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Intel’s investments in Computer Science & Engineering and Electrical Engineering have had transforming effects on these departments, and through their leadership, on the campus as a whole.

Department of Computer Science & Engineering

Like most major computer science departments, the University of Washington’s department was more-or-less a “Unix shop” as recently as four years ago. That is when Intel donated two dozen 90MHz Pentium systems to create an instructional laboratory for our undergraduate majors. The first activity in this new laboratory was the hosting of the Pacific Regionals of the ACM Student Programming Competition in Autumn 1994. One indication of the impact of the laboratory is that by last year, our students had become proficient enough with Wintel tools to place first in the Pacific Regionals (besting the teams from Stanford, Berkeley, UBC, etc.) and second in the International Finals (out of an initial field of more than 1000 teams).  As of the end of 1998, Computer Science & Engineering now boasts approximately 600 Intel systems – three fourths of our total installed base:

CSE Dept.
12/97
12/98

Intel Based PC
500
600

RISC
230
150

Other
100
50

Total
830
800

% Intel Based PC
60%
75%

Our extremely aggressive two-quarter introductory programming sequence is taught to more than 2,000 students annually in a PC laboratory, and is being "exported" to community colleges via tutored video instruction (see  http://www.cs.washington.edu/education/courses/143/TVI.html).  All of our instructional laboratories now contain PCs, and planning is underway to replace central Alpha-based Unix servers in our instructional laboratories with PC-based servers running Unix (either Linux or FreeBSD). The majority of our undergraduate major courses are taught on PCs.  We are in the process of converting additional key courses, such as our computer graphics sequence and our interdisciplinary computer animation sequence. The “digital design” course sequence that is part of our Computer Engineering degree program uses PC tools (converted from Mac tools a few years ago). (For a Netshow video showing the projects from last spring’s digital design capstone course, see http://videosrv2.cs.washington.edu/general/udsd97.asx.) We teach other capstone design courses specifically geared to the PC platform – for example, a course in which teams of students build distributed, multi-player, 3D video games using Microsoft tools (VC++, Visual SourceSafe, and DirectX) and development methodologies. (For a Netshow video featuring this course, see http://videosrv2.cs.washington.edu/general/ussd97.asx.) Our part-time distance-learning Professional Masters Program utilizes PCs as the sole platform – PC-based Internet video tools for distance learning, PC-based projects, a PC instructional laboratory for students who do their work on campus, etc. (For examples of PC-based distance learning, see http://www.cs.washington.edu/news/colloq.info.html and http://www.cs.washington.edu/education/courses/590yz/CurrentQtr/.)

PCs are now the default platform on graduate student desks; every incoming graduate student is issued a high-end Intel PC when they enter the department.  Because of severe space constraints, we don’t have research labs in the department – the research takes place on the graduate students’ desktop platforms – on PCs.  You can see the result in efforts such as these:

· SPIN, an extensible operating system that runs on Intel processors (http://www.cs.washington.edu/research/projects/spin/www/)

· Kimera, a secure Java framework (http://kimera.cs.washington.edu)

· Porcupine, a scalable cluster-based mail server, (http://porcupine.cs.washington.edu)
· The NT/x86 Trace Project (http://memsys.cs.washington.edu/memsys/html/traces.html)

· Detour: A Case for Intelligent Internet Routing and Congestion Control (http://www.cs.washington.edu/research/networking/detour)

· Access: Combining Communication and Computation for Wide Area Networking and Systems, prototyping zero cost system administration for building a wide area systems experimental testbed (http://www.cs.washington.edu/homes/tom/access/)

· Active Names: Flexible Location and Transport of Wide Area Resources  -- a system to support extensible wide area distributed services.  (For a paper on this project in PostScript format, see http://www.cs.washington.edu/homes/tom/activenames.ps)

PCs have been well integrated into the basic infrastructure of the departmental computing environment, which was almost entirely Unix/RISC-based only four years ago.  Our integration efforts have made PCs the platform of choice for faculty and graduate student desktops, whether they want NT or Unix.  While much of the back-end infrastructure remains Unix-based, a growing portion is NT-based; and virtually all of this infrastructure is now running on Intel/PC servers.  Basic network services such as printing, file, Web, and mail are provided on both operating system platforms, and access to and between these basic services works seamlessly from any desktop operating system platform.  A description of our PC/NT infrastructure can be found at: http://www.cs.washington.edu/lab/facilities/nt-infrastructure.html, and a description of our NT integration effort can be found at http://www.cs.washington.edu/lab/sw/nt-integration/. 

Electrical Engineering

When the Technology for Education 2000 grant was awarded to the University of Washington in July of 1997 the computing infrastructure in the Department of Electrical Engineering was typical of most major EE departments in the US. There were a sizable and growing number of Intel Architecture machines used in instruction but negligible numbers in the research effort. 

During the past year Intel donations have made a significant impact on the computing resources in the Department of Electrical Engineering. This is the result of the department-specific gift for instruction, the continuing deliveries of the Technology for Education 2000 grant and a department purchase for the move into the new building.  By the end of 1998, Intel based PCs accounted for two-thirds of the department's computing infrastructure:
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This one-year change can be seen most remarkably in terms of high-end (P6a and P7) machines dedicated to research:

EE Research
12/97
12/98

Intel Based PC
66
159

RISC
181
187

% Intel Based PC
27%
46%

We included all P6a and P7 machines that are actively involved in research. In December of 1997 these machines represented about ¼ of all research machines. During the calendar year 1998 the percentage increased to 46%. The new IA machines include both those from the grant and research project purchase.  This change has been the result of the growing number of P7 processors dedicated to research in EE.  The following figures represent P7 processors acquired both through the Technology for Education 2000 grant and through departmental purchases:
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The four research areas primarily impacted were High Frequency Modeling in IC Packaging and Wireless Communications, Multimedia for Digital Television and Digital Library, and Haptic Simulation for Virtual Reality.  A fourth area – VLSI design, simulation and testing – received their first machines this quarter so have no current results.

High Frequency Modeling In IC Packaging and Wireless Communications:

Currently, we are working on two problems related to Intel.  The first one is EM wave radiation from printed circuit board and the second one is signal integrity in interconnects particularly in the area of vias, vias coupling, and coupling of vias to strip lines and microstrip lines. We will conduct numerical and experimental studies jointly with engineers at Intel DuPont.  A test PCB board with vias and coupled lines was already delivered to us to obtain time- and frequency-domain data.  To exchange ideas and report progress, a monthly meeting is also conducted with the Intel group.  For additional information, see http://www.ee.washington.edu/intel/status/IntelProgress1.htm.  

Multimedia for Digital Television and Digital Library:

Real-time digital video coding and decoding is very computationally intensive.  To make low-cost digital video/multimedia applications practical, we are developing fast algorithms to speed up the video encoding/decoding using regular Intel PCs.  The goal is for the PC to perform real-time high-quality video encoding/decoding using software only without any special hardware boards.  We have developed a new statistical method to significantly speed up the calculation of DCT/IDCT/ Quantization in video codecs. We have also developed high-performance algorithms for digital video transcoding and streaming video applications.  We have documented our work in several publications.  The work will stimulate and contribute to the use of PCs for real-time digital videoapplications.  For more information on this project, see http://pierce.ee.washington.edu/proj_mmd.html. 

The Digital Library Project has developed software, which allows archiving and retrieval of multimedia objects.  The database developed is highly scalable and can grow from tens to millions of objects. Search times for a database of millions of objects and identifying desired items is less than a second. The system also has rich metadata support including controlled vocabulary and hierarchical thesaurus. Administrative tools allow configuration to support standard Metadata such as the Dublin Core and local customization of Metadata to reflect collection needs.  The digital library software is easy to setup and use. There is a  PC-based acquisition station for easy and automated database additions, and an API-based on http for easy and fast customized client development. This is a low cost solution for intermediate and large multimedia database systems. We are now focusing on full XML compatibility and support for smart objects including compound documents and video.  For more information on this project, see: http://content.engr.washington.edu/diglit.

Haptic Simulation for Virtual Reality:

FHD: The Fingertip Haptic Display has been operational since July 1998.  Since then we have been using this haptic display in experiments which are attempting to quantify and understand human haptic perception of surface geometric properties as defined by 0th, 1st, and 2nd order discontinuities (discontinuous height, slope, and curvature respectively, while moving across a surface). An understanding of these perceptions is needed to allow haptically "rendered" geometry with minimal perception of surface rendering artifacts. A web page detailing some of the earlier work on this project is available at http://brl.ee.washington.edu/brl/project/fhd. 

LHD: The Linear Haptic Display has been operational since July 1998 as well. This 3-axis Cartesian is being used to develop new techniques for implementing guaranteed stable control of haptic devices under a variety of simulation and operational conditions. Recent results of this work were presented at the IROS'98 conference (July, 1998, in Vancouver, WA) and at the ASME Haptic Symposium (Nov, 1998, Anaheim, CA).  Copies of these papers and others can be found at our laboratory's publication web site at http://brl.ee.washington.edu/brl/reports. 

Conclusion

The deep presence of Intel equipment has, of course, strengthened the working relationship between both departments and Intel. For example, at Intel Dupont, plant engineers are doing design review for senior design classes, and a cooperative development effort of curriculum and research into signal integrity issues has just started. UW CSE’s Professional Masters Program has recently switched from PictureTel to ProShare for videoconferencing, and Intel Dupont has been added as an interactive distance learning site.  Our two departments continue to rank among the highest in terms of employee placement at Intel.

Our commitment to, and expertise with, Intel Architecture systems played a key role in setting the direction of the University of Washington’s “Technology for Education 2000” initiative – which in addition to instructional and research adoption of Intel systems throughout the University, includes the establishment of campus-wide NT domains and server capabilities by the UW Computing & Communications organization.

