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Guideline 1. Design a relation schema so that it is easy to 
explain its meaning. Do not combine attributes from multiple 
entity types and relationship types into a single relation.

Database Design

• Grouping of attributes to form good relation schemas

• Two levels of relational schema
-

logical /conceptual level
-

storage / implementation level

° Bottom-up design , top-down design

Informal Guidelines

•

Quality of relational schema

1. Semantics of attributes are clear

2. Reducing redundant information in tuples
3. Reducing NULL values in tuples
4. Disallow possibility of generating spurious tuples

1. Semantics of attributes are clear

2. Reducing redundant information in tuples

•

storing joins leads to update anomalies

(a) Insertion anomalies

(b) Deletion anomalies

(c) Modification anomalies
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Guideline 2. Design the base relation schemas so that no 
insertion, deletion, or modification anomalies are present in the 
relations. If any anomalies are present, note them clearly and 
make sure that the programs that update the database will 
operate correctly.

Guideline 3. As far as possible, avoid placing attributes in a 
base relation whose values may frequently be NULL. If NULLs 
are unavoidable, make sure that they apply in exceptional 
cases only and do not apply to a majority of tuples in the 
relation.

3. Reducing NULL values in tuples
• Fat relations : when many attributes grouped together

° If many of the attributes do not apply to all the tuples,
there will be many NULL values

• Null ratio threshold leg : 15%7
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Guideline 4. Design relation schemas so that they can be 
joined with equality conditions on attributes that are 
appropriately related (primary key, foreign key) pairs in a way 
that guarantees that no spurious tuples are generated. Avoid 
relations that contain matching attributes that are not (foreign 
key, primary key) combinations because joining on such 
attributes may produce spurious tuples.

4. Disallow possibility of generating spurious tuples

• If natural join → spurious tuples : lossy join
° Else : lossless join
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Formal Guidelines

• Functional dependencies CFDS) specify formal measures of the

goodness of relational designs
•

keys are used to define normal forms for the relations

• Constraints derived from meaning and interrelationships of

data attributes

• Set of attributes ✗ functionally determines set of attributes

Y if the value of ✗ determines a unique value for Y

✗ → Y ⇒ y → ✗

Eg : In employee table

→
Ssn → ename

if ✗ is
CK
,
✗→ R

Candidate key)

• Schema designer gives functional dependencies (domain

knowledge , data from DB)

f- = { FD, , FDZ , . . . , FDN}
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Functional Dependencies in company DB

(1) Project relation

pnumber → p name

(2) Employee

Ssn → f-name

(3) works -on

Ssn
, pnumber → hours

FDS May Exist

B→c may exist
c→B may exist
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FDS Depicted in schema

✗ → y : ✗ is LHS
,

Y is RHS

normal Forms

• Prime attribute : member of candidate keys

FIRST NORMAL FORM

• Domain attributes must be atomic
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° Disallow composite , multivalued attributes

- Disallow nested relations

• Best solution : separate table DEPT- LOCATIONS with no redundancy

© vibha’s notes 2021



SECOND NORMAL FORM

• Full functional dependency

y → 2

[Y - AT -42

•

Eg :
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•

Every nonprime attribute A in R is fully functionally
dependent on Pk of R

2nF

devery member of PK
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THIRD NORMAL FORM

• No transitive dependencies unless Az is a candidate

key
A
,
→ Az and Az→ As

A
,
→ A 3

•

Eg : SSN → DMGRSSN is transitive

convert

&
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3nF
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BOYCE - CODD NORMAL FORM

• stricter than 3nF

BCNF

Non -Trivial FD : if ✗ → Y is an FD and X E Y ,
it is a

trivial FD .
Else

,
non- trivial FD
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Properties of BCNF Normalised Relations

1. Non additive join / lossless join property
-

no spurious tuples upon joining decomposed relations

- critical

2. Dependency preservation property
- each FD represented in some individual relation resulting
after decomposition

- desirable but sometimes sacrificed

Eg : Relation in 3nF and not in BCNF

G-prime att

Testing Binary Decompositions for lossless Join cmon - Additive Join) Property
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3 Possible Decompositions for TEACH

Ri n R2 : student

RI n R2 : course

RI n R2 : Instructor

1. Student → Instructor ✗

student → Course ✗

2. Course → student ✗

course → Instructor ✗

3. Instructor → Student

Instructor→ course I } goodcomposition

• All 3 lose {student
,
course } → instructor

Achieving BCNF

d) R- A

in ✗ VA
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In prev eg, FD that violated BCNF :

instructor → course

BCNF decomposition

d) student
,
instructor and instructor

,
course

MULTIVALUED DEPENDENCY

• ✗ → Y
,
r on R and two tuples t , and tz exist in r

. If t
,
[✗ I = tzcx] ,

then two tuples tz and ty must also
exist in r such that (we use 2 = CR - CXUY))

1. tz [✗7 = tycx] = t , [✗I = tz[✗ ]
Note : t

, , tz ,

2. tzcy ] = t.LY ] and tyCY7=tzCY] t
} , tie may
not be distinct

3. tz (2) = tzcz] and ty [27 = t
, [2]

• An MVD ✗→ Y is called trivial if

(a) Y C- ✗ or

(b) ✗ UY=R

• ✗ → y : ✗ multidetermines Y

• ✗ → Y ⇒ ✗ → 2 and is also written as ✗ → ✗12

&
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MVD

②

③
④

00

0 -
-

→
Ename → Pname

-
→ trivial is trivial

(a) Ename → Pname

✗ = Ename

✗ =Pname

2= R- CXUY ) =Dname
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Let t
,

-

- ① , ta
-

- ② , t, = ③ , t¢=④

d) tzCX3=t¢CXT=t , G) = tzcx] ✓

in tzcy ] = t, CY ] and tyCYJ-tr.LY ] ✓

Ciii) tz[23 = tzcz] and t.CZ] = tycz]
✓

FOURTH NORMAL FORM

• Relations containing MVD tend to be all- key relations

• Points
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FIFTH NORMAL FORM

Join Dependency

• MVD is a special case of a JD where n=2

• Trivial JD : if one of the schemas Ri in JDCR, , Rz , . . . > Rn)

is equal to R
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Inference Rules

Armstrong's Axioms

Proofs

Additional Rules
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CLOSURE of F

CLOSURE of ✗

Algorithm to calculate ✗
+
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CLASS (Classid, Course#, Instr_name, Credit_hrs, Text, 
Publisher, Classroom, Capacity).

Example

schema

BABAS
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Equivalence of sets of FDS

• 2 sets of FDS are equivalent if

- G covers F (every FD in F can be inferred from G)
- F covers G Cevery FD in ↳ can be inferred from F)
-

.

'

. if f-+ = Gt

Q : RCA
,
C
, D , E , H)

f- = { A→ C
,
AC→ D

,
E → AD

,
E-→ H }

↳ = { A→ CD
,

E-→ AH}

Are F Ee G equivalent?

F covers G

1- Using G , compute At and Et

2. Using F , compute At and Et

1. At -_ { ACD}

Et = {EAHCD}

2. At __ {ACD}

E- + = { EADHC}
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G covers F

1. Using F , compute At
,
Act

,

Et

2. Using G , compute At
,
Act

,
Et

i. At = { ACD}

Act :{ ACD}

Et = { EADHC}

2. At = { ACD}

Act = { ACD]

Et = { EAHCD}

i. f-
+
= Gt and 1=64 are equivalent
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Algorithm to Determine key of a Relation

Procedure to Find the candidate key for the relation R
and FD set F

1. Find attributes that are neither on the LHS nor on the

RHS of any FD

2. Find the attributes that are only on the RHS of the FDS

3. Find the attributes that are only on the LHS of the FDS

4. Combine attributes from ① 4 ③ and test for closure.

If closure gives all attributes
,
① 630 combined is CK

5. Else
,
combine attributes not in ② Ee ones in ④ to get different

combinations of Cks and test for closure
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Q: RCA
,
B
,
C
,
D
,
E)

f- = { AB→ CD, E → A ,
D→ A }

Identify CK

i. ¢

2. Only in RHS = { c}

3. Only in LHS = { BE}

4. ① Ee③ = {BE}

BE
-1
= { BEACD} → all attributes

cK= BE

Q: RCA ,B,C , D , E)

F = { A→ B, BC→ E , ED→ A }

Find CK

to

2. Only RHS = ¢

3. Only LHS = { CD}

4. ① 930 = { CD}

CD
-1
-

- { CD} → not a key
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5. Combine not in ② a ④

try ACD
+
= { ACDBE}

} all 3 are

BCD
-1
= { BCDEA} cks

ECD -1 = {ECDAB}

Q: RCA,B > C , D, E , F ,G)

f- = { AB→ F
,
AD → E

,
f-→ G }

Identify CK

1. {c}

2. Only RHS
= (GE}

3. Only LHS = {ABD}

4. ① 430 = { ABCD}

ABCD
-1
= {ABCDFEG} → all attr

i. Ck = ABCD
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1. Every dependency in F has a single attribute for 
its right-hand side.

2. We cannot replace any dependency X → A in F with a 
dependency Y → A, where Y is a proper subset of X, 
and still have a set of dependencies that is 
equivalent to F.

3. We cannot remove any dependency from F and still 
have a set of dependencies that is equivalent to F.

minimal cover of F
• Extraneous attributes

• Conditions for minimal form
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Algorithm (Irreducible Equivalent)

Q : E-- { B.→ A
,

☐→ A
,
AB→D}

1- Already canonical

2. Does AB→D have extraneous attr?

B→ A ⇒ B → AB and AB → D ⇒ B→D

i. AB → D can be replaced with B → D
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E- { B→ A
,
D → A

,
B → D}

Q: Find minimal cover of G

G :{ A→ BCDE
,
↳→ E}

1 . G :{ A → B , A→ C
,
A → D

,
A → E
,

CD → E }

2. for CD → E

A→ CD and CD → E

A-→ E is redundant

G : { A → BCD
,
CD→ E}

DESIGNING A SET OF RELATIONS

Goals

1. Lossless join property- must
2. Dependency preservation property
3. Additional Normal Forms
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Properties of Relational Decomposition

1. Relational Decomposition and Insufficiency of Normal Forms

1.1 Universal Relation schema

• Relation schema R = { Ai , Az , . . . > An } that includes all

attributes of the DB

1.2 Universal Relation Assumption

• Every attribute name is unique

1.3 Decomposition

• Decomposing universal relation schema R into a set of

relation schemas D= {RI , R2 , . . . ,Rm}

• D= relational DB schema = decomposition of R

1-4 Attribute Preservation condition

• Each attribute R appears in at least one relation schema

Ri in the decomposition D of R

• No attributes left out

M

U Ri =R. Formally '
i=l

• Every relation Ri follows 3nF or BCNF
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2. Dependency Preservation Property of Decomposition

3. Non - Additive or Lossless Join Property
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Testing for Lossless Join Property in n-ary Decomposition
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5. Successive Non- Additive Join Decomposition

ALGORITHMS FOR RELATIONAL DATABASE SCHEMA DESIGN

1. Relational synthesis into 3nF
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Eg 1 :
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Q : consider relation VIP
,
C
,
L
,
A}

FDI :P→ { L
,
C
,
A }

1=132 : LC→ { A
,
P}

FD3 : A → {c}

2. Relational Decomposition into BCNF
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Q : Given relational schema RCPQRSTUV) having
f-D= { P→Q

,
QR→ ST

,
PTU →v }

d) Determine CORY

di> Determine CPR)+

Ciii) Identify a key

is QR+= QRST

in pR+= PROST
check incoming edge)

Liii) Step 1 : 0

Step 2 : only RHS = SV

step 3 : only LHS = PRU

step 4 : 361 = PRU

PRU
-1
-

- PRQSTUV

Q: Given RCPQRST)

FD - { p → QR , Rs → T , a→ s , 1-
→ p }

d) Tt

is 1-
+
= TPQRS
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Q : Given RCPQRST) and F-D= lPQ→R
,
S -7T}

.
Determine

whether R is in ZNF
.
If not

,
convert to 2nF

.

P Q R S T

w Lt

past = PQSRT → key

Prime attributes : PQS

Non-prime attr : RT

R is dependent on PQ Cpartial hey)
1- is dependent on s partial key)

Decompose
RICPQR)

RZCST)

R3 CPQS)

Q : RCPQRSTUVWXY)
,

f- D= { Pa →R
,
Ps → VW

,
as→TO

,
P→x

,
w→ y }

Identify if R in ZNF .
If not

,
convert

⑥④R ⑤Tv V w ✗ Y

w
I
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past = PQSRVWTUXY
-

- PQRSTUVWXY

pas → key

• Violation of partial dependency

pa→R

ps → vw

as → tu
p → ✗

• Decomposition

RICPQR)
RZCPSVW)

R3C QSTU )

R4( PX)
R5 (WY )

RGCPQS)

Q : RCABCDE) f-D= { A → B
,
B→E

,
C→ D} - 2nF?

④ B ⑥ D E

un

-

un

Act = ACBED → key
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FDS violating

A-→ B

c→D

Decomposition
RICA ,B)
RZCC > D)
R3 (A)C)
R4 ( B.E)

D: RCABCDEFGH)

FD={ AB -7C , A- → DE
,
B→F

,
f- → ↳ H}

Which NF ?

⑦⑤ CD EFG H

11-9
-9-9
II

her

AB+= ABCDEFGH

( i> BCNF : ✗→ A ,
N : hey

no
-

.

'

A-→ DE Ee B → F
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④ 3nF : a) N→ key
b) A → prime att

no
-

.

' A → DE Ee B →

ricin
2nF : non-prime partial dependence key

no : partial dependence on key A-→ DE

B→F

i. INF

Q : RCABCDE)

f-D= { CE → D
,
D → B

,
(→ A }

AB ② DEO
us

←
cEt= CEDBA

prime : CE

non : ABD

fails 2nF ⇒ INF
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Q : RCABCDEF)

f-D= { AB -7C
,
DC →AE

,
E-→ f }

A-⑤CODE F
us

#

u

BD+= BD

ABDt= ABDCEF →

}
2 possible
keys

CBD
-1
-
- CBDAEF →

EBD+= EBDF ✗

FBD-1 = FBD ✗

AB → C : partial → violates 2nF

D: RLABCDEFGHI)

AB -7C
,
BD→ EF

,
AD → GH

,
A → I

④⑨ CODE FG HI
we

were

___
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•
ABÑ = ABDCEFGHI → key

prime : ABD
non : CEFGHI

partial dep → violates 2nF

i. in INF

Q: RCABCDE)

AB → CD
,
D → A , Bc→ DE

A④ C D E

"

¥r
13-1--13

AB
+
= ABCDE

} AB , CB, DBCbt = CBDEA keys

DB+= DBACE

EBT = EB
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d) BCNF : D -7A fails

ii) 3nF :

yes

Q: RCABCDE)

Bc→ ADE
,

D→ B

A B ④ D E

1^11-5

€

Ct =C → no

Bet = BLADE
→ key

Dct = DCBAE }
d) BCNF

no ,
fails D → B

di> 3nF

yes
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All key Relations

° All attrs are keys

• Always BCNF

•

Eg : RCA ,B , c) , f-D= { A → B
,
B -7C

,
[→ A }

keys = A , B , C

BCNF - 2 Attribute Relations

• RCA ,B) has only 2 possible FDS : A → B and B → A

- Always in BCNF

Q : RCVWXYZ)

✗→ YV, ✗→ 2 , z→Y ,
vw→ ✗

tow:*
I wt=W

x
11-9

vwt= vwxyz } keys✗W
-1
: XWYVZ

ywt = YWZ
zwt = ZWY
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prime : VWX hey :Vw,xw
non : Yz

d) BCNF : fails

④ 3nF : fails ✗→ YV

in 2nF : fails ✗ → YV

Ciii INF : passes

Q : RCABCDEF)

(→ F
,

E-→ A
,
El → D

,
A → B

AB⑥ D ④ F
-

ruler
Ect __ ECDABF key

i. INF ( (→ F
, E -7A violates 2nF)
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Q : RCABCDEFGH)

CH→ G
,
A -713C

,
B → CFH

, E-→ A
,
f-→ EG

Ld da d
ABC ⑤ E f GH

w

her

whet ☐
+
=D

É

IT

DA+= ABCFHGED

} keys
DB+= DBCFHGEA

DE
-1
= DEABCFHG

DF+= DFEABCHG

DH -1 : DH ✗ → should continue finding keys

prime : ABEFD
non : CGH

d) not BCNF CCH-747

di) not 3nF (CH-767

iii) not 2nF ( A → Bc)

.
: INF
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Q : RLABCD?

A -713
,
B→c

,
C. → BD

④ BC D

w

w

ar

At -_ ABCD

.

'
. 2nF

Q : RCABCDEF)

AB→cD
,
CD → EF

,
BC → DEF

,
☐→ C

, CE → F

④BOC DEF

11-1^9

III.

w

11-9

ABT -- ABCDEF → key

prime : AB non - prime :(DEF
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i > BCNF → fails

CD→ EF

di> 3nF → fails

CD→ EF

Liii> 2nF → fails

BC→ DEF

i. INF

Q: check equivalency of F and G on R

RCABC)

F- { A→B
,
B→ C
,
C→ A }

C) = { A → BC , B.→ A , (→ A}

F covers G

A+
,
B+

,
Ct on F

At = ABC

Bt = BCA

ct = CAB
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A+
,
B+
,
Ct on G

At -- ABC

B+ -- BAC

C+ -
- CAB

i. F covers G ⇒ FZG

G covers F

same LHS

i. G covers F

i. F and G are equivalent

Q : RCVWXYZ)

F- { w → × , WX → Y , 2 → WY , z→ v3

↳ =L w→xY
,
2 →WX }
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F covers G G covers F

w -1,2-1 on G wt
,
Wi

,
2-1 on F

wt = WXY Wt = WXY
W✗+=w×y

2-1=2WXY zt = ZWYVX

W -1,2-1 on F wt
, WX-1,2-1 on G

wt __ WXY Wt -- WXY
wxt = WXY

zt= ZWYVX zt = zwxy

FIG G FF

.
: F and G are not equivalent

Q: Find minimal cover of f-D= { A-3C , AB-3C , C.→ DI ,

CD →I
,
Ec→ AB , EI→ c}

1) Canonical

A-7C
, AB -3C, c→D,c→I , CD→ I ,

Ec→A
,
Ec→B

,
EI → c
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2) Extraneous attr

closures of attributes

d) At = ACDI

di) 13-1--13

iii> Ct -- CDI

Civ) ☐
+
=D

4) E-
+
= E

Cri) It -_ I

←
A→c already

←
(→ I already

A-→ C
, AB_→c , (→ D , C→I>CD ,

ECA , cB , EI→c_T "
reqrequired required

i. F' =/ A-7C , c→D,c→I , Ec→A , Ec→B , EI → c}

Ciii) Redundant FDS

F' =/ A-7C , c→D,c→I , Ec→A , Ec→B , EI→_C}
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M

F =/ A-7C , c→D,c→I , Ec→A , Ec→B }

CURSOR

• can be used inside procedure, function

•

Binary
• Insensitive

• Scroll

• DECLARE

• Read syntax for ISA
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