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Abstract—Delay Tolerant Networks (DTNs) are sparse mobile ad-hoc networks in which there is typically no complete path between the source and destination. Anycast is an important group communication paradigm for numerous DTN applications such as resource discovery and information exchange in emergency or crisis situations. Unlike unicast and multicast, which have been studied extensively in DTNs, few prior works have addressed the DTN anycast routing problem. Furthermore, they do not consider the time constraint in formulating the relay selection strategy. In this work, we propose a single-copy Time Constrained Anycast (TCA) routing, which considers relay node candidates form both current and past contacts to reduce the transmission cost. Furthermore, we derive the one-hop and two-hop delivery probability to an anycast group based on the distribution of inter-contact times (ICTs). Extensive simulation results based on the Cabspotting trace show that our scheme can achieve up to 21% higher delivery rate, 11% lower delay, and 36% lower transmission cost compared to other anycast routing strategies. Keywords—Delay Tolerant Networks; Single Copy; Anycast Routing; Exponential Distribution; Inter-Contact Time



I. I NTRODUCTION Delay-tolerant networks (DTNs) [1] are characterized as sparsely connected, highly partitioned, and intermittently connected ad-hoc networks. In these challenging environments, end-to-end communication paths between node pairs are rarely available. There are many practical applications of DTNs, including wildlife tracking sensor networks [2], [3], peoplenet [4], ocean sensor networks [5], [6], military networks [7], [8], and vehicular ad-hoc networks [9], [10]. To handle the sporadic connectivity of mobile nodes in DTNs, the storecarry-and-forward method is used. That is, messages are temporarily stored and carried by a node until an appropriate communication opportunity with the next relay hop arises. A key challenge in DTN routing is to determine a proper relay selection strategy in order to expedite the data delivery process while satisfying any imposed constraints. Anycast is a network service that allows a node to send a message to any one member in a group of nodes. There are many benefits of anycast communication in DTNs. For example, anycast can be used in emergency response networks to request the help of a doctor, a fireman, or a police without knowing their IDs or accurate locations. Another example is the use of anycast in urban community networks, in which people can use the network to call for any cab. Although many anycast routing protocols have been proposed in the Internet



and MANETs, they cannot be easily applied to DTNs due to the lack of stable end-to-end paths to a destination group member in DTNs. Furthermore, in traditional DTN unicast routing, the destination of a message is fixed at the time of creation. By contrast, the destination can change dynamically in anycast routing according to the movement of nodes. As a result, anycast routing is a particularly challenging problem. Few works have addressed the DTN anycast routing problem. They often rely on the frequency and recency of node contacts to select relay nodes to anycast group members. Furthermore, they assume inifinite message’s TTL, which does not always hold true in practice. In this work, we consider a single-copy routing model with time constraint (bounded TTL). In single-copy routing, at any point in time, there is at most one copy of the message in the network. As a result, relay selection is more selective in single-copy routing than in multicopy routing. When the current message carrier encounters a better relay node (not necessarily the best), existing works tend to always forward the message. However, this strategy may result in a high number of relays. If there is a chance that the current node can encounter an even better relay node in the future while still satisfying the message delivery deadline, it should hold the message until that meeting occurs in order to reduce the transmission cost. To facilitate the decision making, we propose to compute the two-hop delivery probability to an anycast group via nodes that are not currently in contact. The current message carrier will hold the message if the twohop delivery probability via past-contacted nodes is higher than the one-hop delivery probability via currently-contacted nodes. The delivery probabilities are computed based on the ICTs among nodes. For VANET mobility traces such as the Cabspotting trace [11], ICTs follow an exponential distribution [12], [13], [14], [15]. The paper makes the following contributions: •



• •



A single-copy Time Constrained Anycast (TCA) relay selection strategy based on the exponential distribution of ICTs. A derivation of the one-hop and two-hop delivery probability to an anycast group within the time constraint. An extensive evaluation of the relay selection metric.



The rest of the paper is organized as follows. Section II reviews the related work. Section III states our network assumptions. Section IV describes the design of the anycast



978-1-5386-2077-9/17/$31.00 ©2017 IEEE



routing strategy. Section V presents the experimental results. Section VI concludes the paper and discusses the future work. II. R ELATED W ORK In this section, we review existing works on anycasting in the Internet, MANETs, and DTNs. A. Anycasting in the Internet and MANETs Much work has been done regarding network architectures and algorithms for anycast routing and forwarding in the Internet and MANETs. Katabi et al. [16] proposed a scalable architecture for global IP anycast, that allows a sender to access the nearest of a group of receivers that share the same anycast address. Recent efforts to make IP anycast more easily deployable were proposed in [17] and [18]. In the context of MANETs, many anycast routing protocols are implemented by modifying the existing unicast routing protocols to route packets toward the closest group member. Park et al. [19] extended unicast routing protocols such as link state, distance vector, and link reversal to support anycast routing in MANETs. Wang et al. [20], [21] extended AODV [22] and DSR [23] for anycast delivery. In [24], a unicast routing protocol TORA is modified to support anycasting. The authors then proposed a geocasting protocol GeoTORA, which combines anycasting with local flooding to deliver messages to all nodes within a given geographical region. The main drawbacks of all these anycast protocols is that they only consider the closest group member when computing routes. However, in MANETs, the closest node might leave or move to another location, which decreases the chance of a successful delivery. B. Anycasting in DTNs Thus far, few works have addressed the DTN anycast routing problem. Le et al. [25], [26] proposed a single-copy anycast routing strategy based on multi-hop social distances to anycast group members. The scheme attempts to balance the trade-off between a short path to the closest, single group member and a longer path over which many other group members are accessible. Nelson et al. [27] proposed to enhance existing unicast protocols to perform anycast communication. To simplify group management, each node carries its own group information throughout the network. Each node also transforms multicast groups into virtual nodes and maintains group-based utility values. When a contact occurs, the node updates the utility for the contact’s group. Messages are forwarded to relay nodes with higher utility values. Xiao et al. [28] proposed an anycast routing scheme based on the maximum delivery rate for anycast (MDRA) metric. MDRA indicates the probability that a message carrier meets a node in the anycast group, and is computed using individual meeting probabilities between a node and each group member. Based on the metric, messages are forwarded from the nodes with low MDRA values to the nodes with high MDRA values until arriving at any one of the destinations. Another anycast routing technique attempts to utilize genetic algorithms (GAs) for



route decisions [29]. The GA is applied to find the appropriate path combination to comply with the delivery needs of a group of anycast sessions simultaneously. However, this work assumes that the mobility of nodes is deterministic and known ahead of time, which is not a valid assumption for most DTNs. Our work differs from all these studies in two key aspects. First, we consider time constraint and aim to deliver messages within the message’s TTL. Second, we investigate the use of the ICT distribution to formulate the relay selection metric. We consider relay node candidates from both current and past contacts, and propose a method to compute the two-hop delivery probability to an anycast group via nodes that are not currently in contact. III. A SSUMPTIONS We assume a DTN network with an infinite forwarding bandwidth and storage at each mobile node. Nodes can transfer messages to each other when they are within communication range. We follow a single-copy model, in which, at any point in time, there is at most one copy of the message in the network. We assume a long contact duration so that all buffered messages can be forwarded to their next relay hops within a single contact. Furthermore, messages are assumed to have the same size and be unfragmented. Once transmitted, a message will always successfully arrive at the encounter node in its entirety. Each message is associated with a finite Time-To-Live (TTL) value. After the TTL expires, the message will be discarded by its current carrier node. Lastly, regarding the inter-contact time distribution between nodes, recent studies suggest that VANET mobility traces follow an exponential distribution [12], [13], [14], [15], whereas human-carried mobile devices show a truncated power-law distribution [30], [31], [32], [33]. In this paper, we assume an exponentially distributed inter-contact time with rate λ, and that different node pairs have different inter-contact rates under heterogeneous node mobility. The Cabspotting trace [11] used to evaluate our scheme fits best with this assumption. IV. P ROTOCOL D ESIGN In this section, we first show how to compute the direct one-hop delivery probability from a given node to an anycast group within the time constraint. We then expand to the case of two-hop delivery probability via nodes that are not currently in contact. Lastly, we outline the complete anycast routing strategy in detail. A. Direct One-Hop Delivery Probability This is the probability that a message is delivered directly by the current carrier to an anycast group. Consider an anycast group D with n members: D = {d1 , d2 , · · · , dn }. Let Xij be a random variable denoting the meeting delay between the current message carrier node i and an anycast member dj . Xij is exponentially distributed with rate λij . The probability that node i encounters dj within T (the message’s TTL) is: P r[Xij ≤ T ] = 1 − e−λij T



(1)



Then, the probability that node i does not meet dj within T is the complimentary cumulative distribution function (CCDF) of Xij : P r[Xij > T ] = e



−λij T



(2)



Consequently, the probability that node i does not meet any member of D is: Pei =



n Y



e−λij T



(3)
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This is the joint probability of independent events, in which node i does not meet node d1 and node i does not meet node d2 , etc. Then, the direct one-hop delivery probability from the current carrier node i to an anycast group D within the time constraint T is: Pi = 1 −



n Y



e−λij T



the list of node encounters during their contacts. Each entry in the node encounter list has the following format: hnode i, node j, inter -contact rateλij , timestampi Timestamp denotes the time at which the inter-contact rate λij between node i and node j is updated. Timestamp is used to resolve a merge conflict, in which two entries have the same node IDs but with different inter-contact rates. When a merge conflict occurs, we keep the entry with the latest timestamp. Having learned the inter-contact rates between an intermediate node i and members d1 , d2 , · · · , dn of the anycast group D, the current message carrier node S can compute the two-hop delivery probability as follows. Let XSi and Xij be random variables representing the meeting delay between S and i and between i and an anycast member dj , respectively. We assume that X’s are independent for any pair of nodes. The probability that S can deliver a message to dj via i within the time constraint T is:
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Note that if node i has not met dj , then λij = 0. λij can be estimated using the encounter history between node i and dj as follows:
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N



λij = PN



k=1



Tk



(5)



where {T1 , T2 , · · · , TN } are the inter-contact time samples. It is reasonable to estimate λi this way since, in reality, the intercontact time distribution is quite stable due to the regularity inherent in human mobility patterns [34], [35], [36]. To reduce the storage overhead, λi can be updated incrementally by maintaining the most recent encounter time tk with node i, the current number of samples N , and the current value of λi (tk ). There is no need to keep track of the entire encounter history. Then, λi (tk+1 ) can be updated at the next encounter event tk+1 with node i as follows: λi (tk+1 ) =



N +1 + TN +1



N λi (tk )



(6)



where TN +1 is the value of the new inter-contact time sample, and TN +1 = tk+1 − tk . B. Two-Hop Delivery Probability via Nodes Not in Contact This is the probability that a message is delivered indirectly by the current carrier to an anycast group via an intermediate node that is not currently in contact. To compute this probability, the current message carrier node S needs to know two key information. First is the elapsed time for S to encounter an intermediate node that is not currently in contact. Typically, this information is only available for nodes that S has met in the past based on the inter-contact rate information. It is not practical to derive this information for nodes that S has never met. Second is the inter-contact rates between the intermediate node and members of the anycast group. This requires global network state exchange, in which nodes exchange and merge
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Pij = P r[XSi + Xij ≤ T ] = fSi (x) ⊗ fij (x)dx 0 Z T Z x  = fSi (y) · fij (x − y)dy dx
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where ⊗ indicates the convolution of two functions, and fSi and fij are the probability density functions (PDFs) of XSi and Xij , respectively. The PDF of an exponential random variable X is: f (x) = λe−λx



(8)



Solving Eq. 7, we obtain: Pij = 1 −



λij e−λSi T − λSi e−λij T λij − λSi



(9)



Then, the probability that S can deliver a message to an anycast group D via an intermediate node i is: Pi = 1 −



N Y



(1 − Pij )



(10)



j=1



C. Anycast Routing Strategy We use a single-copy model in which, at any point in time, there is at most one copy of the message in the network. Consider an anycast group D = {d1 , d2 , · · · , dn }. Suppose a source node S encounters a set of nodes V = {v1 , v2 , · · · , vk }. We assume that vi ∈ / D. Otherwise, S can trivially forward the message to the destination immediately. After exchanging the list of node encounters and anycast group information, S and each neighbor vi independently compute the one-hop delivery probability to D using Eq. 4. Each vi then advertises the value of Pvi to S. Let Pv = max(Pv1 , Pv2 , · · · Pvk ). If PS >= Pv , S will not forward the message. Otherwise, S will compute the two-hop delivery probability Prj to D via each intermediate node rj that S has met in the past, but is not currently in contact. The computation is done using Eq.



TABLE I. Characteristics of the Cabspotting trace



10. Let Pr = max(Pr1 , Pr2 , · · · Prm ). If Pv > Pr , then S will forward the message to the current neighbor node v with the highest delivery probability Pv . Node v then follows the same strategy until the message is delivered to D. Fig. 1 summarizes our routing strategy. •
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Fig. 1. Anycast routing strategy based on one-hop and two-hop delivery probability.



V. P ERFORMANCE E VALUATION In this section, we conduct simulations using a real-life mobility trace to evaluate the performance of our TCA scheme. The simulation setup, performance metrics, and the evaluation results are presented as follows. A. Simulation Setup We implement the proposed routing protocol using the opportunistic network simulator ONE 1.5.1 [37]. To obtain meaningful results, we use the real-life Cabspotting trace [11]. Cabspotting contains GPS coordinates of 536 taxis collected over 30 days in the San Francisco Bay Area. The ICTs in this trace have been previously shown to follow an exponential distribution [12], [13], [14], [15]. Table I shows the statistics of Cabspotting. We assume nodes have an infinite buffer capacity. Each node transmits a message of size 10KB to the same anycast group, which consists of 10 randomly chosen nodes. Furthermore, we assume that messages have a homogeneous TTL value, which is varied for different simulations. For statistical convergence, the results reported in this section are averaged from 20 simulation runs. We evaluate the performance of the following anycast routing strategies: • Direct encounter anycast routing (DEA) derives the anycast routing metric based on individual meeting probabilities between a node and each group member. DEA has the following form: Y DEAS,D = 1 − (1 − PS,d ) (11) d∈D



where PS,d is the direct meeting probability between S and an anycast member d, and is computed using the past history of encounter events as in PROPHET [38] with the following parameters {Pinit , β, γ} = {0.75, 0.25, 0.98}.



Trace



Contacts



Duration (days)



Devices



Cabspotting



111,153



30



536



Unicast-based anycast routing (UBA) extends the unitcast routing protocol, and routes the message to a fixed anycast member, to which the source node has the highest meeting probability at the time of message creation. Epidemic routing [39] is a flooding-based routing algorithm. It is optimal in terms of delivery ratio and delay, but is very inefficient in terms of network resource consumption and the amount of network traffic generated. Time-constrained anycast routing (TCA) (our proposed scheme) selects relay nodes based on one-hop and twohop delivery probabilities to anycast members. Unlike the above routing schemes, TCA is aware of the message’s TTL, and is derived from the exponential distribution of the ICTs among nodes.



B. Evaluation Metrics We use the following metrics for evaluation: • Delivery ratio: the proportion of messages that have been delivered before they expire out of the total messages created. • Average delay: the average interval of time for each message to be delivered. • Average cost: the average number of relays for each message to be delivered. C. Comparative Results Fig. 2a compares the delivery ratio among the schemes. As expected, Epidemic has the highest delivery ratio of around 82%. This is achieved at the expense of very high network resource consumption, and thus is not practical. TCA comes second with 67% delivery rate. It outperforms DEA and UBA by 14% and 21%, respectively. The improvement of TCA over DEA is a result of two factors. First, TCA is aware of the message deadline and thus it optimizes the routing path that meets the deadline. Second, TCA has a broad view of relay selection as it considers both one-hop and two-hop delivery path. Note that UBA performs the worst because the best group member at the time of message creation is likely to change over time. Thus, unicasting to this member is not guaranteed to be successful within the time constraint. Fig. 2b depicts the average delay. Again, Epidemic has the best delivery delay, followed by TCA. TCA successfully delivers a message by 5% and 11% less time than DEA and UBA, respectively. Lastly, average cost is compared in Fig. 2c. Epidemic has the highest cost as it floods the message to every network node. The cost of TCA is lower than DEA, UBA, and Epidemic by 16%, 23%, and 36%, respectively. This shows that by considering two-hop relay nodes (in addition to one-hop candidates), TCA effectively eliminates unnecessary relays.
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Fig. 2. Performance comparison using Cabspotting trace.



VI. C ONCLUSION AND F UTURE W ORK In this paper, we proposed a new anycast routing strategy that takes into account the time constraint of message delivery. We derived the one-hop and two-hop delivery probability to an anycast group based on the exponential distribution of ICTs. Our relay selection scheme considers nodes from both current and past contacts to minimize the number of relay hops. Experimental results using the Cabspotting trace show that our scheme can achieve up to 21% higher delivery rate, 11% lower delay, and 36% lower transmission cost compared to other anycast routing strategies. In future work, we plan to derive an expression for the relay selection metric based on the power-law distribution of ICTs. We also plan to relax the assumption of long contact duration, and tackle the message scheduling issue. R EFERENCES [1] K. Fall, “A delay-tolerant network architecture for challenged internets,” in Proceedings of the 2003 conference on Applications, technologies, architectures, and protocols for computer communications. ACM, 2003, pp. 27–34. [2] P. Juang, H. Oki, Y. Wang, M. Martonosi, L. S. Peh, and D. Rubenstein, “Energy-efficient computing for wildlife tracking: Design tradeoffs and early experiences with zebranet,” in ACM Sigplan Notices, vol. 37, no. 10. ACM, 2002, pp. 96–107. [3] A. Tovar, T. Friesen, K. Ferens, and B. McLeod, “A dtn wireless sensor network for wildlife habitat monitoring,” in Electrical and Computer Engineering (CCECE), 2010 23rd Canadian Conference on. IEEE, 2010, pp. 1–5. [4] M. Motani, V. Srinivasan, and P. S. Nuggehalli, “Peoplenet: engineering a wireless virtual social network,” in Proceedings of the 11th annual international conference on Mobile computing and networking. ACM, 2005, pp. 243–257. [5] J. Partan, J. Kurose, and B. N. Levine, “A survey of practical issues in underwater networks,” ACM SIGMOBILE Mobile Computing and Communications Review, vol. 11, no. 4, pp. 23–33, 2007. [6] S. Park, S. Kim, and Y. Yoo, “Dtn routing protocol utilizing underwater channel properties in underwater wireless sensor networks,” The Journal of Korean Institute of Communications and Information Sciences, vol. 39, no. 10, pp. 645–653, 2014. [7] Z. Lu and J. Fan, “Delay/disruption tolerant network and its application in military communications,” in Computer Design and Applications (ICCDA), 2010 International Conference on, vol. 5. IEEE, 2010, pp. V5–231. [8] R. Amin, D. Ripplinger, D. Mehta, and B.-N. Cheng, “Design considerations in applying disruption tolerant networking to tactical edge networks,” IEEE Communications Magazine, vol. 53, no. 10, pp. 32–38, 2015.



[9] J. Ott and D. Kutscher, “A disconnection-tolerant transport for drivethru internet environments,” in INFOCOM 2005. 24th Annual Joint Conference of the IEEE Computer and Communications Societies. Proceedings IEEE, vol. 3. IEEE, 2005, pp. 1849–1862. [10] C. Wu, Y. Ji, S. Ohzahata, and T. Kato, “Can dtn improve the performance of vehicle-to-roadside communication?” in Personal, Indoor, and Mobile Radio Communications (PIMRC), 2015 IEEE 26th Annual International Symposium on. IEEE, 2015, pp. 1934–1939. [11] M. Piorkowski, N. Sarafijanovic-Djukic, and M. Grossglauser, “CRAWDAD dataset epfl/mobility (v. 2009-02-24),” Downloaded from http://crawdad.org/epfl/mobility/20090224/cab, Feb. 2009, traceset: cab. [12] H. Zhu, L. Fu, G. Xue, Y. Zhu, M. Li, and L. M. Ni, “Recognizing exponential inter-contact time in vanets,” in INFOCOM, 2010 Proceedings IEEE. IEEE, 2010, pp. 1–5. [13] K. Lee, Y. Yi, J. Jeong, H. Won, I. Rhee, and S. Chong, “Maxcontribution: On optimal resource allocation in delay tolerant networks,” in INFOCOM, 2010 Proceedings IEEE. IEEE, 2010, pp. 1–9. [14] E. Wang, Y. Yang, and J. Wu, “A knapsack-based buffer management strategy for delay-tolerant networks,” Journal of Parallel and Distributed Computing, vol. 86, pp. 1–15, 2015. [15] T. Le, H. Kalantarian, and M. Gerla, “A joint relay selection and buffer management scheme for delivery rate optimization in dtns,” in World of Wireless, Mobile and Multimedia Networks (WoWMoM), 2016 IEEE 17th International Symposium on A. IEEE, 2016, pp. 1–9. [16] D. Katabi and J. Wroclawski, “A framework for scalable global ipanycast (gia),” ACM SIGCOMM Computer Communication Review, vol. 30, no. 4, pp. 3–15, 2000. [17] I. Stoica, D. Adkins, S. Zhuang, S. Shenker, and S. Surana, “Internet indirection infrastructure,” in ACM SIGCOMM Computer Communication Review, vol. 32, no. 4. ACM, 2002, pp. 73–86. [18] H. Ballani and P. Francis, “Towards a global ip anycast service,” in ACM SIGCOMM Computer Communication Review, vol. 35, no. 4. ACM, 2005, pp. 301–312. [19] V. D. Park and J. P. Macker, “Anycast routing for mobile services,” DTIC Document, Tech. Rep., 1999. [20] J. Wang, Y. Zheng, and W. Jia, “An aodv-based anycast protocol in mobile ad hoc network,” in Personal, Indoor and Mobile Radio Communications, 2003. PIMRC 2003. 14th IEEE Proceedings on, vol. 1. IEEE, 2003, pp. 221–225. [21] J. Wang, Y. Zheng, C. Leung, and W. Jia, “A-dsr: A dsr-based anycast protocol for ipv6 flow in mobile ad hoc networks,” in Vehicular Technology Conference, 2003. VTC 2003-Fall. 2003 IEEE 58th, vol. 5. IEEE, 2003, pp. 3094–3098. [22] S. R. Das, E. M. Belding-Royer, and C. E. Perkins, “Ad hoc on-demand distance vector (aodv) routing,” 2003. [23] D. B. Johnson, “The dynamic source routing protocol for mobile ad hoc networks,” draft-ietf-manet-dsr-09. txt, 2003. [24] Y.-B. Ko and N. H. Vaidya, “Anycasting-based protocol for geocast service in mobile ad hoc networks,” Computer Networks, vol. 41, no. 6, pp. 743–760, 2003. [25] T. Le and M. Gerla, “Social contact graph-based group communication schemes for delay tolerant networks,” International Journal of Parallel, Emergent and Distributed Systems, pp. 1–15, 2017. [26] ——, “Social-distance based anycast routing in delay tolerant networks,”



[27] [28]



[29]



[30]



[31] [32] [33]



[34] [35] [36] [37]



[38] [39]



in Ad Hoc Networking Workshop (Med-Hoc-Net), 2016 Mediterranean. IEEE, 2016, pp. 1–7. S. C. Nelson and R. Kravets, “Achieving anycast in dtns by enhancing existing unicast protocols,” in Proceedings of the 5th ACM Workshop on Challenged Networks, ser. CHANTS ’10. ACM, 2010, pp. 63–70. M. Xiao, L. Huang, A. Liu, and W. Chen, “Anycast routing in probabilistically contacted delay tolerant networks,” in Communications and Mobile Computing (CMC), 2010 International Conference on, vol. 3. IEEE, 2010, pp. 442–446. E. R. da Silva and P. R. Guardieiro, “Anycast routing in delay tolerant networks using genetic algorithms for route decision,” in Computer and Information Technology, 2008. ICCIT 2008. 11th International Conference on. IEEE, 2008, pp. 65–71. A. Chaintreau, P. Hui, J. Crowcroft, C. Diot, R. Gass, and J. Scott, “Impact of human mobility on opportunistic forwarding algorithms,” Mobile Computing, IEEE Transactions on, vol. 6, no. 6, pp. 606–620, 2007. I. Rhee, M. Shin, S. Hong, K. Lee, S. J. Kim, and S. Chong, “On the levy-walk nature of human mobility,” IEEE/ACM Transactions on Networking (TON), vol. 19, no. 3, pp. 630–643, 2011. T. Karagiannis, J.-Y. Le Boudec, and M. Vojnovi´c, “Power law and exponential decay of intercontact times between mobile devices,” Mobile Computing, IEEE Transactions on, vol. 9, no. 10, pp. 1377–1390, 2010. T. Le, H. Kalantarian, and M. Gerla, “A buffer management strategy based on power-law distributed contacts in delay tolerant networks,” in Computer Communication and Networks (ICCCN), 2016 25th International Conference on. IEEE, 2016, pp. 1–8. M. C. Gonzalez, C. A. Hidalgo, and A.-L. Barabasi, “Understanding individual human mobility patterns,” Nature, vol. 453, no. 7196, pp. 779–782, 2008. C. Song, Z. Qu, N. Blumm, and A.-L. Barab´asi, “Limits of predictability in human mobility,” Science, vol. 327, no. 5968, pp. 1018–1021, 2010. S. Sch¨onfelder and K. W. Axhausen, Urban rhythms and travel behaviour: spatial and temporal phenomena of daily travel. Ashgate Publishing, Ltd., 2010. A. Ker¨anen, J. Ott, and T. K¨arkk¨ainen, “The ONE Simulator for DTN Protocol Evaluation,” in SIMUTools ’09: Proceedings of the 2nd International Conference on Simulation Tools and Techniques. New York, NY, USA: ICST, 2009. A. Lindgren, A. Doria, and O. Schel´en, “Probabilistic routing in intermittently connected networks,” ACM SIGMOBILE mobile computing and communications review, vol. 7, no. 3, pp. 19–20, 2003. A. Vahdat, D. Becker et al., “Epidemic routing for partially connected ad hoc networks,” Technical Report CS-200006, Duke University, Tech. Rep., 2000.



























[image: Refined Routing Algorithm in Hybrid Networks with ... - IEEE Xplore]
Refined Routing Algorithm in Hybrid Networks with ... - IEEE Xplore












[image: Elastic Routing in Wireless Networks With Directional ... - IEEE Xplore]
Elastic Routing in Wireless Networks With Directional ... - IEEE Xplore












[image: A DTN Routing and Buffer Management Strategy for ... - IEEE Xplore]
A DTN Routing and Buffer Management Strategy for ... - IEEE Xplore












[image: A Two-Level Multicast Routing Strategy for Delay ... - IEEE Xplore]
A Two-Level Multicast Routing Strategy for Delay ... - IEEE Xplore












[image: The Epipolarity Constraint in Stereo-Radargrammetric ... - IEEE Xplore]
The Epipolarity Constraint in Stereo-Radargrammetric ... - IEEE Xplore












[image: Cognitive Routing with the ETX Metric - IEEE Xplore]
Cognitive Routing with the ETX Metric - IEEE Xplore












[image: DEARER: A Distance-and-Energy-Aware Routing with ... - IEEE Xplore]
DEARER: A Distance-and-Energy-Aware Routing with ... - IEEE Xplore












[image: Secure Mobile Ad hoc Routing - IEEE Xplore]
Secure Mobile Ad hoc Routing - IEEE Xplore












[image: An Efficient Geometric Algorithm to Compute Time ... - IEEE Xplore]
An Efficient Geometric Algorithm to Compute Time ... - IEEE Xplore












[image: Timing Constraint-Driven Technology Mapping for ... - IEEE Xplore]
Timing Constraint-Driven Technology Mapping for ... - IEEE Xplore












[image: Intentional Attack and Fusion-Based Defense Strategy in ... - IEEE Xplore]
Intentional Attack and Fusion-Based Defense Strategy in ... - IEEE Xplore












[image: Distributed Average Consensus With Dithered ... - IEEE Xplore]
Distributed Average Consensus With Dithered ... - IEEE Xplore












[image: IEEE Photonics Technology - IEEE Xplore]
IEEE Photonics Technology - IEEE Xplore












[image: Increasing Device Lifetime in Backbone Networks with ... - IEEE Xplore]
Increasing Device Lifetime in Backbone Networks with ... - IEEE Xplore












[image: A Load Balanced Social-Tie Routing Strategy for DTNs ... - IEEE Xplore]
A Load Balanced Social-Tie Routing Strategy for DTNs ... - IEEE Xplore












[image: HAODV: a New Routing Protocol to Support ... - IEEE Xplore]
HAODV: a New Routing Protocol to Support ... - IEEE Xplore












[image: wright layout - IEEE Xplore]
wright layout - IEEE Xplore












[image: Device Ensembles - IEEE Xplore]
Device Ensembles - IEEE Xplore












[image: wright layout - IEEE Xplore]
wright layout - IEEE Xplore












[image: Speckle Tracking in 3D Echocardiography with Motion ... - IEEE Xplore]
Speckle Tracking in 3D Echocardiography with Motion ... - IEEE Xplore












[image: Energy Efficient Content Distribution in an ISP Network - IEEE Xplore]
Energy Efficient Content Distribution in an ISP Network - IEEE Xplore












[image: Investigating Sensor Networks with Concurrent ... - IEEE Xplore]
Investigating Sensor Networks with Concurrent ... - IEEE Xplore












[image: Providing Secrecy with Lattice Codes - IEEE Xplore]
Providing Secrecy with Lattice Codes - IEEE Xplore












[image: Trellis-Coded Modulation with Multidimensional ... - IEEE Xplore]
Trellis-Coded Modulation with Multidimensional ... - IEEE Xplore















An Anycast Routing Strategy with Time Constraint in ... - IEEE Xplore






Tuan Le, Mario Gerla. Dept. of Computer Science, UCLA. Los Angeles, USA. {tuanle, gerla}@cs.ucla.edu. Abstractâ€”Delay Tolerant Networks (DTNs) are sparse ... 






 Download PDF 



















 304KB Sizes
 2 Downloads
 263 Views








 Report























Recommend Documents







[image: alt]





Refined Routing Algorithm in Hybrid Networks with ... - IEEE Xplore 

Abstractâ€”In this paper, a low-complexity routing strategy is introduced for a hybrid network in which wireless nodes are randomly located and multiple base ...














[image: alt]





Elastic Routing in Wireless Networks With Directional ... - IEEE Xplore 

Abstractâ€” Throughput scaling law of a large wireless network equipping directional antennas at each node is analyzed based on the information-theoretic ...














[image: alt]





A DTN Routing and Buffer Management Strategy for ... - IEEE Xplore 

Dept. of Computer Science, UCLA. Los Angeles, USA. {tuanle, kalantarian, gerla}@cs.ucla.edu. Abstractâ€”Delay Tolerant Networks (DTNs) are sparse mobile.














[image: alt]





A Two-Level Multicast Routing Strategy for Delay ... - IEEE Xplore 

Dept. of Computer Science, UCLA. Los Angeles, USA. {tuanle, kalantarian, gerla}@cs.ucla.edu. Abstractâ€”Delay Tolerant Networks (DTNs) are sparse mobile.














[image: alt]





The Epipolarity Constraint in Stereo-Radargrammetric ... - IEEE Xplore 

Abstractâ€”For stereometric processing of optical image pairs, the concept of epipolar ..... Reference and input data for the used test site. In the LiDAR DSM, the ...














[image: alt]





Cognitive Routing with the ETX Metric - IEEE Xplore 

Department of Computer Science. University of California, Los Angeles. Los Angeles, USA. {tuanle, rrabsatt, gerla}@cs.ucla.edu. Abstractâ€”The emergence of ...














[image: alt]





DEARER: A Distance-and-Energy-Aware Routing with ... - IEEE Xplore 

See http://www.ieee.org/publications_standards/publications/rights/index.html for more information. This article has been accepted for publication in a future ...














[image: alt]





Secure Mobile Ad hoc Routing - IEEE Xplore 

In mobile ad hoc networks (MANETs), multi-hop mes- sage relay is the common way for nodes to communicate and participate in network operations, making ...














[image: alt]





An Efficient Geometric Algorithm to Compute Time ... - IEEE Xplore 

An Efficient Geometric Algorithm to Compute Time-optimal trajectories for a Car-like Robot. Huifang Wang, Yangzhou Chen and Philippe Sou`eres.














[image: alt]





Timing Constraint-Driven Technology Mapping for ... - IEEE Xplore 

node in the gate-level netlist. We also recognize and pro- cess constraint conflicts efficiently. Our algorithm produces a mapped circuit with the optimal mapping depth under timing constraints. To the best of our knowledge, this is the first FPGA ma














[image: alt]





Intentional Attack and Fusion-Based Defense Strategy in ... - IEEE Xplore 

Abstractâ€”Intentional attack incurs fatal threats on modern networks by paralyzing a small fraction of nodes with highest de- grees to disrupt the network.














[image: alt]





Distributed Average Consensus With Dithered ... - IEEE Xplore 

computation of averages of the node data over networks with band- width/power constraints or large volumes of data. Distributed averaging algorithms fail to ...














[image: alt]





IEEE Photonics Technology - IEEE Xplore 

Abstractâ€”Due to the high beam divergence of standard laser diodes (LDs), these are not suitable for wavelength-selective feed- back without extra optical ...














[image: alt]





Increasing Device Lifetime in Backbone Networks with ... - IEEE Xplore 

is the application of sleep modes to network devices. Sleep mode is a low power state, which typically lasts for minutes or hours, during which the device does ...














[image: alt]





A Load Balanced Social-Tie Routing Strategy for DTNs ... - IEEE Xplore 

forwardings, compared to 37% for Epidemic routing, 43% for. PROPHET, and 47% for BubbleRap. Keywordsâ€”Delay Tolerant Networks; Social Networks; Rout-.














[image: alt]





HAODV: a New Routing Protocol to Support ... - IEEE Xplore 

1Department of Computer Science. 2Department of Electrical and Computer Engineering. American University of Beirut, Beirut, Lebanon. {hs33, hartail, mk62 ...














[image: alt]





wright layout - IEEE Xplore 

tive specifications for voice over asynchronous transfer mode (VoATM) [2], voice over IP. (VoIP), and voice over frame relay (VoFR) [3]. Much has been written ...














[image: alt]





Device Ensembles - IEEE Xplore 

Dec 2, 2004 - time, the computer and consumer electronics indus- tries are defining ... tered on data synchronization between desktops and personal digital ...














[image: alt]





wright layout - IEEE Xplore 

ACCEPTED FROM OPEN CALL. INTRODUCTION. Two trends motivate this article: first, the growth of telecommunications industry interest in the implementation ...














[image: alt]





Speckle Tracking in 3D Echocardiography with Motion ... - IEEE Xplore 

tracking in 3D echocardiography. Instead of tracking each speckle independently, we enforce a motion coherence con- straint, in conjunction with a dynamic ...














[image: alt]





Energy Efficient Content Distribution in an ISP Network - IEEE Xplore 

The content data is delivered towards the clients following a path on the tree from the root, i.e., the Internet peering point. A storage cache can be located at each node of the network, providing a potential facility for storing data. Moreover, cac














[image: alt]





Investigating Sensor Networks with Concurrent ... - IEEE Xplore 

The background behind this demonstration is described as an one-page poster submission. The goal is to show a flow of tools for quick sensor network modeling, from an high level abstraction down to a system validation, including random network genera














[image: alt]





Providing Secrecy with Lattice Codes - IEEE Xplore 

Wireless Communications and Networking Laboratory. Electrical Engineering Department. The Pennsylvania State University, University Park, PA 16802.














[image: alt]





Trellis-Coded Modulation with Multidimensional ... - IEEE Xplore 

constellation, easier tolerance to phase ambiguities, and a better trade-off between complexity and coding gain. A number of such schemes are presented and ...


























×
Report An Anycast Routing Strategy with Time Constraint in ... - IEEE Xplore





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Sign In






Email




Password







 Remember Password 
Forgot Password?




Sign In



















Information

	About Us
	Privacy Policy
	Terms and Service
	Copyright
	Contact Us





Follow us

	

 Facebook


	

 Twitter


	

 Google Plus







Newsletter























Copyright © 2024 P.PDFKUL.COM. All rights reserved.
















