Session S1C

Experience in Teaching a Graduate Course In
Mobile Computing

S. K. S. Guptaand P. K. Srimani
Department of Computer Science
Colorado State University
Ft. Callins, CO 80523-1873
{gupta, srimani } @cs.col ostate.edu

Abstract— The need for "information anywhere anytime’ has been a
driving force for the increasing growth in Web and Internet technology,
wireless communication, and portable computing devices. Thefield of mo-
bile computing isthe merger of these advancesin computing and communi-
cation with the aim of providing seamless and ubiquitous computing envi-
ronment for mobile users. Mobile computing environments are character-
ized by severe resource constraints and frequent changesin operating con-
ditions. This has motivated research in many challenging problems which
span several areas of computer science, computer engineering and electri-
cal engineering, such as network protocolsto support mobility, efficient and
adaptive resour ce management techniques for wireless bandwidth and bat-
tery power, predicting mobility patterns, performance modeling and simu-
lation of mobile applications, and supporting mobile real-time multimedia
applications.

This paper describes the experience of the authors in designing and
teaching a senior/graduate level mobile computing courseat Colorado State
University. Thiscoursewasdesigned for studentsin computer science, elec-
trical engineering and computer engineering. The goal was to provide an
in-depth under standing of the fundamental problems in the area of mobile
computing and present the existing and proposed solutions for these prob-
lemsfrom both research and development per spectives. In addition toregu-
lar homewor ks and exams, studentsdid term projects/paper sto exploretop-
ics of their interest in more depth. Several mid-term and end-of-semester
evaluations were done to gauge student satisfaction and short-comings of
the course. These evaluations were very positive. Many students found the
breadth of theinformation provided in theclassvery stimulating. Some stu-
dentsmentioned that they would haveliked a cour setextbook along with the
course material.

|. INTRODUCTION

The combination of wireless communication infrastructure
and portablecomputing devices haslaid thefoundationfor anew
network computing paradigm, called mobile computing, which
allows the users access information and collaborate with oth-
ers while on the move [1]. Wireless mobile networks are typ-
ically characterized by severe constraints on resources, such as
bandwidth and battery power, and by rapid fluctuationsin avail-
ability of these resources; this makes it difficult for the system
software to provide guaranteed quality-of-service at levels re-
quired by many distributed and collaborative applications. Also,
due to mobility of the clients or the users, users may be discon-
nected from the network often and the usersmay also voluntarily
switch off to save battery power; thus, management of thisdis-
connectionisacritical issue in designing mobile networks. Fur-
ther, user mobility adds a new dimension to the distributed op-
erating systemswhich hasimplicationsfor specification, design,
verification, and implementation of both system and application
software [2]. A challenging issue is to determine the interface
and the guarantees that the system software must provide to the
devel opersof both location-independent and | ocati on-dependent
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(context-aware) [3] applications on mobile networks [4]. This
hasresulted in research on adaptive applicationsand system soft-
ware which can gracefully respond to changesin operating con-
ditions[5].

Thereare several articleswhich haveidentified the fundamen-
tal challengesin mobile computing [6], [7], [8]. Figure 1 pro-
vides a one line summary of these articles. Mobile systems are
i) resource poor ii) less secureiii) have poor connectivity to the
wired infrastructure and iv) haveless energy since they are pow-
ered by battery. Inorder to deal with these characteristicsthemo-
bile systems should employ dynamic adaptation schemes. One
of theimplication isthat the solutions developed for mobile sys-
tems should be interoperable since as mobile clients move one
domain to another they should be able to operate in the new do-
main.

Moabile computing is multidisciplinary in nature, it involves
many issues in computer science and electrical engineering.
Currently, industry is involved in development of technology
and products to support mobile communication and computing.
Thereareseveral technological problemsthat areyet to be solved
to exploit the full potential of mobile computing; many of those
issues are being studied in the laboratories. Software as well as
hardware engineers need be acquainted with those techniquesto
successfully meet the challenges of the future. Thereis a need
to develop educational materials and curricula that incorporate
newly created fundamental engineering and computer and infor-
mation science knowledge in mobile computing. Thiswill help
to enhance the education and careers of future engineersand sci-
entists by enabling them to compete in the global environment.

At Colorado State University, we took up this task to de-
velop aresearch and teaching programin mobile computing. We
have designed and taught a course on mobile computing that is
targeted towards first year graduate students and undergraduate
seniors. Several topics including wireless communication and
multiple accesstechniques, cellular and mobile ad hoc networks,
location management and mobility tracking location-aware in-
formation services, unicast and multi-casting routing in mobile
networks, energy-efficient data dissemination and management,
disconnected operation, mobileclient-server computing and mo-
bile agentswere covered in this course. Thesetopics provided a
balanced mix of issuesinvolvedin mobileand wireless network-
ing, operating systems and middle-ware, and application design
and development. The course prerequisite was kept at a mini-
mum to accommodate students with different backgrounds and
preparation. Due to lack of any textbook in mobile computing,
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1.Resource Poor
2.Less Secure
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4.Less Energy
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= Dynamic Adaptation = Interoperability.

Fig. 1. Mobile Computing

most of the reading material swere drawn from magazinearticles
and research papers.

In the following we describe the Goal and Philosophy of the
coursein Section I1. In Section |11, we describe what challenges
we faced in teaching this course. The course outline along with
reference to the topics covered in the courseis provided in Sec-
tion IV. We describe some sample homeworks and examination
guestionsin Section V. Course evaluation and achievementsare
describedin Section V1. Finally we provide some conclusionsin
Section VII.

1. GOALS AND PHILOSOPHY

The main goal of the course was to provide an introduc-
tion to the fundamental problems in mobile computing to grad-
uate students in computer science and computer engineering.
We wanted the students to acquire skills and knowledge which
would help them towards acquiring jobs in this area as well as
pursue further research. We wanted a healthy mix of technolog-
ical and researchissuesin the course. Mobile computing is mul-
tidisciplinary by nature. We wanted this course to suitable for
students with both computer engineering and computer science
background; we enforced only minimal requirementson the stu-
dents. We decided on an undergraduate course in operating sys-
temsto bethe prerequisite. Therational wasthat usually operat-
ing systems course deal with several issues which need to bere-
visited in mobile computing environment such as resource allo-
cationin multiuser environment, interfaceto assist in application
development, scheduling algorithms, predicting program behav-
ior through using past history, exploiting locality to enhance per-
formance etc.

There are two ways in which Mobile Computing topics can
be incorporated into Graduate Curriculum i) offer specialized
course ii) enhance exiting courses with mobile computing top-
ics. We adopted the first approach since it gives students an op-
portunity to look at different aspects of mobile systemsinasin-
gle course. Further, it will help usin identifying the most effi-
cient way of integrating the mobile computing topicsinto differ-
ent coursesin the long term.

I1l. CHALLENGES

We faced several challengesin designing this course. Mobile
computing is anew and evolving area. Although, there are sev-
eral books in the market on mobile computing, we found none
to be a suitabl e textbook for aintroductory graduate level course
which covers several aspects of mobility such as operating sys-
tems, mobile communication, and software engineering. Either
these books are a collection of papers[1] or they focus only on
one aspect such as mobile communication [9] or database man-
agement [10]. Asking studentsto buy several bookswas not an
option; some of them are expensive. Further, the relevant papers
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Fig. 2. Challenges in Mobile Computing

on various aspects of mobile computing are published in wide
variety of journals and conference proceedings. Mobile com-
puting courses are offered at different universities. However, we
found that these courses mainly emphasi ze one aspect of mobile
computing, namely mobile and wirel ess communication.

Another challenge was the choice of topics to be covered in
the course. Ascan be seenfromFigure 2, thereare several issues
presented by mobile computing at different layersin the system.
Coveringall of them in sufficient detail sin aone semester course
was not feasible. Hence, we needed to select a substantial subset
of the topics for the course. We decided to restrict the course to
topicsin upper three layers. Furthermore, we left out the topics
on QoS and multimedia applications in mobile environment for
which there are no concrete solutions currently available.

1V. COURSE OUTLINE

The course outline was designed to meet our goals and the
challenges. In this course we covered the following topics:
1. Introduction to Mobile Computing (1 Week):

(a) Rationale: Students should get an overview of the en-
tire spectrum of mobile computing at the very beginning; they
should have an understanding of the breadth of the issues in-
volved. Theprimary thing to convey hereisthat mobile comput-
ing ismore than just wireless mobile communication. Theinter-
est in mobile computing lies in the new applications which will
be developed on mobile computing platforms.

(b) Topics. Nature of mobile networks, differences between
distributed computing and mobile computing, applications of
mobile computing, types of mobile networks (cellular, ad hoc
etc.).

(c) ReferenceMaterial: Chapter 1 of Korth’sbook [1] provides
agood overview of mobile computing issues.
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2. Sate-of-Artin Mobile Communication and Systems (2 Weeks):

(a) Rationale: Covering the current state-of-art early in the
course helps in identifying what is currently feasiblei.e. what
kind of mobile systems can be designed using current technol-
ogy. This helpsin identifying the research problems as well as
help students who want to do implementation oriented projects
to start exploring available technology early.

(b) Topics. Mobile IP [11], Jini, Mobile ATM, Wireless Ac-
cess Protocol, Bluetooth.

(c) Reference Material: The book by Schiller [9] provides ad-
equate coverage of these topics.

3. Location Management (2 Weeks):

(a) Rationale: Efficient location managementisoneof thefun-
damental issues in building mobile computing systems. This
topicisrichinbothindustrial solutionsand theoretical appealing
solutions. Hence, this topic provides a good transition between
technical issues to research challenges. Further, it showsthein-
teraction between static infrastructure and mobile hosts.

(b) Topics: Location managementinMobilelP, PCS networks,
Tradeoff between search and update cost, handoff in cellular
systems. Adaptive location management, Hierarchical location
management.

(c) Reference Material: Chapter 20 of Gibson’s book [12].

4. Data Dissemination/\Wreless Publishing (2 Weeks):

(a) Rationale: Data dissemination based services are appear-
ing in the market and hence this topic provides a concrete appli-
cation of mobile computing. There exist different solutions to
organize data broadcast. These include scheduling and indexing
techniques to optimize access time and optimize use of limited
wireless bandwidth.

(b) Topics: Push based and Pull based services, broadcast
scheduling algorithms for symmetric and asymmetric environ-
ments, energy-efficient indexing.

(c) Reference Material: Ch. 11 of Korth'sbook [1].

5. Unicast/Multicast Routing (2 Weeks):

(a) Rationale: Due to mohility of routing nodes the topology
of the network changes frequently. Numerous unicast and mul-
ticast routing protocols have been developed efficiently deliver
packets to single or multiple destinations. These protocols en-
able traditional distributed applications to be ported onto a mo-
bile computing system.

(b) Topics: Connection-reroutingfor connection-oriented com-
munication, unicast and multicast protocolsin mobilead hoc net-
works.

(c) Reference Material: Royer and Toh's article provides sur-
vey of 8 routing protocols designed for mobile ad hoc net-
works [13]. Acharya and Badrinath’s article provides a frame-
work for multicast routing in mobile networks[14]

6. Client-Server Computing and Database Management (2
Weeks):

(a) Rationale: Mobile clients can be disconnected from the
network for extended period of time. This has resulted in tech-
niquesfor disconnection management in client-server based dis-
tributed applicationse.g distributed databasesand distributedfile
systems.

(b) Topics: Disconnection management, Caching and prefetch-
ing, Data replication, transaction management.

(c) ReferenceMaterial: A survey of mobile client-server com-
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putingisprovidedin[15]. Thebook by Pitouraand Samaras[10]
covers data management issues in mobile computing environ-
ments.

7. Mobile Agents (1 Week):

(a) Rationale: Mobile agents provide a novel solution for ad-
dressing disconnections and poor connectivity in wireless net-
works.

(b) Topics: Security and privacy issues, applicationsof mobile
agents.

(c) Reference Material: Chapters 1 and 2 of Cockayne and
Zyda'sbook [16].

8. Location-Aware/Context-Dependent Applications(2 Weeks):

(a) Rationale: Location-aware and context dependent applica-
tionsare new types of applications made possible by maobile net-
working.

(b) Topics. examplesof location-aware and context-dependent
application, frameworks for building location-aware applica-
tions.

(c) Reference Materia: context-aware applications [17], [3],
(18],

9. Modeling and Simulation of Mobile Systems (2 Weeks): Mo-
bility models.

(a) Rationale: Performance evaluation of mobile systems in-
volves modeling of mobility patterns of different users and time
varying characteristics of wireless channels. The main goal of
evaluation is how the system adapts to the increase in mobility
rate. Modeling and simulation of mobility gives a deeper under-
standing of working of mobile systems.

(b) Topics. Mobility modeling, performance metrics, simula-
tion techniques.

(c) Reference Material: Mobility and traffic models[19], sim-
ulation architecture [20].

V. HOMEWORKS, EXAMS, AND PROJECTS:

Since we could not find an appropriate textbook on mobile
computing that satisfied our needs, we did not have any available
sets of homeworks and exams for our ready use. We designed
homeworks and examination problems to hone and test various
research and development skills as well as help us gauge under-
standing of the students. We describe below some of the assign-
ments that we used in our offering of the course.

A. Homeworks and Programming Assignments

Following are some sample homeworks and programming as-
signments used in this course.
1. In the class, we have covered papers on fundamental chal-
lengesin mobilecomputing. Thishomework asksyouto conjure
new applications of mobile computing that will challenge the
mobile computing community with new technologiesor vision-
ary applications. Write a short paper to describe your applica
tion/ technological advance. The paper should provide stimulat-
ing ideas or visionsthat may open up exciting avenues of mobile
computing research. The paper will be evaluated on novelty and
details of ideas. Hence it is essential to propose something new
and exciting. The main purpose of the paper is to exercise your
imagination. Write the paper in technical style with figures and
proper references. Also make sure that the paper is technically
sound and readable. Include some possible scenarios in which
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the proposed application or technology can be used. You can
base your paper on any existing ideasyou may have come across
in news or during web surfing and would have found it applica-
ble to meet some fundamental challenges in mobile computing
and or make some new applications of mobile computing possi-
ble. You can also propose application of new technology/theory
to mobile computing e.g. some techniques from Al/control the-
ory to say intelligent caching of information or to deal with se-
curity problem in mobile computing.

2. Write a simulator using CSIM for simulating Adaptive Lo-
cation Management Strategy for Mobile | P with the purpose of
verifying the results presented in the paper. Submit a report on
the design of your simulator along with documented simulation
code. In your report, also describe the experiments you con-
ducted and present the resultsin the form of graphs. Explain any
discrepancy you natice between the results presented in the pa-
per and obtained from your simulator.

3. Data caching is a standard technique for minimizing access
time. Consider the following technique in which a mobile host
(MH) usestheon-demand channel to fetchadataitem z if it does
not have a cache (or local) copy. The MSS keeps track of the
MHs which have a copy of dataitem z. Whenever the value of
2 changes the M SS sends an invalidation message to every mo-
bile client which has a copy of « and makes the set of MH with
copy of x to be null. On receiving the invalidation message the
mobileclientinvalidates (throwsaway) itslocal copy of 2. Com-
pare this scheme with the data broadcasting scheme with respect
to energy-efficiency, scalability, and access time taking into ac-
count the demand frequency and update frequency for the data
items. State all your assumptions clearly.

Following is a general question to gauge perceptive understand-
ing of the students:

« Inthe paper “Mobile Users: To Update or not to Update”, the
authors described the trade-off between search cost and update
cost in tracking mobile users. With respect to each of thefollow-
ing topics discussed in the class briefly describe any interesting
trade-offsinvolved. If you think there are no interesting trade-
offsfor a particular topic then say so.

— Information Broadcasting

— Routing in AdHoc networks

— Causal Ordering for mobile hosts

— Channel Allocation

— Location Management

— Mobile Agents

— Wireless Overlay Network

— Adaptive Resource Reservation

— Route Optimizations

B. Exams

For this course we determined that a 2 to 3 days take home
exam is more suitable than an in-class exam. The reason being
that atake home exam allowsthe studentsto think in some depth
variousaspects of an answer. Further, the questionscan be much
broader than are allowed by 1 to 2 hrs. in-class exam. A sample
examisgivenin Figure 3.
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C. TermProjects

In addition to the homework assignments, we also required
the studentsto work on semester long term projects (both exper-
imental and survey type). The objective was that the students
should choose a topic of their own like, study it on their own
(with help from the instructors) and will learn about in much
more depth that they didn’t get from the class lectures. Students
worked on these projectsin groups of at most two students; they
wererequired to provide periodic reportsof their progressin ad-
dition to their final reports at the end of the semester. Further,
each group gave an in class presentation on their term project.
Someof theterm project topics, that were chosen by the students,
are asfollows:

« Evaluation of mobile client caching schemes

o Comparative study of routing schemes in mobile ad hoc net-
works

« Development of scheduling algorithmsfor mobile agents

« Survey of transaction management schemesin mobile databases

VI. COURSE EVALUATION AND ACHIEVEMENTS

Thefirst time the course was offered in Fall semester of 1998
and again in Spring semester of 2000. The prerequisite for the
course was undergraduate courses in Operating Systems and
Computer Networking. The course was taken by eight gradu-
ate students the first time and nine graduate students the second
time. It was an interesting challengeto cover all thetopicsin the
courseoutline. A few of thetopicsrequired moretimethan antic-
ipated. We tried to combine some of the topicsinto onein order
to save time. For example, the topics of modeling and smula-
tion of mobile systems was distributed among different topics.
Performance implications of a particular scheme, such as data
caching and location management, were discussed along with
those schemes. This not only helped in making it possible to
cover all the topics but also provided performance-centric mo-
tivation for some of the topics covered in the class.

As a programming assignment students wrote a CSIM-
based simulator for a Mobile-1P adaptive location management
scheme. The only additional resource that was required in ad-
dition to UNIX workstationsin the laboratory was CSIM site li-
cense which our department already had. Studentswere allowed
to discuss their design concepts among themselves. However,
each student was required to write his’her own simulation pro-
gram. Students were provided with a simulation skeleton. Fur-
ther, no strict deadline was set to turn in the simulation. The
emphasis was to get the simulation right rather than to turn in
something ontime. Studentswere encouraged to discussthe dif-
ferent alternative approachesin the class. Midterm and end-of-
semester course evaluation was used to get feedback from the
students regarding the course. The following are some positive
feedback provided by the students:

« “Breadth of information was stimulating.”

« “[The course was] not restricted to a boring textbook.”

« “The method of reading papers and discussing themis a good
approach. The advantages are i) we learned how to look criti-
cally at theinformation/ideain the paper, ii) we built the practice
of reading and learning how to expresstechnical ideasto agroup
of technical readers.”
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Exam CS580 (Spring 00)
May 9, 2000 by 9am MAX points =

100)

and

cite all the references. No collaboration. Submt an electronic
copy of your typed answers (.ps or .pdf).
Only precise and technical answers will be given full credit.

1) Explain what are the inplications of nobility on

a) Application design

b) System design (operating system and networking | ayers)

2) Explain the differences between the nobile security schene

describe in "Secure Short-Cut Routing for

Bl ackwel | et al. (URL

Mobile I P" by Trevor

http://ww. pdos. |l cs. mt.edu/ " rtnl papers/useni x94-abstract. htnl)

and "Security on the Myve:

I ndi rect Authentication Using

Kerberos" by A. Fox and S. Gibble (also available via ACM

digital library if you did not

3) What are the fundanental

chal | enges for

receive the copy in the class).

Per vasi ve Conputi ng.

4) Explain the significance of dient-Proxy-Server architecture
i n devel opi ng nmobil e conmputing systens. What are its advantages
and di sadvant ages? G ve exanples to support your clains.

5) Analytically conpare the performance of ACDV multicast operation
("Multicast Qperation of the Ad-Hoc On-Denand Di st ance Vector
Routing Protocol" Proceedi ngs Mbiconi 99) and the shared tree
mul ticast scheme by Gerla ("Tree nulticast strategies in nobile,

mul i thop wirel ess networks",
(1999), 193-207.).

mobility rate on the performance of the two protocols.

Mobi | e Networks and Applications 4
Your anal ysis should reflect the effect of

Hi nt: use

the the analysis in the paper "Providing reliable and fault
tol erant broadcast delivery in nobile ad-hoc networks" E. Pagani

and G Rossi,

as an exanple. Note that all

in the class and are also available via ACMdigital

Mobi | e Networks and Applications 4 (1999) 175-192
the three papers were distributed

l'ibrary.

Fig. 3. A Sample Exam

One student in the class would have preferred a text book in ad-
dition to the technical papers covered in the class. Further, some
students would have liked more quizzes and more timely feed-
back on their assignments.

Many of the students who attended this course got motivated
in doing their graduate studies in the area of mobile computing.
The following are some titles of master’'s thesis' completed by
student who took this course:

1. A strategy for maintaining cache consistency in a mobile
wireless environment (by A. Kahol).

2. Modeling of hiddenterminal, mobility and their effect on per-
formance of the |EEE 802.11 MAC protocol (by S. Khurana).
3. Routing during periods of disconnection in wireless ad hoc
networks (by M. Bahl).
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4. An adaptive |ocation management scheme for PCS networks
(G. Varsamopulous).

Results from some of these thesis have been published in tech-
nical papers[21],[22], [23], [24]. Further, some of the students
are continuing for their Ph.Dsin this area.

Therewere several lessonslearned from teaching aclasson a
hot research area with such diverse topics. The most important
one was that in a course with such diverse topics there should
be an unifying theme. For this class we found that the unify-
ing themeisthe gist provided in Figure 1. It served as aguiding
principlein understanding and relating solutions across different
topics. In essence systems built for mobile environment should
be able to adapt to dynamic changesin computing environment.
Secondly, mobile computing isamultidisciplinary topic and stu-
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dentswith different backgroundswill take this course. Hence, it
becomes important to avoid dealing with topics or emphasizing
on topics which requires too much specialized knowledge from
one particular field. It also means that the instructor should take
into account the backgrounds of studentsregistered for a partic-
ular offering of the course and adapt the course material accord-
ingly. This implies that the instructor should be ready to add
and/or delete some of the intially planned course topics during
the semester. Thirdly, in order to cope with diverse background
of students, the assignment deadlines should beflexible. Thein-
structor needsto remember that some of the studentswill haveto
learn some extramaterial on their own in order to do the assign-
ment. In our opinion, the emphasisshould be on encouraging the
studentsto do the assignment correctly rather than on submitting
the assignment by a given deadline.

VIlI. CONCLUSIONS

We have presented our experiencein designing and teaching
a graduate level course in mobile computing. The course cov-
ers the basics of wireless communication, wireless cellular net-
works (e.g. PCS), protocols and standards (e.g. 1S-41, Mobile
IP, Wireless ATM), and dynamic (ad hoc, instant infrastructure)
networks. Oncethe studentshad agrasp of the nature of wireless
communication and the current state-of-art in wireless technol-
ogy, we covered different issuesrelated to mobility such asloca
tion tracking and management of mobile hosts, dynamic chan-
nel allocation and service handoff, designing and implement-
ing mobile algorithms/applications is the emphasis of the sec-
ond half of the course. We also covered mobile information
systems, energy-efficient and disconnected operations, context-
aware computing and mobile agents. This course gave usan op-
portunity to integrate our research on mobile computing with our
teaching and we were al so ableto inspire some of them to do fur-
ther work in mobile computing topics.

The importance of mobile computing (or pervasive comput-
ing) is bound to increase in near future. Hence, it isimportant
that some of the topics in mobile computing should be taught to
undergraduate students. In order to integrate mobile computing
in undergraduate curriculum, there are several questions which
remain to be addressed:

o What are the fundamental advances in mobile computing
which need to be taught at the undergraduate level ?

« Which senior level courses should be enhanced to incorporate
these fundamental advances?

« What interdisciplinary projects can students do in the current
context?

« Whereto find relevant course material? How can teachers co-
operate in developing and sharing of education material in mo-
bile computing?

We plan to address thisissues by designing and offering an un-
dergraduate course in mobile computing.

ACKNOWLEDGMENT

Wethank thereviewersfor their constructivecommentswhich
helped to improve the quality of this paper.

0-7803-6424-4/00/$10.00 20001 EEE

(1
(2

(3l

(4

(9

(6]
(7
(8l

(9]
(10

(1]
(12
(13]
(14
[19]

[16]
(17

(18]

[19]

[20]

(21

(22

[23]

[24]

S1C-11

Session S1C

REFERENCES

T. Imielinski and H. F. Korth, editors. Mobile Computing. Kluwer Aca
demic Press, 1996.

P. J. McCann and G.-C. Roman. Compositional programming abstractions
for mobile computing. |EEE Trans. on Software Engineering, 24(2):97—
110, February 1998.

Bill N. Schilit, Norman Adams, and Roy Want. Context-aware computing
applications. In |EEE Workshop on Mobile Computing Systems and Appli-
cations, December 1994.

Brian D. Noble, Morgan Price, and M. Satyanarayanan. A programming
interface for application-aware adaptation in mobile computing. Technical
Report CMU-CS-95-119, School of Computer Science, Carnegie Mellon
University, Pittsburgh, PA 15213, February 1995.

V. Bharghavan. Challenges and sol utions to adaptive computing and seam-
less mobility over heterogeneous wireless networks. International Journal
on Wireless Personal Communications; Special Issue on Mobile Wireless
Networking, March 1997.

George H. Forman and John Zahorjan. The challenges of mobile comput-
ing. |IEEE Computer, 27(4):38-47, April 1994.

Tomasz Imielinski and S. Viswanathan. Adaptive wirelessinformation sys-
tems. October 1994.

M. Satyanarayanan. Fundamental challenges in mobile computing. In
ACM Symposium on Principles of Distributed Computing, 1995.

J. Schiller. Mobile Communications. Addison Wesley Longman, 2000.

E. Pitoura and G. Samaras. Data Management for Mobile Computing.
Kluwer Academic Press, 1998.

C. Perkins. IP Mobility Support. RFC 2002, October 1996.

J. D. Gibson, editor. The Mobile Communication Handbook. CRC Press,
2nd edition, 1999.

E. Royer and C.-K. Toh. A review of current routing protocols for ad-hoc
mobile wireless networks. |EEE Personal Communications, 6(2):46-55,
April 1999.

A. Acharya and B. R. Badrinath. A framework for delivering multicast
messages in networks with mobile hosts. ACM/Baltzer Journal of Mobile
Networks and Applications, 1:199-219, 1996.

J. Jing, A. Helal, and A. Elmagarmid. Client-server computing in mobile
environments. ACM Computing Surveys, 31(2):117-157, June 1999.

W. Cockayne and M. Zyda. Mobile Agents. Manning, Greenwich CT, 1997.
Arup Acharya, Tomasz Imielinski, and B.R. Badrinath. Dataman project:
Towards a mosaic-like location-dependant information service for mobile
clients. MOBIDATA: An Interactive Journal of Mobile Computing, 1(2),
April 1995.

Roy Want, Andy Hopper, Veronica Falcao, and Jon Gibbons. The ac-
tive badge location system. ACM Transactions on Information Systems,
10(1):91-102, January 1992. Also ORL Technical Report 92.1.

D. Lam, D. C. Cox, and J. Widom. Teletraffic modeling for personal
communications systems. |EEE Communications, 35(2):79-87, February
1997.

J. Short, R. Bargrodia, and L. Kleinrock. Mobile wireless network simula-
tion. Wireless Network Journal, 1(4), 1995.

A. Kahol, S. Khurana, S. K. S. Gupta, and P. K. Srimani. A strategy to
manage cache consistency in adistributed mobile wireless environment. In
Proc. Int'l Conf. Distributed Computing Systems, pages 530-537, Taipei,
Taiwan, April 2000. Submitted to IEEE Trans. Parallel and Distributed
Systems. June 1999.

S.Khurana, A. Kahal, S. K. S. Gupta, and P. K. Srimani. Performance eval-
uation of distributed co-ordination function for IEEE 802.11 LAN protocol
in the presence of mobile and hidden terminals. In Seventh Int’'| Symp. on
Modeling, Analysis and Smulation of Computer and Telecommunication
Systems (MASCOT 99), U. Maryland, MD, October 1999.

A.Kahal, S. Khurana, S. K. S. Gupta, and P. K. Srimani. Simulating agen-
eral purpose mobile computing environment. In Proc. of Conf. on Smula-
tion Methods and Applications (CSMA'98), pages 117-124, Orlanda, FL,
November 1998.

G. Varsamopolous and S. K. S. Gupta. On dynamically adapting registra-
tion areas to user mobility patterns in PCS networks. In Proc. Int'| Work-
shop on Collaboration and Mobile Computing (IWCMC'’ 99), Aizu, Japan,
September 1999.



