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In [SCH81] some aspec ts  o f  o p t i m i s t i c  concu r rency  c o n t r o l  (CC) 
in  d i s t r i b u t e d  database systems have been d i s c u s s e d ,  some im- 
p o r t a n t  problems have, however ,  not  been d e a l t  w i t h  in  s u f f i c i e n t  
d e t a i l  in  the paper but  o n l y  in  the o ra l  p r e s e n t a t i o n .  Thus, the 
reader  o f  the con fe rence  p roceed ings  m igh t  get  the i m p r e s s i o n  
t h a t  o p t i m i s t i c  CC, as i n t r o d u c e d  in [KUR79],  is  very  e a s i l y  
adapted to d i s t r i b u t e d  systems.  U n f o r t u n a t e l y ,  when l o o k i n g  i n t o  
the prob lem more t h o r o u g h l y ,  the c o n t r a r y  t u rns  out  to be t r u e .  
Th is  note is  meant to h i g h l i g h t  the main problems o f  o p t i m i s t i c  CC 
in d i s t r i b u t e d  database sys tems.  We cannot  d i scuss  p o s s i b l e  
s o l u t i o n s  in  d e t a i l  - t h i s  w i l l  be done e l sewhe re .  

1. OPTIMISTIC CC [KUR79] 

In t h i s  n o t e ,  as in [SCH81],  we o n l y  c o n s i d e r  o p t i m i s t i c  CC as 
i n t r o d u c e d  in [KUR79]. Other  " o p t i m i s t i c "  methods,  l i k e  [BAD79] ,  
are not  d i s c u s s e d .  

The bas i c  idea o f  o p t i m i s t i c  CC o f  the [KUR79] type is  as 
f o l l o w s :  

Each t r a n s a c t i o n  proceeds to i t s  end w i t h o u t  c o n s i d e r a t i o n  o f  
any p a r a l l e l  t r a n s a c t i o n ;  i t  works on l o c a l  cop ies  o f  the 
database o b j e c t s .  However, the t r a n s a c t i o n  (say T) has to do 
v a l i d a t i o n  be fo re  c o m m i t t i n g :  i t  has to check whe ther  i t s  read 
set  c o n f l i c t s  w i t h  the w r i t e  se t  o f  any o t h e r  t r a n s a c t i o n  which 
has commi t ted  w h i l e  T was a c t i v e .  In case no c o n f l i c t  i s  d e t e c t e d ,  
T w r i t e s  i t s  o b j e c t s  and commi ts ,  o t h e r w i s e  T is  backed up and 
r e s t a r t e d .  

I t  is essential that va l ida t ion  and wr i te are one c r i t i c a l  
section in the usual sense in the synchronization f i e l d .  One 
can eas i ly  prove that whenever T' commits before T, and no 
c o n f l i c t  of the above type is detected by T, then an equivalent 
ser ia l  execution is T' before T. Note that pos i t ive  va l ida t ion  
does not mean that there is no c o n f l i c t  at a l l .  

-62- 



2. EXTENSION OF OPTIMISTIC CC TO DISTRIBUTED SYSTEMS 

We assume t h a t  v a l i d a t i o n  f o r  a g l o b a l  t r a n s a c t i o n ,  say T, 
is  done on a l o c a l  b a s i s ,  i . e .  each s u b t r a n s a c t i o n  of  T does 
v a l i d a t i o n  i n d e p e n d e n t l y  o f  the o t h e r  s u b t r a n s a c t i o n s  of  T, 
and s i g n a l s  the r e s u l t  to  the c o o r d i n a t o r  o f  T. The c o o r d i n a t o r  
can i n i t i a t e  commit o n l y  i f  a l l  l o c a l  v a l i d a t i o n s  are s u c c e s s f u l .  

There are two sources o f  p rob lems :  

(1)  f o r  g l o b a l  t r a n s a c t i o n s  v a l i d a t i o n  and w r i t e  cannot  be 
a c r i t i c a l  s e c t i o n  (because,  a f t e r  v a l i d a t i o n ,  commu- 
n i c a t i o n  is  r e q u i r e d  b e f o r e  w r i t e  can be pe r f o rmed )  

(2)  v a l i d a t i o n  i s  a s y m m e t r i c ,  such t h a t  the sequence o f  
v a l i d a t i o n s  i s  e s s e n t i a l .  

Problem ( 1 ) :  

One has to  f i n d  a mechanism to s u b s t i t u t e  the c r i t i c a l  s e c t i o n  
< v a l i d a t i o n - w r i t e >  f o r  g l o b a l  t r a n s a c t i o n s ,  Th is  prob lem was 
d i scussed  in  d e t a i l  in  [SCH81],  and a s imp le  s o l u t i o n  was 
p r e s e n t e d .  Each s u b t r a n s a c t i o n  o f  a g l o b a l  t r a n s a c t i o n  behaves 
as f o l l o w s :  

T 

i 

message to 
c o o r d i n a t o r  o f  
g l o b a l  t r a n s a c t i o n  

message f rom 
c o o r d i n a t o r  

n 

read phase 
m 

v a l i d a t i o n  
w r i t e  t e n t a t i v e l y  

_ w r i t e  (o r  a b o r t )  

The idea f o r  the s o l u t i o n  i s  to  ex tend v a l i d a t i o n .  Dur ing  
v a l i d a t i o n  o f  T not  o n l y  those t r a n s a c t i o n s  are c o n s i d e r e d  
which have commi t ted  d u r i n g  the read phase o f  T, but  a l so  
those wh i ch ,  at  the p o i n t  o f  v a l i d a t i o n ,  have t e n t a t i v e l y  
w r i t t e n  (and not  y e t  w r i t t e n  f i n a l l y ) .  

Because o f  the s e p a r a t i o n  o f  v a l i d a t i o n  and w r i t e  the sequence 
o f  the v a l i d a t i o n  i s  no l o n g e r  e q u i v a l e n t  to the sequence o f  
the w r i t e s .  Cons ide r  an example:  

T 1 T 2 

v a l i d a t i o n  I | |  i 

I 
I 

~ , ~  i ' ~  I'."~ .11 
-63- 



Since  the  w r i t e  o f  T1 does no t  i m m e d i a t e l y  f o l l o w  the  v a l i d a t i o n ,  
we may have a dependency  TI  ~ T2 (T1 reads an o b j e c t  wh ich  i s  
w r i t t e n  by T2 a t  a l a t e r  p o i n t  o f  t i m e )  and a dependency  T2 ~ TI  
(T2 w r i t e s  an o b j e c t  wh ich  i s  w r i t t e n  by -TT  a t  a l a t e r  p o i n t ) .  
Th is  s i t u a t i o n  i s  no t  s e r i a l i z a b l e .  

There seem to  be a t  l e a s t  two ways o f  a p p r o a c h i n g  t h i s  p r o b l e m :  

- e n f o r c e  e q u i v a l e n c e  o f  t he  sequences o f  v a l i d a t i o n s  and 
w r i t e s  ( i . e .  T2 wou ld  have to  w a i t  u n t i l  TI  has w r i t t e n )  

- e x t e n d  v a l i d a t i o n  such t h a t  T p e r f o r m s  the  f o l l o w i n g  t e s t  
a g a i n s t  a p a r a l l e l  t r a n s a c t i o n  t :  

r s ( T )  n w s ( t )  u 
ws(T)  n w s ( t )  : 

where rs s tands  f o r  read se t  and ws s tands  f o r  w r i t e  s e t .  

Prob lem ( 2 ) :  

C o n s i d e r  two g l o b a l  t r a n s a c t i o n s  r u n n i n g  in  p a r a l l e l .  S ince  
v a l i d a t i o n  i s  done on a p u r e l y  l o c a l  b a s i s  and i s  no t  c o o r d i n a t e d ,  
the  f o l l o w i n g  s i t u a t i o n  may o c c u r :  

s i t e  A s i t e  B 

T 1 T T l IT 
- v a l i d a t i o n  

T1 does v a l i d a t i o n  on s i t e  A a f t e r  T2, and b e f o r e  T2 on s i t e  B. 
The consequence i s :  t h e r e  may be d e p e n d e n c i e s  a c c o r d i n g  to  the  
p e r f o r m e d  o p e r a t i o n s  such t h a t  we have T2 ~ T1 on A, bu t  TI  ~ T2 
on B. Though the  l o c a l  s i t u a t i o n s  are  s e r i a l i z a b l e ,  T1 and T2 
fo rm a n o n - s e r i a l i z a b l e  sys tem.  

A g a i n ,  t h e r e  seem to  be a t  l e a s t  two p o t e n t i a l  s o l u t i o n s :  

POTENTIAL APPROACH 1: 

I n c l u d e  the  read se ts  i n t o  v a l i d a t i o n ,  i . e .  T p e r f o r m s  the  t e s t  

r s ( T )  N w s ( t )  U 
ws(T)  n w s ( t )  u 
ws(T)  N r s ( t )  = (~ 

The u n f o r t u n a t e  p o i n t  i s  t h a t  now no t  o n l y  the  w r i t e  se t s  o f  
commi t t ed  t r a n s a c t i o n s  must be r e c o r d e d ,  bu t  a l s o  t he  read s e t s .  

The ove rhead  f o r  k e e p i n g  read se ts  may be a c c e p t a b l e  i f  i t  
can be r e s t r i c t e d  to  g l o b a l  t r a n s a c t i o n s .  One has to  be v e r y  
c a r e f u l  abou t  t h i s  p o i n t ,  because in  t h i s  case l o c a l  t r a n s a c t i o n s  
may poduce " t r a n s i t i v e "  d e p e n d e n c i e s  between g l o b a l  t r a n s a c t i o n s  
wh ich  o t h e r w i s e  do no t  c o n f l i c t  a t  a l l .  Th i s  p rob l em  has been 
b r o u g h t  to  my a t t e n t i o n  by S. C e r i .  C o n s i d e r  an examp le :  
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TI I T3 I IT2 T1 ~ 

site A 

T4 I T2 

s i t e  B 

T1 and T2 are g l o b a l  t r a n s a c t i o n s ,  T3 and T4 are  l o c a l .  
V a l i d a t i o n  o f  T2 on s i t e  A and T1 on s i t e  B are  p o s i t i v e ,  
e s p e c i a l l y  t h e r e  i s  no c o n f l i c t  between TI  and T2. I f  t he  
read s e t  o f  the  l o c a l  t r a n s a c t i o n s i s  no t  c o n s i d e r e d ,  and i f  
l o c a l  t r a n s a c t i o n s  do no t  c o n s i d e r  the  read se ts  o f  g l o b a l  
t r a n s a c t i o n s ,  the  f o l l o w i n g  can happen on s i t e  A: TI  reads  an 
o b j e c t  wh ich  i s  a f t e r w a r d s  w r i t t e n  by T3; T3 reads  an o b j e c t  
wh ich  i s  a f t e r w a r d s  w r i t t e n  by T2; we thus  have 

T1 ~ T3 ~ T2. 
On s i t e  B, we may have in  a s i m i l a r  way: 

T2 ~ T4 ~ T I .  

Th i s  i s  a n o n - s e r i a l i z a b l e  s i t u a t i o n .  

At l e a s t ,  t he  l o c a l  t r a n s a c t i o n s  have to  c o n s i d e r  the  read 
se t s  o f  g l o b a l  t r a n s a c t i o n s :  t h i s  wou ld  p r e v e n t  T1 ~ T3 and 
T2 ~ T4 f rom h a p p e n i n g ,  and t h u s ,  because t h e r e  is  no c o n f l i c t  
a t  a l l  between TI  and T2, wou ld  p roduce  a s e r i a l i z a b l e  e x e c u t i o n .  

POTENTIAL APPROACH 2: 

E n f o r c e  t h a t  the  sequence o f  v a l i d a t i o n s  between any two g l o b a l  
t r a n s a c t i o n s  i s  t he  same on a l l  s i t e s .  

Th i s  c o u l d  be a c h i e v e d  by i m p o s i n g  a g l o b a l  o r d e r  on the  g l o b a l  
t r a n s a c t i o n s ,  wh ich  c o u l d  e . g .  be a g l o b a l  t r a n s a c t i o n  i d e n t i f i e r  
< t ime  o f  c r e a t i o n ,  s i t e  number>.  Th i s  t y p e  o f  i d e n t i f i e r  has 
been used f o r  o t h e r  pu rposes  a l s o .  Time o f  c r e a t i o n  o f  the  
t r a n s a c t i o n ,  i . e .  i t s  c o o r d i n a t o r ,  i s  l o c a l  t i m e ;  t he  c l o c k s  
o f  the  s i t e s  need no t  to  be s y n c h r o n i z e d  t i g h t l y .  

Wi th t he  t o t a l  o r d e r  g i v e n ,  the  r u l e  f o r  v a l i d a t i o n  m i g h t  be: 
T i s  o n l y  a l l o w e d  to  v a l i d a t e  i f  T > T' f o r  a l l  T' wh ich  w r o t e  
t e n t a t i v e l y  on t h i s  s i t e  so f a r  (T '  i s  " o l d e r "  than T ) .  O t h e r -  
w ise  T has to  be backed up. 

Wi th  a r u l e  o f  t h i s  t y p e  the  read se t s  need no t  to  be kep t  
f o r  l a t e r  v a l i d a t i o n s .  
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CONCLUSION 

When t r y i n g  to extend o p t i m i s t i c  CC to d i s t r i b u t e d  database 
systems one has to cope w i t h  some n o n - t r i v i a l  s y n c h r o n i z a t i o n  
problems due to the f a c t  t h a t  v a l i d a t i o n s  and w r i t e s  of  a 
g loba l  t r a n s a c t i o n  have to be c o o r d i n a t e d  in some way. The 
s i m p l i c i t y  o f  the approach in c e n t r a l i z e d  systems is  l o s t  to 
some e x t e n t ,  though the re  are s o l u t i o n s  which do not  depar t  
much from the o r i g i n a l  mechanism. Th is  note o u t l i n e d  some 
p o s s i b l e  s o l u t i o n s .  

More work is  r e q u i r e d  to get a b e t t e r  unde rs tand ing  of  where 
o p t i m i s t i c  CC is a p p r o p r i a t e .  This  i n c l u d e s ,  as a most 
i m p o r t a n t  p o i n t ,  the i n v e s t i g a t i o n  o f  per formance aspects  
and comparison w i t h  o t he r  CC methods. 
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