CSE593 Transaction Processing, Winter '99

2/9/99


Assignment 4 

· Due: February 16, 1999. Email your solution to nspring@cs.washington.edu and philbe@microsoft.com.

· Read the remainder of Chapter 6 of the textbook (Sections 6.6-6.9).

· Read Section 3.13 on tree locking in Chapter 3 of Concurrency Control and Recovery in Database Systems, by P. A. Bernstein, V. Hadzilacos, and N. Goodman. You can get this from the web at http://research.microsoft.com/pubs/ccontrol.

Problem 1

Suppose file F has fixed length records and F’s descriptor includes a count of the number of records in F, which is used to find the end of F.  Consider the following two transactions:

· T1: 

· Scan F, returning all the records in F 

· Read(x)

· T2: 

· Insert a record into F
· Write(x)

Data item x is not in F. Both transactions are two-phase locked, and neither transaction locks count.

a. Given an example of a non-serializable execution. Include an argument that it’s non-serializable.

b. Briefly explain why this is an example of the phantom problem.

Problem 2

Consider the description of B-Tree Locking on pp. 99-104 of Concurrency Control and Recovery in Database Systems, which is part of the required reading for this assignment. In each of the following problems, assume that page P in Figures 3-15 and 3-16 (pp. 103-104) is the root of the tree, and that the leaves can hold up to 5 keys and interior nodes up to 3 keys and 4 pointers (as shown).

a. Consider Figure 3-16. Show the final state of the tree after inserting keys 190, 191, and 192. You may omit showing the details of pages that have not changed. Let “M” be the name of the page on the right with keys 221, 245, and 262. (If you’re handing in text, you may use page id’s in place of arrows for the pointers.)

b. Suppose the state of the B-tree is as shown in Figure 3-15 and there are no active transactions. Is there any Search operation that, if run at this point, could traverse a link? Briefly explain why or why not.

c. The insertion of key 153 transforms the tree in Figure 3-15 into the one in Figure 3-16. Suppose  the system fails after L is split into L and L( (including the proper adjustment of the sibling links), but before page P is updated. So the state is a combination of the state of P in figure 3-15 and the state of P’s children in figure 3-16. Suppose that the recovery procedure does not modify any of these pages. Will any subsequent search for a given key be misdirected in this structure? Either show an example of a misdirected search or explain why it cannot happen.

Problem 3

Consider a system that uses LSN-based operation logging with fuzzy checkpoints and logging of undo’s,  as described in the lecture slides and in Chapter 8 of the textbook. Assume that there is no analysis pass before recovery (so there is no dirty page table in the checkpoint record), and that CLR’s (i.e. undo records) are treated as normal updates and do not splice out a portion of the log (as shown on lecture slide 34). 

The following sequence of records is found in a database log after a system failure (data values, such as before and after images, are omitted):

LSN
Trans 
Operation Type 
Page/Record
Trans backpointer

5900
T1
Start



   null

6000
T1 
Update

P1/r1

   5900

6100 
T1 
Update

P2/r2

   6000

6200
checkpoint log record


Active transactions: [T1, LSN 6200]

6300
T2 
Start



   null

6400 
T2
Update

P1/r4

   6300

6500
T2
Update

P3/r1

   6400

6600
T3
Start



   null

6700
T3 
Update

P3/r3

   6600

6800
checkpoint log record

  
Active transactions: [T1, LSN 6200], [T2, LSN 6500], [T3, LSN 6700]

6900
T1 
CLR

P2/r2
     
    6100

7000
T1 
CLR

P1/r1

    6900

7100
T1 
End Abort

7200
T3
Commit


The notation P1/r1 means record r1 on page P1.

a. Show the log records that must be written by the recovery process, in the proper order (i.e. independent of the database state)

b. What LSNs are on pages P1, P2 and P3 after recovery?

c. Which updates and CLRs may have to be redone?

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

e. Does the log give you enough information 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.

Now suppose we modify the example so that it uses an analysis pass (see lecture slides 36-37). 
The checkpoint records now include a dirty page table as follows:

· LSN 6200: Dirty Page Table: [P1, 6000], [P2, 6100]

· LSN 6800: Dirty Page Table: [P1, 6400], [P3, 6700]

f. At the time of the second checkpoint, what LSNs are on pages P1, P2, and P3?

g. Which updates and CLRs may have to be redone?
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