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Abstract - A system is considered which is required to perform several tasks
which arrive randomly during the fixed mission duration. A new availability
measure called random request availability is proposed. An analytic model is

derived and illustrated by a numerical example.
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1. Introduction

For repairable systems a fundamental quantity of interest is the availability,
Three different widely used measures are point availability, interval
availability, and steady - state availability. Their definitions can be seen in
various literatures [1,2,3]. Those measures well represent a fraction of time

that a system is in an operational state.

In this study a system is considered which is required to perform several
tasks which arrive randomly during the fixed mission duration. For a such
system some availability measure needs to be newly proposed which incorporates
random task arrival rate into the model. As an extension of previous study [4],
a new availability measure called random request availability is proposed. An
analytic model for random request availability is derived and illustrated by a
numerical example, System description, assumptions, and notations follow those

of previous study.

2. Random Request Availability

Random request availability is defined to be the expected fractional amount

of a number of job arrivals at which the system is in operational state,

2.1 (Additional) Notation

O(N(T)) number of job arrivals at which the system is in operational
state out of N(T)

A(ML(t),T) random request availability with job arrival rate A(t) and

mission duration T
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2.2 Derivation

In defining random request availability, the probability of "no task
arrival” needs special consideration, This case can either be regared as a
system being available, the logic being that if there are no tasks to perform,
the system did its job, or a mission can be defined to occur only when there are
task arrivals. Expressions for random request availability are given for both
instances. However, for purpose of derivation, only the first of these is

considered in detail.
A(A(t),T) can be expressed as
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For instance, E(0(2)) can be computed as

E(0(2))=2 - I PrlZ(ty)=1,Z(tz)=1] - f(tl,tz)dtldtz] (3)
0<t1<t2<T

N

I/ {Pr[Z(tl)=1,Z(t2)=0]+Pr[Z(t1)=0,Z(t2)=1]}f(t1,tz)dtldtz]
0<t1<t2<T

where

f(t1,t2) = 20 A(t1)A(t2) / m(T)2
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If mission effectiveness is considered only when at least one task arrives,
then A(A(t),T) can be obtained from (1) by subtracting exp(-m(T)) and dividing
by 1 - exp(-m(T)), these quantities being the probability that N(T) is equal to
zero and the probabilyty that N(T) is greater than zero, respectively,
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3. Numerical Example

Assumptions

1. Task arrival times is a homegeneous Poisson Process with intensity 0.04

2. Mission duration time is T = 10, which produces an average of 0.4 task
arrival during the mission,

3. sojourn times in on and off states of the system follow the negative
exponential distributions witha =1 and 8 =5 respectively

4. Two situations are considered : A) No-task arrrival is regarded as a
system being available, B) A mission occurs iff there is at least one

task arrival.

Assume two tasks arrive during the mission

E(0(2)) = 2 - [ ](l)oj;z [—2— R —é— e-stl][—Z— + —:;- e-s(tz-m] .21 - 0.12dt, dtz]

. [ J:)OJ;Z{[_Z— . _;_e-stl][_;_ - _:s_e-s(tz —tl))

. [_(1;_ i} _;_ e—th][—Z—— - _Z_e-suz-cl)]} 21 -0.12dt1dtz]

= 1.682

Table 1 summarizes the results for K = 0. Since Pr[N(T) = 3 ] is almost
negligible, A(0.04,10) for situation A can be approximated as 0.938 with the

error bound 0.01

1.682
A(0.04,10) = 0.670 + 0.268 - 0.836 + 0.053

+ -~ x 0,938

For situation B :

0.938 - 0.670
A(0.04,10) » ——— = 0.812
1 - 0.670
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Table 1

Example Results

Number of task Expected number of job
arrivals during the Pr[N(T)=K] arrivals at which the system
is in on - state out of K

mission(k) (E(O(k))

0 0. 670

1 0.268 0.836

2 0. 053 1.682

3 a mone negligible
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