
L
e
cture

#
1
5
:
G
e
ne

ric
F
unctions

a
nd

E
x
pre

ssivity

L
ast

m
od

ified
:
W

ed
M
ar

1
15

:5
1:4

8
2
0
17

C
S
6
1A

:
L
ecture

#
16

1

G
e
ne

ric
Progra

m
m
ing

•
C
onsid

e
r
th

e
function

f
i
n
d:

d
e
f
f
i
n
d
(
L
,
x
,
k
)
:

"
"
"
R
e
t
u
r
n
t
h
e

i
n
d
e
x
i
n
L

o
f
t
h
e

k
t
h
o
c
c
u
r
r
e
n
c
e
o
f
x

(
k
>
=
0
)
,

o
r

N
o
n
e
i
f
t
h
e
r
e
i
s
n
’
t
o
n
e
.
"
"
"

f
o
r

i
i
n

r
a
n
g
e
(
l
e
n
(
L
)
)
:

i
f
L
[
i
]
=
=

x
:

i
f
k

=
=
0
:

r
e
t
u
r
n
i

k
-
=

1

•
T
h
is

sam
e
function

w
orks

on
lists,

tuple
s,

strings,
and

(if
th

e
ke

ys
are

conse
cutive

inte
ge

rs)
d
icts.

•
In

fact,
it

w
orks

for
any

list
L
for

w
h
ich

l
e
n
and

ind
e
x
ing

w
ork

as
th

e
y
d
o
for

lists
and

tuple
s.

•
T
h
at

is,
f
i
n
d
is

generic
in

th
e
type

of
L
.
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D
uck

T
y
ping

•
A

statically
typed

language
(such

as
J
ava)

re
quire

s
th

at
you

spe
cify

a
type

for
e
ach

variab
le

or
param

e
te

r,
one

th
at

spe
cifie

s
all

th
e

ope
rations

you
inte

nd
to

use
on

th
at

variab
le

or
param

e
te

r.

•
T
o

cre
ate

a
ge

ne
ric

function,
th

e
re

fore
,
your

param
e
te

rs’
type

s
m
ust

b
e
sub

type
s
of

som
e
particular

inte
rface

.

•
Y
ou

can
d
o
th

is
in

Pyth
on,

too,
b
ut

it
is

not
a
re

quire
m
e
nt.

•
In

fact,
our

f
i
n
d
function

w
ill

w
ork

on
any

ob
je
ct

th
at

h
as

l
e
n

and
g
e
t
i
t
e
m

,
re

gard
le
ss

of
th

e
ob

je
ct’s

type
.

•
T
h
is
prope

rty
is
som

e
tim

e
s
calle

d
d
uck

typing:
“T

h
is
param

e
te

r
m
ust

b
e
a
d
uck,

and
if

it
w
alks

like
a
d
uck

and
quacks

like
a
d
uck,

w
e
’ll

say
it

is
a
d
uck.”
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E
x
a
m
ple

:
T
h
e

re
pr

M
e
th

od

•
W

h
e
n
th

e
inte

rpre
te

r
prints

th
e
value

of
an

e
x
pre

ssion,it
m
ust

first
conve

rt
th

at
value

to
a
(printab

le
)
string.

•
T
o
d
o
so,

it
calls

th
e

r
e
p
r

(
)
m
e
th

od
of

th
e
value

,
w
h
ich

is
sup-

pose
d
to

re
turn

a
string

th
at

sugge
sts

h
ow

you’d
cre

ate
th

e
value

in
Pyth

on.

>
>
>
"
H
e
l
l
o
"

’
H
e
l
l
o
’

>
>
>
p
r
i
n
t
(
r
e
p
r
(
"
H
e
l
l
o
"
)
)

’
H
e
l
l
o
’

>
>
>
r
e
p
r
(
"
H
e
l
l
o
"
)

#
W
h
a
t
d
o
e
s
t
h
e
i
n
t
e
r
p
r
e
t
e
r
p
r
i
n
t
?

•
(A

s
a
conve

nie
nce

,
th

e
b
uilt-in

function
r
e
p
r
(
x
)
calls

th
e

r
e
p
r

m
e
th

od
.)

•
U
se

r-d
e
fine

d
classe

s
can

d
e
fine

th
e
ir

ow
n

r
e
p
r

m
e
th

od
to

con-
trol

h
ow

th
e
inte

rpre
te

r
prints

th
e
m
.
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E
x
a
m
ple

:
T
h
e

str
M
e
th

od

•
W

h
e
n
th

e
p
r
i
n
t
function

prints
a
value

,it
calls

th
e

s
t
r

(
)
m
e
th

od
to

find
out

w
h
at

string
to

print.

•
T
h
e
constructor

for
th

e
string

type
,
s
t
r,

d
oe

s
th

e
sam

e
th

ing.

•
A
gain,

you
can

d
e
fine

your
ow

n
s
t
r

on
a
class

to
control

th
is

b
e
h
avior.

(T
h
e
d
e
fault

is
just

to
call

r
e
p
r

)

>
>
>
c
l
a
s
s
r
a
t
i
o
n
a
l
:

.
.
.

d
e
f

i
n
i
t

(
s
e
l
f
,
n
u
m
,
d
e
n
)
:
.
.
.

.
.
.

d
e
f

s
t
r

(
s
e
l
f
)
:

.
.
.

i
f
s
e
l
f
.
n
u
m
e
r
(
)
=
=
0
:

r
e
t
u
r
n
"
0
"

.
.
.

e
l
i
f
s
e
l
f
.
d
e
n
o
m
(
)
=
=
1
:

r
e
t
u
r
n
s
t
r
(
s
e
l
f
.
n
u
m
e
r
(
)
)

.
.
.

e
l
s
e
:
r
e
t
u
r
n
"
{
0
}
/
{
1
}
"
.
f
o
r
m
a
t
(
s
e
l
f
.
n
u
m
e
r
(
)
,
s
e
l
f
.
d
e
n
o
m
(
)
)

.
.
.

d
e
f

r
e
p
r

(
s
e
l
f
)
:

.
.
.

r
e
t
u
r
n
"
r
a
t
i
o
n
a
l
(
{
}
,

{
}
)
"
.
f
o
r
m
a
t
(
s
e
l
f
.
n
u
m
e
r
(
)
,
s
e
l
f
.
d
e
n
o
m
(
)
)

.
.
.

>
>
>
p
r
i
n
t
(
r
a
t
i
o
n
a
l
(
3
,
4
)
)

3
/
4

>
>
>
r
a
t
i
o
n
a
l
(
3
,
4
)

r
a
t
i
o
n
a
l
(
3
,
4
)

>
>
>
p
r
i
n
t
(
r
a
t
i
o
n
a
l
(
5
,
1
)
)

5

L
ast

m
od

ified
:
W

ed
M
ar

1
15

:5
1:4

8
2
0
17

C
S
6
1A

:
L
ecture

#
16

5

A
sid

e
:
A

S
m
a
ll
T
e
ch

nica
l
I
ssue

•
s
t
r,

r
e
p
r,

and
p
r
i
n
t
all

call
th

e
m
eth

od
s

s
t
r

and
r
e
p
r

,
ignor-

ing
any

instance
variab

le
s
of

th
ose

nam
e
s.

•
F
or

e
x
am

ple
,

>
>
>
v

=
r
a
t
i
o
n
a
l
(
3
,
4
)

>
>
>
v
.

s
t
r

<
b
o
u
n
d
m
e
t
h
o
d
r
a
t
i
o
n
a
l
.

s
t
r

o
f
.
.
.
>

>
>
>
v
.

s
t
r

=
l
a
m
b
d
a
x
:

"
F
O
O
!
"

>
>
>
#

s
t
r

i
s
n
o
w

a
n
i
n
s
t
a
n
c
e
v
a
r
i
a
b
l
e
o
f
v

a
s
w
e
l
l

a
s
a

>
>
>
#

a
m
e
t
h
o
d
o
f

c
l
a
s
s
r
a
t
i
o
n
a
l
.

>
>
>
v
.

s
t
r

<
f
u
n
c
t
i
o
n
<
l
a
m
b
d
a
>
a
t
.
.
.
>

>
>
>
s
t
r
(
v
)

3
/
4

>
>
>
c
.

s
t
r

(
)

’
F
O
O
!
’

•
H
ow

could
you

im
ple

m
e
nt

s
t
r
to

d
o
th

is?

•
H
int:

A
s
in

th
e
h
om

e
w
ork,

t
y
p
e
(
x
)
re

turns
th

e
class

of
x.
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O
th

e
r
G
e
ne

ric
M
e
th

od
N
a
m
e
s

J
ust

as
d
e
fining

s
t
r

allow
s
you

to
spe

cify
h
ow

your
class

is
printe

d
,

Pyth
on

h
as

m
any

oth
e
r
ge

ne
ric

conne
ctions

to
its

syntax
,
w
h
ich

allow
program

m
e
rs

gre
at

fle
x
ib
ility

in
e
x
pre

ssing
th

ings.
F
or

e
x
am

ple
,

M
e
th

od
I
m
ple

m
e
nts

_
_
g
e
t
i
t
e
m
_
_
(
S
,
k
)

S
[
k
]

_
_
s
e
t
i
t
e
m
_
_
(
S
,
k
,
v
)

S
[
k
]
=
v

_
_
l
e
n
_
_
(
S
)

l
e
n
(
S
)

_
_
b
o
o
l
_
_
(
S
)

b
o
o
l
(
S
)

T
rue

or
F
alse

_
_
a
d
d
_
_
(
S
,
x
)

S
+
x

_
_
s
u
b
_
_
(
S
,
x
)

S
-
x

_
_
m
u
l
_
_
(
S
,
x
)

S
*
x

_
_
g
e
_
_
(
S
,
x
)

S
>
=
x

.
.
.

_
_
g
e
t
a
t
t
r
_
_
(
S
,
’
N
’
)

S
.
N

A
ttrib

ute
s

_
_
s
e
t
a
t
t
r
_
_
(
S
,
’
N
’
,
v
)

S
.
N
=

v
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I
te

ra
tors

a
nd

I
te

ra
b
le
s

•
T
h
e
for

state
m
e
nt

is
actually

a
ge

ne
ric

control
construct

w
ith

th
e

follow
ing

m
e
aning:

f
o
r
x

i
n
C
:

S

t
m
p
i
t
e
r

=
i
t
e
r
(
C
)

t
r
y
:

w
h
i
l
e
T
r
u
e
:

x
=

t
m
p
i
t
e
r
.

n
e
x
t

(
)

S

e
x
c
e
p
t
S
t
o
p
I
t
e
r
a
t
i
o
n
:

p
a
s
s

•
T
ype

s
for

w
h
ich

i
t
e
r
w
orks

are
calle

d
iterab

le
,
and

th
ose

th
at

im
-

ple
m
e
nt

n
e
x
t

are
iterators

(re
turne

d
b
y
calling

i
t
e
r
on

an
ite

r-
ab

le
).

•
T
h
e
b
uilt-in

i
t
e
r
function

first
trie

s
calling

th
e
m
e
th

od
i
t
e
r

on
th

e
ob

je
ct,so

if
you

d
e
fine

a
class

containing
d
e
f

i
t
e
r

(
s
e
l
f
)
:
.
.
.,

you’ll
h
ave

an
ite

rab
le

class.

•
In

ad
d
ition,a

type
is
consid

e
re

d
ite

rab
le

if
it
im

ple
m
e
nts

g
e
t
i
t
e
m

,
th

e
m
e
th

od
th

at
im

ple
m
e
nts

th
e
a
[
.
.
.
]
ope

rator.
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T
h
e
M
a
ny

U
se

s
of

I
te

ra
b
le
s

•
Pyth

on
cle

anly
inte

grate
s
ite

rab
le
s
into

m
any

conte
x
ts,

sh
ow

ing
th

e
pow

e
r
of

a
good

ab
straction.

•
T
h
e
ob

vious:
f
o
r
x

i
n
a
n
I
t
e
r
a
b
l
e
:
.
.
.

L
=
[

f
(
x
)
f
o
r
x

i
n
a
n
I
t
e
r
a
b
l
e
]

•
M
any

functions
take

ite
rab

le
s
as

argum
e
nts

rath
e
r
th

an
just

lists:

l
i
s
t
(
a
n
I
t
e
r
a
b
l
e
)

s
e
t
(
a
n
I
t
e
r
a
b
l
e
)

m
a
p
(
f
,
a
n
I
t
e
r
a
b
l
e
)

s
u
m
(
a
n
I
t
e
r
a
b
l
e
)

m
a
x
(
a
n
I
t
e
r
a
b
l
e
)

a
l
l
(
a
n
I
t
e
r
a
b
l
e
)
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