


• The fl ag is c h a n ged to a p redefined reserved b loc k seq uence  i nd ic at i n �  r ha t  r he  
mer�e was s 1 1 ccessfu l. The Hag  wi l l  a l \',· ays correspond t o  t h i:-;  :,;eq 1 1ence  i f  11 0 n w rge 
operat ion  is t a k i n g  p l ace. 

T he Aag i s  wr i t t en  to  a p redete rmi ned l oc ;i t i o n  on  d i s k . fn t he eYent  of  a ::::y :-; t em fa i l 1 1 rt• . 
t he reco\·e ry manager  Je te r rn i nes \v h ic h  log ica l  dat a b ;1.:-:-: c' fi le b loc k w as bei n g  1 1 pd a t 1•d . 
Th i s  ensu res tha t  t he  � t a t e  of t he dat abase pr ior  t u  t h L' fa i l u re can be  det e rm ined i f  t he 
fai l u re occ ur red d u r i ng t he exec u t ion  of a. merge .  

2 . 2  Recovery P rocPss ing 

C pon reco\·ny fro m  a s i t e  fa i l 1 1 re .  a redo .  no- 11ndo a lgor i t h m  is exec u t ed . .-\ l l  t ransac t ions  
t hat have bee n commi t t ed .  bu t  poss ib ly  not  yet  propagated . are  redone. The  fo l lo\'v i n g  
recovery ste ps are t ak e n :  

• I f  a merge o pe rat ion  was t ak i ng p lace when t he fa i l u re occur red , an  u n merge algo-
r i t h m  is performed . 

I f  t he fa i l u re occurred w h i l e  wr i t i i:i g t he flag to d is k .  t he p redeterm ined loca t i on  
\v i i i  e i t he r  con ta in  the  reserved seq 1 1ence or  t he l og i ca l  b lock  nu mher .  [ f  i t  
cont a i n  t he reserved sequence . t he recovery manager w i l l  re- i n i t i a t e  t he me rg i n g  
a l gor i t h m .  I f  t he flag was successfu l ly wr i t t en  t o  d is k  p r io r  to  t h e  fa i l u re .  o n l y  
t he merg i n g  of  t he bloc k is  redone . 

- [ f a d iffe ren t i a l  fi le bloc k was in t he process of be ing  merged w i t h t he dat a base 
fi l e :  t he ex is tence of the flag w i l l  ind icate  t h is . T h e  b loc k corres pond ing  to  r he 
flag add ress i s  freed and t he merg ing is redo ne. S i nce  t he dat a Ya l ues vv i l l  be 
safe ly  recorded in t he d i fferen t ia l  fi le ,  no i n fo rmat ion is lost . 

If a fa i l u re occu r red \Vh i l e  1 r nflagg i ng :  t he u n merg i ng  a lgor i t h m  co nsu l t s  t h e  
i node i n format ion  and concl udes t hat  t he merge w as successfu l .  

• A p rev ious cons isten t s ta te .  consist i ng  of  �n  o ld  rnpy of t h e  phys i ca l  dat abase. i s  
cons t ruc ted. The  correspond i n g  d i ffe re n t i a l  fi le  i s  uh ta i ned . .  -\ l l  c losed bu t  not y e t  
merged fi l es a r e  su bseq 1 1en t l y  merged i n to t he ma in fi l e .  

• T he c h ec k po i n t  record correspond ing  to  t he la test  d i ffe ren t i a l  fi le i s  consu l t ed to  
ob ta in  a l is t  o f  t he t ransac t ions to  be  redone.These t r ansac t ions a re  re- execu ted . 

• G l o ha l  sys tem recovery is performed . One of t he ad van tages of a d i s t  ri bu  t ed dat  a ba::::e 
versus i t:-:; n'n t ra l i zcd co unter part  is t h at  si t es cont i n ue p rocess i n �  in t he even t  of 
fa i l u rPs of  o t h e r  s i tes .  Th i :'i  i mp l ies t h a t  t he 1 1 pdates on local c op ies of  t he d at .1 m 1 i s t  
be o b t a i ned a n d  Pxec 1 1 t ed by  t he s i t e .  Cpon rec:o \· e ry ,  t he :-; i r e ob t a i n s  t he rn i .':,sed 
l l [J < f a t es frcJ r r 1 <J t } 1 e r  � i t.PS a r1 < f  perfr) r rns t he necess a r y  u p,J a t es t cJ t he (i a t <1 b a�e 7 .  

• .-\ fte r  t he s 1 1 ccc:-;s fi i l  c o m p l ct i u n  uf  t he recov ery a lgo r i t h m  norma l p roce-"':-: i n g  i s  re­
su med. 

Example 2 

The use of t he N R D \' I X rec,wery a l go r i t h m  is i l l us t rated by t h e  fo l low i n g  e x a mp le .  
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Co nside r again th e update t ransa ction of example 1 :  

BEGIN TRA NSA C TION; 

UPDA TE cl ient  
SET bala n ce = bala nce + .50 
rVHER E age > 65 A ND 

ba lance > 100; 

CO.t!Jf!T: 
The record values of the  corresponding c l ients pr ior to t he u pdate  are dep ic t ed hy figu re 6 
and t he res u l t  by fig 1 1 re 7 .  The records of C l i en t  l and C l i en t  2 are loca ted on page l of 
t he data,b ase fi l e  and those of C l ien t  3 and C l ien t - 1  on page 2 .  The res u l t i n g  val ues are 
located on pages ld and 2d i n  a d ifferen t ia l  fi l e .  

! P A G E i C L IEt'iT : A G E  B A L.-\ :-I C E 

I P age l ! C l i ent  1 67 950 
Cl ien t 2 68 2 100 I 

P age 2 C l ien t  3 77 40000 
C l i ent  4 89 8 -10 

F i gu re 6: D ata  values before the exec u t ion  of t he u pdate t ransac t ion .  

PAG E C L I ENT A G E  I B . .\ LA � C E  
Page l d  C l i en t  1 67 1 1 000 

C l ien t  2 68 i 2 1 50 
Page 2d C l i ent  3 77 i 400.SO i 

C l ien t  4 : 89 I 890 

F igure 7: Data va lues afte r  t he successful complet ion of  t he update  t ransac t ion .  

I f  a system fai l u re occu rs d u ri n g  t he u pdate ,  t he database may  be i n  any  of t he fol lowi n g  
states : 

• The wr i tes were a l l  log ica l ly  com p lete ,  bu t  t he phys ica l  wr i tes have  not been i n i­
t iated .  The accoun ts of a l l  t he c l ients t herefore s t i l l  conta in  the  o ld val ues as i n  
figure 6. Upon recovery ,  t he t i mest amp of t he l a s t  successfu l l y  c losed d i fferen t i a l  fi l e 
is consu l ted . The resu l t  of t he upd ate w i l l  not be found  in t he d i fferen t i a l  fi le s i nce  
i t  had not yet  been wr i t ten  to  d i sk .  I t  w i l l  be  the refore correc t l y  he  conc l uded t h at 
the res u l ts of the  t ransac t ion  had not yet  been propag a ted. The t ran�ac t ion w i l l  be 
redone by us ing the  i n for mation recorded in  the  local  log , res r d t  ing i n  the correc t 
values wr i t ten to  al l t he accounts .  

• The  physical  w r i te  w as i n  progress w hen t he fai l u re ocC 1 1 rred, as  in fi g 1 1 re 8.  The  
accounts  of the  fi rst  two c l i ents conta in  t he new values R9.50 and  R2 l00  and  those 

· located on  page 2d s t i l l  cont ai n  t he old val ues .  These pages are located i n  the 
d ifferent ia l  fi le ,  s ince on ly  t he effects  of c losed d iffere n t i a l fi les are me rged w i t h  t he 
main database fi l e .  The physical  da tabase was not  i n fl uenced . C pon recovery ,  t he 
contents of t he incomp lete d ifferen t i a l  fi le  are d iscarded and t he update is redone by  
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us i n g  t he log i n format io n .  

I P .��!�--- C' L I E :,.'. T  .-\G E  B A L:\ \ C E  
Page l d  C l ie n t  l G7 1 000 

C l i en t  2 G8 � 1 .so 
Page 2d C l ie n t  3 1 1  10000 

----
Cl i en t  -l 89 8 10 

F igu re 8 :  Data  va lues d u r i n g  t he execut ion of the u pdate t ransac t ion.  
• The w r i t e  was  both  log ical ly and phys ica l ly  complete , but  t he merge had not ye t  heen  

exec u t ed . .-\gai n .  the  updated record:-; were wr i t ten  t o  t he d i fferen t ia l  fi le and the  ma in  
da t abase was not  effec ted. The d i ffe re n t i a l  fi le t hus con t a i ns t he cor rect  amou n t s  fo r a l l  
t he rele van t  c l ien t s  shown i n  fi g u r� 7 .  [ f  t he d i ffe ren t ia l  fi le  was a l ready do:3ed hy 1 1 5 i n g  
t h e  p rev ious ly de:-c r ibPd method . i t  i s  me rged w i t h  t he m a i n  data base fi l e .  t h<' resu l t  be i n g  
a con:-.; i s ten t  a n d  cu rrent  database . I f  no t . t he da tabase i s  rol led bac k to  t he s t a te  p r i o r  t o  
t he beg i n n i ng of the d iffe ren t i a l  fi le a n d  a l l  t he relernnt  t ransac t ions ,  i nc lud i n g  t h e  update :  
a re redone by  us ing  t he log .  

PAG E C' L I E '.\ T  . .-\ G E  8 :\ L ..\ \ C E  i 
P age 1 C l i en t  l 67 1000 

i Cl i en t  2 68 2 1 50 -------
P age 2 C l i e n t  3 1 1 400.":,0 ! 

] Cl i e n t  4 89 8-10 -

F igu re 9 :  D ata  val ues du r i ng  t he exec u t io n  of t he merg i ng  a lgo r i thm i n  t h e  ma in  database 
file . 

• If t he  d i ffe ren t ia l  fi l e  and t h e  main  database fi le  were be i n g  mer ged as i n  fi g u re 9 
when t he fa i l u re occu r red , t he  effects of t he update  are recorded i n  t he local  log. 
The unmerge a lgo r i t hm is execu ted. The da tabase is ro l led bac k to t he s ta te  p r io r  
to t he beg i n n i n g  of t he d i ffe ren t ia l  fi l e  and  a l l  t he relevan t t ransac t ions ,  i nc l ud i ng 
the  u pdates ,  are redone by usi n g  t he log. 

• I f  t he merge w as successfu l ly  comple ted as i n  figure 10, t he data val ues in t he ac­
counts  of a l l  fou r  c l i en ts are up to date .  The t ransac t ion has not to he redone  and 
i ts effect are val id and secu re .  

PAC E : C' L I E :,;  T .-\ G E B :\ L\ \ C E 
------

page l i ��l �� t � 6 7-�-��_'2_f?_ ___ __ __ __ _ 
i i C l ie n t  � 68 � L .=j() 
�-------- - - - - -------- ----- ------ --·- --------

Page :! C l ie n t  :� 1 1 10().=j() 
1 C l ie n t  t 89 �90 

F igure 10 :  The resu l t i n g  data \- :dues i n  t he main da tabase ti le afte r  t he me rge p rocess. 

The example i l lust rates that  the recovery algor i t h m  is  s u ffic ient. to  recov e r  fro m any  o f t he 
above s i t u a t ions .  The amou n ts in t he c l i en ts : acco 1rnts  are correc t and no i n format ion is 
lost when us i n g  t h is sc heme . 
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Conclus ion 

The loss of  i nformat ion d ue to t he de layed-wr i t e  po l i cy  of  t he C \' L'( hu  ffer cac he  is el i m­
inated by t he use of log ica l  logg i ng  and d i fferen t ia l  fi l e  reco \· e ry tech n iq ues . Commi t t ed . 
unpropagated t ransac t ions are redone by exec u t ing  t h e desc r i bed reco\·ery a l gor i t h m . The 
merg ing  a lgor i t hm is used to  cons t ru c t  a p rev io 1 1 s  �ons is ten t d a t a hase s t a t e  by com bi n i n g  
t he ma i n  data base fi le a n d  a l l  the c losed . b u t  no t  y e t  merged � d i ffe re n t i a l  fi les . T h e  use o f  
a t agg ing  mechan i sm ensures t ha t  o n l y  t he effects  o f  commi t t ed t ransac t ions are w r i t  t e n  
t o  t he physical dat abase . T h e  tag  a lso i nJ ic ates t he l as t  c omp l e t e  d i ffe re n t ia l  fi le i n  t he 
system.  The t i mestamp of th i s  d i ffe ren t ia l  fi le  is then 1 1 sed t o  oh ta in  t he cor respo nd i n g  
chec k po i n t  record . t he reby ensu r i ng  t h a t  t he necessary t ransac t ions a r e  redone . I n  t he 
even t  of a fai l u re du r in g  t he merge p rocess . t he 1 r nmerge al �o r i t h rn is u�ed to const r u c t  a 
prev ious consistent  s ta te .  Th is ens 1 1 res t he recons t ru c t ion o f  a p rev ious  cons is tent  J ata base 
s ta te .  

D i fferent ia l  fi les can be used when implemen t i n g  an i n c remen ta l  d u mp i n g  recovery fac i l i ty 
to fac i l i t ate  t he recovery from disk fai l u res. C losed d i ffe re n t i a l  fi l es a re wr i t t e n  t o  a 1 1 x i l ary 
s torage t oget her  w i t h a prev ious consistent  database file .  I n  t he even t of  a d is k  fa i l 1 1 re .  
a p revious consist en t  da t abase i s  cons t ru c t ed b y  exec u t i n g  t h e  merg i n g  a l gor i t h m  on  t he 
fi les located on  t he aux i lary storage. This i nc reases the  re l iab i l i t y  of t h e  D D B.\ l S .  

The above mechanisms overcome t he shor tcomings o f  U :\ IX a n d  are i m p l emen ted a s  user 
processes . They in ter face with the  U N IX kernel  t hrou g h  s tandard sys t em ca l l s .  It was not 
necessary to  modify t he U N IX kernel . The D D B.\1S , developed in C ,  i s  t herefore h i g h l y  
port able and syst em i ndependent .  O ne o f  t he main obj ec t i ves of  t h e  :\ R D :\ IX D D B.\IS ,  
namely to  prov ide a consisten t :  but h i gh l y  portab le  syst em ,  is  t herefore met . 
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