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Use the following schema that records information about zoo animals, where they live, and the zookeepers that care for them to answer the homework questions.  Assume that animals live in exactly 1 cage and are fed 2 times a day. Zookeepers only work one shift per day, and 1/3 of the zookeepers work on any given shift.  You can assume the length of an index entry is 25% of the tuple length. Indexes are clustered using alternative (2) as described in the book. In the absence of other information, assume a selectivity factor of 1/10. Be sure to show your work and the formulas you use to receive partial credit.

	create table zookeepers(zid integer not null,  zname varchar(56), 

                                       salary integer, primary key(zid));
	1,000 tuples on 40 pages

Salary uniformly distributed from 20 to 200

	create table animals(aid integer not null, cid integer, aname varchar(128),  
                                  species varchar(56), 
                                  primary key(aid));
	10,000 tuples on 50 pages
475 unique values for cid
1,000 unique values for species

clustered hash index on species

	create table cages(cid integer not null, cname varchar(56), 

                             clocation varchar(56),  primary key(cid));
	500 tuples on 10 pages

100 unique values for clocation

	create table feeds(aid integer not null, zid integer not null, 
                              shift integer not null, menu integer, 
                              primary key(aid,zid,shift));
	20,000 tuples on 20 pages
3 unique values for shift (1,2,3)
menu uniformly distributed from 1-40
unclustered B+ tree index on menu

clustered hash index on shift


I. Sorting
A. Using the general external merge sorting algorithm with 3 pages of memory to sort the zookeeper relation by salary, compute:
i) the minimum number of passes 
ii) the total I/O cost 
B. Using the general external sorting algorithm with 10 pages of memory to sort the zookeeper relation by salary, compute: 

i) the minimum number of passes 

ii) the total I/O cost

iii) Using the general external sorting algorithm that can use as many pages as are available, what is the minimum number of pages of memory required to sort 100,000 pages of data in 3 passes?
C. Use the general external sorting algorithm to sort zookeepers’ salaries in ascending order using the sample values shown in the table below.  You should assume that you have 3 pages of memory available for sorting, and a page can hold 3 salary values. For each sorting pass, show the contents of all temporary files. 
	salary

	124

	55

	99

	155

	51

	72

	131

	98

	101

	98

	115

	40

	134

	39

	21


II. Join Algorithms
Compute the I/O costs for the following joins. Assume the simplest cost model, where pages are read and

written one at a time. Unless otherwise specified, assume that there are 5 pages available in the buffer pool.
A. Page nested loops join with Zookeepers as the outer relation and Feeds as the inner relation.
B. Page nested loops join with Feeds as the outer relation and Zookeepers as the inner relation.
C. Block nested loops join with Zookeepers as the outer relation and Feeds as the inner relation.

D. Block nested loops join with Feeds as the outer relation and Zookeepers as the inner relation.
E. Consider a sort merge join with Animals as the outer relation and Feeds as the inner relation, using the general external sorting algorithm for sorting. Compute the following:
i) the I/O cost to sort both tables

ii) the I/O cost of a sort-merge join, including sorting, with no optimizations

F. Assume 15 pages are available in the buffer pool.  Consider a sort merge join with Feeds as the outer relation and Animals as the inner relation, using the general external sorting algorithm for sorting. Compute the following:
i) the I/O cost to sort both tables

ii) the I/O cost of a sort-merge join, including sorting, with no optimizations

iii) the I/O cost of a sort-merge join, optimizing to sort and merge where possible
G. Hash join with Animals and Cages.
H. Assume 5 pages are available in the buffer pool. Given a choice between a hash join and a sort-merge join, which would you select for each of the following queries?  Why? Include I/O costs and any assumptions you make.
SELECT * 

FROM Animals A, Cages C 

WHERE A.cid = C.cid  

SELECT *
FROM Animals A, Cages C 

WHERE A.cid = C.cid  

ORDER BY C.cid 
III Query Optimization
Compute the expected cardinality of the result after the following predicates are applied.
A. Animals.species = ‘Bear’

B. Feeds.shift = 2 and Feeds.menu <= 20
C. Zookeepers.salary > 90
D. Animals.cid = Cages.cid

E. Cages.cname = ‘Hundred Acre Wood’

F.  Choose the best access plan for the Animals relation in this query and compute its expected I/O cost. Include any assumptions you make
SELECT *

FROM Animals A
WHERE A.species = ‘Bear’

G. Choose the best access plan for the Feeds relation in this query and compute its expected I/O cost. Include any assumptions you make
SELECT *

FROM Feeds F

WHERE F.shift = 2 and F.menu <= 20

H. Choose the best access plan for the Cages relation in this query and compute its expected I/O cost. Include any assumptions you make.
SELECT *

FROM Cages C

WHERE C.cname = ‘Hundred Acre Wood’

Consider the following query.

SELECT Z.sname, A.aname

FROM Zookeepers Z, Feeds F, Animals A

WHERE Z.zid = F.zid AND F.aid = A.zid AND

           A.species = ‘Bear’ AND F.shift  = 2 AND F.menu <= 20

J.  Draw all possible join orders considered by a System-R style query optimizer.
K. Assume the optimizer only supports page nested loops join. Compute the expected I/O cost for the first join of each plan listed above (e.g., the join at the bottom of the tree).  Which join order would the optimizer select? Include any assumptions you make.


























































































































































































































































































































































































































































































CS 186 Homework 3
Spring 2007
    Page 1 of 8
CS 186 Midterm I
October 4, 2004
    Page 8 of 8
CS 186 Homework 3
Spring 2007
    Page 4 of 8

