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WTRODUCTION 

Reliability of a computer can be eoaridered a_parformancoch.racteristic, 
for the curtomkr may wid to buy it in addition to the cosrventioaull perfor- 
mrrnce charactori~ticr. Tke curtoner ir intererrted ia the time available 
to him between syrtern halts because oferrors. The maisteaulce deeigrr-
838 are intereatad in the aate at which errors occur ro that ruffitient main-
tenrace techniques cp)3 be provided fot the cuetomer engiaeer 80 that the de-
aired avai&bility is achieved. 

Here background material w i l l  bar prerentsd to help the reader understand 
how the component aging charrcter~sticomd dr&t config\uation combine 
into circuit failuxe characteristic. Cireuit failure chsracterirtics cam then 
be used to derive machine failure chrrrctorirticr. For additional back-
grouad references 3 m d  9 are recoxmmended, 

Reliability ie  the probability of srrer*free operation for a epecified period 
of time. For ecwveltlence, the plot oE the reliability for each porrible time 
period is mrde aad is called the reliability curve. The mean ofthis curve 
ie  the man time between errorr. 

CONCLUSIONS: 

ReMarPiUty analyeis is basically a statisticd problem. The output of a cir-
C& tw ha8 rJt8tietiCd v8rhtions b C 8 U . e  the C-p.n8&8 rrnskkrg Up the 

' circuit hrve parameters with a range of d u e 6 .  fn addUkm there para-
meters change with time which give ries to further variat$ans in the output 
of a circuit type. The effect of there factors determine the circuit reliad 
bility and thus u2tianately the maiatenanes required by the machine ayatem. 
The tools to affect the solution of this problem are available. 
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-Part I 

Monufaetwerr have, at times, included in their apecificatiunr of an elec-
tricrl  component reference to the life of the componeat. Firet of JL& at 
best, thh represents the uae of the component a 'typical' application 
selected by the manufacturer. Typical may -an one selected app3jcitiOn 
or a composite one, neither of which w i l l  probably fit the circuit W o  which 
the component ie ultimately placed. This is especially true wbere compon-
ent ratings are halved ar here at ISM. On the other hand this life data may 
krdicate the guaranteed life of the component during which time the manu-
facturer w i l l  replace the component which has exceeded its specifications. 
This urually depends -re on the ri6k that the manufacturer w i l l  take than 
the actual life. The fact that 'a component has exceeded its rpecificatioas 
&illdoes not mean that it has reached its end of life, for compensating de-
viations in the other components in the circuit cam occur such that t h ~circdt 
still gives a proper output. For the abovu reasmu the use of individual com- 
ponent failure data har reeulted in pessimistic prediction8 of machine relia-
bility. 

Most articles on reliability have discuseione on the resultant reliability when 
components are combined to form a larger eystem. (Reference 1 and 2). 
Therefore, only a brief sketch will be presented here. The probability that 
a series combination of components will-not fail is the product of the hdivi-
dual probabilities of-not failing. The probability that a series combbktien of 
two cornponeate w i l l-fail i e  the rum of the individual probabilities of failure 
miaus the probability that both have failed. Mathematieally, these are stated 
a a  follows, wing pc and qc as the probabilities of failure aad successful opera- 
tion for the combination and prrand % for the individual elemclrte. Keeping in 
mind, *st pc t qc P 1and t g, 1. 

For two elements in series: 
> 

For three elements in series: 
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A diagram of th is  combination i o  shown below: 

ELEMENT 1 ELEMENT 2 E@EDdENT3 

P1 *t 

The ai@ m e t  progress through the clenwaitr, therefore p i  c d d  be thought 
of as associated with time iaterval 1, pa with time W e d  2, amel a6 on. The 
reliability of ths uambinationr is the probability a€auccerrrful operrd;im at the 
output of elemma4 3 at the end of time interval 3.  

Thus, let the: diagram be redpawn a8 follows: 

Here pa $8 arrociated with the fir&time through the eloII18nf, or tfme interval 
1, aha pa with the second time through, and so OLI, The reliability of tbAr ale-
ineat ar a function of time it the pmhbility sf swceaaful operaden at tk. 
put of the element at the end d each time irrt+rval. A ewnbhation of there two 
concepts gives the reswltaxt rcblirbility of a aerier eofflbfnaticroa aLs)a betien 
of tinu. 1 
The dif€i&y w&b this approach ir that QOICQ the fir& replacement L.made in 
the ssriur cembdjlaticwr, the cslcvlation muat be reatarted, for the rsliability 
of the sqmbccnnant may be different that the relhbiliw of the part it mplaced, 
There is a rpeciJ  caae, which OCQIU~ when the remaintag J@ of a esmpoawat 
f8  h d f t p c ~ wOf it8 prtviow hirtmy, that is, PI pz I. TUS i6  ex-
pcmeaial Uure, which ir t h  baris of the expmential law of reliaWp. 

Airsr repbcements have beea made on a machine the rgea Oi the co~~~pposIoII$a 
w i l l  vary widely and the zttplacemmti averaged over a long pe*d af time w i l l  
occujc at a colzatamt rate Waich i s  the reciprocal of the mwm life of tbr, coxnpww 
eat. Uader tkem drctmstaace8, what fr the mean tima between rqdacarmaa?
Et is the reciprocal of the teplrcexnent rate. (Reference 5 aad 6). That is, ff 
there axe M failures or ratplacements mcesrary ia a tirms period, T d t r  ba& 
fhe average or rnelu~t h e  bdtween replaeemdlYt8 wi l l  be T/M, rhce tba replace-
ment rate ir M/T.  For emunph, camsider a die, where rolling a *tOrU*is e m -
aidered o fahre. On the average we know that a fourw i l l  cane pp m e  out of 
six timer. The fallwe rate ir one failure each s i x  r&a end mur betweem 
failure8 is six rdlr .  The example could be extended to &termhe tfa+ probabiWy 
of exactly X awmber of rolla from me four to the next. Inme sixth of the caoeo 
a four w i l l  occur on the nelrt roll, in 5/36ths of the c a m s  a four wi l l  occur em the 
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Far a moond example, 1st us areux~ethat the mean of the output df&titrlbutfsn 
linearly approacher the boundary of the region of praper performaawe a0 befolrs, 
but h this antunpfe a 8 r w  $hat the v a r h c e  bcrcererr linearly with the. nguPe 
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