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0 30 Mill: An Information Management and
Retrieval Method Considering Geographical

Location on Ubiquitous Environment

abstract

To leverage location-related information is use-
ful to get an in-depth perspective on environmen-
tal circumstances, traffic situations and/or other
problems. To handle the large number of infor-
mation and queries communication devices issue,
some scalable mechanism must be required. In
this paper, we propose a peer-to-peer network
system called “Mill” which can efficiently han-
dle information related to the geographical loca-
tion. To simplify the management of the location
related information, we convert two dimensional
coordinates into one dimensional circumference.
Using this technique, Mill can search information
by O(log N). Some DHT networks achieve the
same performance. However, DHT's support only
exact match lookups. The exact match is not
suitable for searching information of a particular
region. Mill provides an effective region search,
by which users can search flexibly location-related

information from small regions to large regions.

3.1 Introduction

Today’s mobile devices such as cars, PDAs, sen-
sors, and other devices become powerful. In addi-
tion, these devices have connectivity to the Inter-
net and equip positioning devices such as GPS
Sensors.

If we use a large number of information these
devices provide, we can obtain detailed and real
time information. Gathering information based
on geographical location can be effective for judg-

ing traffic situation, weather condition, and other
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circumstances. For example, if we gather rain-
fall information based on geographical location
throughout a city, we know where rain clouds are
exactly. This information is useful to the peo-
ple riding a bike, climbing a mountain, and doing
other things. However, if we can not immediately
obtain this information, the value of information
will be lost. Therefore, to immediately obtain
some suitable information based on geographi-
cal location, a management mechanism which can
handle a large number of mobile devices should
be required.

Japan Automobile Research Institute
(JARI)[143] experimented with IPcars (taxi;
has some sensors and connectivity to the
Internet). This experiment showed that gathered
information from mobile devices is useful to create
detailed weather information. In this experiment,
a client-server approach was adopted. In the near
future, it will be expected that ubiquitous com-
puting environment come out and the number of
queries for location-related information will much
increase. Then servers will be much overloaded.

To decentralize information and queries, peer
to peer (P2P) networks are widely studied. Espe-
cially, P2P network with distributed hash table
(DHT) are proposed in many studies[236, 266,
268]. DHTSs are scalable to the number of mobile
devices and are effectively adapted for entry and
separation of nodes. However, there is serious
defect. DHTs support only exact match lookups
because of adopting a hash function. If we deal
with location-related information, exact match
will be disturbance. Regardless of geographical
distance, all information is assigned absolutely
different ID by a hash function. Although some
information is geographically close, assigned IDs
are not relevant.

Therefore, the exact match mechanism is not
suitable for searching a particular region.

There are several P2P networks considering
location of information. However, these P2P net-
works have some defects in dealing with location-

related information. LL-net[153] is location based



P2P network. This P2P network defines an area
as a square region divided by latitude and longi-
tude. LL-net is optimized for context-aware ser-
vice, and this P2P network is efficient to find
where node is and what services node has. LL-net
has two kinds of special nodes (super peer and
rendezvous peer). Management cost increases,
because of these special nodes. Besides, LL-net
can not deal with attribute of time and can
not gather location-related information such as
temperature, speed and other values of sensors,
because LL-net manages not location of informa-
tion but location of nodes.

In this paper, we propose a new approach
which can handle information in terms of loca-
tion. To simplify the management of the loca-
tion related information, we convert two dimen-
sional coordinates into one dimensional circum-
ference. Using this technique, our P2P network
named Mill, which can flexibly search arbitrary
region for information. Mill has a good perfor-
mance as well as DHTs. Mill can search infor-
mation by O(log N) and answer queries in mobile
environment and does not require a special node
(e.g. central server). In addition, Mill can flexibly
search location-related information from a small
region to large region. Mill does not adopt a hash
function. The strategy of creating ID is quite dif-
ferent from DHTs. Mill can search consecutive
IDs at one time. Therefore, Mill reduces the num-
ber of queries for a region search.

The rest of this paper is structured as follows.
Section 3.2 presents the mechanism of Mill and
explains several of its properties. Section 3.3
shows Mill’'s performance through simulations.
Finally, we summarize our contribution in Sec-

tion 3.4.

3.2 Mill: A new geographical-based peer-to-

peer network

This section describes the mechanism of our
P2P network called “Mill”. Mill has several proto-
cols, which are join and leave, maintenance over-

lay network, store and search, optimization of
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queries on searching several regions, maintenance
of routing tables, and other protocols. Due to the
space limitation, we explain mapping, searching,

and storing protocols.

3.2.1 Overview

The architecture of Mill is similar to the DHTs.
As Figure 3.1 shows, Mill has hierarchy struc-
ture. If an application stores or searches location-
related information, the application just specifies
the latitude (y) and longitude (x). The 2D-1D
mapping layer converts x and y into key-ID. This
layer corresponds to a hash function of DHTs.
The lookup layer searches a particular node based
on this key-ID. In case that there are N nodes,

a query can be resolved via O(log N) messages.

— Z-ardering —
I Application I
this layer creates ID
“region search” PUt(X, y) Get(x, y)

I 2D « 1D Mapping I

T
Put(kele)l Get(eyiD) | data
i

I Lookup Service I

-- skip-list -

T

this layer provides Get(keylD, IF) i

laokup service
“scalability”

“fast search”

Put| (keylD, IP)

Fig. 3.1. architecture

3.2.2 2D-1D mapping

Mill divides two dimensional space into a grid
cell by latitude and longitude. A grid cell is
a small square region. If Mill expresses the sur-
face of the earth as 64 bits, a size of grid cell is
equals to milli-meter order. As Figure 3.2 shows,
suppose that each cell is assigned a 4 bit identi-
fier. Mill manages these IDs as one dimensional
circular IDs, and each Mill node is responsible for
a part of circular IDs. The number of ID is cre-
ated by alternating x-bit and y-bit. This method
is called “Z-ordering”.

Each node has a responsibility to handle a part
of the circular ID space, which is from own ID to
next node’s ID. As Figure 3.2 shows, No.3 node
has responsibility to manage information related

with the area (ID: 3, 4, 5).
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Fig. 3.2. 2D-1D mapping method

3.2.3 Searching and storing protocol

Mill use a skip-list algorithm. This algorithm
is also used by Chord[266]. Each node manages
a routing table related with power of two hops
away nodes as like 1, 2, 4, 8, 16 hops away node.
First, if a node gets information, the node records
the ID of the location where the information is
got. This ID is created by Z-ordering. Second,
this node sends the ID and own IP-address to
the closest node on the routing table. And the
closest node search own routing table to find next
hop. Sending the message repeatedly, a particular
node which has responsibility for the ID receives
this message. This node manages the ID with the
[P-address.

Figure 3.3 shows a searching example. If node
(ID: 18) wants to get information related with
ID 34, node (ID: 18) sends the query to node
(ID: 31). And node (ID: 31) passes the query
to node (ID: 33). Finally, from node (ID: 33),
node (ID: 18) gets an IP-address of node having
responsibility for ID 34.

the routing table of the node (Node-ID: 18)

hops Node-ID IP-address 16
1 20 fe80::6 17
2 21 fe80:7

18
4 25 fe80::8
8 31 fe80::9

Fig. 3.3. skip-list search
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range search

Fig. 3.4. region search

Figure 3.4 shows the effectiveness of the region
search of Mill. If node (ID: 14) searches informa-
tion related with ID 8, 9, 10, 11, nodes (ID: 6,
9) receive the search query. And nodes (ID: 6,
9) send the information related with ID 8-11 to
the node (ID: 14). The important thing is that
any size of square region divided by power-of-4
areas has sequential IDs. By this feature, Mill

can reduce the number of search queries.

3.3 Evaluation

In this section, we evaluate the performance of
Mill. We have made a simulator to evaluate Mill.

Table 3.1 shows the simulation environment.

Table 3.1. simulation environment

CPU Pentium4 2.4 GHz
Memory 1GB
OS WindowsXP SP2
programing language | Java 2 SDK verl.4.2

10 — 2,560
224 (4,096 x 4,096)
random walk

the number of node
ID-space
transfer method

3.3.1 Application example

We make a sample application on the simulator.
This application creates the weather information.
In this application 100 nodes are moving around,
sensing temperature. Every node communicates
with some other nodes and creates Mill network.
Figure 3.5 shows a snapshot of this application.
Small circles represent mobile nodes and dots do
information of temperature. First, users deter-
mine a target region and click the bottom related
with the target region. Second, users get infor-

mation on the target region. The temperature
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information is plotted on the target region as dots.

After we search several region, we can see

atmospheric temperature profile.

3.3.2 Path length

We define the path length as the number of

nodes relaying a search query. As Figure

shows, if a searching method is skip-list search,
the path length is O(log N) and if a searching

method is clockwise liner search, the path length

is O(N).

search mechanism. However, as the number of
the hierarchical layers becomes larger, the manage-
ment cost increases. If one of the layers consists
of very small areas, user can search very a small
region. On the contrary, as the number of ren-
dezvous peers increases, the super peer should
3.6 manage a large number of rendezvous peers.

The path length of DHTs and LL-net are
directly affected by the size of ID space. One of

the Mill’s advantages is that the performance of

Mill is not related with the size of ID space.

LL-net has hierarchical ID spaces to improve
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3.3.3 Management cost

There are two types of message on Mill net-
work. One is join-leave message. This message is
sent if a node joins or leaves Mill network. The
other is keep-alive message. A node sends this
message to recognize a link status of other nodes.
We evaluate the number of processed messages
per node. As Figure 3.7 shows, if a searching
method is clockwise liner search, the number of
processed messages becomes larger as the num-
ber of nodes increases. On the contrary, if using
a skip-list search, the number of processed mes-
sages is almost O(log V).

In the Mill network, the order of search cost and

maintenance cost is log N. In DHT networks, the
order of these costs is also log N. O(log N) is effec-
tive for the increasing number of nodes, and Mill
and DHTs are scalable to the number of nodes. In
the LL-net network, information of every area is
centrally managed by the super peer. Therefore,
it seems not to be a scaleable to the number of

nodes.

3.3.4 Robustness

We evaluate the robustness of Mill network. It
is important to work Mill network even if link sta-
tus of nodes is continuously changing. We define

the normal condition of Mill network as that every
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Fig. 3.8. disconnected vs recovery
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node appropriately handles ID-space and circular
ID-space is not divided anywhere. If Mill network
works well, each node can put and get informa-
tion. In this simulation experiment, a particu-
lar percent of nodes is forced to be disconnected
at once. Alive nodes try to recover Mill network
to find other nodes by adopting a routing table.
As Figure 3.8 shows, Mill network can recover
itself perfectly (100%) until disconnected rate is
about 15%. Each routing table has information
of neighbor and distant nodes, and Mill network
can recover itself by this routing table even if sev-

eral nodes become disconnected at once.

3.4 Concluding remarks

In the ubiquitous computing environment, com-
munication devices can provide information any-
where and anytime. Therefore, information
should be shared among communication devices
based on geographical location. Mill enables com-
munication devices to share information based
on geographical location. In an N-node net-
work, Mill can search information by O(log N)
and each node maintains routing information for
about O(log V) other nodes. Mill can recover the
overlay network, even if 15% nodes become dis-
connected at the same time. In addition, Mill
does not adopt any flooding methods, therefore
Mill can reduce the number of search queries com-
pared with other P2P adopting flooding mech-
anism. Mill can search consecutive IDs at one
time by 2D-1D mapping mechanism. Mill can also
support effective region search and users flexibly

search information from a small region to a large

region.
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