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R TR PR 0 AT, 38 H AR 0 RO SRAT AL T S5 455 BA B o 1 08 8 55455 I (1) AT
fib e FE 2 N HORE R e il I BUE AT, 23 b m] AR S HOnS AR A BN S AR5 I ], 40 2K 32
AR ST B I 22 520

FEM 46 B IL ARG B R G b, PRI B HERME Y 2 A IR &5 2
RSP F 2 5 B 288, Landry F1 Stavrakakis RN T EHE ERNE=RER
Tt 1ZRAE B AL HE G 1) X 28 2 A, TR 15 B A — e — HLAE AR gl 2 U MR R
GBS B, BARZRE BIRD, (B2 — B RR i E A R BE, — MR T 1% 2845 B BA
BAZ1 B L 254 (head-of-line priority, faifK HoL). Liu % 13 ZE b IERE ERFSC T — AN IET
E I ¢-G/L/Hol WACHIFFBAE AL, HERA RSt 3 4> M/M/1 BAFIA— 4RSS & 4Rk, R H
R ik 55 S, BAZI 1 FNBA 2 () E 73 A 1 AT N, BABI 3 TG EIME. FIH Kernel 7715
H T BEA PR A A RO MER, 1381 7 PRI BN FE AP 38 B 7] Alawneh 14 2
7 — TS A XTTE Y R, ZOTE VTR T RERA — 6 RS AR =58 S
Fe B AN R AR MR — M. 72 5G = AR LS B LUz v f s 3k =
W28 BE I, X EEY)  ARFEAS R S e b, SEBR b, 75 EAR SRR FE RSk ORE AR BT A
SRR ) A IR 55 2% 99). AlQahtani A1 Altamrah 15) &1 %65k H 24> 5G J4% (1 508k
W, PR T PR TOE 2 R FE R T SR AT A I AT 5 S AR I TR AR F F
ANTTHgE T PERESRE.

M, T AEHEE O, P2 IR A BT Pl e, A AL S iR YE 2 T O VH B 23 AR B 2K
B AT E s 2. filan, & EAR NS AL RUE L R —4RATIK P 5 T, 62— N5 A7
KA BIRAE 50 T3 TGEUE FAAF 3K SERT RAUE 100 JInsk 2 —3#, BInl B4 VIP H 4 ;
VU1 SRS 197 AR AR B3 A7 R 2 R R SE AE P AN Y, SR B 2 A3 iA 31 12 000 73, wT RIS
FHN ) ZRE 2 T 2 R R. TIX LA & B R B2, 182k R G0 m] LA R HERA S £,
SRR MRS, X R R B 9k L Se . A, R i | S e AR B, fE S
FIK AN RE S BE SRR S5, SEBOL TR KA. FREME DL, FRAY TP
HEBA B2 5 35 B A B /5 5K, 44 Fe i i 5 R B R A S5 A5 LAl FEBA B 25 J 1 9 4R



%50 SARIE, PRI BA PRI BUBE I M/M /1 HEBA R 2 451

iR 55, 25w B AR o & sO0 e i, Hoax @ s A W AL se il 4 2k e
AR, JTCRIRSS & IEAE MR 55 R SR E, 0 2L 21 O HAR LR 55, 2 Bk vid 5 g, W
A HEAE A HE DA 2 AT ST AR 55, SR B AR 55 R S B SE AR S5 . Tk, A
SCREAT A A IS SR B HEBAAR B () o B A A S I Ah e AR F ik A il — S DY 4E 5 2R AT R
WA, #OL T ARG RS MR 2 T REAL. R BEeR BGEAS B SS B 0 B =R S A
AR B AR DA S A8 SR R~ P B e AR B E 20 Ak 78 A 55 R AR AL R G5
i, 308 2R A A B e O, 13 8 R e o K A, N ARG BRI B IR 5%

§2. RERIK
(i) ZEIRE: ZREERFMNNERERE, S50 N, i =1,2,3.
(i) ARSSIERE: ARSS &% =8 & AR 55 i e 40 [F) B R A& B0 A, 50N .
(iii) REHFHRA MRS E, BRFAFELK.
(iv) HEBAFRIU: 55— i 2 4 5 — AN EE — R mik HA om o5 B e i, 28 R iR e —
R B AR S RS A, ARSI Sk N RE AR Bk
(v) MBEARSS & 15 5 BAF 2 16] [ i 4 ik () v DA 220
WAERZ] t KRG @ BRI Li(t), i = 1,2,3. BT {L1(t), La(t), L3(t), t >
0} AR ADTRA] R FE. I & £(t) =0,1,2,3 D RRRIZ) ¢ R EATHE, $i5
— R Y, B R G, B AR SRR A PRAS, W {L1(t), La(t), La(t), £(2),
t >0} /2 —UU4E D R R FE. RSN
Q={(0,0,0,0)} U{(l,4,5,1) [l > 1,4,5 >0} U{(0,4,5,2) |: > 1,5 > 0}
U{(0,i,7,3)]i>0,j > 1}.

§3. AREMBRTHH
SRR T —MATBECN M+ Ao + Ag BIERAVEE M/M/1HEBA RS, 45
G p= (M1 + ha + Ag) /< 1 B, BAASAMEIEAE. RRGMBE A
Py = Jim P={Li(t) =1, Lo(t) = i, Ly(t) = j, §B) =k}, (Li.jk) €,

W RGUIRASFERS T FEAL T
R55 & N E:
Poooo (A1 + A2 4+ A3) = pProo1 + pPoio2 + pPoo13- (1)

MR 55 & 1 5 = S L 4

Poo13(A1 + A2 + Az + ) = pPionn + pPoriz + 1Poo23 + A3Poooo; (2)



452 SR e ih F3TE
Poojz(A1 + A2 + A3 + ) = pProj1 + plPorje + uFoo(j+1)3 + A3Foo(j—1)3
Por13(A1 + A2 + A3 + 1) = A2 Poo13; (4)
Porjz(A1 + A2 + A3 + 1) = A Poojs + A3 Fo1(j-1)3 J=23,-; (5)
Poits(M1 + A2 + Az + i) = A Pog—1)13, =23, (6)
PO7,33(>\1 + Ao+ Az + :U’) - )\QPO (i—1)43 + >\3P01(] 1)3» i=2,3, y J=2,3, (7)
55 G R R &
Po1o2(A1 + A2 + A3 + ) = pPrio1 + pPo202 + 1Po113 + A2 Poooo; (8)
Porja(AM + A2 + Az + p) = pPuuji + pFPozje + ploi+1)3 + AsFoi-1)2,
Poio2(M1 + A2 + Az + i) = pPrior + pPogit1)02 + #Poi13 + A2Po—1)02;
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=
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X223 — za[M + Ao + A3 — A1 f(22,23) — Agz3 + ] + p =0, (28)
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Uk T 23 RFPHE, HL 25— 1, 15

/ / A3 " " 2>‘:23M
Kl)=¢d(1)=—22  W)=4¢"(1)= 30 31
¥ (31) FRANEH 3, & 23 — 1, 18
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Poooo =

Q%(L 1) = [ Qg(L 1) - [

2) BEHFEAK
(i) KB KT EIK N

1
E(1y) = S LD

(ii) 25 =R H)~F AR

d(Q1(17 22, 1) + Q(Z)(z% 1) + Q%(227 1))
dZQ zo=1

B 2A3(p — A1) plp — M) (1 — A1 — da — A3)

Sl = A=A+ A3) (= A)2(— A1 — Ao+ A3)

(i) 25 = K 10T S Ky

d(Q'(1,1, 23) + QF(1, 23) + Q5(1, 23))
dZ3 z3=1

(= A1) (B — Xa = A3) (= A1 — Xp — A3)? 3(p—=A)(p— A1 — A2 — A3)

T 22— A M) (= A = da+ As) (= A= Ae)(— A — da+ Ag)

SR 4 E AR RN R E S B ASH 0 R, R R A o, 7T DLA3 5

SEFENKE AN FHEEEBHR LT LT HNKE Rt tdsdr, A HEL
BEREMEL HTEET KA.
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E(L3) =
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FERER R A m] oy, AR 2R BIE R ARA i R, IR 55 8] 221 Ak A5 00 A, H.
MBS, = ABEREIERAN N = 2, TSP RIER Ny = 3, WiIBARABIE 1) 25
N N3 =5, BRBUF RIS ZIIN o= 12, & G 5 0% A0 58 HE U2 A 5 o
P, BT H o R A BRI 55 5 Fe JE A TFan M 05 L R e . i 5 o 2 et d AR A
T AT AR R o AR e IR L2, 18RI S5 & A 2RI A LU R B, JF H
753 % WA P B SRR A LR 1.
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SFEIK E(L) 0.2000 3.0247 0.9864 0.0000
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1 BREHEEERMERSE 1 TR 2 A E(L;) BEARSSF 1 BILTIER

HE LR, At =2, A\ =3, A3 =5, u € (12,20) i, FEIRSS 2 p BB I0, R4S G4
SRR A s AT AR D B R 5% 6 A S HE DA A AR DL B R
FEIZHTIGIN. XWAFE LRGN, 2RSS 6 & LN, Je kS A LRI, 4H
PSR 2E AR 55 52 BB I, MRS & A TF IR R 55 To L S IR s e s 2 1 N IR IR

HE 2 B, A =2, Ao =3, A3 =5, p € (12,20) B, 2 RUBE FIFHIBAK E(Ly) AR
2 SRR IZET T B, (HIEABR. 15 B 1 F 3 A E(Ly) 5@ HEBA i 2 1) ~F
BB E(L3) WARL 3, 2HL LT, hik, v LUE % RS & M eSS
R% 2, BRI RGERE, RATRefd Raul B

AR RGIPERE TR, MG A — 2% F R B, SR AR G R B R T e, i
111 9 22 & 12 BB 653 PR ROAS 2 7 22 LA 2kt bR O 8 38R B sl e i T 2. Tl
FR IR KBEIRAFIE () (b) PEFHFIIESRBE T AL ] U . o,

(a) Ri=eM, Ci=e™, i=1,23. (b)R; = X\2, C;=X2 i=1,2,3.
BB IZ AR IR A T B R e BRSO

F= (R —C)Q'(1,1,1) + (Ry — C2)@Q5(1,1) + (R3 — C3)Q3(1,1) — CyPoooo,



458 N MR et RV

He R (i = 1,2,3) AR EAFINRS 2 R, 35 0R. i HE R A AL 8] BT
PANE; C; (1= 1,2,3) SRR EAFRS 2 RBUR. 5 BE. HHE AR S A7 i [A]
PSR H; Cy FRoR1ZA B2 NI AL [ FTE RE M 28, AWt Cy = 1.

FE N R RN [F) i SR T 12 R A ) AL i i 5 2RI ) B0 2 RN R 45 2R ) AR A
1H L.

() BRESE N =1, A =2, \3 =3, 0L p € (6,20), B 3 E/R T 1ERIERLI A
LT, ZB RN FLEA F AR 28 R 50T F s B AR 252 0 AR IB . AT 3 H g2
B RSS2 p 3N, 2B A ) B R 3 2 IS N S ve b i . B R SR g
N (a) B, ARIREIAE 0= 7.6 BEEEUS B OME, SRNESERN (b) B, ARIIESTE p=17.2
iR ECSSONIER

(i) BESHE N =3, A3 =5, p =10, IEH N € (1,2), B4 BR THER D BIER
A2, A3 FIRSS 28w ARG OL T, 1B B AEAS [F A 2 F BRI (W 2 Bl 2 53 i 2% 1)
B N PRAE G B 4 ATRLE S, BEE 2 RBUA I REE A BN, & A\l
IR, HE HAERIE SRR (a) B BAR 40 B R 3 0

6 8 10 12 14 16 18 20 1 1.2 14 18 18 2
] SO

3 BIRARWNEPEARSE 1 ELER 4 BIRAEMIERERIAZE N BELERL
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Optimization Analysis of M/M /1 Queue with Two Types

of Priority Customers

ZHANG Yitong
(School of Economics and Management, Yanshan University, Qinhuangdao, 066004, China)

XU Xiuli
(School of Science, Yanshan University, Qinhuangdao, 066004, China)

Abstract: This paper consideres an M/M/1 queue model with preemptive and non-preemptive priorities.
Customers are divided into three priority levels. The first category of customers enjoy the priority of
preemptive, the second category of customers enjoy the priority of non-preemptive, and the third category
of customers have no priority. When the first kind of customers arrive, they will interrupt the second or
third kind of customers who are receiving the service immediately; When the second type of customers
arrive, if there are only the third type of customers in the system, the customer must wait for the current
service to be completed before accepting the service. Customers of the same type follow the queuing rule
of FCFS. A multi-dimensional vector Markov process is constructed here using the supplementary variable
method, and the probability generating functions of three types of joint distribution of queue length are
obtained. Then, each category of customer’s average queue length and the probabilities in service are
obtained. The influence of the change of service rate on the average queue length of all kinds of customers
in the system is studied using MATLAB software. Finally, different cost functions are constructed for
optimization analysis.
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