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Instructor: Pat Martin

Instructions:
1. This examination is 3 hours in length.
2. Please answer all questions on the exam paper in the ppavided. Put your name
and student number on every pag&ND IN the exam paper.
3. The exam has 3 sections. There are 11 questions inNatks are allocated to the
sections as follows:
Disks and files 25
Query processing and optimization 35
Transaction management 40
4. There are 16 pages in the exam. Pages 6, 10, 14 and 16 oatheexintentionally
blank and may be used for your answers if required.
Please Note:

The candidate is urged to submit with the answer papeaa statement of any
assumptions made if doubt exists as to the interpretatiany question that requires a
written answer.

GOOD LucCK!!
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Section 1: Disks and files (25 marks)

1. [5 marks] Consider a RAID storage system
(a) What is data striping?

(b) What are the implications of fine-grained data stripiogttte performance of a
RAID system?

(c) What are the implications of coarse-grained data stritonthe performance of a
RAID system?
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2. [5 marks] Explain how the GCLOCK buffer page replacenagorithm works.
Please provide a diagram.
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3. [6 marks] Suppose that you have a student records file thith following
characteristics: the file size is 1000 blocks; the bkiz& is 4000 bytes; the record size
is 100 bytes; the data entry size for an index is 10 bitestudentNumber field is
the primary key; thesubjectMajor field has 50 possible values and the values are
uniformly distributed in the file.

(a) Suppose that there is a clustered B+ tree indegwentNumber. What is the
average cost (in block accesses) of a searclktusentNumber? Show your
work.

(b) Suppose that there is an unclustered hash indesulgjrectMajor. What is the
average cost (in block accesses) of a searchlgjectM ajor? Show your work.
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4. [10 marks] Consider the extendible hash index structuresrstmelow for the field
number OfCredits in the student records file of Question 3. Assume thatlé¢ast
significant bits in thenumber OfCredits field identify the directory entries and each
bucket holds up to 4 entries. Show what happens to the stdecture and the local
and global depths after each of the following operatiéasume that the effects of the

operations are cumulative.

(@) Insert 27.
(b) Insert 9.
(c) Insert 31.

LOCAL DEPTH/]"”
GLOBAL DEPTH 4 2 e

01
10
11
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Section 2: Query processing and optimization (35 mar  ks)

5. [10 marks] A national retail chain maintains a stdesthat contains a record for every
store in the chain. Each record contains data abaiora such as its address, its
phone number, the name of its manager, and so onil@ ief000 blocks in size.

(a) Suppose that the file is originally unsorted and that yawehlO buffer pages
available in memory. What is the cost, in block [/@s sort the file on store
address? Show your work.

(b) Suppose that you have a clustered B+ tree index on the atidress field, that
there are 50 leaf pages, that index pages have a maximont faf 40 and that
you have 10 buffer pages available in memory. What icdisé in block I/Os, to
sort the file on store address using the index? Showwork.
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6. [10 marks] Suppose that you have the two relat®m@dS and wish to perform the
join R>< ra-sg S whereR contains 5000 tuples and has 10 tuples per fage,

contains 2000 tuples and has 20 tuples per pagethe primary key oR, R andS
are stored as heap files and 102 buffer pages are available.

(a) If no indexes are available then what is the cosblpck 1/0s) of joiningR andS
using the blocked nested loops algorithm (ignoring the astiting the result)?

(b) If a hash index exists dR.A (assume data entries are <key value, record id> pairs)

then what is the cost (in block 1/0s) of the joinRgandS using the index nested
loops algorithm (ignoring the cost of writing the result)
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7. [15 marks] Assume the following schema

Employee (empNo: integer salary: real,name: char(10),deptNo: intege)
Department (deptNo: integer dName: char(15) budget: rea)

whereEmployee has 20,000 tuple®epartment has 5000 tuples, the primary keys
are underlined, all integer and real fields are 5 byteggare 4000 bytes, department
names are unique alanployee.salary is uniformly distributed in the range 50,000 to
150,000 and values are in $1000 increments.

Consider the query

SELECTE.empNo, E.name
FROM Employee E, Department D
WHEREE.deptNo =D. deptNo
AND E.salary > 100,000

AND D.dName = “sales”

(a) Give an optimized query tree for the above query.

(b) Show the 1-relation plans that would be generated byStlstem R optimizer
algorithms for the above query.

(c) Show the 2-relation plans that would be generated byStlstem R optimizer
algorithms for the above query.
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Section 3: Transaction management (40 marks)

8. [5 marks] Consider the different definitions of sergdiity we discussed in class.
(a) Define conflict equivalence.
(b) Define view equivalence.

(c) Give an example of a schedule that is view seriatizhbt not conflict serializable.
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9. [5 marks] Consider the following set of transactions:
T1: R(Y), R(2), W(Y), C
T2: R(Z), W(Z), R(X), W(X), C
T3: R(X), R(Y), W(Y), W(X), C
where “R(X)” is a read operation on the object “X¥V(X)” is a write operation on
the object “X” and “C” is a commit operation.

Decide if the following schedule for the transactiods T2 and T3 is conflict
serializable or not. If it is conflict serializaltleen give the equivalent serial schedule.
A term “T1:R(X)” in the schedule represents a read dfi<“T1”. Show your work.
TL:R(Y), T3:R(X), T2:R(Z), T22W(Z), T3:R(Y), T3:W(Y), T2:X), T1:R(2Z),
T2:W(X), T2:C, TL:W(Y), T1:C, T3:W(X), T3:C.
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10.[15 marks] Consider the following schedule of operationstiie 3 transactions in
Question 9:

TLR(Y), T2:R(2), T2:W(Z), T3:R(X), T3:R(Y), T3:W(Y), TL:@), TL:W(Y),
T2:R(X), T2:W(X), T3:W(X), T1:C, T2:C, T3:C

Describe how each of the following concurrency cdntrechanisms handles the
schedule.

(a) Strict 2PL with deadlock detection. Add lock and unlock requestie schedule
as per the protocol. If a transaction is blocked tresume all of its actions are
delayed and the DBMS continues with the next unblockadratt the schedule.
Show the waits-for graph if a deadlock occurs.

(b) Timestamp concurrency control with the Thomas writée.r Assume that the
timestamp for transaction Ti is i. Assume that thigalread and write timestamps
of all objects are 0.

(c) Multiversion concurrency control. Assume there igdiijt 1 version of each object
and that the read and write timestamps of that veesietoth O.
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11.[15 marks] Consider the B+ tree of order 1 given below. Ssgpbat we wish to
insert an entry for the search key 42*. Describe thega® of acquiring and releasing
locks on the B+ tree when each of the following intbeking protocols are used.

(a) Strict 2PL
(b) Simple tree locking protocol (first tree locking protopodsented in class).

(c) Tree locking protocol — variation 1 (second tree lockingtquol presented in
class).

(d) Tree locking protocol — variation 2 (third tree locking il presented in class).

A
N
/II Ml - /Ir

B LT
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