DATABASE NORMALIZATION
Normalization: process of efficiently organizing data in the
DB.

\

RELATIONS
(attributes grouped together)

Accurate representation of data, relationships and
constraints.

Goal: - Eliminate redundant data in a DB.
- Ensure data dependencies make sense.

Guidelines for ensuring that DBs are normalized — normal
forms: 1NF, 2NF, 3NF, BCNF.

NS
Normalization: series of tests on a relation to determine
whether it satisfies or violates the requirements of a normal
form.

Note: meet practical business requirements.

\2
Normalization: A technique for producing a set of relations
with desirable properties, given the data requirements of an
enterprise.

Reason for normalization: to prevent possible corruption of
DB stemming from update anomalies (insertion, deletion,
modification).



EXAMPLE :
REDUHDANCY
ANOMALIES

STAFF RELATION

SA dedress

Sl _No | SName Position | Salery| Branch_No

S John White | 19 Taylor Street, London Manager | 30000 | BS

5G3T Ann Beech | 31' George Street, Glasgow | Soar Asst | 12000 | B3

S5G14 David Ford | 63 Ashby Strest, Glasgaw Deputy L8000 | B3

SAD Mary Howe | 2 Elm Place, Aberdesn Assictant | 9000 | BT

.3.(]5 Susan Beand | 5 Gi Wesiern Road, Glasgow | Manager | 24000 | Bl

SL41 Julie Les 38 Malvern Stresr, Kilburn Assistant | 9000 | BS
BRAMCH RELATION

Branch_No | BAddress Tel_Na

B i2 Deer Roed, London | OE71-886-1212

B? 16 Argyll Street, Glasgow | 0122487125

3 163 Mk, Sucent. m:lmw 141-335-2178 Figure 6.1 _Staff and

1 ! . Branch ralafions.

STAFF_ BRANCH BELATION

Staff_Mo | SName | SAddress | Pasition | Saiary| Branch_No | BAddress - Tel_No

SL21 * |Johs White' | 15 Talor Street, London | Manager | 30000 |'BS 22 Deer Hoad, London | 0171-886-1212
5637 Ann Beach | B Gearge Street, Glasgow | Snr Aset | 12000 B3 | 163 Maln Screet, Glasgow| 0141-338-2 176
5014 | David Ford | 6 Ashby Strees, Giasgow | Depury | 18000 | B3 169 Main Street, lasgow| 0141-339-2178
SAD Mary Howe |2 Elm Place, Aberdecn Assistant | 5000 | B7 | 16 Argyll Street, Aberdeen| 0122467111
5G5S Susan Brand | 5 o Wesiern Bd, Glasgow | Manager | 24000 | B} ‘163 Main' Street, Glasgow| 0141-133-2178
SLAI Julie Lee 38 Malvern Street, Kilburn | Assistant | 9000 | BS 21 Deer Road, London | 0171-886-1212

L3 o L3 L L3
Normalization: a formal method that identifies relations

based on their primary key and the functional dependencies
among their attributes. i

Constraint between attributes.

Functional dependency: Describes the relationship between
attributes in a relation. If A and B are attributes of a

relation R, B is functionally dependent on A (den. A — B), if




each value of A in R is associated with exactly one value of B
in R.

B is functionally

dependent on A

e

Determinant: attribute or set of attributes on the left hand
side of the arrow.

Identify the candidate key for a relation: recognise the
attribute (group of attributes) that uniquely identifies each
row in a relation. All of the attributes that are not part of the
primary key (non-primary key attributes) should be
functionally dependent on the key.
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FUNCTIONAL DEFENDEMNCIES OF STAFF_BRANCH RELATION

Staff No — SHame
D' Swff_No = SAddress
| Sall_Ma - Pasition |
| Salf_No + Salasy |
S1aff_No —» HBranch_bo |
| Siaff Mo — BAddres:
.. Safl_Ne = Tel Mo
Branch_Mo == BAddress i
| Briach_MNo —+ Tel_he !
I! BAddras: — Branch MNe |
1 Tel WMo — Brznch_iea :

ALTERNATIVE FORMAT

Swif Mo — SMame, SAaddress, Positon, Salary, Sranch_Fa, BAddress,
Tel_No .

Braach_Ko -+ DAddress, Tel_Ro

BAddrass = Eranch_Ma

Tel Mo — Branch Ha

PROCESS OF NORMALIZATION

Unnormalized form (UNF): A table that contains one or
more repeating groups.

Repeating group: an attribute or group of attributes within
a table that occurs with multiple values for a single
occurrence of the nominated key attributes of that table.
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First normal form (1INF):

TABLE FORMAT IN UNF

A relation

CREATE
1ALLL

in which the

intersection of each row and column contains one and only
one value.

UNF — 1NF: remove repeating groups:

* Entering appropriate data in the empty columns of rows.

= Placing repeating data along with a copy of the original
key attribute in a separate relation. Identifying a primary
key for each of the new relations.



Method 1

UNF -> 1NF

Customer_Rental (Custnmc:_Ho, l’rnpurlz_.\fﬁ, CHume,
RentStart, RentFinish, Rent, Chwner No, OMame)

CUSTOMER_RENTAL RELATION

Paddress,

|. Custamer_No | Properiy_No | CiName | PAddress RemiStart | RentFuitsh | Rent | Qwagr_Mo | OName
| CRIS PG4 John |6 Lawrence Street, | 1-Jul-93 | 1l-Aug-85 | 350 | CO40 Tina Murphy
Kay Glasgow
| cr76 POI6 John |5 Movar Drive, | 1-Sep-95 | [-Sep-96 | 450 | Co93 Tony Shaw
i Eny Gilasgow
| CHS56 PG4 Aline & Lawrence Street, | 1-Sep-92 | 10-Jun-83 | 350 | CO<0 Tina Murphy
Siewarnt | Glasgow
!CRSS PGS Alinz 2 Manor Hoad, 10-Oct-93 | 1-Dec-94 75 | CO% I'I'n:.l'u- Shaw
| Stewarl | Glasgow i
CRS4 PGlG Aline % Maovar Drive, 1.Jan-95 | 10-Aug-95 | 450 | CO93 | Tony Shaw
| Stewart | Glasgow |
Method 2
CUSTOMER RELATION
(Cu.ﬂ'amr_ﬂa CName
1HF
CR76 John Kay
CRS4 Alins Stewart
PROP_RENTAL_OWNER RELATION
Custamer_No | Praperty _WNo | PAddress ReniStari | RentFiaish | Reat Un‘n:r_h[o‘: ONeme
s " S
CR7% PG4 6 Lawrence Street, Glasgow | =Jul-53 -Aug-23 | 330 | CO4D | Tina Murphy
CRE PGls 3 MNovar Drive, Glasgow | -Sep-83 1-Sep-96 450 053 | Tony Shaw
CR36 PG4 6 Lawrenee Street, Glasgow -Sep-52 | 10-Jun-93 | 350 | CO40 | Tina Murphy
i
CRSS PGI6 2 Manor Road, Glasgow |0-0ct=53 | 1-Dec-94 378 Co8 ‘ Tony Shaw
CRS5 PGS 3 Novar Drive, Glasgow 1-Jan-98 10-Aug95 | 450 | CO93 Tony Shaw
Customer (Customer_No, CName)
Prop_Rental_Owner (Customer_No, Property_No, PAddress, RentStart,

RentFinish, Rent, Owner _Mo, OMName)

1HF

Full functional dependency: If A and B are attributes of a

relation, B is fully functionally dependent on A if B is
functionally dependent on A, but not any proper subset of A.

A — B is partially dependent if there is some attribute that

can be removed from A and the dependency still holds.



Ex.
Staff No, SName — Branch No partial

Staff No — Branch No full

Second normal form (2NF): A relation that is in INF and
every non-primary key attribute is fully functionally
dependent on the primary key.

Note: applies to relations with composite keys (primary key
composed of two or more attributes). A relation with a single
attribute primary key is in at least 2NF.

INF — 2NF: remove partial dependencies: the functionally
dependent attributes are removed from the relation by
placing them in a new relation along with a copy of their
determinant.

CUSTOMER_RENTAL RELATION

Custorier_MNo | Properiv_No | CName | PAddress | BemiSiart | RentFinish | Bent Owner_No | OName

CR78 PG4 John | 6 Lawrence Street, | I-Jul%3 | 31-Aug-935 | 3530 |-CO40 Tina Murphy
Kay Glasgow

CRM PGL6 Jahn 5 Movar Dirive, 1-Sep-#3 | 1-SepB96 | 430 | CO% Tony Shaw

| Kay Gilasgow

CR5G PG4 Aline | 6 Lawrence Street, | 1-Sep-92 | 10-Jun-93 350 | CO40 Tina Murphy
Stowart | Glasgow

CR3s PG6G Aline 2 Manor Road, 10-0e0-93 | | -Dec-94 375 | CO93 Toay Shaw
Sewart | Glasgow

CRA6 PGLE Aline § Moavar Drive, I-Jan-95 | 10-Aug-95 |450 | COM3 Tony Shaw
Stewart | Clasgow |:

FUHCTIOHAL DEPEMDENCIES IH CUSTOMER_REMTAL RELATIOHN

Customer_No, Property_No — RentStart, RentFinish

Customer_Mo =+ CMame
Property_No — PAddress, Renl, Owner_MNo, OName

Owner_MNo - OName



Chama

Primary key _____._----"_
Cuslomar_Mo p—— Em— RentStar
Froperty_MNa i FentFinish

N SN T
B
’/ DMama
PAddress )
Transitiva
Rani

! Cwner_No | . dependency

CUSTOMER RELATION RENTAL RELATION

Cusipamer_No | CName Custamer_No | Property_No | RamtStart ReniFlnish
CR76 John Kay .| CR76 PG4 1-Jul93 | 3l-Aueg-95 oNE
Lcus.s Aline Stewart | | CR76 PGI6 {Sep-95 | 1-Sep96
. CRSE PG4 1-Sep-92 | 10-Jun-93 4
2NF CRS6 PGS 10-0ct-93 | 1-Dec94
CR36 PGIE 1-Jan95 | 10-Aug-95 |

PROPERTY_OWHNER RELATION

1 Properiy _No | PAddress Bent | Owngr_ND | oMame aHE
PG & Lawrence Street, Glasgow | 350 | CO4D Tina Murphy
PGLE % Movar Drive, Glasgow 450 | o9 Tony Shaw
PG48 2 Manor Road, Glasgaw 378 | CO93 Tony Shaw |
Customer (Customer_No, CName)
Rental (Customer .No, Property_No, RentStart, RentFinish)

Property_Owner (Property_No, PAddress, Rent, Owner_No, OName)

Transitive dependency: A condition where A, B and C are
attributes of a relation such that if A > B and B — C, then
C is transitively dependent on A via B (provided that A is
not functionally dependent on B or C).




Third normal form (3NF): A relation that is in INF and
2NF, and in which no non-primary Kkey attribute is
transitively dependent on the primary key.

2NF__—> 3NF: remove transitive dependencies: the
transitively dependent attributes are removed from the
relation by placing them in a new relation along with a copy
of their determinant.

FUNCTIONAL DEPEMDEMCIES

Customer Relation

Customer_No - CHame
Rental Relation
Customer_MNa, Property _Mo —+ RentStart, RentFinish

Property Owner Relation

Property_No - PAddress, Rent, Owner_No, OMame
Dowper_MNo — OMName  TRAMSITIVE

PROPERTY_FOR_RENT RELATION owHER RELATION .

|_Pmpm:,v Mo | PAddress Reni Clwrw_.-\-a] Orwener_MNa D.‘\':'.r_.'m | INF
r F*G-d & Lawrence Streel, Glasgow | 350 | COS0 CO0 Tina "::rnhr 'l
3 haw
P16 § Mavar Drive, Glasgow 450 | CO93 CO93 Tony |
PGlé 3 Manor Boad Glasgow 175 | CO93

Froperiy_lor_Renl {Property_No, PAddress, Reat., Owner_No)
Chwner {Crwner _MNa, OMame)

The normalization process decomposes the original relation
using a series of relation algebra projections. This result in a
nonloss (lossless) decomposition, which is reversible using
the natural join operation (primary key / foreign key
mechanism).



MORHMALIZATION DECOMPOSES THE ORIGIMAL RELATION

Cuslomer_Rental 1MF
Property _Ownar 2NF

Y Y 1
Cuslomer Rental Property _lor_FRent Cranigr ANF

“The resulting 3INF relations have the form:

Customer (Customer_No, CNams)
Renlal {Customer_No, Property_No; RentStart, RentFinish)
Property_for_Rent (Property_No, PAddress, Rent, Owner_No)
Owmer (Owner_Mo, OName)
CUSTOMER RELATION EENTAL RELATION
Cusiomer_No | CMame Cusromer_No | Properiy_No | RentSiari | RentFinish
CR76 John Kay CR74 P4 1-Jul-83 | Vi-Aug-95
CRS56 Aline Stewar CR75 PGls 1-5ep-05 | 1-Sep-95
CR55 PG4 |-Sep-92 | 10-Jun-93
CR56 PGla 100093 | 1-Drec-594
CR3& PGL6 I-Jan-85 | 10-Aug-85
PROPERTY_FOR_RENT RELATION QOWHNER RELATION
i - T -
i Property_No | PAddress Rear | Owrer_No Owner_No | OName
P 6 Lawrence Street, Clasgow | 350 | C040 CO40 Tina Murphy
PG § Movar Dirive, Glasgow 450 | CO%3 COE3 Tony Shaw
Gi6 ? Manor Road Glasgow 175 | CO8 T T

e

Boyce-Codd Normal Form (BCNF): A relation is in BCNF if
and only if every determinant is a candidate key.

Notes:

BCNEF is a stronger form of 3NF
BCNF => 3NF
3NF > BCNF



Violation of BCNF happen under specific conditions:
e A relation contains two (or more) composite candidate keys,
e which overlap and share at least one attribute in common.

Transformation to  BCNF: remove violating functional
dependencies by placing them in a new relation.

ESAMPLE

LLIENT_INTERVIEW RELATION

| i . I —
Cliemi_No Interview_Dave | Interview_Time I Staff_Ng | Room Nﬂ

CR7G [3-May-95 10,30 | 8G3 0l
CRS6 I 3-May.65 12.00 S5 Gilol
CR™ 13-May-95 12,00 5GIT Guoz
E.‘II! £6 L-Jul-55 10.30 S0 Gloz

iE 15 - 1) = |

The Client_Interview relation has the following functional dependencias:

Client_Ne, Interview_Date — Interview_Time, Staff_No, Room_Mo
Sraff_Ma, [aterview_Date, Interview Time — Client_Mo
Staff_Mo, Interview_Date - Rooam_No

INTERVIEW RELATION

Cliens_No | {ntervigw_Dive | Inferview_Time | Staff_No
CR76 13-May-95 10340 SGS
CR26 13-May-55 12,00 S0
CRT4 13-May-55 12.00 SO37
CR36 1=Jul-25 10.30 SG3

STAFF_ROOM RELATION

Sigfi_Mo | Intervipw_Dare | Roam_No

SC5 1 3-May-95 G

50G37 1 3-May-08 Gio2
505 1-Jul-95 e][ir}

Interview (Client _No, Interview_Date, [nterview_Time, Stall_Mo)
Staff_Room (Smff_Mo, Interview _Date, Room_Na)




	RELATIONS

