
L
e
cture

2
8
:
D
e
cla

ra
tive

Progra
m
m
ing:

S
Q
L

•
S
o
far,

our
program

s
are

e
x
plicit

d
ire

ctions
for

solving
a
prob

le
m
;

th
e
prob

le
m

itse
lf

is
im

plicit
in

th
e
program

.

•
D
eclarative

program
m
ing

turns
th

is
around

:

–
A

“program
”
is

a
d
e
scription

of
th

e
d
e
sire

d
ch

aracte
ristics

of
a

solution.

–
It

is
up

to
th

e
syste

m
to

figure
out

h
ow

to
ach

ie
ve

th
e
se

ch
arac-

te
ristics.

•
E
x
am

ple
:
S
pre

ad
sh

e
e
ts

contain
form

ulae
ind

icating
w
h
at

value
a
ce

ll
contains,

b
ut

th
e
y
say

noth
ing

ab
out

th
e
ord

e
r
in

w
h
ich

calculate
th

e
se

value
s
or

h
ow

to
ke

e
p
th

e
m

up-to-d
ate

w
ith

ch
ange

s
in

th
e

d
ata.

•
E
x
am

ple
(som

e
w
h
at

im
pure

):
S
Q
L
(S

tructure
d
Q
ue

ry
L
anguage

).

•
S
Q
L
is
a
w
id
e
ly

use
d
notation

for
inte

rrogating
and

m
od

ifying
d
atab

ase
m
anagem

ent
system

s
(D

B
M
S
s).

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

1

R
e
la
tiona

l
D
a
ta

b
a
se

s

•
A

D
B
M
S
is

a
colle

ction
of

d
ata.

T
h
e
kind

of
D
B
M
S
acce

sse
d
b
y
S
Q
L

is
relational.

•
In

m
ath

e
m
atics,

a
relation

is
a
se

t
of

tuple
s
th

at
re

pre
se

nt
value

s
th

at
stand

in
som

e
relationsh

ip
to

one
anoth

e
r.

•
In

a
re

lationalD
B
M
S
,
re

lations
take

th
e
form

of
tab

les
w
ith

lab
e
le
d

colum
ns.

E
ach

e
ntry

(tuple
)
is

calle
d
a
row

.

T
ab

le
N
am

e:
stud

e
nts

S
ID

L
a
st

F
irst

S
e
m
E
nt

Y
e
a
rE

nt
M
a
jor

⇐
C
olum

n
T
itles

10
1

K
now

le
s

J
ason

F
2
0
0
3

E
E
C
S

10
2

C
h
an

V
ale

rie
S

2
0
0
3

M
ath

10
3

X
avie

r
J
onath

an
S

2
0
0
4

L
S
U
nd

⇐
R
ow

10
4

A
rm

strong
T
h
om

as
F

2
0
0
3

E
E
C
S

10
5

B
row

n
S
h
ana

S
2
0
0
4

E
E
C
S

10
6

C
h
an

Y
angfan

F
2
0
0
3

L
S
U
nd

⇑

C
olum

n

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

2

D
e
fining

a
T
a
b
le

in
S
Q
L

gra
d
e
s

S
ID

C
C
N

G
ra

d
e

10
1

2
12

2
8

B
10

2
2
12

3
1

A
10

1
2
110

5
B
+

10
6

2
10

0
1

B
10

3
2
10

0
5

B
+

10
2

2
12

2
9

A

O
ne

w
ay

to
cre

ate
th

is
tab

le
in

S
Q
L
:

c
r
e
a
t
e
t
a
b
l
e
g
r
a
d
e
s
a
s

s
e
l
e
c
t
"
1
0
1
"
a
s

S
I
D
,
2
1
2
2
8
a
s
C
C
N
,
"
B
"

a
s
G
r
a
d
e
u
n
i
o
n

s
e
l
e
c
t
"
1
0
2
"
,
2
1
2
3
1
,
"
A
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
1
"
,
2
1
1
0
5
,
"
B
+
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
6
"
,
2
1
0
0
1
,
"
B
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
3
"
,
2
1
0
0
5
,
"
B
+
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
2
"
,
2
1
2
2
9
,
"
A
"
;

W
a
rning:

T
h
is

lecture
sh

ow
s
atypical

use
of

S
Q
L.

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

3

S
om

e
D
e
ta

ils
on

D
e
finition

c
r
e
a
t
e
t
a
b
l
e
g
r
a
d
e
s
a
s

s
e
l
e
c
t
"
1
0
1
"
a
s

S
I
D
,
2
1
2
2
8
a
s
C
C
N
,
"
B
"

a
s
G
r
a
d
e

u
n
i
o
n

s
e
l
e
c
t
"
1
0
2
"
,
2
1
2
3
1
,
"
A
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
1
"
,
2
1
1
0
5
,
"
B
+
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
6
"
,
2
1
0
0
1
,
"
B
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
3
"
,
2
1
0
0
5
,
"
B
+
"
u
n
i
o
n

s
e
l
e
c
t
"
1
0
2
"
,
2
1
2
2
9
,
"
A
"
;

•
T
h
is

cre
ate

state
m
e
nt

is
e
sse

ntially
an

assignm
e
nt

to
a
ne

w
tab

le
variab

le
,
g
r
a
d
e
s.

•
E
ach

se
le
ct

is
a
tab

le-valued
ex

pression
th

at
d
e
fine

s
a
se

t
of

row
s

(all
single

ton
se

ts
in

th
is

case
).

•
union

is
th

e
n
th

e
se

t
union

ope
rator

on
tab

le
s.

•
T
h
e
unione

d
tab

le
s
m
ust

b
e
com

patib
le

(sam
e
colum

ns).

•
F
irst

se
le
ct

e
stab

lish
e
s
colum

n
nam

e
s.

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

4

S
e
le
ction

•
Pow

e
r
of

S
Q
L
com

e
s
from

se
le
ct

state
m
e
nts

w
ith

cond
itions.

•
G
ive

n
tab

le
g
r
a
d
e
s
on

le
ft,

th
e
que

rie
s

s
e
l
e
c
t
G
r
a
d
e
,
C
C
N
f
r
o
m
g
r
a
d
e
s
w
h
e
r
e
S
I
D
=

’
1
0
1
’
;

c
r
e
a
t
e
t
a
b
l
e
r
o
s
t
e
r
2
1
2
2
8
a
s

s
e
l
e
c
t
S
I
D

f
r
o
m
g
r
a
d
e
s
w
h
e
r
e
C
C
N

=
2
1
2
2
8
;

cre
ate

tw
o
ne

w
tab

le
s
sh

ow
n
on

th
e
righ

t
(th

e
first

anonym
ous):

gra
d
e
s

S
ID

C
C
N

G
ra

d
e

10
1

2
12

2
8

B
10

2
2
12

3
1

A
10

1
2
110

5
B
+

10
2

2
12

2
9

A
10

2
2
110

5
A
-

10
1

2
12

3
2

A
-

10
4

2
12

2
8

A
-

10
2

2
10

0
1

B
+

10
4

2
110

5
A
-

10
5

2
12

2
8

A
10

4
2
10

0
5

A
-

10
1

2
10

0
1

B

G
ra

d
e

C
C
N

B
2
12

2
8

B
+

2
110

5
A
-

2
12

3
2

B
2
10

0
1

roste
r2

1
2
2
8

S
ID
10

1
10

5
10

4

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

5

S
e
le
ction

II

s
e
l
e
c
t
G
r
a
d
e
,
C
C
N
f
r
o
m
g
r
a
d
e
s
w
h
e
r
e
S
I
D
=

’
1
0
1
’
;

c
r
e
a
t
e
t
a
b
l
e
r
o
s
t
e
r
2
1
2
2
8
a
s

s
e
l
e
c
t
d
i
s
t
i
n
c
t
S
I
D
f
r
o
m
g
r
a
d
e
s
w
h
e
r
e
C
C
N
=

2
1
2
2
8
;

•
In

th
e
se

state
m
e
nts,

th
e
value

s
ad

d
e
d
to

th
e
re

sulting
tab

le
s
are

not
constants

(as
b
e
fore

),b
ut

rath
e
r
colum

n
specifiers:

e
x
pre

ssions
th

at
e
x
tract

value
s
from

row
s
of

th
e
tab

le
g
r
a
d
e
s.

•
B
y
d
e
fault

(no
as

clause
s),

colum
ns

in
re

sult
take

th
e
ir

nam
e
s
from

th
e
se

le
cte

d
colum

ns.

•
S
Q
L
is

d
e
clarative

in
th

e
se

nse
th

at
w
e
d
eclare

th
e
ch

aracteristics
of

th
e
tab

le
w
e
w
ant,

w
ith

out
saying

h
ow

to
cond

uct
th

e
ne

ce
ssary

se
arch

.

•
In

th
e
case

s
ab

ove
,
th

e
se

arch
looks

pre
tty

sim
ple

,
b
ut

th
e
syste

m
h
id
e
s
th

e
com

ple
x
ity

th
at

re
sults

w
h
e
n

–
m
ultiple

tab
le
s
are

involve
d
,
or

–
ce

rtain
colum

ns
are

ind
ex

ed
to

spe
e
d
up

se
arch

e
s
involving

th
ose

colum
ns.

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

6



M
ultiple

T
a
b
le
s

•
S
e
arch

e
s
can

involve
m
ultiple

tab
le
s:

stud
e
nts

S
ID

L
a
st

F
irst

S
e
m
E
nt

Y
e
a
rE

nt
M
a
jor

10
1

K
now

le
s

J
ason

F
2
0
0
3

E
E
C
S

10
2

C
h
an

V
ale

rie
S

2
0
0
3

M
ath

10
3

X
avie

r
J
onath

an
S

2
0
0
4

L
S
U
nd

10
4

A
rm

strong
T
h
om

as
F

2
0
0
3

E
E
C
S

10
5

B
row

n
S
h
ana

S
2
0
0
4

E
E
C
S

10
6

C
h
an

Y
angfan

F
2
0
0
3

L
S
U
nd

c
r
e
a
t
e
t
a
b
l
e
r
e
p
o
r
t
a
s

s
e
l
e
c
t
L
a
s
t
,
F
i
r
s
t
,
C
C
N
,
G
r
a
d
e

f
r
o
m
g
r
a
d
e
s
,
s
t
u
d
e
n
t
s
w
h
e
r
e
s
t
u
d
e
n
t
s
.
S
I
D
=

g
r
a
d
e
s
.
S
I
D
;

re
port

L
a
st

F
irst

C
C
N

G
ra

d
e

K
now

le
s

J
ason

2
12

2
8

B
C
h
an

V
ale

rie
2
12

3
1

A
K
now

le
s

J
ason

2
110

5
B
+

C
h
an

V
ale

rie
2
12

2
9

A
...

...
...

...

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

7

A
noth

e
r
E
x
a
m
ple

•
S
uppose

w
e
supply

a
translation

tab
le

from
grad

e
s
to

points
(on

th
e

le
ft).

•
N
ow

can
ask

s
e
l
e
c
t
L
a
s
t
,
F
i
r
s
t
,
C
C
N
,

G
r
a
d
e
f
r
o
m

s
t
u
d
e
n
t
s
,
g
r
a
d
e
s
,
g
r
a
d
e
v
a
l
u
e
s
w
h
e
r
e

s
t
u
d
e
n
t
s
.
S
I
D
=
g
r
a
d
e
s
.
S
I
D
a
n
d

L
e
t
t
e
r
=
G
r
a
d
e
a
n
d
G
P

>
=
3
.
7
;

gra
d
e
_
va

lue
s

L
e
tte

r
G
P

A
+

4
A

4
A
-

3
.7

B
+

3
.3

B
3

B
-

2
.7

...
...

L
a
st

F
irst

C
C
N

G
ra

d
e

C
h
an

V
ale

rie
2
12

3
1

A
C
h
an

V
ale

rie
2
12

2
9

A
C
h
an

V
ale

rie
2
110

5
A
-

K
now

le
s

J
ason

2
12

3
2

A
-

A
rm

strong
T
h
om

as
2
12

2
8

A
-

...
...

...
...

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

8

A
rith

m
e
tic,

E
tc.

•
It

is
also

possib
le

to
construct

value
s
b
y
com

putation.

•
T
h
is

tab
le

prod
uce

s
th

e
grad

e
points

aw
ard

e
d
for

e
ach

le
tte

r
grad

e
in

e
ach

course
(C
C
N
):

c
r
e
a
t
e
t
a
b
l
e
u
n
i
t
s
a
s

s
e
l
e
c
t
"
2
1
2
2
8
"
a
s
C
C
N
,
4

a
s
U
n
i
t
s
u
n
i
o
n

s
e
l
e
c
t
"
2
1
2
3
1
"
,
3

u
n
i
o
n

s
e
l
e
c
t
"
2
1
1
0
5
"
,
1

u
n
i
o
n

s
e
l
e
c
t
"
2
1
2
3
2
"
,
4

u
n
i
o
n

s
e
l
e
c
t
"
2
1
0
0
1
"
,
3
;

c
r
e
a
t
e
t
a
b
l
e
c
r
e
d
i
t
s
a
s

s
e
l
e
c
t
u
n
i
t
s
.
C
C
N
,
L
e
t
t
e
r
,
G
P

*
U
n
i
t
s

f
r
o
m
u
n
i
t
s
,
g
r
a
d
e
v
a
l
u
e
s
;

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

9

M
uta

tion

•
W

e
’ve

looke
d
at

a
functionalsub

se
t
of

S
Q
L
:w

e
ne

ve
r
ch

ange
a
tab

le
,

just
cre

ate
ne

w
one

s,
as

in
nond

e
structive

ope
rations.

•
In

re
al

life
,
w
e
also

ch
ange

e
x
isting

tab
le
s.

c
r
e
a
t
e
t
a
b
l
e
g
r
a
d
e
s
(
S
I
D
,
C
C
N
,
G
r
a
d
e
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
1
"
,
2
1
2
2
8
,
"
B
"
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
2
"
,
2
1
2
3
1
,
"
A
"
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
1
"
,
2
1
1
0
5
,
"
B
+
"
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
6
"
,
2
1
0
0
1
,
"
B
"
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
3
"
,
2
1
0
0
5
,
"
B
+
"
)
;

i
n
s
e
r
t
i
n
t
o
g
r
a
d
e
s
v
a
l
u
e
s
(
"
1
0
2
"
,
2
1
2
2
9
,
"
A
"
)
;

•
C
an

also
inse

rt
from

a
s
e
l
e
c
t:

c
r
e
a
t
e
t
a
b
l
e
s
e
l
e
c
t
e
d
r
e
p
o
r
t
(
S
I
D
,
C
C
N
,
G
r
a
d
e
)
;

i
n
s
e
r
t
i
n
t
o
s
e
l
e
c
t
e
d
r
e
p
o
r
t
s
e
l
e
c
t
*

f
r
o
m
r
e
p
o
r
t
w
h
e
r
e
S
I
D
=

"
1
0
2
"
;

i
n
s
e
r
t
i
n
t
o
s
e
l
e
c
t
e
d
r
e
p
o
r
t
s
e
l
e
c
t
*

f
r
o
m
r
e
p
o
r
t
w
h
e
r
e
S
I
D
=

"
1
0
6
"
;

•
W

e
w
ill

not
e
m
ph

asize
m
utation

in
th

is
course

,
h
ow

e
ve

r.

L
ast

m
od

ified
:
F
ri

A
pr

7
15

:0
4
:11

2
0
17

C
S
6
1A

:
L
ecture

#
2
8

10
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