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Abstract We study a single server discrete-time repairable Erlang loss system with Bernoulli arrival

process and no waiting space. The server in the system is assumed to provide two different types of

services, namely regular and optional services, to the customer. During the operation of the system, the

breakdown of the service facility can induce customer to leave the system immediately. Applying a new

type discrete supplementary variable technique, we obtain some performance characteristics, such as the

steady-state availability, failure frequency of the system, mean time to the first failure, probabilities for

the server being idle, busy, breakdown and the steady-state loss probability of the system etc. At last,

by the numerical examples and computer simulation analysis, we prove the rationality and validity of the

theoretical analysis technique.

Keywords Erlang loss system; repairable queueing system; second optional service; discrete supplemen-

tary variable technique; computer simulation
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Erlang WlG*. 9� Madan[3] ����/�	7�s[
b�noh:zCM M/G/1/1Erlang WlG*, *L
G*M�G>�8
<�. Nn Madan Ms[�Y, Sapna[4] �I Madan M)b.�IzC��nkMMd, ;nkfK^s[
G*M�Gf4<�. E:LM�M|, a��� Erlang WlG*Ms[uF^R#�noAMd,ge}_oAMdJM ErlangWlG*Ms[DU6><P�Keb,?|#W>$/
OWQ_M{���}_oA8
��MNLD [5] !e�}MdJM Geom/Geom/c/c}_oA Erlang WlG*�2
{�13M��uD. �<M.M℄|yI}_oA Erlang WlG*Ms[.�It�}MdJ, P�G*# e�,Dn4�6�\\K+6.G*
ygif�,.{q<Mx, ��{G-�}_��u��M&uu$pj�2t�}MdJ}_oA ErlangWlG*M��uD3�9�/)br/uD. <*��M}_oAnh Erlang WlG*b�MIM�,	Z, #9�/2�(aN\G*Mf4H)uDD�Sq<M���:.

2 *a(<rz�?)b�h:nozCM}_oA Geom/G1, G2(Geom/G)/1/1 nh Erlang WlG*b#$�[J:

1) � EAS (Early arrival system) \v^��Y, F#
rMI=if�oI�` (k, k+) 5, zCMP�?4if#oIM+` (k−, k) 5;

2) 
rI=Wr#
6 λ(0 < λ < 1, λ′ = 1 − λ) M Bernoulli �,, λ �xD;oI
rMI=��;

3) G*DMzCd
V
r!
�G{bMzC5(�zC�noh:zC. F
rI=G*iOzCd
tLo, �I�KN�{:�/)^M(�zC. (�zCoA η1 z;{�}_b��u�5
P {η1 = k} = g<1>

k , k = 1, 2, · · ·�e�M-�
;6 ψ1(z). Y�}_�/�	 η1 M8��6
G<1>

k =

∞∑

i=k+1

g<1>
i , k = 0, 1, 2, · · ·"Y�D;oI(�zC1+�6 s<1>

k = P {η1 = k + 1|η1 > k} , �7 s<1>
k = P {η1 = k + 1|η1 > k} =

g<1>
k+1 /G

<1>
k , k = 0, 1, 2, · · ·.F
rN�1(�zC�, �I��� p yNzCd
V�!
Qh:nozC, g��� q o'}gG*, .� p+ q = 1. nozCoA η2 zz;{�}_b��u�, 5

P {η2 = k} = g<2>
k , k = 1, 2, · · ·�e�M-�
;6 ψ2(z). Y�}_�/�	 η2 M8��6

G<2>
k =

∞∑

i=k+1

g<2>
i , k = 0, 1, 2, · · ·"Y�D;oInozC1+�6 s<2>

k = P {η2 = k + 1|η2 > k} , �7 s<2>
k = P {η2 = k + 1|η2 > k} =

g<2>
k+1 /G

<2>
k , k = 0, 1, 2, · · ·.

4) #G* e�,D (5�>D), Æ��I,℄�n�$��M	T, I�BzCd
M�,�G*Lt, .�Lt|<4#N�zCM
r)��,Mifg}gG*. G*DzCd
M�(oA ξ z;#
6 α M6�u�
P {ξ = k} = α(α′)k−1, k = 1, 2, · · · , α′ = 1 − α,F#�,if�oI�` (n, n+) 5;

5) zCd
�,�7h�5gu. zCd
Mh�oA τ z;{�}_b��u�, 5
P {τ = k} = hk, k = 1, 2, · · ·�e�-�
;6 φ(z), 
p>36 E[τ ] =

∞∑
k=1

khk. )aY� τ M8���D;oIh{�u�[J:

Hk =

∞∑

i=k+1

hi, k = 0, 1, 2, · · · , rk = P {τ = k + 1|τ > k} = hk+1/Hk, k = 0, 1, 2, · · ·zCd
M7h#oI+` (n−, n) 5P�, Jh{[`;
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• G$ÆsJ>pq ◦ Æs~Rpq
� i�hvpq � i�Q	pq ⋆ H+0�%pqN 1 {SF�v1��38
se�d-lWJ�8
i:iN

6) G*�V
r!
OBtA, �9?�FzCd
tLoI=M
r!4V\G*N�(�zC. [�
rI=ozCd
5��YR�+4#Ve7h(
rMzCkN%I`eg9N}gG*;

7) 
rI=�,, (�zC�,, Qh:nozC�,, zCd
M�(�,37h�,fS ℄�.#S<uD�,D� Y�[JR���
P0(k): op k+ zC�tL;

P1(k,m1): op k+ zC�4#V
r!
(�zCJ��WM(�zCoA6 m1, m1 = 0, 1, 2, · · ·;

P2(k,m2): op k+ zC�4#V
r!
Qh:nozCJ��WMnozCoA6 m2, m2 =

0, 1, 2, · · ·;

F (k, n): op k+ zC�5��,R�J��WM�,h�oA6 n, n = 0, 1, 2, · · ·.

3 YL�H�hsbj�G*#op k+ � (k+1)+ 5MR�P}Mx, Y�CDM��uDZ�H�B�R���8AM{V&up,:

P0(k + 1) = λ′P0(k) +

∞∑

m1=0

α′λ′qP1(k,m1)s
<1>
m1

+

∞∑

m2=0

α′λ′P2(k,m2)s
<2>
m2

+

∞∑

n=0

λ′F (k, n)rn (1)

P1(k + 1,m1 + 1) = α′P1(k,m1)(1 − s<1>
m1

) (2)

P2(k + 1,m2 + 1) = α′P2(k,m2)(1 − s<2>
m2

) (3)

F (k + 1, n+ 1) = F (k, n)(1 − rn) (4)a�p,VM�S&G6:

P1(k + 1, 0) = λP0(k) +
∞∑

m1=0

α′λqP1(k,m1)s
<1>
m1

+
∞∑

m2=0

α′λP2(k,m2)s
<2>
m2

+
∞∑

n=0

λF (k, n)rn (5)

P2(k + 1, 0) =

∞∑

m1=0

pα′P1(k,m1)s
<1>
m1

(6)

F (k + 1, 0) =

∞∑

m1=0

αP1(k,m1) +

∞∑

m2=0

αP2(k,m2) (7)1u&G6 P1(0, 0) = 1, ��f6�.; f̃(z) =
∑

∞

k=0 f(k)zk �xX��
 f(k), k = 0, 1, 2, · · · M Z �'. a9, eR�p, (1) X��`)o���	 k Ve Z �'�
∞∑

k=0

P0(k + 1)zk = λ′
∞∑

k=0

P0(k)z
k +

∞∑

m1=0

α′λ′qs<1>
m1

∞∑

k=0

P1(k,m1)z
k +

∞∑

m2=0

α′λ′s<2>
m2

∞∑

k=0

P2(k,m2)z
k +

∞∑

n=0

λ′rn

∞∑

k=0

F (k, n)zk.M�I1u&G, awX`n_6
∞∑

k=0

P0(k + 1)zk =
1

z
[P̃0(z) − P0(0)] =

1

z
P̃0(z),
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��p, (1) M Z �'6
P̃0(z) = zλ′P̃0(z) +

∞∑

m1=0

zα′λ′qP̃1(z,m1)s
<1>
m1

+

∞∑

m2=0

zα′λ′P̃2(z,m2)s
<2>
m2

+

∞∑

n=0

zλ′F̃ (z, n)rn (8))�, e�JMR�p,V3��:&GX��`)o���	 k Ve Z �', {�nL
P̃1(z,m1 + 1) = α′zP̃1(z,m1)(1 − s<1>

m1
) (9)

P̃2(z,m2 + 1) = α′zP̃2(z,m2)(1 − s<2>
m2

) (10)

F̃ (z, n+ 1) = zF̃ (z, n)(1 − rn) (11)

1

z
[P̃1(z, 0)−1] = λP̃0(z)+

∞∑

m1=0

α′λqP̃1(z,m1)s
<1>
m1

+

∞∑

m2=0

α′λP̃2(z,m2)s
<2>
m2

+

∞∑

n=0

λF̃ (z, n)rn (12)

P̃2(z, 0) =

∞∑

m1=0

pα′zP̃1(z,m1)s
<1>
m1

(13)

F̃ (z, 0) =

∞∑

m1=0

αzP̃1(z,m1) +

∞∑

m2=0

αzP̃2(z,m2) (14)Æp, (9) � (10) Y�CDXA�nL
P̃1(z,m1) = (α′z)m1P̃1(z, 0)

m1−1∏

i=0

(1 − s<1>
i ) = (α′z)m1G<1>

m1
P̃1(z, 0), m1 = 0, 1, 2, · · · (15)

P̃2(z,m2) = (α′z)m2P̃2(z, 0)

m2−1∏

i=0

(1 − s<2>
i ) = (α′z)m2G<2>

m2
P̃2(z, 0), m2 = 0, 1, 2, · · · (16)I (15) wA\p, (13) �̃

P2(z, 0) =

∞∑

m1=0

p(α′z)m1+1P̃1(z, 0)g<1>
m1+1 = pP̃1(z, 0)ψ1(α

′z) (17)I (17) wA\ (16) wnL
P̃2(z,m2) = (α′z)m2G<2>

m2
pψ1(α

′z)P̃1(z, 0) (18)Æp, (11) Y�CDXA��
F̃ (z, n) = znF̃ (z, 0)

n−1∏

i=0

(1 − ri) = znHnF̃ (z, 0) (19)I (15) � (18) wA\p, (14) �
F̃ (z, 0)=αzP̃1(z, 0)

∞∑

m1=0

(α′z)m1G<1>
m1

+ αzpP̃1(z, 0)ψ1(α
′z)

∞∑

m2=0

(α′z)m2G<2>
m2

=αzP̃1(z, 0)
1 − ψ1(α

′z)

1 − α′z
+ αzpP̃1(z, 0)ψ1(α

′z)
1 − ψ2(α

′z)

1 − α′z
(20)V{�Æ (19) � (20) wnL

F̃ (z, n) = αzn+1HnP̃1(z, 0)
1 − ω(z)

1 − α′z
(21).� ω(z) = qψ1(α

′z) + pψ1(α
′z)ψ2(α

′z). I (15), (18) � (21) wA\p, (8) $C��
P̃0(z) =

λ′ω(z)(1 − α′z) + λ′αzφ(z)(1 − ω(z))

(1 − λ′z)(1 − α′z)
P̃1(z, 0) (22)"I (15), (18), (21) � (22) wA\p, (12) nRL P̃1(z, 0) 6

P̃1(z, 0) =
(1 − λ′z)(1 − α′z)

(1 − λ′z)(1 − α′z) − λω(z)(1 − α′z) − αλzφ(z)(1 − ω(z))
(23)A9, � *L
G*S�R���M Z �'�=w.
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4 YLRH
,�\�O� I��nh ErlangWlG*D�R���M Z �'RD�=w, eG*M�G>�f4<�>�uD. K�2��HyM��j� 1
[6] d B̃(z) =

∑
∞

n=0 bnz
n, |z| < 1, bn ≥ 0, (n7

lim
z→1−

(1 − z)B̃(z) = b <∞ ⇔ lim
n→∞

{
1

n

n∑

k=1

bk

}
= b <∞.j� 2

[6] ℄ lim
n→∞

bn = b <∞ , (� lim
n→∞

{
1
n

n∑
k=1

bk

}
= b.zqa�� 1 | Tauber Y�M}_$dw, �� 2|quDDL'M CesaróY�, .����#��}_oA�/)bM{℄>�<�onu��.

4.1 VI�mj�aG*�on�^MY�, G*#op k+(k = 0, 1, 2, · · ·) Mn�^6
A(k) = P0(k) +

∞∑

m1=0

P1(k,m1) +
∞∑

m2=0

P2(k,m2),P�Q^OD��2MR��� Z �'�=w, �L A(k) M Z �'6
Ã(z) = P̃0(z) +

∞∑

m1=0

P̃1(z,m1) +

∞∑

m2=0

P̃2(z,m2)

=

[
λ′ω(z)(1 − α′z) + λ′αzφ(z)(1 − ω(z)) + (1 − λ′z)(1 − ω(z))

(1 − λ′z)(1 − α′z)

]
· P̃1(z, 0)

=
λ′ω(z)(1 − α′z) + λ′αzφ(z)(1 − ω(z)) + (1 − λ′z)(1 − ω(z))

(1 − λ′z)(1 − α′z) − λω(z)(1 − α′z) − zφ(z)αλ(1 − ω(z))
.����=j(P�a���, (G*M>�n�^6

A = lim
k→∞

A(k) = lim
z→1−

(1 − z)Ã(z) =
λ′α+ λ(1 − qψ1(α

′) − pψ1(α
′)ψ2(α

′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
.� 1 j�I}_oA8
G*M e S, G*# (k+, (k+ 1)−) oAa3R��)ifX���, ��a�G*#op k+ Mn�^z| (k+, (k + 1)−) oa3/��$op�FG*Mn�^. �9op k+M>�n�^�/��$op�FG*M>�n�^1SS).

4.2 VI�u.j�a<P [7] D1e}_ Markov �MdJMR�P}9
�,M��, � Z�*L~G*; 0+ opguI k+ opP�.aoA3M=f�,:
6 Mf (k) =
∑k

i=1Wf (i), �D Wf (k) *6{��7}_oA Markov �,MD;oI�,<^.

Wf (k) = E [Nwf(k) −Nwf(k − 1)] , k = 1, 2, · · · .9
�, Nwf (k) �x�7}_oA Markov �,#E k �D;�YR�P\�,R�M:
. �<P [7]DMpw�
Wf (k) =

∞∑

m1=0

αP1(k − 1,m1) +

∞∑

m2=0

αP2(k − 1,m2).eaw�`u�Y Z �'��
W̃f (z) =

∞∑

m1=0

αzP̃1(z,m1) +

∞∑

m2=0

αzP̃2(z,m2) = αz
1 − ω(z)

1 − α′z
P̃1(z, 0).�a�� 1 � 2, G*M>��,<^

M = lim
k→∞

Mf(k)

k
= lim

z→1−

(1 − z)W̃f (z) =
αλ(1 − qψ1(α

′) − pψ1(α
′)ψ2(α

′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
.

4.3 O^�`7�VI
o�Z�q&��uf|"ÆM 1 D��8�Æ, ����Hy�����=j(� n��2[J{℄=>��MRD�x:G*#/��$op5�tLR�M=>��
P0 = lim

k→∞

P0(k) = lim
z→1−

(1 − z)P̃0(z) =
αλ′

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
;
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G*#/��$op5�(�zCR�M=>��
P1 = lim

k→∞

∞∑

m1=0

P1(k,m1) = lim
z→1−

(1 − z)
∞∑

m1=0

P̃1(z,m1) = lim
z→1−

(1 − z)P̃1(z, 0)
1 − ψ1(α

′z)

1 − α′z

=
λ(1 − ψ1(α

′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
;G*#/��$op5�h:nozCR�M=>��

P2 = lim
k→∞

∞∑

m2=0

P2(k,m2) = lim
z→1−

(1 − z)

∞∑

m2=0

P̃2(z,m2) = lim
z→1−

(1 − z)pψ1(α
′z)P̃1(z, 0)

1 − ψ2(α
′z)

1 − α′z

=
λpψ1(α

′)(1 − ψ2(α
′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
;;G*#/��$op5�l�R�M=>��6 Pbusy , (�7

Pbusy = P1 + P2 =
λ(1 − qψ1(α

′) − pψ1(α
′)ψ2(α

′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
;G*#/��$op5��,7hR�M=>��

F = lim
k→∞

∞∑

n=0

F (k, n) = lim
z→1−

(1 − z)

∞∑

n=0

F̃ (z, n) =
αλE[τ ](1 − qψ1(α

′) − pψ1(α
′)ψ2(α

′))

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
.� 2 ;a�P�D� �2iO=>�� P0 + Pbusy + F = 1, .V{��&
�<�t�uD7�M��f�.G�,M4Tf.

4.4 D4|"K��
r�G*N�M��. Æ EAS \v/Cn7, #J��GMdJ (k, k+) 3I=M
rn��G*N�:

(I) (k − 1)+ opG*R���6 P1(k − 1,m1),m1 = 0, 1, 2, · · ·, # (k−, k) 3(�zCP�, 
r��� q o'}gG*J (k, k+) 3B�,if;

(II) (k−1)+ opG*R���6 P2 (k−1,m2),m2 = 0, 1, 2, · · ·,# (k−, k)3h:nozCP�, (k, k+)3B�,if;

(III) (k − 1)+ opG*R���6 F (k − 1, n), n = 0, 1, 2, · · ·, # (k−, k) 3h�P�;

(IV) (k − 1)+ opG*R���6 P0(k − 1).; Paccept(k) �x (k, k+) 3I=M
r�G*N�M��, (
Paccept(k) =

∞∑

m1=0

qα′P1(k − 1,m1)s
<1>
m1

+
∞∑

m2=0

α′P2(k − 1,m2)s
<2>
m2

+
∞∑

n=0

F (k − 1, n)rn + P0(k − 1).e Paccept(k) Y Z �', )�"Æ�� 1 � 2 nL
r�G*N�M=>��6
Paccept = lim

k→∞

Paccept(k) = lim
z→1−

(1 − z)P̃accept(z) =
α

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
.��G*M=>�l��6

Ploss = 1 −
α

λ′α+ λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))(1 + αE[τ ])
.

4.5 VI��j6N2G*nk^, ?k#a�)bD�G*�,R�6{�7�}�,MF�R�, ;ge{�`M��F�R�M�7}_oA�}�,>�s[. #G*nk^uDD6I`Y�MF��,���,>�O�,� �\{V`MR���;� Q0(k), Q1(k,m1)� Q2(k,m2),� �A�M��1S)� P0(k),

P1(k,m1) � P2(k,m2). #uDF��,MR�P}Mx�� LI[J{V&up,:

Q0(k + 1) = λ′Q0(k) +

∞∑

m1=0

α′λ′qQ1(k,m1)s
<1>
m1

+

∞∑

m2=0

α′λ′Q2(k,m2)s
<2>
m2

,

Q1(k + 1,m1 + 1) = α′Q1(k,m1)(1 − s<1>
m1

), Q2(k + 1,m2 + 1) = α′Q2(k,m2)(1 − s<2>
m2

),

Q1(k + 1, 0) = λQ0(k) +

∞∑

m1=0

α′λqQ1(k,m1)s
<1>
m1

+

∞∑

m2=0

α′λQ2(k,m2)s
<2>
m2

,

Q2(k + 1, 0) =

∞∑

m1=0

pα′Q1(k,m1)s
<1>
m1

, Q1(0, 0) = 1.
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Q̃1(z,m1) = (α′z)m1Q̃1(z, 0)

m1−1∏

i=0

(1 − s<1>
i ) = (α′z)m1G<1>

m1
Q̃1(z, 0), m1 = 0, 1, 2, · · · ,

Q̃2(z,m2) = (α′z)m2Q̃2(z, 0)

m2−1∏

i=0

(1 − s<2>
i ) = (α′z)m2G<2>

m2
Q̃2(z, 0)

= (α′z)m2G<2>
m2

pψ1(α
′z)Q̃1(z, 0), m2 = 0, 1, 2, · · · ,

Q̃0(z) =
λ′ω(z)

1 − λ′z
Q̃1(z, 0),.� Q̃1(z, 0) = 1−λ′z

1−λ′z−λω(z) . ÆG*nk^Y�� R(k) = Q0(k) +
∑

∞

m1=0Q1(k,m1) +
∑

∞

m1=0Q2(k,m2),( R(k) M Z �'6 R̃(z) = λ′ω(z)(1−α′z)+(1−ω(z))(1−λ′z)
(1−α′z)(1−λ′z−λω(z)) . �|G*�:�,E=foA6

MTTFF =

∞∑

k=0

R(k) = lim
z→1−

R̃(z) =
λ′(qψ1(α

′) + pψ1(α
′)ψ2(α

′))

λ(1 − qψ1(α′) − pψ1(α′)ψ2(α′))
+

1

α
.

5 �C�w|yU
5.1 ty�of9\p���M#)5zC�eI=
rVezCM�,D, �KdY
G*r/UoA, �J�\
G*FEr/oA�	�z;�G*FEr/oA, �9z:br/|xP�. ?dG*1uR�6tL, Fr/�,gu,��
rI=�, zC�#V
r!
zCM�,D)2O�J�GMx:

1) zC>Aif�,�a�/f+MzC��(oA3
rkyMzCoAVe:b,[�zC�M�(Y�
rzC�koA, 5�:SzC�#e
rMzC�,D)if�,, GB
r}gG*. g�G*Ve7h, �{:Mh�oAz;#
6 α M6�u�. h�P��, � IG*FEoA�`, 5G*FEoAk>a
r}gG*MoA�zC�Mh�MoA.

2) zC>A9if�,G*4(!
zC, zCP���`G*FEoA, 5G*FEoAk>a
rMzCoA.��jD
r#VeQ{:(�zCo, | 1)�2) ��IVe:b. [�9AG*if�,, 
r#�,op}gG*. [�zC�9if�,J
r�kyVeh:zC, (
r9N}gG*. ℄
r#Ve1Q{:(�zC�, VG*!2h:zCMyN, (r/�,H{ 1)�2) ��. #h:zC�,DG*℄if�,, (
r#�,op}gG*. m8, 
r#Ve1Qh:zC�}gG*.J{�
rI=o, [�
rMI=oAY�G*MFEoA, �&9
rI=o, G*45�l�+�,R�, �46~
r!
zC. m8, G*N��!
zC, H{r/�, 1)�2) ��. |9e
r=Im�J�Ver/)5�9Ir/oAP�. r/P�w,F, 2.

5.2 =}
�pty��mZ�� Matlab �,, e�<���MG*Ve
 40000 �D;oAMr/. �D
rI=
a�"�M|y�6�u�M�/_2f+, I=�#
 λ M�$n5uC# 0.015− 0.05 A. V\G*
rM(�zCoA, �noh:zCoAzu�"�y�6�u�M 1 × 1 �/_2f+, J(�zC��h:nozC�u�P6 0.025 � 0.05, V{�?Y���!#N�1(�zC�)� 50% M��VG*!2h:zCMyN. Æ��I/S��M0,, zC�#�Y>An4if�,, zC��(oA"�#
 α = 0.075M6�u� 1 × 1 �/_2)5. r/uDD?YzC��,�M7hoAz;f:6 10 M6�u�, 7hoAM)5YU"�y�6�u�M 1× 1 �/_2f+. J#u��2G*l���, G*tL��, G*�l���3G*>�n�^�I=��$M��:�r/:MÆM. [, 3–6, ;,Dn�i2��:�r/:ÆMNW, ;gw5
)b��uDM��f��\f.
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λ Pbusy Pfree Ploss Availability��; s0; ��; s0; ��; s0; ��; s0;

0.019 0.1667 0.1620 0.7708 0.7664 0.2142 0.2184 0.9375 0.9370

0.021 0.1801 0.1789 0.7523 0.7463 0.2316 0.2364 0.9324 0.9355

0.023 0.1930 0.1961 0.7346 0.7287 0.2481 0.2501 0.9276 0.9278

0.025 0.2054 0.2007 0.7176 0.7103 0.2640 0.2590 0.9230 0.9252

0.027 0.2172 0.2146 0.7013 0.7019 0.2792 0.2885 0.9185 0.9173

0.029 0.2286 0.2259 0.6857 0.6832 0.2938 0.2906 0.9143 0.9123

0.031 0.2395 0.2398 0.6707 0.6705 0.3079 0.3057 0.9102 0.9108

0.033 0.2500 0.2553 0.6563 0.6653 0.3214 0.3184 0.9063 0.9084

0.035 0.2601 0.2625 0.6424 0.6368 0.3343 0.3289 0.9025 0.9003

0.037 0.2698 0.2715 0.6290 0.6290 0.3468 0.3430 0.8988 0.9015

0.039 0.2791 0.2811 0.6162 0.6141 0.3588 0.3555 0.8953 0.8978

0.041 0.2882 0.2881 0.6038 0.6021 0.3704 0.3727 0.8919 0.8918

6 �%7*M�/�	7�|s[�noAt�}8
)bM{Gnu�\Mpj, ~pj~,I�/8
)b8<B�Mu$e6(�!^M;41up,V�1STYM[�G*Q$��s[ [7]. .xM{Gs[�aB~dY
7*��aM�/�	pj2�#}_oA8
)bD|8��. 1ea�?", &>
Chaudhry� Gupta[8−9] It�}�,Mi�oAY6}_�/�	�\
)�,, H�B
{Vp#}_8
G*u$e6M�M�1�:&GM&up,. P�H\�}�7�, � 65�t�}}_8
)b!

{�13M
:9�pj. E:LM�M|, #5��RR�t�}}_8
)bo� Mpj?4�2G*=>u��,℄f4<�M
:R, #G*�G>�<�MRD�xp#&���3. �<�"�MuD7��Uz*86}_�/�	7�, E<D��\M�/�	�E-1S�). It�}�,M{QoAY6}_�/�	�\
)�,,(��\oIwN��zH�B�1�:&GMR�P}f�&up,VM.Æ/#&up,VH�M�,D� iO,��noA8
)bSÆM,Æ�}_oA8
G*Df�zG#){op)oifM���"6�,��#H�m
G*u$��M&up,VoI)2OÆ�noAG*�{!MMd, .{S
�|#H�}_oA8
G*M�:&Go#O
6&M, �J.z|}_oAG*��noAG*MH?&�8�#._�P℄
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