
 Q1. [50 points] Functional Dependency (FDs)

a. [ 15 points] What are properties of a good/bad database design? What is a functional dependency (FD)? What are the possible sources of information that defines the FDs that holds among the attributes of a relational schema? [ Hints : see from lecture slides]   
b. [ 20 points] Ruling Out FDs: Given a relation “MyTinyStore”. Which FDs may exist in this relation? What do you need to rule out?

MyTinyStore
	Customer_LastName
	Drink_Item 
	Food_Item
	Delivery_method

	Smith 
	Iced_Tea
	Burger 
	Not_Delivery

	Smith 
	Coke
	Hot Dog
	Delivery 

	Paul
	Coke 
	Hot Dog
	Carry out 

	Sara
	Coffee 
	Noodles
	Carry out 



c. [15 points] Consider the two relations : account and customer. Using SQL commands show that how a functional dependency can be derived from single key and multi-column keys. [ Hints: see from https://dev.mysql.com/doc/refman/5.7/en/group-by-functional-dependence.html ] 

Also, explain how functional dependencies can be used to indicate the following:
(i)  A one-to-one relationship set exists between entity sets account and customer.
(ii) A many-to-one relationship set exists between entity sets account and customer.

Q2. [50 points] Normalization 

a. [ 15 points] What does the term unnormalized relation refer to? How can we develop normal forms from the 1NF to BCNF.
b. [ 25 points] Consider the schema Customer (order file figure 9-1). Is this schema normalized? If yes, explain. If not, normalize it and explain.  [ Hints: you can decompose the table to multiple tables if necessary]
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c. [ 10 points] Briefly explain about multi-valued dependency, and higher normal forms (e.g. 4th normal form)
 

Q3: [ 50 points] Data stores and indexing 

a. [15 points] What do you mean by database indexing? Write some SQL commends to index using B+- tree, and for hashing, encryption, and compression functions. 
b. [20 points] A PARTS file with Part# as the key field includes records with the following Part# values: 20, 69, 37, 61, 47, 92, 48, 71, 56, 59, 18, 21, 10, 74, 78, 15, 16, 20, 24, 28, 39, 43, 47, 50, 69, 75, 8, 41, 33, 38. Suppose that the search field values are inserted in the given order in a B+-tree of order pleaf = 4; Try to show how the tree will expand. What the final tree will look like (extra!). [ Hints you can use visualization tool mentioned in lecture slide] 

c. [15 points] Compare different indexing techniques based on their advantages and disadvantages. 

Q4. [50 points] Database Transactions Processing
a. [15 points] What do we mean by a serializable schedule in a database transactions processing? Or, “Serializable schedule of n transactions is equivalent to some serial schedules of same n transactions” – explain with an example.  

a. [ 20 points] Consider the three transactions T1, T2, and T3  and four schedules S1, S2, S3, and S4 as below. Which of the following schedules is (conflict) serializable? For each serializable schedule, determine draw the precedence graph. [ Hints : you can use the software referred in the lecture slide] 
S1:  r1(X); r3(X); w1(X); r2(X); w3(X);
S2:  r1(X); r3(X); w3(X); w1(X); r2(X);
S3:  r3(X); r2(X); w3(X); r1(X); w1(X);
S4: r3(X); r2(X); r1(X); w3(X); w2(X);
d. [ 15 points] Write at least five points on the importance of transactions processing in a business databases? Also, Briefly explain how to implement a database transaction processing using SQL? [ Hints : see from https://www.geeksforgeeks.org/sql-transactions/] 


Q5. [50 points] OODB, NoSQL, MongoDB

a. [ 20 points] Write the similarities and differences in SQL implementation of an OO schema for a database application and the traditional database implementation (you can consider the UNIVERITY database as an example). [ Hints : You can explain, how to construct an EER schema for the application, and then create the corresponding classes in ODL. Specify a number of methods for each class, and then specify queries in OQL for your database application, etc..] 

b. [20 points] What are advantages of using NoSQL database? Name some industries (five) who adopted the No SQL database environment. Explain the MongoDB data model with an example. 

c. [10 points] Can we run query efficiently in MongoDB? Give an example.

[ Hints : for mongoDB see document and links in the test/final folder] 


Q6. [50 points] Distributed DB, Big-Data, MongoDB, Block chain 
a. [ 15 points] The Clustrix Database is a distributed database built from the ground up to be a MySQL replacement. It has a shared nothing architecture and automatically distributes data and does distributed query evaluation. Base don Clustrix as an example, briefly explain how to build a distributed database using SQL. [Hints: https://docs.clustrix.com/display/CLXDOC/Data+Distribution ]

[Hints : You can populate it as a table format, give an example how will it be represented ? base representation k1 representation	k2 representation, and show the base representation slices and clusters. ]
b. [15 points] Map and Reduce automatically parallelize and executes on large clusters of commodity hardware. Briefly explain the MapReduce programming model with an example.
[ Hints: see lecture slide] 
c. [20 points] What is a block chain technology? How does the blockchain technology upending data transaction processing only as secure as its infrastructure? Explain with an example. 
[ Hints: see lecture slide] 
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234 11/23/00 2242 DeBerry Ann $ 90.00 $5.85 $ 95.85 Y MC
235 11/23/00 9500 Chin April $ 12.00 $0.60 $ 12,60 Y VISA
236 11/23/00 1556 Fracken Chris $ 50.00 $2.50 $ 52.50 N VISA
237 11/23/00 2242 Ann $ 75.00 $4.88 $ 79.88 Y AMEX
238 11/23/00 2242 Ann $ 60.00 $3.90 S 63.90 Y MC
239 11/23/00 1035 John $ 90.00 $4.50 $ 94.50 Y AMEX
240 11/23/00 9501 Bruce $ 50.00 $2.50 $ 52.50 N VISA
241 11/23/00 1123 Mary $120.00 $9.60 $129.60 N MC
242 11/24/00 9500 April $ 60.00 $3.00 $ 63.00 Y VISA
243 11/24/00 4254 Ryan $ 90.00 $4.50 $ 94.50 Y VISA
244 11/24/00 9500 April $ 24.00 $1.20 $ 25.20 Y VISA
245 11/24/00 2242 Ann $ 12.00 $0.78 $12.78 Y AMEX
246 11/24/00 4254 Ryan $ 20.00 $1.00 $ 21.00 Y MC
247 11/24/00 24 Chris $ 50.00 $2.50 $ 52.50 N VISA
248 11/24/00 4254 Ryan $ 12.00 $0.60 $ 12.60 Y AMEX
249 11/24/00 5927 Diane $ 50.00 $2.50 $ 52.50 N AMEX
250 11/24/00 2242 Ann $ 12.00 $0.78 $12.78 Y MC
251 11/24/00 9500 Chin April $ 15.00 $0.75 $ 15.75 Y MC
252 11/24/00 2242 DeBerry Ann $132.00 $8.58 $140.58 Y MC
253 11/24/00 2242 DeBerry Ann $ 72.00 $4.68 $ 76.68 Y AMEX

FIGURE 9-1 Customer Order File




