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Instructions:

e Read through the complete exam and note any unclear directives before you
start solving the questions. The following guide lines hold:

— Write clear and neat answers! Answers that cannot be read can obviously
not result in any points and unclear formulations can be misunderstood.

— Assumptions outside of what is stated in the question must be explained.
Any assumptions made should not alter the given question.

— Write your answer on only one side of the paper and use a new paper for
each new question to simplyfy the correction process and to avoid possible
misunderstandings.

e A passing grade requires about 50% of the maximum number of points.



1. Database terminology: 4 pts

Explain the following database concepts:

(a) transaction (sv. transaktion)

Answer: A transaction is a logical unit of database processing that is per-
formed in its entirety or not at all.

(b) secondary index (sv. sekundérindex)

Answer: Sekundérindex ér en ordnad fil av dataposter med 2 filt déir forsta
féltet dr av samma typ som som indexeringsfiltet, dvs vilket filt som helst
i datafilen. Andra féltet 4r en blockpekare. Indexeringsféltet kan vara ett
icke-nyckelfiilt eller ett sekundérnyckelfilt och datafilen ej sorterad efter
indexeringsfaltet. Sekundérindex kan vara glesa eller téta. Index ger en av-
sevird effetivisering vid sokning av dataposter. Vid updatering av datafilen
maste ocksa tillhorande index uppdateras vilket medfor en viss 6kad kost-
nad for dessa operationer.

(c) recovery (sv. “aterhdmtning”)
Answer: The process of reconstructing a database back to the last consi-
stent state before a transaction failure.

(d) BCNF
Answer: Boyce-Codd’s Normal Form states that a relation should, in ad-
dition to fulfilling 1st normal form, fulfil that all determinants should be

candidate keys. i.e. all non-trivial full functional dependencies should ori-
ginate from a candidate key.

2. Data models and the Three-schema architecture: 4 pts

Explain and give examples of what is meant by the two concepts:

(a) physical data independence (sv. fysiskt dataoberoende) (2 pts)
(b) logical data independence (sv. logiskt dataoberoende) (2 pts)

Answer: Fysiskt dataoberoende dr férmagan att kunna foréandra det interna
schemat utan att behova fordindra det konceptuella (ej heller det externa) sche-
mat. Ett exempel kan vara att man vill definera ett index 6ver ett attribut i en
tabell for att snabba upp stkningen av vid fragor som inbegriper detta attribut.
Dessa fragor behover alltsa inte definieras om for att utnyttja detta index.

Physical data independence: the possibility to change the internal schema wit-
hout influencing the conceptual schema. e.g. the effects of a physical reorgani-
zation of the database, such as adding an access path, is eliminated.

Logical data independence: the possibility to change the conceptual schema
without influencing the external schemas (views). e.g. add another field to a
conceptual schema.

3. Data integrity (sv. dataintegritet): 4 pts

(a) Explain the term referential integrity (sv. referensintegritet) within the
relational data model (2 pts)
Svar: Referensintegritet kriver att om en tupel i en relation refererar till
en annan relation sa maste den referera till en existerande tupel.



(b) Let r1(R1) and r2(R2) be relations with primary keys (sv. primérnycklar)
K1 and K2 respectively. The attribute fk of the relational schema R2 is a
foreign key (sv. frimmade nyckel) referencing K1 of the relational schema
R1. What tests must be made in order to preserve the referential integrity
constraint (sv. bivillkor) during an UPDATE operation. (2pts)

Answer: There are two cases:

Consider relationship set R between entity sets F7 and Fs. The relational
schema for R includes the primary keys K7 of F; and Ky of Ey. Then
K; and Ko form foreign keys on the relational schemas for F; and Es
respectively.

Case 1: If a tuple ¢, is updated in relation r5 and the update modifiesvalues
for the foreign key «, then a test similar to the insert case is made. Let
t'2 denote the new value of tuple t5. The system must ensure that: t; (o] €
HKl (7’1)

Case 2: If a tuple ¢; is updated in r1, and the update modifies values for
the primary key (K), then a test similar to the delete case is made. The
system must compute Ua:tl[Kl](7"2) using the old value of ¢; (the value
before the update is applied). If this set is not empty, the update may be
rejected as an error, or the update may be cascaded to the tuples in the
set (cascading update), or the tuples in the set may be deleted (cascading
delete).

4. SQL:

Assume that we have a product database consisting of two relations (tables)
with the following schemas:

PRODUCT (PID,PNAME)
COMPONENT (CID,CNAME, WEIGHT,COST,PID)

, where xID’s represent keys.

(a) Formulate a query in relational algebra that retrieves the product id and
name, the component id and name, and the weight of the product named
“Transporter v0.9b”. (2pts)

(b) Formulate an SQL query that retrieves the product id, name and the num-
ber of components that each product consists of. (2pts)

Svar: T<prp,PNAME,CID,CNAME,WEIGHT>
(0PN AME='Transportervo.0v (PRODUCTX < prp=pip>COMPONENT))

SELECT P.PID,P.PNAME, COUNT(*) AS NO_OF_COMPONENTS
FROM PRODUCT P, COMPONENT C

WHERE P.PID = C.PID

GROUP BY PID,PNAME

%\begin{verbatim}

%SELECT P.PID,P.PNAME, COUNT(*) AS NO_OF_PARTS
%FROM PRODUCT P, PART C

%WHERE P.PID = C.PID

%GROUP BY PID,PNAME

4 pts



5. Physical database design:

Explain the organization and functionality of hash-files (hash-filer). The answer
should include how to retrieve a data record (sv. datapost) with regard to a
specific search key (sv. soknyckel) of the hash-file.

Svar: En hash-fil bestar av ett statiskt eller dynamiskt antal datablock som
hanteras av olika typer av hashningstekniker. Hash-filer hanterar adressering av
dataposter till datablock genom att applicera en hash-funktion till hash-faltet
(dvs sokfiltet) vilken returnerar adressen till ett datablock for insdttning eller
atersokning av dataposten. En vanlig form av hashfunktion har formen h(f(p))
= f(p) mod M, dér hash-funktionen h(f(p)) tillhandahaller addressen for det da-
tablock dér dataposten p skall lagras genom att berékna hashfiltet f(p) modulo
(mod) antalet datablock M. Man hittar alltsa var (i vilket block) en datapost
finns for en specifik s6knyckel genom att beridkna hash-funktionen fér nyckeln
som ger adressen till blocket.

6. Query optimization:

(a) How is selectivity (sv. selektivitet) measured? Why is it very important in
cost-based query optimization (sv. kostnadsbaserad frageoptimering)? (1
pt)

(b) What is the worst case complexity of a cost-based query optimizer? (1 pt)

(¢) In what language are optimized SQL queries, i.e. execution plans (sv. ex-
ekveringsplaner), expressed? (1 pt)

(d) How does the query interpreter (sv. frageinterpretator) handle very large
intermediate results (sv. mellanresultat) produced in an execution plan?

(1 pt)

7. Database APIs:

(a) What is the difference between JDBC and ODBC? (1 pt)
(b) What does the “O”in ODBC abbreviate? (1 pt)
(¢) How does JDBC handle very large query results? (1 pt)
)

(d) How can one avoid the high cost of query optimization when using JDBC
(1 pt)

8. Data Warehouses:

(a) What does OLAP stand for? (1 pt)

(b) What is a star schema (sv. stjirnschema) and when do they occur? (1 pt)

(¢c) What is the data cube operator in modern SQL and what is it used for?
(1 pt)

(d) Why are data warehouses normally stored in a separate DBMS from an
operational database (sv. produktionsdatabas) 7 (1 pt)

Good luck and have a great summer!

/ Kjell och Tore
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