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Introduction

• As for any index, three alternatives for data entries K∗:
– Data record with key value K

– 〈K, r〉, where r is rid of a record with search key value K

– 〈K, [r1, . . . , rn]〉, where [r1, . . . , rn] is a list or rid’s of records

with search key value K

.

• Choice orthogonal to indexing technique used to locate entries K∗.

• Tree-structured indexing techniques support both range searches and

equality searches.

• ISAM: static structure;

B+-tree: dynamic, adjusts gracefully under inserts and deletes.

Introduction to Databases Werner Nutt Free University of Bozen-Bolzano



3

R
a
n
g
e

S
e
arch

e
s

•
“
F
in

d
all

em
p
loyees

w
ith

sal
>

1500”
–

If
d
ata

is
in

sorted
fi
le,

d
o

b
in

ary
search

to
fi
n
d

fi
rst

su
ch

em
p
loyee,

th
en

scan
to

fi
n
d

oth
ers

–
C
o
st

o
f
b
in

ary
search

can
b
e

q
u
ite

h
ig

h

•
S
im

p
le

id
ea:

create
an

“in
d
ex”

fi
le

Page 1
Page 2

Page N

k2
kN

Page 3

k1

D
ata File

Index File

�
can

d
o

b
in

ary
search

on
(sm

aller)
in

d
ex

fi
le!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

4

IS
A

M
(=

In
d
e
x
e
d

S
e
q
u
e
n
tia

l
A

cce
ss

M
e
th

o
d
)

P0
K

1
P

1
K

2
P

2
K

m
P

m

i
n
d
e
x
 
e
n
t
r
y

In
d
ex

fi
le

m
ay

still
b
e

q
u
ite

larg
e.

B
u
t

w
e

can
ap

p
ly

th
e

id
ea

rep
eated

ly!

Index
Pages

Pages
O

verflow
page

Prim
ary pages

Leaf

�
L
eaf

p
ag

es
co

n
tain

d
ata

en
tries

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



5

C
o
m

m
e
n
ts

o
n

IS
A

M

F
ile

cre
a
tio

n
:

L
eaf

(d
ata)

p
ag

es
allo

cated
seq

u
en

tially,
sorted

by
search

key;
th

en
in

d
ex

p
ag

es
allo

cated
,
th

en
sp

ace
for

o
verfl

ow
p
ag

es.

In
d
e
x

e
n
trie

s:
〈search

key
valu

e
,p

age
id
〉;

‘d
irect’

search
for

d
ata

en
tries,

w
h
ich

are
in

leaf
p
ag

es

S
e
arch

:
S
tart

at
ro

ot;
u
se

key
co

m
p
ariso

n
s

to
go

to
leaf.

C
ost

∝
lo

g
F

N
w

h
ere

F
=

#
en

tries/
in

d
ex

p
ag

e
(‘fan

o
u
t’)

an
d

N
=

#
leaf

p
ag

es

In
se

rt:
F
in

d
leaf

d
ata

th
at

en
try

b
elo

n
g
s

to
,
an

d
p
u
t

it
th

ere

D
e
le

te
:

F
in

d
leaf

an
d

rem
o
ve

fro
m

leaf;

if
em

p
ty

overfl
ow

p
ag

e,
d
e-allo

cate

�
S
tatic

tree
stru

ctu
re:

in
serts/

d
eletes

aff
ect

o
n
ly

leaf
p
ag

es

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

6

E
x
a
m

p
le

IS
A

M
T
re

e

E
ach

n
o
d
e

can
h
o
ld

2
en

tries

N
o

n
eed

for
‘n

ext-leaf-p
ag

e’
p
o
in

ters
(W

h
y?)

1
0
*

1
5
*

2
0
*

2
7
*

3
3
*

3
7
*

4
0
*

4
6
*

5
1
*

5
5
*

6
3
*

9
7
*

2
0

3
3

5
1

6
3

4
0

R
oot

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



7

A
fte

r
In

se
rtin

g
2
3
∗,

4
8
∗,

4
1
∗,

4
2
∗,

...

1
0
*

1
5
*

2
0
*

2
7
*

3
3
*

3
7
*

4
0
*

4
6
*

5
1
*

5
5
*

6
3
*

9
7
*

2
0

3
3

5
1

6
3

4
0

R
oot

2
3
*

4
8
*

4
1
*

4
2
*

O
verflow

Pages

Leaf

Index
Pages

Pages

Prim
ary

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

8

T
h
e
n

D
e
le

tin
g

4
2
∗,

5
1
∗,

9
7
∗

1
0
*

1
5
*

2
0
*

2
7
*

3
3
*

3
7
*

4
0
*

4
6
*

5
5
*

6
3
*

2
0

3
3

5
1

6
3

4
0

R
oot

2
3
*

4
8
*

4
1
*

N
ote

th
at

51
∗

ap
p
ears

in
in

d
ex

levels,
b
u
t

n
o
t

in
leaf!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



9

B
+

-T
re

e
:
T

h
e

M
o
st

W
id

e
ly

U
se

d
In

d
e
x

•
In

sert/
d
elete

at
lo

g
F

N
co

st
(F

=
‘fan

o
u
t’

an
d

N
=

#
leaf

p
ag

es);

keep
tree

h
eig

h
t-b

alan
ced

.

•
M

in
im

u
m

5
0
%

o
ccu

p
an

cy
(excep

t
for

ro
o
t).

•
E
ach

n
o
d
e

co
n
tain

s
d
≤

m
≤

2
d

en
tries

(d
is

th
e

ord
er

o
f
th

e
tree).

•
S
u
p
p
orts

eq
u
ality

an
d

ran
g
e-search

es
effi

cien
tly.

Index

D
ata Entries

("S
equence set")

(D
irects search)

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

1
0

E
x
a
m

p
le

B
+

-T
re

e

•
S
earch

b
eg

in
s

at
ro

o
t,

an
d

key
co

m
p
ariso

n
s

d
irect

it
to

a
leaf

(as
in

IS
A

M
)

•
S
earch

for
5
∗,

15
∗,

all
d
ata

en
tries

w
ith

key
≥

24
∗

R
oot

1
7

2
4

3
0

2
*

3
*

5
*

7
*

1
4
*

1
6
*

1
9
*

2
0
*

2
2
*

2
4
*

2
7
*

2
9
*

3
3
*

3
4
*

3
8
*

3
9
*

1
3

�
B

ased
on

th
e

search
for

15
∗,

w
e

k
n
o
w

it
is

n
o
t

in
th

e
tree!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



1
1

B
+

-T
re

e
s

in
N

u
m

b
e
rs

•
A

verag
e

fi
ll-factor:

66
%

(=
ln

2)

•
T
yp

ical
ord

er:
1
0
0

–
averag

e
fan

o
u
t

=
1
3
3

•
T
yp

ical
cap

acities:
–

H
eig

h
t

4
:
133

4
=

3
1
2
,9

0
0
,7

0
0

record
s

–
H

eig
h
t

3
:
133

3
=

2
,3

5
2
,6

3
7

record
s

•
C
an

often
h
o
ld

to
p

levels
in

b
u
ff
er

p
o
o
l:

–
L
evel

1
=

1
p
ag

e
=

8
K

B
ytes

–
L
evel

2
=

133
p
ages

=
1

M
B

yte

–
L
evel

3
=

1
7
,6

8
9

p
ag

es
=

1
3
3

M
B

ytes

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

1
2

In
se

rtin
g

a
D

a
ta

E
n
try

in
to

a
B

+
-T

re
e

•
F
in

d
correct

leaf
L

•
P
u
t

d
ata

en
try

o
n
to

L

–
If

L
h
as

en
o
u
g
h

sp
ace,

d
o
n
e!

–
E
lse,

m
u
st

sp
lit

L
(in

to
L

an
d

a
n
ew

n
o
d
e

L
′)

∗
R
ed

istrib
u
te

en
tries

even
ly,

co
p
y

u
p

m
id

d
le

key

∗
In

sert
in

d
ex

en
try

p
o
in

tin
g

to
L

′
in

to
p
aren

t
o
f
L

•
T

h
is

can
h
ap

p
en

recu
rsively

–
T
o

sp
lit

in
d
ex

n
o
te,

red
istrib

u
te

en
tries

even
ly,

b
u
t
p
u
sh

u
p

m
id

d
le

key
(co

n
trast

w
ith

leaf
sp

lits!)

•
S
p
lits

“
g
row

”
th

ree;
ro

o
t

sp
lit

in
creases

h
eig

h
t

–
T
ree

g
row

th
:
gets

w
id

er
or

o
n
e

level
taller

at
to

p

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



1
3

In
se

rtin
g

8
∗

in
to

E
x
a
m

p
le

B
+

-T
re

e

•
O

b
serve

h
ow

m
in

im
u
m

o
ccu

p
an

cy
is

g
u
aran

teed
in

b
oth

leaf
an

d

in
d
ex

p
ag

e
sp

lits.

2
*

3
*

5
*

7
*

8
*

5

E
ntry to be inserted in parent node.

(N
ote that 5 is

continues to appear in the leaf.)
and

copied up

•
N

o
te

d
iff

eren
ce

b
etw

een

co
p
y

u
p

an
d

p
u
sh

u
p
!

W
h
at’s

th
e

reaso
n
?

5
2
4

3
0

1
7

1
3

E
ntry to be inserted in parent node.

(N
ote that 17 is

this w
ith a leaf split.)

pushed up
and appears once in the index. C

ontrast
and

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

1
4

...A
fte

r
In

se
rtin

g
8
∗

2
*

3
*

R
oot

1
7

2
4

3
0

1
4
*

1
6
*

1
9
*

2
0
*

2
2
*

2
4
*

2
7
*

2
9
*

3
3
*

3
4
*

3
8
*

3
9
*

1
3

5

7
*

5
*

8
*

•
N

o
tice

th
at

ro
o
t

w
as

sp
lit,

lead
in

g
to

in
crease

in
h
eig

h
t

•
In

th
is

exam
p
le,

w
e

can
avo

id
sp

lit
b
e

re-d
istrib

u
tin

g
en

tries;

h
ow

ever,
th

is
is

u
su

ally
n
o
t

d
o
n
e

in
practice

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



1
5

D
e
le

tin
g

a
D

a
ta

E
n
try

fro
m

a
B

+
-T

re
e

•
S
tart

at
ro

ot,
fi
n
d

leaf
L

w
h
ere

en
try

b
elo

n
g
s

•
R
em

ove
th

e
en

try
–

If
L

is
at

least
h
alf-fu

ll,
d
o
n
e!

–
If

L
h
as

on
ly

d
−

1
en

tries
,

∗
T
ry

to
re-d

istrib
u
te

,
b
orrow

in
g

fro
m

sib
lin

g

(ad
jacen

t
n
o
d
e

w
ith

sam
e

p
aren

t
as

L
)

∗
If

re-d
istrib

u
tion

fails,
m

erg
e

L
an

d
sib

lin
g

•
If

m
erg

e
o
ccu

rred
,
m

u
st

d
elete

en
try

(p
oin

tin
g

to
L

or
sib

lin
g)

from

p
aren

t
o
f
L

•
M

erg
e

co
u
ld

pro
p
ag

ate
to

ro
ot,

d
ecreasin

g
h
eig

h
t

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

1
6

...a
fte

r
(In

se
rtin

g
8
∗,

th
e
n
)

D
e
le

tin
g

1
9
∗

a
n
d

2
0
∗

2
*

3
*

R
oot

1
7

3
0

1
4
*

1
6
*

3
3
*

3
4
*

3
8
*

3
9
*

1
3

5

7
*

5
*

8
*

2
2
*

2
4
*

2
7

2
7
*

2
9
*

•
D

eletin
g

19
∗

is
easy

•
D

eletin
g

20
∗

is
d
on

e
w

ith
re-d

istrib
u
tion

.

N
o
tice

h
ow

m
id

d
le

key
is

co
p
ied

u
p
!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



1
7

...a
n
d

th
e
n

D
e
le

tin
g

2
4
∗

•
M

u
st

m
erg

e

•
o
b
serve

“
toss”

of

in
d
ex

en
try

(o
n

rig
h
t),

an
d

“p
u
ll

d
ow

n
”

of

in
d
ex

en
try

(b
elow

)

3
0

2
2
*

2
7
*

2
9
*

3
3
*

3
4
*

3
8
*

3
9
*

2
*

3
*

7
*

1
4
*

1
6
*

2
2
*

2
7
*

2
9
*

3
3
*

3
4
*

3
8
*

3
9
*

5
*

8
*

R
oot

3
0

1
3

5
1
7

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

1
8

E
x
a
m

p
le

o
f
N

o
n
-le

a
f
R
e
-d

istrib
u
tio

n

•
T
ree

is
sh

ow
n

b
elow

d
u
rin

g
d
eletio

n
of

24
∗

(W
h
at

co
u
ld

b
e

a
p
o
ssib

le
tree?)

•
In

co
n
trast

to
previo

u
s

exam
p
le,

can
re-d

istrib
u
te

en
try

form
left

ch
ild

of
ro

ot
to

righ
t

ch
ild

R
oot

1
4
*

1
6
*

1
3

5

1
7
*

1
8
*

2
0
*

1
7

2
0

2
2

3
3
*

3
4
*

3
8
*

3
9
*

3
0

2
2
*

2
7
*

2
9
*

2
1
*

7
*

5
*

8
*

3
*

2
*

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



1
9

A
fte

r
R
e
-d

istrib
u
tio

n

•
In

tu
itively,

en
tries

are
re-d

istrib
u
ted

by
“
p
u
sh

in
g

th
ro

u
g
h
”

th
e

sp
littin

g
en

try
in

th
e

p
aren

t
n
o
d
e

•
It

su
ffi

ces
to

re-d
istrib

u
te

in
d
ex

en
try

w
ith

key
2
0
;

(w
e

h
ave

re-d
istrib

u
ted

1
7

as
w
ell

for
illu

stratio
n
)

R
oot

1
4
*

1
6
*

1
3

5

3
3
*

3
4
*

3
8
*

3
9
*

2
2
*

2
7
*

2
9
*

1
7
*

1
8
*

2
0
*

2
1
*

1
7

3
0

2
0

2
2

7
*

5
*

8
*

2
*

3
*

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

2
0

B
u
lk

L
o
a
d
in

g
o
f
a

B
+

-T
re

e

•
If

w
e

h
ave

a
larg

e
co

llectio
n

of
record

s,
an

d
w
e

w
an

t
to

create
a

B
+

-tree
on

so
m

e
fi
led

,
d
o
in

g
so

by
rep

eated
ly

in
sertin

g
record

s
is

very
slow

•
B

u
lk

lo
a
d
in

g
can

b
e

d
o
n
e

m
u
ch

m
ore

effi
cien

tly

•
In

itialisatio
n
:
S
ort

all
d
ata

en
tries,

in
sert

p
o
in

ter
to

fi
rst

(leaf)
p
ag

e

in
a

n
ew

(ro
ot)

p
ag

e

3
*

4
*

6
*

9
*

1
0
*
1
1
*

1
2
*
1
3
*

2
0
*
2
2
*

2
3
*
3
1
*

3
5
*
3
6
*

3
8
*
4
1
*

4
4
*

S
orted pages of data entries; not yet in B

+ tree
R

oot

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



2
1

B
u
lk

L
o
a
d
in

g
o
f
a

B
+

-T
re

e
(C

n
td

.)

3
*

4
*

6
*

9
*

1
0
*
1
1
*

1
2
*
1
3
*

2
0
*
2
2
*

2
3
*
3
1
*

3
5
*
3
6
*

3
8
*
4
1
*

4
4
*

6
1
0

R
oot

D
ata entry pages not yet in B

+ tree

3
*

4
*

6
*

9
*

1
0
*
1
1
*

1
2
*
1
3
*

2
0
*
2
2
*

2
3
*
3
1
*

3
5
*
3
6
*

3
8
*
4
1
*

4
4
*

R
oot

D
ata entry pages not yet in B

+ tree
6

1
0

1
2

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

2
2

B
u
lk

L
o
a
d
in

g
o
f
a

B
+

-T
re

e
(C

n
td

.)

•
In

d
ex

en
tries

for
leaf

p
ag

es
alw

ays
en

tered
in

to
rig

h
t-m

o
st

in
d
ex

p
ag

e

ju
st

ab
o
ve

leaf
level.

W
h
en

th
is

fi
lls

u
p
,
it

sp
lits.

(S
p
lit

m
ay

go
u
p

righ
t-m

ost
p
ath

to
th

e
ro

ot)

•
M

u
ch

faster
th

an
rep

eated
in

serts,
esp

ecially
w

h
en

o
n
e

co
n
sid

ers

lo
ckin

g!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



2
3

B
u
lk

L
o
a
d
in

g
o
f
a

B
+

-T
re

e
(C

n
td

.)

3
*

4
*

6
*

9
*

1
0
*
1
1
*

1
2
*
1
3
*

2
0
*
2
2
*

2
3
*
3
1
*

3
5
*
3
6
*

3
8
*
4
1
*

4
4
*

R
oot

D
ata entry pages 

not yet in B
+ tree

3
5

2
3

1
2

6

1
0

2
0

3
*

4
*

6
*

9
*

1
0
*
1
1
*

1
2
*
1
3
*

2
0
*
2
2
*

2
3
*
3
1
*

3
5
*
3
6
*

3
8
*
4
1
*

4
4
*

6

R
oot

1
01
2

2
3

2
0

3
5

3
8

not yet in B
+ tree

D
ata entry pages 

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

2
4

S
u
m

m
ary

o
f
B

u
lk

L
o
a
d
in

g

•
O

p
tion

1:
m

u
ltip

le
in

serts
–

S
low

–
D

o
es

n
o
t

give
seq

u
en

tial
storag

e
o
f
leaves

•
O

p
tion

2:
B

u
lk

L
o
a
d
in

g
–

H
as

ad
van

tag
es

for
co

n
cu

rren
cy

co
n
tro

l

–
F
ew

er
I/

O
’s

d
u
rin

g
b
u
ild

–
L
eaves

w
ill

b
e

stored
seq

u
en

tially
(an

d
lin

ked
,
o
f
co

u
rse)

–
C
an

co
n
tro

l
“
fi
ll

factor”
on

p
ag

es

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



2
5

S
to

ra
g
e

a
n
d

A
cce

ss
C
o
st

fo
r

a
n

A
v
e
ra

g
e

B
+

-tre
e

E
xam

p
le:

R
elatio

n
O
r
d
e
r
s

w
ith

attrib
u
te

O
r
d
e
r
s
.
C
u
s
t
I
d

A
ssu

m
p
tio

n
s:

P
a
g
e

S
ize

:
4
K

B
ytes

(in
clu

d
in

g
9
6

B
ytes

p
ag

e
h
ead

er)

O
ccu

p
a
n
cy

o
f
P
a
g
e
:
70

%

N
u
m

b
e
r

o
f
re

co
rd

s
in

O
r
d
e
r
s
:
10,000,000

N
u
m

b
e
r

o
f
d
istin

ct
C
u
sto

m
e
r
ID

’s:
100,000

(for
every

cu
sto

m
er,

th
ere

is
an

eq
u
al

n
u
m

b
er

of
ord

ers)

L
e
n
g
th

o
f
a

C
u
sto

m
e
r
ID

:
24

B
ytes

L
e
n
g
th

o
f
a
n

rid
:
6

B
ytes

L
e
n
g
th

o
f
a

p
o
in

te
r
in

B
+

-tre
e
:
6

B
ytes

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

2
6

W
e

C
o
n
clu

d
e
:

L
e
n
g
th

o
f
R
id

L
ist:

2
4

+
1
0
0
×

6
B

ytes
=

6
2
4

B
ytes

N
u
m

b
e
r

o
f
R
id

L
ists

o
n

a
n

In
d
e
x

P
a
g
e
:
�.7
×

(4
0
9
6
−

9
6
)/

6
2
4
�

=
4

N
u
m

b
e
r

o
f
In

d
e
x

P
a
g
e
s:
�1

0
0
,0

0
0
/
4
�

=
2
5
,0

0
0

L
e
n
g
th

o
f
a

“
S
ig

n
p
o
st”

to
a

N
o
n
-le

a
f
N

o
d
e
:

2
4

+
6

B
ytes

=
3
0

B
ytes

F
a
n
o
u
t:
�.7
×

(4
0
9
6
−

9
6
)/

3
0
�

=
9
3

H
e
ig

h
t

o
f
In

d
e
x:
�lo

g
9
3
2
5
,0

0
0
�
+

1
=

4

(3
L
evels

for
n
o
n
-leaf

n
o
d
es

p
lu

s
leaf

level)

N
u
m

b
e
r

o
f
P
a
g
e
s

in
In

d
e
x:

2
5
,0

0
0

p
ag

es
o
n

L
evel

4
,

�2
5
,0

0
0
/
9
3
�

=
2
6
9

n
o
n
-leaf

n
o
d
es

o
n

L
evel

3

�2
6
9
/
9
3
�

=
3

n
o
n
-leaf

n
o
d
es

o
n

L
evel

2
p
lu

s

1
ro

o
t

n
o
d
e

S
to

ra
g
e

S
p
a
ce

:
2
5
,2

7
0
×

4
K

B
ytes

≈
1
0
0

M
B

ytes

�
R
ead

in
g

all
ord

ers
for

a
C
u
stId

req
u
ires

4
+

1
0
0

=
1
0
4

p
ag

e
accesses

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



2
7

T
re

e
-stru

ctu
re

d
In

d
e
x
e
s:

S
u
m

m
ary

•
Id

eal
for

ra
n
g
e
-se

arch
e
s,

also
go

o
d

for
e
q
u
a
lity

se
arch

e
s

•
IS

A
M

is
a

sta
tic

stru
ctu

re
–

O
n
ly

leaf
p
ag

es
m

o
d
ifi

ed
;
o
verfl

ow
p
ag

es
n
eed

ed

–
O

verfl
ow

ch
ain

s
can

d
eg

rad
e

p
erform

an
ce

u
n
less

size
of

d
ata

set

an
d

d
ata

d
istrib

u
tion

stay
con

stan
t

•
B

+
-tre

e
is

a
d
y
n
a
m

ic
stru

ctu
re

–
In

serts/
d
eletes

leave
tree

h
eig

h
t-b

alan
ced

(lo
g

F
N

co
st)

–
H

ig
h

fan
o
u
t

F
m

ean
s

d
ep

th
rarely

m
ore

th
an

3
or

4

–
A

lm
ost

alw
ays

b
etter

th
an

m
ain

tain
in

g
a

sorted
fi
le

–
T
yp

ically,
66%

(=
ln

2
)

o
ccu

p
an

cy
o
n

averag
e

–
If

d
ata

en
tries

are
d
ata

record
s,

sp
lits

can
ch

an
g
e

rid
s!

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o

2
8

T
re

e
-stru

ctu
re

d
In

d
e
x
e
s:

S
u
m

m
ary

•
B

u
lk

lo
ad

in
g

can
b
e

m
u
ch

faster
th

an
rep

eated
in

serts
for

creatin
g

a

B
+

-tree
on

a
larg

e
d
ata

set

•
M

o
st

w
id

ely
u
sed

in
d
ex

in
d
atab

ase
m

an
ag

em
en

t
system

s
b
ecau

se
of

its
versatility.

O
n

o
f
th

e
m

o
st

op
tim

ized
co

m
p
o
n
en

ts
o
f
a

D
B

M
S
.

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o



2
9

R
e
fe

re
n
ce

s

T
h
ese

slid
es

are
b
ased

o
n

C
h
ap

ter
10

of
th

e
b
o
o
k

D
atab

ase
M

an
ag

em
en

t

S
ystem

s
by

R
.
R
am

akrish
n
an

an
d

J.
G

eh
rke,

an
d

o
n

slid
es

by
th

e
au

th
ors

p
u
b
lish

ed
at

w
w
w
.
c
s
.
w
i
s
c
.
e
d
u
/
~
d
b
b
o
o
k
/
o
p
e
n
A
c
c
e
s
s
/
t
h
i
r
d
E
d
i
t
i
o
n
/
s
l
i
d
e
s
/
s
l
i
d
e
s
3
e
d
.
h
t
m
l

In
tro

d
u
c
tio

n
to

D
a
ta

b
a
se

s
W

e
rn

e
r

N
u
tt

F
re

e
U

n
iv

e
rsity

o
f
B
o
z
e
n
-B

o
lz

a
n
o


