43 4 ( ) Vol 43 No. 4
2004 7 ACTA  SCIENTIARUM NATURALIUM UNIVERSITATIS SUNYATSENI Jul 2004

B B UL HEOA R

FH, R
(1. Lkt MFEZR, K 7 1510275
2. BHRITEBEFS, AR K| 518060)

I
. O21L 5 s A : 0529-6579 (2004) 04-0014-05
| V(t) t LN(1) =
Uity —Vity=n,(n=—M,—M+1, -, — 1,0,
, 1,2, --,N). n>20 t n
) . ,n<0 t n |
s ) ,n=20 t
) . R(1) t ot
’ ’ . {N(t),R(t),t=0}
[1—4
[58]
2
C ) ; P.(x,t)dt = P{N(t) = n,
; X x<< R(t) < x+dt},
, n=—~=M, -, —1,0,1,2, - N
() ,
>\ 2 2
) Pn(x):tlggjpn(% t)a
P,(0) = limP,(0, )
N Mo 2
a LoD g Py = () ()
, , %ﬂ—F[X—FW(x)] Pu(x) = NPwi(x),
(—Mt1<n<—1) (2)
Po
Flx), o P ) Pox) = (A i)
(x), F(x) =17 F(x); (3)
g = P(X= k(k=1-,8558 = P, (x)
min( M, N)) EY. Ul o) > A LENX)]P.(x) =
: 2003~ 08— 01

(,1957 ). 5 s Email: stsyxl@zsu edu cn



15

(A ) Poa(x), (1< n<N—1) (4

%HH PE(x)]Py(x) =0 (5)

P-u(0) = 0 (6)
Pn(o) -
M
L N(x) [gm mP—u( x) + ; gePri( x)] dx,
(—M+1<n<—M+S) (7)

Pa.(0) = L 1( x) ; P (%) dx,
(—M+S+1<n<N—1I (8)

Py(0) = L (x| ;hkpm (x) + Pn(x)] dx

(9)
3 P,(x)
(D~(5 . (5
Pu(x). (4) ~(5)

Pu( x) = [2 f%!”)—rpm(m x’] °

exp{—<x+ my x| u)du},<1< i< )

"X

1 Y(r+1,x) = Joexp(— Htdt, r=

0,1,2--

Ganma
Joexp(— ) fdt = %Y(I"Fl, tx)

Y(r+ 1, Hx)

2 Gamma

Jov(r+1,ut)dz:
N YU ]

[ D T

F=01,2-

3 Gamma

=0,1,2-

Y(r+1, #x),r

JO Y(r+1, Pt)exp(— At)dt =
— %7( r+ 1, Px) exp(— Ax) +

| po)
T[)TPJ Y(r+1,( A 1) x)
(3) ,

P()(X) -

N—1 1
[SLeenm M oy w1 )
=0 .

Py(0)] exp{_ A — L 0 u) d%

P,(x) =
{[FK]”IZO(%)—O P”lo(o) Cn.IO(X)JV
24P 0) &F}exp{ “_Jo n(”)db}

]
Gy = 250> w+

L(1sn<M—1)

0/ =0 I =0
—k

Pou(x) =
M1 N I
{[_ ﬁ] zo[%‘u] P (0) Dzo(x)"—

NZiprvHr(O) M exp{ J: 7]( u) du}

r!
b
e T e 1 ) exp(— A

=

D (x)

= 1L (A M|+
S 8 [y e
4
H(N) = J:wx’exp(— ) F(x)dx  (10)
L(A) = ﬂ(cy(rﬂ, M)F(x)dx  (11)
TN = K Y(r+1, tx) exp(— Av) F( x) dx

(12)

0 1 n—1
DIDT > A ()
L =0L=0 1=0 L U
! 1 1
‘ 1 0 1 k1
(8" 7 2020 20 DH(Y)
=0 S IE0L=0 1 =0



16

) 43

— M< n<_N,

pn:[ﬁ 2( +“)’o*‘P1+1(0) Cuy +

1<ﬁn<M*1) (13)
P, = [—ﬁ} 3 [# Py, (0) Dig +
2 P (0) L () (14)
N— r1
Py = [Z uMLM]—PW( 0)J.( 1, 3) +
Ho( N Po(0)] (15)
P, = Z (jLP,,F (0) Ho(A+ 1),
(1< n<N) (16)
Pn P”(O)
: P(0)
@
DI At (o) (1)
@ Mt
Vo S0 Al A e
EEDIEEDES

Piiy,(0) Gy + D0 Pis(0) j—,b( k)] +
r=0 .

M1 N—1 lo+l
[[—ﬁ] E[%ﬂ Pivy (0)Dio +
I =0

ZP (0 L]
©)
PO:[ZuM_
Prer(0) Jr( 4, )+ Ho( X) Po(0)]
)

M1 n N—1 10+1
2,,[[ ﬁ] [%“] Pii (0) Gy, +

n

ZP—m (0) A A)]

=0

M1

33P0 ()

©),
S
i]ni) (%‘)—rpm(om,( A+ 1)
P, (0)
KN = Jxexp(—xx)f(x)dx (17)
J Y(r+1LA)f(x)dx  (18)
M(1 ) = L Y(r+ 1, #x) exp(— Ax) f( x) dx

(19

SVPL (0 Lk (). (1< n< M)
ﬁ) () Pl x)dx =

[ ﬁ] ' IINSO[%”] Z°+1P1+,0(0)D,0+
gpmmm) L)

J:vnmpo(x) dx = [NZ L(MM]_

Prer(0) Mo( 12, A) + Po(0) Ko A)]



17

JZ’I( X) Pu( x)dx =
> oK (),

(1< n<CN)

oo
JO Wx)P(x)dx P,(n=""M,— M+1,

- —1,0,1,2, .-, N) P(0)
(7 ~(9) 2P =
P.(0)(—M+1<n<N)
P,(0).
6 (B.k)
r S =1
S=1 (7) = (9
P.(0) =£mn( x) Pr1( x) dx,
(—M+1<n<N—) (22)
Py (0) =£ N x) [ Pyi( x) + Py(x)] dx (23)
(B, k)
r
fi = PGl
(10) ~(12) (17) ~(19)

Ho (A B) = L‘ Yexp(— ) F(x)dx =
ﬁﬂmxrexp(— M) Lk, Bx)ydx=
P 2 R N A R N (Y =)
YT [ k) [)\+ B] ,Z;[A+B] il

I (A B) = JO‘ Y(r+1, ) F(x) dx =

N Qr+1D Qk+1)
NUHek(AB) B k)

%)_Hk,rﬂ(s >\)
(B = |, e~

Q Iy r—|— k)
(A B) I(k)

L.i(X\B) = L Y(r+1, &) f(x)dx =

o Mf{k—_’)_lll']lrl, 1 ( By 7\)

k) f(x) dx =

Rr+1)

Mo (12, N, B) = L Y(r+1, e f(x)dx =

FRr+1 B LOrt+1
(7\+B)k k) Hiv (A1 B, u)

Jre( X, B) = LQDV(M 1, M)e "F(x)dx =

1

)\[H Hk(?\—l—HB) M. (X B)]

Cn,lO - 2 IL : k(Ju B) +

’ ! ! I 1
n 1 0 1 il
(_ H) ~_'[ . Z 1] Ki,k( >\7 B)
=0 LANI=oi=0 1 ==0
lU 1] IM*Z 1
— — A
D =01=0 zzo I '[ MlM*‘vk( AR T

o) bt
[x— Ly, (A0, B)] +

ol
[_r] l._!Li,k( A, B)

(22) (23) P(0) (—M+1<n<N)
P—,,H(O) -
[ ﬂ IZO[H;“ " P (0) Cot
n }\r
24 Pt (0) _‘Kr,k()\,B)

P1+,0(0)D,0+§P7%1+,( 0) LLr.k( A B)
0 — NE [(A+ u)/#]
Prn(0) Mk ( H, AB)+P0(O)K0k(7\ B)
2(—LP (O Knk (A 14, B).
(1< n<N-—2
= AR Kt B

Py(0) Ko (A + # B)

Pnlo)

Px(0)

P,(0).



18 ) 43
I+l
12 M—1 ( 1) 73—81.
Il ,k((>\+#)vB)+
A ¢ M1 [4 SHARMA O P,NAIR N S K. Transient behaviour of a double
M1 by hiai i ended markovian queue|[ J] . Stochastic Anal Appl, 1991, 9
S0 S8 dcs
5 k(A B) (1):71—83.
=0~ 1=00=0 4, =0 L.
FOURNEAU J M, GELENBE E, SUROS R. G metworks with
(13) ~(16) P(—Mt1<n<nN). ek
multiple classes of negative and positive customers| J].
Theoretical Computer Science, 1996, 155; 141— 156.
[ GELENBE E,GLYNN P, SIGMAN K, Queues with negative
[ 1] BRANDT A, BRANDT M. On the M( n) IM( n) Is queue with artival{ J] . J Appl Prob, 1991, 28 245— 250,
impatient calls[ J] . Perfomnance Evaluation, 1999, 35 1= |2 HARRISON P G, PITEL E. The M/G/l queue with negative
18. customery J] . Adv Appl Prob, 1996, 28, 540— 566.
[2 CONOLLY B W, PARTHASARATHY P R, SELVARAJU N. [8 GELENBE E, FOURNEAU J M. G networks with resetq J] .
Double-ended queues with impatience| J] . Computers & Performance Evaluation, 2002, 49; 179— 191.
Operations Research, 2002, 29, 2053— 2072. (9 (M.

[3 GAURK N,KASHYAP B R K. The double -ended queue with
limited waiting space[ J| . Indian J Pure Appl Math , 1973, 4

, 1996.

Double ended Queue System with Negative Customers

YIN Xiao 1ing, SU Jian
( Department of Statistical Science, Sun Yat sen University, Guangzhou 510275, China)

Abstract: The double ended queue system with negative customers and limited waiting space for both ends is discussed
under the assumption that the interarrival time of customer end is taken as general distribution in batch and of sever end
as Poission. Using the supplementary variable technique, the stable probability of the system is obtained recursively.
The case that the arrival of customer is single and with D'distribution is considered as particular.

Key words: bouble ended queue; negative customer; batch amival; supplementary variable technique



