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f

r
l
i
s
t
‘
s
e
q
’
f
o
r

w
h
i
c
h
t
h
e
1
-
a
r
g
u
m
e
n
t
f
u
n
c
t
i
o
n
‘
c
o
n
d
’

r
e
t
u
r
n
s
a

t
r
u
e
v
a
l
u
e
.
"
"
"

i
f
i
s
e
m
p
t
y
(
s
e
q
)
:
r
e
t
u
r
n
e
m
p
t
y
r
l
i
s
t

e
l
i
f
c
o
n
d
(
f
i
r
s
t
(
s
e
q
)
)
:

r
e
t
u
r
n

e
l
s
e
:

r
e
t
u
r
n

?
?
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F
ilte

ring
(I
V
)

d
e
f

f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
s
e
q
)
:

"
"
"
T
h
e
r
l
i
s
t
c
o
n
s
i
s
t
i
n
g
o
f

t
h
e
s
u
b
s
e
q
u
e
n
c
e
o
f

r
l
i
s
t
‘
s
e
q
’
f
o
r

w
h
i
c
h
t
h
e
1
-
a
r
g
u
m
e
n
t
f
u
n
c
t
i
o
n
‘
c
o
n
d
’

r
e
t
u
r
n
s
a

t
r
u
e
v
a
l
u
e
.
"
"
"

i
f
i
s
e
m
p
t
y
(
s
e
q
)
:
r
e
t
u
r
n
e
m
p
t
y
r
l
i
s
t

e
l
i
f
c
o
n
d
(
f
i
r
s
t
(
s
e
q
)
)
:

?
?

e
l
s
e
:
r
e
t
u
r
n
f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
r
e
s
t
(
s
e
q
)
)
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F
ilte

ring
(V

)

d
e
f

f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
s
e
q
)
:

"
"
"
T
h
e
r
l
i
s
t
c
o
n
s
i
s
t
i
n
g
o
f

t
h
e
s
u
b
s
e
q
u
e
n
c
e
o
f

r
l
i
s
t
‘
s
e
q
’
f
o
r

w
h
i
c
h
t
h
e
1
-
a
r
g
u
m
e
n
t
f
u
n
c
t
i
o
n
‘
c
o
n
d
’

r
e
t
u
r
n
s
a

t
r
u
e
v
a
l
u
e
.
"
"
"

i
f
i
s
e
m
p
t
y
(
s
e
q
)
:
r
e
t
u
r
n
e
m
p
t
y
r
l
i
s
t

e
l
i
f
c
o
n
d
(
f
i
r
s
t
(
s
e
q
)
)
:

r
e
t
u
r
n
m
a
k
e
r
l
i
s
t
(
f
i
r
s
t
(
s
e
q
)
,

f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
r
e
s
t
(
s
e
q
)
)
)

e
l
s
e
:
r
e
t
u
r
n
f
i
l
t
e
r
r
l
i
s
t
(
c
o
n
d
,
r
e
s
t
(
s
e
q
)
)

•
O
ops!

N
ot

tail-re
cursive

.
Ite

ration
is

prob
le
m
atic

(again).

•
In

fact,
until

w
e
ge

t
to

talking
ab

out
m
utab

le
re

cursive
lists,

w
e

w
on’t

b
e
ab

le
to

d
o
it

ite
rative

ly
w
ith

out
cre

ating
an

e
x
tra

list
along

th
e
w
ay.
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Py
th

on’s
S
e
que

nce
s

•
R
lists

are
se

que
nce

s
w
ith

a
particular

ch
oice

of
inte

rface
th

at
e
m
-

ph
asize

s
th

e
ir

re
cursive

structure
.

•
Pyth

on
h
as

a
m
uch

d
iffe

re
nt

approach
to

se
que

nce
s
b
uilt

into
its

stand
ard

d
ata

structure
s,one

th
at

e
m
ph

asize
s
th

e
ir

iterative
ch

ar-
acte

ristics.

•
T
h
e
re

are
se

ve
rald

iffe
re

nt
kind

s
of

se
que

nce
e
m
b
od

ie
d
in

th
e
stan-

d
ard

type
s:

tuples,
lists,

strings,
ranges,

iterators,
and

generators.

•
Pyth

on
goe

s
to

som
e
le
ngth

s
to

provid
e
a
uniform

inte
rface

to
all

th
e
various

se
que

nce
type

s,
as

w
e
ll
as

to
its

oth
e
r
collection

types,
includ

ing
sets

and
d
ictionaries.
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S
e
que

nce
F
e
a
ture

s

•
F
or

now
,
w
e

e
m
ph

asize
com

putation
b
y

construction
rath

e
r
th

an
m
od

ification.
T
h
e
inte

re
sting

ch
aracte

ristics
includ

e
:

–
E
x
plicit

C
onstruction:

t
=

(
2
,
0
,

9
,
1
0
,
1
1
)

#
T
u
p
l
e

L
=

[
2
,
0
,

9
,
1
0
,
1
1
]

#
L
i
s
t

R
=

r
a
n
g
e
(
2
,
1
3
)

#
I
n
t
e
g
e
r
s
2
-
1
2
.

R
0

=
r
a
n
g
e
(
1
3
)

#
I
n
t
e
g
e
r
s
0
-
1
2
.

E
=

r
a
n
g
e
(
2
,
1
3
,
2
)

#
E
v
e
n
i
n
t
e
g
e
r
s
2
-
1
2
.

S
=

"
H
e
l
l
o
,
w
o
r
l
d
!
"

#
S
t
r
i
n
g
s
(
s
e
q
u
e
n
c
e
s
o
f
c
h
a
r
a
c
t
e
r
s
)

–
I
nd

e
x
ing:

t
[
2
]

=
=
L
[
2
]
=
=

9
,

R
[
2
]
=
=

4
,

E
[
2
]
=
=
6

t
[
-
1
]
=
=

t
[
l
e
n
(
t
)
-
1
]
=
=
1
1

S
[
1
]

=
=
"
e
"

–
S
licing:

t
[
1
:
4
]
=
=

(
t
[
1
]
,
t
[
2
]
,
t
[
3
]
)
=
=

(
0
,
9
,

1
0
)
,

t
[
2
:
]
=
=

t
[
2
:
l
e
n
(
t
)
]
=
=
(
9
,

1
0
,
1
1
)

t
[
:
:
2
]
=
=

t
[
0
:
l
e
n
(
t
)
:
2
]
=
=

(
2
,
9
,
1
1
)
,

t
[
:
:
-
1
]
=
=
(
1
1
,

1
0
,
9
,
0
,

2
)

S
[
0
:
5
]
=
=

"
H
e
l
l
o
"
,

S
[
0
:
5
:
2
]
=
=

"
H
l
o
"
,
S
[
4
:
:
-
1
]
=
=
"
o
l
l
e
H
"

R
[
2
:
5
]
=

r
a
n
g
e
(
4
,
7
)
,

E
[
1
:

5
]
=

r
a
n
g
e
(
4
,
1
2
,
2
)
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S
e
que

nce
C
om

b
ina

tion
a
nd

C
onve

rsion

•
S
e
que

nce
type

s
can

b
e
conve

rte
d
into

e
ach

oth
e
r
w
h
e
re

ne
e
d
e
d
:

l
i
s
t
(
(
1
,
2
,

3
)
)

=
=
[
1
,
2
,

3
]
,

t
u
p
l
e
(
[
1
,
2
,

3
]
)
=
=
(
1
,

2
,
3
)

l
i
s
t
(
r
a
n
g
e
(
2
,
1
0
,

2
)
)
=
=
[
2
,

4
,
6
,

8
]

l
i
s
t
(
"
A
B
C
D
"
)
=
[
’
A
’
,
’
B
’
,
’
C
’
,
’
D
’
]

•
O
ne

can
construct

ce
rtain

se
que

nce
s
(tuple

s,
lists,

strings)
from

sm
alle

r
one

s:

A
=
[

1
,
2
,

3
,
4

]

B
=
[

7
,
8
,

9
]

A
+
B

=
=
[

1
,
2
,

3
,
4
,

7
,
8
,

9
]

A
[
1
:
3
]
+
B
[
1
:
]
=

[
1
,
2
,
3
,

8
,
9
]

(
1
,
2
,

3
,
4

)
+

(
7
,
8
,

9
)
=

(
1
,
2
,

3
,
4
,

7
,
8
,

9
)

"
H
e
l
l
o
,
"
+

"
"
+

"
w
o
r
l
d
"
=

"
H
e
l
l
o
,
w
o
r
l
d
"

(
1
,
2
,

3
,
4
)

+
3

E
R
R
O
R
(
w
h
y
?
)

L
ast

m
od

ified
:
S
un

F
eb

19
15

:5
8
:0
8
2
0
17

C
S
6
1A

:
L
ecture

#
9

2
0

S
e
que

nce
I
te

ra
tion:

F
or

L
oops

•
W

e
can

w
rite

m
ore

com
pact

and
cle

ar
ve

rsions
of

w
h
ile

loops:

>
>
>
t

=
(
2
,

0
,
9
,

1
0
,
1
1
)

>
>
>
s

=
0

>
>
>
f
o
r
x

i
n

t
:

>
>
>

s
+
=

x

>
>
>
p
r
i
n
t
(
s
)

3
2

•
Ite

ration
ove

r
num

b
e
rs

is
re

ally
th

e
sam

e
,
conce

ptually:

>
>
>
s

=
0

>
>
>
f
o
r
i

i
n

r
a
n
g
e
(
1
,
1
0
)
:

>
>
>

s
+
=

i

>
>
>
p
r
i
n
t
(
s
)
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H
igh

e
r-

O
rd

e
r
M
a
nipula

tion
of

S
e
que

nce
s

•
Pyth

on
3
d
e
fine

s
m
a
p
(just

as
on

rlists),as
w
e
llas

a
c
c
u
m
u
l
a
t
e
(calle

d
r
e
d
u
c
e

in
th

e
m
od

ule
f
u
n
c
t
o
o
l
s),

and
f
i
l
t
e
r,

just
as

w
e

d
id

on
rlists.

•
S
o
to

com
pute

th
e
sum

of
th

e
e
ve

n
F
ib
onacci

num
b
e
rs

am
ong

th
e

first
12

num
b
e
rs

of
th

at
se

que
nce

,
w
e
could

proce
e
d
like

th
is:

F
i
r
s
t
2
0

i
n
t
e
g
e
r
s
:

0
1

2
3

4
5

6
7

8
9

1
0

1
1

M
a
p

f
i
b
:

0
1

1
2

3
5

8
1
3

2
1

3
4

5
5

8
9

F
i
l
t
e
r
t
o

g
e
t
e
v
e
n
n
u
m
b
e
r
s
:

0
2

8
3
4

R
e
d
u
c
e
t
o

g
e
t
s
u
m
:

4
4

•
...or:r

e
d
u
c
e
(
a
d
d
,
f
i
l
t
e
r
(
i
s
e
v
e
n
,
m
a
p
(
f
i
b
,
r
a
n
g
e
(
1
2
)
)
)
)
#
o
r

s
u
m
(
f
i
l
t
e
r
(
i
s
e
v
e
n
,
m
a
p
(
f
i
b
,
r
a
n
g
e
(
1
2
)
)
)
)
#

S
p
e
c
i
a
l
i
z
e
d
r
e
d
u
c
t
i
o
n

•
W

h
y
is

th
is

im
portant?

S
e
que

nce
s
are

am
e
nab

le
to

parallelization.
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L
ist

C
om

pre
h
e
nsions

•
In

fact,
one

d
oe

sn’t
ofte

n
ne

e
d
m
a
p
and

f
i
l
t
e
r
b
e
cause

Pyth
on

h
as

a
succinct

syntax
for

e
x
pre

ssing
th

e
ir

application:
th

e
list

com
pre

-
h
e
nsion.

•
F
ull

form
:

[
<
e
x
p
r
e
s
s
i
o
n
>
f
o
r

<
v
a
r
>
i
n

<
s
e
q
u
e
n
c
e
e
x
p
r
e
s
s
i
o
n
>

i
f

<
b
o
o
l
e
a
n
e
x
p
r
e
s
s
i
o
n
>
]

•
E
x
am

ple
:
S
quare

s
of

th
e
prim

e
num

b
e
rs

up
to

10
0
.

[
x
*
x
f
o
r
x

i
n
r
a
n
g
e
(
1
0
1
)
i
f

i
s
p
r
i
m
e
(
x
)
]

•
A

d
iffe

re
nt

varie
ty

is
th

e
generator,

w
h
ich

can
b
e
use

ful
in

re
d
uc-

tions:

s
u
m
(
(

x
*
x
f
o
r
x

i
n
r
a
n
g
e
(
1
0
1
)
i
f

i
s
p
r
i
m
e
(
x
)
)

)

...b
e
cause

it
d
oe

s
not

actually
construct

th
e
list.

M
ore

on
ge

ne
ra-

tors
late

r.
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A
n
a
sid

e
:
S
e
que

nce
s
in

U
nix

•
M
any

U
nix

utilitie
s
ope

rate
on

stream
s
of

ch
aracters,

w
h
ich

are
se

que
nce

s.

•
W

ith
th

e
h
e
lp

of
pipe

s,
one

can
d
o
am

azing
th

ings.
O
ne

of
m
y
fa-

vorite
s:

t
r

-
c
-
s

’
[
:
a
l
p
h
a
:
]
’
’
[
\
n
*
]
’
<

F
ILE

|
\

s
o
r
t
|

\

u
n
i
q
-
c

|
\

s
o
r
t
-
n

-
r
-
k

1
,
1
|

\

s
e
d
2
0
q

w
h
ich

prints
th

e
2
0

m
ost

fre
que

ntly
occuring

w
ord

s
in

F
ILE

,
w
ith

th
e
ir

fre
que

ncie
s,

m
ost

fre
que

nt
first.
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