Topics

« Conventional Indexes
¢ B-Tree Indexes
* Hashing Indexes

Indexes

 Data structures used for quickly locating tuples
that meet a specific type of condition
— Equality condition:
« find Movie tuples where Director=$X
— Other conditions possible, e.gange conditions:
« find Employee tuples where Salary>40 AND
Salary<50
* Many types of indexes. Evaluate them on
— Accesstime
— Insertiontime
— Deletion time
— Disk Space needed »

Terms and Distinctions

A Dense Primary Index
Primary index

Secondary index 2
— index on any other attribufe  gg
Dense index 0
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— the index on the attribute 10 20
(a.k.a. search key) that 20 30
determines the sequencing 30 40

of the table on disk 40 38
50 80
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150 File
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— many values do not appe:




Dense and Sparse Primary Indexes

Dense Primary I ndex
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Sparse Primary Index
(e.g., one pointer into each data block)
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Find the index record with largest
value that islessor equd to the
value we are looking.

+ better access to overflow records
Q: What's the cost of checking for existence
of atuple with key value K (dense vs. sparse)?

+ lessindex space

Q:Does a sparse secondary
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index make sense?

Multi-Level Indexes

« Treatthe indexas | 10

- 100
data and build an 250
index on it 400

« “Two levels are 600
usually sufficient. ;gg
More than three 1000

levels are rare.”
(use B-Trees
instead)

¢ Q: Can we build a
dense second level
index for a dense
index ?
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Representation of Duplicate Values in

Primary Indexes

If primary index attribute

is not a primary key, 10
duplicates may occur 40
« Keep one index entry for

each key value, or ...

... point to first instance o
each value only




Deletion from Dense Index

« Deletion from dense
primary index file with
no duplicate values is
handled in the same
way as deletion from a
sequential file

¢ Q: What about deletion
from dense primary
index with duplicates?

Delete 40, 80

90
V/Listsof available entries
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Deletion from Sparse Index

« if the deleted entry does
not appear in the index d
nothing (to the index)

Delete 40

10 —> 10
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Deletion from Sparse Index (contd)

« if the deleted entry does
not appear in the index d
nothing

« if the deleted entry
appears in the index
replace it with the next
search-key value

— comment: we could leave the
deleted value in the index
assuming that no part of the
system may assumeit till
exists without checking the
block

Delete30 | ioner
10 —> 10
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Deletion from Sparse Index (contd)

Delete 40, then 30
Header Header
+ if the deleted entry does 0 [’) o
not appear in the index do 20
nothing 50 2
« if the deleted entry PR INGN 50
appears in the index 100 \ 70
- 140 80
replace it with the next 160 %
search-key value 200 100
120
¢ ...unless the next search
key value has its own
index entry. In this case
delete the entry
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Insertion in Sparse Index
« if no new block is created
then do nothing
« else create an index entry
with the new value
« how to find space:
— find nearby free gre and
slide blocks backward, or
— use an overflow block
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Secondary Indexes
Sparse Dense Unsorted
Index Index file
¢ The file is not
sorted according 0 —>1 28
to the secondary | sp 20 10
search key 100 \ 4313 ‘;g
» secondary index 150 50 100
has to be dense 70 80
80 20
« a second level %0 70
index on that one 100 120
would besparse 120
140
150
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Duplicate Values and Secondary

Indexes

« store together all pointer:

with the same search key

value

10
10 40
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10
100
100
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70
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Duplicate Values and Secondary

Indexes: Buckets

10
« store together all 40
pointers with the 70

same search key 100

value

« introduce a separatq
level of buckets

— if many pointers for
each search key
value it is better to
separate the pointerg
from the values
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Advantage of Buckets: Process
Queries Using Pointers Only

Find employees of the Toys dept with 4 yearsin the company
SELECT Name FROM Employee
WHERE Dept="Toys” AND Year=4

Dept Index
Toys —> Aaron

PCs - Helen
Pens Jack
Suits Jm

3 Joe
Nick
walt
Yannis

Y ear Index

Suits
Pens
PCs

Toys
Toys
PCs

Toys
Pens
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Buckets and Pointers Operation Used
in Information Retrieval

Inverted I ndex Articles
known asinverted t my cat isfat
index and hairy...

anentry in aninverted  dog \
: my cat and
list represents \

. dog fight all
occurrence of a word in thetime...
an article

lists range from 1 to
1,000,000 words John’sdog

compression also used
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Summary of Indexing So Far

 Basic topics in conventional indexes

— primary/secondary

— sparse/dense

— multiple levels

— duplicate keys and buckets

— deletion/insertion similar to sequential files
* Advantages

— simple algorithms

— index is sequential file
« Disadvantages

— eventually sequentiality is lost because of overflowg




