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Abstract

As an important medel, polling systems were introduced to a wide range of
applications including industrial control, time-sharing computer system, commu-
nications and computer networks. In recent decades, researches and analyses on
polling models have been developed to continuously extend their application
space. Now polling systems offers both practitioners and researchers powerful tools
suitable for modeling and analyzing a wide variety of applications, especially in
computer communications and networks, in which the medium access controls are
mainly divided into polling system and random multiple access.

A polling model is a system of N queues accessed in cyclic order by a single
server. The processing of the polling system consists of message arrival process at
each queue, switching process between queues and serving process by the server
for each queue. Polling systems can be sorted into Gated, Exhaustive and Limited
service systems. Improvement and optimization of polling systems are mainly based
on three basic aspects; the order in which the queues are served, the serving
strategy during each visit to a queue and the order in which customers within each
queue are served. Message delay, cyclic time and queue length are the important
performance measures used in analysis of polling system. Analysis and research be-
come more difficult by the increasing complexity of applications and corresponding
systems. For applications priority-based service demand is ubiquitous and study on
priority-based polling system is the focus at all times.

Exact analyses of polling systems form the basis of theory and applica-
tion. Based on the method of imbedded Markov chain theory and generation func-
tion this dissertation first sets up the models of Gated, Exhaustive and Limited
service systems and then gives exact analyses and comparisons of mean queue
length, cyclic time, message delay, etc. for all three systems. Moreover, an ex-
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Abstract

tended system, namely parallel schedule polling system for continuous time is ana-
lyzed too. Models, analytical metheds and results build up the theoretical founda-
tion of research and application in polling system field.

Study on priority-based scheme for polling systems puts emphasis on its ubiq-
uitous application value. Based on the deep analyses of Gated, Exhaustive and
Limited service systems this dissertation proposes a new model of two-class priority
polling system, in which a mixed services policy is used to realize the priority-
based scheme. Then the mathematical model of the new system is set up by method
of imbedded Markov chain theory and generation function and the key system per-
formance characteristics such as mean queue length and message delay are explicit-
ly analyzed. Theoretical and simulation results are identical and show that the new
model efficiently differentiates priorities and meets the practical demands of priori-
ty-based applications well. The new model lays an analytical and researching foun-
dation of priority-based polling systems,

Based on the above two-class priority polling system this dissertation studies
on the polling scheme for the medium access control (MAC) protocols of Wireless
Computer Networks and Wireless Sensor Network ' ( WSN) , then provides priority-
based polling MAC protocols for the networks. Experiments and theoretical analyses
are done after setting up new network model.

- Development of Wireless Computer Networks makes people convenient and
flexible to obtain information and communicate. Joint and makeup of Wireless Met-
ropolitan Area Network ( WMAN), Wireless Local Area Network ( WLAN) and
Wireless Personal Area Network ( WPAN) provide ubiquitous broadband access
as three covering ranges and functions. However| with the increasing diversity of
application demands how to meet the requirements of various applications and per-
form more efficiently on the limited bandwidth of wireless networks becomes a key
problem.

IEEE 802. 11 MAC protocol of WLAN defines a polling scheme especially for
delay sensitive traffic such as audio and video, in which an Access Point ( AP)
polls each station and initiates transmissions, but it can not differentiates priori-
ties. Based on analyses of existing quality of service (QoS) schemes in WLANs
this dissertation develops a Priority-based Polling Scheme for Traffic Differentiation
(PPSTD) MAC protocol and the traffic priorities' are differentiated by two different
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access policies. Comparisons and analyses of experiments and theoretical calcula-
tions on mean information packet delay, throughput, etc. show that the new MAC
protocol provides a simply and reliable guarantee for priority-based QoS mecha-
nism.

Development of WLAN promotes the demands for WMAN as a wider covering
range. IEEE 802. 16 MAC protocol of WMAN defines four access categories UGS,
rtPS, nrtPS and BE for different traffic. Furthermore, this dissertation proposes a
priority-based polling scheme for the four traffic categories. Theoretical and simula-
ting results address that the new scheme supports priority-based traffic flows for re-
quired situations.

As a main technology of WPAN’s, Bluetooth is applied to communication be-
tween wireless devices within a small range of “last 10 meters” access. In Blue-
tooth MAC protocol a classic polling scheme Round Robin (RR) is suggested for
master device to poll slave devices but the scheme can not differentiate traffic pri-
orities. In this dissertation, a new algorithm of polling scheme to guarantee QoS is
proposed which improves the original policy to a priority-based scheme. Simulation
results prove the new scheme efficiently to support delay QoS.

The above researches on priority-based polling MAC protocols for Wireless
Computer Networks including WLAN, WMAN and WPAN as different covering
ranges give a mechanism to meet the demands of various traffic priorities.

Wireless Sensor Network ( WSN), as one of the most important techniques
in the 21st century, calls a popular attention to the research on its key tech-
niques. The characteristics such as large scale, self-organization, dynamic archi-
tecture and limited energy make the research on medium access control of WSN a
big challenge. Corresponding to these characteristics this dissertation propoeses an
algorithm for polling scheme based on clustering. Usually clustering is an important
method for hierarchy control in WSNs and maps the dynamic topology onto a rela-
tively fixed architecture with multi-hop to single-hop communication in a cluster. In
the suggested algorithm Cluster Header (CH) polls the active nodes in a polling
table which is used to register node addresses and priorities in a cluster to guaran-
tee a QoS scheme of differentiated traffic priorities. The polling scheme not only a-
voids collisions but alse reduces energy consumption for the only services to active
nodes. Furthermore, priority-based services can save energy to a large ex-
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tent. Finally GAINZ nodes with self-owned intellectual property rights developed by
Chinese Academy Sciences are selected to organize a WSN and the above algorithm
for priority-based polling scheme is transplanted on the platform.

Further researches on polling systems including new models and theoretical
results with development of applications promote the applications. As the new net-
work techniques Wireless Computer Network and WSN develop fast, and due to
the ubiquitous applications of polling systems in these networks the research a-
chievements have resolved the key problems and made polling systems meet the

network demands more efficiently.

Key words: Polling System, Priority-based Scheme, Wireless Computer
Network, Wireless Sensor Network, Medium Access Control ( MAC) protocol
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