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For this course you don't need exact algorithms for B trees

max pointers N

min pointers IN27

each nonroot and non leaf node has max N children

min IN27 children

each leaf node has max N 1 values

min I 1 values
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1 2 4 5 6 7 10 11 20 21 23 25

Insert 25 20 21

23 25

after adding ontop
23can be
removed in
B tree not
Bt tree
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5 9 23

1 2 4 5 6 7 101120217
114

Benefit All leaves are at the same height

Example of Bt Tree Index file
no need for shifting on insertion

See also Bt Tree file not an index leafnodes are records



How to move minimum staff from main memory to cache

work of a computer architect

not discussed here

How to move minimum no of pages from secondarymemory
to main memory Bt trees

one option

Deletion in B trees

If on deletion min no of nodes 1 7

try to shift from sibling

if sibling had exactly 1 1 children

merge nodes update parent recursively



Deletion
may

decrease the height

Insertion
may

increase the height

Understand examples first then code

Hashing

Indices are not sorted

Even in Bt trees you need to search 3 4 pages

Heap file no ordering



Hash file buckets

assume
1 bucket 1page

search pay
key Ipp

Faster even than B trees
Not good for range

based queries



1 118
Hash file organization
Hash function

ExagglaIHashfleorganisations

hash function

see slides



Ideal hash function is uniform and random

See slides

1 t
tows

on salary
Skew in distribution of you_bucket

based

what if many
records haveHash function inefficient
same salary

Overflowchaining

Open hashing

Closed hashing



1Sash l be used not only for file organization but also

for index structure creation

sah.isngIIihtIbuners
If all buckets are full you will need to chain

create more buckets

See slides



RM

Raghuramakrishnan book for some parts from now

short and to the point

RY Exalting
Create one more bucket not chained and

modify the hash functions in a way that
old buckets are pointed in the same way

2 bits to 3 bits

See slides



data pages with R records
per page

Avg time to read or ÑhE E5
Arg time to process

affprisingmain men cache

In hashed file organization time required to

apply hash function h

Comparison of 3 file organisations

on 5 operations



É8maPn 5processing time in
CPU

Heapfiles for all
records in

a pagescan

BIPI.tted
to process 1 page

on average

Search with equality selection 0.5 B D RC

if search key is candidate key

if not B D RC

Search with range selection
not sorted scan everything

B D RC

Insert 2D 2D main men I see mom

free list is maintained



Delete cost of searching D

small amount
compared to D
can be ignored

8ʰᵗᵈsatt
B D RC

Search binary search

D log B C log R
minimum

only if qualifying
record's key is
candidate keyIf not PlogB ClogR

cost of reading all qualifying recordsin seqorder



Search with range selection
same as search with

equality selection

Insert
very

search search costly
and

71hr E R

avg

Delete same as insert

search cost B D RC



w
cant

1.25 B D RC

pages kept at about 80 percent occupancy

Buckets may overflow consider extra space

Search with equality selection

H which bucket to retrieve

D retrieve bucket

0.5 RC if bucket is not sorted

0
logR C if sorted



Search with range selection bad 1.25 B D C

minus H

Insert
Whfghan Test Ewriteto see men

memory

You need extra storage in hash

Summary table

In a real DBMS a file is almost never kept fully
sorted

Periodic reorganisation



Filmora

VisitladakhbeforefinishingB.togngtIn

250 bin day
K2K

after
fromNorthEast

Externalforting

Bttrees
leaf node data entries or sequence set

other nodes index entries



Select distinct requires sorting
Thermethods
exist sorting is most efficient

sorting is the most important task mostly done in background

maggot
and

p sorting
More space

f eds
don't fit in
main memory

Not good for
DBMS



Yases In
Assume

Main memory
simplified 2 way merge sort

can contain

3psec
no

i EE
Ipagerms



No of pases flog N 1 N number of pages
cost of all read

write 2N log NI in the file

If N 8 56

19hPa
0 instead of one page at a time

read in B pages at a time and sort internally

to produce IN B runs of B pages

Use quick sort does not need extra pages
Lost
Read slides RM



Because B is quite large savings are exponential

2N logs NI 1

Table nice

N 1000000000 only 4 passes

B 257

More modification Double buffering



Using Bt trees for external sorting

Book says beneficial
clustered index

Sir says
anᵗsean

Unclustered index directly
useful when you

Not much benefit want a small

part sortedYou will have to

read one page

multiple times

not always good if query age 10

and results are only
10 of records



Eytishymrelationaloperate SS
useless

RM Hash indices can be
clustered

or unclustered

Accesspathspey
fun where age

i file scan can be done in all cases

2 an index plus matching selection conditions



Selectivity of an access path no of pages retrieved

Most selective least no of pages

Exampled

Sailors

Reserves

Values



selectionoperation
select

From Reserves R

where R.name Joe

No Index unsorted data
fetch into main mem

scan row by row

No Index sorted data binary search

Bt tree index

1 1
or

Hash Index Equality Selection next page
good for range 2 3pages

ORattr value R select from R

where condition



Bt tree unclustered how to reduce no of pages
accesses

don't fetch filefirst
sort the

then fetch

I.ir

Hash index clustered or unclustered



Haffner
is different from hash file organisation

2 in RM

clustered or
not

General Selection Conditions



Index on age name
β tree

Multivalued Hash index

2672T
scanning

Option Use index

Select

from Reserves R

where R.name Joe and R bid r

OR.name Joe n Rbid r R



Conjunctive normal form

A V B V C D V E V F

bid 5 roll 7 n age s
CNF with
no disjunction

CNF and Index matching

Twehavehash index on search key name bid

sid



name Joe n bid 5 1 sid 3

name Joe n bid 5 you have to go
for scanning

for hash index

Bt tree and both can be searched

h1

11.115,301.111
ignore

sid



B treeon a b c

if we have a search a 5 b 5 n c 5

key on bid sids we'll a 5 b 5

still get
benefits a 5 n c 5IIJhpÉ

ig

gggmgyypyfsofrbid
syhf.IT pages

take

fetch pointers to from rash
index

intersection

pagesfromB tree



Conjunction
hash index

1
The Projection Operation

Select Distinct R Sid R bid

from Reserves

111

Isidbid Reserves 7
Projectoperation does

not output duplicates



To implement projection

TRemove unwanted attributes

Eliminate
any duplicates

T

Soting
temporary

Hashing

Projection based on sorting

M pages scan T pages write

Sort pages

Sean sorted result
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s.EE

8 00

secstory Fages Theful
partitions

Jeff

B 1 partitions



ae.im

Join0PeA
select

from Reserves R sailors S

where R sid 5 Sid



Generalmethod

Start with only a file and think of how

you will write a C program

Try modifying your solution


