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Abstract: In this article we study a multi node tandem
queuing model consisting of K-nodes in which the customers
arriving in batches to the first queue and after receiving service
they will be directed with some node specific probability to join
any one of the (K-1) parallel queues which are connected to first
queuein seriesand exit from the system after getting service. Itis
assumed that the arrival and service completions follow Poisson
processes and service rates depend on number of customersin the
queue connected to it. Here the bulk arrivals are assumed to be
Binomially distributed. Using difference differential equations
the joint probability function is derived and performance
measures such as average number of customers, waiting time of
customer, throughput of each service station, utilization of each
server, variance of number of customersin each queue arederived
explicitly. A numerical illustration is provided to understand the
theoretical results. Sensitivity analysis of the system behavior with
regardsto thearrival ratesand load dependent service distribution
parameters is carried out. A comparison between transient and
study state behavior isalso done.

Key words: Poisson Process, Bulk arrivals, Binomial
Distribution, Forked queuing model, Load dependent service
rates, Performance measures.

. INTRODUCTION

In recent works the authors analyzed multi node tandem
gueuing models with bulk arrivals which are distributed
Uniformly ([18]) and Geometrically ([19]). In the present
paper we are going to study a multi node tandem queuing
model with bulk arrivals. The model describes a system in
which the bulk arrivals are Binomially distributed. The model
consists of K-node seriesin which the customers arrive at the
first node, receive their service there and then directed to
(K-1) pardld nodes for various services offered in the
system. Such models are called tandem queuing models since
the output of first nodeistheinput for the others ([2], [5], [8],

(9], [11], [13], [17]).
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Further the arrivals could be in batch to represent natural
phenomenon observed in animal population due to their
societal nature. Such systems should be able to receive,
monitor and control the populations properly by providing the
requisite services ([1], [6], [7]).

Beginning with the basic application to telephonic
conversations ([10]), applications of queuing theory has
gained prominence over the decades ([6], [7]). Further
applications in real time situations are data handling in
communication networks ([9], [10], [12], [21], [26], [27]),
management information systems/ hierarchical systemswhere
instructions are passed on to the subordinates ([1], [13]),
production units and transport systems for cargo handling
([16]). When the service time at each node has to be adjusted
depending on the number of customers the models are called
load dependent systems ([3], [4], [14], [15]), while the
systems which spare time irrespective of number of customers
are termed as load independent. The present study analyses a
multi node tandem queuing model with bulk arrivals that
follow a Binomia distribution. The motivation for
considering a Binomia distribution is from the following
observations. It iswell known that the Binomial distributionis
applicablefor situations that require a specified result such as
yes or no ,failure or success, accepted or rejected etc., Some
of the situations that attract a Binomia distribution are
acceptable or defective in quality test control of inventory,
datareceived correctly or incorrectly in data communications,
a customer is satisfied or not at a particular server, serviceis
provided in a given time dot or not etc., A Binomia
distribution clearly indicates whether the task assigned
/specified is completed or not within the given frame work or
setup. Thistells upon the performance of the system whether
the system is working satisfactorily or not. For some
interesting works on queuing models the readers are referred
to [25].Recaling the model studied in [17] with Binomial
arriving bulk population here, we present the joint probability
generating function of the number of customers for each
gueue and system characteristics such as average number of
customersin the queue, probability of idleness of each server,
throughput of nodes, average waiting time of a customer in
each queue, utilization of each server etc., numerical
illustrations are provided and a sensitivity anaysis is done.
Steady state behavior of the model is also discussed. Our
steady here provides new insightsin to the theory and enriches
the literature.
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II. QUEUEING MODEL WITH GENERAL BULK
SIZE DISTRIBUTION

In this section a queuing model with K buffers &., B..... B, of
infinite capacity and K servers 5..5,..5, connected as forked
network isconsidered. Itis assumed that the customersarrive
in batchesto the first g

ueueand after getting serviceat first server they may join any
of the (K-1) queues connected to the servers 5..5.....5, which
are parallel and connected to first server in tandem, with some
probability i.e., the customers after getting service at s, in
batches may join second buffer with probability &.or third
buffer with probability 8.or K™ buffer with probability &, ..
Let us assume that the actual number of customers in any
arriving moduleisarandom variable X with probability C(X).
Let Z.be the arrival rate of batches of size x and # is the
composite arrival rate. Then i=Z i, . Therefore the arrival
process follows a compound Poisson process with arrival rate
4. Further it is assumed that the service completion in each
service station is random and follows a Poisson process with
service rates [y« Hy Hza -au Hy respectively. Here we assume
that service rate in each server is linearly dependent on the
content of buffer connected to it and queue disciplineisfirst
come first serve(FCFS).

Let P(n,.n....ny:t) be the probability that there are
n; costumersin first queue, n. customersin second queue and
n,, customers in k" th queue at time t. The customers arrive
in batches of size X .The probability generating function of X

isC(Z) =LIn_,Cmz™. _ _ {nn fgnreitip_y 0 £)=
;r;en difference differential equations governing the system _[‘1 + TE nlul]P{n,n. Mg ., Mg g, 05 £ 404 [
) E:P{L.n.n._,—L....n:t]+---+
lrmgmit) = [+ T ymp]Plny g mt) + 6o P(1.0,,15 . —1,0:¢)]
(n + l].“L[ELP{ﬂL‘l"J--ﬂ: —Lng . t)+ +u-PlOLng .oomp_ . EI £+
6. P(n+Lnang — Lomgit) + o+ (3 + Dtz P00,y + 1.y, 0: )+
B Pl +1mg oy — 158)] + +ug P(0.L0,ny,...1: t) (8)
ar
(n, + Du,Pln.n, +1ng...mp:t) + {nl 0.0,ny...0; t) =
(g + Dpa Plngmy omg +1.omit) +r [-1 + Tk g mp | Plny, 0.0,my,.,0: )+
(ng + D Plnyme oomg + 1580+ (m+)uy [ 6P +1.0.0n, —1..0:¢t) +
Enl c P{n _m- e - i‘} 1) are +E‘FC—:P{HL + 1.0.0,... Np_y — ']..ﬂ: t:]]+
G MmO TR u2P(ny, L0,y ...0: ) + s P(n, 0.1,my ...0: 1)
o Oomasmy 2= +o4uy P(n,, 0,000, .10 8)
|, Z ) A CP(n,—m, 0.0.n ... t) )
-I-_ T Ui M %{D.D...D:t]:
+u,[8, P(Lmy —1omg ...n,_..t} —aP(0,0,...0: £) + u,P(0,1,0...,0:£) + u; P(0,0,1,...0;
18, P(Lmy g — Lomgt) + +.+u; P(0.0..,0,1; ¢) (10)
) - 1. LetP(Z,.Z;0... Zui .:}_
IB“_LTJ{L;?{&M P 0 ) 52 Ko Bl plrm D5 5 s be  the
ny + LUpa POy +Lmg,.omit) + probability generatlngfunctlon Of By, oy 120,
(ng + Vg P(O.7y .my + 1...mp:t)
oy + Du, P (ﬂ. My Mg wanp + L1 t] 2 Multiplying equations (1) to (10)with probability generating
ar o & ) function and summing over =,.m.....n, from O to = we get the
at (ny, D o 8)==[2 + ietiez Tl"-“ Pl 0.mg ) Joint Probability generating function of number of customers
+(ny + Dpy[8POny + L.0my — 1..omrtd+ .+ in first, second, ..., k™ queues respectively at any timet as
ER—LP{HL +Ln; ong — 1 t}] Plz,z,.2ut)==
+ pg Pln. Ong + Longst)+... exp[ATo B0 E0 TR LT () () () (2 )
+{ng + Dy P(n, 0omy + 15¢)
AT CP(n,—m, 0., . t) (3 {'1:1 1}+":"‘p‘ ‘-+"*’;-"‘ e ‘} 2
ap 2~ My=p
E(nl, ﬂ-:, -_,':.: t] - —[..1 +E =1 nlﬂl]P{nL 0, t} +
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1. CHARACTERISTICSOF THE MODEL

Putting =, = 0, z: = 0.z =000 (11) and expanding we get
the probability that the
k-server system isempty at any timet as

PlO0....0it) =
()G )

(11)

RS U5 T8 300 I T STE B

T M=~

(") e

(1 +—-—-—+—-—-—+ Rt }

T ————
I1l. PERFORMANCE ANALYSIS

Using the joint probability generating function of number of
customers in each queue the performance of the model is
analysed by deriving explicit expressions for system
characteristics such as mean number of customers in each
gueue, probability of emptiness of each queue, utilization of
each server, average waiting time of acustomer in each queue,
variance and coefficient of variation of number of customers
in each queue.

(12)

IV.PERFORMANCE ANALYSIS OF FIRST QUEUE

Putting = =1z =L..z =1in (11) we get probability
generating  function of  first queuel size as
P(Zﬁt}:exv[zz Sl f }"‘ —1)" i - }] (13
Mean number of customers in flrst queue is
E(N) =L, () = —(1—e "B (14)
Where E(x) is the mean of batch size arrivals to first queue
givenby E(x) =E;_, mC,

Putting z.=10 in (13) we get the probability that the first
gueue is empty as .
P':I},.,.,.:c:l:E'xp[.5.E,:IHE:'_'__':—i:"-I:'...[:1‘}{1 ._.--:_-_-}] (15)
Utilization of first serveris i, (el = 1 — Pil.....it)

=1- E'xﬂ'[ Ia  Im '—1:":'.{'}{%}] (16)
Throughput of first server is Thpllth= .07, ()
cufimewm T o (VEZ) @
Average waiting time of acustomer infirst queueis
. —v| 1 =g Hat) VE{X}
W) == ; =] (18)
Welth D cenp|lAER_ ER Y ETIN fag| e “

Variance of number of customersin first queueis

Cvit) = %xluu =

-;_ I 7 : :_“I- | ‘:__ L;'i:L-I- _ - B ] _:_l: I--|.-_ - I
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vizd=vi0= 1% [(").c. 4{ - }+ — (19)
Coefficient of varlatlon of the number of customers infirst
queueis

=2yl e g=My ity
) =l
x100

T (TN |
z.'\_l___:_:_-.....l

el =Y y100 =2
Ly itk

T

(20)

{1= &= B ELT}

nl\_

V. PERFORMANCE ANALYSIS OF i QUEUE FOR
i=2,3,..k.

Putting =, = L.z, = Lz, = L.z, , _1 in (11) we get the
probablllty generating function of i"™ queue size distribution

() () () Re)

exp[ATo B (-0 () (1) g, [t} i
(21)
Mean number of customersin i queueisE(N;} = L; (t)

pg Pfp e Rt (22

=) -{=— e

Where E(X) is the mean of batch size arrivals to first queue
andisgivenby E(X) = ¥5_,m.Cpy,

Putting z; = 0 in (21)we get the probability that the i queue
isempty as
Pl:l.ll.lu'.ll: ﬂ:' =
exp 1T, B B (-0, () (1) ) e ]
(23)
Utilization of i" server isU; (t) = 1 — P(.,..0..; ) =
g iElry-rgl e

exp l-'lzrr LEr,_J_E = -1 g ( ‘](::‘] {il,:_.:::}nil__u1|r1—r,|+_u,r,

(24)
Throughput of i™ server isThe, (t) = .U, (t) =

M|l

exp[1En_, T T (0 g () (1) [ ]]]

(25)
Average waiting time of a customer in it
W (e = —

" queueis

T | I_.:.-I.'_!_I_._.'l-'::
|_'-_I 1 | = = EL}

_ T — (26)

v -
l| e e

R rdrg e =Ty [
Eo M ery =t oy gt 1p ..-_,,__|..:_| =l B | TR ey e

Variance of the number of customers in i"™ queue is

Viz) =Vile) = .
A s ((S52) - (-2 (52 +

() [52) + (= o]
(27)

Coefficient of variation of the number of customersini™
gueueis

1 =&ip

x100

IV. PERFORMANCE MEASURES OF THE MODEL
WHEN BATCH SIZE DISTRIBUTION ISBINOMIAL

Let Fin,m....m:it)l be the probability that there are
n,costumersin first gueue, n, customers in second queue and
n, customersin k™ th queue at any timet. It is assumed that
the customers arrive in batches of size ‘m’ and the probability
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(28)

generating function iscizi=Z;_, £.=".The performance of
the model is influenced by the batch size arrival distribution.
It is assumed that the customersin any arriving module is
random and follows Binomia distribution with parameters A
and p.
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Which means the number of customersin abatch

has Binomial distribution with parameter p. Then probability
mass function of Zero Truncated Binomial batch size
distributionis ¢, = =—— ,m = 1.2.... 4 and

0=p= 1 uher'e_r}+ 3 =1.The mean of Binomial distribution is
Elx)=—.

Then the Joint Probability generating function of number of
customers in first, second,..., k™ queues respectively at any

G G-)

R DI

— n~- AN 2 (=]
cr’,{c}: TR p— x100
o (39)
V. PERFORMANCE ANALYSIS OF i QUEUE FORi

=2,3,.k.
Putting =, = 1.z, =1...5; ; = L.5,, =1...5, =1in(29) we
get probability generating function of i queue size
distributionas FPiz;:t) =
AThEn LB (04 () }( }( | e ‘

exp

fpm]

phet B, -.-_-1-:' 6‘..‘*: I3 _1:' E"l. alz — 1) R (39)

(1—f A ,l[":’n .1}+ =By + =y Tt e — i } Mean number of_customersini”lqueue is

[ﬁ',,u,k:_.—l:'}' *{e_.,-,r,u::—u}‘ [E stz ,—1}} o (V) =1, (0) = (B2 (2 ) [1 - [ ] (40)
B — s By~ oy et

En. 1k, '::n. - 1}]I:'

E Eyp —
[: g iRy =Tl Ty =Ty H B g T Tk -'-':.':.-!]]
FTRLEPEE Py TRTE P Py DO FTPOIE (o [T

IV. CHARACTERISTICSOF THE MODEL

(29)

Putting =, = 0.z, = 0wz =000 (29) and expanding we get
the probability that the k-server system isempty at any timet
as Pl0.0,..utl=

E'TPD'Z;}Z:I_I_,Z:;_JZ::__""

o QRO0-OIES)
Catmrntarnd) Gh) G-
el e |

B (30)

1)

IV. PERFORMANCE ANALYSIS OF FIRST QUEUE

Putting =; =1.z: =1,...5, =1in (29) we get the probability
generating function of first queue size as .

PlZy n}-exa[zE_,E' I :If_‘}[":‘q-'-}':,—l} j:

Putting z; = 0 in (39) we get probability that thei™ queueis

empty as Pl...0..;eh =
f}f NESE }l

AT En T (=1 —

=l L
exp Myomy

(41)
Utilization of i™ server is
U, n’c}—i — P i) = 1—exp[d ES_ B0 K3 (=1
() () (=S ‘:"}ri ) ] (42)

Throughput of i" server is Thz--c}—pl U=
it —expl2T4, B T -0 () () () (550) =)

|

paln — md +aum (43)

Average waiting time of a customer ini"™ queueis

W (th=——""=

O R e B Ct i i ) comin LN o S ichbeid ]|
. . . . (44)

Variance of number of customersini™ queueis

L—iMy

(0 =2](B) B (I (). (-5) -
B Y AR i A Wy )

oy

(3D (45)
Mean number of customers in first queue is Coefficient of variation of number of customersini™ queueis
L,'icll:[f][%} (1—g#:) (32  cwln=-
Putting Z,=01in (31) we get the probability that the first |, —| = .:.r I~r_-._::r::...,_-=-.=] 4._.,::-_--.--} ,__,_-I--.=]_
gueue isempty as . By amal { b '|""‘:' """':'|'|-
P(0,.,e0; t:'—exa-[zz",_,z' (—1) (2 f }f ] ":F‘}i’ ;- }] CETATE L I--'-.’-I :'_I:'I =100

(33) - _—
Utilization of first server isu. (¢} = 1— P(0. ,,.,.:c} = (46)
l—exa[zE LI (=) { }{ - ']. }] (34) V.NUMERICAL ILLUSTRATION
Throughput of first server |sThp1|t} = u:}_ For rrumerlcal illustration we take k=4 and calculate

“_EN[‘JE T (=) (? { }f - ,_,}{ }]} (35) equations and performance measures.
- e 1-44 The Joint Probability generating function of number of
Average waiting time of a customer in f'r5t queue is customers in first, second, third and fourth queues
W) =— = i) e L s (36)  "espectively atany timetis P(Z,2,2 ,z; th =
R e g e e r.]
Variance of number of customersin first queuels Ew[z ZZ Z Z Z _1:' r'] r (r}(m}':"
138 ()= /E"I_ [I 1 : ":F}':I.r — }+ }}] (37) {I'_ 10+ :I-“-:l ' 1} ﬁ'.ﬂ.,'::—l} B .[4-:':4_1}} [E:.“-:':.-_J-:']
Coefficient of variation in number of customersmfirsi queue - e TR T )L T
is ia::_.a; :_} *i‘hiq.a: :_}*i: ,, .- Ju 1}] 1, 1, ..;.:.,.}] (47)
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A.CHARACTERISTICSOF THE MODEL
Putting =, =0,z, = 0.z. =0.z, =01in (47) and expanding we
get the probability that the 4-server

system isempty at any timet asP(0.0.0.0;2)=
) C)G)e

Exp[;.zz"' XXX con ()
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-

exp [P.E,:,_,E:'_'_.,E:;__':-ﬂ'* A

Sy

18IS

Mg gy

(61)
Average waiting time of a customers in the second queue is
W 'c}——_ — =

(1 . 1#1 E,Dl-, . EI. 1#1}'. ':( E-,,Iil.-, }': '1( E.-PH }". '.li E:ll1 }'. |:%|1 "'I:' — ||| I-. — _ (62)
Hy _.“-1 —Hy [ Hy— Hy Hy — Hy e — Mg 1 1 E il el i ¥ o Al | _|::.'| ﬁ 'L"—I||

(1= PaiTy=Ta BTy =ry ey i Ty =Ty H Ry Ty

{ }] (48) Vanance of the number of customers in second queue is

By = Mg lbpg Vg =0y By {0y =T Frpgry

B. PERFORMANCE ANALYSIS OF FIRST QUEUE
Putting =, =1.z. = 1.z, =1 in (47) we get probability
generating function of first queue size as
P(Z;t) —Exa[zE nmt Zipmt Cin |.{ }"‘1 1} }] (49)
Mean number of customersin first queue |s
E(W) =L, (8= (Z)(1—e “:DE(X) (50)
Where E(x) is the mean of batch size arrivals to first queue
andisgivenby E(x) =E;_ m.c,

Putting z.=10 in (49) we get the probability that the first
gueue is empty as

PO, th = E'IE‘[J o A _'_1':—1:"41'-'... {'}{1 ML-I-!}] (51)
Utilization of first serveris U, (£ = 1= Fll,...it) =

1- Exi::-[.-' e el - (=1, f'} {1 HL}] (52)
Throughput of first server is Thplit) = ..U, (eh =

,u,':rl —E'xﬁ[z'E'IﬂE"'”r—l}' C, {'}E;}]} (53)
Average waiting time of a customer in first queueis
. —EI" __-|.! -y
Wil = -G - S (54)
g irh |1 ~wap z.\_l____\_.____ " .:.._“__.T”
Variance of the number of customers in first queue is
viz) =vio =1Ly [(")c. [[Z==)+(==)}]]  (55)

Coefficient of varlatlon in number of customersm first queue

z‘-"|

is crle) :%xiuu ==

xlEI-EI

(56)
C.PERFORMANCE ANALYSIS OF SECOND QUEUE
Putting =, =1z, =Lz, =1in (47) we get probability
generating function of second queue size distribution as
Pzt =

exp[}.E,:,_,E:'_'_1E '—1:' Cy { }f }

R 5
(= Ji1-e—witELx)
)

(57)
Mean number of customersin second queue is
B =1, (0 = [(2) 1 - L ] g (58)
Where E(x} isthe mean of batch size arrivals at second queue
and E(x) =X, m.C,,
Putting = =0in (57) we get the probability that the second
gueue isempty as
Pl th=

exp [J.E,:,_,E:'_'_.,E:;__':—-ﬂ” L

163 63} o B Symerererrersl|
(59)

Utilization of second server is U; (tl=1 —Pl.0...it) =

1_
exp AT, Bt T (-0 g, (1) (1) ) ]

8,02 1} .:r" JPp—— _._-:.:_,}.
‘- M=y b pg{ry e uary -

Viz =it =

(2 3 e (520 (29
() ((=2) + (=2 o]
(63)

Coefficient of varLati on of the number of customersin second
gueue cv,(t) = I'—xl oo =

P N S T O T
-+ | LTS

Eyu 'I"-.-.l =

mp-mye tmetlad e (1T

1
Al
3 4Hy

- x100

1 oY}
ppamBybo bt

il
= -
uy 4 u3 iy

(64)

D. PERFORMANCE ANALYSIS OF THIRD QUEUE
Putting =, = 1.z, = L.z, =1 in (47) we get probability
generating function of third queue size distribution as

AZat) =

eep 1B B Km0, (1) () (Rt e
(65)

Mean number of customersin third queue is

B =L (0 = [(22) 1 - (e ) (66)

Where E( %} is the mean of batch size arrivals at third queue

and E(x) =E, muCy,

Putting =. =0 in (65) we get the probability that the third

queue is empty as

Plo.D.ath= _ .

exp[AZz_ B0 B _ (-1, ()G }} —}]
(67)

Utilization of third server is U (t) =1—F(.,..0.it) =

ex;[zz.:..,z:-_-_z NESH {}{ }} _ }]

" (69)
Throughput of third server is The. (t)= ..U, () =
Mz |1 —
R A O e e
(69)

Average Waltlng time of a customer in third queue is
Wy -c}——"':

_'I_._
|1 iy My |

(70)

s —T3

[ty [

(60) Variance of the number of customers in third queue is
Throughput of second server is Thg, (t) = u. U, (t) = vizd =Vile) =
%
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(71)
Coefficient of variation of the number of customersin third
gueueis cv.ich="* LA xll}l}—

x100

(72)

E. PERFORMANCE ANALYSIS OF FOURTH
QUEUE
Putting =, = 1.z, =1z, =1 in (47) we get probability

generating function of fourth queue size distribution as

Azt =

exp 1, B B 0 () () e
(73)

Mean number of customers in_fpurth_ queue is

E(N) =L, (t) = [{A“}'{l { _LM_: :'-L"}}] E(X) (74)

Where E{ %} is the mean of batch size arrivals at fourth queue
and ECx) =X, m.C,,

Putting =. =0 in (73) we get the probability that the fourth
queueisempty as Fl......0:t)

exp 1T, B Ty () () (2] (e
(75)
Utilization of fourth server is o, (¢} =1 —Pi......0t) =
1_
e

exp [T, E L B0 () () 22
(76)

Throughput of fourth server is Thg, (t) = u,. U, (£} =
|l —

e 12,52, T 6 (2) () (2] [ty

o
Average waiting time of a customer in fourth queueis

W, (0)=—1

LT

oy abat

=)=

(78)

3 T fom oy [ Sam _I- .-'l +H4Ty
(R el B S SV T e e ||
= Uil ry ol Lery =i '] A Lg—ny PRabF Ll FEFY

Variance of the number of customers in fourth queue is

Vic =Wt =
['.r o } N |i'.' ,:lr }_4[1 -.;‘-"'-':‘---_ :} . [1 ._:..-,:}} .
i::.wp } } (== }} (0]

(79)
Coefficient of variation of the number of customersin fourth
queue cv,(e) =+ ~ %100 =

x100  (80)

F.NUMERICAL ILLUSTARTION WITH BINOMIAL
DISTRIBUTION

It is assumed that the customers arrive in batches of size ‘m’
and the probability generating function iscizi=Z;_, £.=™".

The performance of the model is influenced by the batch size
arrival distribution. It is assumed that the customers in any
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arriving model is random and follows Binomial distribution
with parameters A and p. Which means the number of
customersin abatch has Binomial distribution with parameter
p. The probability mass function of Zero '!'_rgnpqted Binomial
batch size distribuion is C.==—— m=12..4
and 0 <p< lL,wherep+g=1 The mean of
distributionis g(x) = *—'.

The Joint Probab|l|ty generating function of number of

Binomial

customers in first, second, third and fourth queues

respectively } at any time t is

PlELZnZalgt)l=

ex[A T4 B L D T B ((0e(D () () () ()

(P""i‘a :'\|[I::1_1)+E1.“1' _1)+E.-.“1':::_1:'+E:.“1'::1_1:']I- I:[Ehfh'::.-_l)]lz K
1—g Hy =y s — My Hy =y Hy =iy

(Bapg {2y =1))" 3714 g0 gt —Ta B Hgima =y iy imy =Ty gyt

i Mg oMy } l:"' Mgy I p MR g PPy g bt Mty }] (81)

G. CHARACTERISTICSOF THE MODEL
Putting =, = 0.z, = 0....z, =0 in (81) and expanding we get
the probability that the 4-server system is empty at any
timet as
P(000.0;t) = exp[AT3_ Z0 T T2 E7 (—1)n

(4)(2) (B (oo 2 2

@)
1."'-1 Ha o
1—g4 } |I .“-. — .“- _.u.'l -+.“-1- _..I:"-1?I |I.u.- _.f"-1]I
=) el @

27Tt EUR TR Bty

H. PERFORMANCE ANALYSIS OF FIRST QUEUE
Putting =z =1:. =1z, =1 in (81) we get probability
generating function of first queue : size as

Pz c}_exa[zE"l_.l ,'_1| . { }{ }':.,—1 { P-L}]
(83)

Mean number of customersin first queue is

L0 =[] (2)a-e (84)

Putting z,=10 in (83) we get the probability that the first

gueue isempty as -
Q) (EPET]

Pllhususs c}—exn-[zz E

T

(85)
Utilization of first server ist, it} = 1 — Pll,..it) =
- e[ T, B0 (D () (2SS )] (86)
Throughput of first server is Thplit)= . U,(t) =
Has 'll—exa[zz D S Co U I { }{ = } -L}]] (87)
Average waiting time of a customer in h rst queue is
W) = = B e B

L e 1If|—:“

Variance of number of customers infirst queueis
viZ=v, llﬂ'—.-'E",_, 4 I . it \}“Ir '-Lh}+{ -Lh}}]

(89)
Coefficient of variation of number of customersin first
queueis

axa . HAWT

e [T SLO B
= il

cb’,ic):‘l"-j' Y oo
(90)
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I. PERFORMANCE ANALYSIS OF SECOND
QUEUE
Putting =, =1z, = Lz, =1 in (81) we get probability
generating function of second queue size distribution as

PlZyt)=
=000 () () () *———}]

fE.-:E E LT
- iL%%%%%%

(91)
Mean number of customers |n seco_hd gueue is
L (0 = [(22) (22 ) {1 - ()] (92)

Putting z. =0 in (91) we get probability that the second

queue is empty as PL.0....;t) =
ATA L Em T (= (A () () (D) ‘
exp ’ e j”” }‘” ”} (93)
i: .-J.-l"- -l- -p-.l-.- }
Utilization of second serveris
i::_.l'c}—l—Pl',,,-c}—1— _
L I (-1)n el TR
| e r}Hr 2] 00
l::I i .- H

Thréughput of second server is Thp, ()= U8 = [ —
ST com ()

(l—q |E“ f; [ly_ip—rh:r} (95)

Average waiting time of a customer in second queue is
W 'c}——-—"'

exp

e AT LT
[ el L S E R P

(96)
Variance of number of customersin second queueisv.it)

=1z }FmﬁTET:WH““1—4 =)
(=) (e () () - ()]

97
Coefficient of variation of number of customersin second

gueueis
cv_.{.:}:ﬁxiuuz

[ |:\“' [y o AT, _;.-—'"'— | o _F_-I::+|.'_!.I I__,-:n.-zz.ll
_ugs Cmmilmiia A ! i By PR [ u |
i oy 1 Ap (i Biby pa_mbrba
=) )5
— x100

R e B
Ma_ My il

'I.'_:-'__;-I.I:: \
(98)
J. PERFORMANCE ANALYSIS OF THIRD QUEUE

generating function of third queue size distribution as
exp ( —iuy Ty —ry Hugryl
it }

Putting =, = 1.z, = L.z, = 1in (81)we get probability
PlZith=
=AY (B3
ATAL T T 0 (D () () (S5 ) 1(99)
Mean number of custoxmér;_lnjth:ru queue is

I nter national Journal of Innovative Technology and Exploring Engineering (1JITEE)
| SSN: 2278-3075 (Online), Volume-9 I ssue-3, January 2020

At =
}' E:I-JE:'-'-]E:;-JI

exp (=) }{ }{: *:"}:;p }]

li'] g—imyirg—ry iy Ty }
L8

Mgy =Tah ugy

(101)
Ut|||zat|onofth|rdserver|sa (th=1—pP(, 0.t =1—

JEELZ o QO0ES)

m=1
E E 3 By } 1—gt feglry ~Tykt gy I
Kz = Ky Ha (e = 1) + pars

Throughput of third server is
Thp.(t) = p.. U.(e) = p.[1 —exp

ATA T B (2 () () (555 [

li':l -.-"‘-'.'."r +p3Ty }
LTI |

Tartuaty

Average waiting time of a customer in third queue is
W 'c}—__—"'

(102)

G } l (103)

Bya— E_p "-'|I|

= (104)
|
|

I =
L Byt =Ty Ty
Variance of number of customersmthlrd queueisv.(t)
=i [ ‘!Ju ,.,.4, -,-:,:”:p:, :}il{: gmu .}—-’—II( .-:.-:_.. .}+
(=) ) () - =)
(105)

Coefficient of variation of number of customersin third
queueis cv.(r) = ~x100=

(106)
K.PERFORMANCE ANALYSIS OF FOURTH QUEUE
Putting =, = 1.z; = L.=: =1 in (81) we get probability
generating function of fourth queue size distribution as

Azgtl=
M B T ~ﬂﬂmrrrwﬂﬂﬁﬁ;tﬁ1
= (1-e—iBairg=—ryl+uary
B )
(107)
Mean number of customers |n fourth queue is
L0 =[(2) (2) {1 ()] (108)

Putting z,=1in(107) weget probability that the fourth
queue is empty asPl......0:th =

ATA_ Fm T (1) | o Aemy A T
exp ’ : o l_l e {L:}{ } o }1,, J,} (109)
Utilization of fourth server isu, (&) =1—-FL....0th =1—

3 T4 i Py (et (A ry T A ‘Jw
exy AE"I-:EI--:EH_". 1} I""j['-}['ﬂ} . \.p My } (110)

Ty =gty

Throughput of fourth server isThg, (t) = . Uy(e) = [ [1 -

L@=[() () (- )] A% T B 0 () () (55T) (2|
o) f er)
Putting z. =0 in (99) we get the probability that the third e
gueue isempty as (111)
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Average waiting time of a customer in fourth queue is

W, (=—=

TR frga—Bat —p, g =Myt ||
oL | ol e o)

- r o g p A g P
el g R | || |

! F | el BN | oy
4= il fhry - Bi=Hy By

(i My =Ty ""l'l':|||

|
(112)
Variance of number of customersin fourth queue is vz}

(B 5 () () () e ()«

Mg My

(N 22 (=) - =2

exp|av
1 wap | AED

§ T4l TH4TS

(113)
Coefficient of variation of number of customersin fourth
queueis
cvith = ‘I" Ux100 =

g Mgk g i

L Haky
o ke P | n
Hy+by Hi
- -I...II
|

-|.-.:_|_...-|.-,|:II|
TP |

B,

x100

(114)
VI.ANALYSIS

The transient behavior of the model is studied by considering
Binomia batch size arrival distribution and the performance
measures are calculated by varying system parameters as
n:ﬂlMﬂ?ﬂﬁﬂﬁ*jzmﬂ1”1?1*_—:;4;:1ﬂ111"ﬂ|".—:[:

1254 B = 0102030405 = 125 = 0402030405 and 4 =

15202530,

Here the mean number of customers in each queue
L, (eh Ly (ehLs (2) Ly (2) dong with mean number of customers
Lit) in the entire system are caculated by varying the
parameters t. i, u,, ppe . 8, 8. 604 ONE @t a time keeping
all other constant and the values are tabulated in Table 1.The
probability of emptiness of each server and aso the
utilization of servers are calculated correspondingly for each
value of parameters as above and the calculations are
recorded in Table2.The throughputs of four servers
Thp,(t), The(t),The.(t).The,(t) along with average waiting
times of customers in four queues W (el Wi (el HE (e).15 () are
also calculate and tabulated in Table .3.The Variance of the
number of customers WeLViehVa(enF,ie) aong  with
coefficient of variation of the number of customersin each
gueue are computed and the values are tabulated in Table 4.
From Table.1 it isobserved that astimetisincreasing from
0.1 to 0.5 the mean number of customersisalso increasing in
each queue. The same phenomenon is reflected in  mean
number of customersin the entire system. Also asthe service
rate of first server u, isincreasing from 10 to 14 keeping
i, UNChanged the mean number of customers in first
gueue L, (t} isdecreasing from 2.1245 to 1.8086 where as the
mean number of customers in the remaining queues are
increasing and mean number of customers in the entire
system Lit} is decreasing. Similarly when w; is increasing
L.(t) isdecreasing , r is increasing L. (t) is decreasing and
no change in the other queue measures .The same
phenomenon is observed with the fourth queue. This shows
that theimprovement in performance of first server improves
the performance of entire system.
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In the same pattern when the probability &.(sr&.} that the
customersfromfirst server join second server (or third server)
increases the queue size at second server L.(ti{orat third
server L.t} ) is increasing correspondingly where as at the
fourth server it is decreasing. As the batch size distribution
parameters ‘p’ is increasing then L, (&)L, (¢}, L. (th and L, (tlare
decreasing where as for the parameter A the phenomenon
goesinversely.

Table.2. indicates that the probability of emptiness has shown
decrease with respect to increase in time. In particular it has
sudden decrease from 0.2281 to 0.0580 when t moves from
0.1to 0.2 and decreasing normally thereafter for t=0.2 to 0.5.
Similarly with increase in mean arrival rate i the probability
of emptiness at each server is decrease while the utilizations
of servers w,lehU,(ehU.ithU,(t) increase. This clearly
indicates that the system performs in accordance with time.
As the service rate u, increases from 1 to 14 the probability
of emptiness of first service station increases from 0.2726 to
0.2926 whileutilization of first server decreasesfrom0.7274
to 0.7004 where as the probability of emptiness at other
service stations decrease and Utilization increase. The
probability of emptiness of the system increases asthe service
rates i, e it .11, inCrease. Similarly when the probability of
customer joining a particular server increase the probability
of emptiness decrease while it’s utilization gets increased.
Thus as &, increases from 0.1 to 0.5 the system emptiness
decreases marginally from 0.2301 to 0.2295 and probability
of emptiness of second server decreases from 0.9373 to
0.7425.This has an impact on the fourth server also since the
joining probability of fourth queue is directly dependent on
B.ond 8, (8. =1—-6,—8,). Therefore the probability of
emptiness at fourth server increases from 0.6838 to 0.8386
and it’s utilization decreases from 0.3162 to 0.1614.Similarly
as . increases from 0.1 to 0.5 the probability of emptiness
of third server decreases from 0.9391 to 0.7484 and it’s
utilization increases from 0.0609 to 0.2516. Also the
probability of emptiness of fourth server increases from
0.6530 to 0.7944 and it’s utilization decreases from 0.3470 to
0.2056.It is observed that as the batch size distribution
parameter ‘p’ is increasing the probability of emptiness of the
system as well as servers decrease and utilization of each
server increase aswell. It isalso observed that as parameter
‘A’ increases the probability of emptiness of the system
decrease and utilization increase.

From Table.3 it is observed that with increase in time the
throughputs Thp,(t), The, (el The.(t).The,(t) and mean waiting
time of customer a each of the queues
Wi (e), Wi (e), Wi (ed, w3 (e)  have shown increase. Similarly an
increasein Aled to anincreasein throughputs aswell asmean
waiting times. Further we can observe that the increase in
service rates at second, third and fourth servers lead to
increase in throughputs and waiting times except at first
server where it remain constant. It is also observed that the
increase in i, leads to increase in
Thp, (t), Thp. (th The. (e), The, (£ and decrease in
Wy Ceh iz (el (214 Ced. As the probability of joining second
gueue increases from ,=0.1 to 0.5 the throughput Thg.it)
increases correspondingly from 0.4389 to 1.8025 . This in
turn increase the waiting time #:(t) from 0.1417 to 0.1836.
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As&. dependson &, (£, is constant) which decreases from 0.7
to 0.3 the throughput Thz, (t} decreases from 2.8458 to
1.4526 while mean waiting time i (£} decreases from 0.1531
t0 0.1286. A similar phenomenon is observed with variation
in &, the probability of joining third queue after being served
at first queue .

From Table .4.it is observed that with increase in time the
variance of the number of customersin first, second , third
and fourth queuesincrease and coefficient of variation of the
number of customers decrease significantly. Similarly with
increasein the variance of number of customers

v el el e e at four queues increase and the
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coefficient of variation cv, (el cv.ieh,cv.ie),cVit) decrease.
Further it is observed that with increasein w, thereis decrease
inv.(tiand increasein vt v.(t).7,(t) where astheincreasein
i iy led to decrease in vileh. vl v, (x) respectively. The
probability of joining the second (or third ) queue &.{or &.
increases the variance in second (or third ) queue

v.ie) (or ()} increases where as the variance in fourth queue
i, (thdecreases. Itisalso observed that theincreasein
parameter ‘p’ increases the variances V.(e), Valel. el v, ()
and the same phenomenon is observed with other batch size
parameter ‘ A °.

Table 1.Values of Expected Number (M ean) of Customersin the Queuein Transient State
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A | M1 | Hz | M3 | Be | © 87 B, p A Ly(t) Ly(t) Ly(t) Ly(t) L(t)
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00662 | 01283 | 04358 | 3.1576
02 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 39143 | 01782 | 03369 | 11162 | 55456
03 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 46755 | 02773 | 05133 | 16691 | 7.1352
04 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 50933 | 03504 | 06381 | 20454 | 81272
05 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 53226 | 03998 | 07191 | 22817 | 87232
01 | 10 | 6 7 8 9 0.1 02 07 02 | 10 | 16849 | 00441 | 00856 | 02905 | 2.1051
01 | 11 | 6 7 8 9 0.1 02 07 02 | 10 | 18534 | 00485 | 00941 | 03196 | 23156
01 | 12 | 6 7 8 9 0.1 02 07 02 | 10 | 20218 | 00529 | 01027 | 03486 | 25260
01 | 13 | 6 7 8 9 0.1 02 07 02 | 10 | 21903 | 00574 | 01120 | 03777 | 27366
01 | 14 | & 7 8 9 0.1 02 07 02 | 10 | 23588 | 00618 | 01198 | 04067 | 29471
01 | 15 | 10 | 7 8 9 0.1 02 07 02 | 10 | 21245 | 00975 | 01889 | 06410 | 3.0519
01 | 15 | 11 | 7 8 9 0.1 02 07 02 | 10 | 20383 | 01041 | 02018 | 06843 | 3.0285
01 | 15 | 12 | 7 8 9 0.1 02 07 02 | 10 | 19572 | 01104 | 02138 | 07249 | 3.0063
01 | 15 | 13 | 7 8 9 0.1 02 07 02 | 10 | 1.8807 | 01162 | 02250 | 07629 | 29848
01 | 15 | 14 | 7 8 9 0.1 02 07 02 | 10 | 18086 | 01217 | 02356 | 07985 | 29644
01 | 15 | 6 | 10 | 8 9 0.1 02 07 02 | 10 | 25273 | 00604 | 01283 | 04358 | 3.1518
01 | 15 | 6 | 11 | 8 9 0.1 02 07 02 | 10 | 25273 | 00587 | 01283 | 04358 | 3.1501
01 | 15 | 6 | 12 | 8 9 0.1 02 07 02 | 10 | 25273 | 00570 | 01283 | 04358 | 3.1484
01 | 15 | 6 | 13 | 8 9 0.1 02 07 02 | 10 | 25273 | 00554 | 01283 | 04358 | 3.1468
01 | 15 | 6 | 14 | 8 9 0.1 02 07 02 | 10 | 25273 | 00539 | 01283 | 04358 | 3.1453
01 | 15 | 6 7 10 [ 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01209 | 04358 | 3.1462
01 | 15 | 6 7 1 | 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01174 | 04358 | 3.1427
01 | 15 | 6 7 12 | 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01140 | 04358 | 3.1393
01 | 15 | 6 7 13 | 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01108 | 04358 | 3.1361
01 | 15 | 6 7 14 | 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01078 | 04358 | 3.331
01 | 15 | 6 7 8 | 10 | o1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04230 | 3.1408
01 | 15 | 6 7 8 | 11 | o1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04108 | 3.1286
01 | 15 | 6 7 8 | 12 | o1 02 07 02 | 10 | 25273 | 00622 | 01283 | 03991 | 3.1169
01 | 15 | 6 7 8 | 13 | o1 02 07 02 | 10 | 25273 | 00622 | 01283 | 0380 | 3.1058
01 | 15 | & 7 8 | 14 | o1 02 07 02 | 10 | 25273 | 00622 | 01283 | 03773 | 3.0951
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 02 02 06 02 | 10 | 25273 | 01324 | 01283 | 03735 | 3.1615
01 | 15 | 6 7 8 9 03 02 05 02 | 10 | 25273 | 01985 | 01283 | 03113 | 3.1654
01 | 15 | 6 7 8 9 04 02 0.4 02 | 10 | 25273 | 02647 | 01283 | 02490 | 3.1693
01 | 15 | & 7 8 9 05 02 03 02 | 10 | 25273 | 03309 | 01283 | 01868 | 3.1733
01 | 15 | 6 7 8 9 0.1 0.1 08 02 | 10 | 25273 | 00622 | 00642 | 04980 | 3.1517
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 0.1 03 06 02 | 10 | 25273 | 00622 | 01925 | 03735 | 3.1555
01 | 15 | 6 7 8 9 0.1 04 05 02 | 10 | 25273 | 00622 | 02567 | 03113 | 3.1575
01 | 15 | & 7 8 9 0.1 05 04 02 | 10 | 25273 | 00622 | 03208 | 02490 | 3.1593
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | & 7 8 9 0.1 02 07 02 | 10 | 25273 | 00622 | 01283 | 04358 | 3.1536
01 | 15 | 6 7 8 9 0.1 02 07 01 | 10 | 17318 | 00453 | 00879 | 02986 | 2.1636
01 | 15 | 6 7 8 9 0.1 02 07 02 | 10 | 25273 | 00662 | 01283 | 04358 | 3.1576
01 | 15 | 6 7 8 9 0.1 02 07 03 | 10 | 34823 | 00912 | 01768 | 06004 | 4.3507
01 | 15 | 6 7 8 9 0.1 02 07 04 | 10 | 45393 | 01189 | 02305 | 07827 | 56714
01 | 15 | 6 7 8 9 0.1 02 07 05 | 10 | 56454 | 01478 | 02867 | 09734 | 7.0533
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0.1 15 6 7 8 9 0.1 0.2 0.7 0.2 10 | 25273 0.0662 0.1283 0.4358 3.1576
0.1 15 6 7 8 9 0.1 0.2 0.7 0.2 15 | 35073 0.0918 0.1781 0.6047 4.3819
0.1 15 6 7 8 9 0.1 0.2 0.7 0.2 20 | 45645 0.1195 0.2318 0.7870 5.7028
0.1 15 6 7 8 9 0.1 0.2 0.7 0.2 25 | 56612 0.1482 0.2875 0.9761 7.0730
0.1 15 6 7 8 9 0.1 0.2 0.7 0.2 30 | 67762 0.1774 0.3441 1.1684 8.4661
Table 2.Probability of Emptiness and Utilization of Serversand System in Transient State
A | Mg | Mz | 3| pg| B | B | B3| p A | Ppppot | Pp.t Ppt Pt Pgt | Uy(t) | Uz(t) | Uz(t) | Uylt)
1506 |7 |8|9|01]02]07]|02]| 10| 02301 | 02625 | 09373 | 0.8841 | 0.6868 | 0.7375 | 0.0627 | 0.1159 | 0.3162
156 |7 |8|9|01]02]|07]|02]| 10| 00619 | 01003 | 0.8407 | 0.7258 | 0.3871 | 0.8997 | 0.1593 | 0.2742 | 0.6129
1506 |7 |8|9|01]02]07]|02]| 10| 00216 | 00539 | 0.7634 | 0.6134 | 0.2402 | 0.9461 | 0.2366 | 0.3866 | 0.7598
156 |7 |8|9|01]02]|07]|02]| 10| 00101 | 00371 | 07106 | 05437 | 0.1710 | 0.9629 | 0.2894 | 0.4563 | 0.8290
156 |7 |8|9|01]02]|07]|02]| 10| 00061 | 02999 | 06768 | 0.5023 | 0.1370 | 0.9701 | 0.3232 | 0.4977 | 0.8630
10|6|7|8|9|01]02]|07]|02]| 10| 03755 | 04100 | 09577 | 0.9212 | 0.7761 | 05900 | 0.0423 | 0.0788 | 0.2239
1216 |7|8|9|01]02]|07]|02]| 10| 03404 | 03750 | 0953 | 09136 | 0.7567 | 0.6250 | 0.0464 | 0.0864 | 0.2433
12|6|7|8|9|01]02]|07]|02]| 10| 03087 | 03430 | 0.9495 | 0.9062 | 0.7378 | 0.6570 | 0.0505 | 0.0938 | 0.2622
13(6|7|8|9|01]02]07]|02]| 10| 0279 | 03138 | 0.9454 | 0.8988 | 0.7193 | 0.6862 | 0.0546 | 0.1012 | 0.2807
14|6|7|8|9|01]02]|07]|02]| 10| 02538 02870 | 09413 | 0.8914 | 0.7013 | 0.7130 | 0.0587 | 0.1086 | 0.2987
15120 7| 8|9 |01]02]|07]|02]| 10| 02344 | 02974 | 09098 | 0.8368 | 05000 | 0.7026 | 0.0902 | 0.1632 | 0.4100
15|11 78| 9]01|02]|07]|02]| 10| 0235 ] 03069 | 00041 | 0.8273 | 05731 | 0.6931 | 0.0959 | 0.1727 | 0.4269
15122 7| 8|9 |01]02]|07]|02]| 10| 02365 | 03166 | 08988 | 0.8186 | 05580 | 0.6834 | 0.1012 | 0.1814 | 0.4420
15|13 7| 8| 9]01|02]|07]|02]| 10| 02375 | 03265 | 08940 | 0.8106 | 0.5445 | 0.6735 | 0.1060 | 0.1894 | 0.4555
15124 7| 8|9 |01]02]|07]|02]| 10| 02385 | 03336 | 08894 | 0.8031 | 0.5323 | 0.6664 | 0.1106 | 0.1969 | 0.4677
15| 6 |10|/8|9]01|02]|07]|02]| 10| 0233] 02625 | 09424 | 0.8841 | 0.6868 | 0.7375 | 0.0576 | 0.1159 | 0.3162
156 |11 8|9 |01]02]|07]|02]| 10| 02304 | 02625 | 09440 | 0.8841 | 0.6838 | 0.7375 | 0.0560 | 0.1159 | 0.3162
15| 6 |12|8|9]01|02]|07]|02]| 10| 02304 | 02625 | 09455 | 0.8841 | 0.6838 | 0.7375 | 0.0545 | 0.1159 | 0.3162
156 |13|8|9|01]02]|07]|02]| 10| 02305 ]| 02625 | 09470 | 0.8841 | 0.6838 | 0.7375 | 0.0530 | 0.1159 | 0.3162
15| 6 |14|8|9]01|02]|07]|02]| 10| 0236 | 02625 | 09484 | 0.8841 | 0.6838 | 0.7375 | 0.0516 | 0.1159 | 0.3162
1506 |7|1]9]o01]|02]|07]02]| 10| 0234|0262 | 09373 | 0.8002 | 0.6868 | 0.7375 | 0.0627 | 0.1098 | 0.3162
156 (7| ,]9|01]02|07]|02]|10 | 02305 02625 | 09373 | 0.893L | 0.6838 | 0.7375 | 0.0627 | 0.1069 | 0.3162
156 |7 9 |01]02]07]|02]| 10| 02306 | 02625 | 0.9373 | 0.8958 | 0.6838 | 0.7375 | 0.0627 | 0.1042 | 0.3162
156 (7| ,]9|01]02|07]|02]|10 | 02308 | 02625 | 09373 | 0.8985 | 0.6838 | 0.7375 | 0.0627 | 0.1015 | 0.3162
15|67 9 |01]02]07]|02]| 10| 02309 | 02625 | 0.9373 | 0.9010 | 0.6838 | 0.7375 | 0.0627 | 0.0990 | 0.3162
506 |7|8|t]o01]02]|07]02]| 10| 0236]| 02625 | 09373 | 0.8841 | 0.6902 | 0.7375 | 0.0627 | 0.1159 | 0.3098
156 |7|8|,|01|02|07]|02| 10 | 02311 | 02625 | 09373 | 0.8341 | 06066 | 0.7375 | 0.0627 | 0.1159 | 0.3034
56|78 01| 02|07 |02 10 | 02315 | 02625 | 09373 | 0.8841 | 0.7027 | 0.7375 | 0.0627 | 0.1159 | 0.2973
156 (7|8, |01]02|07]|02]|10 | 02320 | 02625 | 09373 | 0.8841 | 0.7087 | 0.7375 | 0.0627 | 0.1159 | 0.2913
156 |78 01| 02| 07|02 10 | 02324 | 02625 | 09373 | 0.8841 | 0.7145 | 0.7375 | 0.0627 | 0.1159 | 0.2855
1506 |7|8|9|01]02]07]|02]| 10| 02301 02625 | 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
15| 6|7 |8|9]02|02|07]|02]| 10| 0220 | 02625 | 08809 | 0.8841 | 0.7174 | 0.7375 | 0.1191 | 0.1159 | 0.2826
1506 |7|8|9|03[02]07]|02]| 10| 02208] 02625 | 08300 | 0.8841 | 0.7541 | 0.7375 | 0.1700 | 0.1159 | 0.2459
15| 6|7 |8|9]04|02]|07]|02]| 10| 0226 | 02625 07841 | 0.8841 | 0.7944 | 0.7375 | 0.2159 | 0.1159 | 0.2056
156 |7 |8|9|05]02]|07]|02]| 10| 02295 02625 | 07425 | 0.8841 | 0.8386 | 0.7375 | 02575 | 0.1159 | 0.1614
15| 6| 7|8|9]01|01]|08]|02]| 10| 02302] 02625 | 09373 | 09391 | 06530 | 0.7375 | 0.0627 | 0.0609 | 0.3470
1506 |7|8|9|01]02]07]|02]| 10| 02301 02625 | 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
15| 6| 7|8|9]01|03|06|02]| 10| 0230] 02625 09373 | 0.8344 | 0.7174 | 0.7375 | 0.0627 | 0.1656 | 0.2826
156 |7 |8|9|01]04]|05]|02]| 10| 02299]| 02625 | 09373 | 0.7893 | 0.7541 | 0.7375 | 0.0627 | 0.2107 | 0.2459
15| 6| 7|8|9]01|05]|04]| 02| 10| 02200 | 02625 09373 | 07484 | 0.7944 | 0.7375 | 0.0627 | 0.2516 | 0.2056
1506 |7|8|9|01]02]07]|02]| 10| 02301 02625 | 09373 | 0.8841 | 0.6868 | 0.7375 | 0.0627 | 0.1159 | 0.3162
15| 6|7 |8|9]01|02]|07]|02]| 10| 0231| 02625 | 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
156 |7 |8|9|01]02]07]|02]| 10| 02301 02625 | 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
15| 6| 7|8|9]01|02]|07]|02]| 10| 02301 02625 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
156 |7 |8|9|01]02]07]|02]| 10| 02301 02625 | 09373 | 0.8841 | 0.6838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
15| 6|7 |8|9]01|02]|07]|01]| 10| 0232] 02894 | 08692 | 09175 | 0.4969 | 0.7106 | 0.1308 | 0.0825 | 0.5031
156 |7 |8|9|01]02]|07]|02]| 10| 02301 02625 | 08468 | 0.8841 | 0.4546 | 0.7375 | 0.1532 | 0.1159 | 0.5454
15| 6| 7|8|9]01|02]|07]|03]| 10| 0224] 02441 | 08253 | 0.8468 | 0.4207 | 0.7559 | 0.1747 | 0.1532 | 0.5793
156 |7 |8|9|01]02]|07]|04]| 10| 02243 02331 | 08048 | 0.8086 | 0.3933 | 0.7669 | 0.1952 | 0.1914 | 0.6067
15| 6| 7|8|9]01|02]|07]|05]| 10| 02235] 02274 | 07853 | 0.7719 | 03710 | 0.7726 | 0.2147 | 0.2281 | 0.6290
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O l15| 6| 7|8 |9]01|02|07]|02]| 10| 0201|0225 ]| 09373 | 08841 | 06838 | 0.7375 | 0.0627 | 0.1159 | 0.3162
o ]| 6|7 |8]9]01]02]07]|02]| 15| 02265 | 0245 | 09150 | 08461 | 06122 | 0.7550 | 0.0850 | 0.1539 | 0.3878
15| 6| 7|8 9|01]|02]07|02]| 20 | 02247 | 02349 | 0.8920 | 0.8084 | 05512 | 0.7651 | 0.1080 | 0.1916 | 0.4488

o ]| 6|7 [8]9]01]02]07]|02]| 25 |0238| 02293 | 08693 | 07725 | 05012 | 0.7707 | 01307 | 02275 | 0.4988
15| 6| 7|8 9|01]|02]|07|02]| 30| 02234 02263 | 08473 | 0.7391 | 04608 | 0.7737 | 0.1527 | 0.2609 | 0.5392

Table 3.Values of Throughput and Waiting Time of Customersin Queuesin Transient State
t Vi By Mz Bz My i B B p A Thp,(t)| Thp:(t)| Thp:it)| Thp,t)| Wyt WE) Wat) WLt
01| 15 | 6 7 8 9 |01|02| 07| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1508 | 0.1384 | 0.1531
02| 15 | 6 7 8 9 |01|02]|07]| 02| 10 | 53982 | 11151 | 21936 | 55161 | 0.7251 | 0.1598 | 0.1536 | 0.2024
03] 15 | 6 7 8 9 |01|02|07]| 02| 10 | 56766 | 1.6262 | 3.0928 | 6.8382 | 0.8236 | 0.1674 | 0.1660 | 0.2441
04| 15 | 6 7 8 9 [01|02]|07]| 02| 10 | 57774 | 20258 | 3.6504 | 7.4610 | 0.8816 | 0.1730 | 0.1748 | 0.2741
05| 15 | 6 7 8 9 |01|02|07]| 02| 10 | 58206 | 22624 | 3.9816 | 7.7670 | 09144 | 0.1767 | 0.1806 | 0.2938
01| 10 | 6 7 8 9 [01|02|07]| 02| 10 | 35400 | 02961 | 0.6304 | 2.0151 | 0.4760 | 0.1489 | 0.1358 | 0.1442
01| 11 | 6 7 8 9 |01|02)|07]| 02| 10 | 37500 | 0.3248 | 06912 | 21897 | 0.4942 | 0.1493 | 0.1361 | 0.1460
01| 12 | 6 7 8 9 [01|02|07]| 02| 10 | 39420 | 03535 | 0.7504 | 2.3598 | 05129 | 0.1496 | 0.1369 | 0.1477
01| 13 | 6 7 8 9 |01|02|07]| 02| 10 | 41172 | 03822 | 0.8096 | 25263 | 05320 | 0.1502 | 0.1374 | 0.1495
01| 14 | 6 7 8 9 [01|02]|07]| 02| 10 | 42780 | 04109 | 0.8688 | 2.6883 | 0.5514 | 0.1504 | 0.1379 | 0.1513
01| 15 | 10| 7 8 9 |[01|02|07]| 02| 10 | 7026 | 06314 | 1.3056 | 3.6900 | 0.3024 | 0.1544 | 01447 | 0.1737
01|15 | 11 | 7 8 9 | 01]02]|07| 02| 10 | 76241 | 06713 | 1.3816 | 3.8421 | 0.2673 | 0.1551 | 0.1461 | 0.1781
01| 15 | 12 | 7 8 9 |01|02|07]| 02| 10 | 82008 | 0.7084 | 1.4512 | 3.9780 | 0.2387 | 0.1558 | 0.1473 | 0.1822
01|15 | 13 | 7 8 9 | 01]02]|07| 02| 10 | 87555 | 07420 | 15152 | 4.0995 | 0.2148 | 0.1566 | 0.1485 | 0.1861
01| 15 | 14 | 7 8 9 |01|02|07]| 02| 10 | 9329 | 07742 | 15752 | 42093 | 0.1939 | 0.1572 | 0.1496 | 0.1897
01| 15| 6 | 10 | 8 9 | 01]02]|07| 02| 10 | 44250 | 05760 | 09272 | 2.8458 | 05711 | 0.1049 | 0.1384 | 0.1531
01| 15| 6 | 11 | 8 9 |01|02|07]| 02| 10 | 44250 | 06160 | 09272 | 2.8458 | 05711 | 0.0953 | 0.1384 | 0.1531
01| 15| 6 | 12 | 8 9 | 01]02]|07| 02| 10 | 44250 | 06540 | 09272 | 2.8458 | 05711 | 0.0872 | 0.1384 | 0.1531
01| 15| 6 | 13| 8 9 |01|02| 07| 02| 10 | 44250 | 06890 | 0.9272 | 2.8458 | 05711 | 0.0804 | 0.1384 | 0.1531
01| 15| 6 | 14 | 8 9 | 01]02]|07| 02| 10 | 44250 | 07224 | 09272 | 2.8458 | 05711 | 0.0746 | 0.1384 | 0.1531
01| 15 | 6 7 | 10| 9 |01]|02]|07]| 02| 10 | 44250 | 04389 | 1.0980 | 2.8458 | 05711 | 0.1417 | 0.1101 | 0.1531
01| 15 | 6 7 | 12| 9 |01|02]|07]| 02| 10 | 44250 | 04389 | 1.1759 | 2.8458 | 05711 | 0.1417 | 0.0998 | 0.1531
01| 15 | 6 7 | 12| 9 |01]|02]|07]| 02| 10 | 44250 | 04389 | 12504 | 2.8458 | 05711 | 0.1417 | 00912 | 0.1531
01| 15 | 6 7 | 13| 9 |01|02]|07]| 02| 10 | 44250 | 04389 | 1.3195 | 28458 | 05711 | 0.1417 | 0.0840 | 0.1531
01| 15 | 6 7 | 14| 9 |01]|02]|07]| 02| 10 | 44250 | 04389 | 13860 | 2.8458 | 05711 | 0.1417 | 00778 | 0.1531
01| 15 | 6 7 8 | 10 | 01| 02|07 | 02| 10 | 44250 g'iggg 0.9272 | 3.0980 | 05711 | 0.1417 | 0.1384 | 0.1365
01| 15 | 6 7 8 | 11 | 01 | 02| 07| 02| 10 | 44250 | 2 | 09272 | 33374 | 05711 | 01417 | 01384 | 0.1231
01| 15 | 6 7 8 | 12 | 01| 02|07 |02 | 10 | 44250 | =0 | 09272 | 35676 | 05711 | 01417 | 01384 | 01190
01| 15 | 6 7 8 | 13 | 01 | 02| 07| 02| 10 | 44250 | 2| 09272 | 37869 | 05711 | 01417 | 01384 | 0.1025
01| 15 | 6 7 8 | 14 | 01| 02|07 |02]| 10 | 44250 | 09272 | 3.9970 | 05711 | 0.1417 | 0.1384 | 0.0944
01| 15 | 6 7 8 9 |01|02|07]| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 01384 | 0.1531
01| 15 | 6 7 8 9 | 02| 02| 06| 02| 10 | 44250 | 08337 | 09272 | 25434 | 05711 | 0.1588 | 0.1384 | 0.1469
01| 15 | 6 7 8 9 |03 |02| 05| 02| 10 | 44250 | 11900 | 0.9272 | 2.2131 | 05711 | 0.1668 | 0.1384 | 0.1407
01| 15 | 6 7 8 9 | 04| 02]|04| 02| 10 | 44250 | 15113 | 09272 | 1.8504 | 05711 | 0.1751 | 0.1384 | 0.1346
01| 15 | 6 7 8 9 | 05| 02| 03| 02| 10 | 44250 | 1.8025 | 0.9272 | 14526 | 05711 | 0.1836 | 0.1384 | 0.1286
01| 15 | 6 7 8 9 | 01]01]| 08| 02| 10 | 44250 8'2328 04872 | 31230 | 05711 | 0.1417 | 01318 | 0.1595
01| 15 | 6 7 8 9 | 0102|0702 10 | 44250 | 200 | 09272 | 28458 | 05711 | 01417 | 01384 | 01531
01| 15 | 6 7 8 9 | 0103|0602/ 10 | 44250 | o0 | 13248 | 25434 | 05711 | 01417 | 0.1453 | 0.1469
01| 15 | 6 7 8 9 | 0104|0502 10 | 44250 | 200 | 16856 | 22131 | 05711 | 01417 | 01523 | 0.1407
01| 15 | 6 7 8 9 | 01|05|04| 02| 10 | 44250 | - 30128 | 15804 | 05711 | 0.1417 | 0.1594 | 0.1436
01| 15 | 6 7 8 9 |01|02|07]| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 01384 | 0.1531
01| 15 | 6 7 8 9 | 01]02]| 07| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 01384 | 0.1531
01| 15 | 6 7 8 9 |01|02|07]| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 0.1384 | 0.1531
01| 15 | 6 7 8 9 | 01]02]|07| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 0.1384 | 0.1531
01| 15 | 6 7 8 9 |01|02|07]| 02| 10 | 44250 | 04389 | 09272 | 2.8458 | 05711 | 0.1417 | 01384 | 0.1531
01| 15 | 6 7 8 9 |01|02|07]| 01| 10 | 42636 | 09156 | 0.6600 | 45279 | 0.4062 | 0.0495 | 0.1332 | 0.0659
01| 15 | 6 7 8 9 | 01|02|07]| 02| 10 | 44250 | 1.0724 | 09272 | 4.9086 | 05719 | 0.0617 | 0.1384 | 0.0888
01| 15 | 6 7 8 9 | 01]02]|07| 03| 10 | 45354 | 12229 | 1.2256 | 52137 | 0.7678 | 0.0746 | 0.1443 | 0.1152
01| 15 | 6 7 8 9 |01|02|07]| 04| 10 | 46014 | 13664 | 15312 | 54603 | 0.9865 | 0.0870 | 0.1505 | 0.1433
01| 15 | 6 7 8 9 | 01]|02]|07| 05| 10 | 46356 | 15029 | 1.8248 | 56610 | 1.2178 | 0.0893 | 0.1571 | 0.1719
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01| 15 | 6 7 8 9 | 01| 02|07 ]| 02| 10 | 44250 | 04389 | 09272 | 28458 | 0.5711 | 0.1508 | 0.1384 | 0.1531
01| 15 | 6 7 8 9 | 01|02|07]| 02| 15 | 45300 | 05950 | 1.2312 | 3.4902 | 0.7742 | 0.1543 | 0.1447 | 0.1733
01| 15 | 6 7 8 9 | 01|02|07]| 02| 20 | 4596 | 07560 | 1.5328 | 4.0392 | 0.9943 | 0.1581 | 0.1512 | 0.1948
01| 15 | 6 7 8 9 | 01| 02|07 ]| 02| 25 | 46242 | 09149 | 1.8200 | 44892 | 1.2243 | 0.1620 | 0.1580 | 0.2174
01| 15 | 6 7 8 9 | 01|02|07]| 02| 30 | 46422 | 1.0689 | 20872 | 4.8528 | 1.4597 | 0.1660 | 0.1649 | 0.2408.
Table 4.Values of Variances and coefficients of Variation of Customersin Queuesin Transient State

t | A | Mg | My | M3 | pg | By B 83 p | A V() | Vo) | Va(t) | Vy(t) | CVy(t) | V(1) | CVy(R) | CV4(E)
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1490 | 1.7456 | 95272 | 1563.7 | 83548 | 303.17
02| 15 | 6 7 8 9 |01|02|07]|02]| 10 | 81069 | 12066 | 1.4488 | 4.4180 | 72740 | 61642 | 357.28 | 188.31
03| 15 | 6 7 8 9 |01|02|07]|02]| 10 | 91115 | 13394 | 17577 | 9.0585 | 64.561 | 417.36 | 258.29 | 180.32
04| 15 | 6 7 8 9 |01|02|07]|02]| 10 | 95838 | 14451 | 20081 | 14255 | 60.781 | 343.07 | 222.08 | 18459
05| 15 | 6 7 8 9 |01|02|07|02]| 10 | 98191 | 15202 | 21853 | 18612 | 58.872 | 30840 | 20557 | 189.08
01| 10 | 6 7 8 9 |01|02|07]|02]| 10 | 38650 | 10471 | 1.0970 | 1.4498 | 116.68 | 23204 | 12236 | 414.48
01| 11| 6 7 8 9 |01|02|07]|02]| 10 | 42515 | 10519 | 1.1073 | 15016 | 111.25 | 21147 | 11183 | 383.80
01| 12| 6 7 8 9 |01|02|07]|02]| 10 | 46380 | 10568 | 1.1176 | 15616 | 10651 | 1943.3 | 1029.4 | 358.47
01| 13| 6 7 8 9 |01|02|07|02]| 10 | 50245 | 10616 | 1.1280 | 1.6207 | 102.34 | 17950 | 955.10 | 337.06
01| 14 | 6 7 8 9 |01|02|07]|02]| 10 | 54110 | 10665 | 1.1385 | 1.6820 | 98.617 | 1671.1 | 890.66 | 318.89
01|15 | 10 | 7 8 9 |01|02|07|02]| 10 | 45275 | 11091 | 1.2353 | 24527 | 100.16 | 1080.1 | 588.38 | 244.32
01|15 | 11| 7 8 9 |01|02|07]|02]| 10 | 42796 | 11173 | 1.2550 | 2.6504 | 101.49 | 10154 | 555.14 | 237.91
01|15 | 12| 7 8 9 |01|02|07|02]| 10 | 40534 | 11252 | 1.2739 | 2.8549 | 102.87 | 960.83 | 527.91 | 233.09
01|15 | 13| 7 8 9 |01|02|07]|02]| 10 | 38466 | 11327 | 1.2921 | 3.0653 | 10428 | 91591 | 50520 | 229.49
01|15 | 14| 7 8 9 |01|02|07|02]| 10 | 36570 | 11398 | 1.3095 | 32809 | 10574 | 879.25 | 48571 | 226.84
01| 15| 6 | 10| 8 9 |01|02|07]|02]| 10 | 57975 | 10648 | 1.1493 | 1.7456 | 95272 | 17084 | 83558 | 303.17
01| 15| 6 | 11 | 8 9 |01|02|07|02]| 10 | 57975 | 10628 | 1.1493 | 1.7456 | 95272 | 1756.2 | 83558 | 303.17
01| 15| 6 | 12| 8 9 |01|02|07]|02]| 10 | 57975 | 11608 | 1.1493 | 1.7456 | 95272 | 18069 | 83558 | 303.17
01| 15| 6 | 13| 8 9 |01|02|07|02]| 10 | 57975 | 10590 | 1.1493 | 1.7456 | 95272 | 18575 | 83558 | 303.17
01| 15| 6 | 14 | 8 9 |01|02|07]|02]| 10 | 57975 | 10573 | 1.1493 | 1.7456 | 95272 | 1907.7 | 83558 | 303.17
01| 15 | 6 7 ]110| 9 |01]02]|07|02| 10 | 57975 | 1.0715 | 11390 | 17456 | 95272 | 16642 | 88275 | 303.17
01| 15| 6 7 | 11| 9 |01]02]|07|02]| 10 | 57975 | 1.0715 | 11344 | 17456 | 95272 | 16642 | 907.23 | 303.17
01| 15 | 6 7 |12 9 |01]02]|07|02| 10 | 57975 | 10715 | 11300 | 17456 | 95272 | 16642 | 932.49 | 303.17
01| 15| 6 7 | 13| 9 |01]02]|07|02]| 10 | 57975 | 1.0715 | 11258 | 17456 | 95272 | 16642 | 957.62 | 303.17
01| 15 | 6 7 | 14| 9 |01]02]|07|02)| 10 | 57975 | 10715 | 11219 | 17456 | 95272 | 16642 | 98256 | 303.17
01| 15| 6 7 8 | 10 |01 |02| 07|02 10 | 57975 | 10715 | 1.1493 | 17102 | 95272 | 1664.2 | 83558 | 309.16
01| 15 | 6 7 8 | 11 |01|02|07| 02| 10 | 57975 | 1.0715 | 11493 | 16776 | 95272 | 16642 | 83558 | 315.29
01| 15| 6 7 8 | 12 |01 |02| 07|02 10 | 57975 | 10715 | 1.1493 | 16474 | 95272 | 1664.2 | 83558 | 321.60
01| 15 | 6 7 8 | 13| 01| 02|07 | 02| 10 | 57975 | 1.0715 | 11493 | 16194 | 95272 | 16642 | 83558 | 327.98
01| 15| 6 7 8 | 14 |01 |02| 07|02 10 | 57975 | 10715 | 1.1493 | 15934 | 95272 | 1664.2 | 83558 | 334.56
01| 15 | 6 7 8 9 |01|02|07|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |02|02|06]|02]| 10 | 57975 | 11545 | 1.1493 | 15883 | 95272 | 81154 | 83558 | 337.4
01| 15 | 6 7 8 9 |03|02|05|02]| 10 | 57975 | 12511 | 1.1493 | 14523 | 95272 | 563.49 | 83558 | 387.1
01| 15| 6 7 8 9 |04|02|04]|02]| 10 | 57975 | 13635 | 1.1493 | 1.3346 | 95272 | 44114 | 83558 | 463.96
01| 15 | 6 7 8 9 |05|02|03|02]| 10 | 57975 | 14944 | 1.1493 | 12325 | 95272 | 369.43 | 83558 | 594.32
01| 15| 6 7 8 9 |01|01|08]|02]| 10| 57975 | 10715 | 1.0691 | 1.9281 | 95272 | 1664.2 | 1610.6 | 278.83
01| 15 | 6 7 8 9 |01|02|07|02]| 10 | 57975 | 10715 | 1.1490 | 1.7456 | 95272 | 1664.2 | 83548 | 303.17
01| 15| 6 7 8 9 |01|03|06]|02]| 10 | 57975 | 10715 | 1.2415 | 15883 | 95272 | 1664.2 | 578.82 | 337.42
01| 15 | 6 7 8 9 |01|04|05]|02]| 10 | 57975 | 10715 | 1.3486 | 14523 | 95272 | 1664.2 | 45239 | 387.12
01| 15| 6 7 8 9 |01|05|04]|02]| 10 | 57975 | 10715 | 14726 | 1.3346 | 95272 | 1664.2 | 378.28 | 463.96
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1493 | 1.7456 | 95272 | 1664.2 | 83558 | 303.17
01| 15| 6 7 8 9 |01|02|07]|01]| 10 | 19864 | 10474 | 1.0959 | 1.4052 | 81.383 | 2259.2 | 1191.0 | 396.99
01| 15| 6 7 8 9 |01|02|07]|02]| 10 | 57975 | 10715 | 1.1490 | 1.7456 | 95272 | 1563.7 | 83548 | 303.17
01| 15| 6 7 8 9 |01|02|07]|03]| 10 | 11.982 | 11019 | 1.2198 | 23425 | 99.404 | 1151.0 | 624.69 | 254.92
01| 15| 6 7 8 9 |01|02|07]|04]| 10 | 20826 | 11377 | 1.3081 | 33825 | 10053 | 897.08 | 496.19 | 234.98
01| 15| 6 7 8 9 |01|02|07]|05]| 10 | 32375 | 11778 | 14131 | 52126 | 100.79 | 73428 | 41463 | 23455
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VII. SENSITIVITY ANALYSIS
In this section the sensitivity analysis of model with the values
of parameters as t=0.1,

=15, u,=12, H,=14, Uz=11, L.=13, 8,=0.3 , 8,=0.2 ,
p=0.5and A = 20 are considered and sensitivity of
the model is studies. The effect on performance measures
L,,L,,Ly, Ly, LW, W,, W; and W, with varying
the parameters by +15%,+10% and +5% was computed
and are tabulated Table 5.

From Table5it isobserved that astimet increases the values
of L,,L,,Ly, L, , LW, W,, W;andW, ae
increase. The same phenomenon is observed by varying the
arrival rate A .1t is observed that as I increases L, , L, W,
decrease while L;,Lg,L,, W, W; and W, increase.
It is also observed that when I increases L, ,L and W,
decrease whereas L ,L,, W5 and W, remain constant.
When U3 increases Lg.L,W; decrease  whereas

Ly,Ly, Ly, Wy, Wyand W, remain constant. When Ly
increases L, , LW, decrease whereas
L,,L,, Ly, W, W,and W; remain constant and a
similar phenomenon is observed with 1. We also observed
that with increase in B, the performance measures
L,,L, W, are increasing L., W, are decreasing whereas
L,,L;,W,and W, remain constant .Similarly  with
increase in 8, the performance measures L;,L,W; are
increasing L,, W, ae decreasing whereas
Ly, L, , W, and W, remain constant. We also observed
that with increase in batch size distribution parameters ‘p’ and
‘ A° the performance measures

LlrLj .!La qu.rLrwj_.!wjrwa qu. increase

Table .5.Valuesof Ly, Ly, Ly, Ly, L Wy, W Wiand Wyfor different Valuesof & 4 puy. pg, piz. prg. p. A. 84 . @rand 83,

(SENSITIVITY ANALYSIS)

Variation Performance Per centage Change in Par ameter
Parameter Measure -15% -10% 5% 0 5% 10% 15%

Li(t) 2.2378 2.3372 2.4337 2.5273 2.6182 2.7063 2.7919

La(t) 0.0508 0.0558 0.0610 0.0662 0.0715 0.0769 0.0823

L3(t) 0.099 0.1086 0.1184 0.1283 0.1384 0.1487 0.159

Ls(t) 0.3377 0.3698 0.4025 0.4358 0.4694 0.5035 0.5378

t=0.1 L(t) 2.7253 2.8714 3.0156 3.1576 3.2975 3.4354 3571
Wi(t) 0.5434 0.5527 0.5620 0.5711 0.5802 0.5891 0.5979

Walt) 0.1493 0.1496 0.1502 0.1508 0.1513 0.1517 0.1521

Ws(t) 0.1360 0.1368 0.1377 0.1384 0.1392 0.1400 0.1408

Wa(t) 0.1458 0.1482 0.1506 0.1531 0.1556 0.1581 0.1606

Li(t) 2.1482 2.2746 2.4009 2.5273 2.6537 2.7800 2.9064

La(t) 0.0562 0.0596 0.0629 0.0662 0.0695 0.0728 0.0761

La(t) 0.1091 0.1155 0.1219 0.1283 0.1348 0.1412 0.1476

Ls(t) 0.3704 0.3922 0.4140 0.4358 0.4576 0.4793 0.5011

=15 L(t) 2.6839 2.8419 2.9997 3.1576 3.3156 3.4733 3.6312
Wi (t) 0.5271 0.5416 0.5563 0.5711 0.5862 0.6015 0.6169

Walt) 0.1498 0.1504 0.1505 0.1508 0.1511 0.1512 0.1514

Wa(t) 0.1372 0.1376 0.1380 0.1384 0.1389 0.1393 0.1397

Ws(t) 0.1491 0.1504 0.1518 0.1531 0.1545 0.1559 0.1572

Ly (t) 2.1068 2.0551 2.0053 1.9572 1.9108 1.8660 1.8227

La(t) 0.0989 0.1029 0.1067 0.1104 0.1139 0.1173 0.1206

L3(t) 0.1916 0.1993 0.2066 0.2138 0.2206 0.2242 0.2335

Lsi(t) 0.6499 0.6759 0.7009 0.7249 0.748 0.7702 0.7916

g =12 L(t) 3.0472 3.0332 3.0195 3.0063 2.9933 2.9777 2.9684
Wi(t) 0.2505 0.2464 0.2425 0.2387 0.2351 0.2316 0.2283

Walt) 0.1546 0.1551 0.1555 0.1560 0.1563 0.1566 0.1571

Ws(t) 0.2279 0.1459 0.1466 0.1473 0.1480 0.1467 0.1494

Wa(t) 0.1746 0.1772 0.1798 0.1822 0.1846 0.1869 0.1890

,=14 Ly (E) 2.5273 25273 25273 2.5273 25273 25273 25273
La(t) 0.0572 0.0561 0.055 0.0539 0.0529 0.0519 0.0509
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L3(t) 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283
La(E) 0.4358 0.4358 0.4358 0.4358 0.4358 0.4358 0.4358
L{t) 3.1486 3.1475 3.1464 3.1453 3.1443 3.1433 3.1423
Wi(t) 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711
Walt) 0.0748 0.0748 0.0747 0.0746 0.0745 0.0744 0.0743
Ws(t) 0.1446 0.1446 0.1446 0.1446 0.1446 0.1446 0.1446
Wa(t) 0.1531 0.1531 0.1531 0.1531 0.1531 0.1531 0.1531
Li(t) 2.5273 2.5273 2.5273 2.5273 2.5273 25273 25273
La(t) 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662
Li(t) 0.1232 0.1212 0.1193 0.1174 0.1155 0.1137 0.1119
Li(t) 0.4358 0.4358 0.4358 0.4358 0.4358 0.4358 0.4358
Hy=11 L{t) 3.1525 3.1505 3.1486 3.1467 3.1448 3.143 31412
Wi(t) 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711
Walt) 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508
Wilt) 0.1003 0.1001 0.1028 0.0998 0.0996 0.0995 0.0992
Ws(t) 0.1531 0.1531 0.1531 0.1531 0.1531 0.1531 0.1531
Li(t) 25273 25273 25273 25273 25273 25273 25273
La(t) 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662
Li(t) 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283
Lsi(t) 0.4102 0.4025 0.3951 0.3880 0.3810 0.3742 0.3676
u,=13 L(t) 3.1320 3.1243 3.1169 3.1098 3.1028 3.0960 3.0894
Wi(t) 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711
Walt) 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508
Ws(t) 0.1384 0.1384 0.1384 0.1384 0.1384 0.1384 0.1384
Wa(t) 0.1041 0.1035 0.1030 0.1025 0.1019 0.1014 0.1010
Li(t) 2.5273 2.5273 2.5273 2.5273 2.5273 25273 25273
La(t) 0.1687 0.1787 0.1886 0.1985 0.2085 0.2184 0.2283
La(t) 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283 0.1283
Ls(t) 0.3393 0.3299 0.3206 0.3113 0.3019 0.2926 0.2832
8:=0.3 L{t) 3.1636 3.1642 3.1648 3.1654 3.1660 3.1666 3.1671
Wi(t) 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711
Walt) 0.1632 0.1645 0.1656 0.1668 0.1682 0.1694 0.1706
Walt) 0.1384 0.1384 0.1384 0.1384 0.1384 0.1384 0.1384
Ws(t) 0.1435 0.1425 0.1416 0.1407 0.1398 0.1388 0.1379
Li(t) 25273 2.5273 2.5273 2.5273 25273 2.5273 2.5273
La(t) 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662 0.0662
L3(t) 0.1091 0.1155 0.1219 0.1283 0.1348 0.1412 0.1476
La(E) 0.4544 0.4482 0.442 0.4358 0.4295 0.4233 0.4171
8, =0.2 L(t) 3.1570 3.1572 3.1574 3.1576 3.1578 3.1580 3.1582
Wi(t) 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711 0.5711
Walt) 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508 0.1508
Ws(t) 0.1364 0.1371 0.1378 0.1384 0.1391 0.1399 0.1405
Wa(t) 0.1550 0.1544 0.1538 0.1531 0.1525 0.1519 0.1512
Li(t) 4.8129 5.0888 5.3664 5.6454 5.9253 6.206 6.4871
La(t) 0.126 0.1332 0.1405 0.1478 0.1551 0.1625 0.1699
La(t) 0.2444 0.2584 0.2725 0.2867 0.3009 0.3151 0.3294
P=05 Li(E) 0.8299 0.8774 0.9253 0.9734 1.0217 1.0707 1.1185
' L{t) 6.0132 6.3578 6.7047 7.0533 7.4030 7.7543 8.1049
Wi(t) 1.0434 1.1010 1.1607 1.2178 1.2767 1.3360 1.3956
Walt) 0.1586 0.1595 0.1604 0.1614 0.1623 0.1634 0.1643
Wilt) 0.1521 0.1538 0.1554 0.1571 0.1587 0.1604 0.1620
Ws(t) 0.1984 0.2039 0.2094 0.2150 0.2206 0.2264 0.2320
Li(t) 3.9234 4.1352 4.3490 45645 4.7816 5.000 5.2195
La(t) 0.1027 0.1083 0.1139 0.1195 0.1252 0.1309 0.1367
L3(t) 0.1992 0.2100 0.2208 0.2318 0.2428 0.2539 0.2650
Lsi(t) 0.6765 0.7130 0.7499 0.787 0.8245 0.8621 0.9000
A =20 L(t) 4.9018 5.1665 5.4336 5.7028 5.9741 6.2469 6.5212
Wi(t) 0.8606 0.9047 0.9492 0.9942 1.0397 1.0854 1.1314
Walt) 0.1557 0.1566 0.1574 0.1581 0.1588 0.1597 0.1605
Ws(t) 0.1473 0.1486 0.1498 0.1512 0.1525 0.1539 0.1552
Wa(t) 0.1817 0.1861 0.1905 0.1948 0.1993 0.2038 0.2083
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VIII . STEADY STATE ANALYSIS

In this section we study the steady-state analysis of queuing
model .The Joint Probability generating function of number
of customers in first, second,....k"™ queues respectively in
steady stateis lim F(Z,Z, Iyt )=

=P(2.Z, ..

oS0 W O g 1 M

{.::‘ 1)+ﬁ'1,u|'::_.—1)+9_.,u.'::=—1)+”+ A m"'.—l)} Futalz — 1)
meH BT s ) BB -
[l"'?.-."'-1'--::_J-:'}'l ) {E.. Sy g _1}}" N {ﬁ'.. 1."'-1'~:l._-1-:'}.L
Hs— [y g —Hy Hy — Iy
( : 115
i‘ﬂ i Fapbai o b b ppe et To b F:':} ( )

VIIT1.A.CHARACTERISTICSOF THE MODEL
UNDER EQUILIBRIUM

Putting =, = 0.z, = 0....z, =0 in (115) and expanding we
get the probability that the k-server system isempty in steady
state as P(0.0,..00 =
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exp ATz T T 0 (7 () (el ]

Lnsfmy—riame
(125)
Mean number of customers in i queue is
() =1L, =( 1—} E(X) (126)

Where £} isthe mean of batch size arrivals at i queue and
EI:X:I = E,,I s I:'..,

Putting = =0 in(125) we get the probability that the i" queue
isempty as

Pl:uul}_,“:l =

exp [}.E,:,_, E:'_'_, E::'__':—l)” "

e () ()T
(227)
Utilization of i server is v, =1—Pl......0i8) =

_ . () ) )

e'x_b[).E,:mE:'_'_1E::-__':—1:"= e
Throughput of i server is Thp, = u. U, =

H|l—

exp [}.E,:IqE:'_'_.,E:;__':-l:'” "t

()0 m}]]

B AV (129)
= ,Zz Z Z Z v (r}(r}( " } "Average waiting time of a customer in i queueisi; =——=
E.1."'-1 E."H . E\ 1kl e E.1.5'-1 S E.-."H e :%le -
(s e — M= it +m —m} lipt.-—m} (m—m} B R — py—— I| (130)
) ) e [ e GR l]
R S PR AR e e o V}arl}ance of the number of customers in i" queue is
viz)=w=
VII1.B.PERFORMANCE ANALYSIS OF FIRST a,_uu 1 8,_susy [f 1
QUEUE A=)z ()0 {(2) (- E) )+
Putting = =1,z =1,..5 =1 1in (115) we get probability I;}} '-'LX}]
generating  function of first queue size as ' (131)
P(z) =exp[AT2 B € (") (s D7 t—} (117) Coeff|0|ent of varition in number of the number of customers
Mean number of customers in first queue is ini"queue cv, =—xll}l}_
E(N) =L, = —E(X) (118) e 5\ e gy (L) (B (g
- |_-:-|_-__ == it 2 m | LATPNTRE R AT R ANTPEYTRRE L LT R STHY

Where E(i) is the mean of batch size arrivals to first queue
andisgivenby Eix) = _ m.C,

Putting Z.=0 in (117) we get the probability that the first
gueue is empty as

P(0... ) =exp[aTn T g () (2] (119)

Utilization of first server is

U, =1-P(0.,.) =1-ew 2T TG () (S]] (120)

Throughput of first server is

Thpl = u,.00, _,u1':1—exa[.-'E E' . Ca f } }]} (121)

Average waiting time of a customer in first queue is

W, == _ ?"“ ay (122)
s PR =l

Variance of the number of customers infirst queueis

viz)=v = (2) T cu() (123)

Coefficient of variation of the number of customersin first
queue

—_ —|1'

v, = —xil}l} = 7 100 (124)

1
—E{&}
u

VII1.C. PERFORMANCE ANALYSIS OF i" QUEUE
FOR i =2,3,.k.

Putting =, = 1.z; =1,z =1....5 , =1in(115) we get
probability generating function of i"™" queue size distribution
as

FKZ;]=

Retrieval Number: B7753129219/20200BEIESP
DOI: 10.35940/ijitee.B7753.019320
Journal Website: www.ijitee.org

191

x100 (132)

VIII.D.PERFORMANCE MEASURES OF THE
STAEDY STATE 4-SERVER MODEL WHEN BATCH
SIZE DISTRIBUTION ISBINOMIAL

The Joint Probability generating function of number of
customersin first, second, third and fourth queues
reﬁpectively in steady stateis F(Z.,.2.2 ,zJ =
g
|: }li } 1—gt )

wpY Y T Y o

[ Bip( -.-_-1-:' ﬁ..["-1'::_-1-::' E.[h -1-_1:'] [31.[4-1':.-_1:']
(= 1)+
By — My sy — [y oy — e —
(B ugizy =1} a7 (8 (-1 )4 1
i My sy } i HgoHy } l:"-Ju_.-_ ra by =gy - 1) Ju..-..}] (133)

VIII.E.CHARACTERISTICSOF THE MODEL

Putting =, = .z, = 0,...z =000 (133 ) and expanding we get
the probability that the 4-server system is empty in steady
state Fi0.0,0.00=

wfiY Y T3 Y o

I-1

TR W

) () () (=2)

N Bapt ,ﬁ'n" But, VU Bay N B,
!I ki 1_.:"-1 ks _l"-1 " I.“-:_.I.f;} II.l:"-.-ll_.:"ﬁ]l EP:_LJ |IF"-¢ _.:"-1
1
l‘:LJu Py =Py pha{fy = P hhg {1y = 1 bty
(134)
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VIII.F. PERFORMANCE ANALYSIS OF FIRST
QUEUE

Putting =, =1z, =1z, =1in ( 133 ) we get probability
generating functlon of first queue size as
P(z) = exp [2E4, T, (22) () = -0 (] (138)
Mean number of customers in first queue is
L= [ (139)
Putting z.=0in (138 ) we get the probability that the first
gueue is empty as

PO, ) =ewp [T B, (-0 () (S2) []] (140)
Utilization of first server is
U, =1—pP(0,.,...) :l—E'Ii‘J[ A .-1E i =1y f'}fﬁ}{%}]

(141)

Throughput of first server is )
Thpl = p.. U, = .. ':l—exb[ = E '_11—1} f }f1 "‘H%}]]

(142)
Average waiting time of a customer in first queueis
W == — —— — (143)
Variance of number of customeré in f|rst queueis
V,= J.E"Iﬂ [|_ : [T |;—}] (144)

Coefficient of variation of number of customersin first queue
is

CV, =—x1l}l}— (145)

VII1.G.PERFORMANCE ANALYSIS OF SECOND
QUEUE
Putting =, = 1.z: = L.z, =1 in (133 )we get probability
ggne}rati ng function of second queue size distribution as
PlI)=
AT Bt T (-0 () (1) (£ frean)”

FXp .
——)
Maia

Yo

Mean number of customers in second gueue is

L =|(2) il (147)
Putting z.=1in (146) we get the probability that the second
queueis empty as FL.0....) =

(146)

I oy S Ca Vi i—
exp| : “EEDE ~} (148)
iJu Falk J-l-'-}
Ut|||zat|0n of second server ist, =1-2(.0 } -1-
AT ER_ N (—1)s 2)f
exp ’ Ty . { }{ H "}1" = (149)
==
Throughput of second server IS]"i‘m- =g, Uy = fia
[f.z,mz. LE e () () () e }“
1—exp ) T Ha
=)
(150)
Average waiting time of a customer in second queue
W, =-_I-.:.T=
(151)

(R ey --x_um-”

Variance of number of customersin second queueis V. =
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2[(2e) 3 —+=}+
By

e dmd :3;] si;—_—';}]
(152)

Coefficient of variation of number of customersin second

ey s

—x100

(153)

VII1.H.PERFORMANCE ANALYSIS OF THIRD
QUEUE
Putting =, =1,z = L.z, =1 in (136) we get probability
generating function of third queue sizedistribution as P(z)=

expAEA. E0L T 0 (1) () () B2 ]

Haly

(154)
Mean numb_er of customers in third queue is
=[ebs= (155)

Putting z. =0in (154 ) we get the probability that the third

queueisempty as Fl....0..) =

exp [T, L T G0 () () (5=2) (22 (=]
(156)

Utilization of third serverist. =1—Fi....0. )

ep[AEA, B En (—)ae (2 "r = }ii } ———1

- (157)
Throughput of third server iSThp: = u. U =

1_

exp (125 B2 B o () () (52 (22

]

artagty

(158)
Average waiting time of a customer in third queue is

e
W, =—=
B Thgiy

)

(159)

- i ST Ty R
1-#xp .—'.\_'___‘.r___"'.r,l__- R P N by e

Ipyirg—ry ---lr-|'||

— =
V[ariance of number of customersin third queueis v.iti=
A }E.l:.n ... |" I'} i

1 o Ha*By  Ba
(8, u 1o - phag” I'1
i.: .|_}[ a1 g ) ] i.__

' (160)
Coefficient of variation of number of customersin third
queueis

oV, = % x100 =

x100

(161)

VIIl.l. PERFORMANCE ANALYSIS OF FOURTH
QUEUE
Putting =, = L.z, = L=z =1in (136 )we get probability
generating function of fourth queue size distribution as

FlZ,)=
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D B I (1) A TR
E'Jm-[K " .: { }{ }}{ ~}x [ } l (162)
Mean number of (J‘:Us'to‘rr&s: in fourth queue is
L = | ()] (163)

Putting z, =10 in(162) we get the probability that the fourth

queueisempty as Fi.....00 = .
[;z,_,z I o () () () )

exp

L.—}

APt H4T4

Utilization of fourth serverisv, =1— P-', ) =

ATA_Tr T ';1} 1(‘}{}} }—}l (165)

Throughput of fourth server is Thm
AL ER R (1) i (2

=]

(164)

1—exp

= paely = py

T () () (2 “

1—exp

(166)
Average waiting time of a customer in fourth queue is

(167)

LMy ATy =Ty H 4TS

Variance of number of customersin fourth queueis v, =

) O -

Ebe e
(168)

Coefficient of variation of number of customersin fourth
queueiscr, :#:mu =

X xll]l}

Ay 1 A ,|

_l_._| '-'|

i
4 Lk

LT I S T |

(169)
IX.COMPARITIVE STUDY
A comparative study between transient and steady state of

the system is carried with values of time t = 0.1, 0.2, 0.3,
0.4,05,1,2,34and 5 iscarried.
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The difference and  percentage of variation in all
performance measures are calculated and presented in
Table.6.

FromTable.6 it is observed that there is high significant
difference between transient behavior and steady state
behavior of the model. At t=0.1 the variation and percentage
of variation in measures is highly significant which can be
observed in last two columns of Table.6. and as we move
through the values of t=0.2 to 0.5 the variation narrows down.
At t=1 this percentage of variation is reduced further and
some of the measures differ very closely. Thisexplains that as
t increases the difference between transient and steady state
behaviour become negligible and from t=3 onwards we find
that there is no difference between them. This indicates that
the system attains equilibrium after time t=3 units.

X. CONCLUSION

This paper focuses on the development and analysis of a
K-node tandem Queuing model with bulk arrivals and state
dependent service rates. It is assumed that the K servers are
connected in tandem where the customers arrive to the first
Queue in batches and after getting service at first server they
may join at any one of the (K-1) Queueswhich arein parallel
with certain probability. The service rate of each service
station is dependent on the content of the buffers connected to
it. The system characteristics such as average number of
customers in the Queue, probability of idleness of each
service station, throughput of the nodes, average waiting time
customers in each Queue, Uutilisation of each server are
discussed . The sensitivity of the model with respect to the
changes in parameters is explained. The influence of bulk
size distribution parameters on system performance
measures is discussed. It is shown that the congestion in the
gueues and the mean waiting time or delay in service can be
reduced by regulating the bulk size distribution parameters. A
comparative study of the model between transient and steady
state revealed that the time t has significant influence on the
performance measures. The proposed model is very useful
for scheduling the Communication networks at LAN,VAN
and MAN, Production systems, Road traffic, Operation of
dams, Packet switching communication systems . This model
also includes some of the earlier models as particular casesfor
specific values of the parameters.

Table6.Compar ative tables of performance measuresfor valuesof t=0.1,0.2,0.3,0.4,0.5,1,2,3,4 and5

(A=15.4, = 6.4, = T.pta = By = 9.6, = 0.1,6, = 0.2,p = 0.2,4 = 10)

Timet Performance Tsrg;:'mt Steady State Trans?gwf? aﬁéc;%ztg\;/e;nate % of variation
Ll 2.5273 5.6015 -3.074 -54.882
Lz 0.0662 0.4801 -0.414 -86.211
L;; 0.1283 0.8402 -0.712 -84.730
L.; 0.4358 2.6140 -2.178 -83.328
L 3.1576 9.5358 -6.378 -66.887
t=01 Puoop 0.2301 0.0028 0.227 8117.857
Py 0.2625 0.0228 0.240 1051.316
Py 0.9373 0.6248 0.313 50.016
P 0.8841 0.4455 0.439 98.451
P o 0.6838 0.0991 0.585 590.010
u 1 0.7375 0.9772 -0.240 - 29
o Sy
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U, 0.0627 0.3752 -0.313 -83.289
U, 0.1159 0.5545 -0.439 -79.098
U, 0.3162 0.9009 -0.585 -64.902
Thp, 4.4250 5.8632 -1.438 -24.529
Thp, 0.4389 2.6264 -2.188 -83.289
Thp, 0.9272 4.4360 -3.509 -79.098
Thp, 2.8458 8.1081 -5.262 -64.902
W, 05711 0.9554 -0.384 -40.218
W, 0.1508 0.1828 -0.032 -17.487
W, 0.1384 0.1894 -0.051 -26.943
W, 0.1531 0.3224 -0.169 -52.500
Timet Performance Tsrtzr:: ent Steady State Transpgjter af]rzjc;k:gdv;e;nate % of variation
Ly 3.9143 5.6015 -1.687 -43.103
L, 0.1782 0.4801 -0.302 -169.416
Ly 0.3369 0.8402 -0.503 -149.392
Ly 11162 2.6140 -1.498 -134.187
L 5.5456 9.5358 -3.990 -71.953
Poono 0.0619 0.0028 0.059 95.477
Py, 0.1002 0.0228 0.077 77.246
Py 0.8407 0.6248 0.216 25.681
Py 0.7258 0.4455 0.280 38.619
P g 0.3871 0.0991 0.288 74.399
U, 0.8998 0.9772 -0.077 -8.602
t=02 U, 0.1593 0.3752 -0.216 -135.530
U, 0.2742 0.5545 -0.280 -102.225
U, 0.6129 0.9009 -0.288 -46.990
Thp, 5.3988 5.8632 -0.464 -8.602
Thp, 1.1151 2.6264 -1.511 -135.530
Thp, 2.1936 4.4360 -2.242 -102.225
Thp, 5.5161 8.1081 -2.592 -46.990
W, 0.7250 0.9554 -0.230 -31.769
W, 0.1598 0.1828 -0.023 -14.387
W, 0.1536 0.1894 -0.036 -23.324
W, 0.2024 0.3224 -0.120 -59.322
Timet Performance TSrtzrt\:mt Steady State Trans?;:te" a%c;t;tg\)//e:w ate % of variation
Ly 4.6755 5.6015 -0.926 -19.805
L, 0.2773 0.4801 -0.203 -73.134
Ly 05133 0.8402 -0.327 -63.686
Ly 1.6691 2.6140 -0.945 -56.611
L 7.1352 9.5358 -2.401 -33.644
Pyono 0.0216 0.0028 0.019 87.037
Py 0.0539 0.0228 0.031 57.699
Py 0.7634 0.6248 0.139 18.156
P 0.6134 0.4455 0.168 27.372
t=03 Py 0.2402 0.0991 0.141 58.743
Uy 0.9461 0.9772 -0.031 -3.287
U, 0.2366 0.3752 -0.139 -58.580
U, 0.3866 0.5545 -0.168 -43.430
U, 0.7598 0.9009 -0.141 -18571
Thp, 5.6766 5.8632 -0.187 -3.287
Thp, 1.6562 2.6264 -0.970 -58.580
Thp, 3.0928 4.4360 -1.343 -43.430
Thp, 6.8382 8.1081 -1.270
explonng E,,%
*’%;
e
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Wy 0.8236 0.9554 -0.132 -15.992
W, 0.1674 0.1828 -0.015 -9.178
W, 0.1660 0.1894 -0.023 -14.123
W, 0.2441 0.3224 -0.078 -32.083
Timet Performance Tsrgt]: ent Steady State Transpgjter af]rzjc;k:gdv;e;nate % of variation
Ly 5.0933 5.6015 -0.508 -0.978
L, 0.3504 0.4801 -0.130 -37.015
Ly 0.6381 0.8402 -0.202 -31.672
Ly 2.0454 2.6140 -0.569 -27.799
L 8.1272 9.5358 -1.409 -17.332
Poooo 0.0101 0.0028 0.007 72.277
Py 0.0371 0.0228 0.014 38.544
Py 0.7106 0.6248 0.086 12.074
Po 0.5437 0.4455 0.098 18.061
P4 0.1710 0.0991 0.072 42.047
U, 0.9629 0.9772 -0.014 -1.485
t=04 U, 0.2894 0.3752 -0.086 -29.648
U, 0.4563 0.5545 -0.098 -21.521
U, 0.8290 0.9009 -0.072 -8.673
Thp, 5.7774 5.8632 -0.086 -1.485
Thp, 2.0258 2.6264 -0.601 -29.648
Thp, 3.6504 4.4360 -0.786 -21.521
Thp, 7.4610 8.1081 -0.647 -8.673
W, 0.8816 0.9554 -0.074 -8.368
W, 0.1730 0.1828 -0.010 -5.683
W, 0.1748 0.1894 -0.015 -8.353
W, 0.2741 0.3224 -0.048 -17.599
Timet Performance TSrtaart\:ent Steady State Transplegter a%c;l;t(\j/\)//e;n ate % of variation
Ly 5.3226 5.6015 -0.2789 -5.2399
L, 0.3998 0.4801 -0.0803 -20.0850
Ly 0.7191 0.8402 -0.1211 -16.8405
Ly 2.2817 2.6140 -0.3323 -14.5637
L 8.7232 9.5358 -0.8126 -9.3154
Pogog 0.0061 0.0028 0.0033 54.0984
Py 0.0299 0.0228 0.0071 23.7458
Py 0.6768 0.6248 0.0520 7.6832
Py 0.5023 0.4455 0.0568 11.3080
Py 0.1370 0.0991 0.0379 27.6642
Uy 0.9701 0.9772 -0.0071 -0.7319
t=05 U, 0.3232 0.3752 -0.0520 -16.0891
U, 0.4977 0.5545 -0.0568 -11.4125
U, 0.8630 0.9009 -0.0379 -4.3917
Thp, 5.8206 5.8632 -0.0426 -0.7319
Thp, 2.2624 2.6264 -0.3640 -16.0891
Thp, 3.9816 4.4360 -0.4544 -11.4125
Thp, 7.7670 8.1081 -0.3411 -4.3017
Wy 0.9144 0.9554 -0.0409 -4.4753
W, 0.1767 0.1828 -0.0061 -3.4421
W, 0.1806 0.1894 -0.0088 -4.8720
W, 0.2938 0.3224 -0.0286 -9.7441
Timet Performance TSrtaaT: ent Steady State Trans?gjter aﬁécgg;;e;nate % of variation
t=1 Ly 5.5876 5.6015 -0.0139 -0, 2488
vp\on'ng E'bro
N
e
Retrieval Number: B7753129219/20200BEI ESP gl“::g;g l?t’é“gmce Engineering ][J]ETEE
DOI: 10.35940/ijitee.B7753.019320 195 & Seionces Publication (BEIESP)

Journal Website: www.ijitee.org

© Copyright: All rights reserved.



Multi Node Tandem Queuing Model with Binomial Bulk Size Distribution Having L oad Dependent Service

L, 0.4744 0.4801 -0.0057 -1.2015
Ly 0.8327 0.8402 -0.0075 -0.9007
Ly 2.5052 2.6140 -0.0188 -0.7244
L 9.4899 9.5358 -0.0459 -0.4837
Poono 0.0030 0.0028 0.0002 6.6667
Py 0.0231 0.0228 0.0003 1.3414
Py 0.6284 0.6248 0.0036 0.5729
P 0.4488 0.4455 0.0033 0.7353
P, 0.1009 0.0991 0.0018 1.7839
U, 0.9769 0.9772 -0.0003 -0.0317
U, 0.3716 0.3752 -0.0036 -0.9688
U, 0.5512 0.5545 -0.0033 -0.5987
U, 0.8991 0.9009 -0.0018 -0.2002
Thp, 5.8613 5.8632 -0.0019 -0.0317
Thp, 2.6012 2.6264 -0.0252 -0.9688
Thp, 4.40% 4.4360 -0.0264 -0.5987
Thp, 8.0919 8.1081 -0.0162 -0.2002
W, 0.9533 0.9554 -0.0021 -0.2170
W, 0.1824 0.1828 -0.0004 -0.2305
W, 0.1888 0.1894 -0.0006 -0.3002
W, 0.3207 0.3224 -0.0017 -0.5232
Timet Performance Tsrgt]: ent Steady State Trans?gjfr aﬁéc;kgg\)’/e;nate % of variation
Ly 5.6014 5.6015 -0.0001 -0.0018
Ly 0.4801 0.4801 0.0000 0.0000
Ly 0.8402 0.8402 0.0000 0.0000
Ly 2.6140 2.6140 0.0000 0.0000
L 9.5357 9.5358 -0.0001 -0.0010
Pooon 0.0028 0.0028 0.0000 0.0000
Py 0.0228 0.0228 0.0000 0.0000
Py 0.6248 0.6248 0.0000 0.0000
P 0.4455 0.4455 0.0000 0.0000
P g 0.0991 0.0991 0.0000 0.0000
U, 0.9772 0.9772 0.0000 0.0000
t=2 U, 0.3752 0.3752 0.0000 0.0000
U, 0.5545 0.5545 0.0000 0.0000
U, 0.9009 0.9009 0.0000 0.0000
Thp, 5.8632 5.8632 0.0000 0.0000
Thp, 2.6264 2.6264 0.0000 0.0000
Thp, 4.4360 4.4360 0.0000 0.0000
Thp, 8.1081 8.1081 0.0000 0.0000
W, 0.9553 0.9554 0.0000 -0.0018
W, 0.1828 0.1828 0.0000 0.0000
Wy 0.1894 0.1894 0.0000 0.0000
W, 0.3224 0.3224 0.0000 0.0000
Timet Performance TSrtaartl: ent Steady State Transp(lefrrfr air:jc;t:(\;;e;nate % of variation
Ly 5.6015 5.6015 0.000 0.000
L, 0.4801 0.4801 0.000 0.000
Ly 0.8402 0.8402 0.000 0.000
Ly 2.6140 2.6140 0.000 0.000
t=3 L 9.5358 9.5358 0.000 0.000
Poyono 0.0028 0.0028 0.000 0.000
Py 0.0228 0.0228 0.000 0.000
Py 0.6248 0.6248 0.000 0.000
P 0.4455 0.4455 0.000 —0
T 0\
7 N
j g [JITEE
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P, 0.0991 0.0991 0.000 0.000
U,y 0.9772 0.9772 0.000 0.000
U, 0.3752 0.3752 0.000 0.000
U, 0.5545 0.5545 0.000 0.000
U, 0.9009 0.9009 0.000 0.000
Thp, 5.8632 5.8632 0.000 0.000
Thp, 2.6264 2.6264 0.000 0.000
Thp, 4.4360 4.4360 0.000 0.000
Thp, 8.1081 8.1081 0.000 0.000
W, 0.9554 0.9554 0.000 0.000
W, 0.1828 0.1828 0.000 0.000
W, 0.1894 0.1894 0.000 0.000
W, 0.3224 0.3224 0.000 0.000
Timet Performance Tsrtf;r::ent Steady State Transpgjter af]rzjc;k:gdv;e;nate % of variation
Ly 5.6015 5.6015 0.0000 0.0000
L, 0.4801 0.4801 0.0000 0.0000
Ly 0.8402 0.8402 0.0000 0.0000
Ly 2.6140 2.6140 0.0000 0.0000
L 95358 9.5358 0.0000 0.0000
Poono 0.0028 0.0028 0.0000 0.0000
Py, 0.0228 0.0228 0.0000 0.0000
Py 0.6248 0.6248 0.0000 0.0000
Py 0.4455 0.4455 0.0000 0.0000
P g 0.0991 0.0991 0.0000 0.0000
U, 0.9772 0.9772 0.0000 0.0000
t=4 U, 0.3752 0.3752 0.0000 0.0000
U, 0.5545 0.5545 0.0000 0.0000
U, 0.9009 0.9009 0.0000 0.0000
Thp, 5.8632 5.8632 0.0000 0.0000
Thp, 2.6264 2.6264 0.0000 0.0000
Thp, 4.4360 4.4360 0.0000 0.0000
Thp, 8.1081 8.1081 0.0000 0.0000
W, 0.9554 0.9554 0.0000 0.0000
W, 0.1828 0.1828 0.0000 0.0000
W, 0.1894 0.1894 0.0000 0.0000
W, 0.3224 0.3224 0.0000 0.0000
Timet Performance Tsrtz?: ent Steady State Trmggfra%cgﬁs;e;n ate % of variation
Ly 5.6015 5.6015 0.000 0.000
L, 0.4801 0.4801 0.000 0.000
L, 0.8402 0.8402 0.000 0.000
Ly 2.6140 2.6140 0.000 0.000
L 9.5358 9.5358 0.000 0.000
Poooo 0.0028 0.0028 0.000 0.000
Py 0.0228 0.0228 0.000 0.000
Py 0.6248 0.6248 0.000 0.000
t=5 P 0.4455 0.4455 0.000 0.000
P, 0.0991 0.0991 0.000 0.000
U, 0.9772 0.9772 0.000 0.000
U, 0.3752 0.3752 0.000 0.000
U, 0.5545 0.5545 0.000 0.000
U, 0.9009 0.9009 0.000 0.000
Thp, 5.8632 5.8632 0.000 0.000
Thp, 2.6264 2.6264 0.000
é‘évp\oﬁng 2
"‘%;
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Thp, 4.4360 4.4360 0.000 0.000

Thp, 8.1081 8.1081 0.000 0.000

Wy 0.9554 0.9554 0.000 0.000

W, 0.1828 0.1828 0.000 0.000

Wy 0.1894 0.189%4 0.000 0.000

W, 0.3224 0.3224 0.000 0.000

Perfor mance t=0.1 t=0.2 t=0.3 t=0.4 t=0.5 Steady State
Ly 2.5273 3.9143 4.6755 5.0933 5.3226 5.6015
L, 0.0662 0.1782 0.2773 0.3504 0.3998 0.4801
Ly 0.1283 0.3369 0.5133 0.6381 0.7191 0.8402
Ly 0.4358 1.1162 1.6691 2.0454 2.2817 2.6140
L 3.1576 5.5456 7.1352 8.1272 8.7232 9.5358
Poopon 0.2301 0.0619 0.0216 0.0101 0.0061 0.0028
Py 0.2625 0.1002 0.0539 0.0371 0.0299 0.0228
Pn 0.9373 0.8407 0.7634 0.7106 0.6768 0.6248
P 0.8841 0.7258 0.6134 0.5437 0.5023 0.4455
P 0.6838 0.3871 0.2402 0.1710 0.1370 0.0991
[} 1 0.7375 0.8998 0.9461 0.9629 0.9701 0.9772
] 7 0.0627 0.1593 0.2366 0.2894 0.3232 0.3752
u 3 0.1159 0.2742 0.3866 0.4563 0.4977 0.5545
U_q_ 0.3162 0.6129 0.7598 0.8290 0.8630 0.9009
Thp, 4.4250 5.3988 5.6766 5.7774 5.8206 5.8632
Thp, 0.4389 11151 1.6562 2.0258 2.2624 2.6264
Thp, 09272 21936 3.0928 3.6504 3.9816 4.4360
Thp, 2.8458 5.5161 6.8382 7.4610 7.7670 8.1081
W,y 0.5711 0.7250 0.8236 0.8816 0.9144 0.9554
W, 0.1508 0.1598 0.1674 0.1730 0.1767 0.1828
Wy 0.1384 0.1536 0.1660 0.1748 0.1806 0.1894
W, 0.1531 0.2024 0.2441 0.2741 0.2938 0.3224
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