SOLUTIONS - INTERNAL

Part A

Problem 1. 
Total marks: [40]

a) Define an ER model/diagram that describes the data to be stored in a database for a sports ... 
[30]
A correct solution to this question is provided on the next page.

Alternative solutions are possible. If a solution does not totally comply with the herein proposed solution it does not mean it is totally incorrect. It is the marker who should assess the level of correctness of variations to the solution proposed herein. If the “level of correctness” of a solution proposed by a student is say P%, then the final mark achieved by the student will be 30 x P%.

Marking scheme for the proposed solution:

( correct identification and representation of entities



5 marks

(see the note on relationships; if M:M relationships are used in the model, then certain entities that are present in the solution presented herein will not exist in the student’s model; if the model is correct, award full marks) 
( correct identification of strong/weak entities




2 marks
( correct representation of relationships between weak and strong entities
2 marks
( correct identification and representation of attributes



4 marks
( correct identification and representation of relationships


5 marks

( correct identification and representation of cardinality of relationships

4 marks
(not all the relations have to be 1:M; M:M relationships are accepted, as long as they are correctly identified and represented; if M:M relationships are accepted, then more care must be taken when marking the translation of the ER model into a relational model)

( correct identification and representation of participation constraints

3 marks

(the student might make some different assumptions, such that the participation constraint will not correspond with the one presented here; if the model is correct according to their assumptions then award full marks) 









Total
25 marks
( inclusion of optional part






5 marks

(if a different but correct model is proposed for this part, awards marks proportionally with the amount of given information correctly modelled by the student)

 







TOTAL
30 marks
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b) Transform the ER model into a relational model, specifying... 
[10]
“COMPULSORY” part of MODEL




1 mark per correct relation











TOTAL 7 marks
Contender ( id, alias, address, tel, gender )

PK : id

Competition (id, name, regulations, deadline )

PK : id

Event (competition, level, number, day, time, venue )

PK  (competition, level, number)

AK  an “id” (“Event-id”) might be consider suitable to be added, in order to implement more easily the FKs from “Contender-Allocation” and “Support-Staff-Allocation”; however, since this decision has rather an implementation flavour, the present solution is presented as if such an “id” was not added; a correct solution based on an “Event-id” should also get full marks 

FK  competition REF Competition (id)

Registration ( contender, competition, date )

PK  (contender, competition)

FK  contender REF Contender (id)

FK  competition REF Competition (id)

Contender-Allocation ( contender, competition, level, number, result )

PK  (contender, competition, level, number )

FK  contender REF Contender (id)

FK  ( competition, level, number ) REF Event

Support-Staff ( id, name, tel, location, type )

PK  id

Support-Staff-Allocation ( staff, competition, level, number, compulsory )

PK  ( staff, competition, level, number )

FK  staff REF Support-Staff ( id )

FK  ( competition, level, number ) REF Event

“OPTIONAL” part of MODEL





3 marks for rest of relations

Individual ( id, name, age, med-probs )

PK  id

FK  id REF Contender

Team ( id, doctors-certificate, member-list, captain )

PK  id

FK  id REF Contender

Security ( id, role, sex )

PK  id

FK  id REF Support-Staff

Doctor ( id, speciality, level-of-intervention)

PK  id

FK  id REF Support-Staff

Referee ( id, accreditation )

PK  id

FK  id REF Support-Staff











TOTAL 10 Marks

Problem 2. 
Total marks: [40]

a) Provide an extension ... 
[3]
Example of a possible extension:

Contender
Address
Competition
RegDate
Round
Result
Position
Requirements
Winner

Michael Johnson
31, Fifth Avenue, 2654 New York, USA
400m
3/01/01
semi-finals
54:02
1
first 16 from qualifications
Michael Johnson

Michael Johnson
31, Fifth Avenue, 2654 New York, USA
400m
3/01/01
final
53:52
1
first 8 from semi finals
Michael Johnson

Matt Burns
29, Edgeware Road, London, NW3, UK
400m
2/01/01
semi-finals
58:32
3
first 16 from qualifications
Michael Johnson

Anna Lloyd
12, Church Square, S12 Sydney, Australia
long jumping
30/04/01
qualifications
6:02
2
–
Rebecca Smith

Marking:

Award full marks for any extension that complies with the meaning of the relation.
         Total 3 Marks
b) This relation is susceptible to update anomalies; provide an example of ...
[7]
Example of update anomalies:

- the address of a contender, the requirements for a certain round, etc. cannot be inserted separately, i.e. without the contender being registered for a certain competition and for a certain round;

- by deleting the result of a contender in a certain round, the registration of the contender may be lost;

- if the requirements for a certain round of a competition are to be modified, then this modification must be made for all the contenders that participated in it; consistency can only be guaranteed though procedural code (i.e. errors are possible). 

Marking:

Award full marks for complete answer  (i.e. all three update anomalies)

Deduct 2 marks for each incorrect update anomaly of the required three.

Award 1 mark if all examples are incorrect, but the student explains, in general terms, what an update anomaly is. Otherwise (no correct update anomaly + no explanation about anomalies) award no marks.











         Total 7 Marks
c) Bring “Sport-Events” to Boyce-Codd (BCNF) normal form...
[20]
FUNCTIONAL DEPENDENCIES:

Contender ( Address





1 mark

Competition ( Winner





1 mark

Contender, Competition ( RegDate



1 mark

Contender, Competition, Round ( Result, Position

2 marks

Competition, Round ( Requirements



1 mark









Total 6 Marks
RELATIONS IN BCNF

Contenders (Contender, Address)



2 marks
PK Contender

Competitions (Competition, Winner)



2 marks
PK Competition

FK Winner References Contenders

Registrations (Contender, Competition, RegDate)

3 marks
PK Contender, Competition

FK Contender REF Contenders

FK Competition REF Competitions

Round-Requirements (Competition, Round, Requirements)
3 marks
PK Competition, Round

FK Competition REF Competitions

Results (Contender, Competition, Round, Result, Position)
4 marks
PK (Contender, Competition, Round)

FK Contender REF Contenders

FK (Competition, Round) REF Round-Requirements








    Total 14 Marks
Total 20 Marks

d) Separately from the above relation, consider ...
[10]
(SportEvent, Date, Place, OfficialReferee)

(1) SportEvent, Date, Place ( OfficialReferee

(2) OfficialReferee ( SportEvent

For the above relation, the PK is (SportEvent, Date, Place). In the above structure, the relation is not in 2NF due to the FD (2). However, the PK expresses the FD (1).




Award 3 Marks for this answer 

In order for this relation to be brought to BCNF, the following non-loss decomposition must be made, based on the FD (2) and Heath’s theorem:

(OfficialReferee, SportEvent) with PK OfficialReferee

(Date, Place, OfficialReferee) with PK (Date, Place, OfficialReferee)

Both relations are now in BCNF. 

Award 3 Marks for this answer 

However, the FD (1) was lost in the decomposition process.

It is impossible to have a structure that expresses both FDs. A choice must be made: 

(a) the relation may be left in 2NF, in order to express the FD (1), but, because to FD (1) some update anomalies are possible; 

(b) the relation may normalised to BCNF and, consequently, express FD (2) but loose FD (1), therefore still prone to some update anomalies.

The choice is motivate by the most important FD, from the point of view of the application.


Award 4 Marks for this answer 

Total 10 Marks

Part B

Problem 1. 
Total marks: [30]

Marking:

Note that an natural language query does not have a unique SQL implementation (e.g. any JOIN can also be expressed via a SUBQUERY). Award full marks also for correct solutions that do not coincide with the herein presented solutions.

1.










2 marks
SELECT 
Max_no_treatments

FROM

Doctors

WHERE 
Name = ‘Michael Smith’ ;

2. 










2 marks
SELECT 
DISTINCT Treatment
--DISTINCT is optional

FROM 

DAdmin

WHERE 
Drug = ‘betamicin’ ;

3. 










2 marks
SELECT 
Symptoms

FROM 

Diagnoses

WHERE

Patient = 34459 AND



Di_description = ‘lung infection’ AND
--
could use LIKE



Dia_date = ‘20/05/2001’ AND



Doctor = ‘MSS1’;

4. 










3 marks
SELECT 
COUNT(Admin_time), SUM(Qty)

FROM

DAdmin

WHERE

Drug = ‘penicillin’ 

AND Treatment = 17765

GROUP BY
Treatment;

5. 










3 marks
SELECT 
* 

FROM 

Patients, Diagnoses

WHERE

Patient_id = Patient AND 

Dia_date = ‘23/12/2001’ ;

6. 










3 marks 

SELECT 
DISTINCT Name

--works also without DISTINCT (worse)

FROM 

Patients, Diagnoses

WHERE

Patient_id = Patient AND 

Symptoms LIKE “%headache%” AND 

Dia_date > ‘12/01/2001’ ;

7. 










3 marks
SELECT 
Name, COUNT(Treatment_id) AS No_of_treatments

FROM

Doctors, Treatments

WHERE

Doctor = Doctor_id 

GROUP BY
Name;

8. 










4 marks
SELECT 
Name, COUNT( DISTINCT Patient) AS No_of_patients

FROM

Doctors, Treatments, Diagnoses

WHERE

Doctor_id = Doctor AND



Diagnosis = Dia_id

GROUP BY
Name

HAVING
COUNT( DISTINCT Patient) > 5 ;

9. 










4 marks
SELECT 
DISTINCT P.Name, Address

FROM 

Patients P, Diagnoses, Treatments T, Doctors D

WHERE

D.Name = ‘Michael Smith’ AND



Doctor_id = T.Doctor AND



Diagnosis = Dia_id AND

Patient = Patient_id ;

10. 










4 marks
SELECT 
DISTINCT Patient_id, P.Name, Address, Sex, Dob

FROM 

Patients P, Diagnoses, Doctors D

WHERE

D.Name = ‘Michael Smith’ AND 



Doctor = Doctor_id AND

Patient = Patient_id 

EXCEPT

SELECT 
DISTINCT Patient_id, P.Name, Address, Sex, Dob

FROM 

Patients P, Diagnoses, Treatments T, Doctors D

WHERE

D.Name = ‘Michael Smith’ AND



Doctor_id = T.Doctor AND



Diagnosis = Dia_id AND

Patient = Patient_id ;











Total 30 Marks

Problem 2. 
Total marks: [30]

Marking:

Note that a natural language constraint does not have a unique SQL expression (see 4. below for an example). Award full marks also for correct solutions that do not coincide with the herein presented solutions.

1. 










2 marks 

CREATE TABLE Patient (


--

Dob
DATE
CONSTRAINT Correct_date
CHECK (Dob < CURRENT_DATE),

---

);

2. 










2 marks
CREATE TABLE Doctor(


--


Speciality 

VARCHAR(50) NOT NULL,


Max_no_treatments
INT

DEFAULT 30,


--

);

3. 










3 marks
CREATE TABLE Diagnoses(


--


FOREIGN KEY Patient REFERENCES Patients ( Patient_id ) 



ON DELETE CASCADE,


--

);

CREATE TABLE Treatments(


--


FOREIGN KEY Diagnosis REFERENCES Diagnoses ( Dia_id ) 



ON DELETE CASCADE,


--

);

CREATE TABLE DAdmin(


--


FOREIGN KEY Treatment REFERENCES Treatments ( Treatment_id ) 



ON DELETE CASCADE,


--

);

4. 










4 marks
CREATE ASSERTION Correct_doctor_diagnosis CHECK (


NOT EXIST (
SELECT Dia_id 




FROM
 Diagnoses




WHERE
 Class != (
SELECT Speciality

 





FROM
 Doctors







WHERE
 Diagnoses.Doctor = Doctor_id))

);

/* alternative; only one solution required */

CREATE ASSERTION Correct_doctor_diagnosis CHECK (


NOT EXIST (
SELECT Dia_id 




FROM
 Diagnoses, Doctors




WHERE
 Doctor = Doctor_id AND 





 Class != Speciality )

);

5. 










4 marks
CREATE ASSERTION Max_penicillin CHECK (


NOT EXIST ( SELECT 
Treatment




FROM 
 
DAdmin




WHERE

drug = ‘penicillin’ 




GROUP BY 
Treatment




HAVING
SUM(Qty) > 100 )

);

6. 










3 marks
Remove the field “Doctor” from the table “Treatments” and assume that the doctor who treats is the same with the doctor who diagnosed.

/* or, a solution similar to case 4 can be provided (see below)*/

CREATE ASSERTION Correct_doctor_allocation CHECK (


NOT EXIST (
SELECT Treatment_id 




FROM
 Treatments T, Diagnoses D




WHERE
 Diagnosis = Dia_id AND





 T.Doctor != D.Doctor )

);




     --for this solution only award 2 marks
7. 










2 marks
CREATE VIEW V_doctors AS 


SELECT Name, Speciality


FROM 
 Doctors ;

GRANT SELECT ON V_doctors TO PUBLIC ;

8. 










3 marks
CREATE VIEW JH_dia AS 


SELECT Symptoms, Dia_date, Doctor, Di_description


FROM 
 Diagnoses, Patients

WHERE  Name = ‘Joe Hunt’ AND

 Patient_id = Patient;

GRANT SELECT ON JH_dia TO pat01jh1;

9. 










4 marks
CREATE VIEW Patient_diagnoses AS 


SELECT Symptom, Dia_date, Doctor, Di_description


FROM 
 Diagnoses, Patients

WHERE  User_name = user() AND

 Patient_id = Patient;

GRANT SELECT ON Patient_diagnoses TO PUBLIC;

10. 










3 marks
CREATE VIEW JH_treatments AS 


SELECT T.Doctor, Tr_description


FROM 
 Treatments T, Diagnoses, Patients

WHERE  Name = ‘Joe Hunt’ AND


 Patient_id = Patient AND

 Diagnosis = Dia_id;

GRANT SELECT ON JH_treatments TO pat01jh1;











Total 30 Marks

Part C

Problem 1. 
Total marks: [30]

a) Enumerate and provide …
[6]

Some of the database features, explicitly mentioned as database features in the course, are:

– support for schema definition:


– support for data definition, through a data definition language (DDL) (can be discussed in brief);


– support for data manipulation, through a data manipulation language (DML) (can be discussed in 

brief)

(each counts as a separate feature)

– support for data integrity

– support for security control

– recovery service

– concurrency facilities

– user accessible data dictionary / system catalogue.

(for further details about what was taught, refer to Study Guide, Vol. 1, pp.19 - 20.)

MARKING

For 4 concisely (onto to three sentences), but correctly explained features award full marks.

For less, reduce the mark proportionally.  










Total 6 marks
a) Two transactions, A and B, … …
[15]

A diagram similar to the following must be provided as an answer. 
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6 marks

The diagram should be, at least briefly, explained. Then, to illustrate a possible deadlock, a diagram similar to the following one should be drawn and briefly explained.
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6 marks

The deadlock corresponds to a cycle in the “wait-for” graph. A sketch of a “wait-for” graph would be indicated, but not necessary, if the explanation is clear enough. A deadlock situation is dealt with by the system by rolling back one of the transactions that generated the deadlock (a victim transaction). Usually, the victim is automatically started after some given period of time.










3 marks

(for further details about what was taught, refer to Study Guide, Vol. 2, pp.15, 17, 18 and 19)










Total 15 marks

c) Define and explain the notion of serialisable …
[9]

Definition: An interleaved execution of a set of transactions is serialisable if it produces the same result as some serial execution of the same set of transactions, one at a time. 











2 marks
The way a set of transactions is executed is called a schedule. A schedule of a set of transactions specifies the order in which the transactions' operations are executed. 

[This does not necessarily need to be stated in the answer: If the operations in each transaction are executed in the given sequence, contiguously and not interleaved with other operations, then the schedule is said to be serial. Otherwise it is interleaved.] 

If an interleaved schedule of a set of transactions is equivalent to a serial schedule of the same transactions, then it is correct. An illustration of the concept of serialisability is given in the next figure. 
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4 marks
A condition exists, that, if complied with, ensures that all possible interleaved executions of a set of transactions are correct.

Theorem: If all the transactions from a set S comply with the two phase locking protocol, then all the possible interleaved executions of the transactions of S are serialisable. 











3 marks



[The following statement is optional, i.e. students do not necessary have to state it; however, if the student did not achieve full marks for this question, then s/he can get 1 mark for this sentence:

The two phase locking protocol requires that:

· a transaction must acquire a lock on any object before accessing it;

· after releasing a lock a transaction must not attempt to acquire other locks.]

MARKING

If the above points are correctly tackled by the student then award full marks (9); they do not have to be described to the extent illustrated above.

If only P% of the points made above are tackled, then award only 9 x P% marks










Total 9 marks

TOTAL PER PROBLEM: 30 MARKS

Problem 2. 
Total marks: [30]

a) Compare, from the point of view …
[5]

*) a good explanation of the following diagrams or 

**) draw the diagrams and briefly explain.
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MARKING

For the *) case award 5 marks for correct answer.

For the **) case award 3 to 4 marks for diagrams and 2 to 1 marks for explanations.











Total 5 marks

b) Define and explain the term “transaction” …
[10]

Definition: A transaction is a sequence of database operations that represent a logical unit of work. They transform the database from a consistent state to another consistent state.

Explanations should be given with respect to 

– logical unit of work

– consistency of the database between transactions












3 marks

There are two mechanisms that the transaction manager supports:

· COMMIT TRANSACTION – specifies a successful end of a transaction; i.e. it guarantees that all the corresponding operations of the transaction were performed (on the permanent support);

· ROLLBACK TRANSACTION – specifies an error occurred during a transaction; accordingly, all the successfully performed updates (prior to the error) have to be undone (rolled back), in order to preserve the consistency of the database.

3 marks
Sketch of an example:

BEGIN TRANSACTION ;

 
INSERT (“Dev03”, “J. Smith”, “Development”, “Programmer”, 32, 3 ) 

 
INTO Employees ;

IF  any-error-occurred THEN GO TO undo;

 
INSERT (“Dev03”, “Dan”, “M”, “4/03/94”) 

INTO Children ;

IF  any-error-occurred THEN GO TO undo;

 
INSERT (“Dev03”, “Monica”, “F”, “28/04/96”) 
INTO Children ;

IF  any-error-occurred THEN GO TO undo;

INSERT (“Dev03”, “William”, “M”, “15/08/98”) 
INTO Children ;

IF  any-error-occurred THEN GO TO undo;

COMMIT TRANSACTION ;


GO TO continue ;

undo: ROLLBACK TRANSACTION ;

continue: 

Some explanations required.












4 marks










Total 10 marks

c) Discuss the issue of data recovery.
[15]

Refer to p.11 and p.12 in Study Guide, Vol. 2.

Marking

General explanations about system recovery 





3 marks
Correct diagram and description of type of transactions:




6 marks
Correct description of actions taken by the system after restart with respect to each type of transaction:  

6 marks











Total 15 marks
TOTAL PER PROBLEM 30 MARKS
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