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ABSTRACT: For relational database management researchers deploy many indexing techniques. Speed of data insertion
and retrieval depends on type of query and available Indexing mechanism. The prevalent mechanisms lack in terms of space-
time efficiency and simple structure, for real time applications where the database system needs to handle queries like
equality search & range search. Even for simple tasks like getting data by 1D, a system imposes heavy resource utilization.
For Example, Applications such as, telephone directory, transaction information details in banking, status about railway
reservation etc., backed with relational database system that employs complex structure like B-Tree or B*-Tree. Hencein such
cases, instead of those complex structures, if some lighter and simpler technique is used, then it can greatly enhance the
overall performance. The paper presents how the proposed technique can significantly impact the overall performance, if
used as primary Indexing method for range search & equality search queries.
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1. Introduction

A database is an organized collection of logically related data[1]. A relational database is a database that represents data as a
collection of tablesin which all data relationships are represented by common valuesin related tables[1]. An Index is a data
structure, used by DBMSS, that organizes datarecords on disk to optimize certain kinds of retrieval operations. Anindex allows
database system to efficiently retrieve all records that satisfy search conditions on the search key fields of theindex [2]. Index
greatly reduces the searching overhead to DBM S where the query refersto only small portion of recordsin afile. Starting with
seguential scanning, indexing, hashing, and combination of indexing & hashing & other complex techniques are used to quickly
fetch data depending on the work database system handle [1, 3].
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Indexesfor relational database are broadly classified into Ordered Index & Hashed Index. Ordered Index are further classified
into clustered index & non-clustered index. In clustered index the search key defines an order which is sequential whereasin
non-clustered index the search key defines order which is different than clustered order. Records stored physically on the disk
in clustered index are same as order of index whereasin non-clustered thereis second list which pointsto actually stored data
[23].

The Hashed Index approach therecordsin afile (A fileinaDBMSiseither collection of records or acollection of pages, rather
than astring of charactersasin an operating system[2].) are grouped in buckets, where abucket consists of aprimary page and
possibly additional pages linked in a chain. The bucket to which a record belongs can be determined by applying a special
function, called ahash function, to the search key. Given abucket number, ahash-based index structure allows usto retrieve the
primary pagefor the bucket in one or two disk 1/0s. Oninserts, therecord isinserted into the appropriate bucket, with ‘ overflow’
pages allocated as necessary. To search for arecord with a given search key value, we apply the hash function to identify the
bucket to which such records belong and look at all pagesin that bucket. If we do not have the search key value for the record,
we haveto scan all pagesinthefile[2].

Database system employs multiple engines and multiple Indexing techniques & it isthetask of query optimization, one of many
partsin database engine, to take decision, which ultimately resultsin to minimum time of locating the requested data[4, 5]. For
example, B-Tree and R-Tree, two different structures are employed by MylSAM engine for Indexing [6]. Now, Hashing i.e.
Hashed based Index isused by DBM S for equality comparisons that use the = or <=> operators only. Thistype of Index isnot
suitablefor comparison operatorslike ‘>’ which findsvaluesin arange. MySQL documentation notesthat it becomes difficult
for MySQL to determine how many rows exists between two values, for range search [4].

Consideration of wider range of applications by the authors resulted into a deprivation of method for an application that exhibits
certain behaviour. It was observed that, asimple & efficient structure was missing for application, where the application most of
the time need to deal with fetching of information by matching and comparing with natural numbers.

The problem with traditional & prevalent methods was that they were quite complex in terms of there working & hence
implementation & memory footprint. To name a few, telephone directory, bank transactions, customer order tracking in e-
commerce etc., were such applicationsin this category.

Graefe, Goetz, and Harumi Kuno [4] notesthat even after so much optimization since last 40 yearsthe basic design has not been
changed much & hencetheir implementation continuesto exhibit the same structure overhead when applied to the applications
the authorsjust described. The technique hashing i.e. Hashed index, were imposing a constraint of load factor which limitsthe
performance of hashing beyond certain pick value. In addition, enormous amount of hashing in case of collision, to find theright
bucket to map the key to beretrieved or to be placed, wasthe limiting factor [ 7-20].

The authors have introduced a structure, which is a kind of tree structure, where there is header which maintains crucial
information for structure. Out of 4 cellsin the header, the 1% & 2™ cellsincludeinformation about Sart 1D & Last ID respectively.
The 3" cell maintain information about Root Address of Indexing structure while the 4" cell about digit Length of Last 1D

number. Starting from below the header to thelast level, inthewholetree, there are arrays of length 10 in intermediatelevel while
the only last level has arrays of length 11. Thislast level arrays points to actual data on the disk.

2. Background

R. Bayer and E. McCreight, at Boeing Scientific Research Labs, proposed an external index mechanism with relatively low cost
for most of the operations & calledit aB-tree[1, 2]. According the property of B-Treg, it containsvariable no. of children at each
node. Important thing to note in thistreeisthat all of the child nodes have data contained within them.

Another variant of thistreeisB*-Tree. It storesdataonly at leaf level & theinternal nodes containing only pointersto those data
[1,2,5]. Itiswidely used in many relational database systemsfor metadataindexing. B* - treeisyet another variant of B-Tree. It
reduces the space utilization by densely packing the internal nodes [5].

R. Bayer yet presented one more variant for multidimensional dataindexing[19]. It issame as B*- Tree except that recordsare
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stored according to Z-order or also called Morton order. However the algorithm provides for range search in multidimensional
point datais exponential.

Bumbulis, Peter offered one more revised form of B-Tree called compact B-Tree[20]. It compact thetree by using the free space
of siblings before overflow occursin the node. This mechanism significantly reducesthe no. of split, no. of nodesrequired, and
as a consequence, total amount of space utilized.

Graefe, Goetz, and Harumi Kuno did survey on modern B-Tree technique & concluded that the core design of B-trees has
remained unchanged in 40 years. balanced trees, pages or other units of 1/0 asnodes, efficient root-to-leaf search, splitting and
merging nodes, etc. [4]. Many improvements has been donein every aspect like, multi-dimensional data, accessalgorithms such
as multi-dimensional queries, data organization within each node such as compression and cache optimization etc. [4].

Hashing is aso used in indexing task by database system. In hashing, the data is mapped in to memory, called buckets,
according to mathematical function defined. And to retrieveit, the same mathematical function isused which generatesthe same
location of bucket where the datawas previously mapped to[1, 2, 5]. Though hash table can offer rapid insertion, deletion, and
search of both strings and integers but requires a form of collision resolution to resolve cases where two or more keys are
hashed to the same bucket. To resolve this, various mechanisms have been proposed like, linked lists[ 7] —used when no of keys
isnot known in advance, array hash [8] —acache conscious scheme for previous method, open addressing — stores homogenous
keys directly within bucket & better use CPU & cache [9, 10]. Resolution techniques used when collision still occursin open
addressingislinear probing, wheretheinterval between probesisfixed [18], and quadratic probing [12] where probeinterval is
increased by addition of successive outputs of a polynomial to the starting value, double hashing [12] where probeinterval is
computed by second hash function.

Coming to relatively new concept regarding collision resolution, cuckoo hashing [13], is another open-addressing solution
whereit maintainstwo hash tables & two hash function. When collision take place it movesthe dataaround alternative bucket.
Various schemes & mechanism have proposed to enhance the performance & reduce the spacelike, cuckoo hashing with pages
—where each key has several possiblelocations, or cells, on asingle page, and additional choices on asecond backup page[14],
with improved, insertion [15], look up [16] & set upper bound for construction timein thistechnique [17].

NikolasAskitis did comparison of bucketized cuckoo hashing (anew scheme to address collision, which employs several hash
function & hash bucket that can store more than one key) and found out that despite a constant worst-case probe cost, it was
consistently slower than the array hash to build, search, and delete keys with a skew distribution. The bucketized cuckoo hash
table could only rival the performance of the array hash when under heavy load and with no skew in the data distribution [18].

Important thing to note was that it still has constraint of collision, load factor.

Edward Fredkin, gave atechnique called Trietree. Here the core part isthat the al phabets or digits are stored by taking each digit
at atime & checking where they differ. According to the position where they differ the alphabet or digit is stored at that place
[22]. However, Trietree[22] has space/timetrade-off of managing child nodesi.e. either we need apotentially large and sparse
array of indexes at each node, or we need to implement a secondary search algorithm to find the appropriate child.

Patriciatree[22], aspace optimized Trietree at small size; if it iswell-designed it is comparable & sometimesfaster than hash
maps/balanced trees. However, due to the effect of pre-determining what the branching criterionis, it does lack performance.

Stefan Bjornson proposed a new technique called “Management in Data Structure”; which was simplification to atree called
Trie. Themainintention wasto simplify the management of data storagefor relatively simpletask like storing digits & alphabets
[23].

3. Proposed System

This section addresses the logical structure of proposed technique, with in depth discussion of how the technique works. The
structure carriesfollowing property.

1. The Root node maintains information about first ID, last ID of the record inserted, root address of indexing structure plus
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length of last ID inserted.

2. Total no. of levels beneath the root node would be the maximum length of natural no.

3. Structure dynamically adds an array of length 10, asrequired in each level.

4. Intermediate level arrays contain addresses of child arrays & the last level arrays contain addresses of actual data.

5. Each last level array would contain an extra cell which is used to connect each of the last level arrays.

Figuresfollowing with example description could give better idea of the property & their working. Basic structureis shownin
Figure 1. At the top there is a header which maintains information of Start ID, Last ID of the table to be indexed. The third
information cell istheroot address of thefirst array inthe hierarchy. And at thelast, fourth cell containsinformation of maximum

Root Addressof

SartID . _
o Indexing Structure Digit Lengthof Last ID
(Default*17) | LastiD (initially =“ NULL”

o 1 2 (3 |4 |5 |6 |7 |8 |9
\u\\.\.\\%

pluj2l3 4sfe[7lsoj {0 42]3|4B[6|7[8]9 — — — —qoluizfsjap|e|7]s|o

I At leaf (bottom) level thepointer swill point tothedata |

Figure 1. Basic structure

0 0 NULL 0

Figure2. Initial values

1 1 Roof Address of indexing Sructure 1
NewArray 0|1 2 3 4| 5 6 7 8 9
representing { Ny | AddressOf | Null| Null | Null | Null [ Null [Null {Null [Null [Null
0-9 digits Dynamically
added record

1% record — |Record 1Data(RD1)

Figure 3.1nsertion of 1% record with ID = 1
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length of thelast ID. Beneath the header structure there would be an array of fixed length 10 plus 1 extracell, where each array
elements would intern contain array of fixed length 10 plus 1 extracell. The total number of levelsin the structures would be
equal to thelength of thelargest number inthe ID column. So, for example, if ID = 7685493 then total no. of levelsexcepting the
header would be 7, the length of ID no.

Next various operations needs to be performed on the structure is explained.

3.1llnsertion
Initial valuesin header structure beforeinsertion of first record would beasshownin Figure2. Here Sart ID & Last ID =0 means
no records. Root Addressis NULL means no record & so thereisn’t any root.

Note: It should be noted that in all of thefigures, al of the arrays beneath the header, having numbering givenfrom0to 9, isfor
understanding purpose only. So it should not be confused with oblivion that thereisarray wherethe first row is numbered with
0to 9 & in the second row it would have corresponding addresses. There would be only one array & it itself would contain
address of the next array beneathit (if it isintermediate array) or pointer to the actual data (if itisthelast level array inrespective
tracing of theID).

Insertingrecord withID=1

As shown in Figure 3 when first record inserted with ID = 1, the values in header structure of Sart ID & Last ID would be
replaced with 1 & thethird cell would contain the root address of the Indexing structure. Now, thefirst cell of newly added array
would havenull, asit doesn’t point to any further Index structure beneath it. The second cell in the array would contain address
of thedatai.e. record associated with that I D. Subsequent recordswith ID = 2to ID = 9would beinserted accordingly in the same
manner as described for 1.

Insertingrecord with ID =10

Since at the time of insertion of record with ID = 10 the 1% array would befull, anew array of fixed length 10 would beinserted
beneath the header structure & abovethefirst array in thefirst level of the structure. Figure 4 illustrates the situation.

Now, asshownin Figure 4 thefirst cell of newly inserted array would contain address of thefirst cell of second level (whichwas
first level before new array wasinserted aboveit).

1 10 Roof Address of indexing Structure 2
—
0 1 2 3| 4 5 6|7 |8 9
NewArray —— AddressOf |AoA | Null| Null| Null Null| Null] Null| Null| Null
Array (AoA)
0 1 2 3 4 5 6 7 8 9

Null | Addr.| Addr.| Addr| Addr.] Addr.| Addr.| Addr.| Addr.| Addr. | Null

RD1| |RD2 | | RD3 || RD4||RD5 || RD6|| RD7|| RD8||RD9

Figure 4. New array inserted beneath header structure
& abovefirst array of first level, in the structure
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Thisway authors avoided splitting. Now anew array in 2™ level would point to the record data of |D 10 as shown in Figure 5.

3.2Lookup (sear ching)
Inlookup procedurefirst it would be checked whether there exists arecord with that particular ID by comparing it with the first
two valuesin header structure, Sart ID & Last ID. If not then lookup procedure would be terminated from thereitself otherwise

it would be continued to next steps. In next step the digit starting from 1% to last position i.e. up to length of the ID would be
traversed accordingly & finally the last position would end up further traversing.

1 21 Root Addressof Indexing Sructure 2
e —
e
0 1 2 3 4 5 6 |7 8 9
NewArray ——+{Address of
Array(AOA)AOA Null | Null] Null Null | Null'| Null {Null | Null

/ |

0 1 |2 |3 4 s 6 7 g8 | o

Null JAddr. |Addr.|Addr .|Addr .| Addr JAddr .|Addr .|Addr .|Addr .| Addr .
| | | | | I - | |

RD 1 R[52| RD3] RD4[R.D5 ro6|[RD 7|[RD 8 R|59]

0 11213 4 5 6|1 718 |9

NewArray ———o Addr.| Nulll Null | Null | Null| Null] Null | Null | Null | Null | Null
¥

10" record —+ RD 10

Figure5. Record with ID = 10 inserted

1 21 Root Addressof Indexing Structure

} v ¥ L
RD1|=== |RD9||RD10[== =| RD 19| | RD 20| RD 21

Figure 6. Record with ID = 21 inserted
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16>1,True 16<21 True
1 21 Root Addressof Indexing Sructure 2

] 1,1%digitfromID 16

0 1 2 3 4 5 6 7 8 9
4 6 2"digitfromID 16
0{1|12|3|4|5|6|7|8|9 0123456789.|012'3456789:
RD1 === | RD9 RD10 |=—= = =| RDI16 RD 20 RD 21

Figure 7. Searching record with ID = 16

1 21 Root Addressof Indexing Sructure 2

RD1|™ ™7™ |RD9

Figure 8. Reaching tofirst recordin the ID range

3.2.1Equality Sear ch - Searchingrecord with ID =16

Refer Figure 7 that illustrates the searching procedure for ID-16. The searching flow would execute like this. First it would be
checked whether ID = 16 lies between the range of the total records inserted or not. It certainly does, so now digit at the first
positionistakeni.e. “1". The 39 cell inthe header structure contain address of the 1% array at first level, so using that it reaches
to the 1% location in that array & plus 1 the pointer (i.e., add one to the address) to go to the second cell of that array. After
reaching 2™ cell inthefirst level array, address of the 2™ level array isknown. Now 2™ digit of the D istakeni.e. 6, so the position
is added with 6 to reach at the 7" location in the second level array, which contain address of data having 1D = 16.
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1 21 Root Addressof Indexing Syructure 2

0f1]2|3]4]s]6|7]8| o}—fo |2[2]3]4]5] 6|7 8]
| ] | A

x x I

RD1|——— |RD9||RD10|~™~ —|RD19

Figure9.11" cell in the last level arraysis used to get next arrays address in the sequence

Root Addressof Indexing Syructure

2 3| 4 5] 6 7 8 9

0

21

1
01112|3
| ! ,

RDY—== |RD9||RD10|—= —|RD19 RD 21

0|1|2|3}4| 5|6|7)8]|9| - 4 5|6/7)18|9 —[0|L2B K¥|5|6]718P

Figure 10. All recordsin therange (from ID = 1 to 21) searched

3.2.2 Range Search — Searchingall recordsi.e.fromID=1toID =21

Inrange search queries, all records between specified ID rangeswould beretrieved. Here the 11" cell kept for connecting all last
level arrays comesinto picture. Thislast 11" cell would be used to quickly jump to next record in the sequence of arraysat last
level.

Takefor example, if wewant to fetch all records between ID rang 1 to 21. Thiswould be accomplished asfollows.
After checking validity of the ID range, the record with first ID in the range isreached, by following the same procedure aswe
discussed in “ Search” part. Figure 8 depicts the situation.

Once at leaf level, records would be fetched one by one. When we reach to the end of the concerned array i.e. the last cell, the
11" cell would be used to know the next array’s address & again all recordsin the | D range would be fetched. Figure 9 showsthis
working.

Thisprocedurerepeated until thelast ID intherangeisreached. Figure 10 showsall records searched, within specified | D range.

3.2.3Update
The updating of record involves the same procedure of locating the record with the given ID as illustrated in above lookup
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1 21 Root Addressof Indexing Syructure

RD20

Figure 11. Structure before deletion

Root Addressof Indexing Syructure

2 3 4 5 6 7 8

0

21
1
0} 1j2|3

OE12345E6789_.. 4667 I8|9]—[0f1]23]4l5(6(78]|9
! r i N
RD1|=== |RD9||RD10 [== =| RD19 RD 21

Figure 12. Structure after deletion

procedure. After reaching at the specified ID the record is simply updated.
3.2.4 Deletion
In deletion there are two cases.

1. Deletion of singlerecord.
2. Deletion of record in specified range
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1 21 Root Addressof Indexing Sructure
0 1 2 3 4 5 6 7 8
01§23} 4|5|617)8%9
RD 21
Figure 13. De-alocated unused array pointing to del eted records 10-19
Comparison of insertion Time- Windows
10 —a— B-Tree
--&=--B+Tree
100
—#— Proposed Index J.‘
Z 80 ,-"'r
(% Ll
E')’ 60 d.ﬁ‘
E o
[ .
40 Lk e
-"-.-. _——‘__.-_F
v i
20 o B
s o—
------ | f_. g ——
0. @E=—%8——
1 2 5 7 10 12 15
No. of Records(Million)

Figure 14. I nsertion time compari son-Windows

1. Deletion of singlerecord

Here the same procedure is used described in ‘ equality search’ to reach to the particular record to be deleted. After reaching to

the record to be deleted, the record isdeleted & NULL is placed to indicate that it no longer points to any data.
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Comparison of Search Time 1- Windows

7 —@— B-Tree

==m== B+Tree
—8— Proposed Index

5
)
: .
3 -
g ° —
|_
2
1
=
0
1 2 5 7
No. of Records(Million)
Figure 15. Search time comparison 1-Windows
Comparison of Search Time2- Windows
350 #— B-Tree
==g=: B+Tree 'F
300 . N
~—{8— Proposed I ndex _f
250 N
-F
< 200 '
¥
g .
T '
£ 150 :
[ i
100 i
(]
o
50 '.J.'-l"
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No. of Records(Million)

Figure 16. Search time comparison 2-Windows
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Comparison of Range search Time 1 - Windows
0.45 —a— B-Tree
0.4 --k-- B+Tree -
0.35 —@— Proposed Index e
w
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o
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[}
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Figure 17. Comparison of Search Timefor Range queries 1-Windows
Comparison of Range search Time 2 - Windows
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Figure 18. Comparison of Search Timefor Range queries 2-Windows
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Comparison of Space - RAM - Windows
1600000 © —a— B-Tree .
Tl A

1400000 - ~~&-- B+Tree AT
~ —@— Proposed Index o
Q1200000
<
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<
T 800000
3
@ 600000
&

400000

200000

0 _
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No. of Records (Millions)
Figure 19. Comparison of space requirement - Windows
Comparison of Insertion Time - Linux
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Figure 20. Insertion time comparison -Linux
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Comparison of Seaerch Time- Linux
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Figure 21. Search Time comparison for Equality Search query-Linux
Comparison of Range Seaerch Time- Linux
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Figure 22. Search Time comparison for Range Search query-Linux
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Comparison of Space- RAM - Linux

1000 —a— B-Tree
900 -=g=-- B+Tree A
800 g Proposed Index &
700
600
500
400
300
200

SpaceRAM (MB)

100

1 3 5 7 10 12 15 17

No. of Records(Million)

Figure 23. Space utilization comparison-Linux

Insertion Cache Misses

m L1DataRead Miss
400000 . .
m L1DataWriteMiss

No . of Cache Misses

300000 = DLmr

# DLmw
200000

100000

B-Tree B+Tree Proposad Index
Techniques

Figure 24. Cache misses during Insertion-Linux
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Sear ch Cache misses
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500000
= 400000
2
§ 300000 B | 1DataRead Miss
ks) ® | 1 DataWriteMiss
o
z DL
200000 m
m DLmw
100000
0
B-Tree B+ Tree proposad I ndex
Techniques

Figure 25. Cache misses during Equality Search query-Linux

Note: There were two reasons why B-Tree performed better.
First reason was that, the code used for B-Tree [27, 28] while
testing was just implementation of its algorithm. It was not
pointing to any record datalike B*-Tree[26] and Proposed I ndex
technique did. Thisled to performance improvement of B-Tree
as there was no overhead of managing pointers for data in
every operation.

Secondly, one study of worst case and average case behaviors
of B-trees concludes that “adding periodic rebuilding of the
tree, . . . the data structure . . . is theoretically superior to
standard B*-trees in many ways [and]. . . rebalancing on
deletion can be considered harmful”[29].

2. Deletion of recordsin specified range
In this case procedure described previoudy for searching records with specified ID rangeis used. And then records within specified

range are deleted.
In both cases, the space occupied by unused arrays are freed when they no longer points to any data.

Figure 11 shows situation before del etion of record with ID =20 & Figure 12 showsthe structure after del etion of record with ID
= 20. Figure 13 shows advantage of the proposed structure. Here the unused arrays are de-allocated & thus spaceis saved, as
recordsbetween ID =10to ID = 19 were del eted.

4. Experimental Setup
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Range Sear ch CacheMisses

600000

500000
& 400000
£ |
2 m L1DataRead Miss
§ 300000
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5 DLmw
100000
0 | o
B-Tree B+Tree Proposed | ndex
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Figure 26. Cache misses during Range Search query-Linux

In the experiment the authors has put more emphasis on range search query performance evaluation. The authors have tested
and compared proposed technique with B-tree and B*-Tree.

The authors have measured the insertion time and searching time (in seconds) of all these method against our proposed
technique. Space requirement isalso measured in KBs (Kilobytes).

In B*-Tree, datainputswere set of natural numbers generated by computer programi.e., each index entry stored a corresponding
numbers. For proposed technique authors provided natural numbers to be stored by the structure at the end-leaf level.

The authors have cal culated the Insertion time of each technique by summing up the time taken by insertion module starting
frominserting first record to thelast record, with predefined benchmark, ranging from 1 Million to 15 Million. For searching the
authors used total time taken to search al the inserted records one by one in Index.

To measure space, the authors used system tool provided inbuilt to the Windows OS.

Theauthorsused Microsoft Visual Studio 2010 IDE to run & test all three techniques. The machinewas Intel Core 2 Quad Q6600
@ 2.40 GHz running 32-bit Windows 7 Ultimate and Fedora20 LINUX having single user. Themachine had 2GB of generic DDR2
666 RAM with4MB of L3 cacheand L1, L2 cachebeing 32 KB.

Oneimportant limiting factor regarding testing made by authors was that as authors have proposed the technique for database
involving application it was required to integrate the proposed technique to at |east one of available free Relational Database
System.

Unfortunately because of time limitation & very lengthy process of achieving that environment, the authors had bounded
testing criterion to comparing the all the three methods at programming levels only. The authors had compiled optimized code
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of B-Tree & B*-Tree methods found on web as part of profiling, to get the best results[26-28].

5.Result & Analysis

In this section authors will give various test result outputs with graphs & give an analysis of the proposed technique with
others. We will first go for windows platform test cases and later on for Linux platform.

5.1 WindowsEnvironment
5.1.1TimeComplexity Analysis

1. Insertiontime
Table 1 shows test data collected for Insertion Time in windows environment. The graph in Figure 14 shows comparison of
Insertion Timefor proposed and other techniquesi.e. B-Tree & B*- Tree.

We can see that proposed technique takes moderate time compared to other techniques.

2.Searchtime

A.Equality Search:

Test Resultsfor SQL querieslike“wherelD = 1” to“where D = 15M” (Million = 10°). Table 1 shows test data collected for Search
Time comparison for Equality Search query.

Figure 15 shows a graph of Search Time comparison in seconds, of records starting from 1M to 7M. Here our proposed
technique takes more time than other two but what happens when records are increased beyond 7 million?

Figure 16 shows a graph which exhibits the behavior of all three techniques for up to 15 million records. We can see here that
proposed technique takes almost same time as taken by B-Tree. However the performance of B*- Tree is degraded. This
was due to more consumption of space by B*- Treelead to memory overflow and hence system experienced page faults.

B. Range Search
Test Resultsfor SQL Querieslike“whereID >=1and ID <=1M" to“whereID>=1and D <=15M". Table 1 showstest data
collected for Search Timein Range query.

In the case of B-Tree, Range Search is not as simple as the other two. For testing purpose we have taken ‘get all records’
(Traversefunction) to obtain Range Search Time.

Figurel7 shows agraph of Comparison of Search Time of records starting from 1M to 7M.

Graph in Figure 18 showsthat proposed technique operates near to B-Tree. Here we have considered records up to 15 million for
Range Search.

We can also observe that, in case of B*- Tree performance is decreased just like it did in Equality Search Time scenario due to
more memory requirement.

5.1.2 Space Complexity Analysis

Table 2 shows test data collected for space utilized by all three techniques during the experiment. Figure 19 shows a graphical
view of space utilization during Equality Search & Range Search by all the techniques.

In Figure 19, our proposed technique takes moderate & nearly constant space then other two techniques.

5.2 Linux Environment

5.2.1 Timecomplexity analysis

1. Insertiontime
Table 1 showstest data collected for Insertion Timein Linux environment. Figure 20 shows the comparison graphically.
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We can observe here that Proposed Technique operates near to B+-Tree.
2. Searchtime

A.Equality search
Table 1 showstest data collected for Search Timein Linux environment for Equality Search query. Figure 21 showsagraphically
view of test data.

Note: Herethetool we used was not ableto compute the records more than the capacity of RAM, so aswith Windows, wewere
not able to see the performance of B+- Tree for more than 20M records. On the other hand B-Tree & Proposed technique was
easily ableto process 30M records.

Here our Proposed Technique takes moretimethan B-Tree & B+-Tree.

B. Rangesearch
Table 1 showstest data collected for Range Search query in Linux environment. Figure 22 shows graphical view of test results.

Note: Here also due to tools limitations we were not able to process the records more than the capacity of RAM, as with
Windows, here also we were not able to see the performance of B+-Treefor morethan 17M records. On the other hand B-Tree
and Proposed Index were easily able to process 30M records.

For Range Search our Proposed Technique performs better than B-Tree & B+-Tree.

5.2.2 Space Complexity Analysis
Table 2 showstest data collected for all three techniques during experiment. Figure 23 shows graphical view of space utilization.

We can see in Figure 23 that proposed technique and B-Tree lines overlap each other so both uses amost equal amount of
space. Thusit provesthat wewere ableto achieve the“ All data at leaf level” by using same amount of spaceasB-Tree & saved
~50% space as compared to B*-Tree.

5.2.3CacheMissAnalysis
Cache missisafailed attempt to read a piece of datain the cache.

There are three kinds of cache misses: instruction read miss, dataread miss, and data write miss.

With cache grind toolsin Linux we measured cache misses during I nsertion, Equality Search and Range Search by all thethree
candidate techniques of the experiment.

1. Insertion cache misses
Table 3 shows comparison of test data collected for cache misses during Insertion. Figure 24 shows column view of the statistics
collected for Insertion cache misses.

We can see herethat B*-Tree experience the highest no. of cache missesi.e. Datawritemissin First Level & Last Level of cache.
On the other hand B-Tree & Proposed Technique operates moderately compared to B*-Tree. Further Proposed Technique
experience slightly higher no. of DataWritemissesin First & Last level ascompared to B-Tree.

Further we can also observethat First & Last level dataread miss(DLmr) remainsvery lesscompared to First & Last level data
writemiss(DLmw).

2. Equality sear ch cache misses
Table 3 showstest data collected for cache misses analysis during Equality Search query. Figure 25 shows column view of the
statistics collected for Equality Search cache misses.

We can seethat Proposed Technique outperform the other two technique—worksbest for Equality Search query, by experiencing
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lowest no. of cache missesin reading data.

Here on the contrary to above statistics we can also observe that First & Last level data write miss remains are very less
comparedto First & Last level dataread miss.

3. Range sear ch cache misses
Table 3 shows test data collected for cache misses analysis during Range Search query. Figure 26 shows column view of the
statistics collected for Range Search cache misses.

Herewe can observethat B-Tree & Proposed technique experience almost same no. of cache missesin datawritesat First & Last
level. On the other hand data read miss at both the level is moderate. It can be also observed that datawrite misses are morein
all three techniques, compared to above two test cases.

5.3Summary of test results
Table 4 showsthe test result summary. Here the best performing technique is given score of 10 and remaining ones are scored
based on best one.

Windows Insertion Time (Sec) Sear ch Time (Sec) Range Sear ch Time (Sec)
No. of
records(in
Millions) B-Tree B*-Tree ProposedIndex B-Tree B*-Tree Proposed Index B-Tree B*-Tree ProposedIndex
1 0931 5411 2763 0.462 0.383 0.768 0.024 009 0028
2 1872 10857 5683 0964 0782 1706 0.048 011 0055
5 475 28758 14.266 263 2043 5.353 012 0.283 0.143
7 6561 40962 2009 3.702 2883 6.334 0.161 0411 0.203
10 9468 6144 28371 5.358 1972 9.15 0.236 5062 0278
1 11373 7443 3A.312 6448 59556 11.266 0279 59908 0325
15 14133 97.887 43295 8148 327.376 14512 0.35 - 0411
Linux Insertion Time (Sec) Search Time (Sec) Range Sear ch Time (Sec)
No. of
records(in
Millions) B-Tree B*-TreeProposadindex B-Tree B*-Tree Proposedindex B-Tree B*-Tree Proposed Index
1 0129544 0.898846  0.706617 0228341 0.229422 0462223 0014508 0.030377 0014021

0409427 2871709 2319595 0.782167 0.733331 1590475 0040079 0.086963 0037742
0699741 4940194 3940837 1293382 1.2607%4 2731881 0068688 0.135985 005915

0986941 7.003818 5545426 1827188 1.805437 3870707 0093877 0.190159 0.08095

1421163 1016919  7.948969 2678276 2.65534 5449176 0133155 0.259058 0.123485
1710863 1230955 981815 3284874 3.220839 6.748505 0.155544 0.310397 0.152555
2140038 15578 12623558 4236551 4.042866 868136 0.1920% 0407222 0187193
17 244369 17.80159 14483008 4890916 4.615568 9976701 0217081 0458471 0.203363

B R B N o w

Table 1. Insertion time, Search time & Range Search timerequirement for all three techniques
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Windows Space-RAM (K B) Linux Space-RAM (MB)
No. of No. of
records(in Proposed  records(in
Millions) B-Tree B*-Tree Index  Millions) B*-Tree B-Tree Proposed | ndex
1 43824 142344 78612 1 24.3 51.6 24.3
2 86884 283868 156480 3 72.6 154.6 72.6
5 16072 708700 390060 5 120.9 257.6 120.9
7 302188 991880 545784 7 169.2 360.6 169.2
10 431308 1416104 779360 10 241.7 515.1 241.7
12 517504 1520656 935008 12 290 618.1 290.1
15 646696 1487636 1168668 15 362.5 772.6 362.5
17 410.8 875.6 410.8
Table 2. Space-RAM utilization by all three techniques
Linux Insertion cache misses Search Cache misses Range Search Cache misses
Proposed Proposed Proposed
Techniques B-Tree B*-Tree Index B-Tree B*-Tree Index B-Tree B*-Tree Index
L1 DataRead Miss 8639 8819 8004 226769 568869 158469 227113 525058 332566
L1DatawriteMiss 275373 723428 334379 24 2% 28 62525 125029 62532
DL 4520 4565 4543 226715 568854 158440 226811 525054 332565
DLmw 274931 719370 333950 24 5 28 62525 125029 62532

Table 3. Cache misses Dataduring Insert, Search and Range Search operations- LINUX

Comparison of Performance (Best =10, Score of others compared to best one out of 10)

Environment:  Windows7, MSVisual Sudio Environment: Fedora 20, Eclipse-cpp-kepler-SR2
Proposed Proposed
Techniques B-Tree B*-Tree  Index Note Techniques B-Tree B*-Tree Index
InsertionTime 10 14 32 Insertion Time 10 13 16
Search at 7M 75 10 44 Search Time 96 10 47
Searchat15M 10 02 5 Paging in B* Range Search 92 44 10
Range at 7M 10 39 80 Space 10 46 10
Rangeat 12M 10 002 8.5 Pagingin B* Insert Cache misses 10 38 84
Space at 7TM 10 29 53 Search Cachemisses 7.0 28 10
Spaceat156M 10 44 5.7 Pagingin B* Range Cache misses 10 44 73
Total 6758 2303 4041 Total 6588  31.62 52.10

Table4. Comparison of Final Resultsfrom Graph

6. Conclusion

The most used indexing method in the avail abl e database systems has been discussed by authors. Considering the applications
which involveimmense processing of data, based on natural numbers, ranging from bank transaction to railway ticket reservation,
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telephone number directory to order tracking in e-commerce, authors found that due to inherent complexity of structure &
management in the existing methods the database system experiences performance degradation.

The authorswere able to achieve better performance in new technique because the total numbers of levelsin theindex structure
are equal to the length of the natural number i.e. ID digits. Further, the proposed technique structure does not involve any
splitting, so it results in very less overhead compared to other two methods B-Tree & B*-Tree. The results of the experiment
carried out clearly statesthat proposed technique gives best performancein Linux environment for Range Search. Beside this,
it also offersless memory footprint compared to other candidates of experiment. Even further it outperformed othersin case of
no. of cache misses, during the most vital operation of any Database System ‘Search’. In all, the proposed system gives
advantages in terms of speed, space & management point of view compared to the most used database indexing methods like
B-Tree, B*-Tree.
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