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Abstract: This paper presents a methodology oriented to mlgadfits in the short-term and is applied to thewery
industry for distributing goods. It is composedwb models of Operations Research (OR), the KndpBaablem (KP),
and the Traveling Salesman Problem (TSP). AlsoGiteedy Algorithm is used. In the first step, the Kodified model
is used in the choice of the product to give ptyaid products, which maximize the profit of ther@any, making the
load assignments for each route respecting thetradmts of volume and weight of vehicle capacitheTvolume of the
vehicle considers full boxes, and its weight arafipare calculated in bottles. As a result, theduct loaded is prioritized,
where the highest profit product is delivered fastl then the low-profit product. Subsequently, ®8& model was used
to select the best route for the distribution af fhroducts. Finally, with the Greedy Algorithm arbults obtained
previously, the customers to be visited are detezchi

1 Introduction this way, the case presented and improved is # mdghis
In Mexico, 2014, the number of Micro, Small, andelationship. _
Medium Enterprises (SMEs) were more than four onili Within the improvement to the brewing company, the

according to [1]. Moreover, according to [2], théBs are knapsack Problem (KP), the Traveling Salesman Erobl
99% of the businesses that exist in Mexico. The SMETSP), and the Greedy Algorithm are used to sohee t
generate 80% of current jobs and more than 36%oéss Problem of distribution of goods to customers imigy in
Domestic Product (GDP), for this reason, it isebenomic ~ the lowest possible costs. The problem is tackisthbse
sector that has one of the most significant sdoipicts. the Company is not complying with the deliveries to
To accelerate and to improve their competitivenasy, customers promptly, and the priority of the Compéntp
federal programs Support the entrepreneur, Wheﬁedﬂn attend the customers that represent more income. Th
obtain advice, services, and credits. The suppifeteni current delivery of the company process consists of
focuses on solves economic problems or develoggPplying the customers as soon as possible, vitniciis
strategies to make the SMEs grow. Neverthelesee e Unnecessary costs because they do not have argigliae.
no programs to analyze the internal process of eaetof The KP or also known as the Backpack Problem is a
the SMEs. Combinatorial Optimization Problem (COP) and isclise
There are international studies that report problem define objects to fit into a backpack, so that optes the
implement development projects and low success raf@tal value, without exceeding the weight and/dume of
[3,4]. A good strategy that SMEs can use to obthin the backpack [8] proposed a solution of 0-1 inkRe(non-
analysis and the improvement of their processet is Viable - viable) while several processors run at same
interact with universities because, after all, edion and time, it was a way to achieve better time solutibrthe
research are keys in the formation of worldwide katw  Problem of this nature for the NP-Hard solutionsiges,
[5]. On the other hand, in Mexico, the universities[9] proposes three levels of the knapsack algostinat
especially those that are offering postgraduatdiesyare Minimize the errors of the best solution for srpatiblems.
developing investigation [6] based on the case ystud hese algorithms are discarded and made a seledttha
method and using data from SMEs in order to devidep best solutions that were defined as Hyper-heusistic
application of knowledge to real-world situatiord. [In On the other hand, [10] propose a heuristic be @ble
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generate a common knapsack problem consideringrihat
products can do rotations in two and three dimerssio
While the TSP model is approached from the streetior,
he wishes to visit exactly once each of a listibés and
return to origin.

Now, the importance of the TSP model is that it is

representative of a larger class of problems knasv@OP
too. It belongs to the class of problems known & N
complete. Specifically, it is possible to find afficéent
algorithm that can give the solution (i.e., thanh rin

polynomial time). Also, the TSP model has practical.

implications for issues as seemingly diverse dtirdyiof
printed circuit boards [11], x-ray crystallograpgi], and

1. Micro Industry. This type of industry has a maximum
of 15 employees, and their sales are a maximum of
USD 1,387,808.10.

Small Industry. This type of industry has a maximum
of 100 employees, and their sales are a maximum of
USD 18,504,108.03.

Medium Industry. This type of industry has a
maximum of 250 employees, and their sales are a
maximum of USD 50,886,297.08.

Big Industry. This type of industry has more than 250
employees, and their sales are more prominent than
USD 50,886,297.08.

2.

3.

the robotics assembly [13]. Some practical problems

involving laser drilling of printed circuit board44] or

In Mexico, the manufacturing sector is considefea t

movements in the manufacture of chips mean the TSBmpanies that make beer, the steel industry, the

model up to a million nodes.
Nevertheless, as noted above, it has not discoeergd
effective algorithm that can find the optimal sautto the

automotive industry, and others.
According to INEGI (2018)[20], the manufacturing
sector generates 27 % of the national total, wiito Df

TSP model, and a guaranteed-search method extaustistal employees. It makes the manufacturing searterof

because it becomes more impractical as it incredses
number of points (n). Increases the number of péssi
solutions to a TSP model (n - 1)! / 2 (if the difea of
travel is ignored), so, to find all the possibléusons to a
problem of 20 nodes, a computer-generated by, Ky,
solutions per second would require more than 18amil
years [15].

Also, the application of the Greedy Algorithm waed
to find the best solution for every step, with tiape that,
at some point, to obtain a better solution. [16]rael that
this algorithm seeks the best solution from a seleof
possible solutions. [17], who defined an algorithm
optimize again to obtain the solution of Greedydkithm
nature based on partial solutions and reach thesblksion
more quickly with fewer resources.

For a vast instance, the exact methods are ineffici

regarding resolution times, and here is where tr}ﬁa

metaheuristics help us to solve them. It is posgibbuild
an effective solution using the Greedy algorithome of
the solutions reported with this algorithm havesaror of
5% [18].

2 Background

This section is separated into two subsectionsfittste
subsection is about the analysis of the companisding
to their sizes, the number of employees and théemnas
they are located, and the second subsection ist dbeu
beer companies in Mexico.

2.1 Companiesin Mexico

According to the information of the National Ingte
of Statistics and Geography (INEGI) [19], the comipa
are classified into four types based on the nundjer
employees and their sales expressed in US dolidnsaw
exchange rate of 21.92.

the most important for the country. These datashmvn
in Figure 1.

National total Nastlggn:;tzc;tal
4169 677

National total

3223928 (Millions of pesos)

Other activities
(73%)

Other activities Other activities

(87%)

Manufactures
521744

Manufactures
2398 958.39
(27%)

(13%)

Companies Employees Gross total production

Figure 1 Importance of Manufactures in the Econdsource:
INEGI, 2018)

There is not enough data to analyze the behavior of
nufacturing companies by their size; for thisoea the
INEGI 2014 data will be employed for the analydike
manufacturing sector from 2008 to 2013 in the nundbe
companies grow a 12.1% in total, but the strata rist
grow was the micro with a 13.3% and the small deswe

in 8.5%, while the medium and the big grew 4.5% and
9.7%. The decrease of 8.5% shows that small corepani
have trouble to survive and that is the reasom¢od the
present work to help in the improvement of one tmal
Company. These data are presented in Table 1.

The indicator of increase or decrease in the nuraber
companies needs to be accompanied by the analfysis o
evolution in the number of employees. It becauseabgh
the companies show the evolution and the percemion
economic growth, the number of employees shows the
social impact of each one of the strata in the tgun
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Table 1 Evolution of companies by stratum 2008 2018 (source: economic census of INEGI, 2014)

Strata Companies Percentage
growth
2008 2013 2018 2008-2013
Total manufactures 436 851 489 530 521744 12.1
Micro 404 156 458 096 137
Small 22 349 20 455 8L
Medium 7113 7431 4.5
Big 3233 3548 9.7

The total growth of employees in the manufacturingvhile in Table 2, the micro-companies decrease. 2862
sector was 8.8 %. It is contrary to the growth obsgin  one of the reasons for these data could be thstiriove
Table 1. In micro manufactures, the number of eyg#s small companies are now micro-companies with fewer
decreased by 2.2%. In the small strata, the deznwas employees and fewer profits, and that could expthé
4.5%; in the medium strata, the growth was 6.7%,the  growth of micro-companies. In comparison, other lsma
best strata were in big manufacturers with a groefth companies conserved their profits but had fewer
17.4%. These data are shown in Table 2. Tablewsti® employees, that could explain that the percentbgearo-
growth of companies from 2008 to 2013 in quantityl a companies grew and the percentage of employees
percentage associate with this. While Table 2 shibes decreased. The reality that tables show is thosall sm
growth in quantity and percentage of employeesctdte companies are a vulnerable sector that needsthelpest
directly with the growth (positive or negative) dfe are only assumptions, that need more in-depth sisaly
companies. In Table 1, the micro-companies gro\@%3.

Table 2 Evolution on the number of employees laywstr 2008 and 2013. (source: economic census dBINED04)

Strata Employees Percentage growth

2008 2013 2008-2013

Total manufactures 4 661062 5073432 3.8
Micro 1080713 1057 456 ey
Small 467 197 446 181 45
Medium 797 907 851 506 -

. 2 315245 2718 289

Big 17.4

According to INEGI, Mexico (Country) is divided st of the Companies, 14.2% of the Employees, and 184%
five regions, South-southeast, Center-West, Cente¢he Gross Total Production. The percentage of eaefof
Northeast, Northwest. Each one of these regions wHwse regions in the Total National is presentehinle 3.
analyzed by INEGI to know the number of Companiefuebla is located in the south-southeast regienrafion
Employees, and the Gross Total Production. Theregf that brings more companies to the total Nacional
interest is the Region South-southwest, where RuelfAccording to Table 3).
located. This region contributes to the countryhv@i6.9%

Table 3 Economic regions of Mexico. (Source: ecangansus of INEGI, 20014)

Regions Companies Employees Gross Total Production
Percentages
Total nacional 100.0 100.0 100.0
South-southeast 36.9 14.2 18.4
Central-west 24.0 22.1 20.8
Center 24.5 249 26.6
8.6 27.5
Northeast 26.7
6.0 11.3
Northwest 7.5
~ 177 ~
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Puebla is the City with the most quantity of comipan The information about the contribution of Pueblgia
in the Region south-southeast. With a grew totahf2008 economy of México is vital because the Companydo b
to 2013 of 22.8%. The micro-companies grew 22.4%nalyzed is a beer manufacturing company settled in
small companies grew 38.6%, medium companies gré®uebla. This Company is of small size becausest32a
46.4%, and big companies grew 38.2%, being Puetla, employees. This Company is active in superstoxfee
grew more in the region. The input of each Citytlie shops, restaurants, and lodging houses.
region south-southeast is presented in Table 4.

Table 4 Companies by Entity according to theie s2013. (source: economic census of INEGI, 2014)

Strata Total Micro Small Medium Big
Absolute % Absolute % Absolute % Absolute % Absolue %
180574 100.( 176 471 100.0 2976 100.0 834 100.0 293 100.0
South-southeast
Campeche 3440 1 3349 1.9 63 21 18 2.2 10 3.4
Chiapas 16856 9. 16 580 9.4 215 7.2 44 5.3 17 5.8
Guerrero 26774 14.% 26 627 15.1 120 4.0 23 238 4 14
36964 20.t 36 712 20.8 210 7.1 29 35 13 4.4
Oaxaca
41 11« 22.¢ 39 46 224 1 14¢ 38.€ 387 46.L 112 38.2
Puebla
. 3043 1.7 2894 1.6 122 4.1 23 2.8 4 1.4
Quintana Roo
5075 2. 4 898 2.8 128 4.3 34 4.1 15 51
Tabasco
24674 13.7 23893 13.5 551 18.5 153 18.3 77 26.3
Veracruz
, 22634 12t 22051 12.5 419 14.1 123 14.7 41 14.0
Yucatan
2.2 The beer industry in Mexico products share the market with a lot of differerem

There are two Mexican corporations in the beer-etark brands, also with foreign beer-brands.
that dominate more than 97% of the market in Mexico According to [22], there are 55 economic unitstia t
Grupo Modelo and Cerveceria Cuauhtémoc Moctezune@untry dedicated to brewing, which generate 1.2%tal
(CCM), part of Grupo Femsa. Grupo Modelo had a mtarkgross production with a total gross production 8f403
share of 57%, while CCM had a market of 42% [left  million Mexican pesos. In the brewery industry work
a very reduced market to other breweries in theomalt 11,834 persons, of which 7.3% are women and 92aréo,
market. Also, it is necessary to take into accatat men. The brewery industry is number 14 in order of
foreign breweries corporations are interested ie thimportance in Mexico, as can be seen in Table 5.
national market; this makes harder the competifmm According to [22], the primary entities that produc
small companies. The product of the Company toysisid beer are Zacatecas with 18%, Coahuila with 15%widi
available in supermarkets, restaurants, and bdresel 12%, Nuevo Leon with 11%, Oaxaca with 11%, the othe

33% is distributed among other entities.

Table 5 Position of the importance of Brewing Coni@s in Mexico (source: economic census of INEGL52
Position of
importance

Industry

1 Petroleum refinin

2 Truck and Tractor Truck Manufacturi

3 Manufacture of basic petrochemicals of naturalagasrefined o

4 Manufacture of cars and truc

5 Manufacture of other parts for automotive vehi

6 Preparéon of softdrinks and other soft drin

7 Pharmaceutical industry (Manufacture of pharmacaupireparation:

8 Manufacture of electrical and electronic equiprand parts for motor vehicl
9 Steelmakers complex

10 Manufacture of gasoline eines and their parts for automotive vehi
11 Manufacture of other iron and steel prod
12 Manufacture of interior seats and accessories fiionvehicle
13 Food processing for anim
14 Brewing
~178 ~
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Mexico ranks as the fourth largest beer-producinig among the 14 most important activities of thantoy's
country in the world, after China, the United Statf manufacturing production, among a total of 291véiis,

America and Brazil. below oil refining, the manufacture of cars andcksy
Since 2010, Mexico is the leading exporter of beeamong others.

worldwide. Currently, one in five beers exportedtiie Brewing represents 29.3% of the total gross prodct

world is produced in Mexico. of the Beverage Industry, being the second mosbitapt

The production of beer is essential in the beverageonomic activity within it, as is shown in Table 6
industry because brewing, according to gross ptoshyc

Table 6 Importance of brewing in the beverage itigusource: economic census of INEGI, 2015)

SCIAN Code Economic activity Economic Busy Gross
units staff production

Branch 312 Beveragendustry 10cC 10cC 10C
Class 31211 Preparation of sodas and other soft di 1.t 39.2 54.¢
Class 312112 Water purification and bottling 89.9 40.1 4.8
Class 31211 Ice making 4.1 5.2 1.2
Class 312120 Beer making 0.3 7.2 29.3
Class 3121z Elaboration of alcoholic beverages based on g 0.3 1. 1.6
Class 31214 Elaboration of rum and other distilled cane dr 0.2 0.4 0.€
Class 31214 Elaboration odistilled agave drink 2.¢ 5.¢ 7.2

Other activitie 0.€ 0.7 0.1

According to the history, The Cuauhtémoc brewerZompany, for which the Company has its transpantati
group (Grupo Cuauhtémoc Moctezuma, 2012) emerges ©he Company has the problem of not having a plan to
November 8, 1890, in the City of Monterrey, Nuewh optimize the distribution of their product at thedl level,
and because of the needs of this group they stareate so this document focuses on solving this probletme T
companies to provide them, like Vidriera Monterrdy|sa Company has 17 small local customers in the City of
Factories Monterrey, Packaging Carton Titan, GrafBuebla. The Company sells two types of beer, aame tre
Regia, and Malta. With this history, it is easystmw how two presentations for each one, bottles and barféle
the born of new companies helps other companiestio  weekly customer's demand is 1364 bottles of bgee fy
or to grow, improving with this the economy of twuntry and 2021 bottles of beer type 2, the content obtiite is
and also if any company broke other companies aB50 ml, and are packed in groups of 12 in boxes.

affected. On the other side, there is a demand for one Gfelr8'
barrels of beer type 1 and demand of one of 2&litarrels
3 Problem Description of beer type 2. This Company supplies individualbtles

Company A is a brewery company that serves locil a®f products type oney{) and type y2), but these bottles
national markets. The national market is servedduyier ~are carrying on boxes, even if there are less 1ottles.
service, while the local market is served direttjythe The mentioned data are shown in Table 7.

Table 7 Weekly demand per customer
Product Customer Total Units

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

v 28 54 296 80 54 418z 78 41 54 28 27C 28 54 41 135 0 1364 Bottle

y2 54 108 1044 80 54 2667 79 41 28 26 27C 32 54 67 0 0 2021 Bottle

v3 0 0 0 0 0 0 1 0 0O O 0 0 0 0O ©O 0 0 1 Barrels
0 0 0 0 0 0 0 0 0O O 0 0 0 0 ©O 0 1 1

Y4 Barrels

In Table 8, four variables are used, whete y3 respectively. The same table shows the volumeyéight,
represents beer type 1, with bottles and barregmtations and the profit obtained by the Company from itesah
of 19 liters, respectively, whilg2, y4 represent the beer the case oflandy2, the volume is per box, while the profit
type 2 in bottles and 29-liters barrel presentatiorand the weight is per bottle.
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Table 8 Volume, weight, and profit of each product

Variable Volume Weight Profit Units
yl 574 4.2 USD 1.4 Box
y2 574 4.2 USD 1.4 Box
y3 2215 24 UsD 78.1 Barrel
va 2286.3 38.1 USD 117.5 Barrel
4 Research Methodology place toyl, y2, y3andy4 product, (a part of each) which

Because product distribution is required, and tligre as we shall see, do not exceed the capabilititseatiuck,

only one truck, planning the distribution as donetiree Since they are considered unique products. tissamount
steps, which are detailed below: is not considered, and if the total amount of eatthe
«  The KP model was used to obtain the load of theroducts is considered, the amount would not fithe
truck, assigning first the products that providereno Pickup truck in a single route. o
excellent utility to the Company, respecting thel herefore, the KP model developed by [23] was medif
volume, and the weight that can stand the truck. Trecording to the volume, weight, and profit of ea€hhe
KP was used first because it considers the volunfgesentations of the products chosen and the dbtzach
and weight of the products. It looks for first ssle Product the truck should carry. The proposed masiel
products that grant higher profit to the CompanyPresented below:
thereby ensuring that the first routes to provide = )
more profit to the Company — after that, the Objective Functior

Company will continue distributing the products n (1)
with less profit, giving attention to all customers MaXZFl)(Q
but prioritizing to customers that have a more k=1
significant impact on the company profits. Constraint
* Then, the TSP model was used to find the optimal ) k= 123 )

route that would minimize the distances, looking fo Q.= Dby
fuel economy.

«  Moreover, for last, the Greedy Algorithm was used Q. 3)
to assign the product to the customers. According t B =| = k=1
the TSP model of the previous step, it was T
respecting the loads assigned with the KP. B.*12=Q, k= 2,3 4)
" (5)
5 Case study Z"WQK < W
The data necessary to solve the problem were thank® 5
of the customers, the capacity of the vehiclesgdtbgance n (6)
from the warehouse to customers and between custpme ka B.s V
the volume and the weights of the products, thé afothe k=1
fuel, the value associate to each one of the ptsdiite 07 k=1 n (7)
case study was solved in three steps following the < e
methodology of section 4. B.OZ k=1,...,n (8)
51 Knapsack Problem (KP) Where:

The KP model is a problem that searches for the bes k are the products that assume values fromnl to
solution among a finite set of possible solutionsat nis the number of different types of products.
problem. It models a situation like filling a baelqk that Py is the value associated with each product.
can have constraints of weight or volume or bothje€ts T is the number of bottles per bok=(12).
in the backpack will have their weight and specifitume wi is the weight associated with each product
and will be selected so that putting them in thekpack vk is the volume associated with each product.
maximizes the total value, without exceeding the x, acquires the value of 1 if the prodids chosen and
maximum weight or volume. 0 otherwise.

Since the standard Knapsack selecting from existing  is the total weight of the vehicle.
products, those that could be placed in the trumk, V is the volume that the vehicle supports.

exceeding the volume and weight, the algorithm eatggl Dx is the total quantity of the product
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Q« is the quantity of product (in bottlek)assigned to The modifications to the KP in Lingo model are show

each route. in Appendix A; these modifications allowed the mioide
Bx is the quantity of produdin boxes)k assigned to assign the maximum amount to be transported itrtiog,
each route. respecting the constraints of volume and maximughie

that it can hold the truck in each route and they a

The objective function (1) seeks to maximize thafipr considered complete boxes for the route, eventifdsoare
obtained from the selected products and their égyaithe moved. Lingo cod®T variable receives the full amount of
constraint (2) allows selecting an amount of eacidypct each presentation of the product, while the vasidp|
that does not exceed the total amount to be tratexpd he allows fewer of each product, to accomplish witke th
constraint (3) determines the number of boxes teger restrictions of weight and volume of the truck.
numbers. The constraint (4) establishes the number  The y1 and y2 products were joined to obtain the
barrels in integer numbers. The constraint (5)fieexithat Knapsack since they provide the same utility to the
the weight of the selected products does not extleed Company. In order to assign the products to trekirihere
weight limit that can be supported by the vehidibe were three runs, where the KP respects the comistrai
constraint (6) verifies that the quantity of protbudoes not weight and maximum volume of the truck that was3L14
exceed the limits on the volume of the vehicle. Th&g and 57400m respectively. The volume, weight, and
constraint (7) verifies that the varialf for k=1, 2, 3 is profit for each of the presentations of the beerloa seen
an integer, to ensure that the bottles and thelsaare not in Table 6.
considered on fractions. The constraint (8) vesifteat the
variableBy is an integer, to ensure that boxes and barrels In Figure 8 for each product is shown the varigbles
for the calculation of volume, are not considerad owhere the variableis the volumew is the weightR is the
fractions. profit, Q is the quantity to calculate the cost and the hiteig

However, since the program seeks to fill a vehéeleh of the productsQT is the total quantity to transport in all
time optimally, some steps were cyclical, as shawn the three toursQ2is the number of complete boxes (even
Figure 2. if they are not full) and barrels to calculate #odume that

the vehicles will transport.

Also, to hold the assignment to give priority togucts

that provide more profit, so that the first routeasw

Lingo model scheduled to carry the load that maximizes prBfirrels
! (y3, y4) were assigned to the first route, and the regtef
Products data in Excel space was assigned to boxes of beer type 1 an@tfyde
(Volume, Weight, Benefit) y2), with a weekly profit of USD 326.5; route two cbas
. ) y1andy2 with a weekly profit of USD 141. Furthermore,
ineieel the quantity of each finally, route 3 comes witlyl andy2 with a weekly profit
BRodiiEttastias nok yet oeen of USD 129.5. With three routes covering the totaékly

allocatedis placed

1
The Lingo model is run

'

The obtained results are
registered (assigned products)

demand, as is shown in Figure 3.

No

All products
were
assigned

Figure 2Flowchart of the process of assigning modified
Knapsack
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Gl im ution und. o - -
obal optimal solution found T 3066.667 2763.067
Objective value: 107.812 0 0
Extended solver steps: 5 27 13
Total solver iterations: 226 -
Variable Value Value Value
V(1) 574.0000 574.0000 | 574.0000
v(2) 2215.000 2215.000 | 2215.000
v(3) 2286.300 2286.300 | 2286.300
w( 1) 4.200000 4.200000 | 4.200000
w(2) 24.00000 24.00000 | 24.00000
W( 3) 38.10000 38.10000 | 38.10000
R( 1) 30.66667 |  30.66667 | 30.66667
R(2) 1711.315 1711.315 | 1711.315
R( 3) 2575.164 2575.164 | 2575.164
variable for cost X( 1) 1.000000 |  1.000000 | 1.000000
and weight X( 2) 1.000000 0.000000 | 0.000000 Load distribution
:i 3: ;~332322 0000000, 1..0.900000 ., Tourl | Tour2 | Tour3
1 2.00000 | 100.0000 | 90.10000 !
Q( 2) 1.000000 | 0.000000 | 0.000000 } VLy2 L 100 9%01/91
Q( 3) 1.000000 0.000000 | 0.000000 1 y3 1 0 0
' QI 1) 282.1000 190.1000 | 90.10000 v4 1 0 0
vane?ble for gji 3 *gg;igg 0.000000 | 0.000000 Utility 326.5 141.0 129.5
volume T 1.00000¢ 0.000000 | 0.000000
200 33.00000 10070000 1 191200000 Volgme 57309.3 57400 52234
Q2( 2) 1.000000 0.000000 0.000000 WEIgth 448.5 420 378.42
Q2( 3) 1.000000 0.000000 | 0.000000
(b)

Figure 3 (a) LINGO runs to assign cargo to 3 rau(b) Distribution of products per route

5.2 Traveling Salesman Problem (TSP)

Karl Menger conceived the idea of the TSP model idistance traveled. Moreover, the constraint (1igefs the
the 1930s. This model seeks to minimize the tasahdce Vvehicle to leave only once from each City. The st
of a route that connects all nodes of a netwoskting each  (12) requires that the vehicle arrives only onoesteh City.
node once and returning to the starting point. T&® The constraint (13) avoids sub-routes of lengtlagrethan

model is shown below:

Objective Functior
n n
Mind > ¢ %
i=1 j=1
onstraints

> %=1 j=1.n

i=1j £

> %=1 i=1.n

j=1,j#

(10)

(11)

(12)

(n-1)% +y-y<(n-2), i,j=23,.. n 13

% 0{03, i=1.n,j= 1. m

Where:
c is the distance traveled.

i, ] are cities that take the value of Into

(14)

x;j acquires the value of 1 if a vehicle goes frony Cito

city j and O in another.

The objective function (10) seeks to minimize the

1. The constraint (14) ensures that the varigpig binary.

The distances between the customers were obtained
using Google Maps, to and from the Company, these
distances are shown in Appendix B, where the dépot
node one.

With the distances matrix, the TSP model is apphed
Lingo, and the result of the best route is the Aek8-12-
17-9-10-15-11-7-14-4-8-16-13-6-5-2-3-1, where thpat
is node one, as shown in Figure 11. In this figthe,
variable X shows the route obtained. The routersedqi
node one and connects with node 18. Later, itéessary
to find node 18, and in the figure, it is obsentiat it is
connected with node 12, following the route, can we
appreciate that node 12 is connected with nodeTb?7.
complete the route is necessary to follow the cotmes
to finally find that the node three return to ndglevith this
the route ends. In Figure 4, the nodes that weite no
connected (with cero) were omitted to avoid useemor
space for the figure.

Until now, it has been obtained the quantity anmbtgf
product to carry each route and the route to follomthe
deliveries.

u, Yy define a sequence of visits to the problem cities,
also representing the cities of origin and destmat

respectively.
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Global optimal solution found.

Objective value: 48.37600
Extended solver steps: 10
Total solver iterations: 2891

X(1, 18) .000000
X( 2, 3) .000000
X(3, 1 .000000

i S 0=Emom0m@-0m®

X( 6, 5)
X( 7, 149)
X( &, 16)
X( 9, 10)

X( 10, 15)
X(11, 7)
X( 12, 17)
X( 13, 6)
X( 14, 49)
X( 1s, 11)
X( 16, 13) .000000
X( 17, 9) .000000
X( 18, 12) 1.000000

Figure 4 LINGO runs to get the TSP model results e route obtained

X(s, 2)

.000000
.000000
.000000

2 (O (B=(D=(D=(D)

.000000
.000000

L S S S S S S S S S

The route obtained with the TSP algorithm wag a map, using the streets and their directiore fidute
modeled in MATLAB using strength lines to conndut t obtained with TSP to attend the customers is shiown
customer points. Also, the customer points wer@eoted Figure 5.

(a) (b)
Figure 5 The route obtained with the TSP algorith{@) drawn with MATLAB, (b) in a map

5.3 Greedy Algorithm

Finally, Greedy Algorithm is used to identify thatd
and sort it according to the route obtained with TSP The Greedy Algorithm was used to assign the praduct
model, and select the customers according todearand, for each of the three routes. When making the asségt
verifying that the demand is as close as possiblth¢ the customer's request, the goods of customer deair
result obtained in the KP, this process is showfigare 6.  divided into two routes, because the customer ddman
exceeds the capacity of the truck. Taking into antthe
result of the TSP model, and the allocation of Isoard
barrels obtained with the KP, a Greedy Algorithm is

performed for the specific allocation of produatseiach
route.
Sort the dataaccording to In Table 9, (customer column), the route designbted
Llbo Ll the TSP model for delivery is observed. In thedioihg
Select customers according to columns, the quantities of the product to be detideby
their demand, getting as close the KP are written.
as possible to the result
obtained with knapsack
Figure 6 Flow Diagram of the Greedy Algorithm
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Table 9 Assignment of the Greedy Algorithm

Customer Route 1 Route 2 Route 3
y1? y2* y3b y4 y1? y2*  y3®  y4 yl*  y22 y3b  y#

1
18 0 0 0 1
12 2.25 225 0 0
17 11.25 0 0 0
9 6.525 585 0 0
10 3.375 3375 0 0
15 4.5 4.5 0 0
11 4.5 225 0 0
7 3.375 225 0 0
14 2.25 2.7 0 0
4 11.75 0 0 0 13 86.985 O 0

6.75 5625 1 0
16 3.375 5625 0 0
1
13 225 225 0 0
6 4.5 4.5 0 0
5 6.75 6.75 0 0
2 2.25 4.5 0 0
3 4.5 9 0 0
1
Total 59.95 3443 1 1 13 86.985 O 0 40.55 4735 00
Volume 58643.55 57391.39 50368.5
Weight 420.165 419.937 368.55

2hoxes? barrels

The route one carries a load of products for twelvmute three delivery to 5 customers with 88 bokeBigure
customers. The load is composed of 95 boxes ougtgd 7 are shown the routes obtained, using strenggk fior the
andy2, delivery 1 barrel of3,and 1barrel of4. Route two union of customer points.
delivery to customer 4 with 87 boxgs andy2. Finally,

- r ¢
\Qm N & I
) N TE—— L

(a) (b) (c)
Figure 7 Routes obtained with Greedy Algorithmuteol (a), route 2 (b), route 3 (c)

5.4 Resultsdiscussion it supplies 12 customers and delivers 95 boxeshidm60

The combination of these three models helps usites boxes are of type 1, and 35 boxes are of type & parrel
the problems of deliveries by first delivering tducts of 19 liters of beer type 1, and one barrel ofiggd is of
that generate the highest profit to the Company arfger type 2. The route two was done for a custofigr,
optimizing the route to make those deliveriesoute one, boxes are delivered, which 13 boxes of beer tyaadl87
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boxes of beer type 2. The route 3, supplies fivdaroers, three routes is added, where the depot is theteedasd
and 89 boxes are delivered, which 41 boxes argpaf 1  the black spots are the customers, as can be rs&éguire
beer and 48 boxes are of type 2. The route of eftie 8.

L

(b) (c)

Figure 8 Route 1 (a), route 2 (b), route 3 (c)

The vehicle used for the Company is a truck with a The proposed model is based on the combinatiameof t
capacity of 1143 kg of weight. The dimension of laek knapsack problem, the Traveling Salesman Problewh, a
of the pickup truck is 225 cm x 135 cm. The boxas c the Greedy Algorithm. The proposed model satisfies
carry one on top on another, stocking a maximurtwof demand of customers, focusing on the profits adogri
boxes. With the maximum boxes stocked, the volume t the needs of the Company.

the vehicle can carry is 57400 €nirhe median fuel The scheduling of delivery days to the customer
consumption is 7.3 Km/liter. The current cost adsdil is supports production to keep track of a demand tyistod
USD 0.84. to carry out the production schedule, so that efthure,
In Table 10, the kilometers per route and the totdhey may have optimal delivery routes establisheds
kilometers of the three routes are presented. improving the attention to customers, avoiding the
shortage, and being able to give information oriveef
Table 10 Kilometers to cover the three routes. dates according to the scheduling of previouslgtgisthed
Route Km routes. Moreover, it also supports production plagio
maintain a suitable make to stock (MTS). As a feitwork
1 14.734 can be used, the Capacity Vehicle Routing Problem
2.37 (CVRP) instead of the TSP model.
3 37.151
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