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Hom ework 4
LSN Txn Operation Type Page/Record Trans backpointer
11 T0 Update P0/r0 null
12 T1   Update P1/r1 null
13 T2   Update P2/r2 null
14 T2 Update P0/r3 13
15 T2 CLR P0/r3 14
16 T1 Update P0/r4 12
17 T0 Update P3/r5 11
18 checkpoint log record, Active transactions: [T0, 17], [T1,16],[T2, 15]
19 T1 Com m it
20 T3 Update P2/r6 null
21 T0 Update P0/r0 17
22 T2 CLR P2/r2 15
23 checkpoint log record, Active transactions: [T0, 21], [T2, 22], [T3, 20]
24 T2 End Abort
25 T3 Update P0/r3 20
26 T4 Update P2/r2 null

a. Show the log records that m ust be written by the recovery 
process, in the proper order, and briefly explain why they 
m ust be written. 

The records that need to be written are those required to abort 
T0, T3, and T4:

27 T4 CLR P2/r2 26
28 T4 End Abort
29 T3 CLR P0/r3 25
30 T3 CLR P2/r6 29
31 T3 End Abort
32 T0 CLR P0/r0 21
33 T0 CLR P3/r5 32
34 T0 CLR P0/r0 33
35 T0 End Abort

The above assum es that txnsare aborted in the inverse order 
in which their last log record appears in the log. 

b. W hat LSN is on each page after recovery?

P0 34 P1 12 P2 30 P3 33

For each page, you want the LSN of the last 
log record that updated the page. For P0, P2, 
and P3, these are log records that were written 
by the recovery procedure.

c. Based on what you see in the log, what is the 
sm allest LSN of any log record that m ight have 
to be redone?

LSN 20, which is the first update record that 
follows the penultim ate checkpoint. 

d. W hat pages are fetched from  disk by the 
recovery process? 

P0 and P2 during the redo pass. P3 during the 
undo pass.

e. Does the log give you enough inform ation to tell 
whether record-level or page-level lock 
granularity is being used? If so, which is it and 
how can you tell? If not, explain why not.

It uses record-level locking, because (for exam ple) 
in LSN 11 T0 wrote to P0 and in LSN 14, T2 
wrote to P0 even though T0 is still active. LSNs
16, 20, 21, 25, and 26 also show this. 

f. W ould it have been legal for T2 to have written an 
End Abort record in between LSN 22 and 23? 
W hy?

Yes, because all of T2’s CLRshave been written. 
But in this case, T2 would have to be deleted 
from  the checkpoint record that follows. 

g. Suppose the system  failed im m ediately after LSN 23, so 
that records 24 – 26 were not written to the log. W hat 
log records would be written during recovery in order 
to finish the abort of T2?

Since the system  is not doing the optim ization to splice out 
com pleted undo records, the undo records also have 
to be undone, leading to the following:

24 T2 CLR P2/r2 22

25 T2 CLR P0/r3 24
26 T2 CLR P0/r3 25
27 T2 CLR P2/r2 26

28 T2 End Abort
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Now suppose we m odify the exam ple so that it uses an 
analysis pass. Each checkpoint record now includes a dirty 
page table as follows:
• In LSN 18, Dirty page table = [P0:15, P1:12, P3:17]
• In LSN23, Dirty page table = [P0:21, P2: 22]

h. At the tim e of the second checkpoint, what LSNscould be on 
each page on disk?

• The page LSN is the LSN of the last update record pre-
ceding the one pointed to by a dirty page table entry. Since 
there’s no entry for P1 and P3, they m ust be clean in cache, 
which m eans their LSNsare those of the last update record 
to each page before the checkpoint, nam ely 12 and 17 resp. 

• Entry P0:21 says that LSN 21 needs to be redone. So on 
disk, P0 could have LSN 16, if it wasn’t flushed after the last 
checkpoint, or LSN 21 or 25 if it was flushed later. 

• Given entry P2:22, P2’s LSN on disk could be 20, 22, or 26. 
Notice that it cannot be 13, because entry P2:22 ensures 
that P2 was flushed after LSN 20. 

i. W hat would it m ean if the dirty page table in 
LSN 23 did not have an entry for P2?

It m eans that P2 was flushed to disk after LSN 22 
was written and before the checkpoint at LSN 
23 was perform ed. 


