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The exam is “open books” and you have 75 minutes to complete the exam. The exam is slightly too long; I expect you to complete 90% of the problems in the available time.

1) Designing E/R Schemas [17]

Design an Entity-Relationship Diagram that models the following objects and relationships in the world of baseball (MLB): teams, players, games, owners and contracts for a single season.  Each team has a unique team name, and a city it plays in.  Each person being part of the baseball world has a unique ssn and a name and a birth date.  Additionally, for players their weight and height  are of intrest.  Players under contract with a team receive a monthly salary for their services, and teams have at least 9 and at most 25 players under contract for the whole season or for a certain period of time during the season; players can change teams during a single season.  Each team has one owner (that cannot be the owner of another team, but a player can be owner of a team). A game involves a home-team and visiting-team; additionally, the day of the game, and the score of the game are of importance; each game has a unique game number assigned to it; teams play each other several times in a season (sometimes they play each other twice on the same day). Moreover, for each game played we like to know which players participated in the game and what position the player played. 

Indicate the cardinalities for each relationship type; assign roles (role names) to each relationship if there are ambiguities!  Use sub-types, if helpful to express constraints!
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2) B+ Trees [15]

a) Assume a B+-tree with a root, one level of intermediate nodes and one level of leaf nodes with m=100 and p=11 is given. How many entries can such a tree maximally store? What is the smallest of entries this tree can have? [4]

Max: 11 x 11 x 100 = 12100

Min: 2 x 6 x 50 =600

b) Assume the above B+-tree with each node corresponding to one block on the disk is given. Assume an entry in this tree is deleted. How many blocks have to be accessed in the worst case to perform this deletion? Give reasons for your answer! [5]

5 or 7  considering borrow or merging.

c) Assume that the following B+-tree with p=5 and k=3 is given. Furthermore, assume that the keys 1, 21, 22, 23, 39 are deleted in the indicated order. Show how the tree looks like after each deletion. [6]



3) HASHING & INDEX STRUCTURES [9]

Assume a relation student(ssn, name, age, gpa…) is given  that contains 100000 tuples which are stored in 1000 blocks (100 tuples fit into one block) using heap file organization. Additionally, an index on the age attribute (which is an integer field) has been created that takes 80 blocks of storage, and an index on gpa (which is a real number) has been created that takes 150 blocks of storage. Both index are implemented using static hashing, and you can assume that there are no overflow pages. 

How many block accesses does the best implementation of the following queries take (you can either use the index if helpful or not use the index)? Give reasons for your answers!

Q1) Give the age of all the students that are named “Liu” (assume that there are 23 Liu’s in the database) [2]

1000

Q2) Find all students of age 46 in the database (assume that there are 37

      students of that age in the database) [2]

       1(index)  +  37 (tuple block)

     Q3) Find the student with the highest GPA in the database (assume there single “best” student in the database) [3]

       150(index)  +  1 (tuple block)

     Q4) Give the ssn of all students whose gpa is between 3.4 and 3.6 (assume that there are 500 students that match this condition). [2]

      150 (index) + 500 (tuple block)

4) SQL and Relational Algebra [15]

All the following queries you have to write refer to the Sailor, Boat, Reserves relations of page 92 of the textbook.

a) Give a relational algebra expressions that correctly implement the following query: “Give the names(s-name) of all sailors that have at least one  reservation for 11/06/98 and at least one reservation for 11/08/98.” [5]

(s-name ((day =’11/06/98’(Sailor |X| Boat |X| Reserves)) (
(s-name((day =’11/08/98’(Sailor |X| Boat |X| Reserves))

b) Write SQL-queries that satisfy the following information requirements:

B1) “Give dates of all reservations that sailors named ‘Andy’ hold ” [2]

SELECT  R.day

FROM  Sailor S, Reserves R.

WHERE  S.sid =R.Sid AND S.sname = ‘Andy’

B2) “Give the name and sid of all sailors that do not have any reservations for green boat(“There is no green boat that is reserved by this sailor”)[4]

SELECT  S.sname  S.sid

FROM  Sailor S

EXECPT SELECT S.sname S.sid

FROM Sailor S, Reserve R, Reserve R, Boat B

WHERE S.sid = R.sid AND R.bid AND B.color = ‘green’

B3) “Give the sid  of  all sailors that have reservations for (at least) 2 different red boats. [4]

SELECT S.sid

FROM Sailor S Reserves R, Boat B1, Boat B2

WHERE S.sid=R.sid AND Rbid=B1.bid AND R.bid=B2.sid AND B1.color=’red’ 

               AND B2.color=’red’ AND B1.bid ( B2.bid

5) Questions [11]

a) What are the main differences between main memory and disc memory? [3]

1. main memory is 10000 fast than disc memory

2. main memory is volatile while disc memory is not.

b) What is data striping? Why does data stripping speed up disc access? [3]

Data striping distribute data over several disks to give the impression of a single, very fast disk. 

Data stripping allows to access disk in parallel which increase the I/O bandwidth.

c) Most buffer managers use pin-counters. What is their purpose? [2] 

Pin-counter keeps track of the number of current users of the page in that frame.

d) Transactions are considered to be atomic units of execution. Give an example that illustrates why this requirement is important! [3]

No solution provided. 

6) Mapping E/R to Relational Schemas [8]

Map the E/R diagram given on the next page to a relational schema using the default mapping that was discussed in class. Giving the graphical representation for the relational schema is sufficient (just identify all foreign and primary keys).

Person(ssn, name)

Male(ssn)

Female( ssn )

Company (name, location )

Wedding ( from, husband, wife, to )

Is_insured( from, husband, wife, name, amount )
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