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Summary -  This    project  shows  a simulation model    

based on waiting lines of one and two servers in a convenience 

store, in order to determine   which  is  the  optimal  option 

for the  company to decide  if it is necessary to open a second 

cash register      within  the  establishment  based on  what  is  
the  average    waiting  time  and  if it is  within  the  permissible  

limit  of  the company and for this establish the average 

time of the service to  a  cliente,  the  times  between  arrivals  

of  the  clients,  the comparison of the simulation of a 

server and two servers, with the data obtained decide if 

with a server the establishment is supplied not exceeding 

the waiting time limits or two servers are necessary to 

reduce the waiting times. This  project  is  carried out  under  
the  methodology  of  Problem-Based Learning, where through 

practical projects it is  sought  that students put their knowledge 

into practice in class in a real situation and look for 

different  solutions for  their analysis.   
 

Term Index    -  Simulation model    of  a  server   
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I. INSERTCION 

One of the main factors influencing the decision to a customer 

when buying in an establishment is the time that Has What 

wait for be Attended this Come in in almost all the 

establishments and can be decisive in whether or not you 

have clients the position inside of the market e Including how 

one 

competitive advantage over other companies; the  present   

project  focuses    on    a  waiting  line  within  a  convenience 

store todetermine whether or not it is convenient to open  the  

second  cash  register  based  on  the permissible waiting time 

limits.  It is important to emphasize that to make a decision 

like this, an analysis is required that involves taking times, 

pilot tests and most  importantly a simulation model that will 

allow us to see an overview of how the behavior of a real 

situation is,  for this the data collection will be carried out one 

day in the shift that covers the peak hours of the 

establishment,  this  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 average service time; it is important to emphasize 

thatthe data collection is for the construction of our 

simulation model so based on it the waiting time of the clients 

will be determined and decide if a cash register is sufficient 

or it is necessaryto    open a second box to  reduce waiting 

times and be below the permissible limit of the  company's    

criteria. 

 
A. Location 

 
The establishment of which the analysis will be done is the 

OXXO of  lomas de    Angelópolis  located  at  the  address  

Av. del  Castillo  1, Lomas  de  Angelópolis,  72830  

Acatepec,  Puebla 

mailto:carlos.ibanez@correo.buap.mx
mailto:nroxana.ruiz@correo.buap.mx
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Fig 1. Convenience    Store     Location 

 

Source:  Google  Maps. (n.d.). Map  of  Oxxo Lomas de    Angelopolis,  
Puebla. Retrieved      November   22,  2020, from  
https://www.google.com/maps/place/Oxxo+Lomas+Angelopolis/@19.005799 

,- 
 

 
B. Objectives 

 
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    Angelópolis. 

 

2) Specific objectives 

 

-- Collect  times  between  arrivals  of  customers    at  

the establishment in the morning shift.   

-- Take  service time    from  average  customers  at  the  

property  on the morning   shift.   

-- Create  two    MM1    and  MM2 simulation models  of    

waiting  lines. 

 

II. 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    

Angelópolis  that  has    3  shifts, is currently working with an 

ATM, that is,  under  a model of  simulation  of    waiting  

line  with  a server (MM1), it is also known that, the waiting 

time  Permissible  set  is    4  minutes,  while    the service 

time is 2 minutos and the time between arrivals  is in a range 

of 0 to 4.5 minutes. The  data  obtained  from  the  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 line simulation model of waiting 

for a server (MM1) that you are working with currently it is 

optimal or if it is necessary to adopt a model waiting line with 

two servers (MM2), to be able to fulfill with the time of Hold 

on permissible already established enel first shift, which is 

where the peak hours are located and by end greater quantity 

of clients. 

 

 

III. JUSTIFICATION OF THE  MODEL  TO BE  USED 

 
In the present project, the MM1 and MM2 standby line 

models are used, haciendor  a  comparison to see  if  it  is 

necessary to implement a waiting line model with two  servers  

[2],  since    the  establishment  is  currently  working  only  

with a  server,      for  this reason first a simulation model of a 

single server  is made,    to  see  how it is  currently  working  

and then we make a model with 2 servers in order to see  what  

benefits  the     implementation  of  a second  caja. 

 
A. M/M/1    queuing systems 

In this model, the arrival process in many business situations 

follows a  Poisson distribution. If, in addition,  service times 

can be properly modeled with the exponential distribution 

and there is only one employee, we speak of an M/M/1 

queuing system. Examples of queues  modeled as M/M/1 

systems include some small  banks, rural post offices, and  

prepared food stores [3]. 

This modelo  is based   on  the  following  assumptions: 

-- The  arrival  of  each  unit  follows  a  Poisson    

probability    distribution  with  delegated  rate  λ. 

-- Service  times      follow  an exponential 

probability  distribution,    with  service  rates  μ. 

-- The population  of  units  seeking    to be served  is  

finite. 

 
B. M/M/K    queuing systems 

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  

[4]. This  model      presents the  following  characteristics: 

https://www.google.com/maps/place/Oxxo%2BLomas%2BAngelopolis/%4019.005799%2C-
https://www.google.com/maps/place/Oxxo%2BLomas%2BAngelopolis/%4019.005799%2C-
https://www.google.com/maps/place/Oxxo%2BLomas%2BAngelopolis/%4019.005799%2C-
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--     Arrivals  follow  a Poisson probability    distribution.   

-- The  service  time    of  each  channel  follows  an 

exponential probability    distribution.   
-- The rate of μ services  is  the  same for each channel. 

 --     Arrivals  wait  in  a  single  waiting  line  and  then  head  

to the  first  open  channel  to  be  served  [5].   

 
TABLA I 

ANÁLISIS  DE  LA  DISTRIBUCIÓN  ESTADÍSTICA 

 
Source: Own  elaboration 

1) Justification: 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  Transformation  

distribution  [6] and [7], in this situation it can be inferredthat 

it is due to the fact that the data were  obtained on an atypical 

day (Monday), that is, a day where the demand is not very 

high compared to other days of the week. 

 

SHEET II 

SIMULACIÓN  DEL  MODELO DE  LÍNEA  DE  ESPERA  
MM1 

 

 

 

 

 

 

 

 

 

Source: Own elaboration  

TABLE  III 
RÉPLICAS  DEL  MODELO  DE  SIMULACIÓN 

 

 
Source: Own  elaboration 

 

TABLA IV 
RESUMEN  DEL  MODELO  ESTADÍSTICO 

 

Source: Own  elaboration 

 

 

 

Through the graph it can be seen that  the data do not present 

stability, the results do not follow a linear relationship,  the  

random  part    demands  that  over  time  it  stabilizes for the 

creation of a more reliable model and that allows from  that  

stability  to make decisions. 

    Therefore,  it  is  necessary to perform  a  normality  test  

to  calculate  a  new sample size.   

 

 

Fig 2. Timeout        stability  graph   
Source: Own  elaboration 

 

 
The     normality  test   is       performed    with  a  

confidence  level  of  5%,  for  the  development  of  a  

hypothesis  test  that allows us  to  verify  the new values. 

 

 

Fig 3. Normal  stability    test 
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Source: Own  elaboration 

 
 

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 thatwewill alizaremos 5 replicas to evaluate the analysis  of  

normality   in a  deeper way.  
 

Fig 4. Stability  with  5  replicas 

Source: Own  elaboration 

 

 
With the above stability analysis, a   stability  model can be 

made to    determine  the behavior of the data referring to the 5 

replicas and if they are in the confidence interval as can be 

seen, the model can be validated. 
 

Fig 5. Stability    analysis 
Source: Own  elaboration 

 

 According   to   the established concepts and the stability 

test,  it is concluded    that  with  95%of 

Trust, you can have a waiting time for customers at the 

convenience store in an interval of 2.11 to 4.41  minutes  with 

a  single  cash  register. 

 
Fig 6. Confidence interval      for  a  server 

Source: Own  elaboration 

 
In the case of a model of two MM2 servers [8], a similar 

analysis is performed where the waiting times are reduced by 

half, to create an effect of shorter  waiting times under the 

consideration that customers arrive from the same random 

formthan the previous model, resulting  in the following times 

7. As a justification it is known that, when working with 

waiting online simulation models,  our data follow a normal 

distribution [9]. In  this case we can see that our data present a  

Distribution  of  Johnson  Transformation type,   in  this 

situation it is inferred that this is  because the data were  

obtained on a not very busy day (Monday), where the demand 

is not very high compared to otherdays ofthe  week. 

 

 

Fig 7. Distributing    data  during  a  shift  with  an  MM2  model 

Source: Own  elaboration 

 

 
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 V 

ESTADÍSTICA  
MM2 

 

 
Source: Own  elaboration 
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Through the graph  of 5 replicas, it can be observed that the  

data does not  present  stability  so  it    is  necessary to 

perform  a  normality  test  to  calculate  a  new sample size.   

 

 

 

 
Fig 8. Stability  of  5  replicas 

Source: Own  elaboration 

 
 

With the    5 replica   model,  the  hypothesis  test is 

performed    to  determine  if  it  meets  the  assumption  of  

normality 

 

 

Fig 9. Normality 

 

 

Checked the Supposed of normality y the test of hypothesis, 

you already have the model validated, so that the confidence 

interval determines the timeout and whether it is required the 

convenience store to propose a second server with timeouts, 

according to an alpha of 5% between 0.02 Seconds y 0.05 

Seconds Fig. 10. Saying time is very small almost despicable. 

 

 

Fig 10. Confidence interval      for  MM2 

Source: Own  elaboration 

 

 

 
IV. CONCLUSIÓN 

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  tells us that    customers  would be  waiting 

a    while    between 

2.11 to 4.41 minutes which does not meet 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%  in  which  they have   to wait to be 

served. On the contrary, when making the model of  

dosservidores,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  served  immediately  and  would have  a  

probability  of  waiting  of  8.8%,    which is   reduced    

compared  to  the  model  of  a  server,  so     Above 

mentioned  is  considered  totally  feasible  the  

implementation of 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 

because they were taken  on  a  Monday  where they   were  

not  there is   an increase  insales, another factor is that the 

shift we analyze does not  cover  most    of  the  peak  hours  in  

which   
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the establishment 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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