
C5fJ4F2X - JY 
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4. An M/G/1 Retrial G-Queue with Server Breakdown 

and Orbital Search 

An M/G/1 retrial queue with positive and negative customers is considered. If 

the server is idle upon the arrival of a customer, then the customer receives service 

immediately. Otherwise he joins the orbit. The arrival of negative customer brings the 

server down and removes the customer in service from the system. The server is 

subject to random breakdown while it is working. After each service completion, the 

server searches for customers in the orbit with certain probability. Using 

supplementary variable technique various performance measures are derived. 

Stochastic decomposition property is established. Reliability indices of the system are 

obtained. Some special cases are discussed and numerical results are presented. This 

chapter extends the model in chapter two with the introduction of orbital search. 

4.1 Model Description 

Consider a single server retrial queueing system with two types of arrivals-

positive and negative. Positive customers arrive according to Poisson process with 

rates 2. Negati\'e customers arrive with Poisson arrival rate ?J. There is no waiting 

space in front of the server and therefore if an arriving positive customer finds the 

server idle, then he receives the service. If the server is busy, then the arriving 

customer enters the orbit. The retrial time of the customers is generally distributed 

with distribution function A(x), density function a(x), Laplace-Stieltjes transform 

A*(s) and hazard rate functioni(x) = 
a(x) 

l — A(x) .T1e service time of positive customers 

is generally distributed with distribution function B(x), density function b(x). Laplace- 

Stieltjes transform B*(s)  and hazard rate function 11(x) = 
b(x) 

. The arrival of a 
1—B(x) 

negative customer removes the positive customer in service from the system and 

causes the server breakdown. As soon as the service of the positive customer is 

completed. the server goes for search of customers in the orbit with probability e or 

remains idle with probability O(=l— 0). The search time is assumed to be negligible. 
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The server is subject to unpredictable breakdown while it is working. The life time of 

the server is exponenliaily distributed with rate a.The repair time of the failed server 

is generally distributed with distribution function R(x), density function r(x) and 

hazard rate function (x) = 
' 

All stochastic processes involved in the system 
l — R(x) 

are assumed to be independent of each other. Throughout the rest of the paper, we 

also denote F(x) = I - F(x) the tail of distribution function F(x). We also 

denote F*(s) = JedF(x), F(s) = Je -S\  F( x )dx. 

4.2 Stability Condition 

Let N(t1 + ) be the number of customers in the orbit just after the time t1. Then 

the sequence of random variables Y = N(t ) form a Markov chain, which is the 

embedded Markov chain for this queueing system. 

Theorem 4.1 

The embedded Markov chain Y1. n EN 1  is ergodic if and only if 

(1— B*(2J + a))(2 (1+ ± a)) + a + 0(2J + a)(l - A*(2 
))) 

<() + a)(1 - 0(1 - A* (2  ))B*(2 + (x)) 

The theorem can be proved along similar lines as in Gomez-Corral (1999). 

4.3 Steady State Distribution 

In this section, by treating elapsed service time and elapsed repair time of the 

server as supplementary variables, the steady state probability generating functions of 

the orbit size distribution are derived. 

Define the states of the server as 

0, if the server is idle at time t, 

C(t) = 1, if the server is busy at time t, 

2, if the server is under repair at time t. 

For t> 0, we define the random variable (t) as follows: 



If C(t) = 0. then (t) represents the elapsed retrial time; 

If C(t) = 1, then (t) represents the elapsed service time; 

(iii)lf C(t) = 2. then (t) represents the elapsed repair. 

Then. the process {X(t); t ~! 01 = {C(t). N(t), (t). I ~: OJ is a Markov process. 

For the process {X(t); t ~: 01. we define the following probabilities 

10 (t) = P{C(t) = 0, N(t) = n} 

I,(x. t) dx = P{C(t) = 0. N(t) = n. x < 4(t) < x + dx). x ~: 0. n ~! I 

P(x.t)dx=P{C(t)=l,N(t)n,x(t)<x+dx}.x~:0.n~!0 

R1(x, t) dx = P{C(t) = 2. N(t) = n. x <(t) <x + dx). x ~! 0. n > 0 

The system of equation that governs the model under supplementary variable 

technique are given below 

_10(t)XI0 (t)+JP0 (x.t)(x)dx +JR 0 (x.t)(x)dx. (4.1) 
dt 

I
(d d 
—+ 

j 

dx 
1 (x,t)=—(2 +i(x))I11(x.t).  n ~ 1 (4.2) 

(

d + d P
n  (x, t) = —(X + ?J + a + t(x))P1  (x. t) + XP I  (x, t), n ~: 0 (4.3) 

dx dt) 

(d d 

dx 
JR (x, t) = —(X + (x))R 1  (x, t) + (x. t), n ~ 0 (4.4) 

with boundary conditions 

1 (0, t) = OJPJ  (x, t) t(x)d x + 0JR 11 (x, t) P (x)dx, n ~ 1 (4.5) 

P0 (0. t) = XI 0 (t) + J11 (x, t) (xx +OfP1 (x. t) t(x)dx + 0JR1  (x,t) (x)dx, (4.6) 
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P (0, t) = ? fl 1  (x. t)dx + J1 (x, t) ii(xx + 0JP 1 (x.t) t(x)dx + OJR (x, t) (x)dx. 

n~!l (4.7) 

R 0 (0.t) = 2 JP0 (x. t)dx (4.8) 

R 11  (0. t) = 2J JP (x, t)dx + aJP11  (x, t)dx, n —> 1 (4.9) 

Define the steady state probabilities 

10  = liml 0 (t); 
-4 Y 

1(x)=1irn11 (x.t), x?0,n?1 

P1 (x)=lirnP1 (x.t),x>On>0 and 
1-4 

R 11  (x) = urn R 1  (x, t), x > 0. n >0 
-4 r? 

Taking limit as t —p oo on both sides of the equations. we get the following steady state 

equations. 

= JP0 (x)(x)dx +JR0 (x)(x)dx. (4.10) 

d 
—111 (x)=--(X +ii(x))111(x), n
dx 

~ 

P1(x) = —( + 2 + a + i(x))P(x) + 2P 1 (x), n ~! 0 (4.12) 
dx 

R 11 (x)=—(X +(x))R11 (x)+7R1 _1 (x), n~!0 (4.13) 
dx 

with boundary conditions 

I (0) = 0 JP (x)(x)dx + 0JR (x)(x)dx. (4.14) 
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P(0)=?1() +111(x)  i(x)dx +0JP1(x) (x)dx +@JR 1(x)(x)dx (4.15) 

P11  (0) = X J1 (x)dx + J1 1 (x) i(x)dx + 0JP 1  (x) ii(x)dx + OJR 1+, (x) (x)dx. 

n~!1 (4.16) 
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R0 (0)=?JJP0 (x)dx (4.17) 

R11(0) = 7JJP (x)dx + aJP 1(x)dx, n ~! 1 (4.18) 

The normalising condition is 

Io+ JI,(x)dx JP1(x)dxJR11(x)dx =1 (4.19) 
n=lO n=OO n=OO 

Define the probability generating functions for I ZI < 1: 

1(x.z)=I(x)z11: P(x.z)=P1(x)z'1;  R(x.z)=R1(x)zh1 

Multiplying equation (4.11) by z" and summing over n. we get 

1+2 +i(x) I(x. z) = 0 (4.20) 
dx I 

Solving the partial differential equation (4.20), we get 

I(x,z) = Ce_ e_jh1  

= Ceeb0 /\( 

= Ce (1 - A(x)) 

Eliminating C by taking x = 0, we get 

l(x,z) = 1(0,z)e(1—A(x)) (4.21) 



The partial differential equations in (4.12) and (4. 13) yield 

P(x,z) = 
+u)x (I - B(x)) (4.22) 

R(xz) = R(0.z)e (l - R(x)) (4.23) 

Multiplying equations (4.14) to (4.18) by z" and summing over n, we get 

1(0, z) = OJP(x, z) t(x)dx + OJR(x. z) (x)dx - X10 (4.24) 

I 0.  

P(0,z) = 2. 10  +—JI(x,z)  i(x)dx  +2 JI(x,z)dx +—JP(x.z) p.(x)dx +- JR(x.z) I3(x)dx 
Z0 0 Z0 Z0 

(4.25) 

CC 

R(0,z) = (2 +uz)JP(x.z)dx (4.26) 

Using equations (4.22) and (4.23) in equation (4.24), we get 

I(0,z) = 6P(0,z)[B*(2 + 75 +u —7z)+()5 +(xz)K(z)R()J —2z)j-210 (4.27) 

where K(z) = 

1_B*(2 +?,- +a-7z) 

() + 25 + a - Xz) 

Substituting the expression in equation (4.21), (4.22) and (4.23) in equation (4.25) and 

simplifying we obtain 

P(0,z)=?L10 + l(Oz)(z+(l  _z)A(X+))+P(0,z)[B*( +) +a - 25z)+( +az) 

K(z)R*(X+ —7z)] (4.28) 

Solving equations (4.27) and (4.28), we get 

1(0,z) = X+1o[zB*()J + ?,- + a - 2z) _z+O(I_z)B*() + ),- + a - 7z) + (25 + az)K(z) 

R(2 - 2z)(z + 0(1 - z))] / T(z) (4.29) 
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and 

P(0.z) = k,lA* (7 + )(l)/T(z) (4.30) 

where 

T(z)=z _ (z+(1_ z)A* (X+ ))0B* (2  + +a_2z)_0B*(X+ +X +a—Xz)—(),, +az) 

K(z)R* (2 
 - z)(0 + 0(z + (1— z)A*(X+ 

))) 

Substituting the result in equation (4.22) in equation (4.26), we get 

R(0, z) = (? + az)P(0, z)K(z) (4.31) 

Using equation (4.30), the equation (4.3 1) yields 

R(0,z) = 
+ uz)Io(z_1)A*(2 )K(z)/T(z) (4.32) 

Substituting the expressions of I(0.z), P(0.z) and R(0,z), in equations (4.21). (4.22), 

and (4.23) respectively, we get 

K(z)R 
* 

( - ),z)(z + 0(1 - z))] e (1 - A(x)) / T(z) (4.33) 

P(x. z) = X+JA* () )(z - 1)e (l-z)±X +a)x (1— B(x))/ T(z) (4.34) 

R(x. z) = (2J + az)IoA* () )(z - l)K(z)e (!-z))x (1— R(x))/T(z) (435) 

The partial probability generating function of the orbit size when the server is idle is 

1(z) = 11(x,z)dx 
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+(X +az)(1_B*(X+  +), +u_X+z))R*( —z)(z+0(1—z))J/T1 (z) (4.36) 



vhere 

T1(Z)(Z—(Z+(l—Z)A(X))OB() ±+(x_z)_OB*()  

( +J +a—Xz)—( +az)(l_B* +2  ±a_2z))R*( —z) 

(O+O(z+(l _ z)A* ()))  

The partial probability generating function of the orbit size when the server is busy is 

P(z) JP(x,z)dx 

(4.37) 

The partial probability generating function of the orbit size when the server is under 

repair is 

R(z) = JR(x,z)dx 

= ( +az)J(A * (X+ )(l  - B* ( + +a_X+z))(R*( —z)—l)/T1 (Z) (4.38) 

The partial probability generating function of the orbit size is 

Pq (z)= 10  +l(z)+P(z)+R(z) 

= IoA* 
( )[X4  (z - l)(I - z) + (z - l)( + aB* (? + + a - 2 z))I/T (z) (4.39) 

The partial probability generating function of the system size is 

P(z)=I0  + I(z) + zP(z) + R(z) 

=loA*(7)p (z _ l)(l  _z)B*()+ +2 +a—?Jz)+(z—l)(k +aB*(?  +7J +a—Xz))J/T1 (z) 

(4.40) 

4.4 Performance Measures 
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The probability that the server is idle during retrial time is given by 



= tim 1(z) 

= 10(1_A*(X±))[(1_B*( +a))( +a+(2 +a)?31  +O( +a))+(?J +a) 

(0B* (2J (4.41) 

where 

T1(1)=(B*(2 ()J +a))+a+0( +a)(1—A(X))]+(2J +a) 

(1_e(1_A*(x+))B*(2j +u)) 

The probability that the server is busy is given by 

P = urn P(z) 
z-* I 

= XI 0A ()(l - 13 t (2 +a))/T1 '(l) (4.42) 

The probability that the server is down is given by 

R = tim R(z) 
7--111 

= +( 
+a)iIoA* ()(l _ B*(X +a))/T1 (l) (443) 

The normalizing equation (4.19) is equivalent to 

I0 +I+P+R=l (4.44) 

Using equations (4.41) to (4.43), equation (4.44) yield 

1 0  =(Bt (2J +a)—l)(X(1+ 1 (X +a))+a+0(X +a)(i_A*()))+(2  +a) 

(1-0(1 - A(? ))B* (2J  +a))/A*(2)((?J +a) + a(B*(2J + a) —1)) (4.45) 

• The mean number of customers in the orbit is given by 

Lq = lim—Pq (z) 
z-! dz (4.46) 

= 
Dr'(1)Nr1) - Nr(1)Dr(1) 

2Dr (1)2 
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where Nr(z) and Dr(z) are the Numerator and Denominator of Pq(z) 

Nr(1)= 10A(X)((2 +a)—a(1 _B*( + a))) 

Nr"(1) = I0A*(X+ )[2),. (aJe +(X)x xb (x )dx 
 - 1)1 

Dr(1) = T1 (1) 

Dr(1) = (B*(2J + a) - 1)[(25 +a)X 2  + 2 1 a + 20(1 - A(k+ ))(( + (x)X + a)] 

+2h1 { 1 (2J +a)+a+I -2(1-0(1 _A*(X+))B*(2J  +(x)) 

where h1 = XJe'xb(x)dx 

. The mean number of customers in the system is given by 

L = lim---  p(z) 
z-1 dz 

= L11  + P 

4.5 Stochastic Decomposition 

Theorem 4.2 

(4.47) 

The number of customers in the system (La) can be expressed as the sum of 

two independent random variables, one of which is the mean number of customers G 

queue with server breakdown and orbital search (L) and the other is the mean number 

of customers in the orbit given that the server is idle (Li). 

Proof 

The probability generating function D(z) of the number of customers in the G-

queue with server breakdown and orbital search is given by 

= Io[X+(z_1)(1_z)B*(2 +2 +a—z)+(z-1)(X +aB*(X+  +)J +a-2z))]/T2 (z) 

(4.48) 

WV 



where 

T2 (z) = () +25 +a_2z)(z_B*(7  +) +a—)z))—(l _B*(),.+  +)5 +a-2Lz)) 

(25 +az)R(X —2z) 

The probability generating function (z)  of the number of customers in the 

orbit given that the server is idle, is given by 

Jo + 1(z) 
'J(z) = 

Io 1(1) 

(4.49) 

From equations (4.40). (4.48) and (4.49), we get 

P (z) = (I)(z)Y(z) 

Differentiating P(z) with respect to z and taking limit as z—*l. we get L5  = L + L1  

4.6 Reliability Analysis 

Let A(t) be the system availability at time t. that is, the probability that the 

server is idle or busy. Then under steady state condition, the availability of the server 

is given by 

A = + lim[J1(xz)dx + JP(xz)dx 
*1 

] 
z- 0 

=10  +I+P 

- 

(25 +a)+(B(25 +a)-1Xa+X 1 (25 +a)) 

(25 +a)+a(B*(25  +a)—l) (4.50) 
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The steady state failure frequency of the server is given by 

= 2JP 

- 

22J(l_B*()J +cx)) 

(2J+a)+a(B*(J+a)_ l)  

Theorem 4.3 

Let t be the time to the first failure of the server. Then the Laplace transform 

of reliability function (t) = P(t> t) of the server is given by 

c(s) = (l _OB*(s+ ) +u))(1 _A*(s+)))+ (? +sA*(s±X+))B(s+) +a)+10(s) 

[(O(s + 2 + )B* (s  + + a)+O7B*(s + X +a) - (s + X))(l - A*(s + ))) 

- s(s + 
* 
(s + )B(s + 2 + a)]! F(l, s) (4.52) 

where 

F(1,$) = (s+X+)_O(s+X+)B*(s+7J +a)—eB(s+?J +a)(X +sA*(s+),+)) 

Proof 

Considering failure states of the server as absorbing states, we obtain a new 

system with the following governing equations. 

I 0 (t) = —2i 0 (t) ± JP0 (x, t)t(x)dx, (4.53) 

Id 
± dlj - (x,t) +q(x))I 1 (x.t), n ~! 1 (4.54) 

Id d' 
I _+_JP11(xt) = —(X + 2J + a + t(x)) P11  (x,t) + X p11  (x,t). n ~ 0 (4.55) 
dx dt 

Il (0, t) = 0 Jp11  (x, t) t(x)dx, n ~! 1 (4.56) 
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p11 (0.t) = 2L JI(x,t)dx + Jj(x,t)i1(x)dx+0Jp(x.t) t(x)dx. n ~ 0 (4.57) 

Let the initial condition be 

I (0) = iO. I11 (x,0) = 0, P1(x.0) = 0. 

Taking Laplace transforms of equations (4.53) to (4.57), we obtain 

(s + )10  (s) —1 = JP0 (x, s)(x)dx (4.58) 

n ~ 1 (4.59) 
dx 

+ 0 (4.60) 
dx 

i (0, s) = OJ (x, s) (x)dx, n (4.61) 

P0 (O. s) = 2J L(S) + J j, (x. s) (x)dx + 0JP1  (x, s)(x)dx, (4.62) 

(0, s) = 2 Ji11(x,$)dx + J 1 (x,$) q(x)dx + 0JP11(x,$)(x)dx, n ~! 1 (4.63) 

Define the following probability generating functions for IZI :!~ I 

T(z,x,$) = Tn((,S)Zt ; P(z, x,$) = 

n=1 n=O 

Then equations (4.59) to (4.63) yield 

dx 
x, s) = 

- 
(X + s + (x))I(z,x,$) (4.64) 

dx 
++a—Xz+(x)) P(z,x,$) (4.65) 
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I(z,0. s) = OJP(z. x. s) (x)dx - (s + X ) 1 (s) +1 (4.66) 
0 

P(z, , Os) = ?+i() + 1Ji(z. x. s)ii(x)dx + ? JJ(z. x,$)dx + JP(z. x,$)(x)dx (4.67) 
zO 0 Z0 

The solutions of the partial differential equations (4.64) and (4.65) are given by 

I(z.x,$)= l(z,0,$) e(1—A(x)) (4.68) 

P(z,x.$) = P(z,0,$) +ci)x (1 - R(x)) (4.69) 

Using equation (4.69) in equation (4.66), we get 

I(z,0.$) = OP(z.0,$)B*(s + 2J + 2J + a - 2Jz) - (s + 2J )10(s) + 1 (4.70) 

Using equation (4.68) and (4.69) in equation (4.67) and simplifying we obtain 

I(z,0,$) 
P(z,0, s) = I (s) + (zX + (s + ( - z))A 

* 
(s + ?)) + P(z.0, s) 

z(s+),) Z 

B* (s+ ),+ + 2T+a _X+ z) (4.71) 

Solving equation (4.70) and (4.71), we get 

l(z,0,$) = (s + )(z - OB*(s + )J + ?J + a - 2Jz) + I0 (s)((0(s + )) + Oiz) 

B * (s+ 2 ++a _2 z)_ z(s+ X+)))/F(z,$) (4.72) 

P(z,0, s) = + (s + (1 z))A*  (s ± X ) (s)(s + X )(s + X (1— z))A*  (s + ? ) / F(z. s) 

(4.73) 

where 

F(z,$) = z(s+) _ (0(s+2)+O()  z+(s+(1_z))A*(s±2)))B*(s+X +?J +(x-2z) 

Substituting the expressions of I(z,0,$) and P(z,0,$), in equations (4.68) and (4.69) 

we get 



l(z.x,$) = (s + ? )iz - 
OB*(s + + 2 + a - ),z) + 10 (s)((O(s + + 02z) 

B* (s + +),- + a —Xz) - z(s + )) (s+)" )x (1 A(x))/F(zs) (4.74) 

P(z, x. s) = [zX + (s + - z))A* (s +)-10()(  + ) )(s + - z))A* (s + X 

(1— B(x)) / F(z. s) (4.75) 

From equations (4.74) and (4.75) we can obtain 

I(z,$) = JI(z,x,$)dx 

=[z_OB*(s+2 +2T +(x—?z)+10 (s)((O(s+2)+O)1z)B(s+? +2J +a-2z) 

- z(s + ))I(I - A(s + )L )) / F(z. s) (4.76) 

Go— 

P(z,$) = JP(z,x.$)dx 

[z + (s + ),.+  (1— z))A*  (s + X ) I (s)(s + X )(s + ?,+  (I— z))A*  (s + 

B(s + + 2J + a - Xz) / F(z. s) (4.77) 

Nowç(s) is given by 

c(s) = J(1,$) + P(1, s) 

I(1,$)=[I _ OB* (s±X  +u) +T
o

(s)(() 0+O(s+2))B*(s+), +a)—(s+X))] 

(1 _ A*(s+)J)) / F(1,$) (4.78) 

P(1, s) = [X + sA (s + X ) _ (s)s(s + )A* (s + X )]B(s + ) + a) / F(1, s) (4.79) 
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Substituting the expressions of 1(1,$) and P(1,$) we get the result in equation (4.52). 
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Corollary 3.1 

The mean time to the first failure (MTTFF) of the server is given by 

MTTFF =(l_OB*() +a))(l  _A*(2))+X+B(X 
+ a)+T€(0)?(l - 

(B * ( _ + a)_1)/X+(1_B*() +a)) 
(4.80) 

Proof 

MTTFF =Jç(t)dt = lim(s) 
o s-0 

Taking limit as s—>0 on both sides of equation (4.52) we get the result in 

equation (4.80) 

3.7 Special Cases 

Case (I): No negative customers (?J—>O) 

In this case our model reduces to M /G /1 retrial G-queue with server 

breakdown and orbital search having. 

P(z) = 1 A*()  [2 (z - I) (l—z) B*( + 
- 2 z) + a (z—I) B*( )+ a - 2 z)] / T 3(z) 

T3 (z) = (2 + a - Xz)(z - (z + (1— z)A(X ))OB(2 + a - Xz) - OB*(X+ + a - Xz)) 

- az(0 + O(z + (I - z)A(2 )))(l - B*(2 + a - Xz))R 
* 

(X - Xz) 

10 = (B* (a) 
 - 1)() + a + Y P,  a +Oa(l - A*() )))+ a(1 —0(1 - 

where 

T4(z) = A* (2)(a+u(B* (a) _ 1))  

Case (ii): No retrial (A*(Jf) 1) 

In this case our model reduces to M /G/l G-queue with server breakdown and 

two types of customers with 
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P6 (z) = 1[2 (z— l)(l _ z)B* ()  + 2 +(x - 2z) ± (z—])(2J ±aB*(2 + 2 ±a - )z))/T2 (z) 

and 

= (25 + a) + (B* + a) - l)(2 + a + ()5 + a))/((2 + a) + a(B*(2 + a) —I)) 

4.8 Numerical Results 

Numerical results are calculated by assuming the distributions of retrial time. 

service time and repair time as exponential with rates rt and P. 

For the parameters 2J = 3, ?J = 0.2. a = 0.7, 0 = 0.2, i = 6, 13 = 4. q = 40, 

c1  = 0.5. C2 = 0.5. the performance measures I0-the probability that the system is 

empty. 1-the probability that the server is idle in non-empty system. P-the probability 

that the server is busy, R-the probability that the server is under repair, A-the 

availability of the server, F-the failure frequency of the server and Ls-the mean 

number of customers in the system are calculated and presented in Tables 4.1 to 4.7 

respectively by varying rates of 
)Jf, 

 XS a, 0, i. t and P. 

The increasing and decreasing trends of the performance measures by varying 

the parameters are as expected. 



Table 4.1 Performance measures by varying X 

Jo 1 p R A F Ls 

1.0000 0.8002 0.0022 0.1613 0.0363 0.9637 0.0323 0.2581 

1.5000 0.6966 0.0070 0.2419 0.0544 0.9456 0.0484 0.5327 

2.0000 0.5906 0.0143 0.3226 0.0726 0.9274 0.0645 0.9369 

2.5000 0.4820 0.0240 0.4032 0.0907 0.9093 0.0806 1.5245 

3.0000 0.3710 0.0362 0.4839 0.1089 0.8911 0.0968 2.4 16 5,  

Table 4.2 Performance measures by varying ?J 

10 1 - P R A F Ls 

1.0000 0.3525 0.0368 0.4286 0.1821 0.8179 0.4286 1.9977 

2.0000 0.3345 0.0374 0.3750 0.2531 0.7469 0.7500 1.8145 

3.0000 0.3205 0.0378 0.3333 0.3083 0.6917 1.0000 1.7223 

4.0000 0.3094 0.0381 0.3000 0.3525 0.6475 1.2000 1.6632 

5.0000 0.3002 0.0384 0.2727 0.3886 0.6114 1.3636 1.6201 

Table 4.3 Performance measures by varying a 

A 10  I P R A F Ls 

1.0000 0.3291 0.0419 0.4839 0.1452 0.8548 0.0968 2.8221 

1.5000 0.2593 0.0512 0.4839 0.2056 0.7944 0.0968 3.7409 

2.0000 0.1894 0.0606 0.4839 0.2661 0.7339 0.0968 5.3275 

2.5000 0.1195 0.0700 0.4839 0.3266 0.6734 0.0968 8.7898 

3.0000 0.0497 0.0794 0.4839 0.3871 0.6129 0.0968 22.0617 

Table 4.4 Performance measures by varying 0 

0 to I P R A F Ls 

0.1000 0.3627 0.0446 0.4839 0.1089 0.8911 0.0968 2.4617 

0.2000 0.3710 0.0362 0.4839 0.1089 0.8911 0.0968 2.4165 

0.3000 0.3794 0.0279 0.4839 0.1089 0.8911 0.0968 2.3734 

0.4000 0.3877 0.0195 0.4839 0.1089 0.891 1 0.0968 2.3321 

[6,5000 0.3961 0.0112 0.4839 0.1089 0.8911 0.0968 2.2925 
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Table 45 Performance measures by varying i 

I P R A F L 

5.0000 0.1174 0.2898 0.4839 0.1089 0.8911 0.0968 9.6792 

10.0000 0.2623 0.1449 0.4839 0.1089 0.8911 0.0968 3.8097 

15.0000 0.3106 0.0966 0.4839 0.1089 0.8911 0.0968 3.0701 

20.0000 0.3348 0.0725 0.4839 0.1089 0.8911 0.0968 2.7804 

25.0000 0.3493 0.0580 0.4839 0.1089 0.8911 0.0968 2.6258 

Table 4.6 Performance measures by varying jt 

I P R A F Ls 

4.0000 0.0644 0.0606 0.7143 0.1607 0.8393 0.1429 15.8984 

8.0000 0.5281 0.0237 0.3659 0.0823 0.9177 0.0732 1.4476 

12.0000 0.6877 0.0110 0.2459 0.0553 0.9447 0.0492 0.8389 

16.0000 0.7685 0.0046 0.1852 0.0417 0.9583 0.0370 0.5983 

20.0000 0.8173 0.0007 0.1485 0.0334 0.9666 0.0297 0.4666 

Table 4.7 Performance measures by varying J 

P R A F Ls 

1.0000 0.0199 0.0607 0.4839 0.4355 0.5645 0.0968 70.2011 

2.0000 0.2540 0.0444 0.4839 0.2177 0.7823 0.0968 3.9581 

3.0000 0.3320 0.0390 0.4839 0.1452 0.8548 0.0968 2.7900 

4.0000 0.3710 0.0362 0.4839 0.1089 0.8911 0.0968 2.4165 

5.0000 0.3944 0.0346 0.4839 0.0871 0.9129 0.0968 2.2358 
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