
L
e
cture

#
1
0
:
S
e
que

nce
s
to

T
re

e
s

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

1

R
e
vie

w
:
S
e
que

nce
C
om

pre
h
e
nsion

•
S
yntax

:

[
<
e
x
p
r
>
f
o
r

<
v
a
r
>
i
n
<
s
e
q
u
e
n
c
e
e
x
p
r
>
]

[
<
e
x
p
r
>
f
o
r

<
v
a
r
>
i
n
<
s
e
q
u
e
n
c
e
e
x
p
r
>
i
f

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

•
E
x
am

ple
s:

>
>
>
[

2
*
*
x
f
o
r
x

i
n
r
a
n
g
e
(
5
)
]

[
1
,
2
,

4
,
8
,

1
6
]

>
>
>
L

=
[
5
,

7
,
8
,

1
0
,
6
,
8
,

7
,
4
,

9
,
8
]

>
>
>
[

x
f
o
r

x
i
n

L
i
f
x

%
2

=
=
1

]

[
5
,
7
,
7
,

9
]

•
In

fact,
th

e
syntax

is
m
ore

ge
ne

ral:

>
>
>
[

(
x
,
y
)

f
o
r
x

i
n
r
a
n
g
e
(
2
)
f
o
r

y
i
n

r
a
n
g
e
(
3
)
]

[
(
0
,
0
)
,
(
0
,

1
)
,
(
0
,
2
)
,
(
1
,

0
)
,
(
1
,
1
)
,

(
1
,
2
)
]

>
>
>
#

S
t
i
l
l
o
n
e
-
d
i
m
e
n
s
i
o
n
a
l
;
y
v
a
r
i
e
s
f
a
s
t
e
s
t

L
ast
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:
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:
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#
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2

R
e
pre

se
nting

M
ulti-

D
im

e
nsiona

l
S
tructure

s

•
H
ow

d
o
w
e
re

pre
se

nt
a
tw

o-d
im

e
nsional

tab
le

(like
a
m
atrix

)?

•
A
nsw

e
r:

use
a
sequence

of
sequences

(typically
a
list

of
lists

or
tuple

of
tuple

s).

•
T
h
e
sam

e
approach

is
use

d
in

C
,
C
++,

and
J
ava.

•
E
x
am

ple
:



1
2
0

4

0
1
3
−
1

0
0
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b
e
com

e
s

(
(

1
,
2
,

0
,
4

)
,
(

0
,
1
,

3
,
-
1
)
,
(
0
,

0
,
1
,

8
)
)

#
o
r

[
[

1
,
2
,

0
,
4

]
,
[

0
,
1
,

3
,
-
1
]
,
[
0
,

0
,
1
,

8
]
]

#
o
r
(
f
o
r

o
l
d
F
o
r
t
r
a
n
h
a
n
d
s
)
:

[
[

1
,
0
,

0
]
,

[
2
,

1
,
0

]
,
[

0
,

3
,
1

]
,
[

4
,
-
1
,

8
]
]

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
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8
2
0
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:
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#
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Prob
le
m
:
C
re

a
ting

A
T
w
o-

D
im

e
nsiona

l
T
a
b
le

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

"
"
"
A
R
O
W
S

x
C
O
L
S
m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
w
h
e
r
e
r
o
w
x
,
c
o
l
u
m
n
y

(
e
l
e
m
e
n
t
[
x
]
[
y
]
)
c
o
n
t
a
i
n
s
x
y
.

E
x
a
m
p
l
e
:

>
>
>

m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
(
4
,
3
)

[
[
0
,
0
,

0
]
,
[
0
,
1
,

2
]
,
[
0
,

2
,
4
]
,
[
0
,

3
,
6
]
]

"
"
"

r
e
t
u
r
n

L
ast

m
od

ified
:
S
un

F
eb

19
16
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8
2
0
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#
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Prob
le
m
:
C
re

a
ting

A
T
w
o-

D
im

e
nsiona

l
T
a
b
le

(I
I
)

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

"
"
"
A
R
O
W
S

x
C
O
L
S
m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
w
h
e
r
e
r
o
w
x
,
c
o
l
u
m
n
y

(
e
l
e
m
e
n
t
[
x
]
[
y
]
)
c
o
n
t
a
i
n
s
x
y
.

E
x
a
m
p
l
e
:

>
>
>

m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
(
4
,
3
)

[
[
0
,
0
,

0
]
,
[
0
,
1
,

2
]
,
[
0
,

2
,
4
]
,
[
0
,

3
,
6
]
]

"
"
"

r
e
t
u
r
n
[

f
o
r
r
o
w
i
n

r
a
n
g
e
(
r
o
w
s
)
]

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
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6
1A

:
L
ecture

#
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5

Prob
le
m
:
C
re

a
ting

A
T
w
o-

D
im

e
nsiona

l
T
a
b
le

(I
I
I
)

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

"
"
"
A
R
O
W
S

x
C
O
L
S
m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
w
h
e
r
e
r
o
w
x
,
c
o
l
u
m
n
y

(
e
l
e
m
e
n
t
[
x
]
[
y
]
)
c
o
n
t
a
i
n
s
x
y
.

E
x
a
m
p
l
e
:

>
>
>

m
u
l
t
i
p
l
i
c
a
t
i
o
n
t
a
b
l
e
(
4
,
3
)

[
[
0
,
0
,

0
]
,
[
0
,
1
,

2
]
,
[
0
,

2
,
4
]
,
[
0
,

3
,
6
]
]

"
"
"

r
e
t
u
r
n
[

[
r
o
w

*
c
o
l

f
o
r
c
o
l
i
n

r
a
n
g
e
(
c
o
l
s
)
]

f
o
r
r
o
w
i
n

r
a
n
g
e
(
r
o
w
s
)
]

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17
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:
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#
10

6



Prob
le
m
:
C
re

a
ting

a
T
ria

ngula
r
A
rra

y

•
T
h
e
re

’s
no

re
ason

th
e
row

s
in

a
2
D

list
m
ust

h
ave

th
e
sam

e
le
ngth

.

d
e
f
t
r
i
a
n
g
l
e
(
r
o
w
s
)
:

"
"
"
A
R
O
W
S
x
R
O
W
S
l
o
w
e
r
-
t
r
i
a
n
g
u
l
a
r
a
r
r
a
y

c
o
n
t
a
i
n
i
n
g
"
*
"
s
.

>
>
>
t
r
i
a
n
g
l
e
(
4
)

[
[
’
*
’
]
,
[
’
*
’
,
’
*
’
]
,
[
’
*
’
,
’
*
’
,
’
*
’
]
,
[
’
*
’
,
’
*
’
,
’
*
’
,
’
*
’
]
]

"
"
"

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

7

Prob
le
m
:
C
re

a
ting

a
T
ria

ngula
r
A
rra

y
(I
I
)

•
T
h
e
re

’s
no

re
ason

th
e
row

s
in

a
2
D

list
m
ust

h
ave

th
e
sam

e
le
ngth

.

d
e
f
t
r
i
a
n
g
l
e
(
r
o
w
s
)
:

"
"
"
A
R
O
W
S
x
R
O
W
S
l
o
w
e
r
-
t
r
i
a
n
g
u
l
a
r
a
r
r
a
y

c
o
n
t
a
i
n
i
n
g
"
*
"
s
.

>
>
>
t
r
i
a
n
g
l
e
(
4
)

[
[
’
*
’
]
,
[
’
*
’
,
’
*
’
]
,
[
’
*
’
,
’
*
’
,
’
*
’
]
,
[
’
*
’
,
’
*
’
,
’
*
’
,
’
*
’
]
]

"
"
"

r
e
t
u
r
n
[

[
"
*
"

f
o
r
c
i
n

r
a
n
g
e
(
k
+
1
)
]

f
o
r
k

i
n
r
a
n
g
e
(
r
o
w
s
)
]

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
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V
a
ria

tion:
C
re

a
ting

a
N
um

b
e
re

d
T
ria

ngula
r
A
rra

y

•
T
h
is

tim
e
,
use

num
b
e
rs

inste
ad

of
aste

risks.

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

"
"
"
A
R
O
W
S
x
R
O
W
S
l
o
w
e
r
-
t
r
i
a
n
g
u
l
a
r
a
r
r
a
y
w
h
o
s
e
e
l
e
m
e
n
t
s

a
r
e
i
n
t
e
g
e
r
s
,
s
t
a
r
t
i
n
g
a
t

0
g
o
i
n
g
l
e
f
t
-
t
o
-
r
i
g
h
t
,

u
p
-
t
o
-
d
o
w
n
.

>
>
>
n
u
m
b
e
r
e
d
t
r
i
a
n
g
l
e
(
3
)

[
[
0

]
,

[
1
,

2
]
,

[
3
,

4
,
5

]
]
"
"
"

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

9

C
re

a
ting

a
N
um

b
e
re

d
T
ria

ngula
r
A
rra

y
(I
I
)

•
T
h
is

tim
e
,
use

num
b
e
rs

inste
ad

of
aste

risks.

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

"
"
"
A
R
O
W
S
x
R
O
W
S
l
o
w
e
r
-
t
r
i
a
n
g
u
l
a
r
a
r
r
a
y
w
h
o
s
e
e
l
e
m
e
n
t
s

a
r
e
i
n
t
e
g
e
r
s
,
s
t
a
r
t
i
n
g
a
t

0
g
o
i
n
g
l
e
f
t
-
t
o
-
r
i
g
h
t
,

u
p
-
t
o
-
d
o
w
n
.

>
>
>
n
u
m
b
e
r
e
d
t
r
i
a
n
g
l
e
(
3
)

[
[
0

]
,

[
1
,

2
]
,

[
3
,

4
,
5

]
]
"
"
"

d
e
f
f
i
r
s
t
(
r
o
w
)
:

"
"
"
T
h
e
R
O
W
t
h
t
r
i
a
n
g
u
l
a
r
n
u
m
b
e
r
.
"
"
"

r
e
t
u
r
n
(
r
o
w
*

r
o
w
+

r
o
w
)
/
/

2

r
e
t
u
r
n

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

10

C
re

a
ting

a
N
um

b
e
re

d
T
ria

ngula
r
A
rra

y
(I
I
I
)

•
T
h
is

tim
e
,
use

num
b
e
rs

inste
ad

of
aste

risks.

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

"
"
"
A
R
O
W
S
x
R
O
W
S
l
o
w
e
r
-
t
r
i
a
n
g
u
l
a
r
a
r
r
a
y
w
h
o
s
e
e
l
e
m
e
n
t
s

a
r
e
i
n
t
e
g
e
r
s
,
s
t
a
r
t
i
n
g
a
t

0
g
o
i
n
g
l
e
f
t
-
t
o
-
r
i
g
h
t
,

u
p
-
t
o
-
d
o
w
n
.

>
>
>
n
u
m
b
e
r
e
d
t
r
i
a
n
g
l
e
(
3
)

[
[
0

]
,

[
1
,

2
]
,

[
3
,

4
,
5

]
]
"
"
"

d
e
f
f
i
r
s
t
(
r
o
w
)
:

"
"
"
T
h
e
R
O
W
t
h
t
r
i
a
n
g
u
l
a
r
n
u
m
b
e
r
.
"
"
"

r
e
t
u
r
n
(
r
o
w
*

r
o
w
+

r
o
w
)
/
/

2

r
e
t
u
r
n
[

[
x

f
o
r
x

i
n
r
a
n
g
e
(
f
i
r
s
t
(
r
o
w
)
,
f
i
r
s
t
(
r
o
w
)
+

r
o
w
+

1
)
]

f
o
r
r
o
w
i
n

r
a
n
g
e
(
r
o
w
s
)
]

L
ast

m
od

ified
:
S
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F
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4
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2
0
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C
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:
L
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#
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A
nd

W
h
y
S
top

T
h
e
re

?
T
re

e
s

•
W

e
can

h
ave

row
s
of

row
s,

and
row

s
of

row
s
of

row
s,

b
ut

w
e
ne

e
d
n’t

stop
at

an
arb

itrary
lim

it.

•
R
e
sult

can
b
e
th

ough
t
of

as
a
form

of
tree

.

•
E
.g:

O
ne

w
ay

to
se

e
[
[
[
3
,
7
,
8
]
,
9
]
,
1
0
]:

3
7

8

9

10

•
T
h
e
circle

s
are

calle
d
vertices

or
nod

es,
conne

cte
d
b
y
ed

ges.

•
T
op

nod
e
is

th
e
root,

b
ottom

one
s
are

leaves,
non-le

ave
s
are

inner
nod

es.

•
E
ach

nod
e
is

itse
lf

th
e
root

of
a
sub

tree
;
th

ose
im

m
e
d
iate

ly
b
e
low

are
its

ch
ild

ren.
L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
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#
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T
re

e
s
W

ith
L
a
b
e
ls

•
G
e
ne

rally,e
ach

nod
e
(not

just
le
ave

s)
can

h
ave

ad
d
itionald

ata,know
n

as
a
lab

el:

2
0

15

8

2
1

5

9

10

•
H
ow

can
w
e
re

pre
se

nt
th

is
structure

?

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

13

T
re

e
I
nte

rfa
ce

•
E
vid

e
ntly,tre

e
s
h
ave

lab
e
ls
and

ch
ild

re
n,sugge

sting
an

A
PI

like
th

is:

d
e
f
m
a
k
e
t
r
e
e
(
l
a
b
e
l
,
b
r
a
n
c
h
e
s
=

[
]
)

"
"
"
A
(
s
u
b
)
t
r
e
e
w
i
t
h
g
i
v
e
n
L
A
B
E
L
a
t
i
t
s
r
o
o
t
,
w
h
o
s
e
c
h
i
l
d
r
e
n

a
r
e
K
I
D
S
.
"
"
"

d
e
f
l
a
b
e
l
(
t
r
e
e
)
:

"
"
"
T
h
e
l
a
b
e
l
o
n
T
R
E
E
.
"
"
"

d
e
f
b
r
a
n
c
h
e
s
(
t
r
e
e
)
:

"
"
"
T
h
e
c
h
i
l
d
r
e
n
o
f

T
R
E
E
(
e
a
c
h
a

t
r
e
e
)
.
"
"
"

d
e
f
i
s
l
e
a
f
(
t
r
e
e
)
:

"
"
"
T
r
u
e
i
f
T
R
E
E
i
s

a
l
e
a
f

n
o
d
e
.
"
"
"

•
R
e
pre

se
ntation?

L
ast

m
od

ified
:
S
un

F
eb

19
16

:0
4
:5
8
2
0
17

C
S
6
1A

:
L
ecture

#
10

14

T
re

e
R
e
pre

se
nta

tion

d
e
f
m
a
k
e
t
r
e
e
(
l
a
b
e
l
,
k
i
d
s
=
[
]
)

"
"
"
A
(
s
u
b
)
t
r
e
e
w
i
t
h
g
i
v
e
n
L
A
B
E
L
a
t
i
t
s
r
o
o
t
,
w
h
o
s
e
c
h
i
l
d
r
e
n

a
r
e

K
I
D
S
.
"
"
"

r
e
t
u
r
n
[

l
a
b
e
l
]
+

k
i
d
s

d
e
f
l
a
b
e
l
(
t
r
e
e
)
:

"
"
"
T
h
e
l
a
b
e
l
o
n
T
R
E
E
.
"
"
"

r
e
t
u
r
n
t
r
e
e
[
0
]

d
e
f
b
r
a
n
c
h
e
s
(
t
r
e
e
)
:

"
"
"
T
h
e
c
h
i
l
d
r
e
n
o
f

T
R
E
E
(
e
a
c
h
a

t
r
e
e
)
.
"
"
"

r
e
t
u
r
n
t
r
e
e
[
1
:
]

d
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