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Introduction

Delay*******************[1, 2] and DTMNs[3] are*******[4, 5], which is defined as a network that possesses one or more of the following characteristics: high end-to-end **************************in traditional Internet communication, faces great challenges when dealing with DTNs’ highly dynamic fashion[6]. Therefore, in a set of new protocols called Bundle, researchers came up with a “store-carry-forward” strategy[1, 2, 7-9]. ********************n a DTN environment. By using Spatial-Temporal routing[10], the communicating process of DTNs is characterized as opportunistic contacting[11].

Traditional “Connectivity” concepts in relation to the Internet focus on the end-to-end path between a pair of nodes for an instant time. In order to better understand the “Eventual Transportability” of a communication process in DTNs, we can see from Fig 1: node0, node1, node2 are fixed nodes, while node3 moves clockwise. Node3 establishes wireless communication links with node 0,1,2 separately during times 1, 2, 3.
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Fig. 1. …………………………………………

In ***************************************during a given time. This communication process tells us that the traditional “connectivity” concept mainly focuses ***************************************. 

Related Works

In this section, ***************************************[13, 14] et al. have studied a basic concept of Ad Hoc networks: its K-connectivity. The probability for the K-connectivity of an Ad Hoc network is derived using only local information such as node numbers, the radio transmission range and node density. “Connectivity” in DTNs is more challenging***************************************[14], Contact Graphs[15], Multi-graphs [16] and Social Graphs[17]. 
Environment and Definientia
We ***************************************
Definition 1: The Spatial-Temporal Link 
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Definition 2: The Spatial-Temporal Path 
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 is a sequence of Spatial-Temporal Links within the Message Life Time T. The store-carry-forward technology passes a message along a Spatial-Temporal Path in order to complete a communication process,
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Definition 3: The Spatial-Temporal Reachability 
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 denotes the property of a Spatial-Temporal Graph being Spatial-Temporal reachable, which means a Spatial-Temporal Path between any pair of nodes always exist in Message Life Time T,
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Definition 4: Spatial-Temporal Reachability Degree 
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 is the degree of a Spatial-Temporal Graph being Spatial-Temporal reachable. If there exist K path-disjoint Spatial-Temporal paths between any node pair, we call the Spatial-Temporal Graph to be K-Reachable,
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With the definitions on Spatial-Temporal Reachability and Spatial-Temporal Reachability Degree, we bring time-dimension into the analysis of the Eventual Transportability for messages. Spatial-Temporal Reachability tells that a DTN is “Connected” in the time of validity, and Spatial-Temporal Reachability Degree tells how well a DTN is “Connected”. Spatial-Temporal Reachability is a better concept of studying a communication system’s delivery ratio, robustness and efficiency rather that traditional “Connectivity”. 

Spatial-Temporal Reachability analyses
In analyzing Spatial-Temporal Reachability, ***************************************
Overall Ideas
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Fig. 2. ***************************************
We use Random Direction Model[14, 22] ***************************************
We first calculate the area size of the Contact Window (
[image: image14.wmf]CWindow

). In this window, nodes have the opportunity to move into the transmitting range of a certain node S within Message Life Time T; ***************************************
Spatial-Temporal Reachability in a two-dimensional mobility model

Step 1: Calculating the area of the Contact Window.

***************************************
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Step 2: Probability of n of m nodes moving into S’s transmitting range.

***************************************
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Through the average angle, we get the probability for n of m nodes moving into S’s transmitting range in the Contact Window.
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(1)
We go back for nodes that were originally located in circle 
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-

. These nodes can contact S from time 0, so the probability for q of N nodes that communicate with S is
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Step 3: ***************************************
Theorem 1:
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From Theorem 1, we get the probability distribution of n nodes having Spatial-Temporal link with a certain node S within Message Life Time T:
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Fig. 3. Probability for all the nodes having n Spatial-Temporal links with a certain node S

It shows that in T=15s, probability for all the nodes having 18 Spatial-Temporal links with a certain node S is 9% in analytical results;

When T=20s, analytical result shows probability for all the nodes having 26 Spatial-Temporal links with a certain node S is 8%.

Step 4: Probability for the network being K-Reachable

Our goal is to get the overall reachability for the whole network. In Theorem 1 we acquired the probability for n nodes having Spatial-Temporal links with a certain node S. In a large scale network, events can be seen as independent from each other[13, 14]. As a result, when 
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, we finally get the probability for all the nodes having at least n Spatial-Temporal links, which means the network being K-Reachable:
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Fig. 4. Probability for the network being K-Reachable

With Message Life Time T=15s, analytical result shows probability for the network being 3-Reachable is 92%, while simulation shows 100%; when T=20s, analytical result shows probability for the network being 3-Reachable is 95%, while simulation indicates 100%.

Simulations and Discussions

In our simulation, we use C++ to build a Random Direction Model as an example for DTN simulation environment. For Random Direction Model, we set node number 1000, map size 2000m*2000m, node moving speed 20m/s, transmitting range 100m. We run the simulation 1000 times so that we can get the statistical distribution of n nodes having Spatial-Temporal links with a certain node S within Message Life Time T:
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Fig. 5. Comparison for simulation results and analytical results
***************************************

Conclusions
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