& Statistical Sciences (IJAMSS)
ISSN(P): 2319-3972; ISSN(E): 2319-3980 ( : ) Engineering and Technology
Vol. 9, Issue 2, Feb—Mar 2020; 31-40

© IASET

International Journal of Applied Mathematics c International Academy of Science
L

IASET Connecting Researchers; Nurturing Innovations

CASE STUDY FOR VINAYAK RESTAURANT QUEUING MODEL

Garima Sharma® & Priya Agarwal®
!Assistant Professor, Department of Mathematics,SSMady University Science and Technology, Laksharang
Sikar, Rajasthan, India
’Research Scholar, Department of Mathematics, SLA®/NMniversity Science and Technology, Lakshmangarh

Sikar, Rajasthan, India

ABSTRACT

Waiting time and service system is a part of oulydde in various service areas such as: restatraddTM, Clinic, Toll tax,
Ticket window in cinema, Bus stand and RailwayicstatHere, our focus is on Restaurant Managemeste8y Every
restaurant loses their customers just because lohg queue and maximum waiting time. Restaurantigees more waiting
chairs only. We need to be improving the servioe tivhich shows improvement in queuing situatiome Hege apply queuing
model. This paper aims to shows the multi-channeling model M/M/S. We use M/M/S queuing modet $inis restaurant
has 10 service stations. We have obtained one naatilih customers data from a restaurant named “Yadarestaurant” in
Laxmangarh, Sikar city. Using little’s theorem ahd multi-channel waiting line model M/M/S. we hdeéermined the arrival
rate /. service rateu. The utilization ratep and the average waiting time in the queue befatting service. At Vinayak
restaurant, the arrival rate is 1.40 customers per minute (cpm). Customerngaiime is 10 minute and the utilization rate is

0.49. We have discussed the benefits of applyiaging model to a busy restaurant.

KEYWORDS: Queue, Little’'s Theorem, Restaurant M/M/S Queuirgd®l, Waiting Time, Restaurant Data, (A, B, C,
D.coeennn X, Y, Zmanner)
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INTRODUCTION

Queuing theory is the mathematical study of thegestion and delays of waiting in line. A waitingdi system or queuing
system is defined when a person or object spendgsiti waiting line to complete a transaction oivigt A waiting time

can be measured by its two extreme point of serédew level of service and a high level of seeviQueue or waiting
lines are familiar event to all, waiting line aretronly the lines of human beings but also the plare seeking to land at
busy airport, ships to unloaded machine parts tadsemblies, cars waiting in traffic, etc. Queuingory is concerned

with the statistical description of the behaviotigoeues with finding.

Queuing theory assesses two keys aspects — customal at the facility and service. This theosyused to
model and predict waiting time and the number aftamner arrival. This paper uses queuing theontudysthe waiting
line in Vinayak restaurant at Laxmangarh in SiKHhis is the busiest restaurant in Sikar. It prosid® tables for 52

customers. There are 10 waiters working at one.tibwing weekdays (Monday to Thursday) there arer a00
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customers who comes to the restaurant and durirekemels (Friday to Sunday) over 490 customers arrbetween

6:00pm to 10:30pm for enjoyment and dinner.
LITERATURE REVIEW

Literature review of queuing research that has begremented or the model can be used for machépair. Although
there is nothing new about the queue, the studyueties is modern phenomenon where it was datirg ieatwentieth
century. It was initially proposed by the Daniskepdone engineer A.K. Erlang in 1903. He raised ghablem over
telephone traffic congestion. Leading investigafanish mathematician A.K. Erlang has written tmeoty of probability
and telephone conversation in 1909. The area eplene traffic was ahead developed by Molins in7182d Theornton
D-Fry in 1928. It started only after World War Tlhe queue was extended to other common problenssweétiks inspired
engineers, mathematicians to deal with queuinglpmhusing probabilistic methods. Queuing theorgioated as a very
practical subject. Theoretical analysis of the gusystem increased significantly with the adven©pg&rations Research
in the late 1940s and early 1950s. The first tedxdkbon the subject queues, inventory and maintenaras written by
Morse in 1958. T.L. Satty wrote her famous bookefaént of Queuing Theory with Applications in 1961d&ynrock
completed their queuing system in 1975. Queuingrthbecame a field of applied probability and mafiyts results have
been used in Operations Research, computer sciggleepmmunication, traffic engineering and reliépitheory. It

should be emphasized that there is a living brarfictience where specialists publish lots of pamer books.
Basic Characteristics

A queue system fulfilled by the following basic cheteristics is specified: input process, queueiglige, service

mechanism, capacity of the system, service channel.
At a service center, there are one or more sepha@nels or service stations.

» If the number of server is infinite, then all thestomers are served instant on arrival and thelldoaiino queue.

Every customer takes service without any wait.
» If the number of server is finite, then the custmsrare served according to a specific order.

« If the service stations are empty, then the argyinstomers will be served immediately. If senicaot available

then the arriving customer will not wait anymoraistbmer leaves the system after taking service.
Characteristics of a Queuing System

Queuing model have two main elements- customersander. Generally, customer is called units. Customay be a
person, machine, vehicles, and etc. i.e. the wiltdbe the same as a system will be. A servehédystem that provides
service to customer; this may be single or muliratel. Customer originates from a single sourcéhdfcustomer are
equal and less than to server then the serverges\gervice to the customer immediately. If thearasr is more than the
server, then the customer waits to receive serlidbere is more than one waiting customer, then waiting customer
makes a queue. When server completes servicetamatically pulls a waiting customer from the queifieany. If the
gueue is empty, then the server becomes inactitieaumew customer arrives. A queuing model is clatgly specified by
6 characteristics:-
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« Arrival time distribution: - it represents the imng pattern of the customer in the system. Invemgitime, the
number of arrivals is estimated by using a discpgtgbability distribution. The arrival time followoisson

distribution.

» Service time distribution: - it represents the @attin which the number of customer leaves theesystA
description of the resources needed for servicbemin. It is independent of the inter-arrival tire follow

exponentially probability distribution.
« Service channel: - the waiting line system have tiypes of service channel-

Single Service Channel: in this channel, the system has only one servethénsystem number of service

channel which may be arranged in parallel or ifesesr a complex combination of both.

Multi Service Channel: in this channel, the system has s server. Themsyistées a number of parallel channels each

with a server.

* Queue discipline: - there are several possibilitieerms of the sequence of customer to be sesueld as- FCFO
(first come first out); these disciplines are conmneog. railway stations, doctor’s clinic. LIFO ({as first out) i.e.
the last one to come will be the first to be serlikel in a big warehouse and SIROC (service in candrder)

based on priority.

* Queue lengths: - queue in a system can be modadleh infinite or finite queue length. A limitedusce range

customer arrival for service.

e System capacity: - the maximum number of customex $ystem can either be finite or infinite. Itcalacludes
customers waiting in queue. Only limited numberswastomer are allowed in limited facilities, systand new

arrivals. It is not allowed to join the system uiitfalls below the specified number.

Kendall's Notation
Queuing model can be expanding in the following lsghc form- (a/b/c): (d/e/f)
Where

* a=arrival time

* b = service time distribution

e ¢ =number of channels (1, 2, 3,4 ...)

» d = capacity of system

* e =queue discipline

» f=size of calling source

The above notation is known as Kendall's notatiéinst three characteristic in the above notatien (a/b/c) were
introduced by D. Kendall in 1953 and the remainiogation i.e. (d/e/f) added by A. Lee in 1983.

This notation is not suitable for describing compheodels i.e. queue in series or network queue.
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Little’s Theorem

Little’s theorem is given by John Little. This them describes the relationship between arrival sewdice rate. The
average number of customer in the system is equatrival rateh multiplied by the average waiting time in the geleu

which can be written as —
Ls=AWs Q)
Here —\ = mean arrival rate for customers coming to tretesy.
W = expected waiting time in the system.
The result applies to any system and particuldrigpplies to system within system.
There are three fundamental relationships whichbeaderived from little’s theorem —
* If X or W; increase thendis also increase.
* If Lgincrease or \Wdecrease thehnincrease.
* If Lsincrease ok decrease then Yihcrease.
Vinayak Restaurant Model (M / M / S: FCFSko)

We observe one month daily customer’s data withhbk of restaurant manager. We know all aboutrdstaurant
capacity and the number of waiters and waitresthbyhelp of restaurant manager. Based on the abéwenation, we
have decided that the queuing is (M/M/S: FCES/

In this model, the customer arrive in a Poissotritistion with mean arrival ratg. S is fixed which states the
number of service station. Service stations arenged in parallel, if system is parallel, then atemer can go to any of
the free counters for his service. The service timfieeach counter is identical and follows the saexponential

distribution. The mean service rate per busy serisig. Restaurant has 10 server i.e. S=10.

Here, S=10 and Sn.

[ ]
M Server 1@ ’
= N
SErverE“ '
n
Arrival M sarvers @ 4 Departure
| Customers N , N [
: | ]
/H\/H\/H\ |
|
-
ServerS“ >

Figurel: Representation of M/ M / S Queuing System
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Assumption
e Customer comes from an infinite population.
» They follow the Poisson distribution.
» Aservice discipline is FCFS i.e. first come fisgtrvice.
» Service time follows the exponential distribution.
When there are n units in the system, we have iwat®ns for service rate-
» If S>n, the entire customer may be served simultangaushis situation. System will be in no queue and
e  (S-n) number of server remains in the system.
. u=muforn=0,1,2,3........... S.

* If n > S, in this situation, all server are busy and eaystwill be in queue and maximum number of customer

which are waiting in queue i.e. (n-S).

o= St
Here, this paper aims that all customers shouldsgetice and the waiting time of customer is mimmin the

gueue. So, we take, = nu (S>n).
The utilization factop <1 orﬁ<1 i.e. the average service take is faster thaatkeage arrival rate.

For analysing the Vinayak restaurant M/M/S queuimgdel the following variables. There we will be

investigation variables.
A =2, the mean customer’s arrival rate.

u=ny,(forn=0,1,2,3,......... ,S) if $ n, the mean service rate. (2)
p =ni” ., the utilization factor. )
Probability of zero customer in the restaurantif sandp < 1-

C[es—1 1A\, 12\
Po=[Zizhn () +56)
If p >1 then probability of zero customer is-

= [ys-1 L (A)* 4 L(2Y
Po = [Zn:ﬂ n! (u) + s! (p.)
The probability of having n customer in the ressautiis S> n —

Po=[~(2)"|ro ©)
n! \u

L the average number of customer in the queue-

(1ip)]_ Q)

-1
= (5)

_ [ pGp)¥
L= [Py ™
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Ls: average number of customer in the restaurant —

Lo=La+] ®)

_[ pGp)® A
sT [s!(i—p)Z]PO + u
W, : the average waiting time in the queue —

w, =4 )

_[__Gp)s
Wq - [nus!(l—p)z]PO

W; : the average waiting time spent in the restaurant

Ws = " (10)

_ (sp)s 1
Ws= [nus!(l—p)z] P0+/L

OBSERVATION AND DISCUSSIONS

The one month daily customer’s data were shargtidyestaurant manager as shown in Table 1

Table 1
Week | Monday | Tuesday | Wednesday| Thursday | Friday | Saturday | Sunday
| 15" week 250 208 290 270 500 550 595
2" week 210 280 227 255 539 545 53(
39 week 230 225 282 229 540 582 59(
4™ week 300 231 249 249 590 600 571
J00
00
S00
A00
300
200
100
0
mon. tue.  wed. thu. fri. sat. Sun.
1stweek 2nd week
3rd week Ath weelk

Figure 2: One Month Daily Customer Counts.
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Chart Title

2500
2000
1500
1000

500

mon. tue. wed. thu. fri. sat.  sun.
Figure 3: One Month Total Customer Counts.
Calculation

On average, there are 380 customer comes to ttzaurast in 4.5 hours during dinner time. So, thiesal rate is-

A :%: 1.40 customer per minute (cpm)

From the observation and discussion, we have fautdhat on average customer spends 30 minutg ithe

restaurant. Queue length is around 15 customg)s@n average, waiting time is around 10 minute.
Now, using efj(9) —

W, == = 10.71 minute

1.40

It is noted that if we compare the actual waitiirget and theoretical waiting time then the differermetween

both times does not very much.
The average number of customer in the Vinayak ueatd. Using little’s theorem using (1) -
Ls =AW, = 1.40*30 = 42 customer

We can derive the service rate by using &) —

p!
Ls=Lq +;
1_1 1
;_E[LS_ Lq] —m[‘l—Z-lS]
1=19.28
u
4= 0.051

Here,weuseg =nuforn=0,1, 2, 3... S.
So,m=Y3_on*u=y12 n=x0.051=2.805

Hence, using €¢(3) —
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p=2=2% = 04991

nu  2.805

With high Utilization factor 0.49 during dinner ped. The probability of having zero customer in testaurant

here,p < 1 so we use éd4) -

Po=[Zih 2 (2) + 2 ()

Po =281

-1
(lip)]

i.e. probability of having zero customer in thetaesant is 2.81.

Evaluation

e The utilization factor i.ep = - wherel is a mean number of customer’s arrival rate amsla mean service rate

andn=0,1,2....S.

» If the mean number of customer will increase, ttrenutilization factor will also increase. So, vancsay that the

utilization factor is directly proportional to tmeean number of customer igex A.

» If the service rate increases then the utilizafator decreases. We can say that the utilizatotof is inversely

proportional to the service rate ipex % .

« In this restaurant, the utilization factor is OwBich is high.

* In case where the customer’s waiting time is lbas tL0 minute, then the number of customer thasemesd per

minute in the system will increase.
Benefits

As Vinayak restaurant is the busiest restaurailkar city, this paper (research) can help thisargsint to ascertain their
QOS (quality of service) to increase. If there arany customers in the queue, A model can be crdatedake this
improvement, as now the restaurant can estimate rhany customers will be waiting in the queue, legdio a large
number of customer projected to arrive at the systéth a view to receiving service. The formulasyde a network for

creating restaurant queues that are simpler thastieation.
CONCLUSIONS

This research paper has discussed the applicdtionlt-channel M/M/S queuing model in Vinayak @asgtant in Sikar. We
applied the M/M/S model. We have obtained the cuostts arrival raté. is 1.40 cpm and here, we take service ratg enu,
(forn=0, 1, 2,3... S).If S n[using ef(2)] so, m=Y5_, n = u is 2.805. And, the probability of having zero omsérs in the
restaurant is 2.81. As our future work, we will eieyp a simulation model for the restaurant. By tgieg a simulation model,
we will be able to confirm the results of the atiaBl model which we have developed in this pa@ereuing analysis is one of

the most practical and effective tools for undemditag and aiding decision making in managing @itiesources.
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