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SUMMARY

The present project shows a simulation model based on waiting lines of one and two servers in a
convenience store, in order to be able to determine what the option is optimal for the company to
decide if it is necessary to open ana second cash register inside of the establishment Taking how
base Which one it the time of Hold on average y Yes is inside of the permissible limit of the company
and for this to establish the average time of the service to a customer, the times between customer
arrivals, the comparison of the simulation of a servidory Of servers, with the data obtained decide if
with an servidor is able to cope with the establecimientono overtaking the Limits of time of Hold on o
it necessary Of Servers for diminish the Times waiting. This project is carried out under the
methodology of Problem-Based Learning, where a through of proyectos Practical herself search
What the Students Put in practice their knowledge in class in one situation real y Seek Different
Solutions for his analysis.
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ABSTRACT

This project provide a simulation model based on waiting lines of one and two servers in an OXXO
establishment, in order to determine which is the optimal option for the company to decide if it's
necessary to open a second cash register within of the establishment based on the average
waiting time and know if it's within the permissible limit time of the company and for this to establish
the average time of service for a client, the times between the clients served, the comparison of the
simulation of one server and two servers, with the data obtained, decide if a server is enough for
the establishment without exceeding the waiting time limits or if two servers are necessary to
reduce waiting times.
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1. INTRODUCCION

One of the Main Factors What Influence in the decision of one customer to the buy in one
establishment is the time you have to wait to be taken care of, this happens in almost all
establishment and can be decisive in whether or not it has customers, the position within the market
and Including how one advantage Competitive with respect other companies; the present project
herself Focus on a waiting line inside a convenience store to determine if it is convenient or noabrir
the second cash register based on the permissible waiting time limits. Is important recalcar What to
take one decision as this is required of one analysis that involve time taking, pilot tests and most
importantly a simulation model that we will allow to see a panorama of how the behavior of a real
situation is, for himor the shot of data shall be carried out one day in the shift covering the peak
hours of the establishment, said schedule is from 7:00 A.M to 3:00 P.M. in which the times between
arrivals of the clients will be taken, the time herself service average; is important recalcar What the
taking of data it for the construction of our model of simulation by the What with base in it herself
Determine the time of Hold on of the clients y decide Yes one box Register it enough o it necessary
the aperture of one second box to reduce waiting times and be below the permissible limit of the
criteria of the enterprise.

1.1 Location

The establishment of which the analysis will be done is the OXXO of lomas de Angelopolis located
at the address Av. del Castillo 1, Lomas de Angeldpolis, 72830 Acatepec, Puebla. Fig. 1
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Fig. 1 Convenience store location

1.2 OBJECTIVES
1.2.1 General Objective

Design a simulation model of waiting lines to determine if one or two servers are necessary to be
in the permissible limit of waiting time of a client in the OXXO establishment of Lomas de
Angelopolis.

1.2.2 Specific Objectives

e Collecttimes between arrivals of customers in the establishment in the
morning shift.

e Take service time from average customers at the property on the morning
shift.

e Createtwo MM1 and MM2 simulation models of waiting lines.
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2. PROBLEM

One of the concerns of commercial chains, especially convenience store chains, is the service they
offer their customers, a service that is radically marked by the waiting time in them. For this reason,
each establishment of this large chain determines its permissible waiting times according to
its needs.

A convenience establishment is located in Lomas de Angelépolis that has 3 shifts, is
currently working with a cashier, thatis, under a model of simulation of waiting line with a
server (MM1), it is also known that, the permissible waiting time established is 4 minutes, while the
service time is 2 minutes and the time between llegacies are in a range of 0 to 4.5 minutes.
The data obtained from time between arrivals and service times throughout  the first shift,
that is, from 7 to 15 hours, are also presented.

You want to know if the standby line simulation model of a server (MM1) with which you are is
currently working is optimal or if necessary adopt a waiting line model with Of Servers (MM2), for
power fulfill with the time of itpear permissible already established in the first shift What it where
herself Find the hours pico y by end elder quantity of clients.

3. JUSTIFICATION OF THE MODEL TO BE USED

In the present project the waiting line models MM1 and MM2 are used, making a comparison to see
if it is necessary to implement a waiting line model with two servers, since currently the
establishment is working onlywith oneserver, for this reason a simulation model of a single server is
first made, to see how it is currently working and then we made a model with 2 servers to see what
benefits the implementation of a second box would bring to that establishment.

3.1 M/M/1 queuing system

In this model, the arrival process in many business situations follows a Poisson distribution. If, in
addition, service times can be properly modeled with exponential distributionand there is
only oneemployee, we speak of an M/M/1 queue system. Examples of queues modeled as
M/M/1 systems include some small banks, rural post offices, and prepared food stores.

This model is based on the following assumptions:

e The arrival of each unit follows a Poisson probability distribution with rate of
llegadas \.

e Servicetimes follow an exponential probability distribution, with service rate .
e The population of units seeking to be served is finite.

3.2 M/IM/K queuing system

A multi-channel standby line is made up of two or more service channels that are assumed to be
identical based on serviceability. Typical examples of M/M/K queuing systems include banks with
multiple ATMs, post offices with multiple service windows, and fast food restaurants with
multiple boxes.

In the multi-channel system, arriving units wait on a single line and then head to the first available
channel to be served. This model presents the following characteristics:

e Arrivals follow a Poisson probability distribution.
e The servicetime of each channel follows an exponential probability distribution.
e The servicerate p is the same for each channel.
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e Arrivals wait in a single waiting line and then head to the first open channel to

be served.
Table 1 Analysis of the statistical
. distribution
No. Clientes TIEMPO ENTRE LLEGADAS
1 7.449890861
2 7.376473412
3 2093180169
4 5.995433573 [DISTRIBUGION:] Johnson Transformation
5 551713683
6 6.432548006 r
7 6.50664818 | Session
8 2.141427355 N
9 5528895869
10 438680861
11 4.505179987
12 2132533848
13 5.697386176
14 2842976639
15 3.937222664
16 3135499124
17 3.328757852
18 4334181236
19 6793466379
20 6.835446064
21 2335165771
2 6.036955235
23 £ NSRAASAAS

Rationale: It is known that when working with standby line simulation models, our data follows a
normal distribution. In this case it can be observed that our data, with a sample size of
320, present a Johnson Transformationdistribution, given this situation it can be inferred that it is
because the data were obtained in a atypical day (Monday), thatis, a day where demand
is not very high compared to other days of the week.

Table 2 Simulation of the MM1 standby line

TIEMPOESFERA = 1 RN
model. REFLICA D
FROMEDIO 3028676
DESY. EST 031071333
LLEGADAS D CLENTES T CAPACIDAD SERVICID AL CLIENTE
TIEMPO ESPERA (wT) | ALEATORIO 2 [ T SERVICIO (ST) [ T. TERKINA SERY.[TSE] | T DURACION SIST. (TOS] | Tiempo Espera Promedio |
T 0718672383 0884035722 0.584025722 0384025722 0 0.061683185 1228130839 2 213216661 122310838 [l
2 0368275864 33MG16477 14836542139 4855542139 0 0308903415 2E700S5E42 7EERE37841 2ETO03664Z 0
3 0453728606 2041778728 6337320827 7EEEE37041 0.6283155H 03B3MB078 18614851 5416384354 2ATEEEMZT 0209438971
4 052116336 2345280357 2282691284 5416384354 013440307 033622605 17RET0IR48 112166882 1333104318 0130679996
5 0.068386764 0307740527 25903210 2156362 1625354391 0EIRIGIT 2256407598 134720338 3881771389 1477616875
[ 0420073844 1B90IETHIE 1148067931 134720938 1991414493 0EI9EESTE | 2457431299 16.9295251 4448045792 0729956478
7 0ZIEN472 1069247125 1254992643 159295251 3379598666 0207097301 1591732839 1752125794 97131505 1103442505
[] 0.713255173 3236648277 1578657471 1752125794 1734683220 0973122135 301773242 2053923118 4TE2EGE4T 1186722535
F] 046478579 2091536057 TFETBI0TT 2053923118 266120414 0ETZI54265 2224142766 2276327 40515317 1350544575
1o 035353451 1530307037 1946301788 22763273 3234256082 0E2EI007  24B0B04034 2622407 575R060176 1544316726
1 0206342231 0824040312 203930617 2522407504 4831013364 0ZTETERET  L70ET4TEZS 2683052567 BEITTETARE 1343852466
12 NEZETHES 3720292426 24133508 2683052667 2417475087 DIET42905  LB306EEATE 26768164 464342 1324304343
13 0IFI700E 052816507 2464151567 28.76U9164 419575372 056G DATHEIIG ETIGHE B.II7HITI0N 2093663705
" DEHETETS 3756938206 2039945295 AETAGHY 2480599521 077392678 2375924027 J225497TS 4BEE52I548 2121301977
[ 0033782989 0152023451 2055047741 332549775 4704500097 DESA265ATY 2190471669 545340917 5902931766 229051515
16 0536014356 24075673 A0I5E04471 3545340917 4435364466 0441443230 1326352057 3737976123 6.4217I6522 243130765
7 05554231 285549431 3351383902 3737976123 356622220 05050MEI5 2005264452 FIE04568 5572506663 243730065
1 0.27165IEEE 1222027443 36.03656647 FA.IB604563 436047214 0403366ETE  LETTETITTS 4126372346 6228156989 2600821871
1a 0337500039 A4 ZE00I7E 3926586664 426372346 2008056314 0866799531 331PRFAEY 458U 5IBTT4ERE 256862371
20 0405080848 1322683821 H7E53045 45814121 3502810752 0ES897IEEE 2260722655 46B42T 5763633207 216233082
21 045643325 065539721 4173392767 4684218377 5108236095 0200151886 | 1579460583 4842182435 BEETEIEETE 2.734952254
22 0194813362 0E7EEEN2TT 4261058799 4042162435 SEM0I6461 0786367071 2396939515 5081856267 2207975978 2B74TT4262
2 0026613 0072974750 4260356265 5081856267 FRECITFIES NS4E0E095 2055896328 528744602 1019099755 3103479703
24 0326460751 417 ala31 4586167203 528744602 6012788165 0EIZEIMIE 21614 5504300634 6182214303 2EATO0IE
25 0056602452 0254711213 47 63324 5504366634 7927503096 0200250561 LST9536705 5662352305 4507 L3301 3412813051
= 0576 2EEIE25124 4877800837 5562352305 ES4EGHETT 0SS160 2448206201 BANEITZEE 923171378 2544840036
27 05002731 228861229 5207752066 5ANES72E25 6492207567 001897436 L74066TEEG 603103361 BTIETEHE IETLE20I

28 0.828237303 ATHETOGEY 5520303125 E0.2103381 5001304855 0562963903 207924 B2EEIEITHE 7020636214 3.718878807
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Table 3 Replicas of the simulation

REPLICA1 REFLICA 2 FEFLICA 2 REPLICA 4 FREFLICA S
FROMEDIO 2E0420:3317 432770504 4221515164 2. 704806726 247101793
DESY. EST 0.EN3249486 102931585 1077E27802 0.213298313 044177405
Tiempo Espera Promedio  Tiempo Espera Promedio  Tiempo Espera Prom Tiempo Espera Promedio  Tiempo Espera Promedio
0 0 0 0 0
0003463362 0482572317 1005363297 0 0
0.006:309308 0303331944 OET2E35531 0.270EET149 0.59767HIES
0130011833 0620994742 1002432418 0910523707 1183328757
0383446706 1159363617 1509513632 11BTTF0247 1400578139
0862447751 1495138374 1497576867 1446528368 1498029954
1159610295 132126688 2450182591 15512029 1284026675
12318235077 1404671305 2716412433 152302336 1131347134
1561160363 1245537249 Z724613562 1424341133 1014563694
1843020731 1229657013 ZEEIOTID4E 123244702 0913365234
1EO5B46693 114740982 2737203 11EGBE092T 0830334758
1472026125 1051792335 2721788153 106370585 0243074627
1440353428 0970385232 27535696 0.936497 703 0235607628
1.3TE260831 0.981320517 2850253167 0916033636 096705651
1284500776 0930276274 3021562323 0975308034 1173099548
1204219477 1096030573 3436267 0354396535 1413439183
1133383037 1138192512 3E29183813 1013486257 1699363029
10707 1096462239 3913435514 1226786 HE 1844362478
101551238 1037306332 4077306193 1475386517 1877340944
0964736761 0.335316015 4233853437 1ri200eT2 1894271025
0951752609 0938967623 4350877521 1872500339 195005943
0308491126 0836207286 4373407794 2000733138 2073934414
087474749 0857318274 4. 323MEE3T 2019615289 2103966744
0337750201 0521598673 4344681945 2096137052 2100908106
05313495433 07357282 4.336TEES52 2139516709 2033936344
0732207162 0753396335 4346225873 234307037 2034395685

0753236513 0.745634953 4291311432 2346374338

Table 4 Summary Of the statistical

No. De Clientes esperando model 260
Probabilidad de Espera 10.94%
Tiempo de espera Promedio 5.308975922
Tiempo de Ezpera maximo 159. 1809506

2132974713

Through the graphit can be seen that the data do not present stability, the results do not
follow a relationshiplines, the random part demands that over time it stabilizes for the creation of

a more reliable model and that allows decisions to be made from that stability.
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Therefore, it is necessary to perform a normality test to calculate a new sample size.

No se presenta estabi en nuestros tiempos de espera

Tiempo de Espera

Fig. 2 Timeout stability graph.

The normality test is performed with a confidence level of 5%, for the development of a

test that allows us to verify the new values.

hypothesis
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TAMARO DE MUESTRA

PRUEBA DE HIPOTESIS Nuestre modelo presenta estabilidad con un tamafic de muestra de 2376

hD nula pc>=alfa no se recahaza si se tiene supuesto de normalidad ALPHA 0.05

hi alternativa pc<alfa se rechaza y no cumple el supueste de normalidad ERROR 0.1 Tiempo de Espera
alfa=05 DESV. EST. 109 6

pablas n 2376.2

p calculada s

wvalor p<.05 por lo tante se rechaza y no cumple supuesto de normalidad

Probability Plot of C1 3
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Fig. 3 Normality test

With this new normality test, the Ho is rejected and we accept the alternative, which allows us that
with the new run an n = 2376.2 is considered and that with this size the normality is fulfilled
according to the graph and its stability, so thatwe willalizaremos 5 replicas to evaluate the analysis of
normality in a deeper way Fig. 4

Las replicas tienden a una forma de estabilidad lineal por lo

cual se realiza el analisis de normalidad

Tiempo de Espera 5 réplicas
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Fig. 4 Stability with 5 replicas.
Fig. 6 Stability —model

With the above stability analysis, a stability model can be made to determine
the behavior of the data referring to the 5 replicas and being in the confidence interval as seen,
the model can be validated.

MODELO DE ESTABILIDAD

HO: si pr=alpha entonces no se rechaza por lo tanto cumple supueste de normalidad
H1:si p< alpha entonces se rechaza hipotesis nula y por lo tanto no cumple supuesto de normalidad
siendo alpha=0.05 se acepta nula

VALOR P=0.05 POR LO TANTO NO SE RECHAZA ¥ CUMPLE SUPUESTO DE NORMALIDAD

Probability Plot of C1
Normal - 95% CI

bl

Mean 3266

SDev 09254

85 N 5
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& P-Value 0053
B0
n
2w
S s
2
0
20

Fig.S Stability analysis
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According to the established concepts and the stability test, it is concluded

confidence, you can have a waiting time for customers in the

an interval of 2.11 4.41 minutes with a single cash register.

PROMEDIO 3.266
DESV.EST 0.9254
REPICAS
ALPHA 0.05
ALPHAS2 0.025
TSTUDENT 2776 2.7764451
R-1
IC 2.1171483 4.4148517

Con un 85% de seguridad podemos decir que
nuestre tiempe de espera para los clientes en
el O¥XX0 de Lomas de Angelopdlis esta en un
intervale de 2.11 a 4.41 minutos con una sola

caja registradora.

Fig. 7 Confidence interval

for a server

that with 95%
convenience store in
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In the case of a model of two MM2 servers, a similar analysis is performed where the times per Waiting
reasons are reduced by half, to create a shorter time effect of waiting under the consideration that
customers arrive in the same random way as the previous model, giving as result the following times Fig.
8. As a justification it is known that, when working with models of simulOnline waiting, our data follows a
normal distribution. In this case we can note that our data present a "Johnson" type distribution
Transformation”, before this It is inferred that this is debea that the data were obtained on a not very
crowded day (Monday), in where the demand No esmuy high in comparison with other days of the week.

TIPO DE DISTRIBUCION DE LOS DATOS DE TIEMPO DE SERVICIO A LO LARGO DEL PRIMER TURNO (7-15 HRS)

No. Clientes{ TIEM!

PO DE SERVICIO

1718

2.845

1.647

1719

2.988

2.467

2.643

2.527

1.244

1725

1.935

2.181

2.250

1931

2.298

2.183

1.510]

2.149

1.046

1.907

2.520

2.628

2.129

Fig. 8 Distributioh of daté

DISTRIBUCION |Johnson Transformation|

durrirAu;:j a éhift witH an MMZ nﬁodel.
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So the simulation model of 2 servers, shows us a small size and with short waiting times  for
the reason of the use of two servers.

Table 5 Statistics MM2

Mo. De Clientes esperando 87
Probabilidad de Espera 3.82%
Tiempo de espera Promedio 0.0422
Tiempo de Espera maximo 0.3919422

Through the graph of 5 replicas, itcan be observed that the data does not present stability
so it is necessary to perform a normality test to calculate a new size sample.

Las replicas tienden a una forma de estabilidad lineal por lo gue s

realiza una prueba de normalidad

Grafica tiempo de espera 5 replicas
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Debido a que tenemos dos columnas de tiempos de espera 1 y 2 para cada replica, calculamos los promedios de las
desviaciones estandar y promedio para obtener los estadisticos de 13z 5 replicas.

REPLICA1 REPLICA2  REPLICA3 REPLICAA  REPLICAS
promedic 003757 002717 004247 005987  0.0498
Desvest ' oo0108” ooos2” 001337 002017 00120

Fig. 9 Stability of 5 replicas

With the 5 replica model, the hypothesis test is performed to determine if it meets the assumption
of normality

[MODELD DE ESTABILIDAD

H0: =i px = alpha entonces no ze rechaza por lo tanto cumple supuesto de normalidad
Ht: 5i p< alpha entonces se rechaza hipotesis nulay por lo tanto no cumple supuesto de normalidad
=ienda alphas 0,932 se acepta nula

WALOR P> 0.05 PORLO TANTO MO SE RECHAZA ¥ CUMPLE SUPLESTO DE MORMALIDAD
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Fig. 10 Normality
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Once the assumption of normality has been verified, and the hypothesis test, the model is already
validated, so that the confidence interval determines the waiting time and if it is required that the
convenience store propose a second server with a few waiting times, according to an alpha of 5%
between 0.02 sec and 0.05 Fig. 11 . This time is very small almost negligible.

INTERYALO OE COMFIARNZA

PROMEDI 004325
DESY.EST 00z

REFICAS 5
ALPHA 0.05
ALPHAZ 0.025
TSTUDER 2776 2TTE445
E-1 4
Ic: 0.0273% - 0.05252

Conun 962 de seguridad podemos decir que nuestro
tiempo de espera para los clientes en &l 040 de Lomas
de Angelopodlis se encuentra dentro de un intervalo de
0,027 2 0.0528 minutos teniendo un modelo de 2
semvidores. Lo cual nos indica que es totalmente Factible
la implementacion de un segundo servidor, pues de ésta
maners los clientes estarian siendo atendidos alinstante.

Fig. 11 Confidence interval for MM2

4. CONCLUSION

Based on the results of both models, it can be concluded that the use of a single cash register is
not optimal for proper customer service because the  confidence interval obtained  indicates
that customers would be speeding a time of between 2.11 and 4.41 minutes. does not
comply with the parameter of the waiting time established by the store manager, which is 2
minutes, in addition to this model customers have a probability of 10.94% that they have to wait
to be served. On the contrary, when performing the  two-server model, we could observe that
the waiting time is very small since it is in an interval of between 0.027 and 0.058 minutes, which
indicates that customers would be being served immediately and would have a probability of waiting
of 8.8%, which is reduced compared to the model of a server, for the aforementioned itis
considered totally feasible to implement a second cash register in order to provide the best
service to the customers of the convenience store.

Based on the data analyzed for the models this did not obtain a normal distribution because the
data collected were not taken on a day of high or medium productivity puwas taken on a Monday
where thereis no increase in sales, another factor is that the shift we analyzed does not cover
most of the peak hours in which stable has an increase in customer service, finally that day
was close to fortnight so it is stipulated it was not a day of high economic flow.
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