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UNIT-V

Data on Extemal Storage, File Organization and Indexing, Cluster Indexes, Primary and
Secondary Indexes, Index data Structures, Hash Based Indexing, Tree base Indexing,
Comparison of File Organizations, Indexes and Performance Tuning, Intuitions for tree Indexes,
Indexed Sequential Access Methods (ISAM), B+ Trees: A Dynamic Index Structure.

1. DATA ON EXTERNAL STORAGE
Primarymemoryhas limitedstoragecapacityand is volatile. Toovercomethis limitation,
secondary memory is also termed as external storage devices are used. External storage devices

such as disks and tapes are used to store data permanently.

The Secondary storage devices can be fixed or removable. Fixed Storage device is an
internal storage device like hard disk that is fixed inside the computer. Storage devices that are

portable and can be taken outside the computer are termed as removable storage devices such as

CD, DVD, external hard disk, etc.

Magnetic/optical Disk:1t supports random and sequential access.It takes less access time.
Magnetic Tapes:It supports only sequential access.It takes more access time.
In DBMS, processing a query and getting output need accessing random pages. So, disks

are preferable than magnetic tapes.

FILE ORGANIZATION

The database is stored as a collection of files. Each file contains a set of records. Each record

is a collection of fields. For example, a student table (or file) contains many records and each
record belongs to one student with fields (attributes) such as Name, Date of birth, class,

department, address, etc.
File organization defines how file records are mapped onto disk blocks.

The records of a file are stored in the disk blocks because a block is the unit of data transfer
between disk and memory. When the block size is larger than the record size, each block will
contain more than one record. Sometimes, some of the files may have large records that cannot
fit in one block.In this case,we can store part of a record on one block and the rest on another. A
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pointer at the end of the first block points to the block containing the remainder of the record.

The different types of file organization are given below:
HeapFile SequentialFile

Organization Organization

File
Organization

Hash File ClusteredFile
Organization Organization

Heap File Organization: When a file is created using Heap File Organization mechanism, the
records are stored in the file in the order in which they are inserted. So the new records are
inserted at the end of the file. In this type of organization inserting new records is more efficient.

It uses linear search to search records.

Sequential File Organization: When a file is created using Sequential File Organization
mechanism, all the records are ordered (sorted) as per the primary key value and placed in the
file. In this type of organization inserting new records is more difficult because the records need

to be sorted after inserting every new record.It uses binary search to search records.

Hash File Organization: When a file is created using Hash File Organization mechanism, ahash
function is applied on some field of the records to calculate hash value. Based on the hash value,

the corresponding record is placed in the file.

Clustered File Organization: Clustered file organization is not considered good for large

databases. In this mechanism, related records from one or more relations are kept in a same disk

block, that is, the ordering of records is not based on primary key or search key.

INDEXING

If the records in the file are in sorted order, then searching will become very fast. But, in
most of the cases, records are placed in the file in the order in which they are inserted, so new
records are inserted at the end of the file. It indicates, the records are not in sorted order. In

order to make searching faster in the files with unsorted records, indexing is used.

Indexing is a data structure technique which allows you to quickly retrieve records from a
database file. An Index is a small table having only two columns. The first column contains a
copy of the primary or candidate key of a table. The second column contains a set of disk block

addresses where the record with that specific key value stored.
partment of CSE, NRCM Page113

(} Scanned with OKEN Scanner



Indexing in DBMScan be of the following types:

Indexing

v Y k 4

Primaryindexing Secondaryindexing CQusteringindexing

Y Y

Dense Indexing Sparselndexing

i. Primary Index
o [Ifthe index is created by using the primary key of the table, then it is known as primary
indexing.
e Asprimary keys are unique and are stored ina sorted manner,the performance of the
searching operation is quite efficient.

e The primary index can be classified into two types: dense index and sparse index.

Dense index
« [Ifevery record in the table has one index entry in the index table, then it is called
denseindex.
o Inthis, the number of records (rows) in the index table is same as the number of records
(rows) in the main table.

« Aseveryrecord hasoneindexentry, searchingbecomes faster.

TS @ » TS Hyderabad | KCR

AP @ » AP Amaravathi | Jagan

TN [ » TN Madras PalaniSwamy
MH @ » MH | Bombay Thackray

Sparse index
s lfonlyfewrecordsinthetablehaveindexentriesintheindextable,thenitiscalled sparse index.
« Inthis, the number of records (rows) in the index table is less than the number of records
(rows) in the main table.
o Asnotalltherecordhaveindex entries,searchingbecomes slowforrecordsthatdoesnot have

index entries.
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Hyderabad KCR
Amaravathi | Jagan

Madras PalaniSwamy
Bombay Thackray

Secondary Index
When the sizeofthe main table grows, then sizeofindex tablealso grows. If theindex tablesize
grows then fetching the address itself becomes slower. To overcome this problem, secondary

indexing is introduced.

e Insecondaryindexing, toreducethesizeofmapping, another levelof indexingis introduced.

e Itcontainstwolevels. Inthefirstleveleachrecordinthemaintablehasoneentryinthefirst-  level
index table.

e The index entries in the fisrt level index table are divided into different groups. For each

group, one index entry is created and added in the second level index table.

Roll Pointer Roll Pointer Databock in Memory

100 100 100

200 ) 110 101
300 \ 120 \ = -

Primary Level Index 110
(RAM) 111
200 110

210 120
220 121
"300 200

320 201

310 - =
210
211

Secondary Level Index
(Hard Disk)

Multi-levelIndex: Whenthemaintablesizebeco mestoolarge, creatingsecondarylevelindex

improves the search process.Even if the search process is slow; we can add one more level of

indexing and so on. This type of indexing is called multi-level index.
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Clustering Index
« Sometimestheindexiscreatedonnon-primarykeycolumnswhichmaynotbeunique for
each record.
Inthiscase,toidentifytherecordfaster,wewillgrouptwoormorecolumnstogetthe unique
value and create index out of them. This method is called a clustering index.
Therecordswhichhavesimilarcharacteristicsaregrouped.andindexesare createdfor these

group.

Example:Consider acollegecontainsmanystudentsineachdepartment. Allthestudentsbelong to the
same Dept_ID are grouped together and treated as a single cluster. One index pointers point to
the one cluster as a whole. The idex pointer points to the first record in each cluster.Here

Dept_ID is a non-unique key.

IndexFile Recordsof tableinmemory
CSE Ajay BCD
ECE Ramya BCA
EEE

Fathima BCE
VijayReddy | OC

Mallesh ST
Jhon SC

Sowmya

In above diagram we can see that, indexes are created for each department in the index
file. In the data block, the students of each department are grouped together to form the cluster.

The address in the index [ile points to the beginning of each cluster.

4. HASHBASED INDEXING

Hashing is a technique to directly search the location of desired data on the disk without
using index structure. Hash function is a function which takes a piece of data ( key) as input and

produces a hash valueas output which maps the data to a particular location in the hash table.
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Theconcept of hashingandhash table is shownin thebelow figure

Hash Value 0 Key {'__\
1 Actual Data stored
2
Hash -
Key —> N —> Hash Value 4
I\ Function 5

Actual Data to be store

There aremainlytwo typesol hashing methods:
i.  Static Hashing
ii.  DynamicHashing
e Extendedhashing
e Lincarhashing

5. STATIC HASHING

Instatichashing,thehashfunctionproduceonlyfixednumberofhashvalues.For example
consider the hash function

J(x)=xmod 7
Foranyvalueofx, theabovefunctionproducesoneof thehashvaluefrom{0,1,2, 3.4, 5,6}. It means

static hashing maps search-key values to a lixed set ol bucket addresses.

Example:Inserting 10,21,16and 12inhash table.

HashValue | DataRecord

[(10)=10 mod7=3 0 L
[(21)=21 mod7=0 |
[(16)=16mod 7=2 \:‘— 2 16*
[(12)=12 mod7=5 3 10*

4

5 [ 2%

6

Figure5.1:Statichashing
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Suppose, latter il we want to insert 23, it produce hash value as 2 ( 23 mod 7 = 2 ). But, in the
above hash table, the location with hash value 2 is not empty (it contains 16%). So, a collision
occurs. To resolve this collision, the following techniques are used.

o Open addressing
o SeparateChainingorClosed addressing

i. Open Addressing:
Openaddressingisacollisionresolvingtechniquewhichstoresallthekeysinsidethe hash table. No
key is stored outside the hash table. Techniques used for open addressing are:
o LinearProbing
o QuadraticProbing
o DoubleHashing
» LinearProbing:
In linear probing, when there is a collision, we scan forwards for the next empty slot to
fill the key's record. If you reach last slot, then start from beginning.
Example: Consider figure |. When we try to insert 23, its hash value is 2. But the slotwith
2 is not empty. Then move to next slot (hash value 3), even it is also full, then move once
again to next slot with hash value 4. As it is empty store 23 there. This is shown in the
below diagram.
HashValue | DataRecord
0 21
I
(23)=23 mod7=2 —_— 2 16%
C 3 10
5 12
6
Figure5.2: LinearProbing
Department of CSE, NRCM Pa —
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» QuadraticProbing:
In quadratic probing, when collision occurs, it compute new hash value by taking the
original hash value and adding successive values of quadratic polynomial until an open
slot is found. If here is a collision, it use the following hash function: h(x) = ( f(x) + i* )

mod n ,where I =1, 2, 3, 4,..... and f{x) is initial hash value.

Example: Consider figure 1. When we try to insert 23, its hash value is 2. But the slot

with hash value 2 is not empty. Then compute new hash value as (2 +1%) mod 7 =3, even

it is also full, and then once again compute new hash value as (2 +2%) mod 7 = 6. As it is

empty store 23 there. This is shown in the below diagram.

Hash
DataRecord
Value

21*

[{23)=23 mod7=2

6

Figure5.3: Quadratic Probing

» DoubleHashing

In double hashing, there are two hash functions. The second hash function 1s used to
provide an offset value in case the first function causes a collision. The followingfunction
is an example of double hashing: (firstHash(key) + i * secondHash(key)) % tableSize.

Usei=1,2,3, ...

Apopular secondhash functionis : secondHash(key)=PRIME—(key%PRIME)
wherePRIMEisaprimesmallerthanthe TABLE_SIZE.
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Example:Considerfigurel . Whenwetry toinsert23,itshashvalueis2.Buttheslot with hash
value 2 1s not empty. Then compute double hashing value as

secondHash (key)=PRIME—key%PRIME)— secondHash(23)=5—(23 %5)=2
Doublehashing:(firstHash(key )+i*secondHash(key))%tableSize— C+1*¥2)%7 =4

Astheslotwithhashvaluedisempty.store23there. Thisisshowninthebelow diagram.

HashValue DataRecord
0 21#
1

{({23)=23 mod7=2 —_

Figure5.4:Double Probing

Separate Chaining or Closed addressing:

To handle the collision, This technique creates a linked list to the slot for which collision
occurs. The new key is then inserted in the linked list. These linked lists to the slots appear like

chains. So, this technique is called as separate chaining. It is also called as closed addressing.

Example:Inserting 10, 21,16, 12, 23,19, 28, 30in hash table.

HashValue | DataRecord

f{(10)=10 mod7=3 1%

f(21)=21 mod7=0

f(16)=16mod 7=2

f(12)=12 mod7=5

f(23)=23 mod7=2

[(19)=19 mod7=5

{(30)=30 mod7=2 6

Figure5.5:Separatechaining example
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6. DYNAMIC HASHING
The problem with static hashing is that it does not expand or shrink dynamically as the
size of the database grows or shrinks. Dynamic hashing provides a mechanism in which data
buckets are added and removed dynamically and on-demand. Dynamic hashing can be
implemented using two techniques. They are:
o Extendedhashing

o LinearHashing

Extendable hashing
In extendable hashing, a separate directory of pointers to buckets is used. The number

bitsusedindirectoryiscalledglobaldepth(gd)andnumberentriesindirectory=2%". Numberof bits used

for locating the record in the buckets is called local depth(ld) and each bucket canstores up to 2"

entries. The hash function use last few binarybits of the keyto find the bucket. If
abucketoverflows,itsplits,andiflocaldepth greaterthanglobaldepth,thenthetabledoublesin size. It is
one form of dynamic hashing.

Example: Let global depth (gd) = 2. It means the directory contains four entries. Let the local
depth (Id) of each bucket = 2. It means each bucket need two bits to perform search operation.
Let each Bucket capacity is four. Let us insert 21, 15,28, 17, 16, 13, 19, 12, 10, 24, 25 and 11.

10101 19 10011
01111 12 01100
11100 10 01010
10001 24 11000
10000 25 = 11101
= 01101 11 = 01011

—
Globaldepth Local depth 2]

2

28*| 16* | 12*| 24*|  Bucket A
00 217 17°] 25¢] 13| Bucket B

2

e
10 —l
10* |

B
15% | 19* | 11* |
Figure6.1:Extendible hashing example

BucketC

11
Directory

I BucketD

Now, let us consider insertion of data entry 20% (binary 10100). Looking at directory

element00, weareledtobucket A, whichisalreadyfull. So,wehavetosplitthebucketby
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allocating a new bucket and redistributing the contents (including the new entry to be inserted)
across the old bucket and its 'split image (new bucket). To redistribute entries across the old
bucket and its split image, we consider the last three bits: the last two bits are 00, indicating a
data entrythat belongs to one of these two buckets, and the third bit discriminates between these
buckets. That is if'a key’s last three bits are 000, then it belongs to bucket A and if the last three
bits are 100, then the key belongs to Bucket A2.As we are using three bits for A and A2, so the
local depth of these buckets becomes 3. This is illustrated in the below Figure 6.2.

Local depth ——» a

16* | 24* | BucketA
Globaldepth —3|

_é.l 28* [ 12* | 20* [ | Bucket A2

00 2
01 217 | 17¢] 25% [ 13* Bucket B

2
\_‘{I_]'ﬂ* | BucketC

Directory 2 "
15*19.[ I 1+ | | BucketD
Figure6.2: Afterinserting 20andsplitting Bucket A

Aftersplit, BucketAandAZ2havelocaldepthgreaterthanglobaldepth(3>2).so  double the
directory and use three bits as global depth. As Bucket A and A2 has local depth 3, so they have
separate pointers from the directory. But, Buckets B, C and D use only local depth 2, so they
have two pointers each. This is shown in the below diagram.

Local depth———» | 3
16* | 24* | BucketA

Globaldepth 3

28* BucketA2

2 Bucke!B
21* [ 17¢ | 25* | 13*]

7 BucketC
10* |

B
Directory 15*19* | 11* | |

Figure6.3: After inserting 20and doubling the directory
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An important point that arises is whether splitting a bucket necessitates a directory
doubling. Consider our example, as shown in Figure 6.3. If we now insert 9* (01001), 1t belongs
inbucketB;thisbucketisalreadyfull. Wecan dealwiththissituationbysplittingthebucket and using
directory elements 001 and 101to point to the bucket and its split image. This is shown in the
below diagram. As Bucket B and its split image now have local depth three and it is not
greaterthan global depth. Hence, abucket split does not necessarilyrequire adirectorydoubling.
However, if either bucket A or A2 grows full and an insert then forces a bucket split, we are
forced to double the directory once again.

Local depth ———» [—3|
16* | 24* | Bucket A

Globaldepth [—3|

28* 1 12* I 20* l BucketA2

3
000

3
17+ [ 9* | BucketB

3
100 21% | 25%] 13*]
101

BucketB2

[2]
111 10* |

]— BucketC

BucketD
Directn-ry 15* | 19* | 11* l I MR
Figure6.4: Afterinserting 9

KeyObservations:

¢ ABucketwillhavemorethanonepointerspointingtoitifitslocaldepthislessthan the global
depth.
Whenoverflowconditionoccursinabucket,alltheentriesinthebucketarerehashed with a
new local depth.
IfnewLocalDepthoftheoverflowingbucketisequaltotheglobaldepth.onlythenthe
directories are doubled and the global depth is incremented by 1.

Thesizeof abucketcannot bechangedafterthedata insertionprocess begins.

ii. LinearHashing
Linear hashing is a dynamic hashing technique that linearly grows or shrinks number of
buckets in a hash file without a directory as used in Extendible Hashing. It uses a family of hash

functions instead of single hash function.
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This scheme utilizes a family of hash functions Ay, hyfiz, ..., with the property that each
function's range is twice that of its predecessor. That is, il iymaps a data entry into one of N

buckets, /1;; ) maps a data entry into one of 2N buckets. One example of such hash functionfamily

can be obtained by: hi.1(key)=keymod (2'N) where N is the initial number of

buckets and 1=0,1,2,....

Initiallyit use N buckets labelled 0 through N—=I and an initial hashingfunction ha(key) =
key% N is used to map anykeyinto one of the N buckets.For each overflow bucket, one of the
buckets in serial order will be splited and its content is redistributed between it and its split
image. That 1s, for first ime overflow in any bucket, bucket 0 will be splited, for second time
overflow in any bucket: bucket I will be splited and so on. When number ol buckets becomes
2N, then this marks the end of splitting round 0.Hashing function ho is no longer needed as all
2N buckets can be addressed by hashing function hy. In new round namely splitting-round 1,
bucketsplitonceagainstartsfrombucketO. Anewhashfunctionhawillbeused. Thisprocessis  repeated
when the hash file grows.

Example: Let N = 4, so we use 4 buckets and hash function hy(key) = key % 4 is used to map
any key into one of the four buckets. Let us imtially insert 4, 13, 19, 25, 14, 24, 15, 18, 23, 11,

16, 12 and 10.This is shown in the below figure.

Bucket#th hg Primarypages Overflowpages
0 1000 |00 | [4% [24% [16% [ 12* |

001 o1 | [13*% [25* | | \

| 010 |10 | [14% T18% [ 10* | ]

lorr |1 | [19% [15% [23% [ 11+ |

Next,when27isinserted,anoverflowoccursinbucket3.So,bucketO(firstbucket)issplited
anditscontent isdistributed betweenbucket Oandnew bucket. This isshown inbelow figure.

Buicket#h h’ira P-f'””{-"-"'_‘.'j?t.“l,’ e quﬁ_”“?}ug "
0 000 |00 | [24*%] 16" | I |

I 001 0Ol | | 3%* | 25% | | |

'[”.U | l,'_‘l_"" | IHiF | l”:l: | |

011 [ 19% [ 15 [ 23* [ 11* | | 27* |

100 [ 4% [ 12% | | |
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Next.when30,3 land34isinserted anoverflowoccursinbucket2.So,bucket lissplited and its content
is distributed between bucket 1 and new bucket. This is shown in below figure.

Bucket? hi  hO Primarypages Overflowpages
000 | 00 | 24% | 16" | |

001 | 01 | 13% | | |

010 [ 10 | [ 14* [ 18* [ 10* | 30* | 34 | L]

100 EEE

|
|
|
011 11 | 19 | 1 5% |23-,|= | T | |2-}-:}»_ |3i"“ | | |
|
|

101 | 01 | 25% | |

When32,35 40and48isinserted,anoverflowoccursinbucket().So,bucket2issplited andits content is
distributed between bucket 2 and new bucket. This is shown in below figure.

Bucket¥  hy o Primarypages Overflowpages
0 000 | 00 | [ 24* | 16% [ 32% | 40* | | 48* | | |

1 001 | 01 | 13* | | | |

2 010 | 10 | 18 | 10* |34-.4: |

3 011 | 11 | 1G* | 15% |23:|= | 11#* | 27 |31"’ |35.-|: | |

5 101 | 01 | 25* | | |

|

|
4 100 L4 ] 12* | |

|

|

6 110 | 10 (147 30" | |

When26,20and42isinserted, anover flowoccursinbucket().So bucket3issplited andits content is
distributed between bucket 3 and new bucket.This is shown in below figure.

Bucket# hi  ho Primarvpages Overflowpages
0 000 | 00 | [24* [16* [32% [40* | | 48* | | [ ]

| 001 | O1 | [ 13* | | | |

2 010 [ 10 | [ 18*% [ 10% | 34* | 26* | |42 |

011 | 11 | 1 G ‘ TE ‘27:1: ‘?‘-5* ‘

100 | 4+ * [ 20% | |

101 | 25% | |

110 | 14 : | |

11 | 15%

Department of CSE, NRCM

C} Scanned with OKEN Scanner



This marks the end of splitting round.Hashing function hois no longer needed as all 2N
buckets can be addressed by hashing function /i;. In new round namely splitting-round 1, bucket
split once again starts from bucket 0. A new hash function howill be used.This process is

repeated.

7. INTUITIONS FOR TREE INDEXES

We can use tree-like structures as index as well. For example, a binary search tree can
also be used as an index. If we want to lind out a particular record from a binary search (ree, we
have the added advantage of binary search procedure, that makes searching be performed even
faster. A binary tree can be considered as a 2-way Search Tree, because it has two pointers in
each of its nodes, thereby it can guide you to two distinct ways. Remember that for every node
storing 2 pointers, the number ol value to be stored in each node is one less than the number of

pointers, i.e. each node would contain 1 value each.

The abovementioned concept can be further expanded with the notion of the m-Way
Search Tree, where m represents the number of pointers in a particular node. If m = 3, then each
nodeofthesearchtreecontains3pointers,andeachnodewouldthencontain2values. We use mainly two

tree structure indexes in DBMS. They are:

e IndexedSequentialAccessMethods(ISAM)
e B+Tree

8. INDEXED SEQUENTIAL ACCESS METHODS(ISAM)

ISAMisatreestructuredatathatallowstheDBMStolocateparticularrecordusingindex without
having to search the entire data set.

e Therecords in a filearesorted accordingto theprimarykeyand saved in the disk.

e Foreachprimarykey.anindexvalueisgeneratedandmappedwiththerecord.This index is

nothing but the address of record.

¢ Asorted data file accordingto primaryindexiscalled anindexed sequential file.

¢ TheprocessofaccessingindexedsequentialfileiscalledISAM.

e ISAMmakessearchingforarecordinlargerdatabaseiseasyandquick. Butproper primary Key

has to be selected to make ISAM efficient.
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o ISAM gives flexibility to generate index on other fields also in addition to primary
keyfields.

ISAMcontainthreetypesofnodes:

¢ Non-leafnodes: Theystorethe search indexkeyvalues.

¢ Leafnodes: Theystoretheindexol records.

¢  Overflownodes: Theyalsostorethe indexofrecordsbut aftertheleafnodeis full.

Leaf Nodes

.

Overflow Nodes ~

OnISAM, wecanperform search,insertionanddeletion operations.

Search Operation: It follows binarysearch process. The record to be searched will be available
in the leafl nodes or in overflow nodes only. The non-leal nodes are used to search the value,
Insertion operation: First locate a leal node where the insertion to be take place (use binary
search). After finding leal node, insert it in that leal node if space is available, else create an
overflow node and insert the record index in it, and link the overflow node to the leal node.
Deletion operation: First locate a leal node where the deletion to be take place (use binary
search). Alter finding leal node, if the value to be deleted is in leal node or in overflow node,
remove it. If the overflow node is empty after removing the deleted value, then delete overflow
node also.

Example: Insert10, 23, 31, 20,68, 354261, 27.71, 46and 59
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Afterinserting24, 33, 36, and 39 in theabovetree, it looks like

9. B+ TREE
B+ Tree 1s an extension of Binary Tree which allows efficient insertion, deletion and search
operations. It is used to implement indexing in DBMS. In B+ tree, data can be stored onlyon the

leaf nodes while internal nodes can store the search key values.

B+treeol anordermcanstoremaxim- 1 valuesateach node.
Eachnode canhaveamaximumofmchildrenandatleastn/2children(except root).

3. Thevaluesin eachnode areinsorted order.

4. Allthenodesmust containatleasthalf fullexcepttheroot node.
5

Onlyleatnodescontainvaluesandnon-leaf nodescontainsearch keys.
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B+ Search:
SearchingforavalueintheB+-Treealwaysstartsattherootnodeandmovesdownwards until it

reaches a leal node. The search procedure follows binary tree search procedure.

Readthe valueto besearched.Let ussaythis valueasX.
2. Startthesearchprocessfromroot node
Ateachnon-leafnode(includingroot node),
a. Ifall thevalues inthenon-leafnodeare greaterthanX, thenmove toits first child
b. [Iallthevaluesinthenon-leatnodearelessthanorequaltoX,thenmovetoits last child
[fforanytwoconsecutivevaluesinthenon-leatnode, leftvalueislessandright — value
greaterthan or equal to X, then moveto the child nodewhosepointer is in between
these two consecutive values.

4. Repeatstep-3untilaleal nodereaches.

5. Atleafnodecomparethekeywiththevaluesinthatnodefromlefttoright. Ifthekey value is

found then display found. Otherwise display it is not found.

Example:Searchingfor35in thebelowgiven B+ tree. Thescarchpath isshown inred color.

B+ Insertion:

Applysearch operation on B+treeandfind aleafnodewherethenew value has to insert.
Itheleaf nodeis notfull, theninsertthevaluein theleafl node.

Ifthelealnodeistull, then
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Split that leaf node including newly inserted value into two nodes such that each
contains half of the values (In case of odd, 2™ node contains extra value).
Insertsmallestvaluefromnewrightleafnode(2"'node)intotheparentnode. Add

pointers from these new leaf nodes to their parent node.

If theparent is full, split it too. Addthemiddlekey(In caseof even, 1™ valuefrom 2"

part)ol this parent node to its parent node,
d. Repeatuntilaparentis foundthatneednot split.

4. If therootsplits, createanewroot whichhasonekeyandtwo pointers.

Example:Insert1,5.3,7.9,2,4.6,8,10intoB-+trecofanorder4.

B+treeoforderdindicatestherearemaximum3valuesinanode. Initially

Al'h.'z'in.w::f iw&ﬂ 1l

[T
Afterinserting5
gr s |

Afterinserting 3

Afterinserting7

Afterinserting9
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Afterinserting4
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Afterinserting10
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B +Deletion

e ldentifythe leaf nodeLfromwheredeletion should takeplace.
¢ Removethedatavaluetobe deletedfrom theleafnodel
« [fLmeetsthe"halfl full"criteria, thenitsdone.
« IfLdoesnotmeetsthe "halffull"criteria, then
o I L's right sibling can give a data value, then move smallest value in right sibling
to L (After giving a data value, the right sibling should satisfy the half fulleriteria.
Otherwise it should not give)
o Else, if L's left sibling can give a data value, then move largest value in leftsibling
to L (After giving a data value, the left sibling should satisfy the half full criteria.
Otherwise it does not give)
o Else,merge Landasibling
o If any internal nodes (including root) contain key value same as deleted value,
then delete those values and replace with it successor. This deletion may
propagate up to root. (If the changes propagate up to root then tree height

decreases).

Example:Considerthegivenbelowtree anddelete 19,
[[19]] 11

/

[ | X X | EEN |1

|»{24]27]29] |»|33[34]38]39

I 1 e s 0 I g ) P 2

Deletel9:Half fulleriteriaissatisfied evenafier deleting 19,50 justdelete 19 fromleaf node

[ 19]] 1]

N

[sifia [ 1| I

o]
B
(V5]
(V5]

[2T3] T WST7] [ Fe[1a[i6] [ Je{20[22] T l24]27]29] |»{33[34]38]39
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Delete 20: Half full criteria is not satisfied afier deleting 20, so bring 24 from its right siblingand
change key values in the internal nodes.

[119]]

5 X

2131 T PS171 1 P»3a]1e] | J[22[2a] [ Pl27129] | P33[34]38]39

Delete 24: Half full criteria is not satisfied after deleting 24, bringing a value from its siblings
also not possible. Therefore merge it with its right sibling and change key values in the internal

nodes.

[ 19]]

[[sif1e 1] I

[213] T b{s[7] T Pefaafae] T [>{22]27jps] [»{33]34]38[39)]

Delete 5: Half full criteria is not satisfied after deleting 5, bringing a value from its siblings also
not possible. Therefore merge it with its left sibling (you can also merge with right) and change

key values in the internal nodes.

J[19]]

[[24]]

[21317] F+[1a]16] | F—>[22[27p9] J»{33[34]38[39]
Delete7:Hallfullcriteriaissatishiedevenalterdeleting7 sojustdelete7fromlealnode.

[[17]] 11l

[[14]]

[213] [ F{mal16] | ——{22[275] }+[33[34]38]39]
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Delete 2: Hall full criteria is not satisfied after deleting 2, bringing a value from its siblings also

not possible. Therefore merge it with its right sibling and change key values in the internalnodes.

Bk | S

/.
|_z%[/£7|29 | 31]38] 39|
E—

INDEXES AND PERFORMANCE TUNING

Indexing is very important to execute DBMS query more efficiently. Adding indexes to
important tables is a regular part of performance tuning. When we identify a frequently executed
querythat is scanningatableorcausingan expensivekeylookup, then first consideration is ifan

index can solve this problem. If yes add index for that table.

While indexes can improve query execution speed, the price we pay is on index
maintenance. Update and insert operations need to update the index with new data. This means
that writes will slow down slightly with each index we add to a table. We also need to monitor
index usage and identify when an existing index is no longer needed. This allows us to keep our
indexing relevant and trim enough to ensure that we don’t waste disk space and /O on write
operations to any unnecessary indexes. To improve performance of the system,we need to do the

following:

Identifytheunusedindexesand removethem.

Identifytheminimallyused indexesand remove them.

An index that is scanned more frequently, but rarely findsthe required answer. Modifythe
ndex to reach the answer,

Identifytheindexes that are verysimilarand combinethem.

-00000-
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