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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
distributions of the failed machines are assumduktexponentially distributed with state
dependent service ratg, pwhere n is the number of failed machines. Thiegghtial
difference equations obtained for the reliable sers solved through in MATLAB to obtain
transient probability for the system. The transgababilities are used to compute the
operational measures of performance for the systéheseffects of failure rate, service rate
and vacation length for the system were studiglll Sfow that with the same service fate
failure ratel and vacation length, as the number of operating machine in the system
increases the variance also increases. We alsd thamthe variance under multiple
vacations system is slightly lower than that ofygrnvacation. This means that the multiple
vacations models may be preferred to the singlati@c The result alSSig@w that the CPU
time for the machine interference problem withakele server under single vacation is
slightly lower than that of machine interferencelgem with an unreliable server under
single vacation policy.

Keyword: Transient solution, machine interferenoebtem, Reliable server, multiple
vacations, ODE45 in MATLAB.

1.0 INTRODUCTION

This article discusses the machine interferencblgno with a reliable server under multiple
vacations. In the machine interference problemetiee M group of machines under the
supervision of a single repairer wiilligliiend tofélled machines when they break down
under multiple vacations. In the machine interfeeeproblem the repairer (server) repairs
broken down machine so as to make it operatiohtiele are one or more broken down
machines and the repairer is busy repairing bral®wn machine when another broken down
machine needs service we say the macinitegferewith each other’s service (Cox and
Smith, 1961).

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

Jain et al. (2004a) studied the reliability chaggstics of a machine interference system with
M identical machines and S warm standby machin#s evie removable server. The
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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 metires 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.

Jain et al. (2007) studied the machine repair grabkith regular and reserved servers. The
system has both regular and standby machines sfatleal machines are immediately
re/placed by standbys if available. The standbyhim&s consist of both warm and cold. The
failed machines may balk or renege. The matrix ggtdmmethod was used to obtain
transient state measures of performance and agquoeér determining the optimal number
of warm and cold standby machines required fod@sgred level of quality of service was
proposed. Jain et al. (2007) obtained transienitsefor the machine repair problem with
regular and reserved servers where failed macleaedalk or renege. The system has
provision for the use of warm and cold standby nreehand the reserved servers are turned
on following a threshold policy. Further, a fixedmber of functioning machines are required
for the system to function in normal model otheenitswill 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 (warm 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 his system is reliablet ih¢he server is always active. He shows that
the breakdown and repair rate of server in Ojolmok @mosigho (2014) have slight effect on
the expected number of failed and operating mashine

Ojobor (2015) considered transient solution of hirae 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 thersebreaks 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 tierigorobability 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. The second is to



compute the CPU time for obtaining the transiehitgm for the multiple vacations policy.
The third is that, apart from finding the expecatednber of failed and operating machine we
also obtain the variance and standard deviatidgheohumber of failed and operating
machines in the system which previous authors dicbhtain. This problem was suggested
by Haque and Armstrong (2007).

2.0MATHEMATICAL FORMULATIONS
We shall use the same notation given by Ke (2006).

The state of the system is described at epochwbyariables namely: the number of failed
machine in the system and the state of the se@ensidering the transitions that occur in
the system, the recurrence relations for the gtateabilities for the multiple vacations is
derived. To implement the relations, we assumettihumbers of failed machines in the
system are finite.

A computer program which is implementable in MATLABormand and Prince 1980) is
written to provide transient results for the maehimerference problem with reliable server
that can go on multiple vacations. Various perfaroeameasures for the machine
interference problem with reliable server are tterived.

2.1 ASSUMPTIONS AND NOTATIONS

0) Let the state of the system at epoch t be denotéd b); i=0, 1; &n<M; where i
is the 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) accgrtirexponential distribution
with rate 1.

(iv)  WheniiSiCIICIONIEEINEEE nc queueing for serttie server goes on multiple
vacations of random length. The vacation leng@xonentially distributed with
parametesf.

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

M number of operating machine
A\ failure rate of an operating machine

u, State dependent service rate of a failed ma_ -r
values possible or not???
6 Vacation length of server

Py (t) The probability that there are n fail i@ imehe 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 t
Y (t) The server state at time t

where Y (t) = {0 server on vacation

1 server is active

22MATHEMATICAL FORMULATION

The process${Y (t), N(t) : t = 0} is a bivariate process. It is a continuous time Markov
process on a state space

§= (O,m)in = 0,12, M} U {(L,n):n = 0,12,..., M) State 1,0 is not adrmissibie1
We define the probabilities
Py (t) = prob{Y(t) = 0,N(t) = n}
And
Py o (t) = prob{Y(t) = 1,N(t) = n}
3.0RELIABLE SERVERWITH MULTIPLE VACATIONS

On the machine interference problem with relialelever we shall derive transient probability
under multiple vacations policy. The probabilitathhere is no failed machine when the
server is on multiple vacations in the intervat{tj] is obtained as follows: consider the state

of the system between t and t{iSHDOSSIDNNGNENEHOCHINNEISYSISTNSIORIUY |
vacations, one failed machine arrive and no semdapletion during the interval t and t+h.

The second possibility is that at epoch t theesysis on multiple vacations, one failed
machine arrives and there is service completiomguhe interval t and t+h. This has

HenceP0,0(t + h) = P0,0(t) [1 - Mlh] + Pl,l(t) [I’llh]
From which we obtain
Poo(t) = —(MA)Pyo(t) + py Py 1 () €Y

The probability that the (ElSIMGHCORNEEHi ne Wi server is on multiple vacations in the
interval [t, t+h] is obtained as follows: considee 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

The second possibility is that at epoch t théesyss on multiple vacatioriSHMITINOWINE "y
BERBISE ), one failed machine arrive and no sendaepletion during the interval t and t+h.

This has probability S DONEUNEEINAUHBNRE



HenceP, (¢ + h) = Pon(O)[1 = (M = m)M][1 = Oh] + Popy (LM = n+ 1)3][1 - 6h]
Itis not true that from this formula you can getrfula (2)!

From which we obtain
Pon(t) = —(0 + (M —n)A)Py () + (M —n + 1)APy 4 (t) 2)
1<ns<M-1

The probability thajiilCICHIVNGICOINEekinc Whee 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 systemomsmultiple vacations with M failed machines
and no service completion during the interval t &id This has probabilitg, ,,(t)[1 — 6h].

The second possibility is that at epoch t the sysgeon multiple vacatiorSHMIMIMNOMMNE. "y
MBBRIRESP ), one failed machine arrive and no sewaenpletion during the interval t and
t+h. This has probability’, y;_ (t)3h.

From which we obtain

Py (t) = —0Pg p(t) + APy -1 (t) 3)

The probability that there is one failed machineewlthe server is active serving failed
machine in the interval [t, t+h] is obtained addwis: consider the state of the system at time
t and t+h, the first possibility is that at epodhé system is active and one failed machine is
serviced during the interval t and t+h. This hasbpbility P; ;(t)[1 — [(M — 1)X + p4]h].

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

Py, () uzh .

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. Taiwrong!!! 6h is the probability that the
RS ERSREERSNEES on. This hasahily P, (t)6h.

HenceP; 1(t + h) = P11 (O)[1 — [(M — 1)3 + uy]h] + Py (O)pph + Py, (t)6h
From which we obtain
P,'() = P1,1(t)[—[(M -+ Ii1]] + Pi,(Du, + Py, ()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 ffstesn between t and t+h, the first possibility



is that at epoch t the system is active with rethilnachines and no service completion during
the interval t and t+h. This has probabil®y,,(t)[1 — [(M — n)X + u,]h].

The second possibility is that at epoch t theesygs active, one failed machine arrives and
no service completion during the interval t and. tFhis has probability

Pl,n—l(t) [M —-—n+ 1]3h.

The third possibility is that at epoch t the systis active and one failed machine is serviced
during the interval t and t+h. This has probapilitP; 1 (t) un+1 h.

The fourth possibility is that at epoch t the seieaves multiple vacations to active and with
n failed machines during the interval t and t+thiitk the statement is not true. The server
SN ECCRIRRENRSENNSNG . This pabability Py, (00h.

Hence

Pl,n(t + h) = Pl,n(t) [1 - [(M - n)-1 + Hn]h] + Pl,n—l(t) [M -n+ 1]lh + Pl,n+1(t)lln+1h
+ Py (t)6h

From which we obtain

P{ () = P p(O[~[(M = )3+ pp]] + Py (OIM =+ 113 + Py (Dbt
+ Py, ()6

2<n<M-1 (5)

The probability thajiilCICHINMCICOINEeh e Whke server is active in the interval [t, t+h]

is obtained as follows: consider the state of ffsesn between t and t+h, the first possibility
is that at epoch t the system is active with Mel@imachines and no service completion
during the interval t and t+h. This has probability,, (t)[1 — (upm)h].

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

The third possibility is that at epoch t the sefteaves multiple vacations to active and no
S B HC A RONRENRISHENSNG - hishas probabilitp, . (£)0h.

Hence Py y (¢ + h) = Py (O)[1 — (um)h] + Py y—1(©)3h + Py (t)6R
From which we obtain
Py () = Py () [—(up)] + Poy—1 (O3 + Py ()6 (6)

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



40NUMERICAL SOLUTIONS

The transient solutio [ ISIONIGIGIOISSEN SRR EEINREE O

the machine interference problem with reliable sennder multiple vacations is obtained by
solving the set of transient state Chapman-Kolmogadifferential- difference equations (1)
to (6). We use MATLAB program to find the numerisalutions of the differential-
difference equations above. We set tESBIIIE 771 transient state results for the reliable
server model and that of Ke (2006) steady statdteeare compared in Table 5. The number
of equations, parameters and time spend on conputte reduced in our model compared
to Ke (2006). This shows that our model is good.

The expression for the expected number of failedmmes E[F], expected number of
operating machine E[O], expected number of vacdtierserver has E[V], expected idle
period E[l] and the expected number of busy perkj@ are calculated with the expressions
given below:

M M
EIFI(9) = ) nPon(t) + ) nPrn(®)
n=0 n=0

E[0](t) = M = E[F](t)

E[11(t) = Py,o(t) is always zero because state 1,0 is not admisafitldherefore its
probability equals to zero.

vacation!1li The meaning is differei
E[B](t) = 1 - E[I](t) — E[v}(t)

Machine availabilityM. 4. = 1 — ZIE1©

Operative utilizatior0.U. = E[B](t)

Variance: The variance of the number of broken down machiméthe number of operating
machines are calculated by using the expression

G*(e) = ) 1Py (6) + ) nPyu(6) = [EFE)]?
n=0 n=0
Where E(F(9)) = ZHonPon (©) + ZHog P ()

In this case the expected idle period is zero lethe server is never idle.

4.1 TRANSIENT RESULTSFOR MACHINE INTERFERENCE PROBLEM WITH
RELIABLE SERVER UNDER MULTIPLE VACATIONS



Tables’ 1-4 show results from MATLAB for the opecatal measures of performance for the
system. The model is run for sufficient time tislbbserved after some time that the
successive values of the measures of performanaeneedonger varying; this means that the
transient results were close to the steady statdtse The results are presented to four
decimal places.

Table 1: Some performance measures for differeegaof t for the multiple vacations
policy.

t 2=0.15,0=1, p=1.1 N CUNEENNEREROSHEeS ' . =10

E(O) E(F) E(V) E() Bk M.A. 0.U.

0 10.0000 0.0000 0.0000 0.0000 1.0000 1.0000
1 8.5105 1.4895 0.5947 0.0000 0.8510 0.4053

2 7.7708 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 0.7101 0.8163
16 7.1010 2.8990 0.1837 0.0000 0.7101 0.8163
17 7.1011 2.8989 0.1837 0.0000 0.7101 0.8163

18 7.1012 2.8988 0.1837 0.0000 0.7101 0.8163



19 7.1012 2.8988 0.1837 0.0000 0.7101 0.8163

20 7.1012 2.8988 0.1837 0.0000 0.7101 0.8163

Table 1 shows the expected number of operatindimes E(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 operativtlization (O.U.) for the machine
interference problem with a reliable server undattiple vacations policy with the following
parameter§=0.15,0=1, u=1.1, M=10. We run the model for sufficiembd t (until transient
state probabilities no longer varies with timejeasome time 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 1.

Table 2: Some performance measures for differelmegeof t for the multiple vacations
policy.

t 2=0.2,0=1, p=1.1, M=9

E(O) E(F) E(V) E(I) 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  0.6411 @861
12 5.7702 3.2298 0.1389 0.0000  0.6411 @861

13 5.7707 3.2293 0.1389 0.0000 0.6412 10.86



14 5.7711 3.2289 0.1389 0.0000 0.6412 10.86

15 5.7713 3.2287 0.1390 0.0000 0.6413 0.8610
16 5.7715 3.2285 0.1390 0.0000 0.6413 0.8610
17 5.7716 3.2284 0.1390 0.0000 0.6413 0.8610
18 5.7716 3.2284 0.1390 0.0000 0.6413 0.8610
19 5.7716 3.2284 0.1390 0.0000 0.6413 0.8610
20 5.7716 3.2284 0.1390 0.0000 0.6413 0.8610

E(!). the machine availability (M.A.) and operaiutilization (O.U.) for the machine

interference problem with a reliable server undattiple vacations policy with the following
parameter&=0.2,0=1, u=1.1, M=9. We run the mode for sufficient éim(until transient

state probabilities no longer varies with timejeaome time the successive values of the
measures of performance were no longer varying;rtigans that the transient results were
close to the steady state results. The resultprasented to four places of decimal in Table 2.

Table 3 shows the expected number of operating mestE(O), the expected number of
E(1), the machine availability (M.A.) and operativtiization (O.U.) for the machine

interference problem with a reliable server undattiple vacations policy with the following
parameter=0.35,0=1, M=8. We run the model for sufficient time t {iitransient state
probabilities no longer varies with time), aftemetime the successive values of the
measures of performance were no longer varying;rtigans that the transient results were

close to the steady state results. The resultgrasented to four places of decimal in Table 3.
These paragraphs are just simply modified copi¢beparagraph for Table 1, use a shorter

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

—

2=0.35,06=1, p=1.1, M=8

E(O) E(F) E(V) E(I) M.A. 0.U.

o

8.0000 0.0000 0.0000 0.0000 1.0000 1.0000

1 5.6260 2.3740 0.4895 0.0000 0.7032  0.5105
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N

4.5525 3.4475 0.2420 0.0000 0.5691 0.7580

3 4.1088 3.8912 0.1355 0.0000 0.51360.8645
4 3.9436 4.0564 0.0891 0.0000 0.49300.9109
5 3.8852 4.1148 0.0687 0.0000 0.48570.9313
6 3.8653 4.1347 0.0598 0.0000 0.48320.9402
7 3.8591 4.1409 0.0559 0.0000 0.48240.9441
8 3.8578 4.1422 0.0542 0.0000 0.48220.9458
9 3.8581 4.1419 0.0535 0.0000 0.48230.9465
10 3.8587 4.1413 0.0532 0.0000 0.48230.9468
11 3.8594 4.1406 0.0531 0.0000 0.4824 0.9469
12 3.8598 4.1402 0.0530 0.0000 0.48250.9470
13 3.8601 4.1399 0.0530 0.0000 0.48250.9470
14 3.8603 4.1397 0.0530 0.0000 0.48250.9470
15 3.8605 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




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$ed2006) in Table 5.

Table 4: Some performance measures for differelnegeof t for the multiple vacations
policy.

t 2=0.3,0=5, p=1.1, M=6
E(O) E(F) E(V) E(l) M.A. 0.U.

0 6.0000 0.0000 0.0000 0.0000 1.0000 1.0000
1 4.3860 1.6140 0.2678 0.0000 0.7310  0.7322

2 4.0004 1.9996 0.1709 0.0000 0.6667 0.8291
3 3.8402 2.1598 0.1471 0.0000 0.6400 0.8529
4 3.7622 2.2378 0.1375 0.0000 0.6270 0.8625
5 3.7224 2.2776 0.1330 0.0000 0.6204 0.8670
6 3.7018 2.2982 0.1307 0.0000 0.6170 0.8693
7 3.6910 2.3090 0.1295 0.0000 0.6152 0.8705
8 3.6853 2.3147 0.1289 0.0000 0.6142 0.8711
9 3.6823 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
14 3.6792 2.3208 0.1282 0.0000 0.6132 0.8718
15 3.6791 2.3209 0.1282 0.0000 0.6132 0.8718
16 3.6791 2.3209 0.1282 0.0000 0.6132 0.8718

17 3.6790 2.3210 0.1282 0.0000 0.6132 0.8718
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18 3.6790 2.3210 0.1282 0.0000 0.6132 0.8718
19 3.6790 2.3210 0.1282 0.0000 0.6132 0.8718
20 3.6790 2.3210 0.1282 0.0000 0.6132 0.8718

Table 5: Comparing system characteristics of K&®@20esults with our transient results for
the reliable server multiple vacations policy II.

Ke(2006 transient Ke(2006 transient Ke(2006 transient Ke(2006 transient
) Results ) Results ) Results ) Results
Results Results Results Results

(.0) (0.151.0 0.151.0) (0.2,1.0) (0.2,1.0) (0.35,1.4G0.35,1.0)  (0.3,5.0) (0.3,5.0)
) )

M 10 10 9 9 8 8 6 6
E(F) 2.8974 2.8988 3.2358 3.2283 4.1560 4.1394 7836 2.3210
E(o) 7.1026 7.1012 5.7642 5.7717 3.8440 3.8606 2263 3.6790
E(v) 0.1937 0.1837 0.1434 0.1390 0.0525 0.0530 m13 0.1282
E(l) 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 @noo 0.0000
E(D) 0.0040 0.0000 0.0043 0.0000 0.0047 0.0000 4300 0.0000
M.A. 0.7103 0.7101 0.6405 0.6413 0.4805 0.4826 60 0.6132
O.U. 0.8023 0.8163 0.8523 0.8610 0.9427 0.9470 87.85 0.8718
Var 0.4754 0.5831 0.9251 0.2689
STD 0.6895 0.7636 0.9618 0.5186
Where Var is variance and STD is standard deviation
4.2 DISCUSSION

Table 5 shows the steady state measures of perfioerabtained using the methodology
proposed in this article and the steady state testiKe (2006) for the multiple vacations
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policy. The resul[iBll@w that there are slight défeces in the values obtained by the
proposed method and those obtained using Ke (200&.error is attributed to the inherent
accuracy of the ODE45. However, the number of égnst parameters and time spent on our
computation is reduced in our machine interfergoroblem with reliable server compared to
that of Ke (2006). This shows that our model isdyd&'e also produce results for the
variance and standard deviation for the machirexfetence 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&(@3ro for the transient results for all
parameters in Table 5. This is so because ourrsdoas not break down while Ke (2006)
does.

For the machine interference problem with relisd@ever under multiple vacations policy
there are1+2M equations in the system, we obsbatddrM < 100, the CPU time is also
less than 2 seconds Table 6. We also observehiiat is a relationship between the number
of machines in the system and the CPU time. Theah€&@PU times observed for different
number of machines in the system for the multigleations policy is inputted into linear
regression in EXCEL package to compute the prediCteU time for the system. We found
that the predictedPU time = a + bM, where a and b are constants and is the number

of machines. We observe that the predicted CPU isnae indication of the actual CPU time.

It is also observed that as the number of mackiriee system increases with the same
parameters, the variance of the expected numbaperhiting machines also increases. This is
true since it is a single server, as the numbenaxfhine increases the server cannot cope with
the repair of failed machines in the system.

Table 6: Effect oM on the machine availability and CPU Time for sti#fnt value of t for
the multiple vacations polich. = 0.15,u = 1.1,6 = 1.

M 10 20 30 40 50 100
E(F) 2.898¢ 7.9884( 13.9289| 19.8891| 25.8499| 55.6552
E(O) 7.1012  12.0116[ 16.0711| 20.1109| 24.1501| 44.3448
E(v) 0.1837 0.0059| 0.0000| 0.0000| 0.0000[ 0.0000
E(l) 0.0000 0.000q 0.0000{ 0.0000| 0.0000| 0.0000
M.A. 0.7101 0.6006| 0.5357| 0.5028| 0.4830| 0.4434
O.uU. 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 1.1431 1.1792| 1.1900| 1.2581| 1.2842| 1.4577
CPU TIME(secs

1.1399 1.1753| 1.2107 | 1.2461 | 1.2815 | 1.4586
PREDICTED
CPU TIME(secs

The figures below correspond to some of the reguéisented in Tables 1-6 above.
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Figures 1-6 below show the graph of the expectedl@u of failed and operating machines
in the system at time t with respect to the follogvparameters, 1 and for the multiple
vacations policy.

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

Figures 2 and 4 below show the effect of failurd aervice rate of broken down machines on
the expected number of operating units in the syste the multiple vacation policy. We
found that the rate at which the machine fails aredserviced affect the expected number of
failed and operating machines in the system.

We also found that as the failure rate of the maehincreases, the expected number of
operating machines decreases. We found that tlaédwen and repair rates of server do not
also affect the expected number of operating mashin

We also found that the variance under multiple trana is slightly lower than that of single
vacation.

The effect of vacation length on the expected nurnbeperating machines and failed
machines is shown in Figures 5 and 6 below. Weddbat as the vacation length increases,
the expected number of operating machines increasis the expected number of failed
machines decreases.

A =03
sk R
al A=02
A =0.15

Expected number of failed mechine
w
T
|
|

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 reliad@ever that can go on multiple vacations at
time t with respect to the following parametérs- 1, M=10 p = 1.1. We observe that as

the failure rate of machine increases the expeauteaber of failed machines also increases.
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Figure 2: Effect of failure rate of machines on ¢éx@ected number of operating machines in
the system at time t whéh= 1, M=10, p = 1.1.

Figure 2 shows the graph of the effect of failateron expected number of operating
machines for the machine interference problem veliable server that can go on multiple
vacations at time t with respect to the followiraygmeter® = 1, M=10 p = 1.1. We
observe that as the failure rate of machine deessifie expected number of operating
machines increases.

Bxpected nunber o failed mechine

1‘8 2‘0
Figure 3: The effect of service rate of machineshenexpected number of failed machines in
the system at time t whe0.15,6 = 3, M=10.

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 parametir9.15,6 = 3, M=10.
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We observe that as the service rate of machinedses the expected number of failed
machines increases.

Expected number of operating machine

6'5 1 L L L L L L 1 1 |

Figure 4: The effect of service rate of machineshenexpected number of operating
machines in the system at time t whe®.15,6 = 3, M=10.

Figure 4 shows the graph of the effect of servate on expected number of operating
machines for the machine interference problem veliable server that can go on multiple
vacations at time t with respect to the followiraygmeter3=0.15,6 = 3, M=10.

We observe that as the service rate of machineases the expected number of operating
machines increases.

From Figures 3 and 4 above, we found that betwiesstO to 2, there is no variation in the
expected number of failed and operating machinésaersystem 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 expeatathber of failed machines in the system
at time t wherh=0.15, M=10,u = 1.1.

Figure 5 shows the graph of the effect of vacalémgth on expected number of failed
machines for the machine interference problem veliable server under multiple vacations
policy at time t with respect to the following pareters\=0.15,0 = 3, M=10.

We observe that as the vacation length of machecesdses the expected number of failed
machines increases.
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Figure 6: Effect of vacation length on the expectathber of operating machines in the
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 lemgththe expected number of failed and
operating machines, we found that from O to 1 tliere 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 length the expected
number of failed machines increases (Figure 5).

5.0 CONCLUSION

In this paper, we considered transient analysimaxthine interference problem with a
reliable server under multiple vacations policy. ¥d®pt the elementary probability
argument birth-death process to formulate the ClaapKolmogorov differential equations
for the machine interference problem with reliad@gever vacation The differential difference
equations derived were solved using ODE45 (Runggakalgorithm for solving ordinary
differential equations) in MATLAB programming lanage. From the transient solutions we
obtained various performance measures like theatggerumber of operating machine,
expected number of failed machine, expected idimg@eexpected number of vacation the
server has for the machine interference problerh weiable server under multiple vacations.
We showed numerical results for the effect failiet® of machines, service rate of failed
machines and the number of operating machines dibserved that as the failure rate of
operating machine increases the expected numbaied machines also increases. It is also
notice that the breakdown and repair rate of tingesén (Ojobor, 2014) have slight effect on
the expected number of failed and operating mashine

We also investigate the effect of CPU time for ithechine interference problem with reliable

server under multiple vacation policy.
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