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b
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D
a
ta

A
b
stra

ction
vs.

F
unction

A
b
stra

ction

•
F
unctions

pe
rform

com
putations;

th
e
ir

spe
cifications

ab
stract

from
possib

le
im

ple
m
e
ntations

of
a
particular

com
putation.

•
In

th
e
old

d
ays,

program
s
te

nd
e
d
to

b
e
organize

d
around

functions
or

m
od

ule
s
com

prising
re

late
d

functions.
T
h
e
d
ata

w
e
re

just
th

e
ope

rand
s.

•
N
ow

w
e
te

nd
to

organize
inste

ad
around

th
e
d
ata—

around
ob

jects
or

type
s
(classes

)
of

ob
je
cts.

•
O
b
je
cts

h
ave

state
,
w
h
ich

is
acce

sse
d
and

m
anipulate

d
b
y
m
e
ans

of
attrib

utes.

•
T
h
e
se

t
of

attrib
ute

s
and

th
e
ir

b
e
h
avior

is
analogous

to
th

e
syntac-

tic
and

se
m
antic

spe
cification

of
a
function.

•
In

pre
vious

le
cture

s,
w
e
’ve

se
e
n
stand

ard
Pyth

on
ob

je
cts

and
w
ays

to
ge

t
(in

e
ffe

ct)
ne

w
kind

s
of

ob
je
cts

using
functions

and
non-local

variab
le
s.

W
e
’ve

d
e
fine

d
d
ata

type
s
using

th
e
m

b
y
d
e
fining

a
se

t
of

functions
to

b
e
use

d
to

construct,
que

ry,
and

m
od

ify
th

e
m
.

•
Pyth

on
also

provid
e
s
a
stand

ard
w
ay

to
gath

e
r
toge

th
e
r
state

and
attrib

ute
s
of

ne
w
type

s
of

d
ate

:
classes.
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E
x
te

nd
ing

th
e
M
uta

b
le

O
b
je
cts:

C
la
sse

s

•
In

language
s
such

as
Pyth

on,
J
ava,

and
C
++,

an
ob

ject
is

an
instance

of
a
class;

th
e
class

is
calle

d
th

e
ob

je
ct’s

type
.

•
T
h
e
Pyth

on
c
l
a
s
s
state

m
e
nt

d
e
fine

s
ne

w
classe

s
or

type
s,

cre
ating

ne
w
,
vague

ly
d
ictionary-like

varie
tie

s
of

ob
je
ct.
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S
im

ple
C
la
sse

s:
B
a
nk

A
ccount

#
t
y
p
e
n
a
m
e

c
l
a
s
s
A
c
c
o
u
n
t
:

#
c
o
n
s
t
r
u
c
t
o
r
m
e
t
h
o
d

d
e
f

i
n
i
t

(
s
e
l
f
,
i
n
i
t
i
a
l
b
a
l
a
n
c
e
)
:

s
e
l
f
.
b
a
l
a
n
c
e
=

i
n
i
t
i
a
l
b
a
l
a
n
c
e

d
e
f

b
a
l
a
n
c
e
(
s
e
l
f
)
:

#
i
n
s
t
a
n
c
e
m
e
t
h
o
d

#
i
n
s
t
a
n
c
e
v
a
r
i
a
b
l
e
:

r
e
t
u
r
n
s
e
l
f
.
b
a
l
a
n
c
e

d
e
f

d
e
p
o
s
i
t
(
s
e
l
f
,
a
m
o
u
n
t
)
:

i
f
a
m
o
u
n
t
<
0
:

r
a
i
s
e
V
a
l
u
e
E
r
r
o
r
(
"
n
e
g
a
t
i
v
e
d
e
p
o
s
i
t
"
)

s
e
l
f
.
b
a
l
a
n
c
e
+
=

a
m
o
u
n
t

d
e
f

w
i
t
h
d
r
a
w
(
s
e
l
f
,
a
m
o
u
n
t
)
:

i
f
0

<
=
a
m
o
u
n
t
<
=
s
e
l
f
.
b
a
l
a
n
c
e
:

s
e
l
f
.
b
a
l
a
n
c
e
-
=
a
m
o
u
n
t

e
l
s
e
:
r
a
i
s
e
V
a
l
u
e
E
r
r
o
r
(
"
b
a
d
w
i
t
h
d
r
a
w
a
l
"
)

>
>
>

m
i
n
e
=
A
c
c
o
u
n
t
(
1
0
0
0
)

>
>
>

m
i
n
e
.
d
e
p
o
s
i
t
(
1
0
0
)

>
>
>

m
i
n
e
.
b
a
l
a
n
c
e
(
)

1
1
0
0

>
>
>

m
i
n
e
.
w
i
t
h
d
r
a
w
(
2
0
0
)

>
>
>

m
i
n
e
.
b
a
l
a
n
c
e
(
)

9
0
0
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C
la
ss

C
once

pts

•
J
ust

as
d
e
f
d
e
fine

s
functions

and
allow

s
us

to
e
x
te

nd
Pyth

on
w
ith

ne
w
ope

rations,
c
l
a
s
s
d
e
fine

s
type

s
and

allow
s
us

to
e
x
te

nd
Pyth

on
w
ith

ne
w
kind

s
of

d
ata.

•
W

h
at

d
o
w
e
w
ant

out
of

a
class?

–
A

w
ay

of
d
e
fining

nam
e
d
new

types
of

d
ata.

–
A

m
e
ans

of
d
e
fining

and
acce

ssing
state

for
th

e
se

ob
je
cts.

–
A

m
e
ans

of
d
e
fining

operations
spe

cific
to

th
e
se

ob
je
cts.

∗
In

particular,
an

ope
ration

for
initializing

th
e
state

of
an

ob
-

je
ct.

–
A

m
e
ans

of
creating

ne
w
ob

je
cts.

L
ast

m
od

ified
:
S
un

F
eb

19
17

:2
0
:4
6
2
0
17

C
S
6
1A

:
L
ecture

#
13

5

C
la
ss

M
a
ch

ine
ry

•
T
h
e
A
ccount

type
illustrate

d
h
ow

w
e
d
o
e
ach

of
th

e
se

c
l
a
s
s
A
c
c
o
u
n
t
:

#
D
e
f
i
n
e
n
a
m
e
d
n
e
w
t
y
p
e

d
e
f

i
n
i
t

(
s
e
l
f
,
i
n
i
t
i
a
l
b
a
l
a
n
c
e
)
:

#
H
o
w
t
o

i
n
i
t
i
a
l
i
z
e

s
e
l
f
.
b
a
l
a
n
c
e
=

i
n
i
t
i
a
l
b
a
l
a
n
c
e

#
C
r
e
a
t
e
/
m
o
d
i
f
y
s
t
a
t
e

d
e
f
b
a
l
a
n
c
e
(
s
e
l
f
)
:

#
D
e
f
i
n
e
n
e
w
o
p
e
r
a
t
i
o
n
o
n

A
c
c
o
u
n
t
s

r
e
t
u
r
n
s
e
l
f
.
b
a
l
a
n
c
e

#
A
c
c
e
s
s
s
t
a
t
e
o
f
a
n

A
c
c
o
u
n
t

.
.
.

m
y
A
c
c
o
u
n
t
=

A
c
c
o
u
n
t
(
1
0
0
0
)

#
C
r
e
a
t
e
a
n
e
w

A
c
c
o
u
n
t
o
b
j
e
c
t
,

p
r
i
n
t
(
m
y
A
c
c
o
u
n
t
.
b
a
l
a
n
c
e
(
)
)

#
O
p
e
r
a
t
e
o
n

a
n
A
c
c
o
u
n
t
o
b
j
e
c
t
.
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A
ttrib

ute
A
cce

ss

•
In

ge
ne

ral,th
e
notation

X
.Y

m
e
ans

“T
h
e
value

nam
e
d
Y
in

th
e
ob

je
ct

pointe
d
to

b
y
X
.”

•
U
nlike

C
++

or
J
ava,

Pyth
on

take
s
a
ve

ry
d
ynam

ic
approach

.

•
C
lasse

s
and

class
instance

s
b
e
h
ave

rath
e
r
like

e
nvironm

e
nt

fram
e
s.

•
G
ive

n
a
pointe

r
to

som
e
ob

je
ct,

o
b
j,

–
o
b
j
.
x
=
v
a
l
u
e
looks

for
a
d
e
finition

of
x
in

th
e
ob

je
ct

re
fe

r-
e
nce

d
b
y
o
b
j,

cre
ating

one
if

it
d
oe

sn’t
e
x
ist,

and
assigning

v
a
l
u
e

to
it.

–
W

h
e
n
not

b
e
ing

assigne
d
to,

o
b
j
.
x
re

turns
th

e
d
e
finition

of
x
in

th
e
ob

je
ct

re
fe

re
nce

d
b
y
o
b
j,

if
any,

–
...and

if
th

e
re

is
no

such
d
e
finition,

it
re

turns
th

e
value

d
e
fine

d
for

x
in

th
e
class

itse
lf,

if
any.
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M
od

e
ling

A
ttrib

ute
s
in

Py
th

on

c
l
a
s
s
A
c
c
o
u
n
t
:

t
o
t
a
l
d
e
p
o
s
i
t
s
=

0

d
e
f

i
n
i
t

(
.
.
.
)
:

s
e
l
f
.
b
a
l
a
n
c
e
=

.
.
.

A
c
c
o
u
n
t
.
t
o
t
a
l
d
e
p
o
s
i
t
s
=

.
.
.

a
c
c
t
1
=

A
c
c
o
u
n
t
(
1
0
0
0
)

a
c
c
t
2
=

A
c
c
o
u
n
t
(
1
0
0
0
0
)

a
c
c
t
1
.
d
e
p
o
s
i
t
(
3
0
0
)

•
C
urve

d
b
ox

e
s
are

ob
je
cts.

•
F
lat-b

ottom
e
d

b
ox

e
s

are
class

ob
je
cts.

•
‘x
.y’:

look
for

‘y’starting
at

‘x
’

A
ccount:

total
d
e
posits:

113
0
0

init
:

...

d
e
posit:

...

w
ith

d
raw

:
...

acct1:

acct2
:

b
alance

:
13

0
0b
alance

:
10

0
0
0
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A
ssigning

to
A
ttrib

ute
s

•
A
ssigning

to
an

attrib
ute

of
an

ob
je
ct

(includ
ing

a
class)

is
like

as-
signing

to
a
localvariab

le
:
it
cre

ate
s
a
ne

w
b
ind

ing
for

th
at

attrib
ute

in
th

e
ob

je
ct

se
le
cte

d
from

(i.e
.,
re

fe
re

nce
d
b
y
th

e
e
x
pre

ssion
on

th
e
le
ft

of
th

e
d
ot).

>
>
>
c
l
a
s
s
V
a
l
u
e
:

.
.
.

v
a
l
u
e
=
0

.
.
.

>
>
>
v
a
l
1
=

V
a
l
u
e
(
)

>
>
>
v
a
l
2
=

V
a
l
u
e
(
)

>
>
>
v
a
l
2
.
v
a
l
u
e
=

3

>
>
>
v
a
l
1
.
v
a
l
u
e

0>
>
>
V
a
l
u
e
.
v
a
l
u
e

0>
>
>
v
a
l
2
.
v
a
l
u
e

3

V
alue

:
value

:
0

val1:

val2
:

value
:

3
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A
ttrib

ute
s
of

C
la
sse

s

•
In

Pyth
on

classes
th

em
selves

are
ob

jects.

•
(Y

ou
m
igh

t
w
e
ll
ask

“W
h
at

is
th

e
type

of
a
class?”

A
nsw

e
r:

a
b
uiltin

class
calle

d
type

,
w
h
ose

type
is

itse
lf.)

•
T
h
e
re

fore
,
classe

s
th

e
m
se

lve
s
h
ave

attrib
ute

s.

•
A
ssignm

e
nts

and
d
e
fs

im
m
e
d
iate

ly
insid

e
a
class

d
e
fine

class
at-

trib
utes.

•
S
ince

o
b
j
.
x
looks

for
x
in

th
e
class

of
o
b
j
if

it
d
oe

sn’t
find

it
in

o
b
j

itse
lf,

th
e
attrib

ute
s
d
e
fine

d
in

a
class

provid
e
d
e
fault

value
s
for

attrib
ute

s
of

th
e
ob

je
ct

th
at

are
instance

s
of

th
e
class.
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M
e
th

od
s

•
C
onsid

e
r

>
>
>
c
l
a
s
s
F
o
o
:

.
.
.

d
e
f
s
e
t
(
s
e
l
f
,
x
)
:

.
.
.

s
e
l
f
.
v
a
l
u
e
=

x

>
>
>
a
F
o
o
=

F
o
o
(
1
0
)

•
T
h
e
acce

ss
a
F
o
o
.
s
e
t
re

turns
th

e
s
e
t
m
e
th

od
d
e
fine

d
in

F
o
o
(since

w
e
h
ave

n’t
se

t
it

in
a
F
o
o.

•
H
ow

e
ve

r,
in

th
is

particular
case

(function
re

trie
ve

d
from

th
e
class

of
an

ob
je
ct),

w
h
at

ge
ts

re
turne

d
is

a
little

d
iffe

re
nt.

>
>
>
a
F
o
o
.
s
e
t

<
b
o
u
n
d
m
e
t
h
o
d
F
o
o
.
s
e
t
o
f
.
.
.
>

•
A

b
ound

m
eth

od
is

an
ord

inary
function

th
at

h
as

its
first

param
e
te

r
“pre

-b
ound

”
to

a
particular

value
—
in

th
is

case
to

a
F
o
o.

>
>
>
a
F
o
o
.
s
e
t
(
1
3
)

#
F
i
r
s
t
p
a
r
a
m
e
t
e
r
(
s
e
l
f
)
o
f

s
e
t
i
s

a
F
o
o
,
x

i
s

1
3
.

>
>
>
a
F
o
o
.
v
a
l
u
e

1
3

•
T
h
e
e
ffe

ct
is

(alm
ost)

th
e
sam

e
as

>
>
>
F
o
o
.
s
e
t
(
a
F
o
o
,
1
3
)
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C
la
ss

A
ttrib

ute
s
in

Py
th

on

•
S
om

e
tim

e
s,

a
quantity

applie
s
to

a
type

as
a
w
h
ole

,
not

a
spe

cific
instance

.

•
F
or

e
x
am

ple
,
w
ith

A
ccounts,

you
m
igh

t
w
ant

to
ke

e
p
track

of
th

e
total

am
ount

d
e
posite

d
from

all
A
ccounts.

•
T
h
is

is
an

e
x
am

ple
of

som
e
th

ing
confusing

calle
d
a
class

attrib
ute

.
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C
la
ss

A
ttrib

ute
E
x
a
m
ple

c
l
a
s
s
A
c
c
o
u
n
t
:

t
o
t
a
l
d
e
p
o
s
i
t
s
=

0
#
D
e
f
i
n
e
/
i
n
i
t
i
a
l
i
z
e
a

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

d
e
f

i
n
i
t

(
s
e
l
f
,
i
n
i
t
i
a
l
b
a
l
a
n
c
e
)
:

s
e
l
f
.
b
a
l
a
n
c
e
=

i
n
i
t
i
a
l
b
a
l
a
n
c
e

A
c
c
o
u
n
t
.
t
o
t
a
l
d
e
p
o
s
i
t
s
+
=
i
n
i
t
i
a
l
b
a
l
a
n
c
e

d
e
f

d
e
p
o
s
i
t
(
s
e
l
f
,
a
m
o
u
n
t
)
:

s
e
l
f
.
b
a
l
a
n
c
e
+
=

a
m
o
u
n
t

A
c
c
o
u
n
t
.
t
o
t
a
l
d
e
p
o
s
i
t
s
+
=
a
m
o
u
n
t

d
e
f

t
o
t
a
l
d
e
p
o
s
i
t
s
(
)
:

#
D
e
f
i
n
e
a

c
l
a
s
s
m
e
t
h
o
d
.

r
e
t
u
r
n
A
c
c
o
u
n
t
.
t
o
t
a
l
d
e
p
o
s
i
t
s

>
>
>
a
c
c
t
1
=

A
c
c
o
u
n
t
(
1
0
0
0
)

>
>
>
a
c
c
t
2
=

A
c
c
o
u
n
t
(
1
0
0
0
0
)

>
>
>
a
c
c
t
1
.
d
e
p
o
s
i
t
(
3
0
0
)

>
>
>
A
c
c
o
u
n
t
.
t
o
t
a
l
d
e
p
o
s
i
t
s
(
)

1
1
3
0
0
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C
la
sse

s
a
nd

O
pe

ra
tors

•
M
any

stand
ard

ope
rators
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