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Abstract

In order to expand the related theory of stream queuing model, this paper studies streaming of
M/M/1 queuing drive system with faults and retry systems. Based on the matrix geometry method,
the main performance indicator of the model is studied, and the construction of the differential
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equation is derived, and the system’s steady-state stock LST and its mean are obtained. Finally,
numerical examples illustrate the influence of different parameters to various performance indi-
cators, provide reference for the fault and retry queuing service systems in realities.
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Figure 1. State transition of the queueing model

E 1 REEBE

W7 A, (0,0),(0,1),(0,2),(0,3),(1,0),(11),(1,2),(1,3)-++ » ZED/RAT RS FERITE T3 ANE BT R
LS i HURAE W] LG AR
A C
B AC
Q= B AC
B A C
/\EF‘
-B 0 B 0 06 00
AO:n—(ﬂ+77)O B B=OOOO,
0 0 -2 y) 000 0
0 a 7 —(Z+a+,u) 0 00O
—(p+0) 0 B 0 0000
Al 7 —(B+n) 0 B oo 0000
0 0 —(4+0) A 0000
0 a 7] —(A+u+a) 0 00 4

BIE 1 (7] TSR A KR {Q(t), 3 (1)) + WL 4 R2B+ RA+C =0 U NI SUifAT DA F 8

DOI: 10.12677/aam.2022.112082 771 IR Esid


https://doi.org/10.12677/aam.2022.112082

FNALRR, S

HEBH
00 0 0
00 00
R:
00 0 0
hl hZ h3 h4
/\q:l
hl_—G+\/G2+4ﬂa77292(ﬂ+8+ﬁ)(/1+49)
B 270" (2+0+ )
h2='8+€r1,
A
h3:5_r1’
h _A(A+0) (A+60+p)n
o ub uo

G=ub(n+p)(0+pP)+and(A+0+p)—ind(i+0).
T SR T IZAE R RS R AR S RN 7y = !Ln;l P{Q(t) =k, J(t)= j}, (k,j)eQ, Bt
A 7, = (7yor qs Tz iz ) K= 0 o

3. RHABAMRE AR

AT RO TR AL MIM/L HEB B 3 S M HE VB . % C (1) R 20 t A2, L AE
GBS . GBIV TN AT LR ARBEHLI A2 {(Q(1). 3 (1).C (1))t 0) s, Wi

5, (Q(t),J(t))=(0,0),(0,1),(0,2),(0,3),C(t)>0
dc(t) |0, (Q(t).3(t))=(k,0),C(t)=0,
Cdt |6, (Q(t),I(1)=(k,0),(k1) k=1

&, (Q(1),3(1)=(k,2),(k,3),k=1.

Hih6<0, 6,,6>0, MYRHRENFN, REHMERFRERS ROBEEN 0, FHAL. R2,
U RGN, R4 G AT S S E 3 TR, R R A BILL S, . &, MLk .
T {C ().t 2 0} MM AUIRBT S e, IR SO Ab e T2 {(Q(1), 3 (1).C (1))t 20
L {(Q(1), 9 (1), C (1)), 2 0} Je—AMEskfty TR T Jet 2 o b T IR AR A A R 3 s, o A BIR 45,
IR R RO A S 5 SURSHRIEN p =4/ . THIEAs(Mean Drif) A d, H

3 0 o0 0 ©
d= 5Z”o,t + 5027@0 + 50275(’1 + 5127@,2 + 5127@3
t=0 k=1 k=1 k=1 k=1

A M p<1id <O, R {(Q(L),(),C(1)) 20} REAM. i LLT KA I 41K
B2 E A 6 KM

Fo; (tLu)=P{N(t)=kJ(t)= j,C(t)<u}, k>0,j=01.

4R FIERE {(Q(1), I (1),C (1)), t = 0f At iEHTRABEHLIEN (N, J,C), EREKMET,

DOI: 10.12677/aam.2022.112082 772 IR Esid


https://doi.org/10.12677/aam.2022.112082

NG, MG

Fo;(u)=limP{N(t)=k,J(t)=j,C(t)<u}

t—>o

=P{N=k,J=j,C(t)<u}, (k,jeQ)
25 HH EAT B 1P AR 43 AT pRA
F(u)=lmP{C(t) <u}= 3 R (u)+ 3 Fo () + 3 R (U)+ 3 Fos (0).

toe k=0 k=0 k=0 k=0
2 HE BRI (o3 FE 4N
dF,, (u
5ol () pFua )

5 S )_ o (0) (B n)Foa()+ o ()

5dF02(u)
du

dF,, (u)
du

BFoo(U)=AF,, (u)+ uFy4 (u),

o

=B, (U)+ AR, (U)—(A+ u+a)Fy, (u)+6F,(u),

=0F 10 (U)—(B+1)F(u)+aF s (u), k=1,

L) ?

Y du
5 dF 5 (u)
du

TIRE L %A N

= BFo ()= (A+0)F, (u)+ 1R 5(u), k=1,

=AF (W)= (A+a+u)F;(u)+ R (u)+ AR, (U)+OF, ,, k>1.

Foo(0)=2a, F;(0)=0, (k, j)=©/(0,0) 2
N T HEER a E, ¥ ERE R TR, 35

5ZdF0t( ) 52(“:“0( ) 5o§d|:zlu(u)+5idFk'2(u)+5i

lk:l du 1k:1 du
$ BRI 0 B oo FL53 115
8(Foo ()= Fy0(0))+8(Foy ()~ Fo1 (0)) + (0 () — Fy, (0))
#0(Fas () ~Foa (0)+ 6 2 (Fen () ~Fen (0))+ 0,2 (Fes ()~ Fa (0)

#6.3(Fii (#)~ Fia (0))+ 6.3 (Fo () ~Fes (0)) =0

EET

Fej(0)=limP{N(t)=k,J(t)=j,C(t)<oo}

t—oo

:P{N:k,J :jv}:ﬂ-kj’ (k,JEQ)

FIFR R PEQ), Koo Iy R (L) M T 7

DOI: 10.12677/aam.2022.112082 773 IR Esid


https://doi.org/10.12677/aam.2022.112082

FNALRR, S

S(7o0 —a)+ 57y, + 07ty , + 07y s +5OkZﬂ'k‘0 +50k272'k’1 +51k2ﬂ'k‘2 + 51; Ty =0,
=1 =1 =1 =1

2SO AT =
Oty + Oy s + 07y, + 07y +502”k,0 +512‘47[&1 +512”k,2 +512”k,3 d
a= k=L k=L k=L k=L _9
S S
4. RIEBHIERES T
IR TR (L) AT DL R AR
d
E(Fo(u)":l(u)’Fz(u)"")H Z(Fo(u)’F1(u)'F2(u)"")Q’
Hrp
H =diag (6,8,8,8,8y, 8y, 8,8, 59,59, 8,60+,
Fe (U)=(Fo(u), Ry (u),Fp (u),Fg (u)), k20
LB, (u) R R Ay
Fg(u)=["e*Fy(u)du, s20, (k,j)eQ
ARNA XTI BEAT LST (B84 0 - i /- DI A8, 7531
(. (1), (0). B (0) By (0) ) (@ sH) = (-85,0,0,0,--).
MR 1D 564 (2) Lk & s iar . AERSE R AR R AT 2 X
—(ﬂ+6’+s§0) 0 s 0
A(S): n —(/)’+77+S§0) 0 p
0 0 —(1+9+S51) A
0 a i —(A+p+a+ss,)

EFR LT s>0, HFFEIFER?(s)B+R(s)A(s)+C =0 m/NEGfR

R(s){

R OEOE R ORO

= O O O
o
o

o O O

=

fz _B+0+56 .
n
(u(n+p+36,)(B+06+56,)
3 = +B |0,
(A+6+56,)(nbr,+an)
_(77+,B+s50)(,3+¢9+550)r
‘o nor +an v

DOI: 10.12677/aam.2022.112082 774


https://doi.org/10.12677/aam.2022.112082

NG, MG

HOWV (WY +27) T
(—an(ﬂ+,u+a+s§1)WV+ﬂa2772 A+6+56

{Pno?[(V +1)W + 4n |} : 271 pn0*[(V +DW + 7]}’

HOWV (WV + A7)
A+6+5s0,

3{Bn0*[(V +OW +an ]}

) Z{HUaﬂ\N (V + 2)+/17720(2aﬂ+6')+

q:

{Hnaﬂw (V'+2)+ A0 (20 +0) + }{Uazﬂ(lﬂ+w)_9ﬂ(l+ﬂ+a +53 )WV + 2/1a772¢9+’w’”7wv}

A+6+5s6;

Aaun WV
a?B(An+W)=08(A+ u+a+58, WV +2an’0+ =207
{77 B(An+W)—-60B(A+u ) Ot orss,

P= {Pno?[(V +1)W + 4n |}

HOWN (WY +277) T
A+0+50,
3{pno?[(V+)W + 7]}

WERR BT C RARE —1TA R, MIEHREREEIEN, HEER(s) A LA T4
0 0 0 O
0 0 0 O
R)=lo 0 0 o
r1 I"2 r‘3 r4
K RRE TR R (s)B+R(S)A(s)+C =0 JEIF a3 3L N 7 F24
—(B+6+5s5,)r,+nr, =0
onr, —(n+p+s6,)r, +ar, =0
Br—(A+0+5s6)r,+ pur, =0
ort, + B, + At —(A+u+a+s6)r,+1=0

{Hnaﬂw (V +2)+An%0(2ap+0)+

i f] BB AR SC T TR R

{Gnaﬂw (V+2)+1n°0(2ap+60)+ HOWV (WY +/177)} 2

rl
A+6+55,

J{nazﬂ(ln W)= 6B(A+ u+a+s5)WV + 2/1057720*%—71\/\/5\5/} "
1

FRV — et B8, . W= 40455, . fEl— It KR, ;@zwﬂ%umz(gj {g) S0, LB
SRR — SR, HERILAR, R 1. JEE, Ms—>08f, R(s)— R, fESIER L,
FATAT LI E] F, (s)(k 2 0) FIIA R

EE2 4d<0, p<iitf, F(s)(k>0)iie

DOI: 10.12677/aam.2022.112082 775 IR Esid


https://doi.org/10.12677/aam.2022.112082

FNALRR, S

Hodr R(s) HHiFE 7 R (s)B+R(s) A(s)+C =0ffiE, HE
Eo(s)= a5 {0B(A+56)+0(B+n+55)(A+55)r,—ass(A+n+85)-Aan+T,)
OB[An+T, |0 +0(B+1+85)T,r, +ass[(f+55)+ A+T, ]| +(B+56)T,
T1=—(ﬂ+77+35)[(/1+s§)2+ﬂ55}
T,=(B+56)(A+55)

ﬁol(s):(ﬂ+s5)Foo(S)—a§'

R B y(ﬂ+77+55)[(ﬂ+s5)lfoo(s)—a5J
Foa(8) = 7o T (9)* 7(A+s5)(a+0r,) ’

~ (ﬂ+n+s5)[(ﬂ+sé)lEoo(s)—a(S}
Fos(S)= 77(0£+6’l’l) .

MERA oy 75 R RIS DR S5 T AR

©)

Horp
—(,B+s§) 0 B 0
~ n —(B+n+s5) 0 s
A=l g 0 ~(A+s5) )
0 a u —(A+a+pu+s5)

Horp
B[R]=A)(s)+R(s)B
—(ﬁ+s§) 0 p 0
_ n —(B+n+55) 0 B
0 0 ~(2+55) 2
0 a+or u —(A+a+p+s5)+0or,
Jeot EU5 R

~(B+56)Fy (8)+77Fy (5) = a5,
~(B+n+38)Fyy(s)+(a+6n)Fy(s)=0,

BFy (s)—(A+s9) F (s)+,u|303(s) =0,
BFoy(3)+ AFy, (s)+[0r,—(A+a+pu+55)]Fy(s)=0.

R LR PYTC— R TR 2, NHETHE RGP AR LT (Rl hiiacse), i 4

DOI: 10.12677/aam.2022.112082 776 IR Esid


https://doi.org/10.12677/aam.2022.112082

AR -

- i 15

] A 2

F(s)=["e™F(u)du=Fy(s)(1 - R(s)) e

Hopor 2 —ARAER, e 2 MBI E. REEE 1 Ko, HEFER(s)

max(r,(s), 5, (s)) <1, [tk 1= R(s) AT, AT

1 0 0
o 1 0 0
(1-RGs))'=f o o 1 o0
r.:l. r-2 r‘3 1

RAFEX (@), ATRE 3

A ~ B ~ 1+r+r1+1, ~
F(s)=Foo(s)+FOl(s)+F02(s)+—§L_r2 2 Fy(s)
4

L7 TP A, 5 SUBEA 50 B F, (u) 1 LST A58k
fo(s)=["e™dR(u), (ki)eQ
W £ (s) AP RaPEA7 G LST, 143
f(s)=J; e *dF (u)=5F (s),
TETHEPRR EAF R A EE R, AR
E(C)=—lim <1 () =~lim 57 (s)

T F(s) 92 H00 4L Wk limsF'(s) =0,

E(C)=-lim-LsF (s) =~ lim[ £ (s)+sF'(s)

s—0 ds

:y(ﬂ+77)a5_£+(ﬂ+77)(n+77+ﬁ+0r1+77r3)a§
In(a+6r) n  n*(a+6r)-(n+pB)(B+0)r
+a5{0ﬁr1+6(ﬂ+77)r3—(ﬁ+77)ﬁ—om}
An(n+B){0(n+1)-2)
as{0pn+0(B+n)t—(B+n)i—an|  p+n+p+0r +r,
n{o(n+1,)-1 n(a+6r)-(n+pB)(B+0)r

35 ()
3':((;[ 5779;(?0(5 :573)+ﬂj
o' =(n+p)(+0)

[(A+n)+1]

Hr

'
1

—

(4)

R

®)

DOI: 10.12677/aam.2022.112082 777 IR Esid


https://doi.org/10.12677/aam.2022.112082

FNALRR, S

|:776(2ﬂ(/17’]+ﬂ+9)—0ﬂ(l+’u+a)wr+2/16177294_ﬂ,a’unwjl

A+0
Bt o'+ B+6+Ain]

o =

,m9a)'(a)’+/177)}2

{9naﬂ(m’+2(ﬂ+t9))+/177 0(20f+0)+—

3[ pn6* (o' + p+0+in)|
0o’ (o' + An) ’
) Z{Hanﬂ(a)#2,B+26’+2/177)+/177292+’un}

(—a(/1+,u+a)a)' +a’n A1+6

+
BO* (5 + B+0+An) 21[ pn6* (' + p+0+27) ]

, uo' (@' +2An) || _9(ﬂ+ﬂ+a)a)’ /105(27726’+/1a)’)
aff (o +2ﬂ+249+2177)+/1779+7n(/1+9) Ha (An+pB+0) , + 5(3+0)

3p0(w' + B +0+2n)

5. ¥{EHIF

AR HUE B X0 E IR TS SR AT A

mE 2, ¥4=1, a=03, B=04, 0=05, 6§=-5, 5,=2, o6, =30, FiH u Tk, REE
W IR S5 58 n M AR5 E(C) I M AR, tIEIWT A1 E(C) BEAE » OB I s /s, BIVREA i
MRS I, RE I RN

wE 3, H¥n=1, =03, p=04, 6=05, §=-5, &,=2, & =3H, x4 14, 15, 16
I, B p N, REMRKPEFAREMBZ N, FN, PEAFE E(C) B B A% A 11Ny
e

mE 4, M =1, n=1, «a=03, =05, §=-5, &,=2, 6, =30, usrHE 12, 1.3, 14K,
B p BISEIN, RGMRREF BRI, [, PEAfFE E(C) A REMPHAEET B 13
Mo WNEBRIEDURE, 4EE T BRI K, R S9N R 2 B HoR D>, IR & Sehrfiot.

5000

4500F-.
4000F
3500+ N

@3000 - e
=2500F e
2000+ T ~_ TR 4
1500+ e
1000}

500 ‘ ' ' ' ' ' ‘
0.1 0.2 03 0.4 0.5 0.6 0.7 0.8 0.9

Figure 2. E(C) versus 5
2. E(C)R n Y=L RIZE

DOI: 10.12677/aam.2022.112082 778 IR Esid


https://doi.org/10.12677/aam.2022.112082

NG, MG

4000 T T T T

3500

2000 T

1500 |

Figure 3. E(C) versus 4
[ 3. E(C)B# 4 Y=L RhZE

6000

5000

4000 -
< 3000
L

2000

1000

Figured. E(C) versus f
B 4. E(C)Rf p HIZE L EILL

1100

1000 |-

900 -

800 [

700

600

500 ]

400 . . . . . |

Figure 5. E(C) versus 8
[E 5. E(C)F# 6 HyZ 1k BhZk

DOI: 10.12677/aam.2022.112082 779 IR Esid


https://doi.org/10.12677/aam.2022.112082

FNALRR, S

mE s, Ha=1, n=1, =03, f=04, 6=-5, 5,=2, 6, =30, u/rHi 12, 1.3, 14K,
B w300, RGMERKFEAA BB N, FN, AR E(C) b IR RS R o 11
IR o ASEBRTEBURE , AHBE PN UK IR S5 IO TG, ELIRS5 I TBR G, ARG 2 4 ) st 2
b, A SR O

6. &it

ARSCHFFE T AT AR M AN IR A R G MIMYL HEBAIRE) RS RS AL . T4 G AR S PEA &
(1) LST M HIPERIAN . il Bfi ) 15 WA 7] 24006 25 00 RESE B A B2 o

E&UH

% A SR R4 3 & 4R H (11901307), VL7574 5 4E3 4101 H (BK20180783).

SE W
[1] Kerner, Y. and Shmuel-Bittner, O. (2020) Strategic Behavior and Optimization in a Hybrid M/M/1 Queue with Retrials.
Queueing Systems, 96, 285-302. https://doi.org/10.1007/s11134-020-09672-w

[2] Wang, J.T., Zhang, X.L. and Huang, P. (2017) Strategic Behavior and Social Optimization in a Constant Retrial Queue
with the N-Policy. European Journal of Operational Research, 256, 841-849.
https://doi.org/10.1016/j.ejor.2016.06.034

[3] Thiruvengadam, K. (1963) Queuing with Breakdowns. Operations Research, 11, 62-71.
https://doi.org/10.1287/opre.11.1.62

[4] Kalidass, K. and Kasturi, R. (2012) A Queue with Working Breakdowns. Computers & Industrial Engineering, 63,
779-783. https://doi.org/10.1016/j.cie.2012.04.018
[5] FkiAEK, 1RFHW. BABETATEE AT EHFEHEA RAIE ). RERE 5%, 2019, 39(4): 637-647.

[6] Vijayalakshmi, V., Kalidass, K. and Deepa, B. (2021) Cost Analysis of M/M/1/N Queue with Working Breakdowns
and a Two-Phase Service. Journal of Physics: Conference Series, 5, 12-26.
https://doi.org/10.1088/1742-6596/1850/1/012026

[71 e, mrige, dkber, % WE TAEYRESHE S0 MIMIL BERHEA R T[], B PRI RS SR (H 24
BlE£AR), 2020, 37(5): 9. https://doi.org/10.11721/cqnuj20200511

DOI: 10.12677/aam.2022.112082 780 IR Esid


https://doi.org/10.12677/aam.2022.112082
https://doi.org/10.1007/s11134-020-09672-w
https://doi.org/10.1016/j.ejor.2016.06.034
https://doi.org/10.1287/opre.11.1.62
https://doi.org/10.1016/j.cie.2012.04.018
https://doi.org/10.1088/1742-6596/1850/1/012026
https://doi.org/10.11721/cqnuj20200511

	带工作故障的M/M/1重试排队流模型系统性能分析
	摘  要
	关键词
	The Performance Analysis of a Retrial M/M/1 Flow Queue Model with Working Breakdowns
	Abstract
	Keywords
	1. 引言
	2. 驱动系统的模型描述
	3. 流排队模型描述
	4. 流模型的性能分析
	5. 数值例子
	6. 结论
	基金项目
	参考文献

