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ABSTRACT 

The paper presents some new contributions to software re- · 
liability models. Terms and definitions for software re
liability and associated concepts are proposed. The au
thors discuss the possibilities of taking special proper
ties of an SPC switching system into account. Based on 
this discussion they propose mathematical models, evalu
ate contributing factors and derive suitable characteris
tics. 

The model validation is treated in connection with a case 
study • 

1. INTRODUCTION 

1.1 GENERAL 

Experience has taught us that the software reliability 
and a correct handling of the system contributes to the 
overall SPC system reliability at least as much as the 
hardware reliability. Terminology and techniques for 
qualitative and quantitative analysis of reliability and 
associated characteristics of hardware are well developed, 
whereas similar aspects of software and handling still 
need further development. 

One obvious use of analytical methods is to quantify 
these characteristics of an SPC system to guide system 
designers in their search for good designs. 

An equally important application area for analytical 
methods is the development of tools for quality assur
ance. Tools for prediction and extrapolation for the op
erational phase are also needed. 

To allow an adequate description of reliability and as
sociated aspects of an SPC telephone exchange software, a 
definition of fundamental concepts is required in order 
to position the concept set and to that set allocate a 
suitable flora of terms. This base might then also fa
cilitate a unification of modelling principles of soft
ware and hardware. 

The term reliability usually means different things to 
different people. Therefore, before we are able to talk 
about the sof"tware reliability we first have to define 
these concepts. 

1.2 SOFTWARE 

As to software, this term is by different authors refer
ring to just the program or to program and data combin
edly. We distinguish two main types of software, program 
software and data software. 

Program software nowadays shows a hierarchical and modu
lar structure: a monitor program supervises a number of 
more or less standardized program modules (macros or sub
routines). This hierarchy is also found in the design 
process (top-down or bottom-up structured programming) • 
You may for instance talk about a program at different 
levels of implementation: 
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1. 
2. 
3. 

The algorithm 
The (very) program (code) 
The object coded program 

In a processor system, data software is characteristic
ally of rather different types in the following sense: 

1. Parameter settings in standardized pro
gram modules 

2. Environment defining data 

3. Environment generated data 

The distinction between these types may be rather dif
fuse, but the classification mainly is to show the fre
quency by which data change. 

Many suggestions have been made in order to improve the 
software reliability and this has also,despite the in
creasing complexity of the computer systems, resulted in 
more trouble-free systems. However, we still lack of 
generally accepted procedures for a more detailed analy
sis of failure data of the sort you find for instance 
in the classical (hardware) reliability theory. 

1.3 SOFTWARE RELIABILITY 

The definition of reliability as a qualitative charac
teristic is: The ability of an item to perform its re
quired function under stated conditions for a stated pe
riod of time t3] . The term is also, however, somewhat 
incorrectly and inprecisely used to denote a wider area, 

"including properties such as availability and maintain
ability. Besides, it is also used as a measure i e a 
quantification of reliability. 

The maintainability of an item is its ability, under 
stated conditions of use, to be retained in or restored 
to a state in which it can perform its required function, 
when maintenance is performed under stated conditions and 
using prescribed procedures and resources [4]. The main
tenance support is the ability of the maintenance organi
zation to mobilize resources to perform maintenance re
quired by the item [sJ . 

The trafficability of an item is its ability - under 
stated use conditions - to fulfil operational traffic 
demands [5] , Dg] . The availability is the ability of 
an item - under combined aspects of its reliability, 

'maintainability and maintenance support - to perform its 
required function at a stated instant of time or over a 
stated period of time [4J. 

The effectiveness of an item is its ability - under com
bined aspects or its availability and trafficability -
under stated use conditions to fulfil operational traffic 
demands [5J ,[jg] . 

In order to take into account also the man-machine inter
actions the following concepts may be used: Operability. 
the ability of an item to be successfully operated when 
operation is performed under stated conditions and using 
prescribed procedures [)9]. Operator performance, the a
bility of the operator to successfully operate the item 
in accordance with prescribed procedures U9] . 

Of the above-mentioned concepts, only reliability has 
been standardized by lEe up to now. 
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When the terminology is applied to SPC technology it may 
be suitable to subdivide reliability, maintainability and 
maintenance support into two separate parts, software and 
hardware. You can then talk about both software reliabil
ity and hardware reliability etc. 

The concepts software reliability, software maintainabil
ity and software maintenance support seem to be possible 
to define along the same lines as above. Mainly, only the 
meaning of the term "item" needs to be altered. Accord
ingly the following terms and definitions are attempted: 

Software reliability - the ability of a software item to . 
perform its required function under stated conditions for 
a stated period of time. Comment: Stated conditions refer 
to the conditions of use of the software as determined by 
data environment. The term "software item" denotes any 
piece of software that can be separately considered. 

Software maintainability - the ability of a software item, 
under stated conditions of use, to be retained in or res
tored to a state in which it can perform its required 
function, when maintenance is performed under stated con
ditions and using prescribed procedures and resources. 
Comment: This includes the ability of the software to de
tect and give alarm when irregularities are present and 
the ease with which temporary and definite changes of the 
software can be made. 

Software maintenance support - the ability of the mainte
nance organization to mobilize resources to perform main
tenance required by the software item. Comment: These are 
the properties of the organization for software change ac
tivities, such as personnel and test facilities. 

1 .It SOFTWARE ERRORS AND FAILURES 

With hardware it is rather easy to decide upon what is a ' 
component and whether a certain component is defective or 
not. Also, when the system fails, i. e. , a system fail
ure occurs, it is in general possible to trace the cause 
of this failure to a certain defective such component. 
One main reason for this is that the physical (hardware) 
structure very well agrees with the functional structure 
of the system. As regards software, the situation is much · 
more complicated. For instance interactions between pro
grams and/ or data modules must be taken into consider-
ation. 
A revision of the currently used terminology seems to be 
justified. In this paper, however, we use the following 
definitions: Error - any nonconformance of the software 
item with specified requirements. Failure - the event 
during software testing and operational use when the 
existence of an error is detected (error detection). 

There is a fundamental difference between hardware and 
software failures. Hardware failures are due either to 
design errors (components or parts wrongly used) or to 
causes inherent in the component (sudden failures or 
degradation failures). Software failures are only caused 
by software defects (errors) introduced during design 
and production (including software changes) or by exter
nal influences on the software during operation. 

Many articles on quantitative description of software re
liability deal with the problem of estimating the "num
ber o.f errors" in a program. In this article we present 
a quite different approach that may be characterized as 
a macroscopic point of view as opposite to the microsco
pic "find-the-guilty-and-count-him"approach. The start
ing point is a record of failures made up as a part of 
the operating routine (or during the test phase). The de
scription of the reliability then in the first place is 
the frequency of these failures or the failure rate. In 
the second place, it is a classification of these fail
ures into different causes and modes, such as the ones 
mentioned above. Thirdly, we may want a description that 
overcomes our inability to a detailed description of the 
failure process, Le. that takes the "randomness" into 
account. 

While we have the SPC program software in mind, the mod
els and methods we present should apply to different 
kinds of failures (according to the above classification 
for instance). 
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2. MODELS 

2.1 FAILURE LIABILITY 

A specific property of program software is that it oper
~tes upon input data (signals) and transforms this input 
l.Dto output data (sirals) in such a way that different 
output data (signals necessarily come from different in
put data (signals). By contrast this is not the case for 
hardware. 

In other words, if X denotes the set of possible input 
data and V denotes the set of possible output data, then 
a program software (sub) system can be described as a 
function P: X-V. (Here 'possible' includes errone
ous in both cases). When executed the program transforms 
the actual input into an output y = p(x). We shall 
assume that the program P is recurrently executed and 
that the set X is so defined that at each execution, one 
and only one x e X is presented to P. 

If a program P does not do what we want it to do then 
in the first place we have a specification (or at least 
a desire, an intention) P" for P and in the second pla
ce we have i~puts x £ X for which p( X) *' P" (X ). 
Here P and P are supposed to be defined on the same X 
and ranging into V • This may in practice cause some am
bigu~ty in the definition of X and V • However, since we 
are 1nterested only in the correctness of P, this diffi
culty can be overcome by taking X and V sufficiently lar
ge. 

As a first step towards a quantitative measure of the 
reliability of the program P we define the failure gen-
erating inputs, F: -- ----

F = {X eX: P (x) * P *( X ) } 

For any given pair (p, p* ) the failure generating in
put set is well-defined and easily determined in princi
ple, if not always in practice. 

The simplest way to get a numerical measure of the "size" 
of F is perhaps to calculate the proportion of x's belong
ing to F,: 

f :~ 
*X 

where • F and * X are the numbers of elements in these 
sets. We shall call this proportion the failure liability. 
The concept may be extended to a subset of X, X1c X: 

f 1 : 
#FnX, 

#X, 

which we call ~ conditional ~ liability on Xl 

It i~ now possible to give the failure liability an op
erat10nal meaning, by taking into account the frequencies 
of the various inputs. This may be done to any desired 
extent by dividing the input set X into disjoint subsets 
Xj ••• X so that X = U X. and by introducing the prob-
atiilitie~ 1 

(i : 1. " n) 

calculated in tRe sense of which x that is present upon 
an execution of P. Since we have assumed exactly one x e X 
to be present, we have ~p. = 1. We now define the input 
frequency consistent failufe liability, 

where fi is the conditional failure liability on Xi 
(i=l ••• n) 
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Typically f will be a very small number ~nd for ~ff-~ine 
programs of little interest. In a real-~1me a~pl7cat1on, 
however the number of executions per t1me un1t 1S a ve
ry larg~ number, failures become reality and 1,may be in
terpreted as an idealized average number of fa1lure~ per 
execution. (It mgy be con~enient tO,express f as fa1lure 
liability per 10 execut10ns and l1ke). 

We are aware of various practical difficulties that will 
be encountered when a specific program shall be assigned 
a failure liability. It is hard to see, however, why a 
measure of the reliability of a program should not primal'-' 
ily depend on P, p* and on the input data distribution~ 
and we consider the concept of failure liability a bas1c 
characteristic for the determination of software relia
bility. 

The terminology is our own, but ideas in the same direc
tion are found in [7J . 

2.2 FAILURE RATE 

By failure in program software we mean the occurrence of 
an input - output pair (x, y) such that y * pH (x) that 
is we do not obtain what we want to obtain. By definition , 
y = P (x) and so we have equivalently an occurrence of 
an input x e F. Of course the presence of an x £ F and the 
execution of P are necessary for a failure of P • 

By failure rate we here mean the average number of fail
ure~~eal time (during an interval of time). 

If the program P is executed c times per unit time and 
the (input frequency consistent) failure liability is T, 
then the failure rate V becomes: 

For a program software system with non-overlapping sub
programs P

1 
••• PN the system failure rate VI becomes 

N 

VI : ~ C.·f, 
I..J ' , 
is 1 

where c , and fi are the execution rates and failure li
abili ti~s for p , (Cf ref [7] ). 

1 

These trivial relations indicate a method to evaluate 
system reliability from subsystem parameters and stress 
the importance of the failure liability concept. 

2.3 FAILURE DATA ANALYSIS 

So far we have factored the failures into these two ob
vious provisions, an execution of the program and an e~
roneous input-output pair (x, y). We may, however, be 1n
terested in the underlying reasons for P not being pH. A 
number of such reasons may be listed, for instance, 

1. P* was equal to P when P was implemented but has now 
changed. (In fact p* is in practice never completely 
specified due to human limitations). 

2. P was equal to p* initially but has been changed. 

3. P is equal to p* on the algorithm level, but the 
programmer did not implement it correctly. 

~. P is equal to p4 on the source program level, but 
was erroneously translated into object program. 

By tracing such inherent causes to their origin we may 
detect weak links and take due action. 

Another reason for looking deeper into inherent and di
rect causes is that certain subprograms may be similar 
though distinct. One may expect such similar subprograms 
to have similar reliability properties. On the other hand, 
it is known that different programming techniques and 
different programmers cause rather different amount of 
troubles. Also the complexity and size of a subprogram 
are of vital influence on the failure liability. 
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If we can model these similarities and dependences, then 
we may be able to predict reliability performance for 
systems in the design phase • 

To make such an anlysis we classify (sub)programs into a 
number of disjoint classes Al ••• A , representing differ
ent levels of a potential influentrfactor "A", number of 
instructions for instance. We then want to decide whether 
the factor has a significant influence on the reliability 
and, if this is the case, to describe the influcence quan
ti~at!vely • 

If the analysis is to be based on failure data it is nec
essary that each failure can be allocated to a specific 
(class of)subprogram(s). This may be hard to fulfil, if 
failure data is collected without special attention to 
this condition. A careful division of the program system 
into SUbsystems may facilitate this allocation. Of course 
there wi~l be failures that do not depend on a specific 
subprogram. Such failures must then be identified and 
ruled out from a subprogram analysis. 

Apparantly any kind of influence will be disturbed by 
the randomness of the failures. We therefore have to 
rely on statistical techniques for the evaluation of ob
served data. Such techniques are based on a probability 
model of the phenomen under study. The choice of such a 
model is always a compromise between adequacy (fit) and 
tractabili ty. 

2.~ THE EFFECT OF ERROR-CORRECTION 

In practice the failure of a program P will cause an er
ror-tracing-correcting procedure to be undertaken, even
tually resulting in a change of P, hopefully towards P*. 
Therefore software failure data only exceptionally comes 
from a fixed program P, but rather from a sequence of 
programs P1 , P2 ••• The items of the sequence will be 
rather sim1lar though. 

The effect of this error-correction is marked in the be
ginning of a program's life. As an example consider the 
failure data records of figure 1 that are typical and re
veal a roughly exponential decrease of the failure rate. 

It is tempting to treat the initial number of errors, N, 
as an unknown parameter and try to estimate N from obser
vations by some standard estimation procedure. This prob
lem has been studied by [1J. [6] • 
Unfortunately "the number of initial errors" is a very 
ambigous quantity. It is initially not possible, not even 
in principle, to delimit the "errors", less possible to 
number them. Remains to treat N as a non-interpretable 
parameter. 

2.5 A MODEL FOR DECREASING FAILURE RATE 

In this section we consider failures produced by a sin
gle (sub)program P with failure liability f and (known) 
execution rate c. 

To avoid complications due to execution rate dependence 
on traffic variations, we take a sufficiently long unit 
interval of time, preferably one week, to make the exe
cution rates stationary, and record the number of fail
ures in successive unit intervals of time (cf fig 1). 

As errors are corrected, the failure generating input set 
F shrinks. Therefore we allow the failure liability to 
depend on time and put 

ft failure liability at time t (t=1,2, •• ) 

The failure rate V consequently depends on time, 

Put 

V = Vt : C· f t t= 1.2 .... 

number of failures in time interval t 
(t=1,2 ..... ) 
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A general model for describing the sequence n - that 
takes random fluctuations into account, is obtained by 
considering a fixed epoch T (i.e. the unit intervals 
t = 1 ••• T) and assuming the n 's to be independent 
Poisson distributed with parameters Vt (t = 1 ... T). 
In other words the joint probability frequency function 
is 

nt 

P ( n1 •.. . • n T) = n V t - "t --·e 
nt! 

t" , 

By specializing on the V's we can model different kinds , 
of time dependence. The most special (and simplest) case 
is to put all V t equal: 

i = 1 ... . . T 

From this familiar case we generalize b~ putting Vt = 
~ . f t and Tt = Il' et (1-1>0, e ·0), thus obtal.O-
1ng 

and get 

where 

and 

t 
Vt=C·Il·6 (t=l ..... T) 

n 
~, -I-I Pt (a)n.t A{e) • e-Ate) P(n, ..... n T)= I 
TInt! n. 

t-l 

Pt ( €I) 
( 1 -6).a 

= , _ €IT 

,A(6) 
6.(1 - aT) 

( 6>0) = c'Il' 
1 - a 

T 
Here €I (1- a ) is to be interpreted as T when e = 1. 

1- e 
Note that e = 1 corresponds to the constant failure rate 
case. 

This joint probability factors into a PoiS8.on distri
bution for the total number of failures n =.:;; nt and a 
multinomial distribution with geometrically decreasing 
( a < 1) or in~reasing ( e > 1) probabilities for the dis
tribution of these n failures among the unit intervals. 

From this observation we immediately conclude that the 
expected number of failures in the t'th interval condi
tionally on the total number of observations n is 

= n • ~ . e t = const.' et 
1 _ eT 

(t=l . . ... T) 

Thus for e ~ 1 we have a model that accounts for an 
(exponential) decrease in failure rate and contains the 
constant failure rate case ( e = 1). 

The constant failure rate model is a natural first ap
proximation, and in this spirit the generalization is a 
natural second order approximation for the type of data 
considered. 
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2.6 A TIME-SPACE MODEL 

Typically an SPC exchange program software consists of 
subprograms with different levels of standardization. 
Some subprograms are almost identical in different ex
changes and therefore thoroughly tested. Such programs 
will cause very little trouble already from the outset. 
Other subprograms are tailored to special demands on the 
specific exchange and therefore unique. These programs 
may cause trouble, not only during the test phase. In bet
ween these extreme cases there are intermediate cases of 
course. 

It is anticipated that when subprograms are classified in 
the above respect, the number of failures per unit of ti
me and instruction becomes a rather significant figure 
that differs between classes but is stable within classes. 

To model these effects, we suppose that subprograms are 
uniquely classified into K categories. Al ••• Av of stand
ardization. We consider only failures that can ~e unique
ly traced (allocated) to a subprogram. The size in terms 
of number of instructions (l) and the execution rate (c) 
of each subprogram are supposed to be known. 

We start from observations during T unit intervals of 
time (e g weeks). Put 

n(t, p) = no of failures in time interval t 
caused by (traced to) subprogram P 

(t = 1 ••• T and P ranges over the subprograms). 

As before we assume the n (t, p) 's to be independent and 
Poisson distributed with parameters V (t, p) respectively., 
It becomes necessary to specialize rather drastically on 
these parameters, since the amount of data is fairly lim
ited. Therefore we put 

:where 

P = program identifier 
cp= execution rate of program P 
lp= no of instructions of program P 
k = class of program P 
t = (unit interval of) time 

and 6" ... €lK, A,. . .. . AK• 1l' ..... I-1K areunknownpositi

ve parameters. Thus we have 3K parameters. 

The introduction of the factor cp is explained in sec
tion 2.2, and the factors etk are motivated by the dis
cussion in section 2.5. The factors XLp are motivated 
by similar ideas. Here we expect A k > kl though. Less 
obvious is the simple multiplication of these factors 
which is more or less ~ !o~c~ ~ale~r~ to keep the number 
of parameters within reasonable limits. 

The joint probability of G(t, p), t = 1 ... T, VP} 
becomes under these assumptions 

TilT 
p 

The model can be simplified further if the error-correc- I 

ting rate parameters 9 k and/or the program length de
pendence parameters X k can be considered equal. The 
number of observations required to test this will be in 
the order of 300 • Kt e g with K = 3 some thousand fail
ures! From this example we see that while the proposed 
model comprises many simplifications t it is out of ques
tion to consider a more general model. At least we have 
a model that, perhaps in a rough way, reflects the time 
dependence ', the complexity dependence and the test sta
tus dependence. We think these are the major factors that 
affect the reliability of a program. 
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DATA ANALYSIS AND EXTRAPOLATION 

We conclude this paper with an illustrative case study 
to indicate how the above models may be used for analysis 
and extrapolation of software failure data. 

3.1 THE DATA 

The failure data in the study were collected during the 
first 12 months of operation of the AKE 13 exchange at 
Fredhall, Stockholm [iQ] • Out of 82 reported failures 
55 failures were considered program dependent. (No re
gard has been paid to the effect of a failure, e ~ 
whether or not the traffic handling was disturbed). 

The AKE program was divided into the two main parts, APT 
(traffic handling, telephony operation and maintenance 
programs) and APZ (operating systems programs) and the 
failures were traced to these parts. The resulting fail
ure data is displayed in fig 1. 

It should be understood that the amount of data in this 
case study in fact is too small for a serious statistic
al analysis. Our purpose is merely to indicate the pos
sibilities of the proposed models and methods. 

3.3 TESTING FOR FAILURE RATE DECREASE/INCREASE 

At a constant failure rate the accumulated numbers of 
failures extend along a straight line from (0,0) to 
(T, n) in an accumulated-frequency-diagram. Here T is 
as before the observation period and n = the total 
number of failures observed. 

If the accumulated numbers fall markedly above (below) 
this line it is an indication of decrease - (increase) in 
the failure rate. To test statistically if such a depar
ture from uniformness is significant, compute 

m = n 

Then m is the mean of the time to failure distribution 
(n1 ••• nT)· 

If we assume that the nls come from a uniform distribu
tion of the n failures among the T intervals of time, the 
expectation and standard deviation of ID (considered a ran~ 
dom variable) are 

E {iTi} = T + 1 
2 

o (in) s: T 
\ff2. n 

Further it may be shown that ID is approximately normally _ 
distributed (n > 20) under the hypothesis. 

Thus we reject the model of constant failure rate in fa
vour of a significant increase/decrease (at 5% signifi
cance level) if 
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T+1 
- -2- > 

T 

\{3n 

This gives for the AKE data (T 12 months.): 

T+1 
Significant n m m-T 

APZ 16 5.375 - 1.125 NO 

APT 39 3.333 - 3.167 YES 

APZ + APT 55 3.927 - 2.573 YES 

5 

15 

10 

5 

20 

15 

10 

5 

Fig 1 

5 10 14 
--y-

APZ 

• 

--- - "T-------- -- -- NIT 

1 

APT 

APT +APZ 

5 

5 

10 14 -t 

NIT 

10 

Observed and expected (according to the model) 
failure frequencies. Intervals = % weeks 

412-5 



3.4 ESTIMATION OF e AND CHECK FOR EXPONENTIAL DECREASE 
(INCREASE) IN FAILURE RATE 

When checking the assumption of an exponential decrease 
(increase) in the failure rate, we must confine ourselv- I 

es to looking for severe violations of this model. If 
there seem to be such violations, then we may try to di
vide the observation period into subperiods in such a 
way that the model applies to these subperiods separate
ly. Should this not work, then there is presumably no 
statistical evidence in the observations and we are for
ced to give up statistical treatment. 

The maximum likelihood (and moment as well) estimators 
of 'land e in the model 

are obtained as solution of the equations 

n = 1: nt = 
t 

6(1-6
T

) '1.----
1- a 

m = 
1 r·aT 

~t.nt=- ---
n ~ 1- 6 1 - aT 

These equations are valid for all e > 0 if the right 
hand expression is interpreted as (T + 1) /2 for the 
special case a = 1 (which should be treated separately, 
but is obtained as a limiting case for 9 .... 1 ). 

When a has been estimated, we can estimate the expected 
frequencies Nt = E (nt ) by 

n. 
(l_e)·~t-' 

1 _ eT (t=1. .. T) 

where e is the maximum likelihood estimate for a , 
and compare these with the corresponding nt's. 

As an aid in this comparison we may also calculate the 
X2 -criterion 

and find the significance from a X 2-distribution with 
T-2 degrees of freedom. 

When applied to the AKE data these methods yield 

" e X2 df P-value 

APZ 2.36 .9080 .008 t > 0.90 

APT 15.47 .7199 8.79 4 > 0.05 

APZ+APT 16.16 .7822 15.99 4 < 0.01 

Comments: Due to the small number of observations, in
tervals had to be pooled before the application of 
the X 2_test • Hence the 10s8 of degrees of freedom 
(d.f.). - The fit to the complete UDstratified set of 
data is unacceptable. The stratification and allowance 
for separate V' s and a's yield satisfactory fit. 
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3.5 EXTRAPOLATION 

Suppose we have observed the failure process of a program 
P during Tl intervals of time and want to give it a fig
ure of mer1t. If the multiplicative Poisson model dis
cussed above is adequate we can estimate the (initial) 
failure liabilityT and the intrisic failure (liability) 
decrease rate parameter aas indicated above and use 
these. 

However, it is often desirable to get a figure that more 
directly reveals how the system will perform in the near
est future, say the number of failures that may be expec
ted during the following 2-4 intervals of time. 

Such an extrapolation of data always makes an assumption 
about things to 'continue behave in like manner'. In our 
case this assumption is in effect that we assume our ba-· 
sic model, which in an inductive way depends on the epoch 
T, to be valid for any epoch T. 

Thu8 let the total epoch T = T + T2 be devided in an ob-
8ervational interval (1, T1 ) ol length Tl and an extra
polational interval (Tt +r, Tl + T2) of length T2• 

Let further 

n(t) no of failures in time interval t 

T, 
IT2 n, = l:: n(t) n 2 = n(t) , T, +, 

T, T,+T2 

rn, = l:t.n(t) . m2 = !:(t-T,).n(t) , T,+1 

n = I: n (t) m = 1: t·n(t) 
t 

Thus m = m1 + m2 + Tl • n2 

Applied to the total epoch T our model becomes 

.p(n(t},t= l ... T) 

The marginal distribution for n2 turns out to be a Poi-
80n distribution with parameter (= expectation) 

E (n
2

) 
a ( eT! aT) 

= "._---
t - a 

The unknown parameters may be estimated from the observ
ed values on nl and ml by the method given above. If 
these estimates are inserted into the expression for 
E(n2), we get a reasonable extrapolation: 

* eT'_e T 
n 2: n,. 1 _ e 1, 
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For illustrational purpose we simulated a 1-interval
ahead extrapolation of the failure frequency with the 
AKE data. For the APT part we used the method above, but 
for the APZ yart we estimated by the observed over-all 
rate, n(Tl)/Tl , since this sequence was considered sta
tionary (above). When these extrapolations were added we 
obtained: 

Tl 5 7 9 11 

Extrapolation 2.83 1.97 1. 74 1.68 

Actual 2 3 4 2 

Allowance should be made for deviations of order 2-3 ti
mes the square root of the extrapolation. You may also 
compare with the naive extrapolations, i e extrapolations 
based only on the overall failure rates, that here become 
8.20, 6.14, 5.44 and 4.91 respectively. 

4. CONCLUSION 

We have presented models and methods for the description, 
analysis and extrapolation of software reliability as 
measured by failure rates. The models include a system 
parameter, the failure liability that may be taken as a 
,figure of merit with respect to the reliability and used 
at least for comparative purposes. The methods rely on 
customary statistical praxis and may be developed further 
for more detailed analysis. 

It should be understood, however, that data on software 
failures very often is scarce for refined models and de
tailed analysis. Therefore our models and methods (as 
well as any other model and method) only can serve as 
rough approximations to the state of things. 
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