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National foreword

This British Standard is the official English language version of
EN 61703:2002. Tt is identical with IEC 61703:2001.

The UK participation in its preparation was entrusted to Technical Committee
DS/1, Dependability and terotechnology, which has the responsibility to:

— aid enquirers to understand the text;

—  present to the responsible international/European committee any
enquiries on the interpretation, or proposals for change, and keep the
UK interests informed;

— monitor related international and European developments and
promulgate them in the UK.

A list of organizations represented on this committee can be obtained on
request to its secretary.

From 1 January 1997, all IEC publications have the number 60000 added to
the old number. For instance, IEC 27-1 has been renumbered as .
For a period of time during the change over from one numbering system to the
other, publications may contain identifiers from both systems.

Cross-references

The British Standards which implement international or European
publications referred to in this document may be found in the BSI Catalogue
under the section entitled “International Standards Correspondence Index”, or
by using the “Search” facility of the BSI Electronic Catalogue or of British
Standards Online.

This publication does not purport to include all the necessary provisions of a
contract. Users are responsible for its correct application.

Compliance with a British Standard does not of itself confer immunity
from legal obligations.
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This document comprises a front cover, an inside front cover, the EN title page,
pages 2 to 52, an inside back cover and a back cover.

The BSI copyright date displayed in this document indicates when the
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Foreword

The text of document 56/747/FDIS, future edition 1 of JEC 61703, prepared by IEC TC 56,
Dependability, was submitted to the IEC-CENELEC parallel vote and was approved by CENELEC as
N 61703 on 2001-12-04.

The following dates were fixed:

— latest date by which the EN has to be implemented
at national level by publication of an identical
national standard or by endorsement (dop) 2002-09-01

— latest date by which the national standards conflicting
with the EN have to be withdrawn (dow) 2004-12-01

Annexes designated "normative" are part of the body of the standard.

Annexes designated "informative" are given for information only.

In this standard, annex ZA is normative and annexes A, B, C and D are informative.
Annex ZA has been added by CENELEC.

Endorsement notice

The text of the International Standard IEC 61703:2001 was approved by CENELEC as a European
Standard without any modification.
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MATHEMATICAL EXPRESSIONS FOR RELIABILITY,
AVAILABILITY, MAINTAINABILITY AND
MAINTENANCE SUPPORT TERMS

1 Scope

This International Standard provides mathematical expressions for reliability, availability,
maintainability and maintenance support measures defined in |JEC 60050-191. The following
classes of items are considered separately in this standard:

— non-repaired items;

— repaired items with zero time to restoration;

— repaired items with non-zero time to restoration.

In order to keep the mathematical formulae as simple as possible, the following basic
mathematical models are used to quantify dependability measures:

— random variable (time to failure) for non-repaired items;

— simple (ordinary) renewal process for repaired items with zero time to restoration;

— simple (ordinary) alternating renewal process for repaired items with non-zero time to
restoration.

To facilitate location of the full definition, the [EC 60050-191 reference for each term is shown
(in parenthesis) immediately following each term, for example:

mean time to restoration [191-13-08]
The application of each dependability measure is illustrated by means of a simple example.

NOTE This standard is mainly applicable to hardware dependability, but many terms and their definitions may be
applied to items containing software. Some of the software dependability aspects are explained in annex D.

2 Normative references

The following normative documents contain provisions which, through reference in this text,
constitute provisions of this International Standard. For dated references, subsequent
amendments to, or revisions of, any of these publications do not apply. However, parties to
agreements based on this International Standard are encouraged to investigate the possibility
of applying the most recent editions of the normative documents indicated below. For undated
references, the latest edition of the normative document referred to applies. Members of IEC
and ISO maintain registers of currently valid International Standards.

IEC 60050-191:1990, International Electrotechnical Vocabulary (IEV) — Chapter 191:
Dependability and quality of service

ISO 3534-1:1993, Statistics — Vocabulary and symbols — Part 1: Probability and general
statistical terms
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3 Definitions
For the purpose of this International Standard, the terms and definitions of JEC 60050-191|
and |SO 3534-1 apply. In addition, the following terms and definitions are used.

3.1

instantaneous restoration intensity v(¢)

limit, if it exists, of the quotient of the mean number of restorations of a repaired item in the
time interval (¢, t + At) and the duration of this interval, Az, when the duration of the time
interval tends to zero

NOTE The instantaneous restoration intensity is expressed by the formula as

- E[Ne(t + &) = No()]
At—>0+ At

where
Ng(#) is the number of restorations in the time interval (0, ¢);

E denotes the expectation.

3.2

asymptotic failure intensity z(w)

for modelling purposes, limit, if it exists, of the instantaneous failure intensity z(¢), when time ¢
tends to infinity

3.3

up-time distribution function Fy(r)

function giving, for every value of ¢, the probability that an up time will be less than, or equal
to, ¢

3.4
complement to the up-time distribution function Ry(7)
function giving, for every value of ¢, the probability that an up time will be greater than ¢

For convenience, this function is referred to as the up-time survival function in this
standard.
NOTE 1 Ruy(#) = 1 = Fu(t).
NOTE 2 If the up time is exponentially distributed, then
Ru(t) = exp(—t/MUT)
where MUT is the mean up time.
In this case, the reciprocal of MUT is denoted by Ay:
Ay = 1/MUT
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4 Glossary of symbols and abbreviations

NOTE The symbols given below are widely used and recommended but are not mandatory.

4.1 Non-repaired items

COl
101
MTTF

A
MTTF
R(1)

R(?)
R(ty, t3)

R(t, t+x|t)

TTF;
fo)
£(2)

ns(?)

ng(t) — ng(t + At)

Full document details: BS EN 61703:2002

Continuously operating item
Intermittently operating item

Mean time to failure

Point estimate of the mean time to failure

Reliability function, i.e. the probability of survival until time
R(t) = R(t4, tp)forty =0and t, = ¢

Point estimate of the reliability function at time ¢
Reliability for the time interval (¢4, 1)

Conditional reliability for the time interval (¢, + + x), assuming that the
item survived to time ¢

Observed time to failure of item i
Probability density function of the (operating) time to failure

Point estimate of the probability density function of the (operating) time
to failure at time ¢

Number of (non-repaired) items in the population that are operational at
the instant of time 7 = 0

Number of (non-repaired) items that are still operational at the instant of
time ¢ (ng(0) = n)

Number of items that fail in the time interval (z, ¢ + A¢)

Constant failure rate, i.e. the reciprocal of the mean time to failure
(MTTF) when the times to failure are exponentially distributed

Point estimate of the constant failure rate
Instantaneous failure rate
Point estimate of the instantaneous failure rate at time ¢

Mean failure rate for the time interval (¢4, #5)
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4.2 Repaired items with zero time to restoration

COl
101
MTBF
MTTF

A
MTTF
MUT
N(2)
R(1)

Ry(?)

R(t4, t2)

R(ty,t2)
Z(1)

A1)
Su(?)

hire (1)

ke

n

ne(t, t + At)
ne(ty, t2)

ns(t1, t2)

z(¢)
z()
Z(1)
z(ty, 1)
é(tv 1)

A

Au

Full document details: BS EN 61703:2002

Continuously operating item
Intermittently operating item
Mean operating time between failures

Mean time to failure

Point estimate of the mean time to failure
Mean up time
Number of failures in the time interval (0, ¢)

Reliability function, i.e. the probability of survival until time ¢
R(t) = R(t4, t;) forty =0and 1, = ¢

Up-time survival function, i.e. the distribution function of the up times is
1 - Ry(1)

Reliability for the time interval (¢4, 1)

Point estimate of the reliability for the time interval (#, 1)
Expected number of failures in the time interval (0, ¢)

Z(t) = E[N(t)], where E denotes the expectation

Probability density function of the (operating) times to failure

Probability density function of the up times
NOTE For COls, £,,(t) = fl1).

Probability density function of calendar time to the nth failure, n > 1

Number of failures during a given period of observation
Number of items in the population

Number of failures observed in the time interval (z, ¢t + A¢)
Number of failures observed in the time interval (z4, 1)

Number of items that were operational at the instant of time # and
operated without failure during the time interval (#4, 2,)

Instantaneous failure intensity
Asymptotic failure intensity

Point estimate of the instantaneous failure intensity at time ¢
Mean failure intensity for the time interval (¢4, #,)

Point estimate of the mean failure intensity for the time interval (4, #,)
Constant failure rate, i.e. the reciprocal of the mean time to failure
(MTTF) when the times to failure are exponentially distributed

Constant rate of transition from an up state to a down state, i.e. the
reciprocal of the mean up time (MUT) when the up time is exponentially
distributed
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4.3 Repaired items with non-zero time to restoration

A Asymptotic availability

A(t) Instantaneous availability (availability function), i.e. the probability of the
item being in an up state at the instant of time ¢

A(ts,t5) Mean availability for the time interval (¢4, )

j(u,tz) Point estimate of the mean availability for the time interval (#, #,)

Col Continuously operating item

Ggr(?) Distribution function of the times to restoration

[e] Intermittently operating item

M(¢) Maintainability function, i.e. the probability of completing active
maintenance action within time . M(¢) = M(ty, t,) fort;, =0and &, = ¢

M(tq, 1) Maintainability for the time interval (¢, t,)

N(2) Number of failures occurring in the time interval (0, ¢)

Ng(?) Number of restorations occurring in the time interval (0, ¢)

R(?) Reliability function, i.e. the probability of survival until time ¢
R(t) = R(t1, to) forty =0and t, = ¢

Ry(?) Up-time survival function, i.e. the distribution function of the up times is
1 - Ruy(?)

R(t4, t2) Reliability for the time interval (4, #,)

MACMT Mean active corrective maintenance time, i.e. the expectation of the
active corrective maintenance time

MAeMT Point estimate of the mean active corrective maintenance time

MAD Mean administrative delay

MAD Point estimate of the mean administrative delay

MADT Mean accumulated down time

MADT Point estimate of the mean accumulated down time

MAMT Mean active maintenance time, i.e. the expectation of the active
maintenance time

MCMT Mean corrective maintenance time, i.e. the expectation of the corrective
maintenance time

MDT Mean down time

ME)T Point estimate of the mean down time

MLD Mean logistic delay

MED Point estimate of the mean logistic delay

MRT Mean repair time

MART Point estimate of the mean repair time

MTBF Mean operating time between failures

MTD Mean technical delay, i.e. the expectation of the technical delay
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MTTF
A
MTTF
MTTR
N
MTTR
MUFT

MUT
N
MUT

U(t)
17(11112)
Ult1,t2)
Z(1)

)
Su(?)
fU+R(t)

gacm(?)
gan(?)
gam(?)
go(?)
guo(?)
gr(?)
ZRrep(1)
he (1)

kacm

kap
kp
ke
kip
ko
kr
krep
ky

n
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Mean time to failure
Point estimate of the mean time to failure
Mean time to restoration

Point estimate of the mean time to restoration

Mean undetected fault time, i.e. the expectation of the undetected fault
time

Mean up time

Point estimate of the mean up time

Asymptotic unavailability

Instantaneous unavailability (unavailability function)

Mean unavailability for the time interval (¢4, #,)

Point estimate of the mean unavailability for the time interval (#, ,)

Expected number of failures in the time interval (0, ¢) Z(¢) = E[N(t)], where E
denotes the expectation

Probability density function of the (operating) times to failure
Probability density function of the up times

Probability density function of the sum of the up times and the corres-
ponding times to restoration

Probability density function of the active corrective maintenance times
Probability density function of the administrative delays

Probability density function of the active maintenance times
Probability density function of the down times

Probability density function of the logistic delays

Probability density function of the times to restoration

Probability density function of the repair times

Probability density function of calendar time to the nth failure, n > 1

Number of active corrective maintenance actions during a given period of
observation

Number of administrative delays during a given period of observation
Number of down times during a given period of observation

Number of failures during a given period of observation

Number of logistic delays during a given period of observation

Number of failures while operating during a given period of observation
Number of times to restoration during a given period of observation
Number of repair times during a given period of observation

Number of up times during a given period of observation

Number of items in the population
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np{t}
ne(t, t + At)

nF(t, 1‘2)

ns(t, t2)

ny{t}
v(t)
z(¢)

(1)
u(ty,t2)

Hacm

HAD

HAM

HD

HLD

HRep
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Number of items that are in a down state at the instant of time

Number of failures observed during the time interval (¢, ¢t + Af), where the
time scale includes both up and down times

Number of failures observed during the time interval (¢, %), where the
time scale includes both up and down times

Number of items that were operational at the instant of time # and
operated without failure in the time interval (#4, 1)

Number of items that are in an up state at the instant of time ¢
Instantaneous restoration intensity

Instantaneous failure intensity

Asymptotic failure intensity

Point estimate of the instantaneous failure intensity at time ¢

Mean failure intensity for the time interval (¢, )

Point estimate of the mean failure intensity for the time interval (4, #,)

Constant failure rate, i.e. the reciprocal of mean time to failure (MTTF)
when time to failure is exponentially distributed

Constant rate of transition from an up state to a down state, i.e. the
reciprocal of the mean up time (MUT) when up times are exponentially
distributed

Constant repair rate, i.e. the reciprocal of the mean corrective
maintenance time (MCMT) when the corrective maintenance times are
exponentially distributed

Instantaneous repair rate
Mean repair rate for the time interval (¢, )

Reciprocal of the mean active corrective maintenance time (MACMT) when
the active corrective maintenance times are exponentially distributed

Reciprocal of the mean administrative delay (MAD) when the adminis-
trative delays are exponentially distributed

Reciprocal of the mean active maintenance time (MAMT) when the active
maintenance times are exponentially distributed

Reciprocal of the mean down time (MDT) when the down times are
exponentially distributed

Reciprocal of the mean logistic delay (MLD) when the logistic delays are
exponentially distributed

Constant rate at which the item is restored to service (constant resto-
ration rate), i.e. the reciprocal of the mean time to restoration (MTTR)
when the times to restoration are exponentially distributed

Reciprocal of the mean repair time (MRT) when the repair times are
exponentially distributed
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5 Assumptions

5.1 General remarks

In _order to derive correct mathematical expressions for the measures defined in
IEC 60050-191|, the distinction needs to be made between repaired items [191-01-02] and
non-repaired items [191-01-03]. The following classes of items are considered separately
in this standard:

— non-repaired items;
— repaired items with zero time to restoration;
— repaired items with non-zero time to restoration.

In order to keep the mathematical formulae as simple as possible, the following basic
mathematical models are used to quantify dependability measures:

— random variable (time to failure) for non-repaired items;
— simple (ordinary) renewal process for repaired items with zero time to restoration;

— simple (ordinary) alternating renewal process for repaired items with non-zero time to
restoration.

The simplest mathematical model for the reliability of a non-repaired item is a random variable
— the time to failure of the item [191-10-02]. One of the widely used reliability measures of
non-repaired items is the instantaneous failure rate A(z) [191-12-02], also referred to as
the hazard rate function. It is derived from the distribution function of the time to failure.
The expression A(t)At is the conditional probability of failure of an item during the time interval
(¢, t + At) given that the item has not failed during the interval (O, ).

For repaired items, the basic model is a simple renewal process, when the time to restoration
of the item may be neglected, or a simple alternating renewal process when the time to
restoration of the item is non-zero. In the latter case, the item alternates between an up state
and a down state, and a widely used measure of reliability of the item is the failure intensity,
which is equal to the renewal density.

The failure intensity [191-12-04] is a measure derived from the expected value of the
cumulative number of failures E[N(t)] of a repaired item occurring during the time interval
(0, ). The expression z(¢t)At is the probability of failure of the item during the time
interval (¢, ¢ + Az).

To avoid improper use of these mathematical expressions, specific assumptions are detailed
in 5.2 and 5.3.

5.2 Assumptions for non-repaired items

a) At any instant of time, the non-repaired item may be either in an up state or in a down
state (see figure 1).

b) Unless otherwise stated, when the item is in the up state, it is considered to be continu-
ously operating.

NOTE The mathematical expressions given may not be true for 10ls.
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c) Attime ¢ =0, the item is in an operating state and is as good as new. Latent faults are not
considered.

d) Preventive maintenance or other planned actions that render the item incapable of
performing a required function are not considered.

e) The time to failure is a positive and continuous random variable with finite expectation.

State A
Up state g o)
Down state ? >
0 T Time

IEC 1599/01
Key

7z Time to failure

Figure 1 — Sample realization of a non-repaired item

5.3 Assumptions for repaired items
a) At any instant of time, the repaired item may be either in an up state or in a down state
(see figures 2 and 3).

b) At time ¢ = 0, the item is in an up state and is as good as new. Latent faults are not
considered.

c) Unless otherwise stated, when the item is in the up state, it is considered to be continu-
ously operating.

d) Consecutive up times of the item are statistically independent, identically distributed,
positive and continuous random variables with finite expectations.

e) Consecutive down times of the item are statistically independent, identically distributed
and non-negative random variables with finite expectations. In the case of non-zero down-
time duration, the random variables are continuous with a common probability density
function.

f) The up times are statistically independent of the down times.

g) Preventive maintenance or other planned actions that render the item incapable of
performing a required function are not considered.

In other words,

— any transition from an up state to a down state is a failure;
— any transition from a down state to an up state is a restoration;

— any down state is a fault and, in consequence, the down time is equal to the time to
restoration;

— after each restoration the item is as good as new.
In this standard, continuously operating items are marked by the abbreviation COI. In this

case, the up state is equivalent to the operating state, and any up time is equal to the
operating time.
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The expressions for reliability measures of continuously operating repaired items may not be
true for 10Is (see figure 4).

NOTE 1 Models assuming zero time to restoration are used when either the up time of the item is the only time of
interest in assessing the performance of the item, or the time to restoration is so short that it is negligible.

NOTE 2 All mathematical expressions for the reliability measures relating to the time to failure of a non-repaired
item may also be applied to each time to failure of a continuously operating repaired item.

N(t) A
T e P o o ¢
e LR T T T T P PP PTPRR M
T OO o _o :
D e @ 0 0 o
1 Y M
& = ,
0-¢ ? | i i >
SF 0=0 SF,1 SF,Z """ SF,m -1 SF,m Time
State A
U1 7,2 w3 TUm—1 U,m U+ 1
Up state —@ ® ® LXK @ ® (XX
Down state o o ? o »
Sko=0 Sk Se2 e SE -1 SE.m Time
IEC 1600/01
Key
N(¢) Number of failures during the time interval (0, ¢)

Sf.1, Sk.2, Se3 ... Consecutive instants of failure
7.1, Tu.2, Tu3... Consecutive up times

Figure 2 — Sample realization of a repaired item with zero time to restoration
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Figure 3 — Sample realization of a repaired item with non-zero time to restoration
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