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Abstract: A transient solution of Two-class priority queuing system was discussed in this paper, the first class with high
priority and the second one with low priority and the capacity of the system is infinite. Various performance measures are
examined. Some numerical analyses are discussed and some special cases are deduced and confirmed the results.
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1 Introduction

Queueing theory is a very fascinating field of science, with wide applications. Telecommunication, traffic engineering,
waiting in shops, factories, services in offices and hospitals can be designed and analyzed as queueing models. The process
of priority occurs in many situations of our life, particularly when discriminatory handling is granted to specific kinds of
persons. The mechanism of priority process is a precious scheduling technique that allows messages of different classes to
receive different quality of service. Queuing model under preemptive resume priority has been widely investigated by a lot
of researchers; for example Cobham (1957) [1] was the initiator who proposed the non-preemptive priority model
according to Poisson distribution, the holding and input time subject to exponential distribution and investigated them for
both single and multi-channel cases. Barry (1956) [13] and Stephan (1958) [9] investigated the model of preemptive
priority system model with double priorities with Poisson distribution input and exponential distribution for the holding
time. Many efforts have been made to calculate an easy format for the transient state probabilities for a single server queue
M/M/1/N. Dieter, Herwig, SMACS Research Group (2005) [12], afford a transient analysis of the system contents in a two-
class priority queue with single-slot service times. Tarabia (2007a) [2] presents a two-class priority M/M/1 queueing model,
with two kinds of customers; the first kind of customers have preemptive priority resume discipline and are served with law
of first-come, first served (FCFS) with finite capacity, the second kind of customers has low priority and infinite waiting
space. He obtained explicit formulas for the generating functions in terms of the second kind polynomial of Chebyshev for
the steady state case.

Tarabia (2007b) [3] based on the generating function technique; he investigated a two-class single-server preemptive
priority queueing system model; each class with arrivals according to a Poisson distribution with times of service follows
exponential distribution. New expressions which are free from any integral or special functions for the mean value of the
length of queue and the steady-state joint distribution of the both number of high and low priority customers in this model
are obtained. The analysis is based on the technique of generating function expansion. Walraevens et. al. (2005) [12]
analyzes transient state case of the model contents in a double-class priority queue with single-slot service times. They
obtain a generating function formula for the transient state contents of both classes. Also, they calculate some of the
performance measures using this generating function. Bruneel et. al. (2017) [11] study a discrete-time queueing system
with two kinds of customers and two servers, one for each customer kind. Also, they assumed that the service times
distribution of both kinds of customers are independent, geometrically distributed random variables. Tarbia (2002) [4]
present non- empty M/M/1/o queue and in (2011) [5] study steady state analysis of an M/M/1 queue with balking,
catastrophes, server failures and repairs. Recently, Kumar and Sharma (2021) [15], discuss transient analysis of a
Markovian queuing model with multiple-heterogeneous servers, and customer’s impatience, and obtain its time dependent
solution.

Tarabia et al. (2022) [6], present the transient solution for two-class priority queuing system model with both balking and
with existence of catastrophes in infinite system capacity and give some special cases that confirm the given formulas.
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After this introduction, the paper ordered as follows; in Section 2, we declare the model description with the assumption
and several statements that used in the paper. In Section 3, the generating function was obtained. Some various
performance measures are calculated in Section 4. Some special cases are obtained in Section 5. Finally, in section 6 some
numerical analysis is carried out.

2 Model Demonstrations

In the proposed model, a single server queuing model is considered that serving two types of incoming customers say class-
1 and class-2, each type has its own particular lane with independent arrival process for both types. A higher priority is
dedicated to class-1 and a low priority to class-2. Suppose that the service law for each class is First In First Out (FIFO)
and the priority of the system considered as preemptive resumed, i.e. if new customers join high priority lane during the
service of a low priority customer, then the service of low priority customer is stopped and will be proceeded again when
there is no high priority customers in the system. It is easy to see that the given system can be modeled by Markov
process {(X1 (1), X, (t)), t =0}, X;(t), i = 1,2 denotes the number of customer’s in the high and low class respectively
and we assume that the system capacity is infinite. We denote p; ;(t)={the probabilities of the system where the first class
is at the state i and the second class is at state j , and all of them are infinite}. The inter-arrival and service times are taken
to be negative exponentially distributed with mean1/4,and1/u, respectively for the first class and the inter-arrival and
service times are taken to be negative exponentially distributed with mean 1/4, and1/u, respectively for the second class.
From all the previous assumptions and declarations the consequence stochastic of behavior as set of what essentially are
forward equations of Chapman-Kolmogorov which can be written as:

dpo,o(t) |
(()1(1)? - _(/11 + ’12)p0,0 (t) + nulpl.o(t) + H2P0,1 (t) ( )
dp,,;(t)
((]1]11' =+, + #2)?70,]' ®) + H1D1j )+ :uzpo,j+1(t)
(2)
+ A2P,j-1(t) J=1
dpo(t) | .
;1(;5 == + Ao + u)pip (@) + 11Pis1,0(E) + 4pi_10(t) 0 =1
dp; ;(t)
;l]t - _()11 tA + #1)pi,j(t) + H1Dis1,j ®) + /hpi_l_,- (t)
“)

+ Azpi,j—l(t) i,jz1
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Fig. 1 Transient - state of two-class priority with infinite capacity
3 The transient solution of the model
Theorem (1):

The probabilities of the transient solution of two-class priority queueing system with infinite capacity are:

t,. 141 (ocu) t I_q(x(t-w)) _ _
pi,j(t) — [fo G+ 1)ﬁl%e(ﬂ.1+ﬂ.2+u1)u du +f0 (—l)ﬁe A +p)(E-w)

, X Jj
(1 + DO Ll g Gatdot i gy ”],2!) =1 (5)

Where a = 2,/ ,B = \/% ,I,(.) is the first kind modified Bessel function.
1

Proof:

The transient solution of the two-class priority queuing system can be obtained by using the generating function:

(oo}

- 96, 0) dp; ;(t)
Gi(s,t) = Zpi,,-(t)sf , ———== Z'—sl 0<i<oo.
= ot = dt

Using Eq. (3) and Eq. (4) we get:
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S dpy (1) N :
Z zijt st == + 2 + p)Pio(®) + aPir10(8) + 4pi10(@)  — (A +2, + Hl)z p;,j(£)s’
j=0 j=1

+ Z Di+a,j (t)s/
j=1

+4 ZTQ pi—l,j(t)sj + 4, ?.;1 pi,j—l(t)sj

=~ + 2 1) ) PO+ A ) Piay O + iy ) i (O + 25 ) piya(©) 97
j=0 j=0 j=0 =

J= J J Jj=1

=—(A + 2+ 1) Gi(5,8) + 1,61 (5, 1) + 1y G4 (5, 8) + A5G (s, t) 1<t

dG;(s,t)
ot =[-(A4 + A3 + 1y) + 24,5 1Gi(s,0) + 4,64 (s, 1)
+ G (st)  1<i . (6)

By using the Laplace transform:
2G;"(s,z) — G;(s,0)
=[—(A + A, +uy) +2,51G;,7°(s,2) + 1,G;_1" (s, 2)
+u, Gy " (s,2) 1<
Since pg(0) =1, p;j(0) =0,i #j # 0, then
Go(s,0) = X5 P, (0) s/ = 1, otherwise equal zero. Then
[z+ (A4 + Ay + uy) — 2,516, (s,2)
4G (5,2) — Gy (5,2) =0,1 <1 (7
Solving equation (7) we get

G;*(s,z) = Aymi + A,m}, .

where
—b++vVb%?—-4ac —b+.b%?—-40 1,
e = 2 B 2
a H1
Since X2, G;(1,t) =1,then %2,G;"(1,2) = E,
bots=1=z+ M+ +tp) - =z+4 + .
—p— 2_ - /p2_
Then we accept m; = % and defused m, = % that m, increasing and %,i2, G;"(1,2) = i =

a
i —b—bZ=4A1 p1;
A X2 omy = A Xl 2 =]

i=0
< C o, A1 1-m,
Z;Gi (1;2):1412;7”1:1_—"11:;—’141:7
1= =
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1— {—b(l)—\/bz(l)—%ul}

2
A1 — . H1
_ (Z+/11+H1)+\/(Z+/11+.“1) _4A1ﬂ1
z 2714
—b —/b%? — 4,1, _.
6/ (5,2) = A5 b = [z+ (s + Ao + ) ~as]
1

Suppose a = 2/ A1y , B = \/% then aff = 211,% = 2U,.

1 (z+A1+p)+/ (Z+A1+p01)%-a?
G(SZ)—[; L 122,111 2 ].

[_[Z + (A + 2, + 1) — 5] = [z + (A + 2, + py) — Ap5]% — az]i
24
Suppose a = (z+ A; + 1) , ¢ = —[z+ (A4, + A, + uy) — A,s] then G;*(s, z) can be rewritten as:

[a_ az_az]‘l _ [c_m]i ®)

- 2_2 i+1
G (s,2) = B[y 4

a zZ a a

On inversion we have an explicit expression of G; (s, t) by using first kind of the modified Bessel function I,,(.) and the
Bessel function properties, we get

t .
Gi(S, t) = f (l + 1)‘8i@e_(125—(11+12+u1))u du
0
1@ W) e
f = 1) (t—w) e

i+ 1)ﬁ(1+1) 11+1((ta(t) u)) o—(A2s- (,11+12+u1))udu i>1.
u

Since G;(s,t) = X2, p; ;(t)s’ then by taking the expansion of s/ on both sides we have:

t,. 1.1 (aw) I_q(a(t- u)) _
iy () = [0 + D et puwiamrugy 4 [1(1) 228D oG-

. , J
(o DB B pGas ity C2F > 1, ©)

It’s the probabilities of the transient-state of two-class priority model of queueing system with infinite capacity where the
first class and second class are more than one.

Theorem (2)
The probabilities of the two-class priority queueing system with infinite capacity at the first point (i=0) is

Pon(t) = @™, (wt)e Prtiathalt

+u " fot e~athaturu P1n(W) In(w(t - u))du
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U™ fot elmtlatudluf] (w(t —u))

—@ In+1((u(t — u))}p oow)du, n=0. (10)
Where w = 2@ L= m , I,(.) is the modified Bessel function of the first kind.
Proof:

The transient solution of the two-class priority queuing system can be obtained by using the generating function:

Gi(st) _ v 4pij)

= )¢ T 0<i< oo,
at j=0"ar S O=sis

Gi(s,t) = X2 pi;(O)s7

Using Eq. (1) and Eq. (2) we get:

0Go(s,t) _ i dpo,(®)
at dt

j=0

= —(A + 22)P0,0(8) + 1D1,0(E) + 2P0 1 (£) — (A1 + A5 + ) Z Po,j (t)s/ + Uy Z P1,j (t)s/

Jj=1 Jj=1

+ U, Z po,j+1(t)5j + 4, Z pO,j—l(t)Sj

j=1 j=1

= |~ + 2IPoo(®) = O + 2y + 1) ) 1o (O

j=1

+ (1110 (®) + 14 Z D1,j (t)s’

j=1

1200, () + 1, Z Po,j+1(t)5j I+2, Z po,j—1(t)5j
j=1 j=1

:[_(/11 + A, + uz) Z?:o Do,j (t)s/ + .Uzpo,o(t)] + [H1 Z?:o D1,j (t)sj]
+ [%po,l (t)s + HS_Z ?.;1 po,j+1(t)5j+1 ] + 1,5 Z;‘;1 po,j—l(t)sj_l
0G,(s,t
%) =~y + 2, + 1) + % + 25| Go(s, ) + 13 Gy (5, £)
+ UzPo,0(1) [1 _é] (11)

GO (S, t) = GO (S, O)e[—(ﬂ1+lz+u2)+%+azs]t

t
”’_2
+‘u1 f e[—(/11+2.2+[12)+ S +/125]‘LLGI (S, u)du
0

THe [1 _i] fot e[—(/11+12+,u2)+”;—2+/125]up0'0 (w) du ,

Since Gy (s,0) = 1, suppose w = 2/ A, 1, , 9 = /A, /1, using the function of first kind modified Bessel with the use of
Bessel function properties, we get
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Gols,t) = me(t)sf = e~Curtatia) Z (@O (s)"

j=0 n=-—oo

+,u1f ~Qa+az+pz)u Z Zpln(u)sll (0uw)(p)"s™du

n=-—oo ]

1 t oo
i [1 s ] f e~ thatiaip,  (w) Z L(wow)(ps)" du.
’ ? n=-—oo
By comparing the coefficient of s™ on both sides we have:
pO,n (t) = @nln (a)t)e_(’ll"%z*'#z)t

" [y e Catherit () [(w(t —w)du A" [ elm Gl (w(t —u))

@ In+1(w(t - u))}p oo(W)du, n=0.

From p, ,(t) we have the probabilities of the low priority of the second kind. Its probabilities are the same as Krishna
(2000) [7].

Wherey = 0,p, = p, o™ = ", i3 = 0.

At n=0:

t
Poo(t) = Io(wt)e”Pathztualt 4y f e"Mrhariaip, (W (w(t —w))du
0

+1, f e~ Mtdatiu[ [ (w(t —u)) — ¢ I(w(t —w))]pe,w)du. (12)
Obtaining P, ,(t):

Using Laplace transform to equation (12), withr = (z + 1, + 1, + p,)then

1+ ppio™(2) 1 [ re2 — a)z]
Pop'(2) = ——0 2 1 1Py’ (2) -
P R e
. 11 —(n+1) [r—Vrz —w? i
Py (2) IEZE‘P on+1
n=

1 1¢ [r—\/rz—a)2|n W, o1 [r—\/rz—w2|n
e AT (Z)ZE'T
n=

On inversion we have an explicit expression of Py o (t):

1 tzw s (00)
Poo(t) = Efo (n+ 1)~ 0+ ”wTe—(thﬂtz)udu
n=1

f Z - I (wu) e~ Qi+l +pzdu gy,

tyoo —n In(l0w) _
+%p1,o(t) fo Y ng "%e Q1+ 22+p2)u gy, (13)
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Obtainingp, , (t):

By using the generating function:

; 3G;(s,t) dp;j(t) ,
Gi(s,t) = XiZopij(0)s’ , —5—= =X ;’t s/.0<i< oo,

Using Eq. (1) and Eq. (3) we get:

w dpio(®) o
T

=—-( + Az)po,o )+ HUiD10 ® + ﬂ2p0,1(t) -+ A+ ) Z Dio ®)

i=1

+iy Z Di+1,0 ®+4 Z Pi-1,0 @®
i=1 i=1

=—-( + 2+ 1) Z Pio )+ HU1Do0 ® + .Uzpo,1(t) + Uy Z pi,o(t)

=0 i=0

+4 Z pi,o(t) — H1Po,0 ®
i=0

0=-1, Z pi,o(t) + UaPo1 ) >4, = U2Do,1 ®

=0

Ay
P P2

Do (t) =
The probabilities of the low priority of the second class where one customer in the system.
The transient solution for the first-class with high priority where i > 0:

For the probabilities of the first-class with high priority can be calculated as:

. aGi(s,t) dp; j(t) ; .
Gi(s,t) = XZopij()st , —S—=XZ—4—s' .0<i< oo

Using Eq. (1) and Eq. (3) we get:

dGy(s, t)
Oa—t =—- + Az)po,o(t) + UiP1,0 @)+ UzDo,1 ®)

-+ A+ ) Z Dio (t)si + Uy Z Pi+1,0 (t)si + 4 Z Pi-1,0 (t)si
i=1 i=1 i=1

9Gy (s, t) M
ot = —(A + A2 + )G (s, t) + 1D (t) + popo 1 (E) + ?Go (s, )
u
+15Go(5,8) = Poo(t)
dGy (s, t) _

u u
ot = [_(/11 + A, +uy) + ?1 + /115] Go(s,t) + [uy — f]po,o(t) + #zpo,l(t)

(14)
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9Gy(s,t) © 7
06—t - [_(/11 + A, + 1) + ?1 + /115] Go(s,t) = [y — f]po,o(t) + UaPo ®)

GO(S t) = GO(S 0)6_[(Al+}“2+”1)_%—115]t

t
+ [#1 — &]f e—[(11+12+H1)—%—115]up0‘0(u)du
S4Jo
‘ —[(11+/12+u1)—ﬂ—115]u
tux | e s Pos(Wdu .
0
Since Go(s,0) = 1,Suppose & = 2,/ 11y, ,B = \/? then
1

Gl 1) = ) po(®)s' = =it N 1 ar) (s)"
i=0

n=-—oo

+m -2 fot""”l”“"”“ D (e - w) (B5)"poo (Wi

n=-—oo

i | etz ST (e - 1) (8" pos (W)

n=—oo
By comparing the coefficient of s™ on both sides

Pno (t) = In((lt)ﬁne_(’ll‘”‘zﬂh)f

+ig fte_ulﬂﬂul)uﬁnpo,o (w) [In(a(t - u)) - 1n—1(a(t - u))]du

t oo
iy [ et 3 g (a(e - w)) o (addu n > 0. (15)
0

n=—oo
The probabilities of the first—class with high priority when there is no customer in the second kind.
Atn=1:

pPio(t) =1 (at)ﬁe‘(hﬂz +updt

+uy fte_(Aluﬁﬂl)uﬂpo,o(u)[ll(a(t - u)) - Io(a’(t - u))]du

t [ee]
+#2f e~ Matiztu)u Z Li(a(t —w) ﬁpo’l(u)du.
0

n=-—oo

From Eq. (13)

pP1o(t) =1 (at)ﬁe‘(hﬂz +updt

+uy fte_(Aluﬁﬂl)uﬂpo,o(u)[ll(a(t - u)) - Io(a’(t - u))]du
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Natural Sciences Publishing Cor.



596 NS A. Tarabi et al.: Transient Analysis of Two- Class ...

‘ yl
g [ et N a(e—w) pEdu
0 2

n=-oo

pP1o() =1 (at)Be~Pr+lztuo)t
+i fte‘(/huzwl)uﬁpo‘o(u)[Il(a(t —u)) — Ip(a(t — u))]du

+1, fot e~ hrdatuu] (g(t —u))pdu. (16)

By substituting in Eq. (13):

LIEAN Ir (00)
Poo(t) = ,u_f Z(n + 1)<p‘("+1)”wTe—(thwz)udu
270 n=1
t [ee)
—if Z n¢_nM6—(l1+lz+u2)udu
0 w™

I wu
+— plﬂ(t)f Z ( ) e~ (atlatuugy

Wesuppose that L = (z+ A, + 1, + 1), r = (z+ A, + 1, + 1,) . By using Laplace transform then

n+1
s S g T o ]
0,0 Lo wn+1 L2 (1)2 0,0 \/LZ \/LZ_(DZ
5 n+2
e
W2/ r2 — 2

[L VI? w2|+ [L VI? w2|
P N =7

ﬂzmﬂ‘”[r_ T Y

wn,/TZ — wz

Po,0(2) T 2 (z )[ — w? B 1 ]
=T ke Poo \/LZ —0?  VIZ—a?

—q1n
n=11¢ W +1./12—2

[L ] Ha
- (— ) T Bl )
pé,o(z) = [L = 2]
1 _mt Y e
—— M.ﬁ[l =,

0 -n
—o n —_—
In=zng Wwn+1/12_ 2

By using the inverse Laplace we have
LIBAN Ior (00)
Poo(t) = EL Z(n + 1)<P_(”+1) ane—(h‘*'/lz"'#z)udu
n=1

U 1 rtyow - I+1(@W) (1,41
HLBE 4 ) [ T (n + 1) (D) I o=tz iy
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4 Various Performance Measures

- The marginal probabilities for the high priority class, p; , can evaluated as follows:

= Zpi,j(t) =G;(1,t)

j=0

t .
; :f (i+1)5ill+1(+we(h+u1)udu
0

T_q(oc(t )) _ Tipq(x(t—u))
+f (-1 1(:‘ u)“ Artu)t-w) (j 4 1)5(l+1)+1(t°<—u)“ eMtudugy, (17)
and Pio(®) = G;(0,t) = p;o(t) + X572, p; ;) (0)!

t iq
Dio(t) :f (i+1)[)"#e

Qa+22+u)u gy,

f (- 1)11(“(;@1‘)) G- (; +1)ﬁ(l+1)%e(h+lz+ﬂ1)udw

- The expectation for the high priority class can be calculated as

aGi(s,t) ©
E() = =5 lse1 = X20) pij ()

=—(4 +u)G(L,t) + 4,61 (1, 8) + p1Gi41(1,0)
=—(A + .ul)pi,.(t) + Alpi—l,.(t) + ﬂlpi+1,.(t) A<i

From Eq. (17) we get —(4; + #1)?91',.: Alpi—l,.(t) and Uy Pisq, (t), then

G, (1,t) [t i (u) eatin
o)== g R
Loa(x(t-u) e~ A1+u)(t-u) (i+1) lira (x(t-w)) ePrtpu .
+f( 12— 0 1Hh (i+Dp TR du,i>1 (18)

which is the same mean queue of M/M/1 [8], [14].
- The mean length of the queue for the class of high priority

(oo} [oe]

E(N,) = Z np,. = Z np;"(1—p,)
n=0 n=0
= (1= p)P1 T py™ = (1= py)py e T Py
1)P1 Zm=03,7P1 1)P1g;T Zn=0P1
- (1 — 41 1 __h
=1 -pps dp; (=p1) (1-p1ps G=pDZ _ (-py)’ (19)

which agree with mean queue length of M/M/1 [8, 14].
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5 Special Cases

5.1 Special cases for the first class with high priority:
We can discuss some special cases for the first class with high priority:

1- Ifj =0, 4, = u, = 0 then
w =@ =0,Py,(t) =0 for j(the second class of priority),a = 2,/A1y; ,B = /2—1,
1

_ t,. 1y (ocu) 2 t I_q(x(t—u)) _ 2
p;(t) = {fo (i+ 1B %e( 1)U gy +f0 (_1)1(t—u) Ag+p)(E-1),

(i +1)pEtD W(eu””ﬂ”},i > 1.
which represent the probabilities of the first class with high priority.

2-1fj=0,=u=0,4 =4,y =pa=2yu,B= f

oty iliv1 (W) (a4 tr N I-a(ex(t-u)) _(/1+ )t— )
pi() = (L + D 1 gy 4 (1) ) = Gtem

(i + 1)pEtL We’(“”)”},i > 1.

3- Ifj=0,/12=,uz=0,/11=,ul=/1=,u,a=2\/ﬁ=2/1,ﬁ=\/%zl,

e — o[t Lip1 (W) o3 Iq(x(E—u)  _22(¢— u)
pl(t)—{f0(1+1)—u e?Mdy +f( 1H=2—= o

I (xu
(i+1)%)em},iz 1.

5.2 Special cases for the second class with low priority:

We can discuss some special cases for the second class with low priority:

1— Ati=0,4=0,u4,=0,4, =2 ,u, =pu,9=2/u,p=1/u

Pon(t) = p I (9t)e™ At

tp" [ O (9 = 1) =p s (96 = )P 00 (W7du, 1> 0.

6 Numerical Results

In this section, we will introduce some numerical results to declare the behavior of the transition probabilities; we studied
the attitude of the transition probabilities given by theorem 1

_ t,. ) ) t I_q(x(t—u)) _ 2
Puy(8) = [0 + DB pOrthasin gy [} (—1) DD o= )1

, X J
(1 + DO a0 g Gatdot i gy —(’1],2!) =1
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The following figure illustrated the transition probabilities according to various values of the indexed numbers i and j, (i
denoted number of customers in the first class and j denoted the number of customers in the second class).

It is obvious from the figure that as time goes to infinity, the system model behavior expresses the steady state case, which
will be the main interest in our future work.

0.3 T T T T T T T T T
P12
p
aio5 | 11 | ]
Pis
Pas
0.2 ~Pios [
= 0.15 .
S
0.1 «F 1
005 o}
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Fig. 2 the transition probabilities with various values of i and j

7 Conclusions and Future Work

Transient analysis of two-class priority queuing system are calculated, Various performance measures are examined like
the marginal probabilities and the expectation for the high priority, some numerical analysis are carried on to explain the
behavior of the transient probabilities.

Our future interest is to investigate the same system in the steady state case with some special cases.
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