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A rel iabi l i ty b lock d iag ram  (RBD)  i s  a  p ictorial  representation  of  a  system's  successfu l  
function ing .  I t  shows  the  l og ical  connection  of  ( function ing )  componen ts (represen ted  by 
blocks) needed  for  successfu l  operation  of  the  system  (hereafter referred  to  as  “system  
success”) .  Therefore  an  RBD  i s  equ ivalen t  to  a  l og ical  equation  of  Boolean  variables  and  the  
probabi l i sti c  calcu lati ons  are  primari ly  related  to  constan t  values  of  the  block success/fai lu re  
probabi l i t i es.   

Many d i fferen t  analyti cal  methods  of  dependabi l i ty  analysis  are  avai lable,  o f  wh ich  the  RBD is  
one.  Therefore,  the  purpose  of  each  method  and  thei r  i nd ividual  or  combined  appl i cabi l i ty  i n  
evaluating  the  avai labi l i ty,  re l iabi l i ty,  fai l u re  frequency and  other  dependabi l i ty  measures  as  
may be  appl i cable  to  a  g i ven  system  or  component  shou ld  be  examined  by the  analyst  prior  to  
decid i ng  to  use  the  RBD.  Consideration  shou ld  also  be  g iven  to  the  resu l ts  obtainable  from  
each  method ,  data requ i red  to  perform  the  analysis ,  complexi ty  of  analysis  and  other factors  
i den ti f ied  i n  th is  s tandard .

Provided  that  the  blocks  i n  the  RBD  behave  i ndependently  from  each  other and  that  the  order 
i n  wh ich fai l u res  occur  does  not  matter  then  the  probabi l i sti c  calcu lations  can  be  extended  to  
t ime  dependent  probabi l i sti c  calcu lations  i nvolving  non-repai red  as  wel l  as  repai red  blocks  
(e. g .  b locks  represen ting  non-repai red  or  repai red  componen ts) . I n  th i s  case  th ree  
dependabi l i ty  measures  related  to  the  system  successfu l  function ing  have  to  be  considered :  
the  re l iabi l i ty i tsel f,  RS(t) , bu t  al so the  avai labi l i ty,  AS(t)  and  the  fai l u re  frequency,  wS(t) . Wh i le,  
for  systems  i nvolvi ng  repai red  componen ts,  the  calcu lations  of  AS(t)  or  wS(t)  can  be  done  
qu i te  straigh tforward ly,  the  calcu lation  of  RS(t)  impl ies  systemic  dependencies  (see  defin i t i on  
3 . 34)  wh ich  cannot  be  taken  i n to  accoun t  wi th in  the  mathematical  framework of  RBDs.   
Nevertheless,  i n  particu lar cases,  approximations  of  RS(t)  are  avai lable.

The  RBD  techn ique  i s  l i nked  to  fau l t  tree  analysis  [1 ] 1 and  to  Markov techn iques  [2 ] :  

? The  underlying  mathemati cs  i s  the  same  for  RBDs  and  fau l t  tree analysis (FTA) :  when  an  
RBD  i s  focused  on  system  success,  the  FT i s  focused  on  system  fai l u re.  I t i s  always  
possible  to  transform  an  RBD  i n to  an  FT and  vi ce  versa.  From  a mathematical  po in t  o f  
vi ew,  RBD  and  FT models  share  dual  l og ical  expressions.  Therefore,  the  mathematical  
developments  and  the  l im i tati ons  are  s im i lar  i n  both  cases.

? When  the  avai labi l i ty  A i (t)  o f  one block can  be  calcu lated by us ing  an  i nd ividual  Markov 
process [2] independen t of  the  other blocks, th is  avai labi l i ty,  A i (t) ,  can  be  used  as  i npu t  for  
the  calcu lations  re lated  to  an  RBD includ ing  th i s  b lock.  Th is  approach  where  an  RBD  
provides  the  log ic  structu re  and  Markov processes numerical  values  of the  avai labi l i t i es  of  
the  blocks  i s  cal led  "RBD  driven  Markov processes" .  

For  systems where  the  order  of  fai lu res  i s  to  be  taken  i n to  account,  or  where  the  repai red  
blocks  do  not  behave  i ndependen tly  from  each  other or where  the  system  re l iabi l i ty,  RS(t) ,  
cannot  be  calcu lated  by  analyti cal  methods,  Monte  Carlo  s imu lation  or  other  model l i ng  
techn iques,  such  as  dynamic RBDs,  Markov [2 ] or Petri  net  techn iques  [3 ] ,  may be more  
su i table.

_______________

1   N umbers  i n  square  brackets  refer  to  the  B i bl i og raphy.
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1  Scope

Th is  I n ternational  Standard  describes:  

? the  requ i rements  to  apply when  re l iabi l i ty  b lock d iag rams  (RBDs)  are  used  i n  
dependabi l i ty  analysis;

? the  procedures  for  model l i ng  the  dependabi l i ty  of  a  system  wi th  re l i abi l i ty  b lock d iag rams;

? how to  use  RBDs  for  qual i tati ve  and  quan ti tati ve  analysis;

? the  procedures  for  us ing  the  RBD  model  to  calcu late  avai labi l i ty,  fai l u re  frequency and  
re l iabi l i ty  measures  for d i fferen t  types  of  systems  wi th  constan t (or t ime  dependent)  
probabi l i t i es  of  blocks success/fai l u re,  and  for  non-repai red  blocks  or  repai red  blocks;   

? some  theoretical  aspects  and  l im i tations  i n  perform ing  calcu lations  for  avai labi l i ty,  fai l u re  
frequency and  re l iabi l i ty  measures;  

? the  re lationsh ips  wi th  fau l t  tree  analysis  (see  IEC  61 025 [1 ] )  and  Markov techn iques  (see  
I EC  61 1 65 [2] ) .

2  Normative references

The  fol l owing  documents,  i n  whole  or  i n  part,  are  normatively referenced  i n  th i s  document  and  
are ind ispensable  for  i ts  appl i cation .  For dated  references,  on ly  the  ed i tion  ci ted  appl i es.  For 
undated  references,  the  latest  ed i ti on  of  the  referenced  document  ( i nclud ing  any 
amendments)  appl ies.

IEC  60050-1 92,  International Electrotechnical Vocabulary  – Part 192: Dependability
(avai lable  at  h ttp: //www.electroped ia. org )

IEC  61 703, Mathematical expressions for reliability,  availability,  maintainability and 
maintenance support terms

3  Terms and  defin i tions

For the  pu rposes  of  th i s  document,  the  terms  and  defin i t i ons  g i ven  i n  I EC  60050-1 92  as  wel l  
as  the  fo l lowing  apply.

NOTE Some  terms  have  been  taken  from  I EC  60050-1 92  and  mod i fi ed  for  the  needs  o f  th i s  s tandard .

3.1   
rel iabi l i ty block d iagram
RBD
l og ical ,  g raph ical  represen tation  of  a  system  showing  how the  success  states  of  i ts  sub- i tems  
(represented  by blocks)  and  combinations  thereof,  affect  system  success  state  

Note  1  to  en try:   The  RBD  techn i que  was devel oped  a  l ong  t ime  ago  when  the  term  “re l i abi l i ty”  was  u sed  as  an  
umbre l l a  term  for  “successfu l  fu ncti on i ng ”.  Th i s  umbre l l a  term  i s  n ow superseded  by “dependabi l i ty” .  Neverthel ess
i t  i s  s t i l l  i n  u se  i n  the  vernacu lar  l anguage  and  terms  l i ke  “ re l i abi l i ty  eng i neeri ng ”,  “ re l i abi l i ty  s tud i es”  or  “ re l i abi l i ty
block d i ag ram”.  Therefore  the  term  “re l i abi l i ty”  u sed  i n  RBD  does  not  mean  that  th i s  techn i que  al l ows  to  cal cu l ate
the  re l i abi l i ty  o f  a  complex  system  s trai gh tforward l y  from  re l i abi l i t i es  o f  i ts  consti tu t i ng  bl ocks  (see  1 0 . 3 . 1 . 4) .   

Note  2  to  en try:  An  RBD  i s  a  d i rected  acycl i c  g raph  ( i . e .  a  g raph  wi thou t  l oops)  represen ti ng  the  l og i cal  l i nks  
between  the  success  s tate  of  a  system  and  the  success  s tates  o f  i ts  consti tu t i n g  b l ocks.  Th i s  l og i cal  arch i tectu re  i s  
main l y  represen ted  by  conven t i onal  seri es  and  paral l e l  g raph i cal  s tructu res  (see  C l ause  4  and  C lause  7) .
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Note  3  to  en try: RBDs  may be  extended  to  represen t  mu l t i -s tate  ( i . e .  more  than  two  s tates)  systems  bu t  those  
extensi ons  cannot  be  hand l ed wi th i n  the  Boolean  framework.

[SOURCE:  IEC  60050-1 92:201 5,  1 92-1 1 -03,  mod i fied  – Notes  added]

3.2   
Boolean  related  model
mathematical  model  where  the  state  of  a  system  i s  represen ted  by a  l og ical  function  of  
Boolean  variables  representing  the  states  of  i ts  components

Note  1  to  en try: A Boo lean  vari able  a on l y  has  two  val ues  and  a  l og i cal  functi on  o f  several  Bool ean  vari ables  al so  
has  on l y  two  val ues .  Those  two  val ues  may be  for  example ,  { 0 ,  1 } ,  { up,  down } ,  { true ,  fa l se} ,  {worki ng ,  fai l ed } ,  e tc.  
The  underl yi ng  mathemati cs  beh i nd  the  l og i cal  fu ncti ons  i s  Boo lean  al gebra.     

3.3   
RBD driven  Markov process
Markov process  model led  by an RBD  made  of  blocks  model led  by i nd ividual  sub-Markov 
models  behaving  i ndependen tly  from  each  other

Note  1  to  en try: The  u nderl yi ng  l og i c  o f  an  RBD  al l ows  to  combi ne the  i nd i vi dual  avai l abi l i t i es  o f  the  b l ocks  to  
obtai n  the  system  avai l abi l i ty.  When  the  b l ock are  model l ed  by  smal l  i nd i vi dual  Markov processes  (e . g .  wi th  l ess  
than  1 0  s tates)  the  RBD  i s  equ i val en t  to  the  Markov process  re lated  to  the  system wh i ch  may encompass  m i l l i ons  
o f  s tates.  Th i s  i s  the  bas i s  fo r  most  o f  the  probabi l i s t i c  cal cu lat i ons  ach i eved  wi th  RBDs.  Such Markov process  bu i l t  
th rough  the  u se  o f  the  RBD  as  g u i del i ne  i s  cal l ed  "RBD  d ri ven  Markov process" .

Note  2  to  en try: The  i ndependen t  Markov process  i s  developed  i n  [2 ] .

3.4   
dynamic  RBD
DRBD
rel iabi l i ty  block d iag ram  where  the  assumption  of  i ndependency between  the  blocks  i s  not  
fu l f i l l ed   

Note  1  to  en try: The  b l ocks  o f  a DRBD  can  have  i n teracti ons  wi th  e l ements  external  to the  RBD  i tsel f .   

3.5   
non-coherent  RBD
rel iabi l i ty  b lock d iag ram  model l i ng  a  non-monoton ic  l og ical  function

Note  1  to  en try: A non -coheren t  RBD  i s  an  RBD  where  the  b l ocks  may appear  both  i n  d i rect  and  i n verted  s tates  
(see  Table  3 ) .  I n  th i s  case ,  some  of  the  m i n imal  success  path  (see  defi n i t i on  3 . 1 5)  may have  some  b l ocks  i n  down  
s tate  and  some  m i n imal  fai l u re  paths ,  some  b l ocks  i n  up  s tate .  The  concepts  o f  m i n imal  t i e  and  cu t sets  are  no  
l onger val i d  and  have  to  be  repl aced  by  the  concept  o f  prime  impl i can ts .

Note  2  to  en try: I n  a  n on -coheren t  RBD,  a  m i n imal  success  path  may become  a  fai l u re  path by the  repai r  o f  a  
b l ock i n  down  state  and  a  m i n imal  fai l u re  path  may become  a  success  path by a  fu rther  fai l u re  o f  one  bl ock i n  u p  
s tate .  Th i s  i s  why they are  named  "non -coheren t" .  

3.6   
i tem
subject  being  considered

Note  1  to  en try: I n  th i s  I n ternati onal  Standard  the  word  “ i tem”  covers  main l y  the  system  model l ed  by  the  RBD  and  
the  “b l ocks”  i n  the  RBD.

[SOURCE:  IEC  60050-1 92:201 5,  1 92-01 -01 , mod i fied  – Notes  to  en try  have been  deleted ,
Note  1  to  en try has  been  added]

3.7  
block
basic  e lement  used  to  bu i l d  an  RBD

Note  1  to  en try: A bl ock has  on l y  two  s tates  (up  and  down )  and  may represen t  any i tem  wi th  two  s tates  (e . g .  
componen ts ,  fu ncti ons ,  subsystems)  repai red  or  n ot  repai red .  By analogy and  to  s impl i fy  the  word i ng ,  a  
repai red /non -repai red  b l ock represen ts  a  repai red /non -repai red  i tem ,  the  fai l u re/repai r  o f  a  b l ock represen ts  the  
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fai l u re/repai r  o f  the  mode l l ed  i tem  and  the up/down  state  o f  a  b l ock represen ts  the  up/down  s tate  of  the  model l ed  
i tem .

Note  2  to  en try: The  n umber o f  s tates  may be  extended  to  more  than  two  s tates  i n  o rder to  represen t  mu l t i -state  
( i . e .  more  than  two  s tates)  systems  bu t  those  extensi ons  cannot  be  hand led  wi th i n  the  Boolean  framework.    

N ote  3  to  en try:  For  the  pu rposes  o f  th i s  s tandard ,  the  b l ocks  are  d i vi ded  between  "e l emen tary b l ocks"  – or  more  
s imply,  "b l ocks"  – and  "composi te  bl ocks"  compri s i ng  several  "e l emen tary b l ocks" .  Th i s  i s  i l l u strated  i n  Tabl e  3 .

3.8   
repeated  block
block appearing  more  than  once  i n  an  RBD

Note  1  to  en try: Repeated  bl ocks  represen t  the  same  physi cal  i tems.  Th i s  shou l d  not  be  con fused  wi th  dupl i cated  
b l ocks  wh i ch  represen t  d i fferen t  bu t  s im i l ar  phys i cal  i tems  used  to  impl emen t  redundancy.  

Note  2  to  en try: Repeated  b l ocks  can  appear i n  the  d i rect  o r  i nverted  s tate  ( i . e . ;  the  bl ock appears  i n  up  s tate  i n  a  
part  o f  the  RBD  and  down  s tate  i n  another  part ,  o r  vi ce  versa) .  They are  very  u sefu l  to  represen t  RBDs  re l ated  to  a
complex  system  or  for  represen ti ng  RBDs  i n the  form  of success  o r fai l u re  paths (see  8 . 2) .  

3.9   
up  state
avai lable  state
state  of  being  able  to perform  as  requ i red

Note  1  to  en try: The  absence  o f  necessary external  resources  may preven t  operati on ,  bu t  do  no t  affect  the  up  
s tate .

Note  2  to  en try: Up  state  re lates  to  avai l abi l i ty  o f  the  i tem .   

N ote  3  to  en try: An  i tem  may be  consi dered  to  be  i n  an  u p  s tate  for  some  functi ons  and  i n  a  down  state  for  o thers,  
concu rren tl y.

Note  4  to  en try: The  ad j ect i ves  "up"  and  “avai l abl e”  des i gnate  an  i tem  i n  an  up  s tate.

Note  5  to  en try: Wi th i n  the  con text  o f  RBDs,  the  s tate  o f  a  b l ock i s  i den ti cal  to  the  s tate  o f  the  componen t
model l ed  by  th i s  b l ock.  Therefore  a  b l ock i n up  s tate  refers  to  a  componen t i n  up  s tate . The  same  concept  appl i es  
to  the  RBD  and  the  correspond i ng  system.

Note  6  to  en try: Wi th i n  an  RBD  and  by  analogy wi th  an  e l ectri cal  c i rcu i t ,  a  b l ock i n  the  up  s tate  can be  consi dered
as  a  vi rtual swi tch i n cl osed  pos i t i on and a b l ock i n  the  down  state  as  a  vi rtual  swi tch  i n  open  pos i t i on .

[SOURCE:  IEC  60050-1 92:201 5,  1 92-02-01 , mod i fied  – Note  5  to  en try and  Note  6  to  en try  
have  been  added]

3.1 0   
up  t ime
t ime  i n terval  for  wh ich  the  i tem  i s  i n  an  up  state

[SOURCE:  IEC  60050-1 92:201 5,  1 92-02-02]

3.1 1   
mean  up  t ime
MUT 
expectation  of  the  up  time

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-09]

3.1 2   
down  state
unavai lable state
state  of  being  unable  to  perform  as  requ i red ,  due  to  i n ternal  fau l t,  or  preven tive  main tenance

Note  1  to  en try: “Down”  s tate  re l ates  to  unavai l abi l i ty  o f  the  i tem .  

Note  2  to  en try: The  ad jecti ves  “down”  or  “u navai l able”  des i g nate  an  i tem  i n  a  down  s tate.
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Note  3  to  en try: Wi th i n  the  con text  of  RBDs,  the  s tate  o f  a  b l ock ( respecti vel y an  RBD)  i s  ass im i l ated  to  the  s tate  
o f  the  componen t  ( respecti vel y  the  system )  mode l l ed  by th i s  b l ock ( respecti ve l y th i s  RBD) .  Therefore  a  b l ock 
( respecti ve l y an  RBD)  i n  down  state  refers  to  a  componen t  ( respecti ve l y  a  system)  i n  down  s tate .

Note  4  to  en try: Wi th i n  an  RBD,  a  b l ock i n  the  down  state  may be  i n terpreted  as  an  open  e l ectri cal  swi tch .  

[SOURCE:  IEC  60050-1 92:201 5,  1 92-02-20, mod i fied  – Note  3  and  4  to  en try have been  
added]

3.1 3   
down  time
t ime  i n terval  for  wh ich  the  i tem  i s  i n  a  down  state

[SOURCE:  IEC  60050-1 92:201 5,  1 92-02-21 , mod i fied  – the  f i gu re  and  Note  1  to  en try have
been  deleted ]  

3.1 4   
mean  down  time
MDT 
expectation  of  the  down  t ime

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-1 0]

3.1 5   
success  path
tie  set
set  of  b l ocks,  wi th  each  bl ock i n  the  set  be i ng  i n  the  up  state  thus  resu l t i ng  i n  the  RBD  to  be  i n  the  
up state

Note  1  to  en try: The  name  t i e  se t  i s  g i ven  by  anal ogy wi th  an  e l ectri cal  c i rcu i t :  the  bl ocks  i n  up  s tates  consti tu te  a  
c l osed  ( t i ed )  c i rcu i t  between  the  RBD  i npu t  and  the  RBD  ou tpu t.

3.1 6   
m in imal  t ie  set
t i e  set  such  as  that  any fai lu re  of  one  of  the  blocks  i n  up  state  also  fai l s  the  whole  RBD

Note  1  to  en try: I n  a  m i n imal  t i e  set,  every b l ock i n  u p  s tate  i s  necessary to  retai n  the  RBD  i n  u p  s tate .  

Note  2  to  en try: The  order  of  a  m i n imal  t i e  set  i s  g i ven  by the  number  o f  b l ocks  i n  the  set  i n  up  s tate:  order  1  
compri ses  1  b l ock i n  u p  s tate,  order 2  compri ses  2  b l ocks  i n  u p  state,  e tc.

3.1 7  
fai lure  path
cut  set
set  of  blocks,  wi th  each  block i n  the  set  being  i n  the  down  state  thus  resu l ti ng  i n  the  RBD  to  
be  i n  the  down  state

Note  1  to  en try: The  name  cu t  set  i s  g i ven  by analogy wi th  an  e l ectri cal  c i rcu i t :  the  bl ocks  i n  down  state  consti tu te  
an  open  (cu t)  c i rcu i t  between  the  RBD  i npu t  and  the  RBD  ou tpu t.

3.1 8   
m in imal  cut  set
cu t  set  such  as  that  any restoration of  one  of  the  blocks  i n  down  state  also  restore the  RBD to  
up  state

Note  1  to  en try: I n  a  m i n imal  cu t  set,  every b l ock i n  down  s tate  i s  necessary to  retai n  the  RBD  i n  down  s tate  

Note  2  to  en try: The  order  o f  a  m i n imal  cu t  set  i s  g i ven  by  the  number  o f  b l ocks  i n  the  down  s tate :  order  1  
compri ses  1  b l ock i n  down  state ,  order  2  compri ses  2  b l ocks  i n  down  s tate ,  e tc.

3.1 9   
d isjoint  set  of  elements
set  of  Boolean  e lements  whose  i n tersections  are  empty 
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EXAMPLE I f  )( d

i
C i s  a  set  o f  d i s j o i n t  cu t  se ts  then jiCC

ji
???? dd ? and  therefore,  the  

probabi l i ty jiCCP
ji

????    0)( dd
.  

N ote  1  to  en try: The  term  "e l emen t"  i s  u sed  here  i n  the  general  mean i ng  u sed  i n  the  set  theory,  i . e .  a  member of  
a  g i ven  co l l ecti on  o f  objects .   

N ote  2  to  en try: D i s j o i n t  e l emen ts  are  i ncompati bl e :  when  one  i s  true,  the  o ther  i s  fal se  and  vi ce  versa.  Th i s  
descri bes mu tual  excl u s i veness and ,  therefore,  complete  dependency between the  e l ements .

3.20   
avai labi l i ty 
? i tem? ? abi l i ty  to  be  i n  up  state

[SOURCE:  IEC  60050-1 92:201 5,  1 92-01 -23,  mod i fi ed  – notes  have  been  deleted ]  

3.21   
A(t)  
i nstantaneous avai labi l i ty 
point  avai labi l i ty
?measure? ? probabi l i ty  of  being in  up  state  at  a  g iven  i nstan t  

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-01 ,  mod i fi ed ]

3.22   
U(t)
instantaneous unavai labi l i ty 
point  unavai labi l i ty
?measure? probabi l i ty  of  being in  down  state  at  a  g i ven  i nstan t  

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-04,  mod i fi ed ]

3.23   
Aavg (t1 ,  t2)  
mean  avai labi l i ty
average avai labi l i ty
?measure? average  value  of  the  i nstan taneous  avai labi l i ty  over a  g i ven  time  i n terval  [t1 ,  t2 ]  

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-05, mod i fied  – Note  1  to  en try  has  been  deleted ]

3.24   
Uavg (t1 ,  t2 )  
mean  unavai labi l i ty 
average unavai labi l i ty
?measure? average  value  of  the  i nstan taneous  unavai labi l i ty  over  a  g i ven  time  i n terval  (t1 ,  t2 )  

Note  1  to  en try: The  mean  u navai l abi l i ty  o f  a  safety  i n strumen ted  system  (see  I EC  61 508 [5 ] )  i s  al so  cal l ed  
“average  probabi l i ty  o f  fai l u re  on  demand”  (Acronym :  PFD

avg
) .

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-06, mod i fied  – Note  1  to  en try  has  been  replaced ]

3.25   
Ast

Aas

steady state  avai labi l i ty
asymptotic  avai labi l i ty
l im i t,  i f  i t  exi sts,  of  the  i nstan taneous  avai labi l i ty,  when  the  time  tends  to  i n fi n i ty
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Note  1  to  en try: Under  certai n  cond i t i ons,  the  s teady s tate  avai l abi l i ty  may be  expressed  as  the  quoti en t  

MUT/(MUT?MDT) .  See  I EC  61 703 .

[SOURCE:  IEC  60050-1 92:201 5,  1 92-08-07,  mod i fi ed  – Note  1  to  en try  mod i fied ]

3.26  
rel iabi l i ty 

? i tem? ? abi l i ty  to  perform  as  requ i red ,  wi thou t  fai l u re,  for  a  g i ven  t ime  i n terval ,  under g i ven  
cond i ti ons

[SOURCE:  IEC  60050-1 92:201 5,  1 92-01 -24, mod i fied  – Notes  to  en try have been  deleted ]  

3.27  
R(t1 ,  t2)
R(t)
rel iabi l i ty 
?measure? ? probabi l i ty  of  perform ing  as  requ i red  for  t ime  i n terval  [t1 ,  t2 ] ,  u nder g i ven  
cond i t i ons

Note  1  to  en try: The  re l i abi l i ty  R( t)  i s  the  re l i abi l i ty  for  the  t ime  i n terval  [0 ,  t] .

[SOURCE:  IEC  60050-1 92:201 5,  1 92-01 -24, mod i fied  – Notes  to  en try were  replaced  by new 
Note  1  to  en try]

3.28  
F(t1 ,  t2)  
F(t)
unrel iabi l i ty 
?measure? ? probabi l i ty  of  not  perform ing  as  requ i red  for  t ime  i n terval  [t1 ,  t2 ] ,  u nder g i ven  
cond i ti ons

Note  1  to  en try: The  un rel i abi l i ty  F( t)  i s  the  un re l i abi l i ty  for  the  t ime  i n terval  [0 ,  t] .

Note  2  to  en try: The  un rel i abi l i ty  i s  the  complemen t  to  1  o f  the  re l i abi l i ty:  F( t) =1 -R( t) .

3.29   
?(t)

instantaneous fai lure  rate
fai lure  rate
l im i t,  i f  i t  exists,  of  the  quotien t  o f  the  cond i t ional  probabi l i ty  that  an  i tem  goes  from  up  state to  

down  state  wi th in  t ime  i n terval  [t,  t ? ?t] , and  ?t, when  ?t tends  to  zero,  g i ven  that  i t  has  not  
been  i n  down  state  wi th in  t ime  i n terval  [0 ,  t]

Note  1  to  en try: The  defi n i t i on  has  been  adapted  from  IEC  60050-1 92  to  al so  cover  repai rable  i tems:

– i f  the  i tem  has  no  i n ternal bu i l t - i n redundancy,  the  fai l u re  rate  i s  i den ti cal  to  what  i t  wou ld  be  i f  i t  was  not  
repai rable;

– i f  the  i tem  has  bu i l t- i n  i n ternal  redundancy i t  can  remain  i n  up  s tate  when  some  redundan t  parts  are  fai l ed .  
Therefore,  those  fai l u res  are  repai rable  as  l ong  as  the  who l e  i tem  has  no  trans i t i on to the  down  s tate  due  
to  a  fu rther part  fai l u re .  

Note  2  to  en try: The terms fai l u re  rate  (3 . 29) , cond i t i onal  fai l u re  i n tens i ty  (3 . 30)  and  u ncond i t i onal  fa i l u re  i n tens i ty  
(3 . 31 )  seem  s im i l ar  bu t  they d i ffer  by  the  cond i t i onal  even ts  used  i n  the i r  defi n i t i ons.  Even  i f  these  parameters  can  
have  c l ose  numeri cal  val ues  i n  part i cu l ar  cases,  they behave  i n  d i fferen t  ways  and  shou ld  not  be  con fused wi th  
each  o ther.

[SOURCE:  IEC  60050-1 92:201 5,  1 92-05-06,  mod i fi ed  – Notes  to  en try  have  been  replaced  by 
new notes  to  en try]  
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3.30   
?v(t)

i nstantaneous  condi tional  fai lure  in tensi ty
condi tional  fai lure  intensi ty
Vesely fai lure  rate
l im i t,  i f  i t  exi sts,  o f  the  quotien t  of  the  cond i ti onal  probabi l i ty that  the  fai l u re  of  an  i tem  occurs  

wi th i n  t ime  i n terval  [t,  t ? ?t] , and ?t, when  ?t tends  to  zero,  g i ven  that  the  i tem  was  i n  up  state  
at  t ime  t and  at  t ime  0

Note  1  to  en try: See  Note  2  to  en try  o f  the  fai l u re  rate  defi n i t i on  (3 . 29) .

3.31   
w(t)

i nstantaneous uncondi tional  fai lure  in tensi ty
uncondi tional  fai lure  in tensi ty
fai lure  frequency
l im i t,  i f  i t  exists,  o f  the  quotien t  of  the  cond i t i onal  probabi l i ty  that  the  fai l u re  of  an  i tem occurs  

wi th i n  t ime  i n terval  [t,  t ? ?t] , and ?t, when  ?t tends  to  zero,  g i ven  that  the  i tem  was  i n  up  state  
at  t ime  0

Note  1  to  en try: See  Note  2  to  en try  o f  the  fai l u re  rate  defi n i t i on  (3 . 29) .

Note  2  to  en try: Th i s  parameter  i s  equ i valen t  to  the  fai l u re  i n tens i ty  def i ned  i n  I EC  60050-1 92:201 5,  1 92-05-08.
The  name  has  been  mod i f i ed  to  d i s ti ngu i sh  i t  f rom  the  term ,  cond i t i onal  fai l u re  i n tens i ty  (3 . 30 ) .

3.32   
wavg (0,T)  
average fai lure  frequency
number of  fai l u res  per un i t  o f  t ime  of  an  i tem  averaged  over a  g i ven  period  of  t ime  T

Note  1  to  en try: I f N i s  the  number  o f  fai l u res  of  the  i tem  over  [0 ,  T]  then  the  average  fai l u re  frequency  over th i s  
peri od  o f  t ime  i s  cal cu l ated  as  wavg (0 ,T)  =  N/T.

Note  2  to  en try: I f m i s  the  mean  t ime  between  fai l u res  (see  I EC  60050-1 92)  o f  an  i tem  then  the  average  number 

o f  fai l u res  occu rri ng  over [0 , T]  i s  N?T/m. Therefore  wavg (0 ,T)  =  N/T ?  1/m.

Note  3  to  en try: Mathemati cal l y  speaki ng ,  wavg (0 ,T)  i s  the  average  o f  w(t) over  [0 ,  T] .  Then  

??
T

dw
T

Tw
0

avg )(
1

),0( ?? .  

3.33   
mean  operating  time to  fai lure
MTTF
expectation  of  operating  t ime  to  fai l u re

Note  1  to  en try: I n  the  case  o f  non -repai rable  i tems  wi th  an  exponen ti al  d i s tri bu ti on  o f  t imes  to  fai l u re  ( thus a
constan t  fai l u re  rate)  the  MTTF i s  numeri cal l y  equal  to  the  reci procal  o f  the  fai l u re  rate .  Th i s  i s  al so  true  for 
repai rabl e  i tems  i f ,  after  restorati on ,  they can  be  consi dered  to  be  “as-good-as-new”.

Note  2  to  en try: Th i s  note  on l y  appl i es  to  the  French  l anguage.

[SOURCE  IEC  60050-1 92,  1 92-05-1 1 , mod i fi ed  – Note  2  to  en try  has  been  deleted ]

3.34   
systemic  dependency
hol istic  dependency
dependency between  the  parts  of  a  system  wh ich  are  re lated  to  the  system  considered  as  a 
whole

EXAMPLE  1 A s i ng l e  repai r  team  const i tu tes  a  system ic  dependency between  repai rabl e  i tems:  when  an  i tem  fai l s  
i t  can  be  repai red  on l y  i f  the  repai r  team  i s  not  busy due to  the  repai r  o f  another  i tem  bel ong i ng  to  the  system.

EXAMPLE  2 The  re l i abi l i ty  R( t)  o f  a  system  can  be  expressed  as  the  probabi l i ty  for  the  system  to  be  i n  u p  s tate  at  
t ime  t,  provi ded  i t  has  never  been  i n  down  s tate  over  the  i n terval  [0 ,  t] .  Therefore  on l y  the  sequences  o f  even ts  
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wh ich  do  not  l ead  to  the  down  s tate  over  [0 ,  t] can  be  retai ned and  the  sequences of  even ts wh ich  i ncl ude  a  

success ion  "up  s tate"?"down  s tate"?"up  s tate"  have  to  be  excl uded from  the  cal cu l at i ons . Th i s  impl i es  that,  wi th  
regards  to  the  cal cu l at i on of R(t) ,  an i tem  go i ng  to  the  down  s tate  i s  repai rabl e  on l y  i f  the  system  remains  i n  up  
s tate  du ri ng  the  repai r  o f  the  i tem . Therefore ,  wi th  regards  to  the  cal cu l ati on  o f  R( t) ,  the  i tems  are  repai rabl e  o r  not
depend i ng  on  the  s tates  o f the  o ther  b l ocks  and  th i s  consti tu tes system ic dependencies between  al l  b l ocks of  the  
RBD  model l i ng  the  system .   

Note  1  to  en try: A system i c  dependency cannot  be  descri bed  as  a  l ocal  property  o f  the  i nd i vi dual  i tems  of  the
system .

3.35   
binary decision  d iagram
BDD
compact  deci s ion  tree based  on  the  Shannon  decomposi t i on  of  a  Boolean  expression

Figure  1  – Shannon  decomposi tion  of  a  simple  Boolean  expression  and  resu l ting  BDD

Note  1  to  en try: Fi gu re  1 i l l u strates  how the  s imple  Bool ean  expression  s  =  a ? ? b can  be  transformed  i n to  a  
deci s i on  tree  by  u s i ng  the  Shannon  decomposi t i on  and  then  how the  correspond i ng  BDD  i s  obtai ned  by  g atheri ng  
the paths  g i vi ng  the  same  val ue  (0  or  1 )  o f  the  Bool ean  expressi on .

Note  2  to  en try: Mathemati cal l y  speaking ,  BDDs  are  rooted ,  d i rected  acycl i c  g raphs.  Th i s  i s  a  data s tructu re  
express i ng Boo lean  express ions  as  u n i ons  o f  d i s j o i n ted  terms.  Th i s ,  i n  tu rn ,  l eads to  exact  probabi l i s t i c  
cal cu l at i ons.  Th i s  i s  the  s tate  o f  the  art  wi th  regards  to  probabi l i s t i c  cal cu lat i on  on  Boo l ean  re l ated  model s . More  
detai l s  abou t  BDDs  can  be  found  i n  reference  [33 ] .  

Note  3  to  en try: Th i s  note  on l y  appl i es  to  the  French  l anguage.

4 Symbols  and  abbreviated  terms 

Table  1  – Acronyms used  in  IEC 61 078 

Abbreviation/Acronym Mean ing

BDD Binary deci s i on  d i ag ram .

CCF Common  cause  fai l u re .

FMEA Fai l u re  modes  and  e ffects  anal ys i s .  

FT,  FTA Fau l t  tree,  fau l t  tree  anal ys i s .  

MTTF Mean  operati ng  t ime  to  fai l u re .

MTTR Mean  t ime  to  restorati on .

DRBD Dynam ic  re l i abi l i ty  b l ock d i ag ram .

PFDavg Average  of  the  probabi l i ty  o f  fai l u re  on  demand  (mean  unavai l abi l i ty) .  

PAND Priori ty AND  gate .

PN Petri  n et.

RBD Rel i abi l i ty  b l ock d i ag ram .

SEQ Sequen t i al  g ate .

IEC

a

s = a + b

1

1 0

1 0

Decision
node

b

01

a

s = a + b

1 0

1 0

b

01

s = a + a.b s = a . b

Shannon decomposition Binary decision  diagram

a

a.b a . b

Decision
node

a

s = a + b

1

1 0

1 0

Decision
node

b

01

a

s = a + b

1 0

1 0

b

01

s = a + a.bs = a + a.b s = a . bs = a . b

Shannon decomposition Binary decision  diagram

a

a.ba.b a . ba . b

Decision
node
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Table  2  – Symbols  used  in  IEC 61 078 

Symbol Mean ing

S System  model l ed  by  an  RBD.

SX C, . . ) ,B,(A,X ?? Blocks  used  wi th i n  an  RBD.  S  i s  reserved  for  the  system  and  the  
o ther  l e tters  for  the  b l ocks.

state up"" inS ?s Boo lean  vari abl e  i nd i cati ng  that  the  system  S  i s  i n  the  up  s tate .  
Th i s  i s  al so  the  even t  "S  i n  u p  s tate" .

state down"" inS ?s Boo lean  vari abl e  i nd i cati ng that  the  system  S  i s  i n  the  down  s tate .  
Th i s  i s  al so  the  even t  "S  i n  down  state" .

state up"" in X?x Boolean  vari abl e  i nd i cati ng  that  b l ock X i s  i n  the  up  s tate .  Th i s  i s  
al so  the  even t  "X  i n  up  s tate" .

state down"" in X?x Boolean  vari abl e  i nd i cati ng  that  b l ock X i s  i n  the  down  s tate.  Th i s  
i s  al so  the  even t  "X  i n  down  s tate" .

)() ,( ii C? Min imal  success  paths  (m in imal  t i e  se ts ) ,  m i n imal  fai l u re  paths  
(m i n imal  cu t  sets) .

)() ,( dd

i
Ci?

Dis j o i n t  success  paths  (d i s jo i n t  t i e  sets ) ,  d i s j o i n t  fai l u re  paths  
(d i s j o i n t  cu t  sets ) .

(. )P Probabi l i ty  fu ncti on .

)stateup""inS(PPs ? Constan t  probabi l i ty  that  the  system  S  i s  i n  the  up  s tate .

)statedown"" inS(PPs ? Constan t  probabi l i ty  that  the  system  S  i s  i n  the  down  state .

)stateup""inX(PPx ? Constan t  probabi l i ty  that  b l ock X i s  i n  the  up  s tate .

)statedown"" inX(PPx ? Constan t  probabi l i ty  that  b l ock X i s  i n  the  down  s tate .

)state up"" in X stateup""inS(| |PP xs ? Cond i t i onal  probabi l i ty  that  the  system  S  i s  i n  the  up  s tate  g i ven  
that bl ock X i s  i n  the  u p  s tate .

)state down"" in X stateup""inS(| |PP xs ? Cond i t i onal  probabi l i ty  that  the  system  S  i s  i n  the  up  s tate  g i ven  
that bl ock X i s  i n  down  state .

(t)Ps
Time  dependen t  probabi l i t i es  that  the  system  S  i s  i n  the  up  s tate .

)(tPx
Time  dependen t  probabi l i ty  that  b l ock X i s  i n  the  up  s tate .

(t)Ps
Time  dependen t  probabi l i t i es  that  the  system  S  i s  i n  the  down  
s tate .

)(tPx
Time  dependen t  probabi l i ty  that  b l ock X  i s  i n  the  down state .

),( tOKP Probabi l i ty  o f  s tate  OK at  t ime  t.  

itt,
Curren t  i nstan t  o f  t ime.  

i
TT, Time  du rati on .

],[ 21 tt , ],[],[ 21 TttT ???? 000 Time  i n terval , t
1
?t

2

) timeat state up"" in S(S )( tPtA ? Avai l abi l i ty  o f  the  system  S  at  t ime  t.

)() ,,() ,,( avg
S

avg
S21

avg
S

TATAttA 0
Average  avai l abi l i ty  o f  the  system  S  over  the  t ime  i n terval  [t

1
,  t

2
]  

o r  [0 ,T] .

as
S

st
S

avg
S

,, AAA
Average  avai l abi l i ty  o f  the  system  S  over[0 ,  ? ] ,  s teady s tate  
avai l abi l i ty  and  asymptoti c  avai l abi l i ty.

) timeat state up"" in X(X )( tPtA ? Avai l abi l i ty  o f  b l ock X  at  t ime  t.

) timeat state up"" in X(X )()( t
ii PtAtA

i
?? Avai l abi l i ty  o f  b l ock X

i
at  t ime  t.

)() ,,() ,,( avg
X

avg
X21

avg
X TATAttA 0

Average  avai l abi l i ty  o f  b l ock X  over  the  t ime  i n terval  [t
1
, t

2
]  o r  

[0 ,T] .
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Symbol Mean ing

as
X

st
X

avg
X ,, AAA

Average  avai l abi l i ty  o f  b l ock X over  [0 ,  ? ] ,  s teady s tate  avai l ab i l i ty  
and  asymptoti c  avai l abi l i ty.

) timeat state down"" in S(S )( tPtU ? Unavai l abi l i ty  o f  the  who l e  system  S  at  t ime  t.  

)() ,,() ,,( avg
S

avg
S21

avg
S

TUTUttU 0
Average  unavai l abi l i ty  o f  the  system  S  over  the  t ime  i n terval  [t

1
,  

t
2
]  o r  [0 ,T] .

as
S

st
S

avg
S ,, UUU

Average  unavai l abi l i ty  o f  the  system  S  over [0 ,  ? ] ,  s teady  s tate  
u navai l abi l i ty  and  asymptoti c  u navai l abi l i ty.

) timeat state down"" in X(X )( tPtU ? Unavai l abi l i ty  o f  b l ock X at  t ime  t.  

) timeat state down"" in X(X )()( t
ii PtUtU

i
?? Unavai l abi l i ty  o f  b l ock X

i
at  t ime  t.

)() ,,() ,,( avg
X

avg
X21

avg
X TUTUttU 0

Average  unavai labi l i ty  o f  b l ock X  over  the  t ime  i n terval  [t
1
,  t

2
]  o r  

[0 ,T] .

as
X

st
X

avg
X ,, UUU

Average  unavai l abi l i ty  o f  b l ock X  over  [0 ,  ? ] ,  s teady s tate  
u navai l abi l i ty  and  asymptoti c  u navai l abi l i ty.

])[0,overal l state up"" in S (S )( tPtR ? Rel i abi l i ty  o f  the  system  S  over  [0 ,  t] .

)(1)( SS tRtF ?? Unrel i abi l i ty  o f  the  overal l  system  S  over [0 ,  t]  ( fai l u re  d i s tri bu t i on  
o f  the  system  S) .

)(S tf Time  to  fai l u re  densi ty  fu ncti ons  of  system  S.

])[0,overal l state up"" in X (X )( tPtR ? Rel i abi l i ty  o f  b l ock X over  [0 ,  t] .

)(1)( XX tRtF ?? Unrel i abi l i ty  o f  b l ock X  over [0 ,  t]  ( fai l u re  d i stri bu ti on  o f  b l ock X) .

)(X tf Time  to  fai l u re  densi ty  fu ncti ons  of  b l ock X.

)(, SS t?? Constan t  and  t ime  dependen t  fa i l u re  rates  o f  the  system  S.

)(, VSVS t?? Cond i t i onal  fai l u re  i n tens i ty  (Vesel y  fai l u re  rate)  o f  the  overal l  
system .

)(S tw Uncond i t i onal  fai l u re  i n tens i ty  ( fai l u re  frequenci es)  o f  the  system
S,  at  t ime  t.  

)() ,,( SS TWTW 0 Expected  n umber  o f  fai l u res  o f  the  system  S  over  [0, T] .

)() ,,0(
avg
S

avg
S

TwTw
Average  uncond i t i onal  fai l u re  i n tens i ty  (average  fai l u re  frequency)  
o f  the  system  S  over [0,  T] .

)(, XX t?? Constan t  and  t ime  dependen t  fa i l u re  rates  o f  b l ock X.

)(X tw Uncond i t i onal  fa i l u re  i n tens i ty  ( fai l u re  frequenci es)  o f  b l ock X,  at  
t ime  t.  

)() ,,( XX TWTW 0 Expected  n umber  o f  fai l u res  o f  b l ock X over  [0, T] .

)() ,,0(
avg
X

avg
X

TwTw
Average  uncond i t i onal  fai l u re  i n tens i ty  (average  fai l u re  frequency)  
o f  b l ock X  over [0, T] .

Xd? Dorman t  fai l u re  rate  of  b l ock X.

)(, XX t?? Constan t  or  t ime-dependen t  repai r  rates  o f  b l ock X.

??
?

?
??
?

?

r

n Number o f  ways  o f  se l ecti ng  r blocks  from  n blocks  wi thou t  order:  

) !(!

!

rnr

n

r

n

?
???

?

?
??
?

? .  

"0 " ,  " 1 " Symbols  u sed  i n  t ru th  tabl es,  Karnaugh  map,  Shannon  
decomposi t i on  and  b i nary deci s i on  d i ag rams  to  denote  down  
( fai l u re)  s tates  and  up  (success)  s tates  o f  b l ocks  o r o f  systems.

??, Boolean  operators  denoti ng  AND  l og i c,  e . g .  baba ?? ,

( i n tersecti on ) .
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Symbol Mean ing

??, Boo lean  operators  denoti ng  OR  l og i c,  e . g .  baba ?? , (un i on ) .

?? , " Imposs ibl e"  even t  and  "certai n "  even ts .

The  use  of  the  symbols  i n  Table  3 is  recommended  when  d rafting  a  re l iabi l i ty  block d iag ram  
(RBD) .

Table  3  – Graphical  representation  of  RBDs:  Boolean  structures

Graph ical  representation Mean ing

I nd i cates  i npu t.

I nd i cates  ou tpu t.

Such  i nd i cat i ons  are  used  for  conven ience.  They are  not  mandatory,  bu t  
may be  u sefu l  where  connecti ons  have  a  d i rect i onal  s i gn i f i cance.

An  RBD  i s  a  d i rected  g raph .  The  d i rect i on  o f  each  l i nk i s  from  i npu t  to  
ou tpu t  ( i . e . ,  from  l e ft  to  ri g h t) .  When  needed ,  arrows  may be  added  to  avo id  
con fu si on .

(E lemen tary)  b l ock:  g roupi ng  o f  equ ipmen t,  componen ts,  u n i ts  or  o ther  
system  e l ements.  

Seri es  s tructu re:  the  system  i s  up  i f  A  and  B  are  i n  up  s tates.

Th i s  represen ts  the  l og i c  functi ons bas ?? .  From  a  fai l u re  po i n t  o f  vi ew i t  i s  

equ i valen t  to bas ??   

Paral l e l  s tructu re  ( fu l l  act i ve  redundancy) :  the  system  i s  up  i f  A  or  B  are  i n  
up  s tate .

Th i s  represen ts  the  l og i c  functi ons  bas ?? .  From  a  fai l u re  po i n t  o f  vi ew i t  

i s  equ i val en t  to bas ??

NOT gate:  the  ou tpu t  of  the  gate  i s  equal  to  0  when  i ts  i npu t  i s  equal  to  1  
and  vi ce-versa.

Transfer  gates:  the  ou tpu t  ? i s  l i nked  to  the  i npu t(s)  wi th  the  same  name.  
Th i s  i s  u sefu l  to :

– spl i t  l arge  RBDs  i n to  several  smal l er  parts  (sub-RBDs) ;

– transfer  the  ou tpu t  at  one  p l ace  i n  an  RBD  to  another  p l ace  i n  the  RBD.  

Compos i te  bl ock:  g roupi ng  of  e l ementary b l ocks.  Th i s  may be  u sefu l  to  
s impl i fy  the  RBD  d rawing ,  to  i nd i cate  parts  need i ng  fu rther  devel opmen t  or  
to  gather  non  i ndependen t  i nd i vi dual  b l ocks  i n to  a  s tructu re  i ndependen t  o f  
the  rest  o f  the  RBD.

Repeated  bl ocks:  the  same  b l ock represen t i ng  a  g i ven  i tem  appears  i n  
several  p l aces  o f  the  RBD  e i ther  i n  the  d i rect  s tate  or  the  i nverted  s tate  i . e .  
when  the  bl ock A  i n  d i rect  s tate  i s  "up" ,  th e  b l ock i n  the  i nverted  s tate  i s  
"down"  and  vi ce  versa.  

These  symbol s  are  used  for  non -coheren t  RBDs.

External  e l emen t  i n teracti ng  wi th  one  or  several  b l ocks  o f  the  RBD.

Th i s  symbol  i s  u sed  for  dynam ic  RBDs.IEC

AI OAI O

IEC

A

A Direct state

Inverted stateAA

AA Direct state

Inverted state

IEC

B

A

I O

C
B

A

B

A

I O

C

I O

C

IEC

1Transfer:  input gate

B

A

1 Transfer:  output gate

1Transfer:  input gate

B

1Transfer:  input gate

B

A

1 Transfer:  output gate

A

1 Transfer:  output gate

IEC

I OI O

IEC

A

I

B

O

A

I

B

O

IEC

AI B OAI B O

IEC

AI OAAI O

IEC

I O
Toward

output

From

input

Arrow

direction
I O

Toward

output

From

input

Arrow

direction

IEC

I

O

I

O
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Graph ical  representation Mean ing

Success  majori ty  vote  l og i c  (symbol  m/n) :  at  l east  m-ou t-of-n blocks  are  
needed  for  system  success  i n  an  acti ve  redundan t  con fi gu rati on .

NOTE I t  i s  importan t  to  make  the  d i fference  between  the  "success"  
majori ty  vo te  l og i cs  impl emen ted  i n  RBDs  and  the  " fai l u re"  majori ty  vo te  
l og i cs  impl emen ted  i n  fau l t  trees .  General l y  the  con text  (RBD  or  fau l t  tree)  
i s  su ffi c i en t  to  show the  d i fference.  The  re l ati onsh i p  i s  the  fo l l owi ng :  

(m/n)
Suc

? ( [n-m?1 ] /n)
Fai l

.  

Table  4  – Graphical  representation  of  RBDs:  non-Boolean  structures/DRBD

Graph ical  representation Mean ing

Standby redundancy:  B  takes  over  the  functi on  o f  A  when  A fai l s .

Functi onal  dependencies:  the  s tate  o f  A  depends  on  the  even t  Ev.  Th i s  
even t  may be  external  or  i n ternal  to  the  RBD.  Th i s  symbol  rem i nds  that  a  
dependency exi s ts  bu t  the  type  o f  dependency may be  d i verse  and  has  to  
be  descri bed  somewhere  e l se.

Complete  functi onal  dependency:  when  the  even t  Ev  occu rs,  then  bl ock A 
goes  to  the  down  state.  Th i s  even t  may be  external  o r  i n ternal  to  the  RBD.  
I t  p l ays  the  ro l e  o f  the  tr i gger  u sed  i n  s im i l ar  s tructu res  impl emen ted  i n  
dynam ic  fau l t  trees .

PAND  gate:  the  ou tpu t  g oes  to  the  down  state  when  the  i npu ts  g o  to  the  
down  states  i n  the  order  I

1
,  then  I

2
,  then  I

3
,  . . .  then  I

n
. The  i npu ts  I

1
,  I

2
,  I

3
,  

. . .  I
n

behave  i ndependen tl y  from  each  other.  

Th i s  gate  has  been  i n troduced  to  be  used  i n  dynam ic  fau l t  trees  and  th i s  i s  
why NOT gates  are  u sed  to  i nvert  the  i npu ts  and  the  ou tpu t  i n  order  to  be  
cons is ten t  wi th  the  RBD  l og i c.

SEQ gate:  the  ou tpu t  g oes  to  the  down  state  when  the  i npu ts  go  to  the  
down  s tates  i n  the  order I

1
,  then  I

2
,  th en  I

3
,  . . .  then  I

n
.  The  i npu ts  don ' t  

behave  i n dependen tl y  as  I
n

cannot  go  to  the  down  s tate i f I
n - 1

i s  not  al ready  
i n  the down  s tate , I

n - 1
cannot  g o  to  the  down  state  i f  I

n -2
i s  n ot  al ready i n  

the  down  s tate,  e tc. ,  I
2

cannot  g o  to  the  down  i f I
1

i s  not  al ready i n  the  
down  state .

Th i s  gate  has  been  i n troduced  to  be  used  i n  dynam ic  fau l t  trees  and  th i s  i s  
why NOT gates  are  u sed  to  i nvert  the  i npu ts  and  the  ou tpu t  i n  order  to  be  
cons i s ten t  wi th  the  RBD  l og i c.

5  Prel iminary considerations,  main  assumptions,  and  l imi tations

5.1 General  considerations

An  RBD  models  a  system  using the  l og ical  l i nks  existi ng  between  the  success  state  (up  state)  
o f  the  system  ( i . e. ,  the  overal l  RBD)  and  the  success  states  (up  states)  of  i ts  componen ts  

IEC

1

2

n

I1

I2

In

OSEQ

1

2

n

I1

I2
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OSEQ

IEC

1

2

n
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O

1

2

n

I1

I2
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O

IEC

A
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A

Ev A

Ev

A

Ev

A

Ev

A

Ev A

Ev

A

Ev A

Ev

IEC

A
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A

Ev A
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A
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A
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A

Ev A
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A

Ev A

Ev

IEC

B

AI O

B

AI O

IEC

I
1

m/n

OI
2

I
3

I
n

I
1

m/n

O

I
2

I
3

I
n

I
1

m/n

OI
2

I
3

I
n

I
1

m/n

OI
2

I
3

I
n
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OI
2

I
3

I
n

I
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I
2

I
3

I
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( i . e . ,  the  blocks  of  the  RBD) .  Therefore,  an  RBD embeds  a  l og ical  formu la and  th i s  i s  why an  
RBD  i s  not  necessari l y  s im i lar  to  the  physical  arch i tectu re  of  the  system  (e. g .  two  redundant  
i so lation  valves  i n  series  on  the  same  pipe  are  represen ted  by two  blocks  i n  paral le l  i n to  the  
correspond ing  RBD) .

An  RBD  can  be  f i rstl y  used  for  qual i tati ve  analysis  purposes  by i den ti fying  the  combinations  of  
the  blocks  i n  the  up  state  al l owing  the  system  to  be  i n  an  up  state  (success  paths  or  t i e  sets)  
or  the  combinations  of  the  blocks  being  i n  down  states  l ead ing  to  the  system  down  state  
( fai l u re  paths  or  cu t  sets) .  

Second ly an  RBD  can  be  used  for  probabi l i sti c  calcu lations  and ,  as  th i s  i s  a  s tati c  
represen tation  ( i . e . ,  i ndependen t  of  the  t ime) ,  the  probabi l i sti c  ru les  are  basical l y  re lated  to  
b locks  wi th  constan t  probabi l i ti es  of  success  or fai l u re.  

Th is  can  be  extended  to  t ime  dependen t  probabi l i sti c  calcu lations.  Th is  may be  d i ffi cu l t  for 
re l iabi l i ty  calcu lations  bu t,  for  avai labi l i ty  and  frequency calcu lations  and  provided  that  the  
blocks  behave  i ndependen tly  from  each  other,  there  i s  no  restri ction ,  other  than  mathematical  
tractabi l i ty,  on  the  d istribu ti on  that  may be  used  to  describe  the  t imes  to  fai l u re or repai r  o f  the  
blocks. Th is  al l ows,  for  example,  to  model  the  (un )avai labi l i t i es  of  each  of  the  blocks  by 
i nd ividual  analytical  formu lae  whose  resu l ts  are  combined  th rough  the  l og ic  of  the  RBD  to  
obtain  the  system  (un )avai labi l i ty.  When  those  analyti cal formu lae  are  obtained  th rough  
i nd ividual  Markov processes,  the  RBD  i s  equ ivalen t  to  a  g lobal  Markov process  model l i ng  the  
whole  system.  Such  a  model  i s  cal led  "RBD  driven  Markov process" .  Th is  i s  the  basis  for  most  
of  the  probabi l i sti c  calcu lations  ach ieved  wi th  RBDs.

5.2 Pre-requ isi te/main  assumptions

An  RBD  i s  an  acycl i c  d i rected  g raph  ( i . e .  no  l oops  or  retroactions  are  model led  i n  an  RBD)  
wh ich  can  be  d rawn  by us ing  the  basic  l og ical  structu res  presented  i n Table  3 .  I t  i s  used  to  
model  the  behaviou r of  a  system  on  the  basis  of  the  fo l l owing  fundamental  assumptions:  

a) the  system  has  on ly  two  states:  working  ( “success”  state,  “up”  state)  or  fai led  ( “down”  
state) ;

b) the  blocks  of  an  RBD  model  the  components  of  a  system  or parts  (e . g .  g roups  of  
components)  o f  a  system.  Each  of  them  has  on ly  two  states:  working  ( "success"  state,  
“up”  state)  or  fai l ed  ( "down"  state) ;  

c) the  RBD  represents  the  l og ic  l i nking  the  success  state  of  the  system  to  the  success  states  
of  i ts  components  (blocks) ;  

d ) each  block behaves  i ndependently  from  the  others  at  al l  t imes.

The  above  assumptions  have  to  be  general l y  fu l fi l l ed  to  apply  the  analytical  calcu lations ( i . e.  
calcu lations  wi th  formu lae) developed  i n  th i s  s tandard .  When  they are  not  fu l fi l l ed ,  the  
analyti cal  calcu lations  can  be  replaced  by Mon te  Carlo  s imu lation  or  other techn iques  l i ke  
Markov analysis  [2 ] or  Petri  nets  [3 ] or the  dynamic  RBDs  described  i n  1 2 .2 and  Annex E.  

5.3 Limi tations

The  assumptions  presented  i n 5. 2 consti tu te  some  l im i tations  bu t  there  are  other l im i tations  
wh ich  are  l ess  obvious  when  deal ing  wi th  t ime  dependent  probabi l i t i es.  I n  particu lar,  the  users  
of  th i s  s tandard  shou ld  be  aware  of  the  i ssues in troduced  by the  i ndependency requ i rements  
wh ich  shal l be  fu l fi l l ed  at  al l  t imes.  For example:  

a) sequen tial  even ts  are  ou ts ide  the  scope  of  the  Boolean  models.  Therefore  they cannot,  i n  
pri nciple,  be  hand led  by RBDs.  Nevertheless,  i n  s imple  cases  l i ke  standby redundancy,  i t  
i s  possible  to  overcome the  problem  by  consideri ng  composi te  blocks  (see Table  3 and  
7. 5.3)  i ndependen tly  of  the  other b locks;

b) avai labi l i ty  or frequency calcu lations  of  repai red  systems  assume that  the  repai rs  of  
repai red  blocks  are  i ndependen t  from  each  other al l  the  t ime,  i . e . each  block has  i ts  own  
repai r  team;   
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c) re l iabi l i ty  calcu lations  of  repai red  systems  imply  that  a  fai l ed block can  be  repai red  on ly  i f  
the  system  i s  s t i l l  operating  when  the  block fai l u re  occurs.  Th is  i n troduces  system ic 
dependencies  between  the  blocks  states,  and  between  the  blocks  and  the  system  states  
(see  1 0 . 3 . 1 . 4) .  Th is  i n fri nges  the  assumption  described  i n  5 . 2 d ) and  so,  except i n  
particu lar cases  and wi th  approximations,  analyti cal  re l iabi l i ty  calcu lations  are  general l y  
not  possible.

I n  short,  provided  that  the  assumptions  i n  5 . 2 are  fu l f i l l ed ,  the  RBD  techn ique  can  be  used  
straigh tforward ly for  qual i tati ve analysis  and  avai labi l i ty/frequency calcu lations  bu t  i t  can  be  
used  for re l iabi l i ty  calcu lation  on ly  i n  particu lar cases.

I t  shou ld  be  noted  that,  when  deal i ng  wi th  probabi l i sti c  calcu lations,  good  approximations  are  
avai lable  wi th  l ow probabi l i t ies (e. g .  fai l u re  of  componen ts/blocks) wh ich  cannot  be  used wi th  
h i gh  probabi l i t i es (e. g .  probabi l i t i es  of  success  of  componen ts/blocks) .  Therefore  to  overcome 
th is  l im i tation ,  i t  i s  often  better to  work wi th  probabi l i t ies  of  fai lu re  (unavai labi l i ty  or 
unrel iabi l i ty)  rather than  probabi l i t ies  of  success  (avai labi l i ty  or  re l iabi l i ty) .

6 Establ ishment of system  success/fai led  states

6.1 General  considerations

A prerequ is i te  for  constructing  system  rel iabi l i ty  models  i s  a  sound  understand ing  of  the  ways  
i n  wh ich  the  system and  i ts  components can  operate.  Systems  often  requ i re  more  than  one  
success/fai l u re  defin i t i on .  These  shou ld  be  defined  and  l i s ted .  An  RBD  d iag ram  can  be  made  
at  d i fferen t  l evels:  system  level ,  sub-system  (modu le)  l evel  or  assembly l evel .  When  an  RBD  
i s  made  for  fu rther  analysis  ( for  example  for  FMEA analysis) ,  a  l evel  su i table  for  such  analysis  
has  to  be  chosen .

I n  add i ti on ,  there  shou ld  be  clear statements  concern ing

– the  functions  to  be  performed,

– the  performance  parameters  and  permissible  l im i ts  on  such  parameters,

– the  envi ronmental  and  operating  cond i t ions.

After establ i sh ing  the  system's  success/fai lu re  defi n i t ion  the  next  step  i s  to iden ti fy  l og ical  
b locks  i n  order to d ivide  the  system  as appropriate  for  the  purpose  of  the  re l iabi l i ty  analysis .  
Parti cu lar b locks  may represen t  system  substructu res,  wh ich  i n  tu rn  may be  represen ted  by 
other RBDs  (system  reduction  – see  1 1 . 2) .

For  the  quan ti tative  evaluation  of  an  RBD,  various  methods  are  avai lable.  Depending  on the  
type  of  s tructu re,  s imple  Boolean  techn iques  (see  7)  and/or  path  and  cu t  set  analyses  (see  8)
may be  employed .  Calcu lations  may be  made  us ing  analyti cal  methods  (e . g .  basic  component  
avai labi l i ty  methods)  or Mon te  Carlo  s imu lation .  An  advan tage  wi th  Monte  Carlo  s imu lation  i s  
that  the  probabi l i t ies  of  the  even ts  i n  the  RBD  do  not  have  to  be  combined  analytical l y  s ince  
the  s imu lation  i tse l f  takes  i n to  accoun t  whether each  block i s  fai l ed  or functional  (see  1 2 . 2
and Clause F.5) .

Since  the  RBD describes  the  l og ical  re lations  needed  for  the  system to function ,  the  block 
d iag ram  does  not  necessari ly  represen t  the  way i n  wh ich  the  hardware  i s  physical l y  
connected ,  al though  an  RBD  shou ld  general ly  fo l l ow,  as  far  as  possible,  the  physical  system  
connections.

6.2 Detai led  considerations

6.2.1 System  operation

I t  may be  possible  to  use  a  system  i n  more  than  one  functional  mode.  I f  separate  systems  
were  used  for  each  mode,  such  modes  shou ld  be  treated  i ndependen tly  of  other  modes,  and  
separate  re l iabi l i ty  models  shou ld  be  used  accord ing ly.  Therefore,  when  the  same  system  i s  
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used  to  perform  al l  these  functions,  separate  d iag rams  shou ld  be  used  for  each  type  of  
operati on .  C lear statements  of  what  consti tu tes  system  success/fai lu re  for  each  aspect  of  
system  operation  i s  a  prerequ is i te .

6.2.2 Envi ronmental  condi tions

The  system  performance  speci fi cations  shou ld  be  accompan ied  by a  description  of  the  
envi ronmental  cond i ti ons  under wh ich  the  system  i s  designed  to  operate.  Also  i ncluded  
shou ld  be  a description  of  al l  the  cond i ti ons  to  wh ich  the  system  wi l l  be  subjected  du ring  
transportation ,  s torage  and  use.

A parti cu lar p iece  of  equ ipment  i s  o ften  used  i n  more  than  one  envi ronment,  for  example,  on  
sh ipboard ,  i n  an  ai rcraft  or  on  the  g round .  When  th i s  i s  so,  re l iabi l i ty  evaluations  may be  
carried  ou t  us ing  the  same RBD  each  t ime  bu t  us ing  the  appropriate  componen t/block fai l u re  
rates  for  each  envi ronment.

6.2.3 Duty cycles  

The  relationsh ip  between  calendar t ime,  operating  t ime  and  on /off  cycles  shou ld  be  
establ i shed .  I f  i t  can  be  assumed  that  the  process  of  swi tch ing  equ ipment  on  and  off  does  not  
i n  i tse l f  promote  fai l u res, and  that  the  fai l u re  rate  of  equ ipment  during  non-use  periods  i s  
neg l i g ible,  then  on ly the  actual  working  t ime  of  the  equ ipment needs  to  be  considered .  

However,  i n  some  i nstances,  the  process  of  swi tch ing  on  and  off  i s  i n  i tse l f  the  prime  cause  of  
equ ipment  fai l u re,  and  equ ipment  may have  a  h i gher fai l u re  rate  i n  non-use  period  than  when  
i n -service (e. g .  due  to  moistu re  and  corrosion) .  I n  complex  cases  where  on ly  parts  of  the  
system  are  swi tched  on  and  off,  model l i ng  techn iques  other than  RBDs (e. g .  Markov analysi s  
or  Petri  nets)  may be  more  su i table.

7 Elementary models

7.1 Developing  the  model

The  fi rst  s tep  i s  to  select  a  system  success/fai l u re  defin i t i on .  I f  more  than  one  defin i ti on  i s  
i nvolved ,  a  separate  RBD may be  requ i red  for  each .  The  next  step  i s  to  d i vide  the  system  i n to  
blocks  to  reflect  the  l og ical  behaviou r so  that  each  block i s  s tati sti cal l y  i ndependent  of  the  
others.  Attempt  shou ld  be  made  to  make  the  blocks as  large  as  possible wh i le  ensu ring  that
each  block con tains  (preferably)  no  redundancy.

The  next  step  i s  to  refer to  the  system  success/fai l u re  defin i t i on  and  construct  a  d iag ram  that  
connects  the  blocks  to  form  a  "success  path "  (see  3 . 1 5) .  As  i nd icated  i n  the  d iag rams  that  
fo l l ow,  the  various  success  paths,  between  the  i npu t  and  ou tpu t  of  the  d iag ram,  pass  th rough  
those  combinations  of  blocks  that  need  to  function  i n  order that  the  system  functions.  

NOTE In  pract i ce,  depend i ng  on  the  system  con fi g u rati on ,  i t  can be  necessary to  make  repeated  attempts  at  
constructi n g  the  RBD  (each  t ime  beari ng  i n  m i nd  the  s teps  referred  to  above)  before  a  su i table  b l ock d i ag ram  i s  
f i nal i zed .

7.2 Series  structures

I f  al l  the  blocks  are  requ i red  to  function  for the  system  to  function ,  then  the  correspond ing  
RBD  wi l l  be  one  i n  wh ich  al l  the  blocks  are  connected in  series  as  i l l ustrated  i n  Figu re  2 .  

Figure  2  – Series  rel iabi l i ty block d iagram

IEC

I OA B C ZI OA B C Z

AS IEC 61 078:201 8 25

www.standards.org.au © Standards Austral ia

Full document details: AS IEC 61078-2017

http://www.avadocuments.com/doc/as-iec-61078-2017
http://www.avadocuments.com/doc/as-iec-61078-2017


I n  th is  d iag ram  "I"  i s  the  i npu t,  "O"  the  ou tpu t  and  A,  B,  C,  . . .  Z  are  the  blocks  wh ich  together 
consti tu te  the  system.  RBDs  of  th is  type  are  known  as  "series”  RBDs or “series  models”.

Th is  structu re  models  the  fo l lowing  l og ical  function : zcbas ????? . . .   ( 1 )

where  a,  b ,  c and  z represen t  the  success  states  of  the  blocks  A,  B,  C  and  Z  (see  Table  2)  and  
s the  success  state  of  the  correspond ing  system.

7.3 Paral lel  structures

A d i fferen t  type  of  RBD  i s  needed  when  on ly one  system  componen t  ( i . e .  one  block)  i s  
requ i red  for  system  success.  Th is  i s  the  case  when  redundan t  componen ts  are  implemented .  

Th is  i s  model led  by paral le l  s tructures  such as  that presented  i n  Figu re  3 and  wh ich  represent  
several  redundan t  b locks.  I n  th i s  structu re,  the  system  i s  down  i f  and  on ly  i f  al l  b locks  are  
down .

Figure  3  – Paral lel  rel iabi l i ty block d iagram

Th is  structu re  models  the  fo l l owing  l og ical  function : zcbas ????? . . .   (2 )

7.4 Mix of  series  and  paral lel  structures

The  basic  structu re  presented  i n  Figu re  2 and  Figure  3 can  be  used  to  model  more  complex 
RBDs.  For  example,  i f  the  en ti re  RBD  presen ted  i n  Figu re  2 is  dupl i cated  ( i . e .  made  
redundan t) ,  then  the  RBD i l l ustrated  by Figu re  4 i s  obtained .  Al ternatively,  i f  each  block wi th in  
the  RBD  presen ted  i n  Figu re  2 is  dupl icated ,  the  RBD i l l ustrated  by  Fi gure  5 is  obtained .  
D iag rams  of  th i s  type  are  known  as  "series/paral le l ”  RBDs or “series/paral lel ”  models.  Note  
that  the  terms  “dupl i cated”,  “redundant”  and  “paral le l ”  are  very s im i lar  i n  mean ing  bu t  shou ld  
not  be  used  i n terchangeably.

1 ) Dupl i cated  i s  re lated to  the  way the  RBD  i s  bu i l t  by  repeating  s im i lar s tructures.  For 
example,  Figu re  4 is  the  dupl i cation  of  the  structu re  presen ted  i n  Fi gu re  2 and  Figu re  5 i s  
on ly the  dupl i cation  of  the  components.  I n  fact  the  paral le l  s tructu res  (B1 ,B2) ,  (C1 ,C2)  etc.  
are  the  dupl ication  i n  series  of  the  paral le l  structure  (A1 ,  A2) .

2) Redundant  i s  re lated  to  the  fact  that  i f  one  componen t  fai l s ,  another one  can  perform  i ts  
function .  For example,  A1  and  A2  i n  Fi gu re  5 are  redundan t.  

3 ) Paral le l  i s  re lated  to  the  l og ic  of  the  arch i tectu re  of  the  system  and  to  the  g raph ical  
represen tation .  For  example,  A1  and  A2  are  drawn  i n  paral lel  i n  Figure  5 because  they are  
redundan t.

Figure 4  – Paral lel  structure  made of  dupl icated  series  sub-RBD

Th is  structu re  models  the  fo l l owing  l og ical  function :
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). . .(). . .( 222111 zbazbas ???????? (3)

Figure 5  – Series  structure made of  paral lel  rel iabi l i ty block d iagram

Th is  structu re  models  the  fo l lowing  log ical  function :

)(. . .)()( 212121 zzbbaas ??????? (4)

RBDs used  for  model l i ng  system  rel iabi l i ty are often  more  compl icated  m ixtu res  of  series  and  
paral le l  s tructu res.  For example,  a  dupl i cated  commun ication  l i nk compri s i ng  th ree  repeaters  
(A1 ,  B1 ,  C1  and  A2,  B2,  C2) ,  and  a  common power supply  block (D)  may take  the  form  of,  for  
example,  Figu re  6 or Figu re  7.  

Figure  6  – General  series-paral lel  rel iabi l i ty block d iagram

Th is  structu re  models  the  fo l l owing  l og ical  function :

) ]()[( 222111 cbacbads ??????? (5)

Figure  7  – Another type of  general  series-paral lel  rel iabi l i ty block d iagram

Th is  structu re  models  the  fo l lowing  log ical  function :

)()()( 212121 ccbbaads ??????? (6)

On  account  of  the  assumed  stati sti cal  i ndependence  stated  above,  fai l u re  of  any block does  
not  g i ve  ri se  to  a  change  i n  the  probabi l i ty  of  fai l u re  of  any  other block wi th in  the  system.  I n  
parti cu lar,  fai l u re  of  a  redundant  block does  not  affect  system  power suppl ies  or  s ignal  
sources.

7.5 Other structures

7.5.1 m out  of  n structures

The  need  frequen tly  ari ses  to  model  systems  where  the  success  defin i t ion  i s  that  m or more
ou t  of  n i tems  connected  i n  paral lel  are  requ i red  for  system  success.  Such  l og ical  s tructu res  
are  often  cal led  "majori ty  vote"  structures.  For example  see  RBDs  shown  i n  Fi gu re  8 or  
F i gu re  9 .  
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Figure  8  – 2  out  of  3  redundancy Figure  9  – 3  out  of  4  redundancy

Thus,  i n  Figu re  8 at  l east  2  b locks  are  requ i red  for  system  success  and  i n Figure  9 ,  3  b locks  
are  requ i red  for  system  success.  I n  both  cases  the  fai l u re  of  one  i tem  i s  to lerated  bu t  fai l u re  
of  two  or  more  i tems  i s  not.

These  structu res  model  the  fo l l owing  l og ical  functions:

– 2/3 redundancy:  323121 xxxxxxs ?????? ;  (7)

– 3/4 redundancy:  432431421321 xxxxxxxxxxxxs ???????????? .  (8)

These  log ical  functions  cannot  be  represen ted  by a  s imple  combination  of  e lementary series
and  paral le l  s tructure  wi thou t  the  implementati on  of  repeated  blocks.  

7.5.2 Structures  with  common  blocks

Most  RBDs are  easi l y  understood  and  the  cond i t i ons  for system  success  are  evident.  Not  al l  
RBDs,  however,  can  be  s impl i f i ed  to  combinations  of  series  or  paral le l  s tructu res  wi th  blocks  
appearing  on ly  once.  The  RBD  i n  Fi gu re  1 0 is  an  example  wi th  a  block A being common  to  
two  paths.

Figure 1 0  – Diagram  not  easi ly represented  by series/paral lel  arrangement  of  blocks

Th is  structure  models  the  fo l l owing  l og ical  function :

)()()( 222111 cbccacbs ??????? (9)

Again ,  the  d iag ram  i s  sel f-explanatory.  System  success  i s  ach ieved  i f  b locks B1  and  C1  are  
both  i n  up  state,  or  blocks A and  C1 ,  or  A and  C2,  or  f i nal l y  B2  and  C2.  Figu re  1 0 cou ld  
represent  the  fuel  supply  to  eng ines  of  a  l i gh t  ai rcraft.  B1  represents  the  supply  to  the  port  
eng ine  (C1 ) ,  B2  represen ts  the  supply to  the  starboard  eng ine  (C2) ,  and  A represen ts  a 
common  backup  supply to  both  eng ines.  The  system  success  defin i t i on  i s  that  at  l east  one  
eng ine  needs  to  be  working  for  ai rcraft  success,  or  al ternatively,  both  eng ines  need  to  fai l  for 
the  ai rcraft  to  fai l .  

I t  shou ld  be  noted  that  i n  al l  the  above  d iag rams  (Figure  2 to  Figu re  1 0) ,  no  block appears  
more  than  once  i n  a  g i ven  d iag ram.  The  procedures  for  developing  the  re l iabi l i ty  expression  
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for  d iag rams of  th i s  type  are  ou tl i ned  i n  8 . 2 .  Fi gu re  1 8 and  Fi gu re  1 9 provide  series-paral le l  
RBDs  equ ivalen t  to  Figu re  1 0 where  repeated  blocks  are  implemented .

7.5.3 Composi te  blocks

Figure  1 1  – Example  of  RBD implementing  dependent  blocks

Figure  1 1 models  a  system  wi th  cold  standby redundancy where  the  i tem  B  starts  when  the  
i tem  A fai l s and  wi th  a  perfect  swi tch ing  from  A to  B.  Then  i n  the  correspond ing  RBD,  the  
blocks  A and  B  are  not  i ndependen t  and  th i s  s tructu re  i n fri nges  the  fundamental  assumption  
of  i ndependency between  blocks  wh ich  i s  the  basis  of  th i s  s tandard .  

As  blocks  A and  B  cannot  be  considered  i ndependen tly  from  each  other,  i t  i s  necessary to  
consider them  as  a  whole  and  th is  can  be  done  by the  use  of  a  composi te  block l i ke  the  block 
C  presen ted  i n  Figure  1 2.  

Figure  1 2  – Example  of  a composi te  block

The  composi te  block C  has  two  states,  success/fai lu re.  Then  i f  i t  i s  i ndependen t  from  the  
other b locks  of  the  RBD,  i t  can  be  hand led  as  a  s i ng le  block.  Of  course  i ts  probabi l i ty of  
fai l u re/success  has  to  be  calcu lated  by taking  i n to  account  the  blocks  A and  B  and  the  
dependency between  them.

7.6 Large RBDs and  use  of  transfer gates

RBDs  re lated  to  i ndustrial  systems  can  be  too  large  to  be  d rawn  as  a  whole  on  a  s i ng le  sheet  
of  paper.  I n  th i s  case,  they can  be  spl i t  i n  several  smal ler  parts  (sub-RBDs)  l i nked  together by 
us ing  transfer gates.  
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Figure 1 3  – Use of  transfer gates  and  sub-RBDs

Figure  1 3 g ives  two  examples  of  the  use  of  transfer gates:  each  of  the  two  RBDs  at  the  
bottom  of  the  fi gu re  i s  equ ivalen t  to  the  RBD  at  the  top.  They are  spl i t  i n  two  parts:  main  
RBDs  and  sub-RBDs.  I t  shou ld  be  noted  that  a  sub-RBD  does  not  necessari l y  need  to  have  
on ly one  i npu t  and  one  ou tpu t.  

The  overal l  underl ying  l og ical  function  i s  not  affected  by such  a  spl i tt i ng  bu t  th i s  al l ows  the  
d rawing  of  a  l arge  RBD  on  several  separate  pages.  I t  i s  a  matter  for  the  analyst  to  choose  a  
subd ivis ion  wh i le  keeping  a  good  understand ing  of  the  whole  RBD  and  of  i ts  sub-RBDs.  

8 Qual i tative analysis:  min imal  tie  sets  and  min imal  cut  sets  

8.1 Electrical  analogy 

The  RBD  can  be  used  fi rst  for  qual i tati ve  analysis  pu rposes  by i den ti fying

– the  combinations  of  the  blocks  i n  up  states  lead ing  to  the  system  being  i n  the  up  state  
( "success"  paths  or  " t i e"  sets) ,

– the  combinations  of  the  blocks  i n  down  states  lead ing  to  the  system  being  i n  the  down  
state  ( " fai l u re"  paths  or  "cu t"  sets) .  

Figure 1 4  – Analogy between  a  block and  an  electrical  swi tch

NOTE When  bu i l d i ng  an  RBD  re l ated  to  a  phys i cal  e l ectri cal  c i rcu i t ,  the  pos i t i on  o f  a  phys i cal  swi tch  can  be  
d i fferen t  from i ts  represen tat i on  by  u s i ng  the  anal ogy descri bed  i n  Fi gu re  1 4.  For  example,  a  phys i cal  swi tch  s tuck 
cl osed  wi l l  be  represen ted  by  a  vi rtual  swi tch  open  as  i t  i s  i n  down  s tate .  

For do ing  that,  the  analogy wi th  an  e lectri cal  ci rcu i t  shown  i n  Figu re  1 4 is  very usefu l .  Th is  
consists  i n  considering  that  each  block i s  equ ivalen t  to  an  e lectrical  swi tch  wh ich  i s  closed  
when  the  block i s  i n  up  state  and  open  when  i t  i s  i n  down  state.  Th is  has  been  done  to  
represent  Figu re  1 0 by the  equ ivalen t  Figu re  1 5 where  each  block has  been  model led  by an  
e lectri cal  swi tch .

IEC

A
I

O

A
I

O

A in  "up"  state

A in  "down" state

A
I

O

A
I

O

A in  "up"  state

A in  "down" state

IEC

B1

B2
B4

B3

B9

B8
B5

B7B6

B1

B2

B3

B9

B8

1 2

B4
B5

B7B6

21

Transfer
gates Sub-RBD

B4
B7B6

1

4

3

B1

B2

B3

B9

B8

B51

4

3

Sub-RBD

Main  RBD Main  RBD

B1

B2
B4

B3

B9

B8
B5

B7B6

B1

B2
B4

B3

B9

B8
B5

B7B6

B1

B2
B4

B3

B9

B8
B5

B7B6

B1

B2

B3

B9

B8

1 2

B4
B5

B7B6

21

Transfer
gates Sub-RBD

B4
B7B6

1

4

3

B1

B2

B3

B9

B8

B51

4

3

Sub-RBD

B1

B2

B3

B9

B8

1 2

B4
B5

B7B6

21

Transfer
gates Sub-RBD

B1

B2

B3

B9

B8

1 2

B4
B5

B7B6

21

Transfer
gates Sub-RBD

B1

B2

B3

B9

B8

1 2

B1

B2

B3

B9

B8

1 2

B4
B5

B7B6

21 B4
B5

B7B6

21

Transfer
gates Sub-RBD

B4
B7B6

1

4

3

B1

B2

B3

B9

B8

B51

4

3

Sub-RBD

B4
B7B6

1

4

3

B1

B2

B3

B9

B8

B51

4

3

Sub-RBD

B4
B7B6

1

4

3

B4
B7B6

1

4

3

B1

B2

B3

B9

B8

B51

4

3

Sub-RBD

Main  RBD Main  RBD

AS IEC 61 078:201 8 30

www.standards.org.au © Standards Austral ia

Full document details: AS IEC 61078-2017

http://www.avadocuments.com/doc/as-iec-61078-2017
http://www.avadocuments.com/doc/as-iec-61078-2017


Figure  1 5  – Analogy wi th  an  electrical  ci rcu i t

When  th i s  e lectri cal  ci rcu i t  i s  closed  ( " ti ed") ,  an  e lectri cal  s ignal  sen t  from  the  i npu t  ci rcu lates  
th roughou t  the  RBD  and  reaches  the  ou tpu t.  Therefore,  any combination  ( "set" )  of  closed  
swi tches  al lowing  a  s i gnal  to  ci rcu late  from  the  RBD  i npu t  to  the  RBD  ou tpu t  models  an  up  
state  of  the  system.  Th is  i s  cal led  a  "success"  path  wi th  regards  to  the  state  of  the  system  or 
a  " t ie"  set  wi th  regards  to  the  closure  of  the  e lectri cal  ci rcu i t.

Figure 1 6  – Example of  min imal  success  path  (t ie  set)  

Figure  1 6 i l l ustrates  one  of  the  success  paths,  (a?c1 ) ,  of  the  RBD  shown  i n  Figure  1 5.  Th is  
success  path  i s  m in imal  as,  i f  A fai l s  or  C1  fai l s ,  the  overal l  system  also  fai l s ,  i . e .  the  
successes  of  A an  C1  are  necessary and  su ffi ci en t  for  the  system  to  be in  a  success  state.

B. 3 . 1 g ives  other examples  of  m in imal  and  non-m in imal  t i e  sets.

The  Boolean  algebra properties  provide  a  general  represen tation  of  the  system  up  state,  s ,  as  

the  un ion  of  the  m in imal  t i e  sets  (?i)  o f  the  RBD.  Th is  l eads  to  the  fo l l owing  formu la:  

?
i

is ?? (1 0)

When  th i s  e lectri cal  ci rcu i t  i s  broken  ("cu t") ,  an  e lectrical  s ignal  sen t  from  the  i npu t  i s  not  able  
to  ci rcu late  th roughou t  the  RBD  and  does  not  reach  the  ou tpu t.  Therefore  any combination  
( "set")  o f  open  swi tches  preven ti ng  a  s i gnal  to  ci rcu late  from  the  RBD  inpu t  to  the  RBD  ou tpu t  
models  a  down  state  of  the  system.  Th is  i s  cal led  a  " fai lu re"  path  wi th regards  to  the  state  of  
the  system  or a  "cu t"  set  wi th  regards  to  the  closure  of  the  e lectrical  ci rcu i t.

Figure  1 7  – Example of  min imal  fai lure  path  (cut  set)
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Figure  1 7 i l l ustrates  one  of  the  fai l u re  paths, )( 12 cba ?? ,  o f  the  RBD  shown  i n  Figu re  1 5.  Th is  

fai l u re  path (cu t  set) i s  m in imal  as  when  any of A,  B2  or  C1  are  repai red  (swi tches  clos ing ) ,  
the  system  i s  also  repai red ,  i . e .  the  fai l u res  of  A,  B2  and  C1  are  necessary and  su ffi cien t  for 
the  system  being  i n  fai l ed  state.

B. 3 . 1 g i ves  others  examples  of  m in imal  and  non -min imal  cu t  sets.

The  Boolean  algebra properties  provide  a  general  represen tation  of  the  down  state, s ,  as  the  

un ion  of  the  m in imal  cu t  sets  (Cj)  o f  the  RBD:  

?
j

jCs ? (1 1 )

Therefore,  from  Formu lae  (1 0) and  (1 1 ) the  i den ti ty: ??
j

j

i

i Cs ?? ? (1 2)   

i s  obtained .  

The  m in imal  cu t  sets  and  m in imal  t i e  sets  can  be  obtained  by expand ing  from  the  log ical  
formu lae  correspond ing  to  the  RBD.  Except  i n  s imple  cases,  th i s  i s  not  easy to  do  that  by 
hand  bu t  powerfu l  algori thms  are  avai lable  and  implemented  i n to  RBD  software  packages.

8.2 Series-paral lel  representation  wi th  min imal  success path  and  cut  sets

The  i den ti ty  ( 1 2) provides  two  equ ivalen t  ways  to  represent  an  RBD  from  i ts  m in imal  t i e  sets  
or i ts  m in imal  cu t  sets.

Appl ied  to  the  RBD  presen ted  i n  Figure  1 0 ,  th is  l eads  to  the  two  equ ivalen t  l og ical  formu lae  
(see  detai led  explanations  i n  B.3 . 2) :

222111 cbcacacbs

i

i ??????????? (1 3)

)()()()( 12212121 cabcabccbabCs

j

j ???????????? ? (1 4)

Then  th is  RBD  can be replaced  by the  equ ivalen t  represen tations  presented  i n  Figure  1 8
(made  of  t i es  sets)  and  i n  Figure  1 9 (made  of  cu t  sets)  where  i t can be noticed  that  some  
blocks  are  repeated  several  t imes.

Figure 1 8  – Equ ivalent  RBDs wi th  min imal  success paths   

Figure  1 8 is  made  of  fou r t i e  sets  of  order two  (see  3 . 1 6,  Note  2  to  en try) :

IEC

B1

AI

O

C1

B2 C2

B1

A
I

O

C1

B2 C2

C1

A C2

B1

AI

O

C1

B2 C2

B1

A
I

O

C1

B2 C2

C1

A C2

B1

A
I

O

C1

B2 C2

C1

A C2

AS IEC 61 078:201 8 32

www.standards.org.au © Standards Austral ia

Full document details: AS IEC 61078-2017

http://www.avadocuments.com/doc/as-iec-61078-2017
http://www.avadocuments.com/doc/as-iec-61078-2017


)() ,() ,( 2111 cacacb ??? and  )( 22 cb ? .  

Figure 1 9  – Equ ivalent  RBDs wi th  min imal  cut  sets

Figure  1 9 i s  made  of  one  cu t  set  o f  order two  )( 21 cc ? and  of  th ree  cu t  sets  of  order th ree:  

)( 21 bba ?? ,  )( 21 cba ?? and )( 12 cba ?? .  

8.3 Qual i tative  analysis  from  min imal  cut  sets

For perform ing  qual i tati ve  analysis  i t  i s  more  usefu l  to  consider the  m in imal  cu t  sets  rather
than the  m in imal  t i e  sets.  Th is  can  be  shown  by us ing  the  above  example:  the  cu t set  of  order 

two  )( 21 cc ? i s  l i kely to  be  more  probable  than  the  cu t  sets  of  order th ree  )( 21 bba ?? ,  

)( 21 cba ?? or )( 12 cba ?? .  Therefore,  from  a qual i tati ve  poin t  o f  view,  the  m in imal  cu t  set

)( 21 cc ? i s  the  weak poin t  o f  the  system  and  shou ld  be  improved  f i rst.   

Therefore,  the  qual i tati ve  analysis  may be  performed  wi th  the  fo l l owing  steps:

a) iden ti fy  the  m in imal  cu t  sets  from  the  l og ical  equation  of  the  system  fai l u re;

b) sort  the  m in imal  cu t  sets  i n  thei r  i ncreasing  orders;

c) focus  on  the  l owest  order  m in imal  cu t  sets  to  improve  the  system.

When  fai l u re  probabi l i t ies  are  avai lable  for  the  blocks,  the  m in imal  cu t  sets  can  be  more  
accurately  sorted  at  s tep  b)  by  calcu lati ng  the  probabi l i ty  of  occu rrence  of  each  of  them.  

9  Quanti tative analysis:  blocks wi th  constant  probabi l i ty of  fai lure/success 

9.1 Series  structures

Figure  20 shows  the  l i nk between  the  Boolean  formu lae  of  a  basic  series  structure  and  the  
probabi l i sti c  calcu lations.

Figure 20  – Link between  a  basic  series  structure and  probabi l i ty calcu lations

Th is  probabi l i sti c  formu la i s  basical l y  establ i shed  for  i ndependen t  b locks  wi th  constan t  
probabi l i t ies.  I t  expresses  the  probabi l i ty  of  success  of  the  system  PS as  a  function  of  the  
i nd ividual  probabi l i t ies  of  success  of  b lock A,  PA ,  and  block B,  PB .  Therefore,  the  RBD  models  
can  be  primari l y  u sed  for  systems  compris ing  i ndependent  blocks  wi th  constan t probabi l i ty  of  
being  i n  the  up  state.
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At th is  step  i t  wou ld  be  i rrelevant  to  talk abou t  re l iabi l i ty,  avai labi l i ty  or fai lu re  frequency of  the  
system  as  those  probabi l i sti c  measures  are  on ly defi ned  for  systems  wi th  t ime  dependen t 
behaviour.

The  formu la establ i shed  i n  Fi gu re  20 can  be  easi l y  extended  to  be  used  for  systems  such  as  
those  i l l ustrated  by Fi gu re  2 (see  B. 4. 1 ) .  When  blocks  A,  B,  . . . ,  Z  are  i ndependent,  the  
probabi l i ty  of  success  of  the  system  i s  g i ven  by  the  s imple  equation :

zcbas . . .PP.P.PP ? (1 5)

i . e.  by  mu l tipl ying  together the  probabi l i ti es  of  success  of  al l  the  blocks  consti tu ti ng  the  RBD.

I n  general ,  wi th  n blocks  B i i n  series,  ?
?

?
n

i

ibs PP

1

.  ( 1 6)

9.2 Paral lel  structures

Figure  21 shows  the  l i nk between  the  Boolean  formu lae  of  a  basic  paral l e l  structure  and  the  
probabi l i sti c  calcu lations.

Figure 21  – Link between  a paral lel  structure and  probabi l i ty calcu lations 

As  for  the  basic  series  structu re,  the  formu la for  the  basic  paral le l  s tructu re  i s  establ i shed  for  
constan t  probabi l i t i es  and  i ndependen t  b locks  i n  order to  express  Ps as  a function  of  Pa and  
Pb .   

As  i t  i s ,  the  formu la shown  i n  Figu re  21 is  not  easy to  extend  to  more  than  two  components  
(see  the  Sylvester-Poincaré  formu la i n  1 1 . 7 and  B.4.2) .  Fortunately,  i t  can  be  observed  that  

)1()1()(1)1( bababass PPPPPPPP ??????????? .  Th is  expresses  s imply  that  the  system  i s  

fai l ed  when  both  A and  B  are  fai l ed .

Hence  the  probabi l i ty  of  success  of  the  system  ( sP )  i s  g i ven  by:  

)1)(1(1 bababas PPPPPPP ???????? (1 7)

Formu la (1 7) can  be  easi l y  extended  to  n blocks  Bi i n  paral l el  (see  B. 4.2) ,  i . e . :

– Probabi l i ty  of  fai l u re: ? ??
?

??
n

i

bs i
PP

1

1   ( 1 8)

– Probabi l i ty  of  success: ? ??
?

?????
n

i

bss i
PPP

1

11)1(   ( 1 9)

9.3 Mix of  series  and  paral lel  structures

Formu lae (1 5) and  (1 7) can  be  combined  and  th i s  can  be  done  by hand  i n  s imple  cases  bu t  
the  above  calcu lations  are  general l y  not  easi ly  tractable  by hand .  Fortunately,  powerfu l  
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algori thms  are  avai lable  and  implemented  i n to  RBD  software  packages.  They are  based  on  
the  techn iques  described  i n Clauses B.5,  B. 6 or  B. 7.  

9.4 m/n arch i tectures  ( identical  i tems)

The  m/n arch i tectures  are  analysed  i n  B. 4.4.  When the  blocks  are  i den ti cal  ( i . e . each  wi th  the  

same probabi l i ty  of  success  p) ,  the  probabi l i ty  of  success  of  the  system  sP i s  g i ven  by:

? ? ? ??
?

?

? ????
mn

r

rrnn
rs ppP

0

1 (20)

and  the  probabi l i ty  of  fai l u re  i s  g i ven  by:

? ??
?

?

? ????
1

0

)1(
m

r

rrnn
rs ppP (21 )

When  n =  2m-1  (e. g .  1 /1 ,  2/3 ,  3/5,  etc. ) ,  the  system  i s  up  i f  m blocks  are  “up”  and  the  system  
i s  down  i f  m blocks  are  "down" . Those  structu res  are  symmetrical  wi th  regards  to  the  success  
and  fai l u re  even ts.  Some of  them,  for  example  structu re 2/3,  are  widely used  for safety 
systems.  

I f  the  n i tems  are  not  i den ti cal ,  u se  of  a  more  general  procedure  i s  recommended  
(see 1 1 .8.2) .

1 0 Quanti tative  analysis:  blocks wi th  time dependent  probabi l i ties  of  
fai lure/success

1 0.1 General

The  calcu lations  developed  for  constan t  probabi l i t ies in  C lause  9 can  be  easi l y  extended  to  

the  t ime  dependent  probabi l i ty  of  the  system )(tPs provided  that  the  probabi l i t ies  )(tP
ix

of  the  

blocks  behave  i ndependen tl y  from  each  other.  Th is  means  that  the  fai l u re  (or repai r)  of  any 
block shal l not  affect the  probabi l i ty of  fai l u re  or  repai r  of any other block wi th in  the  system  
being  model l ed .  Th is  impl ies  that su fficien t  repai r  resources are  avai lable to  service  those  
blocks  need ing  repai r  and  that,  when  two  or  more  persons  are  repai ring  a  parti cu lar  b lock at  
the  same time,  ne i ther gets  i n  the  other’s  way.  Thus  fai l u res  and  repai rs  of i nd ividual  blocks  
are  considered  to  be  stati sti cal l y  i ndependent  events.  The  calcu lations  for the  t ime  dependent  
probabi l i ty  of  system  success are  detai led  i n  Annex C.  

As  the  probabi l i ty  for  an  i tem  to  be  i n  the  up  state  at  a  g i ven  i nstan t  i s  i ts  i nstan taneous  

avai labi l i ty,  )()(S tPtA s? and )()(X tPtA
ii x? .  Th is  resu l t  ho lds  for  compl i cated  structu res  as  wel l  

as  l arge  RBDs  (see  C lause  1 1 and  Annex B) :  provided  that  the  blocks  behave  i ndependently  
from  each  other at  al l  t imes,  the  formu lae  developed  for  the  constan t  probabi l i ty  case  are  sti l l  
val i d  for  avai labi l i ty/unavai labi l i ty  calcu lations.

– Series  structu res:  )()(

1

S tAtA

n

i

i?
?

? and  ) ](1[1)(

1

S tUtU

n

i

i?
?

??? (22)

– Paral le l  s tructu res:  ? ??
?

???
n

i

i tAtA

1

S )(11)( and  ? ??
?

?
n

i

i tUtU

1

S )()( (23)
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– m/n structu re:  ? ??
?

?

? ????
mn

r

rrnn
r tAtAtA

0

S ) ](1[)()( and  ? ??
?

?

? ????
1

0

S ) ](1[)()(
m

r

rrnn
r tUtUtU (24)

The  avai labi l i ty/unavai labi l i ty  calcu lations  described above are  not  so  s imple  bu t  
re l iabi l i ty/unrel iabi l i ty  calcu lations are  even  more  d i ff i cu l t. Th is  i s  due  to  the  defin i ti on  of  the  

re l iabi l i ty  i tsel f: ])[0, over state up"" in S()(S tPtR ? wh ich  impl i es  that  the  system  remains  i n  up  

state over the  t ime  i n terval  [0 ,  t] .  That  means  that  on ly  the  sequences  of  system  events  wh ich  

do  not  go  th rough  to  the  system  down  state  are  re levan t  for  calcu lating )(S tR .  Therefore  the  

sequences  of  system  even ts  wh ich  i nclude  a  succession  "up  state"?"down  state"?"up  state"  
have  to  be  excluded  from the  calcu lations.  Th is  impl ies  that  a  system part  going  to  the  down  
state  i s  repai rable  on ly  i f  the  system  remains  i n  up  state  during  the  repai r  o f  th is  part.  Thus,  

wi th  regards  to  the  calcu lation  of )(S tR ,  the  system  parts  (e . g .  components)  are  repai rable  or  

not  depending  on  the  system  state  ( i . e .  on  the  states of  the  other parts) .  Th is  consti tu tes  a 
systemic  dependency between  the  system  parts  and  therefore  between  the  blocks  model l i ng  
these  parts  wi th in  the  RBD  model l i ng  the  system. Th is  happens in  the  case  of  redundancy of  
repai rable  i tems.  Th is  i s  the  main  d i ff i cu l ty  i n  the understand ing  of  th i s  standard:  except  for  
RBDs  made  of  blocks  i n  series,  the  system  rel iabi l i ty  RS(t)  cannot  be  calcu lated  by  combin ing  
the  re l i abi l i ty  RBi (t)  o f  i ts  i nd i vidual  blocks.  The  formu lae  establ i shed  above  under the  
i ndependency hypothesis  are  no  l onger val i d .  Th is  i s  fu rther d i scussed  i n  1 0 . 3 . 1 . 4.  

1 0.2 Non-repaired  blocks

1 0.2.1 General

When  a block X i s  not  repai red ,  i ts  probabi l i ty  to  be  avai lable  at  t ime  t i s  equal  to  i ts  
probabi l i ty  to  have  had  no  fai l u re  over [0 ,  t] .  Therefore,  i ts  re l iabi l i ty  RX(t)  i s  equal  to  i ts  
avai labi l i ty  AX(t) .  

When  none  of  the blocks  wi th in  a  system  are  repai red ,  the  system  made  of  these  blocks  i s  not  
repai red  e i ther.  Then  i ts  avai labi l i ty  and  re l iabi l i ty  are  i den ti cal  and  RS(t)  =  AS(t)  

1 0.2.2 Simple  non-repaired  block

The  rel iabi l i ty  of  any i tem  X i s  l i nked  to  i ts  fai lu re  rate  ?X(t) ,  wi th  the  fo l l owing  re lationsh ip:

? ?
??
?

?

?

??
?

?

?
??? ?
t

duutRtA

0

XXX exp)()( ? (25)

where  )(X u? denotes  the  fai lu re  rate  of  the  block X at  ut ? ,  u being  a  dummy variable.  

When  ?X i s  constan t,  Figu re  25 is  s impl i fi ed  to  the  classical  formu la:

)exp()()(
XXX ttRtA ???? ? (26)

Therefore  )exp(1)()(
XXX ttFtU ????? ? (27)

1 0.2.3 Non-repaired  composi te  blocks

A non-repai red  composi te  block C  can  be  hand led  as  a  whole  and  as  a s imple  non-repai red  
block provided  i ts  avai labi l i ty  AC(t)  i s  establ i shed.  Note  that  i n  th i s  case  AC(t) =  RC(t) .

Th is  can  be  i l l ustrated  by the  composi te  block presen ted  i n  Figu re  1 2 .  I t  corresponds  to  a  co ld  
standby system  wi th  the  fo l l owing  parameters:
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