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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. 

 
 
 

Keywords: 

Simulation   model  of  a  server, 

 
 
 

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 Angelópolis located 

at the address  Av. del Castillo  1, Lomas  de  Angelópolis,  72830  Acatepec,  Puebla. Fig. 1 
 

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  

Angelópolis. 

1.2.2 Specific Objectives 

• Collect times  between  arrivals  of    customers  in  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. 
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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  Angelópolis  that  has    3  shifts,  is    

currently  working  with  a  cashier, that is,    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: 

• The arrival  of  each  unit  follows  a    Poisson  probability  distribution    with  rate  of  
llegadas  λ. 

• Service times      follow  an exponential   probability    distribution,    with  service  rate  μ. 

• The population  of  units    seeking to be  served  is  finite. 

 

 
3.2 M/M/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: 

• Arrivals  follow  a Poisson   probability    distribution.   

• The service time      of  each  channel  follows  an exponential probability    distribution.   

• The service rate    μ  is  the same  for  each  channel. 
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Table 1  Analysis  of  the  statistical  
distribution 

Table 2  Simulation  of the MM1 standby    line    
model.   

• Arrivals  wait  in  a  single    waiting  line  and  then    head to the  first  open  channel  to  
be    served. 

 

 

 
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), that is,    a  day  where  demand    

is not  very  high  compared    to  other  days  of the week. 
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Table 4  Summary of the  statistical  
model 

 

 
 

Through    the  graph it 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.   

    Therefore,  it  is  necessary to perform  a  normality  test  to  calculate  a  new sample size.   
 

 

Fig.       2  Timeout  stability    graph. 

 

 

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. 

Table 3  Replicas  of the    simulation  
model. 
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Fig. 5  Stability    analysis 

 

 

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 
 

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.   
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According to the established concepts and the stability test, it is concluded   that  with    95%    

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

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

 
 

Fig. 7  Confidence interval      for  a  server 

 

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. 

 
 
 
 

Fig. 8  Distribution  of  data  during  a  shift  with  an  MM2 model.   
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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 

 
 

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  size sample.   

 
 
 
 
 

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 

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. 

 

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    it is  
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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