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Outline 

!! !"#$%&'()"*+,-'./01./2'
!! 3456'"6$7*&-'./21./89'

:');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Schema Refinements = Normal Forms 

!! 0#('B*+C@5'D*+C'E'@55'(@F5"#'@+"'G@('
!! H:&6'B*+C@5'D*+C'E'*F#*5"("I'
!! J*,?"'K*66'B*+C@5'D*+C'E'C@$&'L*?A#'
!! .+6'B*+C@5'D*+C'E'#""'F**M'L*+'C*+"'6"(@$5#'

.');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''
x 



First Normal Form (1NF) 

!! N'6@(@F@#"'#?)"C@'$#'$&'!"#$%&'(#)*+&!(#)&$L'@55'(@F5"#'
@+"'G@('

2');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

B@C"' OPN' K*A+#"'

N5$?"' ./Q'

J*F' ./R'

K@+*5' ./S'

T@()'

!J'

4U'

!J'

4U'

T@()'

4U'

!"#$%&"'
B@C"' OPN'

N5$?"' ./Q'

J*F' ./R'

K@+*5' ./S'

!"#$%&"'

K*A+#"'

T@()'

!J'

4U'

U(A6"&(' K*A+#"'

N5$?"' T@()'

K@+*5' T@()'

N5$?"' !J'

J*F' !J'

N5$?"' 4U'

K@+*5' 4U'

()*%+' ,-#.+%'

T@,'&""6'(*'
@66'M",#'



Conceptual Schema Design 

V'

!*?(*+'<@7"&(W*L'P@7"&('

&@C"'

X$<' &@C"' 6&*'

K*&?"<(A@5'T*6"5-'

Y"5@7*&@5'T*6"5-'
<5A#'D!Z#'
HD!'E'DA&?7*&@5'!"<"&6"&?,I'

B*+C@5$X@7*&-'
[5$C$&@("#'@&*C@5$"#'



Data Anomalies 

8');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

!! \)"&'@'6@(@F@#"'$#'<**+5,'6"#$%&"6'>"'%"('@&*C@5$"#-'
!! ,-./0.*012-'6@(@'$#'+"<"@("6'
!! 34.*%-'@&*C@5$"#-'&""6'(*'?)@&%"'$&'#"]"+@5'<5@?"#'
!! 5-+-%-'@&*C@5$"#-'C@,'5*#"'6@(@'>)"&'>"'6*&Z('>@&('



Relational Schema Design 

R');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

Y"?@55'#"('@;+$FA("#'H<"+#*&#'>$()'#"]"+@5'<)*&"#I-'

B@C"' UUB' P)*&"BACF"+' K$(,'
D+"6' 0:.12V18RQS' :^81VVV10:.2' U"@;5"'
D+"6' 0:.12V18RQS' :^81VVV18V2.' U"@;5"'
_*"' SQR18V12.:0' S^Q1VVV1:0:0' \"#`$"56'

4&"'<"+#*&'C@,')@]"'CA57<5"'<)*&"#a'FA('5$]"#'$&'*&5,'*&"'?$(,'
'
P+$C@+,'M",'$#'()A#'HUUBa'P)*&"BACF"+I'
'
b)"'@F*]"'$#'$&'0BDa'FA('>)@('$#'()"'<+*F5"C'>$()'()$#'#?)"C@c'

x 



Relational Schema Design 

Q');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N&*C@5$"#-'
d!'Y"6A&6@&?,''E'+"<"@('6@(@'
d!'e<6@("'@&*C@5$"# ''E'>)@('$L'D+"6'C*]"#'(*'fJ"55"]A"gc'
d!'!"5"7*&'@&*C@5$"#'E'>)@('$L'_*"'6"5"("#')$#'<)*&"'&ACF"+c'

H>)@('$L'_*"')@6'*&5,'*&"'<)*&"'hI'

Y"?@55'#"('@;+$FA("#'H<"+#*&#'>$()'#"]"+@5'<)*&"#I-'

B@C"' UUB' P)*&"BACF"+' K$(,'
D+"6' 0:.12V18RQS' :^81VVV10:.2' U"@;5"'
D+"6' 0:.12V18RQS' :^81VVV18V2.' U"@;5"'
_*"' SQR18V12.:0' S^Q1VVV1:0:0' \"#`$"56'



Relation Decomposition 

S'

/.%)*'"0%'.%1)2-&'3&"-'"4-5'

B@C"' UUB' K$(,'

D+"6' 0:.12V18RQS' U"@;5"'

_*"' SQR18V12.:0' \"#`$"56'

UUB' P)*&"BACF"+'

0:.12V18RQS' :^81VVV10:.2'

0:.12V18RQS' :^81VVV18V2.'

SQR18V12.:0' S^Q1VVV1:0:0'N&*C@5$"#')@]"'%*&"-'
d!'B*'C*+"'+"<"@("6'6@(@'
d!'[@#,'(*'C*]"'D+"6'(*'fJ"55"]A"g'H)*>'cI'
d!'[@#,'(*'6"5"("'@55'_*"Z#'<)*&"'&ACF"+#'H)*>'cI'

B@C"' UUB' P)*&"BACF"+' K$(,'

D+"6' 0:.12V18RQS' :^81VVV10:.2' U"@;5"'

D+"6' 0:.12V18RQS' :^81VVV18V2.' U"@;5"'

_*"' SQR18V12.:0' S^Q1VVV1:0:0' \"#`$"56'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Relational Schema Design (Logical Design) 

!! T@$&'$6"@-'
!! U(@+('>$()'#*C"'+"5@7*&@5'#?)"C@'
!! D$&6'*A('$(#'LA&?7*&@5'6"<"&6"&?$"#'H6$#?A##"6'&"i(jI'
!! e#"'()"C'(*'6"#$%&'@'F";"+'+"5@7*&@5'#?)"C@'

0^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Functional Dependencies 

!! N'L*+C'*L'?*&#(+@$&('
!! k"&?"a'<@+('*L'()"'#?)"C@'

!! D$&6$&%'()"C'$#'<@+('*L'()"'6@(@F@#"'6"#$%&'
!! e#"'()"C'(*'&*+C@5$X"'()"'+"5@7*&#'

00');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Functional Dependencies (FDs) 

0:');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

!"l&$7*&-'
'
'''''''''''''''mL'(>*'(A<5"#'@%+""'*&'()"'@;+$FA("#''

'()"&'()",'CA#('@5#*'@%+""'*&'()"'@;+$FA("#'

D*+C@55,-'''

N0a'N:a'na'N&'!'J0a'J:a'na'JC'

N0a'N:a'na'N&'

J0a'J:a'na'JC'



When Does an FD Hold  

!"l&$7*&-''''N0a'///a'NC'!'J0a'///a'J&')*56#'$&'Y'$L-'
'!(a'(Z'"'Ya''
'H(/N0'E'(Z/N0''#'///'#'(/NC'E'(Z/NC''$''(/J0'E'(Z/J0'#'///'#'(/J&'E'(Z/J&'I'

'

0.'

N0' ///' NC' J0' ///' J&'

'
'

$L'(a'(Z'@%+""')"+"'

'
'

()"&'(a'(Z'@%+""')"+"'

('

(Z'

Y'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Example 

[C<m!''!'''B@C"a'P)*&"a'P*#$7*&'
P*#$7*&''!'''P)*&"'
FA(''&*(-'''P)*&"''!''''P*#$7*&'

02');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N&'D!')*56#a'*+'6*"#'&*(')*56'*&'@&'$&#(@&?"-'

6789:' ;)7%' <0-&%' <-+32-&'
[^^2V' UC$()' 0:.2' K5"+M'
[.V2:' T$M"' SQR8' U@5"#+"<'
[0000' UC$()' SQR8' U@5"#+"<'
[SSSS' T@+,' 0:.2' o@>,"+'



Example 

0V');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

Position  !   Phone 

6789:' ;)7%' <0-&%' <-+32-&'
[^^2V' UC$()' 0:.2' K5"+M'
[.V2:' T$M"' SQR8'''''%' U@5"#+"<'
[0000' UC$()' SQR8'''''%' U@5"#+"<'
[SSSS' T@+,' 0:.2' o@>,"+'



Example 

08');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

 But not: Phone  !  Position 

6789:' ;)7%' <0-&%' <-+32-&'
[^^2V' UC$()' 0:.2'''''&' K5"+M'
[.V2:' T$M"' SQR8' U@5"#+"<'
[0000' UC$()' SQR8' U@5"#+"<'
[SSSS' T@+,' 0:.2'''''&' o@>,"+'



Example 

0R'

D!Z#'@+"'?*&#(+@$&(#-'
d!'4&'#*C"'$&#(@&?"#'()",')*56'
d!'4&'*()"+#'()",'6*&Z('

&@C"' ?@("%*+,' ?*5*+' 6"<@+(C"&(' <+$?"'

O$XC*' O@6%"(' O+""&' b*,#' 2S'

b>"@M"+' O@6%"(' O+""&' b*,#' SS'

!*"#'()$#'$&#(@&?"'#@7#L,'@55'()"'D!#'c'

&@C"'!'?*5*+'
?@("%*+,'!'6"<@+(C"&('
?*5*+a'?@("%*+,'!'<+$?"'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Example 

0Q'

D!Z#'@+"'?*&#(+@$&(#-'
d!'4&'#*C"'$&#(@&?"#'()",')*56'
d!'4&'*()"+#'()",'6*&Z('

&@C"' ?@("%*+,' ?*5*+' 6"<@+(C"&(' <+$?"'

O$XC*' O@6%"(' O+""&' b*,#' 2S'

b>"@M"+' O@6%"(' O+""&' b*,#' SS'

O$XC*' U(@7*&@+,' J5A"' UA<<5$"#' VS'

\)@('@F*A('()$#'*&"c'

&@C"'!'?*5*+'
?@("%*+,'!'6"<@+(C"&('
?*5*+a'?@("%*+,'!'<+$?"'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''
x 



An Interesting Observation 

0S');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

mL'@55'()"#"'D!#'@+"'(+A"-'
&@C"'!'?*5*+'
?@("%*+,'!'6"<@+(C"&('
?*5*+a'?@("%*+,'!'<+$?"'

b)"&'()$#'D!'@5#*')*56#-' &@C"a'?@("%*+,'!'<+$?"'

\),'cc'



Goal: Find ALL Functional Dependencies 

!! N&*C@5$"#'*??A+'>)"&'?"+(@$&'fF@6g'D!#')*56'

!! \"'M&*>'#*C"'*L'()"'D!#'

!! B""6'(*'l&6'@55'D!#'

!! b)"&'5**M'L*+'()"'fF@6g'*&"#'

:^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Armstrong’s Rules (1/3) 

:0');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

m#'"pA$]@5"&('(*'

!813=&>'.#1%'
''''''')&$''
,-7?3&>'.#1%'

N0' ///' NC' J0' ///' JC'

N0a'N:a'na'N&'!'J0a'J:a'na'JC'

N0a'N:a'na'N&'!'J0'
N0a'N:a'na'N&'!'J:'
''''/'/'/'/'/'
N0a'N:a'na'N&'!'JC'

x 



Armstrong’s Rules (2/3) 

::');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

(.3@3)1'A#1%'

\),'c' N0' n' NC'

>)"+"'$'E'0a':a'///a'&'

N0a'N:a'na'N&'!'N$'

x 



Armstrong’s Rules (3/3) 

:.');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

(.)&+32@%'A#1%'

mL'

@&6'

()"&'

\),'c'

N0a'N:a'na'N&'!'J0a'J:a'na'JC'

J0a'J:a'na'JC''!'K0a'K:a'na'K<'

N0a'N:a'na'N&'!'K0a'K:a'na'K<'

x 



Armstrong’s Rules (3/3) 

:2');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N0' n' NC' J0' n' JC' K0' ///' K<'

m55A#(+@7*&'L*+'b+@&#$7]$(,'



Example (continued) 

:V');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

U(@+('L+*C'()"'L*55*>$&%'D!#-'

m&L"+'()"'L*55*>$&%'D!#-'

0/'&@C"'!'?*5*+'
:/'?@("%*+,'!'6"<@+(C"&('
./'?*5*+a'?@("%*+,'!'<+$?"'

m&L"++"6'D!' \)$?)'YA5"'
6$6'>"'@<<5,'c'

2/'&@C"a'?@("%*+,'!'&@C"'
V/'&@C"a'?@("%*+,'!'?*5*+'
8/'&@C"a'?@("%*+,'!'?@("%*+,'
R/'&@C"a'?@("%*+,'!'?*5*+a'?@("%*+,'
Q/'&@C"a'?@("%*+,'!'<+$?"'



Example (continued) 

:8');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N&#>"+#-'

0/'&@C"'!'?*5*+'
:/'?@("%*+,'!'6"<@+(C"&('
./'?*5*+a'?@("%*+,'!'<+$?"'

m&L"++"6'D!' \)$?)'YA5"'
6$6'>"'@<<5,'c'

2/'&@C"a'?@("%*+,'!'&@C"' b+$]$@5''
V/'&@C"a'?@("%*+,'!'?*5*+' b+@&#$7]$(,'*&'2a'0'
8/'&@C"a'?@("%*+,'!'?@("%*+,' b+$]$@5''
R/'&@C"a'?@("%*+,'!'?*5*+a'?@("%*+,' U<5$(=?*CF$&"'*&'Va'8'
Q/'&@C"a'?@("%*+,'!'<+$?"' b+@&#$7]$(,'*&'.a'R'

bkmU'mU'b44'kNY!'j''o"(Z#'#""'@&'"@#$"+'>@,/'



Closure of a set of Attributes 

:R');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

B3@%&'@'#"('*L'@;+$FA("#''N0a'na'N&''
'
b)"'C1-+#.%a'qN0a'na'N&rs''E'()"'#"('*L'@;+$FA("#'J'
'''''''''''''''''''''''''''''''''''''''''''''''''#/(/'N0a'na'N&''!'J'

&@C"'!'?*5*+'
?@("%*+,'!'6"<@+(C"&('
?*5*+a'?@("%*+,'!'<+$?"'

[i@C<5"-'

K5*#A+"#-'
'''''''&@C"s''E''q&@C"a'?*5*+r'
'''''''q&@C"a'?@("%*+,rs'E'q&@C"a'?@("%*+,a'?*5*+a'6"<@+(C"&(a'<+$?"r'
'''''''?*5*+s'E'q?*5*+r'



Closure Algorithm 

:Q');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

tEqN0a'na'N&r/'
'
A%8%)"'#&21't'6*"#&Z('?)@&%"''$--'
''''3D''''''J0a'na'J&'!'K'''$#'@'D!')&$'
'''''''''''''J0a'na'J&''@+"'@55'$&'t'
''''"0%&''@66'K'(*'t/'

q&@C"a'?@("%*+,rs'E''
''''''q''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''''r'

&@C"'!'?*5*+'
?@("%*+,'!'6"<@+(C"&('
?*5*+a'?@("%*+,'!'<+$?"'

[i@C<5"-'

&@C"a'?@("%*+,a'?*5*+a'6"<@+(C"&(a'<+$?"'

k"&?"-'' &@C"a'?@("%*+,'!'?*5*+a'6"<@+(C"&(a'<+$?"'

x 



Example 

:S');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

K*C<A("'qNaJrs'''''t'E'qNa'Ja''''''''''''''''''''''r'
'
K*C<A("'qNa'Drs''''t'E'qNa'Da'''''''''''''''''''''''r'

YHNaJaKa!a[aDI' Na'J'' '!''K'
Na'!'' '!''['
J''''''' '!''!'
Na''D' '!''J'

m&'?5@##-'



Example 

.^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

K*C<A("'qNaJrs'''''t'E'qNa'Ja'Ka'!a'['r'
'
K*C<A("'qNa'Drs''''t'E'qNa'Da'''''''''''''''''''''''r'

YHNaJaKa!a[aDI' Na'J'' '!''K'
Na'!'' '!''['
J''''''' '!''!'
Na''D' '!''J'

m&'?5@##-'



Example 

.0');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

K*C<A("'qNaJrs'''''t'E'qNa'Ja'Ka'!a'['r'
'
K*C<A("'qNa'Drs''''t'E'qNa'Da'Ja'Ka'!a'['r'

YHNaJaKa!a[aDI' Na'J'' '!''K'
Na'!'' '!''['
J''''''' '!''!'
Na''D' '!''J'

m&'?5@##-'



Why Do We Need Closure 

!! \$()'?5*#A+"'>"'?@&'l&6'@55'D!Z#'"@#$5,'

!! b*'?)"?M'$L't'&'N'
!! K*C<A("'ts'
!! K)"?M'$L'N'"'ts'

.:');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Using Closure to Infer ALL FDs 

..');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

Na'J''!''K'
Na'!''!''J'
J'''''''!''!'

[i@C<5"-'

U("<'0-'K*C<A("'tsa'L*+'"]"+,'t-'

Ns'E'Na'''Js'E'J!a'''Ks'E'Ka'''!s'E'!'
NJs'ENJK!a'NKsENKa'N!sENJK!a'
'''''''''''''''''''''JKsEJK!a''J!sEJ!a''K!sEK!'
NJKs'E'NJ!s'E'NK!s'E'NJK!'H&*'&""6'(*'?*C<A("u'>),'cI'
JK!s'E'JK!a''''NJK!s'E'NJK!'

U("<':-'[&AC"+@("'@55'D!Z#'t'!'va'#/(/'v'''ts'@&6't(v'E')-'
J'!'!a'NJ'!'K!a'N!!JKa''JK!!a'NJK'!'!a'NJ!'!'Ka'NK!'!'J'

x 



Another Example 

'
'
'
'
'
'
'
'
\)@('"5#"'?@&'>"'$&L"+'c'3'$&'?5@##'9'

.2');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''
x 

student ! major 
major, course ! room 
course ! time 

[&+*55C"&(H#(A6"&(a'C@w*+a'?*A+#"a'+**Ca'7C"I'

U*5A7*&'$#'*&'*A+'%+*A<'>$M$-'
);<#-==?AF$#(/?#/>@#)$&%(*&/"6A=>$M$=$&6"i/<)<=KU[222'



Keys 

!! N'#A<"+M",'$#'@'#"('*L'@;+$FA("#'N0a'///a'N&'#/(/'L*+'@&,'
*()"+'@;+$FA("'Ja'>"')@]"'N0a'///a'N&'!'J'

!! N'M",'$#'@'C$&$C@5'#A<"+M",'
!! m/"/'#"('*L'@;+$FA("#'>)$?)'$#'@'#A<"+M",'@&6'L*+'>)$?)'&*'

#AF#"('$#'@'#A<"+M",'

.V');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''
x 



Computing (Super)Keys 

!! K*C<A("'ts'L*+'@55'#"(#'t'

!! mL'ts'E'@55'@;+$FA("#a'()"&'t'$#'@'#A<"+M",'

!! o$#('*&5,'()"'C$&$C@5'tZ#'(*'%"('()"'M",#'

.8');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Example 

P+*6A?(H&@C"a'<+$?"a'?@("%*+,a'?*5*+I'

.R');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

&@C"a'?@("%*+,'!'<+$?"'
?@("%*+,'!'?*5*+'

\)@('$#'()"'M",'c'



Example 

P+*6A?(H&@C"a'<+$?"a'?@("%*+,a'?*5*+I'

.Q');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

&@C"a'?@("%*+,'!'<+$?"'
?@("%*+,'!'?*5*+'

\)@('$#'()"'M",'c'

H&@C"a'?@("%*+,Is''E'q'&@C"a'?@("%*+,a'<+$?"a'?*5*+'r'

k"&?"'H&@C"a'?@("%*+,I'$#'@'M",'



Examples of Keys 

.S');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

student ! address 
room, time ! course 
student, course ! room, time 

D$&6'M",#'@(')*C"j'
'
U*5A7*&'#**&'*&'*A+'%+*A<'>$M$-'
);<#-==?AF$#(/?#/>@#)$&%(*&/"6A=>$M$=$&6"i/<)<=KU[222'

[&+*55C"&(H#(A6"&(a'@66+"##a'?*A+#"a'+**Ca'7C"I'

x 



Eliminating Anomalies 

T@$&'$6"@-'

!! t'&'N'$#'4x'$L't'$#'@'H#A<"+IM",'

!! t'&'N'$#'&*('4x'*()"+>$#"'

2^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Example 

20');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

\)@('$#'()"'M",c'

B@C"' UUB' P)*&"BACF"+' K$(,'
D+"6' 0:.12V18RQS' :^81VVV10:.2' U"@;5"'
D+"6' 0:.12V18RQS' :^81VVV18V2.' U"@;5"'
_*"' SQR18V12.:0' S^Q1VVV1:0:0' \"#`$"56'
_*"' SQR18V12.:0' S^Q1VVV10:.2' \"#`$"56'

UUB'!''B@C"a'K$(,'

k"&?"'''UUB'!'B@C"aK$(,'''$#'@'fF@6g'6"<"&6"&?,'

qUUBa'P)*&"BACF"+r'



Key or Keys ? 

2:');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

K@&'>"')@]"'C*+"'()@&'*&"'M",'c'
'
O$]"&'YHNaJaKI'6"l&"'D!Z#a'#/(/'()"+"'@+"'(>*'*+'C*+"'M",#'



Key or Keys ? 

2.');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

NJ'!'K'
JK'!'N'

N'!'JK'
J'!'NK'

or 

>)@('@+"'()"'M",#')"+"'c'
K@&',*A'6"#$%&'D!#'#A?)'()@('()"+"'@+"'%6#--'M",#'c'

K@&'>"')@]"'C*+"'()@&'*&"'M",'c'
'
O$]"&'YHNaJaKI'6"l&"'D!Z#a'#/(/'()"+"'@+"'(>*'*+'C*+"'M",#'



Boyce-Codd Normal Form (BCNF) 

22');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N'#$C<5"'?*&6$7*&'L*+'+"C*]$&%'@&*C@5$"#'L+*C'+"5@7*&#-'

m&'*()"+'>*+6#-'()"+"'@+"'&*'fF@6g'D!#'

N'+"5@7*&'Y'$#'$&'JKBD'$L-'

'''''mL'N0a'///a'N&'!'J'$#'@'&*&1(+$]$@5'6"<"&6"&?,'$&'Ya'

'''''()"&'qN0a'///a'N&r''$#'@'#A<"+M",'L*+'Y'

[pA$]@5"&(5,-''
''L*+'@55'ta'"$()"+'Hts'E'tI''''*+'''Hts'E'@55'@;+$FA("#I'



BCNF Decomposition Algorithm 

2V'

NZ#' 4()"+#'JZ#'

Y0'

m#'()"+"'@''
:1@;+$FA("''
+"5@7*&'()@('$#'
&*('$&'JKBD'c'

.%8%)"'
'''?)**#"'N0a'na'NC'!'J0a'na'J&'()@(']$*5@("#'JKBD''
'''#<5$('Y'$&(*'Y0HN0a'na'NCa'J0a'na'J&I'@&6'Y:HN0a'na'NCa'3*()"+#9I'
'''?*&7&A"'>$()'F*()'Y0'@&6'Y:'
#&21'&*'C*+"']$*5@7*&#'

Y:'
m&'<+@?7?"a'>"')@]"'
@'F";"+'@5%*+$()C'H?*C$&%'A<I'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



Example (revisited) 

28');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

What is the key? 

B@C"' UUB' P)*&"BACF"+' K$(,'
D+"6' 0:.12V18RQS' :^81VVV10:.2' U"@;5"'
D+"6' 0:.12V18RQS' :^81VVV18V2.' U"@;5"'
_*"' SQR18V12.:0' S^Q1VVV1:0:0' \"#`$"56'
_*"' SQR18V12.:0' S^Q1VVV10:.2' \"#`$"56'

UUB'!''B@C"a'K$(,'

Hence   SSN ! Name,City   is a “bad” dependency 

{SSN, PhoneNumber} 



Example (revisited) 

2R');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

UUB' P)*&"BACF"+'
0:.12V18RQS' :^81VVV10:.2'
0:.12V18RQS' :^81VVV18V2.'
SQR18V12.:0' S^Q1VVV1:0:0'
SQR18V12.:0' S^Q1VVV10:.2'

o"(Z#'?)"?M'@&*C@5$"#-'
d!'Y"6A&6@&?,'c'
d!'e<6@("'c'
d!'!"5"("'c'

UUB'!''B@C"a'K$(,'

B@C"' UUB' K$(,'
D+"6' 0:.12V18RQS' U"@;5"'
_*"' SQR18V12.:0' \"#`$"56'



Example Decomposition  

2Q');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

5-1()4($-&"0%(&78'!&9"0&1+*$$:;&

P"+#*&H&@C"a'UUBa'@%"a')@$+K*5*+a'<)*&"BACF"+I'

D!0-'UUB'!''&@C"a'@%"'
D!:-'@%"''!'')@$+K*5*+'



Example Decomposition  

2S');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

7/%&6(<&%(&.-1()4($-=&
'P"+#*&HUUBa'&@C"a'@%"I'
'P)*&"HUUBa')@$+K*5*+a'<)*&"BACF"+I'

(#&
'P"+#*&HUUBa'&@C"a'@%"a')@$+K*5*+I'
'P)*&"HUUBa'<)*&"BACF"+I'

(#'n/'

5-1()4($-&"0%(&78'!&9"0&1+*$$:;&

P"+#*&H&@C"a'UUBa'@%"a')@$+K*5*+a'<)*&"BACF"+I'

D!0-'UUB'!''&@C"a'@%"'
D!:-'@%"''!'')@$+K*5*+'

>6*%&"$&%6-&?-2=& qUUBa'<)*&"BACF"+r'

UUB'!''&@C"a'@%"a')@$+K*5*+'



BCNF Decomposition Algorithm 

V^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

JKBDW!"?*C<*#"HYI'
'
'''l&6't'#/(/-'t'yts'y'3@55'@;+$FA("#9'
'
'''3D'H&*('L*A&6I'"0%&'fY'$#'$&'JKBDg'
'
'''1%"'v'E'ts'1't'
'''1%"''z'E'3@55'@;+$FA("#9'1'ts''
'''6"?*C<*#"'Y'$&(*'Y0Ht'*'vI'@&6'Y:Ht'*'zI'
'''?*&7&A"'(*'6"?*C<*#"'+"?A+#$]"5,'Y0'@&6'Y:'



Example BCNF Decomposition 

V0'

m("+@7*&'0-'P"+#*&'
UUBs'E'UUBa'&@C"a'@%"a')@$+K*5*+'
!"?*C<*#"'$&(*-'PHUUBa'&@C"a'@%"a')@$+K*5*+I'
'''''''''''''''''''''''''''''''P)*&"HUUBa'<)*&"BACF"+I'
m("+@7*&':-''P'
@%"s'E'@%"a')@$+K*5*+'
!"?*C<*#"-'P"*<5"HUUBa'&@C"a'@%"I'
'''''''''''''''''''''''k@$+H@%"a')@$+K*5*+I'
'''''''''''''''''''''''P)*&"HUUBa'<)*&"BACF"+I'

D$&6't'#/(/-'t'yts'y'3@55'@;+$FA("#9'

\)@('@+"'
()"'M",#'c'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

P"+#*&H&@C"a'UUBa'@%"a')@$+K*5*+a'<)*&"BACF"+I'

D!0-'UUB'!''&@C"a'@%"'
D!:-'@%"''!'')@$+K*5*+'



Example 

\)@('@+"'
()"'M",#'c'

N'!'J'
J'!'K'

YHNaJaKa!I'
'Ns'E'NJK'y'NJK!'

YHNaJaKa!I'

\)@(')@<<"&#'$L'$&'Y'>"'l+#('<$?M'Js'c''4+'NJs'c'

Y0HNaJaKI'
'Js'E'JK'y'NJK'

Y:HNa!I'

Y00HJaKI' Y0:HNaJI'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$='' V:'



Decompositions in General 

V.'

YHN0a'///a'N&a'J0a'///a'JCa'K0a'///a'K<I''

Y0HN0a'///a'N&a'J0a'///a'JCI' Y:HN0a'///a'N&a'K0a'///a'K<I'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

Y0'E'<+*w"?7*&'*L'Y'*&'N0a'///a'N&a'J0a'///a'JC''
Y:'E'<+*w"?7*&'*L'Y'*&'N0a'///a'N&a'K0a'///a'K<''



Theory of Decomposition 

!! U*C"7C"#'$('$#'?*++"?(-'

V2');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

B@C"' P+$?"' K@("%*+,'

O$XC*' 0S/SS' O@6%"('

4&"K5$?M' :2/SS' K@C"+@'

O$XC*' 0S/SS' K@C"+@'

B@C"' P+$?"'

O$XC*' 0S/SS'

4&"K5$?M' :2/SS'

B@C"' K@("%*+,'

O$XC*' O@6%"('

4&"K5$?M' K@C"+@'

O$XC*' K@C"+@'

o*##5"##'6"?*C<*#$7*&'

B@C"'!'P+$?"'

x 



Incorrect Decomposition 

!! U*C"7C"#'$('$#'&*(-'

VV'

\)@(Z#'
$&?*++"?('cc'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

B@C"' P+$?"' K@("%*+,'

O$XC*' 0S/SS' O@6%"('

4&"K5$?M' :2/SS' K@C"+@'

O$XC*' 0S/SS' K@C"+@'

B@C"' K@("%*+,'

O$XC*' O@6%"('

4&"K5$?M' K@C"+@'

O$XC*' K@C"+@'

B@C"'!'P+$?"'

P+$?"' K@("%*+,'

0S/SS' O@6%"('

:2/SS' K@C"+@'

0S/SS' K@C"+@'

o*##,'6"?*C<*#$7*&'



Decompositions in General 

V8'

YHN0a'///a'N&a'J0a'///a'JCa'K0a'///a'K<I''

mL''N0a'///a'N&'!'J0a'///a'JC''
b)"&'()"'6"?*C<*#$7*&'$#'5*##5"##'

Y0HN0a'///a'N&a'J0a'///a'JCI' Y:HN0a'///a'N&a'K0a'///a'K<I'

JKBD'6"?*C<*#$7*&'$#'@5>@,#'5*##5"##/''\kv'c'

B*("-'6*&Z('&""6'N0a'///a'N&'!'K0a'///a'K<'

);<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''



General Decomposition Goals 

0/! [5$C$&@7*&'*L'@&*C@5$"#'

:/! Y"?*]"+@F$5$(,'*L'$&L*+C@7*&'
!! K@&'>"'%"('()"'*+$%$&@5'+"5@7*&'F@?Mc'

./! P+"#"+]@7*&'*L'6"<"&6"&?$"#'
!! \@&('(*'"&L*+?"'D!#'>$()*A('<"+L*+C$&%'w*$&#'

VR');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

U*C"7C"#'?@&&*('6"?*C<*#"'$&(*'JKBD'>$()*A('
'5*#$&%'@F$5$(,'(*'?)"?M'#*C"'D!#'$&'#$&%5"'+"5@7*&'

JKBD'

.BD'

x 



BCNF and Dependencies 

VQ');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

U*a'()"+"'$#'@'JKBD']$*5@7*&a'@&6'>"'6"?*C<*#"/'

B*''D!#'

m&'JKBD'>"'5*#"'()"'D!'

e&$(' K*C<@&,' P+*6A?('

e&$(' K*C<@&,'

e&$(' P+*6A?('

e&$('!'K*C<@&,'
K*C<@&,a'P+*6A?('!'e&$('

e&$('!'K*C<@&,'

K*C<@&,a'P+*6A?('!'e&$('



3NF Motivation 

VS');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

N'+"5@7*&'Y'$#'$&'.+6'&*+C@5'L*+C'$L'-'
\)"&"]"+'()"+"'$#'@'&*&(+$]$@5'6"</'N0a'N:a'///a'N&'&'J'L*+'Ya'
()"&''qN0a'N:a'///a'N&'r'$#'@'#A<"+1M",'L*+'Ya''
*+'J'$#'<@+('*L'@'M",/''

b+@6"*{#- ''
JKBD-'&*'@&*C@5$"#a'FA('C@,'5*#"'#*C"'D!#'
.BD-'M""<#'@55'D!#a'FA('C@,')@]"'#*C"'@&*C@5$"#'

'



Motivation of 4NF and higher 

8^');<-==>>>/?#/>@#)$&%(*&/"6A="6A?@7*&=?*A+#"#=?#"222=00>$=''

K*A+#"' o"?(A+"+' J**M'

?#"222' N5"i@&6+@' K*C<5"("'F**M'

?#"222' \*5L%@&%' K*C<5"("'F**M'

?#"222' N5"i@&6+@' K*>'F**M'

N##AC"'L*+'"@?)'?*A+#"a'>"'?@&'$&6"<"&6"&(5,'?)**#"'@'
5"?(A+"+'@&6'@'F**M/'\)@('$#'()"'<+*F5"Cc'

TA571]@5A"6'6"<"&6"&?,'HT|!I'K*A+#"'&&'o"?(A+"+-''
m&'"]"+,'5"%@5'$&#(@&?"a'"@?)'K*A+#"']@5A"'$#'@##*?$@("6'
>$()'@'#"('*L'o"?(A+"+']@5A"#'@&6'()$#'#"('$#'$&6"<"&6"&('
*L'()"']@5A"#'$&'()"'*()"+'@;+$FA("#'H)"+"'J**MI/'

,1)++%+'

?#"222' \*5L%@&%' K*>'F**M'

B*('<@+('*L'"i@Cj'

x 


