TELESCOPE 2008 PAGE 1

(@)
T%N

TELECOMMUNICATIONS
STUDENTS & ALUMNI NETWORK

SERVICE — ORIENTED
ARCHITECTURE 1

CURRENT STUDENT PROFILE
- JANE HWANG 3

ALUMNI PROFILES
- SAURABH ARORA 4

- AKSHAY SESHADRINATHAN 5

UP, CLOSE AND PERSONNEL

- DR. HANK BOYD 6
- DR. MASOUD OLFAT 8
TSAN 10

Service-Oriented Architecture

Called “the next big thing in software,” serviogented architecture promises to change the
enterprises do business, reducing the cost and legitypinvolved in integrating softwai
applications. The primary driver for the effectidhanges revolve around integration;
specifically, a methodology for the ease of comroatibns between applications. Service-
oriented architecture builds on the innovationsdugecreate the communications structure of
the Internet, and promises to change the approaclenterprise integration, potentially
eliminating the headaches involved in the interkirgg of applications.

The framework for service-oriented architecture liggpwell beyond enterprise computing; in
fact, the services-oriented architecture model lsarenabled in telecommunications provider
networks, both increasing the speed of launch faw rservices and reducing the required
network infrastructure.

Background

Fundamental to a servicesiented architecture, or SOA, is the “loose inddign” of services
and applications. Prior to SOA, enterprises haddéwelop custom interfaces to allow
applications to interchange data; this scheme @svknas tight integration.

For tightly inegrated networks, the development of custom integacan prove a challeng
Each application for communication requires a sseapiece of software to be executed and
maintained, adding to software and hardware costhie complexity of tightly-integrated
applications only gets worse as more applicatiores aalded, as each of these will require
additional custom interfaces.

Fortunately for those enterprises looking to usé lewerage the model of integrated software
applications, the development of the Internet amel Worldwide Web has led to an easier
answer. A model for loose integration of dispaggplications, using a concept known as “web
services,” has emerged. This model is referreasta Service-Oriented Architecture.

SOA Explained

Service-Oriented Architecture, or SOA, focuseshanerspective that software applications are
services that support a particular business procéamdamental to the concept of SOA
standards that determine how these services alte ftnaintained, and used in the network. By
defining a standard, and requiring adherence tostaedard, SOA helps to solve the issues
outlined earlier in describing a tightly-integrateetwork.
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The fundamental
concepts of SOA have
existed for years,
although other means of
describing them, including
“distributed architecture,”
“modular programming,”
and “event-oriented
design,” were typically
used. Why is the SOA
push successful, where its
predecessors have not
been?

Once the SOA is deployed in an enterprise, devetopeed to only maintain the applications that
use the SOA, and not their method for communicatibmthe example above, if the billing syst
was to be updated, a developer would simply make #he updates properly used web services to
communicate. The web services are still platfandependent and application-transparent. Even a
sweeping change, such as a wholesale replacememt application, can be done invisibly to the
users and the architecture, as long as the nefplatontinues to communicate with web services.

The fundamental concepts of SOA have existed farsyalthough other means of describing them,
including “distributed architecture,” “modular pm@gnming,” and “event-orientedesign,” were
typically used. Why is the SOA push successfulenstits predecessors have not been? Primarily
due to the advent of the Internet and the worldwidd; almost every computer and operating
system today ships with the ability to access tké wsing standard protocols, and the architects of
the SOA concept are able to leverage and build haset standards to ensure interoperat
between platforms.

SOA and Telecommunications

As outlined, SOA can fundamentally change how lesses integrate their applications, and
streamline both enterprise communications and esgente. Can SOA also be used to improve the
business of a telecommunications service provid&® find that the business problems for ser
providers parallel those of large enterprises, sexice providers can benefit from the lessons
learned by these enterprises.

A large area of focus and expense for a serviceigo is the operations support system and billing
support system, or OSS/BSS. A typical OSS/BSS @appnventory management, provisioning,
trouble tickets/resolution, lawful intercept andngwiance, customer relationship management,
order management, and network services. Withinatieea of the OSS/BSS are many functions;
various implementations accomplish one or sevdrdiase functions, but there is no “one-size-fits-
all,” single-supplier implementation of an OSS/BS3nstead, organizations generally have a
hodgepodge of various vendor and home-grown saisitieach performing part of a function, a
single function, or several. Service provider®diave to deal with legacy systems, some of which
are built on foundations that are decades oldeghattion of these systems is a great sourc
operational expenditures for carriers.

Carriers can work to expose each piece of the OSS/MBith web services, and build a SOA that
links the pieces together. By doing so, a serpicvider can both extend the life of an existing
system — particularly in the case of a homegrowrclosed, proprietary solution as well as
simplify the introduction of new systems and apgtiiens. Holistically, as the pieces of the
OSS/BSS work better together, the subscriber expeei should be improved ircluding fastel
time-to-service, and quicker, easier problem reasmu Thus a service provider can reduce
customer churn by deploying web services to unify etegrate their support systems.

Conclusion

Thanks to the innovations of the Internet and therlidwvide Web, a new framework has emerged
that allows for the integration of applicationsttheside on various platforms, networks, and even
within various firms. This framework, the SOA, islp beginning to see its potential realiz
Service providers can follow the example of entegs in deploying a SOA to reduce operational
expenses and enhance the integration of businesegses. In addition, a service provider can use
the SOA principles to accelerate new service affgsj increasing revenues. Service providers
just beginning to realize the benefits of the S@Ad the future looks bright for this architectune i
the field of telecommunications.
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CURRENT STUDENT PROFILES
JANE HWANG

INTERVIEW EXCERPT

Please talk little bit about your current and prior work and your education
before ENTS.

I am currently working at Booz Allen Hamilton asr@mber of the Center for Network Analytics
and Solutions (CNAS). The CNAS is a modeling anchusation laboratory for designing,
analyzing, and optimizing large-scale networks apstems. We simulate real world networks to
examine costs, performance, and vulnerabilitiess Hilows for analysis of a network without a
full-scale implementation.

At the CNAS, | am currently supporting a task thiatulates networks for a bandwidth study unde
the Department of Homeland Security's (DHS) Scieand Technology Directorate (S&T). |
provide modeling and simulation support to the SEEB public safety program; a program that
assists in the development of public safety wielgtsindards for next generation communications.
Specifically, | support the development and exesutdf network models that characterize the
performance of proposed public safety wirelessneftdygies. | work with key industry stakeholders
such as Motorola to model the bandwidth and interalpility capabilities of Internet Protocol (IP)-
based wireless Local Area Network (LAN), Wide Andatwork (WAN) and Metro Area Network
(MAN) next generation architectures.

Tell us more about your work and interests in terms of technology in the
industry.

My tasks at the CNAS have exposed me to many aspédhe telecommunications industry and
motivated me to be formally educated in this fieltirough the use of network simulation tools, |
have applied numerous wireless networking conceptay work. However, | feel that there is a
difference between the application of a conceptwardkerstanding the theory behind it. It is for this
reason that | wish to go to graduate school. lelvelithat a formal education will give me a strong
technical foundation that will allow me to bettenge my clients while also providing me with an
opportunity for personal and professional growth.

| am very interested in learning more about wirglestworking because of the experience | have
had with the SAFECOM program. Our task is to perfa study on the bandwidth utilization of
different scenarios using combinations of Wi-Fi awdMAX at different frequency bands to
determine the advantages and disadvantages ofoddhbse technologies. To simulate a realistic
wireless network, we had to incorporate signalnaitéion due to building penetration loss. Other
characteristics we studied were modulation scherpesier adaptation, and routing protocols.
Given my involvement in these projects, | wouldelito further explore these technologies and
pursue a graduate degree in telecommunications avithcus on wireless networking. With the
exposure that | have to wireless networking, | hakiesen the Maryland Telecommunications
program because it aligns directly with my intesesthave read over the course descriptions and it
parallels with what | would like to learn!

As an undergraduate student at Maryland, | chosélfdl my electives through upper level
mathematics courses. These classes were a goquernemt to my computer science major and |
believe it will serve as a good foundation for thiegram. For SAFECOM, | currently work with
the Telecommunications Industry Association (TIAYar®lards Committee TR-8 providing
bandwidth simulation results to help recommend ddass for public safety wireless
communications. Policy is an aspect of the telecamioations field that particularly interests me
and | look forward to taking the policy and regidatcourses offered by the ENTS program.
telecommunications program at Maryland providesritjiet mix of theory and application that will
give me the best of both industry and academia
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ALUMNI PROFILES
SAURABH ARORA

Saurabh Arora graduated in Spring 2006 and is ptiys&orking with OPNET
Technologies as a Network Consultant.

INTERVIEW EXCERPT

Please talk a little about your current and previou s work experience.

I work as a Consultant Network Engineer/ Projecd.ith OPNET Technologies. | consult large
enterprises like Amex, Citi, PG&E etc on networkpaeity planning, application performance
management, network audit and compliance assurasiog OPNET's modeling and simulation
tools.

Prior to OPNET, | interned at Comsat Labs on arfsti¢ project to design a space communication
test bed to implement IP functionality in NASA’segespace missions including the one to Mars in
2020.

Before that | used to work with the Indian Goverminat their Master Earth Station in New Delhi
handling network perations of the country wide satellite based WANstipport critical arm
networks and applications like distance educatiemote surgery etc in remote Indian villages .

What kind of business and technical expertise has t he ENTS program
enabled you to achieve?

What made ENTS so unique for me is that it enabtedto develop gure technical and @ure
business approach towards real life problems am tgamendous exposure to both sides of the
industry. | am not a big proponent of a ‘techno-agerial’ approach in teaching as | believe
concepts tend to get diluted during the processvé¥er, courses and labs at ENTS were uniquely
structured in a way to impart the depth as welthesbreadth of various components that run the
chain of telecom industry — R&D, Operations, Mankgtand Finance. | planned my course line to
cover all of these domains which while graduatiregpbd me to apply to different industries —
software (IT), telecom and venture capital in mgrib functions like engineering, product
management and consulting.

More than anything, ENTS has given me a distinsiovi on what | would like to do 5- 10 years
down the line and | highly recommend the coursestomeone who'’s looking at planning his or her
career.

What would you suggest (in terms of courses, labs o r other activities) to
improve the ENTS program?

Introduce internal internship and job postings tiglo a website based system and gives access to
alumni to post jobs and screen resumes. A posiiitidelp with the career center for designing such
a website would help. A job fair specific for Tebaemunications in the lines of ECE job fair is a

a great idea.

OPNET has a university program to give out freerses for academic versions of IT Guru and
Modeler. Currently, we're offering the WIMAX modaet half the price, I'd suggest following up
with current alumni in OPNET to introduce (buy) siie OPNET models as per course
requirements and tailor courses to incorporate OPBjecific labs. I'm looking at TSAN to build
an HTML survey form which would include all the esa modules listed (like TCP, BGP,
WIMAX, UMTS .. etc) and the alumni can check oresmfeedback based on their experiences with
these technologies in different companies, thatlvbelp design the course better.



AKSHAY SESHADRINATHAN

Akshay Seshadrinathan currently works at OPNET fieldgies, Inc. as a Product Marketing
Manager for Network R&D solutions. He deals witloghuct strategy, sales support, outbound
marketing, competitive positioning, market analysisd business development.

INTERVIEW EXCERPT

What kind of business and technical expertise has t he ENTS program
enabled you to achieve?

| believe that a lot of the expertise the ENTS paog helps achieve is because of the practical
flavor to courses. You can expect that most corsckgatrnt will be used in the industry in a very

similar framework. Some concepts | particularlyoyed learning include core business principles,
optimization algorithms, market analyses, and ndtweployment considerations.

Name a few ENTS courses that have helped you in your job and a  Iso that
you would recommend to the current ENTS students.

Some courses that have helped me at work incluledinction to Business and Entrepreneurship
and the follow-on courses with New Markets Growthn& Marketing Management, and
Advanced Wireless Networks.

I would also recommend Decision Support MethodsR@8/AWS System Implementation.

What would you suggest (in terms of courses, labs o  r other activities) to
improve the ENTS program?

| am happy to hear that we have added two new eeutss term. | believe regularly adding
relevant courses and supporting resources likeitabaicial as the industry advances at breakneck
pace. It also provides a nice pool of options fadents to choose from. In terms of other actisitie

I would love more brand recognition for the progrant just as being a part of the University of
Maryland but of its own as well.

How important do you think it is to have an active student body like TSAN
for the program?

I think it is extremely important to have a studbatly like TSAN provide useful resources to a
student community. More often than not studentshegter identify a need among peers and
determine the best way to provide the same.

TERP TRIVIA

There are many theories behind the origin of thecestudoOne
leading contender for the name's origin is thatais derived from the
scientific classification for turtldestudinesAnother theory is that the
name is fromestudo gigantiaa species native to the African country
Seychelles and the remote island Aldabra. Fintily,derivation of the
word testudo itseltomes from the Latin word for a protective shelter
used for Roman soldierlseads, similar to a tortoisshell.



UP, CLOSE AND PERSONNEL
DR. HANK BOYD

Hank Boyd is a Tyser Teaching Fellow in the Marketing Depet at the Robert H. Smith School
of Business. He is also a managing director andcjmal at Ombudsman LLC, a diversified
consultancy. He is licensed to practice law in Wisin and the U.S. District Court, Western
District of Wisconsin.

Dr. Boyd received his Ph.D. in Marketing from Duldaiversity (with an emphasis in Consumer
Behavior) and his J.D. in Intellectual Propertynfrehe University of Wisconsin-Madison. At the
age of 24, he received his MBA in Marketing frone thniversity of California at Berkeley. Prior to
graduate study, he obtained his A.B. in Chemistrigh(an emphasis in Biophysics) from Princeton
University.

Dr. Boyd's areas of expertise include biotechnoJoggnsumer behavior, business consulting,
pharmaceutical sales, advertising, and market relsedHis research has been published in
Marketing Letters, Psychology & Marketing, and Jwlrof Advertising Research. He has served as
an ad hoc reviewer for the Journal of Marketingdaesh !

Can you let us know in general, about your educatio nal and work
experience?

In my undergrad | was in Princeton as chemistryomajo | was in the lab. | enjoyed theory a lot.
Came to lab to blow up things, basically, you knlead to figure out of chemistry. When | w
done with there, had my MBA from cal Berkeley. THamanted to marry science with business and
that got me to pharmaceuticals. So | worked thereMierck for about 2 yrs. | was an antibiotics
specialist and | was a detailed man. So | wouldogdocs, explain the products that we available in
the market and it was a great position coming ésichool. And then after about 2 yrs you ma
something you figure out, ‘well, now what next&lways wanted to be a professor, so my next -
my PhD in marketing. And | did that, the programkabout 5 yrs to get thru. Taught for 10 yrs at
Wisconsin and for the last 3 years, | decided, Hewant to go to law school; | thought that
intellectual property is the thing to do, so | weatlaw school in the last 3 years, it worked out
pretty nicely.

Do you have experience in consulting as well?

Yeah. | worked with a couple of fortune 500 firmgeo the years. Projects come up — the phone
rings and the guy is like, we are looking for a gayfind out total costs of ownership network tool
that they wanted to design for the sales force tlone things like that. And I've worked in some

the intellectual property area. | am just startimglevelop things like that

Are you doing any research for companies?

Well, I've always said, a lot of research projeate ongoing. A lot of my work is in the area of
persuasion. So I've had some pieces come out injdinmal of advertising research recently,
psychology and marketing and | came up with anrimsént with a colleague of mine while we
were looking at entitlement. And consumer entitlatmeas something we felt was on a rise. So you
go to the retail sector and you got people contlrough the door, some people more entitled than
the others. and it's nice to know that if I'm antided consumer, they are the ones that are subject
to voice complaints, write letters, threaten to suel all that stuff. So we came up a scale to
measure that, we were the first ones to do ith&bwas kind of cool. It took a number of yrs ta ge
the paper published. You can imagine collectingtaf data, refining the scale, but it was a wol
cause when it was all set and done.



How do you think the ENTS program will help the stu  dents prepare better
for their future?

What the beauty of marketing is | think that, telecis you know, a unique sort of area, but across
disciplines, irrespective of say, this industry Wt industry; there are certain principles and
constructs that hold up time and time again. Thatist we’re trying to capture in this course. So
from issues of what is really marketing strateghatis new product development, what are is:
related to a brand, building a brand and maintairitin- that's what we’re covering in this class. |
think that'll serve you well, no matter where yoaads may take you.

What other courses do you suggest apart from the on es already there in
the ENTS program?

| would imagine that you could take courses uridermarketing umbrella, solely. Courses that are
dealing with logistics supply chain might be sonmghworth investigating. | mean, that's a really

strong area — a lot of growth going on in that ad@u can imagine with cyberspace, the internet, So from issues of what
you still got to get the products in their hands. tBe logistics of moving through your channel really is Marketing
structure even in the virtual world becomes verypadmant. | like sales, so sales for so
management — I'm going to recommend that ‘cozhtisd in some sense, when you got this great
product, how do you communicatestmerits of that product? How do you instill in yaales force
that this is what you need to say on a day to dagnwou are dealing with the objections, when

Strategy, what is new
product development,
what are the issues

you are dealing with the competition...because'thahat really drives the business. So, if you're related to a brand,
going to make the sales happen, you're going teugeessful. building a brand and
maintaining it — that’s
You know this program is interdisciplinary. So what do you think are its what we cover in
benefits to offer to the students? ENTS632

If we go behind in the history of this program, @wgring is what's great is the notion of
innovation and creating new products. Once youtertge new products, how do you actually m

it work in the business sense? That's where we datoeplay. So we're able to say, okay wha
your audience? How big is the potential market? Whaed are you fulfilling with this
product...Can you generate the sales you thinkayelgoing to generate and what else do you need
to do in terms of getting financing. So, anotheurse, as an afterthought, is that, if you couldtak
something with venture capital that could be veglpful. Because how you deal in that culture and
that world saying, there are all these ideas bgibched at these guys, I'm going to write
proposal that's going to get the seed money, sottting can take off. So that would be a really
good course to take.

So, what advise do you have for the students?

No matter what you decide to do in life, never giye If you really want it, never give up. Winston
Churchill’'s famous for saying, never give in antthihk there's a lot of truth to that. | marvel hét
fact that I've known people that are geniuses aitld rgasonable intelligence but they work v
hard and those in the latter camp are much moreessful in life because they just hang in there. If
you hang in there long enough, good things willgep



DR. MASOUD OLFAT

Dr. Masoud Olfat is a faculty in the ENTS prograna das taught courses like OFDM Technologies.
He is employed at Sprint and is actively involvedhie WiMax deployment

INTERVIEW EXCERPT
Can you tell us about your background?

| have obtained my Bachelor of Electronics fromn|raMasters and PHD in Wireless
Communication from University of Maryland.

Did you have any work experience before coming here ?

Yes, | worked for 4/5 years in basically in the qarer networks field. After my Masters |
worked for 4/5 years in US, | worked with Dream Rimedia Communication, designing
multimedia communication system such as video genfing, video security then | worked
with another company for a while designing their&éss LAN, Implementing MAC layer ft
WLAN IEEE 802.11. Then | got back to the universfiyished my PHD and did some post
doctoral work. After g PHD | worked with Nextel Communication Inc. astechnology
strategist. From day one | have been involved ®@R.16 and had lots of contribution to 802.16.
Later it merged with Sprint and | am still workihgre.

You are currently working on WiMax Deployment for S print. Can you
please elaborate on that?

Yes, right now | am working in department called Business unit. That is basicallydharge

of deploying WIMAX. As Nextel has selected to dgpthis in air in the 2.2 GHz band and our
department is in charge of making WiMAX real. Ivalves solving lots of technical issues, and
at the same time defining lots of technical stadslan WiMax technology. So | have lots of
responsibilities.

Tell me about your research interest.

My main research interest has been OFDM and usithganced techniques like multiple
antennae, beam forming, power conservation for OF8gtem also technical technique to
reduce picture average power ratio. | have als@ dewveral researches on using OFDM in UWB
system, usig multiple antennae in UWB system. | have seveigbeps on research wao
regarding scheduling in MAC layer and schedulin@®DM A technology. My contributions to
IEEE 802.16 are related to handling mobility, haficemd MIMO in OFDM and in WiMAX.

What you think about the future of OFDM and 4G netw orks?

| believe that as time goes by the need for thnpug goes up. So as a result the communication
industry has to come with the new way to meet tha gf this high demand of the throughput.
There are several ways to do that, one is to iser¢lae channel bandwidth, basically channel
bandwidth is expensive, managing the spectrumdagtand another technique is to use multiple
antennae. But these solutions also have high coditylehey incur lots of costs. Therefore,
OFDM is the technology, especially in urban areskijch has been shown to have better
performance, with respect to throughput demanda Assult | think most of the technology that
wants to achieve high throughput in urban areanlmasther choice but to go with OFDM. So |
see the future of wireless communication for higtoaghput is purely OFDM. By now CDM
has been main technology used in cellular commtinitaespecially because most of the
application on cellular communication has beenteel#o voice.



| see that the future of wireless communication Hh throughput is purely addressed by OFDM.
Voice is the technology that doesn’t require higfoughput; therefore you can have high coverag
using CDMA technology over voice, because througligonot high you can have high signal to noise
ratio, therefore you can have high coverage. Howeaen it comes to data traffic, you might want
high throughput, then the principle that has beseduby now or technology doesn't apply. Another
aspect is that voice is going to be supported tjinaiheir VOIP, which is going to be part of their
high throughput communication that's why | persgnake the future of wireless communication is
OFDM.

Do you think its going to be all data centric migra tion?

Mostly, that is the trend you'll see today, thatstof the organizations that are using non-OFDM for
wireless communication systems are somehow migratiwards OFDM, Examples are EV-D8G
all of these technology are going towards OFDMHigih throughput need.

Do you have any suggestion for any additional cours e with which a students
can match up with the revolutionary telecommunicati on market?

There are several things, but OFDM is one of th€he course we are teaching right now is purely
on OFDM, we can separate this into two- one coigsmmewhat how high level and other course
dwells deep into the standard. But in this courder’t have time to go deep into the standard, but
just touch upon the standards. But we can haveuaseothat goes deep into the standards. For
example this course will focus mainly on the phatlayer, if | talk about different standards Ié-
Max, 801.11. Its possible that we can have courae ¢an look at one of the technology, like Wi-
Max, EVDO or may be 3G and look at that all formstwork layer, physical layer. And there are lots
of other issues that can be taught like networkgedRF design of the network, courses like Voice
over IP and marketing aspect difaf these. There are lots of courses that catabght. I'll be happ

to help.

What is your suggestion to this stream, like what k  ind of courses students
should take that can be beneficial for their develo pment ahead?

Honestly | think that really depends where theg eff. My suggestions might be to narrow down to
the work | have been doing, | have been involvedvireless broadcast and not even cellular as for
voice. For that, | think knowing OFDM today is thmust. They have known the different standards,
but it really depends on what industry they realgnt to go. For example people mint want to go to,
lets say want to work on services and applicatiarthis technology. Then they don't need to kr
much about OFDM probably. In my opinion, the coarteat people take should include a low level
communication course; DSP course is going to bg geod. The course | am offering before that,
digital communication is very good. And | am reailhgisting if people really want to, they should
have some study on marketing aspect of these higiughput technologies. Most of the wireless
companies are basing their investment on some iiagkstudy. They study that what sort of
application is going to be in next decade, whatllohdemands are going be out. So definitely the

do lots of business studies. So what | think is shedent in ENTS, depending on their interest
whether they want to get into something technicalsome type of high level marketing and
depending on that they can pick.

So what do you say about the future prospect for th e ENTS students?

| believe that ENTS program is designed in suchag that its makes it easy for the students to find
jobs. In order to develop their skills and promtite work space they need to work hard, they will
need to take one area and get deeper into that.

| believe that the ENTS
program is designed in
such a way that it makes it
easy for the students to
find jobs in telecom
industries.
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