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Relational Model

450

380

400

600

Schema

Relational Model

\ relation
row column
row column
400
2009/2/12-14 1 2009/2/12-14 14
Students
sid shame login age gpa
25322 ueto 22 2.3
Courses
cid cname credit
++ AMO0521
Students(sid char(5), sname char(20), login char(40),
age integer, gpa real)
Courses(cid char(6), cname char(20), credits integer)
2009/2/12-14 15, 2009/2/12-14 16
Enroll
sid cid grade
Students ( sid char(5), 25822 AMOS521

CHAR(n)
VARCHAR(n)
INTEGER
REAL

name char(16),
login char(32),
age integer,
gpa real)

2009/2/12-14

Enroli(sid char(5), cid char(6), grade varchar(3))

2009/2/12-14
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Relational Model

450

380

400

600

191

row column \

400

2009/2/12-14

cardiality
degree
B [
C Cardinarity
A
A
B Key
A A
B [ D E
Degree | ‘ Degree

2009/2/12-14

IBM DB2, Informix, Microsoft ACCESS,
Oracle, Sybase, etc.

2009/2/12-14

Relational Model

Relational Algebra

2009/2/12-14

2009/2/12-14




Relational Algebra
Selection (o)

Projection T

Cross-Product X

Direct Product, Cartesian Product

Set-Difference -

Relational Algebra

Intersection N

Join >

Division /

Union U
2009/2/12-14 2009/2/12-14
Selection O Projection 7T
S2 |sid sname |rating |age S2 |sid sname |rating |age
28 yuppy | 9 35.0 28 yuppy | 9 35.0
31 lubber | 8 55.5 31 lubber | 8 55.5

44 guppy | 5 35.0
58 rusty 10 |35.0

rating

44 guppy | 5 35.0
58 rusty 10 |35.0

sname,rating

. (S2
O-rating >8(52) ﬂsname, ratmg( )
sid sname |rating |age sname |rating
28 yuppy |9 35.0 yuppy 9
58 rusty |10 35.0 lubber | 8
quppy | 5
rusty 10
2009/2/12-14 2009/2/12-14
i i
S2 |sid sname |rating |age S2 ;IB i:?)?; raglng deo
28 yuppy | 9 I35.0 31 [iubber | 8 |555
31 lubber | 8 55.5 a4 quppy | 5 35.0
44 lguppy | 5 1350 58 ty | 10 350
58 lrusty | 10 [35.0 Tusty :
. T . (O .. (52))
T age(S2) Gratlng>8(sz) sname, rating ratmg>?
age sid sname |rating |age sname |rating
320 28 yuppy |9 35.0 yuppy |9
555 58 rusty |10 35.0 rusty |10

2009/2/12-14

2009/2/12-14




Cross-Product X

sid |sname |rating |age

sid [pid | day

22 |dustin 7 |45.0

22 |101 |10/10/96

31 |lubber 8 |555

58 (103 |11/12/96

b

union-compatible

58 |rusty 10 [35.0 S1 S1US2
sid snanlle rating |age sid |sname |rating |age
S1x R1 22 |dustin 7 45.0 22 ldustin |7 5.0
x 31 |lubber | 8 |555 31 |lubber |8 |555
58 10 |35.0
Sl.sid|sname |rating [age |R1.sid bid |day rusty 58 |rusty 10 35.0
22 |dustin |7 45.0 | 22 |101 |10/10/96 S2 44 |guppy |5 35.0
22 |dustin |7 45.0| 58 |103 |11/12/96 sid |sname [rating |age 28 |yuppy |9 35.0
31 |lubber |8 555 | 22 |101 |10/10/96 28 |yuppy 9 350
31 |lubber |8 55.5| 58 [103 |11/12/96 31 |lubber 8 |555
58 |rusty |10 35.0 | 22 |101 |10/10/96 44 |guppy 5 |35.0
58 |rusty |10 35.0 | 58 [103 |11/12/96 58 [rusty 10 |35.0
2009/2/12-14 2009/2/12-14
n Join P
51 , s1-52 S1p< Rl = o,(SIxR1)
sid |sname |[rating |age C C
22 |dustn | 7 |45.0 sid |sname |rating |age S1 R1
31 |lubber 8 |55.5 22 |dustn |7 45.0 sid |sname |rating |age sid |bid day
58 [rusty 10 |35.0 22 |dustin 7 45.0 22 |101 |10/10/96
52 SINS2 31 |lubber 8 |55.5 58 |103 |11/12/96
sid |sname [rating |age sid |sname |rating |age 58 |rusty 10 350
28 |yuppy | 9 [35.0 ;1; '“bi’;r io :22 R S x o
rus .
31 |lubber 8 555 Si.sid[sname [rating [age |R1.sid [bid |day
44 |ouppy | 5 |35.0 22 |dustin |7 450 | 22 |101 |10/10/96
58 |rusty 10 [350 S1-(S1-S2) 22 |dustin |7  |45.0 | 58 |103 |11/12/96
31 |lubber |8 55.5 | 22 |101 |10/10/96
31 |lubber |8 55.5 | 58 |103 |11/12/96
58 |rusty |10 35.0 | 22 |101 |10/10/96
58 |rusty |10 35.0 | 58 |103 |11/12/96
2009/2/12-14 2009/2/12-14
Join P Join X
S1>< Rl = o (SIxRY) S1>< Rl = o (SIxRY)
S1 R1 S1 R1
sid |sname |rating |age sid |bid day sid |sname |rating |age sid |bid day
22 |dustin 7 45.0 22 (101 |10/10/96 22 |dustin 7 45.0 22 (101 |10/10/96
31 |lubber 8 55.5 58 (103 |11/12/96 31 |lubber 8 55.5 58 (103 |11/12/96
58 |rusty 10 |35.0 58 |rusty 10 |35.0
Slp< sisi Rl Slp< SLsid > Risid Rl
1.sid = Rl.sid
= - TTod Ta Sl.sid|sname |rating |age |R1.sid |bid |day
512';' Z”a:‘e ;at'”g jgeo R12.25| 1:)1 13’10/96 31 [lubber |8 555 | 22 |101 |10/10/96
ustin : 58 |rusty |10  |35.0 | 22 |101 |10/10/96
58 |rusty |10 35.0 | 58 |103 |11/12/96

2009/2/12-14

2009/2/12-14




Join X

Equi-Join >

S1< (Rl s1 R1 SIp< gy e RL
sid snanlle rating |age sid |bid day Sl.sid|sname |rating |age |bid |day
22 |dustin 7 |45.0 22 (101 |10/10/96 5> Tdustin 17 250 1101 [10/10/96
31 |[lubber 8 |55.5 58 (103 [11/12/96 53 Trusty (10 [35.0 103 [11/12/96
58 |rusty 10 [35.0
Si<_ Rl
id
Sl N Slsid = Rl.sid Rl B
Sl.sid|sname |rating age |R1.sid [bid |day Slp< Sisid = RLsid
22 |dustin |7 450 | 22 101 |10/10/96
58 |rusty |10 |35.0 | 58 (103 |11/12/96
@« @«
2009/2/12-14 2009/2/12-14 38|
Natural Join D>
S1 R1
sid |sname |rating |age sid |bid day
22 |dustin 7 |45.0 22 [101 [10/10/96 Selection O
31 |[lubber 8 |55.5 58 [103 [11/12/96 Proiecti T
58 |rusty 10 [35.0 P rojection
* Cross-Product X
Set-Difference —
Natural Join .
Union (J
Si< R1
S1.sid[sname [rating [age |bid |day Intersection [
22 |dustin |7 45.0 [101 [10/10/96 Join B
58 |rusty |10  |35.0 |103 |11/12/96
Division / SQL
2009/2/12-14 391 2009/2/12-14 40
Division [/ Division

41

AB= {(x)] 3(x,y)eA V(y) e B}

A/B

2009/2/12-14




sno |pno pno pno pno sno |pno |dno pno |dno pno
sl pl p2 p2 pl sl |pl |d1 p2 |d2 p2
sl 2 4 2 sl 2 |dl
p: B1 p: p: p: B1 B2
sl p3 B2 p4 sl [p3 |d1
sl p4 B3 sl |p4 |d2
2; z; 2; z; g; sno sno |dno
s3 p2 sno sno sno s3 p2 dz2 s2 sl di
s3 s2 |d2
s4 |p2 sl sl sl s4 |p2 [d2
> 2 s4 s3  |d2
s4  |p4 S S s4 |p4 |d2 o a2
A s3 A A/B1
s4 A/B2
A/B1 A/B2 A/B3
2009/2/12-14 4 2009/2/12-14 44
A
A =x =y B =y A/B =x 7y (A)xB
/ : =X :y =X :y
7 (AXB-A
A B =X :y
B =T ]
=X =y
7y (A)xB l
=X :y B
X = A
7 (7 (A)xB-A)
=X
2009/2/12-14 45 2009/2/12-14 46
A B
B sid [ sname |rating |age sid | bid |day bid | bname color
22 |Dustin |7 45.0 22 | 101 |10/10/98 101 | Interlake | blue
A 29 |Brutus |1 33.0 22 |102 | 10/10/98 102 | Interlake | red
31 |Lubber |8 55.5 22 | 103 | 10/8/98 103 | Clipper | green
32 |Andy |8 25.5 22 | 104 |10/7/98 104 | Marine | red
58 |Rusty |10 35.0 31 |102 |11/10/98
64 | Horatio |7 350| |31 |103]11/6/98 Boats
71 | Zorba |10 16.0 31 | 104 |11/12/98
7T (o (AXB—A 74 | Horatio |9 35.0 64 | 101 |9/5/98
A/B: 7 X(A) - — 7x(x(A) ) 85 | Art 3 255| |64 |102 |ormio8
95 | Bob 3 63.5 74 | 103 |9/8/98
=X
_ =X .
=X Sailors Reserves
2009/2/12-14 4 2009/2/12-14 48]




1 1
sid | sname |rating | age sid | bid |day sid | sname [rating |age sid | bid |day
22 |Dustin |7 45.0| [22 101 |10/10/98 22 |Dustin |7 45.0| [22 101 |10/10/98
29 |Brutus |1 33.0| |22 102 |10/10/98 29 |Brutus |1 330 [22 102 [10/10/98
31 |Lubber |8 555| |22 103 |10/8/98 31 | Lubber |8 555 | |22 103 |10/8/98 sid |bid |day
32 [Andy |8 255| [22 104 |10/7/98 32 [Andy |8 255| |22 [104 [10/7/08 | _ [22 108 [10/8/98
58 |Rusty |10 |35.0| [31 [102 |1w/10/98 58 |Rusty |10  |35.0( |31 [102 [11/20/98 31 [103 |11/6/98
64 | Horatio | 7 35.0| |31 |103 |11/6/98 64 | Horatio |7 350 [31 |103 |11/6/98 74 |103 | 9898
71 |zoba |10 |160| [31 [104 |11/12/08 71 |zoa |10 |16.0| [31 [104 |11/12/08
74 | Horatio | 9 350| [64 101 |9r5/98 74 | Horatio |9 350 [64 |101 |o/5/98
85 |Art 3 255| |64 |102 |osro8 85 | At 3 255| |64 |102 |ore/o8
95 [Bob |3 635| |74 |103 |oso8 95 [Bob |3 635| |74 |103 |o/8/08
Sailors Reserves Sailors Reserves
1 ﬂsname(Gbid ZIOB(Reserves)M Sailors) 1 ﬂsname(Gbid ZIOB(Reserves)M Sailors)
49| 50
1 1
sid | sname |rating | age sid | bid |day
22 | Dustin |7 45.0 22 |103 |10/8/98 sid | sname |rating |age |bid day
29 |Brutus |1 33.0| |31 |103 |11/6/98 22 |Dustin |7 45.0 103 |10/8/98
31 | Lubber |8 555| |74 |103 |os/o8 31 | Lubber |8 555|103 | 11/6/98
32 [Andy |8 255 74 | Horatio |9 350|103 | 9/8/98
58 |Rusty |10 |35.0
64 | Horatio |7 35.0 \ l
71 [zoba |10 | 16.0
: sname
74 | Horatio | 9 35.0 sid | sname |rating |age |bid day Dustin
85 | Art 8 25.5 22 |Dustin |7 450|103 |10/8/98 Lubber
9 |Bob |3 63.5 31 |Lubber |8 555|103 | 11/6/98 Horatio
Sailors 74 | Horatio | 9 35.0(103 |9/8/98
1 ﬂsname(Gbid ZIOB(Reserves)M Sailors) 1 ﬂsname(Gbid ZIOB(Reserves)M Sailors)
Sl Y
sid [ sname |rating |age sid | bid |day sid | sname |rafing jage |bid | day
22 |Dustin |7 45.0| [22 |101 [10/10/08 22 |Dustin_|7 450101 | 10/10/98
29 |Brutus |1 33.0| [22 |102 [10/10/98 22 |Dustin |7 450102 | 10/10/98
31 |Lubber |8 555| [22 |103 |10/8/98 22 |Dustin_|7 450103 | 10/8/98
2 [andy |8 55| |22 1104 [10/7/08 22 |pustin |7 45.0 | 104 |10/7/98
58 |Rusty |10 |35.0| [31 10211101098 81 |Lubber |8 555102 | 11/10/98
64 | Horatio |7 350 [31 |103|11/6/98 81 |Lubber |8 555103 | 11/6/98
71 |zoa |10 |16.0| [31 [104 |11/12/08 81 |Lubber |8 555104 | 11/12/98
74 | Horatio |9 350| [64 |101 o598 64 | Horatio |7 350101 :{;/qgname rating |age [bid  |day
85 |Art 3 255] |64 | 102 |9/8/98 4 | Horato 17 01502 22 |Dustin |7 45.0 103 |10/8/98
95 [Bob |3 635| [74 |103 o808 74 |Horatio |9 3501103 :
_ ~_ |31 |Lubber |8 55.5(103 |11/6/98
Sailors Reserves 74 | Horatio | 9 350103 |9/8/98

ﬁsname(abid _103(Reserves><1 Sailors))

7sname (% pig 103

(Reservesr< Sailors))

24




sid [ sname |rating |age sid | bid |day bid | bname color sid |bid |day
" bid | bname color
22 [Dustin |7 45.0| [22 |101 [10/10/98 101 | Interlake | blue 22 101 | 10/10/98
29 |Brutus |1 330 [22 [102 [10/1008]| [102]Interlake |red 101 | Interlake | blue
22 | 102 | 10/10/98 102 | Interlake |red
31 |Lubber |8 55.5 22 | 103 |10/8/98 103 | Clipper | green 22 |103 | 10/8/98 103 | Clioper -
32 [Andy |8 255| [22 |104 |10/7/08 104 |Marine | red 22 1104 [10/7/98 Pper_ |9
58 |Rusty |10  |35.0| [31 |102 |11/10/98 Boats 31 102 | /10/98 104 | Marine | red
64 | Horatio |7 35.0 31 | 103 |11/6/98 31 | 103 |11/6/98 Boats
71 | Zorba 10 16.0 31 | 104 |11/12/98 31 |104 |11/12/98 l
74 | Horatio |9 35.0| |64 |101 |9/5/98 64 101 |9/5/98
85 [Art 3 255| [64 [102 |9/8/98 64 | 102 | o/si98 bid |bname | color
95 | Bob 3 63.5 74 | 103 |9/8/98 74 | 103 |9o/8/98 102 | Interlake | red
Sailors Reserves Reserves 104 | Marine | red
T (o (Boats)>< Reserves>< Sailors)
sname*~color="red’
2009/2/12-14 55) 56
sid | bid |day bid | bname | color sid |bid |day bname | color sid | sname |rating |age
22 |101 [10/10/98 | [T02 |interiake |red 22 |102 | 10/10/98 |Interlake |red 22 |Dustin |7 45.0
22 102 [10/10/98 | [704 |Marine |red 22 |104 |10/7/98 |Marine |red 29 [Brutus |1 33.0
22 103 |10/8/98 31 |102 | 11/10/98 |Interlake |red 31 | Lubber |8 55.5
22 104 |10/7/98 31 [104 |11/12/98 |Marine |red 32 |Andy |8 255
31 |102 |11/10/98 \ 64 |102 |9/8/98 |Interlake |red 58 |Rusty |10 35.0
31 [103 [11/6/98 o T4 - | —heetoratio |7 35.0
i i Sl 1 al name color | shame ratin age
31 |104 |11/12/98 R e oo 22 [102 10/le/98 Interlaki d |Dustn |7 - 430 ra_|10 160
nterlake |re ustin .
64 | 101 | 9/5/98 22 | 102 | 10/10/98 | Interlake |red o Toa Tior0s Totac . Duci s o ratio |9 350
i arine re ustin .
b4 102 |9/8/9% 2 e e 31 [102 |11/10/98 |Interlaks d |Lubber |8 555 | 3 255
nterlake |re ubber ..
74 | 103 | 9/8/98 31 | 102 | 11/10/98 |Interlake |red T Toa Tiizes T . e . — b 3 635
31 |104 |11/12/98 |Marine | red arine  |re ubber - -
Reserves - Sailors
64 | 102 | 9/8/98 Interlake | red 64 |102 |9/8/98 Interlake |red Horatio |7 35.0

V4 o ,
sname( color="red

(Boats)><t Reservess< Sailors)

n o . .(Boats)>< Reserves>< Sailors
sname( color="red ( ) )

5 28
sid | bid |day sid | bid |day bid | bname color sid |bid |day sid | sname |rating |age
22 [102 |10/10/98 22 |101 |10/10/98 101 | Interlake | blue 22 1102 | 10/10/98 22 | Dustin |7 45.0
22 |104 |10/7/98 22 102 |10/10/98 102 | Interlake | red 22 104 | 10/7/98 29 |Brutus |1 33.0
31 [102 |11/10/98 22 |103 |10/8/98 103 | Clipper | green 31 | 102 | 11/10/98 31 | Lubber |8 55.5
31 [104 |11/12/98 22 [104 |10/7/98 104 | Marine | red 31 | 104 | 11/12/98 32 [Andy |8 25.5
64 |102 |9/8/98 31 |102 |11/10/98 i Boats 64 |102 |9/8/98 58 |Rusty |10 35.0
31 |103 |11/6/98 T : 64 |Horatio |7 35.0
1 name color
31 104 | 11/12/98 702 e Trod sid |sname |rating |age 71 |Zorba |10 16.0
64 | 101 | 9/5/98 104 | arine o 22 |pustin |7 45.0 74 | Horatio |9 35.0
64 |102 |9/8/98 31 |Lubber |8 55.5 85 | Art 3 25.5
74 | 103 | 9/8/98 ! [bid | 64 |Horatio |7 35.0 95 |Bob |3 63.5
Rese[ves Sailors
- .
ﬂsnaméﬂsid(ﬂbid(acolo[:'[ed(Boats)M Res)<Sailors 7snam ﬂsid(fbid(fmlaémd@)w Res)>aSailorg
591 60

10



,o(l'empboats,aC

olor="red"or color='green

(Boats))

7 sname(Tempboats>< Reserves> Sailors)

bid |bname color
102 | Interlake |red
103 | Clipper | green
104 | Marine red
Tempboats
2009/2/12-14 61, 2009/2/12-14 5
sid | sname |rating | age
. . 22 |Dustin |7 45.0
bid | bname color sid |bid | day ‘ bid | bname color | sid day 29 |Brutus |1 33.0
102 | Interlake | red | 102 |Interlake |red |22 | 10/10/98 31 |Lubber |8 55.5
- 22 |101 | 10/10/98 102 | Interlake |red |31 11/10/98
103 | Clipper | green 22 |102 |10/, Pid | bname color |sid day 32 | Andy 8 255
Ny 102 | Interlake |red 64 9/8/98
104 | Marine | red 22 103 | 10/g 102 | Interlake | red 22 10/10/98 - 58 |Rusty |10 35.0
103 | Clipper |green |22 10/8/98 64 | Horatio |7 35.0
Tempboats 22 [104 | 10/7 102 | Interlake | red 31 11/10/98 103 | Clipper | green | 31 11/6/98 -
31 102 |11/1] 102 | Interlake [red |64 9/8/98 103 | Clipper | green |74 98198 71 |Zorba |10 16.0
i 74 | Horatio |9 35.0
31 |103 | 11/6 122 g:?pper green zi 12/’:2: 104 |Marine |red |22 |10/7/98 P
31 |104 |11/ lbper | green 104 |Marine |red |31 | 1112/98 o T5n T3 oy
64 |101 |9/5/{103 | Clipper |green |74 9/8/98 0! >
64 |102 |9/g/4 104 [Marine | red 22 10/7/98 bid |bname |color |sid |day sname | rating | age Sailors
74 | 103 | 9/g/{ 104 | Marine | red 31 11/12/98 102 | Interlake | red 22 |10/10/98 |Dustin |7 45.0
Reserves 102 | Interlake | red 31 |11/10/98 |Lubber |8 55.5

7 sname(T€Mpboats>< Reserves>< Sailors)

7 sname(T€Mpboats>< Reserves>< Sailors)

£4

sid | sname |rating | age

. . 22 |Dustin |7 45.0
bid | bname color |sid day 29 |Bruws |1 33.0
102 | Interlake |red 22 10/10/98 31 | Lubber |8 555
102 | Interlake |red 31 11/10/98 32 | Andy s 55
102 | Interlake |red 64 9/8/98 58 |Rusty |10 350
1203['id Tbname | color | sid day sname \ rating |age 35.0
E 102 | Interlake |red 22 |10/10/98 || Dustin |7 45.0 16.0
E 102 | Interlake |red 31 |11/10/98 || Lubber |8 55.5 35.0
ﬁ 102 | Interlake |red 64 |9/8/98 Horatio | 7 35.0 25.5
ﬂ 103 | Clipper green |22 |10/8/98 Dustin |7 45.0 63.5

103 | Clipper |[green |31 |11/6/98 Lubber |8 55.5 | Sailors

103 | Clipper |[green |74 |9/8/98 Horatio |9 35.0

104 | Marine red 22 | 10/7/98 Dustin |7 45.0

104 | Marine red 31 |11/12/98 || Lubber |8 55.5

7 sname(T€Mpboats>< Reserves>< Sailors)

2009/2/12-14
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