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PROPERTIES

"database #39&'(()&*#'+," related data -#*."an
implicit meaning *.%7

Is logically coherent (random assortments are not a
database)

Is designed, built, and populated with a specific purpose
and intended users

Represents some aspects of the real world (miniworld)
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EXAMPLE

P48 &H# & Q) *+-"QO Y/ 0127311~ || 5-16+)7$8
I"#$ %&'() *+ - F *
/00" 12))0 * -3 4
5)26)2( 72890 + - x 3
I""#$%% %E&((& | )+( -.&/ 012 %&3&( |[144'(55)*+,('
"#$%&"()*& +,-- .(N0"1% 23--+ .0 2
45'678)981((€& 2: ;'<56= >22, .0 ;
?@(A8678)!" 2:3:: ?2@(11=)C&" ,--: .D 2:
OPERATIVE UNIT|| Unit_Number Name Specialty n.beds
1 Cardiology 1 || Cardiology 55
2 G.Washington|| Oncology 37
3 M. Montessori|| Pediatrics 47
DOCTORS Name Surname Specialty | Unique_ID
I"#$% &'()* &+,-3$,. /
O##3$ 123%44 5$+,242-. 6
7$#,. 823 K" 924 2-. X
PRESCRIPTIONS Patient Operative Unit| Doctor | Drug name
3 1 3 Paracetamol
3 2 1 Antibiotics
1 3 2 Melatonin
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Application 1

struct Patient {
char Name|[30];
char Surname|[30];
address Address;
char location|[5];
char uniquelD [21];

PATIENT

Name | Surname

"#$ %&'() -
/00" 12))0 * -3 4
5)26)2( *

[r#$%% %& (& | )+ -&l 012 %&3&( |[144'(55)*+,( } e
IESNE (V&S +- (001§ | 23—+ 0 2 ] .
45'678)981((8 2: 7<B6= >22,: 0 : ‘ P at' e nt
?@(AB678)"SB_ 2:3: 2@(115)CR" D 2

["#$%& (#)*+'& | *,-.1+01234 +513 6738-59.:| ,;23<=
1 Cardiology 1 || Cardiology 55
2 G.Washington| Oncology 37
M. Montessori i|| Pediatrics 47

FindPatient (char

Name[30]); 7

Application N

struct Patient {
char Name|[30];
char Surname[30];
address Address;
char location|[5];
char uniquelD [21];

%8S ST
+ ] : ) CreateNewPrescription
(Patient pat);

" 45968'5() L
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PROCESSING APPROACH (2)

DATABASE

¥ A single repository of data is ¥ Each user defines and implements
mainteined that is defined once the files needed for a specific
and then accessed by various users application(redundancy)

¥ The database system contains a ¥ Data definition is part of the
complete definition or description appllcatlon progranidata
of the database itselelf- definitions embedded)
contained nature) ¥ The structure of the data files is

¥ Database access programs are embedded in the application
written independently of any program(dependency between
specific file(independence programs and data)
between programs and data) ¥ Data are represented by the

¥ Provide a conceptual memory occupation/record length
representation of datdata ¥ Eachdifferentuserneedsa
abstraction) differentapplication(unique

¥ Has many users with different view)

perspectivesmultiple views)



SCHEMAS AND INSTANCES IN A

DATABASE
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e The DATABASE SCHEMA is the description of the database that is
specified during database design and is not expected to change frequently.

*\When we define a new database, we define the schema.

Street

ADDRESS

Number

City

ZIP

State

AddressNumber

OPERATIVE UNIT

Unit_Number

Name

Specialty

n.beds

eThe DATABASE INSTANCE is composed by the data in a database at a
certain time point (occurrence or state)

*A new database is an “empty istance”. When we populate the database, we

load data

OPERATIVE UNIT|| Unit_Number Name Specialty n.beds
1 Cardiology 1 || Cardiology 55
2 G.Washington|[| Oncology 37
3 M. Montessori|| Pediatrics 47
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A DBMS is a collection of programs that enables users to create
and maintain database.

elt is a generalized software package for implementing
maintaining a computerized database:

—DEFINING a database involves specifying the data types, structures and
constraints for the data to be stored in the database;

—CONSTRUCTING the database is the process of storing the data itself on
some storage medium that is controlled by the DBMS

—MANIPULATING a database includes such functions as query the
database to retrieve specific data, updating the database to reflect
changes in the miniworld, and generating reports from the data.



N

O 00 N o U & W

/. UNIVERSITA
® 7 DEGLI STUDI DI TRIESTE

DBMS PROPERTIES

. Management of huge amount of data

Providing persistent storage for program objects and data
Structures

Sharing of Data (and Concurrency control)
Controlling redundancy

Providing Backup & Recovery

Restricting Unauthorized Access

Providing multiple interfaces

Representing complex relationships among data

Enforcing integrity constraints
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HUGE AMOUNT OF DATA

e A DBMS can manage Gbyte or Thyte of data

It provides data organization - facilitates data
retrieval

Examples:

— Hospital radiology
— Patient demographics
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DATA PERSISTENCY

e Data in a database created thorugh a DBMS are
persistent: their lifetime goes beyond the
execution time of the applications that use the
database.

e The file processing approach is persistent too, but
is strictly dependent on the programmed
application

10
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DATA SHARING

e Multiple users can access the database at the
same time:

Clinicians

Nurses

Administration personnel
IT people

e Concurrency control: the contemporary update by
several users is controlled so that no conflicts occur.

11
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CONTROLLING REDUNDANCY

e The database approach integrates the views of
different user groups = each logical item is
stored only once and in one place

e Example:

|PATIENT Name Surname Address Location || Unique_ID
Jack White 17 MI01 ]
DOCTORS Name Surname Specialty | Unique_ID
I"#$% &'()* &+,-$,.

Information on the patient and
the doctor are not repeated in

the prescription 1"#$%"&1'&()$ "+ -+ |[(J-0*+,1-23.+| 456+50 |[40782.%0-
" ! H$%$E ()™

12
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BACKUP AND RECOVERY

e The DBMS should be able to preserve data in the
case of hardware or software failures;

e Backup and recovery operations make sure that
the database is restored to its last consistent
state (the state before the program that caused
the failure or during which the failure occurred
started)

e The system is hence reliable

13
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RESTRICTING UNAUTHORIZED ACCESS

e Multiple users may not be authorized to access
all the information in a database (e.g., clinical vs
administrative information)

e The DBMS provides a a security and authorization
subsystems that allows creating accounts and
specifying their restrictions

e The authorized operations are known as
“privileges”

14
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PROVIDING MULTIPLE INTERFACES

e Database have different types of users = the DBMS
should provide a variety of user interfaces

e They include:
— different data views
— different languages = for naive users/for expert users

— different interfaces =2 menu-based / programming
language based

15
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REPRESENTING COMPLEX

RELATIONSHIPS AMONG DATA

e The DBMS should represent all the possible
relationships among data

e Example: the patient is related to =
— Address
— Doctor
— Prescription
— Operative unit
— Drug therapy

16
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ENFORCING INTEGRITY CONSTRAINTS

e Data should be consistent =2 the same data has to
be represented by the same datatype

e Relationships can be constraints = a certain record
has to be related to another record

e Unique values are constraints = these can be
checked directly by the system

e Semantic constraints are more difficult to be
automatically checked.

17
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DBMS ACTORS

Database administrator (DBA)
 responsible of the management of the database and if the DBMS

Database designer

 responsible of choosing the data to be saved in the database and the appropriate structure to
manage them

End users

 casual end users: occasional users who access the database and may have different needs
* naive or parametric end users: users who mainly query and update the database

* sophisticated end users: use the database but also understand the complex requirements
behind

System analysts and application programmers

* determine the requirements of the end users and develop specification transactions to meet
such requirements

e implement the specifications

Other behind the scene

 DBMS designers and implementers
* tool developers
 operators and mainteinance personnel

18
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DBMS ARCHITECTURE

e The advantages of a DBMS instead of a non-specific
database system are:

1. Independency between data and applications
2. Multiple views

3. Use of a catalogue to store tha database schema
independent from actual data

IMPLEMENTED THORUGH A
THREE-LEVEL ARCHITECTURE

19
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THE THREE LEVELS

 INTERNAL LEVEL

It has an internal schema that describes the physical storage structure of
the database. The Internal schema includes the complete details of data

storage and access paths of the database.

 CONCEPTUAL LEVEL

It has a conceptual schema that describes the structure of the whole
database for a community of users, hiding the detais of the physical
storage. A high-level data model can be used as conceptual schema.

e EXTERNAL (VIEW) LEVEL

Each external schema or user view describes the database view for a
specific user group, hiding what is not interesting to the particular users.

20
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THE THREE-SCHEMA ARCHITECTURE

) (
‘-—f-" END USERS ‘-{-"’
EXTERNAL EXTERNAL EXTERNAL
LEVEL VIEW ee® VIEW

A -

cademalkoconcepiial
marey

f:(i'”'i FTUAL CUNCEFTUAL SUHEMA,
LEVEL

conoepiuaniomal mappeng

’;27’"‘* INTERNAL SCHEMA
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STORED DATABASE
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JO0
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DATA INDEPENDENCE

eData independence can be defined as the capacity to
change the schema at one level of a database system
without having to change the schema at the next higher

level.

e ogical data independence is the capacity to change the
conceptual schema without having to change external

schemas or application programs.

ePhysical data independence is the capacity to change the
internal schema without having to change the conceptual (or
external) schemas.

22
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DBMS LANGUAGES

Data Definition Language (DDL). "#$%"$&() data defnition,
the DDL *+90+&;( +.&/*'0/(#/8&.-%"1 +/28&3" '() -2&,"-"4"+& 5

eStorage Definition Language (SDL). !"#$%"$& '() data
storage, the SDL ,&*#&+-2& *#-&)#"1+/2&3" 620+*/"1+-()"$& (' -2&
ST

View Definition Language (VDL). !"#$%"$& '() view
defininition, the VDL +.&/**&P0+&3*&9+'#, -2&*)3". *#$+

eData Manipulation Language (DML). !"#$%"$& '() data
manipulation, the MDL /"# 4& 2*$21&88#A(# .)(/&,%)"1 §(&+ #(-
&*H&2(9 -2&)&+%IH4-"*#&, 4%92"- *+9"#-&, 7() 1(9;1&8&)(/&,%)"1
Q& *#&+2&.)(/1&,%)& -( (4-"*# -2&)&+%l -

23
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DEFINITION OF DATA MODEL

A data model is a collection of concepts that can be
used to describe the structure of a database

1.Conceptual data models - used to describe data
independently from the logical model (e.g. entity-relationship model)

2.Representational data models - used to represent the data
in a DBMS

3.Physical data models - describe how data are physically
stored in the computer memory (how many files, their size, ...)

24
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DATA MODELS IN DBMS

Representational Data models are used to
provide the conceptual representation of
data in a DBMS.

Hierarchical data model
Network data model

Relational data model

oW

Object-oriented data model

25
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DBMS CLASSIFICATIONS

e Relational

e Network

e Hierarchical

e Object oriented

Number of contemporary users

e Single-user
e Multi-user

Number of sites where the database 1s distributed

e Centralized DBMS (the database 1s stored in a single site)
e Distributed DBMS (the database 1s distributed over many sites)
* Federated DBMS (local databases have a degree of autonomy)

26
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THE RELATIONAL DATA MODEL

Representational Data models are used to
provide the conceptual representation of
data in a DBMS.

1. Hierarchical data model
2. Network data model
3. Relational data model

4. Object-oriented data model

27
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e The relational model represents the datain a
database as a collection of relations

e A relation resembles a table =2 we can introduce
an informal definition

Table = rows, columns
Relation = tuples, attributes

28



. U NIVERSITA

RELATIONS, TUPLES, AND ATTRIBUTE
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Relational Model Query Language

eRelation € Table

eTuple €—-> Row

Relation Attribute

\ e Attribute €= Column

PATIENT | PHID FirstName | LastName | Encounter Datd| Therap
000ZZ000 |John Smith 2003-03-12 Flutamide
E— Penicillin
Tuple

j

000EE999 | Kevin Green 2001-09-23 Leuprolide
123XX456 | Ann Black 2002-05-11 Epinephrine

29
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RELATIONS: PROPERTIES

There is no order among the relationships between
relations (tables) in a relational database.

There cannot be two identical tuples in a relation (non-
redundancy)

Attributes in a relation are not ordered

A relation is characterized by:

relation schema + relation instance

30



RELATION SCHEMA

It represents the Relation intension:

e Relation Name (eg, PATIENT)
e Relation attributes (eg, PHID, FirstName, LastName,

EncounterDate, Therapy)

PATIENT | PHID FirstName

LastName

/. UNIVERSITA
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Encounter Date | Therap

000Z2Z000 |John Smith 2003-03-12 Flutamide
111AA222 |Mary Brown  |2004-10-14 Penicillin
000EE999 | Kevin Green 2001-09-23 Leuprolide
123XX456 | Ann Black 2002-05-11 Epinephrine

31
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RELATION INSTANCE

It represents the Relation extension:

eTuples (=rows) containing actual data are the instance of the
relation.

PATIENT | PHID FirstName | LastName | Encounter Date | Therap
000ZZ000 ' 2003-03-12 Flutamide

111AA222 2004-10-14 Penicillin

000EE999 ' 2001-09-23 Leuprolide
123X X456 2002-05-11 Epinephrine

32
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*A Relation is a set of tuples in which two tuples cannot be

identical (each tuple is unique)

*This property has to be valid for at least a subset of attributes -

*There cannot be two or more tuples with the
same combination of values for this subset

PATIENT

Name Surname Address Location | Unique_ID
Jack White 17 MI01 1
Anna Green 1 MIO03 2
Herbert Brown 7 MIO1 3
Jack White 17 MI02 4 \

33
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SUPERKEYS

PATIENT | PHID FirstName | LastName | BirthDate | BirthPlace Diagnosis
000ZZ000{Jol ST NewYork |Parker |Diabetes
080JB33 |John Smith 194511-08| Los Angeleq Jackson | Hepatits
111AA222| Mary Brown  [195510-14| San Antoniq Hart Hypertensior
000EE999| Kevin Green  |197409-23|Sydney | Goldman Cold
123XX456/ Ann Black  |196305-11|Frankfurt |OMleill |Miocarditis

"H5%8% ()
"HSUHE™ I+ &t "I &-IH(I +HB +H$&)(*"&I0. '$1-82"

4

3"1"HE%&S  $,+4(0'--5+68&,'+)+&H$51-&

34
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KEYS

key = minimum superkey
(superkey for which it is not possible to identify a subset of
attributes satisfying the unicity property)

4

e Example:

{FirstName, LastName, BirthDate, BirthPlace, GP}! itis not
a key (it is a superkey)

{FirstName, LastName, BirthDate}! itis a key (it is minimal
l | cannot exclude any of the attributes, otherwise the
tuples are not unique)

{PHID}! superkey and minimal! itis another key of the

same relation.
35
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PRIMARY KEYS

There is more than one possible key in a Relation

Primary Key = key chosen to identify
the tuples in a relation

Notation = the attributes that constitute the
primary key are followed by the % symbol

36
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Primary key - examples

1) Primary key =
{FirstName, LastName, BirthDate}
For the PATIENT relation

PATIENT (PHID, FirstName%, LastName%, BirthDate%,
BirthPlace, GP, Diagnosis)

2) Primary key =
{PHID}
For the PATIENT relation

PATIENT (PHID%, FirstName, LastName, BirthDate,
BirthPlace, GP, Diagnosis)

37
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Integrity constraints

The concept of integrity constraints derives from the
observation that not all value combinations are able to
represent the information correctly = the introduction of
integrity constraints ensures that the information
represented are correct

e |ntra-relational constraints = within a relation

e Tuple constraints = constraints on the values of each tuple (NOT
NULL, valid interval,...) independent from the others (es. university
marks are in the interval [18, 30] e 30 e lode); attribute NOT NULL.

e Key constraints = no primary key value can be null.

e |nter-relational constraints = between relations

e Referential integrity constraint = used to mantain the consistency
among tuples of two relations

38
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e Based on the concept of “foreign key”

e A set of attributes FK in the relation R1 is foreign
key of R1 if:

1.

The attributes in FK have the same domain as the primary key
attributes PK of another relation R2

A value of FK in a tuple t1 of R1 either occurrs as a value of PK in
some tuple t2 in R2 or is null t1[FK] = t2[PK]

39
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Foreign key of PRESCRIPTIONS (FK)

PRESCRIPTIONS Patient |Operative Unit|| Doctor Drug name
1 3 1 Paracetamol
3 2 1 Antibiotics
1 3 2 Melatonin

1. The two attributes haye the same domain
2. The values occurring/in Operative Unit occur
in Unit_ Number anfl are Primary Keys

OPERATIVE UNIT| Unit_Number Name Specialty n.beds
! "HP%&'()*+! || "#IW%&'()* y
- [0#12&3)4'3 || 536'(")* /8
4 D/+9'34:11'$& ;:%&#4$&¢1 <8

Primary key of OPERATIVE UNIT (PK)
40
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THE NULL VALUE: MULTIPLE MEANINGS

Not valid for the current instance (Husband surname for a male)

2. Valid but not yet existing (Husband surname for a non-martried
woman)

3. Existing but it cannot be saved (patient’s religion in some Countries
cannot be stored to avoid discrimination)

Existing but unknown
Existing but not yet saved (patint’s history noyt collected yet)
Stored and then deleted (erroneous information)

N o u ok

Available but in an updating phase (patient’s therapy under
modification)

Available but not reliable (a non final diagnosis)

© o

Available but not valid (a blood parameter abovce the threshold of
valid range)

10. Calculted from anothe NULL value (BMI if the weight is not present).

41
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DATABASE QUERYING: RELATIONAL

ALGEBRA OPERATIONS

 SELECT

* From all the rows in a table, this operation selects only those that
satisfy a certain condition

* PROJECT

* From all the columns in a table, this operation selects only a
subset

 CARTESIAN PRODUCT

* Given two tables, it creates all the possible combinations of the
rows in each table

* JOIN

* Selects only some rows satisfying a certain condition after a
cartesian product

42
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* |sused to select a specific subset of tuples in a
relation

 The selected tuples must satisfy a selection
condition

 The result of the selection operation is a new
relation with the same attributes as the starting
relation and only the selected tuples

New_Relation € 6 ynqiion (Relation_Name)

Condition: usually a comparison operation with constant values
and Boolean operators AND, OR, NOT

43
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Example (1/3)

We want to select the Cardiology patients

Patient (ID%, family _Name, Diagnosis_Date%,Diagnosis
Physician_Name, Operative_Unit)

PATIENT ID% Family Name | Diagnosis Date% Diagnosis Physician Name || Operative Unit
1123 White 12/11/85 Stroke Ackerman Cardoiology
1123 White 4/4/87 Ventricular arrythmia Fontelo Emergency
1763 Green 3/31/79 Stroke Reds Cardiology
1763 Green 4/25/99 Angina Grey Medicine |
1763 Green 11/18/03 Angina Rome Medicine Il
2156 Brown 2/27/01 SA nodal block Hanna Cardiology

ID and diagnosis date are the primary key

44
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SELECT OPERATION - O é

Example (2/3)

NeW—Patlent € G(Operative_Unit = “Cardiology™) (Patlent)

45
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SELECT OPERATION-O .

Example (3/3)

NEW_PATIENT ID% Family Name | Diagnosis Date% Diagnosis Physician Name || Operative Unit
1123 White 12/11/85 Stroke Ackerman Cardoiology
1763 Green 3/31/79 Stroke Reds Cardiology
2156 Brown 2/27/01 SA nodal block Hanna Cardiology

New relation with:
e The SAME ATTRIBUTES
* Only the TUPLES SATISFYING

THE CONDITION

46
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PROJECT OPERATION - it

e |s used to select certain columns from the table and
discard the other columns

* Used when you are interest only in a subset of
attributes

 The result is a new relation with the same tuples
but different attributes

New_Relation € 7, ibue 15 ) (Relation_Name)

47
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Example (1/3)

We want to selectthe Name, Surname, and Date of Birth

Patient (Name, Surname, Birthdate,Gender)

I"#3$%0&H &'() *+,-'() /,012'0) 3)-2),
I"#$ %&'() *hyp ok _
/00" 12))0 3+4+5, 6
27 829:0 +*-+<= 6
I"#$ >)?7@ 4+* +3;

48
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"HSY& (H1%") *#+( , -

%./012345678

NEW_Patient | | (Surname ,Name Birthdate) (Patient)

49
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%./012345657
"#$%&' ("' 1)*+ - )%+ 01.234)2+
Jack White 11/5/61
Anna Green 7/9/25
Mary Brown 3/16/80
Jack Reds 9/15/73
New relation
l SAME TUPLES

l Only the ATTRIBUTES LISTED In
the selection criterion

50
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(1/5)

| UNION OPERATION
"HP%&' (H&P*&'#,$ '&-(#.$/)+012+(/3+145

67&&)S-HEOHT . )S%& (#.51.) (+'&-(#.SI1%7 (#
1:-838) (- #78H8%-&)7 (H( &+& HT&[+12+$'+./+14

8- (HEHBY- 888 <./(H&3

New Relation € R1U R?2

51
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PATIENT_UO1 ID% Family Name | Diagnosis Date% Diagnosis Physician Name
"4 $%&'( ")I)*+ ,-( 01/(-234
I56# 7-((4 #)#1)58 = A( 9(:;
"1+6 <-.=4 ")"5)>! ,0?4..3@7?A@.1/ B3443
"#$%&H' ()* $+, -./0123&./4 ||+0.5678083+.94, +0.567808 1:280;0.63&./4
"4 $%&'( ">+ = A( 01/(-234
I56# 7-((4 8)"+)99 04.&43 7-(;
I56# 7-((4 N <# 04:&43 =.2(

We want to obtain the union of thesetwo relations

52
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"#3"%S& ()*H#D"

'+ -/0 12345

Patient Union! Patient UO1! Patient UO2

53
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"#3"%S& ()*H#D"

+,-./0 12324

I"#$%&# (&3)& $*+ -./0128&-.3 ||*/-4567/72*-83+ *|-4567/7 1917/:/-52&-.3
"4 $%&'( ") )%+ - A( 01/(-234
I56# 7-((4 #)#1)58 - A( a(:;
"1+6 <-.=4 ")"5)>! 0?4.:3@?A@.1/ B3443
I56# 7-((4 C)"+)88 04D&43 7-(E
I56# 7-((4 I1)1*)># 04D&43 9.2(
New relation

' SAME ATTRIBUTES
' ALL THE TUPLES

' THE DUPLICATE PATIENT WAS
DELETED

54
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HEO&™ (Bt +," () IS

01234

INTERSECTION OPERATION

| It operatesover two relations (R1 and R2)
I The result of this operation is a relation that
Includes all the tuples that are both in R1 and in R2

New Relation! R1! R2

55



Seg . UNIVERSITA
"8 DEGLI STUDI DI TRIESTE

"HEY&SH (") (*$Yo+# ("

$,-/01 23456

I"H$%&H ()* $+,  |[-/0123&./4 |+0.5678083+.94,  +0.567808 |[!:280;0.63&./4
114 $%&( ") 1Y%+ - 01/(-234
564 7-((4 #)#1)58 T o(:;
"+6 <-=4 "'5)>! 0724.3@7?A@.1/ B3443
I"#$%&H ()* $+,  |[-/0123&./4 |+0.5678083+.94,  +0.567808 |[!:280;0.63&./4
11" $%&( ") Y%+ T 01/(-234
564 7-((4 8)"+)99 04:843 7.
564 7-((4 1)*)<# 04:843 =.2(

We want to obtain the intersection of thesetwo relations
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$,-./01 23456

Patient_Inters! Patient UO1! Patient UO2
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INTERSECTION OPERATION

Example (3/3)

"HS%&HSEHW(] $)* +,-101&,-2 |)).,3456.61),72* ).,3456.6 1806.9.,418&,-2
"4 $%& ( ") 1Y%+ - 01/(-234

New relation
I SAME ATTRIBUTES
I Only the tuple that was in BOTH
RELATIONS
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(3/5)

SET DIFFERENCE OPERATION

| 1" HB%68 " VED)Y%&EH &%, -#.(*/01* .2*034

| 5EYRY(7HBY6-(HSY& " -#-(*8&%, "-#*6"
-.9,72%(,, "7$,%(6" '&%*-*01F" :<5*- *03

New Relation! R1! R2
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"HPY& (") S+, " (HE)

"./0123 45678

I"H$%&H ()* $+,  |[-/0123&./4 |+0.5678083+.94,  +0.567808 |[!:280;0.63&./4
114 $%&( ") 1Y%+ - 01/(-234
564 7-((4 #)#1)58 T o(:;
"+6 <-=4 "'5)>! 0724.3@7?A@.1/ B3443
I"#$%&H ()* $+,  |[-/0123&./4 |+0.5678083+.94,  +0.567808 |[!:280;0.63&./4
11" $%&( ") Y%+ T 01/(-234
564 7-((4 8)"+)99 04:843 7.
564 7-((4 1)*)<# 04:843 =.2(

We want to obtain the setdifference of thesetwo relations
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"./0123 45678

Patient_Diff €  Patient UO1! Patient UO2
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"HSI&™ (") S+, " (-HEH)

"./0123 45657

"#$%&H# ($)) $(* )+-J0&+ 1 |(-+2345-50(+61f (-+2345-5 17/5-8-+30&+ .1
"4 %&" $)$!)"* +.& /01
213# 4&-5( 2)2")6! +78(-09:8;:-<. =9((9

New relation
« SAME ATTRIBUTES
* Only the tuples that were in UO1 BUT NOT
in UO2
 The ORDER of the relations in the operation
is RELEVANT (not COMMUTATIVE)
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567%8196:$;7+<=5%$+:876%9+:

| 1" #$%& V) Y& H &%, "-#.(*/01*.2*034

| SEOSH# &%, "-#.(*2HH" Y% ZHTY%*89!:0%;:<=>51? @ A*
IB*"6%# &% ,"-#.(6")% "6UFC% .DCT%&E*"&-7D"%(
' 2% %'FE"&-7D"%'-&6'( "6%{*CY% 2#C'-.4

| 56989 (DHE'S-(#$%E&"-#-( &%, "-#.46" |14F#CT-.%(
', "6YEDS$,%E&H#HCH01Y . 2*03* . 2%/38Y ',, "6%6*'&-7D"%(
HET#'601*.2*03

New Relation! RIXR2
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%./012345678
["a$008# &) *+ () 1,012'0)
| "4 %&() *Ep ok
A" 01))/ 2+3+4,
5"16 7189/ -+ <
3$"4&5*$* ,9/:;<=9=>:/03 *780)(  ||9):65;),'0/<)6=-/0
=(18%) >"12'8@"AHE >"17'8C8D6
A(&E" F)AG'1"(816  H/)BESC8D6
H"1$/A8/IAJK'A)"'A) L)1@8BA L)B18C8D6
/D" >"12'8@"AHE >"17'8C8D6

We want to create thecartesian product between the
patients and the diagnoses

"8 DEGLI STUDI DI TRIESTE
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Example (2/3)

Pat_ Dia! PatientXDiagnosis
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I"H$%8&" ‘0* +-.0* /0-123(1* 8/9::<8<=1/03 +451%)  |[6*7$89*-(10:*$;.01
I"#$ %&'() *hp o* .(/0%) 1"/2'03"4#56"/ 1"/2'06078
1"#$ %&'() kg% 94(&:" )4<'"(0/8 =>)5:06078
I"#$ %&'() T ="/$'>40>@4AB'4){4) C)/3054 C)5/06078
I"#$ %&() x5 Do 9>7'>" 1"/2'03"4#56"/ 1"/2'06078
9>>" E/))> 2+F+G, .(/0%) 1"/2'03"4#56"/ 1"/2'06078
9>>" E/N)> ?+*H+G, 94(&:" )4<'/"(0/8 =>)5:06078
9>>" E/))> 2474, ="/$>40>@4AB'4){4) C)/3054 C)5/06078
9>>" E/))> 2+*G+G, 9>7">" 1"/2'03"4#56"/ 1"/2'06078
["/8 J/OK> L+*-+DH .(/0%) 1"/2'03"4#56"/ 1"/2'06078
1"/8 JIOK> L+*?+DH 94(&:" )4<'/"(0/8 =>)5:06078
/8 JIOK> L+*D+DH ="/$'>40>@4AB'4){4) C)/3054 C)5/06078
["/8 J/IOK> L+*F+DH oO>7'>" 1"/2'03"4#56"/ 1"/2'06078

New relation
ALL ATTRIBUTES
ALL TUPLES

The result per sedoesnot have areal
meaning but it is a matematical tool
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01213

4+56
L 1" #3%&"%8) % &F# &%,"-#.(*/01*'.2*034

I 56%&%(7 #8*6-(#3%&"-#-("*&%,"-#.*%6"" /149#:;-.%(
&%,"" %N 3, %B&H#:*01*.2*03%."# (-.<,%*7$,%(.2*/34*-"
-("*9'&"%(-'. $&H2798#,,#+%2=*"*(%,%9"-#.

New_Relation ! R1[X]condition) R2
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JOIN
Example (1/3)
PATIENT ID Name Surname Birthdate
1 Jack White 11/5/61
2 Anna Green 7/9/25
3 Mary Brown 3/16/80
4 Jack Reds 9/15/73
DIAGNOSIS Patient_ID Diagnosis Dia_Date
1 Stroke 12/11/85
2 Asthma 3/31/79
3 Parkinson's Disease 2/27/01
4 Angina 4/25/99

We want to calculate the result of the JOIN operation between
these two relations

68



/3. UNIVERSITA
JOIN " %7 DEGLI STUDI DI TRIESTE

Example (2/3)

Pat_Dia € Patient [X]| pps ip) Diagnosis
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YAV
%6&' ()*+ -.-/
"#$%&" &%| 'O* +,-.()* /0-123(1* 1(10*.1$&% %0(4.5606 %0($%(1*
1 Jack White 11/5/61 1 Stroke 12/11/85
2 Anna Green 7/9/25 2 Asthma 3/31/79
3 Mary Brown 3/16/80 3 Parkinson's Disease || 2/27/01
4 Jack Reds 9/15/73 4 Angina 4/25/99

New relation
| ALL ATTRIBUTES
| ALL TUPLES satisfying the condition
I It is the sameresult asthe selection of the tuples where

ID=Pat_ID after a cartesian product of Patient and
Diagnosis

Pat_Dial | b = pat ip (PatientX Diagnosi$
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NATURAL JOIN

NATURAL JOIN

* It operates over two relations (R1 and R2)

* The result of this operation is a relation that (1)
combines related tuples from R1 and R2 into single
tuples, but the set of common attribute is unique (2) it
is a cartesian product followed by a selection and a
projection

New_Relation € R1 [X|R2
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PATIENT ID Name Surname Birthdate
1 Jack White 11/5/61
2 Anna Green 7/9/25
3 Mary Brown 3/16/80
4 Jack Reds 9/15/73
DIAGNOSIS Patient_ID Diagnosis Dia_Date
1 Stroke 12/11/85
2 Asthma 3/31/79
3 Parkinson's Disease 2/27/01
4 Angina 4/25/99

We want to calculate the result of the NATURAL JOIN operation
between thesetwo relations



/g, UNIVERSITA

NATURAL JOIN "8 DEGLI STUDI DI TRIESTE

Example (2/3)

Pat_Dia € Patient [X]| Diagnosis
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I"#$%&" &%, 'O* +,-.0)* /0-123(1* %0(4.5606 %0($%(1*
1 Jack White 11/5/61 Stroke 12/11/85
2 Anna Green 7/9/25 Asthma 3/31/79
3 Mary Brown 3/16/80 |arkinson's Diseas 2/27/01
4 Jack Reds 9/15/73 Angina 4/25/99

New relation
The same as the one obtained by the JOIN but the patient ID is
repeated only once
It is the same result as the selection of the tuples where ID=Pat_ID
after a cartesian product of Patient and Diagnosis and projecting
all the attributes except Pat_ID
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RSITA

By .~ DEGLI STUDI DI TRIESTE

"#$%&" &%|| '(O* +,-.0* /0-123(1* 1(10*.1$&% %0(4.5606 %0($%(1*
| "#3$% &'()* H+ +-1 ' )/0%* 11+1+2,
1 344+# 5/**4 6+7+1, 38)'9# +:1+67
: HI< =/0>4 +1-427 @#/%(4804A8BC(83*#B#16+7?!
D "#$% E*F8 7+ +6: 34G(4# D+1,+77
"#$5%&" &%, 'O* +,-.()* /0-123(1* %0(4.5606 %0($%(1*
! "#$% &'()* I+ +-! .)/0%* I1+11+2,
1 344# 5/**4 6+7+1, 38)'9# +:1+67
: HI< =/0>4 +1-+27  |[D#/%(4804A8B( 1+16+7!
D "#$% E*F8 7+!,+6: 34G(4# D+1,+77
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"#3%"&'("1$)*'#

It operatesover SINGLE RELATIONS
It allows giving new namesto the attributes of a

relation
The result of this operation is a relation that hasthe

same attributes asthe original one but with different
names

New Relation ! | tenaming_criterip(R€lAtION_Namg

(renaming_criteria) are in the form:
B1,B2,EBn" A1,A2E,An
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"+.-./0
"#$0&H &0 *,-() 1,012'0) 3)-2),
Jack White 11/5/61 M
Anna Green 7/9/25 F
Mary Brown 3/16/80 F
Jack Reds 9/15/73 M
NeW_Pat | | (First._Name,Family Name " Name,Surname) (Patlen)
PATIENT First Name |[Family Name | Birthdate Gender
Jack White 11/5/61 M
Anna Green 7/9/25 F
Mary Brown 3/16/80 F
Jack Reds 9/15/73 M
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345

| HS& O&(*+ " (¥, HI(-01$ 2(*, 3-J(-I* 45'
*3-865.-3-&-7-8*8

"#$68. ;$8&-.+-'+ 16.+*<* +*.& 4'5=3&>*$
6=<3*=*.&-&658,8&*=9

| :88<*)646'8>*>--)&*'68&6)84$83*G(3&9%%)3--&6@*
#- (/% 06.88*-+54$8BE+-865.8.*+*+ &5H7&-6.8&>*$
*8(3&84B 6.%'5)*+(-3 3-./(-I*8 09

| 1"#$(8*8 &>*&*'=8 A-73BS50BE53(=. &>-85"*8<5.+ &5%
C*3-&6BS(<3IBBE'67 (8. $&>*B-8&65.-35++3G
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SQL FUNCTIONS

Main SQL functions
(M#SUR' O &("*+ "(*',%#-./(-I* )

— Data definition
— Data update

— Query

The general query model
SELECT <attribute list>
FROM <table list>
WHERE <condition>
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"HS%&' &(IF++, . 10-1,2

3 I"HS%&0%* [/ ] (+1"#$%&'0%* ]
{ '#$%& ()%* [[/ ] (+1"#$%& ()%*

45%+ ) )-#()%* [/ ])#)/]
{)#°0%*  [L/]1)#)1}

[ 6"#5# I"&0.1."&]
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"#$%&'

1 Retrieve names and surnames of the male patients;
2 Retrieve all data of the patients whose surname is OBianchiO;

3 Retrieve names, surnames, and birth year of all patients.
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"#$%&'

Retrievenamesandsurname®f the malepatients

SELECT SurnameName

FROM Demographic

WHERE ( Gender="M OR Gender="m);
RESULT:
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Retrieve all data of the patients whise surname is OBianchiO;

SELECT *

FROM Demographics
WHERE ( Surname="Bianchi)
RESULT:
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Retrieve names, surnames, and birth year of all patients.
SELECT Surname, Namggear(Birth_Datg AS Year
FROM Demographics

RESULT:
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