














































5 .3  Transact ion Orientated Shadowing 

A separate current file is created for each subtransaction of a dist ributed transaction .  The 
current page table is written to a conimitlist during the last phase of t he commit protocol . 
Once this has been done , i t  is ensured that the results of the subtransac tion will survive a site 
failure . Finally, a commit record is written to the commitlist . 

At restart , the local commitlist  is examined to determine those subtransac tions for which 
a precommit record appears in the list  but not a commit record.  The shadow page table is 
updated using the precommit record .  The commitlist i s  obtained from an operat ional site. The 
remote shadow file information of all newly submitted t ransactions are made part of the local 
database. 

5 .4  Differential Files and Logging 

One main differential file is  utilized. The results of subtransactions of locally as well as remotely 
issued distributed transactions are maintained therein . 

At restart , t he main database together with t he committed t ransactions recorded in the 
differential file reflect a consistent state . The results of locally committed,  unpropagated trans­
action executions may be found at two places :  in the differential file or in the log . The results 
of commit ted logged transactions which are not contained in the differential file are made part 
of the database by executing a redo algorithm. 

The results of recently completed dis t ributed transactions are located in the differential files 
of operational sites and are located in their logs . One of two approaches may be u tilized .  In 
the first , the remote log information is obtained and the t ransact ions are explicitly re-executed . 
In the second ,  both the remote differential file and log information are utilized .  The differential 
file records corresponding to the committed transactions are selected and are copied to t he local 
database files . 

5 . 5  Transaction Orientated Differential Files 

A logical t ransaction differential file is utilized by the subt ransactions at each participant in a 
distributed t ransaction. Physically this file consists of two files : a deletion file ( D1 ) and an add 
file (A1 ) . When a subtransaction is locally committed , this local differential file is appended 
to a main differential file A9 and D9 •  The timestamp thereof is written to a commitlist . The 
commit information is  maintained in t he commitlist .  

At  restart , a previous consistent database state is constructed.  This s tate consists of  the 
main database file as well as the records in  the main differential file for which an entry is the 
commitlist has been recorded . In addition, the information of transactions committed during 
the failure are made part of the local database . This information is obtained from operational 
sites . The relevant parts  of remote main differential files are received via the network . It is 
app ended to the main differential file at the recovering site .  

6 Comparison of Techniques 

A model to uniformly model the overhead associated with the various recovery techniques 
was developed  [22] . The various techniques are ·uniformly mode_lled against the same set of 
transactions ,  number of sites and distributed dat abase specifications . These specifications are 
directly derived from the way processing is p erformed in NRDNIX. 

Figure 1 shows the parameters which are used in the modelling. The distributed database 
consists of 5 sites . For this example t he maximum number of records at a site is taken as 400. 
A total of 19  distributed transactions are concurrently executed at the 5 sites in  the distributed 
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database. These distributed transactions are in different stages of execution when the failure 
occurs [22] . 

Parameter Amount 
Sites 5 sites 
Maximum Records p er Site 400 records 
Total Distributed Transactions (DTs)  1 9  sites 
Completed and Committed DTs 5 sites 
Completed and Aborted DTs 5 sites 
Restarted and Committed DTs 5 sites 
Restarted and Aborted DTs 4 sites 

Figure 1: Modelling Paramet.ers 

The disk storage , message and I /0 overheads on the distributed transactions ,  imposed by 
the extended recovery techniques,  are determined . 

Disk Storage Overhead 

Disk storage overhead is incurred by the redundant recovery data which are accumulated and 
maintained during normal processing [ 1 0 ,  1 2 ,  20] . The amount of additional disk storage over­
head is determined by the number of pages written to disk . The page length is considered to 
be 1 024 bytes , corresponding to the size of a XENIX page . 

Message Overhead 

The additional message traffic [6] imposed by the recovery techniques are taken as metric when 
discussing message overhead , since it will directly influence the transmission delay and thus 
the overall transaction execution . In the NRDNIX system , the fixed cost associated with each 
message dominates t he overall transmission cos t .  The message transmission cost is therefore 
not much influenced by the variable cost caused by the message length [ 1 6] .  The number of 
addi tional messages is easily determined and is sufficient to model the message overhead [6] . 

I/ 0 Overhead 

The additional I/0 operations are incurrecl. when accessing and propagating recovery related 
data to disk and when executing I /0  operations during recovery. The movement of data is 
p erformed by executing a XENIX read or write system call . The number of additional I /0 
cycles are used as  the  unit of  modelling when discussing I/0 overhead [ l ,  1 0 ,  12 ] . 

The CPU overhead imposed by the recovery techniques are implicitly included in the I /0 
cost s .  The  reason therefore is threefold.  Firstly, the  ability of  the  system to exploit the capacity 
of faster C P Us is  directly influenced by the amount of I /0 operations [ 1 8] .  Secondly, a large 
amount of the C P U  overhead is incurred by the setting up of the I/0 operations [ 1 2] .  Thirdly, 
the I /0  and communication costs are shown to dominate the processing costs  [3] . 

7 Results and Evaluation 

The results of the comparison are shown in figures 2 and 3 .  These values reflect the overhead 
during normal and recovery processing [4 , 22] . The normal processing overhead i s  taken as 
the cost incurred during a fixed time interval T.  This overhead is calculated by considering 
all sites in the dist ributed datab ase .  The resulting values reflect the overhead at the most 
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expensive site. The recovery processing overhead is calculated at the recovering site. It consists 
of the reprocessing overhead required to recover the set of distributed transactions to a globally 
consistent state . 

I Technique I Disk bytes I I/ 0 cycles I 
Page State Log 69 836 102 
Page Transition Log 28 0 16  68  
Deferred Data Item Log 986 136 
Immediate Data Item Log 1 054 102 
Deferred Data Item Log & Shadows 3366 238 
Immediate Data Item Log & Shadows 3434 204 
Logical Log & Shadows 3672 153 
Transaction O rientated Shadows 238 255 
Transaction O rientated Dif. Files 34 9 18  22 1 
Immediate Data Item Log & Dif. Files 36 040 204 
Deferred Data Item & Dif. Files 35 972 238 
Logical Log & Dif. Files 36 244 153  

Figure 2 :  Normal Processing Overhead per site. 

I Technique I Disk bytes I I/  0 cycles I Messages I 
Page State Log 32 832 1 36 32 
Page Transition Log 13 1 29 1 36 1 3  
Deferred Data  Item Log 448 68 1 
Immediate Data  Item Log 480 1 36 1 
Deferred Data  Item L og & S h.tdows 1506 236 2 
Immediate Data  Item Log & S hadows 1440 142 2 
Logical Log & Shadows 1552 36 2 
Transaction Orientated S hadows 204 236 1 
Transaction Orientated Dif. Files 16 432 40 16  
Immediate Dat a  Item Log & Dif. Files 16 928 1 36 1 7  
Deferred Data Item & Dif. Files 16 896 68 1 7  
Logical Log & Dif. Files 1 7  040 36 1 7  

Figure 3 :  Recovery processing overhead 

Normal P rocessing Overhead Evaluat ion 

During notmal processing, message overhead is incurred by the execution of the commit proto­
col . This overhead is equal for all techniques and is therefore not shown. 

The transaction orientated shadowing technique yields the b est  disk storage overhead, but 
the I /0 cost is high_ . The physical page transition logging technique yields the b est 1/0 overhead 
results ,  with a high disk storage overhead . Both the physical data  item logging approaches yields 
both low disk storage a.nd 1/0 costs ,  with the deferred write approach slightly better tha.n the 
immediate write approach. Data item logging therefore seems the most suitable method for the 
system under consideration . 
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Recovery Processing Overhead Evaluat ion 

The transaction orientated shadowing technique yields the best disk storage overhead and mes­
sage overhead , but t he I/0 cost is high . Logical logging combined with the shadowing techniques 
yields the best I/0 overhead with a moderately low disk storage and message overhead . Both 
the physical data item logging approaches yields low disk storage, I/0 and message costs ,  with 
the deferred wri te  approach slightly better than the immediate  write approach . Physical data 
item logging therefore seems the most  suitable method for the system under considerat ion . 

8 Conclusion and Extensions 

Local system failure recovery techniques are widely utilized in centralized databases . These 
techniques need to b e  extended for a distributed environment . The extension of local system 
recovery techniques is useful since the dist ributed database management system utilizes exist­
i ng and well understood techniques . The autonomy of sites are preserved since the recovery 
management function is localized . 

An overview of the extended local system failure recovery techniques was given . The results 
of a comparative modelling of these techniques were presented . The modelling is aimed at a 
specific distributed database environment . The deferred data item logging technique proves the 
b es t  technique for the specific system,  both during normal and recovery processing. 

The paper concerns the failure of one site due to local system failures . Multiple site failures 
and network part it ions  were not discussed .  An ext-ension to this work presents techniques and 
modelling to incorporate these types of failures [22] . In addition , the model should also be 
applied to  other dis tributed database environments .  
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