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Question 1. (20 marks) Assume a simple case of non-1NF relations defined as follows: all values are non-empty sets of integers. For example, the following is a schema of A, B, C and D.
	A
	B
	C
	D

	{1,2}
	{2,4}
	{1,2}
	{1,4}

	{2,3}
	{4,5}
	{2,3}
	{2,3}

	{1,3}
	{1,3}
	{2,3}
	{2,3}


Suppose an FD X ( Y (X and Y are sets of attributes) is newly defined as follows:any pair of tuples t1 and t2, if for all attributes A in X, t1[A] and t2[A] have common elements then there exists an attribute B in Y such that t1[B] and t2[B] have common elements. For example, we have A(C in the above table but not A (B.
(i) (5 marks) Prove or disprove if decomposition rule (If X ( YZ, then X ( Y and X ( Z) of FDs holds in the new setting.

Decomposition rule does not hold. Just refer to the given table, we have A (BC but not A ( C.
(ii) (5 marks) Prove or disprove if transitivity rule (If X ( Y and Y ( Z, then X ( Z)of FDs holds in the new setting.

Transitivity rule does not hold.
Counter example to disprove:

	A
	B
	C
	D

	{1}
	{1}
	{1}
	{1}

	{1}
	{1}
	{2}
	{2}


A ( BC and BC (D both hold

However, A (D does not hold
(iii)  (10 marks) Prove or disprove if union rule (If X ( Y and X ( Z, then X ( YZ) of FDs holds in the above setting. 
Union rule holds.
To prove union rule: If X(Y and X(Z, then X(YZ
For any two tuples t1 and t2, such that t1[A]∩t2[A] ≠ Φ for all A in X

Since X(Y holds, we have t1[A]∩t2[A] ≠ Φ for some A in Y.
A is in YZ and thus X(YZ also holds.

Question 2. (20 marks) Consider constructing a B+ tree of order d=1 (i.e., every node contains m entries, where d<=m<=2d).

(a) (10 marks) Show the resulting tree after inserting keys 10, 20, 30, 40, 50, 60 in this order, one by one. Draw the initial tree and the trees after every node split. (初始树、每次节点分裂后的树).

(b) (10 marks) Is it possible, with the same set of keys, to construct a “shorter” tree– i.e., one that has a smaller height? If no, explain why not. If yes, show an order of inserting the keys and the resulting tree.
Sol: (a)

[30/]

[20/]
[40/50]
[10/][20/][30/][40/][50/60]

(b)

[30/50]

[10/20][30/40][50/60]

Question 3. (25 marks) Consider the following two relations R and S. The number of records in R and S is also given.
· R(A, B, C, D): 20,000 records

· S(A, E): 36,000 records

Assuming the size of each memory page is 4K bytes and the memory buffer has 30 pages. For simplicity, we take 4K as 4000; we assume all attribute values and pointers, if needed to be considered, are 10 bytes. Consider the following SQL query:

Query: SELECT B, E FROM R, S WHERE R.A=S.A
Give estimation of the following questions. All the computations steps and their reasoning should be clearly explained.
(a) (10 marks) What is the size of R and S in terms of pages?
Each R record is (10x4)=40 bytes and each S record is (10x2)=20 bytes. There are 4000/40=100 R records per page and 4000/20=200 S records per page.
Therefore, R contains 20000/100=200 pages and S contains 36000/200=180 pages.

(b) (15 marks) Assume using sort-merge join to process the query as follows:

Step 1: Sort R on R.A and store the sorted relation in disk, assuming we discard irrelevant attributes as soon as possible.

Step 2: Sort S on S.A but compare with R (sorted already in Step 1) once a sorted page of S is generated in the final pass, assuming we discard irrelevant attributes as soon as possible.

Sept 3: Transfer sorted R page by page from disk to memory buffer to compare the sorted pages of S generated in Step 2.
Estimate the cost of each step and then compute the total cost of sort-merge join.
Step 1: We have (200/30( = 7 sorted runs. At each sorted run 30 R pages are read and 15 pages are written due to discarding attribute C and D. One more pass can merge all. Cost of sorting R = 200+100 (first pass) +100+100 (final pass)=500 pages.
Step 2: We have (180/30( = 6 sorted runs. At each sorted run 30 S pages are read and 30 pages are written (no attribute can be discarded). One more pass can merge all and the generated pages are used for direct comparison. Cost of sorting R = 180+180(first pass)+180(half of the final pass due to immediate merging with R pages) =540
Step3: Cost of transfer sorted R = 100 
Total cost = 500+540+100=1140 pages
Question 4. (15 marks) Consider the schedule S that consists of four transactions as follows: S = < T1_R(X),  T1_W(X), T2_R(X), T3_R(Y), T3_W(Y), T2_W(X), T3_R(Z), T4_R(Z), T4_W(Z), T1_W(Y),  T2_R(Y)>.  The  notation  is  self-explanatory.  For  example,  T2_R(X) means that transaction T2 reads item X.
	T1
	T2
	T3
	T4

	R(X)
	
	
	

	W(X)
	
	
	

	
	R(Z)
	
	

	
	
	R(Z)
	

	
	R(Y)
	
	

	
	
	W(Z)
	

	
	
	
	R(X)

	
	
	
	W(X)

	
	W(Y)
	
	

	W(Z)
	
	
	

	
	
	R(Y)
	


(a) (9 marks) Construct the precedence graph of S. Explain why or why not the schedule is conflict-serializable. 
(b) (6 marks) If you find that S is serializable in (a), write down all equivalent serial schedules of S.
Question 5 (20 marks) The relational database schema for a Car-insurance company is given below:

person (driver-id, name, address)

car (license, year, model)

accident (report-number, location, date)

owns (driver-id, license)

participated (report-number, driver-id, license, damage-amount)

employee (person-name, street, city)

works (person-name, company-name, salary)

company (company-name, city)

manages (person-name, manager-name)
(i) (10 marks) Give an expression in the relational algebra to formulate each of the following queries:

a. Find the names of all employees who work for the company “Bank China”.
πperson-name (σcompany-name=" Bank China"(works))
b. Find the names and cities of residence of all employees who work for “Bank China”.
πperson-name, city (employee  σcompany-name=" Bank China"(works)))
(ii) (10 marks) Formulate an expression in SQL for each of the following queries.

a. Modify the database so that Zhang San now lives in “WaiHuan Dong, PanYu” (i.e. the street changes to WaiHuan Dong and city changes to PanYu for Zhang San).
update employee

set city = “PanYu” and street = “WaiHuan Dong”
where person-name = “ Zhang San”
b. Give all managers of “Bank China” a 10 percent raise.
update works

set salary = salary * 1.1

where person-name in (select manager-name

from manages)

and company-name = “ Bank China”
警 示
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