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Abstract

In this study,Markovian queuing models, which follow encouraged arrival rates and exponential service
rates, are used in a variety of systems, including manufacturing, production, telecommunications,
computers, and transportation. Every one has a hectic schedule and little free time in the modern world.
Because the customer’s arrival is unpredictable, they cannot complete their task in the allotted time
because they cannot predict it. The encouraged arrival, idle server state, busy server state, vacation
state, and breakdown and repair state conditions for a single-server Markovian queuing system were
all taken into consideration. Vacation time grows acceleratory, and vacation policies abound. This
Markovian-encouraged arrival queuing model takes into account customer impatience and retrial efforts
to ensure service completion. We calculate the combined probability of these states and compare first-come,
first-served with bulk service. The different performance measures have also been explained.

Keywords: Two vacation, encouraged arrival, reneging, retrial queue, Markov model

1. INTRODUCTION

We consider the single server to be encouraged for working vacations, breakdowns, and repairs
where the server may be down at any time. A Poisson distribution governs customer arrival
rates, whereas an exponential distribution governs customer service rates. Arriving customers
will join the orbit group if they discover that the server is too busy serving another customer.
Kalyanaraman and Sundaramoorthy [I] demonstrated that a Markovian has dependent arrival
and breakdown. A single vacation on an unstable bulk server is detailed in Haridass and
Arumuganathan [2]. Batch arrivals on an infinite server are investigated in Daw and Pender [3].
Examples of batch queues with inadequate identification are explored in Bar-Lev et al[4].

A generalized bulk queue with the Poisson model is addressed in Neuts [5]]. Parveen and Begum
[6] Investigated a general bulk queuing approach with a dual working vacation. In Li and Zhao
[7], a retrial model with a consistent retrial rate, breakdowns, and dissatisfied customers were
studied. A dual server queuing model for bulk arrival and service was examined in Kumar and
Shinde [8]. Working vacations on bulk arrival queues combined with reneging and interruptions
were studied in Vijaya Laxmi and Rajesh [9]. Dual service and two vacations are investigated
in the bulk arrival Markovian system by Srivastava et al [10]. They investigated batch arrival
and retrial queues using a dual vacation policy and the Markovian queuing model Singh and
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Srivastava [11]. Som and Seth [12] Explored an M/M/1/N system along with encouraged
arrivals. Reduced wait times in an M/M/1/N encouraged customer arrivals, as seen in Khan and
Paramasivam [13]]. Reneging customers were observed in Som [14] when the M/M/c/N model
was used in conjunction with encouraged arrivals.

2. MODEL ELABORATION

The following presumptions have been taken into account:

The customers follow the First-Come-First-Serve rule

Customers arrive according to an encouraged arrival with mean

the offered value and accelerated distribution with mean %

m . w representing
Customers will enter the retrial queue with probability ‘s’

After a few tries, the customer notices the accelerated distribution with an average of 1- ¢
and attempts the request from the retrial space.

When a customer attempts to receive service after a certain amount of time has passed, with
probability g

The server will fail time following the accelerated distribution under the fail rate v; and
from the service to the customer under the repair rate vy.

We have given that the random variable J(¢) describes the absolute customers of the system
at period ‘t’, and R(t) = 0,1,2,3... consider the states, a server is free, a server is busy, the
server is on vacation and the server is in breakdown & repair state at period ‘t’.

3. ANALYSIS OF SYSTEM-SIZE DISTRIBUTION

From first state 0, j>0 when the server is idle state:

Ax (14 w) Pog = uPyg 1)
(Ax (14 w) + 1dy) By | = 1Py ()
(Ax (1+w) +jedo) Byj = juby 3)

From second-state 1, />0 when the -.server is busy state:

(v1+ 80 +sAx (1+w) +p) Pro = (1—5) 9Pry + 2P0+ A x (1+w) Py + 9o Pt

+A% (1+w)Poo(1—Ag+sA* (1+w)+1u+11) P (4)

:U2P3,,+yl52,l+/\*(1+w)150,l—|—s)w(1+w)151,l_1

+(1 =)+ 1)@Py, 141 + ([ + 1) @b Lo, 141 (1 — Do+ v+ jpu+ (1 —5)jp+sAx(1+w))Pyj (5)

= }4152,]‘ + 1/2153,]' +Ax(14+w) 150,]' +sAx* (14 w) 151,_1

+sAx (14 w) (j+1) @Pyjq + (j+1) 9do Lo (6)
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From third state 2, when the server is on vacation:
2A % (1 + (U) 152,0 = AOPO,l
(H+Ax(1+w)) Py =(1—80) P+ A% (1+w) Py 4

VPZ,]' = (1 — Ao) pl,j + A% (1 + w) pl,jfl

For fourth state 3, when the- server breakdown and is repaired state:

P =11Pr g
V2p3,l = 1/1151,1
1/2153,]' = 1/1151,]'
The following conclusions may be drawn from equations (1), (2), and (3).

5 Ax (14w 5
P = % Poo

'

5 Ax(14w)+1gd 4

Py = ALt +lgd 1) £20) Py,
5 . /\*(1+w)+f¢50) 5.
byj= ( i Poj

Using (4), now with j = 0 and (10), we obtain

(v1 + 80 +s"* (1+w)+u)Prg=(1—5)@P1 +v1P g+ A% (14 w)Pag + ¢doPy1

+A % (1 + w)po,o (Ao + 57 % (1 + w) + “Ll) 151,0 = (1 - S) 99151,1

+Ax (14 w)PLO + @50150,1 +Ax (14 w)po,o

If we use (1), we obtain

(AO/\* (1+w)+s(Ax(1+w))?
I3
When k=1, use (13)

4 Ax(14w)+@d 5
Py = (7( y) ¢ 0) Poa

151,1 = 111150,1
(AoA*(HwH;(A*(Hw))Z) Byo =

(1=s)p a1Py1 + A (1+w)Pog + ¢bo Lo

If we use (7)

Mo = (1 Ax(1 2\ Ao 4
< oA ( +w)4;ls( * (1+w)) >P0’0:[(1_S+a1+50)¢+20 By

2 (MpA * (1+w) +s(A = (1+w)A)?)
y[(175+ﬂ1+50)¢+%}

by
2 Po,o

Byy = b2
0,1 &

PooPo1 =

252

) Bop = (1—5)pP11+ A (1+w)Pog + ¢5Po1

@)
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Applying j=1in (6)

(I=Do+vi+p+(1—s)g+s"*(1+w)) Py =puPry+1v2B51 + A% (1+w)Py,

+s5 % (1+ w)pl,o + 257 (14 w)(Ppl,Z + 2(P50p0,2

To do this, use (12) and assign j=1.

(1—=Mg+v1+(1—5)@p+sA(1+w)+u)Prg =pPry +0v1P11 +A(1+w)Py1 +sA(1+w)Prg

+251A (1 + w) Pro 4+ 2¢80Byn [1 — Do+ (1 —5) ¢ + p +sA (1 4+ w)] P1q

= }lpz,l +A(1+w) po[] + Sl,Opl,O +251A (1+ w) ]51/2 + 2(,0(50150,2

If we use (9) for j =1 and (14), we get

U /2’1 = (1 — Ao) pl,l + A (1 +w) Ijl,o
(A=s)p+p+s(1+w))aFo,

=A14+w)Po+A(1+w) By +s"(1+w)Prg

+257 (1+ w) 8oPrp + 2950 Py 2
(1—s)par+uay +sa; — A (1+w)) Poy
=A(14+w)Pog+s"(1+w)Py
+25"80P1 2 + 250 By 2
Now, we use (13) put j = 2, and we obtain
By = ()L (1+ C;;+ 2(;)(50) Byp = %150,2
Additionally, using (1) and (15), we can solve (16) to obtain

b
—Poo
c3

s"(14+w)a; by + ¢ (1 —s)ay by
+ua; by — A (1+w) by
2
—(A(1+w))*(1+5)
H
c3=2s"(14+w)dy by/c1 + 2509

Pyy =

b3

When you enter j=2 in equations 6, 9, and 12, we get

(1—Ap+vi+2u+2(1—s)g+s"(1+w)) Py

= ,’l/lpz,z + 1/2]53,2 + A (1 + w) 150,2

+sA (1 + w) 151,1 + 3s” (1 + (U) §0p1,3 + 34)50150,3 NN

ubPro = (1—20) Pio+ A (14 w) Py

Py =11P )
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If we use (19) & (20) in (18), we have

Qxu+2(1-s)p+s"(1+w))Pr,y
=A1+w) (1+S)p1,1 +)\(1+a])p0,2
+3s” (1 + CU) q)pl,g + 3([)50150,3

by -
@xp+2(1-5)g+s (1+w)) P
1

=A1+w)(1+s)P 1 +A(1+w) Py
+3s" (1 + w) P13+ 3¢50 Py 3
((2*y+2(1 —s)p+s(1 +w))% -1 +w)) Py
=A(14w) (1+5)P 1 +3s"(1+w) Py 3+ 3950 Py3
((2*;44—2(1 —Sp+s (1 +w))% —A(1+w)> ’Ci;’po,o
= A (14 w) (1+5s)a;Pyy + 35" (1 + w) Py 5+ 3¢5 Py 3

b bs
((2*y+2(1—s)(p+s“(1+w))cl —/\(1+w)) £P0,0
1

by . . .
=A1+w)(1+s)n FZPO,O +3s"(1+w) pP13+39do o3
2

({(2*7/‘+2(1_5)4’+Su(1+w))2_A(l—i_W)}?z) Poy

-A(14+w)(1+ S)“l%
= 3s” (1 + w) 4)151’3 + 3(;)50150,3

If, we Put j = 3 in (13), and we have

5 A14w)+j'é 5 by 15
P13 — ( ( ]_) ] 0) P0,3 = iPO,?)

{esp+20-s)p+s(1+w)t -A(1+w)} 2

b
“A1+w)(1+ s)alc—z
2

= (3S’b4 + 3{0(50) 150/3
C4

({(2*y+2(1—s)¢+s“(1+w))%—A(l—l—w)}%—/\(l—i—w) (1+s)a 2

Pos = (3)\(1+w)(p by +3@0)
€4
z o b5 z
Pos = 2 Poo

In general, we get

pO,n = 150,1 + po,z + 150,3 + -

If we use (13), we get

5 (All+w)+jpd
W jn

> (pO,l + 150,2 + p(),g, +-- )

If, we use (9)
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foj = (1 ag) (HELEER)

jxu?
) ) ) A1+w)Py i
(Box + Boa+Pos+---) + (y)”l (24)
Similarly, if, we use (12), we get
2 v 2 2 2
b= (v;) (Poq + Pop+Pog+ ) (25)

Now, if we use equations (22), (23), (24), and (25), we obtain

A1+ w) 470

pr,n = 150,1 + 150,2 + 150,3 +---fors =0 ( ;

) (150,1 + 150,2 + 150,3 + - ) ,
A(1+w)+j5

A (l + w) plrjfl
jxp? '

fors:l(l—A0)< .

> (pO,l + 150,2 + p0’3 + - ) +

fors = 2, (Z)(PQ1—|—P02+P03+ ),fOI‘S:B.
2

To calculate the value of 150,0, the normalization function, we have

3 o
Y ) Ps=1
s=0;=0
. . . A1+ w) +]go(50 141
(P0,1+P0,2+P03 1+ ]*]/l +172
+A (14w
AAF@) g
M
P bz E_}_bj 1+A(1+w)+j<p50+1/71
0,0 3 Cs j* u2 1%
+A(1+w
( )Pl,j—lz
M
A1+w)
. 1-2p
T (b bs A+w) o | v
(3+8+8) (120550 + 1)

4. VALIDATION OF THE MODEL

(i) When the server is free:

Py =Y R

- 1— (”“”P
R ) ( +8)

[Boy + Pop + Pos + - ]
(if) When the server is busy:

Pr =Y P;
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1_ (1+w) p

AMl4w)+j% | vy
(1 + T + ) ( )
All+w) +j'd " ’ P
<(]*])/l] % [PO,l + PO,2 + p0,3 + .. ]

(iii) When the server is on vacation:
5 oo '
P, 2 - j=0 P 2,j

1_ /\(1+w)p i

= (+w)+jd , 01\ (b , by , b
(1+7°+ 1) (2+2+k)

jep?
< [(1 ~ Ao) (lewéo)]
J*H
5 5 5 AMl+w)DPy ;i
(iv) When the server is in a breakdown and repaired state:
Py =120 Ps,
/\(1+w) 5
T (1 MEeiia e (B o
(1 e T ) ( + 2+ )

X (Boy + Pop 4+ Lo+ -+ +)

5. CoONCLUSION

The Markovian Encouraged Arrival Queuing Model has been developed with the inclusion of
customer retry efforts, balking, and reneging behavior. The four system states idle state, busy
state, vacation state, breakdown state, and repair state have all been taken into consideration
utilizing the concept of encouraged arrival. We have examined and verified the possibilities of the
various conditions. Neural networks, communication systems, post offices, and supermarkets can
all benefit from using this model to reduce the reneging and balking behavior of their customers.

REFERENCES

[1] Kalyanaraman, R., & Sundaramoorthy, A. (2019) A Markovian Working Vacation Queue
with Server State Dependent Arrival Rate and with Partial Breakdown. International Journal
of Recent Technology and Engineering. 7(6s2), 664-668.

[2] Haridass M., & Arumuganathan R. (2008) Analysis of a Bulk Queue with Unreliable Server
and Single Vacation. International Journal Open Problems Computational Mathematics. 1(2),
37-55.

[3] Daw, A., & Pender, J. (2019) On the Distributions of Infinite Server Queues with Batch
Arrivals. Queueing Systems, 91, 367-401.

[4] Bar-Lev, S.K., Parlar, M., Perry, D., Stadje, W., & Van Der Duyn Schouten, FEA. (2007)
Applications of Bulk Queues to Group Testing Models with Incomplete Identification.
European journal of operational research 183, 226-237.

[5] Neuts, M.F. (1967) A General Class of Bulk Queue with Poisson Input. Annals of Mathemat-
ical Statistics 38(3), 759-770.

256



Rajeswaran K, Rajendran P, Sanjay K, Shivali S, Ismailkhan E
ANALYSIS OF TWO VACATION POLICIES UNDER RETRIAL ATTEMPTS, RT&A, No 4(80)
MARKOVIAN ENCOURAGED ARRIVAL QUEUING MODEL Volume 19, December, 2024

[6] Parveen, M.], & Begum, M.I.A. (2013) General Bulk Service Queueing System with Multiple
Working Vacation. International Journal of Mathematics Trends and Technology 4(9), 163-173.

[7]1 Li, H., & Zhao, Y.Q. (2005) A Retrial Queue with a Constant Retrial Rate, Server Break
Downs and Impatient Customers. Stochastic Models 21(2-3), 531-550.

[8] Kumar, J., & Shinde, V. (2018) Performance Evaluation Bulk Arrival and Bulk Service with
Multi Server Using Queue Model. International Journal of Research in Advent Technology.
6, 3069-3076.

[9] Vijaya Laxmi, P., & Rajesh P,(2018) Variant Working Vacations on Batch Arrival Queue with
Reneging and Server Breakdowns. East African Scholars Multidisciplinary Bulletin. 1(1),
7-20.

[10] Srivastava, R.K., Singh, S., & Singh, (2020) A Bulk Arrival Markovian Queueing System with
Two Types of Services and Multiple Vacations. International Journal of Mathematics and
Computer Research. 8(8), 2130-2136.

[11] Singh, S., & R.K. Srivastava, (2021) Markovian Queueing System for Bulk Arrival and Retrial
Attempts with Multiple Vacation Policy. International Journal of Mathematics Trends and
Technology .

[12] Som, B.K.,, & Seth, S., (2017) An M/M/1/N queuing system with encouraged arrivals.Global
journal and pure applied mathematics vol 13,no7.

[13] Khan, I. E., & Paramasivam, R. (2022). Reduction in Waiting Time in an M/M/1/N
Encouraged Arrival Queue with Feedback, Balking and Maintaining of Reneged Customers.
Symmetry,14(8), 1743.

[14] Som, B.K,, (2018) M/M/c/N queuing systems with encouraged arrivals, reneging, retention,
and Feedback customers. Yugoslav journal of operation research, 28(3), 333-344

257





