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Abstract

This paper deals with comparative analysis of two stochastic models for a base transceiver system given
in B and [ to judge which and when one model is better than the other in terms of different measures of
system performance and costs. A base transceiver system may fail or may not work satisfactorily on
occurrence of some major or minor faults, common cause failures or network traffic congestion. When
major/minor fault occurs the repair team first inspects whether there is hardware or software or hardware
based software fault then recovery of the relevant component is done. In the first model given in B, only
hardware and software failures are taken whereas in the model given in [® hardware based software
failures and common cause failures are taken apart from considering occurrence of some minor or major
faults in hardware/ software components and traffic congestion. In these models it is assumed that the
minor fault leads to partial failure or degradation state whereas a major fault and common cause failure
leads to complete failure of the system. On the basis of computed measures of system performance,
comparison of the models with respect to their mean times to failures, expected uptimes/degradation
times and profits is made using graphs for some particular case and conclusions are drawn.

Keywords: Base Transceiver System (BTS), common cause failure, traffic congestion, hardware based
software faults, mean time to system failure, expected up/degradation/congestion times, profit, Markov
process, regenerative point technique

Introduction

In the field of reliability, several researchers Arora [, garg and Kumar 2, Goel et al. &l and
Gupta and Kumar ™ analyzed a large number of systems considering various aspects such as
different failure modes, repairs, replacements, inspections and different operational stages.
Murari and Goyal % studied reliability system with two types of repair facility. Gopalan et al.
B did cost analysis of a system subject to on-line preventive maintenance and repair. Kumar
and Mor B have given a probabilistic analysis of a sophisticated system with some warranted
components considering two types of service facility and delay in warranty claims. Beside
these a few researchers like Teng et al. 'Y, Tumer and Smidts 12, Welke et al. %], Kumar and
Kumar 1, Kumar and Kapoor [l etc. discussed various types of hardware/software failures
with different recovery policies while analyzing systems having both hardware and software
components. Kumar and Kapoor [ did the comparative analysis of stochastic models for a
base transceiver system considering software based hardware failure and congestion of calls.
Recently, Kumar and Kapoor B! analysed a model on a base transceiver system onsidering
hardware faults, software faults and congestion of calls. Thereafter, for the system Kumar and
Kapoor [ discussed a model considering hardware based software faults and catastrophic
failures. It is pertinent to mentioned that the model developed for a system cannot be good for
all its operational conditions/situations. However stakeholders are interested to judge which
and when one model is better for the system with respect to different measures of system
performance. Keeping this fact in view, in the present paper a comparative analysis has been
done between the models for a base transceiver system given in ¥ and 1 to investigate which
and when a model is better for the system, respectively, in terms of their reliability, expected
uptime/degradation times/congestion time and profit.
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A base transceiver system may fail or may not work satisfactorily on occurrence of some major or minor faults, common cause
failures or network traffic congestion. When major/minor fault occurs the repair team first inspects whether there is hardware or
software or hardware based software fault then recovery of the relevant component is done. In the first model given in B, only
hardware faults, software faults and network traffic congestion are taken whereas in the model given in [, hardware based
software failures and common cause failures are taken apart from considering occurrence of some minor or major faults in
hardware/ software components and traffic congestion. In these models it is assumed that the minor fault leads to partial failure or
degradation state whereas a major fault and common cause failure leads to complete failure of the system. On the basis of
computed measures of system performance, comparison of the models with respect to their mean times to system failures,
expected uptimes/degradation times and profits is made using graphs for some particular case and conclusions are drawn.

States of The system
o/ Oc Operative/Congestion state
Oi/ F Degradation state/Failed state under inspection
Oh, / |:hr Degradation/Failed state due to hardware fault under repair
Os, / F r Degradation/Failed state due to software fault under repair
O, /R Degradation/Failed state due to hardware based software fault under repair
Fcfrr | Failed state due to common cause failure under repair
Notations
7“1 / Xz Rate of major/minor faults
A I, Rate of major/minor hardware based software faults
Ao I g Rate of major/minor software based hardware faults
a,/a, Probability that major/minor hardware fault occurs
b1 / b2 Probability that major/minor software fault occurs
c,/c, Probability of the major/minor hardware based software fault
d1 Probability that the common cause failure occurs
n Network traffic congestion rate
S Automatic network restoration rate

1
il(t) / |1(t) P.d.f./C.d.f. of inspection time for major fault
i2 (t) / |2 (t) P.d.f./C.d.f. of inspection time for minor fault
g, (1)/G, () P.d.f./C.d.f. of repair time of major hardware fault
1 1

g, (t)/ G, (t) P.d.f./C.d.f. of repair time of minor hardware fault

g, ()/G, (1) P.d.f./C.d.f. of repair time of major software fault
s sy

0. (1)/G, (t) P.d.f./C.d.f. of repair time of minor software fault
Sz Sz

Oy, (1)/ G, (D) P.d.f./C.d.f. of repair time of major hardware based software fault
n, (1)/G,,, (D) P.d.f./C.d.f. of repair time of minor hardware basedsoftware fault
g, (/G (1) P.d.f./C.d.f of repair time of common cause failure

State Transition Diagram

For the model-1, a diagram presenting various states of transition of the system is shown in fig. 1 whereas for the model-Il, various
states are given in fig. 2. In both the diagrams the epochs of entry in to various states are regenerative points and hence all the
states are regenerative states.

Transition probabilities and mean sojourn times
Various transition probabilities and mean sojourn times respectively for the Model-1 and Model-II as given in B! and ! are as
under.

Model-I
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po1zL pozzL poazL
A +A,+1M A +A,+M A +A,+M

P = aliI(O) Pis = bliI(O) P2 = azi;(o)

Py = b,i3(0) Py =1 Pao =95, (0)

Pso = g; (0) Peo = 9:12 (0) P72 = g; (0)

By these transition probabilities, it can be verified that
Po1t Po2 +Po3 = P14t P15 = PastP2r=1; P30 = Pao= Pso= Peo= Pro= 1

Model-I
Gilt)

3
0.
4
k‘ . Fhr
aii(t)
1
F
b,i(t)
5
F.,
gt |
OGood state Failed state <:>Deg radation state Q Congestion state

Fig 1
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Fig 2

The mean sojourn time (W) in the regenerative state i is defined as the time of stay in that state before transition to any other state.
If T denotes the sojourn time in regenerative state i, then

1 1
== _ .*‘ _ .*' H —_ —
Mt+h,+n M =—h (O) Hy =—1, (0) ? o)
Ky =—0p (0) Hs =—0 (O) He =0, (O) Hy =0, (O)
The unconditional mean time taken by the system to transit for any regenerative state j, when it is counted from epoch of entrance
into that state i, is mathematically stated as
mjj = J t qi,—(t) dt

Mo

Thus,

Moz + Moz + Moz = Lo Mg+ Mis= L1 Mo + Mp7 = 2
M3o = U3 Mao = L4 Mso = U5

Meo = e M70 = U7
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Model-11

A A
p°1:k1+k12+n p°22k1+kzz+n p°32k1+;2+n
P = aliI(O) Pis = Clif(o) P = bliI (0)
Py = dliI(O) Pas = azi;(o) Pag = Czi;(o)
P20 = i, (0) P =1 Pao = Gp, (A3)
Pus =1-0;, (As) Pss = 0, (0) Peo = 95, (0)
Pr =9, (0) Peo =Gn, (M4)  Pge =1-0; (A,)
Poso = 9:14 (0) P10 = g; (0)

By these transition probabilities, it can be verified that

Poi+ Poz2+ Po3= P14+ P15+ P1s+ P17 = P2g + P29+ P2,10 = Pao + Pas = Pgo +Pss = 1

P30 = Pss = Peo = P70 = P9, 10= Proo= 1

The mean sojourn time (W) in the regenerative state i is defined as the time of stay in that state before transition to any other state.
If T denotes the sojourn time in regenerative state i, then

1
% x H = —
W =- (0) H, =—1, (0) 3 d,
1 .
= — 1_ 7\4 * *
e A ( ghl( 2 Hs =0y, (O) He =0 (0)
1 .
. g =—(@1-9, (1,) .
K, =—0,, (O) ° A, e Ho =—Qp, (O)
Mg = _g; (0)
Thus,
Moz + Mo2 + Moz = Mo M4+ Mis+ Mg+ M7= L1
Mag + Mag + M210 = M2 M3o = U3
Mao + Mas = P4 Mse = Lis
Meo = M6 Mo = L7
Mgo + Mgy = g Mo, 10 = Mo
M1o,0 = H10

Measures of System Performance
For the purpose of comparison between the models following values of measures of performance of the system are taken from Bl

and [

For Model-I

Mean time to system failure (T1) = Ni1/D;
Expected up time of the system (UT;) =N/ D11
Expected degradation time of the system (DT1) =N/ Dn
Expected congestion time of the system (CT1) =N31/ D11
Busy period of the repairman (Bl1) =Na1/ D11
(Inspection time only)

Busy period of the repairman (BR1) =Ns1/ D11
(Repair time only)

For Model-11

Mean time to system failure (T>) = N/D;
Expected up time of the system (UT>) =N/ D12
Expected degradation time of the system (DT2) =N/ D12
Expected congestion time of the system (CT>) =N31/ D12
Busy period of the repairman (Bly) =Na1/ D12
(Inspection time only)

Busy period of the repairman (BR2) =Nsy/ D12
(Repair time only)

where

N1= Mo + Poz M2t Poz Mat Poz (P26 Me + HePas + P2rit7)
N2= Mo + Poz M2+ Poz Mat Poz P2s s+ (Poz P2s Psg + Poz P2g) Mo + (Poz2 P2s Pss + Poz P29 + Poz
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p210) H1o

N11= Ho N21= po2t2tPo2 P2spe+Poz P27Hl7

N1 = pospza  Na1= poipi+Pozia,

Ns1= Po1 P1aMla + Po1P1sHs + PozP2sils + Po2P27H7,

N22 = PozM2 + Poz2 P2sMs + Poz (P28 Peo + P2g) Mo + Poz( P2s Psg + P29 + P21o) Hio,

Ns2= Po1P1atls + (Po1P14 Past PoiPis) Ms+ (PorPiaPas + PorPis +PoiPis) Ke + PorPizhlz + PozPasHls + (PozP2sPss + PozPas)He + (PozP2sPss +
Poz2P29 + PozP210) Hio

D1 = po:

D11= Mo+ PorHat PozHz + Pos Hat+ PoiPiabls + PorPisis+ Poz P2sHe + Poz P27 M7

D1o= Mo + Porfls + PozM2 + Posils + PorP1aba + Po1 (P1aPas + Pis) Us + Por (P14Pas + Pis + Pis) He +
Po1 P77+ Poz2Pzs He + Poz (P2sPss + P29) Ko + Poz (P2sPss + P29 + P210) Hio

Profit analysis

The expected profits of the system corresponding to model-1 and model-11 are:
P=CoUT,+C,DT; + C,CT; - C3 Bl -C;BR;--C
P,=CoUT,+ C,DT, + C, CT,— C3 Bl, -C4BR,-C
Where

Co = revenue per unit uptime of the system

C1= revenue per unit degradation time of the system
C2 = revenue per unit congestion time of the system
Cs = cost per unit time of inspection

C4 = cost per unit time of repair

C = cost of installation of the system

Graphical analysis
For graphical analysis the following particular case is considered:

(D) =oye ™™ () =ae; g, ()=
0, O =B ™ g O=pe™ 0., (0=B,e ™"
ng (t) = BCf e_ﬁCft; gh3 (t) = Bh3e7Bh3t; ghA (t) _ Bh4e—ﬁh4[

Various graphs for measures of system performances viz. MTSF, expected uptime, expected degradation time, expected
congestion time and profit are plotted for different values of rates of faults (A1, A2, A3, A1), probabilities of hardware/ software/

hardware based software/common cause failures (ai,az2b1b2C1,c2d1), inspection rates (O ,Q,), hardware/ software/ hardware
based software repair rates (P, ,By .Bs B, Br,+ Bn, ), common cause repair rate (f; ), network traffic congestion and

automatic network restoration rates (n, ;) -

Fig. 3 shows the behavior of difference of mean times to system failure of the system i.e. T,-T; with respect to the rate of
occurrence of major faults (A1) for different values rate of occurrence of minor hardware based software faults (A4). The graph
reveals that the difference of mean times to system failure of two models decreases with increase in the values of rate of
occurrence of major faults and has lower values for higher values of the rate of minor hardware based software faults. This also
concludes that that model Il has more reliability than model 1.

Difference of mtsfversus rate of major faults for different values of
minor hbs/w faults
@=0.78, 03=0.72, B1=0.57, Byz=0.00013, B,1=0.54, Py,z=0.52, Prs=0.57,
12000 .  ’s=0.000182,=0.0017,3,=0.0032, B,,=0.83,2,=0.71,¢,=0.06, b;=0.11,
: d1=0.12, 8;=1, 2,=0.75,,=0.09, b,=0.16, Pcf=0.39.1=0.5
10000 +
8000 & ——34=0.0001
iy F A4=0.0004
e, 6000
= F == 34=0.0007
4000 +
2000 ‘\h.‘*‘*‘——‘——‘_‘__‘__‘__‘
0+ : : : : : : : : : : : |
& @0’ @\b‘ @\b QQ\% & Q@q, Q‘?} Q@’b Q‘;ﬁb S Q""; ’
Ot o YT Y
3“1
Fig 3

The curves in the fig.4 shows the behavior of difference of the expected uptimes (UT»-UT1) with respect to the rate of occurrence
of major fault of the system (A1) for the different values of rate of occurrence of major hardware based software faults (A3). It is
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evident from the graph that difference of expected uptimes increases with the increase in the values of rate of occurrence of major
fault and has lower values for higher values of rate of occurrence of major hardware based software fault (As). From the fig.4 it
may also be observed that for Az= 0.0001, difference of the expected uptime is < or = or > 0 according as A1 is < or = or > 0.00223.
Hence the Model I is better or equally good or worse than Model 11 whenever A3 is < or = > 0.00223.Similarly, for As= 0.0016 and
23=0.0031, difference of the expected uptimes is < or = or > 0 according as s A1 is < or = or > 0.00252 and 0.00289 respectively.
Thus, in these cases, Model | is better or equally good or worse than Model II whenever A1 < or = or > 0.00252 and A, < or = or >
0.00289.

Difference of expected uptimes versus rate of major faults for
different values of rate of major HBS/W faults

2.50E-04 +
0,=0.78, 05=0.72,B.,=0.57, Pr2=0.98, P1=0.29 Pps=0.52,Pys=0.82,
1=0.00039,%,=0.0017,1,=0.0032,p.,=0.83,2,=0.71,¢,=0.06,b,;=0.16,
2.00E-04 o d1=0.12,5,=1,8,=0.75,6,=0.09,b,=0.16 p.=0.39.n= 0.5
1.50E-04
C =4—1.3=0.0001
= 1.00E-04
= - 23=0.0016
;« 5.00E-05 +
5 C ——13=0.0031
0.00E+00 . . —_—
C ' S O Vv x 5] %
N FFMHF&HF &
-5.00E-05 NSNS SN S SO
-1.00E-04 +
-1.50E-04 - o

Fig 4

Fig. 5 shows the behavior of difference of the expected degradation times of the system i.e. DT»-DT; on the basis of two models
with respect to the rate of occurrence of minor faults (A2) for different values of rate of occurrence of minor hardware based
software faults (A4). The graph reveals that the difference of expected degradation times of the two models increases with increase
in the values of rate of occurrence of minor faults and has higher values for higher values of rate of occurrence of minor hardware
based software faults. This shows that model 1l has more expected degradation time than model 1.

Difference of expected degradation times versus rate of minor faults
for different values of rate of minor HBS/W faults

0;=0.78, 0,=0.72, B.1=0.57,B12=0.08, Pu1=0.54, B5=0.52, Brs=0.005, As=0.00018,
11=0.0017,,=0.0032, B2=0.83,2;=0.71, ¢;=0.06, b;=0.11, d;=0.12, 5;=1,

0.1 +— a=0.75,c,=0.09,b,=0.16, Pcf=0.391=0.5
0.09 -'
0.08 -‘
E 0.07 __ ==—)}4=0.0001
1 [
© r —
= 006 A4=0.0016
; —d—)4=0.0031
0.05 +
004 F T4t
=R SRR PR, S L St Yo o & b5 O ™
P LTI IS & & &
A
Fig5

Fig. 6 gives the graph difference of expected congestion times (CTo) of the system and traffic congestion rate (n) for different
values of network restoration rate (81). The graph indicates that difference of expected congestion times decreases with increase in
the values of rate of traffic congestion and has higher values for higher values of automatic network restoration rate on traffic
congestion. The graph also reveals that model | has more expected congestion time than model Il for considered values of
parameters.
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Difference of expected congestion times versus traffic congestion rate
for different values of automatic restoration rate

0.00E+00 +—+——+——+——F——+—
200E-05 - 01 02 03 04 05 06 07 08 09 1
-4.00E-05 — 0,=0.78,0,=0.72,Pry=0.54,pr;=0.98, B,;=0.57,p.o=0.83 s=0.52,P,=0.82,
; B.=039.a,=0.71,¢,=0.06, b;=0.11,d,=0.12,8,=0.75.c,=0.09,b,=0.16
-6.00E-035 '5' 21=0.00172,=0.0032,25=0.00018 },=0.00039
— -8.00E-05 T —4—51=1.0
< -1L.00E-04 §1=1.5
= :
O -1.20E-04 + —4—51=2.0
-1.40E-04
-1.60E-04
-1.80E-04 —
-2.00E-04 -
n
Fig 6
Difference of profits versus rate of major hbs/w faults for different
values of rate of minor hbs/w faults
4 0,=0.78 ;=0 72 B.,=0.57 Puy=0.05 Pyy=0.54 Prs=0.52 Brs=0.82,=0.0017,
%,=0.0032,B=0.83,a,=0.71,¢,=0.06,b,=0.11,d,=0.12,5,=1,2,=0.75 ¢,=0.09,
3 ,=0.16 B.=0.391=0.5,C,;=600,C,=100,C5=100,C,=150,C5=500, C;=1200
L2
A —4—)4=0.0001
a . | | 24=0.0015
' - =—&—)4=0.0029
Q &
2 Q )
-3
-4 N
3
-5
Fig7

The curves in the fig.7 shows the behavior of the difference of profits (P2-P1) with respect to the rate of occurrence of major
hardware based software faults of the system (A3) for the different values of rate of occurrence of minor hardware based software
faults (A4). It is evident from the graph that difference of profits decreases with the increase in the values of rate of occurrence of
major hardware based software faults and has lower values for higher values of minor hardware based software faults. From the
fig.7 it may also be observed that for A4 = 0.0001, the difference of profits is > or = or < 0 according as Az is < or = or > 0.000326.
Hence the Model 1I is better or equally good or worse than Model I whenever Az < or = or >0.000326. Similarly, for 24=0.0015
and A4=0.0029, the profit difference is > or = or < 0 according as is A3 < or = or > 0.00029 and 0.000258 respectively. Thus, in
these cases, Model 11 is better or equally good or worse than Model I whenever Az < or = or > 0.00029 and A3 < or = or >0.000258.
The curves in the fig.8 shows the behavior of the difference of profits (P2-P1) with respect to the repair rate of common cause
failures ([3Cf ) for the different values of rate of occurrence of major faults (L1). It is evident from the graph that difference of

profits increases with the increase in the values of repair rate of common cause failures and has higher value for higher values of
rate of occurrence of major faults. From the fig.8 it may also be observed that for 11=0.002 the difference of profits is < or = or >
0 according as Be, is < = or > 1.34. Hence the Model | is better or equally good or worse than Model Il whenever B, is<=or>

1.34. Similarly, for A=0.0025 and A1=0.003 the difference of profits is < or = or > 0 according as is B,, <or=or> 0.969 and
0.817 respectively. Thus, in these cases, Model | is better or equally good or worse than Model Il whenever B, <or=or> 0.969

and g, <or=or>0817.
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Difference of profits versus repair rate of common cause failures for
different value of rate of major faults

0=0.78,0,=0.72,p;=0.57,P1n=0.98.B,./=0.54, B, ~=0.52,B,.,=0.82,1,=0.0017,1,=0.0032,
25=0.000181,—0.00039,B,,—0.83 2,=0.71,0,=0.06, b;=0.11,d,=0.12,2,=0.75,c,~0.09,
,=0.16,Bef=0.39,C,=600,C,=100,C3=100,C=150,Cs=500,C¢=1200

——11=0.002
A1=0.0025
.., —A—\1=0.003

Fig. 8

Conclusion

From the comparative analysis it can be concluded that the difference of mean times to system failure of the models decreases
with increase in the rate of occurrence of major faults and has lower values for higher values of rate of occurrence of minor
hardware based software faults. It is also concluded that the model given in ©! has higher reliability than model given in B! for
some considered values of the parameters. It also revealed from the analysis that difference of expected uptimes increases with
increase in the values of major faults and has lower values for higher values of rate of major hardware based software faults. It is
also concluded that the difference of the expected degradation times increases with increase in the values of rate of occurrence of
minor faults and has higher values for higher values of rate of minor hardware based software faults. It may also be concluded that
expected degradation time of model given in [ is more than model given in B! for the given values of parameters. Further it is
observed that difference of expected congestion times decreases with increase in the values of rate of network traffic congestion
and has higher values for higher values of automatic network restoration rate. It also reveals that expected congestion time of
model given in [ is less than model given in B,

Also cut-off points for various parameters of importance can be obtained for differences expected uptimes and profits of the
models given in Bl and [ to suggest the stakeholders which model is better and under what conditions.
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