Homework #4

406.426 Design and Analysis of Database Systems

Fall, 2007

Due Date: November 28, 2007

1. (20 points) Prove that any relation schema with two attributes is in BCNF.

Answer:

Consider a relation schema R={A, B} with two attributes. The only possible (non-trivial)

FDs are {A} ->{B} and {B} ->{A}. There are four possible cases:

(i) No FD holds in R. In this case, the key is {A, B} and the relation satisfies BCNF.

(ii) Only {A} ->{B} holds. In this case, the key is {A} and the relation satisfies BCNF.

(iii) Only {B} ->{A} holds. In this case, the key is {B} and the relation satisfies BCNF.

(iv) Both {A} ->{B} and {B} ->{A} hold. In this case, there are two keys {A} and {B} and 

the relation satisfies BCNF.

Hence, any relation with two attributes is in BCNF.

2. (20 points) This exercise asks you to converting business statements into dependencies.  Consider the following relation DiskDrive(serialNumber, manufacturer, model, batch, capacity, retailer). Each tuple in the relation DiskDrive contains information about a disk drive with a unique serialNumber, made by a manufacturer, with a particular model, released in a certain batch, which has a certain storage capacity, and is sold by a certain retailer. For example, the tuple DiskDrive(1978619, WesternDigital, A2235X, 765234, 500, CompUSA) specifies that WesternDigital made a disk drive with serial number 1978619, model number A2235X in batch 765235 with 500GB that is sold by CompUSA.

Write each of the following dependencies as an FD:

a. the manufacturer and serial number uniquely identifies the drive

b. A model number is registered by a manufacturer and hence can’t be used by another manufacturer.

c. All disk drives in a particular batch are the same model.

d. All disk drives of a particular model of a particular manufacturer have exactly the same capacity.

Answer:

a. manufacturer, serialNumber ( model, batch, capacity, retailer 

b. model ( manufacturer

c. manufacturer, batch (  model

d. model ( capacity (Comment: 10.35.d can be “model, manufacturer ( capacity.”  There is nothing in the question that suggests we should “optimize” our FDs by assuming the other requirements)

3. (20 points) Consider the following relation:

CAR_SALE (CarID, Option_type, Option_Listprice, Sale_date, Discounted_price)

This relation refers to options installed on cars (e.g.- cruise control) that were sold at a dealership and the list and discounted prices for the options.

If CarID ( Sale_date and Option_type( Option_Listprice, and

CarID, Option_type ( Discounted_price, argue using the generalized definition of the 3NF that this relation is not in 3NF. Then argue from your knowledge of 2NF, why it is not in 2NF.

Answer: 

For this relation to be in 3NF, all of the nontrivial functional dependencies must both be fully functional and nontransitive on every key of the relation.  However, in this relation we have two dependencies (CarID ( Sale_date and Option_type ( Option_Listprice) that violate these requirements.  Both of these dependencies are partial and transitive.

For this relation to be in 2NF, all of the nontrivial functional dependencies must be fully functional on every key of the relation.  Again, as was discussed about 3NF, this relation has two partial dependencies that violate this requirement.

4. (20 points) A PARTS file with Part# as hash key includes records with the following Part# values: 2369, 3760, 4692, 4871, 5659, 1821, 1074, 7115, 1620, 2428,

3943, 4750, 6975, 4981, 9208. The file uses 8 buckets, numbered 0 to 7. Each

bucket is one disk block and holds two records. Load these records into the file in

the given order using the hash function h(K)=K mod 8. Calculate the average

number of block accesses for a random retrieval on Part#.

Answer:

The records will hash to the following buckets:

K h(K) (bucket number)

2369 1

3760 0

4692 4

4871 7

5659 3

1821 5

1074 2

7115 3

1620 4

2428 4 overflow

3943 7

4750 6

6975 7 overflow

4981 5

9208 0

9209

Two records out of 15 are in overflow, which will require an additional block access. The

other records require only one block access. Hence, the average time to retrieve a random record is:

(1 * (13/15)) + (2 * (2/15)) = 0.867 + 0.266 = 1.133 block accesses

5. (20 points) Draw a statechart diagram for your MP3 player (if you don’t have one, your friend’s player :) so that the diagram has at least 5 different states. State clearly any assumptions you made. 
Submit your answers in MS-Word or PDF format via email to the instructor cc TA.  


















































































































