

{0,8398,8426,8424,8412,8382,8363,8383,8597,8409,8593,8408,8413,839
0,8429,8385,8377,8440,8435,8387,8433,8393,8596,8425,6925,8432,8589,
8434,8386,8585,8407,6969,8586,0}

42

{0,8060,4960,9519,9502,9489,1390,1459,1394,1370,1500,9239,9200,917
4,9157,9241,9196,9107,9289,9198,9184,9099,9221,9153,9161,9224,9171,
9251,9141,3861,9250,9471,7954,0}

{0,3839,3872,9010,9054,9045,9059,9006,9007,8845,8997,8933,9031,899
6,8995,8956,9004,8941,8893,8990,9021,8944,8991,9012,8931,8930,8947,
9003,8868,8903,8970,8872,8848,0}

{0,9057,8821,3844,8846,9050,9008,8882,8881,8887,8880,8879,8891,888
8,8920,9018,8901,8986,8915,8874,8886,8955,8932,8829,8928,8964,9026,
9066,8883,9520,9055,8890,9051,0}

{0,9288,9272,9215,9207,9206,9494,9208,9132,9152,9143,9142,9137,909
5,9094,9129,9232,9265,9230,8862,9280,9225,9256,9015,9234,9233,9260,
9261,9262,9263,8983,8967,9071,0}

{0,8951,8966,8968,8896,9042,8826,8823,9040,8858,9016,8867,9002,884
9,8938,8912,8898,8902,9019,9080,8984,8952,8948,8906,8907,9035,9049,
8908,9037,8857,8992,9039,9041,0}

{0,9048,9067,8937,9081,8840,8833,8982,8895,9000,9001,8831,9082,897
7,8971,9052,9053,8989,8884,9011,8873,8929,9024,9020,9047,8981,8926,
8911,9038,9028,8963,8900,9226,0}

43

{0,2878,2783,2842,2766,2815,2849,2910,2792,2794,2835,2750,2722,287
4,2861,2773,7013,7148,7135,6992,6999,7033,7026,6915,7017,6973,6990,
7181,7136,6980,7180,5561,2860,0}

{0,6815,6814,6813,6812,6869,6883,6862,3055,6776,2892,2735,5884,280
4,2816,2761,2791,2778,2762,2826,2898,2894,2911,2909,2889,7022,2891,
2726,2858,2749,2776,2780,2756,0}

{0,2827,7154,2770,2828,2775,2790,2875,2868,2741,2836,2883,2758,285
9,2789,2825,2786,2817,2821,2764,2844,2760,2879,2784,2813,7031,7034,
7029,2774,2769,2785,2807,2754,0}

{0,6854,6860,6861,7175,6804,6874,6816,6764,6805,6890,6778,6780,678
1,6783,2923,6425,3034,3089,3062,6774,3030,7176,3047,3027,6871,6839,
6847,6838,6857,6833,6784,6806,0}

{0,6975,7018,8421,8375,8549,7023,7028,6971,7030,6982,8447,8364,836
5,8389,8411,8400,8419,6944,7014,7044,7039,7052,6901,6940,7042,69309,
8222,8183,8272,8223,8190,5701,0}

{0,8551,8381,8397,8384,8371,8420,8496,8448,8376,8514,8379,8391,841
4,8374,8403,8366,8519,8380,7828,7374,7831,7803,7267,7804,7385,7256,
7215,7391,7854,7386,7350,8563,0}

44

{0,7823,7703,7704,8260,7821,7700,7795,7701,7711,8188,8186,7820,772
1,7702,7710,7759,7705,8196,7807,8468,8469,8580,8446,8472,8515,8517,
8497,8470,8518,8516,8584,7761,0}

{0,9384,3658,9364,3770,9346,3639,3646,3662,3659,8473,8476,8444,847
5,8474,8445,8564,8609,8477,8443,8471,8442,7818,8605,7796,7774,7794,
7732,7752,7734,7751,7777,7802,0}
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{0,5705,5640,5767,5648,5598,5734,5634,5647,5732,5818,5670,5817,575
2,7388,7363,7379,8452,7775,7776,7736,7735,7676,9379,9381,9380,9386,
9298,9369,9418,9374,9403,9378,0}

{0,5651,5652,5009,5622,5827,5643,8334,5649,5828,5650,5712,5813,559
7,8266,8255,8232,7840,5730,5655,5657,5658,5814,5812,8253,8284,5594,
5654,5811,5593,5764,5599,5771,0}

{0,8240,8238,7725,7729,7684,7797,7753,7793,7717,7750,7741,7740,768
6,8070,7739,7738,7737,7742,7756,7815,8286,8287,7799,2900,7792,7744,
7743,7726,7673,7754,7749,7781,0}

{0,8466,8478,8493,8464,8487,8604,8485,8483,8484,8480,8486,8601,848
2,8599,8488,8481,8492,8491,8490,8479,8489,8600,8499,8494,8462,8498,
8451,8467,8450,8522,8465,8463,0}

45

{0,4607,4602,4592,4603,4628,4605,8038,4621,6129,4616,6155,6156,618
6,7988,4598,7959,7990,8057,7983,7991,7992,7960,8046,8047,7986,8048,
7980,7964,7985,7981,7963,7951,0}

{0,8036,7965,7982,7962,7987,7961,4623,8037,7984,7967,7989,6128,619
0,7537,6068,6114,6115,6116,6231,6174,6122,6121,6125,6117,6118,61109,
6126,6237,6127,6120,6218,7966,0}

{0,6078,8553,8610,8579,6079,6160,6197,6172,6065,7789,6159,6141,608
1,6158,6207,6080,6233,7816,7790,7764,7765,7770,7763,7772,7822,7825,
7808,7773,6061,7788,7783,4604,0}

{0,8529,8531,8533,8534,8528,8554,8525,8524,8523,8527,8594,8559,852
0,8513,8568,8532,8526,6130,7635,7636,7630,7634,7612,7627,7629,7550,
7638,7628,7579,7594,7578,6084,0}

{0,6220,6077,6157,6221,6149,6217,6142,6196,8045,6187,6150,6151,623
0,6154,6152,6205,6153,6229,6241,7524,7518,7559,7536,7552,7602,7640,
7558,7516,7522,7520,7614,7519,0}

{0,8536,4618,6123,6069,6124,6067,4593,6206,6076,6073,6072,6232,614
0,6074,6075,7766,7771,7782,7810,7809,7768,7767,7762,7769,8608,8540,
8539,8556,8538,8537,8530,8535,0}

46

{0,5994,5995,5993,5992,5977,5970,2847,2885,2873,2876,259,8179,6997,
8194,6904,7144,7140,6991,7008,4627,2748,2830,2730,7019,2834,6895,2
882,2862,2718,2823,2757,2822,0}

{0,7177,4959,6758,6841,6744,6777,6832,6779,6846,6782,6803,6818,684
5,6884,6817,6802,6891,7168,6865,6766,6769,6762,6775,3068,8726,3059,
3070,3092,6763,2893,5998,6017,0}

{0,6894,8422,8441,7009,8607,6965,6897,6993,8368,8370,8392,8378,841
6,8418,8417,8369,8410,8415,7720,7813,8367,7692,7730,4617,4589,46009,
4611,4596,4615,4622,7733,7779,0}

{0,7800,4613,4601,4595,4599,8172,7755,7791,7677,8399,7683,7780,770
8,7699,7758,7695,7819,7811,7826,7830,7675,7709,7694,7679,7727,7784,
7697,7760,7778,4594,9488,4600,0}

{0,6920,6976,7071,6933,6906,6927,6979,6978,7043,6926,6911,7119,696
4,8336,8230,8178,8177,8327,8244,5619,4971,8340,8339,8263,8273,8300,
8341,8351,8294,8169,8349,8328,0}

{0,8430,8405,6931,8707,8274,8268,8285,7038,7118,7055,6972,6062,704
5,7037,7131,6921,6984,5014,8406,8495,6900,6936,8372,8373,6987,8401,
6937,6919,6989,7011,6930,6983,0}
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47

{0,6047,4619,9464,4590,8573,8574,8576,8500,8572,8575,8571,8578,857
7,8602,8570,8606,8544,8547,8569,7402,8461,8455,8453,8460,8501,8456,
8508,8502,8506,8457,8598,8591,0}

{0,4597,4624,4625,7592,7616,7468,7478,7599,7565,7472,7598,7534,754
8,7547,7475,4614,7488,7606,7596,7617,7624,7480,7474,7593,7482,7512,
7466,7465,7464,7418,7605,7609,0}

{0,7409,7589,4612,7481,7570,7404,7456,7411,7413,7571,7452,7457,745
5,7415,7469,7454,7407,7414,7556,7416,7575,7566,7479,7539,7406,8248,
7494,7530,7582,7484,7458,7487,0}

{0,7489,7504,7503,7500,7509,7597,7600,7611,7604,7505,7567,7491,750
2,7549,7461,7471,7501,7541,7467,7525,7538,7470,7462,7490,7510,7511,
7477,7460,7551,7476,7526,7560,0}

{0,7459,7499,7410,7572,7486,7527,7419,7495,7463,7473,7483,7453,749
8,7506,7542,7408,7528,7451,7529,7412,7590,7496,7557,7561,7497,7493,
7591,7585,7405,7417,7603,7492,0}

{0,9450,8458,8454,8587,8505,8459,8511,8583,8565,8555,8566,8510,856
7,8582,8509,8550,8504,8507,8548,8603,8581,8503,9444,9314,9413,9438,
9426,9422,9406,9392,9442,9421,0}

48

{0,5751,8249,5607,5580,5604,5796,5633,5829,5738,5695,5798,5836,578
5,5768,5644,5799,5637,5721,5747,5709,5797,5789,5656,5770,5742,5605,
5740,5636,5788,5755,5696,5645,0}

{0,6946,7012,8204,6994,6986,7062,7074,6898,7075,7076,5585,6945,693
5,8316,8305,7069,6893,7054,7053,7108,8117,8131,8125,8217,8303,8216,
8198,8317,8360,6996,8353,8262,0}

{0,8132,8310,8308,5653,5595,5596,8142,8292,8275,8269,8307,5741,576
9,8279,8122,8291,8306,8299,8301,8312,8332,8354,8325,8289,8278,7172,
8237,8297,8348,8123,8311,5745,0}

{0,5638,5795,5685,5725,5746,5753,5720,5783,5775,5641,5776,5832,577
7,7302,5778,5780,5715,5781,5782,5718,5726,5719,5830,5820,5819,5784,
5690,5672,5635,5831,5794,5632,0}

{0,8320,8277,8127,8199,8314,8124,9493,5835,5662,5661,5677,5673,580
3,5762,5807,5728,5790,8126,5676,8302,8187,5760,8201,8288,8247,8203,
8205,8218,8213,8135,8298,5823,0}

{0,5680,5713,5679,5743,5692,7197,7400,7202,7349,7375,7331,7317,576
6,5711,5689,5727,5763,5735,5639,5779,7323,7185,7184,7282,7301,7280,
7328,7368,7369,7395,7183,7186,0}

49

{0,6048,6108,4606,8330,6181,6041,6064,6070,6148,6083,6082,6245,611
1,6043,6110,6109,6054,6162,6052,6060,6059,6057,8295,6053,6051,6066,
6050,6049,7812,6098,6224,6225,0}

{0,5724,5773,5750,5774,9400,9376,9390,9453,9372,9377,9420,9388,941
9,9441,9385,9375,9423,9383,9407,9398,9408,9391,9455,6045,6044,6198,
6107,6147,6105,6106,6042,8182,0}

{0,6112,6222,6200,6055,6056,7485,6113,6202,6184,6201,6071,7531,605
8,6046,7584,7421,7439,7610,8542,8561,8541,8558,8557,8560,8590,8521,
8543,8552,8546,8562,8545,8592,0}

{0,7607,7580,7581,7432,7437,7426,7436,7621,7564,7563,7423,7403,743
8,7533,7620,7622,7513,7515,7425,7573,7543,7546,7619,7608,7521,7535,
7618,7514,7586,7440,7587,7532,0}
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{0,6173,6093,6223,6090,6091,6182,7562,6199,6089,7553,6088,7626,762
3,7625,7631,7588,7577,7576,7595,7632,7639,7555,7554,7637,7633,7615,
6087,7583,6092,6242,6086,6085,0}

{0,7424,7545,7420,7430,7429,7428,7601,7427,7568,7431,7574,7422,761
3,7433,7434,7435,7507,7544,7441,7450,7517,7569,7442,7449,7448,7508,
7523,7445,7444,7446,7443,7447,0}

50

{0,2455,2457,2472,2456,2482,2426,2444,2431,2432,2438,2467,2427,246
0,2458,6892,6831,6849,6796,6826,6797,6827,2459,0}

{0,4381,4352,4391,4382,4323,4383,4408,4377,4055,4041,3920,3980,403
0,2434,4042,3918,3970,4044,3968,4051,4298,4049,0}

{0,3613,3614,6828,6798,6799,4551,2440,2435,2483,2474,2462,2463,248
6,4384,4385,2461,4379,4293,4029,3899,4036,4050,0}

{0,4346,4308,4317,4358,4345,4347,4313,3616,3554,3617,3573,3553,675
0,6751,6747,6887,6748,6749,6765,6850,6800,6879,0}

{0,2441,4311,4365,4344,4294,4303,4378,4023,4018,4370,4369,2451,438
8,4288,4386,4389,4411,2428,4412,4362,4380,2445,0}

{0,2473,4024,4028,2477,2476,2454,2465,2470,8068,2487,2485,2429,243
0,2433,2439,2442,7672,2436,4277,2475,2469,0}
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APENDICE D

Distancia total recorrida por ruta

—_

Ruta Dia  Recorrido (km)

1 29,3

37,3

29,1

22,4

17,7

19,2

20,6

17,8

18,2

14,3

15,8

13,8

76,4

85,8

56,2

66,4

50,6

93,5

13,4

11,1

14,1

11,5

14,3

15,3

10,6

32,1

25,3

16,4

12,1

28,0

8,5

11,5

13,0

13,4

13,1

13,2

34,7

32,4

31,2

33,0

33,9

~NOORWNINO OGP WNNOOHHAWNNOOHAWNINOOGIHHAOWINNOOGRRWNINO OB WN

33,6
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13,0

12,4

15,1

13,1

15,5

10,5

29,8

26,8

29,8

30,4

26,6

27,8

10

19,8

27,8

18,6

20,4

22,7

21,2

11

9,5

11,7

9,8

12,0

10,7

14,0

12

15,4

19,3

10,7

15,7

12,1

11,5

13

3,5

4,9

8,3

10,9

7,8

10,5

14

77,9

84,4

46,8

29,4

33,9

44,7

15

187,7

102,4

78,0

QP IWNNOOOTBEAWNNOOOTEARWNNOOIRARWINNOORRWINNO O WNNOORAWINNO O WDN

120,1
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80,3

113,9

16

141,0

168,2

296,4

240,8

2446

256,9

17

203,6

197,8

226,6

243,3

146,6

273,8

18

100,9

112,4

41,3

46,5

45,6

54,0

19

57,9

160,7

213,6

55,4

48,2

256,3

20

257,4

258,6

47,3

367,0

53,4

45,5

21

46,8

48,6

41,9

43,2

48,8

38,3

22

24,5

25,7

24,6

22,6

23,7

24,8

23

30,4

WININOOIARWNNOO ORI WINNO O WNNO O WNNOOIRARWINNOORARWNNOOOIRRWIN N O

31,0
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34,6

33,6

30,5

35,4

24

27,3

27,8

28,7

26,2

25,7

28,7

25

33,4

31,8

28,5

31,4

29,6

28,5

26

19,9

89,3

85,1

87,3

15,4

1417

27

15,8

14,4

23,7

50,4

15,6

15,1

28

15,4

10,1

10,7

8,2

11,8

7,8

29

359

39,2

37,0

32,7

37,7

36,0

30

23,9

26,2

25,7

23,1

20,9

N WNNO O WNNOOHHAWNNOOHRAROWNNOOHAROWINNOOGRRWNNOOGHRRWNNO O

24,7
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31

127,2

137,3

212,9

187,5

247,0

135,4

32

22,0

193,0

60,5

127,5

103,5

149,4

33

24,5

32,9

34,3

30,5

34,7

30,8

34

351

32,8

33,7

35,6

36,4

37,1

35

25,9

30,5

31,5

26,2

32,7

28,2

36

31,2

32,4

28,4

32,1

69,3

80,8

37

30,8

29,8

35,1

39,1

34,0

34,9

38

23,1

22,4

21,9

QP IWNNOOOTBEAWNNOOOTEARWNNOOIRARWINNOORRWINNO O WNNOORAWINNO O WDN

23,0
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22,2

25,0

39

40,5

41,2

44,4

43,5

40,1

40,8

40

34,1

41,3

36,9

38,7

36,8

40,6

41

21,4

11,1

9,2

11,4

5,2

17,3

42

41,2

48,0

45,3

44,0

45,9

44,7

43

20,1

21,7

11,5

13,7

23,1

24,0

44

145,9

104,9

76,6

29,7

74,6

133,6

45

254,0

258,4

238,1

248,0

279,7

262,4

46

27,9

WININOOIARWNNOO ORI WINNO O WNNO O WNNOOIRARWINNOORARWNNOOOIRRWIN N O

21,9
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31,8

41,0

21,0

23,3

47 192,4

238,6

216,6

219,7

219,7

155,5

48 28,8

25,4

28,0

26,5

27,5

28,3

49 288,3

203,1

228,7

265,5

203,0

260,7

50 208,0

192,4

360,7

187,9

252,6

N0 WNNO OB WNNOOHAWINNOOIHHRAROWNNO O A

627,7

DISTANCIA TOTAL 20346,0
RECORRIDA (km)
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APENDICE E

Gréficas de recorrido por ruta y por dia

Feuta 50 — Sabado (7) - 627.736 km.

T e 50 = Wigreales (47 = 701
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Ruta 45 - Viernes (6) - 279.673 km.
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T TS ;

i NG EREAS AN
i) TR B . PRAEa
Mgyt S 11 i, %) 0 A0
S L7 S s
! }-,,,W:,}n.'/m,,ﬂﬂru.,',mq@;,eﬂz A N2
il N
SIS ;

m—d

L2
f/‘gp’} W

1
/A RSN
N

~ 8

R
iy 7
JV/

Ruta 27 - Viernes
T S AN W 7
l \
B/ .'.'ﬁ,';';n‘lnm{sdr"'fﬁnn{:{,’;’}”’fx‘ SH
=1 ﬁr‘u,,g; i 013 %e 2%

= .‘iff."’”fﬂl,l iy ’”-‘.‘M;,’Q{u},(f"‘

4l ;me'f/ """H'H;:\"?I; 5°

s ‘4
| =l —

¢ N Vs St D
M\»«\:-Jﬂ“-—* A W AN PRSI
RS S R B AN

e )
R\ 7/ G GRS VPSR AN

162



~ Ruta 27 - Jueves (5) - 50.3509 km.

163



Martes (3)
oo 7
1%%%%
i ﬂmumww.ﬁ R
_1,..m,f.‘t.'mf.vm.‘nm-.umm- i1y, %
4 yfmrmmumm.fﬁn I
.;Wmlmumn.'mum.'m.-‘t'
= 7l /J’iﬂllllﬂil
f‘”numg"
Sl

;;

2
7
%

Iflumé's,.;: %

-

i

— 80004,

ST e
1% P&#{"\\ |
N EEXR km.
VAl & 198
Y % 7 L5 5_8
RSN ot A %@ﬁu
= "J'ﬂﬁ”"gfl-‘-'\( e &= - 27 _ LUQ =2
2 N ey
Y/ =

B

1
TR
ity
Uy

I
[T !
‘“”}‘fﬁ'rﬁ :

i |JlJl'n“J
iillaf L
I'Jg,’ S5=

PROS

164



Ruta 26 - Sabado (7) - 141.727 km. _

Viernes (6) -
f i s
g S

165



166
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APENDICE D

Cdodigo de Wolfram Mathematica
OPT DE RUTAS

LECTURA DE DATOS =
Ielth« SeeDirectery|otebooktirsctory ()]

Dataleneral = Tnport [ "TESIS. xlsn"])

Ruteroiriginal = Ontateneral [17;

Datasiviginal = Buteroriginal {2 15 95460 1

Emternal (00riginal = Datacdeiginald i3 . 104
Custoseri00riginal = DatosOriginall a5 . 20
Rutasiviginal = Datosteiginalf 14 » 500
Diastriginal = Datosteiginall 1y o 4)
CoordenadasOriginal = Datosdriginall 41 4 {18 11}0)
Segrentaciondriginel - DatosOriginall 11, 121
moriginal = Length (Catosoriginal] s

FormaClientesOriginal = Table[ i Rutasor [13,; Dlasor: [ 1} 1ginalEid}s {2, nOviginalils
stle = { (-3, - 79930 Wh
8 L ginal)
= 15

i = Table] £: Lils {is 3o nbriginal +13])

0a ) L Wle, Point i - v imal”, Geoange = Astomatic ]

VMC ACTUAL =

Rutas actu

I+ DistenerCoordenadas|ruta_q din_] t=Module] [oolne idene fas ), coinebdens as = Select{DatesOriginal, 213) = ruto BR o141 = dia 8]

Retwen [coincidencias [ALL, {10, 111314)

» THCNITR", THCHII4T, TECOIIST, TECHIIAT,
FCRNO", “ECuzant

HOURAT, THCUIBT, TECHIEST, TECUImeT,

BCUITI®, “RCBIIY
§ TECOIAAT, “ECU2467, “ECHIATT, TECAZERT, FEanen”
dian= {0y 74 3 4 5 8 TH

ObtenerTodnsCoordenadas [rutas_List, dias_Lise] 1= Module[{resultados], resultados = Table[[ruts, dia} + If [Length [goor = ObtenerCoordenadas|ruta, dia}] » @, coor, [}1, {ruta, rutas), fdia, dissil)

Flatten[resultados, 171

= frutas, dias)

MD actuale

Matriztdsticoord ] is Module [ {coordd s coord},

TablePushattaadistonse [coardd[il; coordaffl], {1, Lngthlcoarda] ), (f, Lengthlcosrdn] 111}

coordenadas de cada ruta xdia ¥

rutakdiscoordenadas_] tx Table[r ¢ coordenacas [1J 2],

(i, Length[coordenadas]}

infa19]+ GemerarCodigo]coordenodos_List] t= Medule[ {rodige},

codtgn = [ I, i, 1

x = GanerarCodigs | coordenadas | 3

« afoaBase = Prapend i, B/8xi
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matriz distancia de cada rutaxgig ¥

e _1 1= Module[{g) [ .+, mosbresArchivos)

= = Table | 1] Length [courdenadnsas tual e3 1111 > 8y

o 3 4 wales[idi

geocorteslanas 3" 15

wismns 1], (911, {§, Length [coardenndeer tuolee] §§ ]

Aatriist | groc s

o M0 = MO stane fa | xConsase]

Funcidn VMCM[nodosTotales_,matrizDist_] &

= VMER[aodosfotales? Integer, matrizDistanciaz_List] 12 And]

modisd = Range {nodos Fotalesd] §

meforDiet? - 9U9DU009; sedortourd = [}
Bal

base? =1y
tourd = {basez}
nerut? = beleteCases inodesi, basez]y

disty

[matrisDicrane ia[towr?-11, norut]]; k2 = Position [motr (207 stans fof [Rourd [- 1], noruti], dein?]{1, 11;
Appendlo|tour?, serutd kIg];

noritd = Deletelades [narutd, norutd k] ])

dist2 o= dednd, {1, nodosTotales? - 4315

dist2 o= motrlzfistonc tad frour2[-11, base2l;

AppendToltourd, based];

IF{distT < mejorDistd, aeforbistd = disti; meforTourd = tourd], {1, 1, eodos foraless)] j

mejoristi, mejorTowr:
1

Tour de rutas actuales £

rutald® = VHCM [Length [xConBase [11], MOx[10] 5

rutaldd = VMCH [ Length [xConase £21], MO

rutald) = VMCH [Length [xConBase [31), MOxIND] 5

rutaldd = VMCM [ Length [xConbase [41], MOx
rutalds = VMCH [Length [xConbase [51), MO ISD] 5
rutaldé  VCH [Length [xConBase [61], MO 1611 5

rutald? = VMM [Length [xConbase [71), MOI7D] 5

rutazde « w[lﬂ\‘.‘"[)ﬁmll“]i‘ MoxIEd] 5
rutazd2 :eruﬁ_n‘m«mu B11, o911
rutazdd « VMCH [lu;‘.tl; [xConBase [10]), MOx[163)}
rutazdd :wu«;m;[s«mu 011]], =11
rutazds =w.:-u-‘mm‘.:-:e-mu N1, e

FUtazdé = VMO [Length [nConBase [13]], MOx[130])

rutazd? = VHER [Length (aConbase (141, MO

rutaddit = VMCH [ Length [xConbace [151], MOxQ180] 3

rutaidd = VMW [ Length (xConBase [16]] , MOx)
Ftaddd = VHOH [Lempth [xComtase 11710, MOXELTDI S
rutaddd ;W[lu;g_th[ao:onunllali, MOx 1601 5
rutadds = vacH um‘g_- n [xComBase 19]], MOx[19]]
rutaddi = VMCH [Length [xConBase (2011, MOX (2011}

rutald? « VMCH [Length [xConBase [211] , MOx[210] 5

rutaddd : VMCH [Length [nCenBase [3211, MOx 122015
rutadd? © VMCH [lﬂ\‘lﬁ; [xConBase [231), MOxI230)}
rutaddd :erm‘m‘.:«wu E2410, MEm 24004
rutaddd « wumglu;mmnps]g, WX 253
rutadds :W[lm‘_l_"u!aﬂwat 12611, MOxI2601 4
Futasdt =w-:-u-m‘w‘-:-=e-n-u 111, FOxEITR

rutaad? = VMCM [Langth [uConlnes [20] ], MO [2H] ]

rutaSdd = VMCR [ Length (xConBase [291] , MOx

rutabdd = VMM [Length [«Conliace [30]] , MO 30 )
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rutaSdl = VICH [Length (xConDase [307], MOx[3001 5

rutaSd3 « VM [Length [xConBase [313] , MOx[310] 5
Futasda < vCH [Length (xConiace [32]] , M 132015

rutaSds = V(M [Length (xConBase [331], MOx[330) 5

FUtaSds = VACH [Length eConBase [34] ], MOn[34]] 1

rutasd? = VM [Length (xConDase [351] , MOX[350] 5

rutatdd « VACH [Length DeConBase [361], MO 36115

rutagdz = V(M [Length [xConBase [371], MOx 37111

rutadl = VACH [Length aConBase [381], MOx[3811 5

Futad4 = VACH [Length eConBase [397], MO390 ] 1
rutafds = VM [Length [xConBase [407], MOx[407] )
FUtagds = VICH [Length eConBase [413], MO [210] 1

rutafd? = VM [Length [xConBase 4211, MOx[420] )

ruta?de = WM [Length {xConbase 4301 ) MOX 143314
ruta7d2 = VWM [Length [xConBase [441] , MO [44] 1)
rutaTdl = m[lmg".u!x(—!!-\rl'lﬂ] » MO 450 3
ruta?ds = WACH [Length {xConbase 4611 , MOx L4615
ruta?ds = VWM [Length [xConBase F471], MOx[4701 4
ruta?de = WWCH [Length (xConbase §4RD] ) MOx (SR 14

ruta?d? < vCM [Length [xConliace [40] ], MOx [49] ] ;

rutafdd = VN [Length [xConBase 5071, MOx 50014
FutaNdd = WACH [Length {xConbase §510] , MOXE51305

rutasdl < WM [Length [xConiace [521] , M 152005

rutaddd = V(M [Length (xConBase [531], MOx[530) 5
FutaBdh < WM [Length (sConllase (50]] , MOx (540 ] ;

rutaddé = VM [Length (xConDase [551] , MOX[550] 5

rutad? « VACH [Length xConBase [563] , MO [560] 5

rutagdd = VM [Length (xlonllase [571], MO L5700 5

rutadd? = V(M [Length (xConBase (5611, MO [560) 5

Futaddl = VACH [Length eConBase [593] , MO 590 ] 1

rutaddd = VICH [Length xConDase (6071 , MO [6021 5

= i rutaidsfil, [11, rutszdofal, rutaddfil, rutadd[1], rutadd? [11,
rutaldO[1], FuUtaBdZfi], rutaddI[1], rutadé4Ea], rutadds(l], rutadd[1], rutald7E1], rutsddoiil, FutsedZiil, rutadd)[10, rutsidenal, d rutatdr il rutasdziil,
. d [1], rutsatd?[1], rutabdR[1], rutasdifa], 1} = 011, rutstd? (1] (O h
1. n. [1], rutskd2(1], rutaRdi[1], rutasdagi], 1} . i, 13], rutasdii], . d!

ut Futa1zd0qa], rut rutatads iy, 1 adeg1], N rutatideqi], rutaiadei],
rut FULAISOOTI], rut ru ' N 1saeril, R ru ' 113, rutalsas[il,
ut rut rutaleds i1, 1 ardeLil, R rutatraanIl, rutalTdeI1,
ut FUtaTRAOTIl, rut rutatkds i1, 1 19degil, R rutatsaanIl, . rutaldeL,
ut Futaadogan, rut rutazeds 111, L Z1deiil, . rutazidaqil, rutazIdell,
ut Futazedogal, rut rutazzds 11, L 23d0E1T, . rutazidsgil, rutazideill,
rut Futadeddlil, rut rutaZ4dsil, 1 25408111, . ruta2sdaftl, [11, rutaZSds[1],
ruta2SdTI1], ruta2éds 1], » ruta2?d4il,
ruta2?d7ILY, rutaZéds i1, . ruta29defil,
ruta29d7il, ruta3®ds 111, . rutaHd4 L],

f 1 ruta32ds[il, 1 1 . f 1

f 1 rutad4ds[i], 1 1 , f 1

1 ruta3sas 1], 1 1 , f 1
rutalIdT[I], FutalEds 1 1 N Futalsdgs, a
FUTASSAT[1], PUtatadi{1], rutadida[1], rutadeds 11, 1 rutaddeq1y, N rutatideqi], rutaade1],
FUTAGIdTEI], Futasidial, rutadzdail, rutasads iy, 1 rutadideri, R rutadisanil, rutadadell,
FUTAdIdTEI], Futatadina], rutadadail, rutatadsiniy, 1 rutadsdery, . rutadsdagil, rutadsderll,
rUTAdSATEI], Futatedin]al, rutadhdail, rutateds 1y, 1 rutaarder, . rutaardanil, rutaardsiil,
rutasrdrgil, rutadhding, rutassds i1, L rutadndery, . rutasndagil, rutadde1l,
FUtASIATEL] ) Futasodelll, rutasedz (10, rutaseds (11, L rutasideriy, . rutasidsnil, rutasideil,
rutasidrgil, rutaszdziil, rutasids iy, L rutasIderiy, . rutasidsgil, rutasIderll,
Suma de km recorridos
13

= Teesl{di

knrecorridos = metrosrecorridos / 1000

RETYTER
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CLUSTERS (240 clientes x semana) =

e b ={{-2, -7 1

Sl gogiben

= “UTHLeeelTS0Uth] 3

1 oxp s peprimis

. BRT[135
ingged> i = iginales;

o
irpacse eogerdariginaleccartesisnas = Geoke H]
jiue d
coordoriginalescartesisnast = coordoriginalescartesianssil;

Injsot s eluster = 1 iglnal,

srsari ciurin i
iniaeTie

DuscarCentroddes [{ista List] 3 Table[
it watds
&= i{urepi];
® = Polygenials
Iposgans
« = Reglonfentrofdih] ,
cerdaace de e

by Lengthilistel)
cogis
1

Validacion: geplgides no son clientes =

iisedle (-D#Finde di8 Hietars
listavalidar = E::Idni
walldar 3§ todes los elemeitas de 1o segunds 1lata estén on la prisecs Llstas
Z.' . g i
41 mengs un elemento no estd costeniso en is llste cosoleta,
N ; ! 1
Baperas

Lluster MIP

[hO coAnER
slimero de clieates ¥ elusteris

el Lty +953%;

sl LuiteruaS8;

sListas de covrdrmadns cartrilonas pars cllentes ¥ elisterie

elirnmesaoordor iglnaleicartesl

Lengthiclientes) ;
clustersserntralde

FEsBlstanceratris

entes ¢ lusters, i atancePune tionaHanhat tanfilstasce

nf#rale
WG CORRER
~¥ariables de desisidn blaariss-
varssArray x, {nemClientes, numClusters|l;

sRestriccionesicads cliente debe ser asignado & exactamente wn clusters
restricclonesi=Total lvars,

[+Restricciones:ln sums de asignaciones pars cods cluster debe ser menor
restricclonesdoTotel [vars, [1}]s1%

o igual a 24d.

sRestricciones:x. {11 debe ser binarios
restriccionesdsZlement [Flatten[vars], Integers S0af Inatten lvars: 11;

=Funcidn objetivo:minimizar Hiex=
chjetivosTatel (Flatten Mi=varsii;

sHesalver el problema de optisizacidne
solucioneF indiinimm  {objetivo, restricciones), restriccionesd, rest

ostrar 1s solucisne
Print[“Matric de ssignaciooss s.13:°1:
HatrixForm|Round [Arrey [x, {roeClientes nusClusters] ] £, soluch

i1zl
exerliD = Taport [ “MATRIZBINARTA?.x15x7] )
et

ilisle mdiranspuesta s exceld0121s
14117+ sbtenaePasicionssT[mstris ] = Table[
ieisa
T = Paritioamtristil, 115
tt = Flatten{t],

14, Lengthmatri]}
et

1
Il 3 ind i
Injers)s lel ) = Ly 13
+ = IndiceToCooraumi
Injaanl 1
Infezzie -

<lones3 i, Flstten [vars]

Abyatiat, da rabdiniacds

50, Method o “leduide”, Performamcetoal o "Speed®)

rint [*lodas los elementon cstdn contenidos en la lista cospleta.®), Priat]"al menos wn clesento o e3td contenddo en la 13sta complena.

eprucbasd = !
«H0 CORRER
sMimern de cllentes y rlusters.
nuslientes«192;

Injezyy.

'I"."pmf] &
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st ol

Cresr wna lista para alascenar lat satrices.

matsicestesultsdos ||

. [eListes de coordenades ¢
Lerdeseresultodeds ]
FO=Diston

teslanas parh

eMatrintellentes, e

e Funs LM
oy w, DrumClientes, mellusters]
sda cliente deve ser asignade & exactmments Un cluster-|restriceionesls
Jo sums de arigreciones pars cade cluvter debe ser igual a 401
_144} debe ser bina tone
tius.Toral]Flaveen [MD-vars]];
-Reselver el probless de optimizscion.]salucton.F
-Agreger la matriz o Ls lists de ma
1s matriz eal

nivars], Integers | SL0sFla

31, Flateen vars]

[matriceshesultadns, [“Iterscion
da en ests iteracisn usando MatrinForm.)Print [ Matriz em la Tteracidn -
teesResultagos

o5 matricesies

*Testring 4] <eund lvars/. saluelen2]
"t MateixFors[Round [vars:. soluefos

Visualizacidn

Funciones &

SubClusterToCoord [voordt _, subclusfer ] iz Table[coordt [iobeluster§i)l, {f, Length] v luxter]] ] 7
tatia

i =nn';hiu[‘| phic 3 i?llt#-‘w[{{l m{»:-_-[uo, o1y f{Cosian, 3 sintan} &) ulu:x[-i—z. e 35. -:;]. cemma]]} {l_l:wlle.a tostanty e sinan ) &) remange [, 27, ;—"]]}}}}]].

Rues = Trus, Tnagesize .+ !-nlll

Sl

Er T T ]

*subclusters nuevos

usterl; 1

maa0) s prusbscl = rewultadoccardeart [135

numt 1 Sentes = 360
nust lusters = 6}
slistay de cooedenadny cactesionny para ¢

clientes = prucbact )

entes ¥ elusterss

"= pruchacd, Di h i

Llustercon 131 elementos =

(ofae (ULTINO CLUSTER CON 170 HLEMENTONS
elusterstt = resul tadocoordeart 15611
coneddcar = (717 333, K7TI4506198, 1. TISIITS1NMNGETA 6] |

Infidd =

5815

7 v SRR, PO
nust Tientes = 132
st T ters = i

clientes

stars. .

Tustersog

3 parn elientes y clinterss

L bd lientes, boents lusterSa, h i b
. irekifes - il

Vg (o
vArssd = Array [ud, (nusClisntes, modlusters)];

cmsetelceionantcads clisnts deba rer stignade @ skactamants un clutter.

rreteiosionast = Toral [varetit, {2)] = 15

Bestrfeedonest

restricelones? = Total [vars58, {1}]

ey pars cad

m

14 debe ser bina

Flateen [varsso]] )
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s

{pag

i

fpdei>

rrlga e

bz

sefodst

FrAT

Injsat

Injara)

a7

Ingas]

Injeaal=

subclusters del glusler 50 %

MTelsaters = Dnpart [ “CLUSTIEM. 210" ] (105

g
celupsecall; PARA VRO CON GRASP

arecultad:

posiclonesclusterse

. 2,6,7,12,17, 1, 12, 13, 24, 25, 16, 31, 34, 40, 116, 117, 121, 122, 124, 125, 129},
, 14, 27, 38, 19, 36, 41, 43, &8, 49, 52, 62, 64, 69, T4, 55, 100, 181, 199, 118, 119, 113
, 15, 18, 13, 38, 59, 73, 75, 77, 79, 83, 89, 90, 91, 52, 54, 96, 10Z, 101, 104, 107, 104}

Sege] = SOge), 1321

50 = posicionese lusters[5005
posiedonese leskerSiy
rEBIposiclonesc lsterSOI T,

subclusters del glyster 1 al 49

MTclustar1as = Tnpart [ "HATHE
N

RASPULSTAZ xT8x™] §

1

i9, 53, 54, 55, 56, 57, 63, &5, 66, 67, 6B, 70, 71, 76, B2, 07, 93, 57, ¥4, 99, 105, 106},

45, 46, 47, 30, 51, 78, 89, 61, B4, BS, BS, BA, 112, 111, 113, 113, 114, 115, 120, 126, 127, 128},
5, 8, 11,13, 16, 10, 3, 32, 33, 35, 37, 38, 39, 42, 44, 68, €1, 71, 138, 131, 132}}

1= sfilly (i,

= Mot i
ta0m e

PAAL TWPRAIMIR POS CLUSTER.

5111

s 1, resultade = b1 PREN b i1 13
pruebacs « 1501, 503
AR TPUINIR todos Tae CLUSTHAS
) resultada = L {prrsdie fnea [ i g 15988, §11. (. feiones TI9EER] 01, {1, LengRh [posicionese Lusteraw) }]

obtenerfesu] tados [ pos i fonece Lo e 00, peadiciones120 ] 1= Module] |

resultada]
prusha = P i

sbteneracsaltadoscart (courdcare_y pracha_} 1= module [ {cart) ; cort = Table{ tor
o

1 & [aeor pruchal s

LengthlcoordcartesianasSTRBASESN]

Ehy JB00 (0 1hs €s Lengrhip i1 1) vare)

Length|cosrdcartes ianass INBASLER]

agregarBase[coordeestie, , coordcortesionas ] s '

coordcartesianasCONBASES® © agregar

wtadenrtaniannECOMIASTAN |1

cosrdeartesianasCONASLER]T] [1]

Funcidn MD 3

MatrizDist[coord_] :z Module{coord® = coord},

1111}

S s dear

Table [ManhattanDistance [coordd[il; coorddlills {1, Lengthlcoordal}, {1, Lemgthlcoordd] 1115
[T e [ o

mprueba
matricesbistancia = Mepimateicfist, conrdoartes fanasCORBASESh (2111
wied 8 loaza

<¥A E5TAN EAPCATADAS LAS IATRICES Of TOOOS LOS SUDCAUSTERS, MO £5 NECESARIO WOLVER A CORRER CSTO OE MUEVD.
. * y matricesbistanciali, 11, “KLsx"], {1,

Dol Expert] “M0” < TaString[i] <+ ToString[1] <=

RUTEO (grasp con VMCM)

Inttsle fonttruleTaurGRRSPLa integer, d List]

[n_Integer, i

Mle[;m, np dmeforbiase,
ks

bimrmefory meforTourGRASP, decjor, bise, tour, norst, dist, ler,
sleccion, k d2fptmciory touripteciory tewr20pty d20pty 45 J)
witeraciones}y

niteraciones = 300}
modos = Ramgein]y

m 3 35 (= 1n LCH va & estar formada por los I wés cerceos =

dme JorGRASP T emp

i for = emi

Ta s L 0
'
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Ba[

e

bave = 13

tour = {basel}

rerit = DeleteCasesinodos, basel}
[y

dist = 95

Bl

1w

= Seleccidn GRASF «
If{Lemgthinarut] < m, ™ = = - Lemgthimorut]])

e omgime (-
lor = Teketeallest(d[tour[-1], morut], alj (elors
hewta ben 2]

selecclon o Randostholcetlor])
|meceidn slestons

k = Position (ditourf-1, norut], seleccion] §1, 135

+ fin seleceidn GRASP -

[teniey marut ERE1)
ot 3w
norul = DeleteCases [norut, morut (k115

dist += seleccion
» in =141

#st sz dfroscl-1), baseli
AppendTo[tour, bade);

| e st bt

BF[Ait < dmefor, towrmejor = toury deejor = dist]

» ids W15

(= MEXRA LOCAL =

d20ptacjor = decjory

bourdopteefor = Voursejory

vorfi =2y i3

fai 203

mlsn-:.-u.-,

PV

tourdlpt &

Jodn[tourmejorfd 55 i - 13, Reverse[tourmejorfl 33 11,
[tn e coben

voursetargd 4 1 53 0+ 100

diopt = 3 dftouritptikl; tourdptiks 1335
Py

TF(diOpr < doptesfor, diptmejor = d20pt;

tourzoptaejor ¢ tourzopt]; sy
1as]s

1 [datptmejor < 5 deeorGRAsH = 'y

s e TourGRASP = ot Miptee for]
. {numn—n)];

Reburn | {dee jorGRASP, seforToarGRASP}] §
i
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Aplicacién de funcién {no correr, sino correr RES) =
1R res e (1

For[i=1, 1550, d:3,

"u:|_1 CETE T A o

prushn = satricesDistanciagingja:
Tomgitud = Lemgth [prushal ;

resultade = comtrulrTourtRase | lengitud, prucbal )
appendTores, resultadal i11]

distancia total recorrida £

sjear)s elisdnarUltinctlesentoliist ] iz Most /@ list

distanciar = elisinarult inct lesento|res|

cunfeass

ERTTLEET
it emanal = 20346006 / 10441

20 3an

lkntanual = katsmanal

1957992

katacnswal = ketanesl /12
BB1G6

88166

431,28 - 234,87

a_tAsr] £= Mest j@Listes
res2 = eliminarPrimerElesents[res] |
rest = Flatten[res2, 111

elisinarunostxtremostnlistas [{istadelistas_List] is Map [Rest/eMost, [istobed istas]

resfnosd = eliminarUnssl strancatnlictas [resf]
restarimoALalistallisro List] iz Maple -1k, Lista]

reslisff = pestarinoalal ista [resfoacd] |

lietavacin = {};

#le1 = redfposicisnesclusterso 101
wled = rs@lposicienesc lustersi (2115
wled = ra0lposic ionesc lustersd (501
wlea = riBpposicionesclusterst (a1
wles = ri0fposic ionevc luster s 5015
elet = raglposic bomesc lusterSo 631
appendTallistavasia, ele1gy

.lw_pTuﬂlu (listavacin, eled];
AppendTa[Listavacts, c1£3])
J.pp.(ndilu.llh(‘miil, #lealy
Appandla|lictavacin, slet];
Wo[lisum ia; elec];
u:.z.m.e!aa

« pelientes = Append [prucka, 1istavacial )

= pclientes « Append [prueba, listavacia];

pelientes = Flattenpeliontes, 1];

uzee pelientesfy
tabla = Table[di, 4, pclientesii, &- 101, 41, 1, 30}, {4, 2, 7115

grinke la vablas

Grid{Flattenttable, 11, Frame o 011, Frasedtyle o Direct bve [Thickness [1], Black], Spacings » (1, 1

ligrment . Center, Background . {[Lightilue, None} )] /7 Traditions]Fom
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GRAFICAS
CLUSTERS

nesygeo =

npel = pelal;
nped = pel ety
nped = pr3sly
nped = pedaly
npes = peSedy
nped = pebaly
npe? = peT o1y
el = pefialy
apet = pedaty
petd = pele 1
npell = pelle 1)
npeld = peiza 1y
peliely

MpETE = pEIR a1
peive

geod = NodosDefinitives [np<il;

geol = NodosDefinitives [npcil;

geod = NodosDefinitives [np<dl;

geod = NodosDefindtives [npcdls

geos « NodosDefinitivos [npcShs

ge06 « NodosDefinitivos okl

grod = Nodase nd tives frped])

oS = NedosDet indtivos [peS]y

geud = NedosDet ndtivos [npes]y

BeT = NedosDefinitivos[mperl)

geos = NedosDefindtivos [apeE])

ge09 = NedosDefinitivos [apealy

010 © NodosDef initivos [npc1e] ;
Feol1 = NodosDef initivos[npc1il;
geod? « NodosDefinitivos fnpci2];
Reodd = NedosDefinitivos [npcid];
geotd = hodosbefindtivas Inpetdl;
Reod’ = NedosDefinitivos [npcis];
e616 = Nedastalinitivas [Ape16] §
8617 = Nodastalinitivas pe1?]
ReotE = NedasDefinitivosfnpe1nl;
gRo1% = NodasteFinitivas [npe10] ;
EPod0 = NodasDeFinitivas [npe2i] ;
grod1 = Nedasted initivas fnpea1] ;
Erod? = Nedastiefinitivas fape22] )
Erod = Nedastiefinitivas mpe2al )
Erold = NodasDefinitivos [npe2a] )
56925 = NedosDefinktives [npe2s]
56026 = NedosDefinktives [npe26]
Reold? = Nedostefinitivoslnpciil;
ReedE = NedostieFindtivos [npedn]
2629 = NedasDalinitivas [apeau]
rade = Nodastef End € ivos [npe3e]
grodl = NedasDefinitivas [npean] ;
grodd = NedasteFinitivas [npeaal ;
grods = Nedastiefinitivas [npe33] )
Erods = Nedastefinitivas [npe3al )
Erods = Nedastiefinitivas [npe3s] )
Erol6 = NodasDefinitivos [ape36] )
Bee3T = NedosDefinitivos [npe3T] )
o038 = NedosDefinktives [npe38]
€039 = NedosDefinitivos [npe3o] )
geod0 = NedosDefinitivos [npean] )

peodl
Reod
Reodd
Reodd

NodosDef initivos [npcai];
NodosDef initivos [npca2] ;
Nodosbefinitivos [npcald];
NedosDefinitivos [npcad];
Reods = NedosDefinitivos [npcds];
Reodé = NedosDefinitivos [npcdd] ;
e0AT = Nodastelinitivas [apear] ;
ReoAE = NedostieFindtivos [npean]
Reoa5 = Nedoshefinitivosfnpeas];
ErosD = NodasteFinitivas [npesi] ;

tourgrafica s resultadofinaltonterss « 1)
tourgraficafi] (-pars tour-

i1, 4637, 4TI, SOT7, SOT0, S004, 5006, 5025, 5165, S16D, Sii1, 004, 5122, 5153, 5161, V6L, 185, 92, 8100, 270, 99, 100, 4700, 87, 204, 140, 109, 5000, 5104, 5142, 5134, 5236, 764, 1
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Funcidn of

= Madule | [geo = geopacicionec],

NedosMarcadesDeCasos « Table [geofi], {1, 1, Length[geal ]

i asest 015], Red, T + -, GeoRange 1

elvzl+ mapmelusterd = visualizarPorfutaPunte] geoSe]
iz

5| Tsachil:

v

chil

grafico sluster con GeolistPlot =

(iree cosrdensdasgect = GeaPasition (@ geol;

GeoLabels = Mone, PlotStyle s PaintSize 1Ssall] 1)
bnseta g | oy (i o v« [ farafs - [Hastealic pa

Show( nodossarcadosri]

RECORRIDO DE LA RUTA &

w = resulbodofinalMasl = resultadofinal + 1y

Injscaf 5 & 1

Flamarteel = resultadobinalCantings [3300 ;

nodosmare adoir 498 =

A 010 2, Leng i

» ERLARY ["Teon™; “Company™ ], “Coler™ +Redll)

state al prca soaite pe
distanciakeeorridadns = resdistf 7 2000
Futasss = fravelbirect fons frutageas3]

ShowGrotiraphics [[Line | rutad®s], boint [rutagrodsd], nodosmarcadosri8501E51]

ciode final =

iepog)s readist = eliminartltisok lemento frea] 3
resdistf = flatten [resdEst]

iraiol= Mstadins = {Tlunes (2%, “Hartes (3}, “Rifrcoles (4)%, “Jweves (5)%, “viernes (6]%, "Sdbada (7}"};

praficos = {};

V=13 {alnicis B

Tabile|pruckaruta = resultadal inalContnas {105

procbarutages = NodosDef initives [pructarutaly
-, i s {1 2, L '8th gee111)

PrependTo [nodosmarcadosril, Geoarker [prucbarvtageold], Entity [“Toon®™, "Company ™), "Color™ + Redl]y
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