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Problemsfor Chapter 3: The Relational Data M od€l

1. Define the database concepts: primary key, candidate key and superkey. Is a superkey aways
akey? Explain.

Solution:

Each relation must have aprimary key, whichisan attribute or set of attributesused to uniquely
identify tuplesin the relation. Thus any legal instance of arelation R cannot contain distinct
tuples which agree on the value of the primary key but not on the remaining set of attributes.
Every tuplein arelation has a unique value for the primary key.

Superkey is any set of attributes which satisfies the uniqueness condition

Primary key (or candidate key) a minimal superkey; that is, no proper subset of the key is a
superkey. primary key one key must be designated as the primary key.



2. Answer the following questions:

(&) Why are keysimportant?
(b) Identify which ones of the following constraints are (i) structural, (ii) semantic, (iii)
static, (iv) dynamic.
i. A class start time must be before its end time.
ii. A table of students should contain no more than 200 rows.
iii. The mileage of a car can not decrease.

iv. In teaching assignment table that assigns professors to courses, each individual as-
signment should correspond to exactly one professor and one course.

Solution:

(& A key uniquely identifies an entity and is minimal. The first is so that one can tak
about an entity and others know which one exactly heistalking about. The second isfor
convenience and efficiency of identifying an entity.

(b) i. semantic, Static.

ii. semantic, static.
iii. semantic, dynamic.
iv. structural, static. (Thisisaforeign key constraint.)



3. Forasimple BBS (Bulletin Board System) we use the following SQL statementsto create two
tables: one storing all posted messages and the other users who can post them.

CREATE TABLE MgEssaGe (
mesgid INTEGER,
poster INTEGER,
subject CHAR(50),
body CHAR(255),
postdate DATETIME,
PRIMARY KEY mesgid,
FOREIGN KEY poster REFERENCES User (userid)
ON DELETE CASCADE
ON UPDATE CASCADE

)

CREATE TABLE User (
userid CHAR(50),
password CHAR(50),
email CHAR(50),
status CHAR(1),
PRIMARY KEY(userid)

)

(&) Thereisan error in one of the above statements. Point out the error, explain why it is
wrong and correct the error by rewriting that SQL statement.

(b) Supposethereisauser withuserid John in the database who has posted 100 messages.
What will the DBMS do if we delete John from table User?
What if we change John'suserid to Michael?

(c) Writean SQL statement to create a view of those messages with all their attributes that
are posted by *John’.

(d) Write an SQL statement to create a domain such that the status attribute can only take
twovalues, i.e,’j" and’s.

(e) Suppose occasionally the system will post some announcement messages, but unfortu-
nately the system isnot a user (thusit does not appear in the User table). How can you
allow these messages being posted while not adding a “system user” and not violating
the foreign key constraint?

(f) One desirable advanced feature of the BBS system is that each user can post messages
not only to the public, but also to a subset of other users that are explicitly specified by
userid when the message isposted. How would you change the definitions of the above
two tables so that this new feature can be implemented? (You may introduce other tables
if necessary.)



Solution:

() Inthetable MEessack, poster isof type INTEGER and it referencesuserid in User which
is of type CHAR(50). The poster column type in the table Messace should be changed
to CHAR(50) for it to be consistent.

Also, theuserid in User could be changed to INTEGER. (theoretically still correct)

(b) As specified in CREATE TABLE Messace, if we delete John from the table User, all
messages with the poster = * John’ will be deleted.
When John’s user id updated, tuples in the Messace table for which the poster attribute
has the value’ John’, will be updated to John’s new userid i.e. Michadl.

() CREATE VIEW JoHNSMESSAGE AS
SELECT * FROM MeEgssaGe WHERE poster = ’John’;

(d) CREATE DOMAIN StatusValue CHAR(1)
CHECK ( VALUE IN (C’'s’, j’) );

(e) SQL alowsforeign keysto have null values. So poster can be null in Messace. There-
fore, the current structure already supports the requested feature.

(f) Introduce anew table say PostMEessageTo. This table has the following structure:

CREATE TABLE PostMEssaGeTo (

mesgid INTEGER,

receiver CHAR(50),

FOREIGN KEY poster REFERENCES User (userid),
FOREIGN KEY receiver REFERENCES User (userid)
)

Now for every message thereisalist of users to whom the message is to be sent, which
ismaintained in the PostMEssaGeTo table.



4. Supposeyou are not allowed to use the FOREIGN KEY clause. How can you express foreign-
key constraints?

For example, suppose we have a table Proressor with attributes Id, name, etc., where Id is
the primary key and a table Teacues with attributes ProfId, CrsCode, etc. How would you
specify the constraint that each professor teaches exactly one course?

Solution:
Use the following SQL assertion:

CREATE ASSERTION EachProfTeachExactlyOneCourse
CHECK (NOT EXISTS
(SELECT * FROM Proressor P
WHERE (SELECT COUNT(*) FROM TeacHES A
WHERE P.Id = T.ProfId) <> 1))



Problemsfor Chapter 4. Conceptual M odeling of Databaseswith
E-R and UML

1. AnInternet store sends emailsto customers and would like to use a database to keep track of
which messages are sent to which customers. A message has a message id (mId), a subject
(subject), and a body (body). A customer isidentified by the email address (email), and
customer’s data includes the attributes name, sex, householdSize, and address. When an
email is sent, the date (sendDate) is recorded. You can assume any reasonable domains for
these attributes.

() Givean E-R diagram that completely describes the entities and relationships of this plan.

(b) Trandate the E-R diagram into SQL tables using SQL DDL, by specifying a table for
messages, atable for customers, and a table for which messages are sent to which cus-
tomers, in SQL DDL.

(c) How to specify that the subject of a message must not be longer than 60 characters, in
SQL?

(d) How to require that customers at the same address al have different names, in SQL?

(e) How to enforce the restriction that the only valid values of sex are male or female, in
SQL?

(f) How to specify that each message must be sent to no more than one customer, in SQL?

(g) How to specify that each customer must be sent one or more messages, in SQL?

(h) How to specify that each message must be sent to exactly one customer, in SQL?

(i) How to specify that each customer must be sent exactly one message, in SQL?

(j) How to specify that a message can be deleted only if no customer has been sent that
message, in SQL?
(k) Shipping department needs not be concerned with the sex and household size of the

customers. Create an element of an external schema which is a view of customers that
does not contain these attributes.



Solution:

(&) The diagram looks something like below.

Message Customer

householdSize

(b) The corresponding tables are shown below.

CREATE TABLE MEssaGe ( CREATE TABLE CustoMER (
mId INTEGER, email CHAR(40),
subject CHAR(40), name CHAR(40),
body CHAR(10000), sex CHAR(1),

PRIMARY KEY(mId)) householdSize INTEGER,
address CHAR(50)

CREATE TABLE SentTo ( PRIMARY KEY(email))

mId INTEGER,

email CHAR(40),

sendDate DATE NOT NULL,

FOREIGN KEY mId REFERENCE MESSAGE,
FOREIGN KEY email REFERENCE CuUSTOMER,
PRIMARY KEY (mId, email))

(c) Change the domain of subject to: CHAR(60)

(d) Addto thetable Customer: UNIQUE (name, address)
(e) Add to thetable CustomEer:

CHECK (sex IN ('M’, 'F’))
Alternatively, create the following domein

CREATE DOMAIN Sex CHAR(1)
CHECK (VALUE IN (C’M’, 'F’))

and change the domain of the attribute sex to: Sex

(f) Change the primary key of the Senp table to mId. Since email will no longer be part of
the primary key, it needsa NOT NULL constraint.

(g) CREATE ASSERTION NoNEGLECTEDCUSTOMER
CHECK (NOT EXISTS (
SELECT * FROM Customer C
WHERE NOT EXISTS (
SELECT * FROM SenTlo S
WHERE C.email = S.email )))

10



(h) Add to thetable Message: FOREIGN KEY mId REFERENCE Senb.
In the table Senp: makemId into the primary key and add NOT NULL to email.

(i) Make email into the primary key of Senp and add NOT NULL to mId (since it is no
longer part of the primary key).
Add to the table Customer: FOREIGN KEY email REFERENCE Senb.

(1) Modify the foreign key mId inthetable Senxp by adding ON DELETE NO ACTION (this
is actually the default anyway).

(K) CREATE VIEW SuiepiNG (email,name,address) AS
SELECT email,name,address
FROM CUSTOMER

11



2. Professor Smith would liketo assign m projectsto n students in a database class. Each project
can be described by its name, description, deadline and status (completed or in progress);
each student has a student id, a name, and an email. Students can work in groups of several
persons on one of the m projects. Different groups will take different projects (assume more
projects than students, so some projects will have no students assigned) and each student
participates in exactly one group. After the project for a group is finished, a grade for the
project is determined and given to all students in the group. Assume each group is identified
by a unigue group name. In the following, you are asked to help Dr. Smith design a database
system to facilitate the assignment and grading of the projects,

() Draw an E-R diagram for the system, in particular, use arrows or thick linesto represent
constraints appropriately. Write down your assumptions if you need to make any.

(b) Trandatethe above E-R diagramto arelational model, in particular, specify your primary
key and foreign key constraintsclearly. Thais, give SQL CREATE statementsthat define
the tables you need.

(c) Write an SQL statement to create a view that gives the project name and group name of
completed projects.

12



Solution:

(&) The E-R diagram is shown below.

@ \ /

Student .. Group ~ Project
@

(b) Thefollowing CREATE SQL statements create the tables and constraintsthat correspond
to the above E-R diagram.

CREATE TABLE Srupent (
sid INTEGER,
sname CHAR(30),
email CHAR(50),
gname CHAR(30),
PRIMARY KEY sid,
FOREIGN KEY gname REFERENCES Groupr)

CREATE TABLE Prosect (
pname CHAR(100),
description CHAR(300),
deadline DATE,
status CHAR(15),
PRIMARY KEY pname,
CHECK(status IN (’Completed’, ’Inprogress’)))

CREATE TABLE Grour (
gname CHAR(30),



grade INTEGER,

pname CHAR(100),

PRIMARY KEY gname,

FOREIGN KEY pname REFERENCES Project)

Since the relations between the entities are not of a many-to-many or many-to-one rela-
tionship, we do not create any separate tables for them. The pname attribute is added to
the Group table and the gname attribute to the Srupent table.

(c) Theview of completed projects:

CREATE VIEW CompLETEDPROJECT AS
SELECT P.pname, G.gname
FROM Group G, Proiect P
WHERE G.pname = P.pname
AND P.status = ’'Completed’

14



Problemsfor Chapter 5: Relational Algebra and SQL

1. Calculate the Cartesian product (also known as cross product) of the following two table
instances.

B
bl
b2
b3

D
ok
d2

R B[~ BR B>

Solution:

B |C |D
bl|cl|dl
bl |c2|d2
b2 | cl|dl
b2 | c2 | d2
b3 |cl|dl
b3 |c2|d2

DRR/RRRZ

15



2. Can there be a commutativity transformation for the projection operator? Why?

Solution: No. Think for yourself (just follow the definition).

16



3. Consider the following relational schema, where the keys are underlined:

EmpLoyEE ( SSN, name, gender, address, salary, supervisorSSN, dnumber )
DepartMENT ( dnumber, dmname, manager SSN)

DeptLocation ( dnumber, dlocation)

Prosect (pnumber, pname, plocation)

WorksON (emplSSN, pnumber, hours)

Answer the following queries using relational algebra:
(a) Retrieve the names of all male employees in department number 666, who work more
than 13 hours per week on project “Catch 22”.

(b) Find the names of employees who are two manageria levels below the employee “ Joe
Public”.

(c) Find names of the department that have no employees.

(d) Find those employees in department number 123 who do not work on any project at
location NY C.

Solution:

(a) ﬂname( U dnumber=666 AND gender:’male’(EMPLOYEE) Pssn=emplSSN
(O-pname:’CatchZZ’ (PROJECT) > O hours>13 (WORKSON)) )

(b) ﬂname( EmPLOYEE PsupervisorSSN=ssn (EMPLOYEE PsupervisorSSN=ssn2 O name2='JoePublic’
(EmpLoYEE[ssn2,name2, gender2, address2, salary2, supervisorSSN2, dnumber2]) )

(©) 7Tamname (DEPARTMENT) — T gmname (DEPARTMENT >« EMPLOYEE)

(d) 7name (0 anumber=123 (EMPLOYEE)) — Tname ( 0 dnumber=123 (EMPLOYEE) ™sqn_emp1ssn
(O-plocation:’NYC’ (PROJECT) >d O'(WORKSON)) )

17



4. Consider thefollowingschema: Message(mId, subject, body), Customer (email, name,
householdSize, address), SentTo(mId, email, sendDate).

(&) Write an SQL query that returns all attributes of customers that have household size
greater than one.

(b) Write an SQL query that counts the total number of messages.

(c) Write an SQL query that returns all email addresses and names of customers who have
been sent the message with subject ” Spring 2004 Specials’.

Solution:

(a) SELECT *
FROM Customer
WHERE householdSize > 1

(b) SELECT COUNT(*)
FROM MESSAGE

(c) SELECT C.email, C.name
FROM MessaGe M, SentlTo S, CustoMer C
WHERE M.subject = ’Spring 2004 Specials’ AND M.mId = S.mId
AND S.email = C.email

18



5. Answer the following questions:
(a) Specify the steps needed for evaluating an SQL statement of the form

SELECT thingl
FROM thing2
WHERE thing3
GROUP BY thing4
HAVING thing5
ORDER BY thing6

(b) Identify which stepsin the solution to the problem (&) correspond closely to each of the
following operators in relational algebra: (i) select, (ii) project, (iii) cross product, (iv)
join.

(c) Design SQL queries that return each of the following expressions, assuming that R and
S are tablesrepresenting the relationsR and S, respectively: (i) RU S, (ii)RN S (iii) R —

S,(V)R/S.
For (i) to (iii), you may also assumethat R and S are union compatible. For (iv), you may
assume that S has attributesb1, ..., bm, and R hasin addition attributes a1, ...,
an.

Solution:

(a) 1. Take dll tableslisted in thing2, compute their cross product
2. Select rows of the cross product that satisfy the condition in thing3
3. Group the selected rows by attribute thing4
4. Select the groupsthat satisfy the condition in thing5
5. Project out for the selected groups attributesin thingl
6. Sort the result by attributesin thing6

(b) (i) steps2and 4, (i) step 5, (iii) step 1, (iv) steps 1 and 2 together
(c) i. SELECT * FROM R UNION SELECT * FROM S

ii. SELECT * FROM R INTERSECT SELECT * FROM S

ili. SELECT * FROM R EXCEPT SELECT * FROM S

iv. SELECT al,...,an
FROM R R1
WHERE NOT EXISTS(
SELECT * FROM S

EXCEPT

SELECT R2.b1,...,R2.bm

FROM R R2

WHERE R1l.al=R2.al AND ... AND Rl.an=R2.an)

19



6. Supposetable User hasattributesemail, name, address, andhouseholdSize, whereemail
being the primary key.

(a) Expressin relational algebrathe query that finds all pairs of users where the two people
both claim to have a household size 2 and have the same address and returns their names
and the common address.

(b) Expressthe above query in SQL.

(c) Writein SQL the query that finds the users whose household size is at least 50% more
than the average household size and returns their name and household size, sorted by
household size. (Hint: decompose the problem into subproblems, and you may use a
view to capture aintermediate result.)

(d) Writein SQL the query that finds all users each having a household size different from
thetotal number of usershaving the same addressas him or her. (Hint: again, decompose
the problem into subproblems, and you may use aview to capture aintermediate result.)

Solution:

(a) ﬂname,namez,address (O-householdsizezz (USER) Pemail<>email2 AND address=address2
O householdsize2=2 (USER)[email2, name2, address2, householdSize2])

(b) SELECT U.name, U2.name, U.address
FROM User U, User U2
WHERE U.name <> U2.name AND U.householdSize=2 AND U2.householdSize=2
AND U.address=U2.address

() CREATE VIEW AvcHsizé (avghsize) AS
SELECT AVG(U.householdSize)
FROM User U

SELECT U.name, U.householdSize

FROM User U, AvcGHsize A

WHERE U.householdSize >= 1.5 * A.avghsize
ORDERED BY householdSize

(d) CREATE VIEW ApprANDCount (address,count) AS
SELECT U.address, COUNT(*)
FROM User U
GROUP BY U.address

SELECT U.*

FROM User U, ADDRANDCOUNT A
WHERE U.address=A.address AND U.householdSize <> A.count

20



(@

(b)

Consider the schema Person(id,name, age). Write an SQL query that finds the 100th
oldest person in the relation. A 100th oldest person is one such that there are 99 people
who are strictly older. (There can be several such people who might have the same age,
or there can be none).

Consider the schema Grapes (id, grade), where gradesarein between 0 and 100. Write
aquery that computes the histogram of the form

score count

10 3 //3 people got 100

9 20 //20 people got between 90-99
8 40 //40 people got between 80-89
: : //etc

0 1 //1 person got between 0-9

This problem isnot aseasy asit sounds.

Solution:

(@

(b)

SELECT P.id, P.name
FROM Person P
WHERE 99 = (SELECT COUNT(*) FROM PersoN PP WHERE PP.Age > P.Age)

CREATE VIEW Score (score) AS
SELECT floor(grade/10)
FROM GRADES

SELECT score, COUNT(*)

FROM SCORE

GROUP BY score

ORDER BY DESC score

Note: Thisisonly a partial solution, since, say, if O people got 20-29, it misses the pair
(2 0). For a complete solution, we can create a constant table, DummyScores, with
the attribute score and the following tuples. 0, 1, 2, 3, 4, 5, 6, 7, 8, 9, 10
(each number is atuple by itself). Then we can proceed as follows:

CREATE VIEW Scorel (score) AS
(SELECT floor(grade/10)

FROM GRADES)

UNION

(SELECT * FROM DumMYSCORES)

SELECT score, COUNT(*)-1
FROM Scorel

GROUP BY score

ORDER BY DESC score

This solution is correct because DummyScores adds 1 to the count of every score in the
histogram, which we correct by subtracting 1 in the second query.

21



8. Consider the following relations:

Bank (BName, City)
Courier  (CName, City)

Produce arelational algebraexpression to show the names of the courierslocated in every city
where Chase Bank is located.

Solution:

TTCName,City (COURIER) /ﬂ'City (O-BName:’ Chase’ (BANK))

22



9. Expressthe previous query using SQL.
Solution:

SELECT C1.CName

FROM Courier C1

WHERE NOT EXISTS

(

(SELECT B.City
FROM Bank B
WHERE B.BName=’Chase’)
EXCEPT
(SELECT C2.City
FROM Courier C2
WHERE C1.CName = C2.CName)

23



10. Consider arelation schema Computer (Model, Speed, Price)
For each speed of computer above 800MHz, find the average price.

Solution:

SELECT Speed, AVG(Price)
FROM Computer

WHERE Speed > 800

GROUP BY Speed;

24



11. Consider the relation schemas

Computer (Model, Manufacturer, Price)
User(Name, ComputerModel)
Employee(Name, WeeklySalary)

where Model and Name are keysin their respective relations.

(@

(b)

Find all users such that the average price of their computers is greater than 2000 and
their speed is at least 1000MHz. Provide a solution that uses no nested queries but does
use HAVING.

Find every manufacturer who makes at |east one computer whose price is more than the
average weekly salary of the users who use computers from that manufacturer.

Solution:

(@

(b)

SELECT U.Name

FROM User U, Computer C

WHERE U.ComputerModel = C.Model

GROUP BY U.Name

HAVING AVG(C.Price) > 2000 AND MIN(C.Speed) >= 1000

The following query is agood approximation, but isincorrect:

SELECT C.Manufacturer
FROM Compurer C
WHERE C.Price > ( SELECT AVG(E.WeeklySalary)
FROM User U, EmprovyEe E, Compurer R
WHERE U.Name = E.Name
AND U.ComputerModel = R.Model
AND R.Manufacturer = C.Manufacturer

)

The reason why it isincorrect is rather subtle: the same employee, E, can use different
models from the same manufacturer and such an employee might appear in multiple
tuplesin the join of User, EmpLovEE, and Computer. Therefore, the salary of this user
will be counted severa times and the average will be wrong. Note that if we used the
inner query

SELECT AVG(E.WeeklySalary)
FROM User U, Emprovyee E, CompureER R
WHERE U.Name = E.Name AND U.ComputerModel = C.Model

then we would have the aforesaid problem, but the query would still beincorrect, sinceit
would count the average salary of the employees who use a particular model (C.Model)
of acomputer, not of all the people who use computersfrom C.Manufacturer.

To get a correct query, we need to use a nested correlated subquery in the FROM clause:

25



SELECT C.Manufacturer
FROM Compurer C
WHERE C.Price > ( SELECT AVG(P.WeeklySalary)
FROM
(SELECT DISTINCT E.Name, E.WeeklySalary
FROM User U, EmpLovee E, Compurer R
WHERE U.Name = E.Name
AND U.ComputerModel = R.Model
AND R.Manufacturer = C.Manufacturer
) AS P
)

Here the innermost SELECT clause finds the set of all users for C.Manufacturer and

makes sure that every user appears exactly once. Then the average weekly salary is
computed.

26



Problems for Chapter 6: Database Design with the Relational
Normalization Theory

1. (8 What doesthe functional dependency X — Y mean?
(b) How to use functional dependency to determine keys of a given schema?

Solution:

(a) If apair of tuples has the same values in the attributes of X then they have the same
valuesin the attributes of Y.

(b) A key isfunctiona dependency X—Y such that
(1) Y contains al attributes of the schema, and
(2) Thereis no functional dependency X’ —Y for any subset X’ of X.

27



2. Consider a schema S with functional dependencies:
{A—BC, C—FG, E—HG, G—A}.

(&) Compute the attribute closure of A with respect to S.

(b) Supposewe decompose S so that one of the subrelations, say called R, contains attributes
AFE only. Find a projection of the functional dependenciesin S on R (i.e, find the
functional dependencies between attributes AFE).

(c) IsRin BCNF? Explain. If not, use one cycle of the BCNF decomposition algorithm to
obtain two subrelations, and answer whether they arein BCNF.

(d) Show that your decomposition islossless.

(e) Isyour decomposition dependency preserving? Explain.

(f) IsRin 3NF? Explain. If not, use 3NF decomposition agorithm to obtain subrelations,
and answer whether they arein 3NF.

Solution:

(8 ABCFG

(b) {A—>F E—>AF} or {A—>F E—A, E— F} or {A—>F E—A}

(c) No, A isnot asuperkey. R1={AFA—F} and R2={EA ,E—A}. They arein BCNF.
(d) {AF}intersection {EA} is{A}, whichisakey of R1.

(e) Yes, because each of the FDs of R is entailed by FDs of R1 and R2.

(f) No, Fisnot part of akey. Obtain same R1 and R2. They arein 3NF.

28



3. Provethat the following sets of FDs are equivalent:

Set 1 Set 2

A—B A—>C
C—-A C—-B
AB - C CB- A

Solution: Let us denote thefirst set ¥ and the second G.
F entailsG: A = ABC, so FD1lin G isentailed by .

Similarly, CZ = CAB, so FD2in G is dso entailed. Finaly, FD3in G is entailed by FD2 in
¥

G entails A; = ACB, so FD1 in ¥ isentailed by G. C; = CBA, <0 FD2in F isadso
entailed by G. Finally, FD3in ¥ isentailed by FD1in G.

29



4. Consider the following functional dependencies over the attribute set BCGHMVWY:

W oV
WY — BV
WC - V
V- B
BG - M
BV - Y
BYH - V
M- W
Y - H
&Y > W

Find a minimal cover, then decompose into lossless 3NF. After that, check if all the resulting
relations are in BCNF. If you find a schema that is not, decompose it into a lossless BCNF.
Explain al steps.

Solution:

Minimal cover: First split WY — BVintoWY — B and WY — V. The next step is to reduce
the left-hand sides of the FDs. SinceWW — B and W — V are implied by the given set of FDs,
we can replace WY — B, WY — V, and WC — V inthe original set withWw — B (W — V already
exists in the original set, so we discard the duplicate). LikewiseV — Y and BY — V can be
derived from the original set so we can replaceBV — Y and BYH — VwithV — YandBY — V.

In the next step, we remove redundant FDs, of which we find only W — B. Thefinal result is
therefore

W—oV
V—B
BG—-M
VoY
BY >V
Mo>W
Y—>H
CY—->W

Lossless3NF: (WV; {W — V}),(VBY; {BY - V,V— Y, V — B}),
(BGM: (BG — M}), (MW; {M — W), (YH: {Y — H}), (CYW; {CY — W).

Since BGM is a superkey of the original schema, we don’t need to add anything to this decom-
position.

30



BCNF: The schema (BGM; {BG — M}) is not in BCNF because M — B is entailed by the
origina set of FDs and (CYW; {CY — W) isnot in BCNF because W — Y is entailed.

We decompose BGM with respect toM — B into (BM; {M — B}) and (GM; {}), thereby loosing the
FD BG — M.

Similarly CYW isdecomposed using W — Y into (WY; {W — Y}) and (WC; {}), loosing CY — W.

31



5. Consider the schema R over the attributes ABCDEFG with the following functional depen-

dencies:
AB — C

C—>B
BC — DE
E - FG

and the following multivalued dependencies:

R = BC >« ABDEFG
R = EF > FGABCD

Decompose this schema into 4NF while trying to preserve as many functional dependencies
aspossible. Hint: first use the 3NF synthesis algorithm, then the BCNF algorithm, and finally
the ANF algorithm.

Will the resulting schema decomposition be dependency-preserving?

Solution:
First split the right-hand sides of the FDs and minimize the left-hand sides. You will get:

AB — C
C—>B
C->D
C—E
E->F
E—>G

We do not show all stepsin the above. Asan example, we show why BC — D can be replaced
withC — D, i.e, theleft-hand side of the original dependency can be reduced to C. To thisend,
we need to show that C — D isentailed by the original set of FDs. Compute C* with respect
to thisoriginal set: CBDEFG. Since this closure containsD, it meansthat C — D isentailed and
therefore we can replace BC — D withC — D.

Synthesize the 3NF schemas. R; = (ABC,{AB — (}), R, = (CBDE,C — BDE), R3 =
(EFG,E — FG).

R isnotin BCNF, because C — B isimplied by by our original set of FDsand all its attributes
belong to R;. Therefore, C — B must hold in Ry but C is not a superkey of R;. So, we
decompose R; further using C — B: (AC,{}) and (BC,C — B).

Now we still have two MV Ds left. Note that R = BC >« ABDEFG projectsonto R, asR; =
BC = BDE and it violates 4NF in R, because B = BC N BDE is not a superkey there. So, we can
use thisMVD to decompose R; into (BC,C — B) and (BDE, ).

Similarly, R = EF » FGABCD projects onto R3 as Rz = EF = FG. This makes R3 violate 4NF,
and we decomposeit into (EF,E — F) and (FG, 0).

The decomposition is not dependency preserving. For instance, the FD A — B, which was
present in the original schema, is now not derivable from the FDs that are attached to the
schemas in the decomposition.
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6. Consider the schema R over the attributes ABCDEFG with the following functional depen-

dencies:;
DE - F

BC — AD
FD -G
F —- DE
D—>E

and the following multivalued dependency:
R = ABCFG ~ BCDE

Decompose this schemainto 4NF using the following method: first obtain a BCNF decompo-
sition using the FDs only. Then further normalize to 4NF using the MV D, if necessary.

Solution:

Minimal cover.
Splitthe LHS:

DE - F
BC — A
BC —- D
FD -G
F—-D
F—-E
D—>E

NoabkwdhNE

Reducethe RHS 3: Delete E from the LHS of FD 1, since F € E*. The LHSs of FDs 2,3
cannot be reduced. D can be deleted fromthe LHS of FD 4 since G € F*. Result:

1. D> F
2. BC— A
3. BC—>D
4. F->G
5 F->D
6. F—-E
7. D> E

Remove redundant FDs. FD 6 (or FD 7’) isredundant and can be del eted:

1. D>F
2. BC— A
3. BC—>D
4. F->G
5 F->D
7. D—>E

Note: one can delete either FD6' or FD7' — not both.
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Construct 3NF: (DEF; D — EF), (BCAD; BC — AD), (FGD; F — GD). This decompo-
sition islossess since BCAD* = BCADEFG, i.e, the attribute set of the second schemais a
superkey of the original schema.

BCNF: Notethat F — D appliesto schema 1l and D — F applies to schema 3 (these FDs
are entailed by the original set). However, these FDs do not violate BCNF in either of these
schemas. S0, the schema obtained in the previous step is already in BCNF.

4ANF: The only non-trivia projection of the MVD R = ABCFG » BCDE on the above
schemas is the projection on BCAD: BCAD = ABC » BCD. However, ABC N BCD = BC is
asuperkey of the schema (BCAD; BC — AD). Therefore, thisMVD does not violate the 4ANF
and no further action isrequired.



7. Suppose schema S has attributes A, B, and C. The attribute A uniquely determines B and C

uniquely determines A. Suppose we decompose S into S1 and S2 such that S1 contains A and
B, and S2 contains C and A.

(&) What arethekeysof S, S1, and S2, respectively?

(b) Does the decomposition remove redundancy? Why?

(c) Isthe decomposition lossess? Why?

(d) Isthe decomposition dependency-preserving? Why?

(e) Does the decomposition lead to tables that are overall smaller? Why?

(f) Does the decomposition lead to tables for which it is easier to guarantee the given in-
tegrity constraints? Why?

(g) Does the decomposition lead to tables for which it is easier to write query operations?
Why?

(h) Does the decomposition lead to tables that enable faster query and update operations?
Why?
Solution:

(8 ThekeysareC, A, and C, respectively.

(b) Yes. Thereisredundancy in S, because al rows with same value of A have also the same
value of B. Thereis no redundancy in S1 and S2.

(c) Yes. Theintersection of S1 and S2 is A, which isakey of S1.

(d) Yes. Thefunctional dependenciesin S are equivalent to the union of the dependenciesin
Sland S2.

() Yesand No. Yesif many rowsin S have the same value of A, since for each value of A,
the same value of B does not need to repeated that many times. Otherwise no, since A
has to be duplicated in both S1 and S2.

(f) Yes. Maintaining the constraint that A uniquely determinesB requires no additional work
after decomposition.

(g9) No. For queries that need both attributes B and C two tables must be joined rather than
just using onetable.

(h) Yesand No. Yes, if there are many records and there is much redundancy, and thus the
table is much bigger before decomposition and may lead to more page faults and slower
query evaluation. No for queries otherwise. Yes also for update operations that involve
only attributes B and A.
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8. For the attribute set R=BCEGVWY, let the MV Ds be;

R=WBCY =~ YEVG
R =WBCE ~ WBYVG
R =WBY = CYEVG

Find alossless decomposition into 4NF. Isit unique?

Solution:

Use MVD #1 to obtain the following decomposition: WBCY, YEVG. MVD #2 applies to
WBCY and yields WBC, WBY. MV D #3 cannot be used to decompose WBC because the join
attribute, Y, isnot in this attribute set. It cannot be used to decompose WBY or YEVG because
MVD #3 projects as atrivial dependency in these cases: WBY = WBY = Y and YEVG = Y b«
YEVG. Thus, theresult is WBC, WBY, YEVG.

The above decompositionisnot unique. If wefirst apply MV D #3 and then #1 then will obtain
the following result: WBY, CY, YEVG.
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Problemsfor Chapter 7: Triggersand Active Databases

1. (a) What isthe basic structure of atrigger?
(b) What isthe difference between row-level and statement-level trigger granularities?
(c) What isatrigger precondition in general, and what can it bein SQL?
(d) List at least three of the issuesto consider in trigger handling.

Solution:

(8) ON event IF precondition THEN action.

(b) Row-level: Change of asinglerow is an event.
Statement-level: A statement that can change multiple rowsis asingle event.

(c) An expression that evaluates to true or false based on database states. Any condition
allowed in the WHERE clause of SQL.

(d) When the precondition is checked. When the action is executed. Whether condition can
refer to states both before and after the event occurs. How multiple triggers activated by
asingle event should be handled. Etc.
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2. Consider abrokeragefirm database with relations HoLpings(AccountId, StockSymbol, Price,
Quantity) and Barance(AccountId, Balance). Write the triggers for maintaining the cor-
rectness of the account balance when stock isbought (atupleisadded to HoLbinGs or Quantity
isincremented) or sold (atuple isdeleted from HoLpinGs or Quantity isdecremented).

Write both row level and statement level triggers.
Solution:

CREATE TRIGGER UppaATEBALANCEREALTIME
AFTER INSERT, DELETE, UPDATE ON HoLbINGs
REFERENCING NEW AS N
FOR EACH ROW

UPDATE BALANCE

SET Balance =
(SELECT SUM(H.Price* H.Quantity)
FROM Hovrpings H
WHERE H.Accountld = N.Accountld)

The above trigger is appropriate for real-time updates of Horpings, so the balances are also
updated in real time. If HoLpings is updated only periodically (e.g., every day), then a state-
ment level trigger would be more efficient. This trigger can work by erasing the old contents
of Barance and then recomputing it from scratch:

CREATE TRIGGER UppateBALANCEALLATONCE
AFTER INSERT, DELETE, UPDATE ON HoLbINGs
FOR EACH STATEMENT
BEGIN
DELETE FROM BaLance; -- Erase
INSERT INTO BaLANCE
SELECT DISTINCT H.Accountld, SUM(H.Price* H.Quantity)
FROM HovLpings H
GROUP BY H.Accountld
END
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3. Consider the following schema:

Srupent(Student, Status)
Took (Student, Course)
Course(Course,Credits, Type)

In a Srupent relation, Status can be 'B’ (beginner), 'CPR’ (completed program require-
ments), and 'EG’ (eligible to graduate). 1n a Coursk relation, Type can be’C’ (core course)
or 'E’ (elective course).

Write the following row-level triggers which monitorsinsertionsinto Took:

(8 Whena’CPR’ student completes 130 credits, change the student’s status to ' EG'.

(b) When abeginner student completes al core ('C’) courses plus 3 electives (' E’), change
the statusfrom'B’ to'CPR’.

Hint: The main thing in constructing such triggersis to first figure out the conditionsin the
WHEN clause. This conditions are similar to complex WHERE clauses. For instance, (b)
involvesrelational division (recall how to do such thingswith NOT EXISTS).

Solution:

@ CREATE TRIGGER ELIGIBLETOGRADUATE
AFTER INSERT ON Took
REFERENCING NEW AS N
FOR EACH ROW
WHEN (
130 <= ( SELECT SUM(C.Credits)
FROM Took T, Course C, Srupent S
WHERE T.Student = N.Student
AND T.Course = C.Course
AND T.Student = S.Student
AND S.Status = 'CPR’ )
)
UPDATE Srupent
SET Status = ’EG’
WHERE N.Student = Student
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(b CREATE TRIGGER DoNeWITHPROGRAM
AFTER INSERT ON Took
FOR EACH ROW
REFERENCING NEW AS N
WHEN (
EXISTS ( -- Student has status ’B’
SELECT *
FROM Srupent S
WHERE N.Student = S.Student
AND S.Status = ’B’
)
AND
NOT EXISTS (
( SELECT C.Course
FROM Course C
WHERE C.Type = ’'C’ )
EXCEPT
( SELECT T.Course
FROM Took T
WHERE T.Student = N.Student)
)
AND
3 <= ( SELECT COUNT(T.Course)
FROM Took T, Course C
WHERE T.Student = N.Student
AND T.Course = C.Course
AND C.Type = ’E’ )
)
UPDATE Srupent
SET Status = 'CPR’
WHERE N.Student = Student
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Problemsfor Chapter 8: Using SQL in an Application

1.

(8) What arethetwo kinds of interfacesthat application programs can use to talk to database
servers?

(b) Which one of the two kinds above does each of the following interface belong to? (i)
embedded SQL, (ii) dynamic SQL, (iii)JDBC, (iv) SQLJ, (v) ODBC.
(c) What isthe advantage of embedded SQL over dynamic SQL and vice versa?

(d) Explain why constraint checking is usually deferred in transaction processing applica-
tions.

(e) What formsa transaction in embedded SQL?

(f) What isthe basic sequence of stepsto do in JDBC (all the basic steps that involve inter-
acting with database, e.g., making connection) if a computation involves doing an SQL
query or update?

Solution:

(a) Statement-level interface (SLI1). Call-level interface (CLI).

(b) (i) SLI, (ii) SLI, (iii) CLI, (iv) SLI, (v) CLI.

(c) Embedded SQL can be executed more efficiently. Dynamic SQL is more general and
flexible.

(d) Because in many transactions, the intermediate database states violate the integrity con-
straints but the final states do not.

(e) Fromwhenthefirst SQL statement isexecutedtill aCOMMIT or ROLLBACK statement
that follows.

(f) Import Java SQL API, load database driver, and get connection;
Create, prepare, execute SQL query stmt, and store result in result set;
Process result set (read and/or update);

Free SQL statement object, and close connection.
(Also, put IDBC codein try and catch of SQLException.)
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2. Give an example of atransaction program that contains a cursor, such that the value returned
by one of its FETCH statements depends on whether or not the cursor was defined to be
INSENSITIVE. Give aone sentence explanation of your answe.

Assume this transaction is the only transaction executing. We are not concerned about any
effect that a concurrently executing transaction might have

Solution:

In the program below, if the cursor is INSENSITIVE, the effect of the DELETE statement will
not be seen by the FETCH statement.

#define OK "00000"
#define EndOfScan "02000"
EXEC SQL BEGIN DECLARE SECTION;
unsigned long stud_id;
char grade[1l];
char *crs_code;
char *semester;
char SQLSTATE[6];
EXEC SQL END DECLARE SECTION;

EXEC SQL DECLARE GerEnroLLED INSENSITIVE CURSOR FOR
SELECT T.StudId, T.Grade
FROM Transcrier T
WHERE T.CrsCode = :crs_code
AND T.Semester =:semester
FOR READ ONLY;

EXEC SQL OPEN GETENROLLED;

EXEC SQL DELETE FROM TRANSCRIPT
WHERE CrsCode IN (:crs_code);

EXEC SQL FETCH GetrEnroLLED INTO :stud_id, :grade;
while (strcmp(SQLSTATE,O0K) == 0) {
... process the values in stud id and grade ...
EXEC SQL FETCH GerEnroLLED INTO :stud_id, :grade;
}

EXEC SQL CLOSE GETENROLLED;

42



Problemsfor Chapter 9: Physical Data Organization and | ndex-

ing

1.

(&) What are the goals in designing efficient data storage methods? List two principlesin
achieving these goals.

(b) Suppose a phone book contains 500 pages, and each page can contain up to 500 records.
Suppose we want to search for a particular name in the book. Give a worst-case bound
on the number of pages that must be looked at to perform a search using each of the
following methods: (i) linear search, as if the book were organized as a heap file, (ii)
binary search, using the fact that the book is ordered by names, (iii) with an index for the
name of the first entry on each page.

(c) What kind of index does CREATE TABLE generally yield? What kind of index does
CREATE INDEX generally create? What is the advantage of the former kind of index
over the latter kind?

(d) Can afile have more than one sparse index? Can a file have more than one clustered
index? Can an unclustered index be sparse?

Solution:

(& Minimize latency, and reduce the number of page transfers. Store pages containing
related information close together on disk, and keep cache of recently accessed pagesin
main memory.

(b) 500, 9 (=[10g,5007), 2 (the index has 500 pages, so the entire index fits in one page; so
1 access to the index and 1 to the data).

(c) Integrated, clustered, main index.
Separate, unclustered, secondary index.
Avoids an indirection (1 fewer page), allows to use sparse index, allows efficient range
search, supports partial key searches.

(d) No. No. No.
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2.

(8) What are the advantages of tree indexing over hash indexing and vice versa?
(b) Show what the following B+ tree looks like after the insertion of g.

Solution:

(a) Supports efficient range search, and partial key search. Isfaster if good hash function
can be used to eliminate overflow chains.

(b) Theroot node will be split and the tree will add one level:



3. Consider the following B+-tree, where a node can contain two search key values and three
pointers. Suppose that this tree indexes a file where each page can contain 10 records.

(&) Assuming that the index is unclustered, what is the maximal size (measured in data
records) of afile that can be indexed by the depicted B+-tree?

(b) Same question, but assume that the index is now clustered.
(c) Show the B+-tree after inserting a new record with search key value 70.
(d) Show thetree after deletion (from the original tree) of the record with search key 7.

(You must redraw the tree when giving the answer— leave the original tree intact.)

Fomm o +
| 34 I
e +--——- +
___________ / N
/ \
Fomm - + Fomm o +
| 7 | | 42 68 |
et T + +-m——- e +
_______ / I —/ I \——
/ I / I \
et + e + it + e i +  H-——mm— - +
| 2 4 | | 7 | | 35 | | 45 51 | | 68 77 |
e e Fomm >t —— - e e S4-—----- Fom >t — - F->H-—mmmmm - +

Solution:

(a) Unclustered index: Each leaf entry can index only a single data record, so the max file size
is 8 datarecords.

(b) Clustered index: the tree can index 8 pages, which can contain up to 80 datarecords.
(c) Insertion of 70:

Fomm o +
| 34 68 |
e - +
_________ / \ \
/ \ \
e et + Fomm - + e +
| 7 I |42 I |77 I
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e + e + +-mm— - + - +  H--—--- + - +
| 2 4 | |7 | |35 | |45 51| |68 70| |77 |
e +-—--- >4-————-- +-————- D e e e +



(c) Deletion of 7:

Fomm - +
| 68 I
+--——- +--——+
_______ / |

/ \

Fomm - + e ettt +
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Fomm -+ e +--——+
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e + e + - + t-mm— - +  H--—---
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e t-mm— S-———-- e Fo——>+-————- e

46



4. Consider the following B+ tree:

(@
(b)

(©)

(d)

How many pages of actual datafile does the tree provide index for?

At most how many keys can be inserted in the children of the leftmost node (with the
separator key €) in the middle level without splitting that node?

At least how many keys must be inserted so that the left node in the middle level would
split?
At most how many keys can be inserted without splitting the root node?

Solution:

(@
(b)

(©)

5 pages. Each leaf key in the tree can index 1 page of the datafile.

3 keys. Let us denote the leaf nodes n1, n2, n3, n4 and the mid-level nodes m1, m2.
Since we need to find the maximal number of keysthat can be inserted in the children of
m1 beforeit gets split, we should try to insert as many as possible keys without affecting
any splits.

We can insert 1 key into n1. Adding 1 key to n2 splits this node into n21 and n22. A
separator key moves up to ml filling up the remaining free space there. The node n21is
going to be full, but n22 will have one free spot, which we can fill in with one additional
key. After that, any addition to the leaves of m1 will necessarily generate a 4th child and
thus will cause splitting of m1.

Hereweareinterested in the least number of keysthat arerequired to affect asplitin m1.
Therefore we should try to add keysin amanner that will cause node splits as quickly as
possible.

Adding akey to n2 will cause a split into n21 and n22 with n22 having one free spot and
n21 being full. A separator key will be pushed up to m1filling up the remaining free sot
there. Adding akey to n21 will cause a split in that node and will necessitate a push-up
of a separator key to m1. Thiswill overflow m1 and cause a split.
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(d) 13 keys. Thisis atedious, but smple count. Asin (a), we should be adding keys as
conservatively as possible trying to delay splitsaslong as possible.

Add 3 keys, b, i, m, tofill up the free spots at the leaves.

Add 2 keys: ctonlandj ton3. Thiswill split those nodes and will fill up m1 and m2.
Add 2 keys, d and jj, tofill up the free dotsin the newly created leaves.

Add 1 key, ee, to n2 to split it into n21 and n22. Thiswill cause a split of m1 into m11
and m12 causing the root to befilled up. This stage of the tree is depicted below:

1 e [ | h ||
=/-==---- |------- \-
/ I \
/ I I
mll \' V' ml2 V' m2
1 c || (I 1 g || (I 13 11 k ||
=/-=-=--- e -] -mmmm-- | ---mm--- -] -mmme-- |------ |-
/ I I I I I I
' | | v ' | v
————— | | T e
lalb] I I lgl | |hli] I |k |m|
————— v ' —-——— —-——— ' —-———
nlit,  ----- @ - n22 n3l ------ n4
lcld] lelee] 131331
nl2 n21 n32

Now, adding 2 keysto n22 will split it into n221 and n222 and will fill up m12.

Add 1 key to n222 tofill it up.

Add 1 key tonl12. Thiswill splitit up into n121, n122 and fill up m11. n121 will befull,
but n122 will have one free dot.

Add 1 key to n122.

At this stage, all dotsin the tree will be occupied and adding any additional key will
cause a split at the root. It is easy to see that we have added 3+2+2+1+2+1+1+1=13

keys.
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5. Consider the B* tree below.

lale|<---->Ig| |<---->|h] [<---->]k]| |

Show what happens after the key g is deleted.

Solution:
In an exam you will need to show all steps. Hereisthefina result:

After deletion of g from the leaf, the leaf node is deleted as well. The separator key g in the
second level isnow useless and isdeleted. The resulting empty nodeis merged withitssibling
and parent to produce the result.
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6. Suppose a family of hash functions h_k(v)=h(v) mod 2 is used for extendable hashing, and
we have the following search key value v and hash function value h(v):

\% bill jane karl mary tony
h(v) 00010 10111 11001 00010 10101

If currently k=1, the file has two buckets. {bill, mary} and {jane, tony}, and if each

bucket can contain at most two records, what happens to k and to the buckets when inserting
karl?

Solution:
k=2, and the second bucket is split into two: {jane} and {karl, tony}.
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Problemsfor Chapter 10: The Basics of Query Processing

1. What kind of indexing is usually needed to efficiently evaluate the following query?

SELECT E.Id
FROM Employee E
WHERE E.salary <= 100000 AND E.salary >= 30000

Solution: Secondary B+ treeindex with search key salary
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2. Consider arelation s over the attributes A and B with the following characteristics:

e 7,000 tupleswith 70 tuples per page
e A hashindex on attribute A

e The values that the attribute A takes in relation s are integers that are uniformly dis-
tributed in the range 1 — 200.

(&) Assuming that the aforesaid index on A is unclustered, estimate the number of disk
accesses needed to compute the query oa-15(S).

(b) What would be the cost estimate if the index were clustered?

Explain your reasoning.

Solution:

It takes 1.2 I/Os to find the right bucket. The number of tuples selected from s is expected to
be 7000/200 = 35.

(a) If theindex isunclustered, every tuple can potentially lead to a separate 1/O. So, the cost
will be ceiling(1.2 + 35) = 37.

(b) If the index is clustered, then 37 tuples can at most span 2 pages, so the I/O cost would
be ceiling(1.2+2)=4.
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3. What isthe cost of external sorting?

Solution:

2 % F = logm-1F, where F is the number of pages in file and M is the number of pages in
memory.
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4. Givean exampleof aninstanceof the Transcript relation (with the attributesStudId, CrsCode,
Semester, and Grade) and a hash function on the attribute sequence (StudId, Grade) that
sends two identical tuples in msiudrd semester (TRANSCRIPT) iNtO different hash buckets. (This
shows that such a hash-based access path cannot be used to compute the projection.)

Solution: Consider the following two tuples: (111111111,EE101,F1997,A) and
(111111111, MAT123,F1997,B). Sincethesetupleshaveidentical projectionson the attributes
StudId, Semester, they become onein the projected relation

TstudId,Semester (TRANSCRIPT)
Consider now the following hash function on StudId, Grade:

f(t) = (t.StudId + (t.Grade —'A’)) mod 1000

The first tuple will then be sent to the bucket 111111111 mod 1000 = 111 and the second to
111111112 mod 1000 = 112.



. Estimate the cost of r > susing
(a) Sort-mergejoin
(b) Block nested loops

where r has 1,000 tuples, 20 tuples per page; s has 2,000 tuples, 4 tuples per page; and the
main memory buffer for this operation is 22 pages long.

Solution:
Relation r has 50 pages and s has 500 pages. In each case we ignore the cost of outputting the
result, asit isthe same for both methods.

(8 Sorting r will take 2*50*10g,,50 ~ 200. Sorting s will take 2*500*10g,,500 ~ 3000.
Thus, assuming that merging can be done during the last phase of sorting, the total cost
should not exceed 3200 page transfers.

(b) Assuming that r is scanned in the outer loop, the cost is 50 + (50/20)* 500 = 1300.
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6. Consider the expression

U studId=666666666 ASemester='F1995’ AGrade="A’ (TRANSCRIPT)
Suppose that there are the following access paths:

(& An unclustered hash index on StudId
(b) Anunclustered hash index on Semester
(¢) An unclustered hash index on Grade

Which of these access paths has the best selectivity and which has the worst? Compare the
selectivity of the worst access path (among the above three) to the selectivity of the file scan.

Solution:

With the unclustered hash index on StudId, we will find exactly the bucket that contains all
the transcript records for student with the Id 666666666. Since the index is unclustered, this
access method will fetch (inthe worst case) as many pages as the number of transcript records
for that student. In our sample relation in Figure 4.5, this would be 3 pages. In atypica
university, an undergraduate student would have to earn 120-150 credits. With 3 credits per
course it would make 40-50 transcript records and, thus, the selectivity would be this many
pages of data.

With the unclustered hash index on Semester, wejump to the bucket for the transcript records
inthe F1995 semester and then we need to fetch all these records from the disk to check the
other conditions. In a university with enrollment 20,000, selectivity of this access path can be
ashigh asthat. In our sample database, however, there are only two transcript recordsfor Fall
1995.

With the unclustered hash index on Grade, we get into the bucket of the transcript records
where the student received the grade A. If only 10% of the students get an A, the bucket
woud hold 2,000 records per semester. 1n 20 years (2 semesters a year), the university might
accumulate as many as 80,000 transcript records in that bucket. In our sample database, we
have 5 transcript records where the student got an A.

Thus, in atypical university, the third access path has the worst selectivity and the first has the
best. In the sample database of Figure 4.5, the second method has the best selectivity and the
third the worst.
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7. Computethe cost of r »<,_z Susing the following methods:

() Nested loops
(b) Block-nested loops

(c) Index-nested loops with a hash index on B in s. (Do the computation for both clustered
and unclustered index.)

wherer occupies 2,000 pages, 20 tuples per page, s occupies 5,000 pages, 5 tuples per page,
and the amount of main memory available for block-nested loops join is 402 pages. Assume
that at most 5 tuplesin s match each tupleinr.

Solution:
() Nested loops: scan r and for each of its 40,000 tuples scan sonce. Theresult is

2,000 + 40, 000 x 5,000 = 200, 002, 000 pages

(b) Block-nested loops: Scan s once per each 400-page block of r, i.e., 5times. The result

thereforeis:
2,000

402 -2

(c) Index-nested loops: The result depends on whether the index on B in s is clustered or
not. For the clustered case, all tuples of s that match atuple of r are in the same disk
block and require 1 page transfer (since we assumed that at most 5 tuples of s match,
they all fit in one disk block). We also need to search the index once per each tupleof r.
Suppose the later takes 1 disk access. Thus, thetota is

2,000 + 5, 0007 1 = 27,000 pages

2,000 + (1 + 1 1.2) x 40,000 = 90,000 pages

In case of an unclustered index, the matching tuples of s can be in different blocks. As
before, assume that s has at most 5 matching tuples per tuplein r. Thus, the cost would
be

2,000 + (1 + 5= 1.2) x 40,000 = 282, 000 pages
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Problemsfor Chapter 11: An Overview of Query Optimization

1. Suppose a database has the following schema:
Tripr(fromAddrId: INTEGER, toAddrId: INTEGER, date: DATE)
ADDRESS(id: INTEGER, street: STRING, townState: STRING)

(&) Writean SQL query that returns the street of all addressesin’ Stony Brook NY’ that are
destination of atrip on’5/14/02".

(b) Trandate the SQL query in (a) into the corresponding “naive” relational algebra expres-
sion.

(c) Trandate the relational algebra expression in (b) into an equivalent expression using
pushing of selections and projections.

(d) Trandate the relational algebraexpression in (c) into a most directly corresponding SQL
query.

Solution:

() SELECT A.street
FROM AbpprEss A, Trip T
WHERE A.id=T.toAddrId AND A.townState=’Stony Brook NY’

AND T.date=’05/14/02’
(b) Tlstreet U id=toAddrId AND townState=’StonyBrookNY’ AND date=’05/14/02’ (Address X TRIP)
(C) Tlstreet (O-townState:’ StonyBrookNY’ (ADDRESS) P<jd=toAddrId O date='05/14/02’ (TRIP))

(d) SELECT A.street
FROM (SELECT * FROM Abppress WHERE townState=’Stony Brook NY’) A,

(SELECT * FROM Trip WHERE date=’05/14/02") T
WHERE A.id=T.toAddrId
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2. Consider arelationr over the attributes A, B, C with the following characteristics:

(@
(b)
(©)
(d)

5,000 tupleswith 5 tuples per page

Attribute A is a candidate key

Unclustered hash index on attribute A

Clustered B* tree index on attribute B

Attribute B has 1,000 distinct valuesin r

Attribute C has 500 distinct tuples and an unclustered 3-level B* tree index

Estimate the cost of computing o-a-cong(r') Using the index
Estimate the cost of computing og-cong(r') UsiNg the index
Estimate the cost of computing oc-cong(r) Using the index
Estimate the cost of computing mac(r)

Solution:

(@

(b)

(©)

(d)

Since the hash index is on the candidate key, o-a-cong(r') has at most onetuple. Therefore,
the cost is 1.2 (searching the index) + 1(retrieving data). If the index is integrated then
thecostisjust 1.2.

Note that the fact that even though the hash index is unclustered, we are not paying the
price, because the index is on a candidate key.

Since B has 1,000 distinct values in r, there are about 5 tuples per value. Therefore
oe-cong (') iSlikely to retrieve 5 tuples. Because the index is clustered and because there
are 5 tuples per page, the result fitsin 1 page.

Therefore, the cost is depth of the tree + 1.

Since C has 500 values, the selection islikely to produce 10 tuples (5000/50). Pointersto
these tuples will bein the same or adjacent leaf pages of the B* tree. We conservatively
estimate that these tuples will occupy 2 leaves (index entries are typically much smaller
than the data file records. Thus, the cost of retrieving al the pointersis 3 (to search the
B* treefor thefirst page of pointersin the index) + 1 (to retrieve the second page of the
index) = 4.

Since the index is unclustered, each of the 10 tuplesin the result can be in a separate
page of the data file and its retrieval may require a separate |/O. Thus, the cost is 4+10
=14.

Since we do not project out the candidate key, the projection will have the same number
of tuples as the original. In particular, there will be no duplicates and no sorting will be
required.

The output will be about 2/3 of the original size assuming that all attributes contribute

equally to the tuple size. Sincethe original file has 5,000/5=1000 blocks, the cost of the
operation is 1,000(scan of thefile) + 2/3* 1,000 (cost of writing out the result).
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3. Writedown the sequence of steps needed to transform za((R »<g_c S) »<p-g T) into ra((7e(T) ><e-p
7acp(S)) »<c-p R). List the attributes that each of the schemas R, S, and T must have and the
attributes that each (or some) of these schemas must not have in order for the above transfor-
mation to be correct.

Solution:

R must have: B (because of the join)

S must have: ACD (because of macp)

T must have: E (because of )

These schemas should not have identically named attributes, because otherwise it will
not be clear which of the two identically named attributes will be renamed in the joins.
In particular, T should not have A and C, because nacp(S) clearly suggests that it is
expected that Swill have the attribute A that will survive for the outermost projection s
to make sense, and the attribute C, which should survive in order for the join with R to
make sense.

(8) Associativity of thejoin: ma(R »<g-c (Srp=g T))

(b) Commutativity of thejoin: 7a((Se<p=e T) »<c-8 R)

() Commuitativity of the join: 7a((T »<g=p S) ><c=g R)

(d) Pushing projection za to thefirst operand of the join: ma(mac((T »<g-p S)) ><c-g R)

(e) Pushing projectiontothefirst operandintheinnermostjoin: ma(mac((me(T) »<g-p S)) ><c-s
R). Thisispossibleif AC are the attributes of S and not of T.

(f) Pushing projection to the second operand in the innermost join: wa(mac((e(T) ><e-p
nacn(9))) <c-p R).
(9) Reverse of pushing aprojection: ma((me(T) »<g-p macp(S)) ><c-s R)
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4. Consider the following schema, where the keys are underlined:

ITEM (Name , Category)
Srore(Name, City, StreetAddr)
TransacTiION(ItemName, StoreName, Date)

Hereatuple (i, s, d) € Transaction denotes the fact that item i bought at store s on date d.)
Consider the following query:

ﬂ'Category,City(O- Date='2004-12-15' AND City:’NYC’(
ITEM PName=ItemName TRANSACTION M StoreName=Name STORE

)

Show the three “most promising” relational algebra expressions that the query optimizer is
likely to consider; then find the most efficient query plan and estimate its cost.

Assume 50 buffer pages and the following statistics and indices:
e Item: 50,000 tuples, 10 tuples/page.
Index: Unclustered hash on Name.

e Srore: 1,000 tuples, 5 tuples/page; 100 cities.
Index1: Unclustered hash index on Name.
Index2: Clustered 2-level B* treeon City.

e TransactioN: 500,000 tuples, 25 tuples/page; 10 items bought per store per day. The
relation stores transactions committed over a 50 day period.
Index: 2-level clustered B* tree on the pair of attributes StoreName, Date.
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Solution: The optimizer will consider the fully pushed and the two partially pushed expres-
sions:

Ttcategory,City (

| TEM PName=TItemName O Date='2004—12—15’ (TRANSACTION) MstoreName=Name U City="NYC’ (STORE)

)

Ttcategory,City (

I TEM >yame=TtemName O pate=2004-12-15 (TRANSACTION PdstoreName=Name O City="NYC’ (StorE))

)

Ttcategory,City (

| TEM Dyame=1temName O City='NYC’ (0' Date=’2004—12—15 (TRANSACTION) MstoreName=Name STORE)

)

The most efficient query plan would be to use the last partially pushed expression with the
join order reversed:

Ttcategory,City (

ITEM PName=ItemName O Date='2004—-12-15' (O-City:’NYC’ (STORE) PMStoreName=Name TRANSACTION)

)

In addition, we can combine the selection of Date with the inner join, as explained below.
The costs are computed as follows:

(8 ocity=nye (Store) — selects 10 tuples (2 pages) using the 2-level B* tree index. Cost:

2+2=4.

(b) Jointheresult with TRansacTioN On StoreName using the 2-level B* treeindex on Trans-

(©)

ActioN. Moreover, here we can combine the index nested loops join with selection on
Date asfollows. Note that theindex ison the pair of attributes StoreName Date, while
thejoinisonly on thefirst attribute. However, we can combine each index search that is
performed to compute the join with opae. 1N this combination, every index search will
be on thefull index StoreName Date rather than just a prefix StoreName.

Since ocity=nye (Store) has 10 tuples, 10 full-index selections on Transaction will be
performed during the combined join/selection computation. According to the statistics,
10 items are sold per store per day. Therefore, each selection will bring 10 tuples, 1
page. It takes 3 1/Osto bring those tuples. Since we need to perform 10 selections, the
cost is 3*10=30 and the result has 100 tuples.

Join the result with ITem using the unclustered hash index on Name. Since Name is akey,
each hash brings 1 tuple and costs 1.2 (the cost of the hash) + 1 (the cost of retrieving
the matching tuple) = 2.2 1/Os. If we do it 100 times for each tuple in the result of (2),
we will spend 220 1/Os.

Therefore, the total is 4+30+220=2541/0s.
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5. Consider the following relations that represent part of areal estate database:

Acent(ld, AgentName)
House(Address, Ownerld, Agentld)
Amentty(Address, Feature)

The Acent relation keeps information on real estate agents, the Housk relation has informa-
tion on who is selling the house and the agent involved, and the AmeniTy relation provides
information on the features of each house. Each relation has its keys underlined.

Consider the following query:

SELECT H.Ownerld, A.AgentName
FROM House H, AGent A, AMENITY Y
WHERE H.Address=Y.Address AND A.ld = H.Agentld
AND Y.Feature = '5BR’ AND H.Agentld =007’

Assume that the buffer space available for this query has 5 pages and that the following statis-
ticsand indices are available:

o AMENITY:

10,000 records on 1,000 houses, 5 records/page
Clustered 2-level B* treeindex on Address
Unclustered hash index on Feature, 50 features

o AGENT:

200 agentswith 10 tuples/page
Unclustered hash index on Id

e Housk:

1,000 houses with 4 records/page
Unclustered hash index on AgentId
Clustered 2-level B* treeindex on Address

Answer the following questions (and explain how you arrived at your solutions).

() Draw afully pushed query tree corresponding to the above query.

Solution:
See Figure 1.

(b) Find the best query plan to evaluate the above query and estimate its cost.
Solution:
We could join House with Acent or AmEentTy, but in any case it is clear that we should
first select House on AgentId, because of the large reduction in size: There are 200
agents, 1000 houses, so agent 007 must be handling about 5 houses. At 4 records per
page, this would occupy 2 pages.

Because the index on AgentId is unclustered, it would take 1.2 1/Os to find the bucket
and 5 I/Osto fetch the relevant pages: 6.2 1/Osin total.
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Figure 1:

Next we can join with Acent, which would take 1.2 page I/Os to search the index, since
AcenT has an unclustered index on Id, plus1 1/O to fetch the page — 2.2 1/Osin total.
This will still result in 5 tuples, but the tuples will be about 50% larger (Acent has 10
tuples/page, while House only 4). However, we can project out Id and AgentId, which
will bring the tuple size to about the size of the tuplesin House. So, the join will still
occupy alittle over a page. We keep the result of the join in the main memory buffer.

Finally, wejoin the result with Amenity. Since the statistics indicate that there are about
10 amenities per house, it doesn’t make much sense to select AMeniTy on Feature: the
size will go down by the factor of 10 at a very high price (unclustered hash or scan of
2,000 blocks of the Amentry relation), and we will loose the index on Address — the
attribute used in the join.

So, the best way to do thejoin isto use index-nested loops join using the clustered index
on the attribute Address of Amenity. It would take 2 |/Osto search the B* treeindex for
each of the 5 tuplesin the result of the previousjoin (i.e., 2*5; if we cache the top level
of the B* tree then this search would take 2+4=6 1/0s). The number of tuples retrieved
would be 50 (10 features per house * 5 houses), which occupies 10 pages. Therefore,
the total needed to retrieve the matching tuplesin Amenity is 16 1/Os.

Note that we still have enough room in the buffer. The expected size of the join is 50
tuples (5*10), which is too large for our 5 page buffer. However, we can also select on
Feature='5BR’ onthefly, reducing the sizeto about 5 tuples, each about twice the size
of the tuples in House. We can also project (on the fly) on OwnerId and AgentName
further reducing the size. Thus, we will need 2 pages in the buffer for the result of the
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(©)

join of House and AcenTt, one page for the input buffer that is needed for reading the
matching tuples of Ameniry, and two to store the final result. Thisfitsin the available 5
buffer pages.

In total, thus, the query will take 6.2 + 2.2 + 16 = 24.41/Os.

Find the next-best plan and estimate its cost.
Solution:

Similar, except that what is left of Housk is first joined with Amenity. The number of
I/Osis going to be the same, so thisis also a best plan.

The next plan after that would be to do something silly, like joining House and AGent
using nested loops. Since Acent occupies 20 blocks, this can be donein 20 1/Os. Then
we could proceed to join with AMENITY.
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Problemsfor Chapter 12: Database Tuning

1. Consider the following relational schema:

SrupenT(1d,Name,Major)
Took (StudId,Course)

where Id isthe primary key in Srupent. Consider the query

SELECT *
FROM Srupent S, Took T
WHERE S.Id = T.StudId AND T.Course = 'CS305’ AND S.Major = 'EE’

() Writearelational algebra expression that is equivalent to this query.

(b) Suggest the indexes that can be added to this database in order to improve the perfor-
mance of this query. Indicate whether these indices should be clustered or not. Explain
your reasoning briefly.

Solution:

(8) O course=cs305' (TOOK) B<siyara=1d OmMajor— e (Student)

(b) Clustered index on Course in Took, sinceit will facilitatethefirst selection. A clustered
index on Major in Srubent might also help, since it can facilitate the second selection.
Note that although Id isaprimary key in StubenT, it might have an unclustered (rather
than clustered) index, because numeric single-attribute keys often have unclustered hash
indices.

We could do away with the clustered index on Major, since we could also do the join
using the index on Id, which exists because Id isthe primary key.
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2. The table Employee(ld, Name, Deptld, Salary) has Id asits primary key. What index would
you choose to enhance the performance of the following statement?

SELECT E.Name
FROM Employee E
WHERE E.Salary > 100000 AND E.DeptName = ’accounting’

Solution:

Theindex onthe primary key isof no help. Anadditional index on either Salary or DeptName
is needed depending on which is more selective. If the number of employees in accounting
is smaller than the number earning over $100000 then a hash or B* tree index on DeptName
would be appropriate. Performance can be further improved by making theindex clustered, so
that all employeesin the same department are in the same hash bucket or are consecutive if a
B* structureisused. Inthat case theindex on Id must by unclustered, but that should not imply
a performance penalty since queries involving Id will generally not involve a range search
and hence will return asingle row. If accounting is alarge department then aB* treeindex on
Salary would be appropriate since a range search is needed. The same considerations with
respect to clustering apply.
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3. The table Employee(ld, Name, Deptld, Saary, ---) has Id as its primary key. Describe a
situation that might justify the use of an index covering strategy.

Solution:

Assume that the table has alarge number of attributes, so that each row occupies a significant
amount of space. Assume also that a clustered index exists on certain attributes to enhance
the performance of a particular query. For example, a clustered index on Salary might be
required if the query

SELECT E.Name
FROM Employee E
WHERE E.Salary > :sal

were frequently executed. Suppose another frequently asked query is

SELECT E.Name
FROM Employee E
WHERE E.Deptld = :dept

Since the number of employees in a department might be large it is desirable to support the
query with a clustered index on DeptId, but this is not possible since one clustered index
already exists. An unclustered B* treeindex on (DeptId, Name) containsall the information
needed to respond to the query without consulting the table itself. Leaf level entriesare sorted
on DeptId and hence can be efficiently retrieved. Note that since the number of characters
needed to store the values of these attributesis small, theindex itself is small and only afew
pages will need to be retrieved to satisfy the query.
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4. The SELECT statement

SELECT A
FROM T
WHERE P

accesses a table, T, with attributes A, B, C and K, where K is the primary key, and P is a
predicate. The values of al attributes are randomly chosen over the integer domain. Since
the table is updated frequently, there is a limitation of at most two indexes. In each of the
following parts choose the indexes (type, search key, clustered or unclustered) to optimize
the SELECT statement and maintain the primary key constraint when the value of P is as
specified. In each case give the query plan you expect the DBMS to choose for the SELECT
and the reason you think that plan is best. Do not use index covering.

(@

(b)

(©)

(d)

()

(f)

Pis(B = 10)

Solution:

clustered index on B; unclustered on K

search on B=10, scan (B* tree) or search bucket (hash) for all satisfying rows

Pis(B > 10)

Solution:

clustered B* tree on B, unclustered on K

rows are ordered on B, search for B=10 and scan from that point

Pis(B>10AND C = 5)

Solution:

Fewer rows satisfy C=5 than B>10 (values are randomly chosen). Hence use clustered
index on C, clustered on K; hash or B* tree OK for both.

Fetch rows satisfying C=5 and return those having B>10

Pis(B > 10) and the WHERE clause isfollowed by the clause ORDER BY A
Solution:

Clustered B* treeon A, unclustered hash or B* on K. Scan entirefile, discard rowsreturn
rowswith B>10. Thisisbetter than clustering on B since roughly half of the rows satisfy
B>10 and they would require sorting.

Pis(B > 10 AND C = 5)

Solution:

Fewer rows satisfy C=5 than B>10 (values are randomly chosen). Hence use clustered
index on C, clustered on K; hash or B* tree OK for both.

Fetch rows satisfying C=5 and return those having B>10

Pis (B > 10) and the WHERE clause isfollowed by the clause ORDER BY A
Solution:

Clustered B* treeon A, unclustered hash or B* on K. Scan entirefile, discard rowsreturn
rowswith B>10. Thisis better than clustering on B since roughly half of the rows satisfy
B>10 and they would require sorting.
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5. Consider a database with two tables: Emp, with attributes empName and divName and Div
with attributes divName and building. You are required to write a select statement that lists
the names of all employeesin divisionsthat have space in building A. (A division might have
space in severa buildings.)

(@

(b)

(©)

(d)

Write the statement using a join on the two relations.
Solution:

SELECT E.empName
FROM Emp E, Div D
WHERE E.divName = D.divName AND D.building = ‘Af

Write the statement in aform that uses a subquery, but no join.
Solution:

SELECT E.empName
FROM Ewmp E
WHERE E.divName IN (
SELECT D.divName
FROM Div D
WHERE D.building = ‘A*)

Assuming no useful indexes exist, comment on the efficiency of executing the two forms
of the query. For example, under what conditions (e.g., on the numnber of rowsin each
relation, the number of divisonswith offices in building A, the number of employeesin
adivision) would you expect one form of the query to outperform the other.

Solution:

Assume n pages in Emp and m pages in Div. A query plan for the first statement might
do ascan of Div for each page of Emp, requiring n x m page transfers.

Since the subquery is not correlated, a query plan for the second might first evaluate
the subquery to identify divisions having space in building A. The scan requres m page
transfers and results in an intermediate relation of r pages where max(r) = m. It then
does n x r page transfers to combine rows in Emp with the intermediate relation. Hence
the total number of operationsism+ n x r and if r is much lessthan m- whichislikely
- the second statement can be evaluated more efficiently.

In a more general situation, the identity of the building will be input as a parameter.
What measure might you take (denormalization, use of an index) to speed the execution
of first statementy,

Solution:

Denormalizing by adding a building attribute to Emp doesn’t work, since an employeein
building B might be working for a division that also has space in building A. Indexing
Div on divName allows the use of an index-nested loop join. The scan of Div can be
avoided to form the intermediate relation.
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Problemsfor Chapter 13: Relational Calculus, Deductive Databases,
and Visual Query Languages

1. Writethefollowing query using TRC and DRC: Find the names of all brokerswho have made
money in all accounts assigned to them. Assume the following schema:

Broker (Id,Name)
Account(Acct#, BrokerId, Gain)

Solution:
TRC: {B.Name | Broker(B) AND

VA € Account (A.BrokerId = B.Id — A.Gain > 0)
DRC: {Name | dBrokerId (Broker(BrokerId, Name) AND

VYAcc# VYGain (Account(Acc#,BrokerId,Gain) — Gain>0))}
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2. Express the following query in TRC and DRC: Find all coursesin department MGT that were
taken by all students. Assume the following schema:

Course(CresCode,DeptId,CrsName,Descr)
TranscripT(StudId, CrsCode, Semester, Grade)
Srupent(Id, Name,Status, Address)

Solution:

TRC: {C.CrsCode, C.CrsName | Course(C) AND C.DeptId = ’MGT’ AND
VS € SrupenT R € TRANSCRIPT
(R.StudId = S.Id AND R.CrsCode = C.CrsCode) }

DRC: {CrsCode, CrsName | dDescr (Course('MGT’,CrsCode,CrsName,Descr))
AND VId € Srupent.Id dSemesterdGrade
(TranscripT(Id,CrsCode, Semester,Grade) ) |}
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3. Consider the following relational schema where the keys are underlined:

Actor (Id, Name)
Movie(Id, Title, DirectorName)
PLayep(ActorId, MovieId)

Writethefollowing query intuplerelational calculus: “Find all actors (1d, Name) who played
in every movie produced by the director Joe Public.”
Solution:

{A.Id, AName | Actor(A) AND YM € Movig(
M.DirectorName = 'Joe Public’ —
AP € PLaven(M.Id = PMovieId AND A.Id = PActorId)) }

73



4. Consider arelation DirectFLIGHT (StartCity, DestinationCity) that listsall directflights
among cities. Use the recursion facility of SQL:1999 to write a query that finds all pairs
(cityy, city,) such that there is an indirect flight from city; to city, with at least two stops
in-between.

Solution:
The simplest way to do thisis to compute INpirEcTFLIGHT Similarly to INDIRECTPREREQVIEW:

CREATE RECURSIVE VIEW InpirRecTFLIGHT(From, To) AS
SELECT * FROM DirectFLIGHT
UNION
SELECT D.StartCity, I.To
FROM DirectFLicHT D, INDIRECTFLIGHT |
WHERE D.DestinationCity = I.From

Then we can computeall flightswith just one stop — FricaTl — and then subtract DirRecTFLIGHT
and Fuicarl from INDIRECTFLIGHT.

Onemight betempted tofirst create arecursiveview INbirectFLIGHT2(From, TO, NumberOfStops)
and then select the flights with NumberOfStops > 1.

CREATE RECURSIVE VIEW InpirecTFLIGHT2(From, To, Stops) AS
SELECT D.StartCity, D.DestinationCity, O
FROM DirectFLigaT D
UNION
SELECT D.StartCity, I.To, |.Stops+1
FROM DirectFuicaT D, INDIRECTFLIGHTZ |
WHERE D.DestinationCity = |.From

However, thisrecursive definition has a problem: because we keep incrementing the number of
stopswith each iteration, the eval uation process will not terminate. (Check that the termination
condition will never betrue!)
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Problemsfor Chapter 14. Object Databases

1. Usethefollowing partially defined schemato answer the queries below.

CREATE TABLE Srupent AS
Id INTEGER,
Name CHAR(20),

Transcript TRrANScrRIPTTYPE MULTISET

CREATE TYPE TRrANSCRIPTTYPE
Course REF(CourseType) SCOPE Course,

Grade CHAR(2)

The type CourseTyee is defined as usual, with character string attributes such as CrsCode,
DeptId, etc.

(a) Find al students who have taken more than five classes in the mathematics department.
Solution:

SELECT S.Name
FROM Srupent S
WHERE 5 < ( SELECT count(S1.Transcript->Course)
FROM Srupent S1
WHERE S1l.Transcript->Course.DeptId = ’MAT’
AND S1.Id = S.Id)

(b) Represent grades as a UDT, Grapg, with a method, value (), that returns the grade’s
numeric value.
Solution:

CREATE TYPE GrapeTypE AS (
LetterValue CHAR(2) )
METHOD value() RETURNS DECIMAL(3);

CREATE METHOD value() FOR GrabpeTYPE
RETURNS DECIMAL(3)
LANGUAGE SsQL
BEGIN
IF LetterValue
IF LetterValue

A’ THEN RETURN 4;
’A-’ THEN RETURN 3.66;

END
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(c) Writeamethod that, for each student, computes the average grade. This method requires
the value () method that you constructed for the previous problem.

Solution:

SELECT S.Name, avg(S.Transcript.Grade.value())
FROM STupenT S
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2. Consider the following schema:

Actor (Id, Name)
Movie(Id, Title, DirectorName)
PLayep(ActorId, MovieId)

() Represent this schema using the object-relational extensions of SQL:1999/2003. Use
set-valued attributes and object-oriented design.

Solution:

CREATE TYPE PersonTypE AS (
Name CHAR(30)
)
CREATE TYPE ActorTyrE UNDER PersonTyprE AS (
PlaysIn REF( MovieETyrE) MULTISET SCOPE Movies
)
CREATE TYPE MovieTyrE AS (
Title CHAR(100),
Director REF( Person),
Stars REF( ActorType) MULTISET SCOPE AcTORS
)
CREATE TABLE Actors OF ActorTYPE
CREATE TABLE Movies OF MovielyprE

(b) Use the schema constructed in subproblem (@) to formulate the following query using
SQL:2003: For every actor, ac, count the number of movies directed by Joe Schmuck
where the actor ac played arole.

Solution:

SELECT M.Stars->Name, count(N.Title)

FROM Movies M, UNNEST(M.Stars) S, Movies N

WHERE S IN N.Stars AND N.Director->Name = ’Joe Schmuck’
GROUP BY M.Stars->Name
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3. Consider an Accounr class and a TransacTioNAcTiviTY Classin abanking system.

() Posit ODMG ODL class definitionsfor them. The Account class must include arelation-
ship to the set of objectsin the TransacTioNnAcTiviTy class corresponding to the deposit
and withdraw transactions executed against that account.

Solution:

class Account {
attribute Integer AcctId;
relationship Set< PErsoN> Owner;
relationship Set< TransacTioNAcTIVITY> Transactions
inverse TRANSACTIONACTIVITY : :ActivityAccount;

}

class TRANSACTIONACTIVITY {
// assume type is some integer code
attribute  enum TransType {deposit,withdraw} Type;
attribute Float  Amount;
attribute Date  ActivityDate;
relationship Account ActivityAccount
inverse AccounTt: :Transactions;

}

(b) Give an example of an object instance satisfying that description.
Solution:

(#123, [12345,
{(#p4345, [123456789, ” John Doe’]),
(#p0987, [654345643, " Mary Doe’])},
{(#435, [withdraw, 58.34, 2001-3-4, #123]),
(#8132, [deposit, 231.99, 2001-4-5, #123])}

),

(c) Give an example of an OQL query against that database, which will return the ac-
count numbers of all accounts for which there was at least one withdrawal of more than
$10,000.

Solution:

SELECT A.AcctId
FROM  AccountExTt A, A.Transactions T
WHERE T.Type = withdraw AND T.Amount > 10000
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4. Write an OQL query that, for each major, computes the number of students who have that
major. Use the following partial definition of Stubent:

class Srupent extends PEersoN
(extent SrupenTExT)

attribute Set<String> Major;

relationship Set<Course> Enrolled;
inverse Courske: :Enrollment;

class Course : Object

relationship Set<Student> Enrollment;
inverse Srupent: :Enrolled;

Solution:

SELECT Major: M, count: count(S2.Id)
FROM SrupentExT S, SrupentExt S2, S.Major M
WHERE M IN S2.Major

GROUP BY M

We could also write this query using nested queries as follows:
SELECT DISTINCT Major: M,
count: count( SELECT S2.Id
FROM SrupenTEXxT S2
WHERE S2.Major = S.Major AND M IN S2.Major

FROM SrupentExT S
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Problemsfor Chapter 15: XML and Web Data

1. Specify aDTD appropriate for a document that contains data from both the Coursk table in
Figure 4.34 and the Requires table in Figure 4.35. Try to reflect as many constraints as the
DTDsallow. Give an example of a document that conformsto your DTD.

Solution:

One good example of such adocument is shown below. Note that it does not try to mimic the
relational representation, but instead courses are modeled using the object-oriented approach.

<Courses>
<Course CsrCode="CS315" DeptId="CS"

CrsName="Transaction Processing" CreditHours="3">
<Prerequisite CrsCode="CS305" EnforcedSince="2000/08/01"/>
<Prerequisite CrsCode="CS219" EnforcedSince="2001/01/01"/>

</Course>
<Course>

</Courses>
An appropriate DTD would be:

<!DOCTYPE Courses [
<!ELEMENT Courses (Course¥*)>
<!ELEMENT Course (Prerequisite®)>
<IATTLIST Course
CrsCode ID #REQUIRED
DeptId CDATA #IMPLIED
CrsName CDATA #REQUIRED
CreditHours CDATA #REQUIRED >
<!ATTLIST Prerequisite
CrsCode IDREF #REQUIRED
EnforcedSince CDATA #REQUIRED>
1>
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2. Define the following simple types:

(@

(b)

(©)

A type whose domain consists of lists of strings, where each list consists of 7 elements.
Solution:

<simpleType name="ListsOfStrings">
<list itemType="string" />

</simpleType>

<simpleType name="ListsOfLength7">
<restriction base="ListsOfStrings">

<length value="7"/>

</restriction>

</simpleType>

A type whose domain consists of lists of strings, where each string is of length 7.
Solution:

<simpleType name="StringsOfLength7">
<restriction base="string'">
<length value="7"/>
</restriction>
</simpleType>
<simpleType name="ListsOfStringsOfLength7">
<list itemType="StringsOfLength7" />
</simpleType>

A type appropriatefor the letter grades that students receive on completion of acourse—
A, A-, B+, B, B—, C+, C, C—, D, and F. Express this type in two different ways: as an
enumeration and using the pattern tag of XML Schema.

Solution:

<simpleType name="gradesAsEnum">
<restriction base="string'">
<enumeration value="A"/>
<enumeration value="A-"/>
<enumeration value="B+"/>
</restriction>
</simpleType>
<simpleType name="gradesAsPattern'>
<restriction base="string'">
<pattern value="(A-?|[BCI[+-]17?|[DF])"/>
</restriction>
</simpleType>

In the gradesAsPattern representation, (...) represent complex alternatives of patterns
separated by | (W3C has adopted the syntax of regular expressions used in Perl), [...]
represent simple alternatives (of characters), and ? represents zero or one occurrence, as
usual in regular expressions.
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3. Write an XML schema specification for a smple document that lists stock brokers with the
accounts that they handle and a separate list of the client accounts. The Information about
the accounts includes the account Id, ownership information, and the account positions (i.e,
stocks held in that account). To simplify the matters, it suffices, for each account position, to
list the stock symbol and quantity. Use ID, IDREF, and IDREFS to specify referential integrity.

Solution:

<schema xmlns="http://www.w3.org/2001/XMLSchema"
xmlns:brk="http://somebrokerage.com/documents"
targetNamespace="http://somebrokerage.com/documents">
<element name="Brokerage">
<complexType>
<sequence>
<element name="Broker" type="brk:brokerType"
minOccurs="0" maxOccurs="unbounded" />
<element name="Account" type="brk:accountType"
minOccurs="0" maxOccurs="unbounded" />
</sequence>
</complexType>
</element>
<complexType name="brokerType">
<attribute name="Id" type="ID" />
<attribute name="Name" type="string" />
<attribute name="Accounts" type="IDREFS" />
</complexType>
<complexType name="accountType">
<attribute name="Id" type="ID" />
<attribute name="Owner" type="string" />
<element name="Positions" />
<complexType>
<sequence>
<element name="Position">
<complexType>
<attribute name="stockSym" type="string" />
<attribute name="qty" type="integer" />
</complexType>
</element>
</sequence>
</complexType>
</element>
</complexType>
</schema>
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4. Consider XML documents of the form below, where actor’s name and movie's title uniquely
identify actors and movies, respectively.
Write the corresponding XML schema including the key and foreign key constraints.

<MovieLand>
<Actor>
<Name>. . .</Name>
<PlayedIn>

<MovieTitle>...</MovieTitle>
<MovieTitle>...</MovieTitle>
</PlayedIn>
</Actor>
<Actor>
</Actor>
<Movie>
<Title>...</Title>
<Actors>
<ActorName>. ..</ActorName>
<ActorName>. ..</ActorName>
</Actors>
</Movie>
<Movie>
</Movie>
</MovieLand>
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Solution: We will use only anonymous types in this solution.

<schema xmlns="http://www.w3.0org/2001/XMLSchema"
xmlns:this="http://myschema.name"
targetNamespace="http://myschema.name">

<element name="MovieLand">
<complexType>
<sequence>

<element name="Actor" minOccurs="0" maxOccurs="unbounded">
<complexType>
<sequence>
<element name="Name" type="String"/>
<element name="PlayedIn">
<complexType>
<element name="MovieTitle" type="String"
minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
</sequence>
</complexType>
</element>

<element name="Movie" minOccurs="0" maxOccurs="unbounded">
<complexType>
<sequence>
<element name="Title" type="String"/>
<element name="Actors'>
<complexType>
<element name="ActorName" type="String"
minOccurs="0" maxOccurs="unbounded" />
</complexType>
</element>
</sequence>
</complexType>
</element>

</sequence>
<!--include key specifications here -- next page -->
</complexType>
</element>
</schema>



Specification of keys and foreign keys.

<key name="ActorKey'">
<selector xpath="Actor" />
<field xpath="Name" />
</key>
<keyref name="ActorFK" refer="this:MovieKey">
<selector xpath="Actor/PlayedIn"/>
<field xpath="MovieTitle"/>
</keyref>

<key name="MovieKey'">
<selector xpath="Movie" />
<field xpath="Title" />
</key>
<keyref name="MovieFK" refer="this:ActorKey">
<selector xpath="Movie/Actors"/>
<field xpath="ActorName"/>
</keyref>
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5. Formulate the following X Path queriesfor the document of the form

<Classes>

<Class CrsCode="CS308" Semester="F1997">
<CrsName>Software Engineering</CrsName>
<Instructor>Adrian Jones</Instructor>

</Class>

<Class CrsCode="EE101" Semester="F1995">
<CrsName>Electronic Circuits</CrsName>
<Instructor>David Jones</Instructor>

</Class>

</Classes>
() Find the names of all coursestaught by Mary Doein fall 1995.
Solution:
//CrsName[../Instructor="Mary Doe" and ../@Semester="F1995"]/text()

Note that we use text () at the end to get the text (course names themselves) as opposed
to CrsCode element nodes.

(b) Find the set of all document nodes that correspond to the course names taught in fall
1996 or all instructorswho taught MAT123.

Solution:
//CrsName[../@Semester="F1996"] | //Instructor[../@CrsCode="MAT123"]

(c) Findthe set of al course codes taught by John Smyth in spring 1997.
Solution:

//Class[Instructor="John Smyth" and @Semester="S1997"]/@CrsCode
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6. Use XSLT to transform the document in Figure 17.15 into awell-formed XML document that
containsthelist of Student elements such that each student in the list took a coursein spring
1996.

Solution:

<?xml version="1.0" ?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
xsl:version="1.0">
<xsl:template match="/">
<StudentListS1996>
<xsl:apply-templates/>
</StudentListS1996>
</xsl:template>
<xsl:template match="//Student'>
<xsl:if test="../CrsTaken/@Semester=’S1996"">
<xsl:copy-of select="."/>
</xsl:if>
</xsl:template>
</xsl:stylesheet>
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7. Writean XSLT stylesheet that traverses the document tree and, ignoring attributes, copies the
elements and doubles the text nodes. For instance, <foo a="1">the<best/>bar</foo>
would be converted into <foo>thethe<best/> barbar</foo>.

Solution:

<?xml version="1.0" ?>
<xsl:stylesheet xmlns:xsl="http://www.w3.org/1999/XSL/Transform"
xsl:version="1.0">
<xsl:template match="/[*">
<xsl:copy>
<xsl:apply-templates/>
</xsl:copy>
</xsl:template>
<xsl:template match="text()'">

<xsl:value-of select=".">
<xsl:value-of select=".">
</xsl:template>

</xsl:stylesheet>
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8. Writean XSLT stylesheet, which takes a document and transformsit as follows. The element
nodes and attribute nodes are copied as is. However, the text nodes that are children of an
element node are deleted and replaced with an attribute called text. The value of the text
attributeis astring that is a concatenation of the strings represented by the deleted text nodes.
For instance,

<aaa bbb="1">
abc <dddd eee="2">cde</dddd> fgh
<fff gg="3" />

</aaa>

should become
<aaa bbb="1" text="abcfgh">
<dddd eee="2" text="cde"></dddd>
<fff gg="1" text="" />
</aaa>
Hint: An attribute text can be created using the XSLT instruction
<xsl:attribute name = "text'>

<!-- Content -->
</xsl:attribute>

similarly to the way new elements are created in XSLT using the xs1:element instruction. A
concatenation of all t-children of an element can be obtained with the X Path selector text ().
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Solution: The XSLT transformation is as follows;

<xsl:template match="text()">
<!-- ignore -->
</xsl:template>
<xsl:template match="*"
<xsl:copy>
<xsl:attribute name="text()">
<xsl:value-of select="concat(./text())"/>
</xsl:attribute>

>

<xsl:apply-templates/>
<xsl:apply-templates select="@*"/>

</xsl:copy>
</xsl:template>

<xsl:template match="@*">

<xsl:copy-of select="."/>
</xsl:template>
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9. Use the document structure described in exercise 17.21 to formulate the following queriesin
XQuery:

(a) List all classes (identified by a course code and semester) where every student received
aB or higher.

Solution:

DECLARE FUNCTION classes() AS element()* {
FOR $c IN document("http://xyz.edu/transcript.xml™)//tuple
RETURN
<class> $s//CrsCode, $c//Semester </class>

}

<EasyClasses>
(
FOR $c IN distinct(classes())
LET $grades :=
document ("http://xyz.edu/transcript.xml")
//tuple[CrsCode/@value=$c/CrsCode/@value
and Semester/@value=$c/Semester/@value]
/Grade/@value
WHERE EVERY $g IN $grades
SATISFIES numericGrade($g) >= numericGrade("B")
RETURN $c
)

</EasyClasses>

(b) List al students who never received less than a B.
Solution:

<GoodStudents>
(
FOR $sid IN
distinct(document ("http://xyz.edu/transcript.xml")//tuple/StudId/@value’
$s IN document("http://xyz.edu/student.xml™)
//tuple[Id/@value=$sid]
LET $grades :=
document ("http://xyz.edu/transcript.xml")
//tuple[StudId/@value=$sid]/Grade/@value
WHERE EVERY $g IN $grades
SATISFIES numericGrade($g) >= numericGrade("B")
RETURN $s
)
</GoodStudents>
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10. Write an XQuery function that traverses a document and computes the maximum branching
factor of the document tree, i.e., the maximal number of children (text or element nodes) of
any element in the document.

Solution:

NAMESPACE xsd = "http://www.w3.0rg/2001/XMLSchema"
DECLARE FUNCTION maxBranching($n) RETURNS xsd:integer
{
LET $children := $n/node()
LET $maxChildBranching :=
max{ FOR $m IN $children RETURN maxBranching($m)}
LET $childCount := count($children)
RETURN
IF $childCount >= $maxChildBranching
THEN $childCount
ELSE $maxChildBranching

Recall that the XPath function node () matches every e- or t-node.
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11. Consider adocument of the form

<stores>
<store name="..." city="...">
<item name="..." price="...">
<item name="..." price="...">
<item name="..." price="...">
</store>
<store name="..." city="...">
<item name="..." price="...">
<item name="..." price="...">
<item name="..." price="...">
</store>
</stores>

Assume that name and city uniquely determine a store and within each store there is at most
one item with a given name. Write the following query using XQuery:

Find the stores with the lowest average price of items among all the stores in New
York City.

Return the names of all such stores.

Solution:
<Result>
for $s in document("...")/store[@city="NYC"]
where fn:avg($s//@price) =

min( for $sl1 in document("...")/store[@city="NYC"]
return fn:avg($sl//@price) )
return <storeName> { $s/name } </storeName>
</Result>
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Problemsfor Chapter 16: Distributed Databases

1. Show that the semijoin operation is not commutative, that is, T1 ><join—condition T2 IS NOt the
sameas T, P join—condition T
Solution:
Informally, the semijoin of T, and T,, based on ajoin condition, consists of the tuples of T,
that participate in the join with T,. Clearly the semijoin is not commutative, because that
would imply that the semijoin of T, and T, based on the same join condition, consists of the

tuples of T, that participate in the join and that the tuples of T that participatein the join are
the same as the tuples of T that participate in the join.

More formally, T1 »<jein-condition T2 IS defined to be the projection over the columns of T, of
thejoinof T, and To:

Ratributes(Ts) (T1 ™join-condition T2)
Again the projection over the attributes of T is different than the projection over the attributes
of T,
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2. Design a query plan for the following distributed query: An application at site B wants to
compute a join STUDENT Migq-stugzda | RANSCRIPT, Where Srupent(Id,Major) ist site B and
TranscripT(StudId,CrsCode) isat site C. The result should be returned to B. Assume that
semijoinis not used. Also assume that

e Valuelengths are:

— Id and StudId are 8 byteslong;
— Major is 3 byteslong;
— CrsCode is 6 byteslong.

e SrupenT has 15,000 tuples.
e 6,000 students are registered for at least one course. On the average, each student is
registered for 5 courses.
Solution:

Transcript has 6,000* 5=30,000 tuples, each 14 (8+6) byteslong. Each Srupent tuple has 11
(8+3) bytes. The join has 8+6+3=17 bytesin each tuple.

1. If we send SrupenT to site C, compute the join there, and then send the result to site B, we
have to send 675,000 bytes (= 15,000 = 11 + 30, 000 * 17).

2. If we send Transcript to Site B and compute the join there, we have to send 420,000 bytes
(= 30,000 = 14).

Thus, alternative 2 is better.
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3. Estimate the cost of computing o wajor=cs' (STUDENT) M14-stuara TRANSCRIPT USiNG the semijoin
strategy. Use the sizes of the Stupent and Transcript relations and of their attributes from the
previous problem. In addition, assume that 10% of the students major in CS.

Compare thiswith solutions that do not not use the semijoin.
Solution:

Send the projection of oajor— cs (Srubent) on Id to site C: 8*1,500 = 12,000 bytes. Among
these, the number of registered students can be estimated as 1,500* 6,000/15,000 = 600. There-
fore, the join at site C will have 600*5=3,000 tuples. Send them to B at cost 3,000 * 17 =
51,000. Thetotal cost is 51,000+12,000 = 63,000.

If we use Alternative 2 in the previous problem, then the cost is still 420,000. If we use
Alternative 1, we can send only the CS majors to site C: 1,500 * 11 = 16,500. Since the
join was previously estimated to have 3,000 tuples, sending them to B will cost 3,000 * 17 =
51,000 bytes. The total therefore is 51,000+16,500=67,500. Therefore, the semijoin-based
plan is better.

96



4. Consider the following query:

ﬂ'CustId,Price (O-Category:’Diapers’ (TRANSACTION MItemrd=1d ITEM))

Assumethat TransacTioN hasthe attributesCustId, ItemId, and Date. The ltem relation has
the attributes Id, Category, and Price, where Id isakey.

() Rewritethis query using the semijoin operator < or .
(b) Find an optimal query evaluation plan with respect to the communication cost.

Questions (a) and (b) are independent of each other (the answer in (a) does not need to be
optimal with respect to the cost).

For question (b), assume that the query wasissued at Site A; the TransacTioN relationisat site
B with 10,000 tuples; and the ITem relationis at site C with 1,000 tuples. Further assume that
each tupleis 12 bytes long and each value of an attribute requires 4 bytes. There are 10 items
in a category on the average. The selectivity factor of any particular item (i.e., the probability
that it appearsin any given tuple in Transaction) is0.001.

Solution:

(a) For @(arnpl € TTCustId,Price ((TRANSACTION > O Category='Diapers’ (I TEM)) > O Category='Diapers’ (I TEM))

(b) i. Compute m1gprice (T category='piapers’ (ITEM)) Which has the size 10 tuples * 12 bytes
= 120 bytes.
Send the result to site B.

ii. Performajoin at site B.

On the average, every item occursin 10000 * 0.001 = 10 tuples, so the join has 100
tuples.
Projecting the result on CustId and Price makes each tuple 8 byteslong. There-
fore, the size of theresult is 100* 8=800 bytes. Thisresult is sent to site A.

Note that the semijoin is not optimal because after computing
TRANSACTION > O category='Diapers’ (I TEM)
we would have to send the result to either site C or A. Thisis pure extra cost.
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Problemsfor Chapter 17: OLAP and Data Mining

1. Design SQL queries for the supermarket example that will return the information needed to
make a table similar to that of Figure 20.10, except that markets are aggregated by state and
time is aggregated by months.

(8) Use CUBE or ROLLUP operators.
Solution:

SELECT M.Region, T.month, SUM(S.Sales_Amt)

FROM Sates S, Marker M, TmMe T

WHERE S.Market_Id = M.Market_.Id AND S.Time_Id = T.Time_Id
GROUP BY CUBE (M.Region, T.month)

(b) Do not use CUBE or ROLLUP operators.
Solution:

SELECT M.Region, T.month, SUM(S.Sales_Amt)

FROM Sates S, Marker M, TmMe T

WHERE S.Market_Id = M.Market_.Id AND S.Time_Id = T.Time_Id
GROUP BY M.Region, T.month

SELECT M.Region, SUM(S.Sales Amt)
FROM Sates S, MARkKET M
WHERE S.Market_Id = M.Market_Id
GROUP BY M.Region

SELECT T.month, SUM(S.Sales_Amt)
FROM Sates S, TmME T

WHERE S.Time_Id = T.Time_Id
GROUP BY T.month

SELECT SUMC(S.Sales_Amt)
FROM SaALEs S
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2. Consider the following two-dimensional cube:

5B O+ o N O ™
d
=

where Location and Time are dimensions represented by the following tables:

TmmMe | TimeId Month LocarioNn | State Region
| tl January | NY NE
| t2 January | PA NE
| t3 February | OR NW
| t4 February | WA NW

Assume that the cube represents a relation with the following schema:
SaLes(Time,Location, Amount)

Consider the following OLAP query:

SELECT T.Month, L.Region, SUMC(S.Amount)

FROM Sates S, Tme T, LocarioNn L

WHERE S.Time = T.TimeId AND S.Location = L.State
GROUP BY ROLLUP(T.Month, L.Region)

(a) Show the actual SQL queries that will be posed as aresult of this single rollup.
(b) Show the cubes (of 2, 1, and O dimensions) produced by each of these queries.
(c) Show how the lower-dimension cubes are computed from higher-dimension cubes.
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3. Perform the a priori agorithm on the following table to determine all two-item associations
with support of at least 0.5 and confidence of at least .

PurcHases | Transaction_id | Product
001 diapers
001 beer
001 popcorn
001 bread
002 diapers
002 cheese
002 soda
002 beer
002 juice
003 diapers
003 cold cuts
003 cookies
003 napkins
004 cereal
004 beer
004 cold cuts
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Solution: The support for the variousitemsis as follows:

[tem Support
diapers 3/4=0.75
beer 3/4=0.75
popcorn 1/4=0.25
bread 1/4=0.25
cheese 1/4 = 0.25
soda 1/4 = 0.25
juice 1/4 = 0.25
cold cuts 2/4=05
cookies 1/4 = 0.25
napkins 1/4=0.25
cereal 1/4=0.25

It follows that only the associations among diapers, beer, and cold cuts can have support of
0.5. We need to calculate such support:

Item-pair Support

diapers,beer 2/4=05
diapers,cold cuts 1/4=0.25
beer,cold cuts 1/4 = 0.25

Therefore, the only associations with support of at least 0.5 can occur between beer and dia-
pers. Both of the following associations have confidence of 0.5:

Purchase_diapers => Purchase_beer
Purchase_beer => Purchase diapers
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4. Consider the table

TransactionId Product

1

1 beer

1 diapers
2 beer

2 diapers
3 duck

3 yogurt
3 milk

4 milk

4 beer

4 paper

5 diapers
5 beer

6 diapers
6 duck

6 paper

Perform the a priori agorithm to find two-item associations with support of at least 40%.
Determine the confidence of each association that you found.
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Solution: The support for the individual items are:

ltem Support
milk 3/6=05
beer 4/6 = 0.66
diapers 4/6 = 0.66
duck 2/6=0.33
yogurt 1/6 = 0.16
paper 2/6=0.33

Since we are interested for associations with support of at least 40%, each item in the asso-
ciation must have support of at least 40%. We have only three such items: milk, beer, and
diapers, so only 3 potential associations need be considered:

Item-pair Support

milk, beer 2/6 =0.33
beer, diapers 3/6=0.5
milk, diapers  1/6 = 0.16

So, only the associations that invol ve diapers and beer have support more than 40%. It remains
to compute the confidence of two possible associations:

Association Confidence
diapers => beer 3/4=0.25
beer => diapers 3/4=0.25
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Problemsfor Chapter 18: ACID Properties of Transactions

1. The responsibility for producing ACID execution of transactions is shared by the system and
the programmer. State which of the ACID properties are guaranteed by the system and which
must be ensured by the programmer.

Solution:

The system guaranteesthat the execution will be Atomic, Isolated, and Durable. The program
must ensure that the execution is Consistent.
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2. Suppose a transaction consists of a sequence of SELECT statements followed by a commit
statement. Consider a single one of these SELECT statements. State which of the ACID
properties the execution of that SELECT statement maintains.

Solution:

The execution of the SELECT statement is Atomic and Isolated, but is not Durable and not
necessarily Consistent.
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3. A programmer is given the assignment of implementing a deposit transaction for a bank.
The specification for that transaction states that the arguments for that transaction are to be
the Accountld of the account and the amount of the deposit; the transaction is supposed to
increment the amount of the balance in that account by the amount of the deposit. Instead the
programmer implements a transaction that does absolutely nothing. It ignores its arguments,
and as soon as it is called, the transaction commits. State which of the ACID properties the
execution of that transaction satisfies.

Solution:

The execution is Atomic, Isolated, and Durable. It is”consistent” in that its execution main-
tains all the integrity constraints of the database, but it is not correct in that it does not change
the database in a way as to satisfy its specification. Therefore we would say that it is not
Consistent.
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4. Suppose a distributed Internet transaction processing system stores information about your
name and address at two different sites. One site is the central site at which you register and
place an order. The second site is a local warehouse that sends you the items that you buy.
When you go to the central site to change your address, oneimplementation of that interaction
is that the central site initiates a change-of-address transaction and commits that transaction
as soon as you press the change address button and it updates the local database. and then
right after the commit it initiates a second transaction to update the address information at the
warehouse site. (An alternative implementation would be to perform the change of address
at both sites within a single transaction, but that would significantly lengthen the response
time to the user who wanted to changes her address.) State which of the ACID propertiesthe
two-transaction implementation does not satisfy and what bad things might happen.

Solution:

Assuming that there is an integrity constraint that the address information at the two sites
must be the same, that integrity constraint would not be satisfied during the period between
the commits of the two transactions. Probably nothing bad will happen because the central
site will not send the warehouse site any additional orders until after it sends the new address
information.

There isalso the atomicity issue that the second change-of -address transaction must definitely
be initiated even if the central site should crash right after it commits the first transaction and
before it initiates the second.
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Problemsfor Chapter 19: Modelsof Transactions

1. Assume each of the following procedures is called from within a transaction and then that
procedure aborts. State whether or not the calling transaction aborts

(8 A childinanested transaction
Solution:
The calling transaction does not abort

(b) The next transaction in a chained transaction
Solution:
The calling transaction does not abort

(c) A subtransaction of adistributed transaction
Solution:
The calling transaction aborts

(d) A subtransaction in a multilevel transaction
Solution:
The calling transaction does not abort

(e) A method with declarative demarkation RequiresNew
Solution:
The calling transaction does not abort

(f) A method with declarative demarkation Required
Solution:
The calling transaction aborts

(g9) A method with declarative demarkation Mandatory
Solution:
The calling transaction aborts

(h) A method with declarative demarkation Supports
Solution:
The calling transaction aborts
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2. Assume each of the following procedures is called from within a transaction, the procedure
successfully completes (*commits’), and then the calling transaction aborts. State whether or
not the called procedure aborts

(&) A childin anested transaction
Solution:
The called procedure aborts

(b) The next transaction in a chained transaction
Solution:
The called procedure does not abort

(c) A subtransaction of adistributed transaction
Solution:
The called procedure aborts

(d) A subtransaction in amultlevel transaction
Solution:
The called procedure does not abort, but compensation is performed

(e) A method with declarative demarkation RequiresNew
Solution:
The called procedure does not abort

(f) A method with declarative demarkation Required
Solution:
The called procedure aborts

(g9) A method with declarative demarkation Mandatory
Solution:
The called procedure aborts

(h) A method with declarative demarkation Supports
Solution:
The called procedure aborts
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3. Suppose that declarative demarkation in J2EE was expanded to allow a new trans-attribute,
NestedChild with the semantics:

If the calling method is not in a transaction, a new transaction is started

If the calling method is in atransaction, the called method executes with the same
semantics as a child of anested transaction.

Explain how this semantics differs from the semantics of each of the following trans-attribute

(8) Required.
Solution:

For the Required attribute, if the called method is called from within a transaction and
the called method aborts, the entire transaction is aborted. For the NestedChild attribute,
if the called method is called from within a transaction and the called method aborts, the
entire transaction does not abort.

(b) RequiresNew
Solution:
For the RequiresNew attribute, if the called method is called from within a transaction,

anew transaction is started. For the NestedChild attribute, if the called method is called
from within a transaction. the called method executes within the calling transaction.
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4. Explainin what way arecoverable queue is “recoverable” In other words how does it differ
from an ordinary queue on which one transaction might enqueue information about some
work to be performed and a later transaction might dequeue that information and perform the
specified work.

Solution;

(&) A recoverable queueisatomic in that if atransaction that enqueued information on the
gueue aborts, the information is removed from the queue, and if a transaction that de-
gueues information from the queue aborts, the information is restored to the queue.

(b) A recoverable queueisdurablein that if atransaction that enqueued information on the
gueue commitsand later the computer on which the queueis stored (or the disk onwhich
it is stored) crashes, when it recovers from that crash, the information will be restored to
the queue.
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Problemsfor Chapter 20: Implementing | solation

1. For each of the following schedules, state whether or not it is serializable and/or recoverable

(8 wa(x) ri(x) wi(y) commit; wp(2) abort, or commit;
Solution:
serializable, not recoverable

(b) r2(X) wi(x) ri(y) commit; w,(y) abort, or commit,
Solution:
recoverable, not serializable

(©) wWa(X) r(x) ri(y) commit; wy(y) abort, or commit,
Solution:
not serializable, not recoverable
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2. For each of the following schedules, state whether or not it is serializable and/or strict.

(@) wa(X) wi(X) ri(y) r=(2
Solution:
seridizable, but not strict
(B) r1(X) ra(y) wa(y) wa(x)
Solution:
strict, but not seridizable
(€) wWa(X) r1(x) ro(y) wa(y)
Solution:
not strict, not serializable

113



3. For each of the schedules in the above two problems that are serializable, draw a serialization
graph
Solution:
Thefirst schedule in each problem is serializable. In both cases, the serialization graphis

T1 -— > T2
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4. (a) Givean example of a schedule that is serializable and strict, but could not be produced
by atwo-phase concurrency control

Solution:
r1(X) wa(X) r1(y) r=(2
T, gave up itslock on x beforeit got itslock ony.

(b) Give an example of a schedule that could be produced by a timestamp ordered concur-
rency control, but not by a two-phase concurrency control

Solution:

r1(X) wa(X) r1(y) r=(2
T, gave up itslock on x beforeit got itslock ony.
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5. Assume each transaction in an application makes al itsreads before it makes any of itswrites.
Assumethat application isimplemented both by an immediate-update pessimistic concurrency
control and a deferred-update optimistic concurrency control. Show a schedule that would be
allowed by the pessimistic control but not by the optimistic control.

Solution:
r1(X) ra(y) wa(x) commityra(X) wo(y) commit,

In the optimistic control, since T,’s write phase occurred within T,’sread phase, and T, writes
an item that T, read, when T, requests to commit, it would be aborted. In the pessimistic
control, everything is cool.
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6. Assume that a set of transaction has no blind writes; that is whenever a transaction performs
awrite on someitem, it has previoudy read that item. Show that those transactions never have
awrite/write conflict.

Solution:

Whenever one transaction reads a particular item, no other transaction can write that item. So
if thefirst transaction later writes that item, no other (active) transaction can have written that
item (or read that item)
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7. An application is to be designed using awrite once variable type. The database operations
are a write, which can be performed only once and writes a value into the variable, and a
read, which can be performed only if the variable has previously been written and returns
the value of the variable. Since these operations are partial, the concurrency control assumes
there are four operations. writeOK(x), writeNO(x), readOK(y), and readNO(y). Design
the concurrency control for these operations using the concept of backward commutativity

Solution:

Granted Mode
Requested Mode writeOK() writeNO() readOK() readNOQ)

writeOK() X
writeNOQ) X

readOK () X

readNO()

Note that some conflicts cannot occur. For example, if a writeOK() operation has been
granted and another transaction requests a write on the same item, the concurrency control
will convert that into awriteNO() operation (not awriteOK() operation). Therefore there
can never be a conflict between two writeOK () operations.
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8. Suppose we have an object database that has operations deposit (x), withdrawOK(y), and
withdrawNO(y). However, the object database is, in fact, implemented by an SQL database
using multilevel transactions in which the first level consists of the object operations above
and the next lower level consists of SQL statements that implement these operations. Thereis
atable called Acounts, with attributes, Accountld and Balance. We want the SQL statements
that implement the deposit(x) and withdrawOK(y) operationsto be compensatable. Give
the SQL statements that implement the deposit (x) and withdrawOK(y) operationsand are
compensatable.

Solution:
The SQL operation must be one-to-one.

For the deposit (x) operation

UPDATE Accounts
SET Baance = Balance + x
WHERE Accountld ="id’

For the withdrawOK (y) operation

UPDATE Accounts
SET Balance = Balance -y
WHERE Accountld ="id’

Each of these SQL statements can be used to compensate for the other.
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9. The conflict table for abstract operationsr, sandtis

requested | granted mode
mode |r s t

r X
S X X
t X

Consider the schedule S of three transactions, T,, T, and Ta:

S ri(X) s2(X) si(y) ra(x) ta(y) ta(y) cs ra(y)

where c indicates a commit operation and x and y are abstract objects.

(@

(b)

(©)

Will the schedule be accepted by a pessimistic concurrency control that enforces serial-
izability? Explain.

Solution:

Yes. The conflict between t3(y) and r1(y) is not a problem since T3 has committed.

Suppose t1(y) isreplaced in S by t1(x). Will the schedule be accepted by a pessimistic
concurrency control that enforces serializability? Explain.

Solution:

No. t1(x) conflicts with r(x) and a pessimistic concurrency control does not schedule an
operation if it conflicts with a previous operation of a still active transaction.

Suppose T, aborts after T, has executed r,(x) in the schedule
S ri(X) s2(x) si(y) ra(x)

Assume that compensating operations exist for r and s and that the concurrency control
grants no further operations until T, isundone. Give the complete schedule that shows
the compensation and explain why it correctly undoes Tj.

Solution:

S ri(x) 209 su(y) r2(¥) sty 1)
Since s,(X) and r,(x) must commute with r(x) this schedule is equivalent to

$2(X) r2(¥) r1(x) si(y) s7() r1(%)
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Problemsfor Chapter 21: Isolation in Relational Databases

1. Suppose two transactions access a table, Table, with integer attributes, A and B, using the

statements:
SELECT COUNT (*) UPDATE Table
FROM Table SETA=A+1
WHERE condl1 WHERE cond?2

Call thefirst statement select(condl) and the second update(cond2). For each of the following
two schedules: if it is equivalent to a serial schedule, give that schedule; if not, give the
reason(s) for why the scheduleis not equivalent to the serial schedule T1, T2 and why it isnot
equivalent to the serial schedule T2, T1. (The subscript indicates the transaction.)

(a) select;(A=5) update;(A=6) update,(A=7) select;(A=6)
Solution
equivalent to serial schedule T2, T1

(b) select;(A=5) seect,(B=5) update,(B=6) update (A = 6)
Solution

Not equivalent to T1, T2 since in the above schedule update, might change an A value
inarow from 5to 6 (or from 6 to 7) in which case the row will (will not) be affected by
update;. If the order of these two operationsis reversed (as in the serial schedule T1,
T2) thiswill not happen, so the final state will be different.

Not equivalent to T2, T1 since values returned by select; in the two schedules will be
different. update, might changethe A valueinarow from4to 5 (or 5to 6) in which case
select; will (will not) return the row in the serial schedule but not in the given schedule
(will in the given schedule).

(c) Consider the SQL statement

INSERT INTO Table (A, B)
VALUES (v1, v2)

Specify al pairsof values (v1, v2) for which thisstatement commutes with select(A = 5).
Solution
All pairs (x, y) where x # 5.
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2. Phantoms are prevented (in a system like Sybase) using a combination of granular locks and
index locks. Assume that the system does locking at the level of tables and pages. Suppose
transaction T1 reads a table T using a SELECT statement with predicate P and transaction
T2 subsequently attempts to insert a row that satisfies P. Specify al the locks that must be
acquired by each statement and state where the lock conflict occursthat prevents the phantom:

(&) Assuming thereisno useable index for the SELECT statement.
Solution
SELECT gets shared read lock on T. INSERT requests I X lock on T and X lock on page
into which row isto beinserted. Conflict between Sand IX lock on T.
(b) Assuming thereisa useable index for the SELECT statement.
Solution

SELECT getsISlock on T, S lock on pages containing rows satisfying P, and S lock on
leaf index pages containing pointers to pages containing rows satisfying P.

INSERT requests 1 X lock on T, X lock on page into which row is to be inserted, and X
lock on leaf index page into which index entry for row isinserted.

Conflict between Sand X lock on leaf index page.
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3. The write skew anomaly was described in connection with SNAPSHOT isolation.

(@

(b)

(©)

Give an example of a schedule of read and write operations that exhibits write skew
among two transactions, T1 and T2.

Solution

r1(X) ra(y) ra(x) ra(y) wi(x) wa(y)

Iswrite skew possible at SNAPSHOT isolation? Justify your answer by explaining how
the algorithm that implements SNAPSHOT isolation does or does not allow the schedule
of the previous part to happen.

Solution

Write skew is possible. Since T1 and T2 write to different variables, the first one to
commit does not create a situation that will cause the abort of the second.

Iswrite skew possible at READ COMMITTED? At SERIALIZABLE?

Solution

READ COMMITTED: yes - Since no read locks are held, each transaction can acquire
the lock necessary to write and then commit.;
SERIALIZABLE: no - Sinceread locks arelong term, the schedulewill cause adeadlock
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4. Two transactions run concurrently and each might either commit or abort. The transactions
are chosen from the following:

Tot ru(x) wa(y)

Ty wWa(X)

Ts: rs(y) ws(X)

Tat ra(X) wa(x) Wa(y)

In each of the following cases state (yes or no) whether the resulting schedule will always be
serializable and atomic. If the answer isno give a schedule that causes the violation.

(8 Ty and T, both running at READ UNCOMMITTED.
Solution
no - Wx(X) r1(X) wi(y) ¢ az

(b) T, and T, both running at READ UNCOMMITTED.
Solution yes

(c) T, and T, both running at READ COMMITTED.
Solution yes

(d) T, and T3 both running at READ COMMITTED.
Solution
no - r1(X) ra(y) wa(x) wa(y) ¢1 cs

(e) T, and T3 both running at snapshot isolation.
Solution
Nno - ry(X) ra(y) wi(y) ws(X) ¢y Cs

(f) T, and T4 both running at snapshot isolation.
Solution yes
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5. (8 What conditions must be met for two operations, op; and op,, to commute?
Solution

For all initial states the sequences op; op, and op, op; leave the database in the same
final state and each operation returns the same result to the executing transactions

(b) Table T hasinteger attributes A, B, C, and D, and is accessed by the statement

SELECT SUM (A)
(S1) FROM T
WHERE 0 <= B <= 10

. For what values of x does S1 commute with S2? Explain

UPDATE T
(S2) SETA=A+2
WHERE B = :x

Solution
x> 10o0r x < 0. In that case the sets of rows accessed by S1 and S2 are digoint

. For what values of x does S1 commute with S3? Explain.

UPDATE T
(S3) SETA=A+2
WHERE C = :x

Solution

No values of x. For any value of x thereisan initial state in which T containsarow
satisfying C = x and 0 < B < 10. The statements do not satisfy the condition for
commuitativity in that state.

For what values of x does S1 commute with S4? Explain.

UPDATE T
(4 SETD=D+2
WHERE B = :x
Solution
All values of x. Since Sl reads only A and S2 updates D the order of execution of
the statements has no effect on the final state or values returned

Transaction T1 has statement S1 followed by S5 embedded init, and transaction T2
has S2 embedded in it and these are the only SQL statements in the transactions.
Assuming X is 5, can S2 be interleaved between S1 and S5 when the transactions
are executed at READ COMMITTED? Can non-serializable schedules of these two
transactions occur at READ COMMITTED? Explain.

SELECT SUM (C)
(S5) FROM T
WHERE 0 <=B <= 10
Solution
Yesit can be interleaved since T1 releasesits read locks.
No non-serializable schedule is possible. S2 conflicts with S1 when x = 5, but there
is no other conflict, so the schedule S1 S2 S5 is equivalent to the serial schedule S1
S5 S2 since S5 and S2 commute;;
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v. Answer the previous question if theisolation level is REPEATABLE READ.
Solution

No interleaving is possible since T1 holds long term read locks (unless no row sat-
isfiesB = 5, in which case interleaving is possible).
No nonserializable schedule is possible since no interleaving is possible.
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6. Assuming there are no indices, state what S, X, IS, and X locks are obtained when granular
locking is used to implement

(& An UPDATE statement (on asingletable)
Solution:
An IX lock on the table and X locks on the changed tuples
(b) A SELECT statement (for asingle table) at REPEATABLE READ
Solution:
An ISlock on thetable and (long-term) S locks on the tuples that were read

(c) A SELECT statement (for a single table) at SERIALIZABLE. Explain why phantoms
cannot occur.

Solution:
An Slock on the table. No write transaction can get an I X lock on the table.
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7. Give examples of schedulesin which

(a) A read-only transaction executes at READ COMMITTED and sees an inconsi stent database
Solution:
r1(X) wa(x) wa(y) ra(y)
T, istransferring money from x to y.

(b) One read/write transaction executes at READ COMMITTED and another read/write
transacton executes at SERIALIZABLE and the resulting schedule exhibits a lost up-
date.

Solution:
r1(X) ra(x) wa(x) wi(x)
Both transactions are depositing money in an account.

(c) Two read/write transactions execute at READ COMMITTED and produce a write skew.
Solution:

r1(X) ra(y) ra(x) ra(y) wa(x) wi(y)
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Problemsfor Chapter 22: Atomicity and Durability

1. Figure 1 shows the final portion of the log seen by the recovery procedure on restart after a
crash.

(&) What transactions were active at the time of the crash?
Solution To, T4, Ta, T5

(b) What should the value of x be when recovery completes?

Solution 5
(c) What isthe value of x seen by Tg
Solution 2
update begin | update begin | commit | update check begin
T T, 1T T3 Ts Ty To Te
bef O T
4
aft 2 T 2

update begin | commit | commit | update

Ts Ts T3 Ts T,
X X
bef 2 bef 5
afts aft 6

Figure 2: Log on recovery from crash.
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2. Figure 2 shows the final portion of the log at a particular point in time. Assume that fuzzy
checkpoints are used and all update recordsrelated to items x and y and all checkpointsin this
portion of the log are shown.

(@

(b)

(©)

What value(s) might y have in the database (on non-volatile storage)? Explain.

Solution The page containing y might or might not have been written in the period of
time over which these log records were posted since only one checkpoint record follows
the update record for y. Hence the value of y in the database might be 1 or 3.

What value(s) might x have in the database (on non-volatile storage)? Explain.

Solution 2, 4, 6. The page containing x must have been written no later than thetimethe
second checkpoint record was written, since it either was dirty when the first checkpoint
record was written or it was written between the first update to x and thefirst checkpoint.
Hence the value 2 is possible but the value 0 is not. It might also have been written after
the second and third updates to x, in which case the value of x would be 4 or 6.

Commit records are not shown in the figure and we have assumed that all updates were
made by the same transaction, T. Could your answer change if commit records had been
shown or if the updates were made by multiple transactions? Explain.

Solution No. Since update records contain both before and after images the commit of

a transaction does not force pages out of the cache and hence the arguments given in the
previous two parts are unchanged.

update check update | update
T T T
X y X
bef O bef1 | bef2
aft 2 at3 | aft4
check update

T

X

bef 4

aft 6

Figure 3: A snapshot of the log.




3. Arethefollowing operations idempotent?

(@ x = I¥
Solution yes
(b) x :=5
Solution yes
(© x = x+1
Solution no
(d) x = [x]
Solution yes
(€ x =y
Solution yes
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4. Suppose the entire mass storage system were organized in such away that 1/0 requests were
handled in a FCFS fashion.

(@

(b)

(©)

Would the write-ahead feature still be required? Explain.

Solution:

Yes. Itisdtill necessary to ensure that the beforeimagein thelog record is durable before
the database is updated in order to guarantee recoverability.

Would forced writes still be necessar? Explain.

Solution:

Assuming that FCFS meansthat, in addition to initiating the servicing of requestsin the
order of arrival, onerequest is serviced beforethe next is started, then all writes peformed
by the I/O system are automatically forced.

Arelog sequence numbers required? Explain.
Solution:

Yes. The write-ahead feature requires that when a dirty page is to be flushed from the
cache, update records that pertain to it have been written from the log buffer. The log
sequence number makesit possible to check this condition quickly.

5. How might logging be simplied in a system that has amirrored disk?
Solution:

The difference between a mirrored and a non-mirrored situation is that when a dirty page is
to be flushed from the cache it is written to two independent disks rather than one. This does
not change the recoverability requirements. The write-ahead feature is still required so that
rollback is possible. After images are till needed for durability since it is still possible that
the database has not been updated with the new values that a transaction has written when the
transaction completes. Pass 1 and pass 3 of the recovery procedure are still needed to abort
active transactions and pass 2 is still needed to roll the database forward.
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6. Show that the two situations not handled correctly by the two-pass dump procedure are han-
died correctly by the three-pass dump procedure that uses two checkpoint records. List the
time sequence of relevant events. Your sequence should include al events related to x, the
dump and media failure, updating the log on mass store with checkpoint, commit/abort and
update records, reading and updating of x in cache and mass store before media failure, and
use of log records on recovery (identify the pass). Consider the following two cases:

(@

(b)

Transaction T writes a new value to x and commits before the dump starts, but the new
valueis not seen by the dump.

Solution:

write CK 1, update record for x written, T writes X,ey t0 cache,

T commits, write CK 2, start dump, dump reads X4 from mass store,
end dump, update record for x written to log,

Xnew flushed from cache, media fails, recovery writes Xnay (pass 2)

Transaction T's update to x is seen by the dump, but T aborts after the dump completes.
Consider two subcases: the abort record is written before the failure occurs, failure oc-
curs before the abort record can be written.

Solution:

case 1 - abort record written before failure occurs:

write CK 1, update record for x written, T writes X,ey t0 cache,

Xnew flushed to database, write CK 2, start dump, dump reads Xnew,
end dump, T decides abort, compensating log record for x written,
Xold restored, abort record for T written, mediafails,

recovery Writes X,y during pass 2, recovery writes xqq during pass 2

case 2 - failure occurs before abort record can be written (hence, recovery sees T as an
active transaction):

The case 1 sequence is modified by deleting “abort record for T written” and appending
the two events. X.qy restored during pass 3 (using the compensating log record), Xoiq
restored during pass 3 (using the update record).
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Problemsfor Chapter 23: Architectureof Transaction Processing
Systems

1. Describe some advantages of the three-tiered architecture compared with the two-tiered archi-
tecture

Solution:

(a) It ismore secure since the application code is not at the user site
(b) The application code can be more easily modified when necessary
(c) Itismore scalable to large numbers of users

(d) The client machine can be smaller

2. Describe some advantages of using stored procedures.
Solution:

(&) They are more secure

(b) They can be more easily modified when necessary

(c) They reduce the amount of communication needed

(d) The procedure can be prepared beforeit is needed

(e) Authorization can be done by the DBMS at the procedure level.

(f) The application does not have to know the details of the database design
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3. When a Web browser invokes a Web server in a client/server session, describe how the Web
server maintains context information betweens invocations

Solution:

The usual approach is to use a cookie as a context handle. When the browser invokes the
server, the server places in the browser a cookie containing information that can be used as a
pointer to the database on the server that contains the context information about the session.
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4. Describe how the application and the various resource managers communicate with the trans-
action manager using the X-Open interface in order to achieve global atomicity

Solution:

When the application wants to start a new transaction, it calls tx_begin, which tells the trans-
action manager to start a new transaction. The transaction manager returns the transaction
id.

The first time the application invokes a resource manager, the resource manager informs the
transaction manager that it is part of the transaction by calling xa_reg. The call includes the
transaction id.

When the application wants to end a transaction, it calls either tx_commit or tx_rollback to
tell the transaction manager to either commit or rollback the transaction. The call includes
the transaction id. The transaction manager then performs some atomic commit protocol
involving all the resource managers and the application.
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5. When a transaction invokes a service from a resource manager using a transactional remote
procedure call, state how that call is different from an ordinary remote procedure call.

Solution:

The transactional remote procedure call includes the tid (the transaction Id) of the calling
transaction. It that isthe first call to that resource manager by that transaction, the stub at the
resource manager notifies the transaction manager using the xa interface before invoking the
service
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6. Describe how an intruder can use an event broker to eavesdrop on many aspects of an appli-
cation.
Solution:

Since anyone can register with the event broker to be notified when a specific event occurs,
the intruder can register to be notified whenever any event of interest to him occurs. All the
intruder has to know is the name of the event.
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7. State whether each of the following statementsistrue or false.

(@

(b)

(©)

(d)

(€)

(f)

(9)

(h)

Only session beans and message-driven driven beans can have bean-managed transac-
tions

Solution:

True

Entity beans must execute within atransaction

Solution:

True

With container-managed persistence, the bean programmer must declare within the en-
tity bean, a get and a set method for each persistent field

Solution:

True

A message-driven bean is stateless

Solution:

True

A client that wants to establish a new session bean uses that bean’s home interface.
Solution:

True

A client that wantsto locate an instance of an entity bean uses that bean’s home interface.
Solution:

True

A client that wants to access an entity or session bean on the server uses that bean’'s
remote interface

Solution:

True

A client that wants to communicate asyncronously with some bean on the server uses a
message-driven bean

Solution:

True
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Problems for Chapter 24. Implementing Distributed Transac-

tions

1. Describe what happens in the two-phase commit protocol with presumed abort if the coordi-
nator and one of the cohorts both crash at the same time in each of the following situations.

(@

(b)

(©)

The cohort has not yet received a prepare message

Solution:

When the cohort recovers, it aborts,

When the coordinator recovers, it will not find any transaction record in its log and it
does nothing. If it receives a status request from some other cohort (to which it had send
a prepare message), it replies: abort.

The cohort isinits prepared state.

Solution:

When the cohort recovers, it sends a message to the coordinator asking the status of the
transaction.

When the coordinator recovers, it retrieves the transaction record portion of the comple-
tion record from its log and stores it in volatile. Then it sends commit messages to all

cohorts from which it has not yet received a done message. (It might or might not have
send those cohorts a commit message before it crashed.)

The cohort has committed and sent a done message.

Solution:

When he cohort recovers, it does nothing since it has already committed.

When the coordinator recovers, it looks in itslog. If it finds a completion record in its
log, it knows it has received done messages from all cohorts, and it does nothing. If
it finds a commit record but no completion record in its log, it retrieves the transaction
record portion of the commit record and stores it in volatile memory. Then it sends
commit messages to all cohorts from which it has not yet received a done message. (It
might or might not have send those cohorts a commit message before it crashed.)
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2.

(@

(b)

(©)

Explain why the done message is needed for the presumed abort property of the two-
phase commit protocol

Solution:

When the coordinator has received a done message from a cohort to which it has sent a
commit message, it knows that that cohort will never again ask the status of the transac-

tion. So when it has received done messages from all the cohorts, it knows it can delete
the transaction record from its vol atile memory.

Explain why acohort at some site cannot go into its prepared state as soon asit compl etes
what it has been asked to do.

Solution:

Some other cohort might be asked to execute at that same site and use some of the data
that the first cohort has accessed

Suppose a nested transaction is distributed so that the parent and each child executes
at a different site. Describe an atomic commit protocol that requires only one round of
messages (it is a one phase commit protocol).

Solution:

Before each child (conditionally) commits, it goes into a prepared state (since no other
child will access any data it accessed). When the parent wantsto commit, it sends com-
mit messages to al its children. Each child then sends commit messages to al of its
children. etc.
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3. Give an example of nonserializable schedule produced by a distributed system where each site
uses atimestamped-ordered concurrency control and the coordinator uses atwo-phase commit
protocol.

Solution:
ri[site 1](x) wo[site 1J(y) ri[site 1](y) ro[site2](2) commit, wy[site 2](2) commity
T, isbefore T, at site 1 and after T, at Site 2.
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4. Consider aquorum consensus protocol in which each itemis stored asn replicas, and the sizes
of the read and write quorums are p and g respectively. What should the value of p and q be
in each of the following situations

(@

(b)

We want the protocol to work correctly if one site should fail, and would like p to be as
small as possible.

Solution:

p=2

g=n-1.

We want the protocol to work correctly if the maximum possible number of sites should
fail. Also, state how many sites can fail
Solution:

Assuming nis even

p=n/2

g=n/2+1

The number of sitesthat can fail is
n/2-1
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Problemsfor Chapter 25: Web Services

1. A main library offers its services to branch libraries as a BPEL process. For the purposes of
inter-library loan it has a portType 1loanBookPT with a synchronous operation synchReqOp
that a branch invokes to request a book. Request and response messages, bookRegMsg and
bookResplsg, have been declared.

() Give the WSDL declaration of 1oanBookPT in terms of bookRegMsg, bookResplsg
and . Assume that the target namespace of the WSDL fileis
http://www.mainlib.org/wsdl/loan, it hasbeen assigned the prefix 1ib in thefile,
and that thisfile contains all the abstract and concrete declarations.

Solution:

<portType name=°‘‘loanBookPT’’>
<operation name=°‘‘synchReqOp’’>
<input message=‘‘lib.bookReqMsg’’/>
<output message=‘‘lib.bookRespMsg’’/>
</operation>
</portType>

(b) The messages of loanBookPT are to be sent as RPC-style SOAP messages over HTTP
using the SOAP encoding rules. Give a WSDL binding that will accomplish this.

Solution:

<binding name=*‘‘loanBookRPCBinding’’ type=‘‘lib.loanBookPT’’>
<soap:binding style=‘‘rpc’’
transport=* ‘http://schemas.xmlsoap.org/soap/http/’’ />
<operation name=°‘‘lib:synchReqOp’’>
<input>
<soap:body
use="‘encoded’’
namesapce="‘http://www.mainlib.org/wsdl/loan*"*
encodingStyle=*‘http://schemas.xmlsoap.org/soap/encoding/’’ />
</input>
<output>
<soap:body
use="‘encoded’’
namespace="‘http://www.mainlib.org/wsdl/loan*"*
encodingStyle=*‘http://schemas.xmlsoap.org/soap/encoding/’’ />
</output>
</operation>
</binding>

(c) Givethe skeleton of a SOAP message (omit the parameter children) that resultsfromthis
binding for invoking synchReqOp.
Solution:
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<s:Envelope xmlns:s=*‘http://www.w3.0rg/2003/05/soap-envelope’’
xmlns: - >
<s:Body>
<n:synchReqOp xmlns:n=‘‘http://www.mainlib.org/wsdl/loan’’
s:encodingStyle="*‘http://schemas.xmlsoap.org/soap/encoding’’>
<! — — parameters go here —— >
</n:synchReqOp>
</s:Body>
</s:Envelope>

(d) Assuming that a branch library does not have to support any port types invoked by the
main library, give the declaration of a partner link type that can be used for communica-
tion between the two and the partner link declarationswithin the BPEL processes for the
main library, Main, and abranch library, Branch.

Solution:

<plnk:partnerLinkType name=°‘‘branchMainPLT’’>
<plnk:role name=*‘‘main’’>
<plnk:portType name=‘‘lib:loanBookPT’’ />
</plnk:role>
</plnk:partnerLinkType>

The following declaration should appear within Main.

<partnerLinks>
<partnerLink name=‘‘branchMainPL’’
partnerLinkType="‘‘lib:branchMainPLT’’
myRole=*‘main’’ />
</partnerLinks>

The following declaration should appear within Branch.

<partnerLinks>
<partnerLink name=‘‘mainBranchPL’’
partnerLinkType="‘‘lib:branchMainPLT’’
partnerRole=*‘‘main’’ />
</partnerLinks>

(e) Give the (synchronous) receive and reply statements used within Main to accept and
respond to an invocation.

Solution:

<receive partnerLink=‘‘branchMainPL’’ portType=*‘‘lib:loanBookPT’’
operation="‘‘synchReqOp’’ variable=‘‘reqVar’’/>
<! — — body of Main goeshere — — >
<reply partnerLink=‘‘branchMainPL’’ portType=‘‘lib:loanBookPT’’
operation=‘‘synchReqOp’’ variable=‘‘respVar’’/>
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2. Consider anew version of thelibrary described in Exercise 1 that supports, in addition to syn-
chronous invocation, asynchronous invocation. Discuss the new issues that this new feature
introduces paying particular attention to message contents, bindings, port types, partner link
types, partner links, and the way communication is handled in Main.

Solution:
A possible solution is as follows:

(@

(b)

(©)

port types - Each branch will now have to support a callback port type containing a
one-way operation for asynchronoudy receiving a response from Main. Let this be
loanBookRespPT and let the namespace containing WSDL declarations associated with
branches be assigned prefix br in WSDL declarations that referenceit.

<portType name=°‘‘loanBookRespPT’’>
<operation name=*‘‘asynchRespOp’’>
<input message=*‘‘lib.bookRespMsg’’/>
</operation>
</portType>

Main will have to introduce a new port type containing an operation for asynchronously
receiving an invocation from a branch. A new port type should be used rather than
adding anew (one-way) operation to loanBookPT since the binding of messages for the
asynchronous operation cannot be RPC (recall that a binding applies to al operations of
aport type). Let thisnew port type be asynchLoanBookPT.

<portType name=°‘‘asynchlLoanBookPT’’>
<operation name=°‘‘asynchReqOp’’>
<input message=‘‘lib.asynchBookReqMsg’’/>
</operation>
</portType>

messages - The message that invokes Main asynchronously, asynchBookRegMsg, will
have to include anew parameter that either identifies the branch doing the invocation or
supplies an endpoint reference supported by the branch. In the former case, Main keeps
a table associating branch identity with an invoke statement on the branch’s callback
port type so that the response can be sent to the appropriate branch. This solution can be
made to work if the number of branchesis not great and not dynamic. The latter solution
ismore elegant.

partner link type - A new partner link type for asynchronous communication will have
to be declared, containing two roles:

<plnk:partnerLinkType name=*‘‘asynchBranchMainPLT’’>
<plnk:role name=*‘‘main’’>
<plnk:portType name=‘‘lib:asynchLoanBookPT’’/>
</plnk:role>
<plnk:role name=*‘‘branch’’>
<plnk:portType name=‘‘br:loanBookRespPT’’/>
</plnk:role>
</plnk:partnerLinkType>
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(d) partner link - Branch processes will now have to declare a partner link:

<partnerLinks>
<partnerLink name=‘‘asynchBranchMainPL’’
partnerLinkType=**‘lib:asynchBranchMainPLT’’
myRole=*‘branch’’ partnerRole=‘‘main’’/>
</partnerLinks>

Main will have to declare a partner link:

<partnerLinks>
<partnerLink name=‘‘asynchMainBranchPL’’
partnerLinkType=‘*‘lib:asynchBranchMainPLT’’
myRole=‘‘main’’ partnerRole=‘‘branch’’/>
</partnerLinks>

(e) binding - Document literal bindingsare needed for asynchLoanBookPT and 1loanBookRespPT
since aremote procedure is no longer involved.

(f) communication in Main - Main can no longer use areceive statement to accept an invo-
cation since it cannot know in advance which of its two port types will be invoked next.
Hence apick statement is appropriate.

<pick>

<onMessage partnerLink=‘‘branchMainPL’’ portType=‘‘loanBookPT’’
operation=‘‘synchReqOp’’ variable=‘‘synchReqVar’’>
<! — — body of handler for synchronousrequest goeshere — — >

</onMessage>

<onMessage partnerLink=‘‘asynchMainBranchPL’’
portType="*‘asynchLoanBookPT’’
operation=*‘asynchReqOp’’ variable=‘‘asynchReqVar’’>

<! — — body of handler for asynchronous request goes here — — >
</onMessage>
</pick>
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3. Further generalize the Library system of the previous problem by allowing Main to concur-
rently handlerequestsfrom branch libraries (onerequest from abranch at atime). Your answer
should include a discussion of process creation and correlation sets.

Solution:

Each of theonMessage clauses of the pick should have anew attributecreateInstance=" ‘yes’’.
In thisway a new process instance is created each time a message is received by Main.

Since an interaction between a branch and Main consists of a single request message and a
single reply message in both the synchronous and the asynchronous case, a correlation set is
not necessary. If, however, a branch had to send multiple messages to main to complete an
interaction a correlation set is needed to distinguish among the several concurrent instances of
Main that might exist. In this case we might declare the following set

<correlationSets>
<correlationSet name=‘‘branchCorr’’
properties=‘ ‘branchld’’/>
</correlationSets>

wherebranchId isaproperty that has been associated with apart of arequest message (using
apropertyAlias) that identifiesthe requesting branch. The onMesssage clauses of the pick
would now be modified. For example, the clause accepting asynchronous invocation would
be

<onMessage partnerLink=‘‘asynchMainBranchPL’’
portType="*‘asynchLoanBookPT’ ’>
operation="‘‘asynchReqOp’’ variable=*‘‘asynchReqVar’’
createInstance=‘‘yes’’>

<correlations>
<correlation set=‘‘branchCorr’’ initiate=‘‘yes’’/>
</correlations>
<! — — body of handler for asynchronous request goes here — — >
</onMessage>

Theinitiate attributeindicatesthat the value of the property branchId inthe messageisto
be used to instantiate the value of the correlation set associated with the new instance of Main
created when the messsage is received. Subsequent receive or onMessage statements that
name the correlation set will only accept messages with a matching value of branchId.
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4. Modify the solution to Exercise 1 by handling the possibility that a branch might request a
non-existent book.

Solution:
A fault message is now declared, reqFaul tMsg and the port type becomes

<portType name=°‘‘loanBookPT’’>
<operation name=‘‘synchReqOp’’>
<input message=°‘‘lib.bookReqMsg’’/>
<output message=‘‘lib.bookRespMsg’’/>
<fault name=‘‘reqFault’’ message =‘‘lib:reqFaultMsg’’/>
</operation>
</portType>

The binding must be modified to describe the SOAP format of the fault message. The reply
statement in Main that returnsafaultis:

<reply partnerLink=‘‘branchMainPL’’ portType=‘‘lib:loanBookPT’’
operation="‘‘synchReqOp’’ variable=‘‘reqFaultVar’’
faultName=" ‘reqFault’’ />

and the invoke statement in the branch processis

<invoke partnerLink=‘‘mainBranchPL’’ portType=‘‘lib:loanBookPT’’
operation="‘‘synchReqOP’’ inputVariable=‘‘bookReqVar’’

outputVariable=* ‘bookRespVar’’/>
<catch faultName=‘‘lib:reqFault’’ faultVariable=‘‘regFaultVar’’>

<! — — body of fault handler goeshere — — >
</catch>
</invoke>

When a fault message is received at Branch the fault reqFault israised and caught be the
catch statement nested withing the invoke.
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Problemsfor Chapter 26: Security and Electronic Commerce

1. Assume al service requests made by a client are idempotent. |s an authenticator required to

defend against the three attacks on the Kerberos system discussed in the text?
Solution:

If requests are idempotent then replays are not a problem since multiple executions of aservice
reguest achieve the same result as a single execution. Furthermore, the authenticaor does not

play arolein defending against the last two attacks.

2. Suppose the authenticator was SMply Kesscas[WYTS]. Describe an attack on Kerberos se-

curity that isnow possible.
Solution:

| can copy aticket and submit it, together with arguments and a random string chosen as
an authenticator, to S. Since the authenticator does not contain any clear text, the result of
decoding it using Keessce s 1S another string that looks like atimestamp to S. If the timestamp

fallswithin the lifetime of the ticket, S will execute the request.
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3.

(@

(b)

(©)

Why is it necessary to include the child <DigestValue> in every <Reference> ele-
ment?

Solution:

If it were not present, the signature of the <SignedInfo> element (the value of
<SignatureValue>) would not be dependent on the item referenced by the URI at-
tribute of the <Reference> element. Hence, the contents of that item could be changed
and the signature would still apply (the value of the <SignatureValue> element would
till be correct).

Why can’t the <SignatureValue> element be achild of the <SignedInfo> element?
Solution:

If it were, the value of <SignatureValue> would have to be known before it could be
computed (since it is necessary in the computation).

Using an argument similar to that given in the text for the advantage of the double digest
algorithm, give an example of an attack on the <Transforms> element that could be
used if that element were not digested as a part of the second signature.

Solution:

If the <Transforms> element were not included in the second signature, an intruder
could change its value. Suppose the element originally referred to an algorithm that
transformed the data by deleting the first element with tag x. If the signature were at-
tached to data that had one such element then the signature would be computed over al
other elementsin the data. If the intruder could change the value of the <Transforms>
element so that it referred to an algorithm that transformed the data by deleting all el-
ements with tag x it could attach the <SignedInfo> element to a new data item that
appended to the original dataitem a new element with tag x.

151



4. Give a SOAP message in which the entire element that is a child of Body is encrypted using
atriple DES algorithm, and the (symmetric) key used to encrypt the datais sent in encrypted
form in the header. The key is encrypted with a public key algorithm. The public key to
be used to decrypt the symmetric key is identified to the receiver using the name “myKey”
supplied with the encrypted symmetric key. Finally, <EncryptedData> issigned to identify
the sender. The sender includes a certificate which the receiver can use to verify the signature.

Solution:

<s:Envelope xzmlns:s=‘‘ -..77 >
<s:Header>
<wsse:Security xmlns:wsse="‘‘-..
xmlns:wsu="*"*---"">
<xenc:EncryptedKey xmlns:xenc=*‘---’’>
to encrypt the message body
<xenc:EncryptionMethod
Algorithm="‘http://www.w3.0rg/2001/04/xmlenc#rsa-1_5""/>
<ds:KeyInfo xmlns:ds=‘‘---"">
<wsse:KeyName>
myKey
</wsse:KeyName>
<ds:KeyInfo/>
<xenc:CipherData>
<xenc:CipherValue> :-- </xenc:CipherValue>
</xenc:CipherData>
<xenc:ReferencelList>
<xenc:DataReference URI=‘‘#bodyId’’/>
</xenc:ReferencelList>
</xenc:EncryptedKey>
<ds:Signature xmlns:ds=*‘*‘---’’>
signature of encrypted data
<ds:SignedInfo>
<ds:SignatureMethod
Algorithm="‘http://www.w3.0rg/2000/09/xmldsig#dsa-shal’’>
<ds:Reference URI=‘‘#bodyId’’>
<ds:DigestMethod Algorithm=‘*‘.-.-"’"/>
<ds:DigestValue> --- </ds:DigestValue>
</ds:Reference>
</ds:SignedInfo>

<ds:SignatureValue> --- </ds:SgnatureValue>
</ds:Signature>
<wsse:BinarySecurityToken xmlns:wsse=*"‘...>
ValueType=""*---""
wsu:Id=**---"">

binary certificate for signature goes here
</wsse:BinarySecurityToken
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<wsse:Security>
</s:Header>
<s:Body>
<xenc:EncryptedData Id=‘‘bodyId’’
xmlns:xenc="‘"* .-."’
Type=* ‘http://www.w3.0rg/2001/04/xmlenc#Element’ ’>
<xencEncryptionMethod
Algorithm="‘http://www.w3.0rg/2001/04/xmlenc#tripledes-cbc’’ />
<CipherData>
<CipherValue> --- </CipherValue>
</CipherData>
</xenc:EncryptedData>
</s:Body>
</s:Envelope>
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Problems for Appendix A: An Overview of Transaction Process-

ing

1. Give examples of schedules that have the following properties

(@

(b)

(©)

(d)

(€)

(f)

(9)

The schedule is serializable, but not in commit order

Solution:

r1(X) wy(x) Commit, ry(y) Commit;

The schedule is serializable, but has a dirty read

Solution:

wi(X) rz(xX) Commit; Commit,

The scheduleis not serializable, but does not have a dirty read, a non-repeatable read, or
alost update.

Solution: 1 r1(X) Wa(X) ra(y) wa(y) Commit; Commit,

The schedule would be permitted at the READ COMMITTED isolation level, but is
seriaizable.

Solution:

r1(X) ra(x) wi(x) wo(y) Commit; Commits

The schedule is permitted at READ COMMITTED, but is not serializable

SOLUTION

r1(X) ra(x) wi(x) Commit; w,(x)Commit,

The scheduleis serializable and would be permitted at SNAPSHOT isolation, but not by
a strict two-phase locking concurrency control

Solution:

r1(X) ra(x) wy(x) Commit; Commit,

The schedule is serializable and would be permitted by a strict two-phase locking con-
currency control, but not at SNAPSHOT isolation

Solution:

r1(x) ra(y) wo(y) Commit, wy(y) Commity
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2. Explain why

(a) Obtainingindexeson atable can increase concurrency, aswell as decreasthe time needed
to access the table.
Solution:
If index locking is used and the table is accessed through the index, the entire table need
not be locked but only the index (in addition to obtaining an intention lock on the table).
(b) When updating or inserting into atable, increased concurrency is obtained when granular
locks are used, even when there are no indices.
Solution:
The only locks that need to be obtained are a SIX lock on the table (a read lock and an
intention exclusive lock on the table) and awrite lock on the rows inserted or updated.
(c) When using a log to obtain atomicity, the update record must be appended to the log
before the database is updated (why it must be awrite-ahead log).
Solution:
Otherwise if the database is updated and then if the system crashed before the update

record was appended to the log, the system would be unable to roll back the database
update.

(d) Asynchronous update systems for updating replicated database might result ininconsis-
tent databases.
Solution:

The resulting schedule might not be serializable because, for example, atransaction, T,
might read two data items, x and y, of a committed transaction T,, but it might read
the value of x that T, updated while it was executing and the value of y, which was a
replicated value, beforeit was updated by the transaction that started after T, committed.
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3. Assume acohort in the two-phase commit protocol crashes in each of thefollowing situations.
When it restarts later, explain what it does and why.

(@

(b)

(©)

(d)

Before receiving the prepar e message.

Solution:
It aborts because the coordinator will abort the entire transaction when it does not receive

areply to its prepare message.
After receiving the prepare message but before it votes

Solution:

It aborts because the coordinator will abort the entire transaction when it does not receive
areply to its prepare message.

After sending its vote message saying it is ready to commit

Solution:

It sends a message to the coordinator asking what the final status of the transaction was
and then acts accordingly

After receiving the commit message but before it completes its commit processing

Solution:
It completes its commit processing.
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