Pure Mathematics E %%, 2025, 15(5), 171-184 Hans i
Published Online May 2025 in Hans. https://www.hanspub.org/journal/pm
https://doi.org/10.12677/pm.2025.155166

B RIENJLAERE XA EANTRE
PHIR A

R, FadtY

T TR SR S gt AR, BRI TR
2R ITNE RS S S REN LA R B s, W K

Weks . 20254F3 270 A ER: 20254F4H30H; KA HI: 20254F526H

wm B

RXTLRAEEH TR EARE R, RN T —ARSZEMFND KSR, RTIUTE%
FIAIRE A B SUR R KR BAFT TR L ASCE B —AOREZ A B BB S R AR i J LA J A e 2%
PrOA RO PR, FRRSE RN TM/G/ TR AHEBAE AR, 45 T RN HEBA AR JLAT3 7 42k ) A0 5 2 A AT
W FTERE, FFRAET MR B ERIE .

XA
B HB D KR, JUMEHE, M/G/URAHBAERE

Geometric Ergodicity for SKip-Free Markov
Processes and Its Applications to Queueing
Models

Gaihong Ye!, Wendi Lit2*

1School of Mathematics and Statistics, Xidian University, Xi’an Shaanxi
2Key Laboratory of Computing and Stochastic Mathematics (Ministry of Education), Hunan Normal University,
Changsha Hunan

Received: Mar. 27t", 2025; accepted: Apr. 30t, 2025; published: May 26, 2025

Abstract

Numerous studies have been conducted on the geometric ergodicity of Markov processes. However,
for Markov processes in general state spaces, there still remains significant value in determining
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the criteria for geometric ergodicity and convergence rates. This paper investigates the geometric
ergodicity criteria and convergence rates for skip-free Markov processes in general state spaces.
Our results are applied to the embedded M/G/1 process, establishing criterion for geometric er-
godicity and explicit convergence rates for this process. Corresponding numerical examples are
also presented.
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Table 1. Values of the S, under different truncation levels and traffic intensities

F 1 TEBEKTESRERBETH S, SHE

p 0.9 0.7 0.5 0.2 0.1
N=5 9.5 8.5 7.5 6 55
N =10 19 17 15 12 11
N=15 28.5 25.5 18 18 16.5
N =20 38 34 30 24 22
N =25 475 425 37.5 30 27.5
N =30 57 51 45 36 33

Table 2. Numerical results of the convergence rate r,

2. BSURE r, WRIELER

P 0.9 0.7 0.5 0.2 0.1
N=5 1.10043 1.02378 1.04913 1.11388 1.11621
N =10 1.03117 1.05183 1.02666 1.01207 1.08236
N =15 1.01749 1.01928 1.02095 1.04919 1.05007
N =20 1.01256 1.0174 1.00121 1.02213 1.0393
N =25 1.0111 1.01963 1.00922 1.00151 1.00309
N =30 1.00265 1.00213 1.02062 1.01012 1.03022

Table 3. Numerical results of the uniform convergence bound M,
=3 —HWHMER M, HBESER

P 0.9 0.7 0.5 0.2 0.1
N=5 485.455 533.897 622.545 1103.71 1953.66
N =10 497.005 544.007 631.274 1110.47 1959.79
N =15 510.34 555.481 641.018 1117.84 1966.42
N=20 25.908 568.616 651.965 112591 1973.62
N =25 544.319 583.798 664.352 1134.77 1981.46
N =230 566.432 601.549 678.484 1144.55 1990.02
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Table 1. M/G/1 queue simulation algorithm
Mfs= 1. M/G/1 BABIRRHIE A

M/G/1 BAFI BRI B

A A(FNER), p(RFZF), N (AFERBEE)
Bid: S,,M,r,
c R p=A/u
if p>1 then
W RENTRE(FRIEFE A uff p<1)
end if
HHEBMR a,
for 0<k<N-1 do

D O W N

k
7: a ej:(ﬁkxl) e 7dB(x)

8: end for

9: HEFERMAEHIEP .
10: for 0<i<N-1 do

11:  if i=0 8 i=1 then

12: P {LN-1} <~ a’{O:Nfl}
N-1

13: Pin (_1_zaj
=0

14.  else

15: pi.{i—l‘N—l} <« a{O:N—i}
N=i

16: Pin <—l—2aj
=0

17:  endif

18: end for

19: pN,Nfl < g

20: pN,N (71_30

21: iFHE p,ﬂk’ :

22: for 0<n<k<N do
N

23: P> p,
j=k

24: end for
25: HHEGY:
26: for 1<n<i<N do
, ) (5130
27: G160 Y PG

k=n+1 pn,n—i

28: end for
29: it5 Syt
N (1)
30: S, ¥ Y
1keN 1=k Py g
31: itH D, :
N G(/)
32: D« Y phy S
1<ksN = Pria
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33: W&,

34: b<«exp(1/s,)

35: ‘ERBENLELU €(0,1)
36: r,<1+(b-1)-U
37: WEM,

-1
38: M, | (1-s, I, )+ {[1- 1P | g
r -1 n-1 " 1-p,

39: return S ,M,r,
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