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NEW MEXICO HIGH SCHOOL SUPERCOMPUTER CHALLENGE

Marion Cohen, Marilyn Foster, David Kraizer,
Patricia Malone, Ann Solem

Los Alamos National Laboratory
Los Alamos, New Mcxico 87545

ABSTRACT

The national need for well trained scientists and engineers
is more urgent today than ever before. Scientists who are
trained in advanced computational techniques and have
experience with mult.disciplinary scientific collabosation
are neex'ed for both rescarch and commercial applications if
the United States is to maintain its productivity and
technical edge in the world market. Many capable high
school students, however, lose interest in pursuing
scientific academic subjects or in considering science or
engineering as a possible carcer.

An acacemic contest that progresses from a state-sponsored
program to a national competition is a way of developing
science and con:puting knowledge among high school
students and teachers as well as instilling enthusiasm for
science. This paper describes an academic-year long
program for high school students in Noew Mexico, The
unique features, method, and evaluation of the program are
discussed.

INTRODUCTION

Since the launching of Sputnik by the USSR in the 1950s, the United States has realized the need for
increased scientific knowledge at all educational levels to supply well trained scientists and engincers for
rescarch and industry. While science cducation has made significant progress, the nation today still has an
urgent need for well trained scientists, I1f the U, 8. is to maintain its productivity and technical cdge, it
must have scientists who are skilled in advanced compuatational techniques and experienced in
multidisciplinary scientific collaboration,

"o meet this necd, a partnership of New Mexico businesses, universitics, national laboratories and a state-
wide, nonprofit clectronics communication network joined with public and private high school. throughout
the state to sponsor a computing and science competition, The competition known as the New Moxico
High School Supercomputer Challenge was conceived in the summer of 1990 and conducted during the
1990-91 academic ycar.

The goals of the Challenge program include

o Expose i large number of students and teachers to computational subjects and CXpeniences

o Increase the participams® level of interest i scienee and computing

o Promote carcers ain saience amnd enginecning

o Incourage stndents to compete acadenncally and give them the expenence and confidenee to enter
nanional compentions



 Utilize the science and computing expertise and resources available within the state for the benefit of
high school teachers and students

The Challenge is 2 program that can be replicated in other states; it does not require a unique environment.
A nationwide program of state compctitions leading to the national level can provide in the scientific arena
the excitement and widesprcad interest that is now primarily associated with athletic events.

This paper describes the unique features of the New Mexico program, tclls how the program was
conducted and administered, cva'uatss the results, and discusses future plans.

THE NEW MEXICO PROGRAM

The New Mexico High School Supercomputing Challenge is a competitive program in which tcams of
students devise scientific problems that can be solved with the supercomputers at Los Alamos National
Laboratory. The Challenge gives teachers and students hands-on expericnce in defining problems,
rescarching related scientific arcas, formulating algorithms, writing computer programs, drawing
conclusions from their rescarch, and reporting the results. Participants vie for monctary prizes for student
team members and computing equipment for their schools.

From this swatc competition, exceptional students can go on to compete in national programs, such as the
SuperQuest sponsored by Comnell University, the National Science Foundation, and IBM Corporation or
the National High School Supercomputing Honors Program sponsorcd by Lawrence Livermore National
Laboratory. Guidclines for the Challenge were designed to be compatible with those of SuperQucst. The
asvanced New Mexico teams are encouraged to enter the SuperQuest Competition, and individuals can
apply for admission o the Livermore program.

Like the national programs, the Challenge cnables students 10 discover the excitement of scicnce and
encourages them to consider careers in science and cngincering. 1t exposes both students and teachers to
computational subjccts, gives them hands-on experience in solving a scientific problem on a
supcrcomputer, and provides the opportunity to work with professional scicntists from many disciplines.

The Challenge was initiated by Sigfricd Hecker, dircctor of Los Alamos National Laboratory, and New
Mexico Technet, a nonprofit, statcwide communications network. Technet was established in 1985 and
links national laboratorics, universitics, staie and federal government offices, and some private industrics,
The Challenge is an cffective way of using state-wide scicentific and computational expertise, in
collaboration with education communitics, to gencrate interest among students, parents, and teachers,

FEATURES OF THE NEW MEXICO PROGRAM

The New Mexico High School Supercomputing Challenge has a number of features that make it especially
effeetive. Ttoffers participation on a non-selective basis, draws members from a wide range of students
and teachers (235 students on 65 teams sponsored by 55 teachers at 40 schools during the initial
Challenge), makes evailable u varicty of computer architectures, and provides ongoing support to the
participants, These unique features enable the Challenge o touch the lives of large numbers of students.

o Participation on a Non-sclective Basis

The Challenge is open to students enrolled at any New Mexice high school (grades 9 through 12). It
reaches students from scheals where computing equipment and computing courses are not available as well
as those senools who have equipment and advanced level computing courses, Beeause the Challenge is
open to all students ons ron selective basis, the emphasis 15 on achievement or competition at the teams’
own levels, Therc s wide breadih of knowledge among the students— from experienced video and



computer programming whizkids to students who do not know any programming language.

The program also rcaches students who are historically under represented in scientific ficlds. In the initial
progran. in 1990-91, women represented 20% of the students and 35% of the teachers, and three teams
were all women. Many Hispanic students and students from several other ethnic groups participated, and
students from the New Mexico School for the Visually Handicapped entered the contest.

» Availability of a Varicty of Computer Architcctures

Students are provided computer time on CRAY Y-MP/264, Connection Machine CM-2, Convex, IBM
3090-300E, and VAX computers. Students can take advantage of the different architectures in finding
solutions to their problems.

¢ On-going Support.

Throughout the Challenge, support is provided at many diffcrent levels—initial raining and computer
documentation, cquipment loans, communications and comiputing troublcshooting and consulting, and
scicntific coaching.

Point of Contact

Participants have a point of contact at L.os Alamos National Laboratory who acts as an ombudsman, These
contacts talk with the tcachers, take requests for cquipment and documentation, and answer questions or
find someor : who can give the answer, The contacts send out frequent newsletiers to keep in touch with
the participants and relicve the fecling of isolation expericnced by those who live in remole rural arcas.

From their frequent communication with teachers, coaches, and students, the contacis can also alert the
program administrators to situations that the tcams arc cncountering, so that the administrators can handle
difficultics before they become serious problems,

Equipment

Because many schools do not have adequate cquipment W access the supercomputers, LANL loans
terminals and modems to those schools, An cquipment expert contacts cach school to ascertain what is
needed, finds the appropriatc cquipment, ships it 1o the school, and remains in touch to be surc that
cverything is functioning properly.

In1990 __ picees of equipment were provided 0 % of the participating schools.

Consulting

Personnel in the Consulting Office at LANL arc availuble to answer questions and solve programming
problems. Because most of the students must use long-distance telephone service to call Los Alamos, they
have learned to use the online communication utilitics (primarily the tatk and mail utilitics) to ask for help,

Technical Couach

Each tcam is assigned a technical coach from cither academia or a scientific laboratory. ‘The couch is
someone fumiliar with supercomputing and software development und is an expert in the scientific arca for
the project. These people help the teams design their project 1 rn on a superconsputer at Los Alamos
National Laboratory, suggest additional or alternate apprcaches to the lopic, answer quesaons, amd
encourage the participants when the project becomes difticult,

OBJIECTIVES



The overriding objective of the New Mexico High School Supercomputing Challenge is to instill
enthusiasm for science. When students arc interested in science at the high school level, they are more
likely to seck carcers in the arcas of science and engincering, Additional objectives include:

¢ Develop scicnce and computing knowledge at the high school level. Students and teachers are exposed
to computational subjects and experiences that they might otherwise not have. New Mexico has many
small, remote school districts that lack computing equipment and offer no computing courses. Information
is given to the teachers suggesting ways to cnhance the science, math, and computing curriculum,

e Take advantage of the science and cor..puting expertisc and resources in New Mexico for the benefit of

high school tcachers and students. Los Alamos National Laboratory is the largest supercomputing facility
in the world. The Challcnge gives the Laboratory and other research centers in the state the opportunity to
use their expertise and resources to bencfit New Mexico and the nation,

o Prepare students for national competitions. The Challenge increases tie I=vel of interest in competitive
academics among high school tcachers and students. This program gives them the confidence and
technical background nceded to enter national compctitions.

» Dcvelop programs that can be replicated and may serves as modcls for other educational communitics.
Holding supercomputing compctitions throughout the nations could be a positive step toward raising the
level of academic achicvement in high school students

ADMINISTRATION AND ORGANIZATION

The Challenge is administered by a board of advisors consisting of representatives from the sponsoring
organizations (Tcchnet, national laboratories, universitics, and businesses). The board oversees the gencral
operation of the Challenge and raiscs funds to support it. The day-to-day functions of the program arc
carricd out by personnel from Los Alamos National Laboratory, Technet, and the University of New
Mexico.

The Challenge is organized into six phases, which occur in sequence throughout the academie year.
Phase 1: Call for participation

The Challenge begins with a call for participation for tecams o do computational scicnee projects using
high-performance computers. The schools organize their tcams and submit entry forms listing the
participants and describing, in general terms, the scientific arca and project they plan to vork on.

Phase 2: Introductory Workshop

Students and tcachers attend a two-day Fall workshop where they are introduced te computational science
and taught basic computing on the supercomputers at Los Alamos National Laboratory. ‘The workshop
includes o hands-on laboratory where students and teachers are able to sign on 1o the Los Alamos
supercompater,  They are given a brief tutorial about the UNICOS operating system and the computer
commands they will need to do their work. Each student is given a password for signing on o the system

and instructed in the importance of nawork security, which is monitored by the Laboratory's security
personnel,

Phase ¥ Initial preparatory work
Stadents return o their schools to hegin tackling their problen, Many stademts must also leam a

programmng langonage. With gudance from their technical coach, they setup the problem and gather data
needed o solve the problem. Atihe end of this phase, students wte an abstract of 200 words or less



describing the cam's project and report their progress.
Phasc 4: Computing

Swudents, with the help of their technical coaches, define an algorithm to solve their problem. They then
writc a computer program in Fortran or C 10 run on one of the Los Alamos supercomputers. They are able
o complcte this phase by using software, such as debuggers, (o get their code running. Many of the teams
display their results with graphics output.

Phase 5: Final Report

Students complete their project by wriling a final report. Because of the diverse computing background of
students entering the competition, two categorics of reports are acceptable.

Catcgory 1 reports arc for lcams who madc progress in learning o work on a computer but were not able to
make significant progress on their problem. Their repont includes whai they have learned about their
project and what they have learned about supercomputers, programming, anc communications on the
cupercomputers. These teams can continue working on their problem in the stale competition during the
next school ycar.

Calegory 2 reports are for tcams who compleled their project or made significant progress with it. Their
report includes an executive summary, statement of the problem being investigated, description of the
mcthod of solution, results of the investigation, conclusions drawn from the analysis, and supporting
cvidence. These wcams can further define their projects and submit them to the national competitions in the
next year.

About onc month before the deadline for submitting the final report, the tcams can indicate in which
catcgory they will submit their report. Those who arc unsure about the status of their project can submit
reports in both catcgorics.

Phase 6: Judging and Awards

The judging is donc by a group of scicntific and computing cxperts. This group is in placc at the beginning
of thc Challenge and is kept informed of the dircctions and support given 1o the icams. They judge only the
projects in Category 2 and visit these tcams in their schools o talk with the students about the projects.

The projccts are juldged according w the following criteria:

Scientific content 30 points
Effectiveness of approach 30 points
Creativity 30 points
Clarity 10 points
Total 100 points

At the culmination of the competition, all icams aticnd a onc-day awards ceremony and scicnee tour, Each
member of a tcam that : abmits a report in cither of the categories reccives an award for project completion.

Awards for the 1990-1991 competition included: first place awards of a $1,000 savings bond for cach
student on the (eam amd computer equipment for the school; second plice awards of a $500 savings hond

for cach student on the team and computer equipment for the school,

Inaddition, three scholarships are awarded, one o cach of University of New Mexico, New Mexico State



University, and New Mcxico Institute of Mining and Technology. This is a scparalc compctition where
individual students write a report describing their involvement and leadership in the project.

EVALUATION AND PRELIMINARY RESULTS

Information collected for evaluation includes the number of participants at beginning and end, noting the
involvement of historically under-represented groups in science; the quality of each project relative to the
computing background of the tcam; and feedback of teachers, students, parents, coaches, judges, and staff.
Workshops are cvaluated through feedback of participants, including tcachers, students, speakers, and
staff.

At the compliction of the first Challenge, we expect the following results:
e Somc tcams will be ablc 1o cnter the national competitions during the next school year.

o Tcams will complete computational projects appropriate for the Ievel of knowledge of the students.
Horizons of weachers and students will expand beyond that of their own communities.

» High School science and computing curriculum will change because knowledge of teachers and students
in these ficlds will increase and computing will be intcgrated into more educational offerings in science and
mathematics, and perhaps even in nontechnical subject arcas.

e Schools, teachers and students will participate on a continuing basis. Younger students will develop
more sophisticated knowledge and projects each year, and there will be an increase in the interdisciplinary
nature of the projects.

o This program can be rcplicated in other regions for other communitics. It docs not depend on a unique
local cnvironment.

FUTURE PLANS

The New Mexico High School Supercomputer Challenge will be offered as a ycarly competition. It will
feed into the national competitions. The sponsors will continue to cvalualce results and improve and adapt
the competition 1o mect the necds of the participants and cncourage a high level of academic cacellence.
Wide spread participation especially among schools in disadvantaged arcas will be promoted.

Additional training in the use of supcrcomputers wi 1 be nrovided for teachers with the following
cducational programs:

e a six-wcck summer institute in computational scicnce for teachers

o four rcgional unc-day in-service workshops for teachers

New Mexico Technet will continue to enhance the communications network so the students at their high
schools can have direct network aceess, instcad of limited telephone access.

COMPARISON WITH OTIHER PROGRAMS

Other programs at both the state and national level have both similagitics and differences w the Challenge.
Like the New Mexico program, the Alabama state progrim is non-selective and serves both average and
exceptional high school students, but its community of involved schools and stukents is somewhat smaller
and only the Cray supercomputer architecture is available, Other comnetitions, such as the SuperQuest
nationel competition, the National High School Supercomputing Honors Program, and the North Carohina



statc compctition, are sclective, serve the exceptional high school students and give students access to only
a single high-performance computer architecture.

CONTRIBUTIONS OF SPONSORING ORGANIZATIONS

The Challenge is sponsored by a partnership of businesses, universitics, national laboratories, a nonprofit
communications corporation, and public and private schools throughout the state. Technet, KMBA radio,
and the Albuquerque Chamber of Commerce provided funds for food and lodging for the workshop,
awards, and publicity. University of New Mexico, New Mexico State University, and New Mexico
Institute of Mining and Technology supplicd personnel for administration, teacher support, and coaches
and judges, and they also provided presidential scholarships for outstanding individuals in the competition,
Los Alamos National Laboratory contributed personncl ac coaches and judges, teacher and student support,
speakers, and computer consultants; network connections and high performance computing resources;
computer documentation about local computing resource and access to a library of videotapes and other
instructional materials; and computing cquipment for schools and workshops. Sandia National
Laboratorics and Phillips Laboratory (Air Force Weapons Laboratory) provided funds and personncl as
coaches. The participating schools provided funding for some travel expenscs, time for students and
leachers 1o participate, school phone lincs, and classroom cquipment.

CONCLUSION

The New Mexico Supercomputing Challenge is an cffective way of cncouraging students o discover the
excitement of science and computing. The cnthusiasm and sclf confidence generated by academic success
can provide the impetus to pursue a carcer in scicnce and computing.

The Challenge serves as a model that can be cnhanced and adapted by other states. A nationwide program
of statc competitions lcading to the nationai level will increase the level of intcrest and the number of

students participating in scicntific and computing endeavors and Icad to higher levels of academic
achicvement,

Without the influx of significant science and computing expertise and resources into high school
cducational communitics, high school tcachers cannot by themselves help tcams enter these competitions,
The Challenge uses scientific and computational expertise, in collaboration with education communitics, to
make a difference in high school and mathematics cducation,

By combining scicnce and computing with a high school activity of high visibility and ¢xcitement,
students, parents, and teachers are attracted and will learn more about advanced computation and the
multidisciplinary approach to scientific problems,



