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CA\t�¯� �wf} Tm\��

(µ/µ/1) : (GD/N/∞)  ¤d�m�� CA\t�¯� �} �A\�

Tm\�¯� 	l��  w� Tylm`�� ­Ay��� ¨� �ry�� Tm\�¯� �� �wn�� �@¡ �d�ts§

�lt�§ .A¡ry�¤ ­d��¤ T�d� ­Anq� ��� ¤� 	ybV ­ Ay`� T`s�� ­ ¤d��

��  ¤d��  d`� Xq� �A\n�� 
A`ytF� T§ ¤d�� ¨� ��As�� �� �A\n�� �@¡

¨� CA\t�¯� �} Ahb�wts§ ¨t�� ��d�w��  d�  � ©� . N �ky�¤ ��d�w��

Tl}�¤ ­d§d� ­d�¤ ©�  � Ð� . T�d��� ¨� ­d��¤ ­d�¤ ¤ N − 1 w¡ �A\n��

r�¥� Tylm`�� £@¡ �A\n�� Y�� �w�d�A� Ah� �ms§¯ ©� ,AhS�C �t§ �wF

�\n� ¨t�� ��d�wl� �w}w�� Tbs�  �� ��Ð Yl� �ºAn� .�w}w�� Tbs� Yl�

�� ��� ��d�wl� �w}w�� Tbs�  wk�¤ λc ¨¡  ¤d�m�� CA\t�¯� �A\n� ®`�

 � ©� . �A`�� �A\nl� �w}w�� Tbs�

λc = λ(1− PN)

 � �Amt�� ¢�� ©� �A\n�� �� ­d�w��  �dq� �Amt�� ��m� PN :  � �y�

d§d�� �t§ �wF ¢�� Ð� . �A\n�� ¨�  Ak� Ah� d�� ®� T�d��� ­d�w�� 	lW�

�¤rf��  � Ð� . T�A`�� T�d��� ­d�A� Yl�  Amt�¯A� �Ab��� �¯A� �¯Amt��

. ��As�� �A\n�� ¨� Ahsf� ¨¡ 0 < n < N ¤ n = 0 � TylRAft�� �¯A`m�� ¨�

Pn(t+ ∆t) =Pn(t)[1− λ∆t− µ∆t] + µ∆tPn+1(t) + λ∆tPn−1(t) +O(∆t), 0 < n < N

P0(t+ ∆t) =P0(t)[1− λ∆t] + µ∆tP1(t) +O(∆t), n = 0

: ¨�At�A�  wk� �wF �¤rf�� T��d`�  �� n = N T�A� ¨� A��

PN(t+∆t) = PN(t)[1−µ∆t]+PN−1(t)[λ∆t+(1−µ∆t)]+O(∆t), n = N
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C�rqtF¯� T�A� ¨� �A`�� CA\t�¯� �} �A\n� ��As�� 
wlF¯� Hf� �Abt�

Yl� �O�� AS§�

Pn+1 =
(λ− µ

µ

)
Pn −

(λ
µ

)
Pn−1; 0 < n < N

P1 =
(λ
µ

)
P0; n = 0

PN =
(λ
µ

)
PN−1; n = N

Pn �§Ew� 
As�

 � d�� ��As�� 
wlF¯� Hf� ��d�tF��

Pn = ρnP0

 �� d��¤ ©¤As§ �¯Amt�¯� �wm��  � Am�¤ n = 0, 1, 2, · · · , N  � �y�

N∑
n=0

Pn = P0

N∑
n=0

ρn = 1

 At�A� �An¡ , P0 Tmy� d§d�� |r�� . ­ ¤d�� TyFdn¡ TlslF

 �� ρ = 1 �Ð� : Y�¤¯� T�A���

P0

N∑
n=0

ρn =1

P0

N∑
n=0

1n =1

P0(N + 1) =1

P0 =
1

N + 1

 �� ρ 6= 1 �Ð� : Ty�A��� T�A���

P0

N∑
n=0

ρn =1

P0
1− ρN+1

1− ρ
=1

P0 =
1− ρ

1− ρN+1
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w¡ ¨�Amt�¯� �§Ewt�� ¤� �A\n�� �@h� ­rqtsm�� T�A��� �¯Amt��  �� ¢yl�

Pn =


(

1−ρ
1−ρN+1

)
ρn ρ 6= 1;

1
N+1 ρ = 1.

�A\nl� T�Ah�� ��rJwm�� {`�

Ls �A\n�� ¨� T`�wtm�� ��d�w��  d� .(1)

ρ 6= 1 T�A� ¨� An§d�

Ls = E[n] =
N∑
n=0

nPn =
1− ρ

1− ρN+1

N∑
n=0

nρn

An§d�

N∑
n=0

nρn = ρ
N∑
n=1

nρn−1 = ρ
∂

∂ρ

N∑
n=1

ρn

¢yl�

Ls =E[n] =
1− ρ

1− ρN+1
ρ
∂

∂ρ

N∑
n=1

ρn

=
1− ρ

1− ρN+1
ρ
∂

∂ρ

(
1− ρN+1

1− ρ

)
=

1− ρ
1− ρN+1

ρ

[
−(N + 1)ρN(1− ρ) + 1− ρN+1

(1− ρ)2

]
=
ρ
[
1− (N + 1)ρN +NρN+1

]
(1− ρ)(1− ρN+1)

; ρ 6= 1

ρ = 1 T�A� ¨�

Ls = E[n] =
N∑
n=0

n
1

N + 1
=

1

N + 1

N(N + 1)

2
=
N

2

Ls =

{
ρ
[
1−(N+1)ρN+NρN+1

]
(1−ρ)(1−ρN+1) ρ 6= 1;

N
2 ρ = 1.

�w}w�� Tbs� d§d�� 	�§ , �A\n�� ��rJ¥� ¨�A� d§d�� |r��¤

λc = λ(1− PN)  � �y� λc CA\t�¯� �A\� Y�� ®`� �\n� ¨t�� ­r�¥m��
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¨¡ Lq CA\t�¯� �} ¨� T`�wtm�� ��d�w��  d� .(2)

Lq = Ls −
λc
µ

= Ls −
λ(1− PN)

µ

Wq CA\t�¯� �} ¨� ­d�¤ �k� ��wtm�� CA\t�¯� 
�¤ .(3)

Wq =
Lq
λc

=
Lq

λ(1− PN)

Ws �A\n�� ¨� ­d�¤ �k� ��wtm�� CA\t�¯� 
�¤ .(4)

Ws =
Ls
λc

=
Ls

λ(1− PN)

¤�

Ws = Wq +
1

µ
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