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1 ���
��������  2¡#�¢�£�¤�¥�¦§¤§¨�© ��ª )P«§¬ �§��§®�¯ 6§7�2]°�±§²��§©§³§´�¥¦§¤§¨§²§�§µ§¶§)*·§¬ �§¸§¹ 6§7º2T)*»§¼½©§°§¾½¿§À½Á§Â Poisson Ã§Ä§¤§¨§6§7§Å*ÆÇ�È�É���ª�Ê�Ë Æ�Ì�Í�¥�¥§¦�¤§¨�©§Î�Ï§6�7§ÅP#�Ð§©§¥�¦§¤�¨§Î�Ï§6�7§©�8§9§Ñ�¢§Ò2]Ó È§Ô Î§Ï§6§7§©§Õ§Ö§Î§Ï§×§ØÚÙÛ¬§Ï§Ü§Ý¡Þ§ß§à§¶âáäã§å§©§8§9§) Medhi[1] æ§ç§è

MX/M/1 é MX/G/1 Þ§¥§¦§¤§¨§Î§Ï§6§7º2]Õ§Ö§Ï§Ü§é§Þ§ß§à§¶§ê§ë§ì§í§î§ï§5§©§ð
¨§ñ§Å ò Óóìóíóîóïó5óôóõóö �ó÷óø ãóåóùóúóûóüóýó)ÿþóÓ����óÁ��ó©óÎóÏó6ó7ó¬ MX /G/c�

c > 1 à���	�
��§7§©§ã�������§Å��§à����§Î§Ï§6§7 ����� à��§Ï§Ü§ý��§©§8§9�������§¢§ú ����� ·���	§©����§) ��!§Ñ§Ã§8§9�" � ) #�
�$�%&�'�§ã��§) (�
�) � Óò ì§í�*�+ ( ô§ê§ë§ï§5 ) ,§¥§©§Ò§Â Ç�-�. ( (�$�% . ) ©§ý��§þ�$�%§õ�/§Ý�$�%&0'/ô�$�%§Ã§Ä�1�2&�'�§)43�5§¨§¤§þ§Á��§6§7§¬§Î§Ï§6§7§Ý ¸§¹ 6�7§é§Î§Ï76'8§Þ91�2�:; ©=<�©�Å?>�Ó9$9%7� ��ã�å§©9@�A�B9C Stoyan[2] Æ9D Shaked é Shanthikumar[3] ©9EF9G9H ÅP»�¼�¤�¨�¶9I�ô9J9K§à�¶§ê�ë��9L§©§Î�Ï§6�7º2¡Ï§Ü�ï§59>§Ó§à�¶§©9M�N�ý§éO ý§©§8§9�B�C Yu, He é Zhang[4] ÅF @�©9,�¥9� �9P9Q9R9S9T E9��¢9
�©9$9% .9U9V Ñ�¢�©9$9% . é9W�î�ï�5 . ©9)� é§ý��§) S�T 
§Ó§Î§Ï§6§7§Ï§Ü§Ã§Ä�$�%&�'�§8§9§©�M�N9W�X§©§ì9Y§é§ý��9Z P�[�R8�9§¥�¦�¤�¨9\9J9K9]�Î�Ï�6�7º2¡Ï§Ü§Ã�Ä§©9$�%7�'��é§Ï�Ü§ï§5 O ý�Þ�^9_�Z P9`�R
acb
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þ�¥�¦�¤�¨9�9L9J9K�Î�Ï�6§79n�!9o è9p�q�r ¤§Ï�Ü§ï�5§© O ý�Þ�^�_9s§)t19��u9n�!æ§ç�v Î§Ï§6§7§Õ§Ö§Ï§Ü§©�$�%&�'��^�_§ÅF @º2'w Z+ ð�x�y§ú���z�{§5�,§¥§©§Ò§Â§) R+ ð�x�y§ú���z � 5�,§¥§©§Ò§Â§Å
Rn ð�x�y§ú n | ��} 0'/�,§¥§©§Ò§Â§Å

2 ~������
��� æ½ç 
½Ó½Î½Ï½6½7 Ï½Ü�$�%����½©�E���$�% . ( Ñ½¢½©�$�% . é�W½î½ï 5 . )©�) � Æ�D�M�N�W�X§©�) � é§ý��§Åw ν = (ν(0), ν(1), . . .) é ν̂ = (ν̂(0), ν̂(1), . . .) ê9�9�9) � Ó Z+ = {0, 1, 2, . . .}

Ç ©9E
��$�%§õ�/ X é X̂ ©§ì§í§ê§ë���� ν ¿§Ñ§¢§©�$�% . � ν̂ � ( w�� ν ≤d ν̂ ô§Þ����
w�� X ≤d X̂) )*¬�_ ∞

∑

i=k

ν(i) ≤
∞
∑

i=k

ν̂(i) þ�y§ú§© k ∈ Z+

Ê ¥��§Å�w ν =d ν̂
�������

ν(i) = ν̂(i) þ�y§ú§© i ∈ Z+

Ê ¥��§Å
w (X0, X1, . . . , Xn) é (X̂0, X̂1, . . . , X̂n) ��) � Ó Rn

Ç ©�E���$�%�0�/ó)�� (X0, X1, . . . , Xn)

� (X̂0, X̂1, . . . , X̂n) $�%���� Ù�w�� (X0, X1, . . . , Xn) ≤d (X̂0, X̂1, . . . , X̂n) á )*¬�_
E[f(X0, X1, . . . , Xn)] ≤d E[f(X̂0, X̂1, . . . , X̂n)] þ�y§ú�) � Ó Rn

Ç ©����§ï§5 Ê ¥��§Å
w {X(t), t ≥ 0} é {X̂(t), t ≥ 0} ��E������ à ¶�$�% Ã Ä���� {X(t), t ≥ 0} ¿Ñ½¢½©�$�% . � {X̂(t), t ≥ 0} � ( w�� {X(t), t ≥ 0} ≤d {X̂(t), t ≥ 0}), ¬�_½þ�y½ú½©

0 = t0 < t1 < t2 < . . . < tn < ∞
Ê ú (X(0), X(t1), . . . , X(tn)) ≤d (X̂(0), X̂(t1), . . . , X̂(tn))

¥��§Åw ν = (ν(0), ν(1), . . .) é ν̂ = (ν̂(0), ν̂(1), . . .) ê9�9�9) � Ó Z+

Ç ©9E9�9$9%�õ9/ Yé Ŷ ©§ì§í§ê§ë���� ν ¿�W§î§ï§5 . � ν̂ � ( w�� ν ≤mg ν̂( ô§Þ�����w�� Y ≤mg Ŷ )
¬�_ ∞

∑

i=0

siν(i) ≥
∞
∑

i=0

siν̂(i) þ�y§ú§© 0 ≤ s ≤ 1
Ê ¥��§Å

w P é P̂ �9) � Ó Z+ ×Z+

Ç ©9E9�9$9%9W9X�) P (i, ·) é P̂ (i, ·) ê9��ð9x9W9X Pé P̂ © P i 2&0'/§) i ≥ 0 Å ��W�X P � P̂ � ( w�� P ≤d P̂ )¡¬�_ P (i, ·) ≤d P̂ (i, ·) þ
y�ú�© i ≥ 0

Ê ¥9��Å��9$9%9W9X P $9%9M9N�) ¬9_ P (i, ·) ≤d P (i + 1, ·) þ9y�ú�© i ≥ 0Ê ¥����� å��§' æ§ç ���§à§¶ Ë 5��§Ö Markov �§©�$�%&�'�§)�#�
 È ��^�_�n�!�� ��P[9R é P9`9R æ�ç ¦9/�¤�¨�Î�Ï�6�7�2¡Ï�Ü�Ã�Ä�©9$9%7� ��Æ9D�Ï�Ü�ï�5�© O Ù �.á ý�Å¡�¢
1 Ù Stoyan [2], Theorem 4.2.5a á¤£�¥ Y = {Yn, n ≥ 0} é Ŷ = {Ŷn, n ≥ 0} ��) �

Ó9�9��ì�í9¦�¶ Ç ©9E9��§9¨§à§¶�à�©9ª�« Ë9¬ �§)?w ν é ν̂ ê9�9� Y é Ŷ ©99®�ìí§ê§ë§) P é P̂ ê���� Y é Ŷ ©���u�¯�°§ì§í�W�X§)*¬�_
(i) ν ≤d ν̂; (ii) P ≤d P̂ ; (iii)

¹§� ����M�N�W�X M , ± r P ≤d M ≤d P̂ . ²
{Yn, n ≥ 0} ≤d {Ŷn, n ≥ 0} (1)

(§þ ��� © 0 = k0 < k1 < . . . < kn < ∞ ú
(Y0, Yk1

, . . . , Ykn
) ≤d (Ŷ0, Ŷk1

, . . . , Ŷkn
) (2)

¥��§Å�³����§)*þ ��� © n ≥ 0 ú νP n ≤d ν̂P̂ n Å
3 ´�µ I: ¶�·�¸�¹�º�»�¼�½�¾�¿�¼À½�ÁÀÂÀÃ�ÄÀÅ
Æ�Ç ¥½¦½¤½¨½© MX/M/c Î½Ï½6½7 (c ≥ 1) )�£�)½»½¼½¤½¨½Ã½Ä���B½5 λ ©½Á½Â

Poisson Ã�Ä�)ÉÈ�2¡»�¼�¤�¨�©�¦9/9Ê9�9��ê�ë�)ÉË9�9�9�9§9¨9$9%�õ9/�)Éw9� B, Ë�©�êë�ï�59� {b(k)}
∞

k=1 ÅÌ£9)�6�7�2¡ú c �9Í929J9K9]�)ÌÎ9�9J9K9]�þ�»�¼�©9J9K�à�¶9J93
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B§5 µ ©§×§5§ê§ë§Å4£�)§»§¼§¤§¨§à§¶§¶�I§Ý4J�K§à§¶§é§¤§¨§¦�/�Ù�Ú�Ê���)4J�K�Û�²� � ¤�6�7 � J9K (FCFS). Ü X(t) ð9x�à9� t 6�7�2¡©�»�¼�5�)Ì² X = {X(t), t ∈ R+}���§Ö�¦§¶�� Z+ = {0, 1, 2, . . .} ©����§à§¶�ª�« Ë�¬ Ã§Ä§)�Ë§©�Ý�Þ�� � ¥�ß��

Q =



























−λ λb(1) λb(2) λb(3) λb(4) · · ·
µ −(λ + µ) λb(1) λb(2) λb(3) · · ·

2µ −(λ + 2µ) λb(1) λb(2) · · ·
. . .

...
... · · ·

(c − 1)µ −(λ + (c − 1)µ) λb(1) · · ·

cµ −(λ + cµ)
. . .

. . .
. . .



























(3)

Ü λ > 0
�

µ > 0 )à² X �9á Ë9â ©9ã9ª9« Ë9¬ Ã�Ä�)àÍ � Ë Ë �9ä ; )à( λ+cµ < ∞ Å�§8§9�ª�« Ë�¬ Ã§Ä X Ï§Ü§Ã§Ä§©�$�%&�'��^�_§)�n�!�å�æ§5 η ± r η ≥ λ + cµ Å� å�)§' æ§ç ¥§¦§¤§¨�\�J�K�]§Î§Ï§6§7º2]Ï§Ü§Ã§Ä§©�$�%&�'�§Åç�¢
1
Æ�Ç E��§¥§¦§¤§¨§©§Î§Ï§6§7 Σ1: MX/M/c é Σ2: M̂ X̂/M̂/ĉ )�£�)§6§7 Σ1 é

Σ2 2'J�K�]��§5§ê���� c é ĉ; »§¼§¤§¨§í§ê���� λ é λ̂; J�K§í§ê���� µ é µ̂; »§¼§¤¨§¦�/§©§ê§ë§ê���� b = (b(1), b(2), . . .) é b̂ = (b̂(1), b̂(2), . . .) Å�w X(t) é X̂(t) ê��§ð
x§à�� t 6§7 Σ1 é Σ2 2]©§»§¼§5§)�² X = {X(t), t ≥ 0} é X̂ = {X̂(t), t ≥ 0} ��E
��©�ã�ª�« Ë�¬ Ã§Ä§) Èº2 X ©�Ý�Þ�� � ¥�ß Q

ò
(3) ñ æ§ç ) X̂ ©�Ý�Þ�� � ¥�ß Q̂

��� (3) ñº2]© λ Ý µ Ý c é b(i), i ≥ 1 ê��§ö§¥ λ̂ Ý µ̂ Ý ĉ é b̂(i), i ≥ 1 5 r ¤§Å4£�)
ª�« Ë�¬ Ã§Ä X é X̂ ©��®§ì§í ν é ν̂ è�é ν ≤d ν̂ Å

(i) ¬�_ λ = λ̂, µ = µ̂, c = ĉ
�

b ≤d b̂, ²
{X(t), t ≥ 0} ≤d {X̂(t), t ≥ 0}; (4)

(ii) ¬�_ λ = λ̂, µ = µ̂, ν =d ν̂, b =d b̂
�

c ≥ ĉ, ² (4) ¥���Z
(iii) ¬�_ λ = λ̂, ν =d ν̂, b =d b̂, µ ≥ µ̂

�
cµ = ĉµ̂ ² (4) ¥���Z

(iv) ¬�_ µ = µ̂, c = ĉ, ν =d ν̂, b =d b̂
�

λ ≤ λ̂, ² (4) ¥��§Åê9ë
: (i) ì9í9$9%�Ã�Ä9$9%7� ��©9) � )Ìî�°9ï7ð¡þ9y�ú�© 0 = t0 < t1 < t2 < . . . < tn <

∞ ú (X(t0), X(t1), . . . , X(tn)) ≤d (X̂(t0), X̂(t1), . . . , X̂(tn)) ¥��§)*Þ�����ï&ð]þ�y§ú½©
���§ï§5 f : Zn+1

+ → R

E[f(X(t0), X(t1), . . . , X(tn))] ≤ E[f(X̂(t0), X̂(t1), . . . , X̂(tn))]

¥�����ñ��
E[f(X(t0), X(t1), . . . , X(tn))]

=
∑

i0,i1,...,in

f(i0, i1, . . . , in)P{X(t0) = i0, X(t1) = i1, . . . , X(tn) = in}

ñ�ò§)���ï (4) î§°�ï&ð]þ�y§ú§© 0 = t0 < t1 < t2 < . . . < tn é i0, i1, . . . , in ∈ Z+ ú
P{X(t0) = i0, X(t1) = i1, . . . , X(tn) = in}

≤ P{X̂(t0) = i0, X̂(t1) = i1, . . . , X̂(tn) = in}
(5)

¥9��Åóì9í9�9ä ; ã9��) ¬9_ λ+cµ < ∞ )ó² ¹�� §9¨�à�¶�à9© Markov � Y = {Yn, n ≥

0} )ô± r Ë�©9¯9°9W9X P è9é P = I + Q
η
) � X ©9¯9°�ï�5 Pt(i, j)

Ë 192�¬ � ÷�ø9õ
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Pt(i, j) = e−ηt
∞
∑

k=0

(ηt)k

k! P (k)(i, j) ) È�ö n�!�£�) X(0) é Y0 �§ê§ë ÙÛú�>����§à§¶§é�§
¨§à§¶ Markov �§©�Ù�>�^�_�B�C Yu, He é Zhang[4]

P
73 ÷§é P 74 ÷âá Å*# ÷§ø þ�yú§© 0 = k0 < k1 < . . . < kn ú

P{X(t0) = i0, X(t1) = i1, . . . , X(tn) = in}

=
∑

i0,i1,...,in−1

ν(i0)Pt1 (i0, i1)Pt2−t1(i1, i2) . . . Ptn−tn−1
(in−1, in)

= e−ηtn

n
∏

i=1

∞
∑

ki−ki−1=0

(η(ti−ti−1))ki−ki−1

(ki−ki−1)!
P{Y0 = i0, . . . , Ykn

= in}

(6)

Ô�ø �½) ¹½� §�¨½à½¶½à�©�ª�« Ë�¬ � Ŷ = {Ŷn, n ≥ 0} )�Ë½©�¯�°�W�X P̂ è�é
P̂ = I + Q̂

η
) � ú§% (6)

Ô�ø ©�^�_§)�Èº2]þ§6§7 Σ2 n�!�å η ± r η ≥ λ̂ + ĉµ̂ Åò�ù'ú Ë r ª�« Ë�¬ � Y é Ŷ è�é��§' 1 2]©�û§´§)�ñ�ò
P{Y0 = i0, . . . , Ykn

= in} ≤ P{Ŷ0 = i0, . . . , Ŷkn
= in} (7)

þ�y§ú§© i0, . . . , in ∈ Z+ é 0 = k0 < k1 < . . . < kn ¥��§Å�^§Â (5),(6) é (7) n�! r ¤
(4) ¥��§Å�
 Ô�ø ©§ã�� Ë Æ�ï&ð (ii) ∼ (iv) ü§¥��§Å 2� å�)§' æ§ç ¥§¦§¤§¨�\�J�K�]½Î§Ï½6§7 2TÏ§Ü½ï½5�>½Ó½à§¶½© O ý Ù��½ý á )�Èï&ð]ã��§% F @�)§' 1

Ô�ø ) È�ö î æ§ç ^�_§)�ý�þ�Ë§©�ï&ð]Ã§Ä§Åç�¢
2 w Eν [f(X(t))] ð�x MX/M/c Î½Ï½6½7 2T©½Ï½Ü½ï½5½)�È 2 f(·) ��) � Ó Z+Ç © ��} ï½5½) ν = (ν(0), ν(1), . . .) � v Î½Ï½6½7 2TÏ½Ü½Ã½Ä X ©��®½ì½í½ê½ë½)�w

v 6 7 2*» ¼ © ¤ ¨ í�� λ )�J�K í�� µ, b(k) = 1 −
k
∑

i=0

b(i), k ≥ 0 ) b(0) = 0 )
∆f(k) = f(k + 1) − f(k), k ≥ 0 Å�²

(i) ¬�_ ν, b(k), k ≥ 0 é f(·) è�é (k ∧ c)ν(k) ≤
k−1
∑

i=0

λ
µ
b(k − 1 − i)ν(i), k ≥ 1 é

∞
∑

i=1

λb(i)∆f(k + i − 1)

≤ [λ + (k ∧ c)µ]∆f(k − 1) − [(k − 1) ∧ c]µ∆f(k − 2), k ≥ 1
(8)

² Eν [f(X(t))] � t ©��§ï§5�Z
(ii) ¬�_ ν, b(k), k ≥ 0 é f(·) è�é (k ∧ c)ν(k) ≥

k−1
∑

i=0

λ
µ
b(k − 1− i)ν(i), k ≥ 1 é (8) )

² Eν [f(X(t))] � t © O ï§5§Å 2ÿ
1
Æ�Ç ����M§¦�/�\�J�K�]§© M/M/c(c ≥ 1) Î§Ï����§Ã§Ä§©���:�� ® ���§Å�£�)§67 2Tú c ��J�K�]½)�J�K�]½þ½»½¼½©�J�K½í µ �½¢½5½)*»½¼½¤½¨½à��������½à��½)�w

A = {1, 2, . . . , c} �����½Ò½Â½) � ���½à������½Æ��½í λa »½¼½¤½¨½)�È 2 a ∈ A ) λaè�é λ1 ≥ λ2 ≥ . . . ≥ λc )�ò½à�) � ������>�	�
 (switching cost) w�� s(a, d), Ë�
½ð
3���� a ¤���� d ¯½ö½©�	�
½)�È 2 d � � �������½à���y���
½©����½×½Ø Ù (½Æ��í λd »§¼§¤½¨ (d ∈ A) á Å � ���½à�����
 λa ) � 6½7 2]ú i �½»§¼½)�ò§à½ú�����M� à½¶�±�
 λa 	�
 (usage cost) )�w�� h(i, a), È 2 a ∈ A, i ∈ I = {0, 1, 2, . . .} Å�£�)
∆h(i, a) = h(i + 1, a) − h(i, a) ≥ 0, i ≥ 0, a ∈ A Å

Lu é Serfozo[5] ï7ð¡þ�« 1 2¡Ì�Í�©�Î�Ï9����Ã�Ä�) ¬9_§ï§5 s(a, d) é h(i, a) è9é
�9)�©9û�´�)Ó² v Î�Ï9����Ã�Ä�©��9:���ý9���9�§©��� (hysteretic) �9ý�) v �9ý�©��
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� �9� � � Ï�Ü9��²�à��9å��9�§©�¤§¨���+�é��§!�©�J9K��9+§©���ý9����:�©§Å ò Ó�	
 h(i, a) $�Ï�Ü9��²959��²�) Lu é Serfozo[5] ©9^9_�ð7ð¡Ñ�Ã�����»�¼�¤�¨��9+�ô9�§²
J�K�]§©�J�K���+�5����§Ï§Ü�3�5�����	�
§Å�3 F�� @§©�)§' 1 © (iii) é (iv)

Ë Æ��ç ) � ����»�¼�¤�¨��9+�ô9�§²9J�K9]§©9J�K��9+§þ�¥§¦�¤§¨�Î§Ï�6§7�� � p � $9% .��� � ±§Ï§Ü����§Å
4 ´�µ II: ¶�·�¸�¹�����¼�½�¾���¼�½ÀÁ�ÂÀÃÀÄ�Å

Æ9Ç ¥�¦�¤�¨�© MX/G/1 Î�Ï�6�7�)t£9)�»�¼�¤�¨�Ã§Ä��9B§5 λ ©�Á�Â Poisson ÃÄ�) È�2¡»�¼�¤�¨�©�¦9/9Ê9�9��ê�ë�) Ë9�9�9��§9¨9$�%�õ9/§) w9� B, w9Ë�©�ê�ë�ï�5� {b(k)}
∞

k=1 Å�£�)§6§7º2]ú�����J�K�]§)�J�K�]§þ½»§¼½©�J�K§à§¶�Ê����§ê½ë�J�3��L�ê�ë�)?È�ê�ë�ï�59� G(·) Å?£9)�»�¼�¤�¨�à�¶�¶9I�Ý?J�K�à§¶§é�¤§¨�¦�/�Ù9Ú�Ê9�§)
J�K�Û�²�� � ¤§6§7 � J�K (FCFS). w Yn ð�x P n �§»§¼����§¥�J�K�§��§6§7§à�� �
6�7�2¡©�»�¼�5�)�² Y = {Yn, n ≥ 0} �9§9¨�à�¶ Markov ��)�Ë�©9��Ö9¦�¶9� Z+ )��u�¯�°§ì§í�W�X��

P =















u0 u1 u2 u3 u4 · · ·
u0 u1 u2 u3 u4 · · ·

a0 u1 u2 u3 · · ·
u0 u1 u2 · · ·

. . .
. . .

. . .















(9)

Èº2
u0 =

∫

∞

0
e−λtdG(t),

uk =
∫

∞

0
e−λt

k
∑

n=1

(λt)n

n! b(n)(k)dG(t), k ≥ n ≥ 1.
(10)

È�ö
b(n)(·) ð�x§¦�/§ê§ë b(·) © n  �!�"���£�¥ λ > 0 )�² Y ��á Ë�â ª�« Ë�¬ �§)

Í � Ë��§à�©§©§Å*#�#�$ Ë r ∞
∑

i=0

ui = 1, ( P ��$�%�W�X§Å
¥�¦�¤�¨9�9L9J9K9M9J9K9]§Î§Ï�6§7�2]Ï�Ü§Ã§Ä�Ý Õ�Ö§Ï�Ü§©9$�%&� �§Æ9D§Ï�Ü§ï5�>§Ó§à§¶§©��§ý Ù O ýâá ú§¬ � )§' 3 ©�^�_§)4Èº2 (i) ∼ (v) ©�ï&ð]ã��§%�)§' 1 é

)§' 2
Ô�ø ) (vi) ©�ï&ð Ë Æ�#�
 F @ P 2

R 2'W§î§ï§5 . ©�) � é½ý���1�2�%�M��
ï&ð]) È�ö n�!�î æ§ç þ�&§©�^�_§)�5�ý�þ v )§'§©�ï&ð]Ã§Ä§Åç�¢

3
Æ�Ç E��§¥§¦§¤§¨§©§Î§Ï§6§7 Σ1: MX/G/1 é Σ2: M̂ X̂/Ĝ/1 )�£�)§6§7 Σ1 é

Σ2 2*» ¼ ¤ ¨ í ê���� λ é λ̂; J�K à ¶ ê���� S é Ŝ, Ë�! © ê ë ê���w�� G(·)é Ĝ(·); » ¼ ¤ ¨ ¦ / ê � � B é B̂ )�Ë ! © ê ë ê � w � b = (b(1), b(2), . . .) é
b̂ = (b̂(1), b̂(2), . . .) Å�w Yn é Ŷn ê�� ð�x 6 7 Σ1 é Σ2 2 P n � » ¼'�(� ¥�J�K
§'� 6 7 à)� � 6 7 2*© » ¼ 5 )�£�)�ª�« Ë�¬ � {Yn, n ≥ 0} ©���u�¯�° ì í�W�Xò

(9) æ ç )�5�ª�« Ë�¬ � {Ŷn, n ≥ 0} ©���u�¯�° ì í�W�X���� (9) 2*© λ Ý G(·)é b(i), i ≥ 1 ê��½ö ¥ λ̂ Ý Ĝ(·) é b̂(i), i ≥ 1 5 r ¤½Å�w�ª�« Ë�¬ � {Yn, n ≥ 0} é
{Ŷn, n ≥ 0} ©��®§ì§í§ê§ë§ê���� ν é ν̂ ) Eν [f(Yn)] ð�x MX/G/1 Î§Ï§6§7º2]©§ÏÜ§ï§5§)�Èº2 f(·) ��) � Ó Z+

Ç © ��} ï§5§Å
(i) ¬�_ ν ≤d ν̂, λ = λ̂, B =d B̂

�
b ≤d b̂, ²

{Yn, n ≥ 0} ≤d {Ŷn, n ≥ 0}; (11)

(ii) ¬�_ ν ≤d ν̂, λ ≤ λ̂, B =d B̂
�

b =d b̂, ² (11) ¥���Z
(iii) ¬�_ ν ≤d ν̂, λ = λ̂, b =d b̂

�
B ≥d B̂ ² (11) ¥���Z
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(iv) ¬�_ ν =d ν̂, λ = λ̂, b =d b̂,B =d B̂,
�

ν, ui, i ≥ 0 é f(·) è�é
k+1
∑

j=1
ν(j)(

k+1−j
∑

i=0
ui) + ν(0)

k
∑

j=0
ui ≤

k
∑

j=0
ν(j), k ≥ 0, (12)

é
f(0) ≤ f(1),

∞
∑

j=0

uj∆f(k + j − 1) ≤ ∆f(k), k ≥ 1 (13)

² Eν [f(Yn)] � n ©��§ï§5�Z
(v) ¬�_ ν =d ν̂, λ = λ̂, b =d b̂,B =d B̂,

�
ν, ui, i ≥ 0 é f(·) è�é

k+1
∑

j=1

ν(j)(
k+1−j

∑

i=0

ui) + ν(0)
k
∑

j=0

ui ≥
k
∑

j=0

ν(j), k ≥ 0, (14)

é (13), ² Eν [f(Yn)] � n © O ï§5§Å
(vi) w L é L̂ ê�� ð�x 6 7 Σ1 é Σ2 2*© Õ Ö Ï Ü ) ρ̂ = λE[B̂]E[S] Å*¬�_

B ≤mg B̂
�

ρ̂ < 1, ² L ≥mg L̂ Å
5 *�+

F @9#9
9$9%7� ��ã9��8�9 è ¥�¦�¤�¨9\9J9K9]�Î�Ï�é�¥�¦�¤�¨9�9L9J9K�©9M9J9K]�Î�Ï�6�7�2¡Ï�Ü�Ã�Ä�©9$�%7�'�9����Å ¥�¦§¤�¨��9L�J9K§©9\�J9K�]§Î�Ï§6�7º2¡Ï§ÜÃ§Ä�$�%&�'�§é§Ï§Ü§ï§5§© O ý ( �§ý ) Þ���� } r 1���u§8§9§Å
, - . /
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Abstract In this paper, we study stochastic comparison problem on the queue length
processes of the queueing system with batch arrival. We analyse the queueing system with
batch arrival, multi-server and exponential service, the stochastic comparison of queue length
process and convexity of queue length function in time are obtained by using the stochastic
comparison method. At the same time, we get the stochastic comparison of queue length
process and steady-state queue length for the queueing systen with a general service and
single server, we also provide the convexity and concavity of queue length function in time.
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