Implementation Homework 6:

Due: November 24, by midnight, email to hamid@cs etc.

Note: Friday, November 20 class will be special homework session for this lab.  

Objective: Gain a firsthand feel for the performance, and physical optimization of a database. In order to help you make sense of the assignment, the following are [some of] the precise lessons of the assignment 
1) Secondary indexes add overhead to inserting rows into a table.
2) Bulk loading (inserting many rows) is much faster on sorted data and, can result in faster query performance.
3) Secondary indexes can be used to expedite queries beyond simply providing a fast access path to data.
Method: Build and query a database table using several different physical configurations and measure the ensuing performance.

Schema:
CREATE TABLE benchmark (


theKey
NUMBER
PRIMARY KEY,


columnA
NUMBER,


columnB
NUMBER,


filler
CHAR(247)

);

The row values are further defined as follows:
· theKey: a unique integer value
· columnA: an integer [1 - 50,000] chosen at random
· columnB: an integer [1 - 50,000] chosen at random
· filler: random text. The intention of this column is simply to force the database to store a typical number of rows on a page and to try to better simulate real I/O time. Fixed length character strings, by definition, reserve space.
Data: The benchmark table should be populated with 1,000,000 rows.  Use two variations of a database generator to populate the benchmark table:

· Variation I: generate and load the rows in sorted order on the primary key.
· Variation II: generate the rows such that the primary key value is chosen at random, without replacement, from the integers.
The goal of the assignment is to measure database performance in a series of controlled experiments, i.e. not to see different variations that can be done, ad-hoc, as cleverly or as quickly as possible. That means you must do everything you can to keep the differences in testing framework to a minimum. In particular, it may be very tempting to use features like auto-generation of keys in sequence for sorted data in variation I. But, since you cannot use that feature for variation II, you shouldn’t use it at all.

We provide a Java program that uses the Java Database Connectivity (JDBC) library to populate the benchmark table. You may use this program for the experiments in this homework or you may write your own. This program creates an in-memory list of integers from 1 to 1 million. For variation I, it simply accesses the sorted list sequentially. For variation II, it randomizes the ordering of the list and then accesses the unsorted list sequentially.

Physical Organizations: Consider the following index configurations:
1. No secondary indexes 
2. Secondary index on columnA 
3. Secondary index on columnB 
4. Secondary index on both columnA and columnB 
Queries: There are three kinds of queries to be considered for this benchmarking problem:
Query 1
SELECT * FROM benchmark
WHERE benchmark.columnA = 25000
Query 2
SELECT * FROM benchmark

WHERE benchmark.columnB = 25000

Query 3
SELECT * FROM benchmark

WHERE benchmark.columnA = 25000


AND benchmark.columnB = 25000

When taking measurements, do not simply run each of these queries once, nor is the value 25000 special. You should run each query a large number of times (at least 10) and average the results (think about: why?). Also, when averaging, each query should have a different constant value, (do not reuse 25000). At the same time, for repeatability, you should not generate the constants for each run. That is, if you are going to run 10 possible “query 1’s” you should pick 10 different constants and reuse them each time (think about: why?).
Measurements: [not necessarily measured in this order]
Measure the loading time of the database using the two different data generators for each for each of the 4 physical organizations
As side issue: You will see that loading a database without secondary indexes is much faster than one with secondary indexes.  A common practice is to “drop” secondary indexes before a bulk load, and then to rebuild them (reissue the create command). Make an additional measurement. Find out the time it takes to load your database without secondary indexes and then build them, and compare that to loading the database with the secondary indexes in place.
Measure the query execution time for each the 3 queries on each of the 4 physical organizations having loaded the database using each of the 2 variations of the database generator (24 measurements of query time). It is possible that some of these runs might take several hours. So,
1) Do not wait until the day before the homework is due to get started.
2) You may want to do the exercise on a much smaller database, e.g. 10,000 rows first. After you are satisfied that you have done the assignment correctly make your measurements for 1M rows.

Turn in:
1) Performance results
a) Fill in the following table of absolute measurements
	
	
	Load Time
	Query 1
	Query 2
	Query 3

	
	Data Generator
	I
	II
	I
	II
	I
	II
	I
	II

	Physical Organization
	
	
	
	
	
	
	
	

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	


b) Measurements with respect to speed-up
i) Let the load time of the database on physical organization 1 on sorted inserts form a baseline. What is the speed-up, (other-organization/baseline), for the remaining load times?
ii) Similarly, for each of the queries, let the physical organization 1 on sorted inserts form a baseline. What is the speed-up, for the remaining executions?
Report your results by completing the following table.

	
	
	Load Time
	Query 1
	Query 2
	Query 3

	
	Data Generator
	I
	II
	I
	II
	I
	II
	I
	II

	Physical Organization
	1
	
	1
	
	1
	
	1
	

	1
	
	
	
	
	
	
	
	

	2
	
	
	
	
	
	
	
	

	3
	
	
	
	
	
	
	
	

	4
	
	
	
	
	
	
	
	


2) Discuss your findings. (4-10 sentences) (Hint: Use the SQL explain command and see if/how the query plan changes for each physical organization.)
