
L
e
cture

#
1
9
:
C
om

ple
x
ity

a
nd

S
e
a
rch

T
re

e
s

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

1

F
a
st

G
row

th

•
C
onsid

e
r
H
a
c
k
e
n
m
a
x
(a

function
from

a
te

st
som

e
se

m
e
ste

rs
ago):

d
e
f

H
a
k
e
n
m
a
x
(
b
o
a
r
d
,
X
,
Y
,

N
)
:

i
f
N

<
=
0
:

r
e
t
u
r
n
0

e
l
s
e
:r
e
t
u
r
n
b
o
a
r
d
(
X
,
Y
)
\

+
m
a
x
(
H
a
k
e
n
m
a
x
(
b
o
a
r
d
,
X
+
1
,
Y
,
N
-
1
)
,

H
a
k
e
n
m
a
x
(
b
o
a
r
d
,
X
,
Y
+
1
,
N
-
1
)
)

•
T
im

e
cle

arly
d
e
pe

nd
s
on

N
.C

ounting
calls

to
b
o
a
r
d
,
C
(N

),th
e
cost

of
calling

H
a
c
k
e
n
m
a
x
(
b
o
a
r
d
,
X
,
Y
,
N
)
,is

C
(N

)
=



0
,

for
N

≤
0

1
+
2
C
(N

−
1),

oth
e
rw

ise
.

•
U
sing

sim
ple

-m
ind

e
d
e
x
pansion,

C
(N

)
=
1+

2
C
(N

−
1)

=
1+

2+
4
C
(N

−
2)

=
...

=
1+

2+
4+

8+
...+

2
N
−
1
∈
Θ
(2

N
).

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

2

S
om

e
U
se

ful
Prope

rtie
s

•
W

e
’ve

alre
ad

y
se

e
n
th

at
Θ
(K

0 N
+
K

1 )
=

Θ
(N

)
(K

,
k
,
K

i
h
e
re

and
e
lse

w
h
e
re

are
constants).

•
Θ
(N

k
+
N

k
−
1)
=
Θ
(N

k).
W

h
y?

•
Θ
(|f

(N
)|+

|g
(N

)|)
=
Θ
(m

ax(|f
(N

)|,|g
(N

)|)).
W

h
y?

•
Θ
(log

a
N
)
=

Θ
(log

b
N
).

W
h
y?

(A
s
a
re

sult,
w
e
usually

use
log

2
N

=
lg
N

for
all

logarith
m
s.)

•
T
ricky:

w
h
y
isn’t

Θ
(f
(N

)
+
g
(N

))
=
Θ
(m

ax(f
(N

),g
(N

)))?

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

3

S
e
a
rch

ing,
A
ga

in

•
C
onsid

e
r
th

e
prob

le
m

of
se

arch
ing

a
Pyth

on
list

L
for

som
e
value

:

L
:

0
8

4
12

2
10

6
14

1
9

5
13

3
11

7
15

•
I
f
w
e
se

arch
line

arly
(le

ft
to

righ
t),

it
w
ill

take
16

com
parisons

in
th

e
w
orst

case
—
th

e
le
ngth

of
L
.

•
S
uppose

,
h
ow

e
ve

r,
w
e
could

d
ivid

e
our

list
in

tw
o,

and
som

e
h
ow

fig-
ure

out
quickly

w
h
ich

of
th

e
tw

o
m
ust

contain
our

targe
t,

if
it’s

to
b
e
found

.:0
8

4
12

2
10

6
14

1
9

5
13

3
11

7
15

L
:

•
N
ow

th
e
cost

of
find

ing
our

targe
t
is

at
w
orst

8
+
C
ost

of
d
e
cid

ing
w
h
ich

list
it

m
ust

b
e
in

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

4

M
ore

S
licing

a
nd

D
icing

•
C
ontinuing,

w
e
’d

ge
t

0
8

4
12

2
10

6
14

1
9

5
13

3
11

7
15

L
:

•
W

ith
a
cost

of

4
+
2
×

C
ost

of
d
e
cid

ing
w
h
ich

list
it

m
ust

b
e
in

•
A
s
you

can
se

e
,
w
e
are

form
ing

a
tre

e
.

•
I
f
w
e
go

all
th

e
w
ay

to
th

e
e
nd

(single
value

s),
w
e
’ll

h
ave

a
cost

of

1
+
4
×

C
ost

of
d
e
cid

ing
w
h
ich

list
it

m
ust

b
e
in

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

5

S
e
a
rch

T
re

e
s

•
T
h
e
pre

ce
d
ing

slid
e
s
sh

ow
th

e
id
e
a
b
e
h
ind

th
e
se

arch
tre

e
.

•
T
h
e
m
ost

com
m
on

e
x
am

ple
is

th
e
b
inary

se
arch

tre
e
,
w
h
e
re

e
ach

d
e
cision

is
b
e
tw

e
e
n
tw

o
lists,

and
th

e
d
e
cision

crite
rion

is
w
h
e
th

e
r

th
e
targe

t
is

le
ss

th
an,

gre
ate

r
th

an,
or

e
qual

to
a
give

n
value

:

2
0

10

4

2

13

3
0

2
5

2
2

2
7

3
3

•
(T

h
e
se

tre
e
s
are

a
b
it

d
iffe

re
nt

from
w
h
at

w
e
’ve

b
e
e
n
using,

since
th

e
y
h
ave

th
e
possib

ility
of

e
m
pty

tre
e
s,

such
as

th
e
m
issing

righ
t

link
at

th
e
nod

e
containing

4
.)

•
I
n
m
ore

ge
ne

ral
se

arch
tre

e
s,

as
in

th
is

e
x
am

ple
,
w
e
d
on’t

h
ave

to
d
ivid

e
se

ts
of

d
ata

e
x
actly

e
ach

tim
e
.
A
lso,

could
h
ave

m
ore

th
an

tw
o
b
ranch

e
s.

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

6



S
low

G
row

th

C
onsid

e
r
a
prob

le
m

w
ith

th
is

structure
:

d
e
f
t
r
e
e
f
i
n
d
(
T
,
d
i
s
c
)
:

p
=

d
i
s
c
(
T
.
l
a
b
e
l
)

i
f

p
=
=

-
1
:

r
e
t
u
r
n
T
.
l
a
b
e
l

e
l
i
f
T
.
i
s
l
e
a
f
(
)
:

r
e
t
u
r
n
N
o
n
e

e
l
s
e
:

r
e
t
u
r
n
t
r
e
e
f
i
n
d
(
T
.
c
h
i
l
d
r
e
n
[
p
]
,
d
i
s
c
)

A
ssum

e
th

at
function

d
i
s
c
take

s
(no

m
ore

th
an)

a
constant

am
ount

of
tim

e
.

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

7

K
ind

s
of

T
re

e

•
A
ssum

e
w
e
are

d
e
aling

w
ith

b
inary

tre
e
s
(num

b
e
r
of

ch
ild

re
n
≤

2).

•
T
re

e
s
could

h
ave

various
sh

ape
s,

w
h
ich

w
e
can

classify
as

“sh
allow

”
(or

“b
ush

y”)
and

“stringy.”

0123456

M
ax

im
ally

D
e
e
p
(“S

tringy”)
T
re

e

0

1
2

3
4

5
6

M
ax

im
ally

S
h
allow

(“B
ush

y”)
T
re

e

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

8

Q
ue

stions

•
H
ow

long
d
oe

s
th

e
t
r
e
e
f
i
n
d
program

(se
arch

a
tre

e
)
take

in
th

e
w
orst

case
on

a
b
inary

tre
e
(num

b
e
r
of

ch
ild

re
n
≤

2)?

–
1.

A
s
a
function

of
D
,
th

e
d
e
pth

of
th

e
tre

e
?

–
2
.
A
s
a
function

of
N
,
th

e
num

b
e
r
of

ke
ys

in
th

e
tre

e
?

–
3
.
A
s
a
function

of
D

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

–
3
.
A
s
a
function

of
N

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

9

Q
ue

stions

•
H
ow

long
d
oe

s
th

e
t
r
e
e
f
i
n
d
program

(se
arch

a
tre

e
)
take

in
th

e
w
orst

case
on

a
b
inary

tre
e
(num

b
e
r
of

ch
ild

re
n
≤

2)?

–
1.

A
s
a
function

of
D
,
th

e
d
e
pth

of
th

e
tre

e
?
Θ
(D

)

–
2
.
A
s
a
function

of
N
,
th

e
num

b
e
r
of

ke
ys

in
th

e
tre

e
?

–
3
.
A
s
a
function

of
D

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

–
3
.
A
s
a
function

of
N

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

10

Q
ue

stions

•
H
ow

long
d
oe

s
th

e
t
r
e
e
f
i
n
d
program

(se
arch

a
tre

e
)
take

in
th

e
w
orst

case
on

a
b
inary

tre
e
(num

b
e
r
of

ch
ild

re
n
≤

2)?

–
1.

A
s
a
function

of
D
,
th

e
d
e
pth

of
th

e
tre

e
?
Θ
(D

)

–
2
.
A
s
a
function

of
N
,
th

e
num

b
e
r
of

ke
ys

in
th

e
tre

e
?
Θ
(N

)

–
3
.
A
s
a
function

of
D

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

–
3
.
A
s
a
function

of
N

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

11

Q
ue

stions

•
H
ow

long
d
oe

s
th

e
t
r
e
e
f
i
n
d
program

(se
arch

a
tre

e
)
take

in
th

e
w
orst

case
on

a
b
inary

tre
e
(num

b
e
r
of

ch
ild

re
n
≤

2)?

–
1.

A
s
a
function

of
D
,
th

e
d
e
pth

of
th

e
tre

e
?
Θ
(D

)

–
2
.
A
s
a
function

of
N
,
th

e
num

b
e
r
of

ke
ys

in
th

e
tre

e
?
Θ
(N

)

–
3
.
A
s
a
function

of
D

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

Θ
(D

)

–
3
.
A
s
a
function

of
N

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

12



Q
ue

stions

•
H
ow

long
d
oe

s
th

e
t
r
e
e
f
i
n
d
program

(se
arch

a
tre

e
)
take

in
th

e
w
orst

case
on

a
b
inary

tre
e
(num

b
e
r
of

ch
ild

re
n
≤

2)?

–
1.

A
s
a
function

of
D
,
th

e
d
e
pth

of
th

e
tre

e
?
Θ
(D

)

–
2
.
A
s
a
function

of
N
,
th

e
num

b
e
r
of

ke
ys

in
th

e
tre

e
?
Θ
(N

)

–
3
.
A
s
a
function

of
D

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

Θ
(D

)

–
3
.
A
s
a
function

of
N

if
th

e
tre

e
is

as
sh

allow
as

possib
le

for
th

e
am

ount
of

d
ata?

Θ
(lg

N
)

L
ast

m
od

ifie
d
:
W

e
d
M
ar

8
13

:4
9
:4
8
2
0
17

C
S
6
1A

:
L
e
cture

#
19

13


	Lecture #19: Complexity and Search Trees
	Fast Growth
	Some Useful Properties
	Searching, Again
	More Slicing and Dicing
	Search Trees
	Slow Growth
	Kinds of Tree
	Questions

