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SQL - Suan Lee



Introduction to SQL

“S.Q.L." or “sequel”

Supported by all major commercial database systems

* Standardized - many new features over time

* Interactive via GUI or prompt, or embedded in programs
* Declarative, based on relational algebra



Data Definition Language (DDL)
 CREATE TABLE ...
+ DROP TABLE ...

Data Manipulation Language (DML)
» SELECT ...
« INSERT ...
- DELETE ...
+ UPDATE ...

Other Commands

indexes, constraints, views, triggers, transactions, authorization, ...

SQL - Suan Lee



The Basic SELECT Statement

SELECT Al,A2,..,An
FROM R1,R2, ..,Rm
WHERE condition




The Basic SELECT Statement

SELECT AL, A, ., AL
FROM R{,R,, ..,R
WHERE condition

m

HAl, e AH(O condition(Rl X...X Rm)



“S.Q.L." or “sequel”

Supported by all major commercial database systems
Standardized - many new features over time

Interactive via GUI or prompt, or embedded in programs
Declarative, based on relational algebra
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Basic SELECT Statement

SELECT AL, Ay, ., AL
FROM R{,R,, ..,R

[N} , m

WHERE condition




Basic SELECT Statement

SELECT AL, A, ., AL
FROM R{,R,, ..,R
WHERE condition

m

Demo: simple college admissions database

College(cName, state, enrollment)
Student(sID, sName, GPA, sizeHS)
Apply(sID, cName, major, decision)




* Colleges

SQL - Suan Lee

CNAME |[f] STATE

ENROLLMENT

1 Scanford CA
2 Berkeley CA
3 MIT ML
4 Cornell NY

15000
36000
10000
21000

"



e Students

SQL - Suan Lee

L T v L o L I o L

= =
[ =

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
937 Helen 3.7 200
276 Irene 3.9 400
T65 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000

12



* Apply

SQL - Suan Lee

L e L L e o o

S ™ T S i A )
W00 =) o B L pd e 13

siD (B cwamE | malor DECISION
123 5tanford C5 ¥
123 Stanford EE N
123 Berkeley C3 ¥
123 Cornell EE ¥
234 Berkeley biology H
345 MIT bicengineering ¥

345 Cornell bkicengineering N
345 Cornell C5 ¥
345 Cornell EE

678 Stanford history

987 Stanford C5

987 Berkeley C5

876 Stanford C35

876 MIT biology

876 MIT marine kiclogy
765 Stanford history

765 Cornell history

765 Cornell psychology

543 MIT C5

B ok oS o e e

13



SQL Result

SELECT sID, sName, GPA s |[§ sname | cPa

FROM Student 123 hmy 3

WHERE ~ GPA > 3.6; 156Daris
678 Fay

1
2
3
4 987 Helen
5
&

276 Irene

L IR L R L B L R
(1 R R = ¥ ¥

£54 Amy

SQL - Suan Lee



SQL

SELECT sID, sName
FROM Student
WHERE GPA > 3.6;

Result

SQL - Suan Lee

L A I i O o

sID |[f  SNAME

123 Amy
456 Doris
678 Fay
987 Helen
876 Irene
854 Amy

15



SQL Result

SELECT sName, major SNAME [ MAJOR
FROM Student, Apply e A s
WHERE  Student.sID = Apply.sID; =
4 Amy EE
5 Bob biclogy
6 Craig bicengineering
; Cralg bicengineering
8 Craiqg C3

9 Cralg EE
10 Fay history
11 Helen C3
12 Helen C3
13 Irene C3

14 Irene biclogy

15 Irene marine bioclogy
16 Jay history

17 Jay history

13 Jay psychology

19 Craig CS

SQL - Suan Lee



SQL Result

SELECT sName, major SNAME [ MAJOR

FROM Student, Apply ;Ef EE |

WHERE  Student.sID = Apply.sID; S d‘élzlh‘if‘ggt‘g};lelfes
4 Amy EE P
5 Bob biclogy
6 Craig bicengineering

7 Craig  bicengineering _1 duplicate values

8 Craiqg C3

9 Cralg EE

SQL - Suan Lee

10 Fay history

11 Helen C3 .

olielen  lcs _ 1 duplicate values
13 Irene C3

14 Trene biology

15 Irene marine biology

16 Jay history

18 Jay psychology

19 Craig CS



SQL

SELECT DISTINCT sName
FROM Student, Apply
WHERE Student.sID =

, major

Apply.sID;

Result

SQL - Suan Lee

SNAME MAJOR
1 Amy EE
2 Bob biology
3 Craig EE
4 Irene bioclogy
o Jay p3vychology
6 Amy C3
J Craig C3
8 Jay history
9 Craig bicengineering
10 Fay history
11 Trene marine biology
12 Helen C3
13 ITrene CS

18



SQL

SELECT

FROM

WHERE
AND
AND
AND

sName, GPA, decision
Student, Apply
Student.sID = Apply.sID
sizeHS < 1000

major = 'CS’

cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

cra |[{ DECISION

1 Helen

2 Irene

3.7Y
3.9N

19



SQL

SELECT
FROM
WHERE

AND
AND

cName

College, Apply

College.cName =
Apply.cName

enrolIment > 20000

major = 'CS';

SQL - Suan Lee
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SQL

SELECT
FROM
WHERE

AND
AND

cName

College, Apply

College.cName =
Apply.cName

enrolIment > 20000

major = 'CS';

Result

SQL - Suan Lee

ORA-00913: 22 I HOR=LICH

00913, 00000 - “column ambiguously defined”

Hause:
*Action:
943 oBM M 2F T

21



SQL

SELECT
FROM
WHERE

AND
AND

College.cName
College, Apply
College.cName =
Apply.cName
enrolIment > 20000
major = 'CS';

Result

SQL - Suan Lee

B cnaME

1 Berkeley
2 Cornell

3 Berkeley

22



SQL

SELECT DISTINCT College.cName
FROM College, Apply
WHERE  College.cName =
Apply.cName
AND  enrollment > 20000
AND  major = 'CS';

Result

SQL - Suan Lee

CNAME

1 Cornell
2 Berkeley

23



SQL

SELECT Student.sID, sName, GPA,

Apply.cName, enrollment

FROM Student, College, Apply

WHERE  Apply.sID = Student.sID
AND  Apply.cName =
College.cName;




SQL Result

SELECT Student.sID, sName, GPA, sio (B sMame | cra (B cname | ENROLLMENT
1 123 Amy 3.9Cornell 21000

App-ly'CName’ enro-l-lment 2 123 Amy 3.9 Berkeley 36000

FROM Student, College, Apply 3 123 2my 3.9 Stanford 15000
WHERE  Apply.sID = Student.sID 4 123Amy 3.9 Stanford 15000
AND App]y.CName — =] 234 Bob 3.6 Berkeley 36000
CO-I -I ege . CName; =] 345 Era:f.g 3.5 Cornell 21000

) 345 Craig 3.5 Cornell 21000

3 345 Craig J.0Cornell 21000

9 345 Craig 3.5 MIT 10000

10 678 Fay 3.8 Stanford 15000

11 27 Helen 3.7 Berkeley 3e000

12 g7 Helen 3.7 Stanford 15000

13 2876 Irene 3.9MIT 10000

14 276 Irene 3.9 MIT 10000

15 876 Irene 3.5 5tanford 15000

16 785 Jay 2.9 Cornell 21000

17 TE5 Jay 2.9 Cornell 21000

13 765 Jay 2.9 5tanford 15000

19 043 Craig 3.4 MIT 10000

SQL - Suan Lee



SQL Result

SELECT Student.sID, sName, GPA, sio (B sMame | cra (B cname | ENROLLMENT
1 123 Amy 3.9Cornell 21000

App-ly'CName’ enro-l-lment 2 123 Amy 3.9 Berkeley 36000

FROM Student, College, Apply 3 123 2my 3.9 Stanford 15000
WHERE  Apply.sID = Student.sID 4 123Amy 3.9 Stanford 15000
AND App]y.CName — =] 876 Irene 3.9 5tanford 15000
CO-I-Iege_CName B E:EIrEﬂE 3.9 MIT 10000

7 276 Irene 3.9 MIT 10000

ORDER BY GPA DESC; 3 678 Fay 3.8 Stanford 15000
9 87 Helen 3.7 Berkeley Je000

10 g7 Helen 3.7 3tanford 15000

11 234 Bob J.0Berkeley 3e000

12 345 Craig J.0Cornell 21000

13 345 Craig 3.5Cornell 21000

14 345 Craig 3.0 MIT 10000

15 345 Craig J.0Cornell 21000

16 043 Craig 3.4 MIT 10000

17 TE5 Jay 2.9 Cornell 21000

13 765 Jay 2.9 Cornell 21000

19 765 Jay 2.9 5tanford 15000

SQL - Suan Lee
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SQL

SELECT Student.sID, sName, GPA,
Apply.cName, enrollment
FROM Student, College, Apply
WHERE  Apply.sID = Student.sID
AND  Apply.cName =
College.cName
ORDER BY GPA DESC, enrollment;

Result

SQL - Suan Lee

LY o I T e o L s

10

12
13
14
15
15
17
18
19

sio (B sMame | cra (B cname | ENROLLMENT
876 Irene 3.9 MIT 10000
876 Irene 3.9 MIT 10000
123 Amy 3.9 Stanford 15000
123 Amy 3.9 Stanford 15000
876 Irene 3.9 5tanford 15000
123 Amy 3.9 Cornell 21000
123 Amy 3.9 Berkeley 3e000
678 Fay 3.8 Stanford 15000
87 Helen 3.7 Stanford 15000
27 Helen 3.7 Berkeley 3e000
234 Bolb 3.6 Berkeley 3e000
345 Craig 3.5 MIT 10000
345 Craig 3.5Cornell 21000
345 Craig 3.5 Cornell 21000
345 Craig J.0Cornell 21000
543 Craig 3.4 MIT 10000
TS5 Jay 2.9 5tanford 15000
T65 Jay 2.9 Cornell 21000
765 Jay 2.9 Cornell 21000

27



SQL Result

SELECT sID, major siD |§ maior
FROM App] y 1 234 biology
WHERE major LIKE '%bi O%'; 2 345 bioengineering
3 345 bicengineering
4 876 biology
3 g76marine biology

SQL - Suan Lee

28



SQL Result

SELECT ¥ siD (B cwame | malor DECISION
FROM Aprﬂ y 1 234 Berkeley biclogy H
y - . 2 345 MIT ki ] ] ¥
WHERE major LIKE '%bio%'; loengineering
3 345 Cornell bicengineering N
4 876 MIT biology b
2 876 MIT marine bkiclogy N

SQL - Suan Lee



SQL

SELECT
FROM

Student, College;

SQL - Suan Lee
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SQL

SELECT
FROM

ala
KA

Student, College;

Result

SQL - Suan Lee

LY o I T e o L s

10

12
13
14
15
16
17

sio (B sMame | cea (B sizeds | cvame || sTaTE || ENROLLMENT
123 Amy 3.9 1000 Stanford C 15000
234 Bob 3.6 1500 Stanford CA 15000
345 Craig 3.5 500 Stanford CA 15000
456 Doris 3.9 1000 Stanford CA 15000
567 Edward 2.9 2000 Stanford CA 15000
678 Fay 3.8 200 Stanford CA 15000
789 Gary 3.4 200 Stanford CA 15000
87 Helen 3.7 800 Stanford CA 15000
876 Irene 3.9 400 Stanford CA 15000
T65 Jay 2.9 1500 Stanford CA 15000
£54 Amy 3.9 1000 Stanford CA 15000
543 Craig 3.4 2000 Stanford CA 15000
123 Amy 3.9 1000 Berkeley CA 36000
234 Bob 3.6 1500 Berkeley CA 36000
345 Craig 3.5 200 Berkeley CA 3a000
456 Doris 3.9 1000 Berkeley CA 36000
567 Edward 2.9 2000 Berkeley CA 36000
TtnBaslaley CA ARAn

[

[

[

31



SQL

SELECT

FROM

SID, sSName, GPA,
Si1zeHS,
GPA*(s1zeHS/1000.0)
Student;




SQL

SELECT sID, sName, GPA,
Si1zeHS,
GPA*(si1zeHS/1000.0)

FROM Student;

Result

SQL - Suan Lee

sio B swame B cra | sizeHs |[{  GPA=(SIZEHS/1000.0)
1 123 Amy 3.9 1000 3.9
2  234Bob 3.6 1500 5.4
3 345 Craig 3.5 500 1.75
4 456 Doris 3.9 1000 3.9
5 547 Edward 2.9 2000 5.8
6 &7 Fay 3.8 200 0.76
7 789 Gary 3.4 200 2.72
3 &7 Helen 3.7 200 2.96
3 876 Irene 3.9 400 1.56
0 765 Jay 2.9 1500 4.35
11 654 Amy 3.9 1000 3.9
12 543 Craig 3.4 2000 6.8

33



SQL
SELECT SID, sSName, GPA,
Si1zeHS,
GPA*(s1zeHS/1000.0)
AS scaledGPA
FROM Student;

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12

sio (B swamE (B cea || sizeHs || scALEDGRA
123 Amy 3.9 1000 3.9
234 Bob 3.6 1500 5.4
345 Craig 3.5 500 1.75
456 Doris 3.9 1000 3.9
567 Edward 2.9 2000 5.8
678 Fay 3.8 200 0.76
789 Gary 3.4 200 2.72
&7 Helen 3.7 200 2.96
276 Irene 3.9 400 1.56
T65 Jay 2.9 1500 4.35
654 Amy 3.9 1000 3.9
543 Craig 3.4 2000 6.8

34
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Table Variables and Set Operators

FROM Ri,Ryy oy Ry
WHERE condition Set Operators: Union, Intersect, Except

Demo: simple college admissions database

College(cName, state, enrollment)
Student(sID, sName, GPA, sizeHS)
Apply(sID, cName, major, decision)




SQL Result

SELECT Student.sID, sName, sio | sname |[§ cra | cwamE [§  ENROLLMENT
GPA, App1y. cName, 1 123 Amy 3.9 Cornell 21000

2 123 Amy 3.9 Berkeley 36000

enrollment 3 123 Amy 3.9 Stanford 15000

FROM Student, College, 4 123 Amy 3.9 Stanford 15000
Apply 5 234Bob 3.6 Berkeley 36000

WHERE Apply.sID = 6§  345Craig 3.5 Cornell 21000
Student.sID 7 345 Craig 3.5 Cornell 21000

AND App'l y _.CcName = 3 345 Craig 3.5 Cornell 21000
Co'I1ege.cName; 3 345 Craig 3.5MIT _ 10000

10 678 Fay 3.8 Stanford 15000

11 27 Helen J.T7TBerkeley 26000

12 87 Helen 3.7 Stanford 15000

13 876 Irene 3.9 MIT 10000

14 876 Irene 3.9 MIT 10000

15 876 Irene 3.9 5tanford 15000

16 765 Jay 2.9 Cornell 21000

17 765 Jay 2.9 Cornell 21000

1 765 Jay 2.9 Stanford 15000

19 543 Craig 3.4 MIT 10000

SQL - Suan Lee



SQL Result

SELECT S.sID, sName, sio | sname |[§ cra | cwamE [§  ENROLLMENT
GPA, A.cName, 1 123 Amy 3.9 Cornell 21000

2 123 Amy 3.9 Berkeley 36000

enrollment 3 123 Amy 3.9 Stanford 15000

FROM Student S, College C, 4 123 Amy 3.9 Stanford 15000
Apply A 5 234 Bob 3.6 Berkeley 36000

WHERE A.SID = S.sID 6 345 Craig 3.5 Cornell 21000
AND A.CName = C.cCcName ; 7 345 Craig 3.5 Cornell 21000

3 345 Craig 3.5 Cornell 21000

3 345 Craig 3.5MIT 10000

10 &78 Fay 3.8 Stanford 15000

11 27 Helen J.T7TBerkeley 26000

12 87 Helen 3.7 Stanford 15000

13 876 Irene 3.9 MIT 10000

14 876 Irene 3.9 MIT 10000

15 876 Irene 3.9 5tanford 15000

16 765 Jay 2.9 Cornell 21000

17 765 Jay 2.9 Cornell 21000

1 765 Jay 2.9 Stanford 15000

19 543 Craig 3.4 MIT 10000

SQL - Suan Lee



SQL

SELECT

FROM
WHERE

S1.sID, S1.sName,
S1.GPA,

S2.sID, SZ2.sName,
S2.GPA

Student S1, Student S2
S1.GPA = S2.GPA;




SQL Result

SELECT S1.sID, S1.sName, sio (B swame |B crPa | so_1|f swame_1|f cPa_t
Sl.GPA, 1 854 Amy 3.9 123 Amy 3.5
SZ.SID, SZ.sName, 2 876 Irene 3.9 123 Amy 3.9
S?2 .GPA 3 456 Doris 3.9 123 Amy 3.9
FROM Student S1, Student S2 b e 3 e e 3
5 234 Bob 3.6 234 Bob 3.6
WHERE S1.GPA = S2.GPA; _ |
B 345 Craig 3.9 345 Craig 3.9
7 854 Amy 3.9 456 Doris 3.9
3 876 Irene 3.9 456 Doris 3.9
9 456 Doris 3.9 456 Doris 3.9
10 123 Amy 3.9 456 Doris 3.9
11 765 Jay 2.9 567 Edward 2.5
12 567 Edward 2.9 567 Edward 2.5
13 678 Fay 3.8 678 Fay 3.8
14 043 Craig 3.4 789 Gary 3.4
15 789 Gary J.4 789 Gary J.4
16 287 Helen 3.7 27 Helen 3.7
. T -
°
°

SQL - Suan Lee



SQL Result

SELECT S1.sID, S1.sName, siD | smame |[§ cPa |f sio_t1 | snamE_1 | cPa_t
Sl.GPA, 1 854 Amy 3.9 123 Amy 3.5
SZ.SID, SZ.sName, 2 876 Irene 3.9 123 Amy 3.9
S?2 .GPA 3 456 Doris 3.9 123 Amy 3.9
FROM Student S1, Student S2 b s 3 toe j':r%s 3
9 876 Irene 3.9 456 Doris 3.9
WHERE S1.GPA = S2.GPA .
] & 123 Amy 3.9 456 Doris 3.9
AND S1.sID <> S2. SID’ 7 765 Jay 2.9 567 Edward 2.5
3 043 Craig 3.4 789 Gary 3.4
9 854 Amy 3.9 876 Irene 3.5
10 456 Doris 3.9 876 Irene 3.9
11 123 Amy 3.9 876 Irene 3.9
12 567 Edward 2.9 765 Jay 2.5
13 876 Irene 3.9 854 Amy 3.5
14 456 Doris 3.9 654 hmy 3.9
15 123 Amy 3.9 654 Amy 3.9
16 789 Gary 3.4 043 Craig 3.4

SQL - Suan Lee



SQL

SELECT S1.sID, S1.sName,
S1.GPA,
S2.sID, S2.sName,
S2.GPA

FROM Student S1, Student S2

WHERE S1.GPA = S2.GPA

AND S1.sID < S2.sID;

Result

SQL - Suan Lee

sio (B swame (B cPa |f sio_1|f] swamE_1 | cPa_t
1 123 Amy 3.9 456 Doris 3.9
2 043 Craig 3.4 789 Gary 3.4
3 654 Amy 3.9 876 Irene 3.9
4 456 Doris 3.9 876 Irene 3.5
5 123 Amy 3.9 876 Irene 3.9
6 567 Edward 2.9 765 Jay 2.9
7 456 Doris 3.9 654 Amy 3.9
3  123Lmy 3.9 654 Amy 3.9
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SQL

SELECT CName
FROM College
UNION

SELECT sName
FROM Student;

Result

SQL - Suan Lee

B cname

1 Amy

2 Berkeley
3 Bob

4 Cornell
o Craig

6 Doris

/ Edward

8 Fay

9 Gary

10 Helen

11 Irene

12 Jay

13 MIT

14 Stanford

43



SQL

SELECT CName AS hame
FROM College

UNION

SELECT sName AS name
FROM Student;

Result

SQL - Suan Lee

NAME

1 Amy

2 Berkeley
3 Bob

4 Cornell
o Craig

6 Doris

/ Edward

8 Fay

9 Gary

10 Helen

11 Irene

12 Jay

13 MIT

14 Stanford

44



SQL Result

FROM College 1 Stanford
UNION ALL 2 Berkeley
SELECT SName AS name 3 MIT

FROM Student; 4 Cornell
o Amy

6 Bob

{ Craig
8 Doris
9 Edward
10 Fay

11 Gary
12 Helen
13 Irene
14 Jay

15 Amy

16 Craig

SQL - Suan Lee

SELECT cName AS name NAME

45



SQL

SELECT CName AS hame
FROM College

UNION ALL

SELECT sName AS name
FROM Student

ORDER BY name;

Result

SQL - Suan Lee

NAME

1 Amy

2 Lmy

3 Berkeley
4 Bob

5 Cornell
6 Craig

J Craig

8 Doris

9 Edward
10 Fay

11 Gary

12 Helen

13 Irene

14 Jay

15 MIT

16 Stanford

46



SQL

SELECT
FROM
WHERE
INTERSECT
SELECT
FROM
WHERE

SID

Apply
major

SID

Apply
major

"EE®;

Result

SQL - Suan Lee

1
2

B s

123
345

47



SQL

SELECT Al.sID

FROM Apply Al, Apply A2

WHERE Al.sID = A2.sID
AND Al.major = 'CS'
AND A2.major = 'EE';

Result

SQL - Suan Lee

[ - TR S (Y R N Ry

SID

123
123
123
123
345

48



SQL

SELECT Al.sID

FROM Apply Al, Apply A2

WHERE Al.sID = A2.sID
AND Al.major = 'CS'
AND A2 .major "EE';

Result

SQL - Suan Lee

[ - TR S (Y R N Ry

SID

sio (B cname (B malor DECISICN
1 123 Stanford C35 ¥
2 123 3tanford EE H
3 123 Berkeley C3 T
4 123 Cornell EE ¥
5 234 Berkeley biclogy N
¥ 345 MIT bicengineering ¥
7 345 Cornell bkiocengineering H
g8 345 Cornell C5 Y
9 345 Cornell EE H
10 678 Stanford history ¥
11 87 Stanford C5 Y
12 87 Berkeley C35 T
13 876 Stanford CS N
14 876 MIT biology Y
15 BTaMIT marine biclogy N
16 765 Stanford history ¥
17 765 Cornell history N
18 765 Cornell psychology T
19 543 MIT CS N
49



SQL

FROM

WHERE
AND
AND

SELECT DISTINCT Al.sID

Apply Al, Apply A2
Al.sID = A2.sID
Al.major = 'CS'
A2.major = 'EE';

Result

SQL - Suan Lee

1
2

B s

123
345

50



SQL

SELECT
FROM
WHERE
MINUS
SELECT
FROM
WHERE

SID

Apply
major

SID

Apply
major

SQL - Suan Lee
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SQL Result

SELECT SID [l so
FROM Apply L =43
WHERE major = 'CS' L
MINUS L
SELECT sID

FROM Apply

WHERE major = 'EE°‘;

SQL - Suan Lee



SQL

SELECT

FROM

WHERE
AND
AND

Al.sID

Apply Al, Apply A2
Al.sID = A2.sID
Al.major = 'CS'
A2.major <> 'EE';

SQL - Suan Lee
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SQL

SELECT Al.sID

FROM Apply Al, Apply A2

WHERE Al.sID = A2.sID
AND Al.major = 'CS'
AND A2.major <> 'EE';

Result

SQL - Suan Lee

1
2
3
4
5]
]
7
8
9

10
11
12
13
14
15

SID

123
123
123
123
345
345

(&) L6 S ¥ i I ¥
=

Lo
=] =1 =] O o O o

o o o

(=)

243
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SQL

SELECT DISTINCT Al.sID

FROM Apply Al, Apply A2

WHERE Al.sID = A2.sID
AND Al.major = 'CS'
AND A2.major <> 'EE';

Result

SQL - Suan Lee

[ - TR S (Y R N Ry

SID

123

55



SQL - Suan Lee
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Subqueries in WHERE

SELECT
FROM
WHERE

AL, Ay, . A,

R{,Ry, ..,R,
condition /

Expressions involving
“subqueries”: nested
Select statements

Demo: simple college admissions database
College(cName, state, enrollment)

Student(sID, sName, GPA, sizeHS)

Apply(sID, cName, major, decision)




SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

)

sID, sName

Student
SID IN

SID

Apply
major

ICSI

SQL - Suan Lee
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SQL Result

SELECT sID, sName SID [ snAME

FROM Student 1 123 Amy

WHERE SID IN 2| 345(raig

( 3 987 Helen
SELECT SID *| fvejlrene
FROM App-l y 9 243 Craig
WHERE major = 'CS'

);

SQL - Suan Lee



SQL

SELECT
FROM
WHERE

AND

sID, sName
Student, Apply
Student.sID =
Apply.sID
major = 'CS';

SQL - Suan Lee
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SQL

SELECT
FROM
WHERE

AND

sID, sName
Student, Apply
Student.sID =
Apply.sID
major = 'CS';

Result

SQL - Suan Lee

ORA-00913: 22 22 Oh0H=FLIC

00913, 00000 - “column ambiguously defined”

*Cause:
*Action:
2562, 11Z20M 27 £ 4

61



SQL
SELECT Student.sID, sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SQL - Suan Lee

W oo s L pd

g

sio B sMAME

123 Amy
123 Amy
345 Craiqg
987 Helen
987 Helen
876 Irene

243 Craiqg
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Result

SQL
SELECT Student.sID, sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID

AND major = 'CS';
SELECT SID, SName
FROM Student
WHERE SID IN
(

SELECT SID

FROM Apply

WHERE major = 'CS’
);

sio B sMAME

123 Amy
123 Amy
345 Craiqg
987 Helen
987 Helen
876 Irene

243 Craiqg

sqQL -

Suan Lee

sio B sMAME

L T o L B o

123 Amy

345 Craig
987 Helen
876 Irene

043 Cralig




SQL - Suan Lee

SV T, IS U R -

g s

B smamE

123 Amy

123 Amy

345 Craig
987 Helen
987 Helen
876 Irene
543 Craig

s L P

SID | SMAME

123 Amy

345 Craig
987 Helen
876 Irene
243 Craig

B s

B cnamE

B malor

DECISION

123 5tanford C35

123 Stanford EE
123 Berkeley C35

E'ul'-"ﬂ:'"dﬂ”'lu'l-hi.J'JMI—l

boRoe

14 876 MIT
15 876 MIT
16 876 Stanford history
17 765 Cornell history

13 765 Cornell psychology

19 765 MIT

123 Cornell EE
234 Berkeley biology
345 MIT
345 Cornell Ekicengineering N
345 Cornell C5
345 Cornell EE
678 Stanford history
987 Stanford C35
987 Berkeley C5
876 Stanford C3
biclogy

marine bkioclogy

CS5

ok ok S e |EE

bicengineering ¥

¥

= A~ T T T~
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SQL
SELECT Student.sID, sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SQL - Suan Lee

W oo s L pd

g

sio B sMAME

123 Amy
123 Amy
345 Craiqg

987 Helen

987 Helen

276 Irene

243 Craiqg
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SQL
SELECT DISTINCT Student.sID,
sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SQL - Suan Lee

L T o L B o

sio B sMAME

123 Amy

987 Helen
345 Craiqg
043 Craig

276 Irene
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Result

SQL
SELECT sName
FROM Student
WHERE sID IN
(
SELECT SsID
FROM Apply
WHERE major = 'CS’
);

SQL - Suan Lee

SNAME

1 Amy

2 Craig
3 Helen
4 Irene

o Craig
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SQL

SELECT
FROM
WHERE

AND

sName

Student, Apply

Student.sID =
Apply.sID

major = 'CS';

SQL - Suan Lee
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SQL
SELECT sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SQL - Suan Lee

SNAME

1 Amy
2 hmy
3 Craig
4 Helen
5 Helen
6 Irene

J Craig
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SQL

SELECT DISTINCT sName

FROM Student, Apply
WHERE Student.sID =
Apply.sID

AND major = 'CS';

Result

SQL - Suan Lee

SNAME

1 Craig
2 Helen
3 Amy

4 Trene
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SQL
SELECT DISTINCT sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SELECT DISTINCT Student.sID,

sName
FROM Student, Apply
WHERE Student.sID =
Apply.sID

AND major = 'CS';

SNAME

1 Craig
2 Helen
3 Amy

4 Trene

sqQL -

Suan Lee

SID

SMAME

L I o B o

123 Amy

987 Helen
345 Craig
043 Cralg

276 Irene
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SQL
SELECT GPA
FROM Student
WHERE sID IN
(
SELECT sID
FROM Apply
WHERE major = 'CS’

)

Result

SQL - Suan Lee

GPA

3.

[ - TR S (Y R N Ry

T ¥ = S R o B ¥ =

3
3
3.
3
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SQL
SELECT GPA
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';

Result

SQL - Suan Lee

=l o B

g

[y
e,
-

Cad

L I L I T R T D L N L

L ¥ R e L I ¥ - B ¥ =
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SQL

SELECT DISTINCT GPA

FROM Student, Apply

WHERE Student.sID =
Apply.sID

AND major = 'CS';

Result

SQL - Suan Lee

GPA

3.7
3.5
3.9
3.4
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SQL

SELECT DISTINCT GPA

Result

FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND major = 'CS';
SELECT GPA
FROM Student
WHERE SID IN
(
SELECT SID
FROM Apply
WHERE major = 'CS’

);

[ O L I U R .

B cra

3.7
3.5
3.9
3.4

sqQL -

Suan Lee

[ - TR S (Y R N Ry

B cra

AL T L TR Y T L B 1
[ =T ¥ = T I o B
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

AND

(
SELECT
FROM
WHERE

);

sID, SsName
Student
SID IN

SID

Apply
major = 'CS’

SID NOT IN
S1D

Apply
major = 'EE'

sqQL -

Suan Lee
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

AND

(
SELECT
FROM
WHERE

);

sID, SsName
Student
SID IN

SID

Apply
major = 'CS’

SID NOT IN
S1D

Apply
major = 'EE'

Result

sqQL -

Suan Lee

g

sio B sMAME

1
2
3

043 Cralig
987 Helen

276 Irene
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SQL
SELECT SID, SName
FROM Student
WHERE SID IN
(
SELECT SID
FROM Apply
WHERE major = 'CS'
)
AND NOT SsID IN
(
SELECT SID
FROM Apply
WHERE major = 'EE'

);

Result

sqQL -

Suan Lee

1
2
3

g

sio B sMAME

043 Cralig
987 Helen

276 Irene
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SQL

SELECT cName, state
FROM College C1
WHERE EXISTS
(
SELECT &
FROM College C2
WHERE C2.state = Cl.state
);

SQL - Suan Lee



SQL Result

SELECT cName, state § cname |[§ sTate
FROM College C1  Berkeley Ch
WHERE EXISTS 2 Stanfard CA

3 MIT Mo

(
SELECT 4 Cornell NY
FROM College C2
WHERE C2.state = Cl.state

)

SQL - Suan Lee



SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE
AND

cName, state
College C1
EXISTS

College C2
C2.state = Cl.state
Cl.cName <> C2.cName

SQL - Suan Lee
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SQL Result

SELECT cName, state § cnaMe | sTaTE
FROM college C1 1 Berkeley CA
WHERE EXISTS 2| Stanford [CA
(

SELECT

FROM College C2

WHERE C2.state = Cl.state

AND Cl.cName <> C2.cName

SQL - Suan Lee



SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

);

cName
College C1
NOT EXISTS

College C2
C2.enrollment >
Cl.enrollment

SQL - Suan Lee
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

);

cName
College C1
NOT EXISTS

College C2
C2.enrollment >
Cl.enrollment

Result

SQL - Suan Lee

B cnaME

1 Berkeley

84



SQL

SELECT sName
FROM Student S1
WHERE NOT EXISTS
(
SELECT
FROM Student S2
WHERE S2.GPA > S1.GPA
)

SQL - Suan Lee
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Result

SQL
SELECT sName
FROM Student S1
WHERE NOT EXISTS
(
SELECT
FROM Student S2
WHERE S2.GPA > S1.GPA
);

SQL - Suan Lee

SNAME

1 Irene
2 Lmy
3 Amy

4 Doris
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SQL
SELECT sName, GPA
FROM Student S1
WHERE NOT EXISTS
(
SELECT
FROM Student S2
WHERE S2.GPA > S1.GPA
);

Result

SQL - Suan Lee

sNAME | GPa

1 Trene 3.9
2 Amy 3.9
3 Amy 3.9
4 Doris 3.9
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SQL

SELECT
FROM
WHERE

S1.sName, S1.GPA
Student S1, Student S2
S1.GPA > S2.GPA;

SQL - Suan Lee

88



SQL Result

SELECT S1.sName, S1.GPA SNAME |[{ GPA
FROM Student S1, Student S2 L kmy 3.9
WHERE S1.GPA > S2.GPA; 2 Bmy 3.9
3 Amy 3.9
4 Amy 3.9
5 Amy 3.9
6 Amy 3.9
7 Bmy 3.9
8 Amy 3.9
9 Amy 3.9
10 Amy 3.9
11 Amy 3.9
12 Amy 3.9
13 Amy 3.9
14 Lmy 3.9
15 Amy 3.9
16 Amy 3.9
([}
([}

SQL - Suan Lee



SQL Result

SELECT DISTINCT S1.sName, S1.GPA SNAME || cPa
FROM Student S1, Student S2 L kmy 3.9
WHERE S1.GPA > S2.GPA; 2 Trene 3.9
3 Fay 3.8
4 Helen 3.7
o Gary J.4
& Bob 3.6
J Craig 3.5
8 Craig 3.4
9 Doris 3.9

SQL - Suan Lee



SQL

SELECT
FROM
WHERE
(
SELECT
FROM

);

sName, GPA
Student
GPA >= ALL

GPA
Student

SQL - Suan Lee

a1



SQL
SELECT sName, GPA
FROM Student
WHERE GPA >= ALL
(

SELECT GPA

FROM Student
)

Result

SQL - Suan Lee

sNAME | GPa

1 Trene 3.9
2 Amy 3.9
3 Amy 3.9
4 Doris 3.9
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

)

sName
Student S1
GPA > ALL

GPA
Student S2
S2.SID <> S1.sID

SQL - Suan Lee

93



SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

)

sName
Student S1
GPA > ALL

GPA
Student S2
S2.SID <> S1.sID

Result

SQL - Suan Lee

B sMamE
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

)

cName
College C1
enrollment > ALL

enrollment
College C2
C2.CcName <> Cl.cName

Result

SQL - Suan Lee

B cname

1 Berkeley

95



SQL

SELECT CName

FROM College C1
WHERE NOT enrollment <= ANY
¢
SELECT enrollment
FROM College C2
WHERE C2.CcName <> Cl.cName

)

sqQL -

Suan Lee

96



SQL

SELECT CName
FROM College C1
WHERE NOT enrollment <= ANY
(
SELECT enrol Iment
FROM College C2
WHERE C2.cName <> Cl.cName
E

Result

SQL - Suan Lee

B cname

1 Berkeley

97



SQL

SELECT
FROM
WHERE
(
SELECT
FROM

);

sID, sName,
Student
SsizeHS > ANY

S1zeHS
Student

S1zeHS

SQL - Suan Lee
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Result

sqQL -

SQL
SELECT sID, sName, sizeHS
FROM Student
WHERE sizeHS > ANY
(
SELECT S1zeHS
FROM Student
);
Suan Lee

W00 =) ot B L

10

sio (B swamE | s1zEHS
543 Craig 2000
567 Edward 2000
234 Bob 1500
765 Jay 1500
456 Doris 1000
654 Amy 1000
123 Amy 1000
927 Helen 200
789 Gary 800
345 Craig 500
876 Irene 400
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SQL

SELECT sID, sName, sizeHS
FROM Student S1
WHERE EXISTS
(
SELECT ~
FROM Student S2
WHERE S2.s1zeHS <
S1.sizeHS
);

SQL - Suan Lee 100



Result

sqQL -

SQL
SELECT sID, sName, sizeHS
FROM Student S1
WHERE EXISTS
(
SELECT
FROM Student S2
WHERE S2.s1zeHS <
S1.sizeHS
);
Suan Lee

W00 =) ot B L

10
11

sio (B swamE | s1zEHS
543 Craig 2000
567 Edward 2000
234 Bob 1500
765 Jay 1500
456 Doris 1000
654 Amy 1000
123 Amy 1000
927 Helen 200
789 Gary 800
345 Craig 500
876 Irene 400
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

AND

(
SELECT
FROM
WHERE

);

sID, SsName
Student
SID = ANY

SID

Apply
major = 'CS’

SID <> ANY
S1D

Apply
major = 'EE'

sqQL -

Suan Lee
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SQL
SELECT SID, SName
FROM Student
WHERE SID IN
(
SELECT SID
FROM Apply
WHERE major = 'CS'
)
AND NOT SsID IN
(
SELECT SID
FROM Apply
WHERE major = 'EE'

);

Result

sqQL -

Suan Lee

1
2
3

g

sio B sMAME

043 Cralig
987 Helen

276 Irene
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

AND

(
SELECT
FROM
WHERE

);

sID, SsName
Student
SID = ANY

SID

Apply
major = 'CS’

SID <> ANY
S1D

Apply
major = 'EE'

sqQL -

Suan Lee
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SQL
SELECT SID, SName
FROM Student
WHERE SID = ANY
(
SELECT SID
FROM Apply
WHERE major = 'CS'
)
AND SID <> ANY
(
SELECT SID
FROM Apply
WHERE major = 'EE'

);

Result

sqQL -

Suan Lee

g

sio B sMAME

L T o L B o

123 Amy

345 Craig
987 Helen
876 Irene

043 Cralig
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

)
AND NOT

(
SELECT
FROM
WHERE

);

sID, SsName
Student
SID = ANY

SID

Apply
major = 'CS’

SID = ANY
S1D

Apply
major = 'EE'

sqQL -

Suan Lee

106



SQL
SELECT SID, SName
FROM Student
WHERE SID = ANY
(
SELECT SID
FROM Apply
WHERE major = 'CS'
)
AND NOT SID = ANY
(
SELECT SID
FROM Apply
WHERE major = 'EE'

);

Result

sqQL -

Suan Lee

1
2
3

g

sio B sMAME

043 Cralig
987 Helen

276 Irene

107
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Subqueries in FROM and SELECT

SELECT A, Ay, AL Expressions involving
FROM R{,Ry, . Rm/ “subqueries”: nested
WHERE condition Select statements

Demo: simple college admissions database

College(cName, state, enrollment)
Student(sID, sName, GPA, sizeHS)
Apply(sID, cName, major, decision)




SQL

SELECT sID, sName, GPA,
GPA*(si1zeHS/1000.0)
AS scaledGPA

FROM Student
WHERE GPA*(s1zeHS/1000.0)
- GPA > 1.0
OR GPA -

GPA*(s1zeHS/1000.0) > 1.0;




SQL Result

SELECT SID, sName, GPA, siD (B smame |} cpa |} scaleDera
GPA*(s1zeHS/1000.0) 1 234Bob 3.6 5.4
AS scaledGPA 2 345Craig 3.5 1.75
FROM Student 3 567 Edward 2.9 5.8
WHERE GPA*(sizeHS/1000.0) * ET8Fay 3.8 0.76
- GPA > 1 O 5 876 Irene 3.9 1.56
OR GPA - . (3] 765 Jay 2.9 1.35
, . 7 043 Crai 3.4 .8

GPA* (si1zeHS/1000.0) > 1.0; = ‘

SQL - Suan Lee



SQL
SELECT sID, sName, GPA,
GPA*(s1zeHS/1000.0)
AS scaledGPA
FROM Student
WHERE ABS (GPA* (s1zeHS/1000.0)
- GPA) > 1.0;

Result

SQL - Suan Lee

siD (B smamvE (B GPa | scALEDGRA
1 234 Bob 3.6 5.4
2 345Craig 3.5 1.75
3 567 Edward 2.9 5.8
4 @78 Fay 3.8 0.76
5 876 Irene 3.9 1.56
6 765 Jay 2.9 4.35
7  543Craig 3.4 6.8

112



SQL

SELECT
FROM (
SELECT

FROM
) G

sID, sName, GPA,
GPA*(si1zeHS/1000.0)

AS scaledGPA
Student

WHERE ABS (G.scaledGPA - GPA)

> 1.0;

SQL - Suan Lee

113



SQL Result

SELECT * siD |[f] swaME |f] GPa |l scALEDGPA

FROM ( 1 234 Bob 3.6 5.4

SELECT sID, sName, GPA, ¢ 345Craig 3.5 1.75

GPA*(sizeHS/1000.0) 3| Se7Rduard 2.9 -

AS scaledGPA ‘: E*iﬂ&' :; 2;2

276 Irene . ,

FROM Student " resline - =

) G 7 0243 Craig 3.4 6.2
WHERE ABS (G.scaledGPA - GPA)

> 1.0;

SQL - Suan Lee 114



SQL

SELECT College.cName,
state, GPA
FROM College,
Apply, Student
WHERE College.cName =
Apply.cName
AND Apply.sID =
Student.sID
AND GPA >= ALL (
SELECT GPA
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND Apply.cName =
College.cName
);

SQL - Suan Lee 115



SQL
SELECT College.cName,
state, GPA
FROM College,
Apply, Student
WHERE College.cName =
Apply.cName
AND Apply.sID =
Student.sID
AND GPA >= ALL (
SELECT GPA
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND Apply.cName =

);

College.cName

Result

sqQL -

Suan Lee

cnaME ([ sTatE | cPa
1 Cornell NY 3.9
2 Berkeley CA 3.9
3 Stanford CA 3.9
4 Stanford CA 3.9
5 MIT MR 3.9
6 MIT ML 3.9
/ Stanford CA 3.9




SQL

SELECT DISTINCT College.cName,

FROM

WHERE

AN

AN

);

D

D
SELECT
FROM
WHERE

AND

state, GPA
College,
Apply, Student
College.cName =
Apply.cName
Apply.sID =
Student.sID
GPA >= ALL (
GPA
Student, Apply
Student.sID =
Apply.sID
Apply.cName =
College.cName

Result

sqQL -

Suan Lee

cnaME || sTatE | GPa
1 Cornell NY 3.9
2 MIT MR 3.9
3 Berkeley CA 3.9
4 Stanford CA 3.9

117



SQL

SELECT cName, state,
( SELECT DISTINCT GPA
FROM Apply, Student
WHERE College.cName =
Apply.cName
AND Apply.sID =
Student.sID
AND GPA >= ALL (
SELECT GPA
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND Apply.cName =
College.cName )
) AS GPA
FROM College;

SQL - Suan Lee
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SQL
SELECT cName, state,
( SELECT DISTINCT GPA
FROM Apply, Student
WHERE College.cName =
Apply.cName
AND Apply.sID =
Student.sID
AND GPA >= ALL (
SELECT GPA
FROM Student, Apply
WHERE Student.sID =
Apply.sID
AND Apply.cName =
College.cName )
) AS GPA
FROM College;

Result

SQL - Suan Lee

cnaME || sTatE | GPa
1 Scanford CA 3.9
2 Berkeley CA 3.9
3 MIT MA 3.9
4 Cornell NY 3.9
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SQL

SELECT cName, state
( SELECT DISTINCT sName
FROM Apply, Student
WHERE  College.cName =
Apply.cName
AND  Apply.sID =
Student.sID )
AS sName
FROM College;

SQL - Suan Lee 120



SQL

SELECT cName, state
( SELECT DISTINCT sName
FROM Apply, Student
WHERE  College.cName =
Apply.cName
AND  Apply.sID =
Student.sID )
AS sName
FROM College;

Result

SQL - Suan Lee

ORA-00936: F2HE BHH A

00936, 00000 - “missing expression”

*Cause:
*Action:
30, 3ENAM 25 T
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Aggregation

SELECT A, Ay, AL ~__ “Aggregation” functions
FROM R{,;Ry,, ..,R, over values in multiple rows:
WHERE condition min, max, sum, avg, count




Aggregation

SELECT A, Ay, AL ~__ “Aggregation” functions
FROM R{,;Ry,, ..,R, over values in multiple rows:
WHERE condition min, max, sum, avg, count
GROUP BY columns

HAVING condition New clauses

Demo: simple college admissions database

College(cName, state, enrollment)
Student(sID, sName, GPA, sizeHS)
Apply(sID, cName, major, decision)




SQL

SELECT AVG (GPA)
FROM Student;

Result

SQL

SELECT *

FROM Student;

Result

s (f] smame |l cpa [§ sizEHs

1 123 Amy 3.9 1000
2  234Bok 3.6 1500
3 345Craig 3.5 500
4 456 Doris 3.9 1000
5 567 Edward 2.9 2000
6  &78 Fay 3.8 200
7 789 Gary 3.4 200
3 87 Helen 3.7 200
9 876 Irene 3.9 400
10 765 Jay 2.9 1500
11 654 Amy 3.9 1000
12 543 Craig 3.4 2000

SQL - Suan Lee

AVG(GPA)

1 3.5666600060660666000606G60060600066G00606006666G7
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SQL SQL
SELECT SELECT MIN(GPA)
FROM Student, Apply FROM Student, Apply
WHERE Student.sID = WHERE Student.sID =
Apply.sID Apply.sID
AND major = 'CS'; AND major = 'CS';
Result Result
sio | snameE ([ cra |[B sizens (B smo_1 | cname | malor | DECISION MIN{GPA)
1 123 Lmy 3.9 1000 123 Berkeley CS ¥ 1 3.4
2 123 Amy 3.9 1000 123 Stanford C3 ¥
3 345 Craig 3.5 500 345 Cornell C3 ¥
4 987 Helen 3.7 200 987 Berkeley C5 ¥
5 987 Helen 3.7 200 987 Stanford C3 ¥
& 876 Irene 3.9 400 876 Stanford C5 H
7  543Craig 3.4 2000 543 MIT C3 N

SQL - Suan Lee
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SQL SQL

SELECT * SELECT AVG (GPA)
FROM Student, Apply FROM Student, Apply
WHERE Student.sID = WHERE Student.sID =
Apply.sID Apply.sID

AND major = 'CS'; AND major = 'CS';

Result Result
sio | sname |f cea |l sizens|§ so_t|g cwame [ masor [ oecision]| | AVG(GPA)

1 123 Lmy 3.9 1000 123 Berkeley CS ¥ 1 3.71428571428571428571428571428571428571

2 123 Amy 3.9 1000 123 Stanford C3 ¥

3 345 Craig 3.5 500 345 Cornell C3 ¥

4 987 Helen 3.7 200 987 Berkeley C5 ¥

5 987 Helen 3.7 200 987 Stanford C3 ¥

& 876 Irene 3.9 400 876 Stanford C5 H

7  543Craig 3.4 2000 543 MIT C3 N
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SQL

SQL

SELECT

FROM

WHERE

( SELECT
FROM
WHERE

);

Student
sID IN
sID
Apply
major =

ICSI

Result

SELECT AVG (GPA)
FROM Student
WHERE SID IN
( SELECT sID

FROM Apply

WHERE  major = 'CS'
);
Result

SID

sNAME | Gra

SIZEHS

345
987
g7a

543

L T o L B o

SQL - Suan Lee

123 Amy 3.

Craig 3
Helen 3
Irene 3.

3

Craig

1000
500
200
400

2000

AVG(GPA)

1

J.68
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SQL SQL

SELECT * SELECT COUNT(*)
FROM College FROM College
WHERE enrollment > 15000; WHERE enrollment > 15000;
Result Result
cnaME | sTaTE || ENROLLMENT | COUNT(*)
1 Berkeley CA 36000 1 2
2 Cornell NY 21000

SQL - Suan Lee 129



SQL SQL

SELECT COUNT("“) SELECT COUNT(DISTINCT SID)
FROM Apply FROM Apply
WHERE cName = 'Cornell’; WHERE cName = 'Cornell’;
Result Result

COUNT(=) | COUNT{DISTINCTSID)

1 L 1 3

SQL - Suan Lee 130



SQL

SELECT sID

FROM Apply

WHERE cName = 'Cornell';

Result

SQL - Suan Lee

Cin VIS - TR (SRR (PY IR K Ry Y

SID

123
345
345
345
763
THS
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SQL
SELECT *
FROM Student S1
WHERE
( SELECT COUNT(*)
FROM Student S2
WHERE S2.SID <> S1.sID
AND S2.GPA = S1.GPA
) =
( SELECT COUNT(*)
FROM Student S2
WHERE S2.sID <> S1.sID
AND S2.s1zeHS = Sl.sizeHS
)

Result

sqQL -

Suan Lee

siD (B smamME | GPa | s1zEHS
1 345 Craig 3.5 500
2 567 Edward 2.9 2000
3 678 Fay 3.8 200
4 789 Gary 3.4 200
5 765 Jay 2.9 1500
6 543 Craig 3.4 2000

132



sqQL -

SQL

FROM

(SELECT AVG(GPA) AS avgGPA
FROM Student
WHERE  sID IN
(SELECT sID
FROM Apply
WHERE  major = 'CS')) CS,
(SELECT AVG(GPA) AS avgGPA
FROM Student
WHERE  sID NOT IN
(SELECT sID
FROM Apply

SELECT CS.avgGPA - NonCS.avgGPA

WHERE  major = 'CS')) nonCsS;

Suan Lee

133



SQL Result

SELECT CS.avgGPA - NonCS.avgGPA [ Cs.AVGGPA-NONCS.AVGGRA
FROM

(SELECT AVG(GPA) AS avgGPA
FROM Student
WHERE sID IN
(SELECT sID
FROM Apply
WHERE  major = 'CS')) CS,
(SELECT AVG(GPA) AS avgGPA
FROM Student
WHERE SID NOT IN
(SELECT sID
FROM Apply

WHERE  major = 'CS')) nonCsS;

1 0.19428571428571428571428571428571428571
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SQL Result

SELECT g o
( SELECT AVG(GPA) AS avgGPA 1 0.19428571428571428571428571428571428571
FROM student 2 (0.19428571428571428571428571428571428571
WHERE <ID IN 3 0.19428571428571428571428571428571428571
4 0.19428571428571428571428571428571428571
( SELECT sID 5 0.19428571428571428571428571428571428571
FROM Apply e mmn Amm et mmemA AmmEon e e Ama e
: o 6 0.19428571428571428571428571428571428571
WHERE major = 'CS' ) ) - 7 0.19428571428571428571428571428571428571
( SELECT AVG(GPA) AS avgGPA 8 0.19428571428571428571428571428571428571
FROM Student 9 0.19428571428571428571428571428571428571
WHERE SID NOT IN 10 0.19428571428571428571428571428571428571
( SELECT sID 11 0.19428571428571428571428571428571428571
FROM Apply 12 0.19428571428571428571428571428571428571
WHERE major = 'CS' ) ) D
FROM Student;
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SQL Result

SELECT DISTINCT § o
( SELECT AVG(GPA) AS angPA 1 0.19428571428571428571428571428571428571
FROM Student
WHERE  sID IN
( SELECT sID
FROM Apply
WHERE  major = 'CS' ) ) -
( SELECT AVG(GPA) AS avgGPA
FROM Student
WHERE  sSID NOT IN
( SELECT sID
FROM Apply
WHERE major = 'CS' ) ) D
FROM Student;

SQL - Suan Lee 136



SQL Result

SELECT cName, COUNT(*) CNAME |[{  CouNT(¥)
FROM App-l y 1 Stanford P
GROUP BY CName,; 2 Cornell 6
3 Berkeley 3
4 MIT 4

SQL - Suan Lee .



SQL Result

SELECT % sio | cname [ malor DECISION
FROM App-l y 1 123|Berkeley|CS T
. 2 87| Berkeley|CS ¥
ORDER BY cCName; 3  234Berkeley|bioclogy H
4 765|Cornell |history H
5 Te5|Cornell |psvchology T
B 345|Cornell |bicengineering N
7 345|Cornell |EE H
a8 345|Cornell |C3 Y
9 123|Cornell |EE ¥
10 876|MIT marine bioclogy H
11 B876/MIT bioclogy ¥
12 S43MIT C35 H
13 J45|MIT bicengineering ¥
14 Te5|5tanford |history ¥
15 g76|Stanford|C3 N
16 987 5tanford |C5 Y
17 678 5tanford|history T
18 123|5tanford |C5 Y
19 123|5tanford |EE N
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SQL Result

SELECT cName, COUNT(*) CNAME |[{  CouNT(¥)
FROM App-l y 1 Stanford P
GROUP BY CName,; 2 Cornell 6
3 Berkeley 3
4 MIT 4

SQL - Suan Lee .



SQL Result

SELECT state, SuM(enrollment) STATE |[] SUM(ENROLLMENT)
FROM College od b =1008
GROUP BY state; 2 MR 10000

3 NY 21000

SQL - Suan Lee 140



SQL

SELECT

FROM
WHERE

GROUP BY

cName, major,

MIN(GPA), MAX(GPA)

Student, Apply

Student.sID =
Apply.sID

cName, major;

SQL - Suan Lee

141



SQL

SELECT cName, major, GPA

FROM Student, Apply

WHERE Student.sID =
Apply.sID

ORDER BY cName, major;

Result

SQL - Suan Lee

CNAME

MAIOR

GPA

1 Berkeley
2 Berkeley
3 Berkeley
4 Cornell
2 Cornell
6 Cornell
f Cornell
8 Cornell
9 Cornell
10 MIT

11 MIT

12 MIT

13 MIT

14 Stanford
15 Stanford
16 Stanford
17 Stanford
18 Stanford
19 Stanford

CS

CS

biology

CS

EE

EE
bicengineering
history
pavchology

CS
bicengineering
biclogy

marine biclogy

EE
history

history

[

%

[

Lad

LT R T R L B L B L D L L]

LL R T R L B L B L L L R L

{5 SO ¥ e T i R Y N i O ¥ Y o N o 5 Y Y o 5 B = T |

{95 I ¥ e TR ¥ i B |

o
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SQL
SELECT cName, major,
MIN(GPA), MAX(GPA)
FROM Student, Apply
WHERE Student.sID =
Apply.sID
GROUP BY cName, major;

Result

SQL - Suan Lee

cNaAME ([ MaloR MIN(GPA) (B max(GPA)
1 Berkeley C5 J.7 3.9
2 Cornell psychology 2.9 2.9
3 MIT C3 3.4 3.4
4 MIT marine kioclogy 3.9 3.9
3 Cornell EE 3.5 3.9
6 Stanford C5 3.7 3.9
7 Stanford history 2.9 3.8
8 Stanford EE 3.9 3.9
9 Cornell C35 3.5 3.5
10 Berkeley biclogy 3.6 3.6
11 Cornell bioengineering 3.0 3.9
12 MIT bicengineering 3.5 3.9
13 MIT bioclogy 3.9 3.9
14 Cornell history 2.9 2.9
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SQL Result

SELECT MAX (mx-mn) MAX (MX-MN)
FROM 1 0.9
(

SELECT cName, major,
MIN(GPA) AS mn,
MAX(GPA) AS mX

FROM Student, Apply
WHERE Student.sID =
Apply.sID

GROUP BY cName, major
) M;
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SQL

SELECT

FROM
WHERE

GROUP BY

Student.sID,
COUNT(DISTINCT cName)
Student, Apply
Student.sID =
Apply.sID
Student.sID;

SQL - Suan Lee
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SQL

SELECT Student.sID, cName

FROM Student, Apply

WHERE Student.sID =
Apply.sID

ORDER BY Student.sID;

Result

SQL - Suan Lee

LY I T o T L L

10
11
12
13
14
15
16
17
18
19

H

sio | cnAME

123 Stanford
123 Stanford
123 Berkeley

123 Cornell

234 Berkeley

345 MIT

345 Cornell
345 Cornell
345 Cornell

543 MIT

678 Stanford

785 Stanford
765 Cornell

765 Cornell

B876 Stanford
BTa MIT
g7a MIT

L}

7
987 Berkeley
o]

d
987 Stanford
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SQL

SELECT Student.sID,
COUNT(DISTINCT cName)

FROM Student, Apply

WHERE Student.sID =
Apply.sID

GROUP BY Student.sID;

Result

SQL - Suan Lee

L S S N o L T & D N T N O I

g

COUNT({DISTINCTCNAME)

k3 = k3 K3 R3O LA
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SQL

SELECT

FROM
WHERE

GROUP BY
UNION
SELECT
FROM
WHERE

Student.sID,
COUNT(DISTINCT cName)
Student, Apply
Student.sID =
Apply.sID
Student.sID

sID, O
Student
SID NOT IN

( SELECT sID FROM Apply );

SQL - Suan Lee
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SQL

SELECT Student.sID,
COUNT(DISTINCT cName)

FROM Student, Apply

WHERE Student.sID =
Apply.sID

GROUP BY Student.sID

UNION

SELECT sID, O

FROM Student

WHERE SID NOT IN

( SELECT sID FROM Apply );

Result

SQL - Suan Lee

W00 =) ot B L

10
11
12

g

SID

COUNT({DISTINCTCNAME)

123
234
345
456
543
567

-]
o

=1 =1 n
=3}
oA

=]
(=)

=]

Lo

% TR % T o T % TR = R i R o N = T L T e R
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SQL

SELECT
FROM
GROUP BY
HAVING

CName
Apply
CName
COUNT(*) < 5;

SQL - Suan Lee
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SQL

SELECT cName

FROM Apply

GROUP BY cName

HAVING COUNT(*) < 5;

Result

SQL - Suan Lee

CNAME

1 Berkeley
2 MIT

151



SQL Result

SELECT cName CNAME
FROM Apply Al L Berkeley
WHERE 5 > 2 Berkeley
( 3 MIT
- 4 Berkeley
SELECT COUNT(*) b
FROM Apply A2 L
WHERE AZ2.cName = Al.cName ”;H
); '

SQL - Suan Lee -



SQL

SELECT DISTINCT CName

FROM Apply Al
WHERE 5 >
(

SELECT COUNT(*)
FROM Apply A2
WHERE AZ2.cName = Al.cName

);

Result

SQL - Suan Lee

B cnaME

1 Berkeley
2 MIT
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SQL Result

SELECT CName CMAME
FROM Apply | Berkeley
GROUP BY cName 2 MIT
HAVING COUNT(*) < 5;

SQL Result
SELECT cName CNAME
FROM App-l y 1 Cornell
GROUP BY CName 2 MIT
HAVING COUNT(DISTINCT sID) < 5; 3 Berkeley

SQL - Suan Lee .



SQL

SELECT
FROM
WHERE

GROUP BY
HAVING

major
Student, Apply
Student.sID =

Apply.sID
major
MAX(GPA) <

( SELECT AVG(GPA) FROM Student );

SQL - Suan Lee
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SQL

SELECT
FROM
WHERE

GROUP BY
HAVING

major
Student, Apply
Student.sID =

Apply.sID
major
MAX(GPA) <

( SELECT AVG(GPA) FROM Student );

Result

SQL - Suan Lee

B malor

1 bicengineering

2 paychology
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NULL Values

SELECT AL, A, .., A,
FROM R{,R,, ..,R
WHERE condition

m

Demo: simple college admissions database
College(cName, state, enrollment)

Student(sID, sName,

GPA

sizeHS) _—""""

Apply(sID, cName, major,

NULL values:
undefined or unknown

decision

N—




SQL

SELECT
FROM

ala
KA

Student;

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
27 Helen 3.7 200
876 Irene 3.9 400
765 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000
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SQL

INSERT INTO Student VALUES (432,
'"Kevin', null, 1500);
INSERT INTO Student VALUES (321,
"Lori', null, 2500);

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12
13
14

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
927 Helen 3.7 200
876 Irene 3.9 400
765 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000
132 Kevin (null) 1500
321 Lori (null) 2500
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SQL

SELECT SsID, sSName, GPA
FROM Student

WHERE GPA > 3.5;

Result

SQL - Suan Lee

- @ B W

sio B sMAME

GPA

123 Amy
234 Bocb
456 Doris
878 Fay
987 Helen
876 Irene

£54 Amy

3.9

L Ld Ld a0 L
L1 B N i R I S & R 1
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SQL

SELECT SsID, sSName, GPA
FROM Student

WHERE GPA <= 3.5;

Result

SQL - Suan Lee

sio (B sMAME

GPA

345 Craig
567 Edward
789 Gary
765 Jay
243 Craig

L T o L B o

L BRI L3 ka2
[ =T ¥ = T R ¥
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SQL

SELECT SsID, sSName, GPA

FROM Student

WHERE GPA > 3.5 OR
GPA <= 3.5;

Result

SQL - Suan Lee

sio B sMAME

GPA

W00 =) ot B L

10

12

123 Amy
234 Bocb
345 Craiqg
456 Doris
567 Edward
678 Fay
789 Gary
987 Helen
876 Irene
765 Jay
654 Amy
0243 Craig

Cad

LT Y R N e T T = < I ¥ := R Y - IO IO = o T ¥

L T L % 1 N B
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SQL

SELECT SsID, sSName, GPA
FROM Student

WHERE GPA > 3.5 OR

GPA <= 3.5 OR
GPA IS NULL;

Result

SQL - Suan Lee

sio (B swamE [ GPa
1 123 Amy 3.9
2 234 Bocb 3.6
3 345 Craig 3.5
4 456 Doris 3.9
5 567 Edward 2.9
& 678 Fay 3.8
7 789 Gary J.4
8 987 Helen 3.7
9 876 Irene 3.9
10 765 Jay 2.9
11 654 Amy 3.9
12 543 Craig 3.4
13 432 Kevin {nmall)
14 321 Lori {nall)
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SQL Result

SQL - Suan Lee

SELECT sID, sName, siD | swame |§ cea [ sizEHs
GPA, sizeHS 1 123 Amy 3.9 1000

FROM Student 2 234 Bob 3.6 1500
WHERE GPA > 3.5 OR 3] 345jteaig -5 500
S‘iZGHS < 1600, 4 456 Doris 3.9 1000

5 678 Fay 3.8 200

=] 789 Gary 3.4 200

) 987 Helen 3.7 200

a3 276 Irene 3.9 400

9 765 Jay 2.9 1500

10 654 Amy 3.9 1000

11 432 Kevin {null}) 1500
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SQL

SELECT sID, sName,
GPA, sizeHS

FROM Student

WHERE GPA > 3.5 OR
sizeHS < 1600 OR
sizeHS >= 1600;

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12
13
14

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
927 Helen 3.7 200
876 Irene 3.9 400
765 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000
132 Kevin (null) 1500
321 Lori (null) 2500
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SQL Result

SELECT  COUNT(¥) counT)
FROM Student 1 12
WHERE GPA IS NOT NULL,;

SQL - Suan Lee o



SQL Result

SELECT COUNT(DISTINCT GPA) B COUNT(DISTINCTGPA)
FROM Student 1 T

WHERE GPA IS NOT NULL;

SQL - Suan Lee 168



SQL
SELECT DISTINCT GPA
FROM Student;

Result

SQL - Suan Lee

GPA

1 {null)

2
3
4
5]
]
)
8

3.

6
T
3
.9
g
9
4

L La La PR3 L LS
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Data Modification Statements

* Inserting new data (2 methods)

INSERT INTO TABLE
VALUES (A{,A,,..,A.)

INSERT INTO TABLE
Select-Statement

SQL - Suan Lee 171



Data Modification Statements

* Deleting existing data

DELETE FROM TABLE
WHERE Condition

SQL - Suan Lee



Data Modification Statements

* Updating existing data

UPDATE TABLE
SET Attribute = Expression
WHERE Condition

SQL - Suan Lee 173



Data Modification Statements

* Updating existing data

UPDATE TABLE

SET A, = EXpry, A, = EXpry, ..,
A3 = EXprs,

WHERE Condition

Demo: simple college admissions database

College(cName, state, enrollment)
Student(sID, sName, GPA, sizeHS)
Apply(sID, cName, major, decision)
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SQL

INSERT INTO College
VALUES ('Carnegie Mellon',
'PA',
11500);

Result

SELECT
FROM College;

SQL - Suan Lee

CNAME STATE || ENROLLMENT
1 Stanford Ch 15000
2 Berkeley CA 3a000
3 MIT MR 10000
4 Cornell NY 21000
o Carnegie Mellon PA 11500
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SQL Result

SELECT * siD B swaME (] GPa|f sIzEHS
FROM Student 1 456 Doris 3.9 1000
WHERE SID NOT IN 2 567 Edward 2.9 2000
( 3 789 Gary 3.4 200

4  §54 Amy 3.9 1000

SELECT sID
FROM Apply

);
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SQL Result

SELECT sID, 'Carnegie Mellon', siD | 'carneGIEMELLON ([ 'cs' | muw

! CS ! : NULL 1 4568 Carnegie Mellon €5 (nuall)
FROM Student 2 267 Carnegie Mellon €5 (nall)
WHERE STID NOT IN 3 789 Carnegie Mellon €35 (nall)
( 4 654 Carnegie Mellon C5 (nmall)

SELECT sID
FROM Apply

);
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SQL

INSERT INTO Apply

SELECT sID, 'Carnegie Mellon’,

‘CS’, NULL
FROM Student
WHERE SID NOT IN

(
SELECT sID

FROM Apply

Result

SELECT *
FROM Apply;

sqQL -

Suan Lee

sio |[f  cuaME MAJOR DECISION
123 5tanford CS T
123 5tanford EE H
123 Berkeley C3 T
123 Cornell EE ¥
234 Berkeley biology H
345 MIT bicengineering ¥
345 Cornell bicengineering N
345 Cornell CS T
345 Cornell EE H
6§78 Stanford history T
987 5tanford C5 ¥
987 Berkeley C5 ¥
276 Stanford C5 H
276 MIT bioclogy T
276 MIT marine biclogy N
765 Stanford history T
765 Cornell history H
765 Cornell psvchology ¥
543 MIT C5 N
458 Carnegie Mellon CS5 {rmall}
567 Carnegie Mellon C35 {mall)
789 Carnegie Mellon C3 {nall}
654 Carnegie Mellon C3 {nall}

178



SQL Result

SELECT * | siD |[f] swaME |f| cPa (B s1zEHS
FROM Student L 123 Amy 3.3 1oao
WHERE SID IN 2 345 Craig 3.5 200
(

SELECT sID

FROM Apply

WHERE  major = ‘EE’
AND  decision

Il
Z

);
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SQL
SELECT sID, 'Carnegie Mellon',
IEEI, IYI
FROM Student
WHERE SID IN
(
SELECT sID
FROM Apply
WHERE  major = ‘EE’
AND decision = ‘N’
);

Result

SQL - Suan Lee

1
2

sio (B 'carnEcIEMELLON ([ 'EE' |
123 Carnegie Mellon EE ¥
345 Carnegie Mellon EE Y
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SQL

INSERT INTO Apply
SELECT sID, 'Carnegie Mellon',
IEEI, IYI

FROM Student
WHERE SID IN
(

SELECT sID

FROM Apply

WHERE  major = ‘EE’

AND decision = ‘N’

Result

SELECT *
FROM Apply;

sqQL -

Suan Lee

M S0 =] o L R

| O I % R L B L [ L | [ et et i e i e e
m_h.Lu[un—-Eu:llIlhqmm_h.Lumn—nD

S0 | cNAME @ maoR |8 oecrson
123 Stanford 5 ¥
123 5tanford EE j2)
123 Berkeley 3 T
123 Cornell EE ¥
234 Berkeley biology H
340 MIT biocengineering ¥
345 Cornell bicengineering N
345 Cornell 5 ¥
345 Cornell EE j2)
678 Stanford history T
987 Stanford 3 ¥
987 Berkeley 5 b
876 3tanford C3 j2)
276 MIT biology T
BTeMIT marine bioclogy H
765 Stanford history T
765 Cornell history H
765 Cornell paychology T
543 MIT C5 N
456 Carnegie Mellon C35 {mall)
267 Carnegie Mellon C3 {mall)
789 Carnegie Mellon CS {mall)
6594 Carnegie Mellon C35 {mall)
123 Carnegie Mellon EE T
345 Carnegie Mellon EE T
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SQL
SELECT sID,
COUNT(DISTINCT major)
FROM Apply
GROUP BY sSsID
HAVING COUNT(DISTINCT major)
> 2;

Result

SQL - Suan Lee

1
2

g

SID

COUNT({DISTINCTMAJOR.)

876

345

3
3

182



SQL Result

DELETE sio (B smame B cPa | sizems
FROM Student 1 123 hmy 3.3 1oao
( 3 456 Doris 3.9 1000
SELECT <ID 4  5§7Edward 2.9 2000
5§78 Fay 3.8 200

FROM Apply & 789 Gary 3.4 800
GROUP BY sID 7 987 Helen 3.7 200
HAVING COUNT(DISTINCT major) 3 765 Jay 5 g 1500

> 2 9 £54 Lmy 3.9 1000

) i0 543 Craig 3.4 2000

SELECT
FROM Student;
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Result

sqQL -

SQL

DELETE

FROM Apply

WHERE SID IN

(
SELECT SID
FROM Apply
GROUP BY sID
HAVING COUNT(DISTINCT major)

> 2

);

SELECT *~*

FROM Apply;

Suan Lee

LY O I o L o T o o O e N

10

12
13
14
15
16
17

sio (B cnAME MAJOR DECISION
123 Stanford - Y
123 Stanford EE H
123 Berkeley CS5 Y
123 Cornell EE Y
234 Berkeley bBiclogy N
678 Stanford history Y
87 Stanford C3 Y
87 Berkeley C3 T
765 Stanford history 4
765 Cornell history N
765 Cornell paychology Y
543 MIT C3 N
456 Carnegie Mellon C5 (null)
267 Carnegie Mellon C5 {null)
789 Carnegie Mellon CS (null)
654 Carnegie Mellon C35 (null)
123 Carnegie Mellon EE 4
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SQL

SELECT
FROM
WHERE
(
SELECT
FROM
WHERE

);

College
CName NOT 1IN

CName

Apply
major = 'CS’

Result

SQL - Suan Lee

CNAME ([ sTATE

ENROLLMENT

1 Cornell NY

21000
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SQL Result

DELETE CNAME STATE | ENROLLMENT
FROM college 1 Stanford CL 15000
WHERE  cName NOT IN 2 Berkeley ca 36000
( 3 MIT MA 10000
SELECT cName 4 Carnegie Mellon PA 11500
FROM Apply
WHERE  major = 'CS'
);
SELECT
FROM College;
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SQL Result

SELECT * | sID (B cNAME MaJOR | DECISION
FROM App-l y 1 267 Carnegie Mellon €35 {(mall)
WHERE cName = 2 789 Carnegie Mellon C5 (null}

"Carnegie Mellon'
AND SID IN
(
SELECT sID
FROM Student
WHERE GPA < 3.6

);
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SQL

UPDATE Apply
SET decision = ‘Y’,
major = ‘economics’
WHERE  CName =
"Carnegie Mellon'
AND SID IN

SELECT sID
FROM Student
WHERE GPA < 3.6

);

Result

sqQL -

Suan Lee

LY O I o L o T o o O e N

10

12
13
14
15
16
17

sio (B cnAME MAJOR DECISION
123 Stanford - Y
123 Stanford EE H
123 Berkeley CS5 Y
123 Cornell EE Y
234 Berkeley bBiclogy N
678 Stanford history Y
87 Stanford C3 Y
87 Berkeley C3 T
765 Stanford history 4
765 Cornell history N
765 Cornell paychology Y
543 MIT C3 N
456 Carnegie Mellon C5 (null)
267 Carnegie Mellon economics ¥
789 Carnegie Mellon economics Y
654 Carnegie Mellon C35 (null)
123 Carnegie Mellon EE 4
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SQL

SELECT
FROM Apply
WHERE  major = 'EE'

AND sID IN
( SELECT sID
FROM Student
WHERE  GPA >= ALL
( SELECT GPA
FROM Student
WHERE sID IN
( SELECT sID
FROM Apply
WHERE  major

)
);

— IEE‘

Result

SQL - Suan Lee

1
2
3

sio (B cnAME Malor || DECISION
123 Stanford EE N
123 Cornell EE Y
123 Carnegie Mellon EE ¥
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SQL Result
UPDATE Apply SID | cNAME MAJOR DECISION
SET major — 'CSE' 1 123 Stanford C3 Y
WHERE major — ! EE' 2 123 Stanford C3E H
AND SID IN 3 123 Berkeley CS5 Y
4 123 Cornell CSE Y
( SELECT SID 2 234 Berkeley bBiclogy N
FROM StUdent 6 678 Stanford history Y
WHERE ~ GPA >= ALL 7 927 Stanford cs ¥
( SELECT GPA 3 987 Berkeley C3 T
FROM Student 9 765 Stanford history ¥
WHERE SID IN 0 765 Cornell history N
( SELECT sID i1 765 Cornell paycholeogy ¥
FROM Apply 12 543MIT C5 N
WHERE maj or = "EEf 13 456 Carnegie Mellon CS {null)
) 14 267 Carnegie Mellon economics ¥
) 15 789 Carnegie Mellon economics Y
) ; 16 654 Carnegie Mellon C35 (null)
17 123 Carnegie Mellon CSE 4
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SQL Result

UPDATE Student siD | smame ([ cPa | sizens
SET 1 123 Amy 3.9 200
GPA = ( SELECT MAX(GPA) e 3 2o
FROM  Student ) 3 456 Doris 3.9 200

sizeHS = ( SELECT MIN(sizeHS) e e B
FROM _ Student ); &  789Gary 3.9 200

7 987Helen 3.9 200

8  765Jay 3.9 200

SELECT 9 654 RAmy 3.9 200
FROM Student; 0 S543Craig 3.9 200
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Result

SQL

UPDATE Apply

SET decision = 'Y';
SELECT *

FROM Apply;

SQL - Suan Lee

LY O I o L o T o o O e N

10

12
13
14
15
16
17

sio (B cnAME MAJOR DECISION

123 Stanford - Y
123 Stanford C3E Y
123 Berkeley CS5 Y
123 Cornell CSE Y
234 Berkeley bBiclogy 4
678 Stanford history Y

87 Stanford C3 Y

87 Berkeley C3 T
765 Stanford history 4
765 Cornell history Y
765 Cornell paychology Y
543 MIT C3 Y
456 Carnegie Mellon C5 4
267 Carnegie Mellon economics ¥
789 Carnegie Mellon economics Y
654 Carnegie Mellon C35 T
123 Carnegie Mellon CSE 4
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JOIN Operators

SELECT
FROM
WHERE

AL, Ay, . A,

R{,R,, ..,R, —
condition

Explicit Join of tables




JOIN Operators
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AL, Ay, . A,

R{,R,, ..,R, —
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JOIN Operators

SELECT
FROM
WHERE

AL, Ay, . A,

R{,R,, ..,R, —

condition

 Inner Join On Condition

e Natural Join

Neo

_>M

* Inner Join Using(attributes) —

Explicit Join of tables




JOIN Operators

SELECT AL A, A,
FROM R{,R,, ..,R, —
WHERE condition
* Inner Join On Condition — Mg
e Natural Join — X

* Inner Join Using(attributes) —
* Left | Right | Full Outer Join

Explicit Join of tables




SQL

Result

SELECT DISTINCT sName, major
FROM Student, Apply
WHERE  Student.sID = Apply.sID;

SQL - Suan Lee

snaAME B mAIOR
1 RAmy EE
2 Bob bioclogy
3 Craig EE
4 Irene biology
o Jay p3vychology
6 RAmy CS
J Craig CS
8 Jay history
9 Craig bicengineering
10 Fay history
11 Irene marine bioclogy
12 Helen C3
13 Irene C3
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SQL

Result

SELECT DISTINCT sName, major
FROM Student INNER JOIN Apply
ON Student.sID = Apply.sID;

SQL - Suan Lee

snaAME B mAIOR
1 RAmy EE
2 Bob bioclogy
3 Craig EE
4 Irene biology
o Jay p3vychology
6 RAmy CS
J Craig CS
8 Jay history
9 Craig bicengineering
10 Fay history
11 Irene marine bioclogy
12 Helen C3
13 Irene C3
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SQL

Result

SELECT DISTINCT sName, major
FROM Student JOIN Apply
ON Student.sID = Apply.sID;

SQL - Suan Lee

snaAME B mAIOR
1 RAmy EE
2 Bob bioclogy
3 Craig EE
4 Irene biology
o Jay p3vychology
6 RAmy CS
J Craig CS
8 Jay history
9 Craig bicengineering
10 Fay history
11 Irene marine bioclogy
12 Helen C3
13 Irene C3
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SQL

SELECT sName, GPA

FROM Student, Apply

WHERE  Student.sID = Apply.sID
AND sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT sName, GPA

FROM Student JOIN Apply

ON Student.sID = Apply.sID
WHERE sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT sName, GPA

FROM Student JOIN Apply

ON Student.sID = Apply.sID
AND sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT sName, GPA

FROM Student JOIN Apply

ON Student.sID = Apply.sID
WHERE sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT

FROM
WHERE
AND

Apply.sID, sName, GPA,
Apply.cName, enrollment
Apply, Student, College
Apply.sID = Student.sID
Apply.cName =
College.cName;

Result

SQL - Suan Lee

g

sio B sMaME

GrA |[{ cnamE

ENROLLMENT

LY I T o T L L

10

12
13
14
15
16
17
18
19

123 Amy
123 hmy
123 Amy
123 hmy
234 Bob
345 Craig
345 Craig
345 Craig
345 Craig
678 Fay
87 Helen
g7 Helen
876 Irene
876 Irene
876 Irene
765 Jay
765 Jay
765 Jay
243 Craig

3.
.9 Berkeley
.9 Stanford

LCE T T R L B L I T I L N % I L R L N R L R L R L L

[ T L T

LL}

9 Cornell

.9 Stanford
. b Berkeley
.5 Cornell
.5 Cornell
.5 Cornell
.0 MIT

.8 Stanford
. 1 Berkeley
.7 Stanford
.9 MIT

.9 MIT

.9 5tanford
.9 Cornell
.9 Cornell
.9 Stanford
.4 MIT

21000
36000
15000
15000
36000
21000
21000
21000
10000
15000
36000
15000
10000
10000
15000
21000
21000
15000
10000
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SQL

SELECT

FROM

ON
AND

Apply.sID, sName, GPA,
Apply.cName, enrollment
Apply JOIN Student

JOIN College

Apply.sID = Student.sID
Apply.cName =
College.cName;

Result

SQL - Suan Lee

ORA-00905: ==l |8 =

00905, 00000 - “missing keyword"

Cause:
FAction:
106724, 352 M 27 2
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SQL

SELECT

FROM

JOIN
ON

Apply.sID, sName, GPA,
Apply.cName, enrollment
(Apply JOIN Student ON
Apply.sID = Student.sID)
College

Apply.cName =
College.cName;

SQL - Suan Lee
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SQL

SELECT Apply.sID, sName, GPA,
Apply.cName, enrollment

FROM (Apply JOIN Student ON
Apply.sID = Student.sID)

JOIN College

ON Apply.cName =
College.cName;

Result

SQL - Suan Lee

g

sio B sMaME

GrA |[{ cnamE

ENROLLMENT

LY I T o T L L

10

12
13
14
15
16
17
18
19

123 Amy
123 hmy
123 Amy
123 hmy
234 Bob
345 Craig
345 Craig
345 Craig
345 Craig
678 Fay
87 Helen
g7 Helen
876 Irene
876 Irene
876 Irene
765 Jay
765 Jay
765 Jay
243 Craig

3.9 Cornell
.9 Berkeley
.9 5tanford
.9 Stanford
. b Berkeley
.5 Cornell

.0 Cornell

3

3

3

3

3

3

3.5 Cornell
3.9 MIT

3.8 5tanford
J.T7TBerkeley
3.7 5tanford
3.9 MIT

3.9 MIT

3.9 5tanford
2.9 Cornell
2.9 Cornell
2.9 5tanford

3.4 MIT

21000
36000
15000
15000
36000
21000
21000
21000
10000
15000
36000
15000
10000
10000
15000
21000
21000
15000
10000
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SQL

Result

SELECT DISTINCT sName, major
FROM Student INNER JOIN Apply
ON Student.sID = Apply.sID;

SQL - Suan Lee

snaAME B mAIOR
1 RAmy EE
2 Bob bioclogy
3 Craig EE
4 Irene biology
o Jay p3vychology
6 RAmy CS
J Craig CS
8 Jay history
9 Craig bicengineering
10 Fay history
11 Irene marine bioclogy
12 Helen C3
13 Irene C3
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SQL

Result

SELECT DISTINCT sName, major
FROM Student
NATURAL JOIN Apply;

SQL - Suan Lee

snaAME B mAIOR
1 RAmy EE
2 Bob bioclogy
3 Craig EE
4 Irene biology
o Jay p3vychology
6 RAmy CS
J Craig CS
8 Jay history
9 Craig bicengineering
10 Fay history
11 Irene marine bioclogy
12 Helen C3
13 Irene C3
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SQL Result

SELECT * sio (B swameE (B cra | sizens (B oname [f] malor DECISION
1 123 Mmy 3.9 1000 Cornell EE bl
FROM StUdent 2 123 Amy 3.9 1000 Berkeley C3 bl
NATURAL JOIN App] Y, 3  123Bmy 3.9 1000 Stanford EE )
4 123 Amy 3.9 1000 Stanford C3 bl
5 234 Bob 3.6 1500 Berkeley biclogy i)
B 345 Craig 3.5 500 Cornell EE i)
7 345 Craig 3.3 500 Cornell (5 T
3 345 Craig 3.5 500 Cornell bicengineering N
9 345 Craig 3.3 SO0 MIT bicengineering ¥
10 678 Fay 3.8 200 Stanford history T
11 87 Helen 3.7 200 Berkeley C5 T
12 87 Helen 3.7 200 Stanford C5 T
13 876 Irene 3.9 400 MIT marine bioclogy N
14 876 Irene 3.9 400 MIT biclogy T
15 876 Irene 3.9 400 Stanford C5 i)
16 765 Jay 2.9 1500 Cornell psvchology T
17 Ta5 Jay 2.9 1500 Cornell history i)
13 765 Jay 2.9 1500 Stanford history T
19 543 Craig 3.4 2000 MIT C3 H
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SQL

SELECT DISTINCT sID
FROM Student
NATURAL JOIN Apply;

Result

SQL - Suan Lee

CO o= o s W R =

SID

123
678

243

L
=1 o
[= I |

k3 CO

Lad
Yo

345
763
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SQL

SELECT DISTINCT sID
FROM Student, Apply;

Result

SQL - Suan Lee

ORA-00913: 22 2 000 = LICt

00913, 00000 - “column ambiguously defined”

*Cause:
*Action:
1,087, 178 M 25 2 M
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SQL

SELECT sName, GPA

FROM Student JOIN Apply

ON Student.sID = Apply.sID
WHERE sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT sName, GPA

FROM Student

NATURAL JOIN Apply

WHERE sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford';

Result

SQL - Suan Lee

SNAME

GPA

1 Helen

2 Irens

3.7
3.9
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SQL

SELECT
FROM
JOIN
WHERE
AND
AND

sName, GPA

Student

Apply USING(SID)
sizeHS < 1000
major = 'CS’

cName = 'Stanford';

SQL - Suan Lee
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SQL Result

SELECT sName, GPA B sname [ cra
FROM Student L [fielen 3.7
2 Irene 3.9

JOIN Apply USING(SID)
WHERE sizeHS < 1000

AND major = 'CS’

AND cName = 'Stanford’;

SQL - Suan Lee 218



SQL

SELECT *

FROM Student S1
NATURAL JOIN Student SZ;

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
27 Helen 3.7 200
876 Irene 3.9 400
765 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000
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SQL

SELECT
FROM

ala
KA

Student;

Result

SQL - Suan Lee

L O I o & o T o o N e

10

12

sio (B swameE B cPa B sIzZEHS
123 Amy 3.9 1000
234 Bob 3.6 1500
345 Craig 3.5 500
456 Doris 3.9 1000
567 Edward 2.9 2000
678 Fay 3.8 200
789 Gary 3.4 200
27 Helen 3.7 200
876 Irene 3.9 400
765 Jay 2.9 1500
654 Amy 3.9 1000
543 Craig 3.4 2000
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SQL

SELECT
FROM

sName, sID, cName, major
Student

INNER JOIN Apply USING(SID);

Result

SQL - Suan Lee

snaME (B sio (B cwamE |f] Malor
1 Amy 123 Cornell EE
2 Lmy 123 Berkeley C3
3 Amy 123 Stanford EE
4 Lmy 123 Stanford C3
5 Bob 234 Berkeley biclogy
6 Craig 345 Cornell EE
7 Craig 345 Cornell C35
8 Craig 345 Cornell bPkicengineering
9 Craig J45 MIT bicengineering
10 Fay 678 Stanford history
11 Helen 27 Berkeley C3
12 Helen 87 Stanford C5
13 ITrene BTEMIT marine bioclogy
14 Trene 76 MIT biology
15 Trene 876 Stanford C5
16 Jay 765 Cornell psychology
17 Jay 765 Cornell history
183 Jay 765 Stanford history
19 Craig 543 MIT C3
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SQL

SELECT
FROM

sName, sID, cName, major
Student

OUTER JOIN Apply USING(SID);

Result

SQL - Suan Lee

snaME (B sio (B cwamE |f] Malor
1 Amy 123 Cornell EE
2 Lmy 123 Berkeley C3
3 Amy 123 Stanford EE
4 Lmy 123 Stanford C3
5 Bob 234 Berkeley biclogy
6 Craig 345 Cornell EE
7 Craig 345 Cornell C35
8 Craig 345 Cornell bPkicengineering
9 Craig J45 MIT bicengineering
10 Fay 678 Stanford history
11 Helen 27 Berkeley C3
12 Helen 87 Stanford C5
13 ITrene BTEMIT marine bioclogy
14 Trene 76 MIT biology
15 Trene 876 Stanford C5
16 Jay 765 Cornell psychology
17 Jay 765 Cornell history
183 Jay 765 Stanford history
19 Craig 543 MIT C3
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SQL

SELECT sName, sID, cName, major
FROM Student
LEFT OUTER JOIN Apply USING(SID);

Result

SQL - Suan Lee

1
2
3
4
5

&
7
g
9

10
11
12
13
14
15
16
17
15
19
20
21
22
23

snaME (B sio|f cnvame |[§ malor

By 123 Stanford €5

By 123 Stanford EE

By 123 Berkeley C5

By 123 Cornell EE

Bob 234 Berkeley biology

Craig 345 MIT bicengineering
Craig 345 Cornell bicenginesering
Craig 345 Cornell (5

Craig 345 Cornell EE

Fay 678 Stanford history

Helen g7 Stanford C3

Helen 987 Berkeley C5

Irene 876 Stanford C5

Irene 76 MIT bioclogy

Irene 8T6MIT marine bioclogy
Jay 765 Stanford history

Jay 765 Cornell history

Jay 765 Cornell paychology
Craig 543 MIT C3

Doris 456 {mull) (mall}

Edward 567 (mull) (nuall)

Fary TES (mmull) (nuall)

By 654 {rmull) (nuall)
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SQL

SELECT
FROM

sName, sID, cName, major

Student

LEFT JOIN Apply USING(SID);

Result

SQL - Suan Lee

snaME (B sio|f cnvame |[§ malor

1 Bmy 123 Stanford €5

2 Amy 123 Stanford EE

3 Amy 123 Berkeley C5

4 Rmy 123 Cornell EE

5 Bob 234 Berkeley biology

6 Craig 345 MIT bicengineering
7 Craig 345 Cornell bicenginesering
8 Craig 345 Cornell (5

9 Craig 345 Cornell EE

10 Fay 678 Stanford history

11 Helen g7 Stanford C3

12 Helen 987 Berkeley C5

13 Irene 876 Stanford C5

14 Irene 76 MIT bioclogy

15 Irene 8T6MIT marine bioclogy
16 Jay 765 Stanford history

17 Jay 765 Cornell history

18 Jay 765 Cornell paychology

19 Craig 543 MIT C3
20 Doris 456 {mull) (mall}
21 Edward 567 (mull) (nuall)
22 Gary TES (mmull) (nuall)
23 Emy 654 {null) (muall)
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SQL

SELECT
FROM

sName, sID, cName, major

Student

NATURAL LEFT OUTER JOIN Apply;

Result

SQL - Suan Lee

snaME (B sio|f cnvame |[§ malor

1 Bmy 123 Stanford €5

2 Amy 123 Stanford EE

3 Amy 123 Berkeley C5

4 Rmy 123 Cornell EE

5 Bob 234 Berkeley biology

6 Craig 345 MIT bicengineering
7 Craig 345 Cornell bicenginesering
8 Craig 345 Cornell (5

9 Craig 345 Cornell EE

10 Fay 678 Stanford history

11 Helen g7 Stanford C3

12 Helen 987 Berkeley C5

13 Irene 876 Stanford C5

14 Irene 76 MIT bioclogy

15 Irene 8T6MIT marine bioclogy
16 Jay 765 Stanford history

17 Jay 765 Cornell history

18 Jay 765 Cornell paychology

19 Craig 543 MIT C3
20 Doris 456 {mull) (mall}
21 Edward 567 (mull) (nuall)
22 Gary TES (mmull) (nuall)
23 Emy 654 {null) (muall)
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SQL

SELECT

FROM
WHERE
UNION
SELECT
FROM
WHERE

sName, Student.sID,
cName, major

Student, Apply
Student.sID = Apply.sID

SName, SID, NULL, NULL
Student
SID NOT IN

( SELECT sID FROM Apply );

Result

SQL - Suan Lee

snaME (B sio|f cnvame |[§ malor
1 Bmy 123 Berkeley C5
2 Amy 123 Cornell EE
3 Amy 123 Stanford €5
4 Rmy 123 Stanford EE
5 hmy 654 (null) (mull)
& Bob 234 Berkeley biclogy
7 Craig 345 Cornell (S5
8 Craig 345 Cornell EE
9 Craig 345 Cornell bicengineering
10 Craig 345 MIT bicengineering
11 Craig 543 MIT 3
12 Doris 456 {muall) (mall}
13 Edward 567 {mull) (mall}
14 Fay 678 Stanford history
15 Gary TES (mmull) (nuall)
16 Helen 987 Berkeley C5
17 Helen 987 Stanford CS
13 Irene 876 MIT bioclogy
19 Irene 876 MIT marine biology
20 Irene 876 Stanford C5
21 Jay 765 Cornell history
22 Jay 765 Cornell paychology
23 Jay 765 Stanford history
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SQL

SELECT
FROM

sName, sID, cName, major

Student

NATURAL LEFT OUTER JOIN Apply;

Result

SQL - Suan Lee

snaME (B sio|f cnvame |[§ malor

1 Bmy 123 Stanford €5

2 Amy 123 Stanford EE

3 Amy 123 Berkeley C5

4 Rmy 123 Cornell EE

5 Bob 234 Berkeley biology

6 Craig 345 MIT bicengineering
7 Craig 345 Cornell bicenginesering
8 Craig 345 Cornell (5

9 Craig 345 Cornell EE

10 Fay 678 Stanford history

11 Helen g7 Stanford C3

12 Helen 987 Berkeley C5

13 Irene 876 Stanford C5

14 Irene 76 MIT bioclogy

15 Irene 8T6MIT marine bioclogy
16 Jay 765 Stanford history

17 Jay 765 Cornell history

18 Jay 765 Cornell paychology

19 Craig 543 MIT C3
20 Doris 456 {mull) (mall}
21 Edward 567 (mull) (nuall)
22 Gary TES (mmull) (nuall)
23 Emy 654 {null) (muall)
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SQL

INSERT INTO Apply VALUES (321,
'MIT', 'history', 'N');

INSERT INTO Apply VALUES (321,
'MIT', 'psychology', 'Y');

SQL - Suan Lee 228



SQL

SELECT sName, sID, cName, major
FROM Apply
NATURAL LEFT OUTER JOIN Student;

Result

SQL - Suan Lee

L R L o o e e o

MHHHHHHHHHHH
= LV B & L S R = N o o e o L N S N L= |

snaME [ so (B cname | malor

Ay 123 Cornell EE

By 123 Berkeley C5

Amy 123 S5tanford EE

By 123 Stanford C5

Bob 234 Berkeley bioclogy

Craig 345 Cornell EE

Craig 345 Cornell (5

Craig 345 Cornell bkicengineering
Craig 345 MIT bFicengineering
Fay 678 Stanford history

Helen 87 Berkeley C5

Helen 87 Stanford C5

Irene 76 MIT marine bkioclogy
Irene BTaMIT biology

Irene 876 Stanford C5

Jay 765 Cornell paychology

Jay 765 Cornell history

Jay 765 S5tanford history

Craig 543 MIT 3

(nall) 321 MIT pavychology
frmall) 321 MIT history
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SQL

SELECT sName, sID, cName, major
FROM Student
NATURAL RIGHT OUTER JOIN App1y;

Result

SQL - Suan Lee

L R L o o e e o

MHHHHHHHHHHH
= LV B & L S R = N o o e o L N S N L= |

snaME [ so (B cname | malor

Ay 123 Cornell EE

By 123 Berkeley C5

Amy 123 S5tanford EE

By 123 Stanford C5

Bob 234 Berkeley bioclogy

Craig 345 Cornell EE

Craig 345 Cornell (5

Craig 345 Cornell bkicengineering
Craig 345 MIT bFicengineering
Fay 678 Stanford history

Helen 87 Berkeley C5

Helen 87 Stanford C5

Irene 76 MIT marine bkioclogy
Irene BTaMIT biology

Irene 876 Stanford C5

Jay 765 Cornell paychology

Jay 765 Cornell history

Jay 765 S5tanford history

Craig 543 MIT 3

(nall) 321 MIT pavychology
frmall) 321 MIT history
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SQL

SELECT sName, sID, cName, major
FROM Student
FULL OUTER JOIN App1y USING(SID);

Result

SQL - Suan Lee

snave (] s (§ cnvave |[§ mador
1 Amy 123 Cornell EE
2 Bmy 123 Berkeley C5
3 Amy 123 Stanford EE
4 Amy 123 Stanford CS5
5 Bob 234 Berkeley biclogy
o Craig 345 Cornell EE
7 Craig 345 Cornell C5
8 Craig 345 Cornell ricengineering
9 Craig 345 MIT bicengineering
10 Doris 458 (null) {nmall)
11 Edward 2687 (null) (mall)
12 Fay 078 Stanford history
13 Gary TE9 (null) {nmall)
14 Helen 987 Berkeley C3
15 Helen 987 Stanford C5
16 Irene 876 MIT marine bioclogy
17 Irene 876 MIT bioclogy
18 Irene 876 Stanford C5
19 Jay 785 Cornell psychology
20 Jay 765 Cornell history
21 Jay 7685 Stanford history
22 Rmy 654 (null) {rull)
23 Craig 543 MIT C3
24 (null) 321 MIT psychology
25 {null) 321 MIT history
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SQL

SELECT sName, sID, cName, major

FROM Student

LEFT OUTER JOIN Apply USING(SID)

UNION

SELECT sName, sID, cName, major

FROM Student

RIGHT OUTER JOIN Apply USING(SID)

Result

SQL - Suan Lee

snave (] s (§ cnvave |[§ mador
1 Amy 123 Berkeley C3
2 Bmy 123 Cornell EE
3 Amy 123 Stanford C3
4 Amy 123 Stanford EE
5 Amy 654 (null) {mull)
o Bob 234 Berkeley biclogy
7 Craig 345 Cornell C5
8 Craig 345 Cornell EE
9 Craig 345 Cornell bicengineering
10 Craig 345 MIT bicengineering
11 Craig 543 MIT C3
12 Doris 458 (null) {mall)
13 Edward 587 {null) {nall)
14 Fay 678 Stanford history
15 Gary T8989 (null) {nmall)
16 Helen 987 Berkeley C3
17 Helen 987 Stanford C5
18 Irene 2876 MIT biology
19 Irene 276 MIT marine bioclogy
20 Irene 876 Stanford C5
21 Jay 785 Cornell history
22 Jay 765 Cornell paychology
23 Jay 765 Stanford history
24 (null) 321 MIT history
25 (null) 321 MIT pavychology
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SQL

Result

SELECT

FROM
WHERE
UNION
SELECT
FROM
WHERE

sName, Student.sID,
cName, major

Student, Apply
Student.sID = Apply.sID

SName, SID, NULL, NULL
Student
SID NOT IN

( SELECT sID FROM Apply )

UNION

SELECT NULL, sID, cName, major

FROM
WHERE

Apply
SID NOT IN

( SELECT sID FROM Student );

sqQL -

Suan Lee

snave (] s (§ cnvave |[§ mador
1 Amy 123 Berkeley C3
2 Bmy 123 Cornell EE
3 Amy 123 Stanford C3
4 Amy 123 Stanford EE
5 Amy 654 (null) {mull)
o Bob 234 Berkeley biclogy
7 Craig 345 Cornell C5
8 Craig 345 Cornell EE
9 Craig 345 Cornell bicengineering
10 Craig 345 MIT bicengineering
11 Craig 543 MIT C3
12 Doris 458 (null) {mall)
13 Edward 587 {null) {nall)
14 Fay 678 Stanford history
15 Gary T8989 (null) {nmall)
16 Helen 987 Berkeley C3
17 Helen 987 Stanford C5
18 Irene 2876 MIT biology
19 Irene 276 MIT marine bioclogy
20 Irene 876 Stanford C5
21 Jay 785 Cornell history
22 Jay 765 Cornell paychology
23 Jay 765 Stanford history
24 (null) 321 MIT history
25 (null) 321 MIT pavychology

233



SQL-Suan Lee 234



