
Databases 1

Before database designing requirements must be 
olle
ted and analyzed.

1 Con
eptual database design

Step 1

Create lo
al 
on
eptual data model for every perspe
tive

Step 1.1

Spe
ify entity sets

Step 1.2

Spe
ify types of relationships

Step 1.3

Spe
ify attributes of entity sets and relationships

Step 1.4

Spe
ify attributes domains

Step 1.5

Spe
ify 
andidate keys and primary keys

Step 1.6

Consider advan
ed modeling methods (optional step)

Step 1.7

Verify redundan
y o

urren
e in a model

Step 1.8

Verify realization of transa
tions in a lo
al 
on
eptual model

Step 1.9

Dis
uss lo
al 
on
eptual data model with user

2 Logi
al Database Design for the Relational Model

Step 2

Creation and veri�
ation of a lo
al logi
al model for a whole perspe
tive
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Step 2.1

Remove properties in
ompatible with a relational model (optional step)

Step 2.2

Derive relations for logi
al data model

Step 2.3

Validate relations using normalization

Step 2.4

Validate relations against user transa
tions

Step 2.5

Che
k intgrity 
onstraints

Step 2.6

Review logi
al data model with user

Step 3

Merge and verify logi
al data models into global model

Step 3.1

Merge logi
al data models into global model

Step 3.2

Validate the global logi
al data model

Step 3.3

Che
k for future growth

Step 3.4

Review global, logi
al data model with user

3 Translate logi
al data model for target DBMS

Step 4

Translate logi
al data model for target DBMS

Step 4.1

Design database relations
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Step 4.2

Design representation of derived data

Step 4.3

Design general 
onstraints

Step 5

Design �le organizations and indexes

Step 6

Design users views

Step 7

Design se
urity me
hanisms

Step 8

Consider the introdu
tion of 
ontrolled redundan
y

Step 9

Monitor and tune the operational system

4 Examples

4.1 Clini


Entity sets:

� Do
tors,

� Spe
ializations,

� Clini
s,

� Patients,

� Appointments,

� Pres
riptions,

� Medi
aments,

� Addresses.

Relationships:

� Do
tors - Spe
ializations (* : 1 or * : *),

� Do
tors - Clini
s (* : 1 or * : *),

� Do
tors - Addresses (1 : * or * : 1 or * : *, for example registered address, home address,


orresponden
e address),

� Clini
s - Patients (* : *),

� Appointments - Do
tors (* : 1),
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� Appointments - Patients (* : 1),

� Appointments - Clini
s (* : 1),

� Appointments - Pres
riptions (1 : *),

� Pres
riptions - Medi
aments (* : *),

� Patients - Addresses (1 : * or * : 1 or * : *).

Super
lass-sub
lass relationship:

Parti
ipation Disjoint Relations

Mandatory

Nondisjoint

{And}

One relation (with one or more dis
rim-

inators determining the type of ea
h tu-

ple).

Optional

Nondisjoint

{And}

Two relations: one representing a su-

per
lass and the other a sub
lass (with

one or more dis
riminators determining

the type of ea
h tuple).

Mandatory

Disjoint

{Or}

Multiple relations: a separate relation

for ea
h super
lass - sub
lass 
ombina-

tion.

Optional

Disjoint

{Or}

Multiple relations: a separate relation

representing the super
lass and sepa-

rate relations for ea
h of the sub
lasses.

Sour
e: T. Connolly, C. Begg, �Systemy baz dany
h�, Wydawni
two RM, 2004 More information 
an

be found in: Fowler M., �Ar
hitektura systemów zarz¡dzania przedsi�biorstwem. Wzor
e projektowe�,

Helion, 2005

Case 1

Mandatory - every Person in the database must be a Patient or a Do
tor

Nondisjoint - Person in the database 
an be both a Patient and a Do
tor

One relation (with one or more dis
riminators determining the type of ea
h tuple).

CREATE TABLE Persons (

Persons_id NUMBER(6) CONSTRAINT Persons_PK PRIMARY KEY,

Dis
riminator VARCHAR2(20),

Firstname VARCHAR2(20),

Lastname VARCHAR2(20),

Spe
ializations_id NUMBER(6) NOT NULL CONSTRAINT Persons_Spe
ializations_FK

REFERENCES Spe
ializations (Spe
ializations_id),

Insuran
es_id NUMBER(6) NOT NULL CONSTRAINT Persons_Insuran
es_FK

REFERENCES Insuran
es (Insuran
es_id)

);

Listing 1: {sql/super-sub-
lass1.sql}

Case 2

Optional - every Person in the database 
an but don't have to be a Patient or a Do
tor

Nondisjoint - Person in the database 
an be both a Patient and a Do
tor

Two relations: one representing a super
lass and the other a sub
lass (with one or more dis
riminators

determining the type of ea
h tuple).

CREATE TABLE Persons (

Persons_id NUMBER(6) CONSTRAINT Persons_PK PRIMARY KEY,

Firstname VARCHAR2(20),

Lastname VARCHAR2(20),

);

CREATE TABLE Person_Details (

Person_Details_id NUMBER(6) CONSTRAINT Persons_PK PRIMARY KEY,

Persons_id NUMBER(6) NOT NULL CONSTRAINT Person_Details_Persons_FK

REFERENCES Persons (Persons_id)

Dis
riminator VARCHAR2(20),

Spe
ializations_id NUMBER(6) NOT NULL CONSTRAINT Person_Details_Spe
ializations_FK
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REFERENCES Spe
ializations (Spe
ializations_id),

Insuran
es_id NUMBER(6) NOT NULL CONSTRAINT Person_Details_Insuran
es_FK

REFERENCES Insuran
es (Insuran
es_id)

Listing 2: {sql/super-sub-
lass2.sql}

Case 3

Mandatory - every Person in the database must be a Patient or a Do
tor

Disjoint - Person in the database 
annot be both a Patient and a Do
tor

Multiple relations: a separate relation for ea
h super
lass - sub
lass 
ombination.

CREATE TABLE Do
tors (

Do
tors_id NUMBER(6) CONSTRAINT Do
tors_PK PRIMARY KEY,

Firstname VARCHAR2(20),

Lastname VARCHAR2(20),

Spe
ializations_id NUMBER(6) NOT NULL CONSTRAINT Do
tors_Spe
ializations_FK

REFERENCES Spe
ializations (Spe
ializations_id)

);

CREATE TABLE Patients (

Patients_id NUMBER(6) CONSTRAINT Patients_PK PRIMARY KEY,

Firstname VARCHAR2(20),

Lastname VARCHAR2(20),

Insuran
es_id NUMBER(6) NOT NULL CONSTRAINT Patients_Insuran
es_FK

REFERENCES Insuran
es (Insuran
es_id)

);

Listing 3: {sql/super-sub-
lass3.sql}

Case 4

Optional - every Person in the database 
an but don't have to be a Patient or a Do
tor

Disjoint - Person in the database 
annot be both a Patient and a Do
tor

Multiple relations: Multiple relations: a separate relation representing the super
lass and separate

relations for ea
h of the sub
lasses.

CREATE TABLE Persons (

Persons_id NUMBER(6) CONSTRAINT Persons_PK PRIMARY KEY,

Firstname VARCHAR2(20),

Lastname VARCHAR2(20),

);

CREATE TABLE Do
tors (

Do
tors_id NUMBER(6) CONSTRAINT Do
tors_PK PRIMARY KEY,

Spe
ializations_id NUMBER(6) NOT NULL CONSTRAINT Do
tors_Spe
ializations_FK

REFERENCES Spe
ializations (Spe
ializations_id)

Persons_id NUMBER(6) NOT NULL CONSTRAINT Do
tors_Persons_FK

REFERENCES Persons (Persons_id)

);

CREATE TABLE Patients (

Patients_id NUMBER(6) CONSTRAINT Patients_PK PRIMARY KEY,

Insuran
es_id NUMBER(6) NOT NULL CONSTRAINT Patients_Insuran
es_FK

REFERENCES Insuran
es (Insuran
es_id),

Persons_id NUMBER(6) NOT NULL CONSTRAINT Patients_Persons_FK

REFERENCES Osoba (Persons_id)

);

Listing 4: {sql/super-sub-
lass4.sql}

Relationships:

� Do
tors - Spe
ializations (* : 1 or * : *),

� Do
tors - Clini
s (* : 1 or * : *),

� Clini
s - Patients (* : *),

� Appointments - Do
tors (* : 1),

� Appointments - Patients (* : 1),

� Appointments - Clini
s (* : 1),

� Appointments - Pres
riptions (1 : *),
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� Pres
riptions - Medi
aments (* : *),

� Persons - Do
tors (Super
lass - Sub
lass),

� Persons - Patients (Super
lass - Sub
lass),

� Persons - Addresses (1 : * or * : 1 or * : *).

CREATE TABLE addresses (

addresses_id NUMBER NOT NULL,

persons_persons_id NUMBER NOT NULL

);

ALTER TABLE addresses ADD CONSTRAINT addresses_pk PRIMARY KEY ( addresses_id );

CREATE TABLE appointments (

do
tors_do
tors_id NUMBER NOT NULL,

appointments_id NUMBER NOT NULL,

patient
ards_patient
ards_id NUMBER NOT NULL

);

ALTER TABLE appointments ADD CONSTRAINT appointments_pk PRIMARY KEY ( appointments_id );

CREATE TABLE 
lini
s (


lini
s_id NUMBER NOT NULL

);

ALTER TABLE 
lini
s ADD CONSTRAINT 
lini
s_pk PRIMARY KEY ( 
lini
s_id );

CREATE TABLE do
tors (

persons_persons_id NUMBER NOT NULL,

−− ERROR: Column name length ex
eeds maximum allowed length(30)

spe
ializations_spe
ializations_id NUMBER NOT NULL,

do
tors_id NUMBER NOT NULL,


lini
s_
lini
s_id NUMBER NOT NULL

);

ALTER TABLE do
tors ADD CONSTRAINT do
tors_pk PRIMARY KEY ( do
tors_id );

CREATE TABLE medi
aments (

medi
aments_id NUMBER NOT NULL

);

ALTER TABLE medi
aments ADD CONSTRAINT medi
aments_pk PRIMARY KEY ( medi
aments_id );

CREATE TABLE patient
ards (


lini
s_
lini
s_id NUMBER NOT NULL,

patient
ards_id NUMBER NOT NULL,

patients_patients_id NUMBER NOT NULL

);

ALTER TABLE patient
ards ADD CONSTRAINT patient
ards_pk PRIMARY KEY ( patient
ards_id );

CREATE TABLE patients (

persons_persons_id NUMBER NOT NULL,

patients_id NUMBER NOT NULL

);

ALTER TABLE patients ADD CONSTRAINT patients_pk PRIMARY KEY ( patients_id );

CREATE TABLE persons (

persons_id NUMBER NOT NULL

);

ALTER TABLE persons ADD CONSTRAINT persons_pk PRIMARY KEY ( persons_id );

CREATE TABLE pres
riptions (

pres
riptions_id NUMBER NOT NULL,

appointments_appointments_id NUMBER NOT NULL

);

ALTER TABLE pres
riptions ADD CONSTRAINT pres
riptions_pk PRIMARY KEY ( pres
riptions_id );

CREATE TABLE relation_22 (

pres
riptions_pres
riptions_id NUMBER NOT NULL,

medi
aments_medi
aments_id NUMBER NOT NULL

);

ALTER TABLE relation_22 ADD CONSTRAINT relation_22_pk PRIMARY KEY ( pres
riptions_pres
riptions_id,

medi
aments_medi
aments_id );

CREATE TABLE spe
ializations (

spe
ializations_id NUMBER NOT NULL

);
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ALTER TABLE spe
ializations ADD CONSTRAINT spe
ializations_pk PRIMARY KEY ( spe
ializations_id );

ALTER TABLE addresses

ADD CONSTRAINT addresses_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id );

ALTER TABLE appointments

ADD CONSTRAINT appointments_do
tors_fk FOREIGN KEY ( do
tors_do
tors_id )

REFERENCES do
tors ( do
tors_id );

ALTER TABLE appointments

ADD CONSTRAINT appointments_patient
ards_fk FOREIGN KEY ( patient
ards_patient
ards_id )

REFERENCES patient
ards ( patient
ards_id );

ALTER TABLE do
tors

ADD CONSTRAINT do
tors_
lini
s_fk FOREIGN KEY ( 
lini
s_
lini
s_id )

REFERENCES 
lini
s ( 
lini
s_id );

ALTER TABLE do
tors

ADD CONSTRAINT do
tors_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id );

ALTER TABLE do
tors

ADD CONSTRAINT do
tors_spe
ializations_fk FOREIGN KEY ( spe
ializations_spe
ializations_id )

REFERENCES spe
ializations ( spe
ializations_id );

ALTER TABLE patient
ards

ADD CONSTRAINT patient
ards_
lini
s_fk FOREIGN KEY ( 
lini
s_
lini
s_id )

REFERENCES 
lini
s ( 
lini
s_id );

ALTER TABLE patient
ards

ADD CONSTRAINT patient
ards_patients_fk FOREIGN KEY ( patients_patients_id )

REFERENCES patients ( patients_id );

ALTER TABLE patients

ADD CONSTRAINT patients_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id );

ALTER TABLE pres
riptions

ADD CONSTRAINT pres
riptions_appointments_fk FOREIGN KEY ( appointments_appointments_id )

REFERENCES appointments ( appointments_id );

ALTER TABLE relation_22

ADD CONSTRAINT relation_22_medi
aments_fk FOREIGN KEY ( medi
aments_medi
aments_id )

REFERENCES medi
aments ( medi
aments_id );

ALTER TABLE relation_22

ADD CONSTRAINT relation_22_pres
riptions_fk FOREIGN KEY ( pres
riptions_pres
riptions_id )

REFERENCES pres
riptions ( pres
riptions_id );

Listing 5: {
reate-table-1.sql}

� Are these instru
tions easy to understand?

� Where are primary keys?

� Where are foreign keys?

� What is the order in whi
h the tables are 
reated?

CREATE TABLE persons (

persons_id NUMBER NOT NULL,

CONSTRAINT persons_pk PRIMARY KEY ( persons_id )

);

CREATE TABLE addresses (

addresses_id NUMBER NOT NULL,

persons_persons_id NUMBER NOT NULL,

CONSTRAINT addresses_pk PRIMARY KEY ( addresses_id ),

CONSTRAINT addresses_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id )

);

CREATE TABLE patients (

persons_persons_id NUMBER NOT NULL,

patients_id NUMBER NOT NULL,

CONSTRAINT patients_pk PRIMARY KEY ( patients_id ),

ADD CONSTRAINT patients_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id )

);

CREATE TABLE 
lini
s (


lini
s_id NUMBER NOT NULL,

CONSTRAINT 
lini
s_pk PRIMARY KEY ( 
lini
s_id )
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);

CREATE TABLE patient
ards (


lini
s_
lini
s_id NUMBER NOT NULL,

patient
ards_id NUMBER NOT NULL,

patients_patients_id NUMBER NOT NULL,

CONSTRAINT patient
ards_pk PRIMARY KEY ( patient
ards_id ),

CONSTRAINT patient
ards_
lini
s_fk FOREIGN KEY ( 
lini
s_
lini
s_id )

REFERENCES 
lini
s ( 
lini
s_id ),

CONSTRAINT patient
ards_patients_fk FOREIGN KEY ( patients_patients_id )

REFERENCES patients ( patients_id )

);

CREATE TABLE spe
ializations (

spe
ializations_id NUMBER NOT NULL,

CONSTRAINT spe
ializations_pk PRIMARY KEY ( spe
ializations_id )

);

CREATE TABLE do
tors (

persons_persons_id NUMBER NOT NULL,

−− ERROR: Column name length ex
eeds maximum allowed length(30)

spe
ializations_spe
ializations_id NUMBER NOT NULL,

do
tors_id NUMBER NOT NULL,


lini
s_
lini
s_id NUMBER NOT NULL,

CONSTRAINT do
tors_pk PRIMARY KEY ( do
tors_id ),

CONSTRAINT do
tors_
lini
s_fk FOREIGN KEY ( 
lini
s_
lini
s_id )

REFERENCES 
lini
s ( 
lini
s_id ),

CONSTRAINT do
tors_persons_fk FOREIGN KEY ( persons_persons_id )

REFERENCES persons ( persons_id ),

CONSTRAINT do
tors_spe
ializations_fk FOREIGN KEY ( spe
ializations_spe
ializations_id )

REFERENCES spe
ializations ( spe
ializations_id )

);

CREATE TABLE appointments (

do
tors_do
tors_id NUMBER NOT NULL,

appointments_id NUMBER NOT NULL,

patient
ards_patient
ards_id NUMBER NOT NULL,

CONSTRAINT appointments_pk PRIMARY KEY ( appointments_id ),

CONSTRAINT appointments_do
tors_fk FOREIGN KEY ( do
tors_do
tors_id )

REFERENCES do
tors ( do
tors_id ),

CONSTRAINT appointments_patient
ards_fk FOREIGN KEY ( patient
ards_patient
ards_id )

REFERENCES patient
ards ( patient
ards_id )

);

CREATE TABLE pres
riptions (

pres
riptions_id NUMBER NOT NULL,

appointments_appointments_id NUMBER NOT NULL,

CONSTRAINT pres
riptions_pk PRIMARY KEY ( pres
riptions_id ),

CONSTRAINT pres
riptions_appointments_fk FOREIGN KEY ( appointments_appointments_id )

REFERENCES appointments ( appointments_id )

);

CREATE TABLE medi
aments (

medi
aments_id NUMBER NOT NULL,

CONSTRAINT medi
aments_pk PRIMARY KEY ( medi
aments_id )

);

CREATE TABLE pres
riptionitems (

pres
riptions_pres
riptions_id NUMBER NOT NULL,

medi
aments_medi
aments_id NUMBER NOT NULL,

CONSTRAINT pres
riptionitems PRIMARY KEY (

pres
riptions_pres
riptions_id, medi
aments_medi
aments_id ),

CONSTRAINT pres
riptionitems_medi
aments_fk FOREIGN KEY ( medi
aments_medi
aments_id )

REFERENCES medi
aments ( medi
aments_id ),

CONSTRAINT pres
riptionitems_pres
riptions_fk FOREIGN KEY ( pres
riptions_pres
riptions_id )

REFERENCES pres
riptions ( pres
riptions_id )

);

Listing 6: {
reate-table-2.sql}
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t are available at: http://weaii-moodle.tu.kiel
e.pl/
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