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• Complexity of the data in today’s applications.

• Requirement of advanced applications:

– Information needs to be well structured

– Access to data must be facilitated

– Private data needs to be properly protected, while public data is 
made available

– Access to data must be tailored to the users’  authorizations

– etc.

• Extensibility and expansion of the applications must be 
supported

– Extensible data models

Why Databases?



• Best way to organize the information within organizations is to 
design their corresponding data modelsand to chose the 
appropriateDBMSfor their implementation.
– The data modeling can be carried out by a data architect, while the DBMS is 

chosen based on the application requirements.

– Some DBMSs better suit in certain application domains than others

• Data access is facilitated and enforced through:
– Access mechanisms tailored to the user authorization

– Ability to access data from different programming environments

– Providing the necessary access mechanisms, to build client-server 
applications, using standard tools and middleware solutions (e.g. JDBC, 
ODBC, and SQLJ)

– Providing the necessary access mechanisms for specific applications, which 
require accessing the data from different perspectives (e.g. Java, C, and Perl)

Data Modeling: Approach



• Database Model

– A good database model ensure the proper and complete 
coverage of all the application’s metadata.

• Data Sets

– A valuable data sets are necessary in order to take full 
advantage of the underlying data model of the database.

• API & Interfaces

– Proper Interfaces to the Application’s database in order to make
use of the underlying data and metadata.

Databases from Design to Implementation



The database system provides a wide range of declarative integrity 
rules, thus reducing the programming requirements for 
applications.

• A Key comprises one or more columns and can be defined for each 
table. The database system ensures that each key is unique.

• By specifying NOT NULL, you ensure that the NULL value is not 
accepted in individual columns. 

• DEFAULT definition defines default values for each column.

• Referential integrity conditions declares deletion and existence
dependencies between the rows in two tables.

• Procedures and Triggers implement complex integrity rules that 
require further access to tables.

Data Integrity



There are four database user classes when the database is 
operating: 
– Database system administrator (SYSDBA)
– Database administrators (DBA users)
– RESOURCE users
– STANDARD users

• RESOURCE users can define data and database procedures and 
grant other users privileges for these database objects.

• STANDARD users only have access to data and database 
procedures that were defined by other users and for which they 
have privileges. STANDARD users themselves can define view, 
synonyms, and temporary tables.

Database Users and User Groups



Database Users can be grouped into User Groups.

– All database objects defined by members of a certain user 
group can be identified by the user group name. 

– If a member of a user group creates objects, each member of 
that group can work with these objects as if they owners these 
object. 

– All of the members of a user group have the same rights with 
regard to data assigned to the group.

Database Users and User Groups



• User authorizations are the Authorizations of the 
Database Manager operator (DBM operator) that he/she 
needs to use the required functionality of the Database 
Manager.

• A Privilege is used to impose restrictions on operations 
carried out on certain objects. 
– Users can only execute operations on objects if they have been 

granted the privileges to do so. 

• A Role is a collection of Privileges. 
– Like a privilege, a role can be assigned to a different user.

User Authorizations, Privileges, and Roles



Database proceduresare small programs written in special 
SQL syntax (PL/SQL) which run on the database server 
and can be called explicitly from the programming 
language of the application.

Triggers are special procedures that run implicitly on a base 
table (or a view table built on this base table) after a data 
manipulation statement has been executed. 

Database Procedures and Triggers



Database Model for Taxa Observations



DDL Schema for TaxaObservations

CREATE TABLE Rank (

RI D FLOAT NOT NULL,

Level  I nt eger ,

Lat i nName VARCHAR( 80) ,

Engl i shName VARCHAR( 80) ,

Shor t Name VARCHAR( 80) ,

User Add VARCHAR( 80)  DEFAULT USER,

PRI MARY KEY ( RI D)

)

CREATE TABLE Taxon(

TI D VARCHAR( 10)  NOT NULL,

Sci ent i f i cName VARCHAR( 250) ,

Dut chName VARCHAR( 250) ,

Aut hor  VARCHAR( 250) ,

Par ent I D VARCHAR( 10) ,

PRI MARY KEY ( TI D) ,

RI D FLOAT NOT NULL,

FOREI GN KEY ( RI D)  REFERENCES Rank 
( RI D)

)

CREATE TABLE Ver nacul ar Name(

Name VARCHAR( 250)  NOT NULL,

Language VARCHAR( 50)  NOT NULL,

PRI MARY KEY ( Name,  Language) ,

TI D VARCHAR( 10)  NOT NULL,

FOREI GN KEY ( TI D)  REFERENCES Taxon
( TI D)

)

CREATE TABLE TaxonSynonym(

TSI D FLOAT NOT NULL,

Name VARCHAR( 250) ,

" Dat e"  TI MESTAMP DEFAULT TI MESTAMP,

Ref er ence VARCHAR( 80)  DEFAULT USER,

PRI MARY KEY ( TSI D) ,

TI D VARCHAR( 10)  NOT NULL,

FOREI GN KEY ( TI D)  REFERENCES Taxon
( TI D)

)



• Select Taxawith their corresponding French Name:
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Taxa Observations Database - 1



• Create Trigger Rank_Insert
CREATE TRI GGER Rank_i nser t FOR Rank AFTER I NSERT EXECUTE 

(

TRY

updat e Rank SET Level  = Level  + 1 wher e Level  >= : NEW. Level  
and RI D <> ( sel ect  max( RI D)  f r om Rank wher e 
Level =: NEW. Level ) ;

CATCH

I F $r c <> 100 THEN 

STOP ( $r c,  ' unexpect ed er r or  i n t he Rank Tr i gger  i nvol vi ng 
Level  Push' ) ;

)
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Taxa Observations Database - 2



• Create Trigger Rank_Delete

CREATE TRI GGER Rank_del et e FOR Rank AFTER DELETE EXECUTE 

(

TRY

updat e Rank SET Level  = Level  - 1 wher e Level  > : OLD. Level ;

CATCH

I F $r c <> 100 THEN 

STOP ( $r c,  ' unexpect ed er r or  i n t he Rank Tr i gger  i nvol vi ng Push 
Level ' ) ;

)

Taxa Observations Database - 3



• Create Trigger Taxon_Update

CREATE TRI GGER TAXON_UPDATE FOR TAXON AFTER UPDATE EXECUTE

(

TRY

I F NEW. Sci ent i f i cName <> OLD. Sci ent i f i cName THEN 

I NSERT I NTO TaxonSynonym( TSI D,  Name,  TI D)  VALUES ( ( SELECT 
MAX( TSI D) +1 FROM TaxonSynonym) ,  : OLD. Sci ent i f i cName,  ( SELECT 
MAX( TI D)  FROM Taxon WHERE Sci ent i f i cName=: NEW. Sci ent i f i cName) ) ;

CATCH

I F $RC <> 100 THEN 

STOP ( $ERRMSG,  ' unexpect ed er r or  i n t he Taxon Tr i gger  
i nvol v i ng TaxonSynonym Updat e' ) ;

)

– updat e t axon set Sci ent i f i cName=' New Name f or Acher ont i a
at r opos'  wher e Sci ent i f i cName=' Acher ont i a at r opos'

Taxa Observations Database - 4



Database Model for Fly Catcher Radar

Bird Vectors

Tracked Echos



FlyCatcher Radar Database - 1
• Select Bird_Echosscanned at Radar_Position_X= 187600 and for which the 

Bird_Vector Speed is greater than 5

– sel ect  E. *  f r om Radar _Scan R,  Bi r d_Vect or  V,  Bi r d_Echo E wher e 
R. " Ti me" =V. " Ti me"  and V. VI D = E. VI D and V. Speed>5 and 
R. Radar _Posi t i on_X=187600

• Select Bird_Vectors with their corresponding Height and Horizontal Distance 
from the Radar Position

– sel ect  VI D,  Di st ance,  Angl e,  di st ance* si n( angl e)  Hei ght ,  
di st ance* cos( angl e)  H_Di st ance,  Speed,  AVG_Si ze,  AVG_Ref l ect i on,  
Nr _Echos,  Di r ect i on,  " Ti me"  Ti me_I nt er val  f r om Bi r d_Vect or

• Select Bird_Vectors with their corresponding X,Y Coordinates calculated based 
on the Radar Position

– sel ect  V. VI D,  ( R. Radar _Posi t i on_X+V. Di st ance* COS( V. Angl e) )  
Vect or _Pos_X,  ( R. Radar _Posi t i on_Y+V. Di st ance* SI N( V. Angl e) )  
Vect or _Pos_Y,  V. Speed,  V. Speed_Devi at i on,  V. AVG_Si ze,  
V. AVG_Ref l ect i on,  V. Nr _Echos,  V. Di r ect i on FROM Radar _Scan R,  
Bi r d_Vect or  V



FlyCatcher Radar Database - 2

• Create a view corresponding to Bird_Vectors with their 
corresponding X,Y Coordinates:
– Cr eat e Vi ew Vect or sWi t hCoor di nat es as sel ect  V. VI D,  

( R. Radar _Posi t i on_X+V. Di st ance* COS( V. Angl e) )  
Vect or _Pos_X,  
( R. Radar _Posi t i on_Y+V. Di st ance* SI N( V. Angl e) )  
Vect or _Pos_Y,  V. Speed,  V. Speed_Devi at i on,  
V. AVG_Si ze,  V. AVG_Ref l ect i on,  V. Nr _Echos,  
V. Di r ect i on FROM Radar _Scan R,  Bi r d_Vect or  V

• Select VectorsWithCoordinates with speed>5 and Avg_Size<10
– sel ect  *  f r om VECTORWI THCORDI NATES wher e Speed>5 

and Avg_Si ze<10



FlyCatcher Radar Database - 3

• Create Users and User Groups with some privileges (an example)
– cr eat e user gr oup gr oup1 r esour ce not  excl usi ve

– cr eat e user ammar passwor d ammar  user gr oup gr oup1

– cr eat e user Jel mer passwor d Jel mer not  excl usi ve

– gr ant sel ect , updat e on Radar _Scan,  Bi r d_Vect or ,  
Bi r d_Echo,  Bi r d_Tr ack,   Tr ack_Sampl e t o gr oup1

– gr ant sel ect on Radar _Scan,  Bi r d_Vect or ,  Bi r d_Echo 
t o Jel mer



Conclusion

• What to Use: Databases of File System?

• Databases are better since they provide concepts for data 

structures, integrity constraints, users authorizations, and 

data access rights.

• Databases also ease the access to data and allows for data 

model extension

• But, the size of databases may grow very rapidly. The 

application’s manager should then watch the database 

performance and efficiency.


