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k=170 0
ATHHESEREZEERY j=1,2,---, N — 1 B ig#fESSRE. jE¥E.
3 PBAKMEESLH
EE3 4p = Jm P{N(t) =7}, j=0,1,2,--, MIXHEERGERE, &
DM 2R, gy =0, = 01,2 KT g > 0) FRIABERA,
2) Y p<1Wf, p; FAE, HFUTREERER:
1
Po =310 (30)
p.]_% {QJQ—’—K;]J—’—H +/ V )‘\]t') _ktdt} j:1727"'7N_17
(31)
pj = L {qJQ+ngN 1+06;
/ Wit A“ " e e / OoV(t)Y(t)dF(N)(t)}, j>N. (32)
0

ELBORT {p;,J > O} FORBERAM, 30 g5 = lim g} (s) H3128 2 HLET 4,

(1_5) +Z/000Fm> £)dV (¢ }

1%5{/()OOY(t)F(t)dV() /OOV(t) FW >()dy(t)}

ABa +w(A) —1 /
+ Vit
N B

wl <)A>y<x> / V()Y ()dF (1)

/ e MAW (1), y / e MAY (1), v(\) = / e MAV (t),
0 0 0

nj,m=Z/oooW()% "\tdt/ Y (t AT? e MAV (t), j>m,

+

Q =v(}) +1
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k=0

>

m:

N-1 [ee] m o]
+) / Y(t)%e*”dm)wj,m + / V()Y () dF™ () N
0 0

JAR(CE STy
1 |

+
k=1
N
+Y gink [ VOY(OAFN (), =1,
Ay :/ FEO@OAWE), k>0,
0

j—m—+k—1 00 ()\t)
. A\ —)\t .
QJ—m—n—Hc‘/O ol dW + ZQJ kAk 1, J > 1.

i ARIEEGSCE R, EH MR WITE A

= [lim Zpu - P{N(0) =i} = ZP{N =i} lim p;(t),

HA
t t
Jim py;(t) = lim | dpij(2) +pi3(0) = lim Lim [ e™**dpy;(x) + pi;(0)
00 —0o0 Jo —00 g— 0
= lim oo dpi;(2) +pij(0) = lim spj;(s). (33)

TR Jim spy(s). 245> 1, HEIE 1 Tim b(s) =w (0 <w < 1) K lim b(s) =1, 8¢
i E(b) = oo, 3 H.

; Y — [ _y,
51351+H(s)=1—/0 e My / V(t dF(t)—mz_l/O (m)' e MAV (t)
- / OoV(t)dF(N)(t)
0
=1- / h V(t)dF(t) — / Oo[F(t)—F(N)(t)]dV(t)— / h FMN (v (t)
0 0 0
=0, (34)
Jim. IT (s) :E(’E)U(AH% ~+Eb Z / F™(@)av(t

L+ 2B, / Ty F@av ()

_ 1+ AED) /O V(O F™ (ay (1)
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=c0. (35)

(T LARR N, LIPS AN Lim spfy(s) = 0. TS p > 1B, p; =0, j =
0,1,2,---
4 f< LB, BB lim B(s) =1, B@) = ’5 - i Bl (35) X, H

A(1—

A = lim II (s)

s—0t

ﬁ{v()\) + ZN: /Ooo FO™()av () }

62 / Y (1) F(t / V(t)F(N)(t)dY(t)}
Vit

)ﬂz-l—w( )—1
+Au—mu—wumunﬂ

R FHIE Heak ik, a2 HAA5 (30)-(32) =K.
THEIEHY p < 1 En“, {pj, j =0} MMM, IEHASTERNT:

N—-1
ij AA AZ% AZG“L Z/ —_MdtﬂL%Z'fj,j
j=1

+iZ/OOW L_N—Mdt/ V()Y (t)dFMN (1)
A2y )|

)Y (H)AF (). (36)

g T

G5 3 g =E0). A
P2

Ze A%E +Aﬁ?+w /V 1)AF() + MG E(b /Y VF(H)aV (t)

E(b) Z /0 = pom) (t)AV (t) — AB2E(b) /0 h V) FN (#)dY (b), (38)
N-—1 o
it gNl—@/ Y(OIF () - FO@)av () (39)
N—-1 .00 N 00 _
/0 %Z /0 Foopyav (s + 2N =1 (40)
j=1 m=1
i /OOO ‘”dt OOOV(UY(t)dF(N)(t)ﬁz /0 N V()Y (t)dF ™ (1)
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8 (38)-(41) AR (37) K, HLEE BO) lFEER, %@ﬁﬂiﬁ:L
B 4 4 Panovy) (2) BAERERAEIKM O BRERL, WY 5 < 18, #
(1-p)(1 = 2)gA(1 ~ 2)) Q(z)

Puin(v,v)(2) = GO 2) -2 BN Tl |z] < 1, (42)
FH K
ZMim(N,v)
2 S N-1 roo k
e b v e [T rman 2 e v
2 2 > T = (N) (¢ fo (t)dF(t)
+ N E(W?) [/ Y(@)F(@t)dV(t) — / V(&) FY ()dY 1_ (/\)y(/\) ]
+ 2\, [ Z / Y () F™ (£)dV (¢ N/ ]} (43)
Hrf B(®) 1 E(W?) 205008 X A1 W il B R A4,
Q(2)
N—-1
—1— _ N > (N) _ > (/\Zt)kefms
—1— 20(\) /0 FM(1)dv (1) > /0 = av(t)
L w(A(1 _12—))10_()5)13/? z)(1 —w(}) /OOO V()Y (t)dF(t)

y
N o0
sa-uia-a)| X [Tret
m=1

iE H Puinv,v)(2) = 2 #7pj, AIAR:
7=0

PMin(N V)( )

SR IRUEESIRIRS D IR R(T ST S 3L
+%§;Vzﬂ /OOOW( ((;?JNZ)V' /\tdt'/ooov(t)y(t)dF(N)(t)+%J:i;vZJ“JN 5 .
et
E:H%_ o (45)
S
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=T {1 N+ T 00 /0 V()Y (H)dF(t)
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> ki i+ i ki1
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i j /O - )JN)' Mgy /0 TV Y (HaFr™ @)
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M/G/UTEHEBA RS, Hp<1mf,

p(zy L= 20 =251 = 2)
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HLY)=1-" K Y () =1-e" ALK, BMRERET [21] 522,
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A HERER Min(N,V)- KgH M/G/1 TBHEARS, Hp<1B, A

(- 25 - 2)
PE) =500 =) -2

N—-1
1= z0(\) — 2N [ FM @AV () — 3 [ L Mgy (1)
k=1

(1=2)[v(}) + Ax]

|z| <1,

B Ay = [ F (0av (o).
BH N = | G RSN T A M/G/I TTIEHNRS, M 5< 1, H

(-0 - g - 2)
PE =0 =

|z| < 1.
4 BRRRE TSR N

FESLIY B AR AL AT
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AL kS5 B KA RE AR, FALI R B4R 58 Y co DEAL,

3) — AN, REHEEHFERH (Bl RERFHIA) N co THAL

0 C(N) 24 R GEAE %A Ml SR T Sz AT B2 I 1] B = AR S R 2 T, o 3 B M
HIRA:  C(N) ST — 5B A5 pa 4 301 B2 9% AT -5 — 1S3 JA 30T Ay S0 28 0 B ) E
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B, FTRA T LS e
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RGERBNMRS G ERRET RMEFHE, HERN

ql(k7m)
=P{V+s 1 <A<V +sia+ Wi,V <SVA +ln1 <Vtsp1 + Wi <71+ ln}

-mw»wmﬁ1Aw9ﬂﬁekwmawAwY@wA%ww»

m/!

BB, — AR R EN E(Ly) = E(V) + kE(W) + (k = )E(Y) + mE(b), —1~

W <SR Y RERIAEEN E(B1) = mE().
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MRS RARMR [E1 3 R 58 & B ST & B K AR R AR A, HAEER N
q2(k,m)
=P{Y 45,1 STASY 48510+ Wi, Y SV, A+l SY 48531+ Wi <71+l }
=[wN)yN)]*! /0 N %e—*ﬂdmm /0 h V(z)e dY (z).
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T3 7 K BERIEUE Y E(B,) = mE(b).

(2) MRS RIKBRESI RS, REPRIE S, XiHRS REEEERS, BAR
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SR, —ANEBIE KR E(L) = L+ B0), —ANEBIAE <7 S KB
HAEN B(By) = E).
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0 0

m! n!

Mok, —ANEBRBIEKE N E(Ls) = E(V) + E(W) + (m +n)E(®), — AN <
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BB, —AEBIR IR R B(Le) = X + BE(W) + (N + n)E®D), —AHBIPR < X
T KB RIRE R E(Bs) = (N +n)E(D).
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1 { w())
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N
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i E(B) RaR—ANEHEAAR TS 7 RERIHEE, A

E(B)
=3 alk,m)E(B) +ZZq2km B2+ZQ3 E(B3) + @1E(Bu)
k=1m=1 k=1m=1

N—-1

0o N
+ Zq5mn (Bs) +Z%‘ Z

m

m= =0 =1
BOV) + o)1 —y0) [
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q7(m)E(Br) + qsE(Bs)
X

(m)
( )-i-/o V(2)Y (z)dF(z)

® o ()\x)m — Az - * o ()\x)m — Az
+ m/o Y (x) e ’\dV(:c)—i—NW;V/O V(x) e ’\dV(:c)}.

FE—AEF AN, IR GAERSS B <7 ST » Aok Asdl ey, FRZny 223t i

EOR-CEZES ()
E(Z)
E(X)+ E(Z)

—ANEBN, RS & KR RS BRI R R

. E(B).

Cy -

ZZkE Va1 (k, m) + qa(k, m)] +ZkE g (k)
k=1m=1 k=1

oo

W)Z{szl% (m,n) + ge(n )}

n=0

Bt BT g1 (k,m), q2(k,m), q3(k), g5(m,n), g6 (n) FIEXAANE] X, EHER

B(Ly) = ’ff( )5 /va< Y (2)dF ()
E(W) [O Y(z /0 V(z)F ()dY()]

FE—NERIAN, M5 G K A0 i A i e 75 ZEA 12 2 9% AT 9 S 22 (E
Cw - E(Ly).
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(2) Meds G tMeds B <7 SC 7 T & A B S WU . - il -
E(B),

(3) MRS & % AR BE & T B R A I B . ¢,y - B(Lu),

(4) E—AFEHNREEEWERA. .

T

co + - proripz E(B) + cw B(Ly)

E(L)

C(N) = thin(N,V) +

® 1 AREEREE N T RGBT RO E 2% A

N CWN) N CN) N CN) N CN) N C)
1 137.8313 11 122.3174 21 1265599 31 128.2114 41  129.1097
2 109.1905 12 123.0499 22 126.7846 32 128.3245 42 129.1774
3 107.9342 13 123.6687 23 126.9920 33 1284314 43  129.2421
41102174 14 1241995 24 1271840 34 1285324 44  129.3040
5
6
7
8
9

112.9232 15 124.6612 25 127.3623 35 128.6280 45 129.3632
115.3601 16  125.0677 26 127.5282 36  128.7187 46  129.4201
117.3903 17  125.4294 27 127.6831 37 128.8048 47  129.4746
119.0360 18 125.7542 28 127.8280 38 128.8867 48 129.5269
120.3622 19  126.0479 29 127.9638 39 128.9046 49 129.5773
10 121.4367 20 126.3153 30 128.0914 40 129.0389 50 129.6256

140 T T T T T T T T T

135 b

130

125 b

C(N)
<

120}
O
115 % i

110-<><> i

105 1 1 1 1 1 1 1 1 1

1 RFEPERRE N T REREIT RO A1 E 2% A



5 BEWEWN, SN MRAESRBOMBEERE Min ov.v)- SKIEE /e TEHEARSE 723
T AR RS BRNHRE C(V) R B R/ MELI B M KM N*. XFF ¢ > 0,

i
Yt)=1—e,  WEt)=1-e  VE)=1-e""

FERBE h = 20, ¢ = 50, ¢, = 200, co =500, A =06, pu=2, a =06, B =2, 7=
0.5, 0 =04, v =04 THHBF p =066 < 1. E 1 L 1H5H T EARERKEE N T
ARG KW AT AL R B 5% A (DR B B0 /NS S DU Ar).

ZEEE L RIER 1, MR RGN R G BE S N =3, M RS0 5% A R B i/ IME R
C(N*)=C(3)=107.9342.
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M/G/1 Repairable Queueing System with
Warm Standby Failure and Min (N, V)-policy

Based on Single Vacation
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Abstract This paper considers an M/G/1 repairable queueing system with warm standby
failure and Min(w,v)-policy based on single vacation in which there are two types of break-
downs. One is that the service station may break during the “generalized busy period” of
the servers, and another is warm standby failure during the period of not providing service
for customers. We assume that two breakdowns are enjoyed different failure rate and repair
rate. Applying the total probability decomposition technique, laplace transform and the re-
newal process theory, we study the transient queue distribution and the steady-state queue
distribution. The recursive expression of the laplace transformation for transient queue
length distribution is obtained. And, the recursive expression for the steady-state queue
length distribution, which have important value in the system capacity design, is also given.
Then, the stochastic decomposition property of the steady state queue length distribution is
proved. Meanwhile some special cases are also discussed when the single vacation time v=o0
or V—oo, and the warm standby life time vy —oo. Finally, the total long-run expected average
cost per unit for system is developed, and the optimal control policy ~* is discussed by the

numerical example.

Key words repairable queueing system; warm standby failure; Min(n,v)-policy;
queue length; total probability decomposition technique
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