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1.1 Relational Model Concepts 201

null for home phone, presumably because eirher he does not have 2 home phunc or he
has one but we do not know it {value is unknown}. In general, we can have several rypes of
null values, such as “valuesmknown,” “valuerexists:butnoravailable,” or “attribute:does
not apply-to-this-tuple.” [t is possible to devise different codes for different types of null
values. Incorporating different types of null values into relational model operations has
proved difficult, and a full discussion is outside the scope of this bock.

Interpretation of a Relation. The relatiorrschéma can be mrerplered as a dedaramon
of-assertion.s T Tk b SLut T
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Age and cea. Bach tuple insthe-relationscansthen-be: interpreted asa fact or a particular
instancesofthe assertion. For example, the first tuple in Figure 7.1 asserts the fact thar
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may.representsfactssabout.relationshij SRR L L R R emems O

dentSsN, DepartmentCode) asserts th:

a relation schema is as a predieate
values.thag satisfy. the predicate. T
propramming languages, such as

gree 1 is denoted by R{Ay Ay oo A,
R} isdenoted by t = <vy, vy o0, v >,

sponding to the attributes specified in the list
® The letters , R, S denote relation names. .
*® The letrers g, r, s denote relation states.
® The letters t, u, v denote tuples.

® |n general, the name of a relation scher  such as stupent also indicates the current set
of tuples in that relation—the current v ion state—whereas stupent(Name, ssn, . . )

refets only to the relation schema. Sterling EX2011
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1.4 Basic Relational Algebra Operations

Combinations of these three options are also possible. For example, toravoid having
operation 3 cause-a-violarion, the DBMS may automatically delete all tuples from works_on
and oepenpeNT with essn = 333445555 Tuples in emprovee with surerssy = 333445555 and
the tuple in pEPARTMENT with mcRssy = *333445555 cun have their suPERSSN and sGRSSN values
changed to other valid values or to null. Alchough it may make sense to delete auromati-
cally the works_on and pepenoenT tuples that refer to an ewpLovee tuple, it may not make
scnse o delete other eMpLOYEE tuples or a bEPARTMENT tuple. [n general, when a referencial
integrity constraint is specified, the DBMS should allow rhe user to specify which of the three
options applies in case of a violation of the constraine. We discuss how o specify these
options in SQLZ DDL in Chapter 8.

1.3.3 The Update Operation

The Update operationis used to change the values of one ormore arrributes in-a tuple (or
tuples} of some relation R. It is necessary to specify a condition on the attributes of the
relation to sclect the tuple (or tuples) to be modified. Here are some examples.

1. Update the saLary of the empLovee tuple with ssu = ‘999887777 to 28000.

* Acceptable.

2. Update the ono of the emprovee tuple with ssn = ‘999887777 to 1.

¢ Acceptahble,

3. Update thebnoof the empLovee tuple with ssh.='999887777 to 7.

» Unaceepeable; because it violates referential integrity.
4. Update the ssu of the evpLovee tuple with ssn = ‘999887777 1o *087654321°.

* Unacceptable, because it violates primary key and referential integrity con-
SEraints.

Updatirigran-attiibiute that is'neither a primary key nor 4 foreign key usually causes
no problems; the DEMS need only check to confirm that the new valuc is of the correct
data type and domain. Modifying & primary key value is similar to deleting one tuple and
inserting.another-in-its place, because we use the primary key to identify tuples. Hence,
the issues discusscd earlier under both Insert and Delete comne into play, If « forcign key
attribute is modified, the DBMS musi make sure that the new value refers to an existing
tuple'in; the referenced relation (orisnull).

1.4 Basic Relational Algebra Operations

[ addition to defining the database structure and constraints, a data model must include
a set of operations to manipulate the data. A basic sct of relational model operations con-
stitute the relational algebra, These operations enable the user to specify hasic retrieval
requests. The result of a recrieval is a new relation, which may have been formed tsutléﬁ ﬁg EX2011
ot more relations. The algebra operations thus produce new relations, which ||31§ 6 5500270
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EMPNAME S €—TF e, LaviE, it FEMALE_EMPS )

EMP_DEPENDENTS¢— EMPNAMES X DEPENDENT

ACTUAL _DEPENDENTS €O oy _pagy ( EMP_DEPENDENTS )

RESULTA =T EnamE, LNAME, DEPENDENT_name (ACTUAL_DEPENDENTS )

The resulting relations from the above sequence of operations are shown in Figure
7.12. The emr_perenpenTs relation is the resulc of applying the CARTESIAN PRODUCT opera-
tion to empnaves from Figure 7,12 with oepenpent from Figure 7.6. In evp_DEPENDENTS, every
ruple from empnaves is combined with every tuple from pepenoent, giving a result that is not
very meaningful. We only want to combine a female employee tuple with her depen-
dents— namely, the oepenent tuples whose essi values match the ssn value of the emelovee
ruple. The actuaL_pepenpenTs relation accomplishes this.

The CARTESIAN PRODUCT creates tuples with the combined attributes of two rela-
tions. We can then SELECT only related tuples from the rwo relations by specifying an

et o it a ikt e e 10T i i smma Al vaeanla Racaanies #hic

attribures, as follows:
DEPT_#CR €— DEPARTMENT " ycpocnos=y EMPLOYEE
RESULTS—TTpname, Luame, Fame  DEPT_IGR )

The first operation is illustrated in Figure 7.13. Nore that morssw is 2 forcign key and
that the referential integrity constraint plays a role in having matching tuples in the
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1.4 Basic Relational Algebra Operations

referenced relation evplovee. The example we gave earlier to illustrate the CARTESIAN
PRODUCT opetation can be specified, using the JOIN operation, by replacing the two oper-
ations:

EMP_DEPENDENTS €— EMPNAMES X DEPENDENT

ACTUAL _DEPENDENTS €— (Tsqy_pssyl EMP_DEPENDENTS )
with a single JOIN cperaticn:
ACTUAL_DEPENDENTS €— EMPRAMES [ oqi_pqoy DEPENDENT

The general form of a JOIN operation on two relations” R{A |, Ay, ..., A_) and S(B,,
Bz, C ey Bm‘] is:

R[> <join condition="-

The result of the JOIN is a relation €3 with n + m attributes QA Ay, 0 5 AL BL By
B..) in thar order; ) has one tuple for each combination of tuples—one from R and one
from S—whenever the combination satisfies the join condition. This is the maimn difference
between CARTESIAN PRODUCT and JOIN: in JCIN, only combinations of tuples saiisfying
the foin condition appear in the result, whereas in the CARTESIAN PRODUCT all combina-
tions of tuples are included in the result. The join condition is specified on attributes from
the two rclations R and S and is evaluated for each combination of tuples. Each tuple
combination for which the join condition ¢valuates to true is included in the resulting
relation (Q as a single combined wple.
A general join condition is of the forro:

<condition> AND <condition= AND ... AND <condition>

where each condition is of the form A; # B, A, is an attribuce of R, By is an atrribute of 5,
A, and B, have the same domain, and # (cheta) is one of the comparison operators {=, <,
=, >, =, #}, A JOIN operation with such a gencral join condition is called a THETA JOIN.
Tuples whose join attributes are null do not appear in the resule. In that sense, the join
operation does not necessarily preserve all of the information in the participating rela-
tions.

The most common JOIN involves join conditions with equality comparisons only.
Such a JOIN, where the only comparison operator used is =, is called an EQUIJOIN. Both
examples we have considered were EQUIJOINs. Notice that in the result of an EQUIJOIN
we always have one or more pairs of attributes that have identical values in every tuple
For exainple, in Figure 7.13, the values of the attributes werssv and ssn are identical in
every tuple of pEPT_moR because of the equaliry join condition specified on these two
attribures. Because one of each pair of arrribures with identical values is superfluous, a
new operation called NATURAL JOIN—denoted by * —was created to get rid of the sec-
ond (superfluous) attribute in an EQUIJOIN condition.'® The standard definition of NAT-
URAL JOIN requires that the two join attributes (or each pair of join attributes) have

Iy

ipii?iqnumc that R and S can be the relations thac result from general Tr:'fflﬁoﬂaéfleqzi}nrﬂng EX2011
10, NATURAL JOIN is basically an EQUUOIN followed by removal of the superfluous ‘attributJP R2025-00270
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Exercises 2.

AIRPLANE_TYPEs to the ATRPORTs in which they can land. An atrporT is identified by an

AIRPORT_CODE. Specify the following queries in relational algebra:

a. For each flight, list the flight number, the departure airport for the first leg of
the flight, and the arrival airport for the last leg of the flight.

b. List the flight numbers and weekdays of all flights or flight legs that deparc
froran Houston Intercontinental Airport (airport code ‘IAH') and arrive in Los
Angeles International Airport {airport code TAX’).

c. List the flicht number, departutc aitport code, scheduled departure time,
arrival airport code, scheduled arrival time, and weekdays of all flights or flight
legs that depart from some airport in the city of Houston and arrive at some
airport in the city of Los Angeles.

. List all fare informarion for flight number ‘CO197".

e. Retrieve the number of available seats for flight number ‘CO197" on '1999-10-
09’

7.21. Consider an update for the atrLzne darabase to enter a reservation on a particular
flight or flight leg on a given date.

a. Give the operations for this update.

b. Whart types of constraints would you expect to check?

c. Which of these constraints are key, entity integrity, and referential integriry
constraints, and which are not?

d. Specify all the referential integrity constraints on Figure 7.19.

7.22. Consider the relation

cLass{Course#, Univ_Section#, InstructorName, Semester, BuildingCode,
Room#, TimePeriod, Weekdays, CreditHours).

This represents classes taught in a univetsity, with unique Univ_Scction#. Iden-
tify what you think should be various candidare keys, and write in your own words
the constraints under which cach candidate key would be valid.
. Consider the Lisrary relational schema shown in Figure 7.20, which is used to
keep track of bocks, borrowers, and book loans. Referential integrity con-
straints are shown as directed arcs in Figure 7.20, as in the notation of Figure
7.7. Write down relational expressions for the following queries on the 118RARY
database:
a. How many copies of the book titled The Lost Tribe are owned by the library
branch whaose name is ‘Sharpstown’!
b. How many copies of the baok titled The Lost Tribe arc owned by each library
branch?
Retrieve the names of all borrowers who do not have any books checked out.
d. For each book that is loaned out from the ‘Sharpstown’ branch and whose
DueDate is today, retrieve the book ritle, the borrower’s name, and the bor-
rower’s address,
e. For each library branch, retrieve the branch name and the total number of
books loaned out from rhat branch.
£ Retrieve the names, addresses, and number of books checked out for glf&;ﬁhg EX2011
rowers who have more than hive books checked our. IPR2025-00270
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