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Abstract

In this paper, feedback, impatient customers, and repairable factors are added to
the classic M/M/1 queuing system model, and a new model is constructed. The
relationship between various state transitions in the model is used to list its steady
state equation. By solving it, the probability of the system being in each state and
the queuing indicators such as average queue length and average waiting time can be

obtaine.
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1. 515

it HATEE A R FE BRI &, 78 %2 ML HEBA IR 55 32 G0 b 184 m FG & 52 e R 35 7ok A
ZFAN 2T R, S K.Samantal [1] BF7T 7 HA LIRS E K B RS SHAR S, R4
HHE BRI B AR P T IR AT SRAE T PABEAL R DA EHEIRSS, PRI ) R AT 5K BT B A E B AL
LICI RGP, a4 A R B I 8] 43 A7 N ) — LeH (25 BRI UIE 22 42 1 e I & A0 23 i 45 R
HIHERAYE. Bouchentouf [2] MIHAVEE FRE T LR A B EE B R E 43 1 Markovian Bernoulli &
WHEA FR g8, AR B BOEAT 0, IRAE S A HEA R G, IETF R T HERA R GE i AR Y.
WAt LE K. Qi [3] MILATFEATHII T — b 5 ASTHGU B A S RS HE B VLR AR R 58, Al
RV R0 5 MR 2 16) 8 30 3 A5 FH R RO 2 A 1) 7 v A e R FLRG it 1) R A0 45 2R Yacov Sattin [4] %
HAEEEI T 7 — R BA AT WU 1) A 148 5 2K 0] R BAF H BN 2 P B R 3R AR AL, 12 SCHE AT
TERSAS FRANAEAEAH N IE [A) R /R SRS R RS A IR IEOL T, TR H — Rt 5 R GEReAIE 10 7 V2.
Swathi Ch [5] MHAIEFATHERE T M/M/1 BRI R G i 2 9 ASERE IR S5 81 7, I B
B MR RLLE IR 55 25 AN [FRRAS I 3EAT TR A, SRS LSS RN AR
3. Zhou [6] BFFT 7 & ML) N-SEHE M/M/1 2 8 TAERBEBL, TR R 77 V2 R A5 A P R A K
IIAT LSRRI IR S5 & Bk ab T3 LR TARMAR IR, Li (7] BEFE 7 A B shif |, k55 &
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AR M/M/1/N B i TARRER AR G, i @A RSV K R, A R R L ik
R A RS MR AN IO R, IIMTSRISRESMER AR, JFHRWE T RGRIFEAREM I Z5E
B, SRR RGTT 2. RGRSTHE. REGFHE, REREIK. RGEREHIEHLE RGN
RE, MY SRR S SR AL T ARG B AR YR, Liv Yue 55 [8] BFAT T B A AT BUBIE ) M/M/1
RIEHEBN R 58, @AL/KCPARIR A AE K R, I8 IR Bright Taylor 545 2 RSt HIF2 S HE
HAif LA e HABE AR, AR FHAEA F AR i N S 45t sl AN A s R 2K, 5 H i
W ARAT 538 R St AN WU Al B S M D 2 R A2 — A M/M/1 HFA R SR i AT 25 )8
T FCIX L R Z T HE A R GE 7 AR IR, T AR SORG X LS 520 DR 3K R I A8 A 22 i M/M/1 HEBA R ¢
R Y — AN, B Sy AR A TR B ISR RS T RIS T RIBER LA
T T3S i K S5 Bk ) S HE B FE A%

2. =AY

WE BIEL TR { X4, t > 0} NSHEGE N WAL RE, RIELARIBGE 5] {Jxk > 0} A
i.i.d FENVEREFS, H J ~T(1,N).

RGERA-NIRS G, BRARS A%, REMN FCFS, WSS, RSB EA
B, B~T(1,p), BBERIIRSSEHETES] {Be, k > 1} N ii.d BN EFS], H By ~T(1,pu). H
o< A

EMRS R, RS GRS AR, BT R AR MO o A R S AR5, B AR i 1
6] Ty ~ T(1,71), HRS GUEMEITR] Ty ~ D(1, ). 1ERRS &R A MR K 4B, K% 68k
%, B TEHATER. SRR T, BT IUE S, RS Ty AR EARSS
e BRI, AR, R AN RSB B IR E] T3 ~ T'(1,73).

15 AN R 55 58 0 B2 DA 6 3R [B1 3] iR 2% R G BA R FIE BN S50 N — ik %%, DA 1 — 0
BIFRS, id0=1-0.

B Ny Rt Z] ¢ REHRIBIEEL 1oy Rk GAERZ] ¢ RS, Ty B9EXWTT:

Iy =

0, tMZIRSS G AT HFEIRE;
1, t WZIIRS AT IEERE.

M {Noy, Tt > 0} Haii— > — e MELERT I T /R T R, RS2 N Q = {(n,0),n >
0} U{(n,1),n > 0}.

FE DL AR A LA B, RIS R GEAL TP IR S LA AR 8] R] LI AR e 72 O 1k
X HEAT W R B IR T,

3. At AHE

RGNS E LT
Pnl = }i}m Pnl(t>7
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t—o0

o,
P (t) = P{Nu =n,Iy =1},n > 0;
Poo(t) = P{Ny = n, Iy = 0},n > 0.
MZ R GRS TTREN

Y1Fo1 = Y2 FPoo; (1)
(A +71) Por = 72 Poo + OpPry; (2)
(A +72)Poo = v1For + 73 Pro; (3)
A+ 1+ 1) P11 = APy1 + 72 Pio + 0uPoy; (4)
A+ p+7)Pu = (A4 0p)Po_11 +72Poo + 0pPrgr 1 n>2; (5)
A +72 +73)Puo = APo—10 + 71 P +7v3P0t10 n > 1. (6)

%3 (5) 5 (6) LR 2, (Frb |2] < 1) W13
A+ p+m)2"Poy = (A +0p)2"Po_y11 + 722" Pao + 02" Pogy 1, (7)

A4+ 72 +73)2"Poo = A2"Py_10 + 712" Py + 732" Pog1,0,n > 1. (8)

S5 (7) R (8) AR n HEATSRAIA 43

oo o oo ;
A+ p+m) Z 2"Pp = z(A+0p) Z 2" Pasig + Z 2" Ppo + gznﬂpmm, n>2; (9)
n=2 n=2 n=2

()\+72+73)ZZ” no—ZAZZ” ‘P, 10+’Y122’" n1+*zzn+1pn+1,0; n=1 (10)

n=1 n=1

£
Z) = Z Zn nls
_ Z g o
n=1
My (9) A1 (10) PR LT A
A+ p+71)(Pi(2) — 2P11) = 20+ 0p) Pr(2) + v2(Po(2) — 2Pio) + %(Pl(z) — 2Py + 22 Pyy); (11)

(A +72 +73)Po(2) = 2A(Po(2) + Poo) + mPi(2) + %(PO(Z) — zPy). (12)
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BT (1)-(4) 504 (11),(12) PRt — 5 T

(1= 2+ (1= 20— Dt wlPi(2) = 22Fal) = (2~ DARur (13

SR 2)73 +%2]Po(2) = mPi(z) = (2 - 1)?;%1. (14)
i (13) 5 (14) PiA[ 13

(2= DM (14 5 [(1 = 2)A+ (1= 20 — L)+ 7)) Py

Po(z) = 1 9
(T=2)A+ (1 =) +7[(I=2)A+ 1 =20 - )p+n]—nr

Pi(2) = (=DM -2A+ (1= 2)p+e+ ’Y_l]Pm
[(1=2)A+(1— %)73 F+ )1 —=2)A+ (1 — 20 — g),u +m] =172

4. TR

EE 1 (1) KRG T IER TARRSKI R ECN

P, (Z) — (Z - 1))‘[(1 - Z))‘ + (1 - %)73 + Y2 + ’Y}]Pol
T AT (= D+l — A+ (L= 20— Dyt ] — e

(2) RGAE T MRS KRR O

(=DMl + [(1=2)A+ (1 - 20 — D)+ 71]) Poy

PO(Z) = 1 6
[(1=2)A+ (1 =)y +20l1-2)A+ 1 =20 = J)p+n] -1

(3) RGEIIRE AR EE R AL

P(z) = Po1 + Pi(2) + Py(2)

(1= 20— D)l — 2)A(1 = 2) + (1= Dys +72] + (1 = L)ms
(1= 2)A+ (1= L)ys +9)[(1 = 2)A+ (1 — 20 = L)+ m] — 117

(z = D)Am 1 + G224 ;]

V2 2

[(1=2)A+ (1= D+ 0]l =22+ (1 =20 = Hp+n] -y

)Por

FHE 2 (1) RELTIER T/RRSHEE N

o B A2 +71)Por
A = A ) = N a0 — 06— N
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(2) RS T R A5 0 My

M (1+ )Py
Py(1) = lim Py(z) = 02’
b =i Bo(=) = s+ a0 = O = ]

(3) HIERZA: Py + Pi(1) + Po(1) = 1 145, RS &4 T N RZE

Py, = _(73 = N7+ 70 = ) = A
(0 = Opyz + A1+ 2) +mys

(4) Bk55 B AT Ry

M2+ 22) + Ao

1— Py = —
CT O O + M1+ ) + 7

EIE 3 ARG HTHA A

4 piy | (0 — O)prye + Ay (L + 2) + 7173
ya = = —
(s = A+ [0 — 0 — A

BN) = 755

FE 4 W w ARGFRFMT (2 <1), TSR, 2555 A

A
©w

Blw) = 1 (0 = O)pye + A (L+ 2) + 7173
w) = — - —
A (=M 7l - 0p— A

ME: BRI RGEMBIARN N, HHER 3 RS H-FEBK

B (0 — 0)prys + Ay (1 + %) + 7173
EN) = (vs =M+ 7200 — 0)p — A

FIRFIE/R (Little) A E(w) = 28 w713

Blw) = 1 (0 — )z + A (L + 2) +mv
w) = — - _
A (= A+ 20— 0)u — Al

5. ING

S AELE UL M/M /1 HEBA R GO R R 8 0 1 Bt AT . AR A, AR A
BB I H AT TR, BATRT G R T B AR s & A SO TR PRI AT
YA IS TR M. 7 75 ZEHEBN A H 8 BRI, JRATAT DIARYE I (2 IIA 1 B8, (R =% FE 81 i
5 RGIRST R, LU MBI S A7 R o B3 (AN B 26 5, BETE B0 & BRI IR 553 =R A
LR mi S5 G GBI A, BT IA 21 5 -3t ke 55 951 2 A0 5 76 70 B B A) H .
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Ak, AR EHEBANR R B R I S AN ATE R SR D A AT, RETR I
AT ELRI A AR S T R BT 53R RGNS T R DA BIBAG L P 25545 i 18] S5 R A 4
bRAE T 2Rk — 255 R I 1]l
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