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Abstract table is difficult to support more complex query.
Distributed Hash Table (DHT) is a promising [_ Application Lave ]
approach for building a large data management Va'“i‘gml(key) ﬁ
platform. But it cannot support complex query put (key, value)
processing due to its one-dimensional index strectu DHT Layer ]
Complex query processing is an essential role in

resource discovery services, location aware sesyice
and file sharing applications. In this paper, compl @ @ @
query is handled and analyzed by building a multi-

dimensional indexing scheme over DHT (MIDHT). It ~ Figure 1. Fundamental functionality provided

is built with two mechanisms: (1) conversion of-one by DHT

dimensional key-based DHT to multi-dimensional ) . )
keys-based DHT and (2) generation keys for thesuser ~This paper focuses on the processing of various
desired complex query (KeyGenerator). MIDHT idypes of complex query by building a multi-
designed and implemented using PlanetSim simulatéimensional indexing scheme over DHT (MIDHT).

It is analyzed under various complex queries. IifeyGenerator make relevant DHT-lookup operations
addition, the analysis results demonstrates thand so MIDHT only makes lookup operation on the
compared with the state-of-the-art approaches, ni€levant peers. As a consequence, DHT-based P2P
Light and LIGHT, MIDHT can save number of DHT-System using MIDHT can handle complex query

lookups and bandwidth consumption in range querjrocessing by making relevant lookups and can also
performance. reduce irrelevant lookups and forwarding steps. The

rest of the paper is organized as follows. In $&c8,
Key words: MIDHT, DHT-based P2P system, Multi- the existing indexing approaches are discussed as

dimensional Index over DHT related work. In Section 3, types of complex quemney
discussed. The architecture of DHT-based P2P system
1. Introduction using the proposed MIDHT is described in Section 4

and the required steps for development of MIDHT is

DHT-based P2P networks employ a g|oba||)mentioned in Se_ction 5.1n Section 6, th_e required
consistent protocol to ensure that any node cdiprameters for simulation setup are_descrlbedhltnt
efficiently route a search to some peer that has tfgection, the performance of MIDHT is also evaluated
desired file, even if the file is extremely rare7[1 Under various types of complex query and compared
DHT is a layer between network layer and applicatioWith other approaches (m-Light and LIGHT). This
layer. As shown in Figure 1, an application triggerP@Per summarizes about the proposed indexing
put and get actions on (key, value) pairs ofcheme in Section 7.
information. Put (ID, itempperation inserts item with
key ID and value item in the DHT. Get (IDperation 2. Related Work
returns a pointer to the DHT node responsible &y k
ID. Each peer also knows a certain number of other There are many researches for supporting complex
peers, called neighbors, and holds a routing tddge query processing over DHT-based P2P environment.
associates its neighbors’ identifiers to the Prefix Hash Tree, PHT [12} the first indexing
corresponding addresses. Queries are routed $iace scheme over DHT that enables more sophisticated
routing scheme allows one to find a peer respoasibfluery. To process range query, PHT proposed two
for a key inO (log N) routing hops, wherél is the algorithms. The first algorithm resulted in high
number of peers in the network. Although the modatency because all leaves are sequentially traders
notable functionality of hash table is quick exactuntil the query is completely solved. In second
match lookups, the core idea of DHT impoverisheslgorithm, it is parallelized and recursively forda
the query facility. In fact, the index based on Hasthe query until the leaf nodes overlapping the guer



When the requested range is small, it may lead ovquery composed with more than one attribute to
loading. To solve the overhead in PHT, DR®B] fill  discover the desired informatioRange query is a
the internal nodes with data to violate traverglogyn  query to find all the keys in a certain range other

to leaf node. So it stores keys not only in leafle®® underlying P2P network. It can be classified aglsin
but also in internal nodes. To process a rangeyqiter attribute range query and multi-attribute rangergue
is decomposed into a union of minimum nodg8]. Cover query is a query to find all the ranges
intervals of segment tree. Then the query is sobaed currently in the system cover a given k&fin/Max

the union of keys returned from the correspondinguery can be defined as to find min value and max
DST nodes. However, it may leads maintenancealue similar to operations of database like query
overhead because keys are replicated over interqabcessing.

nodes and leaves. DAY?] is built for range query

processing. It constructs an arbitrary segmentdree 4. Architecture of DHT-based P2P System
encapsulate the (key, data) pairs with segmentlds. using MIDHT

When processing range query, it divides the regdest

query into the segments as in AST (arbitrary Sedmen i section mentions the architecture of DHT-

tree). And then it retrieves the data related Wit%ased P2P system using the proposed indexing
segmentlds. It can reduce the number of DH cheme, MIDHT [9]. It is assumed that Chord is tuil

Letrlevals.hBut Accurfacy of Ra:gge (AOlR) can d_m?‘&ith more than one hundred peers. Each peer owns
ecause the union of segmentlds can also contain e three-tier architecture as shown in Figure 22 T

S first layer is the application layer and it is ftre

D|str!buted de-fcre_le .(DKDT) [5] SUP%O”S tlh_e interactions among peers. The second layer is the
processing - of similarities — query ~with —multi- indexing layer using the proposed indexing scheme
dimensional datasets. This paper proposed thaelaj—tMlDHT over DHT which mainly handles the
. . ) ; nE)rocessing of query. In the third layer or storkyer,
distributed indexing structure V.V'.th DK.DT' To red_ucecontent data are stored with related multi-dimemsio
the number of nodes to be visited, it uses a Mirtu

shrinking mechanism. A virtual node shrinkingqa(eys In a distributed manner (DHT).

irrelevant segmentlds.

mechanism is also proposed to allow queries to Peer in Chord
quickly identify nodes that do not have relevantada

It is obvious that tree compression technique is Application Layer
proposed to ensure that the size of tree doesroat g

with the dimensionality. And it has to face the query¢
bottleneck at the root node and resulted in long Indexing Layer
network delays for query processing and registnatio (MIDHT)
m-Light [15] also used kd-tree to build efficient

indexing scheme over underlying DHT. It proposes a searct#

new data aware splitting strategy to distributeadat

kd-tree. And then it also proposed a new mechanism Storage Layer

to map data from kd-tree to peer nodes. It is high
efficient in query processing but still has the
drawback in bandwidth and latency consuming.
LIGHT [16] which is a query efficient and low As shown in Figure 3, when a query is
maintenance index structure. The data keys ara in : :
. . ted t f th th twork,
unbounded one-dimensional data space. Due to foquested to one of the peers in the network bés

. . . rks as an initiator. Before starting the searghin
one-dimensional key space, it can only handle on%

Figure 2. Threetier-architecture for a peer

dimensional range query and KNN query. It still ha rocess, the initiator computes the multi-dimenaion
. ) ) C eys for requested query by usiKgyGeneratorof
the high overhead in bandwidth consumption an y au query by usikgy

IDHT. Then the initiator starts to search the data
number of DHT-lookups. local storage by using the keys. Here, if the retpot
data is found in local storage, then it returns the
3. Complex Query results to the sender. If it cannot find the datdts

local storage, then it forwards the keys to theeoth
Complex queries are important as voluminoupeers in its routing table (finger table). This
multi-dimensional data are used in applicationforwarding process occurs until the data of the

including  geographical data in Geographicalequested query can be retrieved.
Information Systems (GIS), multimedia retrieval in

image or video searching, file sharing and Online
Analytical Processing (OLAP). Complex query can be
classified as multi-attributes query, range queoyer
query, and min/max querlulti-attributes queryis a



dimension flag, n’ number of
dimensions used in the system
Output: The root of a kd-tree storingdhd T
1. if P contains only Eprecordsthen

Chord overlay network

- 2. return a leaf storing this point
|n|t|ato:r_(peer) 3 if i>nthen
- 4. i€l
searchy 5. eseif i<1 then
KeyGeneratc |« 6. i<1
v 7. Vlabel- ‘#
lookup at local storage search 8. vep
key agail 9. else .
v 10. i€i+l
no 11. if recordsy) greater than J» then

key is found? 12. Split P into two subsets with a lihe

through  the median dimension of

forward keys
P. Let R be the set of records from the

to other peers
: . Y one side of and onl, and letP, be the
send message tp | other peers set of records from the other sidel.of
destination whether data I u 13. T,< median of d
is found or not found [l o 14 i <i
A SR
oy I"-, I/ H" 15. J2€|
v - 16. V enlabel V.label+0’
enc 17. Vgnlabelk V.label+'1’
18. Vet € BUILDKDTREE (P4, Tspj1, N)
Figure 3. Lookup operation for a query 19. Vign$&BUILDKDTREE (P, Tspj2, 1)
20. V.eftTree& Ve
21. V.rightTree€ Vg
5. Development of MIDHT Do retLr

To develop MIDHT, DHT is enhanced to multi- .
dimensional keys-based and data with multi2-2- Distributing Datafrom Kd-treeto Peers
dimensional keys are distributed over network. And
then KeyGeneratoris implemented to be used in
query processing.

After partitioning data on kd-tree, multi-
dimensional keys of data are being generated Chord
[14] is used as a DHT-based overlay network which i
a ring-shaped overlay. In Chord, IDs are assigieed t
both data and peers. Based on the IDs, Chord’s
algorithm determines which peers are going to be

Kd-tree [1] is used to convert keys of DHT fromresponsmIIeDf(;r which datg. ;ZhordTlrJ]sez SHA]“OI d
one dimension to multi dimensions. In kd-tree, generate or peer and data. The data IS place

record is represented by k-dimensional key. Firstl where data ID is closest to the peer ID (i.e., iate-

o BbeerID). To get peerlD, peer’s IP is hashed and f
the whole dataset needs to be partitioned overdel-t datalD. kev of data is hashed
Kd-tree can be imbalanced according to the value §f » KEY '
splitting threshold, 3 To build an optimal kd-tree,
Tsp is important to be optimal. For the purpose o
constructing kd-tree to be optimalsplis defined to be . . .
optimal at “200”. For defining the value ofsd . Befqre starting  searching  process, ~multi-
evaluation steps are described in details at [1 .|menS|onaI data keys are generated for a requested
Before staring kd-tree construction, each dimension omplex query as _sh(_)wn n Figure KeyGenerator
the whole dataset is converted into range [0, 1§e_nerates the multi-dimensional keys for request by
When each dimension has converted, kd-tree can H&N9 Tr.
constructed. In this section, an optimal kd-trebugt
using Algorithm 1. After constructing kd-tree thalth
points generated while building tree stored in Tree
Info File (T;z) and which is stored in each peer.

Algorithm 1: BuildKdTree (P, Tpi n)
Input: dataset ‘P’ with numeric dimensions,{d
dy, ..d}, Tse initialized with  “200%, i

5.1.Converting Keys of DHT from One
Dimension to Multi Dimensions

p-3. KeyGenerator for Query Processing




11 i€<i+l

12. whileall LTree.V.boundary T do

13. spli€-median of ¢

complex query 14. L <lower bound of d
v 15. u)éupper_ bound ofd
Tr > KevG 16.  d<|ly, _spllt]
eyGeneratc 17. &< [split, u]
v 18. D¢D
end 19. D,<D
20. Dp.d<d;
Figure 4. Key generation for requested query 21. D.d<d,
22. <
Algorithm 2: KeyGenerato Q, D, T, i, n) 23. p<i
Input: Q: request query with multi dimensions 24.  Vig.label V.label+'0’
and range, D: set of boundary for 25.  Vign.labek V.label+'1’
dimension {d...d} used in the system, 26. Vi< BuildLocalTree (D1, E, j1, n)
T set of half point boundary of nodes 27. Vg€ BuildLocalTree (D2, F, j2, n)
in kd-tree for the whole dataset, i: 28. \VleftTree& Vi
dimension flag, n: number of dimensions 29. VrightTree& Vign
used in the system 30. return LTree
Output : KeySet: keys for search query Algorithm 3 generates a local tree LTree with root
1. DQ{d;,d,,..d\} € dimensions of Q V. LTree is a kd-tree which is starting to buildthwi
2.for i=1tondo each dimension in the range [0, 1]. Building ofdbc
3. X&DQ(d) tree is stopped when all the boundary of the leaves
n including in the range of the half points in TIF.
4, d(X)= X f(xk) Finally, KeyGenerator then starts to search after
k=1 constructing LTree. This is done by using the
5 nyx)= d(x% algorithm Search (SQ, V) shown in Algorithm 4. In
10M this algorithm, SQ is the searched query and \hés t
6 DQ (@ € nv(X) root of LTree generated from the previous steghis
7. i< i+l algorithm, search query, SQ, where each dimension i
8. SQ&DQ SQ is in range [0, 1]. Firstly Search algorithm cte
9. BuildLocalTree (D, E, i, n) the leaf nodes of LTree where the point of SQ is
10. Search (SQVY) covered. KeyGenerator returns the set of leaveldabe

KeyGeneratomlgorithm as shown in Algorithm 2 whose boundary can cover SQ as the keys for the
requires the parameters Qg T and n, where Q is the requested complex query.
complex query, D is the set of dimensions usedhén t
system, T is the list of half points generated from kd- Algorithm 4: Search (SQY)
tree, i is the flag for the dimension (last dimemsi Input :SQ:query for searching whel

when kd-tree is constructed based on it), andthes dimensions of SQ in numeric form in
number of dimensions used in the system. Firstly, range [0, 1]V: node of LTree
KeyGenerator converts dimensions of the inputOutput: KeySet: all data keys for SQ

complex query into range [0, 1] respectively. Ahdrn 1.if V=0 then

it builds the local tree using BuildLocalTree (DFT 2. V €& LTree.root

. elseif Visa leafthen
if SQc V.boundarythen
KeySe€V.label

i, n) shown in Algorithm 3.

3

4

Algorithm 3: BuildLocalTree (D, F, i, n) 5.
Input: D, T i, n 6. ese

7

8

9

1

Output: LTree with rootV: a kd-tree for all leavese LTreedo

1.if all LTreeV.boundarye T then \ELtree.leaf
2. return LTree . Search (SQ@)
3. else 0. return KeySet
4. ifi>nthen
5. €1 6. Experimental Setup of MIDHT
6. elseif i<lthen
7. €1 » For the purpose of performance evaluation, the
8. LTree/ labek- ‘# experimental results have been obtained by
?0 g, LTree/.boundary&D implementing MIDHT using PlanetSim simulator [6].
‘ e




Run times are reported as obtained on a Pentium (Rjn query andQ5 is max query
Dual-Core (2.00 GHz and 2GB) under Windows XP
6.1.1. Lookup Performance of Complex Queries
In this paper, both real dataset and synthetic

SP2 running Sun Java v.1.6.

dataset are used in the experimentdorth-East
datasets [11] an®BLP dataset [3] are usedNorth-

In

(points). ForDBLP dataset, pre-processing steps ar
required to make it ready to be used. The essent

these experiments,
conductedQ1 is raised with four shown as follows-

East dataset contains 123, 593 postal address Q1L: Retrieve the paper published by author

one DHT-lookup

name with “Steve Tappel” title is “Some
Algorithm Design Methods.” published

steps are data parsing and data cleaning. Dasagar
parses publication records XML data format in each
category such aarticle, inproceeding proceedings
book incollection phdthesis masterthesisandwww;

Data cleaning detects and eliminates the irreleva . . ' ’
records. In tr?is paper, DBLP is uses with 700, 00 ublished year.Q2 is with four attributes (author

inproceeding records. The statistics of kd-tre&@M€: Paper title, book tite, and published ym'd

copnstructiongis shown in Table 1. Simulation stips one range (year between 1998 and 2002). It is shown

creating Chord network in shown in Table 2. as follows-

Q2: Retrieve the paper published by author
name with “Tetsuro Katayama” title is

in book “AAAI", and published in year
1980

This is four dimensional query using four
ﬁ\{tributes: author name, paper title, book titlad a

Table 1. Simulation resultsfor kd-tree

K d-tree Construction “Generating a device driver with a
DBLP- Time Tree  Number of Data formal specification language” published
Dataset Size . « . .,
(se0) Depth Keys in book “Applied Informatics”, and
200 000 34.031 27 5550 published in year between 1998 and
' ' 2002.

In this experiment, a query is used with one

Table 2 Simulation results for attribute (author name) to find all papers relatsgtth

building Chord

Network K I nserti . ; .
Simulation Cre\gt?gn (5%0 ker,}sg 1ons this attribute shown i@3 as follows-
Parameters . .
(network Sm__ Time Sm Time Q3: Retrieve the papers published by author
size) Seps  [seq] Seps [sec] name with “Matteo Carocci”.
1000 3448| 13.954| 14644 58.079 In this experiment,Q4 is to retrieve papers
published in minimum year an@5 is to retrieve

papers in maximum year. In this multi-dimensional
key-based indexing system, the minimum value is
with the key “#000....000” and the maximum is with
the key “#111...111". Therefore, for this query, when
MIDHT is evaluated using various types ofthe local tree has been buieyGeneratorgenerates
complex query to show that it can provide theéhe keys “#000...000" for min query and
complex query over DHT-based P2P system. DBLRB#111...111" for max query.
dataset with 700, 000 inproceeding records is use Q4: Retrieve papers published in minimum year

Network size or number of peers in the network i Q5: Retrieve papers published in maximum year
1000. MIDHT is measured using several metric

explored such as the number of lookup hops, lookup For each query, the statistics are shown in Table 3
message overhead, bandwidth, and latencin each experiment, the hop count, message overhead
Communication over a computer network has theesponse time or latency and bandwidth consumption
characteristics relating to the overlay networlare recorded.

structure. Therefore, MIDHT is implemented in Table 3. Satisticsfor lookup performance under
simulation environment and therefore the statidtics types of complex query

6.1. System Performance under Types of
Complex Query

metric are assumed to get the nearest resultsain [r@uery | Hop Msg. Latency | Bandwidth
world test-bed [7]. Types | Count (l)Jver head | (sec) (bits/sec)
For the experiments ynder various types [of; 8 ( yt$)464 0015 247466.66
complex query, MIDHT mainly focuses on the totaly, 4 232 0.016 116000.
number of lookup hop to be less than or within @y (I| 03 6 348 1.922 1448.49
N) which is the maximum lookup hop in original DHT Q4 9 522 0.015 278.4
whereN is the number of peers in network. O] 9 522 0.016 261

For the purpose of evaluating the performance of The results in Table3 indicate that MIDHT can
complex queriesQ1l is assumed thanulti-attributes  handle complex query with the hop count less than O

query, Q2 is range query Q3 is cover query Q4 is (log N). The results in Table 4 are the average



statistics for 30 DHT-lookups. The query is randpml distinct data keys. It divided the whole dataseb in
conducted in 30 times and search for differerfive smaller datasets with 50, 000 data keys €&bh.

inproceeding records. In these experimef$, Q2,

experiments are conducted against all the five Ismal

andQ3 are composed with different attributes at eacatasets and the average performance is reported.
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Table 4. Average statistics for 30 DHT-lookups <
Query | Hop Msg. Latency Bandwidth
Types | Count Overhead | (sec) (bits/sec) =
(bytes) &
Q1 7.93 460.14 0.007 16732.12
Q2 7 406 0.006 18774.56
Q3 6.13 355.73 6.51 918.7p
Q4 9 522 0.015 278.4
Q5 9 522 0.016 261

As shown in Table 4, the evaluation metrics are

Figure 5. Comparisonsof MIDHT and m-Light in

range query performance

recorded as average. These average results for 3 :
times DHT-lookups are almost as much the results of|

one DHT-lookup. According to the Table 3 and Table
4, it is found that the lookup hop is less thaa th
maximum hop count of original Chord (O (1bf).

6.1.2. Lookup Performance under
Network Size

Increasing
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Figure 6. Comparisonsof MIDHT and LIGHT in

In this experiment, DHT-lookup is conducted
30 times. The quer@l, Q2, and Q3 are randomly
generated and average hop count is recorded undé
varying network size (number of peers in network).

Table 5. Hop count of lookup under varying

network size
Query | Network | Network | Network | Network
Types | Size-256 | Size-512 | Size-1024 | Size-2048
Q1 5.73 6.87 6.7 7.43
Q2 6.2 6.53 7.4 7.9
Q3 5.23 6 6.4 7

As shown in Table5, network size is varied fro
256 to 2048. In this experimer@4 and Q5 are not
considered as they have no impact of increasi
network size. According to the results in Tablat5,
can be found that the average hop of MIDHT is le
than Chord.

range query perfor mance

Figure 5 shows the bandwidth consumption of

"™MiD

pes of complex query over DHT-based P2P system.

|DHT compared with m-Light under varying range
span. While in Figure 6, MIDHT is compared with
LIGHT under varying range span. The experimental
results in these figures indicate that MIDHT saves
75% in number of DHT-lookups than m-Light and
14% saves in number of DHT-lookups than LIGHT.

7. Conclusion

According to the results in all of the experiments,
HT can be considered that it can handle various

uses total number of lookup hops always less tha

Q (log N). Moreover, MIDHT can outperform m-
Light and LIGHT in range query performance.

However, it still needs to handle KNN query whish i

6.2 System Analysis

a type of complex query.

The performance of MIDHT is analysed andReferences
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