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NEW MEXICO HICJHSCHOOL SUPERCOMPUTER CHALLENGE
.

●

Marion Cohen, MarilynFoslcr, David Kraizer,
Patricia Mafonc. fnn Solcm

Los Alamos National Laboratq
Los Alamos, Ncw Mexico 87545

ABSTRACT

Thc national need for WCH trained scientists and cnginccrs

is more urgcm today than ever before. Scicntis~ who arc

trained in advanced computational wchniqucs and have

cxpcncncc with multidisciplinary scientific collaboration

arc ncw~cd for Lxrh rcscamh and commercial applications if

the LJnitcd States is to maintain its productivity and

technical edge in the world market, Manycspablc high

school students, however, lose interest in pursuing

scicn[ific academic subjcc~ or in considcrirtg scicncc or

cnginccring as a possible carccr.

An ac~!wnic con[cst that pmgrcsses from a state-sponsored

program to a national competition is a way of dcvclnping

scionco and corr.puting Imowlcdgc among high school

s[udcnts and teachers m WCII as instilling enthusiasm for

scicncc, Thi.+ pnpw dwcrihes an ncadcmic-year long

program for high school studcnta in Now Mexico, Tho
unique fcllturcs,rncthod,nndcvduuliorr of Uw progrnm arc

discussed.

IN’IROD(I(”TION

Since the Iilurrching td’Spumik by the USSR in thc 1950s, tic (Jnitd SUICShas rallizcd the need for
incrca.scd xcicntilic Lll{)wIcdgCMtill CdUCiUi(MlidIcvcls to supply WCIIWtlincd,scicnlists itIld cnginccrs for
rcscmth and indus~y, ‘While scic.ncccductuion has rnadc signifirxtn( progress, (IICnulion hxhty s[ill hits w
urgent need for well ffitinCAtscicnlists, 1( [tic [J, S. is 10mainlain its productivity ltnd lcchnicd edge, it
II I(ISIl)i~v~ s(’iCnlisL$who ilrl’ sk illcd in advanced cotl~ptl[it(i(~lli~!k’chtliqucs and cxpcricnccd in
tlltllti(fiscil]lirltlry scicnlilic cx)lhdxwution,

““”otncct this nd, a patlncrship 01 Ncw Mexico husincsscs, univcrsi[ics, tli~iiotlnl Ial)orii[orks and il SI;IIC

wide, nonpr(~fltelectronics c“otl~ll~~]rlic;ltiorl”nclwork joincAlwith publil. and privutc high SCII(NJI,*tl~rtm@tult
Ihc WIIC10spimsor il computing and scicnt’c Umpclilitm, ‘IIIc c(m]pcti[itm knowt~ iis IhC NCW MC xi(x)
I Iigh Sch(N)l Slllx*rc~)lll~J\llcr(’hallcnge wus cxmccivcd in lhc summer [)f’1°00 Imd c(mduulcd durin~ Ihc
]990.[) I :lcll(fc*tnit’ yc;lr.



● Utilize the scicncc arrd computing expertise and rcsourccs available within the state for lhc benefit of
high school tcachcrs and shrdcnts

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

This paper dcscribcs the unique features of t!!c Ncw Mexico program, tells how the program was
conducted and administered, cva!uatm the results, and discusses future plans.

THE NEW MEXICO PROGRAM

The Ncw Mexico I{igh School Supcrcomputing Chtdlcngc is a competitive program in which teams of
students devise .scicntific problems that can be solved with the supcrcomputcrs at Los Alamos National
Laboratory. The Challenge givw tcachcrs and students hands-on cxpcricncc in defining problems,
researching related scicntitic arc,~, formulating algorithms, writing computer programs, drawing
conclusions from their rcscxch, and reporting the results, Participants vic for monetary prizes for student
team mcmlxxs and computing equipment for their schools,

From this sralc compcti[ion, exceptional students can go on to compctc in national programs, such as the
3upcrQucst sponsored by Cornell University, the Nutional Scicncc Foundation, and IBM Corporation or
he. National High School Supcrcomputing Honors Program sponsord by Lawrcncc Livcrmorc Nalional
Laboratory. Guidelines for tic Chidlcngc were designed to be compatible with tho.sc of SupcrQucst. The
ti~vanccd NCW Mexico tams arc cncourag~ LOenter the SupcrQucst Compctilion, and individuals cwr
ap~l y for admission to the Livcrmorc program.

Like the nationid programs, the Chtillcngc crrablcs students to di,scovcr the cxcitcmcnt of scicncc imd
cnct)urwgcs thcm to consider wccrs in scicncc and cnginccring, ILexposes both students mrd twchcrs to
computational subjects, gives thcm handwsm cxpcricncc in solving a scientific prublcm on a
supcrcomputcr, and provides the opportunity to work with professional scientists from many di.wiplincs,

The Cludlcngc was initiated by Sigfricd Heckcr, director of Los Alirmos Nutionirl bborirtory, and Ncw
Mexico Tcchnct, a nonprofh, statewide communictitions network, Tcchnct was established in 1985 tind
links national hrbortitorics, universities, state and fedcrrd govcmrncnt offices, tmd some privtrtc induslrics,

The Chtillcngc is tin cffcctivc wtry of using state-wide scientific und compuwtionul cxpcrtisc, in
colluborntion with cducalion communities, to gcncrutc interest among SUKICMS,parents, trndWxhcrs,

The Ncw Nknico }Iigh SCINM)lSljlxlrcorI~l)~ltingChirllcngc hiIs o numhcr ()( features that mtikc i[ ~sl~~iillly
cffcctivc, II offers pnrticipat ion on a non -sclcctivc biMiS, draws mcmhcrs from a wide rilllg(’ 01 sludetlls

am! tcachcrs (235 stu(tcnLvon 65 tcwns spr)nsorcd hy 5S tcuchcrs III40 SL$II(X)lS(luring (IICirli[iul
Challcwgc), makes I!vailtlhlc u vuricty of cornputcr twchitccturcs, and provides ongoing”support (() IIIC
part icipnnLy, ‘1’h(:s~Unique l’~~lllllrcs[*t)ill)lcIhc Cll~IllcngCK)touch thc Iivm of liirg~ numhcrs of slu(lcnls,



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

The program also rcachcs stwicms who arc historically under represented in seicnLitic Iklds. 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 siudcnts and smdcnts from several otJcr ethnic groups participated,and
sludcnts from the Ncw Mexico School for the Visually Handicapped entered the contest.

● Availability of a Variety of Computer Architectures

Sludenls are provided tiomputcr 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 different levels-initial training and computer
documentation, cquipmcm loans, communications and conlputing troubleshooting and consulting, and
scientific coaching.

Point of Comact
Participants have n point of contact at [,OSAlamos National Laboratory who acts as an ombudsman, These
contacts talk with the tcachcrs, take requests for equipment and documentation, and answer questions or
find .somcor: who can give the answer, The contacts send out frequent ncwslcttcrs to keep in touch with
the participants and relieve the feeling of isolation experienced by those who live in rcmolc rural arctts,

From their frequent communication with teachers, coaches, and sludcnts, the contacis can ttl.soalert the
program administrators to situations that the teams arc cncountcring, so thiu the administrators can handle
difficulties before (hey bccomc serious problems,

Equipment
Bcxxtu.semtiny .schtxis do nw httvc ttdcquttte equipment to UCCGSSthe supcrcompu(crs, LANL loans
tcrmiruds and mtxlcms to those schools, An c.quipmcnt expert crmwxs cinchschool to nsecrtain ,vhat is
needed, finds the appropritttc equipment, ships it to the ,Sch(x)l,and rcmuins in touch to be sure that
everything is functioning pmpcrly,

In I990 picccs of cquipmcn[ were imwidc41to __ % of lhc participilting Sc’h(x)ls.

Consulting
Personnel in the Consulting Otlicc ut LANL arc uvuiIublc k) unswcr qucslions m! sol tic progrmntning
prohlcmw BCCMMCmost of the stu(icnts mus( u,sc Iong-distuncc tclut)honc ,scrvicc (o cull Los Ahtmos, they
hnvc Icumcxi to usc the onlirw cnmmllnictltion utilities (primnrily the talk and t~)ililutilities) (Otisk for help,

Twtmicul Coach
Euch lc~m is assigned u technical conch from either it~udctniit or u xci(:nti [ic Iuborutory. ‘IIw COUChis
.son~eoncfomiiitir wiill supercompu(ing and softwwc dcvclopmcnt ;\tld is tin expert in the scicn(ific awn h
(hc projccx, These people help (hc teams design their projcut to run on u su)xvton,putc,r ut IAMAlnm(N
Nutiimul 1,d~)ru[f)ry, sug~(’st u(hliti(md or [\lt~rnil[(* i~[)l))(~ILIICSto IIIL*topic, nl~swcr qucsti(ms, nnd

cnc(mntgc Ihc ;).JrlK’ipuntswlwn Ilic pro,jcct Iwlxmws (Iii’li~ult,

( )11.11’(“1’lvl,s



The ovcrnding objcclive of the Ncw 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
Iikcly to seek careers in the areas of seicnce and engineering. Additional objcclivcs includw

oDevelop seicnce and computing knowledge at the high school Icvcl. Students and tcachcrs are exposed
to computational subjects and cxpericnccs that they might otherwise not have. Ncw 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 enhance the science, math, and computing curriculum.

e Take advantage of the seicnce and coc,puting expertise and rcsourecs in New Mexico for the benefit of
high school teachers and students. Los Alarnos National Laboratory is the largest supcrcomputing facility
in the world, The Challenge gives the Laboratory and other research centers in tic state the opportunity m
use their expertise and rcsourccs to benefit New Mexico and the nation.

● Prepare students for national competitions. The Challenge incrcascs t;~cl?vcI of intcn.xt in compc(itivc
academics among high school tcachcrs and students. ‘t%isprogram gives thcm the confidence and
technical background nccdcd to enter national competitions.

● Develop programs that can be rcplicutcd and may serves as models for other educational communities.
Holding supcrcomputing competitions throughout the nations could be a positive step toward raising the
Icvcl of academic achicvcmcnt in high school sludcnts

ADMINISTRATION AND ORGANIZATION

The Chtdkmgc is administered by a board of advisors consisting of representatives from the sponsoring
organizations (Tcchnct, national Iaborutorics, universities, and businesses). The board over.sees the gcncntl
operation of the Chtillcngc and mists funds to support it, The day-to-day functions of the program arc
carried out by personnel from Los Ahtrnos National Laboratory, Tcchnct, and the University of Ncw
Mexico.

The Challcrrgc is oq,ymizcd into six phases, which occur in scqucncc throughout” the uctulcrnic year,

Phase 1: Colt for partic ipntiorr

The Challenge begins with u cull for purticipution for t~ms to do computational scicncc projccL$ using
high-performoncc computers, TIIC .sch(x)ls orgtmizc their trxms ttnd submil entry forms listing the
participants and describing, in ,gcncrul terms, the scientific urcu itnd project they plun to $~orkon.

SludcnLs und Lcuchcrsut[cnd u two-(iuy I;;dl workshop” whc!rc lhcy urc inlr(~luced 1(!~otill)(lliitiof]iil”scsicn(~’
nt]d Ulugh[Iwsic compu[ing on the supcrcomputcrs at [.OS AIiltl}osNuti(mul [.h)rii[ory, ‘h w(wkshtq?
includes [{hunds-on Itdxmt[or’ywhere s[udcnts tind tcuchcrs tire ahlc [o sign on K)LIW!ANAli]tnos
sufracompll[cf, The y wc given ii twicl iuuwinl ulmut the [ )N1(’()S operating sys(cm nnd d~cc(m]putcr
c(minum[ls lhcy will need to du their work. I{uc.11studcm is given u password for signing on U)the sysIcm
IUUlinstructed in the importance of nclwork sccuri(y, which is monitimxl hy (Iw 1,thmmwy’s sccuri[y
pcrwmncl.

1’11:1s(’1: Illiliili pr(’l);lrillor~ work



&scribing the team’s project und rcpmt their progress.

Phase 4: Compuling

Surdcnts, with the help of IJIeir technical coaches,define an algorithm to solve their problem. They then
write a computer program in Fortran or C to run on one of the LQS Alamos supercomputcrs, hey are able

to complete this phaseby using software, suchasdebuggers,to get their code running. Many of the teams
display their results with graphicsoutput.

Phase 5: Final Rc~

Smdcnts complete their project by writing a final rcporL Becauseof he diverse computing kkground of
sludcmtsentering tic competition, two categoriesof rc~rts are ~ccptablc.

Category 1 reportsare for tcarnswho made progress in learning to work on a computer but were nrxable to
make signillcant progresson their problcm. Their repcm includeswhat they have learned shout their
prOjCCI~d wbt thy have learned about supcrcomputers, programming, and canmunications on the
supcrcomputcm. ‘f’hcsclearnsCM contin~ working on their ~blcm in the state competition during Ltre

next school year.

Category 2 qorts arc for teamswho complctcd dwir project or made significant progresswith it. Their
rcpofl includes an executive summary, slatemcnl of L% problcm being investigated,descriptionof h
mclhod of soh.rlion, results of IJW invcstigmion, conclusionsdrawn from the analysis, and supporting
cvidcncc. The-selrmrnscan further define their projecls and submit them to the national competitions in the
next ycur.

About one month before IJWdeadline for submiuing the final rc~ the teams can indicate in which
category they will submit their report. ThotM who are unsureuboul the statusof tJrcirproject can submil
reportsin both cntcgoric...

plmc 6: Judging Md Awards

The judging Is done by u group of scientific and computing cxpcrfs. This group is in pltwc at the beginning
of lhc Chulkngc and is kcpl informed of the dircaions and suppcmgiven to the teams. They judge only lhc

P@X~ in ca~g~w 2 ~d visit tiCSCteams in ticir .sctmolsto udk with the studcrusabout Ihc projccLw

The pmjccts arc judged according to Lhcfollowing criteria:

Scicmific contcrrt 30 pr)iIIL$
EffccLivcncss of uppruuch 30 puints
Ocmivily 30 fX)lnL$
Clnrily 10 points

Ti)td I()() poillL$

AI Lhcculmination of the cnmpctitkm, rdl tcurnsattend u onc-duy trwurdsccrcmrmy ml .scicnccumr, lMI
mcmhcr of a tam thal : Amils a rcfmrl in ci[hcr of [hc cutcgoricsrcccivcs tin nwurd for projccl completion.



University, and Ncw Mexico Institute of Mining and Tcchrmlogy. This is a scpamtc comphion where
individual students write a report dcstiblng their involvement and leadership in the projcct-

EVALUATION A.ND PRELIMINARY RESULTS

Informm.ioncollcctcd for evaluation includes the number of participam SI beginning and end noting l.hc
involvement of historically under-rcprcscnted groups in scienc% lhe qr.udilyof each projccl relative to the
computing Ixtckgroundof the team; mld fcabwk of teachers,students,parents,Coach@,judges, and staff.
Workshops are evaluate.dthrough feedbackof pa&ipants, including teacher%students.~~. and
staff.

AI the complctioir of the first Challenge, wc expect tic following rcsulls:

● Some tcarnswill lx able to enter the national compctitiocs during the ncxl schoolyear.

● Teams will complctc computational projects appropriate for the Icvcl of knowledge of lhe studcnls,

Horizons of I,c.&hcrs and students will expand beyond that of Iheir own communidcs.

s High School wic~ and computing curriculum will change because knowledge of ~hcrs md studcms

in these fields will increase and computing will be integrated into more educational offerings in science and
mathematics, and perhaps cvem in nontechnical subject areas.

● Schools, teachers and smdcnls will participate on a continuing basis. Younger studcnls will dcvc!op

more sophisticated knowledge and projects csch year, and there will IM an increase in the interdisciplinary
nature of the projects,

● This program can be rcplicmcd in other regions for other communities. It dots rm depend on a unique
Iwal environment.

FUTURE PLANS

The Ncw Mexico High School SupcrcomputcrCtwllcngc will lx offered asa yearly competition. It will
feed into the national competitions. The sponsors will continue to cvaluale rwrlls and improve md adupl
the competition to meet the needs of the pmticipants and cncouragc a high ICVCIof mdcmic cxccllcncc.
Wide spreadparticipation cspccial!y nrnongschoolsin disadvantagedareas will be promolw.1.

Additional triiining in the U,SCof supcrcomprncrswi.1 be !movidcdfor tcxhcrs with lhc following

cducn[ional progrims:

● a six-week summer institu[c in computatiomd .scicncc for lcachcrs

● four rcgiotml uric-day in-scrvicc workshops for lcaclxxs

Ncw Mcx ico ‘I”cchnc[ will uon[inllc 10 cnhuncc the communications network so Ihc sludcnls w their high

sch(xds can have dircc[ nclwork UCCCW,instctid of Iimitd iclcphonc UCCIX.

COMPARISON WITll OTI IIIR PROGRAMS

Olhcr prngrnrm tit hr)[h Ihc stir[c uml lli)[io~l Icvd huvc ht)[h similmilics ml diffcrcnws to IIIC (’hdlcngc.

1,ik IIW FJtIw Mrxicx) pro~riitll, IIW Al~ll~illtl~lShIIC lrr[)gri~lll is nnn-,sclm”livu IItId .scrvcs IH)III ~]\~l’ril~(!illitl
1’RCL’IIIII)II;II hl~h Wh(M)l Sllldl’ll[S, bll[ IIS (Y)lllllllllllly ()~”III V()[V(’1:.wtl(X)ls :111(!S[lKk’ll[S IS .S4111K”WhJl[ Slllil[ll’r

:111(1[)111~[Ill’ ( ‘r:ly tlllwrt’t~llllllllt’r ;lr{’llilL’L’11111’is ilVil!lill}l(’, ( )thrr ctm)ln’liliorls, S11(”11iK 1111’SllplllQIKSl

il;l[it~llill clmllwtilil)ll, Ihi Nil[it}llill I li~h SLhImd Slllwr~’~)llllJlllillg 1Itmtws I%ogrwn, iltill IIIC N~mh ( ‘iirollil;l



state competition, are selective, 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, universities, national laboratories, a nonprofit
communications corporation, and public and private schools throughout the state. Tcchnet, KMBA radio,
and the AlbuquerqueChamber 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 supplied 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 personnel ac coaches and judges, teacher and student support,
speakers, and computer consultants; network connections and high performance computing resources;
computer documentation about local computing rcsourcc and access to a library of videotapes and other
instructional materials; and computing equipment for schools and workshops. Sandia National
Litboratorics and Phillips Laboratory (Air Force Weapons Laboratory) provided funds and pcrsortncl as
coaches. The participating schools provided funding for some travel expenses, time for students and
tcachcrs to participate, school phone lines, and classroom cquiprncnt,

CONCLUSION

The Ncw Mexico Supercomputing Challenge is an cffcctivc way of encouraging students to di.scovcr the
cxcitcmcnt of scicncc and computing. The enthusiasm and self confidence gcncratui by academic succcss
can provide the impetus to pursue a citrccr in scicmcc and computing.

The Challenge serves as a model that can be cnhimccd and aditptcd by ott,cr stiitcs, A nationwide program
of state competitions Icading to the nationa; Icvcl will incrcasc the ICVCIof interest and the number of

students participating in scientific and computing endeavors and lead to higher Icvcls of academic
itchicvcmcnt,

Without the influx of significant :Licncc and computing cxpcrti.sc and rcsourccs into high school

cducxiliomtl comrnunitics, high sch(x)l tmchcrs cannot by thcmsclvcs help teams enter the.sccompetitions.”
The Chullcngc uses .scicrrtific and computittionitl cxpcrtisc, in colltiboritkm will] education comrnunitics, to

make a diffcrcncc in high sch(x)l imd mathcmittics cducxmion.

Ily combining scicnc(! and com~uting with it high school activity of high visibility tmd cxcitcmcnt,
Sludcnts, piIrcnLs, w](! tcach(:rs arc alt.ratted itnd will [cam more ilbout ildvitn~cd computation” id lhc
multi(lisciplinilry approii~hto scicntilic problems.


