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2.
Project Description

Prompted by envisioned advances in telecommunication technology, the study of computing and communication networks has become an important research activity in computer science and communication engineering. The growing complexity of high-speed networks makes the incorporation of advanced mathematical methodology important for achieving efficient designs. Future high-speed networks involve designing topologies, which are optimized with respect to costs within the limits of physical constraints, testing for interface compatibility, allocation of resources under both normal and abnormal conditions (such as slow degradation, unexpected congestion and failures).

The objective of the CANCCOM project is to promote research in the area of applied mathematics and their application to problems of computing and communication networks.  CANCCOM aims at promoting the convergence of collaborative research in the areas of mathematics, systems engineering and computer science.
Recently significant research interest was generated in the areas of optical networks (with emphasis on routing, protection and optimal wavelength allocation) and in the area of wireless networks and  Internet commodity pricing. As a result a few new sub-projects were initiated in early 2001 and in 2002 in these areas. 

CANCCOM’s research thrusts are:

· Network Stochastic Modeling (asymptotic behavior of large networks, traffic modeling and management, estimation of effective bandwidths, performance analysis of IP networks)

· Network Performance Analysis and Design (algorithms, simulation techniques and stochastic optimization, self-sizing of high-speed networks, multicasting over next generation Internet, self-learning using neural networks and fuzzy controllers)

· Network Computing  (computing and communication, congestion control and virtual channel/path layouts, routing for high-speed networks, design and analysis of networks, mobile computing)
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6.
Science (maximum 5 pages)
1. Self-Scheduling in High Speed Data Networks  led by Raj Srinivasan.
Modern telecommunications networks are no longer dedicated to carrying service specific traffic such as voice or data.  They are expected to transport diverse sources of traffic such as voice, data, video on demand and multimedia. However, designing and managing a single network that can carry different traffic types is very complex. Sophisticated control mechanisms are required to properly guarantee Quality of service (QoS) to all different traffic types and at the same time reduce congestion, maximize network utilization and ensure that the network is stable. Each traffic type requires different amount of network resources (buffer space and bandwidth), and its flow through the network is affected by network control functions such as queueing mechanisms, bandwidth allocation, and routing protocols. Contrary to the best effort service provided in the traditional network, future telecommunications networks that guarantee some QoS or Service Level Agreement (SLA) to their customers should address    complex tasks such Call Admission Control(CAC), Dynamic Bandwidth Allocation (DBA) in their network management functions.
The Self-X  framework  we introduce here  for the basic network management functions  is part of the  the  vision  of a  self-x network  that can manage its functions  itself without  requiring human interactions.  It is expected that such a network  will transport diverse sources of traffic such as voice, data and video on demand, while guaranteeing

individual and specific Quality of Service to each user. It is also expected that  such a network  is self-installing, self-learning, self-sizing and self-healing.  In order to achieve these self-aspect goals, the network should possess: (i) the self-knowledge which is typically derived from accurate on-line measurements and current network conditions, and (ii) the self-learning abilities to adapt to changes in traffic and network conditions.

2.  Traffic Engineering for MPLS networks  led by Raj Srinivasan.
Traffic measurements will play a crucial role in bandwidth sizing in MPLS networks. As the MPLS seems to be the protocol of choice for engineering data traffic, there is a need for a methodology for sizing LSPs (Label Switched Paths). LSPs will book bandwidth along their routes for their traffic. The amount of the booked bandwidth will depend on the traffic offered to an LSP, its volume and the QoS requirements. The volume of traffic offered to an LSP will have to be derived from traffic measurements. There are two basic questions that have to be answered to derive a measurement methodology. First is what and how to measure the traffic. The measurements have to provide information that is sufficient to measurement methodology. This requirement is usually better satisfied with more detailed and frequent measurements. However, taking measurements and storing them consumes networks resources such as bandwidth and storage. As network operators want to maximize the efficiency of their network, they want to maximize the payload, which means that other activities, such as measurements have to be done efficiently. An optimal solution would be a compromise between the two requirements. The second basic question is how to derive estimates of traffic volume from the measurements. The measurements will provide samples of stochastic processes, which for the purpose of sizing LSPs, will have to be turned into estimates.

3 IP Network Performance: a) Congestion Control in IP networks b) QoS for Video Multicasting over IP Networks, led by Ioannis Lambadaris.

The first part of the project focuses on various Congestion control algorithms in TCP/IP networks. We studied the effect of  a congestion control mechanism called ECN (Explicit Congestion Notification) on IP. The TCP/IP stack in an experimental testbed (running under Linux) was changed to implement ECN. ECN is dependent on TCP and is an end-to-end congestion control mechanism. BECN (Backward Explicit Congestion Notification), a recently proposed  congestion control method for IP networks (not using end-to-end congestion control), was implemented in the TCP/IP stack of Linux. Its evaluation showed further improvement over ECN. Finally, research was done on assessing and comparing the performance of a number of buffer management schemes for DiffServ assured forwarding Per Hop Behavior (PHB). Research will continue in this area towards further statistical validation of the results and extensions towards the study of an extension of BECN called MECN (Multiple threshold ECN)[36,37]

The focus of the second part of the project is on the development and analysis of video multicasting transport protocols over IP networks. This is done is the context of the current “best-effort” Internet architecture. The Internet was designed to provide a single-class best effort service and hence it does not provide the required service guarantees for the emerging real-time applications such as live video.  Our research efforts concentrate on approaches/methodologies that will enable some Quality of Service (QoS) guarantees for video multicasting over the “best-effort” Internet architecture[1,1,42,43,44].

4. Fractal Traffic Modeling and Implications to Network Performance led by Ioannis Lambadaris and H. Zhao

This project has been initiated in January 2000. The project focuses on the understanding of the implications of fractal traffic to network performance. Also it will concentrate on computationally efficient methodologies for generating such traffic. Current efforts concentrate on the characterization/generation of the fractional Levy and fractional Poisson traffic[38].

5. Computing and Communication, led by Evangelos Kranakis

This project investigates relations between network topology (e.g., connectivity, symmetry, etc.), information dissemination (e.g., broadcasting, routing, etc.) and network control (e.g., election, mutual exclusion, etc) affect the network performance. Topics investigated include search algorithms for mobile agents in communication networks, and new algorithmic techniques for leader election and routing.

6. Mobile and Wireless Computing, led by Michel Barbeau and Evangelos Kranakis
This project is concerned with improved performance of mobile systems, algorithms for node discovery, improved transport and congestion control, and strategies for resource allocation and revocation. Topics investigated include new broadcasting algorithms in ad-hoc packet radio networks, new memoryless routing strategies in wireless networks. Also an experimental analysis of cache strategies in cellular networks was conducted.

7. Nework Security, led  by Evangelos Kranakis and Paul Vanoorschot
This project is concerned with security in  networked systems. Topics investigated include Distributed Firewalls, Intrusion detection, analysis of the security features of the WEP, new approaches to authentication management in wireless environments and radio frequency fingerprinting

8. Wireless ad-hoc networks: Modeling Analysis and Performance (Introduced late fall 2000) led by D. Makrakis

This research is concerned with future ad-hoc wireless networks, which deal with large amount of aggregated non-homogeneous traffic information such as multimedia signals, under very diverse operational conditions (different propagation environments and transmission technologies).

9. Routing in Optical Networks (Introduced spring 2001), I. Lambadaris

The project will investigate extension of the BGP routing algorithm to optical networks. The modified algorithm called Optical BGP (O-BGP) will aim at establishing end-to-end lightpaths and performing appropriate wavelength assignment. 

Furthermore, the project is developing performance analysis methods based on simulations and mathematical approximations for computing blocking probabilities (in the sense of non-availability of wavelength) for optical connections under different routing/wavelength allocation schemes.

7. Progress Made and Results Obtained
Sub-Project 1. Self-Scheduling in High Speed Data Networks
1. Traffic Scheduler: We have extended the dynamic bandwidth scheduler developed for two sources using fuzzy logic control. The new dynamic bandwidth scheduler can handle multiple traffic sources. We have also developed a refinement of the dynamic bandwidth scheduler which recursively and efficiently redistributes the unused bandwidth allocated by the original scheduler.  The algorithm developed also provides an estimate of the line rate required to meet a set of Qos's imposed by the traffic sources.  This will be useful in determining whether to accept or reject a new source. Extensive simulation studies indicate that the modified bandwidth allocation scheme performs extremely well. We emphasize the fact that the bandwidth allocation scheme we have developed does not assume any statistical properties of the traffic sources, and in particular adapts to drastic changes in traffic characteristics. This work was completed by December 2000.

2. Call Admission Control: We have designed a fuzzy connection admission control (fCAC) algorithm based on on-line measurements that decides whether to accept or reject a new source. This algorithm integrates two main criteria namely; the estimation of the bandwidth required to meet the set of QoS's imposed by the active sources and the actual use of the allotted bandwidth use. We have introduced the notion of Virtual Line Rate Required and Customer Satisfaction Factor to design the structure of the adaptive CAC. Limited experiments have shown that the FCAC algorithm performs extremely well when compared to algorithms based on Effective Bandwidth. The algorithm uses fuzzy logic theory and has been completed in August 2001,  and we have also  developed  of a Graphical User Interface and  a simulator (this was completed in February 2002).
Sub-Project 2: N/A
Sub-project 3 (IP Network Performance: a) Congestion Control in IP networks b) QoS for video multicasting over IP networks)

The following research was completed: 

In the area of IP congestion control we studied the benefits of ECN (Explicit Congestion Notification)  on a test bed with different TCP modifications. Implemented BECN using a  Linux based testbed and studied its benefits. ECN and BECN both showed considerable improvement over traditional methods of congestion control in IP Networks. Furthermore we studied different active buffer management schemes for Assured Forwarding Per Hop Behavior (AF-PHB) in a differentiated services (DiffServ) environment. Experiments have been set up using an active testbed running under  Linux and Vxworks operating systems in collaboration with Nortel Networks. Important results related to buffer management schemes for Assured Forwarding Per Hop Behavior (AF PHB) have been derived and published (in collaboration with Nortel Networks) [36,37]

The work already performed has shown positive results in favor of explicit congestion control (ECN and BECN). Further study for improvement is being done with BECN and Multi-Level BECN initially using the ns simulator. The project is towards its completion.  Student Frank Akujobi has completed his thesis and he will be defending in late Decemeber 2002 or early January 2003. The research is in the area of comparison of BECN and ECN and optimal adjustment of the BECN control parameters for minimizing congestion in IP routers. A paper was accepted in IEEE Globecom 2002[13]

Turning to the project on video multicasting over IP, the progress (for the period Nov.2001-Nov. 2002) is briefly summarized in the following:

1. Modeling and software realization of an MPEG4 video traffic generator using the TES (Transform Expand Sample) methodology. Implementation was performed in C++ and OTcl and was integrated in the network simulator ns[43]

2. Investigation and identification of problems with multi-rate (layered) approaches for video multicast congestion control. We identified the source of unfair behavior of the layered approach to congestion control for video multicasting . We showed the effect of three factors on fairness: 1) the flow/congestion control used by the video transport protocols for multicast applications, 2) the traffic rate distribution across the video layers 3) burstiness of the video source [44]. 

3. Explicit Congestion Notification (ECN) for video multicasting was developed based on RED buffer management.  This research was motivated by and is connected with  the first part of the project on IP congestion control. We proposed the use of different forms of Explicit Congestion Notification (ECN, BECN, and MECN) to avoid congestion while it is developing in the network. Some of these techniques have already been in use in the case of unicast traffic (in the first part of our project). We proposed its extension to the multicast case [52].

4. Performancestudy of end-to-end architectures using network support from different ECN techniques for multicasting of MPEG4 over IP.

5. Student Ashraf Matrawy has further elaborated in the areas 3,4 above using diffserv based QoS for video multicasting. He has finished his doctoral research and he is defending his doctoral thesis in late December 2002. A number of publications have been accepted to refereeed IEEE journals [1, 2]

Sub-project 4 (Fractal Traffic Modeling and Implications to Network Performance):

This project was initiated in January 2000. Up to November 2000 we have done research in the area of Fractional Levy motion. The Fractional Levy motion is a generalization of the ordinary Levy motion and is derived from it through a Riemann-Liouville fractional integral. In this research we have shown that it is a self-similar process and possesses long range dependence.  A queueing model that is fed with such traffic was studied under limiting regimes and asymptotic results for the probability of the buffer overflow (as buffer size becomes large) as well as the distribution of queueing delay (as many independent streams are multiplexed in the same queue) were derived. A paper has been recently presented to ITC 2001 [38].

Sub-project 5 (Computing and Communications)

Research was continued on the hotlink assignment problem for improving web performance. Experimental results were obtained by implementing several heuristics and a software tool was developed (Web Site Optimizer) which automatically assigns hotlinks to web pages starting from the home page. Theoretical results include the development of a new  1/3-2/3-hotlink assignment algorithm with predictable worst-case performance. Additional research involves the study of the smallworld phenomenon and the performance of greedy routing in specific topologies of distributed networks (smallworld graphs).
Sub-project 6 (Mobile and Wireless Computing)

Results obtained include new search algorithms and time/memory communication complexity tradeoffs for mobile agents in communication networks. A new class of algorithms has been proposed on the limits of memoryless search in an anonymous network. Research was initiated on node discovery protocols in ad hoc networks. First results obtained include protocols for single channel adhoc networks.
Sub-project 7 (Network Security)
In the area of distributed firewalls the effectiveness of pushback techniques and path tracing are being investigated.  Intrusion monitoring and detection using distributed probing in ad hoc networks was investigated.  Experimental research has been initiated on Radio Frequency fingerprinting. This involves the capture of transient signals in blue-tooth radios and subsequent experimental analysis on the feasibility of using the signal for authentication and identification purposes.

Sub-project 8 (Wireless Ad-Hoc Networks) 

Currently research concentrates in the following two domains:

1. Issues of reliable routing and service provisioning. We have produced three conference submissions [49,50,51].

2. Traffic scheduling in wireless networks. We study problems of efficient data broadcasting.  Our research produced two conference papers [45,45].
Sub-Project 9 (Routing in Optical networks) 

Since its introduction in the spring of 2000 the project has developed in two main areas: 

1. We have studied the extension of the BGP (Border Gateway routing Protocol) to optical networks. BGP has been used in Internet for interdomain routing.  However, contrary to packet networks (such as Internet) optical networks need to open end-to-end connections (lightpaths) since routing cannot be done on a hop-by-hop manner (as in Internet) if optical to electrical conversion is not used (which is expensive, slow and therefore not desirable).  Modifying BGP in order to be used in optical networks and operate by setting up lightpaths in an end-to end fashion is a major task. Simulations in OPNET done during summer and fall 2000 enabled us to propose the necessary modifications and transform BGP to Optical BGP (OBGP). Currently, we are in the process of developing OBGP in an actual testbed.
2. Performance analysis of routing protocols in optical networks has been initiated in summer 2001 in collaboration with researchers from the faculty of the school of mathematics and statistics at Carleton. Currently, one doctoral student co-supervised by Prof. Lambadaris (SCE) and Zhao (school of mathematics) is investigating the performance of OBGP under different wavelength availability/distribution schemes for establishing end-to-end lightpaths. Numerical approximations and simulations using OPNET are in close agreement and further testing of our numerical algorithms is performed currently. The work was completed in Spring 2002 [56]. 

3. Student Yunhao Li has succesfully defended his master’s degree in the area of optical network routing [57,58]. Student Zhenjiang Zhang has succesfully defended his masters in the area of path protection in optical networks.

8. Revised Milestones
Sub-Project 1. Self-Scheduling in High Speed Data Networks
The main focus of this project is to continue to develop learning algorithms for some key management/control functions that will make significant contributions to the vision of self-x networks. The list of research activities we will carry out is listed below.

A:  Construct hierarchical fuzzy logic controllers for dynamic bandwidth allocation. It is intended that higher level controllers will provide 'smart' inputs to the lower level controllers. For example, higher level controllers that monitors the network continuously could provide new fuzzy rule bases (to accommodate a drastic change in traffic volume) to lower level bandwidth scheduler to avoid 'disasters' there by helping the network to cope up with the problem before they happen.  At present the fuzzy logic controllers used for bandwidth scheduling uses static fuzzy rule base for adjusting the bandwidth among various traffic sources. The proposed hierarchical controllers are well suited for the vision of self-x concept. (Revised Milestone:  February 2003)

B:  Develop bandwidth allocation scheme at the cell level or slot level using fuzzy logic controllers and test the feasibility of administering slot level control.  Also develop fuzzy logic controller for bandwidth scheduling based on specified Quality of Service (Revised Milestone:  June 2003)

C:  Develop a self-learning controller (Meta Module) that uses inputs from the traffic predictor, the traffic scheduler and the data base which contains real time system statistics to adaptively design the structure of the fuzzy CAC so that the system can adapt to drastic changes in traffic and network conditions. (Target Date: June 2003) 
D.  The development of algorithm for dynamic bandwidth allocation  using fuzzy logic control  can be expressed in terms of solving for coupled non-linear differential equations.  Obtaining exact or approximate solutions to these non-linear equations will provide new insights into fuzzy logic control. A summer student in collaboration with Dean Slonowsky has already started the preliminary work and we  intend to continue this work. (New Milestone Summer 2003)   

Sub-project 2 Traffic Engineering for MPLS networks
This project is new, and we expect to start collecting traffic measurements during 2003 and results are expected at the end of 2003. 

Sub-project 3 (Congestion Control for IP Networks):

The project will  investigate issues on  numerical optimization of the control parameters of our proposed algorithms as a continuation of the  doctoral work of student Ashraf Matrawy. After his graduation in Dec. 2002 he is expected to join as a post-doctoral fellow. at least until summer 2003.

Sub-Project 3 (FractalTraffic Modeling and its Implications to Network Performance):

Extensions of our work on Fractional Levy motion to traffic generation and fast simulations (end of March 2003)

Sub-project 8 (Routing in Optical networks):

Performance analysis of Optical BGP. Simulations using OPNET and derivation of approximate methods for the evaluation of blocking probability under different wavelength allocation principles (such as first fit, random selection etc) (spring 2003). Continuation of the development of an experimental testbed for OBGP (end 2003). Investigation of G-MPLS for optical routing.

9.
Results of the Research

a) Papers in refereed journals

1. A. Matrawy and I. Lambadaris, "A Rate Adaptation Algorithm for Multicast Sources in Priority-based IP etworks", accepted for publication in  IEEE Communications Letters 
2. A.Matrawy and I. Lambadaris, "A Real-time Video Multicast Architecture for Assured Forwarding Services", accepted for publication in IEEE Transactions On Multimedia
3. Q. Hao and M. Devetsikiotis, “Design and Optimization of High-Speed Multiservice Networks”, submnitted to Telecommunication Systems, special issue on Design and Analysis of Wide Area Networks.

4. M. Falkner, M. Devetsikiotis, and I. Lambadaris, “An Overview of Pricing Concepts for Broadband Networks”, submitted to IEEE Communication Surveys.

5. S. Grishechkin, M. Devetsikiotis, I. Lambadaris and C. Hobbs, “Retransmission as a Source of Multistability,” submitted for publication in Queueing Systems.
6. M. Falkner, M. Devetsikiotis, and I. Lambadaris, “Minimum Cost Traffic Shaping”, IEEE Communications Letters, Vol. 3, No. 9, pp. 257-259, September 1999.

7. A. Kaporis, L. M. Kirousis, E. Kranakis, D. Krizanc, Y. Stamatiou, E. Stavropulos, Locating Information with Uncertainty in Fully Interconnected Networks with Applications to World Wide Web Retrieval. Computer Journal, Volume 44, Issue 4, pp. 221-229, 2001.

8. E. Kranakis, A. Pelc, and A. Spatharis, “Optimal Adaptive Fault Diagnosis for Simple Multiprocessor Systems, Networks”, pages 206-214, 1999. Also In proceedings of SIROCCO'98, pp. 82-97, L. Gargano and D. Peleg, eds., Carleton Scientific, 1998.

9. P. Bose, R. Dagher, E. Kranakis, D. Krizanc, Y. C. Stamatiu, “Experimental Comparison between Location Update and Caching Protocols for User Tracking in Wireless Networks”,  in proceedings of 1st International Conference on Software Engineering Applied to Networking and Parallel/ Distributed Computing, SNPD'00, pp. 189-196, Universite de Reims, May 18-21, 2000 (ISBN: 0-9700776-0-2)..

10. N. Hanusse, E. Kranakis, D. Krizanc, Searching with Mobile Agents in Networks with Liars, Discrete Applied

       Mathematics, to appear.    
11.  J. Bose, C. Kaklamanis, L. Kirousis, E. Kranakis, D. Krizanc, D. Peleg, Station Layouts in the Presence of Location, Journal of Interconnection Networks, Vol 3, Nos 1 and 3 (2002), 1-17.
12. E. Kranakis and N. Santoro, Distributed Computing on Anonymous Hypercubes with Faulty Components, Distributed Computing (2001) 14: 185-189.
13. K. Diks, E. Kranakis, D. Krizanc, and A. Pelc, “The impact of knowledge on broadcasting time in radio networks”, in proceedings of ESA'99, Journal of Algorithms, 39, 47-67, 2001.

14. E. Kranakis, and D. Krizanc, “Searching with Uncertainty”, in proceedings of SIROCCO'99, C. Gavoille, J.-C. Bermond, and A. Raspaud, eds., pp. 194-203, Carleton Scientific, 1999.
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19. E. Kranakis, D. Krizanc, M. Vargas Martin, The Hotlink Optimizer. In proceedings of the 3rd International  Conference on Internet Computing (IC'2002). Monte Carlo Resort, Las Vegas, Nevada, USA, to appear.

20. N. Hanusse, D. Kavvadias, E. Kranakis, D. Krizanc, Memoryless Search Algorithms in a Network with Faulty Advice.  In Proceedings of 2nd IFIP International Conference on Theoretical Computer Science (TCS 2002), Montreal, August 25-30, 2002. 
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26. E. Kranakis, H. Singh, and J. Urrutia, Compass Routing in Geometric Graphs, in proceedings of 11th Canadian Conference on Computational Geometry, CCCG-99, pages 51-54, Vancouver Aug. 15-18, 1999.

27. L. M. Kirousis, E. Kranakis, D. Krizanc, Y. Stamatiou, Locating Information with Uncertainty in Fully Interconnected Networks, In proceedings of 14th International Conference, DISC 2000, Toledo Spain, October 2000, SVLNCS, M. Herlihy, ed., pp. 283-296, Vol 1914, 2000. 
28. S. Tartarelli, M. Falkner, M. Devetsikiotis and I. Lambadaris, “Empirical Effective Bandwidth”, IEEE Globecom 2000, December 2000, San Fransisco.

29. S. Tartarelli, M. Pagano and M. Devetsikiotis, “Efficient Estimation of the Cell Loss Probability in a Two-Buffer PGPS Scheduler”, IEEE ICC 2000, June 2000, New Orleans.

30. M. Falkner and M. Devetsikiotis, “Guaranteed Service Pricing”, INFORMS Telecommunications Conference 2000, March 2000, Boca Raton, Florida.
31. Q. Hao, S. Tartarelli, M. Devetsikiotis and I. Lambadaris, “Design and Optimization of High Speed Multiservice Networks: A Self-Sizing Methodology”, INFORMS Telecommunications Conference 2000, March 2000, Boca Raton, Florida.
32. A. Matrawy, K. Das, I. Lambadaris, and S. Archambault,  “Performance of Layered Multicast Video over IP Networks in Presence of Cross-traffic”, Canadian Conference on Broadband Research 99, Ottawa, November 1999.

33.  E. Kranakis, D. Krizanc and A. Pelc, Fault-tolerant broadcasting in radio networks, Proc. 6th Annual European Symposium on Algorithms, ESA'98, Venice, Italy, August 1998, SVLNCS 1461, 283-294. (G. Bilardi, G.F. Italiano, A. Pietracaprina, G. Pucci, Eds.) 

34.  P. Bose, J. Czyzowicz, L. Gasienicz, E. Kranakis, D. Krizanc, A. Pelc, M. Vargas Martin, Strategies for Hotlink Assignments, in Proceedings of ISAAC 2000, to appear. 

35.  N. Hanusse, E. Kranakis, D. Krizanc, Searching with Mobile Agents in Networks with Liars, in Proceedings of Europar 2000, Arndt Bode, Thomas Ludwig, Wolfgang Karl, Roland Wissmuller, editors, LNCS 1900, pp. 583-590. 

36.  P. Bose, R. Dagher, E. Kranakis, D. Krizanc, Y. C. Stamatiou, Experimental Comparison between Location Update and Caching Protocols for User Tracking in Wireless Networks, in proceedings of 1st International Conference on Software Engineering Applied to Networking and Parallel/ Distributed Computing, SNPD'00, pp. 189-196, Universite de Reims, May 18-21, 2000 (ISBN: 0-9700776-0-2). 

37.  P. Flocchini, E. Kranakis, D. Krizanc, F. L. Luccio, N. Santoro, Sorting Multisets in Anonymous Rings, in the Proceedings of the IEEE International Parallel and Distributed Processing Symposium (IPDPS 2000), Cancun, Mexico, May 1-5, pages 275-280, 2000. 

38.  J. Bose, C. Kaklamanis, L. Kirousis, E. Kranakis, D. Krizanc, D. Peleg, Station Layouts in the Presence of Location Cosntraints, in proceedings of ISAAC'99, Dec. 16-18, Chennai, India, A. Aggarwal and C. Pandu Rangan, eds, SVLNCS, pp. 269-278, Vol 1741, 1999. 

39. Uvaiz Ahmed, Ioannis Lambadaris, Thomas Kunz, Jamal Hadi Salim, Biswajit Nandy, and Nabil Seddigh, "Performance evaluation of Explicit Congestion Notification (ECN) in IP networks", in Proceedings of the Fifth International Workshop on Multimedia Information Systems, Palm Springs Desert, California, USA, October 1999
40. Rupinder Makkar, Ioannis Lambadaris et al, Empirical Study of Buffer Management Scheme for DiffServ Assured Forwarding PHB, 9th IEEE International Conference on Computer Communications and Networks, October 2000, Las Vegas, Nevada
41. N. Laskin, I. Lambadaris, F. Harmantzis, M. Devetsikiotis, “Fractional Levy Motion and its Application to Traffic Modeling”, to be presented at the International Teletraffic Congress, ITC-17, September 2001, Salvador de Bahia, September 24 - 28, 2001, Brazil.

42. J. Yang, I. Lambadaris, “Effective Bandwidths for TES Processes”, to be presented at the International Teletraffic Congress, ITC-17, September 2001, Salvador de Bahia, September 24 - 28, 2001, Brazil.

43. J. Yang and M. Devetsikiotis, "On-Line Estimation, Network Design andPerformance Analysis with Effective Bandwidths", to be presented at the International Teletraffic Congress, ITC-17, September 2001, Salvador de Bahia, September 24 - 28, 2001, Brazil.

44. M. Devetsikiotis, Q. Hao, S. Tartarelli, M. Falkner, J. Yang and W. Shen, "Self-Sizing of Multiservice High-Speed Networks", to be presented at the 8th International Conference on Advances in Communications and Control, Crete, Greece, June 2001.
45. A. Matrawy, I. Lambadaris, and C. Huang, "Comparison of the Use of Different ECN Techniques for IP Multicast Congestion Control", accepted for publication in Proc. of the 2nd European Conference on       Universal Multiservice Networks, ECUMN'02, Colmar, France, April   2002.

46. A. Matrawy, I. Lambadaris, and C. Huang, "MPEG4 Traffic Modeling Using The Transform Expand Sample Methodology", accepted for publication in Proc. of  the 4th IEEE International Workshop on Networked Appliances, IWNA4, The National Institute of Standards and Technology, Gaithersburg, MD,  January 2002. 

47. A. Matrawy, I. Lambadaris, and C. Huang, "On Layered Video Fairness on IP Networks", in Proc. of IEEE Global Communications Conference, GLOBECOM2001, San Antonio, TX, November 2001. 
48. N. Vlajic, D. Makrakis, C. D. Charalambous, “Near-Optimal Data Broadcasting in Wireless Networks, based on Unsupervised Neural Networks”, INNS-IEEE International Joint Conference on Neural Networks, Los Angeles, Ca., July 2001. 

49. N. Vlajic, C. D. Charalambous, D. Makrakis, “Wireless Broadcast Data Scheduling in Environments with Re-Attempt Pervasive Users: Optimization Trough Intelligent Feedback Monitoring", IEEE International Conference on Third Generation Wireless and Beyond, San Francisco, Ca, May 2000
50. R.Srinivasan and J.Talim, Self-Scheduling in High Speed Data networks, COMCON-8 conference proceedings(2001)
51. A. Matrawy, I. Lambadaris, and C. Huang, "Multicasting of Adaptively-encoded MPEG4 over QoS-aware IP Networks", submitted for review  to IEEE International Conference on Communications ICC2002, NY, USA.
52. Y. Dong, T. Yang, D. Makrakis, I. Lambadaris, “Super-node based QoS capable Routing Protocol for Ad-Hoc Networks”, submitted to IEEE Canadian Conference in Electrical and Computer Engineering (CCECE 2002), Winnipeg Alt., May 2002. 

53. Y. Dong, T. Yang, D. Makrakis, I. Lambadaris, “QoS enabled Multicasting in Ad-Hoc Networks ”, submitted to IEEE Canadian Conference in Electrical and Computer Engineering (CCECE 2002), Winnipeg Alt., May 2002.

54. T. Yang, Y. Dong, T. Saad, D. Makrakis I. Lambadaris, “Seamless Service Provision Support to Pervasive Users”, submitted to IEEE Canadian Conference in Electrical and Computer Engineering (CCECE 2002), Winnipeg Alt., May 2002.

Papers submitted for presentation to refereed conferences

55. G. Alonso, E. Kranakis, R. Wattenhofer, P. Widmayer, Probabilistic protocols for node discovery in ad-hoc, single broadcast channel networks.

56. E. Kranakis, P. Penna, K. Schlude, D. S. Taylor, P. Widmayer, Improving Customer Proximity to Railway Stations.

57. H. Wang, E. Kranakis, Secure Wireless Payment Protocol.
58. P. Bose, E. Kranakis, P. Morin, Y. Tang, Approximate Frequency Estimation of Internet Packet Streams with Limited Space.

59. E. Kranakis, D. Krizanc, N. Santoro, C. Sawchuk, Mobile Agent Rendezvous in a Ring.
60. G. Alonso, E. Kranakis, C. Sawchuk, R. Wattenhofer, P. Widmayer, Randomized Protocols for Node Discovery in Ad-hoc Multichannel Broadcast Networks.

61. M. Just, E. Kranakis, T. Wan, Resisting Malicious Packet Dropping in Wireless Ad-Hoc Networks Using Distributed Probing.

62. M. Barbeau, E. Kranakis, Analysis and Evaluation of Service Discovery Strategies in Ad-Hoc Networks.
63. R.Srinivasan and J.Talim,  Designing Fuzzy Connection Admission Control   for the Self-X Network (2001) (under preparation)

64.  R.Srinivasan and J.Talim, Fixed Capacity Channel Mangement Based on Fuzzy Logic and Neural Networks (2002) (under preparation)
65. X. Sun, Y. Li,  I. Lambadaris, Y. Zhao,  Performance Analysis of First-Fit Wavelenght Assignment Algorithm (submitted to IEEE ICC 2003)

66. Y. Li, M. Francisco, I. Lambadaris, C. Huang, A distributed Wavelength Assignement Heuristic with Lightpath Neighborhood Information in All-Optical Networks (submitted to IEEE ICC 2003)

67. Y. Li, M. Francisco, I. Lambadaris, C. Huang, Traffic Classification and Service in Wavelength Routed All Optical networks, (submitted to IEEE ICC 2003)

c) Other publications (includes: articles, monographs, special papers, review articles,

conference proceedings, government publications, reports etc..)  

68. M. Falkner, S. Tartarelli, M. Devetsikiotis and I. Lambadaris, "Issues in measuring effective bandwidths and the concept of Empirical Effective Bandwidths", Carleton University Technical Report, November 1999.

69. Measurement Based Adaptive Traffic Prediction using Fuzzy Logic (32 pages), July 1999, a progress report submitted to Nortel Networks by the team D. A. Dawson, Q. Jiang, D. Slonowsky and R. Srinivasan.

70. Adaptive Bandwidth Allocation Using Fuzzy Logic Control, 99, report in progress.

71. “Performance of Layered Video Multicast over IP Networks”, Carleton-Nortel alliance day, Ottawa, November 1999

72. “QoS for Video Multicasting over IP Networks”, Second IEEE Workshop on Network Operations and Management Systems”, Monebello, Quebec, Canada, June 1999

73. “QoS for Internet traffic: Current challenges and proposals with emphasis on multicasting”, NortelNetworks workshop on IP QoS, Ottawa, Canada, September 1998.

74. Fifth International workshop on Multimedia Informational Systems – MIS’99 

75. "Stochastic Modelling in Broadband Communications Systems", Ingemar Kaj, Technical Report #327, Laboratory for Statistics and Probability, Carleton University, January 1999. 

76. R. Srinivasan, D.Dawson, Q.Jiang and D. Slonowsky, 2000, ``Adaptive Bandwidth Allocation using Fuzzy Logic Control and the Fuzzy Logic Predictor'', (26 pages), MITACS Technical Report.

77. R. Srinivasan, T. Milnthorp and D. Slonowsky, 2000, ``A MATLAB Front End Application for a Fuzzy Logic Predictor (FLP), (13 pages), MITACS  Technical Report.

78. J. Yang, W. Shen, and M. Devetsikiotis,  ``Simulation and Implementation of Self-Sizing in OPNET'', Nortel technical report, Dec. 2000.

79.  J. Yang, and M. Devetsikiotis,   ``Design, Experiments and Performance Analysis of Self-Sizing with Effective Bandwidths'',  Nortel Technical Report, Dec. 2000.

d) Describe the Intellectual Property (IP), including software, developed as a result of this research.  Describe the state of this IP and its readiness for use by other institutions or industry, if applicable.  Indicate whether the IP has or will be licensed.  Are patents or other protection being sought?

Matlab based software is developed in sub-project 1. In particular a MatLab Front End Application for the Fuzzy Logic Predictor has been developed. Work is in progress towards obtaining a patent for this application. Also in sub-projects 4,5 we developed software for four different estimators for the EB function. The software was written both in C and Mathematica.

e) List presentations (lectures, workshops, conferences, poster sessions) of Network supported research.

Presented a poster session titled ''Self-Learning Algorithms for Self-Scheduling and Self-Admission Control for Next Generation Data networks'' at the Mitacs AGM, fall 2000 (Prof. Devetsikiotis)

Premiers Research Excellence Award reception, Poster Presentation, Dec. 3 2000, Toronto (Prof. Lambadaris)

"Self-sizing of Multi-Service High Speed Networks", presented at the Nortel Advanced Network Control Algorithms Workshop, Ottawa, Canada, January 25 - 26, 2001 (Prof. Devetsikiotis)

''Self-Scheduling  High Speed Data Networks'' at the Advanced Network Control Algorithm Workshop organized by Nortel Networks, January 25-26, 2001 (Prof. Shrinibasan)

Self-Scheduling High Speed Data Networks, Poster Session at the 2nd MITACS AGM 2001 (Prof. R.Srinivasan and Dr. J.Talim)

Self-Scheduling in High Speed Data Networks,  8th InternationalConference on Advances  in Communications and Control, Creete, 25-29 June,2001(Dr. J.Talim)

Self-Scheduling in High Speed Data Networks,  Advanced Network Control Algorithm Workshop, Nortel Networks, January 25-26, 2001(Prof. R. Srinivasan)

Conference Presentations: 

The following papers were presented at the IEEE Canadian Conference on Electrical and  Computer Engineering (IEEE CCECE02), Winnipeg, Canada, May 12-15, 2002.

A fuzzy Dynamic Bandwidth Allocator.

Measurement Based Traffic Prediction using Fuzzy Logic.

Fuzzy Connection Admission Control for Self-Managed Networks.

10.
Networking
Within MITACS Professor Shrinivasan from the Univ. of Sascacthewan (Dept. of  Mathematics) is leading sub-project 1 and is collaborating with the researchers at Carleton University (Prof. Lambadaris, Kranakis, Dawson). Furthermore, Dr. Jerome Talim who was a research associate of Professor Shrinivasan has recently got an appointment as an assistant professor in the Depart. of Systems and Computer Engineering at Carleton. Naturally he will continue his association with Mitacs under his new appointment!

Furthermore, Professor Zhao (School of Mathematics at Carleton) is in close collaboration with Prof. Lambadaris performing research in the area of computational approximations for the calculation of blocking performance of optical networks. A doctoral student (Sun Xuehong) is co-supervised and a publication is under preparation [56].

Professor Lambadaris (Carleton University) and Makrakis (SITE Univ. of Ottawa) are in close collaboration [49,50,51]sub-projects 8-9) doing research in traffic modeling and performance issues of ad-hoc wireless networks.

Professor Kranakis and Barbeau are leading two projects in the area of wireless ad-hoc networks in mobile and wireless computing as well as security in ad-hoc wireless networks. In the RF fingerprinting project we are co-supervising a Ph.D. student (Jen Hall) and are also collaborating with the Department of National Defence and Romiro Liscano (Mitel/March Networks) who have donated Bluetooth radios for conducting experiments. Furthermore, Professor Kranakis is closely collaborating with Professor Danny Krizanc (Wesley College) as well as with a number of international researchers who regularly visit Carleton.

Some further networking details related to two of the sub-projects are listed below:

Sub-project 1:

1. Self-X network project review meeting May 4, 2000. Presented the modified fuzzy logic scheduler using non-linear prediction with fuzzy weights.  

2. 2. Self-x network project review meeting, Dec. 15 2000.

3. J. Yang, W. Shen and M. Devetsikiotis, "Self-sizing of Multi-ServiceHigh Speed Networks", presented at the Nortel Advanced Network Control Algorithms Workshop, Ottawa, Canada, January 25 - 26, 2001

Will be attending this meeting to present the newly developed algorithm for dynamic bandwidth scheduling and estimating the line rate required for a given set of QoS's.

Sub-project 3:

Students worked in close collaboration with Nortel Networks, including two student internships.

Most of the publications completed so far were done in co-operation with the technical team of the advanced network modeling group at Nortel Networks

In early 2001 Nortel went through a process of restructuring. Our contacts in Nortel (Dr. B. Nandy and Mr. Nabil Seddigh) left Nortel and joined Tropic Networks. At this point we are continuing the collaboration with them. 

11.
(a)
Students working on Network Research,  November 1, 2001 –November 1, 2002
	Graduate

Students
	Number

of Students
	Number of theses

completed*

	PhDs
	
	

	Male
	
	

	1.  Canadian**
	6
	2

	2.  Foreign
	2
	

	Female
	2
	

	1.  Canadian**
	
	

	2.  Foreign
	
	

	Total
	10
	2

	Masters
	
	

	Male
	
	

	1.  Canadian**
	6
	4

	2.  Foreign
	3
	

	Female
	
	

	1.  Canadian**
	
	

	2.  Foreign
	
	

	Total
	9
	4


*Theses directly related to the network's research program (whether funded or not by the network).

** Includes Canadian landed immigrants

12. Current Budget – July 1, 2002 – March 31, 2003 
Income  

	NCE Funds (MITACS)
	$100,000
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	

	
	
	


             *Represents 10% of the CITO awards given to two investigators.

EXPENSES (estimated)

	Category
	NCE Funds
	Non-NCE Funds

	Salaries (including benefits):
	
	

	      Graduate students
	$60,000
	

	      PDFs
	$25,000
	

	      Other Salaries
	
	

	Materials and Supplies
	$5,000
	

	Travel
	$5,000
	

	Equipment/Software
	$5,000
	

	TOTAL
	$100,000
	

	
	
	

	
	
	


13.
Proposed Annual Budget – April 1, 2003 – March 31, 2005:

CANCCOM will end in March 2003. A new proposal which includes an extension of the projects  under the Communication and Information Networks Research Consortium (CINRC) was prepared including a combined budget for all the participating projects. The project leader in the new proposal is Professor Brian Alspach, Department of Mathematics and Statistics, University of Regina, Regina, SK, S4S 0A2, Phone: (306)-585-4886, FAX: (306)-585-4020, E-Mail Address: alspach@math.uregina.ca.
15.
Additional information about your project that would be helpful to the Research Management Committee:

Examples of additional information you may want to include are: awards won by members of the team or 

industrial partner; spin-off companies; short courses, workshops supported in part by MITACS; demos; 

talks at schools; etc.

Does any phase of the research described in this proposal 


take place outside an office or laboratory


 or  b)	involve an undertaking as described in Part 2 of Appendix B?





	  [  x ]  NO			[   ]  If YES to either a) or b)  – Appendices A and B must be completed















11
November 1, 2002


