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Outline

 Features of Good Relational Design

 Functional Dependencies

 Decomposition Using Functional Dependencies

 Normal Forms

 Functional Dependency Theory

 Algorithms for Decomposition using Functional 
Dependencies

 Decomposition Using Multivalued Dependencies 
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Overview of Normalization
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Features of Good Relational Designs
 Suppose we combine instructor and department into in_dep, which 

represents the natural join on the relations instructor and 
department

 There is repetition of information

 Need to use null values (if we add a new department with no 
instructors) 
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A Combined Schema Without Repetition

 Not all combined schemas result in repetition of information

 Consider combining relations 

 sec_class(sec_id, building, room_number) and 

 section(course_id, sec_id, semester, year) 

into one relation

 section(course_id, sec_id, semester, year, 
building, room_number)

 No repetition in this case
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Decomposition

 The only way to avoid the repetition-of-information problem in 
the in_dep schema is to decompose it into two schemas –
instructor and department schemas.

 Not all decompositions are good.  Suppose we decompose

employee(ID, name, street, city, salary)

into

employee1 (ID, name)

employee2 (name, street, city, salary)

The problem arises when we have two employees with the same 
name

 The next slide shows how we lose information -- we cannot 
reconstruct the original employee relation -- and so, this is a 
lossy decomposition.
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A Lossy Decomposition
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Lossless Decomposition

 Let R be a relation schema and let R1 and R2 form a 
decomposition of R . That is R = R1 U R2

 We say that the decomposition is a lossless decomposition  if 
there is no loss of information by replacing  R with the two 
relation schemas R1 U R2

 Formally,

 R1
(r)      R2

(r) = r

 And,  conversely a decomposition is lossy if

r    R1
(r)      R2

(r) = r
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Example of Lossless Decomposition 

 Decomposition of R = (A, B, C)

R1 = (A, B) R2 = (B, C)
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Redundancyمشكلات 

ذخيره تكراري

 آنومالي به روز رساني)Update(
 آنومالي درج)Insert(
 آنومالي حذف)Delete(

آنومالي در عمليات درج به هريك از سه وضع زير گفته مي شود:

)كه منطقا بايد قابل انجام باشد(عدم امكان انجام يك عمل  •

بروز پيامد بد پس از انجام يك عمل •

بروز فزونكاري در سيستم در انجام يك عمل •
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)Normal Form(صورتهاي نرمال 

•1NF

•2NF

•3NF

•BCNF

•4NF

•5NF

•DKNF

•RUNF
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وابستگي تابعي
Functional Dependency

RAB

RBA

RA

B

AB

AB

BA



1.13 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

)نامهم(وابستگي تابعي بديهي 
Trivial FD

)…,3c,2c,1cR(

}2c,1cA={}1cB = {

BA
AB BA

BA
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قواعد استنتاج آرمسترانگ

ABCDR

.1

.2

.3

.4

.5

.6

.7

.8

AB BA

BA

BA

BA

BA

BA

BA

CA

CA

CB 

BA

CA

),(),( CBCA 

),( CBA

),( CBA

DC ),(),( DBCA 

DBC ),(DCA ),(

),()( DBBCA  DC 
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 Reflexivity ( )

 Transitivity ( )

 Augmentation ( )

 Decomposition ( )

 Union ( )
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مجموعه كاهش ناپذير وابستگي هاي تابعي

RF

.1F

.2FDF

.3FDF
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Functional Dependencies

Dependencies for 
this relation:

A  B

A  D

B,C  E,F

Do they all hold 
in this instance of 

the relation R?

R A B C D E F 
 a1 b1 c1 d1 e1 f1 
 a1 b1 c2 d1 e2 f3 
 a2 b1 c2 d3 e2 f3 
 a3 b2 c3 d4 e3 f2 
 a2 b1 c3 d3 e4 f4 
 a4 b1 c1 d5 e1 f1 

 

 

• Functional dependencies are specified by the database 
programmer based on the intended meaning of the 
attributes.
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)كامل(وابستگي تابعي تام 

XYRY

X

YX

X

YX 



1.19 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

Normal Forms
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1NFرابطه 

1NF

1NF
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2NFرابطه 

2NF1NF

A(C.K.) CB
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2NFرابطه 

ي آمده در تعريف بيان شده براي رابطه داراي كليد تركيب
 2NFد حتما حالتي كه رابطه ما كليد تركيبي نداشته باش

است
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2NFبه   1NFتبديل 

StudentId CourseId Dept Grade

12 CS101 IE B-

12 CS102 IE C+

12 IE201 IE C-

7 CS102 CS A

7 CS352 CS D

StudentId CourseId Grade

12 CS101 B-

12 CS102 C+

12 IE201 C-

7 CS102 A

7 CS352 D

StudentId Dept

12 IE

7 CS
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3NFرابطه 

3NF2NF

B

C

A(C.K.)
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3NF

StudentId S_Name Dept DeptID

12 Ali IE 1

13 Reza IE 1

14 Behrooz IE 1

7 Reza CS 2

8 Zahra CS 2

StudentId S_Name DeptID

12 Ali 1

13 Reza 1

14 Behrooz 1

7 Reza 2

8 Zahra 2

DeptID Dept

1 IE

2 CS

DeptID  Dept



1.26 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

كاد-صورت نرمال بايس
Boyce-Codd Normal Form

RBCNF

  where   R and   R

    (  )

  )super key (R
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كاد-صورت نرمال بايس
Boyce-Codd Normal Form

BCNF3NF

A(C.K.)
CBD
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3NFرابطه 

R3NF

  where   R and   R

    (  )

  )super key (R

    - 
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3NFكاد و -تفاوت صورت نرمال بايس

BCNF

3NF

A(C.K.)
CBD

A(C.K.)
CBD
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كاد-صورت نرمال بايس

BCNF

FD
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كاد-صورت نرمال بايس
Boyce-Codd Normal Form

RBCNF

BCNF   R   R

BCNF

) U  (

( R - (  -  ) )

* *
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Boyce-Codd Normal Form

 A relation schema R is in BCNF with respect to a set F of 
functional  dependencies if for all functional dependencies in F+

of the form 

  
where   R and   R, at least one of the following holds:

    is trivial (i.e.,   )

  is a superkey for R
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Boyce-Codd Normal Form (Cont.)

 Example schema  that is not in BCNF:

in_dep (ID, name, salary, dept_name, building, budget )

because :

 dept_name building, budget  

holds on in_dep

but 

 dept_name is not a superkey

 When decompose  in_dept  into instructor and department 

 instructor is in BCNF

 department is in BCNF
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Decomposing a Schema into BCNF

 Let  R be a schema R  that is not in BCNF.  Let   be the 
FD that causes a violation of BCNF.

 We decompose R into:

• ( U  )

• ( R - (  -  ) )

 In our example of in_dep, 

  = dept_name

  = building, budget

and in_dep is replaced by

 ( U  ) = ( dept_name, building, budget )

 ( R - (  -  ) ) = ( ID, name, dept_name, salary )
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Example

 R = (A, B, C)
F = {A  B, B  C)

 R1 = (A, B),   R2 = (B, C)

 Lossless-join decomposition:

R1   R2 = {B} and B  BC

 Dependency preserving

 R1 = (A, B),   R2 = (A, C)

 Lossless-join decomposition:

R1   R2 = {A} and A  AB

 Not dependency preserving 
(cannot check B  C without computing R1 R2)
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Third Normal Form

 A relation schema R is in third normal form (3NF) if for all:

   in F+

at least one of the following holds:

    is trivial (i.e.,   )

  is a superkey for R

 Each attribute A in  –  is contained in a candidate key for 
R.

(NOTE: each attribute may be in a different candidate key)

 If a relation is in BCNF it is in 3NF (since in BCNF one of the 
first two conditions above must hold).

 Third condition is a minimal relaxation of BCNF to ensure 
dependency preservation (will see why later).
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3NF Example

 Consider a schema:

dept_advisor(s_ID, i_ID, dept_name)

 With function dependencies:

i_ID  dept_name

s_ID, dept_name  i_ID

 Two candidate keys =  {s_ID, dept_name}, {s_ID, i_ID }

 We have seen before that dept_advisor is not in BCNF

 R,  however, is in  3NF

 s_ID, dept_name is a superkey

 i_ID  dept_name and i_ID is NOT a superkey, but:

 { dept_name} – {i_ID }  = {dept_name } and

dept_name is contained in a  candidate key
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Redundancy in 3NF

Consider  the schema R below,  which is in 3NF 

 What is wrong with the table?

• R = (J, K, L )

• F = {JK  L, L  K }

• And an instance table:

• Repetition of information
• Need to use null values (e.g., to represent the relationship l2, k2

where there is no corresponding value for J)
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Comparison of BCNF and 3NF

 Advantages to 3NF over BCNF.  It is always possible to obtain a 
3NF design without sacrificing losslessness or dependency 
preservation. 

 Disadvantages to 3NF. 

 We may have to use null values to represent some of the 
possible meaningful relationships among data items.

 There is the problem of repetition of information.
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 It is better to decompose inst_info into:

 inst_child:

 inst_phone:

 This suggests the need for higher normal forms, such as 
Fourth Normal Form (4NF), which we shall see later

Higher Normal Forms 
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Multivalued Dependencies
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وابستگي تابعي چندمقداري
Multi Valued Dependency

R(X,Y,Z)X

YZYX

XY

YX 
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وابستگي تابعي چندمقداري

RYX

Y

(X,Z)RX

Z
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BCNF  4است وليNF نيست

يزبان برنامه نويس استاد درس
Java احمدي رفتهبرنامه نويسي پيش
C++ احمدي رفتهبرنامه نويسي پيش
Java يسليمان رفتهبرنامه نويسي پيش
C++ يسليمان رفتهبرنامه نويسي پيش
Java احمدي يمباني برنامه نويس

C احمدي يمباني برنامه نويس
Pascal احمدي يمباني برنامه نويس
Java اديب يمباني برنامه نويس

C اديب يمباني برنامه نويس
Pascal اديب يمباني برنامه نويس



1.45 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

معادل اسلايد قبلي 4NFجداول 

استاد درس

احمدي رفتهبرنامه نويسي پيش

يسليمان رفتهبرنامه نويسي پيش

احمدي يمباني برنامه نويس

اديب يمباني برنامه نويس

يزبان برنامه نويس درس

Java رفتهبرنامه نويسي پيش

C++ رفتهبرنامه نويسي پيش

Java يمباني برنامه نويس

C يمباني برنامه نويس

Pascal يمباني برنامه نويس
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4NFرابطه 

4NFBCNF



1.47 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

Multivalued Dependencies (MVDs)

 Suppose we record names of children, and phone numbers for 
instructors:

 inst_child(ID, child_name)

 inst_phone(ID, phone_number)

 If we were to combine these schemas to get

 inst_info(ID, child_name, phone_number)

 Example data:
(99999, David, 512-555-1234)
(99999, David, 512-555-4321)
(99999, William, 512-555-1234)
(99999, William, 512-555-4321)

 This relation is in BCNF

 Why?
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Multivalued Dependencies

 Let R be a relation schema and let   R and   R. The 
multivalued dependency 

  

holds on R if in any legal relation r(R), for all pairs for tuples 
t1 and t2 in r such that t1[] = t2 [], there exist tuples t3 and t4

in r such that: 

t1[] = t2 [] = t3 [] = t4 [] 
t3[]         =  t1 [] 
t3[R  – ] =  t2[R  – ] 
t4 []         =  t2[] 
t4[R  – ] =  t1[R  – ] 
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MVD -- Tabular representation 

 Tabular representation of   
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MVD (Cont.)

 Let R be a relation schema with a set of attributes that are 
partitioned into 3 nonempty subsets.

Y, Z, W

 We say that Y  Z (Y multidetermines Z )
if and only if for all possible relations r (R )

< y1, z1, w1 >  r and < y1, z2, w2 >  r

then

< y1, z1, w2 >  r and < y1, z2, w1 >  r

 Note that since the behavior of Z and W are identical it follows 
that 

Y  Z if Y  W 
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Example

 In our example:

ID  child_name
ID  phone_number

 The above formal definition is supposed to formalize the notion 
that given a particular value of Y (ID) it has associated with it a 
set of values of Z (child_name) and a set of values of W 
(phone_number), and these two sets are in some sense 
independent of each other.

 Note: 

 If Y  Z then  Y  Z

 Indeed we have (in above notation) Z1 = Z2

The claim follows.
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Use of Multivalued Dependencies

 We use multivalued dependencies in two ways: 

1. To test relations to determine whether they are legal under a 
given set of functional and multivalued dependencies

2. To specify constraints on the set of legal relations.  We shall 
concern ourselves only with relations that satisfy a given set of 
functional and multivalued dependencies.

 If a relation r fails to satisfy a given multivalued dependency, we 
can construct a relations r that does satisfy the multivalued 
dependency by adding tuples to r. 
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Theory of MVDs
 From the definition of multivalued dependency, we can derive the 

following rule:

 If   , then   

That is, every functional dependency is also a multivalued 
dependency

 The closure D+ of D is the set of all functional and multivalued 
dependencies logically implied by D. 

 We can compute D+ from D, using the formal definitions of 
functional dependencies and multivalued dependencies.

 We can manage with such reasoning for very simple 
multivalued dependencies, which seem to be most common in 
practice

 For complex dependencies, it is better to reason about sets of 
dependencies using a system of inference rules (Appendix C).



1.54 – ١٣٩٨Database System Concepts -ترجمه و تغيير توسط مهدي عمادي  7th Edition

Fourth Normal Form

 A relation schema R is in 4NF with respect to a set D of functional 
and multivalued dependencies if for all multivalued dependencies 
in D+ of the form   , where   R and   R, at least one of 
the following hold:

    is trivial (i.e.,    or    = R)

  is a superkey for schema R

 If a relation is in 4NF it is in BCNF
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Restriction of Multivalued Dependencies

 The restriction of  D to Ri is the set Di consisting of

 All functional dependencies in D+ that include only attributes of Ri

 All multivalued dependencies of the form

  (  Ri)

where   Ri and     is in D+
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4NF Decomposition Algorithm

result: = {R};
done := false;
compute D+;
Let Di denote the restriction of D+ to Ri

while (not done) 
if (there is a schema Ri in result that is not in 4NF) then

begin

let    be a nontrivial multivalued dependency that holds
on Ri such that   Ri  is not in Di, and ; 

result :=  (result - Ri)  (Ri - )   (, ); 
end

else done:= true;

Note: each Ri is in 4NF, and decomposition is lossless-join
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Example

 R =(A, B, C, G, H, I)

F ={ A  B

B  HI

CG  H }

 R is not in 4NF since A  B and A is not a superkey for R

 Decomposition

a) R1 = (A, B) (R1 is in 4NF)

b) R2 = (A, C, G, H, I)  (R2 is not in 4NF, decompose into R3 and R4)

c) R3 = (C, G, H) (R3 is in 4NF)

d) R4 = (A, C, G, I)  (R4 is not in 4NF, decompose into R5 and R6)

 A  B and B  HI  A  HI, (MVD transitivity), and

 and hence A  I (MVD restriction to R4)

e) R5 = (A, I)  (R5 is in 4NF)

f)R6 = (A, C, G)  (R6 is in  4NF)
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•
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•

•
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مرور صورت هاي نرمال

1NF

2NF
3NF

BCNF

PD TD PD2

4NF
5NF

MVD JD
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مشكلات تجزيه

A B C
1 2 3
4 5 6
7 2 8
1 2 8
7 2 3

A B C
1 2 3
4 5 6
7 2 8

A B
1 2
4 5
7 2

B C
2 3
5 6
2 8
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Employee Skill | Language

Employee Skill Language
ali Cook Turkish

Ali Cook French

Ali Cook English

ali Driver Turkish

ali Driver French

ali Driver English
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Converting TempStaffAllocation 
table to 2NF
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StaffBranch table is not in 3NF
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Converting the StaffBranch table to 3NF
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Normalization
BCNF to 4NF Relations
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