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1. Introduction
1.1 Title of Research Project

The title of the proposed collaborative project between Northeastern University and SAIT is:

“Directions in Cross-Layer Design and Analysis: On the Theoretical and Practical Aspects of Cross-Layer Interaction and Control for Wireless Ad Hoc Networking Systems”.

1.2 Objectives
This project is focused on the theoretical and practical aspects of the cross-layer problem in order to strategically position SAIT in partnership with Northeastern University as leaders in Ad Hoc Networking Systems (ANS) innovation. The research is based on the fundamental tenet that ANS exhibit inherent interactions between entities operating at different “layers” that is manifest in complex dynamic behavior that fundamentally impacts network performance. Moreover, effective ANS design depends on characterizing and controlling theses underlying processes, however, the dynamics remain largely elusive. The objective of this research is to systematically investigate the effective “coupling” across traditional control boundaries to characterize system limitations and leverage theoretical understanding to facilitate interlayer management with practical applications for enhancing system performance.

1.3 Concept of Project Development
Ad Hoc Network Systems (ANS) present unique challenges to network designers. Interest, however, continues to grow worldwide in commercial and government sectors despite limited market presence and the more fundamental factor that current routing and other control protocols are not sufficiently effective to provide the robust, efficient and scalable network services that are needed. Moreover, common higher-layer protocols and applications for managing such diverse requirements as congestion control, addressing, name resolution and security are not well-adapted to “reconfigurable” ANS environments. Nonetheless, the potential to leverage the inherent flexibility and cost-effectiveness makes them very attractive compared to networks with fixed infrastructures or usage-based cost structures.

    The broad objectives of the proposed research collaboration between the PI and SAIT are to establish a lasting partnership focused on developing a leading role in the adaptation of operational, efficient and cost effective wireless ad hoc networking systems into commercial, personal and government applications. This goal is based on the following economic realities: (1) network management coupled with (2) installation, operations and maintenance represent the most costly elements of any communications network. These are revolving costs tied largely to personnel and other factors affected by local and global economic conditions. Thus, despite current technical and regulatory obstacles global market forces will eventually force the widespread adoption of ad hoc networking systems.
    The basic tenet of the proposed research is that ANS exhibit inherent and unique interactions between entities operating at different “layers” that are manifest in complex protocol dynamics that fundamentally impact network performance. At present these dynamics are not generally understood. The research community has recognized the importance of the cross-layer phenomena − a fact re-affirmed by its specific focus within the charter of the Internet Research Task Force (IRTF) ANS subgroup. However, without solid theoretical understanding of the processes involved inter-layer management becomes little more than an ‘ad hoc’ exercise. Present efforts appear more focused on the development of abstract inter-layer control interfaces − the hooks for dynamic parameter adjustment, or even algorithms selection. The questions that researchers need to be asking are:
· How should those parameters be adjusted?
· Can the nature of the interactions be used to find optimal values under dynamic conditions?

· Given practical strategies and mechanisms for parameter adjustment are there stability issues to consider?

· What are the impacts of factors including wireless channel impairments and node mobility?

· If dynamic adaptation proves impractical or suboptimal can theoretical results provide strategies for improved algorithm or protocol design?

· Given that layered architectures have considerable value − what are the implications with respect to protocol modularity and interoperability?

The PI, however, has been investigation cross-layer modeling techniques that reflect the combined effects of random access MAC (IEEE 802.11) and routing in order to develop more precise models for system capacity and produce insight that has practical significance to the design of new cross-layer MAC and routing algorithms. Moreover, the PI’s investigation into the cross-layer phenomena demonstrates considerable promise with respect to the development of methodologies for solving otherwise intractable problems. Specifically, the PI’s work with ad hoc network queuing models is facilitated by an abstraction associated with a previous cross-layer capacity model. The practical significance of the work is based on applications to media-access-control, routing algorithms, admission control and scheduling. Considerable work, however, remains to be completed.
    Remain largely elusive, yet, developing a theoretical understanding of them will facilitate interlayer management opportunities with practical applications for enhancing system performance. Hence, the effective “coupling” across traditional protocol control boundaries suggests the need for a cross-layer approach toward understanding the capabilities and limitations of ANS.

    Hence, the main technical objectives can be summarized as follows:
1) Develop a cross-layer model for ANS that considers the interactions between media-access-control (MAC) and routing in order to facilitate a broad range of new analyses.
2) Apply the cross-layer model to solve various queuing and related problems previously believed to be intractable.
3) Apply the theoretical results to practical problems related to the effective design of ANS, namely, develop, evaluate and (possibly) patent routing metrics designed for application to general ad hoc protocols.

4) Use the mechanism of the “draft RFC” to propose both a strategic approach for dynamic inter-layer control along with a well-defined control interface and associated metrics to the IRTF ANS subgroup.
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