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ABSTRACT

In this chapter we discuss a Markovian
Queueing system in which service is
performed by a single server in batches. The
server is removed from the system as soon as
the system becomes empty for a duration
which is exponentially distributed. Such
situations are not uncommon in our daily life.
For example —The situation in a Cinema Hall,
the person taking ticket one by one and enter
the Hall, after the end of the movie person left
the hall with random groups. This type of
situation can also observe in computer system,
we enter the data one by onei.e. singleservice
and gain the out put in batches.

Keywords— Queue length, busy period,
single server, joint distribution, Laplace
transformation.

I ntroduction

In this paper we will study the concept of a
bulk service queueing system in which service
is performed by single server inn batches.
Medhi (1984) discuss the idea of the batch size
(fixed batch size or variable batch); it depends
on the unfilled capacity of the server. Bailey
(1954) considered that the service batch may
be fixed size-say, K. The server waits until
there are K in the queue and starts service as
soon as the queue reaches this size. If on
completion of a batch service, he finds more
than K waiting, the server takes a batch of size

k (in order of arrivals or in any other order),
While others, in excess of K units, and wait in
the queue.

The following assumptions describe the
system:-

1 ~Arrivas occur under Poisson, law
with parametera.
The queue disciplineis FCFS.
The service time distribution is
exponential with parameterp.
The various stochastic processes in the
system are statistically independent.
Services occur in batches of variable
size. Service times are exponentialy
distributed with parameterp.

The server will be removed from its
service as soon as it becomes empty,
for exponential distribution, with
parametero.
Notation
P;; r(t) - Prob. that there are exactly i arrivals
and

timet departuresby and the server
isin

removed state.

P.;, s(t) - Prob. that there are exactly i arrivals
and

j tand departure by time serveris
busy.

Pi - Prob. that there are exactly i and
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departuresby time ‘t’; i>,j>,0. (S+X+9)};1OR (S):M_)o,o,R (s)

Initial conditions

Poor (0) =1 ~ — A
plOR (S) - S
Poos (0) =0

The difference - differential equations
governing the system are:

| 0k (8)Paor (0)=-(2:40) Pagr (5) APyor (5)
p;iR (t):_}\‘piiR (t)+zublpi,i—l,8 (t)(l'sio) B B
..(1) - (S+}\‘+e)p20R (S)Z}\’pl,o.R (S)

A

m-pl,O,R (5)

p;iR (t):_}‘piiR (t)+§ub|pi,i.|,3 (t) b i>b F_)zoR (S) =
Q) S - N | N
p;jR (t):_(}d—e)pi,j,R (t)+7\‘pi—1j R (t) Pror 157 (S+k+6) . (SH‘) '(s+7»+9)
..03)

| | \ ’
pi,j,B(t)z-(}“+“)pij8(t)+2“blpi,j-l,B(t)+;“pi-1jB( 16.11 +epI]R t
=

0<i<j,i>j

p3 OR }\‘+e)p30R ( )-I_)LI_)Z,O,R (S)
@ )
TakeL.T. of eq. (1) to eq. (4) (S+2+0) Pagr (5)APa0r (3)

From eg. (1)

B3,0,R (s) :ﬁﬁzm (s)

Sf_JiiR (S) Pir (0) :-xﬁiiR (S)+Hlizlb|5i,i-|,s (S)(I'Sio)

A A2
SEAH0) (s+1)(s+A+0)°

(S+)\')I;iiR (s)zpiiR (O)+H;Zlbll_)i,i-|,s (S)(I'Sio) _ 23

1 Paar (8)= (s+1)(s+2+6)’

(s+4)
...(5) Bi,O,R (S):
From Eq. (2)

SE’iiR (S)'piiR (0) :_()d_e)l_)i,jR (S)H‘Bi,i-l,s (S)

BS,O,R (S) = (

E)OOR (S) =
A |
(s+)(s+A+0)

Or
Bi,O,R (S) :}\’i {Bi‘,(i}ﬁ—e) (S)} 1>0
i=1,j=0 ...(.6)

From (1)
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)+iZHb|Pi,i-|,B (S)

=1

SsiiR (S) :_}"I_)iiR (S

S+}\‘ pIIR

zublpll 1,B

Pir(8)= (Sﬂjz bPe(s) -

b>i>1

Fromeq. (2)

&_)“R (S) :-KBHR (S)+Zﬂb|l_)i,i-l,5 (S)

S+}” pllR

Zub|p,, 1B

pllR prIHB i=b

\\Q

1 -
(s¥1)(s+A+0)

[_)iOR (S) :}\'i :

From Eq. (1)

Pior (S)'piiR (0) :'7‘1_)||R +szlpn I B

(S*A)pir (S)=u;21bl P (1-80)

_ i
Piir (S) =Z7v"lub| .

=) (StL).(stA+0)

-(®) Q

i1 Pjupl\S
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— O i 1
Pi2r (S) _;X b (S+}\,)(S+7L+9)

) I_)i,Z—I,B (S)

_ B i y 1
Pijr (s) —ék ubl.(s+7»)(s+7u+9)

i 1_’j,i-|,B (S)

i>j>0 j<b

1
(Sth)(s+A9)

SeooL
ﬂ%’d ZX (s+ (s+x+e)i'2pj’2"’8(s)

i 1;1.1-1,8 (S)

_ i
Pir (S) :le—lubl
=1

xl -3
p|3R | = (S+k)(s+k+9)'3pj&l8( )

_ b 1 _
o (s)=) Aub, ———p..
pI,J,R( ) ; uo, S+7»(S+7»+9)H Pjj18 (S)

K"ub Bukfe pJJ|B( )

1

ISE)JR I

...(10)

1
ST ) (s+Atp ) (s+A+0)

_ _ 10
P2os ( ) - (S+7\.)(S+}\'+H) (s+7v|-6)2

© 2015, lJournals All Rights Reserved www.ijournals.in




lJournals: International Journal of Social Relevance & Concern (1JSRC)
ISSN-2347-9698
Volume 3 Issue 11, November 2015

P (0o Pl Ea S oS 0t

|
K=0 =1

_ From the Laplace equation
plOB _7“| GZ ler?:(:ff

0 i

2 2 AP ()P (9)(1:3, )} =

ZB Mu M i=0  j=0
(+X+ '+1K (0] L () e From the L aplace inverse transformation

0 i

ZZ{p"R )+is (1)(2:5, ) =1

i=0  j=0

Taking Laplace inverse transformation of Hence the verification

equation (5),(6), (7),(8), (9) o
1) Exactly i unitsarrive by timetis

Poor ( t ) =e™

(1) Po(s Pir (5)+Pys ( )(1'8ii)}
Pior (t) :Kiﬁﬁhe) (t) ‘ﬁ\g

..(12)

K= 2
Q‘S (97 s+>»'”
...(13) \\ Laplaceinverse of Eq. 18 is

p'JR(t) M)\'Ijzb B])_\(I71+e le,B(t)..- pio(t):{(xTit)-eﬁ}

14)

The arrivals follow a Poisson distribution the
total number of arrivalsis not effected by
n vacation time of the server that is ‘0’.
puR Z b pl il B

s+x :
2) The mean number of arrivals are

..(15)

Pir (1)= Zk“ by B (6)-Pyas (1) -

1=1

Laplaceinverse of EQ. 19

(16)
Pros (1)=(218) 3 BU00) (1) .
( )K:O Zipio(t):}”(t)

..(17) =
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This shows the mean number of arrival intime
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