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: �O�� ¤� �A\n�� ¨�

Waiting time distribution in queue �O�� ¨� CA\t�¯� 
�¤ �§Ew�

T�� Wq(t) �kt�¤ �O�� ¨� CA\t�¯� 
�¤ ��m§ Tq ¨¶�wK`�� ry�tm�� �ky�

: Am¡¤ �d��  � �km§  At�A� �An¡  �� t ry�tml� ¨`ym�t�� �§Ewt��

�A\n��  � ©�) �A\n�� ¨� AhtqbF ­d�¤ ©� Tl}�w�� ­d�w�� d�� �� �Ð� .(1)

 �� ¢yl� (rfO�� T�A� ¨�

Wq(t) =Pr{Tq ≤ 0} = Pr{Tq = 0}
=Pr{System is empty}
=P0

¨�At�A�¤

Wq(0) = P0 = 1− ρ, t = 0

 � ©� ,Ahlb� Tl}�w�� ��d�w�� �� n �A\nl� Tl}�w�� ­d�w�� �d�¤ �Ð� .(2)

A�dn� Wq(t) Ty`ym�t�� ¨�Amt�¯� �§Ewt�� T��  �¤ n T�A� ¨� �A\n��

 �� t > 0
Wq(t) = 1− ρe−µ(1−ρ)t, t > 0

¨¡ CA\t�¯� �} ¨� CA\t�¯� 
�w� Ty�Amt�¯� T�A�k�� T��  �� ¢yl�

Wq(t) =

{
1− ρ t = 0;

1− ρe−µ(1−ρ)t t > 0.

d

dt
Wq(t) = wq(t) =

{
0 t = 0;

ρµ(1− ρ)e−µ(1−ρ)t t > 0.
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: w¡ ��wtm�� CA\t�¯� 
�¤  �� ¢yl�

Wq =
λ

µ(µ− λ)

 A¡rb��

Wq = E[Tq] =

∫ ∞
0

twq(t)dt

=0wq(0) +

∫ ∞
0

twq(t)dt

=

∫ ∞
0

t
λ

µ
(µ− λ)e−(µ−λ)tdt

=
λ

µ

∫ ∞
0

t(µ− λ)e−(µ−λ)tdt

 � |r�� T¶z�t�A� ��Akt�� ��d�tFA�

u = t =⇒ du = dt

dv = (µ− λ)e−(µ−λ)tdt

v =

∫
(µ− λ)e−(µ−λ)tdt

=− e−(µ−λ)t

¨�At�A�¤

Wq = E[Tq] =
λ

µ

(
− te−(µ−λ)t|∞0 +

∫ ∞
0

e−(µ−λ)tdt

)
=
λ

µ

(
0 +

−1
(µ− λ)

e−(µ−λ)t|∞0
)

=
λ

µ

(
1

(µ− λ)

)

Waiting time distribution in system �A\n�� ¨� CA\t�¯� 
�¤ �§Ew�

­d�wl� �E®�� 
�w�� ��m� T  �¤ FcFs ¨¡ T�d��� ­d�A�  � AnRr� �Ð�

�� n Tl}�w�� ­d�w�� £@¡ �d�¤ �Ð� . �A\n�� ¨� CA\t�®� ¾�w� Tl}�w��

 wkyF T�d��� ­d�A� Y��  AntF¯A� ¢��� ,�A\n�� ¨� AhtqbF ¨t�� ��d�w��

T = t1 + t2 + · · ·+ tn + tn+1
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 � �y�

T�d��� ¨� ¾®}� ­ w�wm�� ­d�wl� �E®�� 
�w�� ��m� ,t1
�} ¨� ­ w�wm�� ��d�w�� �� n− 1 T�d�� �E®�� 
�w�� ��m� , (t2 · · · tn)

. CA\t�¯�

.¾�w� 
l}¤ ¨t�� ­d�w�� T�d�� �E®�� 
�w�� ��m� , tn+1

: ¨¡ �A\n�� ¨� CA\t�¯� 
�w� Ty`ym�t�� �§Ewt�� T��  �� ¢yl�

W (t) = Pr
(
T ≤ t

)
= 1− e−(µ−λ)t, t > 0

w¡ �A\n�� ¨� CA\t�¯� 
�¤ ��w�  �¤

Ws = E[T ] =
1

µ− λ

CA\t�¯� 
�¤ ��w�¤ CA\t�¯� �} �wV �y� T�®`��

Wq �O�� ¨� CA\t�¯� 
�¤ ��w�¤ Ws �A\n�� ¨� CA\t�¯� 
�¤ ��w� .(1)

Ws = Wq +
1

µ

Ws �A\n�� ¨� CA\t�¯� 
�¤ ��w�¤ Ls �A\n�� ¨� ��d�w��  d� ��w� .(2)

w¡

Ls = λWs

w¡Wq �O�� ¨� CA\t�¯� 
�¤ ��w�¤ Lq �O�� ¨� ��d�w��  d� ��w� .(3)

Lq = λWq

.(4)

Ls = Lq + ρ

¤�

Ls =
ρ

1− ρ

.(5)

Ls = µWq

.(6)

Wq =
λ

µ(µ− λ)
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¨�w§  A�t��

: �¤¯� ��¥s��

�¶A� (6) �� TlVA� ­d��¤ ­d�¤ �O� Ty¶A�rh� ­zh�� �ylO� TJC¤ ¨�

�§Ew�  � 
ml� �Ð�� . �¶A� (4) �d`m� �ylO� ��E Y�� ­d�¤ �� �At��¤

-: 
wlWm�� .  wF�w� �§Ew�  A`bt§ T�d��� ¤ �w}w��

? TJCw�� ¨� ­zh�¯�  d� ��w� w¡A� .(1)

? �ylOt�� r\tn� ¨t�� ­zh�¯�  d� ��w� w¡A� .(2)

? TJCw�� ¨� ­zh�¯� CA\t�� 
�¤ ��w� w¡A� .(3)

? �ylOt�� r\tn� ¨t�� ­rh�¯� CA\t�� 
�¤ ��w� w¡A� .(4)

(10) �� r��� r\tn§ �wF TJCw�� Y�� �}�w�� EAh���  � �Amt�� w¡A� .(5)

? �ylOt�� �b� �¶A� 

? �¶AS�� 
�w�� Tbs� ¨¡A� .(6)

? TJCw�� ¨� TlVA� ­z�� (3)  w�¤ �Amt�� w¡A� .(7)

: ¨�A��� ��¥s��

�d`�  �¤ T�As�� ¨� µ w¡ ��CAWm�� d�� ¨� T�d��� º� � �d`�  A� �Ð�


ml� �Ð�� . T�As�� ¨� λ w¡ Ahyl� «r��¤ ­r¶AV �w}¤ �y� �}Af�� 
�w��

CAWm�� Ahlm�t§ ¨t�� Tflk��  �¤ (µ, µ, 1) �Ðwmnl� �O�� CA\t�¯� Tylm�  �

º� � Tfl�  �¤ T�As�� ¨� C¯¤ C1 �lb§ ­d��w�� ­r¶AW�� CA\t�� T�yt�

�d`�  d� : 
wlWm�� . T�As�� ¨� µC2 ¨¡ �y�Kt�� ¤ T�AyS��¤ T�d���

. �km§ A� ��� T`�wtm�� Tflk�� �`�§ ©@�� T�d���
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