
{ 34 A { 5 0 1 : � � � � Vol. 34 No. 5

2011 # 9 P ACTA MATHEMATICAE APPLICATAE SINICA Sep., 2011

Q�&�.kI$G7*�K0YprL
GI/Geom(a,b)/1/N �-d5�� ∗8 4

(�Zj�b��FS�J��M�I� 610068)

(�Z`D�M`�M�H 643000)563 †

(�Zj�b��FS�J��M�I� 610068)

(E-mail: tangyh@uestc.edu.cn)172
(<lb���J�F��℄��6 100084)� � S9*Q!o��a8Q Markov k��(�r�=?>)o+Uz<
Q~wu\\n�����%�[7�d9�|>vu�m�e��xsr[7zY|nLu�C$.�2�1�s9,5nLu�C$.�2Y�mn���9r[78���V5��)o+Uz<
Q5��KOWsSR�z-Cxgn�x�Z���!p$u4n�BN) \\n�%�
)o+Uz<
Q~w
*Q!o��
8Q Markov k

MR(2000) +}:X 60K25; 90B22%�:X O226

1 ��+q-W(���{7�w�?-W(���XMQ-Wq*w!~>T�^�"$�T�2;CU�fAx[^9wÆ�"�T�Ra{ [1]. �-WK-W"h i�+q-W(�^9{4B�e�s!?-W+qwbio b, l^9{MQ?�M 2010 $ 8 Q 28 N�p�2011 $ 5 Q 4 N�p�3:�
∗ W�HJ�|0 (70871084), &H48u)y~|0q� (200806360001) %��Zg&H0HJ�|0�~ (10ZA136) ��q��
† 3}�b�



854 0 9 � � � � 34AÆFZ bq�FV5&wMQ#X�t{yib!℄w-W�Chaudhry Templeton[2],

Vijaya Laxmi  Gupta[3] je;+R#q9R Markovl ��:s;jÆq�Nmw Poisson�R M/Gb/1 !�C{�R GI/M b/1/N (�^9��Ib�E�w3!2�^ Sivasamy[4]  Samanta[5] yL^*N^9T�J�w%	V�B,Vs!~T)w (a, b) +q-W;���l^9{t? a ?MQ_Xq-W6w3�:Æ℄-W+qwbioI b. ot�(w{� (a, b) +q-W;�{w�o a G N ;�{w�o N ?�ybwA'�X N ;�(�{-W!j4�-WK#X^9S+j63R��{��	%��dbw�o a &xs�XCJ!℄-Wj-WK�f^9{MQ?ÆtC a \g�3R��{��	%�.\?qd?^9w{!?"S+-W^9�Xb� (a, b) +q-W;�{�-W4�j�tl6-W+qKaqbio b, 2jqawMQ�-"�R2{(�-W�6-;� Gupta  Sikdar[6] #d~+q-W;�G-WKi����xk.e�l`�:stTS�?iwM/G/1 (�^9�zrb�d�w (a, b) +q-W;�Xr�2;{?2-5PL(kY�R��(qlhX-WwMQ+qC a �tC b q-WK(K52 "XE���<{�^9\q?dv1Ew-W"h_X��XfAr�{^9Ra�fA73`�{YG “T52" ” X�M	bAÆ
dY'h9�w�*�.\l!��f-WKK�0_E�q4BwR�jqwMQ{=�RhX3�w+q-W{�fP��LN�wE=QTj{�H}qJ=�G{Z{#yN?J�����{�yqLQLÆaq!�qj6"�Æ�kK"\qGbLQ(KaqQG�ULÆwbi� &{=U?LQ�Rq���wK!bG&?X3TZM{rf�*w�p�e� (a, b) +q-W;�w-���4 Arumuganathan  Rathinasamy[7], Vijaya Laxmi, Goswami  Yesuf[8] yL�:s�?+q-W{=�R�xwjÆq� M/G/1  GI/M/1/N (�^9�(:yts^9w����(��"q%�I�q�6IrOC�?+q-W{=�R�xw_^q�(�^9w�:(-���1? Goswami, Mohanty  Samanta[9] yLe; Kolmogorov M�f���:Z!?�iw_^q�
~(�^9��Nw�w<{�X6LwE�}Xb#+q-W{=�R;�w�:>Tq"
~w_^q���(�^9{�^�Id!;�C℄wXÆ�4~Æ��E��"/J{2;,F!x��wa�">�
2 a�_u�=Fx`�N�:�?{=�R�x����w_^q� GI/Geom(a,b)/1/N Zqa(�^9�^9w�-��Pb	

(1) �a EAS (Early arrival system) RTy,U� [10,11], 7XMQwqa�fCq_�
 (t, t+) Y�-Ww.
s"�fXq_w�
 (t−, t) Y (�; 1);

(2) kunMQwqa�<q�-^BoIhgÆw!�_^7�&0��I τ ,27�&0~I Prob{τ = k} = gk, k ≥ 1, : E[τ ] = 1/λ, 7��\ÆI G(z) =
∞
∑

k=0

gkzk (g0 =

0, |z| ≤ 1);
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� 1 EAS \8v�>*�oM• LP℄CoM � ��Euz-	oM ◦ LPo`oM ∗ \8A3P>oMt−
• �

?LP℄Ct

?◦

LPo
t̀+

∗
(t + 1)−

•

?

�

t + 1

?◦
(t + 1)+

(3) -WK�a{=�Rw (a, b)+q-W;�rMQ,F-W�Æ+MQw-Wq� Sl (l = 1, 2, · · ·) -^9ÆI µ w	d&0�� Prob{Sl = n} = µµn−1, 0 < µ < 1, µ =

1 − µ, n ≥ 1. db�{=�Rw (a, b) +q-W;��-�)Pb	l!℄+q-W.
j�PXtT�t{wMQÆtC a, \-WKg�3R��E	w��1 V , lt�℄��.
�ftT�t{yhwMQLÆCyC a jV�{3R-W	%�U-WKl6hX-WwMQÆqCyC a �tC b, \\q{qawMQ-XtTS�{yh�l(�Rl6w+q-W{(�-W�Ul6hX(�-WwMQÆq$a+qbio b, :X^9tTS�{yhwMQÆqtC N , \{qMQ3RtTS�yg-W�(\ltTS�S1EOqq{qMQ��sk���q� V -^9ÆI
θ w	d&0�� Prob{V = n} = θθ

n−1
, 0 < θ < 1, θ = 1 − θ, n ≥ 1;

(4) (�^9Oq?i��XhX(�-WwMQX ^9w�OqI b + N ;

(5) MQaqZM�-WZM�2-WK��ZMkk�g�^9XqN t w	%K&<Pb�?��#q�&��	
Nq(t): t qN^9tTS�{MQLÆ�
Ns(t): t qNhX(�-WwMQLÆ�
U(t): t qNMQwiEqa�<q��
Y (t) =















0, t qN-WKYC��	%�
1, t qN-WK��:\qhX-WwMQLÆKaq+qbi b;

2, t qN-WK��:\qhX-WwMQLÆ$a+qbi b.< [12] 'j {Ns(t), Nq(t), U(t), Y (t)} IJs!?9Jw_^q� MarkovZM�̂ 9XqN t wD5	%7�K�)Pb	
Pi,0(t, u) = Prob{Nq(t) = i, U(t) = u, Y (t) = 0}, i = 0, · · · , N, u ≥ 0;

Pi,1(t, u) = Prob{Ns(t) = i, U(t) = u, Y (t) = 1}, i = a, · · · , b − 1, u ≥ 0;

Pi,2(t, u) = Prob{Nq(t) = i, U(t) = u, Y (t) = 2}, i = 0, · · · , N, u ≥ 0., 1 l Y (t) = 0 �-WKYC��	%q Ns(t) ≡ 0; l Y (t) = 1 �-WKYC��	%:l6hX(�-WwMQLÆKaq+qbio b q Nq ≡ 0; l Y (t) = 2 �-WKYC��	%:l6hX(�-WwMQLÆ$aq+qbio bq Ns ≡ b. I



856 0 9 � � � � 34At	%7�w&a�wC��,�6q�i^9	%?Æ-�f#p�Xb�[?	%7�w�){R�&'h�s Ns(t) ≡ 0, Nq ≡ 0  Ns ≡ b d[?&q�3!2�XDNw&X{R�rw;qPb!x*^	
Pi,0(u) = lim

t→∞
Pi,0(t, u), i = 0, · · · , N, u ≥ 0;

Pi,1(u) = lim
t→∞

Pi,1(t, u), i = a, · · · , b − 1, u ≥ 0;

Pi,2(u) = lim
t→∞

Pi,2(t, u), i = 0, · · · , N, u ≥ 0;

Pi,0 = lim
t→∞

Prob{Nq(t) = i, Y (t) = 0}, i = 0, · · · , N ;

Pi,1 = lim
t→∞

Prob{Ns(t) = i, Y (t) = 1}, i = a, · · · , b − 1;

Pi,2 = lim
t→∞

Prob{Nq(t) = i, Y (t) = 2}, i = 0, · · · , N ;

P ∗
i,0(z) =

∞
∑

u=0
Pi,0(u)zu, |z| ≤ 1, i = 0, · · · , N ;

P ∗
i,1(z) =

∞
∑

u=0
Pi,1(u)zu, |z| ≤ 1, i = a, · · · , b − 1;

P ∗
i,2(z) =

∞
∑

u=0
Pi,2(u)zu, |z| ≤ 1, i = 0, · · · , N .

3 n(qT
~�{4&;!/Jy98�*#)�Q%>�bM(qN�MQqa6Z^9B5Q?qNw[~�E&0��t;_^+R#q � Bayes GwytNmM(qNGMQqa6Z�E&0w!��fO^�2℄.e EAS ^9	%w�p3MAVM(qNG^9B5Q?qN�E&0w�fO^��je;9R Markovl � tqw�#7�=f?/MQqa6ZwQ%�E&0�(4Zb� tqw!^t�fGwyt^9M(qNB5Q?qNw�E&0�
3.1 ��j�sU�AV.*g	6'<"13+C�H}^9XqN t  t + 1 Yw	%�#>V�7Z�iw7�&XO'"g3�	%7�k�w!��& M

P0,0(t + 1, u − 1) = P0,0(t, u) + µ

b−1
∑

i=a

Pi,1(t, u) + guµ

b−1
∑

i=a

Pi,1(t, 0) + µP0,2(t, u), (1)

Pi,0(t + 1, u − 1) = Pi,0(t, u) + guPi−1,0(t, 0)

+ µPi,2(t, u) + guµPi−1,2(t, 0), i = 1, · · · , a − 1, (2)

Pi,0(t + 1, u − 1) = θPi,0(t, u) + guθPi−1,0(t, 0), i = a, · · · , N − 1, (3)

PN,0(t + 1, u − 1) = θPN,0(t, u) + guθPN−1,0(t, 0) + guθPN,0(t, 0), (4)

Pa,1(t + 1, u − 1) = µPa,1(t, u) + µP0,2(t, u) + θPa,0(t, u)

+ guθPa−1,0(t, 0) + guµPa−1,2(t, 0), (5)

Pi,1(t + 1, u − 1) = µPi,1(t, u) + µPi,2(t, u) + θPi,0(t, u) + guθPi−1,0(t, 0)
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+ guµPi−1,1(t, 0) + guµPi−1,2(t, 0), i = a + 1, · · · , b − 1, (6)

P0,2(t + 1, u − 1) = µP0,2(t, u) + guµPb−1,1(t, 0) + θPb,0(t, u)

+ guθPb−1,0(t, 0) + µPb,2(t, u) + guµPb−1,2(t, 0), (7)

Pi,2(t + 1, u − 1) = µPi,2(t, u) + θPi+b,0(t, u) + guθPi+b−1,0(t, 0) + µPi+b,2(t, u)

+ guµPi+b−1,2(t, 0) + guµPi−1,2(t, 0), i = 1, · · · , N − b − 1, (8)

PN−b,2(t + 1, u − 1) = µPN−b,2(t, u) + θPN,0(t, u) + guθPN−1,0(t, 0) + guθPN,0(t, 0)

+ µPN,2(t, u) + guµPN−1,2(t, 0)

+ guµPN,2(t, 0) + guµPN−b−1,2(t, 0), (9)

Pi,2(t + 1, u − 1) = µPi,2(t, u) + guµPi−1,2(t, 0), i = N − b + 1, · · · , N − 1, (10)

PN,2(t + 1, u − 1) = µPN,2(t, u) + guµPN−1,2(t, 0) + guµPN,2(t, 0). (11)X (1)–(11) w{w t → ∞, b� MK�pI
P0,0(u − 1) = P0,0(u) + µ

b−1
∑

i=a

Pi,1(u) + guµ

b−1
∑

i=a

Pi,1(0) + µP0,2(u), (12)

Pi,0(u − 1) = Pi,0(u) + guPi−1,0(0) + µPi,2(u) + guµPi−1,2(0), i = 1, · · · , a − 1,

(13)

Pi,0(u − 1) = θPi,0(u) + guθPi−1,0(0), i = a, · · · , N − 1, (14)

PN,0(u − 1) = θPN,0(u) + guθPN−1,0(0) + guθPN,0(0), (15)

Pa,1(u − 1) = µPa,1(u) + µPa,2(u) + θPa,0(u) + guθPa−1,0(0) + guµPa−1,2(0), (16)

Pi,1(u − 1) = µPi,1(u) + µPi,2(u) + θPi,0(u) + guθPi−1,0(0) + guµPi−1,1(0)

+ guµPi−1,2(0), i = a + 1, · · · , b − 1, (17)

P0,2(u − 1) = µP0,2(u) + guµPb−1,1(0) + θPb,0(u) + guθPb−1,0(0)

+ µPb,2(u) + guµPb−1,2(0), (18)

Pi,2(u − 1) = µPi,2(u) + θPi+b,0(u) + guθPi+b−1,0(0) + µPi+b,2(u) + guµPi+b−1,2(0)

+ guµPi−1,2(0), i = 1, · · · , N − b − 1, (19)

PN−b,2(u − 1) = µPN−b,2(u) + θPN,0(u) + guθPN,0(0) + guθPN−1,0(0) + µPN,2(u)

+ guµPN−1,2(0) + guµPN,2(0) + guµPN−b−1,2(0), (20)

Pi,2(u − 1) = µPi,2(u) + guµPi−1,2(0), i = N − b + 1, · · · , N − 1, (21)

PN,2(u − 1) = µPN,2(u) + guµPN−1,2(0) + guµPN,2(0). (22)� (12)–(22) w�An
6ql� Z #uj?	
(z − 1)P ∗

0,0(z) = µ

b−1
∑

i=a

P ∗
i,1(z) + G(z)µ

b−1
∑

i=a

Pi,1(0) + µP ∗
0,2(z)
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− P0,0(0) − µ

b−1
∑

i=a

Pi,1(0) − µP0,2(0), (23)

(z − 1)P ∗
i,0(z) = G(z)Pi−1,0(0) + µP ∗

i,2(z) + G(z)µPi−1,2(0)

− Pi,0(0) − µPi,2(0), i = 1, · · · , a − 1, (24)

(z − θ)P ∗
i,0(z) = G(z)θPi−1,0(0) − θPi,0(0), i = a, · · · , N − 1, (25)

(z − θ)P ∗
N,0(z) = G(z)θPN−1,0(0) + G(z)θPN,0(0) − θPN,0(0), (26)

(z − µ)P ∗
a,1(z) = µP ∗

a,2(z) + θP ∗
a,0(z) + G(z)θPa−1,0(0) + G(z)µPa−1,2(0) − µPa,1(0)

− µPa,2(0) − θPa,0(0), (27)

(z − µ)P ∗
i,1(z) = µP ∗

i,2(z) + θP ∗
i,0(z) + G(z)θPi−1,0(0) + G(z)µPi−1,1(0) + G(z)µPi−1,2(0)

− µPi,1(0) − µPi,2(0) − θPi,0(0), i = a + 1, · · · , b − 1, (28)

(z − µ)P ∗
0,2(z) = θP ∗

b,0(z) + µP ∗
b,2(z) + G(z)µPb−1,1(0) + G(z)θPb−1,0(0)

+ G(z)µPb−1,2(0) − µP0,2(0) − θPb,0(0) − µPb,2(0), (29)

(z − µ)P ∗
i,2(z) = θP ∗

i+b,0(z) + µP ∗
i+b,2(z) + G(z)θPi+b−1,0(0) + G(z)µPi+b−1,2(0)

+ G(z)µPi−1,2(0) − µPi,2(0) − θPi+b,0(0)

− µPi+b,2(0), i = 1, · · · , N − b − 1, (30)

(z − µ)P ∗
N−b,2(z) = θP ∗

N,0(z) + µP ∗
N,2(z) + G(z)θPN−1,0(0) + G(z)θPN,0(0)

+ G(z)µPN−1,2(0) + G(z)µPN,2(0) + G(z)µPN−b−1,2(0)

− µPN−b,2(0) − θPN,0(0) − µPN,2(0), (31)

(z − µ)P ∗
i,2(z) = G(z)µPi−1,2(0) − µPi,2(0), i = N − b + 1, · · · , N − 1, (32)

(z − µ)P ∗
N,2(z) = G(z)µPN−1,2(0) + G(z)µPN,2(0) − µPN,2(0). (33)# (23)–(33) w�An
k�p�jKtPb!?��yw

N
∑

i=0

P ∗
i,0(z) +

b−1
∑

i=a

P ∗
i,1(z) +

N
∑

i=0

P ∗
i,2(z)

=
G(z) − 1

z − 1

[

N
∑

i=0

Pi,0(0) +

b−1
∑

i=a

Pi,1(0) +

N
∑

i=0

Pi,2(0)
]

.l z → 1− q�bwn
B�i�(�(q P ∗
i,j(1) = Pi,j (j = 0, 1, 2), < L-Hospital �\Kt

N
∑

i=0

Pi,0 +

b−1
∑

i=a

Pi,1 +

N
∑

i=0

Pi,2 =
1

λ

[

N
∑

i=0

Pi,0(0) +

b−1
∑

i=a

Pi,1(0) +

N
∑

i=0

Pi,2(0)
]

.3!2�.eV!p/ ?
λ =

N
∑

i=0

Pi,0(0) +

b−1
∑

i=a

Pi,1(0) +

N
∑

i=0

Pi,2(0). (34)
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i,0 &xQ%bMQqa6Z-WKYC��	%:tTS�{MQLÆI i w7�� P−

i,1 &xQ%bMQqa6Z-WKYC��	%:hX-WwMQLÆI
i (a ≤ i < b) w7�� P−

i,2 &xQ%bMQqa6Z-WKYC��	%�l6hX-WwMQLÆ$a+qbi:tTS�{yhMQLÆI i w7��< Bayes Gw�
(34) wKj

P−
i,0 = lim

t→∞
Prob

{

Nq(t) = i, Y (t) = 0 | U(t) = 0
}

= lim
t→∞

Prob{Nq(t) = i, Y (t) = 0, U(t) = 0}

Prob{U(t) = 0}

=
Pi,0(0)

N
∑

i=0

Pi,0(0) +
b−1
∑

i=a

Pi,1(0) +
N
∑

i=0

Pi,2(0)

=
Pi,0(0)

λ
, i = 0, · · · , N. (35)6aKi

P−
i,1 =

Pi,1(0)

λ
, i = a, · · · , b − 1, (36)

P−
i,2 =

Pi,2(0)

λ
, i = 0, · · · , N. (37)e; (35)–(37)w�(X (25)–(33)w{&'v#q z = 1, \Q%7� Pi,2 (i = 0, · · · , N),

Pi,0 (i = a, · · · , N), Pi,1 (i = a, · · · , b − 1) MQqa6Z7�k�w�fO^K<
(38)–(46) wAV

PN,2 =
λµ

µ
P−

N−1,2, (38)

Pi,2 =
λµ

µ

(

P−
i−1,2 − P−

i,2

)

, i = N − b + 1, · · · , N − 1, (39)

PN,0 =
λθ

θ
P−

N−1,0, (40)

Pi,0 =
λθ

θ

(

P−
i−1,0 − P−

i,0

)

, i = a, · · · , N − 1, (41)

PN−b,2 =
θ

µ
PN,0 + PN,2 +

λθ

µ
P−

N−1,0 + λP−
N−1,2 +

λµ

µ
P−

N−b−1,2 −
λµ

µ
P−

N−b,2, (42)

Pi,2 =
θ

µ
Pi+b,0 + Pi+b,2 +

λθ

µ
P−

i+b−1,0 + λP−
i+b−1,2 +

λµ

µ
P−

i−1,2

−
λµ

µ
P−

i,2 −
λθ

µ
P−

i+b,0 − λP−
i+b,2, i = 1, · · · , N − b − 1, (43)

P0,2 =
θ

µ
Pb,0 + Pb,2 +

λµ

µ
P−

b−1,1 +
λθ

µ
P−

b−1,0 + λP−
b−1,2 −

λµ

µ
P−

0,2 −
λθ

µ
P−

b,0 − λP−
b,2,

(44)

Pi,1 = Pi,2 +
θ

µ
Pi,0 +

λθ

µ
P−

i−1,0 +
λµ

µ
P−

i−1,1 + λP−
i−1,2

−
λµ

µ
P−

i,1 − λP−
i,2 −

λθ

µ
P−

i,0, i = a + 1, · · · , b − 1, (45)
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Pa,1 = Pa,2 +

θ

µ
Pa,0 +

λθ

µ
P−

a−1,0 + λP−
a−1,2 −

λµ

µ
P−

a,1 − λP−
a,2 −

λθ

µ
P−

a,0. (46)Q%7� Pi,0 (i = 1, · · · , a − 1) K< (24) wOC#q z X z = 1 Y?mjtq
Pi,0 = P−

i−1,0 + µP
∗(1)
i,2 (1) + µP−

i−1,2, i = 1, · · · , a − 1, (47)db P
∗(1)
i,2 (1) &x Z #u P ∗

i,2(z) X z = 1 Yw!)mÆ� P
∗(1)
i,2 (1) (i = 1, · · · , N) w�-ÆoK<}>Gw (48)–(51) yt

P
∗(1)
N,2 (1) =

1

µ
(µP−

N−1,2 + µP−
N,2 − PN,2), (48)

P
∗(1)
i,2 (1) =

1

µ
(µP−

i−1,2 − Pi,2), i = N − b + 1, · · · , N − 1, (49)

P
∗(1)
N−b,2(1) =

1

µ
(θP

∗(1)
N,0 (1) + µP

∗(1)
N,2 (1) + θP−

N−1,0 + θP−
N,0 + µP−

N−1,2

+ µP−
N,2 + µP−

N−b−1,2 − PN−b,2), (50)

P
∗(1)
i,2 (1) =

1

µ
(θP

∗(1)
i+b,0(1) + µP

∗(1)
i+b,2(1) + θP−

i+b−1,0 + µP−
i+b−1,2 + µP−

i−1,2 − Pi,2),

i = N − b − 1, · · · , 1. (51)[� P
∗(1)
i,2 (1) w�)� (50), (51) w{w P

∗(1)
N,0 (1)  P

∗(1)
i+b,0(1) (i = N − b− 1, · · · , 1) &'&x Z #u P ∗

N,0(z)  P ∗
i+b,0(z) (i = N − b − 1, · · · , 1) X z = 1 Yw!)mÆ�"�K< (26)  (25) wOC#q z X z = 1 Y?mjtq

P
∗(1)
N,0 (1) =

1

θ
(θP−

N−1,0 + θP−
N,0 − PN,0), (52)

P
∗(1)
i,0 (1) =

1

θ
(θP−

i−1,0 − Pi,0), i = a, · · · , N − 1. (53)�jQ%7� P0,0 K<V!p/ ">PbGwyt
P0,0 = 1 −

N
∑

i=1

Pi,0 −

b−1
∑

i=a

Pi,1 −

N
∑

i=0

Pi,2. (54), 2 Q%7� P0,0 �K&4Z� (23) wOC#q z X z = 1 Y?mjtq�XÆor�ZM{R��fn~ �?twÆo.XCD!u�d^!?<���s�NÆ� �a�&X5&whF��
3.2 ���#D%sU�j�sU6'<"13+C�<C�N �:w(�^9-��S+-WJ\�:kuMQqa�<q�-^!�_^&0�2B�T��Crl�.\AVMQXtTS�{.Dyhq�w/X&aw{klW�w! z��:^9B5Q?qN�E&0w���w{me; LittleGw�^ÆoÆ�w=8YAVMQXtTS�{w.Dyhq��
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i,0 &xQ%b^9B5Q?qN-WKYC��	%:tTS�{MQLÆI i w7�� P out

i,1 &xQ%b^9B5Q?qN-WKYC��	%:hX-WwMQLÆI i (a ≤ i < b) w7�� P out
i,2 &xQ%b^9B5Q?qN-WKYC��	%�l6hX-WwMQLÆ$a+qbi:tTS�{yhMQLÆI i w7��9H; 1, (&X�Ew�pZM�#B5Q?qNGM(qN�q_&�Yw	%i^3Y�O'"g3PbO^w

Pi,2 = µP out
i,2 , i = N − b + 1, · · · , N, (55)

Pi,0 = θP out
i,0 , i = a, · · · , N, (56)

Pi,2 = µP out
i,2 + µP out

i+b,2 + θP out
i+b,0, i = 0, · · · , N − b, (57)

Pi,0 = P out
i,0 + µP out

i,2 , i = 1, · · · , a − 1, (58)

Pi,1 = µP out
i,1 + θP out

i,0 + µP out
i,2 , i = a, · · · , b − 1, (59)

P0,0 = P out
0,0 + µ

b−1
∑

i=a

P out
i,1 + µP out

0,2 . (60)3!2<w (55)–(60) ?
P out

i,2 =
1

µ
Pi,2, i = N − b + 1, · · · , N, (61)

P out
i,0 =

1

θ
Pi,0, i = a, · · · , N, (62)

P out
i,2 =

1

µ
Pi,2 −

µ

µ
P out

i+b,2 −
θ

µ
P out

i+b,0, i = 0, · · · , N − b, (63)

P out
i,0 = Pi,0 − µP out

i,2 , i = 1, · · · , a − 1, (64)

P out
i,1 =

1

µ
Pi,1 −

θ

µ
P out

i,0 −
µ

µ
P out

i,2 , i = a, · · · , b − 1, (65)

P out
0,0 = P0,0 − µ

b−1
∑

i=a

P out
i,1 − µP out

0,2 . (66)^ (38)–(66)w-��fs�ytMQqa6Z^9Q%�E&0 P−
i,j ,  K&4Zb��fÆ�MtqQ%bM(qN^9B5Q?qNw�E&0�.\X 3.3*{R�#3!2)�7� P−

i,j w?/�
3.3 b�1hl Markov [�-�?℄P ; Tn (n = 1, 2, · · ·)&x| n?MQwqaqN�̂ � Tn+1−Tn (n = 0, 1, 2, · · · , T0 =

0) &x| n ?G| n + 1 ?MQk�wqa�<q��� Lq(T
−
n ) &x| n ?MQqa6ZtTS�{(�yiwMQÆ�Ls(T

−
n )&x| n?MQqa6ZhX(�-WwMQ?Æ� L−

n = Lq(T
−
n ) + Ls(T

−
n ) &x| n ?MQqa6Z^9{wMQ?Æ�3!
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Jn =







































0, | n ?MQqa6Z^9YC��	%�
1, | n ?MQaq6Z-W#��:\qhX-WwMQLÆKaq+qbi b;

2, | n ?MQaq6Z-W#��:\qhX-WwMQLÆ$a+qbi b.<C�1{MQs"XtTS�{yh� &l| n ?MQX�1{qaq L−
n =

Lq(T
−
n ). U| n ?MQqaq-W#YC��	%:hX-WwMQLÆKaq+qbi�dq| n ?MQQ?qw^9tTS�{MQ?Æ Lq(T

−
n ) ≡ 0,  &\q

L−
n = Ls(T

−
n ). �j�U| n ?MQqaq-W#YC��	%:hX-WwMQLÆ$a+qbi�dqJ� L−

n = Lq(T
−
n ) + Ls(T

−
n ), kH}q Ls(T

−
n ) ≡ b, I�^9	%��wJÆ�R�s� L−

n = Lq(T
−
n ), d�w:�(-w/3^9	%?Æw���w�pR�w&XZM�B> MarkovZMw!�a��'j {(L−

n , Jn), n ≥ 1} {2(�^9�EZMw!/9R Markov l�?	%S�
Ω = Ω1 ∪ Ω2 ∪ Ω3,2{ Ω1 =

{

(i, 0) | i = 0, 1, · · · , N
}

, Ω2 =
{

(i, 1) | i = a, a + 1, · · · , b − 1
}

, Ω3 =
{

(i, 2) |

i = 0, 1, · · · , N
}

. #	%S��a Jn �.w}℄(t�Kj9R Markov lw	%�#7�=f�?Pbw&U.I
PPP =

























































(0, 0) · · · (N, 0) (a, 1) · · · (b − 1, 1) (0, 2) · · · (N, 2)

(0, 0)
.
..

.

..
... PPP 1,1

... PPP 1,2

... PPP 1,3

(N, 0)
...

...

· · · · · · · · ·

.

.. · · · · · · · · ·

.

.. · · · · · · · · ·

(a, 1)
..
.

..

.
... PPP 2,1

... PPP 2,2

... PPP 2,3

(b − 1, 1)
...

...

· · · · · · · · ·

..

. · · · · · · · · ·

..

. · · · · · · · · ·

(0, 2)
...

...
... PPP 3,1

... PPP 3,2

... PPP 3,3

(N, 2)
.
..

.

..

























































,

IAV=f PPP {I� p
(i,m),(j,r)

= Prob{L−
n+1 = j, Jn+1 = r|L−

n = i, Jn = m} w�-&a�wR�/R&b	?�^	
α =

∞
∑

k=1

gk(1 − θ)k, γl =

∞
∑

k=max (l,1)

gk

(

k

l

)

µl(1 − µ)k−l, l = 0, 1, · · · ,
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βl =

∞
∑

k=1+l

gk

k−l
∑

m=1

θ(1 − θ)m

(

k − m

l

)

µl(1 − µ)k−m−l, l = 0, 1, · · · .b�R�#e;b��^�&U=f PPP k1,k2 (k1 = 1, 2, 3, k2 = 1, 2, 3) {wI��!3�&X�
I &U=f PPP 1,1 {I�w&X�
(1) l i = 0, · · · , a − 2 : j = i + 1 q p

(i,0),(j,0)
= 1;

(2) l i = a − 1, · · · , N − 1 : j = i + 1 q p
(i,0),(j,0)

= Prob {V > Tn+1 − Tn} = α;

(3) l i = a− 1, · · · , N − 1: iW&+q-Wbi b wEÆX�e {a− 1, a, · · · , b− 1}{Boq
p

(i,0),(0,0)
= 1 − α −

b−1
∑

j=a

p
(i,0),(j,1)

−

N
∑

j=0

p
(i,0),(j,2)

;

(4) l i = b, · · · , N − 1, j = 1, · · · , a − 1 : i+1−j
b I!hgÆq

p
(i,0),(j,0)

= 1 − α −

b−1
∑

r=a

p
(i,0),(r,1)

−

N
∑

r=0

p
(i,0),(r,2)

;

(5) l j = 0, · · · , N q p
(N,0),(j,0)

= p
(N−1,0),(j,0)

;

(6) 2E>�b p
(i,0),(j,0)

= 0.

II &U=f PPP 1,2 {I�w&X�
(1) l i = a − 1, · · · , N − 1, j = a, · · · , b − 1 : i W&+q-Wbi b wEÆ� 1 5I j q

p
(i,0),(j,1)

=Prob

{

V +

[ i
b
]

∑

l=1

Sl ≤ Tn+1 − Tn < V +

[ i
b
]+1

∑

l=1

Sl

}

=

∞
∑

k=[ i
b
]+1

gkProb

{

V +

[ i
b
]

∑

l=1

Sl ≤ k < V +

[ i
b
]+1

∑

l=1

Sl

}

=
∞
∑

k=[ i
b
]+1

gk

k−[ i
b
]

∑

m=1

θ(1 − θ)m−1Prob

{ [ i
b
]

∑

l=1

Sl ≤ k − m <

[ i
b
]+1

∑

l=1

Sl

}

=

∞
∑

k=[ i
b
]+1

gk

k−[ i
b
]

∑

m=1

θ(1 − θ)m−1

(

k − m
[ i

b

]

)

µ[ i
b
](1 − µ)k−m−[ i

b
]

=β[ i
b
];db [x] &x-C x w�gÆ�N�l n < m q n

∑

l=m

= 0.

(2) l j = a, · · · , b − 1 q p
(N,0),(j,1)

= p
(N−1,0),(j,1)

;

(3) 2E>�b p
(i,0),(j,1)

= 0.

III &U=f PPP 1,3 {I�w&X�
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(1) l i = b − 1, · · · , N − 1, j = 0, · · · , N − b : i+1−j

b I!hgÆq
p

(i,0),(j,2)
=Prob

{

V +

i+1−j

b
−1

∑

l=1

Sl ≤ Tn+1 − Tn < V +

i+1−j

b
∑

l=1

Sl

}

=
∞
∑

k= i+1−j

b

gkProb

{

V +

i+1−j

b
−1

∑

l=1

Sl ≤ k < V +

i+1−j

b
∑

l=1

Sl

}

=

∞
∑

k= i+1−j

b

gk

k− i+1−j

b
+1

∑

m=1

θ(1 − θ)m−1Prob

{

i+1−j

b
−1

∑

l=1

Sl ≤ k − m <

i+1−j

b
∑

l=1

Sl

}

=

∞
∑

k= i+1−j

b

gk

k− i+1−j

b
+1

∑

m=1

θ(1 − θ)m−1

(

k − m
i + 1 − j

b
− 1

)

µ
i+1−j

b
−1(1 − µ)k−m−

i+1−j

b
+1

=β i+1−j

b
−1;

(2) l j = 0, 1, · · · , N q p
(N,0),(j,2)

= p
(N−1,0),(j,2)

;

(3) 2E>�b p
(i,0),(j,2)

= 0.

IV &U=f PPP 2,1 {I�w&X�
(1) l i = a, · · · , b − 1 q p

(i,1),(0,0)
= 1 − γ0;

(2) 2E>�b p
(i,1),(j,0)

= 0.

V. &U=f PPP 2,2 {I�w&X�
(1) l i = a, · · · , b − 2, j = i + 1 q p

(i,1),(j,1)
= Prob{S1 > Tn+1 − Tn} = γ0;

(2) 2E>�b p
(i,1),(j,1)

= 0.

VI &U=f PPP 2,3 {I�w&X�
(1) l i = b − 1, j = 0 q p

(b−1,1),(0,2)
= Prob{S1 > Tn+1 − Tn} = γ0;

(2) 2E>�b p
(i,1),(j,2)

= 0.

VII &U=f PPP 3,1 {I�w&X�
(1) l i = 0, · · · , N − 1, j = 1, · · · , a − 1 : i+1−j

b I!"0gÆq
p

(i,2),(j,0)
= 1 −

b−1
∑

r=a

p
(i,2),(r,1)

−

N
∑

r=0

p
(i,2),(r,2)

;

(2) l i = a − 1, · · · , N − 1 : i W& b wEÆX�e {a − 1, a, · · · , b − 1} {Boq
p

(i,2),(0,0)
= 1 −

b−1
∑

r=a

p
(i,2),(r,1)

−

N
∑

r=0

p
(i,2),(r,2)

;

(3) l j = 0, 1, · · · , N q p
(N,2),(j,0)

= p
(N−1,2),(j,0)

;

(4) 2E>� p
(i,2),(j,0)

= 0.

VIII &U=f PPP 3,2 {I�w&X�
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(1) l i = a − 1, · · · , N − 1, j = a, · · · , b − 1 : i W& b wEÆ� 1 5I j q
p(i,2),(j,1) =Prob

{ [ i
b
]+1

∑

l=1

Sl ≤ Tn+1 − Tn <

[ i
b
]+2

∑

l=1

Sl

}

=

∞
∑

k=[ i
b
]+1

gkProb

{ [ i
b
]+1

∑

l=1

Sl ≤ k <

[ i
b
]+2

∑

l=1

Sl

}

=

∞
∑

k=[ i
b
]+1

gk

(

k
[ i

b

]

+ 1

)

µ[ i
b
]+1(1 − µ)k−[ i

b
]−1 = γ[ i

b
]+1;

(2) l j = a, · · · , b − 1 q p
(N,2),(j,1)

= p
(N−1,2),(j,1)

;

(3) 2E>� p
(i,2),(j,1)

= 0.

IX &U=f PPP 3,3 {I�w&X�
(1) l i = 0, · · · , N − 1, j = i + 1 q

p
(i,2),(j,2)

= Prob{S1 > Tn+1 − Tn} = γ0;

(2) l i = b − 1, · · · , N − 1, j = 0, · · · , N − b : i+1−j
b IhgÆq

p(i,2),(j,2) =Prob

{

i+1−j

b
∑

l=1

Sl ≤ Tn+1 − Tn <

i+1−j

b
+1

∑

l=1

Sl

}

=

∞
∑

k= i+1−j

b

gkProb

{

i+1−j

b
∑

l=1

Sl ≤ k <

i+1−j

b
+1

∑

l=1

Sl

}

=

∞
∑

k= i+1−j

b

gk

(

k
i + 1 − j

b

)

µ
i+1−j

b (1 − µ)k− i+1−j

b = γ i+1−j

b
;

(3) j = 0, · · · , N q p
(N,2),(j,2)

= p
(N−1,2),(j,2)

;

(4) 2E>� p
(i,2),(j,2)

= 0.w P = {P−
0,0, · · · , P

−
N,0, P

−
a,1, · · · , P

−
b−1,1, P

−
0,2, · · · , P

−
N,2}, eee &x!? 2(N + 1) + (b − a)JwD 1 trq�T; MATLAB ÆoÆ�T �M?/b�d?V!p/ wj� M�	

{

PPPP = P ,

Peee = 1, K?tMQqa6Z^9wQ%�E&0�b�j� M�Æ�Mw`|XC��a�#7�=fw+�.I#=fI��F�LC PPP {�d!�K&4Z MATLAB{wI�Æ� (cell)   wrf�
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4 �#�/v!OE
4.1 PH .*M�sM1o)6'<"X_^q�(�^9{�-6qNw�E&0{��(�q%{�I��w![�"q%�Xyj^9-6qN�E&0j�R�K&l(e;"Yyt.D�E�MQ�X7�yEMr�{'IO�w�"=	�I^x�N�E&0�f��w�-2;�R�e; MATLAB T �zÆoÆ�M�AVqa�<q�I PH &0>�bw PH/Geom(4,8)/1/23 (�^9[~qNw�E&0 (�& 1). r�{Æo9ÆwevPb	 µ = 0.07, θ = 0.02 :qaZM{�?-KN&x (TTT ,ωωω) w 3 )_^ PH C{ZM�2{

TTT =







0.15 0.3 0.25

0.4 0.3 0.1

0.2 0.1 0.4






, ωωω = {0.3, 0.1, 0.6},N{ ?Æor�wÆ�.XD�xzLtÆ� 1 PH/Geom(4,8)/1/23 &\8Z}oMvP$D%/

i Pi,0 P−
i,0 P out

i,0 Pi,1 P−
i,1 P out

i,1 Pi,2 P−
i,2 P out

i,2

0 0.003922 0.007387 0.001882 - - - 0.016896 0.016665 0.016146

1 0.009905 0.010086 0.009160 - - - 0.019307 0.019094 0.018636

2 0.012940 0.013099 0.012107 - - - 0.021380 0.021185 0.020802

3 0.016234 0.016374 0.015329 - - - 0.023091 0.022914 0.022614

4 0.015229 0.015249 0.015540 0.004490 0.004125 0.003350 0.024439 0.024279 0.024062

5 0.014182 0.014201 0.014472 0.008123 0.007787 0.007112 0.025435 0.025291 0.025156

6 0.013208 0.013225 0.013477 0.011315 0.011006 0.010426 0.026102 0.025972 0.025914

7 0.012300 0.012316 0.012551 0.014783 0.013950 0.013970 0.028537 0.027837 0.028022

8 0.011455 0.011470 0.011688 - - - 0.029479 0.029391 0.029050

9 0.010667 0.010681 0.010885 - - - 0.030159 0.030090 0.029966

10 0.009934 0.009947 0.010137 - - - 0.030181 0.030127 0.030171

11 0.009252 0.009264 0.009440 - - - 0.029704 0.029662 0.029833

12 0.008616 0.008627 0.008792 - - - 0.028858 0.028825 0.029089

13 0.008024 0.008034 0.008187 - - - 0.027744 0.027719 0.028050

14 0.007472 0.007482 0.007625 - - - 0.026447 0.026428 0.026803

15 0.006959 0.006968 0.007101 - - - 0.041202 0.040394 0.037345

16 0.006480 0.006489 0.006613 - - - 0.035019 0.035110 0.036479

17 0.006035 0.006043 0.006158 - - - 0.030439 0.030518 0.031707

18 0.005620 0.005628 0.005735 - - - 0.026458 0.026526 0.027560

19 0.005234 0.005241 0.005341 - - - 0.022997 0.023057 0.023955

20 0.004874 0.004881 0.004974 - - - 0.019989 0.020041 0.020822

21 0.004539 0.004545 0.004632 - - - 0.017375 0.017420 0.018099

22 0.004227 0.004233 0.004314 - - - 0.015102 0.015141 0.015731

23 0.057281 0.057356 0.058450 - - - 0.100361 0.100621 0.104542
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Qa����u GI/Geom(a,b)/1/N Yn%�[7 867<& 1 {wÆ>-��f�l-WK��q�XQ%b[~qNw�E&0{�^9YC	% (N − b, 2)(� (15, 2))w7���d 3.1*{�^9	%�#ZMw7�&X{m&Oew�^ 3.1 *w�& M (9) {K&Gq�X-WK��1�^9K&7<�?	%X!?iLq_j�#t	% (N − b, u− 1, 2), h{}Cd�wJ.ttQ%b-WK��q PN−b,2, P−
N−b,2, P out

N−b,2 X6[7�{Bo��
4.2 ��0m?℄<C�N)�w(�^9tTS�Oq?i�.\l�LqawMQGqtTS�{MQ$�q!#_F^9�R�#MQGqtTS�$�w7�HI^9w�X7���I Ploss, < 3.3 *w&XKj

Ploss = P−
N,0 + P−

N,2.b�R�#4ZÆor�YH?XDok6w�E (Deterministic) 	d (Geomet-

ric) �Ryb�^9�X7��tTS�Oq N ��9Æ θ w#p�; 2(a) {r�9ÆwevI	 µ = 0.04, θ = 0.02, a = 4, b = 8, 2{�	d&0w7�&0~I
gk = 0.2(1 − 0.2)k−1, k ≥ 1, �E&0w7�&0~I g5 = 1; ; 2(b) {wÆor�s
N�tTOq N = 23 w θ �f#p�2E9ÆBoG7�&0~wevDG; 2(a){�O!u�
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(a) (b): 2. m}o`�;%/a\8�W6�� N b θ v"o<; 2(a)–(b) K&lQGVXqa�<q�Dok6w>Vb��E�Rqw^9�X7���	d�Rqwz�d��X��-W^9w�%Ra{25qK�R
�O!~OÆQ�w	%�&�t<C�Rw-F�� dYw^97X�; 2(a) ex^9�X7��tTS�Oqw℄��t�k�tw)	�!�t�d��117;i[℄�tTOqw��Y4_^9w7X	V(-KB�; 2(b) ex|l℄ θ
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4.3 e\>�'�/l?℄l�LMQqa^9��f-WKYC��	%:l6hX(�-WwMQÆqCyC a �tC b q�\!K&l(�Rl6w-WG-(�-W�-XtTS�{yh�R�d�!~z �fw7�HI+q-W{=�R7���I Paccessible. <
3.3 *w&XKj

Paccessible =

b−1
∑

i=a

P−
i,1.; 3 �:s+q-Wbio b w#p�+q-W{=�R7�w6p�X; 3 wÆor�{N�tTS�Oq N = 42, +q-Wbio b w#p�HixX 8 G 17 k��2E9ÆBo7�&0~wevDG; 2(a) {k6�; 3 exXqa�<q�Dok6w>Vb��E�Rqw+q-W{=�R7���	d�Rqw9�d5℄^!?<�/}s; 2 {wr�.X�h.I�E�R>�bw{=�R7�'	d�Rq9 &mu2�X7��	d�Rqz�
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∑
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Qa����u GI/Geom(a,b)/1/N Yn%�[7 8692{ λ(1 − Ploss) &x^9w?wqa��; 4 �:s-WFv�o a w#p�MQXtTS�{.Dyhq�w6p�; 4{Æor�9ÆwevPb	N = 27, b = 14, �o a w#p�HixX 2 G 10 k��2E9ÆBo7�&0~wevDG; 2(a) {!u�<; 4 Kj-WFvw�o aOzMQXtTS�{1xwq��k2O��Xqa�<q�Dok6w>Vb��E�RqMQXtTS�{w.Dyhq��	d�Rqw�t�<C�E�Rbwyhq�� &tTS�{�fMQ+Vw���k��t!x�d�G; 2 {exw.X{Oew�
4.5 �)|ti�1w"zZ

Samanta yLX [13] {�:s_^q� GI/Geom/1/N ���� EAS (�^9�d~(�^9ryb{�N �:(�^9w!?+f�R��(ql�i�o a +q-Wbio b �BI 1 q��N �:w�?{=�R�x����w_^q� GI/Geom(a,b)/1/N Zq(�^9 ?pJs Samanta  �:w^9�I3!2���Na�5&&XwhF�GÆ�M�zwKI��R�e; [13] & 2 { �tw^99Æ3�s!?+fwÆor��ot�(w{X3�d?+fwÆor�q�̂9J� Kfw�x	%wsk�<Cl a = 1, b = 1 q{=�R�x-._X� &X3�d?+fwÆor�q{? Pi,1 d~	%7�w�1xbs Pi,0  Pi,2 n~	%7���:Cot�(w{<ibwdn~	%7����"�G Samanta yLX [13] {�)w	%7�r?!�w�'�X SamantayL�)w	%7�{ Nt �|w{ t qN^9{wMQÆq (�[hX(�-Ww�!?X ), �XR�w�N{
Nq(t)�|w{ t qNtTS�{wMQÆq� &�N{w	%7� Pi,j , P−

i,j , P out
i,j G

[13] {�)w Qi,j , Q−
i,j, Qo

i,j k�w?PbwÆqO^Jg	
{

Pi,0 = Qi,0, i = 0, 1, · · · , N,

Pi,2 = Qi+1,1, i = 0, 1, · · · , N,
{

P−
i,0 = Q−

i,0, i = 0, 1, · · · , N,

P−
i,2 = Q−

i+1,1, i = 0, 1, · · · , N,
{

P out
i,0 = Qo

i,0, i = 0, 1, · · · , N,

P out
i,2 = Qo

i+1,1, i = 0, 1, · · · , N,2{ Qi,0, Q−
i,0  Qo

i,0 XNg [13] {&'&xQ%bM(qN�MQqa6Z^9B5Q?qNMQÆqI i :-WKhX��w7��3!2� Qi,1, Q−
i,1  Qo

i,1 X [13]{&'f&Q%bM(qN�MQqa6Z^9B5Q?qNMQÆqI i :-WKhYC��	%w7��b���ekunMQwqa�<q�&0I	 g1 = 0.35, g2 = 0.2, g5 = 0.25,

g11 = 0.15, g15 = 0.05. -Wq�9Æ��9Æ&'I µ = 0.24, θ = 0.018, ^9Oq N = 170, �o a +q-Wbio b DevI 1. #JY; Matlab �zwÆoÆ�
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(N = 170),  &X& 2 {R�s�ts i BoI 1 q 9 w>�� 2  }*�=�a&\8Z}oMvP$D%/

i Q−
i,0 Qi,0 Qo

i,0 P−
i,0 Pi,0 P out

i,0

0 0.007513 0.006736 0.005103 0.007513 0.006736 0.005103

1 0.006929 0.006923 0.006923 0.006929 0.006923 0.006923

2 0.006391 0.006385 0.006385 0.006391 0.006385 0.006385

3 0.005894 0.005889 0.005889 0.005894 0.005889 0.005889

4 0.005436 0.005432 0.005432 0.005436 0.005432 0.005432

5 0.005041 0.005010 0.005010 0.005041 0.005010 0.005010

6 0.004624 0.004620 0.004620 0.004624 0.004620 0.004620

7 0.004265 0.004261 0.004261 0.004265 0.004261 0.004261

8 0.003933 0.003930 0.003930 0.003933 0.003930 0.003930

9 0.003628 0.003625 0.003625 0.003628 0.003625 0.003625

i Q−
i,1 Qi,1 Qo

i,1 P−
i,2 Pi,2 P out

i,2

0 - - - 0.008301 0.008483 0.006805

1 0.008301 0.008483 0.006805 0.014976 0.015130 0.013796

2 0.014976 0.015130 0.013796 0.020266 0.020396 0.019354

3 0.020266 0.020396 0.019354 0.024382 0.024491 0.023696

4 0.024382 0.024491 0.023696 0.027505 0.027596 0.027009

5 0.027505 0.027596 0.027009 0.029792 0.029868 0.029456

6 0.029792 0.029868 0.029456 0.031378 0.031441 0.031174

7 0.031378 0.031441 0.031174 0.032380 0.032431 0.032285

8 0.032380 0.032431 0.032285 0.032896 0.032938 0.032892

9 0.032896 0.032938 0.032892 0.033014 0.033048 0.033083�(qb� ,�w Pi,j , P−
i,j , P out

i,j G Qi,j , Q−
i,j , Qo

i,j k�wO^�<& 2 {Æ>R��fe;�N| 3 *,Vw�fGw�zwQ%7�ÆoÆ�M ?tw�E&0G Samanta XNg [13] & 2 { �rw.XCD!u�
5 O^&F�Æ&X_^q�(���wNg1H}sMQqa6Zw^9Q%�E&0��M(qN^9B5Q?qNw�E&0K"�V3!2w&)�X�Nw�:{R��eT;+R#q9R Markovl �H}s[~-6qNw�E&0�(4Z^9B5Q?qNwQ%�E&0;�ytsMQXtTS�{wyhq�Do���s'I��-'rlwyhq�Dow/X)��IEMr�{(�q%w�-Æ�,Fs!~�k?ww ���tt�Nw�:-1�?a�()���?7Xw2;�o�vB��NX�: EAS ^9q�Bw	%�|qN{q_&� t, d{�:_^q� EAS(�^9 SB�Bw	%�|qN��X�:_^q� LAS-DA (Dq�P3
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Abstract Applying the supplementary variable technique and embedded Markov chain,

a discrete-time multiple vacations queueing system with accessible mechanism of ongoing

bulk service is considered. Through an effective iterated algorithm, we obtain the queue

length distributions at three kinds of time epochs. Furthermore, using the queue length

distribution at different time epochs and the numerical method, we study the influence

of system parameters on several performance measures such as loss probability, accessible

probability of ongoing bulk service and the mean waiting time of customers in the buffer

space.
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