Ch. 7. Relational Model Concepts

DOMAIN: D i1s a set of atomic values.

« USA Phone Numbers: set of 10-digit phone numbers
valid in USA

 Valid Age: 0to 150

 Grade Point Averages: real numbers between 0 and 4

RELATION SCHEMA: R, denoted by R(41,...,An),
consists of a relation name R and list of ATTRIBUTES
Al, ..., An

n = DEGREE of relation
Each attribute is associated with domain, dom(A1)



Example

STUDENT (Name, SSN, HomePhone, Address,
OfficePhone, Age, GPA)

1s a relation schema of degree = 7

A RELATION (or RELATION INSTANCE) r on relation
schema R(A1L,...,An) also denoted as r(R) 1s a finite subset of

dom(Al) X ... X dom(An)

Each element of a relation, such as (al, ..., an) is called a
TUPLE.



A RELATIONAL DATABASE SCHEMA consists of
- a set of relation schemas R1,....Rm

- a set of Integrity constraints, IC (to be discussed later)

A RELATIONAL DATABASE INSTANCE i1s a set of relation
Instances

DB = {rl,...,rn} such that each ri in an instance of Ri
satisfying the constraints specified in IC.



Characteristics of Relations

Ordering of tuples in a relation: No order among the tuples
since a relation 1s a set of tuples. (Figures 7.1, 7.2)

Ordering of values within a tuple: two perspectives (ordered,
unordered). We shall go with the ordered perspective. Skip
unordered definition on Page 200. Figure 7.3

Atomic values in tuples: First normal form. Special
value in each domain called NULL.

A relation can be interpreted as a collection of assertions or
facts about the mini-world. Some facts correspond to

ENTITIES and others correspond to RELATIONSHIPS.



Figure 7.1 The attributes and tuples of arelation STUDENT.

Relation name Attributes
STUDENT Name SSN HomePhone Address OfficePhone |Age| GPA
Benjamin Bayer 305-61-2435 373-1616 2918 Bluebonnet Lane null 19 | 321
Katherine Ashly 381-62-1245 375-4409 125 Kirby Road null 18 | 2.89
% Dick Davidson 422-11-2320 null 3452 Elgin Road 749-1253 25 | 353
Tuples =——— | Charles Cooper 489-22-1100 376-9821 265 Lark Lane 749-6492 28 | 3.93
Barbara Benson 533-69-1238 839-8461 7384 Fontana Lane null 19 | 3.25
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Figure 7.2 Therelation sTuDenT from Figure 7.1,

with a different order of tuples.

STUDENT Name SSN HomePhone Address OfficePhone Age |GPA
Dick Davidson 422-11-2320 null 3452 Elgin Road 749-1253 25 3.53
Barbara Benson 533-69-1238 839-8461 7384 Fontana Lane null 19 3.25
Charles Cooper 489-22-1100 376-9821 265 Lark Lane 749-6492 28 3.93
Katherine Ashly 381-62-1245 375-4409 125 Kirby Road null 18 2.89
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Figure 7.3 Two identical tuples when order of attributes
and values is not part of the definition of arelation.

t = < (Name, Dick Davidson),(ssN, 422-11-2320),(HomePhone, null),(Address, 3452 Elgin Road),
(OfficePhone, 749-1253),(Age, 25),(GPA, 3.53)>

t = < (Address, 3452 Elgin Road),(Name, Dick Davidson),(ssN, 422-11-2320),(Age, 25),
(OfficePhone,749-1253),(GPA, 3.53),(HomePhone, null)>

© Addison Wesley Longman, Inc. 2000, Elmasri/Navathe, Fundamentals of Database Systems, Third Edition



NOTATION
relation schema: R(A1,...,An)
n-tuple t in r(R) 1s <v1,...,vn>, where vi1 is in dom(A1)

- t[A1] refers to vi
- t[Au, Aw, ..., Az] refers to <vu,vw,...,vz>

Upper-case letters Q, R, S, refer to relation names 1n schemas
Lower-case letters q, r, s refer to relation instances

Lower-case letters t, u, v refer to tuples

We use R 1n R(A1,...,An) to refer to the relation instance



7.2 Constraints

(1) Domain Constraints:
- atomic domains
- data types such as integer, reals,
strings, etc.



(2) Key Constraints:

- Super Key: A subset, K, of attributes of R is a super
key for R if for any two distinct tuples t1 and t2 in a
(legal) relation instance r of R, t1[K] <> t2[K].

- Candidate key: (or simply a key) is a super key such
that none of its proper subsets is a super key. Figure
7.4

- Primary Key: One of the candidate keys chosen by the
database designer.

Ex. DATABASE SCHEMA (with primary keys) and
INSTANCE in Figures 7.5, 7.6



Figure 7.4 The cARr relation with two candidate keys:

LicenseNumber and EngineSerialNumber.

CAR LicenseNumber EngineSerialNumber Make Model Year
Texas ABC-739 A69352 Ford Mustang 96
Florida TVP-347 B43696 Oldsmobile Cutlass 99
New York MPO-22 X83554 Oldsmobile Delta 95
California 432-TFY C43742 Mercedes 190-D 93
California RSK-629 Y82935 Toyota Camry 98
Texas RSK-629 U028365 Jaguar XJS 98
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Figure 7.5 Schema diagram for the company relational
database schema; the primary keys are underlined.

EMPLOYEE
FNAME | MINIT | LNAME | SSN | BDATE | ADDRESS | SEX | SALARY | SUPERSSN | DNO
DEPARTMENT
DNAME | DNUMBER | MGRSSN | MGRSTARTDATE
DEPT_LOCATIONS
DNUMBER | DLOCATION
PROJECT
PNAME | PNUMBER | PLOCATION | DNUM
WORKS_ON
ESSN | PNO | HOURS
DEPENDENT
ESSN | DEPENDENT_NAME | SEX | BDATE | RELATIONSHIP
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Figure 7.6 One possible relational database state
corresponding to the compaNY schema.

EMPLOYEE | FNAME | MINIT | LNAME SSN BDATE ADDRESS SEX | SALARY SUPERSSN |DNO
John Smith 123456789 1965-01-09 731 Fondren, Houston, TX M 30000 333445555 5
Franklin Wong 333445555 1955-12-08 638 Voss, Houston, TX M 40000 888665555 5
Alicia Zelaya 999887777 1968-01-19 3321 Castle, Spring, TX F 25000 987654321 4
Jennifer Wallace 987654321 1941-06-20 291 Berry, Bellaire, TX F 43000 888665555 4
Ramesh Narayan 666884444 1962-09-15 975 Fire Oak, Humble, TX M 38000 333445555 5
Joyce English 453453453 1972-07-31 5631 Rice, Houston, TX F 25000 333445555 5
Ahmad Jabbar 987987987 1969-03-29 980 Dallas, Houston, TX M 25000 987654321 2
James Borg 888665555 1937-11-10 450 Stone, Houston, TX M 55000 null 1

DEPT_LOCATIONS DNUMBER | DLOCATION
Houston
Stafford
DEPARTMENT DNAME DNUMBER MGRSSN MGRSTARTDATE Bellaire
Research 5 333445555 1988-05-22 Sugarland
Administration 4 987654321 1995-01-01
Headquarters 1 888665555 1981-06-19
WORKS_ON ESSN PNO | HOURS
123456789 1 325
123456789 2 75
666884444 3 40.0
453453453 1 20.0
453453453 2 20.0 PROJECT PNAME PNUMBER PLOCATION DNUM
333445555 2 100 ProductX 1 Bellaire 5
333445555 3 100 ProductY 2 Sugarland 5
333445555 10 100 ProductZ 3 Houston 5
333445555 20 100 Computerization 10 Stafford 4
999887777 £y 300 Reorganization 20 Houston 1
999887777 10 100 Newbenefits 30 Stafford 4
987987987 10 35.0
987987987 30 5.0
987654321 30 20.0
987654321 20 15.0
888665555 20 null
DEPENDENT ESSN DEPENDENT NAME SEX BDATE RELATIONSHIP
333445555 Alice F 1986-04-05 DAUGHTER
333445555 Theodore M 1983-10-25 SON
333445555 Joy F 1958-05-03 SPOUSE
987654321 Abner M 1942-02-28 SPOUSE
123456789 Michael M 1988-01-04 SON
123456789 Alice F 1988-12-30 DAUGHTER
123456789 Elizabeth F 1967-05-05 SPOUSE
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(3) Entity Integrity Constraint:

No primary key attributes can have a NULL value.

(4) Referential Integrity Constraint (between relations)

A set C}f attributes FK, of a relation schema R1 is a FOREIGN KEY of
R1i

(a) The attributes in FK have the same domain as the primary key
attributes PK of another relation schema R2. FK references or refers
to the relation R2, and

(b) A value of FK in a tuple t1 of R1 either occurs as a value of PK for
some tuple 12 of R2 or is NULL. The tuple t1 references or refers to
tuple t2.

Figure 7.7



Figure 7.7 Referentia integrity constraints displayed

on the compPaNy relational database schema diagram.

EMPLOYEE
FNAME MINIT | LNAME SSN BDATE ADDRESS | SEX | SALARY | SUPERSSN | DNO
]
DEPARTMENT
\
DNAME DNUMBER MGRSSN MGRSTARTDATE
DEPT LOCATIONS
DNUMBER DLOCATION
PROJECT
PNAME PNUMBER PLOCATION DNUM
WORK‘S\_—CD
\ /
ESSN PNO HOURS
DEPENDENT
ESSN DEPENDENT _NAME SEX BDATE RELATIONSHIP
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7.3 Update Operations

Insert, Delete, Modify

Database state 1s assumed to be consistent before updates,
i.e. all constraints are satisfied.

Update operations, when completed, must result in a consistent
database state (otherwise they should be rejected).

Constraints we will consider are:

Domain constraints

Key constraints,

Entity integrity constraint
Referential integrity constraints



Insert: (all 4 types of constraints may be violated).
Assume database of Figure 7.6
Examples of inserts:
(1) Insert <'Cecilia','F','"Kolonsky','677678989','05-APR-50',
'6357 windy Lane, Katy, TX",F,28000,null,4>
into EMPLOYEE
satisfies all constraints; ACCEPT IT
(2) Insert <'Alicia','J','Zelaya','999887777','05-APR-50',
'6357 windy Lane, Katy, TX',F,28000,'987654321',4>
into EMPLOYEE

violates key constraint.



(3) Insert <'Cecilia’,'F','Kolonsky',null,'05-APR-50',
'6357 windy Lane, Katy, TX",F,28000,null,4>
into EMPLOYEE

violates entity integrity constraint;
(4) Insert <'Cecilia’,'F','Kolonsky',677678989,'05-APR-50',
'6357 Windswept, Katy, TX',F,28000,'987654321',7>
into EMPLOYEE

violates referential integrity (no dept = 7!1)



Two options if inserts are unacceptable:
(1) Reject the insert

(2) Try to correct the reason for rejection
e.g. prompt user for value of key when null was
specified or ask user to add dept = 7 then add the
employee



Delete: can violate only referential integrity.

(1) Delete WORKS_ON
where ESSN ='999887777' and PNO =10
ACCEPTABLE

(2) Delete EMPLOYEE where SSN ='999887777'
not ACCEPTABLE because two rows in
WORKS ON refer to this tuple.

(3) Delete EMPLOYEE where SSN = '333445555'
not acceptable because it is referenced by tuples in
EMPLOYEE, DEPARTMENT, WORKS ON,
DEPENDENT!



3 options to deal with unacceptable deletes:

(1) Reject it

(2) Attempt to cascade deletes by deleting tuples that reference
the tuple that is being deleted. e.g. in example (2), delete

the two referencing tuples from WORKS ON

(3) Modify the referencing tuples (set to null or some other value);
then delete the tuple.

Combinations are also possible.



Modify: Can violate all constraints.

(1)Modify Salary for employee with ssn ='999887777"
to 28000
Acceptable

(2) Modify DNO of Employee with ssn ='999887777' to 1
Acceptable

(3) Modify DNO of Employee with ssn ='999887777" to 7
not Acceptable; violates referential integrity (not dept=7)

(4) Modify ssn of employee with ssn='999887777' to
'987654321'
not acceptable; violates primary key and referential
integrity



Modifying non-primary/non-foreign key usually do
not create problems

Modifying = Delete followed by Insert;

Issues discussed earlier apply to modify.



Database Systems

Relational Algebra

Set-theoretic operations:

Two relations are union-compatible if they have the same number of
attributes and the domains of the corresponding attributes in the two relations are
the same.

Consider two relations r(R) and s(.S) that are union-compatible (normally R = S).

Union: rUs = {tlt €erort € s}.

Difference: r — s = {t|t € r and t & s}

Intersection: r Ns = {t|t € r and t € s}
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Database Systems

Cartesian Product: r(R) and s(S) on any schemes R and S.
r X s={t;.to]t; € r and t, € s},

where, t1.12 is the concatenation of tuples ¢; and 5 to form a larger tuple.
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Example: set operationsl

4 S
AlB AlB
alb
alc
alc e
b |d
r X s
ruJs r.Alr.B|s.Als.B
Al B r—s a |b |a |c
NE rmns .
al|b NE a a |e
alc al|b a |[c |a |c
b |d b |d il a |[c |a e
ale b |d |a |c
b |d |a |e
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Relation-theoretic operations

Consider r(R) and s(S), two relations, where R = (A1, ..., A,) and S = (B4, ..., By,)

Rename: r(Cy,...,C,) = {t|t € r} with schema (C1,...,C,,).
Select:  op(r) = {t|t € r and t satisfies F'}.

where F is a selection criteria involving constants and attributes of r. (will discuss in
examples how F' is constructed)

Project:  mp, . p,(r)={t[D1,...., D)t €}
where D, is one of Ay, ..., A,.
theta-Join: 7 >p s = {t|(Ju € r)(Jv € s)(t = u.v and F is satisfied by u and v)}

where F'is a conjunction of formulas relating attributes of r with attributes of s. (will
discuss in examples how F' is constructed)

Natural Join: ras = {t|(Ju € r)(Jv € s)(t[|R] = v and t[S] = v)}
Division: Assume B, ..., B, C A1, ..., A,.
r+s={t|(Vu € s)(tuer)}
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Examples: relation-theoretic operationsl

r
A|C|D
q O A="y or C:’c’('r) T (7“)

alc ACID A

ale |f A

2 lg|h a|c|d n

b |c |d b | |d b
blg|h

blg|h C
clc|d

clc|d

cle |f
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Ddr.ldr.l
TlOlo|lo|lo]lo
Q
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=
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Dr. Raj Sunderraman




Database Systems

Dr. Raj Sunderraman




Database Systems

r
AIC|D
alc|d

S r—+—s
ae‘; cID A
a|g
b |c |d d °
b g h e | f C
clc|d
cle|f
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Basic Relational Algebra Operationsl

e Basic set: union, difference, Cartesian product, rename, select, and project.
e none of them can be expressed in terms of the others.

e intersection, theta-join, natural join, and division can be expressed in terms of the basic
operators as follows:
Intersection: rNs=7r—(r—s)

theta Join: 7rps=op(r x s)

Natural Join: 715 = mpas(op(r X s))
where F' is a selection condition which indicates that the tuple values under
the common attributes of r and s are equal.

Division: r+s=mp_g(r) —mp_s((mp_g(r) X s) — 1)

Even though relation schemes are defined as sequences, they are treated as sets in these
equalities for simplicity.
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An explanation for the equality for division is in order!

First, all candidate tuples for the result are calculated by the expression
Trs(r)

Next, these candidate tuples are combined with all tuples of s in the following expression
Tr_s(r) X s

to give a relation containing all combinations of candidate tuples with all tuples of s.

Since we are looking for tuples under the scheme R — S which combine with all tuples of s and are also present in r,
if we subtract r from the previous expression, we will get all the combinations of tuples that are “missing” in r.

(Tr_s(r) X s)—r

By projecting these tuples on R — S, we get all those tuples that should not go to the result in the following
expression.

Tros((Tp_s(r) X s) — 1)

Finally, we subtract this set from the set of all candidate tuples and obtain the output relation of the division
operator.

r+s=mp_g(r) — Tr_s((Tp_s(r) x s) —r)
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Company Database Queries

Q1 Retrieve the names and address of all employees who work for the Research department.

RESEARCH _DEPT = 0pNaAME="Research? (DEPARTMENT)
RESEARCH _DEPT_EMPS = (RESEARCH _DEPT <pyumBer—pno EMPLOY EE)
RESULT =Upyameoname,appress(RESEARCH _DEPT_EMPS)

Q2 For every project located in Stafford, list the project number, the controlling department
number, and the department manager’s last name, address and birthdate.

STAFFORD_PROJS = 0procATioN="Staf ford (PROJECT)

CONTR_DEPT = (STAFFORD_PROJS =pnuym=pNnumser DEPARTMENT)
PROJ DEPT _MGR = (CONTR_DEPT <y grssn=ssy EMPLOY EFE)
RESULT = HPNUMBER,DNUM,LNAME,ADDRESS,BDATE(PROJ—DEPT—MGR)

Q3 Find the names of employees who work on ALL the projects controlled by department
number 5.

DEPT5_PROJS = HPNUMBER(O'DNUM:5(PROJECT))(PNO)
EMP_PROJ =Tggsy.prno(WORKS_ON)(SSN, PNO)

RESULT EMP_SSNS = EMP_PROJ + DEPT5_PROJS

RESULT = yyamp.rnane(RESULT_EMP_SSNS i EMPLOY EE)
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Q4 Make a list of project numbers for projects that involve an employee whose last name is
Smath, either as a worker or as a manager of the department that controls the project.

SMITHS = gsn(01narB—>$min (EMPLOY EE))(ESSN)

SMITH WORKER_PROJS =1lpyo(WORKS_-ON < SMITHS)

MGRS =Uyyame,pvuvmer(EMPLOY EE Ngsy=mcrssy DEPARTMENT)

SMITH_MGRS = OLNAME="Smith” (MGRS)

SMITH_MANAGED _DEPTS = Upyumper(SMITH_MGRS)(DNUM)

SMITH MANAGED_PROJS =Upyumper(SMITH MANAGED _DEPTS < PROJECT)(PNO)
RESULT = SMITH WORKER_PROJSUSMITH MGR_PROJS

Q5 List the names of employees with two or more dependents.

TEMP]1 =Ugssnpepenpent Name(DEPENDENT)(SSN1, DNAME1)
TEMP?2 =lgssnpepenpeENt Name(DEPENDENT)(SSN2, DNAME?2)
RESULT_SSNS =1Ilgsni(TEMP1 PMosni=ssn2 and DNAMEI<>DNAME?2 TEMP2)
RESULT = HLNAME,FNAME(RESULT_SSNS < EMPLOYEE)

Q6 Retrieve the names of employees who have no dependents.

ALL_EMPS = Ilgsy(EMPLOY EE)

EMP_WITH_DEPS = ggsn(DEPENDENT)(SSN)

EMP_WITHOUT _DEPS = ALLzMPS — EMPS WITH_DEPS
RESULT = Uy anp.pnamp(EMPS WITHOUT _DEPS s EMPLOY EE)
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Q7 List the names of managers who have at least one dependent.

MGRS = yarssy(DEPARTMENT)(SSN)

EMPS_WITH_DEPS =gssn(DEPENDENT)(SSN)
MGRS_WITH _DEPS = MGRS N EMPS_WITH_DEPS

RESULT =Ny amp.ryane(MGRS_WITH_DEPS =<1 EMPLOY EE)
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