UNIVERSITY OF WASHINGTON

CSE 594: DATABASE MANAGEMENT SYSTEMS

Homework 3: Buffer Management and B+ trees

See the web pages for homework guidelines and policies.

1. Buffer Management.

Each of the following six exercises corresponds to a test case that is generated by the bmtrace program. You can vary the number of frames available to the Buffer Manager and the page replacement strategy (LRU, MRU, or Clock) used by the Buffer Manager during each test case. The general approach for each of these exercises is as follows: 

i. Run bmtrace with the appropriate test number and values for other parameters and write its output to a file. 

ii. Examine the trace file to see how the buffer pool was utilized during the run, and then answer the questions. (You might have to generate several traces for a given exercise.)  

The bmtrace program is simple to use, typing ``bmtrace -h'' at the unix prompt will tell you all you need to know to use it.  To make the results go to a file, use the UNIX redirection operation <:

          bmtrace 3 > q3.trace

will give you a file called “q3.trace” that you can examine.  Each line of a trace file contains a single action performed by the buffer manager.  The first entry on the line is the action, the second is the buffer pool frame number involved, the third is the page id of the disk page involved, and the fourth is the relation involved.  To do fun things like see how many UNPIN operations were carried out, use the “grep” and “wc” commands of UNIX.  Example:

          grep UNPIN q3.trace | wc –l

will tell you how many lines contain the string “UNPIN” in the trace.  The last character of that line is the letter L, not the number one.  (“grep” searches for strings in a file; “wc” counts lines; the “|” takes the output of the “grep” command and pipes it into the “wc” command as input.)

Preliminaries:  You must be logged into orcas or sanjuan to use the trace tool.  Once there, you will need to add the following 3 lines to the end of your “.cshrc” file, if you haven’t already done so while implementing the project:

     setenv MINIBASE_ROOT /cse/courses/misc_lang/axp/minibase-2.0

     setenv PLATFORM `$MINIBASE_ROOT/bin/sysname`
     set path=($MINIBASE_ROOT/bin $path)

You should log out then log back in after making this change.

Unless otherwise stated, you are to use the default values for both the number of buffer frames (64 pages) and buffer replacement policy (LRU policy).   The number of I/Os should be interpreted as the sum of the number of reads and the number of writes.

A.  Test Case 1: Linear scan of a single file. 

(a) What does the Buffer Manager do for each page? 

(b) What is the maximum pin count for each page? 

(c) Generate another trace with 16 frames in the buffer pool (i.e., bmtrace -n 16 1).  What is the maximum number of pages read into any single frame?

B.  Test Case 2: Linear scan with occasional writes, using 16 buffer frames. 

(a) What happens when a dirty frame (i.e., a frame that has been modified) is replaced? 

(b) Notice that the number of PAGE_DIRTYs equals the number of PAGE_WRITEs.  Would it ever make sense for the number of dirties to be less than the number of writes?  If so, in what situation(s)?  If not, explain why not.  Does it ever make sense for the number of writes to be less than the number of dirties?  If so, in what situation(s)?  If not, explain why not.   

C. Test Case 3: Several linear scans of a single file. The size of the file is 20 pages and it is scanned four times. <!--

%<LI>

%What happens when the number of frames available is greater than or equal to the number

%of pages in file? (Try setting the number of frames equal to 25.)

%<LI>

%How do the different replacement policies differ when the whole file 

%fits in the buffer pool?

-->
(a) What is the number of page I/Os when the number of frames is equal to 18 under the LRU replacement policy? What is the smallest number of additional buffer frames you need to reduce this number of page I/Os? (i.e., find the smallest B > 18 such that when the number of frames is equal to B, the number of page I/Os is less than your answer to the first part.)  How many I/Os are performed with this many buffer frames?

(b) Repeat (a) using the MRU replacement policy. <!--

%What is the minimum number of buffer frames required to 

%obtain the same number of page I/Os in (d) for 

%MRU replacement policy?

%What is the number of page I/Os under MRU replacement policy when

%the number of buffer frames is equal to 18?

%What is the minimum number of buffer frames required to 

%obtain the same number of page I/Os in (f) for 

%LRU replacement policy?

-->
D. Test Case 4: Four scans of one 20-page file with occasional reads from another 7-page file. 

(a) What is the number of page I/Os when the number of buffer frames is equal to 22 under the LRU replacement policy? 

(b) What is the minimum number of buffer frames required so that that there are no page replacements  (i.e., no page is read in more than once) under the LRU replacement policy? 

(c) What is the number of page I/Os when the number of buffer frames is equal to 22 under the MRU replacement policy?  

(d) What is the minimum number of buffer frames required so that that there are no page replacements under the MRU replacement policy? Since MRU is supposed to be better than LRU for multiple scans of a file, explain why more buffer pages are required in this case than in Part (b).  Be specific!

E. Test Case 8: Clustered index scan. Yes, that’s right – it’s test case number 8.  There are other test cases that I’ve developed that we won’t be using until later in the semester (if at all).  Here we simulate fetching tuples from a file by walking its clustered index. For each index entry, the corresponding tuple in the file is read.  There are 10 index pages and 40 data pages.

(a) How many page I/Os are required to scan the file using the index if the whole file and index fit in the buffer pool? <!--

<DT>(b)

<DD>How is it sensitive to number of frames in the buffer pool?

-->
(b) What is the number of page I/Os when the number of buffer frames is equal to 16?

F.     Test Case 9: Unclustered index scan.  The index contains 10 pages and the relation contains 20 pages.

(a) How many page I/Os to walk the file using the index if the whole file fits? 

(b) What is the number of page I/Os when the number of buffer frames is equal to 20? What about 22? 

2. B+ Trees:

A. Exercise 5.1 of the text, parts 1 and 2 only.  Use the insertion algorithm described in class and the book.  Do not use any redistribution.  Draw only the parts of the tree that change as a result of the insertion.

B.  Exercise 5.2 of the text, parts 1, 4, and 5.

