International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015

ISSN 2229-5518

1661

Economic Analysis of a Computer System with
Software Up-Gradation and Priority to Hardware
Repair over Hardware Replacement Subject to
Maximum Operation and Repair Times

Ashish Kumar, Monika S. Barak & S.C.Malik

Abstract— The main objective of this paper is to make economic analysis of a computer system of two identical units- one is operative
and other is kept as cold standby. In each unit h/w and s/w fails independently directly from normal mode. There is a single server who
visits the system immediately to conduct preventive maintenance, h/w repair, h/w replacement and s/w up-gradation. The preventive
maintenance of the system is carried out after a maximum operation time. If repair of the h/w is not possible by the server up to a pre-
specific time (called Maximum Repair Time), it is replaced by new one with some replacement time. However, s/w up-gradation is made
whenever s/w fails to meet out the desired function properly. Priority to h/w repair is given only over h/w replacement. The failure time of
h/w and s/w follow negative exponential distribution while the distributions of preventive maintenance, h/w repair, h/w replacement and s/w
up-gradation times are taken as arbitrary with different probability density functions. Graphs are drawn for a particular case to show the
behaviour of MTSF, availability and profit function with preventive maintenance rate and fixed values of other parameters.

Index Terms— Computer System, H/W and S/W Failure, Maximum Operation and Repair Time, Preventive Maintenance and Economic

Measures..

1 INTRODUCTION

HE increasing dependency of today’s society on comput-

er systems makes the field of reliability and performance

evaluation of computers highly important. Generally, reli-
ability of a computer system depends on the performance of
its h/w and s/w components. H/w and s/w works together
in most of the computing systems to provide computerized
functionality. When the requirements and dependencies on
computer systems increase, the possibility of their failure also
increases. Generally, there are two types of failures in a com-
puter system- h/w failure and s/w failure. The impact of
these failures ranges from inconvenience to economic damag-
es to loss of life. Therefore, it is important to operate such sys-
tems with high reliability. A few researcher including Fried-
man and Tran (1992) and Welke et al. (1995) tried to establish a
combined reliability model for the whole system including
both H/W and S/W. Redundancy is one of the best method to
improve the reliability of any operating systems. Therefore, in
recent years, stochastic models of two-unit cold standby com-
puter systems having independent h/w and s/w failures have
been suggested by some researchers including Malik and
Anand (2010) and Malik and Kumar (2011). On the other
hand, preventive maintenance can slow the adulterate process
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of a computer system and restore the system as new. Thus, the
method of preventive maintenance can be adopted to improve
the reliability and profit of system.

The concept of preventive maintenance has been used by Ma-
lik and Nandal (2010) while analyzing a redundant system
with maximum operation time. Also, sometimes, it becomes
necessary to give priority in repair to one unit over repair ac-
tivities of other unit not only to reduce the down time but also
to minimize the operating cost. Singh and Agrafiotis (1995)
analyzed stochastically a two-unit cold standby system subject
to maximum operation and repair time. Furthermore, reliabil-
ity and availability of a system can be increased by making
replacement of the failed component by new one in case repair
time is too long. Recently, Malik and Kumar (2012) investigate
reliability models for a computer system with preventive
maintenance and repair subject to maximum operation and
repair times.

Keeping in mind the above facts, here a stochastic
model for a computer system of two identical units - one is
operative and other is kept as spare in cold standby is devel-
oped. In each unit h/w and s/w fails independently. There is
a single server who visits the system immediately to do pre-
ventive maintenance, h/w repair, h/w replacement and s/w
up-gradation. The preventive maintenance of the system is
carried out after a maximum operation time. If the server is
unable to repair the h/w up to a pre-specific time (called Max-
imum Repair Time), it is replaced by new one with some re-
placement time. However, s/w is up-graded upon its failure.
Priority to h/w repair is given only over h/w replacement.
The expressions various measures of system effectiveness
such as mean time to system failure, availability , busy period

IJSER © 2015
http://www.ijser.org


http://www.ijser.org/

International Journal of Scientific & Engineering Research, Volume 6, Issue 4, April-2015

ISSN 2229-5518

of the server due to preventive maintenance, busy period of
the server due to h/w repair, busy period of the server due to
hardware replacement , busy period of the server due to soft-
ware up-gradation, expected number of software up-
gradations , expected number of hardware replacement and
expected number of visits of the server are derived by using
semi-Markov process and regenerative point technique. All
random variables are statistically independent and uncorrelat-
ed. Switch devices are perfect. The graphical study of the re-
sults for a particular case has also been made to highlight the
importance of the results.

qij (£)/ Qi(t)
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pdf / cdf of passage time from regenera
tive state i to a regenerative statej or to
a failed state j without visiting any othe
r regenerative state in (0, t]

Probability density function/ Cumulat
ive density function

pdf/cdf of direct transition time from
regenerative state i to a regenerative
state j or to a failed state j visiting state
k, r once in (0, t]

Probability that the system up initially

2 NOTATIONS

E
No

Cs
a/b

A/ A2

Qo

Bo
Pm/PM

WPm/WPM

HFur/HFUR

HFurp/HFURP

HFwr / HFWR

SFurp/SFURP

SFwrp/SFWRP

The set of regenerative states

The unit is operative and in normal

mode

The unit is cold standby

Probability that the system has hard-

ware / software failure

Constant hardware / software failure

rate

Maximum Operation Time

Maximum Repair Time.

The unit is under preventive Mainte-

nance/ under preventive maintenance

continuously from previous state

The unit is waiting for preventive

Maintenance/ waiting for preventive

maintenance from previous state

The unit is failed due to hardware and
is

under repair / under repair continu-
ously

from previous state

The unit is failed due to hardware and

is under replacement /under replace

ment continuously from previous state

The unit is failed due to hardware and

is waiting for repair/waiting for repair

continuously from previous state

The unit is failed due to the software

and is under up-gradation/under up-

gradation continuously from previous

state

The unit is failed due to the softwar

and is waiting for Up-gradation / wait

ing for up-gradation continuously from

previous state

pdf / cdf of s/w up-gradation time

pdf / cdf of repair time of the hardware

pdf / cdf of replacement time of the

hardware

pdf / cdf of the time for PM of the unit

in state S; € E is up at time t without
visiting to any regenerative state

Probability that the server is busy in the
state S; upto time ‘t'without making
any transition to any other regenerative
state or returning to the same state via
one or more non-regenerative states.

m;; Contribution to mean sojourn time (j;)
in state S; when system_transit directly
to ftate Sj so that g4 = > My and my

tdQ; (t) = ¢ (0) 5

3 TRANSITION PROBABILITIES AND MEAN SOJOURN
TIMES

Simple probabilistic considerations yield the following expres-
sions for the non-zero elements

py = Qy() = | g, (®)dt as (1)
_ a0 _ al
poi= , po2= ,
alitbir+ap alitbAlr+tao
bAo
ps=——"—""—,pu=f(al1tbl2+tao)
" ali+bl2+ag " ! S
_ atl . -
p= ————[1-f(al1+bA2+ ao)l = p2s,
alitbi2tap
p1s= L[l-ﬁ(aﬂﬁbﬁﬁao#pm
alit+blr2+ag -
aQ
5= ——%—[1-f(ads +bAz + ao)l = pum,
p113 aﬂ,1+bﬂz+a0[ f(al1t+bA2 ao)l = pus
P20 =g “(alhitbhataotPo), pas = Fo [1-g°(

al +bd, +ag+ fy

ahi+bAy+ao+Po)] p2s = a0 [ 1- g
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bAo
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[1-m(ali+bA2+ ao)l= Pary,

Pa17 =
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a21+b/12+a0+ﬂ0[ 8 "(ali+bAa+ao+Po)] g *(Po)
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at1
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al1+bAa+ao+Po)][ § “(Bo)], P2s1v1s =

g (al1+bAa+ao+Po)][1- g "(Bo)], P2212 =

1- g"(ah1+bAa+ao+Po)] § *(Bo) 221215 =

It can be easily verified that po+poeztpos = protpistpistpris =
P2otp2atpast paintpaiz = paotpsrtpsetpsio = paotpaiztpaist
P419 = psat Psi16= Pee= P72 = Ps3 = Po1 = P13 = P11z + piiua =
P122 * P1215 = P131 = P1a1 = P152 = P61 = P11 = P183= P194a=Pio
+tp12et P11z tpizs = P tpau tpois tPoies TPz tPasaiua
+p212 tPp2izis

= Ppaotpsrotps2ztpassin =
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The mean sojourn times (1) is the state S; are

1 1

= =,

al1tbA2+aQ ail1tbAi2+tap+ta

1 s = 1
s U3 — s

al1tbi2+ap+0+ 4 alltbio+ap+pf

_ 1
M=,
aA1tbA2+taoty

(4)

The states SO, S1, S2, S3 and 54 are regenerative states while
S5, S6, 57, S8, S9, 510, S11, S12, S13, S14, 515, S16, S17, S18 and
519 are non-regenerative states. Thus E = {SO, S1, 52, S3,
54}. The possible transition between states along with transi-
tion rates for the model is shown in figure 1.

4 RELIABILITY MEASURES

4.1 RELIABILITY AND MEAN TIME TO SYYSTEM FAILURE

Let ¢i(t) be the c.d.f of first passage time from the regenerative
statei to a failed state. Regarding the failed state as absorbing
state, we have the following recursive relation for ¢; (t):

¢i(t)=ZQi,j(t)®¢j(t)+zk:Qi,k(t) ©)

Where j is an un-failed regenerative state to which the given
regenerative state i can transit and k is a failed state to which
the state i can transit directly.

Taking LST of above relation (5) and solving for ¢0 (S)
We have

R*(s) _12406) i‘) () (6)

The reliability of the system model can be obtained by taking
Laplace inverse transform of (6).

The mean time to system failure (MTSF) is given by

wrs-lim 1= %6 _ N

$—0 S

where (7)
1

N1 = gty + Porth + Poatls + Postls + Pag Poatls
andD; = 1- Po1 Pio = Poz2 P20 = Pos Pso — Poz P24 Pao

4.2 AVAILABILITY

Let Aj(t) be the probability that the system is in up-
state at instant 't' given that the system entered regenerative
state i at t = 0. The recursive relations for A; (t) are given as

At =M, (t)+§q§f}) (t)©A; (t) ®)

Where j is any successive regenerative state to which the re-
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generative state i can transit through n transitions. Mi(t) is the

probability that the system is up initially in state S; € E is up

at time t without visiting to any other regenerative state, we
have

M . (t) — e—(aﬂfrb/lzﬂlo)t , M 1(t) — e—(aﬁ,l+blz+ao)tm ,
M , (t) — e—(aﬂ,l+blz+a0+ﬁo)t G(t) M 3(t) — e—(aﬂ¢+blz+a0)’[ H (t) )
M 4(t) — e—(aj,l+biz+a0)t M (t)

Taking LT of above relations (8) and solving for A, (S), the
steady state availability is given by

A(0) = lim A (s) =

No= (-p2s){po [(1- p11.13) pa31s Ppast Ps2rParrPis t pized
p43.18p31.9+p41.17(1- p33.10)}- H1 [-p01 P4318 P327+ Po3 P41.17 P32.7-
+po2{ pasaspsrot (1- pasao)pariz}]+ Pa [ -por Pasis Pize+ Pos Parir
P26t poz{ pasis (1-p1113)+ pararpizs - Ha [por {(1- pasao)prost
p327 pis }* po{(l- pir1s) (1- pssio)- pPuspsio}t pos{(l- piris)
P32zt paropizs H}H(1- paroproa){ po [(1- piiis) (1- pasao) (1-
P212- P2iis) - (Psut pasiu)psr]tprs! -(1- pasi) (past
p21s16) — (P2sait P2siria)psio)- piss{ psz (Paist pasis) +(1-
P2212- p2i2is)parof]t Hil por [(1- p3sio) (1- priz- Prizis) -
(Pmut pmiii)pas]+tpo{ (1- pssiw) (past pausis) + (pasut
P231114)Paro}t Pos{ paar (Paist Paisie) +(1- paaz- po2i2is)pars}]+
12 [por {(1- p3s10) Ppizet pisspazz}t po2{(l- pir1s) (1- pasio)-
p1sparo}t pos{(1l- p1113) a2zt ParopPizs 1+ Ha [Por [p1as(1l- paziz-
p21215) + (pnut pxsiiu)pizs]tpo{ (Paust pasis) purs + (1-
p1113) (P23t paiias) 1+ pos{ -pros (P2ist paisis) +H(1- pazie-
p221215) (1- p1113)}]}

, where

and
Dy =(-p24){po [(1- p1113) Pasis Paezt Paasparrpizs + Pized
p43.18p31.9+p41.17(1- p33.10)}- ,ul' [-p01 P4318 P327+ Po3 P4a1.17 P327-

+pozf psaspsiot (1- pxsio)pairl]t 3 [ -por Pasis Pre+ P

pa117 Prest po{ pasis (1-p1r13)+ pararpiss }]- (,Ufl + Patg M)l

[por {(1- pasi0)pirast Py pus }+ pe{l- pus) (1- piw)-
p1sparott pos{(1- pir1s) paazt paropize H}+H(1- patoproa){ po [(1-
p1113) (1- pasio) (1- pozao- pa2a21s) = (P2sa1t Pasiris)paar]tpizef -
(1- pas1o) (P15t Paisis) — (P31t P23i114)Paro)- Puss{ Pazy (pars+
p21516) T(1- pa2i2- pa2121s)psro}]t 4y [ por [(1- pasao) (1- p22az-
P221215) - (P11t p2i114)pazz]tpoe{ (1- pssio) (P2ust paisie) +
(pmut pwiiu)psiolt pos{ ps2z (past pasis) +H(1- porie-
p2121s)psoflt 45 [por {(1- p3s10) pret puzspssit pof(l-

p1113) (1- p3s1o)- pisspsro}t pos{(l- p1113) psaz+ pParopize J+ 15

[por [p13s(1- po2io- P221215) + (P23t Pasirua)prze]tpo{ (pais+
paisis) pis + (1- puas) (psut psiu) J+ po{ -pr2s (past
p21516) +(1- p2o12- P2i21s) (1- prs)}l}

4.2 BUSY PERIOD ANALYSIS FOR SERVER

Let B”(t) BF(t) B°(t) and B (t) be the probabilities
that the server is busy in Preventive maintenance of the sys-
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tem, h/w repair, s/w up-gradation and h/w replacement at
an instant ‘t’ given that the system entered state i at t = 0. The

recursive relations for Bip t) BiR t) BiS (t) and BiHRp )
are as follows

B (t)=
B (t) =
B (t)=

BiHRp (t)

(t)+2q(”)( t)OBP (t),
(t)+2q(”)( t)©BJ (t)
W; (t) +2q(”) S%)BS

()+Zq(”’() ©B;"™ (1)

Where j is any SUCCGSE(]BO; regenerative state to which the re-
generative state i can transit through n transitions. Let Wi(t) be
the probability that the server is busy in state S; due to preven-
tive maintenance, hardware repair, software up-gradation
and h/w replacement up to time t without making any transi-
tion to any other regenerative state or returning to the same
via one or more non-regenerative states. We have

F(t)+(

(a/,{le (ak+b2y+ag)t © 1)E t)
W2 —e (aﬂl+bﬂq+a0+ﬂ0 ( )+ (aoe
DG +
W a/11+b/12+a0 ( )
(t

e

and

(1)

Wl —p —(a+hAy+ag)t Oloe (ady+bAy+ag)t © 1) (t) +

+(bﬂze (aky+bAy+ag) t© 1) (t)
aﬂl+bﬂq+ao+ﬂo ) ( ).|.
1)G(t)
(a o (ak+by+ag)t ©1) () +
) (bﬂfze_ (ak+hAy+ag) t@].)H( )
~(ady+hiytap)t © l) () (aﬂle (ady+hhy+ag)t © 1)M(t)
Wy = G(t)

a)1+b}9+a0+ﬂ0 aA1+b}q+a0+ﬂ0
(ade (b,

(aﬂ.le (ad+hy+ag)t ©1)
W4 —e —(al+bAy+ap)t \ M (t) (
+(b%ef(aﬁl+b/12+a0)t© 1)M ( ),

*
Taking LT of above relations (11) and, solving for Bi P (s)

* * *
B; R (s) B°(s) and B "™ (s), the time for which serv-
er is busy due to preventive maintenance, h/w repair, s/w up-
gradation and h/w replacement respectively is given by

NH NS
BS—IlmsB (s) = ,
D,

2 2

R

R N
€5,
2

B! :Iirr(')lsB;H (s) =

= lim SBS
s—0
HRp
. * N
And Bg'Rp = lim SBOHRp (s) :E—
s—0 2

where
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N?'JD =W I(O){p24 [—Po1P43.18P327 + Po3Pa117 P32.7+ Po2 Taking LST of relations and, solving for ROH (s) and ROS (s).

{ P31.9P4318 + Pa117 (1—p33_10)}] + (1—

a- p33_10)(1— P22.12 —P22.12,15 ) - (p23.11 + p23,11.14)

( P2311* P231114 )Pa1g +(AL— p33'10)}+

P327 + poz{
(p21.5 + p21.5.15)

Pos {(1— P22.12 —P2212,15 ) P31o +P327 (P21s + P2isis )}q)z

P419P19.4 )[p01 The expected numbers of replacements per unit time to the

hardware and software failures are respectively of given by
H

R (o0) = lim sR! (s) =l\[|)—4and R () = lim SRS (s)=
S—> b S—>
S
N, (14)

NE =W 3(0)(1— Pa1oPros M PorlL— Ps310) Pras + Pras P 1= (Pao + Pav.17 + Pag.18)(Paa Por[(L— Pa3 10)
+Po2[(1— P33.10)d— P11.13) — P13.g Pa1.o]+ Pos[(1— Pr113)P126 + P13gPa27]+ Po2 [(1 = Pr1.13)(d— P3z10) -
P32.7 + Pi2.6 Pa1.9)1}+W19(0) (Pa.19P24 ) Por [~ P33.10) Raso P38l + Poal(d— P1113) P327 + P31 Progl} +
+P138P32.7]1+ Po2[(L— P33.10)(d— Pr1.13) — P13gParo] + PoR22.1215 + Po1516 + P23.1114)d — Pro.4 Pa.19){Po1

[@— P11.13) P32.7 + Pi2.s P31.9)1}
N?? =W 3(0)[P24{P01P43.18P12.6 - Po3Par17 P12.6+ Po2
{ (1-p11.13)P4318 *P4117P138 }] + (l —P4.19P19.4 ){ Po1

[Pi3s (1— P22.12 —P22.12,15 ) + (p23.11 + p23,11.14)

Prosl+ Poz {
(P21.5 + p215.15)

(s p11.13)( P2g11t p23.11,14) +F’13.8}+

[(1— P33.10) P16 + P13 P32.7]+ Po2 [(L— Pr113)
(1 P33.10) — P31.9 Pr3g]+ Pos[— P11.13) P32
+P31.9P1261}

Nf = (P24 ){[Po1P43.18P12.6 - PosPa117 P126+ Po2

{ (1-P11.13)P4318

}] + (L= P194Ps19){Po1[Pr3s
—Pa117P138

Pos {(1— P2212 —P221215 )= Pr113) -Pros (Pors + p2($.—l5 b};z.lz —P2212.15 ) + (p23_11 + p23Y11_14)

NHR =W 2P24[ Po1{(1— P33.10) P12 + P138P327)} +

Po2{(L— P33.10)L— P11.13) — P13.8P31.9)}

+ Pozs{(— P11.13) P32.7 + P26 P31.9)}] and
D2 is already mentioned.

4.3 ExPECTED NUMBER OF H/W REPLACEMENT AND S/w
UP-GRADATIONS

Let R (t) and R’ (t) the expected number of h/w

replacements and s/w up-gradations by the server in (0, t]
given that the system entered the regenerative state i at t = 0.

The recursive relations for R" (t) and R® (t) are given as
R (1) =20} (0] 5+ R} (1) ,
R? (0=2Q7 (18] 5+ R} (1) 13)

Where j is any regenerative state to which the given regenera-

tive state i transits and O j=1, if j is the regenerative state

where the server does job afresh, otherwise o j=0.

1- IO11.13)( P23t p23.11,14) +

P13s (p21.5 + P21516 )

(1— P2212 =P2212,15 )(1— Pi1.13) Pi2e
Po3 ]

(p21.5 + p21.5.l6)

P26l + Poz

4.4 Expected Number of H/w replacement and
s/w up-gradations

Let Ni(t) be the expected number of visits by the server in (0, t]
given that the system entered the regenerative state i at t = 0.
The recursive relations for Nj(t) are given as

N; (t)= zd“<>[m+Nwo}

Where j is any regenerative state to which the given regenera-

(15)

tive state i transits and O]=1, if j is the regenerative state
where the server does job afresh, otherwise 0j= 0. Taking LT
of relation (15) and solving for No (S). The expected number
of visit per unit time by the server are given by
N, () = limsN, (s) = &,
50 D,

p113) paws (1-
P3310)parir} +(1-

where (16)

N5 =(-p2)[(1-
pasasparot (1-

pus)t paspPairPis + Pizsf
pa19p194) [(1- p11a3) {(1- p3sa0)
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(1- p2n- p2nis) - pxr (psut pmiuu)l- prs { (past
p21516)(1- pas0)t psro (psut pmirie) }- pus{(past pasie)
parot(1- pa2i2- pa2121s) paaz ]

4.5 ECONOMIC ANALYSIS

The profit incurred to the system model in steady state can be
obtained as

P = KoAo— Kig — K28} — KsB§ — Kug ™ — KR —
KSRS -K- Ng

Ko = Revenue per unit up-time of the system
K1 = Cost per unit time for which server is busy due preven-
tive maintenance

K> = Cost per unit time for which server is busy due to hard-
ware failure

K3 = Cost per unit up-gradation of the failed software

K4 = Cost per unit replacement of the failed hardware compo-
nent

Ks = Cost per unit replacement of the failed hardware

K =. Cost per unit up-gradation of the failed software

K7 = Cost per unit visit by the server

(17)

5 CONCLUSION

In the present study, the numerical results considering a par-

ticular case g(t)=6"" h(t)=pe”, f(t)=ae “and

m(t) = e " are obtained for some reliability and economic

measures of a computer system of two identical units. The
graphs for mean time to system failure (MTSF), availability
and profit are drawn with respect to preventive maintenance
rate (a) for fixed values of other parameters including a=.7
and b=.3 as shown respectively in fig. 2,3 and 4. The graphs
for MTSF, availability and profit are drawn with respect to
preventive maintenance rate (a) for fixed values of other pa-
rameters. These figures indicate that MTSF, availability and
profit increases with the increase of preventive maintenance
rate (a), maximum repair time (Bo), and h/w repair rate (0).
But the value of these measures decrease with the increase of
maximum operation time (o) as well as interchanging the
values of a and b, i.e., a=.3 and b=.7. Thus, on the basis on the
results obtained for a particular case, it is suggested that the
reliability and profit of a system in which chances of h/w fail-
ure are high can be improved by

Q) By adopting technique of redundancy, i.e.,
taking one more computer system in cold
standby.
By performing preventive maintenance af-
ter a maximum operation time.
By making up-gradation of the outdated
s/w by new one immediately.

(i)
(i)
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Fig. 2: MTSF vs. Preventive Maintenance Rate
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Fig. 3: Availability vs. Preventive Maintenance Rate
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Fig. 4: Profit vs. Preventive Maintenance Rate
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