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1. Introduction

With tremendous progress in the industrial field, several re-
searchers studied the probabilistic behavior of many reliability
models to calculate many parameters in the reliability field. But, no
attention was directed to the effect of the shocks which may be re-
sult from the repairman during the process of repairing. [1,2] stud-
ied the effect of shock on the system and divided the source of
shocks into two main parts, internal factors and external source.
For example stress, strain, power failure, etc. [3] studied random
shocks that affect the system without reference to the reasons
for their occurrence. In addition, there are many systems which
contain software and hardware subsystems. [4-8| performed some
studies in this area, but they are not be exposed to software sub-
systems. [9] developed a combined reliability model for the sys-
tem that contain hardware subsystems and software subsystems.
[10] discussed the probabilistic analysis of a computer system and
suggested that with preventive maintenance and by giving prior-
ity to software replacement, the system will be more effective.
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[11] formulated reliability model of a computer system and pointed
out that, in order to raise the efficiency of the system must sav-
ing hardware redundancy in cold standby. [12] concluded that by
increasing the hardware repair rate and by using preventive main-
tenance, the system model can be more efficient and beneficial to
use. This paper themes to analyze a duplicated cold standby sys-
tem, each unit contains both hardware and software components
that work together and fail independently. There are two models,
the first contains a regular repairman who visits the system imme-
diately when required and in case of failure due to hardware fail-
ure the repairman can cause a shock during the repair. This caus-
ing damage of the unit so it will be replaced. For example during
the repair of the direct digital control panel (DDC-Panel) that con-
trol fan coil unit (FCU), the repairman may cause any short circuit
or wrong connection and damage the digital output of the con-
trol module. When the failure occurred due to software failure the
repairman will repair it. By replacing the regular repairman with
another one which is called expert repairman as shown in the sec-
ond model, the occurrence of shocks will be avoided.

The following measures of system reliability can be derived:
The mean time to system failure (MTSF), Steady-state availability
(SSA), Steady-state busy period due to (hardware, software and re-
placement) and profit analysis in the steady-state.
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2. General assumptions

1- There are 2 similar units in the system.

2- Initially one of them is operating and the other is in cold
standby state.

3- The online unit faces software and hardware failures.

4- There is one repairman and always available.

5- After software failure, the repair of the unit can be performed
by the repairman.

6- Failure, repair, replacement and shock times follow exponential
distributions with different rates.

7- The connected switch works perfectly and instantaneously.

8- After completion of repair, the unit is as good as new.

9- The system is totally down when all its units are failed.

2.1. Assumptions for model I

1- In case of hardware failure, the regular repairman goes to repair
the unit and can cause a shock during the repair of hardware
failure.

2- If the regular repairman caused a shock during the repair of
hardware failure then the unit will be replaced by a new one.

2.2. Assumptions for model II
1- The repairman is called an expert repairman.

2- After hardware failure, the repair of the unit can be performed
by the repairman without making any shock.

3. Notations

n: constant hardware failure rate.

£1: constant software failure rate.

T: constant shock rate.

N2t constant hardware repair rate.

&: constant software repair rate.

v constant replacement rate.

0: the unit is operating.

CS: the unit is in cold standby mode.

rh: the repair of hardware failed unit.

rs: the repair of software failed unit.

wrh: the hardware failed unit is waiting for repair.

wrs: the software failed unit is waiting for repair.

repl: unit under replacement.

T;(t): Pr [the system is in state j at instant t >0, j=0,1,---,n.]
A(t): Pr [the system is working at instant t].

Bh(t): busy period due to hardware failure.

Bs(t): busy period due to software failure.

Br(t): busy period due to replacement.

LFDE;: linear first order differential equations.

[Dy;]: a matrix form of order 10 x 10.

[6mn]: a matrix form of order 4 x 4.

[Dp ] a matrix form of order 4 x 1.

PF: the incurred profit of the system in the steady state.
SSBP: steady state busy periods.

EPF: expected total profit incurred to the system in the steady-state.
O: Working State.

O: Completely Failed State.

Ty = im Ty(t). SSA =lim.o A(t). SSBh = lim Bh(¢),
SSBs = tlim Bs(t), SSBr = lim;_, , Br(t)

Fig. 1. Transition diagram of model I.

4. Model I

Fig. 1 shows the transition diagram of model I.

It is easy to verify that:
TO=[1 0 0 0 0 0 0 0 O O] (1)

Based on the method of LFDEs for model I the following can be
obtained.

Té(f) =—(e1+n)To ) + T (t) + &L (t) + YT (),
L) =—E1+m+n2+0)TE) +mTo(t) +nTa(t)+

 al®)+ YR,
L) =—(e1+m+&)ht) +e1To(t) + n2T5 () +
BRCLIGERZAGY
L) = —(e1+m + )L +TTi(b), )
T, () = = (2 + T)Ta () + M T (0),
I5(t) = =2 + T)T5(0) + e1Th (1),
Ts(t) = =&2T5(t) + m T2 (1),
L(t) = —&217(6) + &1 T (0),
Tg(t) = =¥ Tg(t) + TTa(t) + mT5(t),
Ty(t) = =¥ To(t) + TTs(t) + &1 T3 ().
Eq. (2) can be put in the following matrix form:
T (t)=¢ xT(t). (3)
where,
(T'®) = [ T© T T©) T©) T, T©) Te)
T;(t) Tg(t) To(t) |,
(T()" = [To(t) Ty(t) To(t) T5(t) Ta(t) Ts(t) Ts(t)
T7(t) Tg(t) To(t)].
and
¢ =[Pl (4)
where,

Py = —(e1+m). Pp=-(e1+m+n+1). P33=—(s1+n +&2).

P55 = P =—(T+12). Paa=—(61+Mm+¥). Pi3=Py=P3g=¢.

P3g = Pys=Pp =13, Pap=Prpg=Pgs=1. P73=Py =P5y=Pgs=1)1.
P31 = Proa=Ps3=Per=¢1. P310=-Pro1w0=Y. Pu=Pp=-Py=Y

D7 = —Pg1 =¢5.

All other elements equal to O.
The first part in Eq. (2) can be deduced from the following:

To(t + At) = [1 = (61 + 1) At]To(t) + 72Ti (£) At + 2T (8) At
+Y T (E) AL,
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REBO DO ey +n)To() + T (0) + eTo(0)

+YTa(0),

as At — 0,
To(t) = — (&1 + n)To(t) + M2Ty () + &2 () + Y T(t).

where it can be explained according to Fig. 1 as the probability of
being in state Sy after time At is the probability of being operative
at time t and does not move to state S; or state S, at time At plus
the probability of being in failed state S; due to hardware failure
at time t and being repaired at time At plus the probability of
being in failed state S, due to software failure at time t and being
repaired at time At plus the probability of being in state S3 at time
t and being replaced at time At.
All other parts can be explained in the same manner.

4.1. The MTSF of model I

The MTSF for model I based on LFDE;s is derived.
The MTSF can be written as follows:

MTSF = T (0)(8)[ D], (5)
where,

§=(-1)(E™). & = [Omn].

On =Pu, On=mn, Oi=¢1, 0On=mn,0n=>>y,

O =1, 03 =6,

033 = P33, O =V, O=Py, Dn=1 Dy=1,

D31 =1, Dy =1.

All other elements equal to O.
After simplification the MTSF is given by:
Vi+Y2a+Y3+VYa (6)

MTSF = —21 ,
ys(e3+ Vs + V7 +Vs)

where,

yi=(—&1m —exm —ni)(—e1 —m —¥),

Y2 = E1MT + E211T + 03T,
=(e1—&-—n)(—e1—Mm-m—-1)(=e1 - —¥),
Ya=(e1m +e1ma+ 1T +67)(—e1 —m — ),

Vs =¢€1+ M,

Yo =m(E2+m)(Mm+T+ ),
yr=eiGm+m+1t+V),
vs=e1(m(e+m+2(T +¥))+ ¥ (2 + 1) +3n}).

4.2. Availability analysis of model |

Upon using system of Eq. (2) with the initial condition (1) we
obtain
T (t)=¢ xT(t),

where, T (t), ¢ and T(t) are defined in Eq. (3).
One can write Eq. (3) as

xT=0 (7)
After solving Eq. (7), T;s can be obtained, So

Upon using Eq. (8) considering Zi9=0 T;=1, we get

_h
- &

where,

hy = ¥ (61 + &2+ M) (M2 + T)(E1 + M1 + M2 4T) (E1+Mm+Y),
9

=Y hy,
i3

hy = Toermy (Ta +m) (1 + V) + Dagfp,

A 9)

hy = &3(62 + m)(C2Tsmy + Ting + TiTand + T3y2),
hs = &3 (e2(Crin + ¥ (2 + 7)) + Doy (T3 + 3m)),
he = &2(T2¥ (T3 (g2 +2m1) + &3 + 3n3) + T32),

hy = e165 (m T1m+m2 (T+29)+12 43t +92) + TaT3),

hg = &267m1(T1 (82 +3m) + m2(T +3¢) + T2 + 419 + ¥?),
he = &261 (¢ + 1 (22T +3¥) + 2T + ¥) (T + 2¢))),
Di=t+y.Do=m+t.Ts=m+r+y,0=20my

+30m3 + T2y2.

4.3. The system busy period of model I

In this case, The SSBh, SSBs, and SSBr can be calculated as:

SSBh = (&2m (&1 + &2+ 1M1)
E1+m+m+1)Er+m+v))/(h), (10)

SSBs = (&1 (&1 + &2+ M) (M2 +T)(E1+ M1 + N2+ T)
(e1+m + 1))/ (h2), (11)

SSBP = SSBh + SSBs, (12)
and

SSBr = (eamT(e1+&+n)(E1+m+m+71)
E1+m+¥))/(h2), (13)

4.4. The profit of model |

The expected total profit per unit time incurred to the system
in the steady-state is given by: Profit = total revenue - total cost

EPF = (C;1)SSA — (C3)SSBh — (C3)SSBs — (C4)SSBr (14)
where,

Ci: the system revenue per unit of up-time,
G the cost of repair per hardware failure unit time,
Cs: the cost of repair per software failure unit time,
Cy: the cost of replacement per unit of time.

making use of Eq. (14), EPF can be given as:

w
EPF = - (15)

where,

® = (10w w3 (11 + &2(—=11 (12T + 7)) +100¢ (172 4 7)))),
L==51Y(M+1), wi=e+m+y,

Wy =& +&+MN, W3=&+M+N2+T.
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Fig. 2. Transition diagram of model II.

5. Model II

In this model the expert repairman goes to repair the failed unit
due to hardware failures. There is no shock during the repair of
hardware failure because of the great expertise enjoyed by the ex-
pert repairman (see Fig. 2).

The analysis of state probabilities can be obtained based on
LFDE; for model II as follows:

Ty () = =(1+ ) To(t) + n2Ti (1) + £2T2(D).

L (6) = =1 +m +02)Ti(@) + mTo(t) + mTa(t) + &T(1),
L) = —(&1+ M + &)L (t) +&1To(t) +m215(0) + &2T5(0),
L(t) = =& 1(6) + mT(t),

T,(6) = =m2Ta () + mTi (O),

Ts/(f) =-mT5(t) + e1Ti (t),

Tﬁ(f) = —82T5(t) + 81Tz(f).

(16)
The first part in Eq. (16) can be deduced from the following:
To(t + At) = [1— (&1 + ) At]To(t) + n2Ti (O At + 2T (D) At,

B2 DO _ ey )T + mT(0) + 210,

as At — 0,
To(t) = — (&1 + ) To(t) + 2T () + &2Ta(8),

where it can be explained according to Fig. 2 as the probability of
being in state Sy after time At is the probability of being operative
at time t and does not move to state S; or state S, at time At plus
the probability of being in failed state S; due to hardware failure
at time t and being repaired at time At plus the probability of
being in failed state S, due to software failure at time t and being
repaired at time At.
All other parts can be explained in the same manner.

5.1. The MTSF of model I

e1(&2+ 401 +2102) + (211 + n2) (€2 + 1) + 2€2

MTSF = > (17)
(&1 4+ 1) (e12m +m2) + M (g2 +m) + €3)
5.2. The SSA of model II
The SSA is given by:
EmEr+&+m)E1+n+n2)
SSA = , 18
191 + 192 + 193 ( )
where,

01 = &inz2 + &2(nF + n2m +13) (g2 + M),

m

08 1
02 04 98 SO

MTSF

Fig. 3. variation of (MTSF) with n; and &;.

n
070809 1
0 010203040308 7

1 due‘ﬁ expert

due to the rgular

Availability

expert
. <1 due to the regular

Gain

Fig. 5. variation of (EPF) with 1y and ¢&;.

0y = &7 (&20m + 12) + 12211 + 12)).
03 = e1(e500 +12) + L2 + M2 + m2))
Ly = &(203 + 2m2m +13).

5.3. The SSBP of model Il

The SSBP is given by:

SSBh = (eami 11 + 1620141 + E212m1101)/ (D1 + D2 + U3),  (19)

SSBs = (21242 + €28112 /42 + E1011242) /(D1 + D2 + D3).  (20)
where,

M1 =E1+ 2+ Mm&Uy = €14+ 11 + 2.

5.4. The EPF of model II
The EPF is given by:

_ 10(e1 + &2+ m1) (81 + M +12) (1082 (107, — 1) — 7€112)

EPF
vl +v2+0v3

(21)

6. Numerical computation

By setting C; = 1000; C, = 70; C3 = 50 and C4 = 120; in case of
regular repairman and by setting C; = 100 and C3 = 70 in case of
expert repairman, Figs. (3-6) display the variation of the MTSF,
SSA, EPF and SSBP respectively for different values of n,, €5, T and
Y. where (1, =0.22, ¢, = 0.3, T =0.001 and ¥ = 0.9).
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Busy Period

Fig. 6. variation of (SSBP) with 7; and &;.

7. Conclusion

In the present paper, some measures of the system reliability
such as, the MTSF, the SSA, the SSBP and the EPF are calculated
using linear differential equations.

Figs. (3-6) show that:

1- The MTSF, SSA and EPF are increasing as n; decreasing.

2- By decreasing of €1, The MTSF, SSA and EPF are increasing.

3- SSBP increase with increasing 1, and decreasing with increas-
ing of 1.

4- SSBP increase with increasing €; and decreasing with increas-
ing of ¢,.

5- SSBr increase with increasing T and decreasing with increasing
of Y

6- The MTSF, SSA and EPF in case of expert repairman is greater
than it in case of regular repairman.

7- The busy period in case of regular repairman is greater than it
in case of expert repairman.

8- Depending on the results obtained it is deduced that by in-
creasing the repair and replacement rates of the unit and by
replacing the regular repairman by an expert repairman, the
system model can be more efficient and beneficial to use.
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