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Abstract— In the present article, a queuing model having three servers connected in parallel in a tri-cum biserial way has been
presented. Statistical tools, generating function technique and the law of calculus have been implemented to compute the
various queuing characteristics such as Queue length, variance, average waiting time and probabilities. The arrival and service
pattern is supposed to follow the Poisson law. Generic mathematical formulation of queuing model has been presented to
ensure the implementation of the presented model in various problems occurred in real-time domain. The presented model is
easy to understand and also deliver an important tool for the decision makers dealing with multi-tasking problems.
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I. INTRODUCTION

Operational research exemplifies a wide range of techniques that can improve the way we plan and organize the complex
problems encountered in the daily life. Implementation of these techniques (i.e. Queuing theory) facilitates the person to
become a better decision-maker. Queuing theory deals with the study of queues which occur in real-world situations and arise
so long as arrival rate of any system is faster than the system can manage [1]. Queuing theory is applicable to any situation in
daily life, for example, vehicle arriving at the petrol pump, a patient arriving at a doctor’s clinic, customers arriving at the bank
etc.

Numerous studies have been carried out in the past which dealt with the investigations of queuing model characteristics.
Maggu [2] investigated the various attributes of phase type service queues with two servers in bi-series to study the queue
model. Maggu & Das [3] presented an equivalent job-block theorem to deal the queuing problems in the production line.
Singh, Man [4] examined the Steady-state behavior of serial queuing processes with impatient customers. Gupta et al [5]
emphasized on the study of bi-serial and parallel channels associated with a common server to study the queuing model.
Agrawal & Singh [7] investigated the various queue characteristics in which they considered tri-cum biserial queue model
connected with a common server.

Il. PRACTICAL ENACTMENT OF THE MODEL

Several situations can arise in which queuing theory will be helpful to take the best decision. For example, in a mall,
several department/sections are there such as food corner, drinks and ice-cream corner and multiplex. Every department has it’s
own billing facility. The customers taking food may also have some ice-cream or drinks. Further, he/she may proceed to watch
a movie. It is also possible that the customer entered in the mall to watch only movie or to have some food only. These
activities may occur one by one or any two of them or even only one may also be possible. In such cases, the present queuing
model can be effectively implemented to take the decision for hassle-free trip.

I11. MATHEMATICAL DESCRIPTION OF THE MODEL

In the present work, a queue model consist of three servers (Sr,, Sr, and Sr.) are connected in parallel in tri cum biserial
way. Let Q,, Q, and Q. are the queue lengths associated with servers Sr,, Sr, and Sr. respectively. The number of customers

(Nn,) coming at mean arrival rate A, after completion of service at server Sr, can avail the facility at server Sr, or Sr, (either

of two or both) with the probabilities p,, P,. and P, such that p,, + P, + P, =1. The same criterion will be applicable
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to those customers who entered in servers Sr, and Sr.. The pictorial representation of the considered problem is demonstrated
inFig 1.

pab+pac+pa=1
Poa + Poc + P, =1
pca+pcb+pc=1

Fig 1: Tri-cum Biserial queuing network

Differential difference equation in steady (transient) state of the model is
(}‘a + }”b + kc + Ha + Hy + “c) I:)na,nb,nc = ka F)na—l,nb,nc + }\‘b I:)na,nb—l,nc + }”c I:)na,nh -1

* Ha Pay Pna+1,nb—1,nc Mg Pac Pna+l,nb,nc 1T H P, Pna+1,nb,nc
+ Ky Ppa Pna—l,nb an, T Hp Poc Pna np+1n-1 T Hp Py Pna,nb +1n,
+ 1 Py Pna ny-tn+1 T He Pea Pna g1 TR Pe Pna N+
Considering n, = 0; the Eq (1) can be given as
(Mg + Ry +Ag + 1y + 1) PO,nb,nc =M PO,nb—l,nc +A, P(J,nb,nc—l
+ 1o PP 10, F MaPacPin o1 T HaPaPin o
+ 1y Poc Fo s, 1+ Hy PP 11,
+ He Pep PO,nb—l,nc+1 + 1. P Po,nb,nc+l
Considering N, = 0; the Eq (1) can be given as
(Ag+X, +A +p, + “c)Pna,O,nc =LaPy son TAPh 0n
T Ha Py Pna+l,0,nc 1 TH P, Pna+1,0,nc
+ Uy Ppa Pna—l, 1n, T Hp P Pna,l,nc—l + Hy Py Pna,l,nc

+ He Pea Pna—l,o,nc a TR P Pna,O,nC+l

@)

@
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Considering N, =0; the Eq (1) can be given as
(A +Ap +A +p, + ub)Pna’nb'0 =A,P

ny=1.ny,

0 + 7\‘b Pna,nb—l,o

+ Ha pab I:)na+1,nb—l,0 + M, pa Pna+l,nb,0

+ 1y Poa B 1,110 T Ho PPy, i10 “
e P P, 11 e PeaPy a1 TR PR, o1
Considering N, =0 & n, =0; the Eq (1) can be given as
(Mg +hy +A + uc)PO,O,nC =AeFoon 1t HaPacPlon 1+ HaPaPlon
+ 1y Poc Pyt 1+ 1o PPy, ©)

+ l’lc pc I:>O,O,nc+1

Considering N, =0 & n_ =0; the Eq (1) can be given as

(Mg +hy +A + Hb)PO,nh,O =Ny PO,nb—l,O + Mo Pap Pl,nb—l,O + 1, P Pl,nb,O
+ 1y Py o, 10 (6)
+ e P Fon, 10 + M PPy, 2

Considering N, =0 & n, =0; the Eq (1) can be given as

(Mg +hy +Ac+1,) P00 =2aP 100t Ha PP 100
+ My, Ppa Pna—l, 100, THo Py Pna,l,O (7
+ e PeaPh, 101 T He PPy, 02

Considering N, =0,n, =0 & n_ =0; the Eq (1) can be given as
(Mg + A, 1) Fooo =HaPaPloo + 1y Py R0 + 1 P Foos ®)

using preliminary condition
1, for n,n,n 7&0}

P (0)=
”ﬁ’”“‘”°() {0, else

1IV: GOVERNING EQUATIONS AND SOLUTION METHODOLOGY

9)

To solve the governing Equations, Generating function is assumed as

o0 o0 0

F(Xu X0 X3)=20 D0 D XX, P X, (10)
n,=0 n,=0 n.,=0

such that |X1| =|X2| =|X3| =1

Also, taking partial generating function as

Fnb,nc (Xl) = Z P”a‘“b‘“c Xlna (11)
n,=0
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(X, X,) ZFM : (12)

F (X, X, X;) ZF (X, X,) (13)
On solving equations from (1) to (8) with the assistance of (10), (11), (12),(13), we get [2]

Multiplying (1) by Xlna and summing over N, from O t0 oo using (2) with the assistance of (11), we get
(7\’a + 7\‘b + }\“c + Ha + Hy + “c) I:n,,,nc (Xl) ~Ha I:)O,nb,nc = }\’aXanb,nc (Xl)

+}\‘ F b—1.N; (X )+}\‘c My ,Ne —1(x1) +uax—pab[l:nb—l,nc(x1)_PO,nb—l,nc:I

1

+ Ma)(—pac|:Fnb,nc—1(xl) - Po,nb,nc—l] + M;(Ija [Fnb,nc (Xl) - PO!”hvnc :| (14)

1
+ My pba 1 nb+1 ne (Xl) + Hy pbc Fnb+l,nc—1(xl) + Hy pb I:nb+l,nc (Xl)
+Mc pca 1 nb +1(X1)+“c pchnb—l,nc+l(X1)+Mc chnb,nC+1(Xl)

Multiplying (3) by Xlna and summing over n, from 0 to oo using (5) with the assistance of (11), we get
(}‘a +}\‘b +>\’c +ua +Mb +Hc)Fo,nc (Xl) _Ha I:)O,O,nc = }\’axl Fo,nC (Xl) +7\‘c FO,nC—l(Xl)
N M, P
+2= Fn—(x)_P n-1 |t e Fn(X)—P n
X, [ 0n-1\ M 0,0,n, 1] X, [ 0,n, \ /M O'O'°](15)
+ 1y Poa X1 Py, (X)) + 1y Poc B 1 (X)) + 1, P R (X))
+ U pcaxlFO,nc+l(Xl)+Mc cho,nchl(Xl)

Multiplying (4) by X,™ and summing over n, from O to oo using (6) with the assistance of (11), we get
(Mg + Ay + A+, 1, )R, O(Xl) [T 0.1, o=h, Xan O(Xl)+}\’bFn Lo(X))

+ Max—pab[ Fnb—l,O(Xl) - PO,nb—l,O] + M;(F:a [Fnb,o (X)) - Pon”b~°:| (16)

1

+ 1, pbaxanb+1o(X1)+Hb prnb+10(X )
+Mcpca 1 nb (X )+ucpcb nb—ll(X )+Mcpc ny l(X)

Multiplying (7) by X,™ and summing over N, from O to oo using (8) with the assistance of (11), we get
(Mg + 2 + g+ 1, 1y + 1) Fo o (X)) =1 Py o0 = A X Fo o (X))
K. p
+=2221F,(X)-P
X, [ 0,0\ o,o,o] an
U1, pbaxlFl,O(Xl) + 1, Py P (Xy)

+ U, pcaxlFO,l(Xl) + 1 P, Fo,l(xl)
Multiplying (14) by in" and summing over N, from O t0 co using (15) with the assistance of (12), we get
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(}”a +7\‘b +7\‘c TH, Ty +uc)Fnc (Xl' XZ)_HbFO,nC (Xl)_MaFnC (XZ) = kaxanc (X17 XZ)
2 X, P (Xy Xo) + AR 1 (X, X))

apa apac
+% Xz I:FnC (Xl’ Xz)_ Fnc (Xz)J"'HTlI:FnCl(Xl’ Xz)_ Fnc—l(xz)i|

1

(18)
+ “;(pa I:Fnc (Xl’ Xz) - I:nc (XZ)} +M;(—pba Xl':l:nc (Xl’ XZ) - Fov“c (Xl)}
2

1

R [F (X0 X,) = o, () ]+ 2[R (X0, %) -y, (X))

2 2

T pcaxanchl(Xl’ X,)+ 1, pcbXZFnc+1(Xl’ X,)+ K, chnc+1(Xl' X,)

Multiplying (16) by X2nb and summing over N, from 0 to oo using (17) with the assistance of (12), we get
(Mg Ry + A+, + 1y, + )R (X, XY) _HbFo,o(xl) — 1, Fo(Xy) =2, X, R (X, X))

+ A, X, R (X, Xy) + Maxpab X, [FO(Xl' X,)— Fo(xz)]

1

+ “;(pa_[FO(Xl, X,) = F(X,)]+ H;(pba X, [ Fo(X, X,) = Foo (X)) ] (29)

1 2
R (X, X,) = Fop(X) 1P X,Fa(X, X,)
2
+ 1 P X F (Xp, X5) + e PR (X, XS)
Multiplying (18) by X3nc and summing over N, from 0 to oo using (19) with the assistance of (13), we get

(h 2y 40 + g 1y + P (X, X, X) = 1 F (X, %)~ 1 F (X, X) 1, F (X, X,) =
7\‘aX1F(X1’ X2’ X3)+7\‘bX2F(X1’ XZ’ X3)+}\‘CX3F(X1’ X27 XS)

. u;(pab X, [F (X, X, X3) — F (X, x3)]+“ana°x3[F(X1, X, X,) —F (X5, X,)]

1 1

RO XX PO X B X PO X X -F O] e

1 2
Ky Py _ My Py _
+ X XS[F(Xl’X27X3) F(lexs)]"' X [F(lexz’xs) F(lexs)]
2 2

. u;(pca X, [F (X, X, X5) = F (X, X,) ]+ H;(pcb X, [F (X X5, X5) = F (X1, X,)]

3 3
CpC
+MX—[F(X11 sz X3) - F(le Xz)]
3

on simplify (20), we get

© 2018, IJSRMSS All Rights Reserved 50



Int. J. Sci. Res. in Mathematical and Statistical Sciences Vol.5(2), Apr 2018, E-ISSN: 2348-4519

H, {l_%_%_%} F(XZ’ Xs)"'ﬂb {1_pbaXl_pmx3_§b}F(xlv Xa)
1 1

F (X, X, X5)=

+,ub 1— pbaxl _ pbcx3 _& +,Uc 1— pcaxl _ pcbXZ _&
X2 XZ XZ X3 X3 X3

Assuming  F(X,,X,)=F,, F(X,X;)=F, F(X,X,)=F,

F(Xl,XZ,XS)— (21)
Pan Xy _ PacXs P
A, (1— X1)+2h (1— X2)+/1c (1— X3)+,ua l1-—= = & 35 .74
Xl Xl Xl
+/ub {1_ pbaxl _ pbcx3 _ pb }4‘#(; {1_ pcaxl _ pcbxz _ pc}
X2 X2 X2 X3 X3 X3
Since F(1,1,1) = 1, the total probability. Considering X, =1 as X, -1 X, —>1,
F(X,, X,, X,) is of (0/0) indeterminate form. Therefore, using L- Hospital rule,
differentiating numerator and denominator separately w.r.t. Xl , We get
1= /ua(pab + Pyt pa) Fa + 4, (_pba)Fb + U, (_pca)Fc
_ﬂ’a +/ua(pab + Py pa)+:ub (_pba)+:uc (_pca)
where P+ P+ P, =1
Hy I:a = My Pya I:b — M Pea Fc = _ﬂ’a + Hy — My Poa — M Pea (22)
Again differentiating numerator and denominator separately w.r.t. X2 by taking X2 =1
as X; =1 X; -1, weget
1= Ha (_pab) F, +/ub(pba + Poc + pb)Fb + 4 (_pcb)Fc
=2+ Ha (= Py )+ 2 ( Poa + Poc + Py )+ e (— Py
where pba + pbc + pb :1
(23)

—Hy pabFa +lube —H Py = _ﬂb = M Pap + My — M Py
Again differentiating numerator and denominator separately w.r.t. X, by taking X, =1

as X; =1 X, —>1, weget
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:ua(_pac)Fa—i_:ub (_pbc)Fb—i_:uc(pca—i_ pcb + pc)Fc
_ﬂ’c +lua(_pac)+lub (_pbc)+luc(pca+ pcb+ pc)
where Py, + Py + P, =1

—H; Pac Fa — [y Pyc I:b + 4 Fc = _ﬂ'c = My Pac — My Py + 44, (24)
on solving (22), (23), (24), we get

Ja (1= Py Po )+ o { P (1= P Poc) + Pie ( Pea + P Poa )} + A ( Pea + Py Pra )
£ {(1= Pay Poa ) (1= Peo P ) = (Pac + P Poc ) (Pea + Peo Pra )}

~ Aa(Pa  PacPes) + A5 (1= Pag Pea ) + A { Pea (P + P Pes) + P (1= Pa Poa )|
#5 {(1= Pec Py ) (1= Pac Pea ) —( Pra + Poc Pea ) (P + Pac Pes )}

2 { Pat (Poc + Poa Pac )+ Pac (1= P Po )} + 2 (Prc + Poa Pac )+ A (1= Py Pra)

1=

F=1-

F, =1

F=1-
He {(1_ Pac pca)(l_ Pab pba)_( Pep T Pap Pea )( Poc t Poa Pac )}

The solution (Joint Probability) of the model is written as

Pna'nblnc = (1_ Fa)na (l_ Fb )nb (l_ FC )nc Fa Fb Fc (25)

Py non, =P, Py P (1_pa)(1_pb)(1_p6)
where p, =1-F, p,=1-F, p.=1-F

A, (1= Py Py ) + 4, { Poa (L= Peo Poc) + Prc ( Pea + Pey Poa )}"' e (Pea + Py Pra)
* #a{(1= Pa Proa ) (1= Py P ) = (Pac + Pa P ) (Pea + Poo Prc )}

A (Pa+ Pac P )+ 2 (1= Pac Pea )+ A { Pea (Pap + Pac P ) + Py (1= Poc P )}

o £ {(1= Poe Pes ) (1= Pac Pea ) = (Poa + Prc Pea ) (P + Pac Pos )}
b A Pay (Poo + Pa Pac )+ Pa (1= Pay P )} + 2 (Poc + Poa Pac )+ & (1~ Pay Py )
i Ho {(L1= Pac Pea ) (1= Pas P ) = ( Peo + Pa Pea ) (P + Poa Pac )}
The solution of this model exists if p,, p,, p, <1 (26)

V. COMPUTATION OF VARIOUS QUEUING MODEL CHARACTERISTICS
(1) Mean queue length (average number of customers)
L,=L +L +L
LQ — pa + pb + pc
1-p, 1-p, 1-p.
Where La:—pa , Lb:—pb , L. = Pe
1_pa 1_pb
(2) Fluctuation (Variance) in queue length
V, =V, +V, +V,

V pa + pb + pc

T(-p) (1-p)T (-p)
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Whereva:L vV, L, VCZLZ

(1-p)" 7 (1-py) (1-p.)
(3) Average waiting time for customer

wt

£ - , where A=A, +A, +A,
A
V1. RESULTS AND DISCUSSION

In section 2 and 3, description of the mathematical model and associated governing equations have been presented. In the
present example, ten customers have been considered to be processed through the network of three queues Q,, Qp, and Q.
associated with servers Sr,, Sr, and Sr. respectively. The details of various input parameters used in the computation of various
characteristics have been presented in Table 1.

Table 2 demonstrates the joint probability and utilization of servers for various mean arrival rates (Xa, A, and A.) and

various probabilities ( P, Paes Pas Poa: Poc: Py Pear Pey » P )- 1t is manifest from the calculated results that the values
utilization of servers is less than 1 which also confirms the basic conditions given in Eq. (26). In Table 3 and Table 4, the
average waiting time, queue lengths and variances have been deliberated considering different mean arrival rate (Ka, A, and

\.) and various probabilities ( P, Pac Pa+ Poa+ Poc+ Po+ Pea+ Pey » P ) same as considered in the case of Table 2.

Table 1: Various input parameters considered in computation of results

Ma Mb uc na nb nc
14 15 16 3 4 3

Table 2: Joint Probability and utilization of servers for various mean arrival rates and probabilities

Ka }\‘b ;\‘c pab pac pa pba pbc pb pca pcb pc pa pb pc P
2 5 6 0.2 0.3 0.5 0.2 03 05 02 03 05 |043]0.63]|0.66 | 2.5E-04
3 0.51 | 0.65 | 0.69 | 4.2E-04
4 0.60 | 0.68 | 0.72 | 6.0E-04
5 0.68 | 0.70 | 0.75 | 7.6E-04
6 0.76 | 0.72 | 0.78 | 8.4E-04
}\‘a }\‘b }\’c pab pac pa pba pbc pb pca pcb pc pa pb pc P
4 2 6 0.2 0.3 0.5 0.2 03 05 02 03 05 |052]043]0.63| 1.3E-04
3 0.55 | 0.51 | 0.66 | 2.5E-04
4 0.57 | 0.59 | 0.69 | 4.1E-04
5 0.60 | 0.68 | 0.72 | 6.0E-04
6 0.62 | 0.76 | 0.75 | 7.6E-04
7\‘a }\‘b 7\’c pab pac pa pba pbc pb pca pcb pc pa pb pc P
4 5 2 0.2 0.3 0.5 0.2 0.3 05 0.2 0.3 0.5 | 050|056 | 041 | 1.1E-04
3 0.52 | 0.59 | 0.49 | 2.0E-04
4 0.55 | 0.62 | 0.57 | 3.3E-04
5 0.57 | 0.65 | 0.64 | 4.7E-04
6 0.60 | 0.68 | 0.72 | 6.0E-04
}\‘a }\‘b 7\’(: pab pac pa pba pbc pb pca pcb pc pa pb pc P
4 5 6 01 045 045 0.2 0.3 05 0.2 0.3 0.5 | 0.61 | 0.64 | 0.79 | 5.5E-04
0.2 0.4 0.4 0.62 | 0.70 | 0.79 | 6.7E-04
03 035 0.35 0.63 | 0.76 | 0.78 | 7.7E-04
0.4 0.3 0.3 0.64 | 0.82 | 0.77 | 8.0E-04
05 025 0.25 0.65 | 0.88 | 0.76 | 7.2E-04
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}\‘ }\‘b }\’ pab pac pa pba pbc pb pca pcb pc pa pb pc P
0.2 0.3 0.5 01 045 045 0.2 0.3 0.5 | 055 |0.69 | 0.81 | 5.3E-04
0.2 0.4 0.4 0.62 | 0.71 | 0.80 | 6.8E-04
03 035 035 0.70 | 0.72 | 0.79 | 7.9E-04
0.4 0.3 0.3 0.78 | 0.73 | 0.78 | 8.3E-04
05 025 0.25 0.86 | 0.74 | 0.77 | 7.3E-04
}\’ }\‘b 7\’ pab pac pa pba pbc pb pca pcb pc pa pb pc P
0.2 0.3 0.5 0.2 0.3 0.5 01 045 045|054 0.79 | 0.74 | 6.2E-04
0.2 0.4 04 | 062 |0.77 | 0.76 | 7.8E-04
03 035 035|071 ]0.76|0.77 | 8.7E-04
0.4 0.3 0.3 | 0.81|0.74|0.79 | 8.1E-04
05 025 025|091 ]0.72|0.82 | 5.3E-04
Table 3: Average waiting time and queue lengths for various mean arrival rates and probabilities
?”a }\‘b 7\‘0 pab pac pa pba pbc pb pca pcb pc La Lb Lc LQ Ewt
2 5 6 0.2 0.3 0.5 0.2 0.3 0.5 0.2 0.3 05 [ 075|167 | 197 | 439 | 0.34
3 1.05| 186 | 225 | 5.16 | 0.37
4 1.47 | 208 | 259 | 6.14 0.41
5 211 | 233 | 3.00 | 744 | 047
6 3.20 | 263 | 3.52 | 9.36 | 0.55
Ka }\‘b 7\‘0 pab pac pa pba pbc pb pca pcb pc La I‘b Lc LQ Ewt
4 2 6 0.2 0.3 0.5 0.2 0.3 0.5 0.2 0.3 05 110|077 | 1.74 | 3.60 | 0.30
3 121|106 | 197 | 424 | 0.33
4 133 | 147 | 225 | 505 | 0.36
5 147 | 208 | 259 | 6.14 | 041
6 1.63 | 3.09 | 3.00 | 7.72 | 0.48
}\’a }\‘b }\’c pab pac pa pba pbc pb pca pcb pc La I‘b Lc LQ Evv'(
4 5 2 0.2 0.3 0.5 0.2 0.3 0.5 0.2 0.3 0.5 |1.00 | 127 | 070 | 297 | 0.27
3 110 | 143 | 096 | 349 | 0.29
4 121 | 161|131 | 4.13 0.32
5 133|183 | 181 | 497 | 0.36
6 1.47 | 208 | 259 | 6.14 0.41
Ka }\‘b 7\‘0 pab pac pa pba pbc pb pca pcb pc La I‘b Lc LQ Ewt
4 5 6 0.1 045 045 | 0.2 0.3 0.5 0.2 0.3 05 |153 181|387 | 7.21 | 0.48
0.2 0.4 0.4 160 | 234 | 3.71 | 764 | 0.51
0.3 035 0.35 1.68 | 3.14 | 355 | 8.37 | 0.56
0.4 0.3 0.3 176 | 452 | 340 | 9.67 | 0.64
0.5 0.25 0.25 1.85 | 741 | 3.25 | 1252 | 0.83
}\’a }\‘b A’c pab pac pa pba pbc pb pca pcb pc La I‘b Lc LQ Ewt
4 5 6 0.2 0.3 0.5 0.1 045 045 | 0.2 0.3 05 120|228 | 430 | 7.78 | 0.52
0.2 0.4 0.4 1.63 | 240 | 407 | 810 | 0.54
0.3 0.35 0.35 231 | 254 | 384 | 869 | 0.58
0.4 0.3 0.3 350 | 270 | 3.64 | 9.83 | 0.66
0.5 0.25 0.25 6.15 | 2.87 | 3.44 | 12.46 | 0.83
?”a }\‘b 7\‘0 pab pac pa pba pbc pb pca pcb pc La Lb Lc LQ Ewt
4 5 6 0.2 0.3 0.5 0.2 0.3 0.5 0.1 045 045|117 | 3.72 | 282 | 7.71 0.51
0.2 0.4 04 |166 | 339|310 | 815 | 054
0.3 035 035|249 309|344 | 9.02 | 0.60
0.4 0.3 0.3 | 4.18 | 2.82 | 3.87 | 10.87 | 0.72
0.5 025 025|962 | 257|441 | 16.60 | 1.11
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Table 4: Variances for various mean arrival rates and probabilities

}\‘a 7\’b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var
2 5 6 0.2 0.3 0.5 0.2 0.3 0.5 0.2 0.3 0.5 1.31 446 | 586 | 11.64
3 2.15 532 | 7.31 | 14.78
4 3.63 6.40 | 9.27 | 19.31
5 6.57 7.78 | 12.00 | 26.35
6 13.44 | 9.57 | 15.92 | 38.93
}\’a 7\‘b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var
4 2 6 02 03 05 02 03 05 02 03 05| 231 | 136 | 475 | 842
3 2.68 2.18 | 5.86 | 10.72
4 3.11 3.62 | 7.31 | 14.05
5 3.63 6.40 | 9.27 | 19.31
6 427 | 12.65| 12.00 | 28.91
}“a 7\‘b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var
4 5 2 0.2 0.3 0.5 0.2 03 05 0.2 03 05 2.00 2.87 | 1.20 6.08
3 2.31 3.46 | 1.89 7.66
4 2.68 421 | 3.03 9.91
5 3.11 5.16 | 5.09 | 13.36
6 3.63 6.40 | 9.27 | 19.31
}\’a 7\’b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var
4 5 6 01 045 045]| 0.2 03 05 0.2 03 05 3.89 5.08 | 18.81 | 27.78
0.2 0.4 0.4 4.17 7.79 | 17.43 | 29.40
0.3 035 0.35 449 | 13.00 | 16.15 | 33.64
0.4 0.3 0.3 486 | 24.90 | 14.95| 44.71
05 025 0.25 528 | 62.35| 13.83 | 81.46

}\’a 7\’b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var
4 5 6 0.2 0.3 0.5 01 045 045 0.2 0.3 0.5 2.64 7.46 | 22.80 | 32.90

0.2 04 04 431 8.17 | 20.60 | 33.07
03 035 035 7.64 8.99 | 18.63 | 35.26
0.4 03 03 15.72 | 9.97 | 16.85 | 42.54
05 025 025 43.99 | 11.13 | 1525 | 70.37

}\’a 7\’b }\‘c pab pac pa pba pbc pb pca pcb pc Va Vb Vc Var

4 5 6 0.2 0.3 0.5 0.2 0.3 0.5 01 045 045| 254 |17.59 | 10.77 | 30.89
0.2 04 04 442 | 1491 | 12.70 | 32.03
03 035 035| 868 |12.67 | 15.28 | 36.62
0.4 0.3 0.3 | 21.69 | 10.77 | 18.81 | 51.28
05 025 0.25]102.07 | 9.17 | 23.88 | 135.11

VII. CONCLUSION

In the present study, an attempt has been made to investigate a queueing network modeled using three servers connected in
parallel in tri-cum bi-series way. Detailed mathematical description of the presented model has been given which can be
implemented in multi-tasking problems. Various queuing characteristics such as queue length, variance, joint probabilities and
average waiting time for customers have been computed using proposed mathematical model.
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Appendix
symbol notations
Servers Sr,, Sr,, Sr,
Joint Probability N,
Mean arrival rates Aol A
Mean Service Rates Mas Myy Mg
probabilities pab7 pac’ pa’ pba7 pbc7 pb7 pca’ pcb7 pc
No. of Customers n,.n,.n,
Traffic intensity or utilization of
servers Pa: Py P
Length of queues L. L. L. L
Variances V..V, V..V,
Average waiting time for customer EWt
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