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Participant Individuals:

Graduate student(s) : Kenji Yoshigoe; Zornitza Genova; Aamir Shaikh
Research Experience for Undergraduates(s) : Zane Reynolds

Graduate student(s) : Ahmed Aslam

Pre-college teacher(s) : Tahvia Shaw

Research Experience for Undergraduates(s) : Ashley Hopkins

Partner Organizations:
Cisco Systems, Inc.: Financial Support

W have submitted a Cisco University Research proposal to continue the
wor k that Ahmed started during his one semester of funding fromthis
CAREER program The Cisco proposal addresses nodeling of Parallel
Packet Switches (PPS). The requested funding is $26K to support Ahned
for one year.

The proposal is currently under review by Cisco.

Other collaborators:

| have collaborated with Al an George (faculty) at the University of

Fl orida, Neil Gunther (consultant) at Performance Dynam cs, Aju Jacob
(student) at the University of Florida, Joe Rogers (graduate student
and now staff) at the University of South Florida, Alen Roginsky
(mat hermatici an) at | BM Corporation, and Marcel Wal dvogel (researcher)
at I BM Corporation. Neil, Aju, Joe, Allen, and | have worked on

col | aborative papers. Involved in this collaboration have been the
students funded by this CAREER grant. Alan and | established a new
wor kshop on hi gh-speed | ocal networks. Marcel and | co-edited a
speci al issue of Computer Conmunications on Terabit switching.

Activities and findings:

Research and Education Activities:

This 1999 to 2003 NSF CAREER program addressed the 'network of the
future' where both fixed-size cell and variabl e-1ength packet networks
wi |l co-exist. The educational enphasis was on devel opi ng

under graduat e research invol verrent and t he devel opnent of two new
courses (one in capacity planning and performance eval uati on and the
other a projects course for a department proposed M5 in Infornmation
Systens degree program). The three stated research objectives of this
programwere to 1) characterize traffic fromrepresentative gigabit
applications, 2) advance new al gorithnms for achieving high-throughput
in input-buffered only Ethernet switches and full-duplex repeaters,
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and 3) study backwards conpati bl e CSMA net hods for | arge-span

hal f -dupl ex Et hernets. Based on referee comrents and the
recommendati on of the NSF programdirector at the tine of the grant,
the third objective was refocused to investigate gigabit-speed

swi tching at higher |ayers.

Research activities:
Activities conpleted for the three objectives are:

ohjective 1 - Final results have been obtained on traffic
characterization of traces taken on the G gabit Ethernet test bed
funded by this grant. Wrk was al so conpleted on conparing Internetl
and Internet2 traffic on the USF gigabit backbone LAN. This work
entailed tracing traffic fromthe USF Internetl and Internet2 access
points. The trace files are available on the project website (or by
direct request) for use by other researchers.

hj ective 2 - Simulation nodels have been built for I nput Queued (1Q,
Conbi ned I nput and Crossbar Queued (CICQ, and Virtual I|nput Queued
Paral |l el Packet Switch (VIQ PPS) switches. The project web site
contains all of the switch nbdels and al so includes nodels of other
switch architectures (e.g., output queued switch) used for conparison

oj ective 3 - The concept of a URL router was investigated. A method
of using CRC32 for conpressing URL lists into digests was investigated
and eval uat ed. New aggressi ve hashi ng nethods were studied in the
context of application-layer switching. Trace files and simulation
nodel s are available directly from Zornitza Genova (funded by this
grant as a PhD student) who is now an Assistant Professor at the
University of North Florida.

Educati on activities:

For the educational conponent, two REU students and one RET teacher
were supported. In addition, the Internet-accessible tools page was
devel oped and continues to grow with the addition of new tools. The
tool s page (http://ww.csee. usf. edu/ ~christen/tool s/tool page. ht m)
continues to get about 800 hits per nonth.

Two new courses were devel oped at the undergraduate |evel, they are:

* CI'S 4930 - Capacity Pl anning
(http://ww. csee. usf. edu/ ~chri sten/cl ass9/cl ass9. htm)

* CI'S 4910 - Senior Project
(http://ww. csee. usf.edu/ ~chri sten/cl ass6/cl ass6. htm)

The stated goal in the proposal was to develop the project course at a
graduate |l evel as part of a planned M5 in Infornmation Systens. This
graduate track did not materialize, so the projects course was ai ned
at undergraduate student. The Capacity Pl anni ng course introduces
under graduat e students to an anal ytical aspect of conputer science.
Several students comented that this was the only class in their
curriculumwhere they used their nath training. The Senior Project

cl ass was retooled froma independent-study style format to one of
student teams working on industry-contributed projects. Relationships
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with local industry have been fostered (we have worked with over 12
central Florida conpanies in the second year of this course). This
course is very popular with students due to its 'real world focus
that hel ps students transition into industry. Formal eval uation of
this new projects course is ongoing as part of the exit interviews of
graduati ng students.

Fi ndi ngs:

The findings of this CAREER program have nmade a significant
contribution to the direction of future single-stage switch designs.
These contributions are described in the Contributions within

Di scipline section of this report. The findings are docunmented in 20
publications presented in the list of references in this section. The
key findings by objective were:

Fi ndi ngs for objective 1:

We discovered that the traffic characteristics of bulk data transfer
are dependent on operating system (Li nux and W ndows were conpared),
whet her nenory-to-nenory or disk-to-disk, and data rate of the

Et hernet link [18]. In general, disk-to-disk and higher data rate
resulted in the greatest burstiness of traffic. Furthernore, it was
found that shaping only 1% of the shortest interdeparture tines could
significantly reduce packet | oss and queueing delay in the network.
From these findi ngs we designed and inplemented a sockets shimlayer
where shaping of traffic is done within the system and does not

requi re | eaky bucket or other shaping hardware on the adapter Ethernet
adapters typically do not have shaping hardware in the same way that
ATM adapters do. The traffic shapi ng was shown to reduce queuei ng
delay. To study Internetl versus Internet2 traffic characteristics we
collected Cisco NetFlow traces fromeach network [14]. These Net Fl ow
traces were then used to drive a fluid-flow nodel to study queueing
behavi or. W believe that this was the first use of NetFlow traces to
drive a fluid-flow nodel. The findings showed that traffic on the
Internetl and Internet2, despite a roughly sinilar application mx
had very different characteristics. For the Internet2 traffic as input
(but not for the Internetl traffic), increasing buffer size in a
nodel ed single server queue driven with trace traffic as the i nput had
little effect on packet loss. This is indicative of heavy-tailed
traffic. We also found that nost of the bit |oss (caused by packet
loss at the finite-buffer queue) for a full set of flows was caused by
the I argest 1% of flows by size. Thus, again a 'top 1% effect was
seen, but this time in flows and not interarrival times. A first order
shaping of these 1% flows in our nodel resulted in a significant
reduction of bit loss. This has significant inplications to traffic
shaping in large networks [14]. W specifically addressed traffic
shapi ng for bandwi dth allocated services for gigabit Ethernet in [15].
We proposed an adapter-inplenmented, byte-based | eaky bucket approach -
call ed RATE as a counterpart to existing 802.3 PASUE - suitable for
energing Ethernet-in-the-first-mle applications. The students

i nvol ved with these findi ngs were Zane Reynol ds (under graduat e REU
student), Aamir Shai kh (M5 student), and Kenji Yoshi goe (PhD student).
Zane is now in graduate school at USF, Aanmir is enployed in industry,
and Kenji expects to conplete his PhD in sumer 2004.
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Fi ndi ngs for objective 2:

Buf fered crossbar switches are not a new architecture - they go back
to the md-1980s. However, it is only recently with continued
increases in VLSl density and the use of Virtual Qutput Queues (VOQs)
at the input that such switches have becone feasible to inplenent. Qur
findings were the first to show the potential of the Conbined | nput
and Crossbar Queued (CICQ switch as the next generation single stage
switch [7, 16, 17, 19]. In existing I nput Queued (1Q switches the

i nput and output ports are tightly coupled so that switch matrix
scheduling (e.g., iSLIP) can be achieved. In the CICQ switch this
tight coupling is not needed thus reducing conplexity with the
possibility of scaling-up to much higher speeds. A very |ow cost and
sinmple 24-port, 10-CGops CICQ switch was designed and evaluated in [8].
Also in [8] is the design and evaluation of a very fast Masked
Priority Encoder (MPE) round-robin poller. This MPE design was shown
to be faster than any existing poller design when inplenented i n FPGA
technol ogy. A key problemwi th both existing I Q and the Cl CQ switch
architectures is instability for unbal anced inputs. This instability
is typically renedied by using internal speed-up. W proposed and

eval uated a sinple threshold and bursting nethod which achi eved
stability and did not require speed-up [5]. This method was anal yzed
for the CICQ switch. The CICQ switch exhibits fewer stability probl ems
than a purely 1Q switch. This is very significant. W also further

i nvestigated round robin poller designs resulting in the Overl apped
Round Robin (ORR) design that is conpletely speed scalable [6]. The
CICQ switch architecture is anmenable to natively switching variable

| engt h packets. This was a key notivation in exploring the ClCQ
architecture in the first place. The variable | ength packet properties
of this switch were explored in [1, 2]. Fairness is an issue when
dealing with variable | ength packets. A new nethod of bl ock forwarding
(where an internally transferred bl ock can cross packet boundari es)
was proposed to ensure fairness [2, 7]. The student involved wth

t hese findings was Kenji Yoshigoe (PhD student). Kenji is continuing
his research in CICQ switches to study renoving all feedback fromthe
switch crossbar to the input ports. This enploys rate control
internal to the switch (in the input ports) and we hope will allow for
anot her order of nmgnitude speed scaling of the CICQ switch
architecture.

Looki ng beyond the CICQ switch, we believe that a time will cone where
link speeds will greatly exceed nenory speeds. This will nake IQ

swi tches of any kind infeasible to inplenent and notivates the need
for Parallel Packet Switches (PPS). The Virtual |nput Queued (VIQ PPQ
was proposed and evaluated [3, 11]. This switch architecture was shown
to have both better performance (Il ower packet delay) and better

i mpl enentation feasibility than existing PPS designs. The student

i nvol ved with these findi ngs was Ahnmed Asl am (PhD student). Ahned
continues his work in PPS architectures. Ahmed is exploring the use
of redundant nenories to support overlapped read and wites froma
switch buffer.

Fi ndi ngs for objective 3:
For objective 3 we investigated nethods for high-speed sw tching at

the application layer. In particular, we focused on URL sw tching for
Content Distribution Networks (CDNs). At the application layer the
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nunber of addresses (URLS in our case) and their dynanmic nature is
significantly greater than at the IP layer. Thus, nethods for

efficient sharing, storing, and |ook-up of application |ayer addresses
(URLs) needed to be investigated [20]. The idea of the URL router as a
key conponent of a CDN was proposed [4]. The use CRC32 as a signature
for a URL was investigated and found to be better than existing Bl oom
filter approaches for updating of digests, storage efficiency, and

| ook-up tine [10, 13]. New hashing methods to exploit the CRC32 URL
signatures were explored in [4]. The new aggressive hashing al gorithm
a type of nmobve-to-front hashing nmethod, was proposed and found to
performvery well in the |ook-up of CRC32 URL signatures. The student

i nvolved with this objective was Zornita Genova Prodanoff (who
finished her PhD in August 2003). Zornitza continues work in this area
as an Assistant Professor at the University of North Florida.

O her findings:

Si mul ati on was the major tool used for this CAREER program In the
proposal we planned for tool devel opnent. A renote execution tool was
devel oped [12] and enhanced [9]. The student involved with this

obj ective was Ashl ey Hopkins (undergraduate REU student).

Ref er ences:

[1] K. Christensen, K.  Yoshigoe, A Roginsky, and N. Gunther

" Perfornance Eval uati on of Packet-to-Cell Segmentation Schenes in

| nput Buffered Packet Switches,' submitted to the |IEEE Internationa
Conf erence on Comuni cations in Septenmber 2003.

[2] K. Yoshigoe, K Christensen, and A. Rogi nsky, 'Perfornance
Eval uation of New Scheduling Methods for the RR/RR CICQ Switch,'
submitted to Conputer Comunications in July 2003

[3] A Aslamand K. Christensen, 'A Parallel Packet Switch with
Mul ti pl exors containing Virtual |nput Queues,' subnitted to Computer
Conmmruni cations in April 2003.

[4] Z. CGenova and K. Christensen, 'Managi ng Routing Tables for URL
Routers in Content Distribution Networks,' to appear in the
I nternational Journal of Network Managenent.

[5] N. Qunther, K. Christensen, and K. Yoshi goe, 'Characterization of
the Burst Stabilization Protocol for the RRRR CI CQ Switch,'
Proceedi ngs of the | EEE Conference on Local Computer Networks, pp
260- 269, Cctober 2003.

[6] K. Yoshigoe, K Christensen, and A. Rogi nsky, 'Design of a
H gh- Speed Overl apped Round Robin (ORR) Arbiter,' Proceedi ngs of the
| EEE Conference on Local Conputer Networks, pp. 638-639, Cctober 2003.

[7] K. Yoshigoe and K. Christensen, 'An Evolution to Crossbhar Sw tches
with Buffered Cross Points,' |EEE Network, Vol. 17, No. 5, pp. 48-56
Sept enber - Oct ober 2003.
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[8] K. Yoshigoe, K Christensen, and A Jacob, 'The RR'RR CI CQ Switch:
Har dwar e Design for 10-CGbps Link Speed,' Proceedings of the |EEE

I nternational Performance, Conputing, and Comuni cati ons Conference,
pp. 481-485, April 2003

[9] A Hopkins, 'Renpte++: A Script for Autonatic Renote Distribution
of Prograns on W ndows Conputers,' Proceedi ngs of the 41st ACM
Sout heast Regi onal Conference, March 2003.

[10] Z. Genova and K. Christensen, 'Efficient Summarization of URLs
using CRC32 for Inplementing URL Switching,' Proceedings of the | EEE
Conference on Local Conputer Networks, pp. 343-344, Novenber 2002.

[11] A Aslamand K Christensen, 'Parallel Packet Swi tching using
Mul tiplexors with Virtual Input Queues,' Proceedings of the | EEE
Conference on Local Conputer Networks (LCN), pp. 270-277, Novenber
2002.

[12] K. Christensen, 'REMOTE: A Tool for Automatic Renpte Execution of
CSI ML8 Sinul ati on Model s,' Proceedi ngs of the Annual Sinulation
Synposium pp. 134-142, April 2002.

[13] Z. Genova and K. Christensen, 'Using Signatures to Inprove URL
Routing,' Proceedi ngs of the | EEE 2002 International Performance,
Conputing, and Conmuni cati ons Conference, pp. 45-52, April 2002.

[14] J. Rogers and K. Christensen, 'A Fluid-Flow Characterization of
Internetl and Internet2 Traffic,' Proceedings of the | EEE Conference
on Local Computer Networks, pp. 509-513, November 2001.

[15] K. Yoshigoe and K. Christensen, 'RATE Control for Bandwi dth
Al'l ocated Services in |IEEE 802.3 Ethernet,' Proceedings of the |EEE
Conf erence on Local Conputer Networks, pp. 446-453, Novenber 2001.

[16] K. Christensen, 'Design and Evaluation of a Parallel-Polled
Virtual Qutput Queued Switch,' Proceedings of the | EEE International
Conf erence on Communi cations, pp. 112-116, June 2001.

[17] K Yoshigoe and K. Christensen, 'A Parallel-Polled Virtual CQutput
Queued Switch with a Buffered Crossbar,' Proceedi ngs of the | EEE

Wor kshop on Hi gh Performance Switching and Routing, pp. 271-275, May
2001.

[18] A. Shai kh and K. Christensen, 'Traffic Characteristics of Bulk
Data Transfer using TCP/IP over G gabit Ethernet,' Proceedings of the
| EEE I nternational Performance, Conputing, and Conmmuni cations
Conference, pp. 103-111, April 2001.

[19] K Christensen, 'A Parallel-Polled Virtual CQutput Queued (PP-VOQ
Switch,' IEE Electronics Letters, Vol. 36, No. 22, pp. 1902-1903,
Cct ober 26, 2000.

[20] Z. Genova and K. Christensen, 'Challenges in URL Switching for

I mpl enenting G obally Distributed Wb Sites,' Proceedi ngs of the
Wor kshop on Scal abl e Wb Services, pp. 89-94, August 2000.
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Training and Development:

Graduat e student nentoring was a key part of this CAREER program
However, undergraduate and K-12 teacher nentoring also played a key
role. Three graduate students (Aamr, Ahnmed, Kenji, and Zornitza) have
been funded through this grant for varying anbunts of time. Two

under graduat e REU students were funded t hrough suppl enents (Ashl ey and
Zane) and one K-12 teacher was funded through a suppl enent (Tahvia
Shaw) .

* Aamr conpleted his M5 in May 2001 and is currently enployed in
i ndustry.

* Ahmed is expecting to conplete his PhDin fall 2004 and will be
seeking a position in industry. Ahnmed presented his work at one
conference (|1 EEE LCN).

* Kenji is expecting to conplete his PhD in sunmer 2004 and is
applying for an acadenic position in the USA. He has already had a
canpus interview with West CGeorgia State University and a tel ephone
interviewwith University of Hawaii at Hilo. Kenji presented his work
at two conferences (I EEE LCN and | EEE | PCCQC)

* Zornitza has conpl eted her PhD and is now an Assi stant Professor at
the University of North Florida. Zornitza has presented her work at
t hree conferences (SW5 wor kshop, |EEE LCN, and | EEE | PCCC).

* Ashl ey conpleted her BS in 2003 and is currently enployed by Harris
Corporation in Mel bourne, Florida. Ashley presented her work at one
conference (ACM SE regi onal conference).

* Zane conpleted his BS in 2002 and is currently a PhD student at the
University of South Florida.

* Tahvia is mddl e school teacher at Terrace Community School, a
public charter school. Tahvia's RET experience focused on ways of
bringi ng conputer science into her fifth grade classroom and using
nodern conmputer software tools (StudyWrks) for teachi ng nathemati cs.
Tahvi a devel oped several |esson plans which are in active use at her
school and are generally available to others via her website. The

nm ddl e students have enjoyed the new material and acconpanyi ng
hands-on | essons.

Outreach Activities:

Qutreach focused on two areas: 1) participating in the yearly College
of Engi neeri ng Expo where | abs are opened-up to the general public,
and 2) having K-12 involvenent via an RET suppl ement.

The Informati on Systems Laboratory (that houses the gigabit test bed
funded by this grant) was opened to the general public for the annua
Engi neering Expo for all four years of the grant. Approxi mtely 200
m ddl e and hi gh school students and about 30 non-students (adults)
toured the | ab each year. W set-up a PCwith an online quiz on the
topic of "What is a gigabit?' . On conpletion of the quiz visitors got
a picture of thenselves, taken by a webcam printed on the | abs
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honepage. This was very popular with the m ddle and hi gh schoo
st udent s.

The RET suppl enent supported a school teacher (Tahvia Shaw) fromthe
Terrace Community School mddle school. Included in the suppl enment
fundi ng was noney to purchase 25 copi es StudyWrks software
(StudyWorks is a scal ed-down Mat hcad) for the school. The school is
now usi ng StudyWrks and the | esson plans that Tahvia devel oped while
on her RET assignnent at the university. This serves to encourage the
interest of middle schools in science, math, and technol ogy.

The principal investigator has been a Florida state science fair judge
for three consecutive years during this CAREER program

Journal Publications:

A. Shaikh and K. Christensen, "Traffic Characteristics of TCP/IP Bulk Data Transfer in Gigabit
Ethernet”, Proceedings of the IEEE 2001 International Performance, Computing, and
Communications Conference, vol. 1, (2001), p. 103. Published

K. Christensen, "Design and Evaluation of a Parallel-Polled Virtual Output Queued Switch",
IEEE 2001 International Conference on Communications, vol. 1, (2001), p. 112. Published

Z. Genova and K. Christensen, "Challenges in URL Switching for Implementing Globally
Distributed Web Sites", Proceedings of the Workshop on Scalable Web Services, vol. August,
(2000), p. 89. Published

K. Christensen, "A Parallel-Polled Virtual Output Queued (PP-VOQ) Switch", IEE Electronics
Letters, vol. 36, (2000), p. 1902. Published

K. Yoshigoe and K. Christensen, "A Parallel-Polled Virtual Output Queued Switch with a
Buffered Crossbar", Proceedings of the IEEE Workshop on High Performance Switching and
Routing, vol. 1, (2001), p. 271. Published

K. Christensen, "REMOTE: A Tool for Automatic Remote Execution of CSIM18 Simulation
Models", Proceedings of the 35th Annual Simulation Symposium, vol. , (2002), p. 134. Published

Z. Genova and K. Christensen, "Using Signatures to Improve URL Routing", Proceedings of the
IEEE 2002 International Performance, Computing, and Communications Conference, vol. ,
(2002), p. 45. Published

K. Yoshigoe and K. Christensen, "RATE Control for Bandwidth Allocated Services in IEEE
802.3 Ethernet”, Proceedings of the IEEE 26th Conference on Local Computer Networks, vol. ,
(2001), p. 446. Published

J. Rogers and K. Christensen, "A Fluid-Flow Characterization of Internetl and Internet2 Traffic",
Proceedings of the IEEE 26th Conference on Local Computer Networks, vol. , (2001), p. 509.
Published

K. Yoshigoe and K. Christensen, "An Evolution to Crossbar Switches with Buffered Cross
Points", IEEE Network Magazine, vol. 17, (2003), p. 48. Published

A. Aslam and K. Christensen, "Parallel Packet Switching using Multiplexors with Virtual Input

Queues", Proceedings of the 27th IEEE Conference on Local Computer Networks (LCN), vol. ,
(2002), p. 270. Published

Page 8 of 12 Final report submitted on 12/22/03



Z. Genova and K. Christensen, "Efficient Summarization of URLs using CRC32 for
Implementing URL Switching", Proceedings of the 27th IEEE Conference on Local Computer
Networks (LCN, vol. , (2002), p. 343. Published

K. Yoshigoe, K. Christensen, and A. Jacob, "The RR/RR CICQ Switch: Hardware Design for 10-
Gbps Link Speed", Proceedings of the IEEE 2003 International Performance, Computing, and
Communications Conference, vol. , (2003), p. 481. Published

A. Aslam and K. Christensen, "A Parallel Packet Switch with Multiplexors containing Virtual
Input Queues", Computer Communications, vol. , (2003), p. . Submitted

K. Yoshigoe, K. Christensen, and A. Roginsky, "Design of A High-Speed Overlapped Round
Robin (ORR) Arbiter”, High Speed Local Networks Workshop at the 28th IEEE Conference on
Local Computer Networks (LCN)., vol. , (2003), p. 638. Published

N. Gunther, K. Christensen, and K. Yoshigoe, "Characterization of the Burst Stabilization
Protocol for the RR/RR CICQ Switch", IEEE Conference on Local Computer Networks (LCN),
vol. , (2003), p. 260. Published

Z. Genova and K. Christensen, "Managing Routing Tables for URL Routers in Content
Distribution Networks", International Journal of Network Management, vol. , (), p. . Accepted

K. Yoshigoe, K. Christensen, and A. Roginsky, "Performance Evaluation of New Scheduling
Methods for the RR/RR CICQ Switch", Computer Communications, vol. , (), p. . Submitted

K. Christensen, K. Yoshigoe, A. Roginsky, and N. Gunther, "Performance Evaluation of Packet-
to-Cell Segmentation Scheme in Input Buffered Packet Switches", International Conference on
Communications, vol. , (), p. . Submitted

Other Specific Products:

Special issue of a journal

Guest editor for special issue on |Issues and Trends in Terabit

Swi tching in Conputer Communications (with Marcel Wl dvogel from

| BM Zurich), Vol. 25, No. 6, April 2002. The journal issue appeared
in 2002.

Software (or netware)

The REMOTE tool was devel oped to allow for automatic renote execution
of consol e node prograns (such as CSIML8 sinul ation nodels) on

net wor k- connect ed W ndows PC s. The REMOTE tool has been updated to

t he REMOTE++ tool. This update was conpleted by an REU student (Ashley
Hopki ns) .

The rel ationship of the rempte sinulation tool to the proposal is as
follows. The devel opnent of this tool was described in the proposa

for laboratory infrastructure as, "Another tool that will be devel oped
will be a means of parallel independent execution of discrete-event
simul ation prograns building on the work in [41]. This tool will
enabl e network-attached conputers to be used to conplete sinulation
studies faster than could a single conputer. Peer researcher and
student contributions will be solicited for these research tools." W
have devel oped (and now i nproved) this tool and used it to inprove the
efficiency (i.e., execution tine) of sinulation studies on new switch
architectures. This tool is generally available. No statistics have
been conpiled on who is using this tool, but several email inquiries
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have been received and responded to.

This software is available on a website

(http://ww. csee. usf.edu/ ~christen/career/renote. htm ). A short
description of this tool has appeared in the software tools section of
t he Septenber issue of | EEE Network Magazi ne.

Software (or netware)

The Christensen "tools page" is a collection of C source code tools or
performance nmodeling and eval uation. |Included are tools to solve
probability matrices, characterize tinme series, generate time series
with given distributions, simulation nodels of queueing system TCP/IP
sockets prograns, and others. The unique feature of these tools is
their source code nature - they are intended to be used to teach
concepts (e.g., howto iteratively solve a probability matrix, howto
generate exponentially distributed randomvariates, how to estimte
the Hurst paraneter using R/'S analysis, and so on). The tools page
generates over 800 hits per nonth and results in several email

di scussions every nmonth. |t appears that graduate students and
instructors around the world are using (and, in some cases, finding
bugs in) these tools. The use is both in the classroomand for
graduate-l evel research (e.g., as conponents in larger tools). The
relationship to this project is that nmany of the tools were used in
the research and teachi ng conponents (of this project).

The software is available on a website
(http://ww. csee. usf. edu/ ~chri sten/tool s/tool page. htnl).

Internet Dissemination:

http://www.csee.usf.edu/~christen/career/main.html
http://www.csee.usf.edu/~christen/tools/toolpage.html

These two URLs are for 1) the project honepage, and 2) tools page.
Al'l nodels, trace files, etc. are available on the project honepage.
The tools page is described el sewhere in this report.

Contributions:

Contributions within Discipline:

The contributions of this CAREER program have nmade an inmpact to the
di scipline. This inmpact can be nmeasured, in part, by how ot her
researchers reference and use our work.

Contributions from objective 1

The contributions fromobjective 1 are to show that higher data rates
result in greater burstiness of the carried traffic irrespective of
the applications generating the traffic. W also showed that a '1%
effect' exists where either 1% of the interarrival times between
packets or 1% of flows cause the majority of packet |osses from queue
overflow This has inplications to traffic shaping (i.e., that only a
very snall ampount of traffic needs to be shaped to achi eve significant
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reductions in packet |oss).
Contributions from objective 2:

The CICQ switch overcones many limtations in |1 Q switches that use
iterated maxi mal - match schedul i ng nmethods. Qur work has been cited in
a recent | BM Technical Report (F. Abel et al. 'A Four-Terabit

Si ngl e- St age Packet Switch.) as 'The renewed interest in CICQis
denonstrated in [4]-[9]... where [9] is our May 2001 HPSR paper. This
May 2001 HPSR paper was the first paper to show that Cl CQ sw tches can
have | ower delay than well known i SLIP scheduled I Q switches. Qur
Sept enber 2003 | EEE Network nmgazine article titled 'An Evolution to
Crossbar Switches with Virtual Output Queueing and Buffer Cross
Points' will be, we expect, a seninal paper defining the ClCQ switch
as the future architecture for single-stage switches. O significant
interest is to see that Nick McKeown of iSLIP fane is now al so
focusing on CICQ architectures (Stanford HPNG Techni cal Report

TRO3- HPNG 061501 -

http://tiny-tera.stanford. edu/ ~ni ckm papers/index. htnml). Qur
contribution was to be anong the first to realize the potential of
CICQ switches and to begin the investigations into understanding the
performance and feasibility of this architecture. W were also the
first to understand the potential for the CICQ switch to be able to
natively forward variable [ ength packets. The contribution of this
are to reduce the needed internal speed-up by two-fold and to
elimnate the hardware needed for segnmentation and reassenbly of
packets. Manolis Katevenis at the University of Crete is now

expl oring variable length packet switching by Cl CQ switches (and cites
our work as one of only two others studying variable | ength packets in
CICQ switches). Qur work has been referenced in at |east seven
publications already. Direct contributions also include designs for
faster round robin polling circuits. W hope and expect to see these
designs inplemented in future switches that use round robin polling.

The PPS VIQ switch architecture was only recently published (in the

| EEE LCN conference in Novenber 2002) and has not yet been referenced
in other publications. This work has introduced a new use of Virtual
| nput Queues (VI@®) as a re-sequencing buffer. Although VI have

al ready been used in PMC-Sierra Enhanced TT1 chip set product (to

i mpl enent fl ow control nechani sm between Line-cards and core switch),
no prior work has considered VI as a re-sequencing buffer. W showed
that re-sequencing can be done sinpler and faster using VIQs in the
re-sequencing buffer. This will be helpful to industry to design a
multi-terabit packet switch using off-the-shelf existing swtches
cost-effectively and quickly. The VIQPPS is both feasible to

i mpl enent (we believe this to be the case -- to test this we have
applied for a Cisco University Research Grant to nodel the VIQ PPS at
t he hardware | evel using FPGA technol ogy) and has better performance
than any existing inplenmentable PPS architecture.

Contri butions from objective 3:

The contributions for the work in objective 3 are | ess obvious in the
published literature. To date, there have been no citations of the
only very recently published work fromthis objective. The key
contribution fromthe work in objective 3 is to define an efficient
way to route in CDNs. It is remarkable that the sinple CRC32 can be
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used as a very effective signature for variable length URLs. The new
aggressive hashing algorithmis a contribution to the discipline.

Contributions to Other Disciplines:

Qur work in round robin poller designs has application well beyond
packet switch architectures. Other areas - including |arge-scale

i ndustrial engineering applications - use round robin polling for
schedul i ng of tasks.

Contributions to Education and Human Resources:

The participants in this CAREER program were very diverse. This

i ncl udes US wormen students, and international students fromlndia,
Paki st an, and Japan. One significant educati on and human resource
contribution of this program has been the conpletion of a woman PhD
(Zornita) who has taken an academnmic position at a regional university
(the University of North Florida). This serves to strengthen the
position of wonmen within Conputer Science and Engi neeri ng where wonen
are an under-represented group and serve as a role nodel for future
worren students both at the University of South Florida and the
University of North Florida. This program has al so provi ded research
experiences to two undergraduate students (Ashley and Zane) and one
K-12 teacher (Tahvia). Zane has continued his studies at the graduate
| evel . The work that Tahvia conpleted during her RET assignment at the
university lives on in the formof |essons and software tools
(StudyWorks) at her mddl e school

Contributions to Resources for Science and Technology:

The test bed (which consists of six PCs attached to a G gabit switch
which in turn is directly connected to the USF gi gabit backbone)
funded fromthis CAREER programis now a resource for students in the
Department of Conputer Science and Engi neering. The test bed is used
by students for class projects and research. Several teans of

under graduat e seni or project students have al ready used the test bed.

The Hi gh- Speed Local Networks (HSLN) workshop was initiated in the
third year of this CAREER programin partnership with Al an George at
the University of Florida. This workshop was started to bring the

hi gh- speed | ocal area networking community together. The workshop
runs under the unbrella of the | EEE Local Conputer Networks (LCN)
conference. Papers at the HSLN workshop have focused on cl uster

i nterconnects and switch architectures. This workshop attracted about
25 papers in both 2002 and 2003 for a single track of 12 accepted ful
papers. A poster session was also part of the workshop. For 2004
this workshop was handed-off to a new group of general and program
chairs. This new yearly workshop is a resource for science and

t echnol ogy.

Contributions Beyond Science and Engineering:

The benefits fromthis research address the scalability of the
Internet at its key bottleneck — the core routers. A better Internet
is a contribution to resources beyond sci ence and engi neeri ng.

Categories for which nothing is reported:
Products: Book or other one-time publication
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