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Abatrect. The BExqprwn Sremtific Modelng Interfar [Expresn) is a
wrmtific mod el pmdntahty tonl develnped Srclimmte modelem Esporsasn
wan edlewignesd tn he an exctensihle miterdre tn hoth wientific moeleln and
Gyl mwmuors I alio simeto he acmotereporacny poere of woftweee that
refiew m (Hobmaog's Java Cnl: Kit for a Grid toobdt, Snos Joe 3
ATT and w crmfignresd nudng KBTI Thi articd ioveaw the deégn and ime-
plemeniatiom of Faqureswn's God fanctirmabity snd heer 3t intemcis with
st np kwiEntific modeh. We gve specific sempdew nf oo we e dde-
wignryl Bapresn 0 perihrm climate wimnlatnns ndng the ST NCAR.
MM J atmosphersc moedel Mlaos to inrocpomte the GOEM and POAM
tJimate mneeln are alin cincmsesl

1 Imtroduoctlon

The Espressn Selentlfle Modelng Interfare [Fapresn) 12 degmed to utlliee -
Iing Grid computlng tachnclogy to perform cllmate smulaticne [1]. Espresss
1z alay & enftware tonl that glws enlentlile model neere the feedem 1o ellminats
the numedane task of edlithg chell aripts and ceofenratyn fles. It emprrems
the elentlat to epemd mere tlme perfcrmine erlenee and analyelng the catput, of
rllmata gmnlatine.

Espreasn 1g tallored to the demamde of the cllmate medeler. In the Mathe
matle and Computar Seleee (MCH) Divlsthn, we make ghbal dimate medel
mimg 1elng the Fast, Oeean-Atmesphere Model [(FOART) [2]. Wl ako creata high
reanlutlen metanrologleal medel nme for extanded perlede of thee (eg. heurly
eampt, o yeare ower the Toltad States at 10-52 Im reashitdon ] nslng a reghenal
rllmates medke]l Mallng reglhmal ellmate smulath:ne moilres & mobist, ccopitlog
envlrnmeant that 1z capahle of deallng whh reesimee faulta Inskle oron plew exdel
crxlez. Eepresan k declened o meet, the tlgnrone demande ofa oniltl-archtacture,
tarra-grale envlromm ent.
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hnrenwer, Fapressn afrlves 1o make the hest ee of rontamporary techoeksy
by nsimg: (1) the X tenstble Markup Language (XRIL) fror eystem and graphleal
cenfiguratlon; (2) the Globe.rrg Java CoG Kt for ancessing Gril reemmoes;
(A) 8im's Java Weh Start, for evfiware deplyment,; (4) 8 enhest, of the Apache
Brfiwrare Foomelatlon's Jakarta Froject ntllitles 1e. Begexp. Espregan k& & pure
JA¥a prowram that g capable of belng run fooon anywhers oo the Inftemet.

Laztly, Eepresss can be willkwed by a wie varkty of weers, oot Jus, cllmats
nuwxlelere. Espresazn e deslgned for eaze of nee with diferent anlentlfe mocdels
where nuxdel ceonflnratlon b compleyr and Grid rescumes are regpldrsd . Work 1s
mmekerway o lnenrperate both the FOAR and the Commnnlty Olmate Systeam
kel [3] lnte Esprssn.

This artlele foemess on the gystem skle (on-graphical neer Wierface [GLI))
aml arld applcatlon deslgn of Fapresss, For a detallxl ook at the deslen of
the GTI, gse [1]. It ghenld alzn he mentdned that, Espresss 1s a4 eamnxd gemera-
tom tonl with the Atgrone Beglonal Cllmate Weorkhenech [5] 8z 1ta predacessnr.
Espressn 1z dlferent, from the Climate Workhenh o that: (1] e cleot dlde 1=
pure Jawa; (2] 4 can be an Interface for multiple meddels; (3) 4 1z fully crode-
irahle ¥ia tact [XMIL) Ales; (1) 4 can i anywhere oo the Internet,. Legsome
learmedd from the declgn of the Olmate Weorkhench amd 1tz applicaticne hawe

o fnlhinal egnlficantly to the deslgn of Eapressn.

2 An Example Sconmarls Using: Eapresac

HWhile the detalk of Grd computlng for cllmate elence are detalled o papers
e [G], the frllewing eremaris provldes Ingeht, oo how & Grid enabled oterfane
can be wtllzed 1o help elmate arlentlstas perform clmate lmnlatlcne. Flgure 1
prewlkdes an example gtnatin of heow a cllmate edlenilst, might, Intarant wlth
Eapreszn.,

Tk the 12T, the mrat, Impertant, part, of Eepreses 1z the GTI. Eapresen's GTI
hdes all of tle I plementation detalls beblned butiom amd t8ll-tale eadpont, 1n-
dlrators. T eere are oot fooeed 10 learm all of tle clmate nedel's Mlcsynerasles.
Ingtead, they can comeern themeslveg with the relevant, noele]l parametars. The
LI s & esnre preacy to the Grld reecnrees. From Espressn, the eer can ono-
mand the supercmpitlng, storage axl analysls resciroes the nesr has anmees 1o
with thelr athentlcatad certflcats . The eer coly mesds to aitlentleats coce 1o
ohtaln ammess 1o all Grld reseurces which they are anthorized fo nge. This s the
Intermet afpdwalent, to lopelng oo to & slogle oo piflng eystan.

Aftar the 1eer athentleates, they entar thelr clmate flmulatlon parametars
¥la Espreean's GL I Flgre 1 ghews the 2 aremarls In which the clmataloglst,
wanta to anees 4 hlstedeal archlve of ellmata data oo & remeta gerwer [which
eenild eomtaln terabytes of data) to ohtaln Inklal and bemdary condficng for
a reglonal cllmate glmulatln. Inglede the GLI the neser dlmply epeclfles the hik-
torkeal data est, ¥la & eombe beox. The o dates, peographkal grid, amd mexdel
pRran Aters o mm e the elonilatlom 1z et 1o text brstss. The neer then enbmlts
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Fig. L An Exampl Srrmann [Twing Expoesen to Mecfiom a Climate Rino

the {oh to the Eapresen sareer dkde compomant, (which conld e lneatad anywhers
rn the Internet] fnr eanitinm.

Ewmtnally, the Fapressn grreer gkle compenent, w1 imew ew 10 uss & Grid
tonlldt 1o ohtaln the cimate data foom 8 nemete hlsterleal anchlwe. The super-
rnvm ptnge regninee Wil then wee third party data tranger to obtaln the cllmats
clata and prweesd with the fllmate slmulatlen. After the dmnlation = inkhed,
the Grid tonlkY, conkl alens be esd 1o analyee and nnwe the data te a different,
storage gorwer wla the Grid. For an ewerelew of Grid crapofing Infrastractans,
am [1].

3 Modallng Intorfare Softemre Deaken

Tabl 1 hlghllghtz the meost ggnflcant, deslgn requirenents that, were ragdred
fnr reglomal amd global cllmats owxlellng. T'hese reqpidrem enta ales help o make
Eapreszn snfficlently Aekihle & that I coild be weed by other edlmntifle modelng
EFSTANE

4.1 Special Comiderations for Clinsate Modefog

limats nuxlellng plamss nnbeimded demands oo enperrm puting reemees. Be-
glrnal cAmats mexkelng Intandd e demand e com puting reemmees by Inereszing
gpatlal regnlitlem and the feeney of atmespherin foosanegraphie data cutmit.,
In MICH, Inltlal awl byimddary comdltn fles trpleally min oo the glgabyts seale
with raw ¢lata cutput rinnhog oo the tarabyte amale. Clmate medelng evetame
alan conddat, of esweral diferent, data preprocessing pregrams and sxecitablks
with many different, bhildld cptlons. An affectire Intarface for 8 clmate medelng
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Trble L (izoeal design renirements and mplementatiom ohtnos o Bapoessn

evztam mikt be ahle to work with all of thees preprecessing amd bkl programs
In & dypamls manmar.

The Fenn Stata U nlwersdty Natlonal Center for Atmespherk Epgoarch Mssnacals
Rircdel 5 (RIRIS] 15 & grexd swample of & eflentlfle meelel that, pishes 8 compirting
meeennee to lte lmlte. We nee MRLL fnr hlgh meechitlon, reglenal elmate mme.
Mgt of the challbmpes of Tunnlng ML evnlv] oo pertime the atmesplerk:
nuwxlel o dlferent, armhltactires 1o, RIOCR's Chiba Cltg, & S 3-presoeesnr Llmo:
chisfar. Qther high pericrmancs prebleme are declwd oo ruinnine RS s coo-
plex gystem of data preproresslng programe T'he nuedel 1z alss wrlttan In Bortran
TT & varlableg are net dymamlcally allecated. Havlng to min a eclentlfk ouoekel-
Ing gretem whh a complex bidld aml prepresesssr evatam placed a high guallty
design rerpirement, oo Espressn. A geod revlew of RIS 1s glven In 7] [8] [9]
anel [10].

44 Making Eapresas Work With Muoliple Models

In nmider to make Fapreezn ugahle fnr 8 wkle gronp of edlentifle moxlels, 1 was
merreRATY o make three hroad assm phloms:

— Large elemtlfle mexkeling eystams are cenflignresd by edtlne toc, ccndenration
i Il

— By =ltlng thess tet fles amd replacihe them whhin the eyatam, the crlglnal
elentlfle mexlel can be es2d In the way that, 1ts deslgmers Intamded.

— B oexle mexlfcatlnme to the rlglnal enftwars.

By ctatine thogs nmlerlylnge asnmptine durlng the deslen and Implemen-
taflnn of Fapresss, 1t has hom eagy to determinee which mexdals will he ahle to
a0 thls Intarfams. An lmprrtant Sde sffeet of thsee asmimpticng k that Fapragan
ran faslly he end whh 8 el fifle mede] oot erlghally deigned 10 hawe a GLL
Thiz & the stuatin fnr many ckler BEnrtran edentifie eoedes.

43 GCeneral Eapreqas Syaten Heqoirementa

In ertler to anccmmedate the needs of 2 wWile marlety of 1eers, Espreszn mist, be
extanslble . We nexled heth & Gri imoctleoallty cropenent, and a G1I that, was
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eaglly confgurahle nshg an Inpon, taxt k. The crlglnal Cllmats Workbenh was
ImYed 1o nmolne coly the BIAIS mexdel amd contalmed haxl-roded Aekds speeli
1o MRIG. B would hawe heen wery dlfenlt 1o extand this Infarfane to mew nuxdels.
Therainre, the lnterfae meeded 1o e mistooirable v1a 8 ASCH text, fle. Lleally
thle taut, confgnraticon e wonld be written n XAIL 10 take adwantage of oeely
avallable pargine tools.

We reqidred the uee of nb et crlemted deelen axd programming tasbhonkges
In crder to lenrporats sctend bty The cdglnal Olmats Werkbenh medelng
Interfane waz wrltten such that, Y. was nearly hm preible to sctend the fimetlnmal-
1tx of the Interfans. Alng with thie dedden paradiem came the dedrs to reee a8
mukh orede ag praglhle threaeh the Inlertanoe of ey eflentfle mede e oo pe-
mnta 18, mexlel warlable data stoectiures and gemeral tact, procsedne alenrhhme.
Lirxdel epecifle tazks such Az thw megular expreszlom eyntax wonld be enb-clazand |

The meet, eltial dedden fsatime to hidlding 8 “wrapper mexlellnge Interfans™
was embrasdne the erlentlfke medel withent gtrnetural changes. This appreach
haz aubetantlal admntages with regard to oncde maltenanee . Figure 2 Mustrates
e Fapressn arcnmplishes thls fazk. Cootalned within Fapresse are coly the
mrxlel's nrlgnal conflenration fles that, wll be sed az & template. In step 2,
Fapreazn haz mexd1fixd the crnfeuratlnn Ales whh ermer charking. Step i plams
the les nn the eerver dlede supercnm piting meosime e =lng the Glhbie T EL Copy
fmetlomality These cenfgmratlon ke are “pushed® Into placs e the fnal

plecee nof purmls, allnwlnge the mexdel to be im as erigleally Intamwded.

Confi gured nodeling

Espresso changes _systemready to run
ONLY the config files! inits intended state

dhnr MR oew o

Step 1 Step 2 =i

Step 3

Step 4

Fig. 2. Buporswn mmow the rmnte wystem b eeliting the innfignratnn filew. These com-
fignmtirm filew are them moweel hack into their ooginal Iocatirm. The wrmtific mode]
tzn b errmteel in the vy intemedeel hy the noginal dedpneme Mo drneinml changes
&r maie o the w:Fntiic mndelng onde wrhen wéng Bqursen.

By mallng o changes t0 the enlentlfle nexlellg system, wpgrades can alas
be performed wih minlmal effnrt. Thlz declen raidrement, Holted e to coly
kaving the confprable taxt Al oo the rrmete evstam and then aopying thess
flles to tle eerwer, 1o the appropriatse leecatlon, T plating wemslone of the el
rrxle can he arhlewsd with mnimal effert, uslme thls appreach.

The Clmate Wedbeah coukd be o coly co gpecdil: marhimes 1o RIS,
The rld werdlon asnmied that, the Network Flle Svetam [WF3) waz avaflahle.
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Toicrtimately, thls Amitad the ferface to run coly whbh the RIOCH network.
We wantad to be ahle to rin Fepreszn from anywhers vla a Jara enablad browssr,
Egpreszn woukl kave 1o rin as & stand alome appleaflon amd anees a1l reanmnes
vla Y& Grid Intarface. The Glvbie Java Ordz kY made all of thls fimetlonallty
pradhle,

B e nesrs may desive to nim 8 nen-G LI verddon of the mexdellnge nterfans, 18,
& tat, noly werslnn, For testing purmpesss, this was alan & wery lmportant, fsatims.
Oither 1eers mAay want, o perinrm gpaial Grid compitlng tasks that woukl oot
he fmasihle within & GT I Thls would allsw sxperlenred ueers to take adwantags
of 8]l nf Jawm axl Globike ook dearmlbad abowe whileart 1e nesd 0o enter data
7la the Interfane. Error check g eoeoirs 1o the GUT e thls fsatume woukl he loat,
In the wn-GLT verden [ [4] direses Eapressn's GLI ermor checking In detall).

34 Eapressoe Server Shde Commoasent

The lmplementatlon of Eepressns's server gkle rom pement, 1828 eeweral ehell eeripte
Ing langmiages [TOSH, Fythen, BASH). For tasting and mechilar pirprsss, we
meeded all of thess ghell errlpta to o Ielepenxdently of Eepresen. We alen wantsd
to Tl the server gkle of eripte that took loog ceooomamd e apmentz. Con-
eaiently, we deweloped adifltlnmal helper aripte that dlzrnwersd Infrrmaton
abmn, the warlahles mesded 1o o ctler enrlpte e.g. the atart and end datee of
the mrxdel gmulatlnm.

4 Eapresac Implomentation

d.1  Grid TtilkEation via the Glohma Java Cods Kit

In roeler to make t1he Fapresss cllent pure Jam onoe, we mesded a2 Grid teclldt,
that was lmplementsd 1o Java. The Globienng group had avallable a8 Java 1m-
plementatlon of ha Commedlty Grid (CeG) Kit [11] [12]. The amlablity of the
Jam Tz Kt alloweed ns 1o Integrata all of the Gri fimetienallty that, we needed
with 1tz Jara AFI. The Jaws A7 Klf has all the neceszary packapes In a glnele
Java AErhlve [JAE) which can he distrbited whh the medeling Interfams . The
Jam Doz Kt ceonnnleates wlith the © lmplementaton of the Globiue Treolldt,
1o perfnrm tasks oo the eereer ckla.

The tve crmpenenta whlleed In the Globie Teclldt, are the Globne BEeemimne
Allreatlen Manager [GEAM) and the GridFTF cemponents. GEART 1z need o
mim jobe remntaly on dlfferemt, eompitaticn reesuross [13]. B erder to moeeita a
b om & resmimee mashing, eere nge the Bpenuroe Speciicatlon Lanmiage [(BSL)
1o tell the GEAM sarver what 1ype of job k&t he nm. Trpleally, the BAL eirlng
eent te & enpernmpintlong reecnne Inehickes the name of the examitable and the
Ireatlem of the gtandard eam and errer files [which can be Ineatad remetaly).

Edlithg all of the nuxlel eonflpiratlon e oo the spatem 2kle raqulesd that, we
tramzfer theae Ake to the server gde. We nead the Oalz Klt's Globue TELCopy
frem the GridFTF [14] eempement. to preslde thiz fieetlenalty. The UBLCopy
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rlagz allnws beth sl and thivd party Ale tramsforz In & fashlen gt llar to that,
of the commen FTF clent. Awthenticatlon oo the remnts gerver(s) & handlsd
with the Ghbhe ssnirlty rredentlak amd there B o sl 1o type In another
pasawnre] omee the crlglnal Grid Procy has been establshed. We plan 1o mes
LEL Copy & Ared party copy Iinetienalty In fitire verene of Eapresss to nuowe
large flles from esrer to gerver (1o which we may add addltlcnal ermer checldng).

43 Creatioga Java Based SED

The Toh “Stream EDIter” [3ED) %k a cemmcnly uesd tool to adlt gtreams of
tad. fme we azsmed the elemilfle mrxdels were confered by &dblme text,
fles, we nesded the ajpilwalent, fnnctlomallty of SED cperatlnms 1n Java, The Arst,
werelen of the Interfare eed SED oo the T'oly server slede 1o edlt fles.

The Java Fromedatlen Class [JFC) pmekles the jawa. utll StringTokenleer rflass
that allawe cme 1o parss tokens, Henlfcant, akiflonal codilng and testimg hacd
to be nxlerfaken to nlmk SED's himectlomallty, The Apache Boftware Foomeda-
tin's Jakarta Project prewldes e whh a8 regilar expresslone package wrhtten In
Jave [appropristely namesd “Begexp®™) to uee with the Java K) parkags. This
allvws 16 1o tilld regular spressiens fnr each meddel varlable. MAL for esam-
ole, uess the “Begeup™ regular expeeden [ *e—][7 + ».getVarahlshame]) +
a1 =he{1,} (A0} )" to meareh threnngh the warlahbleg In a Fertran name Rat,.

i Dallvaering FEapresac to the Usar Commmmity

5.1 {Obtabning Acoess toe Grid Heaonroes

In prder 1o wee Espresen wlith Globue Grid reemmees, yom need 1o establsh
Foar Glohie creedenflals. Yon st frst chialn these Globie credentlals foom
the Certflcate Awthorlty [16] Wext, you pesd to kawe your name akded 1o the
“griid-map” nm & Glrhis reemmee 2.2, & iass gtorage devlee or a high perfnrmance
e piter. The mmber of rescunces that you bave aroess to 1s lmitad coly by
Foar e 1o ohialn perodssien to Aneess the reemee Al Globie belme Imstalled
o the systam.

Th nee these Grid reecurces, you are raidrad 1o mlldats v Globie eoe-
tentlak #1a the “grld-proscy-1ndt™ utllty which aske for son password and wall-
dates your certficats fora fheed amoimt, of flme (12 howk by default). Coee the
“grid-proxy-Inlt™ 18 perfnrmed |, yom bave complete ancess to a1l of Foar compita-
tinal reemrees throagh the Globie toellkdt. Espressy wilkves thls Himetlomallty
by copylmg Al 1o & Ale gerver aned runnlng the lentile oedel oo & different,
marhime.

5d  Accexming Eapresao Techoology

Dellwaring wpdated exftware ta sir nesr commnnlty wasz & reneern fiom the start,
of the pmject. We wantad 1o dlstribnte Eqpressn with mindmal dificulty fnr beth
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Fig.3. TIMI Dewrptnin of the Exposwn Synwiem Sixle Dewign [Maade dedgn pat-

tern [13])
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& [the dewelperd) axl the weers. Fortinataly S Mirreystsms, oo has a
web-hazed enfiware enlinlon called Java Web Start, [17]. Oooe neers Install Web
Start, (avallable for Windows, Solarls Llm aml Macintosh OF X), programs
are Ingtalled, nplatsd and exemned vla an Intermet, or desktop Ink, If Fapressn
1z npdatad oo the weh eerwer, Web Start, detants 8 newer verglon and deownlsds
the updats.

e & Mstorieal cdlmate data archiee & get, up (AmIar fo the dagram In
Flgure 1), we plan oo creating & “rass stily repealtory™ of XML ks, Having a
repraltery of AL Ales wenkd allew cther wesrs to repleata or alter the param-
gtere of nther elentiets mode]l dmulafinme. Qther e cnnkd rmeats caze gdisg
of Intareating weatherf cllmats eventa and mcchange the XRIL filks with nther
mrxlel mesE. All neere ekl potentlally hawe aoceer fo the Matorkal cllmats
tata refereneeed In the “rase ghiidles® #la the Grid.

d Coneclon and Finairas Woerk

The Iniflal werddeon of the Eeprosss Srlentlfle RlndeAng Intarfare, a arlantifke med-
cllng prexhietielty tonl Inecrporating G tachnolosey has heen dewmelnped . Cre-
athg a multlpurpees elmilfle medellne Intarfacs that conild be appled to many
ellfferant, anlmmtl e mexdkels was A challnelng tack. Telne sxkting tonls auch 8z the
Aparhe Boftware Foomedatlon's XRIL pareers and regilar expresslome packages,
Ghherng's Jara Ord7 Kt aml Bun's Weh Start tachnclsey haz allowed us 1o
preschice & hgh quallty erlemflfle mexdel 1otarface.

Espreasn was Intemled to he dewelopsd Yeraflwely, with the 1ndtlal e oo
the RIRLS atmrspherls mexlel. Current, efforte are helng directal towand nenr-
prrating FOAL aml the 080 cllmata mexdalz. Thie w11 help e to abetrant,
e men cempenente of elentlie nexlel dmulatlen and amalyslz. In the ceming
7ear, we plan oo upddatlng the declgn of Fapreess to slmplify the tazk of adding
lemilfle mrxlels to the Intarfane. Wlth lnereased Grid imctlomalty, Espreses
cenld beme an lmpeorfant enfteare tonl for perfnroing Grid baesd cllmats
s ulatine.
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