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Abstract—Distributed Hash Table (DHT) is a promising
approach for a distributed data management platformin a
large-scale network environment. In order to provice an
efficient query processing and resource sharing imformation
discovery services, any DHT-based P2P system essaliyt needs
to build an efficient indexing scheme for supportig users’
desired queries (complex query, i.e., multi-dimensihal and/or
range query). In this paper, multi-dimensional indexing scheme
is built by generating multi-dimensional keys. Forthis purpose,
k-dimensional tree (kd-tree) is proposed to be usednh the
indexing scheme. This paper focuses on the performes of
kd-tree regarding to its splitting threshold valueand evaluates it
by using three metrics: (1) number of empty nodesrotree (2)
number peers with data size zero, and (3) number ofvrong
labels. According to the simulated results, this gaer defines that
kd-tree is built at the splitting threshold value “200” and builds
a multi-dimensional indexing scheme over Chord. Thigpaper
shows that how the proposed indexing scheme withehusage of
kd-tree supports the complex query processing ovethord.

Index Terms—Indexing over DHT, Complex query
processing over DHT, DHT-based P2P query processing

|. INTRODUCTION

DHT technique is popular in many distributed apgtiiens
including resource sharing, network monitoring =, and
event notification services. In DHTSs, data iteme apread
over networked computers such as Chord [1], Tap¢2a}r
Pastry [3] and CAN [4]. It allows fast locating ddita and can
support exact match lookup when a key is given.iBstonly
a one-dimensional indexing mechanism. For an effici
searching in information discovery service, compigiery
processing is a major challenge for DHTSs.

In this paper, we use kd-tree to build a multi-disienal
index over DHT. Firstly, balanced kd-tree is btoltpartition
the entire resources. Secondly resources on kddree
distributed among peers of overlay network. Wheuiery is
requested, our indexing scheme produces multi-diineal
keys for the desired query. As our indexing sch&srimsed
on kd-tree, we focus on the performance of kd-wee
evaluate it to show how it can affect on the indgxécheme.

Il. RELATED WORKS
A balance data structure can balance the distoitoudf

proposed two algorithms for range query processihg.first
resulted in high latency because all leaves areesdially
traversed until the query is completely solvedseacond one,
query processing is done in parallel and the qusry
recursively forwarded until the leaf nodes are @amging the
query. When the requested range is small, it mayl le
overloading.

To solve the overhead in PHT, DST [7] fills theeimntal
nodes with data to violate traversing down to leade. So it
stores keys in both leaf nodes and internal nddeprocess a
range query, firstly, this query is decomposed atmion of
minimum node intervals of segment tree. Finallydoery is
solved by the union of keys returned from the comding
DST nodes. It may lead maintenance overhead be&ayse
are replicated over leaves and internal nodes.

DAST [8] is built for range query processing. ltsfly
constructs an arbitrary segment tree and encapghiaikey,
data) pairs with segmentlds. When processing rgogey, it
divides the requested query into the segments a&Sin
(arbitrary segment tree). And then it retrievesdhta related
with segmentlds. DAST can reduce the number of DHT
retrievals. But AOR (accuracy of range) can dropalse the
union of segmentlds can also contain the irrelevant
segmentlds.

DHR-trees [9] provide range query processing stimactor
P2P systems. It can achieve efficient query pracgsBut it
cannot handle multidimensional query with one index
whereas it reduces the m dimensions to one dimensio

In [10], m-LIGHT also used kd-tree to build an éxihg
scheme over DHT. It proposes a new data awaretisglit
strategy to distribute data on kd-tree. And theralgo
proposed a new mechanism to map data from kd-orpedr
nodes. It is high efficient in query processing $iilt has the
drawback of bandwidth and latency consuming.

In the above approaches, complex query is proviged
single index which is created by replicating anthbiing of
all attributes and a multiple-index created by cuninly the
results of each attribute’s index.

[1l. INDEXING SYSTEM WITH KD-TREE

The architecture of the proposed index systenessgthed
with a three-tier model as shown in fig.1. Thetfieger is the

resources among peers [5]. Therefore recent DHE&ebasapplication layer and it is for the interactionscang peers.

indexing systems for handling complex query by gsirdata
structure such tree, graph, and grid.

Prefix Hash Tree, PHT [6] is the first indexindieme over
DHT that is efficient for one-dimensional range uelt
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The second layer is the indexing layer over DHT alhi
mainly handles the query processes. At the thiyerlaor

storage layer, content data such as files like mjui&o, and
application related information are stored.

At the application layer, each peer interfacesupgh an
application system. User can send their desirediegiand
receive the results via this application interfatien a query
is requested, then the query is sent to one paheinetwork
from this application layer. When a peer receivegiary, it
starts searching the data at the indexing layehisfpeer’s



side. The searching process is handled by the peapo subgroups with equal amounts of data [15]Tgeessentially

indexing scheme at this indexing layer. The indg>soheme
at the peer starts to search data at its locagtollf the value
is not found in the peer’s own storage, then tbisrgorwards
the query to other peers in the network. Accordimghis

architecture, the search process is only handledhat
indexing layer. The searching or indexing schenedfisient

if it is clearly desirable to find the desired dataa minimal

number of interactions with the system and thermgtdion

returned by the system should be as concise aadargl as
possible. The indexing process should also be sirapld

need to handle user desired queries.

P2P overlay
Application layer
request query t forward @/O\ oy
query k J4&C
Indexing layer < - N
over Chord < Jé/%
SRy S48
search : SRS
Storage layer

Fig.1. Three-tier architecture of proposed indestesmy

In this paper, we focus on the indexing layertpport the
efficient searching process for complex query. Dl very
efficient in key word search or exact match queegause
keys of data are stored at the peers with the sarese IDs
in their identifier space. We use this lookup eéfficy of
DHT to get efficient lookup operation for complexeyy
processing. Therefore we need to define keys d tate
multi-dimensional in order to build a multi-dimeosal
indexing scheme for storing and retrieving of datae
proposed indexing scheme is described in the fatigyarts:
(A) labeling of data to generate multi-dimensiokays (B)
distributing data to peers (C) indexing mechanigmthis
paper, the real dataset, DBLP [11] is used to thst
performance of the proposed indexing scheme.

A. Data Labeling

In this paper, data labeling is the process of geimg
multi-dimensional keys for data. In most pure DHEtems,
keys of data are represented by using one dimeniichis
proposed system, keys of data are generated in
multi-dimensional forms. In this paper, kd-treeuised to
generate multi-dimensional keys. K-d tree is a d#tacture
extended from binary search tree of one-dimension
k-dimensions. It is very useful in several applizas, such as
multi-dimensional and range query processing [128],

needs to be considered to be an optimal valdgvalue is
defined via simulated results discussed in sedtion

#0C
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Fig.2. Data partitioning on kd-tree

In this paper, labels of data are defined whilddng
kd-tree for the purpose of generating multi-dimenal keys
for data. As shown in fig.2, label of root nodé#s and the
label of branch and leaf nodes are the concatenatiibs own
label (0/1) and the label of parent’s node labdle Tabel of
left child is label of parent’s plus “0” and rigbhild has the
label of parent’s plus “1”.
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Fig.3. Two-dimensional cell regions

In fig.3, leaf nodes of kd-tree are representatiéform of
rectangular cell regions. Each cell contains tHated data
(records) regarding with 2D partitioning. While lling
kd-tree, half points of each dimension are gendrathile
building kd-tree. Data are only stored in leaf r@dékd-tree.
Data labels are keys and leaf nodes with data @tees. In
this proposed system, kd-tree info with half poirdf
dimensions is recorded in tree info M3F , andTIF is stored
in each peer.

B. Distributing Data to Peers

The section shows how to distribute the data fieawes of
kd —tree to peers. In this paper, the proposedkindescheme
is built over a DHT overlay network, Chord. In orde
distribute data among peers, data keys need to dppen
among the peers. In any P2P, data sharing neede to
taalanced. Random choice can provide balanced llisitvn
[16]. For this purpose, standard hash function SHAY] is
used. In this paper, peer IDs are computed by hgghe IP
faddress and data IDs by hashing of data keys. @atnIDs
are distributed to the peers whose IDs are cldkesst than) or
equal to the peer IDs. In this paper, we consioad lon each

geographic information systems and computer graphitode is balanced while each peer has the load me then

systems. Fig. 2 shows the simple construction efré&d by
using two dimensions namely af and d,. It can be
constructed by recursively partitioning the entitataset
evenly along each dimension in an alternative tashihe
partitioning process will be stopped as soon astimber of
data in each tree node is no more than the prextefiplitting

threshold. In this paper, this splitting threshiddlefined as
Tsp Which is the maximum loads of each node in kd:-téee
major drawback is that kd-tree may be highly imheaéd

[14]. An adaptive solution is to divide the data tigo

Tp, where T, is the maximum load on each pedr, is
calculated by using (1), wheTg is the total amount of data in
the system anlll is the total number of peers in network.
To=T¢/N (1)
C. Indexing Mechanism
In most DHTSs, key of requested data is the quetsedf,
i.e., file name of a file or author name of a bamlkich is

searched. They only handle one-dimensional queri22R
auction network [18] for real estate frequently dedo



answer a complex query such as ‘select five auailab
buildings closest to the airport. This query is
multi-dimensional range query (complex query). hist
proposed indexing mechanism at a peer is showig.i f

Complex
query

Build local

TIF kd-tree

y

Generate data
keys

A4

Enc

Fig.4. Indexing mechanism at a peer

When a complex query is requested, a peer seatshiing
process as an initiator. Before starting searclgruress,
multi-dimensional data keys are generated for aiesigd
complex query by building the local kd-tree. Thedbkd-tree
is built by using the half points stored®f . And then the
peer checks which nodes of this local kd-tree #wuested
query can exist. If the peer found the nodes whinh cover
the requested query, labels of these nodes areasdeslys of
data for searching process. This searching praséiss same
as the exact match DHT lookup operation. Therefuue
indexing scheme is as efficient as the DHTS’ edfitilookup
and can also handle the complex query over Chorite wh
DHTSs cannot handle such query.

IV. EXPERIMENTAL SETUP

The proposed indexing scheme is simulated by ukivg
language. Required parameters for simulation aogvishin
table I.

TABLE |. Parameters for simulation
number of peers 1000 peers

-DBLP1 with 200 000 records
-DBLP2 with 500 000 records
-DBLP3 with 700 000 records

1 to 1000
multi dimensions

three sizes of DBLP
dataset

Tsr
number of dimensions

In this simulation, the system uses peers (netwizd) in
the range of 1 to 1000. DBLP dataset is used asHIBL
DBLP2, and DBLP3. We use three different dimensiunsh
as 2 dimensions (2D), 3 dimensions (3D) and 4 dgioas
(4D). The reason why we use up to 4D in this paper
according to the simulated results shown in tabénd table
lll. Tgpvalue is also assigned with various values betvleen
and 1000. Before the evaluating the performandedefee,
this paper firstly describes the tree depths otrkd- and
number of data keys generated from kd-tree are slofig.5
and fig.6.
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Fig.5. Leaf depths in kd-tree
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As shown in fig.5, tree depths are different whenvalue

mapping data among peers, some of peer nodes dwwet

of Tsp varies between land 1000. Kd-tree is built by gisindata. The higher number of peers with data size zan

2D, 3D, and 4D as shown in fig.5 (a), (b), and [c)ll these
figures, tree depths are getting lower when thaevaf T spis
greater. Fig.6 shows the number of data keys whigh
obtained after kd-tree has been built with 2D, 3bd 4D.
The data keys are the labels of leaf nodes inéel-ffrom the
simulation, it can be observed that the greatevahge ofT sp,
the less number of data keys are generated.

V. PERFORMANCEEVALUATION OF KD-TREE

The performance of kd-tree is evaluated via sitrauia
with three metrics (1) number of empty nodes ortrkd-(2)
number peers with data size zero, and (3) numb&rohg
labels. After partitioning data on kd-tree, a Ergumber of
empty nodes can make it imbalance. To keep kdkaésnce,
the optimalT spvalue is required to define.
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Fig.7. Percentage of empty nodes in kd-tree

As a first step;Tsp is evaluated based on the number of

empty nodes on kd-tree. Fig.7 shows the percentafje
empty nodes on kd-tree using 2D, 3D, and 4D. Asvehio
fig.7 (a), the percentage of empty nodes is thet iwhenT sp
is 200 and dataset is DBLP2. In DBLP1, 100 is thtneal
Tspvalue. In DBLP3, 300 is the optimal value. In fig(b),
Tspis optimal at 100 in all dataset sizes. Fig.7(@vehthat
Tep value is stable at the value of 200. Secondly; is
evaluated by showing how it can affect the loacabeaihg
among peers. Load balancing is an important issue2P
system. One important point is that any indexirgesee in a
P2P system should keep load balancing among pé#ite

unbalance the underlying P2P network. Fi@)8 (b) and (c)
show that the greater the value ©fp, the higher the
percentage of empty peer nodes. For this caseyalue of
Tspis optimal at the value100.
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TABLE II: # Wrong labels with 2D

T #Wrong #Wrong #Wrong
sP label (DBLP1) | label (DBLP2) | label (DBLP3)
100 1 3 4
200 0 1 1
300 0 1 1
400 0 1 1
500 0 0 0
600 0 0 0
700 0 0 0
800 0 0 0
900 0 0 0
1000 0 0 0
TABLE llI: # Wrong labels with 3D
T #Wrong #Wrong #Wrong
sP label (DBLP1) | label (DBLP2) | label (DBLP3)
100 1 1 1
200 0 1 1
300 0 1 1
400 0 0 1
500 0 0 1
600 0 0 0
700 0 0 0
800 0 0 0
900 0 0 0
1000 0 0 0




Generating labels or data keys or data locationanis
important step in our indexing scheme. Accordingthe
number of wrong labels, the performance of the psed
indexing system can become bad. Therefore the nuotbe
wrong labels is the most important factor in thisposed
indexing system. Table Il and table 11l show thatMT spcan
affect the generating of wrong labels while kd-tiséouilt
with 2 dimensions and 3 dimensions. This proposdéxing
system can generate the various numbers of wrangisla
according to the value dfsp. According to this results ifisp
value at 100 always generate wrong labels. Whengusi
kd-tree with 4 dimensions, the indexing system does
produce wrong labels. According the above fig.g.gfi table
II, and table Ill,Tspis optimal at the value “200".

VI. CONCLUSION

In this paper, kd-tree is proposed to use in theiqro of
data management to build a multi-dimensional indgxi
scheme over Chord. It can provide
multi-dimensional keys for the purpose of storingda
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