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øÑÖ. @oLÒ��äk�rÓª`k�, Ù{ÊÏüè��KÃ`k�. e���¬


��, ÃØÑÖ��3ÑÖ=a��, ÑI�á��ÙJøÑÖ; e���LÒ��, K

�ü3Ù¦ÊÏüè���c��ÑÖ. �a���ÑÖÑlk�kÑÖ5K. Äud, �

©?1�küa`k��üè�.�©ÛÚ`z. ÏLÖ¿Cþ{�E��o�ê��Å

L§, ïá
XÚ­�VÇ÷v��§|. |^1¼ê{��ÑÖ�©O�na��Ók

Ús��VÇ±9�a���²þè�. ÏLäNê�©ÛïÄÑÖÇ�CzéXÚ�K

�, ¿À�Ün�¤�¤^¼ê�., ��XÚ����Ã, �XÚ�]
��Jøë�.

§2. �.b�

(i) ��L§: na���Ñ\�ÑtL§, ëê� λi, i = 1, 2, 3.

(ii) ÑÖL§: ÑÖ�éna��ÑÖ�m�Ó�Ñl�ê©Ù, ëê� µ.

(iii) XÚk��k��ÑÖ�, �XÚNþÃ�.

(iv) üè5K: 1�a���1�aÚ1na��äkrÓ.`k�, 1�a���1n

a��äk�rÓ.`k�. ÑÖL§�Ñ\L§�pÕá.

(v) b�ÑÖ�3�è��m�=��m�±�Ñ.

�3�� tXÚ¥1 ia���è�� Li(t), i = 1, 2, 3. du {L1(t), L2(t), L3(t), t >

0}Ø´��ê��ÅL§. Ú\Cþ ξ(t) = 0, 1, 2, 3©OL«�� tÑÖ�?us�,�1

�a��Óâ, �1�a��Óâ, �1na��Óâ�G�, K {L1(t), L2(t), L3(t), ξ(t),

t > 0}´��o�ê��ÅL§. ÙG��m�

Ω = {(0, 0, 0, 0)} ∪ {(l, i, j, 1) | l > 1, i, j > 0} ∪ {(0, i, j, 2) | i > 1, j > 0}

∪ {(0, i, j, 3) | i > 0, j > 1}.

§3. XÚ�­�©Ù

na���¤
��Ñ\6ëê� λ1 + λ2 + λ3 �Ñt6�M/M/1üèXÚ, �X

ÚK1 ρ = (λ1 + λ2 + λ3)/µ < 1�, ­�©Ù�3. PXÚ�­�©Ù�

Plijk = lim
t→∞

P = {L1(t) = l, L2(t) = i, L3(t) = j, ξ(t) = k}, (l, i, j, k) ∈ Ω,

KXÚG�=£�§|Xe:

ÑÖ�s�:

P0000(λ1 + λ2 + λ3) = µP1001 + µP0102 + µP0013. (1)

ÑÖ��1na��Óâ:

P0013(λ1 + λ2 + λ3 + µ) = µP1011 + µP0112 + µP0023 + λ3P0000; (2)
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P00j3(λ1 + λ2 + λ3 + µ) = µP10j1 + µP01j2 + µP00(j+1)3 + λ3P00(j−1)3,

j = 2, 3, · · · ; (3)

P0113(λ1 + λ2 + λ3 + µ) = λ2P0013; (4)

P01j3(λ1 + λ2 + λ3 + µ) = λ2P00j3 + λ3P01(j−1)3, j = 2, 3, · · · ; (5)

P0i13(λ1 + λ2 + λ3 + µ) = λ2P0(i−1)13, i = 2, 3, · · · ; (6)

P0ij3(λ1 + λ2 + λ3 + µ) = λ2P0(i−1)j3 + λ3P0i(j−1)3, i = 2, 3, · · · , j = 2, 3, · · · . (7)

ÑÖ��1�a��Óâ:

P0102(λ1 + λ2 + λ3 + µ) = µP1101 + µP0202 + µP0113 + λ2P0000; (8)

P01j2(λ1 + λ2 + λ3 + µ) = µP11j1 + µP02j2 + µP01(j+1)3 + λ3P01(j−1)2,

j = 1, 2, · · · ; (9)

P0i02(λ1 + λ2 + λ3 + µ) = µP1i01 + µP0(i+1)02 + µP0i13 + λ2P0(i−1)02,

i = 2, 3, · · · ; (10)

P0ij2(λ1 + λ2 + λ3 + µ) = µP1ij1 + µP0(i+1)j2 + µP0i(j+1)3 + λ2P0(i−1)j2 + λ3P0i(j−1)2,

i = 2, 3, · · · , j = 1, 2, · · · . (11)

ÑÖ��1�a��Óâ:

P1001(λ1 + λ2 + λ3 + µ) = µP2001 + λ1P0000; (12)

P10j1(λ1 + λ2 + λ3 + µ) = µP20j1 + λ1P00j3 + λ3P10(j−1)1, j = 1, 2, · · · ; (13)

P1i01(λ1 + λ2 + λ3 + µ) = µP2i01 + λ1P0i02 + λ2P1(i−1)01, i = 1, 2, · · · ; (14)

P1ij1(λ1 + λ2 + λ3 + µ) = µP2ij1 + λ1P0ij2 + λ1P0ij3 + λ2P1(i−1)j1 + λ3P1i(j−1)1,

i = 1, 2, · · · , j = 1, 2, · · · ; (15)

Pl001(λ1 + λ2 + λ3 + µ) = µP(l+1)001 + λ1P(l−1)001, l = 2, 3, · · · ; (16)

Pl0j1(λ1 + λ2 + λ3 + µ) = µP(l+1)0j1 + λ1P(l−1)0j1 + λ3Pl0(j−1)1,

l = 2, 3, · · · , j = 1, 2, · · · ; (17)

Pli01(λ1 + λ2 + λ3 + µ) = µP(l+1)i01 + λ1P(l−1)i01 + λ2Pl(i−1)01,

l = 2, 3, · · · , i = 1, 2, · · · ; (18)

Plij1(λ1 + λ2 + λ3 + µ) = µP(l+1)ij1 + λ1P(l−1)ij1 + λ2Pl(i−1)j1 + λ3Pli(j−1)1,

l = 2, 3, · · · , i = 1, 2, · · · , j = 1, 2, · · · . (19)



1 5Ï Ü¶Ï, MDw: äküa`k����M/M/1üè�`z©Û 453

�¦)þã­��§|, Ú\XePÒ:

Q1
li(z3) =

∞∑
j=0

Plij1z
j
3, l = 1, 2, · · · , i = 0, 1, · · · ;

Q2
0i(z3) =

∞∑
j=0

P0ij2z
j
3, i = 1, 2, · · · ;

Q3
0i(z3) =

∞∑
j=1

P0ij3z
j
3, i = 0, 1, · · · ;

Q1
l (z2, z3) =

∞∑
i=0

Q1
li(z3)z

i
2, l = 1, 2, · · · ;

Q2
0(z2, z3) =

∞∑
i=1

Q2
0i(z3)z

i
2, Q3

0(z2, z3) =
∞∑
i=0

Q3
0i(z3)z

i
2,

Q1(z1, z2, z3) =
∞∑
l=1

Q1
l (z2, z3)z

l
1.

½n 1 ρ < 1�,1�a���VÇ1¼ê�

Q1(z1, z2, z3) =
{

[λ1(1− z1) + λ2(1− z2) + λ3(1− z3)]P0000

−
[
µ
( 1

z2
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
Q2

0(z2, z3)

−
[
µ
( 1

z3
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
Q3

0(z2, z3)
}

÷
[
µ
( 1

z1
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
.

y²: é (1)!(2)Ú (3), (4)Ú (5), (6)Ú (7)ü>©OÓ�¦ zj3 ¿'u j ¦Ú, 2

é¦��n�ªfü>Ó¦ zi2¿'u i¦Ú, �n�:

[λ1 + λ2(1− z2) + λ3(1− z3) + µ]Q3
0(z2, z3) = [λ1 + λ2 + λ3(1− z3) + µ]Q3

00(z3). (20)

Ó��, é (8)Ú (9), (10)Ú (11)�þã?n�:[
µ
( 1

z2
− 1
)
− λ1 − λ2(1− z2)− λ3(1− z3)

]
Q2

0(z2, z3)

= µQ1
10(z3) + µQ2

01(z3)− µQ1
1(z2, z3)−

µ

z3
Q3

0(z2, z3) +
µ

z3
Q3

00(z3)− λ2z2P0000. (21)

é (12)Ú (13), (14)Ú (15)�þã?n�:

[λ1 + λ2(1− z2) + λ3(1− z3) + µ]Q1
1(z2, z3)

= µQ1
2(z2, z3) + λ1Q

2
0(z2, z3) + λ1Q

3
0(z2, z3) + λ1P0000. (22)

é (16)Ú (17), (18)Ú (19)�þã?n�:

[λ1 + λ2(1− z2) + λ3(1− z3) + µ]Q1
l (z2, z3)
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= µQ1
l+1(z2, z3) + λ1Q

1
l−1(z2, z3), l = 2, 3, · · · . (23)

ò (20)�\ (21)¥�:[
µ
( 1

z2
− 1
)
− λ1 − λ2(1− z2)− λ3(1− z3)

]
Q2

0(z2, z3)

= [λ1 + λ2(1− z2) + λ3(1− z3)]P0000

−
[
µ
( 1

z3
− 1
)
− λ1 − λ2(1− z2)− λ3(1− z3)

]
Q3

0(z2, z3)− µQ1
1(z2, z3). (24)

é (22)Ú (23)�§ü>Ó¦ zl1¿'u l¦Ú�:[
µ
( 1

z1
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
Q1(z1, z2, z3)

= µQ1
1(z2, z3)− λ1z1Q2

0(z2, z3)− λ1z1Q3
0(z2, z3)− λ1z1P0000. (25)

ò (24)�\ (25)¥�n��½n 1. ½n 1y.. �

½n 2 ρ < 1, |z1| < 1�, 1�a���VÇ1¼ê�

Q2
0(z2, z3) =

{
[λ1(1− z1) + λ2(1− z2) + λ3(1− z3)]P0000

−
[
µ
( 1

z3
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
Q3

0(z2, z3)
}

÷
[
µ
( 1

z2
− 1
)
− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)

]
, |z2| < 1, |z3| < 1.

y²: �	�§ µ(1/z1 − 1)− λ1(1− z1)− λ2(1− z2)− λ3(1− z3) = 0, �n��

λ1z
2
1 − z1(λ1 + λ2 + λ3 − λ2z2 − λ3z3 + µ) + µ = 0, (26)

e |z1| = 1, |z2| < 1, |z3| < 1, K

|λ1z21 + µ| 6 λ1 + µ < |λ1 + λ2 + λ3 − λ2z2 − λ3z3 + µ|

= |λ1 + λ2 + λ3 − λ2z2 − λ3z3 + µ|z1.

� |z1| < 1�,dRouche½n,�§ (26)k������ z2, z3�¼ê,P� z1 = f(z2, z3).

du Q1(z1, z2, z3)3 |z1| < 1, |z2| < 1, |z3| < 1��SÂñ, ¤± f(z2, z3)�´½n 1m

ý©f��, �\��½n 2. �

½n 3 ρ < 1, |z1| < 1�, 1na���VÇ1¼ê�

Q3
0(z2, z3) =

[λ1(1− z1) + λ2(1− z2) + λ3(1− z3)]P0000

µ(1/z3 − 1)− λ1(1− z1)− λ2(1− z2)− λ3(1− z3)
, |z2| < 1, |z3| < 1.

aq�, �	�§ µ(1/z2 − 1)− λ1(1− z1)− λ2(1− z2)− λ3(1− z3) = 0, d Rouche

½n�±y²½n 2mý©1�©f3 |z1| < 1, |z2| < 1, |z3| < 1�k����Ó�":

z2, �÷vL�ª z2 = g(z3), ¿dd�¦�1na���VÇ1¼ê�½n 3.
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§4. XÚ�5U�I

1)�a���ÓkÇÚXÚs�VÇ

(i) 1�a���ÓkÇ

du1�a��äkrÓ`k�, ¤±1�a������À���²;�M/M/1

üè [1]. Ù¥Ñ\�ÑtL§, ëê� λ1, ÑÖ�mÑl�ê©Ù, ëê� µ. �²­G�

e1�a���­�©Ù� π = {πl, l = 0, 1, 2, · · · }. ��XÚ�1�a��Ók�VÇ
´

Q1(1, 1, 1) = 1− π0 =
λ1
µ
. (27)

(ii) 1�na���ÓkÇÚXÚs�VÇ

du z1 = f(z2, z3) = f(g(z3), z3), ¤±P z1 = h(z3). ò½n 2mý©1z{�:

λ2z
2
2 − z2[λ1 + λ2 + λ3 − λ1f(z2, z3)− λ3z3 + µ] + µ = 0, (28)

r z1 = h(z3), z2 = g(z3)©O�\ (26)Ú (28)�:

λ1h(z3)
2 − h(z3)[λ1 + λ2 + λ3 − λ2g(z3)− λ3z3 + µ] + µ = 0, (29)

λ2g(z3)
2 − g(z3)[λ1 + λ2 + λ3 − λ1h(z3)− λ3z3 + µ] + µ = 0, (30)

- z3 → 1, k

λ1h(1)2 − h(1)[λ1 + λ2 − λ2g(1) + µ] + µ = 0,

λ2g(1)2 − g(1)[λ1 + λ2 − λ2h(1) + µ] + µ = 0,

� h(1) = g(1) = 1.

e¡ò Q2
0(z2, z3)Ú Q3

0(z2, z3)Ñ�¤¹ P0000 �L�ª. du h(z3), g(z3)©O´'

u z1Ú z2�~Xê���g�§ (26)Ú (28)��, 7�ëY¼ê, ©Oé (29)Ú (30)ü

à'u z3¦�ê, ¿- z3 → 1, �

h′(1) = g′(1) =
λ3

µ− λ1 − λ2
, h′′(1) = g′′(1) =

2λ23µ

(µ− λ1 − λ2)3
. (31)

ò (31)�\½n 3, - z3 → 1, �

Q3
0(z2, z3)

∣∣∣
z3=1

= Q3
0(1, 1) =

λ3
µ− λ1 − λ2 − λ3

P0000. (32)

ò (31)�\½n 2¥, - z3 → 1, �

Q2
0(z2, z3)

∣∣∣
z3=1

= Q2
0(1, 1) =

2λ3(µ− λ1 − λ2)
(µ− λ1 − λ2 − λ3)2

P0000. (33)
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|^8�z^�:

Q1(1, 1, 1) +Q2
0(1, 1) +Q3

0(1, 1) + P0000 = 1, (34)

ò (27)!(32)!(33)�\ (34)�XÚs��VÇ:

P0000 =
(µ− λ1)(µ− λ1 − λ2 − λ3)2

µ(µ− λ1 − λ2)(µ− λ1 − λ2 + λ3)
, (35)

ò (35)�\� (32)Ú (33)©O��XÚ�1naÚ1�a��Ók�VÇ:

Q3
0(1, 1) =

λ3(µ− λ1)(µ− λ1 − λ2 − λ3)
µ(µ− λ1 − λ2)(µ− λ1 − λ2 + λ3)

, Q2
0(1, 1) =

2λ3(µ− λ1)
µ(µ− λ1 − λ2 + λ3)

.

2)���²þè�

(i) 1�a���²þè��

E(L1) =
dQ1(z1, 1, 1)

dz1

∣∣∣
z1=1

=
λ1

µ− λ1
.

(ii) 1�a���²þè��

E(L2) =
d(Q1(1, z2, 1) +Q2

0(z2, 1) +Q3
0(z2, 1))

dz2

∣∣∣
z2=1

=
2λ3(µ− λ1)

λ2(µ− λ1 − λ2 + λ3)
+
µ(µ− λ1)(µ− λ1 − λ2 − λ3)
(µ− λ2)2(µ− λ1 − λ2 + λ3)

.

(iii) 1na���²þè��

E(L3) =
d(Q1(1, 1, z3) +Q2

0(1, z3) +Q3
0(1, z3))

dz3

∣∣∣
z3=1

=
(µ− λ1)(3µ− λ2 − λ3)(µ− λ1 − λ2 − λ3)2

(µ− λ3)2(µ− λ1 − λ2)(µ− λ1 − λ2 + λ3)
+

3(µ− λ1)(µ− λ1 − λ2 − λ3)
(µ− λ1 − λ2)(µ− λ1 − λ2 + λ3)

.

5P 4 eÑÖ�mí2�ÑlØÓëê��ê©Ù�, æ^Ó���{, �±��

na��è�éÜ©Ù�VÇ1¼ê9za���²þè��XÚ5U�I, �´O�L

§C��\E,, O�þC�.

§5. ê�©Û

3,�.êØúi¥, b��a����þ�ÑtL§, ÑÖ�mþÑl�ê©Ù, �

�pÕá. ¬
�����Ç� λ1 = 2, LÒ�����Ç λ2 = 3, ÊÏüè�����

Ç� λ3 = 5, �a���ÑÖÇþ� µ = 12. ¬
���LÒ��ÚÊÏüè��krÓ

`k�, =�k�¬
���Ü�ÑÖ�.�âm©ÑÖÙ{��. LÒ���ÊÏüè

��k�rÓ.`k�. �â±þ^�, ��ÑÖ���a��Ók±9s��VÇ, ¿�

���a���²þ��è��L 1.
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L 1 XÚ�5U�I

5U�I

��aO
1 2 3 XÚs�

1 ia���ÓkÇ 0.1667 0.6944 0.0992 0.0397

²þè� E(Li) 0.2000 3.0247 0.9864 0.0000

�
Ün|^]
, JpÑÖ���Ç, ïÄ,
ëêé�
Ì�5U�I�K��

c�­�. �e5ÏL'�3ÑÖÇØÓ��¹e, ÑÖ���a��Ók±9s��V

Ç±9�a��²þè��Cz�¹, l
�XÚJø�B$�üÑ. ã 1�ÑÖÇØÓ

��¹eÑÖ���a��Ók±9s�VÇ�Cz�¹. ã 2�ÑÖÇØÓ��¹eé

�a��²þè��K�.

ã 1 �G��ÓkÇ�ÑÖÇ µ�Cz ã 2 ²þè� E(Li)�ÑÖÇ µ�Cz�¹

dã 1¤«, λ1 = 2, λ2 = 3, λ3 = 5, µ ∈ (12, 20)�, �ÑÖÇ µ�O\, ÑÖ��¬


��ÚLÒ��Ók�VÇ~�, �ÑÖ��ÊÏüè��Ók�VÇ±9s��VÇ

3ÅìO\. ù�ÎÜ¢S�¹, �O�õ�ÑÖ�I��, kÑÖk`k����, �k

`k�����ÜÑÖ�.�, ÑÖ�âm©ÑÖÃ`k����½ö?\s�G�.

dã 2¤«, λ1 = 2, λ2 = 3, λ3 = 5, µ ∈ (12, 20)�, ¬
���²þè� E(L1)�Ñ

ÖÇ µ�Cz3Åìeü, �¿Ø²w. LÒ���²þè� E(L2)�ÊÏüè���²

þè� E(L3)KCzwÍ, ¥yþ,�ª³. dd, �±ÏLO�ÑÖ���êÀJÜ·�

ÑÖÇ, k���OXÚ?§, ¦�U¦XÚ���`.

�âXÚ�5U�I, �E¤� –¤^¼ê, ¦ÑØÓ�Ã¼êeXÚ¤��ÂÃ, ?


�XÚÀ��Ü·�¤�¤^�Y. ~���Ã¼ê��ê¼ê½�¼ê�/ª. e¡

�Äþã�.êØúi3 (a)!(b)ü«|düÑeü �m�ÂÃ. Ù¥,

(a) Ri = eλi , Ci = e−λi , i = 1, 2, 3. (b) Ri = λ2i , Ci = λ−2i , i = 1, 2, 3.

b�TêØúi��Ã¼ê�

F = (R1 − C1)Q
1(1, 1, 1) + (R2 − C2)Q

2
0(1, 1) + (R3 − C3)Q

3
0(1, 1)− C4P0000,



458 A^VÇÚO 1 37ò

Ù¥ Ri (i = 1, 2, 3)©OL«TúiÑÖ¬
��!LÒ��!ÊÏüè��ü �m¤

¼|d; Ci (i = 1, 2, 3)©OL«TúiÑÖ¬
��!LÒ��!ÊÏüè��ü �m

¤Ñ¤^; C4L«Túi�s�ü �m¤�Ñ�¤^, Ø�� C4 = 1.

�e5�ÄØÓ|düÑeTêØúi�ÂÃ��a�����ÇÚÑÖÇ�Cz

�¹.

(i) b�ëê λ1 = 1, λ2 = 2, λ3 = 3, À� µ ∈ (6, 20), ã 3Ð«
3��Çþ�Ó�

�¹e, TêØúi3ØÓ¤�¤^¼êe�ÂÃ�ÑÖÇ µ�Cz�¹. lã 3¥*	

��XÑÖÇ µ�O\, TêØúi�ÂÃþ¥ykO\�~��ª³. ¿��|düÑ

� (a)�, úiÂÃ3 µ = 7.6NC�����, �|düÑ� (b)�, úiÂÃ3 µ = 7.2

NC�����.

(ii) b�ëê λ2 = 3, λ3 = 5, µ = 10, À� λ1 ∈ (1, 2), ã 4Ð«
3Ü©��Ç

λ2, λ3 ÚÑÖÇ µ�Ó��¹e, TêØúi3ØÓ¤�¤^¼êe�ÂÃ�¬
���

��Ç λ1�Cz�¹. lã 4�±wÑ, �X¬
�����Ç λ1�O\, TêØúiÂ

ÃþÅì~�, ¿�3|düÑ� (a)��Cz�wÍ
.

ã 3 êØúiÂÃ�ÑÖÇ µ�Cz�¹ ã 4 êØúiÂÃ���Ç λ1 �Cz�¹

(iii) b�ëê λ1 = 2, λ3 = 5, µ = 10, À� λ2 ∈ (1, 3), ã 5Ð«
3Ü©��Ç

λ1, λ3 ÚÑÖÇ µ�Ó��¹e, TêØúi3ØÓ¤�¤^¼êe�ÂÃ�LÒ���

��Ç λ2�Cz�¹. lã 5�±wÑ, �XLÒ�����Ç λ2�O\, úiÂÃ3|

düÑ� (a)�¥yk~��O\�ª³, 3 λ2 = 2.3NC�����, úiÂÃ3|d

üÑ� (b)�%¥y�úþ,ª³.

(iv) b�ëê λ1 = 2, λ2 = 3, µ = 10, À� λ3 ∈ (1, 5), ã 6Ð«
3Ü©��Ç

λ1, λ2 ÚÑÖÇ µ�Ó��¹e, TêØúi3ØÓ¤�¤^¼êe�ÂÃ�XÊÏüè

�����Ç λ3 �Cz�¹. lã 6¥*	��XÊÏüè�����Ç λ3 �O\, ú

iÂÃþ¥ykO\�~��ª³. �|düÑ� (a)�, úiÂÃ3 λ3 = 4.4NC��

���, �|düÑ� (b)�, úiÂÃ3 λ3 = 4.1NC�����.

dã 3�ã 6�±*	�¤�¤^¼êþ��ê/ª�TêØúiÂÃ�p, d	,
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ã 5 êØúiÂÃ���Ç λ2 �Cz�¹ ã 6 êØúiÂÃ���Ç λ3 �Cz�¹

¿Ø´�a�����Ç½öÑÖÇ��úiÂÃ�p. dd, �è��ÏL�6½N�

ÑÖ��Ç, À�Ü·�¤�¤^¼ê, ¦��Ã��.

§6. ( Ø

�©�ã
���krÓ`k�Ú�rÓ`k��M/M/1üèXÚ, ÏLna��

�²þè�, (Ü¢S�¹, ?1ê��~, ©ÛÑÖÇ�CzéXÚÌ�5U�I�K

�, ��ÏL`z©ÛÀJÜn�¤�¤^¼ê, ¿é��`���ÇÚÑÖÇ, ´L
ü

èØ�A^. �X<�éÑÖ1��þI¦�Jp, `k�üè��\¯
��è��$

1�Ç, ¬
k�ÑyØ=�±e-���¤, O\E��, Ó���±÷v�����I

¦, ���Jø�`���¤N�, I�
�5�õè���à.
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Optimization Analysis of M/M/1 Queue with Two Types

of Priority Customers

ZHANG Yitong

(School of Economics and Management, Yanshan University, Qinhuangdao, 066004, China)

XU Xiuli

(School of Science, Yanshan University, Qinhuangdao, 066004, China)

Abstract: This paper consideres an M/M/1 queue model with preemptive and non-preemptive priorities.

Customers are divided into three priority levels. The first category of customers enjoy the priority of

preemptive, the second category of customers enjoy the priority of non-preemptive, and the third category

of customers have no priority. When the first kind of customers arrive, they will interrupt the second or

third kind of customers who are receiving the service immediately; When the second type of customers

arrive, if there are only the third type of customers in the system, the customer must wait for the current

service to be completed before accepting the service. Customers of the same type follow the queuing rule

of FCFS. A multi-dimensional vector Markov process is constructed here using the supplementary variable

method, and the probability generating functions of three types of joint distribution of queue length are

obtained. Then, each category of customer’s average queue length and the probabilities in service are

obtained. The influence of the change of service rate on the average queue length of all kinds of customers

in the system is studied using MATLAB software. Finally, different cost functions are constructed for

optimization analysis.

Keywords: priority; preemptive; non-preemptive; probability generation function
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