Key Points

the components of a database system
the advantages of databases over files
types of database systems

relational databases
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Components of a Database System

database
the data — a structured collection of information

database management system (DBMS)

the system providing all the services governing access to the
data — efficient querying, integrity constraints, access control,
concurrency, backups and recovery, ...

application programs
programs that use the data via interactions with the DBMS
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Components of a Database System

database
the data — a structured collection of information

structured data is highly organized and easily searchable
fits neatly into data tables with rows and columns

conforms to a defined data model or schema which specifies the
format and types of data for each column

unstructured data lacks a defined data model or schema
does not fit neatly into data tables
e.g. text, images, videos, documents
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Advantages of Databases Over Files

centralized storage of data avoids redundancy and
inconsistency across different files

data isn’t isolated in an obscure file

self-describing

contains both data and metadata defining and describing the
data

program-data independence
refers to separation between application program and the data
application programs work with a conceptual model of the data
provided by the DBMS instead of directly with the underlying files
storing the data

allows the storage details to change without affecting the application
program
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Advantages of Databases Over Files

added value

integrity and consistency constraints are part of the database
and enforced by the DBMS

security, concurrency, transactions, backup and recovery are
provided by the DBMS

transactions refer to bundling a multi-step operation into a single unit that
either fully completes or doesn't happen at all

...though these services do incur overhead (disk space, time)
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Types of Database Systems

centralized vs distributed
centralized exists on a single server, distributed involves multiple
servers (for mirroring or different parts of the database)
distributed can be further classified as homogeneous or
heterogeneous depending on whether the same DBMS software
is used at all of the sites
heterogeneous can occur when different organizations maintain
databases that are integrated into a single package
e.g. a library catalog that includes the holdings of many different libraries
e.g. data clearinghouses
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Types of Database Systems

single-user vs multiuser

single-user systems are typically limited to personal computers
e.g. a back end for another program such as Microsoft Outlook

still useful because DBMS provides other features besides concurrency
control (efficient querying, backup and crash recovery, etc)
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Types of Database Systems

data model — relational vs other things
relational model is based on tables (with rows and columns)
most common
general purpose

object-oriented database stores objects (instance variables and
methods)
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Relational Databases

* arelational database consists
of tables

* each row in a table groups
together data values about a
particular thing

duplicate rows are not allowed
(must differ by at least one value)

order of the rows doesn't
matter

order of the columns doesn't

matter
data values are atomic
* foreign keys link tables

together

e.g. DEPARTMENT .Mgr_ssn —
EMPLOYEE. Ssn

Relational Databases

empLovee
Frame |Minit | Lname | Ssn Bdate. Address Sex | Salary | Super_ssn | Do
Jon__| B | Smin_| 123456789 | 1965-01-09 731 Fondren, Houston, TX| M_|30000 [a33445555 | 5
Frankin | T_| Wong | 333445555 | 1955-12.08 [638 Voss, Houston. TX_| M_|40000 |s8ses5555 | 5
Aicia_| )| Zoiya | 999087777 | 1968:01-19 [3321 Caste Spring, Tx_| F_|25000 [ow7e54321 | 4
Jonnifr | S| Wallco 987654321 | 194106:20 [291 Bory. Bolare, TX__| F_[43000 [ssasessss | 4
Romesh | _K_| Naayan| 606884444 | 1962.09-15 [975 Fre Ok, Humble, TX | M_|38000 [333445555 | 5
Jogee | A_| Engish | 453459453 | 1972.07:21 [5631 Rice, Houston, TX_| F_|25000 [333445555 | 5
‘Avmad | V| Jabbar | 96796797 | 1969-03:20 [980 Daas, Houston. TX_| M_|25000 [967654321 | 4
James | E | Borg | 898665555 | 1937-11-10 | 450 Stone, Houston, TX_| M_[55000 [NULL '
oEpARTENT DEPT.LOGATIONS
brm s || ram | T Do | D
Rosearch 5 | asasassss | 1seos22 | Houson
Adminstaton 4| owmesazzr | 19950101 4| sufou
Headquarers [ ovo065555 | 19810619 5| st
5| Sogwiana
5| Houston
[WoRKS_oN PROJECT
£ [ Pro [ Hows Prame | Prumber | Pocaton | Dum
12aasere0 | 1| 25 Producix 1| Botain 5
12356700 | 2 | 75 Product 2 |sugaiand | 5
oooveasss | 5 | 400 ProduciZ 3 [Housmon | 5
asaasoass | 1| w00 Conputoizaion | 10| Suftod | 4
asaasoass | 2 | w00 Reorganizaton | 20| Houston | 1
assaassss | 2 | 100 Newbonelis | 30| Sud | 4
as3aa58s | 3| 100
393445555 | 10 | 100 | DEPENDENT
assasssss | 20 | 100 e e T T
souser777_| 30 | 900 | [3saassess | e F_| 19860405 | Dwghier
999667777_| 10| 100 | [333445555 | Theodore W[ 19691025 | Son
907967067 | 10 | 350 | [ asaasssss | Joy | F_| 19580503 | Spowse
oo7907067 | 90 | 60 | |[asvesaszr | Abner W | 19420225 | Spouse
967654521 | 80 | 200 | | 129456789 | Michao! M| 19650104 | Son
og7654021 | 20 | 150 | [ 120456789 | Ao F | 19881230 | Dwghier
soacososs | 20 | NULL | | 12456780 | Elaabomn F_| 19670505 | Spouso

* notation for relational schemas

EMPLOYEE (Fname,Minit, Lname,Ssn,Bdate,
Address, Sex, Salary,Super_ssn,

Dno)
DEPARTMENT (Dname, Dnumber,Mgr_ssn,
Mgr start date)
WORKS_ON(Essn,Pno,Hours)

underline denotes the primary

key — two rows cannot have
the same values for all the
fields of the PK
* PK uniquely identifies each
row

foreign keys might be shown

with arrows or listed separately
+ DEPARTMENT.Mgr_ssn - EMPLOYEE.Ssn
+ EMPLOYEE.Super_ssn - EMPLOYEE.Ssn

* WORKS_ON.Essn - EMPLOYEE.Ssn
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[empLovee
Frame_|Mint | Lame | _Ssn Bdate Adross Sox [ Salary | Super_sen | Ono
Jom | B_| Smih | 123456789 | 19650109 |731 Fondren, Houston, TX| M_|30000 (333445555 | 5
Frankin | T _| Wong | 339446555 | 1955-12.08 [638 Voss, Houston, TX_| M_|40000 888665555 | 5
Nicia | J | zolaya | 999867777 | 1968:01-19 [3321 Caste, Spring, TX_| F_|25000 [o87654321 | 4
Jernifer | S | Wallace| 987654321 | 1941-06-20 [291 Berry, Belre, TX__| F_|43000 [88665555 | 4
Ramesh | K_| Narayan | 666884444 | 1962.00-15 |075 i Oak, Humble, X| M_|28000 |333445555 | 5
Joyce | A_| Englsh | 453453453 | 19720731 |5631 Rice, Houston, TX_| | 25000 |333445555 | 5
Avmad | V| Jabbar | 087987687 | 1969-0320 980 Dalls, Houston, TX_| M_| 25000 [987654321 | &
James | E | Borg | 888665555 | 1997-11-10 | 450 Stone, Houston, TX_| M_|55000 [NULL 1
[DEPARTMENT DEPT_LOCATIONS
b e | Cee [ Demien Drunker || Dlosier
Rescarch s 333445555 | 19880522 [ Houston
Admistaton 4 e7654321 | 19950101 * Staftord
Headquarters [ 08665555 | 19610619 5 Betare
5 Sugarand
5 Houston
[WORKS_ON PROJECT
Eson. Pro | Hous Prame | Prumber | Plocaton | Dum
12ase78y | 1| a25 ProduciX 1| Bolaie 5
N Producty. 2 | Sugerand | 5
6eo8444s | 3 | 400 ProduciZ 5 [Howon | 5
453453455 | 1 | 200 Compuerization | 10| Staford 4
s3asaas | 2 | 200 Reorganzaton | 20| Houston v
aasaassss | 2 | 100 Nowbencits 30| Suftod “
Ssaamss | o | 100
333445555 | 10 | 100 | DEPENDENT
aasasssss | 20 | 100 = Deperdoriams [[So | Bawe  [Reionsie
990887777 _| 30 [ 300 333445555 | ice F_| 19860405 | Davgher
s9see7r7r_| 10 [ 100 333445555 | Theodore M| 19831025 | Son
oeroe7er | 10 | 350 333445555 | Joy | 19560503 | Spouse
os79e7087 | 30 | 50 e7654321 | Abrer M| 19420226 | Spowse
oe7654321 | 30 | 200 123456789 | Michae! M| 19880104 | Son
owesaaat | 20 | 150 123456709 | Aico F_| 19881230 | Daughter
soseossss | 20 | NULL | | 123456780 | Eizabern | 19670505 | Spouse

© EMPLOYEE.Dno - DEPARTMENT . DnUmbe I —
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Relational Databases

* terminology

theoretical PENS

internals
relation file
tuple record
attribute field

domain is the data type for a
column

a view is a subset of rows and
columns from one or more tables

a database schema defines the
tables, columns, and constraints
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empLovee
Frame |Minit | Lname | Ssn Bdate. Address Sex |Salary | Super_ssn | Do
Jon_| B | Smin_| 123456789 | 1965-01-09 731 Fondren, Houston, TX| M_[30000 [a33445555 | 5
Franin | T_| Wong | 333445555 | 1955-12.08 [638 Voss, Houston, TX_| M_|40000 |s8ses5555 | 5
Aicia | )| zoiya | 999087777 | 1968-01-19 [3321 Gaste Spring. Tx_| F_|25000 [oe7es4321 | 4
Jonvifor | S| Walco 987654321 [ 194106:20 [291 Bory. Bolare, TX | F_|43000 [sBssessss | 4
Romesh | _K_| Naayan| 686884444 | 1962.09-15 [975 Fre Ok, Humble, TX | M_|38000 [333445555 | 5
Jogee | A_| Engish | 453453453 | 1972.07:21 |5631 Ric, Houston, TX_| F_|25000 [333445555 | 5
‘Avmad | V| Jabbar | 967967967 | 1969-03:20 980 Dalas Houston. TX_| M_|25000 [987654321 | 4
James | E | Borg | 898665555 | 1937-11-10 | 450 Stone, Houston, TX_| M_[55000 [NULL '
EpARTENT DEPT.LOCATIONS
Onamo Onumber | Mgrsen | Mor_stan cato Dnumber | Discaion
Rosearch 5 | asasassss | 1sesosz2 | Houson
Adminstaton 4| oemesazzr | 19950101 4| sutou
Headquarers [ aoscessss | 19810610 5 | Botare
5| Sopwiana
5| Housion
[WoRKs_oN PROJECT
En [ Pro [ Hom Prumber | Plocaion | Onum
12aasere0 | 1| 25 Producix | Botaio 5
12356700 | 2 | 75 Product 2 |sugaiand | 5
oooveasss | 5 | 400 ProduciZ 3 [Housmon | 5
asaasoass | 1 | w00 Conputoizaion | 10| Suftod | 4
asaasoass | 2 | w00 Reorganizaton | 20| Houston | 1
assaassss | 2 | 100 Newbonelis | 30| Sud | 4
assaassss | 3 | 100
393445555 | 10 | 100 | DEPENDENT
a%aaas585_| 20 | 100 i Dependoniams [ 5oc | Baue [ Roatonsip
souser777_| 30 | 900 | [asaassess | e F_| 19660405 | Dawghier
999667777_| 10| 100 | [333445555 | Theodore W[ 19691025 | Son
907967067 | 10 | 350 | [ a3aasssss | Joy | F | 19580503 | Spowse
907907967 | 90 | 50 | [ogmesasar | Abner W | 19420228 | Spouse
9o7654521 | 80 | 200 | | 129456789 | Michao! M| 19850104 | Son
og7654021 | 20 | 150 | [ 120456780 | Ao F | 19881230 | Dwghier
soacososs | 20 | NULL | | 120456780 | Elaabom F_| 19670505 | Spouse




