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ABSTRACT

In the country like India where Railway is one bé tmost popular and cheapest means of transportattois
always difficult to book confirmed tickets for fjoerney. The population that the country has it sfoematch up
with number of trains running on various routes exsplly those connecting the metro cities. IndiaaiRay is
trying to meet the ever increasing demand of ovkiom people. This paper presents the Railway Res@n
System which is at Bapat Chourah, Indore, M.P, dndifter studying advantages and disadvantagesystesn
structure, this paper recommends changing the ptegeeuing system to alternate queuing systemytidahe
inconvenience of passengers. It was proved thatrtiodel of the queuing system is feasible and dkelts are
effective and practical.

Key words: M/M/1 queuing model,E,/M/1 queuing model, Alternative queuing model, Tatkallway
reservation system

INTRODUCTION

Indian Railways, which had a modest beginning i53l8has since then been an integral part of thimmata
network that has held together a population of loition. A self-propelled social welfare system thes become
the lifeline of a nation, Indian Railways has wowersub-continent together and brought to life tbecept of a
united India. The railways in India are the largesit web in Asia and the world’s second largestdemone
management. With a huge workforce of about 1.6%5ianil it runs some 11,000 trains every day, inahgdv,000
passenger trains. The tale of how railway commuiuicagained foothold in India, where the locomotivas once
considered as a “fire-spitting demon”, is indeedimt®resting one. As matters started to gain moumentthe
Bombay Great Eastern Railway locally prepared pfangonstructing a railway line from Bombay to theccan.
But the British already had a concrete plan inrth@hds and soon things began to take shape. mhdriBombay
was ready by November 1852 and a few engineersdaedtors of the GIP (Great Indian Peninsula Rajwa
Company had a trial run between Bombay and Thapweder officially, the first train in India (and iAsia) was
flagged off on 16 April 1853, Saturday, between Mvamand Thane, a distance of 34 Kilometers. Theoitapce
of the day can be gauged from the fact that the liBgngovernment declared the day as a public halitlag train,
hauled by three engines Sindh, Sahib and Sultaiedass many as 400 passengers in its 14 coachis debut
run. The Great Indian Peninsula Railway had ordarsdt of eight locomotives from Vulcan Foundrygknd, for
the purpose. A suit of Durbar Tents erected at €haelcomed the first train and a cover for four dnea persons
was built with tables laid with menu literally grdag under every delicacy of the season. The Indidlways are
considered to be having the largest network o raild having the busiest rail network in all over world. Even
today there is a continuous growth in the netwdrthe railways.Reserved travel by Indian Railways is facilitated
by the Passenger Reservation System (PRS). PRSd@soveservation services to nearly 1.5 to 2.2 ionill
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passengers a day on over 2500 trains running thouighe country. The PRS Application CONCERT (Goyn
wide Network of Computerized Enhanced Reservatiod @icketing) is the world’s largest online resdiva
application, developed and maintained by CRIS. 3ysem currently operates from five data centehe Jerver
clusters are connected together by a core netvhatkenables universal terminals across countrgutiir which the
travelling public can reserve a berth on any trhtyween any pair of station for any date and cléatkal booking
is offered in Indian Railways to help the passesgertravel in urgency. A specific number of tickere kept aside
exclusively for this purpose. Tatkal ticket cantimoked only one day in advance prior to your joyrrigsually
railway tickets can be booked as early as two nwirttadvance for a planned journey. But there acagions one
has to travel on an emergency such as for a hbspsis to attend an interview, or for any othegrgonal or
business purpose, and the traveler could not plenadvance and reserve the railway ticket. Tatka blessing in
such occasions. Tatkal bookings are available onbertain trains, not all. Tatkal tickets are ®além in all classes
except First AC. Tatkal Booking starts one daydwance (reduced from 2 days) excluding the dayoitjey e.g.
for a journey on third day, bookings would operi@tam on second day. However, the day of journelefmed as
the day of chart preparation. So if the train starty. on third day, and reaches the desired b@asdation on fourth
day the Tatkal booking will start on second andthotl. About 1.16 million berths and seats areksoba day, out
of which Tatkal accounts for 0.17 million seats dmdths on 2677 trains. Tatkal booking yielded nemeof Rs.
8470 million during 2011-12. This paper presents Ruilway Reservation System which is at Bapat @iigu
Indore, M.P, India, after studying advantage amsédivantage of system structure, this paper recomisnemanging
the present queuing system to alternate queuirtgray$o avoid the inconvenience of passengers.

MATERIALS AND METHODS

A. The basic indexes of the queuing systems
n = Number of passengers in the system at time
A = Mean arrival rate (humber of arrival per unit time
u = Mean service rate per busy server (humber of passe served per unit time)
p = Expected fraction of time for which server is pus
P, = Steady state probability of exacHy passengers in the system
L, = Expected number of passengers in the queue
L, = Expected number of passengers in the system (@aiitimeing served)
w, = Expected waiting time for a passenger in the queue
W, = Expected waiting time for a passenger in the systéwaiting + being served)

B. Queuing Models
Figure 1: Single Queue — Single server model
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Arrival Departure

C. M/M/1 Model (Single server queuing model)

In this model Arrivals are described by Poissonbphility distribution and come from infinite poptitan, queue
discipline is first come first serve, single senard service time follows exponential distributidrhis queuing
system can be applied to a wide variety of problasiany system with a large number of independastgngers,
and can be approximated as a Poisson proBe¢s:= 0,1,2..) is the probability distribution of the queue lemft,
2,3,5].

Expected number of passengers in the system (gaitiveing served)

Ly = Xn=o by = Xn=on(1 = p)p™,

Y
T - wa 1)

Expected number of passengers waiting in the q(ieuegueue length)
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Lq = Zﬁ:l(n - 1)Pn
AZ
T u(u-a) (2)

Expected waiting time for a passenger in the queue
wo— Al 3)
T pu-»n 2

Expected waiting time for a passenger in the sygteaiting and service)
W, = Expected waiting time in queue + Expected sertiioe

1
ZEZTS ()

D. Ex/M/1 model

Consider a queuing system in which the inter-attivaes follows k-Erlang distribution with meétyA,) in which

an arrival has to pass through k phases, eachanitliean timel /kA, prior to entering the service the mean service
time follows an exponential distribution with méau,

Let p,, be the probability that there are n passengekg fiM /1 queuing system [4]. Then
Py = TR R (5)

Wherelj.(”)) is the probability of completion gfphases and is given by

[
Y = B G=h (6)
2

Wherer, € (0,1)

H22k+1 - (klz + ‘uz)Z + kﬂ.z = 0

Since PO(”) = 1;—"’ , taking p, = )‘2/#2 , equation (6) becomes
Pj(p) = p(1—-m1y) roj_k

Therefore equation (5), reduces to
P, = p(1 — &)™ which is a geometric distribution

The performance measuresE)f/M /1 queuing model

The expected number of passengers in the qugue% (7)
The expected number of passengers in the sy)sstem(l_p—ré() (8)
The expected waiting time of a passenger in thegig = ﬁ‘i@ 9
The expected waiting time of a passenger in thegié = ﬁ (10)

E. Proposed Alternative Queuing Model

Here is the proposing alternate queuing model. Wtherpassenger arrive at reservation counter, cepriovider
will provide a appointment slip (which is mentioneih serial number, date and time of the servicdhat) to the
passenger, as soon as passenger gets the appaislimeme/she will be free from the waiting lirend again he/she
joins the queue for service according to the mewetictime on the appointment slip, with this passengeed not to
wait from the early morning to till 10:00AM for theervice. The proposing queuing model consistingwaf
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queuing models one /M /1 queuing model and the other oneFig/M /1 queuing model. These two queuing
models are working at two different times tMg¢ M /1 queuing model will work for appointment request feaurs
before (one day before for two hours from 6:00 pr8:00 pm) starting reservation syst&gy M /1 queuing model

which will starts next day from 10:00 am, assuntimgt M /M /1 queuing model follows the mean arrivz}ﬁl are
described by Poisson distribution and come frormitgf population, queue discipline is first comesffiserve, single
server and mean service tirﬁé/ﬂl) follows exponential distribution andE;/M/1 queuing model follows the

inter-arrival times follow k-Erlang distribution thi meaif1/1,) in which an arrival has to pass through k phases,

each with a mean timk/kA, prior to entering the service the mean service fiolows an exponential distribution
with mearl/ u,

Waiting space due to
earliness of passengers

Appointment Reservation

QQ request U QQ Counter g
— N\ Y,

Y

Access time in hours

Figure 2: Proposed Alternate Queuing Model
RESULTS AND DISCUSSION

A. Case |

Analysis of the system service provider point adwj the data was collected from the Railway resemacounter

at Bapat Chourah, Indore, M.P, India. Tatkal bogkdtarts from 10:00 am, the data was collectedrbeftarting
the booking 25 ;) passengers are already waiting in the queuer, tiftd 20 passengers are join the queue in
between 10:00 am to 11:00 am, here it is littiéiclift to decide arrival rate of passengers becaosee passengers
are joining in the waiting line at 5:00 am, some ar 6:00 am some are at 7:00 am and soon, toh&engers are

booked their tickets from 10:00 am to 11:00 am @exvice rate is 37 passengers per hpurHere arrival rate can
estimate theoretically using by the formula butctically it is not considerable

From equation (2) we can estimate the arrival oafgassengers per hour

).2
T uw-n
A
25 = 37(37-1)
A% + 9251 — 34225 = 0,
A =35.63
The arrival rate of passengers is 35.6 per hour
p=2=%5_00963
1% 37

Py=1—-p=1-0.96297 = 0.03703

L =26.00730, W, =0.70290 hr, W; = 0.72993 hr
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B. Case ll

Analysis of the system passenger point of viewgdse- | the performance measures are calculatetegrovider
point of view using by formula but practically theoblem is arises from the passengers those whevatimg from
5:00 am to 10:00 am, if take note of this then #meval rate of passengers become 45 per 6 howgs {i5
passengers per hour)

p=2=122=-0203
7 37

Phb=1-—p=1-0.2027 = 0.7973

L, = 0.05153 Ly = 0.25424, W, = 0.00687 hr, W, = 0.0339 hr

From the analysis of case —I and case — Il thezatibn factors are 0.963 in case —| and 0.203#&ec- Il, service

provider thinks that utilization factor of the st is good but passenger (service receiver) thimkisutilization of

the system is very poor, both thinking are conttdeach other, the important point is that theiserprovider not

consider the waiting time of the passengers fromy@aorning to till 10:00 am for service. This ibet major

drawback of the present queuing system. For allgrgeps of passengers it is very difficult to wiam early

morning to till 10:00 am for service. This reasoould be cause of passenger’s dissatisfaction.

C. Case -l
Analysis of alternative queuing model

a. Example forM /M /1 model
The mean arrival rate of the passengérs= 36/hr and the mean service rate y; = 40/hr thenp = 0.9

The performance measuresdjM /1 queuing model as follows

Lyg=8 Ly =9 Wy, =0222hr=13min. and Wy, = 0.25 hr = 15 min

b. Example forE; /M /1 model

Arrivals areE;¢ with mean inter arrival time of 3 min, service &@rns Exponential with mean service time of 2 min,

Ay = 20/hr p, =30/hr and p, =0.6666 k =36

30137 — 750z +720 =0
By using Newton’s Iteration method the real root of the above equation r = 0.9767

(i.,ery = 0.9767)

The performance measuresBE)f/M /1 queuing model as follows
Ly =0499 Ly, =117 W, =0.025hr = 1.5min. and W, = 0.0582 hr = 3.5 min.

c. The total performance measures of alternate gurgumodels
The average utilization factor of the system i883F

The total expected number of passengers in theequgtr Ly + L, = 8499 =9
The total expected number of passengers in therayst= Ly, + Ly, = 10.17 = 10
The total expected waiting time of a passengehénqueue

Wy = Wgy + Wy, = 14.5 min. = 15 min.

The total expected waiting time of a passengehénqueue

Ws = Wy + W, = 18.5 min. = 19 min.
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CONCLUSION

From the analysis of case —I| and case — Il thizatibn factors are 0.9629in case —| and 0.202%&be — Il, service
provider thinks that utilization factor of the sgst is good but passenger (service receiver) thimkisutilization of
the system is very poor, both thinking are conttdeach other, the important point is that thgisemrovider not
consider the waiting time of the passengers fromyeaorning to till 10:00 am for service. This ikt major
drawback of the present queuing system. For allgageps of passengers it is very difficult to wiam early
morning to till 10:00 am for service. This reasoould be cause of passenger's dissatisfaction. énctise of
proposed alternate queuing system there will beamradiction of the utilization of the system beem the service
provider and passengers. The average utilizatictorfaf the system is also considerable and mogbitant thing
is that passengers need not to wait from early mgrto till 10:00 am for service this will be causkpassenger
satisfaction too. After studying advantages anddliantages of system structure of the Railway Resen
System which is at Bapat Chourah, Indore, M.P,dntlie paper recommends changing the present gusystem
to proposed alternate queuing system to avoidrtbenivenience of passengers. It was proved thahtbgel of the
gueuing system is feasible and the results aretaféeand practical.
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