Published by :
http://lwww.ijert.org

International Journal of Engineering Research & Technology (IJERT)

I SSN: 2278-0181
Vol. 8 Issue 12, December-2019

Analysis of a Computer System with Software
Redundancy Subject to Hardware Preventive
Maintenance

V. J. Munday*
*Department of Statistics,
Ramjas College, University of Delhi,
Delhi — 110007, India

Permila®
#Department of Statistics,
Govt. College for Women,

Rohtak — 124001, India

Abstract :- The present work is devoted to the analysis of a
computer system with software redundancy subject to
hardware preventive maintenance. For this purpose, a system
model has been developed by considering software
redundancy. There is an independent hardware and software
failure in the system model. The preventive maintenance of
the hardware component has been conducted after a specific
operation time ‘t’ (called maximum operation time). A single
server is provided immediately to the system for carrying out
hardware repair, software up-gradation and hardware
preventive maintenance as and when needed. The repair
activities conducted by the server are perfect. The failure time
of the hardware and software components follow negative
exponential distribution whereas the distributions for
hardware repair, software up-gradation and preventive
maintenance times are taken as arbitrary with different
probability density functions. Some important reliability
characteristics of the system models have been examined
stochastically in steady state for particular values of various
parameters and costs by using semi-Markov process and
regenerative point technique. Graphs are drawn to depict the
behaviour of mean time to system failure (MTSF), availability
and profit function under different sets of assumptions on the
parameters. The profit of the present model has also been
compared with the model as discussed in the research paper
of [5].
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I. INTRODUCTION

In past few decades, the importance of computer
widely increases in most of areas such as companies,
medicals, banks, etc. In the previous research based on
computer system, some stochastic models for a computer
system have been developed and analyzed in steady state
by considering the aspects of component wise redundancy
in cold standby, priority in repair disciplines and maximum
repair time to hardware. And, a computer system would be
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more profitable if redundancy is provided to the hardware
along with maximum repair time rather than redundancy to
the software. [1] examined a two-unit standby redundant
system with preventive maintenance. [2] Analyzed a two
dissimilar cold standby system with preventive
maintenance and replacement of standby. On the other
hand, the deterioration rate of a system can be reduced by
conducting its preventive maintenance after a maximum
operation time. [3] obtained reliability measures of a
system under preventive maintenance. Hence, it becomes
necessary to examine the effect of preventive maintenance
on reliability measures of a computer system with the
concepts of preventive maintenance and software
redundancy. However, [4] tried to develop stochastic
models of operating systems with preventive maintenance
and priority subject to maximum operation and repair
times. [6] established reliability measures of a computer
system with hardware redundancy subject to preventive
maintenance. The present work is devoted to the analysis
of a computer system with software redundancy subject to
hardware preventive maintenance. For this purpose, a
system model has been developed by considering software
redundancy in cold standby with the concept of hardware
preventive maintenance. Hardware and software failures
are independent in the system model. The preventive
maintenance of the hardware component has been
conducted after a specific operation time °t’ (called
maximum operation time). There is a single server who
visits the system immediately for carrying out hardware
repair, software up-gradation and hardware preventive
maintenance as and when needed. The repair activities
conducted by the server are perfect. The failure time of the
hardware and software components follow negative
exponential distribution whereas the distributions for
hardware repair, software up-gradation and preventive
maintenance times are taken as arbitrary with different
probability density functions. Some important reliability
characteristics of the system models have been examined
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stochastically in steady state for particular values of various
parameters and costs by using semi-Markov process and
regenerative point technique. Graphs are drawn to depict
the behaviour of mean time to system failure (MTSF),
availability and profit function under different sets of
assumptions on the parameters. The profit of the present
model has also been compared with the model as discussed

w=EM) = f(:OP(T >t)dt =Y ;m;,
where T denotes the time to system failure.
mij : Contribution to mean sojourn time (w;) in state
Si when system transits directly to state S; so
that

U = Z] mij and mij = f(:o tinj(t) = —q:}(O)

in the research paper of [5].

[1. SOME IMPORTANT NOTATIONS

& /© : symbol for Laplace - Stieltjes convolution

/ Laplace convolution
*[** : Symbol for Laplace Transformation (LT)

(S)cs gg]‘rpvl\j;rt:rissxiﬁtggql(jSs?aeijrggve [/Laplace Stieltjes Transformation (LST)
: i(t) : cdf of first passage time from regenerative
a/b : Probability that the system has hardware i passag g

/ software failure
M/ X2: : Hardware/Software failure rate
Bo : The rate by which hardware component
undergoes for preventive maintenance
HFUr /HFWTr : The hardware is failed and
under/waiting for repair
SFUgQ/SFWUg : The software is failed and
under/waiting for up-gradation
HFUPmM /HFWPm : The hardware is under/waiting
for preventive maintenance
HFUR/HFWR : The hardware is failed and
continuously under/ waiting for
repair from previous state
SFUG/SFWUG : The software is failed and
continuously under /waiting for
up- gradation from previous state
HFUPM/HFWPM : The hardware is under/ waiting
for preventive maintenance
continuously from previous state
g(t)/G(t) : pdficdf of hardware repair time
f(t)/F(t) : pdficdf of software up-gradation time
m(t)/M(t) : pdf/cdf of hardware preventive
maintenance time
qij(t)/ Qjj(t) : pdficdf of first passage time from
regenerative state S; to a regenerative
state S; or to a failed state S; without
visiting any other regenerative state
in (0, t]
ijk ()/Qijx(t) : pdf/cdf of direct transition time
from regenerative state S; to a
regenerative state S; or to a failed
state S; visiting state Sy once in (0, t]
Mi(t) : Probability that the system up initially in
state S; € E is up at time t without visiting
to any regenerative state
Wi(t) : Probability that the server is busy in the
state Sj up to time ‘t” without making any
transition to any other regenerative state or
returning to the same state via one or more
non-regenerative states.
ui :  The mean sojourn time in state S; which is
given by

state S; to a failed state. Regarding the
failed state as absorbing state
Ai (t) : Probability that the system is in up-state at
instant‘t’ given that the system entered
regenerative state S; at t=0.

B (t) : Probability that the server is busy in

repairing the unit due to hardware failure
at an instant ‘t’ given that the system
entered state S; att = 0.

BIS (t) : Probability that the server is busy in up-

gradation of the software at an instant ‘t’
given that the system entered the
regenerative state Sjatt=0.
BF™(t) : Probability that the server is busy in
preventive maintenance of the hardware
given that the system entered state S; at t=0.

NHR;(t) : Expected number of hardware repairs by
the server in (0, t] given that the system
entered the regenerative state Sjatt = 0.
NSUi(t) : Expected number of software up-
gradations in (0, t] given that the system
entered the regenerative state Sjatt = 0.
NHPm,;(t):Expected number of hardware
preventive maintenances by the
server in (0, t] given that the system
entered the regenerative state S; at t = 0.
Ko : Revenue per unit up — time of the system
K1 : Cost per unit time for which server is busy due
hardware repair
Kz : Cost per unit time for which server is busy due
software Up-gradation
Kz : Cost per unit repair of the failed hardware
K, : Cost per unit up-gradation of the failed
software
Ks: Cost per unit time for which server is busy due
hardware preventive maintenance
Kg : Cost per unit preventive maintenance of the
failed hardware
P : Profit of the present model
P1 : Profit of the system model [5]
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I1l. ANALYSIS OF SYSTEM MODEL
The state transition diagram is shown in the following figure:
State Transition Diagram

f(t)
Se HSFCLSJr S1
HUPM
Ss Scs S
HWPmM
S| 'sruc
O Up-State [ Failed State ® Regenerative Point
Fig. 1
A. Transition Probabilities and Mean Sojourn Times
Simple probabilistic  considerations yield the The mean sojourn times () in the state S; are
following expressions for the non-zero elements. Lo = _r [y = 1 = . r
pl-]- _ Ql](OO) _ fooo ql] (t)dt _ 1(13.1+b2.2+/30 a aldy+bAy+Bo+6
_ ag _ bh, _ s =7
pOl - aly+bAz+Bo ! pOZ - ali+bAz+ B ! p03 - AISO
Bo _ —
PrITYIV ZO - nm1o1 izoz iz03’+ mﬂl = My,
P10 =97(0), Py =f"(a +bAy + o), Doa = A2 du 20 2 s 26 3
Bo 1= F*(ahy + b, + o)) Nd p; = Myg +Myy 6+ Myys+ Myzy (3)
aii1+bAz+ B 1 2 074
— b2, _ — B. Reliability and Mean Time to System Failure (MTSF)
= 1 ary + b, + By}, = y Y
Pzs w “’11””12”30{ frlah 2o} P The recursive relations for ¢;(t) are as follows:
1 * j—
atrrbi g, L~ f1@ + b2y + Bo)}, pao = Polt) = Quu(®) + Qua(t) & ha(t) + Qua(t)
m*(0) , paz =psz2 = f7(0) d2(t) = Qao(t) & o(t) + Qaa(t) + Qas(t) + Qus(t) (4)
" X Taking LST of above relations (4) and solving for ¢,°(s) ,
Forf()=60e " ,g()= e andm(t)=ye?* we have
* _ 1-65°®
we have R'(s) =—
_ Bo * The reliability of the system model can be obtained by
=— {1 - A+ b, + t ; . .
P234 a/11+2/12+ﬁo{ fady 2+ Bo}f (O taking Laplace inverse transform of the above equation.
Dogs = a/11+bb—/122+60{1 — fr(ady + b, + Bo)}f () The mean time to *s*ystem failure (MTSF) is given by
S read 4 b, + ROV MTSF = lim =0 © M )
D216 a/11+b/12+l30{ f*(lary 2+ Bo)}f (®) 550 S Dy
But, f(0)=g"(0)=m*(0)=landa+b=1 (1) Where Ny = o + poz and Dy =1 — pyap20
It can be easily verified that (6)
Po1tPo2tPo3 = P10= P20tP24+P2stP26 = P20tP23.4tP22.51P216 =
P30 = Pas=ps2 =1
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C. Steady State Availability
The recursive relations for A4;(t) are given as:
Ao(t) = Mo(t) + dou(t) © Aa(t) + qoa(t) © Aa(t) + dos(t) ©
As(t)
Au(t) = quo(t) © Ao(t)
Aa(t) = Ma(t)+020(t) © Ao(t) + dzr6 (1) © Ax (1) + dz25(t) ©
Aa(t) + Gaaa(t) © As(t)
As(t) = gao(t) © Ao(t)
where
Mo (t) :e—(aal+b/12+ﬁ0)t )
M, (t) :e(all+blz+ﬁo)t m (7)

Taking LT of equation (7) and solving for A (S), the
steady state availability is given by Ay(o0) = Iirrg A, (s)
S—

== ®)

Where

N, =po (1 —p22s) + Poz pe

Dy = po(1 = p22.5) + 1 (Po1(1 — P225) +
P02P21.6)+P02H'2 + U3 (Po3(1 — P225) + D23a) (9)

D. Busy Period of the Server
(a). Due to Hardware Repair
The recursive relations for B (t) are as follows:
Bg () = qo1 ()CB{ () + qo2(1)OBF (1)
+ o3 ()OBY (1)
B (t) = W{'(t) + q10(O)OBg (t)
B (t) = q20(0)OB () + 421,,()OB () +
G22.5(t)© By (t) + G234 (t)OB3 ()
BY (t) = q30(t)OB{ (t) (10)
where Wl (t) = G(t)

(b). Due to Software Up-gradation

The recursive relations for B (t) are as follows:
B3 (t) = qo1(t)OB; (t) + o2 (£)OB3 (t)+qo3()OB3 (t)
By (t) = q1,(t)OB; (t)
B3 (t) = W5 (t) + q20(t)OBG (t) + q216(t)©B; () +
G22.5()© B3 (t) + q23.4(6)OB5 (1)
B3 (t) = q30(t)OB3 (¢) (11)
where W5 (t) = e@h+bAa*Bot F(r) 4
(a/lle(a/11+b12+ﬁo)t©1)m +
(blze(all+blz+ﬁo)t©1)m + (‘Boe(a11+b12+[30)t©1)m

(c). Due to Preventative Maintenance
The recursive relations for BP™ (t) are as follows:
Bg™(t) = qo1()OB{™ (1)
+ o2 (D)OB;™ (8) + qo3(1)OBI™(t)

B{™(t) = q10()OB{™(t)
BI™(t) = q20()OB;™ () +d516()OBI™ (¢) +

Q225 ()OB{™(t) + 234 () OB{™ (1)
BI™ () = WL™(£) + q30(©)OB™ (1) (12)
where W, (t) = M(t)
Taking LT of relations (10), (11) & (12), solving
for BE"(t), B3 (t) and BE™ (t). The time for which server
is busy due to repairs, up-gradations and preventative
maintenances respectively are given by

NH

BE(t) =lims BY (t) = = (13)
s—0 l?gz
BS(t) =limsBS () == (14)
s—0 D, e
BE™(t) =limsBE™ (t) = & (15)
s—0 Dy

where N§' = ?01(1’10 (1 = Pa25) + PozP216) Wi (0)
Nss = P02W25 7) X

me = (Po2P23.4P30 T Po3P30(1 — £22.5))W3Pm 0)
and D, is already mentioned. (16)

E. Expected Number of Hardware Repairs
The recursive relations for NHR;(t) are given as:

NHRy(t) = Qo1(t) & NHRy(t) + Qo2 (t) & NHR,(t) +
Qo3(t) & NHR;(t)
NHRy(t) = Q10(t) & (1 + NHR, (1))
NHR,(t) = Q20(t) & NHR((t)+Q21.6(t) & NHR,(t)
+ Q225(t) & NHR,(t)
+Q23.4(t) & NHR;3(t)
NHR;(t) = Q30(t) & NHR,(t) 17)

Taking LST of relations (17) and solving for NHR;*(s).
The expected number of hardware repairs are given by

NHR, = lim sNHR;' (s) = 2 (18)

5— 2
where Ny = Po1(P10(1 = P225) +
Po2DP216) and D, is already mentioned.  (19)

F. Expected Number of Software Up-gradations
The recursive relations for NSU; (t) are given as:

NSU, (1) = Qo1 (t) & NSU; (1) + Qo (t) & NSU,(t) +
Qo3(t) & NSU3(1)

NSU; () = Q10(t) & NSU, (1)

NSU,(t) = Qz0(t) & (1 + NSU,(1)) + Qp16(t) &
(1+NSU; (1)) + Qz25(0) & (1 4+ NSU, (1)) + Qu34(H) &
(1 + NSU5 ()

NSU;(t) = Q30(t) & NSU,(t) (20) Taking

LST of relations (20) and solving for NSUg*(s). The

expected numbers of software up-gradations are given by
Ns

NSU, () = limsNSU;* (s) = = (21)
-0 D2

Where N; = py, and D, is already mentioned. (22)

G. Expected Number of Preventative Maintenance
The recursive relations for NHPm,(t) are given as:

NHPmy(t) = Qo1(t) & NHPm(t) + Qo2 (t) &
NHPm,(t) + Q3(t) & NHPm;(t)
NHPmy(t) = Q10(t) & NHPm,(t)
NHPm,(t) = Q40(t) & NHPm,(t)
+ Q216(t) & NHPm, (t)
+ Q225(t) & NHPm,(t)
+ Q23.4(t) & NHPm;(t)
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NHPm;(t) = Q30(t) & (14 NHPm,(t)) (23)
Taking LST of relations (23) and solving for NHPmg*(s).

The expected numbers of hardware preventative

maintenances are given by
Ne

NHPm, = ling SNHPm}* (s) = > (24)

5 2
where N6 = Po2P23.4P30 + Po3P3o(1 —
Pa25)and D, is already mentioned. (25)

IV. PROFIT ANALYSIS
The profit incurred to the system model in steady state
can be obtained as:
P = K,A, — KB — K,BS — KsNHR, — K,NSU, —
KsB{™ — K,NHPm, (26)
where Ay, B, B3, NHRy, NSU,, BE™ , NHPmare
already defined.

V. PARTICULAR CASES
Suppose g(t) = ae ™, f(t) = fe %
and m(t) = ye ™"t
We can obtain the following results:
MTSF(Ty) = 2, Availability(A,) = 22
1 2
Busy Period due to hardware
H
failure (BH) =
Dy

Busy Period due to software

. o _ NS
failure (By) = —
D,
Busy Period due to hardware preventive
Pm
maintenance (BE™) = —
D,

Expected number of repair at hardware

. N,
failure (NHR,) = —
D,

Expected number of up — gradation at

N
software failure (NSU,) = D_S
2
Expected number of preventive maintenance
N,
of the hardware (NHPm,) = D—6

2
Where

N = 1+ bA,
Y7 (ar + by + By + 0)

D, = (ad1+bA2+Bg)(ali+bAy+Bo+0)—60bAy
1 (ady+bAz+Bo)(al; +bAy+Bo+6)

N, = (aA1+bAy+Bo+0)
2 7 (aA;+bAy+Bo)(ars +bAz+Bo+6)

(aA1+bA2+Bo+6)(ayb(adi+Bo+0)+yBari(ali+bAy+Bo+0)+
ab(Bo(ad+Bo+6)+Bo(aii+bAz+Bo))
+aybly(0%+(ati+bAy+Bo)(ads +bAy+Bo+26))
Oya(ali+bAy+Bo)(ali+bAy+Lo+0)(ali+bAy+By+0)

D2=

Ny

3 ar((ady + Bo + 0)(ary + bA, + By) + arybiy)

" alad, + by + By)(ar, + A, + Bo + 0)(aA;, + bA, + Bo)
2

3 7 (adi+bAy+Bo)(ars +bAy+Bo+6)
Pm _ Bo(ari+bAy+Bo+6)
3 7 y(ari+bAy+Bo)(als +bAz+Bo+6)
N, = alq((adi+PBo+0)(ari+bAz+Bo)+aribAy)
4 7 (@A +bAy+Bo)(ady +bAy+PBo+0)(ads +bAz+Bo)
bA,
Ns =
(ad; + b2, + Boy)
Bo(aﬂ.1+bﬂ.2+ﬁo+9)
N6 =

T (a1 +bAz+Bo)(ary +bAy+Bo+0)

VI. CONCLUSION

The reliability measures of a computer system
have been obtained by assuming g(t) = ae™%, f(t) =
Be~% and m(t) = Ye~Yt. And, graphs are drawn for the
particular results of these measures as shown in figures 2 to
4. 1t is analyzed that the mean time to system failure
(MTSF), availability and profit go on decreasing with the
increase of failure rates (A1 and A2) and the rate (5,) by
which hardware undergoes for preventive maintenance
after a pre specific operation time‘t’ while their values keep
on moving up with the increase of hardware repair rate (o),
software up-gradation rate (6) and preventive maintenance
rate (y) provided system has more chances of hardware
failure. Further, it is interesting to note that a computer
system has more values of these reliability measures when
it has more chances of software failure than that of
hardware failure. The graphical presentation of the results
related to these reliability measures obtained for the system
model is shown in the figures 2 to 4.
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VIIl. GRAPHICAL PRESENTATION OF RELIABILITY MEASURES FOR THE SYSTEM MODEL

Fig. 2: MTSF Vs Hardware Failure Rate (11)
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Fig. 3: Availability Vs Hardware Failure Rate (11)
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Fig. 4: Profit (P) Vs Hardware Failure Rate (11)
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VIIl. COMPARATIVE STUDY OF PROFIT OF SYSTEM
MODELS

The profit of the present model has been
compared with that of the model discussed in the research
paper Munday and Malik (2015). It is revealed that the
present model is less profitable. And, hence we can say that

the concept of hardware preventive maintenance in a
computer system with software redundancy in cold standby
is not much helpful in making the system more profitable.
The behavior of the profit difference of the system model
with respect to hardware failure rate (A1) has been shown
graphically in figure 5.

IX. GRAPHICAL PRESENTATION OF PROFIT DIFFERENCES

Fig. 5: P — P1 Vs Hardware Failure Rate (A1)

Hardware Failure Rate (A1)
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