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Stochastic Model for Telecommunication Service Availability
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ABSTRACT

The objective of this study is to develop the theoretical model of the telecommunication system service
availability from the user perspective. We assume non-homogeneous Poisson process for the call arrival process
and continuous time Markov chain for the system state. The proposed model effectively describes the user model
of the user-perceived service reliability by including the time-varying call arrival rate. We also include the

operational failure state where the user cannot receive any service even though the system is functioning.
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Fig. 1. User perceived service reliability model
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Service Release - Can’t hang up

- Billing error

52

www.dbpia.co.kr



e B4 A FHES] 3

doshel w2 3 2t A Jeel off-2  AdEfel|A]
;]jET /K]7]—_¢_ 04u}\/]. jj__?gz«lo] z%iﬂ Xﬂ‘ﬂ oELj_az_.
S gl ol Afel £
MEe] % mAES AT WA} 9
ot} o= & /‘]EJ} wor Wers EdY A4
o}
2_;11

o.fi o

= ]2 AlEzic) o] A% _\]j_ - 2 Fol)
28] Abef7t Hﬂa}?ﬂ =] =),
¥
S

1.3. &% (Measure)

2 delde AEE SRR Apla 7
(Service Availability) 5 #|otalgicy. 7] AlFw
A dy] AgEle R F MR
(Availability)ell sislc) 78w ¢l A]H e
Alz=dle] on AFelel] SIS FHEE Ao ¥Ioh8]. 1=
o 45 712 ¢ A9 i dF 23] s
Agoll= - B3 AJF mioh A|2Ele] on Adef o
Aofef gt wEpa] E AellA] Akl AH|
7]._%_};_5 S1R=E Ezl- /\]Z—lu]q:]_ ]/\Eﬂo] 75}/\0]- on /\cP
eel]l NS FERE Hou=dl, o= Axwle] &7
Hold wjoic} Au|AE AT 5 sle vHE U
el o2 (18] 2)ellA] PF =2 A7te] 13} 4
2P An)2 7R 10)3, 13 npEFE 00tk

2ol ole] 2A oA mel kS 93 71
- =2 a2]a2 CTMC(Continuous  Time
Markov Chain) 293 AAjslgdc) 32 Au) =~
7heEe) A mdl ) A oA 55 A’
ik 4Rl B =12 Z48S o Sith

. AL o

21 7k

1) AlzwlollA WAlShs A Alzd 2] 3
% (System Resource Failure)¥ 88 14
(Operational Failure) 5+ 7HX| &  5-5-3leich

- A"l 2] 33 Al 2EHE FAEs shesle]
v sz el wAks vehdin, o] A WA A

Al2gE AR fAshe AE|AE Al HE

-

- g9l A AR} Az olg A el
o] AR Qs AgA} Ushs Anlag
[T e 4 gl Aesd e dehi

=
2) AsEe Folxl PRI ek Ak o

_xg

7Nl

A~

T
o
= Ik

Y= Ao} ek Yl =
3<(Mean Value Function) M(1)%5 Z-=

non-homogeneous £o}= A4S wlErl,
3) v} A5 A A A"l Al 7ER] A

% spol

SAth on 2, off-1 e, off-2 AdE)E

On Aeie Azwle] A4 Adels vehlie off-1
dele Al 2 3A A, off2 Aele 2%

1Ak aalE=

A7 yejdic,

4y A"l Z7lel] Alz=slE on Aol vk A
Aol AR x| q1eje A7t T, T AE 4

efjel] Sdet.

Aze) AR o) sk qjele] A

r
7V Topr, %3 A o] IS 1oje] A Ty
ek g Al MR 9199 A7 F on
Adefell, = ohE glele] A7t FkE off-1 AEfLt

off-2 *&Eﬂoﬂ HEEE Alo]ES HhEg)
1=

5) i}‘% H\i'/{: Ton% d A}O =

=
g zerh

Hd

lo

o

AEJ] K]

O o]

¢

e},

¢

vy
o gl oo AYE) Ty $EE WAL A
2] FElgol sl A=, Ty, ¥-E=
% AL FEe Al=de] e o AA

o]’f": Toﬁ]‘/}‘ Toﬁz—]‘:— U]'i]—7]';(h:l' Ton
X717t Eot AlxEl 2Y wASI &

6) 47 71 1A Ak TE 2t
[e]

SA(T)

~
o}
=3

Hq

www.dbpia.co.kr

%ﬂ&ié— o Auls 7

PF 71 T Bt Apl A=
typlV(T) =k) MT)=k7k T3
R

tystys..ty 2l joint pdf
non-homogeneous Zol5= 2] Hafgk

O

]

571
357
A7t toll A A"l Al HehE A3
(Indicator) *

(0: on AEN, 1: off-1 AFel, 2: off-2 A+

eff)

T E3b EAshs Jre) 4

e

—1?1 —d

N

AzE) A
3 PAE
Azl A A els

53



gl 41845 3= 4] °12-01 Vol.37B No.l

o W HPE
ART RIGE

7 0ol Alsdl Ak 0 W Az
ol A2agjo] el ol Q& HE

23 AT =5 by
Auls THEE ghe Y ERE B ohlel =
g Yol et A2 O ge B G 9

7|7k 2706 Azwle] on AR ArkeRe (2
Al gl Al
oft——— 1

off N

11 1

(a) YR 7|2F =4H0fl =2 Task %8

[ TTW

2] 3. A28 Abeel o) makE
Fig. 3. System state and task arrival rate

2
£
[
o
[9%]
B
o,
L
e
%,
[

o] on AEfel ol
= 9771 &bl =38l wod Hlad
2e.,

F AHl2 JHE g e W2 (a3 3b)

S 72 non-homogeneous Fol= A o7 71
siodel B3] BAl Aladle] 7% 3 W A|(Peak
Time) & 2371 SliA Al we 9 =

AEe] WEkE vi=A] aesfof ek

e—J/(T) - A[(T)}]
k!

¢ AellA M(T)+= non-homogeneous o} 3}
o] Adgk g5 vebdck

54

2.4 CTMC(Continuous Time Markov Chain)
Lk
2.1 7FgelA g3

w

] )
off-1, off-2 A 37IX|& BEEsldch o8 (a2
4= Alz=gle] CTMC 2elE vepic)
A A

N

S

Hy #y

% 4. CMTC =g
Fig. 4. CMTC Model

A7E 00 AZsEE on Alelel glek ol MALE
o] 27 A3} 43l Az A At £
Aol AT wrA on Aehel vlfEck A

AR o] MbAIshH A|El2 off-1 Abelel] AlH
gt 2R FEEE w o E 7PEh off-1 Al
AF A7 B ywd] ASEES g2k 293
aAyo] HRAYEH A2l off-2 Abefol] wikA|=d],
BG5S 2 7P off-2 AlefolA] AlFA17HS
Bt Lupdl A5 BEE upec)

[ed
)

. MHA 7EBEQ| FHN 2

3.1 el

Al AR A A2E 27E 9
heh on Aol 9h% SHER Ak ol 7ol
SR P MNP LA ST R I
She AIsE AR + Y Asde) e
et

B A= wiA % Ezl Al7Fo] A= Al
2 ol u Al SRS fER F olF =
=2 ¢ %3 FAo] non-homogeneous FEORE

Fe e o] Auls SRS fEsele)

3.2 Q= T AlZI0| TAE Az ZOJE! AP
7] Q1% 7|7k T Z9t k /N9 ¥y} =2sla
S e 7 = A e o
oluf k W] T A|7kel] AlxElo] on AFeel] &

www.dbpia.co.kr



A Apl2 7HgEe) S 2

Bt tessusty)
= Pr{&t;)=01i=1...k}
= Pr{Zt,) =0} « Pr{Zt,) =01At,) =0}
~Pr{Zs,)=02¢,_,) =0}

(Markov property)
— Pr{Zt,) =0} » Pr{at,—t,) =02(0) = 0}
~Pr{Zt,—t,_,)=120) =0}

(timne — homogeneous property)

T (1)
HP(JI) » 1y =0

=1

Py () 73171 A% AL oh&5} 2ok 514
~Jell %] s (state transition matrix) V

s} o] FolAlrk

0 1 2
XM= 0 i) X A
1 Hy —Hy 0
9 o 0 —ny
gk AwF vl ukA(forward  derivative
equation)-> v} 7}
Pt)=Pt)« V @)
o7] A
Py (t) Py, (t) Pro(t)
P (t)= | Pyp(t) P, (t) Py(t)
Pyy(t) Py () Pp(t)
'?'] ZL_HOI- D]% HOLZE!/}JI% EEHE- ()()( ) :%6}7]
SJab vld WALe Feb oheat 2
PI()()({‘) = 7P()0([) ¢ )‘1+/\g)+E,|( t) s u +P[,>( t) e Uy
Pl (£)=Pyy(t) « A\ — Py (t) Uy
Ploy(t) =Py (t) « A= Ppy(t) * u,

olAl  R,(t),(i=0,1,2)9 =HEERe~ w3t

(Laplace Transform)2- 3|3}

—14+0L,(0)=—L,(8) + (A, +X,) + L (8) » u, +L,(8) + p,

Ay

0L (6) = Ly(0) « A\, — L(0) » u, L, (6)= e L,(0)
A

0L, (0) = L,(6)  \y— L,(0) * p, L,(0)= T L,(0)
A Ae BEU=Z L,(0), L, (6), L,(0) & T34

(9-!—141)(94-1“)
9{92 +8(X, +A, 1y Hu+Ags +A +u[u,2}

L (6)=

A (0 +uy)
(){92 + 82, 3y o Fught A, A +ul’ltz}

L=

. /\2(0+u1)
; 067 +0(\, + Ay 1y +up)F Ay + Ay +ugu, )

oAl Fo(t)= H A L)€ =8z 78 F

A= N=X=1, uy=u,=2 =} 733k

_ (o+2)?
. 0{6°+60+8}
_ (0+2)*
0(0+4)(0+2)
__6+2
0(0+4)
o =2 =R
1 1 .
POO(t):§+§ s e e
2 Foixlck

3.3 T TF AlZo| =E i 42

2.1 742 2)olA] AFs A= 5 =2 Ao
non-homogeneous ¥olE= IHAS wE 79 An|x
7HEE e S AA F=E stk

- 97 9 71 T w1l F =3 i M)
7V IR FARE o =X Az 2% 22X
(Conditional Distribution)ol] SHlA.SA(t, t, ... tyip)
9] ks T3t

- ©]%el non-homogeneous EO}E H-EE whE
= N(T)ol FBaA Baghs 73k

5

=

55

www.dbpia.co.kr



Off
iy
o
>
—Q‘-’d
e

44 *12-01 Vol.37B No.1

A(T)= B{E{SA(t, ty, ... ty(r): MT)>0}}
+Pr{MT) =0}« 1
— S B{54(, ¢ o M=k}
k=1
i
e exp[—M(T)] - M(“T) +exp[— M(D];
3)
E{SA(t, oty V(D) =k}
j“[54 L)
I)
F@&y by o gyt MDD =k)dt, -+ dt,,
N=0<t) <ty <<, T )
1714
f(tl t_) t.’W WE (T) ) = ) = }1'7}‘ =T
A= 4% =AM ¢ & tap2l joint
pdf QlHl] thg Aoz Feizic9)
Flty oty MDD =k)= K f[ UACTP»
1.2 N(T) - - T A/(]j ( )

3.4 Numerical Examples

3.4.1 H2tHEr gk
Al MRS 43 oAlE 7] $1sk] 7 9}
ehlEbES chewt o] shdsiolel

- Y =2E QY £AES (g 5)9F 7o)

chee] A 7 el 71 et

- my(t) = 0.05¢
- maft) = 0.25
- ms(t) = 0.5-0.05¢

02 5. ot mAE
Fig. b. Task arrival rate

56

=" .
- AlmEl 2] AR HRAES A = 0.2/A17F T

o A WARS A = 0347 o2 F1As]

- ARG A2E 2R sl //K]/}- T}
+% IAN BFEE p = 2/‘]7{1‘ o2 7K st

A28 2710 Az on Aol Slek

3.4.2. At A &4
oAl f19] Al 7K EAE el Slollr] AH]

s Fab ke <¥ 259} 2k

E 2. A 7] EAF SfellA] A|a 7HEE
Table 2. Service availability under the three types of task
arrival rate

Ay £AE Al 7
ml(t) = 0.05t 0.563
m2(t) = 0.25 0.641

m3(t) = 0.5-0.05t 0.746

WA myt) = 025+ 815 717kl T = 10417k
ok B3 25719 U =

B
ms(t) = 0.5-0.05¢ a}oﬂ i‘e 5 717F Z7]el o
T EAE0] £3, HE AeE 5:5#%0] ozt
aE8d Alzg AlelE 5 Z7]el on S
ufiell - So] Al2~gle] on Alelel C}l% o =
25} 715A)o) bzu](gza 3a FE). WA Al
TR 3R ¥ols BEES ulE:= myr) = 0.25 3}

olA B} =& & 2 ok AAR <E 2>
A HZo] Muls MR 3 074605 0.6411%
o B2 e e

mi(t) = 0.050+= ms(t) = 0.5-0.059} Hlo)s 94
717F 2719 JF- EAge] Y, HE Z4E w2

I

Fo] Folxlch zaEld] A|xw] Al 9 Z7]6
on el b7l wiitel - Eo] Ajz=dle] on A
eell gl W =23 7sAo] mo)t msr)ell B
3 vlad Jrhael 3.b #x). ] AJu)s
S5 3 ma()t ms(r) ShollA Bl U kS
Al Bk AAR <3 204 BRo] Aula g
2 0.563°% 7P

N N
xfﬁa

www.dbpia.co.kr



= )B4 A A ARl FAA wd

B 2 9)xo] A& 7|7k Eqt

o,

£

f19] elellA d
95 =3 g7t 25 AR 2o =35 ¥
o wel Amlx MRS 0641, 0.746 133
056328 ME ofE @S Z=rh

1A W (a® 3)

L

g dF =3E 3
CTMC =xd9] 33 ﬂ%(lemng Probability)

i =1
HmP, (t) =mi = vhr A3} 2te] f=sic}.

t—00

)

(m, m m) [—(N +X) A A = (0, 0, 0)
H 0
i Heo 0 —Hy
A Als EdjZ s
m = 0.84
o = 0.034
- = 0.126

QoA ARKE ZE]l Al MR 9
o) Mol g =3 Agelel Azde] B4 on
sefel] e S Agelui), ol AEA 7}

4= SEo wAd 7189 THEs AR
o8 Rl=E mesA| edan, ool APel AlxE]
o] on Aelell ol& HE-& vhepick ARgAF 5414
P =AEL TR 2 A= ke e

sfo] gk CTMC =Rle] 3 &E m = 084
7} 71320] 7% Zkeld] <% 1>o) AAEF - =
gl BB Al shEEe} BE Folrt e 2
T AUtk T <% 1> WelrE =3E FHee) et
a2 7R B& Aozt 9deS & F Slch
ol AM|& AFRF iAx7L ozt ARSA}E <l
AollA eE 52 Falr] 9)Ers AReAl o)
4 EAS e wddlof dhepls APAS HolE
c}

ABea] dFURel dF =2EH 9 wF

S A

51
dol Wssi) ® AFAE S wEE fu
3] 9T £AE £ 34 WARS A

ofol Thak lbHel fel BALS vl ojgie) v}

W ol sdsl] 9 shiel S5 ol Su
Hh 2%k A 1ol EAR el $ Al
5 @ w e dR7h g +6 el A o)F

3 Ao R 7Pé6}7<}. whebA] AlZE gl ARl
7} 7M7) 1A= 6+ <t ©le1oF Sk
Al 7850 A )] AR P {4 +6 < i
i =1, 2, .. k2 ik Tk §= 02% 7}

3P 219 "ﬂﬂ 37VA) Q- T2AE mu(r), mo(t),
:Lﬂ:ﬂ my(t) ShllA w2 TMgEE A7) 044,
0.52, =3l 0.61% “ehddth $) ¢l 3
T AR oo izt dubiel Fe] B 53

AT sl AR

-

oL

j}h At

V& B

E A7 4 BHL A A" AgA) 3
Holli] £ Aujx 7850 o]2A wdl sjdbejct.
ol& 98t I =22 non-homogeneous FOR=
el 71, a2la Al2E Aele CIMC 2Hle]
7S EdE Aulx 7l FAA mds v
Wi AAgE mele A7l wlel Wske gl
E2ES Falsle] (™ 1) ARSRF A B A
]:]]/k A];]w: Uz‘f:}o] /\],.Q_z], Ut%LO_ :é‘_%;(—lf}i 1/].
eRlck ofgw] Alzdl Ale] wA glol®= ARA}
7} Au|2E ¥R] ke A2 Aeel 29 33
e 2ol Esle] AlFAL iAol ohzt AL
421 oA 2dS FEIT

E oA s A mde o] &9
oA Alg mekE oA FE FAFA qlrk

A, AAE mdd (2] 1) AR I el
£ Aulx A==
2 yehlR] FReh AR o At =2 AR
A= Ao Aol AR Abe|d & gl o|=2 ]3|
STk Al ARle] AR oFE 4 itk d®

A ]2~®l 2181 RZ RyE 873}

A, T WA =Ak 7= R RE 87E
; Aol Al2=Ele] on Ztefel <l
& SEE AT A2we) AUl w42
7] wiitell, o]F E&HoE Yl F Qe AR

=

U-G:] = /HH]/K 1:11:410 _L%I_OX—IO

I
rr
>~

o

o

(Congestion)<= <t

[e)
I3d 2L 3 AR (F =2 49F =35 EY

www.dbpia.co.kr



~Op

] l_- =3

=418}3] =54 *12-01 Vol.37B No.l

(1

(2]

(3]

[4]

(5]

[6]

(71

(8}

[9]

58

D. Wang and K.S. "Modeling
User-Perceived Reliability Based on
User-behavior Graphs,” WSPC, April 2009.

M. Tortorella, “Service Reliability Theory and
Quality
Technology and Quantitative Management,
Vol.2, No. 1, 2005, pp.1-16.

W. Xie, H. Sun, Y. Cao, and K. S. Trivedi,

“Modeling of User Perceived Webserver

Trivedi,

Engineering, I:  Foundations,”

Availability, IEEE International Conference on
Communication, May 2003.

M. Tortorella, “Service Reliability Theory and
Engineering, II: Models and Examples,” Quality
Technology and Quantitative Management,
Vol.2, No. 1, 2005, pp.17-37.

M. Kaaniche, K. Kanoun, and M. Martinello, “A
User-Perceived Evaluation of a Web Based
Travel Agency,” International Conference on
Dependable Systems and Networks, June 2003,
pp. 709-718.

C. R. Johnson, Yakov Kogan, Y. Levy, F.
Saheban, and P. Tarapore, “VoIP: A Service
Provider’s Perspective,” IEEE Magazine, July
2004, pp. 48-54.

R. Keralapura and S. Bhattacharyya, “Service
Availability: A New Approach to Characterize IP
Backbone Topologies, 12th IEEE International
Workshop on Quality of Service, June 2004, pp.
232-241.

E. E. Lewis, Introduction to Reliability Engi-
neering: John Wiley&Sons, 1987.

E. Parzan, Stochastic Processes: Holden Day.

s A ot (Young Marn Ham) =)35]%)
19949 29 AeAkdn)sta
ARSI
19961 8 slefrfelawr -t
TRl AR A
(&4
20124 &4 ALstelr) L)

Sal A 1t

AP (A A 2~ E )

20124 A A4l IT 7]EAt AHFA HE
AREAIEAL, ARRSE7|SAL, A 7)7)5
2k g ok FAEA] WAk

o & & (Kang Won Lee) Es k|
19801 Al&Thetal gl E)

st
19821 A2k ok

(EHAp
19851 Kansas State Univ.
UsA  F3hhal4aksdE3h
198541 &l=r Zﬁ}-%/ﬂ‘ﬁ*—%
2l TDX
20124 &) AEEr|Eedista "J‘%j]é.‘i/‘]i%]
312'3‘_]—_17}. s

<ol g, ¥4 9 4194, OR.

www.dbpia.co.kr



	통신 서비스 가용도의 추계적 모델
	요약
	ABSTRACT
	Ⅰ. 서론
	Ⅱ. 시스템 모델
	Ⅲ. 서비스 가용도의 추계적 모형
	Ⅳ. 결론
	참고문헌


