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Machine Interference Problem with Reliable Server under Multiple Vacations Policy

ABSTRACT

The machine interference problem with reliable sennder multiple vacations policy is
considered. There are M similar machines that alpgest to breaks down with a single server
who is responsible for repairing the failed mackinader multiples vacations. The failed
machines arrive for service according to Poissstridution with raté.. The service time

reliable server with multiples vacation are useddmpute the asures of
performance for the systems. We investigate thectffof fai ice rate and
vacation length for the system. We found that \tlih same se

vacation lengtl®, as the number of operating ma sy ases the variance
also increases. We found that the variance und ' is slightly lower than that
of single vacation. This means that the multi : may be preferred to the
single vacation. We also found that the hine interference problem with

reliable server under single vacation is sli n that of machine interference
problem with an unreliable server<d
Keyword: Transient solution, 'n@’
vacations, ODE45 in MATLAB.

1.0 INTRODUCTI

enoebfem, Reliable server, multiple

e machine interferencbleno with a reliable server under multiple

e repairer is busy repairing brakemn machine when another broken down
s service we say the macinitegferewith each other’s service (Cox and
Smith, 1961). Most multinational cooperation’s dustries keep standby machines to
replace failed ones, reserve servers (technictarstart serving failed machine in queue.

In the reliable server with multiple vacationsthiére is no failed machine waiting for service
after a vacation, the server immediately leavesafusther vacation. This pattern continues
until he returns from vacation to find at least éamibked machine waiting in queue for service.

Jain et al. (2004a) studied the reliability chagastics of a machine interference system with
M identical machines and S warm standby machinés avie removable server. The



removable server operates an N-policy. Failed imashare allowed to renege (a failed
machine may be removed from the queue without begéngced) when the servers are busy.
Laplace transform techniques were used to derizexplicit expressions for both the
reliability function and the mean time to systerntufe. Jain et al. (2004b) studied a similar
system but used a recursive method to obtain stetatly measures of performance. Jain
(2005) used a recursive method to study the meitres machine interference problem. In
the system examined, the number of servers chatggEnding on the queue length. Cost
functions were derived based on the average nuoflmrstomers in the system. Jain et al.
(2007) extended the study to include mixed stan@éyiker cold or warm standbys) balking
and reneging. Two modes of failure of the machimese considered.

Ke and Wang (2007) studied the machine interfer@nckblem consisti hines
with two types of spare machines and a finite nunobenulti- serv i e
servers can leave for a vacation of random lengiianithere are<no es awaiting
repair. At the end of the initial vacation, two a#ion policies ted.. The first policy

cation again and

ix geometric approach

achines in the system.
state measures of

ine the optimal values of the

ject to a minimum specified

was an N=1 policy, and in the second policy, thaemd}
remain idle until the first failed machine arrivies service. The
was used to find the steady-state probabilitiehe faile
The steady state probabilities were then usedri
performance and an optimization problem
number of two types of spares and the

level of system availability.

Jain et al. (2007) studied the machine re bivith regular and reserved servers. The
system has both regular and achines statleal machines are immediately
re/placed by standbys if availa he abyhhrm consist of both warm and cold. The
failed machines may renege. The matrix ggammethod was used to obtain
transient state me ormance and acuoeéor determining the optimal number
of warm and cold y es required foddwmred level of quality of service was
proposed. Jai 07) obtained transieniteefor the machine repair problem with

regular an s where failed maclkiedalk or renege. The system has
provisio‘ e of cold and warm standby nrahand the reserved servers are turned
on followi old policy. Further, a fixedmber of functioning machines are required
forthe s o function in normal model othemnitswill operate in short mode. Jain and

Upadhyaya (2009) obtained steady state measupesfofifmance for a similar system.

Jain and Kumar (2009) considered a machine repaliggm consisting of two heterogeneous
servers and mixed spares (warn and cold) in thesysThe two repairmen can go on
vacation using two different N policies. Furthére two repairmen are used under different
conditions. Failed machines are immediately regldnespare machines (either a cold or a
warm spare). A bi-level control policy was usedntivoduce the servers into the system.
Recursive method was applied to derive steady statesures of performance.

Ojobor (2014) considered machine interference problith a reliable server under single
vacation. The server in their system is relialilaf is the server is always active. They show



that the breakdown and repair rate of server irb@j@and Omosigho (2014) have slight
effect on the expected number of failed and opsgatiachines.

Ojobor (2015) considered transient solution of hiae interference problem with an
unreliable server under multiple vacations poliElgeir server is unreliable, that is when the
server is active it can break down. Anytime thesebreaks down it is immediately
repaired. The server goes on multiple vacationss&motivate us to examine the machine
interference problem with a reliable server undaltiple vacations.

The purpose of this paper is first to produce tierigprobability for the machine interference
problem with reliable server under multiple vacasioThe transient probabilities obtain are

used to find various operational measures of pevdoice for the system.
compute the CPU time for obtaining the transiehitsm for the multi
The third is that, apart from finding the expecatesnber of failed and o

machine we

also obtain the variance and standard deviatidgheohumber d operating
machines in the system which previous authors dichtain. This probl as suggested
by Haque and Armstrong (2007). &
20MATHEMATICAL FORMULATIONS \ .

g

We shall follow the treatment given by Ke

We describe the state of the system po riables namely: the number of failed
machine in the system and the st iconsidering the transitions that occur in
the system, we derive the recurrence rel tate probabilities for the multiple
vacations of the system. To i the tfieresassume that the numbers of failed

4

machines in the system are fi

A computer progra
written to provide
that can go on.m
interferenc

<

2. IONS AND NOTATION
Let the state of the system at epoch t be denotdd b); i=0, 1; &n<M; where i
he state of the server, and n is the numbdaitdfd machines in the system.
When the server is on vacation i=0, when the sasvactive i=1

(i) The machines fail or arrive for service accordimdPbisson distribution with rate
A.

(i)  The failed machines are service (repaired) accgrairexponential distribution
with rate .

(iv)  When there are no failed machine queueing for sertfie server goes on multiple
vacations of random length. The vacation leng@xonentially distributed with
parameted.

(V) Lastly, the number of breaks down machine in trstesy is finite.

implementable in MATLABormand and Prince 1980) is
for the maehimerference problem with reliable server
s. Various perfarogameasures for the machine

able server are ttierived.
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We shall use the same notations as in ke (2006).

M number of operating machine

)\ failure rate of an operating machine

u, State dependent service rate of a failed machine

6 Vacation length of server

Py »(t) The probability that there are n failed machiméhe system when the
server is on vacation at time t

P, »(t) The probability that there are n failed machiméhe system when the
server is active at time t

N(t) The exact number of failed machines in the systetime

Y (t) The server state at time t
where Y(t) = {0 server on vacati
1 server is acti
22MATHEMATICAL FORMULATION

&
The process${Y (t),N(t) : t = 0} is a bivariate proceswa c ous time markov
process on a state space

s={(0,n):n=012,.., M} U{{, 012, ... M}

We define the probabilities

Py () <m ) =0,N(t) =n}
And

&: prob{Y(t) = 1,N(t) = n}

3.0RELIABLE E MULTIPLE VACATIONS

The second possibility is that at epoch t theesygs on multiple vacations, one failed
machine arrive and no service completion duringrkerval t and t+h. This has probability

Py 1 (&) [ h].

Hencepolo(t + h) = PO,O(t) [1 - Mlh] + Pl,l(t) [‘Lllh]

From which we obtain

Pgo(t) = =(MA)Pyo(t) + 1Py 1 (0) D



The probability that there is n failed machine wites server is on multiple vacations in the
interval [t, t+h] is obtained as follows: considke state of the system between t and t+h, the
first possibility is that at epoch t the systenoiismultiple vacations with n failed machines
and no service completion during the interval t &fd This has probability

Pon(®)[1 = (M — n)3h][1 — 6h].

The second possibility is that at epoch t théesgss on multiple vacations, one failed
machine arrive and no service completion duringrkerval t and t+h. This has probability
PO,n—l(t) [(M —-n + 1)3]’1] [1 - Hh].

Hencep, ,,(t + h) = Py, (t)[1 — (M —n)3h][1 — Oh] + Pon—1(®)[(
1)3h][1 — 6h]

From which we obtain
Pon(t) = =0+ M —n)D)Py,,(t) + (M —n + 1)/1' 1 2)

1<ns<M-1

th multiple vacations in the
system between t and t+h, the
ations with M failed machines
and no service completion during the his has probabilit?, » (t)[1 — 6h].

The probability that there is M failed machine w
interval [t, t+h] is obtained as follows: consi

The second possibility is that at e n multiple vacations, one failed
machine arrive and no servi pleti ingrikerval t and t+h. This has
probability Py 1 (t)3h.

HencePO,M(t + h) = o0,M .y gh] PO,M—l(t)Jh

From which w

o () + APy y—1 () 3)

at there is one failed machineewlthe server is active serving failed

e interval [t, t+h] is obtained addwais: consider the state of the system at time
t and t+h, the first possibility is that at epodhe system is active and one failed machine is
serviced during the interval t and t+h. This hasbpbility P, 1 (£)[1 — [(M — 1)3 + p4]h].

The second possibility is that at epoch t the sysgeactive, the second failed machine is
serviced and server did not break down duringrterval t and t+h. This has probability

Py, (O psh.

The third possibility is that at epoch t the systis on multiple vacations and one failed
machine arrives during the interval t and t+h. Tas probability P, ,(t)60h.



HenceP; 1(t + h) = P11 (0)[1 — [(M — 1)3 + uy]h] + Py (O)pyh + Py, (t)6h
From which we obtain
P4 (1) = P1,1(t)[_[(M - D+ H1]] + Pi(H)uy + Py 1 ()6 4)

The probability that there is n failed machine witem server is active in the interval [t, t+h]

is obtained as follows: consider the state of yfstesn between t and t+h, the first possibility
is that at epoch t the system is active with rethilhachines and no service completion during
the interval t and t+h. This has probabil®y,,(t)[1 — [(M — n)3 + u,]h].

The second possibility is that at epoch t theesyss active, one failed arrives and

no service completion during the interval t and. tFhis has probabilit
Pip_1(®)[M —n + 1]3h.

The third possibility is that at epoch t the systis active and \
during the interval t and t+h. This has probapilitP; ,, () i, 1:h.

chine is serviced

The fourth possibility is that at epoch t the set le \/Aacations to active and with
n failed machines during the interval t and t+his ability P, , (t)6h.
Hence
Pin(t+h) =P ,)[1-[(M—n) -1 (O[M —n+ 1]3h + Py (O ptnsrh
+ Py (t)0h
From which we obtain Q&‘
P{,(t) = Py, (t n)x + ]] + Py 1(O[M —n+ 113 + Py i1 (Opinis

(5)

The pr ere is M failed machine wlika server is active in the interval [t, t+h]
is obt : consider the state of grstesn between t and t+h, the first possibility
is system is active with Mefdimachines and no service completion
during.the interval t and t+h. This has probability,, (t)[1 — (up)h].

The second possibility is that at epoch t the sysgeactive, one failed machine arrives and
no service completion during the interval t and. tFhis has probability; 5,4 (t)h.

The third possibility is that at epoch t the seeaves multiple vacations to active and no
service completion during the interval t and t+hisThas probability, ,, (t)6h.

From which we obtain



Py () = Poy (O [—(um)] + PLy—1(£)3 + Py ()6 (6)

For the machine interference problem with relisgd@ever under multiple vacations policy the
numbers of equation to be solved is 1+2M.

40NUMERICAL SOLUTIONS

The transient solutiorP; ,(t);i = 0,1 and 0 < n < M for the machine interference problem
with reliable server under multiple vacations isadfied by solving the set of transient state
Chapman-Kolmogorov differential- difference equasdl) to (6). We use MATLAB
program to find the numerical solutions of the @iéntial- difference equations above. The
values of the parametexsy,6 and M are called from Ke (2006). We se reasient
state results for the reliable server model antidhiKe (2006) stead

successive values of the measures
transient results were close to th(<e The results are presented to four

decimal places.

Table 1: Some performance r&iﬁerduma)f t for the multiple vacations
policy.
, M=10
E(V) E(I) M.A. O.U.

0.0000 0.0000 0.0000 1.0000 1.0000
1.4895 0.5947 0.0000 0.8510 0.4053
2.2292 0.3664 0.0000 0.7771 0.6336
3 7.4148 2.5852 0.2695 0.0000 0.7415 0.7305
4 7.2436 2.7564 0.2249 0.0000 0.7244 0.7751
5 7.1630 2.8370 0.2037 0.0000 0.7163 0.7963
6 7.1258 2.8742 0.1934 0.0000 0.7126 0.8066

7 7.1094 2.8906 0.1883 0.0000 0.7109 0.8117



8 7.1025 2.8975 0.1858 0.0000 0.7103 0.8142

9 7.1001 2.8999 0.1846 0.0000 0.7100 0.8154

10 7.0995 2.9005 0.1840 0.0000 0.7099 0.8160

11 7.0996 2.9004 0.1838 0.0000 0.71000.8162

12 7.1000 2.9000 0.1837 0.0000 0.7100 0.8163

13 7.1004 2.8996 0.1836 0.0000 0.7100 0.8164
14 7.1007 2.8993 0.1837 0.0000 0.7101 0.8163

15 7.1009 2.8991 0.1837 0.0000 0.7

16 7.1010 2.8990 0.1837 0.8163
17 7.1011 2.8989 0.1837 0.8163
18 7.1012 2.8988 0.1837 0.8163
19 7.1012 2.8988 0.1837 0.8163
20 7.1012 2.8988 0.0 0.7101 0.8163
Table 1 shows the expected nu peratimchines E(O), the expected number of
failed machines E(F), expected numb acatibeserver has E(V), expected idle period
E(l), the machine availability d operativglization (O.U.) for the machine
interference problem with a re se 'ndahimie vacations policy with the following

parameter&=0.15,0=1,
state probabilities o}

. We run the model for sufficiembd t (until transient
h timejeasome time the successive values of the

measures of performance longer varying;rtgans that the transient results were
close to the results. The resultgrasented to four places of decimal in Table 1.
Table 2:‘80 ance measures for differeimegeof t for the multiple vacations

policy:.

2,0=1, p=1.1, M=9

(0) E(F) E(V) E(l) M.A. 0.U.
0 9.0000 0.0000 0.0000 0.0000  1.0000 1.0000
1 7.2936 1.7064 0.5619 0.0000 0.8104  0.4381
2 6.4664 2.5336 0.3273 0.0000  0.7185 0.6727
3 6.0747 2.9253 0.2263 0.0000  0.6750 0.7737

4 5.8958 3.1042 0.1798 0.0000 0.6551 0.8202



5 5.8177 3.1823 0.1581 0.0000 0.6464 0.8419

6 5.7853 3.2147 0.1478 0.0000 0.6428 0.8522
7 5.7730 3.2270 0.1429 0.0000 0.6414 0.8571
8 5.7690 3.2310 0.1406 0.0000 0.6410 0.8594
9 5.7683 3.2317 0.1396 0.0000 0.6409 0.8604
10 5.7688 3.2312 0.1391 0.0000 0.6410 @860
11 5.7695 3.2305 0.1390 0.0000 0.6 @861
12 5.7702 3.2298 0.1389 0.0000 . 861
13 5.7707 3.2293 0.1389 0.000 12 11.86

14 5.7711 3.2289 0.1389 } Ox 11.86

15 5.7713 3.2287 0.1390 %0 6413 0.8610
16 5.7715 3.2285 Ov 0.6413 0.8610
17 5.7716 3.2284 .0000 0.6413 0.8610
18 5.7716 3.2284 0.0000 0.6413 0.8610
19 5.7716 3. < 0.0000 0.6413 0.8610
20 5.7716 3.2 0.0000 0.6413 0.8610

mber of operating mesli(O), the expected number of
d number of vacatibeserver has E(V), expected idle period
ability (M.A.) and operaiutilization (O.U.) for the machine
vith a reliable server undaltiple vacations policy with the following
, 1=1.1, M=9. We run the model for sufficient @m(until transient
s no longer varies with timejeaSome time the successive values of the
erformance were no longer varying;rttéans that the transient results were
close to the steady state results. The resultgrasented to four places of decimal in Table 2.

Table 3 shows the expected number of operating meslE(O), the expected number of
failed machines E(F), expected number of vacatibeserver has E(V), expected idle period
E(l), the machine availability (M.A.) and operativglization (O.U.) for the machine
interference problem with a reliable server undaltiple vacations policy with the following
parameters=0.35,0=1, M=8. We run the model for sufficient time t {litransient state
probabilities no longer varies with time), aftemsotime the successive values of the



measures of performance were no longer varying;rtgans that the transient results were
close to the steady state results. The resultgrasented to four places of decimal in Table 3.

Table 3: Some performance measures for differelnegeof t for the multiple vacations
policy.

t 1=0.35,0=1, M=8
E(O) E(F) E(V) E(l) M.A. 0.U.

0 8.0000 0.0000 0.0000 0.0000 1.0000 0000

1 5.6260 2.3740 04895  0.0000  0.703

2 4.5525 3.4475 0.2420  0.0000

3 4.1088 3.8912 0.1355 0.000 0. 45

4 3.9436 4.0564 0.0891 o.@ 300.9109

5 3.8852 4.1148 0.0687 % 00 48570.9313

6 3.8653 4.1347 0.05 0.0000 0.48320.9402

7 3.8591 4.1409 55 10000 0.48240.9441

8 3.8578 4.1422 <o 0.0000 0.48220.9458

9 3.8581 4.14]%@' 0.0000 0.48230.9465
10 3.8587 3 .0532 0.0000 0.48230.9468
11 3.8594 .1406 0.0531 0.0000 0.4824 0.9469
12 .859 0.0530 0.0000 0.48250.9470

13 0.0530 0.0000 0.48250.9470

1 0.0530 0.0000 0.48250.9470

15 605 4.1395 0.0530 0.0000 0.4826 0.9470
16 3.8605 4.1395 0.0530 0.0000 0.4826 0.9470
17 3.8606 4.1394 0.0530 0.0000 0.4826 0.9470
18 3.8606 4.1394 0.0530 0.0000 0.4826 0.9470
19 3.8606 4.1394 0.0530 0.0000 0.4826 0.9470

20 3.8606 4.1394 0.0530 0.0000 0.4826 0.9470
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Table 4 shows the expected number of operating masHt(O), the expected number of
failed machines E(F), expected number of vacatibeserver has E(V), expected idle period
E(l), the machine availability (M.A.) and operativglization (O.U.) for the machine
interference problem with a reliable server undattiple vacations policy with the following
parameter&=0.3,0=5, M=6. We run the model for sufficient time t {litransient state
probabilities no longer varies with time), aftensotime the successive values of the
measures of performance were no longer varying;rtteéans that the transient results were
close to the steady state results. The resultgrasented to four places of decimal in Table 4.
The results in Tables 1-4 are compared with thé$eq2006) in Table 5

Table 4: Some performance measures for differeinegeof t f ple vacations
policy.
y 4
t 1=0.3,0=5, M=6 \
N
E(O) E(F) E(V) E CMA. 0.U.
0 6.0000 0.0000 0. 0.00 1.0000 1.0000
1 4.3860 1.6140 0. 0.0000 0.7310 0.7322
2 4.0004 1.99 709 0.0000 0.6667 0.8291
3 3.8402 598 0.1471 0.0000 0.6400 0.8529

Ul

4 3.7622 1375 0.0000 0.6270 0.8625
3.7 27 0.1330 0.0000 0.6204 0.8670
0 2.2982 0.1307 0.0000 0.6170 0.8693

o]

7 ‘% 2.3090 0.1295 0.0000 0.6152 0.8705
8 s 2.3147 0.1289 0.0000 0.6142 0.8711
9 .6823 2.3177 0.1286 0.0000 0.6137 0.8714
10 3.6808 2.3192 0.1284 0.0000 0.6135 0.8716
11 3.6799 2.3201 0.1283 0.0000 0.6133 0.8717
12 3.6795 2.3205 0.1283 0.0000 0.6133 0.8717

13 3.6793 2.3207 0.1282 0.0000 0.6132 0.8718

11



Var

STD

14
15
16
17
18
19
20

Table 5: Comparing system characteristics of K&GI0es

3.6792
3.6791
3.6791
3.6790
3.6790
3.6790
3.6790

2.3208
2.3209
2.3209
2.3210
2.3210
2.3210
2.3210

0.1282
0.1282
0.1282
0.1282
0.1282
0.1282
0.1282

the reliable server multiple vacations policy II.

Ke(2006

)

Results

(0.15,1.0 0.15,1.0)

)
10

2.8974
7.1026
0.1937
0.000Q
0.0

0.7103

0.8023

transient
Results

10

2.8988

7.1

0.8163

0.4754

0.6895

4.2 DISCUSSION

Ke(2006
)

Results

(0.2,1.0)

9
Q.235
0.1434
0.0000
0.0043

0.6405

0.8523

transient
Results

0.1390

0.0000
0.0000
0.6413
0.8610
0.5831

0.7636

12

0.0000
0.0000
0.0000
0.0000
0.0000
0.0000
0.0000

4.1560
3.8440
0.0525
0.0000
0.0047
0.4805

0.9427

0.6132
0.6132
0.6132
0.6132
0.6132
0.6132
0.6132

Its

.35,1.40.35,1.0)

4.1394
3.8606
0.0530
0.0000
0.0000
0.4826
0.9470
0.9251

0.9618

ults \%
P 4
Mtrans t

Res

0.8718
0.8718
0.8718
0.8718
0.8718
0.8718

.8718

Results

(0.3,5.0)

78.36
2263
mi3
oo
4300
;60

87.85

nt results for

Ke(2006 transient
Results

(0.3,5.0)

2.3210
3.6790
0.1282
0.0000
0.0000
0.6132
0.8718
0.2689

0.5186



Table 5 shows the steady state measures of penfiograbtained using the methodology
proposed in this article and the steady state teeetiKe (2006) for the multiple vacations
policy. We observe that there are slight differenicethe values obtained by the proposed
method and those obtained using Ke (2006). Webatgipart of this error to the inherent
accuracy of the ODE45). However, the number of 8gns, parameters and time spent on
our computation is reduced in our machine interfeegproblem with reliable server
compared to that of Ke (2006). This shows thatadel is good. We also compute the
variance and standard deviation for the machirerfetence problem which Ke (2006) did
not produce. We also found that the failure ratmathines affect the variance of the
expected number of failed machines in the systesrthaA failure rate of machines increases
the variance also increase. Observe also that i&(E8ro for the transient resu
parameters in Table 5. This is so because oursdoas not break d w (2006)
does.

For the machine interference problem with relictgever unde ' acations policy
there arel+2M equations in the system, we obsaatefd the CPU time is also
less than 2 seconds Table 6. We also observehida i ip between the number
of machines in the system and the CPU time. Thee imes observed for different
number of machines in the system for the multiglea icy is inputted into linear
regression in EXCEL package to compute

that the predictedPU time = a + bM, e a and b are constants and is the number
of machines. We observe that the pr 0

It is also observed that as the number of inbd system increases with the same
parameters, the variance of edn eyhiting machines also increases. This is
true since it is a single server, n athine increases the server cannot cope with
the repair of failed machines in the system.

ine availability and CPU Time for stiffint value of t for

Table 6: Effect o
i 0.15u=1.1,0 = 1.

the multiple vac

20 30 40 50 100
7.9884( 13.9289| 19.8891| 25.8499| 55.6552
12.0116( 16.0711] 20.1109| 24.1501] 44.3448
0.0059| 0.0000] 0.0000] 0.0000{ 0.0000
0.000g 0.0000( 0.0000{ 0.0000{ 0.0000

M.A. 0.7101 0.6006| 0.5357| 0.5028| 0.4830| 0.4434
O.U. 0.8163 0.9941| 1.0000| 1.0000{ 1.0000| 1.0000
Var of E(O) 0.4754 4.1909| 13.6964| 28.8326| 49.5632| 237.2544
ACTUAL 1.143; 1.179.| 1.190(| 1.258:| 1.284.| 1.457:

CPU TIME(secs

1.1399 1.1753| 1.2107 | 1.2461 | 1.2815 | 1.4586
PREDICTED

CPU TIME(secs

13



The figures below correspond to some of the reguéisented in Tables 1-6 above.

Figures 1-6 below show the graph of the expectedbau of failed and operating machines
in the system at time t with respect to the follogvparameters, p and for the multiple
vacations policy.

Figures 1land 3 show the effect of failure and servate of broken down machines on the
expected number of failed machines in the systemfdind that as the failure rate of
operating machine increases the expected numbaied machines increases. We also
found that the breakdown and repair rates of setwerot affect the expected.number of
operating machines. This is so because the rem@ltslosed with slight di

Figures 2 and 4 below show the effect of failurd aervice rate of
the expected number of operating units in the sy$te the multipl
found that the rate at which the machine fails aredserviced
failed and operating machines in the system.

We also found that as the failure rate of the n‘r&&inﬁs, xpected number of
) ),

operating machines decreases. We found that tla d repair rates of server do not
also affect the expected number of operating masl 7
We also found that the variance under multiple tran S 'Iower than that of single

vacation.

The effect of vacation length on ex ed numbeperating machines and failed
machines is shown in Figures el eddbat as the vacation length increases,
the expected number of ope ines increlsis the expected number of failed

machines decreases.

R o\ W

A =103
A=02
A =10.15

12 14 16 18 20

Figure 1: Effect of failure rate of machines on ¢éx@ected number of failed machines in the
system at time t wheth= 1, M=10, u = 1.1.

Figure 1 shows the graph of the effect of faillateron expected number of failed machines
for the machine interference problem with reliaddever that can go on multiple vacations at

14



time t with respect to the following parametf = 1, M=10 p = 1.1. We obseve that as
the failure rate of machine increases the expauietber of failed machines also incres

10

©

Expected number of operating machine
%) ~
T
7

a
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M |-
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Figure 2 Effect of failure rate of machines on th cta of operating machines
the system at time t whéh= 1, M=10, u =

Figure 2 sows the graph of the effect
machines for the machine interfer
vacations at time t with respect to the
obseave that as the failure ra achine d
machines increases.

onextpd number of operatin
le server that can go on multi
eterd =1, M=10 p = 1.1. We
edsesipected number of operat

u=u.a
uw= 0.8
= 1.1

)
20

Figure 3 The effect of service rate of machines on theeetgrd number of failed machines
the system at time t whe0.15 6 = 3, M=10.
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Figure 3 shows the graph of the effect of servite on expected number of failed machines
for the machine interference problem with reliaddever that can go on multiple vacations at
time t with respect to the following paramet&r®9.15,6 = 3, M=10.

We observe that as the service rate of machinedses the expected number of failed
machines increases.

vV

Expected number of operating machine

0] 2 4‘1 1 1‘2 14 16 18 20
Figure 4: The effect of ic%;na hineshenexpected number of operating
machines in the sys etw 15,6 = 3, M=10.

of the effect of servite on expected number of operating
interference problem veliable server that can go on multiple
respect to the followiraggameter3=0.15,0 = 3, M=10.

Figure 4 shows the
machines for. Ne
vacations at i i
We obse s the service rate of machineasess the expected number of operating
machines.increases.

From res 3 and 4 above, we found that betwiessstO to 2, there is no variation in the
expected number of failed and operating machinéisarsystem as the service rate increases,
but as the time varies from 2 to 20 the expectedbar of operating machines increases with

increase in service rate (Figure 4). In a similanmer with decrease in service rate the
expected number of failed machines increases (Eigur
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Figure 5 Effect of vacation length on the pected num@achmes in the sys

at time t wherh=0.15, M=10,u = 1.1.

ion lengtle cted number of faile
valtiable server under multiple vacatic

Figure 5shows the graph of the effect of v.
machines for the machine interference prob
policy at time t with respect to the followi

We obseve that as the vacation |
machines increases. ‘

=5

Figure 6 Effect of vacation length on the expected nundfeperating machines in tt
system at time t whex=0.15, M=10u = 0.6.
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Figure 6 shows the graph of the effect of vacalémgth on expected number of operating
machines for the machine interference problem valiable server under multiple vacations
policy at time t with respect to the following paraters\=0.15,6 = 3, M=10.

We observe that as the vacation length of machiceases the expected number of
operating machines increases.

Figures 5 and 6 show the effect of vacation lemgthhe expected number of failed and
operating machines, we found that from O to 1 tiere variation in the expected number of
failed and operating machines in the system asabation length increases, but as the time
varies from 1 to 20 the expected number of opegatiachines increases with increase in
vacation length (Figure 6). In a similar mannerwdecrease in vacation e expected
number of failed machines increases (Figure 5).

5.0 CONCLUSION

r m with a

tary probability
ifferential equations
351 tion.The differential difference
equations derived were solved using ODE45 (Rungiakalgorithm for solving ordinary

om the transient solutions we
ber of operating machine,

In this paper, we considered transient analysimaxthine i
reliable server under multiple vacations policy. #d®
argument birth-death process to formulate the Claa

server has for the machine interf
We showed numerical results for

fiable server under multiple vacations.
of machines, service rate of failed
machines and the number o esolbserved that as the failure rate of
operating machine increases umbailed machines also increases. It is also
notice that the breakdown.and repair rate of tingesén (Ojobor, 2014) have slight effect on
the expected numb ‘@; d and operating mashine

We also investiga e effect of CPU time for i@chine interference problem with reliable

server under
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