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Location-based Content Search Approach in Hybrid Delay

Tolerant Networks

Abstract

In Delay Tolerant Networks (DTNs), the offline users can, through
the encountering nodes, use the specific peer-to-peer message routing
approach to deliver messages to the destination. Thus, it solves the
problem that users have the demands to deliver messages while they are
temporarily not able to connect to Internet. Therefore, by the
characteristics of DTNs, people who are not online can still query some
location based information, with the help of users using the same service
in the nearby area.

In this thesis, we proposed a Location-based content search approach.
Based on the concept of three-tier area and hybrid node types, we
presented four strategies to solve the query problem. They are Data
Replication, Query Replication, Data Reply and Data synchronization
strategies. Especially in message transferring, we proposed a Message
Queue Selection algorithm. We set the priority concept to every message
such that the most important one could be sent first. In this way, it can
increase the query success ratio and reduce the query delay time. Finally,
we evaluated our approach, and compared with other routing schemes.
The simulation results showed that our proposed approach had better
query efficiency and shorter delay.

Keywords: Delay Tolerant Networks, Location-based, Content,

Query, Routing protocol
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CHAPTER 1

Introduction

1.1 Background

Since the Android phone, iPhone, iPad appeared, smartphone and tablet are
explosive growth [24]. In the past, user used to take the laptop to go anywhere. Now,
almost everyone has smartphone. And after Apple Inc. announced iPad, it set off a
buying spree. This phenomenon subverts the traditional user behavior, so someone
[25] called the “Post-PC era” coming. Therefore, mobile correlation technique
becomes the hot issues in these years.

The mobile network technology is approaching maturity, now. Such as
3G(UMTS, CDMA2000), 3.5G(HSDPA) or 3.9G(WiMax). And they already have
commercial products. So people can use their mobile device playing Facebook or
searching some information about their location. Although the usability of the mobile
network is well, it may not be used in some scenarios. (1) No network coverage:
People in some position they can’t receive the network signal, or (2) Too many users:
if there are too many use the same service in the same area, it will cause serious
network congestion, even the network will be interrupt, or (3) Infrastructure broken: if

the base station of the cellular network or the Wi-Fi access point doesn’t work, users



can not connect to the Internet, or even (4) the user never use the mobile network, etc.
Both of these scenarios are parts of the disconnect reasons. Despite the user can’t
connect to the Internet. If user still wants to send message to someone or search some
local information, there is a technique which could achieve user’s requirement, Delay
Tolerant Networks.

Delay Tolerant Networks is an intermittently connective network [1], all nodes
are lacking of continue connectivity [2]. This is used in some place, just like
Battlefield [7], Outer space [8], disaster or emergency environment [9] [10], etc.
Node-to-Node transfer message is that main feature. However, node sends message to
the destination by encounter nodes, it will spend much time on delivery. But, if you
want to send the message out, in DTN, it is possible to deliver message in spite of the

high transmission time. And we will discuss the related research in Section 2.

1.2 Motivation

As we in an area, we want to search some information about that area, but, we
cannot connect to Internet. So what can we do? In DTNs, there are two ways to do.
First, ask the encounter node for the information. If it doesn’t have, we can ask it for
help to spread the searching message. This action could increase the searching success
probability.

We can see Figure 1. At the time t1, Node A wants to search information in this
area, but it can’t connect to the Internet. Thus, Node A asks its encounter node B for
information. But Node B doesn’t have the information which Node A required. Then
Node B helps Node A for searching information. At the time t2, Node B encounters
Node C, and Node C can connect to the Internet. So Node B asks Node C for the

information, Node C can search in the remote server, and then at time t3, Node C
2



replies the information which Node B required. Finally, at the time t4, Node A
receives the searching information from Node B.
This is a simple scenario we discuss above. In the reality network, it isn’t easy to

search information. We have to overcome some issues, and we will discuss it in the

next section.
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Figure 1: Problem scenario

1.3 Objective

Our objective is user in an area could get the information in a shortest time. In
order to achieve this purpose, we assume all nodes in the network are collaborative
and some nodes can connect to the Internet. The collaborative means all nodes are

willing to store other messages into their storage and help other nodes to delivery
3



messages. And we don’t consider the incentive issue. Thus, there are some challenge

issues we have to discuss, and we divided three parts of these, then described below:

1.3.1 Replication issues

(1) Data Replication: Something unique data usually stored in a place or in
a node, if we want to get this data, it is difficult to query it. Due to we don’t
know where it is, we have to node-to-node ask for the data. It would spend much
time to search data, and it would have high probability of searching failure. So, if
the data could spread around the network, it would increase the searching
success probability. But, if the data is unrestricted spread, it will cause the higher
overhead, like Epidemic. So we have to investigate how to replicate the data, and
how to decide the data transfer. We will describe in Section 3.1.

(2) Query Replication: Like the Data Replication issue. We want to search
some data, and we have to send query message to get the data. If we have just
one query copy, it is difficult to get. So, if we can ask the other node for help, it
can increase the query success probability. But, we cannot unlimited spread the
query messages and we have to investigate a suitable rule to replicate it. We will

describe in Section 3.2.

1.3.2 Data Reply issue

When the query message looked up the data we want, the replier has to
reply the data back to the querier. But, in the network, every node will move, we
can’t return the data from the original path. So we have to find the other way to
transfer the data. Therefore, we will investigate how the replier response the data
to the querier, and this is the most important issue in the thesis. Then, the detail

rule we will describe in Section 3.3.



1.3.3 Data Synchronize issue

This is an independent issue in the thesis. Every node can create new data.
If node can’t connect to the remote database server, it just can share the data by
the encounter node. If we would like to share this data with every node, we have
to sync this data to the remote server. Thus, every node which can connect to the
Internet in the network can query this data. Therefore, if we can’t connect to the
Internet, we have to ask the node who can connect to for help to sync the data.

The detail will be described in Section 3.4.

1.4 Organization

The rest of this thesis is organized as follows. Chapter 2 introduces related works
in common DTN routing protocol and the Query-based DTN routing protocol. In
Chapter 3, we present our searching rule, location-based content search approach. In
Chapter 4, we present the simulation results. The final, Chapter 5, we concludes this

work and discuss the future work of this thesis.



CHAPTER 2

Related Work

In such a variety of DTN routing researches, we focus on query-based routing
schemes. And we divided the routing protocol into two parts, Common DTN routing
protocol and Query-based DTN routing protocol, the former, we will introduce some
common routing approaches, like Epidemic, Spray and Wait etc., and the latter, we
will discuss the approaches which are related to our work. Then, the routing protocol

will be discussed below.

2.1 Common DTN routing protocol

We can divide into two kinds of routing protocol: Flooding-based routing and

Forwarding-based routing.

2.1.1 Flooding-based routing schemes

Flooding-based means node will have a number of the message copies [15], and
it will send this copies to all the encounter nodes. We introduce some approaches
below. (1) The basic approach, Epidemic [3], whatever nodes encountered, it will

send all the messages it have to encounter nodes. It doesn’t have any selection rule,



just sending until the connection dropped. This approach could get high performance
about message delivery success ratio and delivery latency, because a message will be
replicated to many nodes, it has high opportunity to send to the destination. But, it
will make high overhead, because there are too many redundant messages, and if
nodes don’t have enough buffer size, it will overflow quickly. In order to overcome
this defect, (2) Spyropoulos et al. proposed Spray and Wait approach [4], they limit
the messages replication to Z copies, and there are two phase: Spray phase and Wait
phase. In Spray phase, when source node encounters another Node B, it will give half
copies to Node B to spread these copies. And the other nodes do the same rule, until
nodes just have one copy, then they turn to wait phase. In wait phase, all the nodes
which have the message copy couldn’t send the copy to another node only if they
encounter the destination node. This approach will greatly reduce the transmission
overhead, but, it just uses the limitation copies, so the message delivery ratio will be
not good as Epidemic. In order to improve this defect, (3) the same authors propose
an enhance scheme [5]. They change the wait phase [4] where are routed using direct
transmission, they let the waiting nodes have the opportunity to send the message out.
It records every encounter timers, and the timer related a utility value, then use this
value to decide whether delivery or not. This rule will keep the low overhead, and
enhance the message delivery ratio. There are some approaches [6][12][16] use the
history information to predict the delivery probability and decide the transmission. (4)
PROPHET is the representative of this kind of routing approach. Every node has to
maintain a delivery predictability table, and every encounter they calculate new
prediction value. When nodes encountered, they compare their prediction value, then
delivery messages to node have highest prediction value. It gets higher delivery rate
than Epidemic, but, because of it spends more time to calculate the prediction value

and maintain the predictability table, its delivery latency doesn’t well enough.
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2.1.2 Forwarding-based routing schemes

Forwarding-based routing protocols in the network, a message just have one
copy [15], and then use different approaches to forward the copy to destination. We
introduce some kinds of these schemes, (1) Location-based Routing [17]: it uses GPS
to locate nodes position, through different distance algorithm to predict the probability
of the message forward to the destination. When nodes encountered, they will
compare which one has the highest probability to get to the destination position, then
carry it to forward. (2) Gradient Routing: this approach give every node a weighted
value, and it represents whether this node suitable for sending message to receiver or
not. Different approaches have different way to calculate weighted value. ZebraNet
[19] uses history of nodes tracking to get the weighted value, then determine message
deliver. In [18], they use social network concept to classify their network node like

bubbles, and use the ranking value to decide the messages to.

2.2 Query-based DTN routing protocol

In the past research, many papers [3-6, 15-20] focus on how to send data from
source node to destination node, and it doesn’t matter the message response problem.
It is the one way transmission protocol. If a node sends a request to destination node,
it wouldn’t know the message being delivered or not. Therefore, one way
transmission is not enough, we have to consider how to response the message that we
can look up some information. Several works focus on query in DTNs [11-14, 22], in
these papers, not only nodes send request to the message owner, but the owners have
to send the response message back. The challenge is all nodes are moving and we

don’t know where they going, so asker is difficult to get the answer. We introduce four
8



works about this kind of request and response pattern research. Then, it describes

below:

2.2.1 Locus: A Location-based Data Overlay for Disruption-tolerant

Networks [11]

This research proposed a query mechanism, and use three-tier location area
concept (see in Figure 2.a). Let users could look up the relevant information
according to its position. Every data object will be given a utility value, and this value
will vary with the distance between the creation position of data object and the
position of the node which carry this data. Figure 2.b shows the changing of the utility
value. If data object near its creation location, the utility of that data object will be
high. When nodes encountered, they will change their data objects. Before changing
objects, node sorts their data objects by utility value. And the data objects with the
higher utility value will be sent first. It is because these data objects were created near
here. And this rule would let the data objects be centered on its home area, then, users
could query data quickly. But it just use the distance between node and home area, if a
node will go out this area, but it is near the home area, encounter node still send data
objects to it, then, the transmission is waste. And Locus doesn’t propose an
information reply approach, it just uses the multi-copy routing [4][15] to reply data

objects.
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Figure 2: Locus approach [11]

2.2.2 Performance Evaluations of Data-centric Information Retrieval

Schemes for DTNs [12]

This research proposed a complete approach of data search steps, it includes
Data copy, Query copy and Data reply. The main contribute of the research is they use
Friendliness Metric (FM, it is the average number of nodes it encounters during an
observation window) to decide the data delivery. In Data copy, they propose K-copy
replicate scheme, like the spray phrase of Spray and Wait routing. When Node A
encountered Node B, Node A will compare the FM value with Node B, If Node B’s
value greater than Node A’s, it indicates Node B will encounter more nodes, and Node
A gives a data copy of the K copies to Node B. Then, Node A follows this rule to send
copies until it has only one copy. This is the data spreading rule. In Query copy, they
propose two schemes, WSS (W-copy selective query spraying) and LNS (L-hop
neighborhood query spraying). In WSS, every query have w number copies, when
nodes encountered, they compare the FM value first, which one have the highest

value, the other node gave half query copies to it, and then keep spreading until w = 1.
10




In LNS, it is single-copy scheme, they use L hops to limit to query spread. The
scheme doesn’t compare the FM value. When Node A encountered Node B, Node A
asks Node B for query data first, if not, Node A sends the only one query to Node B,
then the L hops decreased once. Until L hops is 0, it doesn’t spread anymore. In Reply
Data, this approach [12] just use the PROPHET [6] routing scheme to reply data to
Querier. This research assumes the node moving in a fixd moving pattern, so nodes
could get the accurate FM value. If nodes move in an unpredictable path, the FM

value might be inaccurate.

2.2.3 Cooperative File Sharing in Hybrid Deelay Tolerant Networks [13]

This paper introduces a Hybrid DTN routing scheme in file sharing. In DTNs,
some nodes can use Wi-Fi, 3G, etc. connects to the Internet, and some nodes can’t
access Internet. Every data will be divided into many fragments. And every fragment
has a metadata to descript. Then these metadata will be spread out the network. When
user wants to query a data, it has to find all the metadata of the data to download all
the fragments. Like BitTorrent [23] shares rule. But, if one fragment misses, node

couldn’t return to the original data.

| Metadata
Server

File
Source

Figure 3: Hybrid DTN example [13]
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2.2.4 Searching for Content in Mobile DTNs [14]

This research focuses on query how to forward and how many queries are
replicated. They propose an estimation rule to avoid the query replicates too much.
When Node A encountered Node B, Node A will estimate the query had been
replicated numbers first. The estimate value is calculated by query hop count and
network nodes, then, Node A could get a Utility value (u,s.), if it greater than a
threshold T, Node A could send the query to Node B. If not, Node A couldn’t.
Therefore, if this approach can estimate the query replication number accurately, it
will greatly decrease transmission overhead and look up data efficiently. But, they just
use common multi-copy routing schemes to reply data. And the simulation result, they
don’t have compare with other approaches, so we can’t know how this research

performed.

12



CHAPTER 3

Location-Based Content Search Approach

We proposed Location-Based Content Search Approach (LCS) in hybrid DTN to
solve the query problem in case of disruptive Internet connection. In our research
scenario, all nodes in the network are divided into two types, (1) Online-node and (2)
Offline-node. Online-node can connect to the internet to access the remote server, and
Offline-node cannot connect to that. All nodes have own database and it includes four
tables (see Figure 4), (a) Data Message Table ~ (b) Encounter Nodes Table ~ (c) Query
Message Table and (d) Reply Message Table. Then we describe below:

(a) Data_table: This table is in charge of the data message storing which is
created from node self or received from the other nodes. Datald is the data message
unique id, UID is the node id who created this data message, Time is the message
creation time or replication time, Data is this message’s content, Sync is whether this
message synchronized to the remote server or not. The detail will be described in
Section 3.1.

(b) ENs_table: This table is responsible for recording encounter node. UID is the
node id of the encounter node, Time is the encounter time, Longitude and Latitude is
the encounter location.

(c) Query_table: This table is in charge of the query message storing, if node is

13



Online-node, all query messages are received from other Offline-node. Qryld is the
query message unique id, Time is this message creation time or replication time,
QryMsg is the content, isQueried is whether this message queried data or not. The
detail will be described in Section 3.2.

(d) Reply_table: this table is in charge of the reply message storing which is
created from the node that received query message and had match data. Repld is the
unique id of this message, Time is this message creation time or replication time, Data
is the reply data content, DesUID is the unique id of the destination node. The detail

will be described in Section 3.3.

Data_table ENs_table
uID INT -
Time DATETIME
Time DATETIME
Data STRING Longitude DOUBLE
Sync BOOLEAN Latitude DOUBLE
Query_table Reply_table
Column name | Attribute Column nare Aftribnte
Qryld INT Repld INT
Time DATETIME Time DATETIME
QryMsg STRING Data STRING
1sQueried BOOLEAN DesUID INT

Figure 4: Database Tables

In this thesis, our goal is wish the Offline-node could get the information they

need by the other nodes as soon as possible. In order to reach this objective, we
14




proposed four strategies to solve this problem, (1) Data replication strategic, (2)
Query replication strategic, (3) Data reply strategic, (4) Data synchronization and
update.

In this thesis, we assume the area range is known, and we divided the area into

three parts, Inside Area, Border Area and Outside Area, and it shown as Figure 5.

-
s Border Ab

/ Inside Area

N

Figure 5: Three parts area figure

7—> Outside Area
2

Inside Area is within a radius of y meters from area central, outside the Inside

Area ’5' meters is Border Area and the other area is Outside Area. This intention is let

nodes in different area use different ways to select messages and deliver messages. In
order to identify the node position, we refer to the Vincenty’s formula[26](Formula 1,
detail see the [26]), this formula considered the earth is ellipsoid, and use Longitude
and Latitude two points to calculate the shortest distance s, and the deviation can be
accurate to 0.5 millimeter. We use the node position point and the Area Central Point

(CP) to calculate the distance d, if d < r, it indicates the node is in the Inside Area, if

15



d>randd < (r + g) it indicates the node is in the Border Area, if d > (r + g) it

means the node is in the Outside Area.

s = bA(c — Ao) (1)[26]

When two nodes encounter, they will change their metadata first (shown as Table
1), it includes node’s position, node’s type (Online-node or Offline node), node past
moved path point, node encounter nodes, node collected Data message index list,

Query message index list and Reply message index list.

Table 1: Metadata format

Category Value
Position | Longitude, Latitude
TYPE | {01}

Path {P+1, Pt2}
Encounter | {UID;,UID,,.....,UIDy}
Data list | {Datald;_UID;_Time;_Syncy,...... ,Datald, UID,_Time,_Syncn}
Query list | {Qryld;_Time;_isQuerieds,...., Qryld, Time,_isQueried,}
Reply list | {Repld;_Time;, Repld,_Times,,....., Repld, Time,}

When two nodes encountered, we call ourself as Node A, encounter node as
Node B, the Location-based Content Search approach (LCS) workflow is shown as
Figure 6, and the transmission protocol is shown as Figure 7. First, Node A and Node
B always detect connection, when encountering, Node A will send a metadata request
to Node B, after receiving the request, Node B returned its metadata to Node A, when
Node A received the metadata from Node B, the first step is check and filer the
identical messages from Node A’s database, then keep the message which Node B
doesn’t have, and rebuilt that metadata. The next step is Message Selection, it selects

the messages which can be sent to Node B. There are three strategies step we
16



proposed to select the messages, (1) Data replication strategic, Node A selected the
Data messages according to Node A’s position. The detail description is in Section 3.1.
(2) Data Reply strategic, get the Query message from metadata, if Node A’s database
have the queried data message, Node A will generate a Reply message. The detail
description is in Section 3.2. (3) Query replication strategic, this strategic must be
handled after Data Reply strategic complete, and the queries which queried data
shouldn’t send out anymore. The detail description is in Section 3.3. After completing
three message selection steps, Node A has chosen the messages which will be sent to
Node B. The next step, Node A will check the Data messages which doesn’t
synchronize to the remote server. If Node A is an Online-node, it will sync this Data
messages to the server, if not, Node A doesn’t do anything, and the detail will be
described in Section 3.4. Before sending messages to Node B, Node A has to schedule
to messages which will be sent first. Because of the contact time of two nodes are
short, it couldn’t send all the messages to the other nodes. Therefore, how send the
messages to the encounter node efficiency, it is shown in Section 3.5. Then, Node A
sends the selection message queue to Node B. As Node B receiving, it will check the
Data messages whether it sync to server or not. If Node B is an Online-node, then

sync the message to server, if not, skip this action, and then finish this contact.

17



Node A

v

" 7 .
Waiting _Node A detects.
I ’
“~.__contact

S~

o
ves
Send request

metadata message
to Node B

v

-
N

~
~

Timeout Receive Node
I— >
~-.B's metadata

\\

P

Yes

Skip the same data
and rebuilt Node
B's metadata

Data reply
(decide R_set)

(decide

Query replication
‘ (decide Q_set)

Data replication

Node B

D_set)

\

Data Sync &
update(Online-node)

‘ I\/Izssage

Message queue Algorithm
for D_set, Q_set, R_set

oy

dl

Selection

Send message

<X

Success or timeoutf,/"ﬁeceivea\ No

oK?

v

/'/. Py
~Node B detects.
P -
Waltlng\\contaci/
-y
—‘|Y/Yes
TN
- /Waiting\ - Timeout
iting~. request -~
Waiting ~ -
i Yes

Send metadata
to Node A

3

// .\\ .
__Waiting selected.Timeout
L~ message
Waiting . g///
Yes

Receive
message

—

Send OK to Node A ‘

v

Store message data
in the own Database

All received?

\N 0

-

‘Yes or Timeout

Data Sync &
update(Online-node) |

Figure 6: LCS workflow

18




Node A sight

Node A

Node B

Detect contect

Request metadata

Ack

U S

oK

e SN

Request metadata

Response metadata(~100k)

OK

I
Flow chart ‘
(1),(2),3),(4)and X
message queue alg.  p
*05
Ack
«——__’___—___—f
Send message Send selected message(~10m)
OK
-«
Node B sight
Node B Node A
Waiting‘z Beacon
beacon 7 ‘//
Detect Contect Ack
c
D S ——
- ]
Waiting_ Request
|reques‘c‘X a
Send metadata — Send metadata(~100k)
OK
-« |
Waiting i
Hell
message%‘ ‘/y/
Ack
I
Receive message Response selected message(~10
——

Figure 7: LCS transmission protocol

19




3.1 Data replication strategic

When two nodes encountered in the map, the processing step can be seen in
Figure 8, and the selection rule is shown in Formula 2, (1) If the distance d between
Node A and Area Central Point (CP) is less than or equal to radius v, it indicates
Node A is in the Inside Area. When Node A encountered Node B, it will add all the
Data messages into the Data dataset D_setto prepare to send to the Node B. The main
purpose is let the Inside Area fulfill with related Data messages. If any node wondered
to query in this area, it can get the Data messages quickly and has high query success
rate. But the encounter time of the two nodes and the transmission are limited, two
nodes have to change itself metadata before transport. Then, Node A skips the

identical Data messages, and adds the others into D_set; (2) If the distance d between

Node A and CP is greater than radius y and less than y + g it indicates Node A is in

the Border Area. According to Node B’s past path, if AN,.d < 0, it indicates Node B

will likely enter to the Inside Area, then, Node A add the Data messages into the

D _set; (3) if the distance d between Node A and CP is greater than y + g it indicates

Node A is in the Outside Area, then, Node A shouldn’t do anything.

We use AN,.d to predict whether Node B’s will enter to the Inside Area or not.
In Formula 3, N,.d,_; is the distance between Node B position P.; and CP at time
t-1, and N,.d;_, is the distance between Node B position P, and CP at time t-2.
Then, subtract N,.d;_; from N,.d,_,, if the result is less than 0, it means Node B is
likely to enter to the Inside Area, if the result is granter then 0, it means Node B is

likely to move away from the Inside Area.
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True, if Np.d<r
T
add(data,D_set) = True, if No.d > and Ne.d < (r + E) and AN,.d < 0 (2)

False, otherwise
ANp.d = (Np.d¢—q — Np.d;—3) ©)

In order to avoid data overflow, we set all the Data messages a storing time TTS
(Time-to-Store) (Formula 4). TTS means the time of any message be created or
replicated then store in some node. When TTS expired, the messages will drop

anymore. Therefore, it can reduce the node loading.

drop(data) = {True, if Time_to_store expire @)
False, otherwise

Otherwise, if Node B is an Online-node, Node A doesn’t need to send Data
messages to Node B. Because the Online-node can connect to the Internet to get the

messages by itself, it doesn’t require wasting the resource to send messages.
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Figure 8: Data replication strategic flow chart

3.2 Query replication strategic

22

This strategic has to do after the Data reply strategic, and the goal of this
strategic is let user queried data in a shortest time. This is a three-tier Query strategic,
from Node A’s local database to Node B’s local database then remote server. Query
replication detail rule can see in Formula 5 and Figure 9 flow chart. When Node A
receiving query messages, it has to check the database whether the query messages
have the match data. If has, it doesn’t need to do Query replication, if not, there are

some rules to do. (1) Node A is an Online-node. It does nothing. (2) Node A is an



Offline-node. When Node A in the Inside Area, and then adds all the related Query
messages to the Query dataset @ set; When Node A in the Border Area, then Node A
has to predict Node B’s direction ( AN,.d , the detail can see in Section 3.1, and also
is shown in Formula 3), if AN,.d less than 0, it indicates Node B is likely to enter to
the Inside Area, then, add the related Query messages to the Q_set. If not, then do
nothing. The main purpose is Data replication strategic will centralize the related Data
messages in the Inside Area. Therefore, we send the queries to the Inside Area, and
there is more opportunity to query success. It has two reasons. One, There are many
related messages in the Inside Area. The other, if any node leave from Inside Area, we
expect it could carry much more related messages; When Node A in the Outside Area,
it shouldn’t do anything.

In addition, if the query represents it had been queried (query.isQueried =

true), then we don’t have to add this query into the Q_set.

True, if No.d <r
True, if N,.d >randNa.dS(r+%) and AN,.d < 0

False, if Database(query) = true
False, if query.isQueried = true
False, otherwise

add(query, Q_set) = )

However, if we don’t have any limitation of replicate query message, it will keep
replicating in spite of it has queried. Therefore, we need a mechanism to stop it. Every
Query messages seta TTS, if the TTS expired (Formula 6), and then drop it. This way
will inhibit query replication. There are some defects in the way. If TTS is too short, it
would query data hardly. If TTS is too long, it would still create many query copies.
So we add one more rule. If query message find the match data, this query message’s

attribute isQueried will be change to TRUE. And next time, nodes encountered, they
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change their metadata, then nodes will know what query message had been queried,

and it will skip it to add to Q_set.

True, if Time_to_store expire
False, otherwise

drop(query) = { (6)
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Figure 9: Query replication strategic flow chart
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3.3 Data Reply strategic

As shown in Figure 11. Node A received Node B’s metadata, it will check all
query messages of Node B’s metadata. If Node A has the match data, it will generate a
Reply data R_data of the Query message and change the Query message attribute
isQueriedto TRUE, then we can call Node A as Replier.

It is difficult to send the Reply data to the Querier. Because all nodes in the
network are keeping moving, we can’t use the original packet delivery path to send
back to the Querier. Therefore, we have to use the other rule to send Reply data.

Replier (Node A) can know the Querier’s location from Query message, and
send the Reply data to that location. But, as time goes by, Querier may not still stay
there. So, when Replier (Node A) encounters other node (Node B), it will check the
Encounter Table of Node B whether it had encountered Querier or not. If it had, we
will check the encounter time whose close the recent time. If Node B’s encounter time
close, we will update (Formula 7) the Querier position of Replier’s (Node A)

metadata.

update(meta. querier;,.)

_ {True, if (Querier € Nypyo rapie) AN (Ny. querieryme > N, queriersim,) (7)

False, otherwise

Then we have to distinguish which Node will move toward to the Querier, see
the Formula 8, if Replier (Node A) won’t move toward to the Querier but Node B will
do, it would add the R data to the Reply dataset R _set. Otherwise, Replier (Node A)
will move toward to the Querier but Node B won’t, it just keeps the R_data and does

nothing.
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add(R_data, R_set)

(True, if Ny.to(querier) = false and Ny.to(querier) = true
False, if N,.to(querier) = true and N,.to(querier) = false (8)
=< True, If twonodes toward to querier & (D, > D)
False, if twonodes toward to querier & (D, > D)
Fasle, if two nodes don't toward to querier

If Replier (Node A) and Node B are moving the same direction and forward to
the Querier, we have to calculate whose moving path will close to the Querier. In
Figure 10, we can use the position P, the past position Py, to determine this node’s
moving direction, then we add the Querier position P4 and use the basic Triangle Area
formula (Formula 9) to calculate the area value A, as we know the distance between
Prow and P, we can get the close Querier distance D. If D, greater than Dy, it
indicates Node B will move close to the Querier, then we add the R_datato the R_set
and waiting for transmission. Otherwise, If D, less than Dy, it indicates Replier (Node

A) will move close to it, then we just keep the R_data and moving.

1y, x, x3 x9

=_ 9
9 21 Y2 Y3 N ®)
However, we could not replicate messages unlimited, so we have to make some
rule to inhibit it. All the Reply data will set a TTS, when the TTS expired or R_data

had forwarded to the querier , this message R_data will drop anymore (Formula 10).

True, if Time_to_store expire
drop(R_data) = {True, if R_data had forwarded to the querier (10)
False, otherwise
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3.4 Data synchronization and update strategic

Whatever Online-node or Offline-node, it would create data messages. Beside
keeping the data in local database, it has to upload this data messages to the remote
server to share this information. Figure 12 shows this strategic. When node received
messages, the first step is distinguishing the type of node, if it is Online-node, it
should upload all the data messages which doesn’t sync to the remote server directly.
Then change the Sync attribute of this data message to TRUE. Otherwise, if it is

Offline-node, it shouldn’t do anything.

_~IsNodean  No
- Onlme—node‘?

Yes\l

__Checkdata
Csme

v Does the server
es
—_ have the same

<

Upload data to the | v
| server, and the sync /
value change to TRUE | | End

in the metadata

Figure 12: Data sync and update strategic flow chart
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3.5 Message queue selection algorithm

When all the messages are chosen (D_set, Q_set and R_set), Node A has to send
these messages to Node B. But the messages cannot be parallel transferred. Therefore,
we have to decide which one will be sent first. In the thesis, shown in Figure 13, we
proposed a simple message queue selection algorithm, within the weight value d, ¢

and r, and progressive value Sto calculate and get the transmission Message queue M.

D Set

...DDDD
Q_Set eclecton Alg,

-QQQAQA[ — o DRIQR|-->
R_Set Node B
...R R RR

Figure 13: Message Queue Selection

We can get the dataset D_Set, Q_Set and R_Set from all the replication strategies
we describe above. Then we give the dataset a different weight value d, g, r and
d+ q+r=1. The first step, we find the dataset of highest weight value MaxSet,
then, the MaxSet dataset pop a message and enqueue to M. This will be the first
transmission message, then, we reset the weight value of MaxSet dataset, and add the
Progressive value Sto the other weight. Repeat the steps until all messages enqueue to
M, and then we can get a complete Message queue M. Finally, Node A according to
M sends all the messages to Node B.

The beginning results of this selection queue are similar to Weight Fair Queue
29



(WFQ), the highest weight of messages will be sent more. After several times, the
message will be selected by Round Robin (RR), because of the weight value and

progressive value.

Message queue selection algorithm
Input: Data dataset D_set, Query dataset Q_set, Reply dataset R_set, Data weight d,
Query weight g, Reply weight r, Progressive value S
Output: Message queue M
1: | While((size(D_set) + size(Q_set) + size(R_set)) !=0)
2: | MaxSet = Max(d,q,r).getSet()
3: | M.enqueue(popMsg(MaxSet))
4: | Switch(MaxSet)
5:| Case D_set: d = d.original, q=q+ S, r=r+S
6: | Case Q_set:d=d + S, q = q.original, r=r + S
7: | CaseRset:d=d +S,q=q+ S, r = roriginal
8: | End switch
9: | If size(MaxSet) = 0 then MaxSet.weight = 0
10: | End while
11: | Return M
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CHAPTER 4

Simulation Results

In this chapter, we discuss the simulation results, and we compare with three
protocols. LCS (we proposed), Locus [11] and Epidemic [3]. We make some variation
in Epidemic, because of Epidemic doesn’t matter the query-reply situation. We set the
area concept and let nodes having query scenario and reply action in Epidemic.

Then, in the results, we will show some validation parameters. And we explain
how the equation be calculated below.

(1) Query-Reply Success Ratio: The equation is shown below. The number of
success reply message means all the reply messages success delivery from Replier to
Querier, and the same data we won’t be repeatable recorded. And the number of query
message means how many numbers the query message be generated, so the replicate
query messages we won’t record.

(2) Query Delivery Ratio: The equation is shown below. The number of query
delivered means the all query messages which delivered to the data source node and
the number of query message described above.

(3) Overhead: The messages which are redundant transferred are overhead.
Success reply message means the first message reply to the Querier and the same
messages replied afterword do not include. Query delivered means the first message

delivered to the Replier, and as above, the same messages don’t include.
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(4) Latency: We calculate from the time of send the first query message by the
Querier to the time of receive the first reply message by the Replier. And the results

we get the medium number to analyze.

number of success reply message

® Query-Reply Success Ratio =

number of query message

number of query delivered

®  Query Delivery Ratio =

number of query message

#relay message — #success reply message — #query delivered

® Overhead =

#success reply message + #query delivered

® [atency = Time (Received first reply message) — Time (sent first query message)

4.1 Simulation Setup

We use ONE(Opportunistic Network Environment simulator) [27](shown as
Figure 15) and the map of TaipeilO1l surrounding area (Figure 14) to validate our
approach. All nodes are pedestrian, and we set a random destination point to them.
When they reached the destination, then we give them the other destination. And all

nodes move to the position by shortest path algorithm.

o

Figure 14: Map of TaipeilO1 surrounding area
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Figure 15: ONE simulator

4.2 Simulation Settings

The simulation setting is shown as Table 2. The map area is 3000m * 2500m, and
the simulation time is 43200 seconds, it is equivalent to 12 hours. In order to initialize
data sources, we have to set a warm up time 1000 seconds. The node data
transmission rate is 2Mbps, and the transmission rage is 10m. All nodes divided to
types, 35% is Online-node and 65% is Offline-node. The message size of Data
message and Reply message are 500KB~1MB, and the Query message is
50KB~100KB. All the messages have a creation interval, the Data message is
120~180 seconds, and the Query message is 200~400 seconds. The node buffer size is
500MB. All nodes are pedestrian, so the moving speed is 1.8km~5.4km per hour. And

the messages’ TTS is 18000 seconds, it is equivalent to 5 hours.
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Table 2: Simulation Settings

Area 3000m x 2500m
Simulation Times 43200 Sec
Warm Up Time 1000 Sec
Data Rate 2Mbps
Radio Range 10m
Online-node : Offline-node 35% : 65%
Message Size

Data/Reply message 500K~1MB

Query message 50K~100K
Interval of message creation

Data message 120-180 Sec

Query message (offline-node only) 200-400 Sec
Buffer size 300MB
Velocity 1.8~5.4 km/h
Time-To-Store(TTS) 18000 sec

4.3 Simulation Results

Before comparing to other approaches, we analyze some parameters to our
approach. First we will discuss the effect of the percentage of node type and the radius
of Inside Area. Then, we will compare with other approaches to analyze the

performance. And we will discuss below.

4.3.1 The percentage of node type

We simulate four node type scenarios. All the Online-node can’t query data,
because we assume they can query from the Internet directly. They just create or reply
data. We can see Figure 16 Query-Reply success ratio. If there are no Online-nodes, it

get low success ratio. Because all nodes are Offline-node, they can’t know all the data
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Figure 16: Query-Reply Success Ratio (Node Type)

0.98

0.96

o
S

0.92

Delivery Ratio

o
. o
8 ©

0.86

0.84

Query Delivery Ratio

0% vs 100 % 35% vs 65% 50% vs 50% 90% vs 10%
online-node vs offline-node
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Thus, they cannot get data easily. They have to spend more time (see Figure 19)

and more replicate (see Figure 18) to find the data. And we can see Figure 17 to

validate our opinion, in the first case (0% vs. 100%), it get the worst query delivery
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ratio. However, if the network full of Online-node, it means they don’t need any more
replication (low overhead), because it is easily to encounter Online-node, and they can
directly ask them for data. So, they get the data quickly (low latency). Therefore, the

fourth case (90% vs. 10%) is the best results of all the charts.

Overhead

Overhead
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online-node vs offline-node

Figure 18: Overhead (Node Type)
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4.3.2 Radius of Inside Area

We show the results of radius changing. In Figure 20, it is the Query-Reply
success ratio, and we can see the small radius performed a bad result. Because our
approach doesn’t matter the outside area, if the radius too small, there are a few nodes
in the Inside Area, and then the related data doesn’t be centralized in the area. And the
big radius performed badly, too. Because the large Inside Area will allow more
message replication, and the data will be more complicated and be spread around this

big area, then, it is more difficult to look up data. So, the suitable radius is between

300 and 500.
Query-Reply Success Ratio
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®
€ 0.3
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Radius of Inside Area (r)

Figure 20: Query-Reply Success Ratio (Radius of Inside Area)

As we discuss above, there are a few nodes in the small radius of inside area, so, it
doesn’t have much replication activity, if any node would like to query in this area, it

will spend much time to search the data source. Then, in Figure 21, it performed
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lower overhead in the small radius. On the other hand, in the big radius, it got higher
overhead. And in Figure 22, nodes spent much time to query in the small radius, and
in the big radius, nodes would look up quickly. Otherwise, the selected results base on
the environment settings. If there are different transmission ranges, buffer size, node
speed, etc., we might get the different suitable radius. The radius 500m is the suitable

size in our scenario.
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Figure 21: Overhead (Radius of Inside Area)
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Figure 22: Latency (Radius of Inside Area)
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4.3.3 Node Density

In the section, we analyze the results with other approaches, Locus and Epidemic
routing schemes. And we want to see what the importance part of our approach is, so
we make two changing in our approach. One is we don’t matter the Data replication
strategic and we only use the Epidemic routing to spread the data messages, and the
other is we don’t care the Query replication strategic, just use Epidemic to
disseminate the query messages.

In Figure 23, we can see our approach and Locus have a similar performance in
query-reply success ratio, because both of we are using the region concept to
centralize the messages. But, as the number of nodes increase, Locus will perform
well than ours. Because our region concept base on local area, if there are many nodes
in this area, it will have many messages (data, query, reply) in every node. Although
nodes have rich data source, the transmission rate is fixed, and nodes intermittent
connected, they can’t send all the messages. So, some messages might be ignore, and
the performance isn’t well. And we want to see the importance part of our approach,
we modify it in two types. (1) We use epidemic routing to replace the data replication
strategic, and (2) we use epidemic routing to replace the query replication. The result
shows the (1) type got worse performance. Because the data messages couldn’t be
centralized to the inside area, the messages would spread to whole network. It is
difficult to query unique data message in the network.

Otherwise, in order to compare fairly, we present a scenario with only
Offline-node in our approach. Although the success ratio is worse than Locus, but the

overhead and latency are better than Locus. And the result will discuss below.
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Figure 23: Query-Reply Success Ratio (Node Density)

And we can see the Figure 24 and Table 3, in our approach, there are 71% of the

nodes success searching data in Inside Area. It means nodes in the Inside Area will

have high probability to query success.

20%

O Inside Area [ Border Area [ Outside Area

Figure 24: Node Distribution of Success Searching
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Table 3: Detail number of Node Distribution in Success Searching

Node Density 30 | 40 | 50 60 70 80 | 90 [ 100 | 150 | 200

Inside Area 15 15 22 23 25 23 | 23 18 17 | 13

Border Area 3 7 7 6 6 4 8 6 5 4

Outside Area 0 5 3 1 3 0 3 2 3 5

Figure 25 shows the query delivery ratio, we define the query delivery as Querier
sent the query message, and it delivery to the Replier who has the data source. We can
see the figure, all the approaches have high delivery ratio, because data message
doesn’t just one copy spread to the network, and the query message does, either. In all
the query messages, we just need one query message to find the data source, then, it is
success delivery. Therefore, it is easy to find the Replier, but how to reply this data to

the Querier is the most difficult.
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Figure 25: Query Delivery Ratio (Node Density)

Figure 26 is overhead, and we can see the result of Locus, although the query

success ratio of Locus is higher than LCS, but its overhead is larger than LCS.
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Because Locus centralizes the same data in the same area, if Querier closed to this
area, it can use a few query replicate to look up data quickly. But, if Querier far away
from this area, it has to replicate more message in delivery. So the overhead will be
higher. And LCS is a wide range of the local area, it spreads all the messages in the

area, thus, LCS has higher opportunity to spend lower cost to get the data.
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Figure 26: Overhead (Node Density)

Figure 27 is Query Latency. We can see the result of our approach LCS is much
lower than Locus and Epidemic. Because all the data will be spread in the area, if
node in the Inside Area or Border Area, it will quickly get the data. Although Locus is
used the area concept, too. They will centralize the same data in the area, if nodes
want to query that data, but they are not near the area, it will spend much time to

query data.
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Figure 27: Latency (Node Density)

4.3.4 Buffer Size

Figure 28 shows the query-reply success ratio. We can see the result of our
approach LCS and Locus. As the buffer size increased, nodes could store more
messages, and it could increase the query success probability. Our approach and
Locus have similar rule to replicate messages, so the success ratio are similar. But

LCS has the advantage of overhead and latency.
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Figure 28: Query-Reply Success Ratio (Buffer Size)
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Figure 29 is the overhead. As the buffer size increase, all the overhead of the
approaches increase slowly. Because node has more space to store messages, when
nodes encountered, they can send more messages. But the transmission rate and the

encounter time are limited, it can’t send more as buffer size increased.
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Figure 29: Overhead (Buffer Size)

Figure 30 is the query latency. As the buffer size increase, all the approaches
decrease the latency results. Because nodes have more space to store messages, it is
possible to forward the reply message to the Replier. Our approach LCS is the best
one in all the results. We use the local region concept to determine the message
forwarding, and the big storage could store more important messages, like reply

message, then, it could enhance the delay time of query-reply activity.
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Figure 30: Latency (Buffer Size)

4.3.4 Time to Store

This section we want to see the influence of messages live time changing. Figure
31 shows the query-reply success ratio results, we can see the low TTS parameters,
every approach display the bed performance, because messages just have short time to
live, they don’t have much time to delivery, so the success ratio doesn’t well. In the
low TTS, Locus is worse than LCS, it is because they will try their best to centralize
the data in its area, but the live time of data isn’t enough, it drops quickly, so nodes

are difficult to query data.
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Figure 31: Query-Reply Success Ratio (TTS)

Figure 32 shows the overhead results, as the TTS growth up, the overhead of all
the approaches will increase. Because messages have a long time to stay in the
network, if reply messages success delivery to the Querier, the other message which
doesn’t send to the Querier still exist in the network. Then, these messages will

increase the overhead.
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Figure 32: Overhead (TTS)
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Figure 33 shows the latency results. As the TTS growth, the latency of all the
approaches will increase. Because there are many messages in every node, and in the
sending queue, the old message will be sent first. So the new one is difficult to be sent,

then, it could spend much time to forward.
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Figure 33: Latency (TTS)
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CHAPTER S

Conclusions and Future Work

In this thesis, we proposed a location-based content search approach. We use
four strategies to achieve our objective. It is Data replication strategic, Query
replication strategic, Data reply strategic and Data synchronize and update. Then we
proposed a three-tier area concept, and every strategic in different area will have
different rule to replicate messages. We divided all nodes into two parts, Online-node
and Offline-node. If Offline-node wants to search some information, besides the other
Offline-node, it can ask Online-node for searching. And in the sending message
period, we proposed a message queue selection algorithm to decide which message
will be sent first. Finally, we evaluate the results with Epidemic and Locus. And we
use some parameters to verify our approach. Although LCS is worse than Locus in
Query-Reply success ratio, in Overhead and Latency, LCS is much better than Locus.

In the future, we will consider the adaptive weighted value of messages.
According to the message forwarding times or the estimation numbers of unique
messages in some area. The weighted value of messages could be revised, and the
nodes can spread the most important message out. Finally, we will implement this
work into Plastory [28] system which is a mobile storytelling platform we developed

before.
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