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Abstract

For the doing the analysis of a stochastic systepidly, the key
reliability characteristics should be easily andckly evaluated.
Gupta [4] introduced a new technique callBegenerative Point
Graphical Technique (RPGT) for doing the reliability analysis of a
stochastic system by finding quickly and easilythdl key reliability
characteristics and other parameters of the syBkemmean time to
system failure, availability of the system, busyipe of the server,
the number of visits of the server and the numbbeeplacements in
the long run of the system (under steady stateitons). This paper
presents the analysis of two models of a singlé system with
different types of repair policies of a single ssrthat appears and
disappears from the system randomly and where ysterm
undergoes a random shock. The system may be warkiagartially
failed state after the impact of the shock and dhalysis of the
system is done by using RPGT.

Keywords: Shock, Impact, Availability, Regenerative Sate,
RPGT, Fuzziness Measure.

1. Introduction:

The researchers including Chander & Bansal [1],n0ba [2]
and Malik et al [8] have used the Regenerative tPoin
Technique (RPT) for the analysis of the variousclsastic
systems. They solved the state equations recuysiafier
taking the necessary transforms, to determine #varpeters
of the stochastic systems (under steady state timms). The
complexity for the evaluation of the key parametefsthe
system increases with the increase in the numbstatés, as
it becomes very time consuming and cumbersome ite aH
the state equations and then solve the transforstate
equations and then taking the consequent limitagushe
particular formula of the RPT, along with a lot of
simplifications, because of the complexity of tmansition
diagram of the stochastic system.

Gupta et al [3,5-7] have done the analysis ofotarisystems
by using RPGT for determining the mean time to exyst
failure (MTSF), availability of the system, busyrioel of the

server, number of visits of the server etc.(under $teady
state conditions).

Chander [2] studied two models of a single unittesyswith
different types of repair policies of a single sarthat appears
and disappears from the system randomly and theraysan
undergo a random shock. Whenever a shock occus,tte
system may remain in the same state without argceffvith
some probability or it may transit to a state withfailure rate

increased to the maximum level and further theesgstan
fail completely there after. The system can faimpetely
during its normal operation. The author has comsidig¢hat
the system is similarly available in each of therkimg states
before and after the impact of the shock, althomgHailure
rate is increased to the highest level due to rigact of the
shock. But, since the efficiency of the system rdegrease
after the impact of the shock and the availabibtgiscounted
which will result into the loss of the revenue. Tdfere, the
system ought to be treated in the partially fa{léelgenerated)
state after the impact of the shock in such a titna The
possible applications of such a system are computer
generator, motor, a fly-over bridge etc. Tdigective of this
paper is to determine the key statistical pararsetdrthe
system (under steady state conditions) by using R&@l by
treating the state of the system after the impatteshock as
a partially failed state by discounting the meajopwm times
of the said available states by using the fuzamesasure of
the state.

2. The System:

The system is a single unit repairable system watidom
appearance and disappearance of the repairingyeaild the
repair is admissible in two Phases -1 & 2. In MoHethe
server repairs the partially failed system (Phase-1
immediately after the impact of the shock and absoits
complete failure (Phase-2), while in Model II, tiserver
repairs the system only on its complete failurea@eh2). The
p.d.f. of the failure times of the system are exqriial where
that of the shock time & repair time are generakribution
functions. The p.d.f. of the server's availability non-
availability at the system, are exponential witmstant rates
of appearance/disappearance of the server. Thesittcan
diagrams of the Model | and Model Il are as showirig.1 &
Fig. 2 respectively.

2.1 Assumptions & Notations:

The following assumptions and notations are usedhm

analysis of the system:

1) The system starts from a good state at time t = 0.

2) The system may fail completely due to its normal
operation or may fail partially due to the impattioe
shock before its complete failure.

3) There is single repair facility and the server gpend
disappears randomly from the system. The repains ca
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4)

start only if the server is available and furthleattthe
server can not leave the system while repairingfter
the repairs, the system is in good state.

All random variables are

correlated.
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3. Evaluation of the Parameters of the System:

The mean time to system failure and the other kegupeters
of the system (under steady state conditions)eakiated by
using RPGT and ‘0’ as the initial-state, as under:

3.1 Model I:

On writing,

U1= A1)+ A41) ;U= A1)+ A51);U 3=
@)+ @41 + (L4510 + (15));

N o P X o) I
U1=@D);U 4 1-Uq Us 1-Uq U4
(414, (4514 . _ (5145, (515)

1 ; 5 1 1
1-yo, {I-us{l-ug 1-u; 1-ujp

Voo=1

o(t)
4 (A)
PF >
b

V1= O | 02350+ 0351 , (0,24))
1-uz  (@-Usl-U) (@-UxE-UD
(02451
1-Ux)-Us)a-uy
\% 02~ (012) ;

V3= (023 + (03);

_ (014), (023514)+ (03514) , (024)
1-U3 (1-ugd-uy 1-Ug

_ (0145 + (015) , (0235)+ (035)

1-U3 1-Usg
(0,24.15) 0,245)
(1-Ug)1-U2) (@-Ugd-Us)
3.1a) MTSF:

From Fig.1, the regenerative un-failed states edsiby the
system before transiting to any failed states are:0,1,2,4.
The mean time to system failure is given by (USRIRGT):

. {pr(0 Dsﬁﬁf ), i} i
i, sp klll O{l_Vk]_, kl}

oy (or 0 0 L, o))
st| M {17V

k2¢0

()

_1,;10* { (03), (0242) }

1-y; @-U4-Uy

+(o,z),,,2+{(0l4)+(0’2'4)}ﬂ .

T

1-u; U4

[ )
N11+ D11 where
N11= [(Ho*Po2 H2)(1-P11- P14 P41)
+(Pp1*t P02 P24 P41 H1+{Po1 P14
*Pp2 P24(1-P11)}t Hyland
D11=[(1-Po)-(1-P11-P14 P41)-

P10(Po1* P02 P24 P41l

3.1b) Availability of the System:
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From Fig.1 the regenerative available un-failedl(iding the A1 = N1+ D12 whereN - falla+ (1-
partially failed) states ar¢=0, 1, 2, 4;,u'i = Hi . Therefore, 1 12 12 12 =1 pZLO 0”0 (
total fraction of time for which the system is dahle is given Pnn) F141+P P1o fou
by (using RPGT): 00’ 71717702 F10 © 272

Al ¥ P10 Po2 Poa* P14(1-

{pr(ODﬂ_»j)}fj.,uj Poo) T4kl
=l X - 3.1c) Busy Period of the Server:
j,Sr 1 {1_Vk1’ kl} ) ) Y . .
k1# 0 From Fig.1 the regeneratiwtates where the server is busy:

j=4,5and} j= ,uj .Therefore, the total fraction of time for

which the server remains busy is given by (usinGRP

{pr@O — i) pf B1 =
i kn:to{l_vkz’kz}
? . {pron® - g ||
A1:[Zvo,j.fj.ﬂj]+[2vo,i-ﬂ%] Bsp| M 17Vigke |
J [ k1#20
..... )
_ {pr@O ¥ — i) ut
(Voo foHg*Vor frua+Voz foup I, sy k;LOQJszkﬁ

+V 04 f4,u4] +D1 where 1

. B1= [V, j 71+ [ZVo,i-#l

Dl:[ZVO,i'/Ji]: J '
i

. (3)

[VooHotVo1H1tV 02 424V 03 = [Voa4ang*Vosnsl +[D12/(1-

H'3*V 04 K 4%V 05 H'5]
Poo)l =N13+D12
=[D12/(1- p0,0)] where
Where N13= [{ pP14(1-Pgo)
D12=[P10 #0*(1- 14 00
*P10 P02 P24l Ha
Poo)H1+ P2 P10 H2* P10(Po3* Po2 P23) L
+ {(1-
H3+{ P14(1-Poo)
P00)(P15+ P14 P45)* P1o Po2(P23* P24
*P10 P2 P24l Hg*H(-
P45)* P10 Po3} H5]
Poo) P15+ P14 P45)

*P10 Po2(P23* P24 Py5) An D12 is already specified.

*P10 Pog3t M5l
3.1d) Expected Number of Visits of the Server:
From fig. 1, the regenerative states where thessefigits
afresh along the different paths gre: 1, 4 and 5 via the
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statesx = 0, 2 and 3 respectively. Therefore the number of

visits of the server is given by (using RPGT):

vi=| s {prOOE - )}

' N -V ki

{prO ™ — i) pd

i, N {1-Vio.k
Sr ko#0 21 2}

V1 [ZVOx(X Nl = [ZV0|/J|]

X, |

(4

Y 00(0,:1)+v 02(2:4)+V 03(3.5)]
*[D12/(1-pgp)]

N14+DiowhereN14= (1-
Poo) P1o @nd D32 is already specified.

3.2 Model II:
Onwriting:L1=@1) , L2= (242) ;L4a= (424) ;
PCE RPN
T Y Ll
(5,],45) (5,1,5)
1- 1-
L14=0-L3{1-La}iLs 1-11 1—L1

__ (6145 |, (515
{1I-L{1Lg 111

(142351 . (L45]0)
1-L4 1-14

L1= @+ + (150 ;Lo

_ (235142) | (242).
{1—|_'5}{1—|_]} 1-Ly
_ (351423
S L Lpi-Lg

L24=(1-L2)A-La) L25= A~ L2)A-L5);

L14= L-LDA-La)

L251=@~ Lo)A-L5)A-LY);
L 2451= Q- L2)A- Lg)A- Ls)A-LY);
L351=A-L3)A-L5)A-LY);

L 3514= 0~ L3)(A-L5)A- LA~ La).

Voo=1;
Voi= (Ol). ,_(02351) (02451 , (0351
1-117 L251 L2451 L3z
Vos= (0;174,2) . (0,2)' ,_(035142) ;
' L1a 1-Lp L3514

_ (01423), (023, (03
L14 1-L2 1-L3

Vo4= (0:14) ,_(023514)  (024) , (03514)
" L14 L 251 L24 L3514
Vo5 (014235)+ (0145) , (015) , (0235)

L14 1-11 L25
(0245 (035)
L245 (@-L3)1-Ls)
3.2a) MTSF:
From Fig.2, the regenerative un-failed states adkit

by the system before transiting to any failed state
are:i = 0,1,2,4. The mean time to system failure is

given by (1) as under:

To=
| ) , [ 42, ©2 ]
1.
,uo+1 |_1 { 14 +1_L2},U
014) (024
+{ L1 +1_L2}/J4 |

= N217D21 Wwhere N21= [{(1-
P11) Mo+ Py HH1-
P24 P421H Po2(1-P11)
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+Po1 P14 P42} HoH Poy P14* Po2
P24(1-pgq)}t Hyland
D21= [{(1- pp)-(1-P11)- Po1 P1oHI-

P24 P42l
3.2b) Availability of the System:

From Fig.2, the regenerative states at which tlstegy is
available aref = 0,1,2,4p'i = HUj - Therefore, total fraction

of time for which the system is available is obéairby using
@) as under: Ag = TV, . f .41 +[ZVo,-4i]
|
A2 = |
[Voo foHgtVol fiu1tV o2
foro*Voa Tat,l+
[Voo#o+Vor1H 1tV o2 H2*V 03
H'3+V 04 H 4+V 05 H's]
= N22+ D22 Where
N22 = [ p1p fokg+(I-pog) FrugKi-
P24 P42} Po2 P10
+(1Poo) P14 P42} foH*
{ P10 Po2 P24+ P14(1-Po)} T 44,] and
D22=[{ P1g #o+(1-Pgo) H1H1-
P24 P42 P1g P2 +(1-
Po0) P14 P42} H2
+(1-
P00) P14 P42 P23* P1p Po3(l-
P24 P4a2)*t P10 Po2 P23} H3

Hp10 P02 P24+ P14(1-Pool} 4

H{(1-pgp)-(1-P11) — P10 Po1KHI-

P24 P42} Hsl-

3.2¢) Busy Period Analysis of the Server:
From Fig.2, the regenerative state where the sasvéusy
. el L
doing repairs is | = S Uy = Ui Ji= 0 to 5 and
15 = HUg-Therefore, the busy time of the server, doing

repairs is obtained by using (3) as under:
B2 = Vo5/75H{D22{ P1o(1-Po4 P42)}}

= N3+ D22 Where
N2z = [{(@- po,o)-(l' pl]_) P10 p01}(1-
P24 P42)] g and D o2 is already specified.

3.2d) Expected Number of Visits of the Server:
From fig. 2, the regenerative states where theesefigits
afresh along the different paths gre: 1, 4 and 5 via the
statesx = 0, 2 and 3 respectively. Therefore the number of
visits of the server is given by using (4) as under

Vo= [V 000, 1)+ 02(2,4)+ 0335k
D22 P10(1-P24 P42)1 = N24+ D22

WhereN 24= [(1-Poo)(P10* P14 P42)

~P24P42(Po3*Po1) P1ol and D22 is

already specified.
3.3 Special Case:

On taking szl for all the available states including the

partially reduced states, the above results retiutiee results
as are obtained by Chander [2]. The above resuiishnare
obtained more quickly and easily by using RPGT, in
comparison to that are obtained by using RPT camskd for
doing further analysis of the system more rapidly.

4. Conclusion:

The profit analysis can be done by using the famctf the
system isPj = C;- Aj - C2-Bj - C3- Vj Wherei =1
for Model I andi = 2 for Model Il and

C:; = Revenue per unit of

time the system is
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available.
C, = Cost per unit time
the server remains

busy for the repairs.

C; = Cost per visit of the
server.
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