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(hr ~oal  is to intcsratc the results from sciolcc data
mana~cmcmt, visualization, and knowledge-based
assistants into a scimtific environment; tc~ cicmons[ratc
this environment usinfi real-wor]ci NASA scientific
probl(’ms; and to t r a n s f e r  tbc r e s u l t s  to scicncc
invcs[i~]tc)rs  ill the appropriate ctisciplincs.
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s}>ecificol~jc~ctivcsc)f  thcl)atallul)  wc)rkarc~  to:
l)cfinc ad d e v e l o p  an intcgratd system tha( is
rcspcmsivcto tllcscicl]cc~ ccj-iilvestigator’s  ]lcc~ds.
I)cmonstratc  the i n t e r i m  c a p a b i l i t i e s  to the
participating scicncc  users of the system in order to
reccivc  their suggestions.
‘1’ransfcr  the results of this effort to a broad base of
.scimcc  invcstifytors as appropriate.
]’rovicic  a system t h a t  w i l l  cnab]e tbe scicncc
i n v e s t i g a t o r - to obtain publishable scient if ic
informati(

As illuslratcci
func(ions: ( 1

n.

Ya!crfjng  M!flionships

n l:igurc 1, l.inkWincis  is proviciinx  two
a visual data exploration or analysis

Cnvironnwnt; and (2) visual browsing and subsctiing
scrviccs,  111 tllp first  fllllctioll,l,  il~kWil~~s~~ill  ~)~.l~oti[i(.~
via a l]lcssafic~ of tllc prcsmcc  of data. ‘1’he existence Of
this  data wil l  bc i nco rpo ra t e  i n to  the l,inkWinds
ciatabasc  menu ad, hence,  be macic available to the user
ilnmdia[rly. ‘] ’he second function will be usd when  it
is  more convmicnt  to ~raphically select  the subsc~[in~
attributes. After sclcc[ion  of the attributes, a mcssa~c
will be smt to IJatal lub,  the fil[crinc  accompli shwi,  and
tl~c rrsul(s rc-submitted to l.inkWinds for analysis.

A  ]~cw link is bcinS es t ab l i shed  with I’olyl’ainti ,
l’olyl’aillti will provicic a interactive visualization of

‘1’hc  Navi~~tiol~  Ancillary lnforlnation  Iacility provides
a  c a p a b i l i t y  calld SI’l Cl; (Spacecraft ,  l’lanct,
lnstrumcni,  C-matrix, and I;vents)[  1 9]. SI’ICI[  contains
all the ancillary data associated with a mission. 1 hc data
alons with an c’xtmsivc  library arc available concerning
an expal]ciin~  set of missions. ‘1’}w  SI’ICH  capability,
initially cievclopci to support scimlcc  analysis, is now
available as a toolkit. It is our intention to invmtigatc
the use  of the SI’IC’11  toolkit in association with other
app l i ca t ions  tc~ provide ncwid ancillary data and
processing.

We have analyzed the mana~cmmt  of distributed data
across different computing and display resources.
Subsequent to this analysis and design, we impkmcntcci
the specific components rcquirui to provicic ncccicd
scimcc functions. Several  p r o t o t y p e s  h a v e  been
provicid to illustrate the capabilities. Additionally, wc
have atkmptd to a p p l y  knowlcci~c-bascci  e x p e r t

“assistants” for the scimce in;&tip,ator il; ciata ci~scovcry
and selection, tools selection anti scicncc processing.
‘J’ociay’s solution, I)atal lLIb, takes the first steps toward
tbc integratd  solution nmcicci to provide tllc’ malls to
satisfy the technology and scimcc requirements in the
1990s by proviciins  a high pcrformancc,  interactive
science workstation with the capabilities to handle both
exploratory data analysis ad science data management.

l;igurc  1 depicts the current  functions] architecture for
the IJatal lLlb. ‘1’hc  major fllnc[ions of the Data] IIlb
include proviciins (1) an interactive Llscr intcrfam; (2) a
colllllla]ld-l>asc>d q u e r y  intcrfacc; (3) a set of d a t a
manipulation mctlmis;  (4) a metaciata mana~er; and (5)
an undcrlyins  scimlcc  data Inodrl. ‘1’hc  interactive user
intcrfacc, basic data opcra[ors  and a data in[crchangc
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li~,~lrc ? depicts the current software architecture. A
laycrcci a r c h i t e c t u r e  h a s  t~ccn adopted  for  the
illll>lelllclltali(~ll,  which implies that any layer can bc
changed and /or rcplaccd without affecting other Iaycrs.
I’l)r top layer is the cwtmnal  interface that links to tl]c
hllll~an ~lsvrs via an interactive intcrfacc provided by
l)atallub or tlw visualization systmn  via a connection
intcrfacr. ‘1’hc  data model i s  i m p l e m e n t e d  in the
intclli~cnt d a t a  mana~cmcnt layc~r. ‘1’hc daia intcrfacc
laym  provides the physical data access functions,

I)atallub  Vcrsiono.5  hasbem in~plmc’ntcd atd tested
i n  the Sun  S1’Al<Cstation  and th[> S i l i c o n  (;raphics
(Jill’irolllll(’llts. ‘1’lw ill~~>lcl~lelltatioll LIscs the sof tware
s[rllct(lr(’sillllstratc’d  inl:isurc?.

I;rom a Llsc’r’s s t a n d p o i n t , IJatallub
rccop,[~izc’s/~ ll~dc’rstal~ds several co]nmon  datasctscitl~m-
by name or format, plus several other popular formats.
‘1’hc clatawts inclLldc MCSS’I’, CYCS, Voya&m, MaScllan,
AVIRIS,  Viking, and Air5ar;  the formats include VI(AR
[17], 1)S1’, 111)1’  [24], netCl)l’ [20, 27], and Cl)]’  [3].
l’resent ~)r(’})roc(’ssill~  ca~)al)ilities arc data filtws, e.g.,
tc’rll}>oralorl)a~)d”  selectiol)s,s tll)salll}>lil) galld a~wa~ing
of)liom,and  spatial subletting. With thcd ata link with
I,inkWinds,  the user may select and process a dataset of
interest then procmd to the l,inkWitlds mvironment  for
mploratory  data analysis.

‘1’hc  current I)ata}  lub user interface and a typical user
session including interactions with l,inkWinds  arc
ill Llstratmt in l:i~urm 3 and 4 rcspcctivcly. A description
of theintmfacc design update and dewlopmcmt mybe
f(JLllKi in [12].
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achicvin~  its ~oa] of intuitive usabi]i(y,  there remained a
Our initial mpcricmcc  with knmvlcdge-bawd  m nmchim
learning technology was bascct  ol~-work  accomplishwl
llsinc artificial ncwra] nets. ‘1’his work wassplrmd  by
our science  co-investigators’ needs to model rc~ions  of
the ocean for which the visible and infrard  imagcryis
obscured by clouds, and thus extrapolating biologica]
,anct physical variables from cloud-free mp,ions in space
and time to tlw c]ouct-obscured rcp,ions, I’his prod  Llc~.d
accel>tablc  scimm products but required too m u c h
technical expertise to translate into a generic too]. AS

{icscribcd  above, new machine learning techniques arc
being invest igated to provide feature recognit ion
capahilitics witlla tll{~rcllscr-fricildly  intcrfacc,

IU’cmt DCJ@o}?.n]cl!ts

(; f!ljt(’xL*_Ilsiti}’e  1 ICIJ?

‘1’hc  l)atallub user i n t e r f a c e  i s  intcnctcd to be sc~lf-
mplanatory  and intuitivc]y  usable with little or no
imtri]ction. in the area of user interfaces, however,
intent and r(’alityoftclldik~c>r~c,

in  packa~inc  l)atallub for  ctistribulion to a u se r  s i t e
outsidt~ tllc~ development cnvironnlcn[,  it was  obvious
that a traditional “RI; AI)MI;  ” file was needed [octctail
installation instructions. It was also clear  thal al[hou~l~
the IJatallut> ~lscr intcrfacc had l a r g e l y  succcectcd  in

need  for--a sn_;all amount of instruction to Get the first-
timc user started, While w r i t i n g  a  s h o r t  (< 1 0
parar,taphs)  c,x~>la]lat{)ry  docl]ll]c~llt,  it became  o b v i o u s
that this text coulct  h integrated  in to  the  main  he lp

syst~nl  that had been ctcsi~ncct  into Data I ]llt~,

A twncfit  of usinc the X Windows resource n~al~ager  to
control  a]l application’s usc~r intcrfacc is the case with
which all aspects of the intcrfacc can be customized.
~’extual material can be modified as simply as more
t[actitiona]  custonli7atJlc  user interface clmncnts such as
colors  and  layout. Because  of this, any instructional text
that mi~ht otherwise tw incluctmt  in a separate help
ctocumrnt (either hard-copy or on-line) can be easily
intcfyatect  as a dynamic part of the application ilsclf,  and
climinaic the problems of help bcinfi  unavailable or not
findab]c  whm needed.

At the same tinw, a full-blown hyfwrtcxt system is
neithrr nccctmi or appropriate for lhtal lub. 1 Iclp  for
I13tal lub falls into two categories: lnitia],  ncw user help,
and context  -basmt h e l p  f o r  p a r t i c u l a r  lhtallub
capabilitim. ‘1’hr former  can be satisfimt  by a fairly large
(as dynamic, on-screen he]}> texts 80) set of instructions,
and  the latter by small explanations easily accessible
while tllc Ilscr is pcrforminp,,  o r  c o n t e m p l a t i n g
}wrformins,  a IJatallub  opcratioll. In  part icular ,  the
navi~a~ionofa llc”lll s~~stclll isrt’l>laccd  by thcnavifiation





of tllc IJatal lub user interface itself, with sin~,lc-lrvc]
help available at each node of tlw interface.

h4~~ltiplc,  individLlal,  help bui(ons fi( naturally in many
paris of the lJatal lub user intcrfam. A help pulldown
mcvlll w a s  added to the section o f  m a i n  I)atal lub
window devoted to generic 1 )atal lull control isstlcs.  It is
in tl]is menu that an item f o r  pc)ppin~ up the

illtr(dllctory  text  was placed. Additionally, all normal
1 )<l{al 11]1~ }xqmp  windows have lwlp  buttons that popl]p
text dialocs containing help on their particular subject.

M o r e  diffimlt was clccicling  how to access help for
f;ra}>hical user intcrfacc’  elements (i.e. for the illtcrfacc
clcnwnt’s  operations) in cam w~hcrc  tlw interface was a
sinr~c button  or menu with no place  for a separate he]}>

blltton.  l’ullcfown  menus can have an additional help
itmn  acictcct; sim}~lc  pushbuttons cannot.

A con(ex[  help mechanism was implcwwntccl  for the case
of pushbuttons, sce l~igurc 5. ‘1’lw  user selects “Conicwt
1 1(’1}> . ..” f r o m  the main lwlp  pulldown  mcmu. l)ata}  Iub
acknow’lcdgm  this input by chan~,  in:, ihc mousr cursor
(0 a qllcstion mark (“?”) shape.

‘1’hc user can ihcn move the qucstim mark cursor to any
elcmcmt  of the llata~  ILlb interface, and  release it to scr a
hrlp dialog about t h a t  clcmcnt. “1’he Llnctcrlyinz  code
sends a  mcssasc r e q u e s t i n g  h e l p  to the object
rcf>rcscntin~ the Sraphical c l emen t ,  wh ich  in turn
ctisplays  its textual help.

‘1’his lncthod handlm any and a l l  k inds  o f  ~raphic
Cl(mcnts, r e g a r d l e s s  of their scrccn r e a l - e s t a t e
limitations. In fact, in the case where an clcvncmt has a
ctcciicatccl help button, the cc)rltcxt-help mcthocf  also
works, invoking the same mcssa~e and displaying the
same help dialog.

Additionally, help himarchics  arc a natural by-proctuct
of this illl~>lclllc’lltatio~l. I]ro}>ping the question mark
cursor onto a graphical clement gets  help on that subjccl.
1 )ropping  it into  the area surrounding the clement ~ets
more p,mcric  help on the type of interaction the clcmcwt
is a part of. lk~r example, sclccling  “Subsampling  ];actor”
or “A\~eraging  l:ac(or” displays help on thrir respective
t epics, lx] I sclccling physicalI  y lwtwcm the two displays
help on the sllbjcc[  of subscttinx data in ~mcral.

‘J’h(’  help system can crow and e v o l v e  usinc t h i s
frarncwwrk.  1 f the user drops  tlw question mark cursor
o]]to a firaphical c~lcmcnt  t h a t  C!(WS  not hav(~ a  help
mcssa~,c  defined,  the Jnc5sagc  auto]  natical]y  propagal(~s

to the  ancestor of the clement, repeating this process if
ncccssary  until it finds om tl~at cfms have a ctcfilwd help
]nc(hocl.  II) this way, the Ilser can fyt help (altlmu~h
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3 Uscrr,,  eve<  cur. ortoelerwnt  of intcrcbl
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Clj& and hdd inside ihe Subsam;,ling  I’aclor

m e n u .  h40ve  downto  the desiwd factor
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l’i~urc  5 Cmtcxt  Smsitivc  } lclp

Since the goal is to provide an extensible systcm capable
of evolving to provide solutions to broader scimlcc  and
cm~imcrin~  domains, portability is a significant issues.
lnitial]y, wc conceived I]sinc a combination of C,
1’RC)l.U;,  and Common lisp for the ill~}~lell~c~l~[atic~ll.
‘1’oclay,  pro~ab]ity  and minimizin~ t}w cost to the user is
being addressed by using  common  platforms (viz.. SLJN
SI’AI<C  stations, Silicon Graphics) and portable and
public domain tools  (viz. C/C+ +, 101{’I’J<AN, X/MO’l’llf,
Cl ,11’S,  UNIX and  SQ1. database interface).

!]~~<;l)l:  T>a.ta 1.L(km2t

‘J’hc data format  Network Common I>ata Form (nctC1)F’)
was dcvclopccf  by thr i_Jniciata l’mgram,  sponsored by
the l~ivision  of Atmospheric  Scicnccs  of the Nations
Scicncc l:oundation, I’hc  cmcr~ing s t a n d a r d  i s
ctistribukd as an 1/0 library which storm and retrieves
scientific data structures in self-ctmcribing, machine
incfrpmdcn[  files. I h tal lub now rccop,nims  this format.

‘Ihc current !ll}]>lclllcljtati[~ll  suppor t s
● rcco~nltlon  of nctC1)I: as a file type.
● a set of rules for conversion of netCl)I: 10 and from

111)1:  format.
‘1’llis new’  capability has km included to facilitate the
usc of netCl)I: data in l.inkWimls ad } ll)}; data in the
I’olyl’ail)ti  c’])i~irol)]])cllls.
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l:]-onl  tl~c dcsi~ll p o i n t - o f - v i e w ,  we have {icfincd  a
p,cncral framework for scicncc  data mma~emcnt,  and
idclltificci  a cri~ical subset of data operators for lhc
scicncc data applications. l:rom an illl]>lel]lcJlltaticlll
}wrspcctivc,  WC l)avc  dcwclopccl  proiotypcs  that mablc
val idat ion 0{ basic conccpls of data resource sharin~
lwtwecn thcciata supplimsancf  data consumcrs(e.s. a
data visuali~.ation  systcm such as l,inkWincls).

llascd  on the objec(-orimtcd  design of I)atallub, it is
sttaip,llt  {(~rward  to cxknci  the data model to capture the
dcfinitionsof  an misting rcla[ional data system. I;or
example,  the com})rehcnsivc  data catalos built by the
l’lanctary I>ata System (1’1)S)  w i l l  bccomc p a r t  o f
Jlatallub’s  data moctcl  with spccializ,ccl  da t a  access
methods dcfinccl  to access the existing information in
1’1)S  via a stallctarcl SQ1, interface. ‘1’his  approach makes
disci}~lil~c-c)ricl~tcd knowlectgc rcaciily a v a i l a b l e  to
l)atal Iub. Addit ional ly,  cxpanctccl  knowlmi~c about
data formats and data semantics in various science
ciisciplincs  will be built into L)atal Iub.  It is a goal that
the uludcrs!andinc of the visuali7a(ion  and analysis tools
will also bccomc  part of I)atal lLIb such that special data
operators will brbuilt  automatically using basic  known
operators. ‘1’hcclata  quality assessment issue of science
data  aftc'rdata  trallsforI)latioll  will l>earc.warcll area for
1 )atal  IIlb, and  will bc adclrcsscci  in the next  steps.

Wr  will enhance the existing prototype 10 provide access
to additional data sets while expanding the capabilities
f o r  direct Suf>port  to the science c o - i n v e s t i g a t o r .
l’articular]y,  the issues associatmt  with processing multi-
s]>cctral  data will be addressed. We will be enhancing
the preprocessing capabilities by accessing and utili7in~
the NAll~ SI’lCf; ancillary data as it bccomc  availab]c.

Ilcsici(’s  continuing 10 evolve to a more object-orimtcci
illl]>lcl]lc’l)tatioll, scvcra]  issues  will bc actdrcsscct.  When
data tlt~]~sforll]ati[)l~  or conversions take place, wc need
to assure the preservation of data validity or quality
nwasllrcs.  Wc need  to treat the data quality assessment
issues such as (1) trcatmcut of missing data and (2) data
qllality associated with data in t e rpo la t i on ,  da t a
tr(lllsfo~tllatioll,” etc.

}lxpandccl  knowledge aboLlt the data is of si~nificant
importance. ‘1’his  incluclcs  knowlc(isc  of data formats
(c.?). usa~c of mctactata cmbcdclcd in  t he  da t a  s e t

hmcicl’s),  data semantics (e.g. lncaninc of data \~al Llcs,
rclat ionships lwtlvccn  data sets, disci~>lillc,-d c,}>c,lldcl)t
data access/analysis methods) and  data semantics as
rcprcscntcd  by the users’ context in the visual i7atiml
rc~imc (c,c. what  arc the ]inks, data flows, etc. as
cncapsulatccl  in t h e 1.inkWincls  c’l~\’irc)l~l~~cl\t). ‘1’hc
a b i l i t y  to de tec t  and u n d e r s t a n d  t h i s  cxpanclccl
kno~vlcdgc will bc i n c o r p o r a t e d  i n t o  t h e  la bcl -
Llndcrstanciinx  expert system.

A d d i t i o n a l  unclcrstanclinc  of the analytical tools
rcquirccl  for data selection, data transformation and data

c o n v e r s i o n  in order 10 support  the  visual i7.ation
rcquircmcnts  is ncdect. ‘1’hcsc may to thought of as
filtcrinc 1001s 10 SCICC[ ad prqarc data for usc  in the
visual i7atir)n  cllvironmcnt. ‘1’hcsc additional tools  will

be ciefinccl  and impkncntcci.

III those cases where selection criteria arc so complex
that they arc most easily cxcrciscct  visually, it is clear
that a close inte~ration  of the database mana~mwnt
Systcm, a n d  t h e  d a t a  v i s u a l i z a t i o n system i s
actvantaccous. Such intc~ ration will bc studied by
clo.scly  tying  l)atal ILIb  with 1 iinkWincts  so that l)atal lLIb
~,i]l ~)~ acc~.ssil>]c  fro~l~  1,il~kwil~ds  al~d l,il~kwil~ds  will
bc accessible from I )atal ILI1),  each being uscct to best
ad valltagc in the data mana~cmcmt  proccsscs.

l(inally,  wc will aciclrcss  the issues associatcct  with data
prmcntation,  in particular, data cxchan~c  protocols that
facilitate visualization arc to bc actctrmscd  first.

_Major (1.~n~pon~nts

11-ital lub will bc cnhancccl  to incluctc  these  capal>i]itics:
●  i n t e r a c t i o n s  to s u p p o r t  finclins, selcctinc  and

proccssinc lnulti-spectral datascts ( i n i t i a l l y
AVII-US).

● ~~alld ap,ppp,  ations
. band filters (e.g., rcmova]  of ar t i facts  of  the

instrumcmt)
● 31) sLllJscttillS/avcragillg
● jollrnal and transaction management will playback

capability.
● cxf>andcd  data model that incl Llclcs user-defined

data conversions.
● canonical set of data objects and mcthocts
● sc]f-dcscribinp,  data ol~jccts  and mctlwcis

● user defined defaults for spatial regions,  temporal
periods, CItC.

● incorporate the metadata into the interfaces with
1,inkWinds  and l’oly]’aint+.

●  cxpanctcct  rule-basccl capab i l i t y  to Llndcrstand
f o r e i g n  datascts, leading 10 a capabil i ty for
intcrprctativc conversions and tra]~sforJ~]atiol~s.”

●  cxpanctcci d a t a  d i c t i o n a r y  f o r  Ilsc  in Iabcl
rcco~r~itiol\,  plLIs the ability to dynamically add



●

new object  at t r ibutes ol]cc their semall[ics  arc

CkLrly Ill)dm’stood.
● initial usa{; cof  mlibra(i(m  ami  rq,istration  data

● qllality measures, 10 inclucic
● }>rocrssill~,lillca~()
●  null  an t i  m i s s ing  value rccop,nition  and usa~c in

lwocmsin~
● incorporation of conlenl-baswt applications sucl] as

tlw lnacllinc learning capability cic.scrikt above
●  cxpanctcd i n t e r a c t i o n s  w i t h  l.inkWincts  and

l]olyl’ainti
● ctistriblltion  of l)atal Iub processing, and intcrac~ions

and  remote smvicm.

Usill?, the I)atallub, scientists will request ciata  (or
prcsmtation  allci analysis in a specific way for llsc in the
i}l(’ira}>}llicatiolls,  without l>ri]lg ~>articlllarly  ccJllcc’rll(Jd
\vitll  the (lrip,  inal  l o c a t i o n  anct forma{ ot’ claia bcin~
ll~iliwct. A p p l i c a t i o n s  acihcring to the l)atallub
protocols and  intmfaccs  may intmopcratr sharins results
throufih  (Iw I)atal Iubc

Asdcscril~[`d  ~>rcvi(J~lsly,  l,il~k\Yil~ds wTilll>e c't~l~al~ccd to
llavc`twr(l-wTay  c(~lllllllll\icati(Jlls  \vitll  I)ata}Illl>. Iksictrs
l-c’ccivillg the  u se r ’ s  sclcctmi da t a  fo r  ana ly s i s ,
1 ,inkWincts  wil l  provictc g r a p h i c a l  subsc’tting  and
transformation parameters  anct smd a processing
request for I>atal lub 10 cxccutc and return the ctcsircct
data.

l’olyl’ainti will have a similar intcrfacc as 1,inkWincts.
After tl~is c(>l~~ll~tll~icatiol~s and processing link has been
implcmcmtcct,  I>atal  lub w i l l  bc cnhanceci  to provictc
more  spcciali7,cct  p r o c e s s i n g  f o r  the l’olyI’aint+
community (that is say, netCDI:,  super computing and
mock]  in?,).

It is difficult for a Scimtist to examine and unctmstancf
data will)  a large number of dimensions. Scientific
v i s u a l i z a t i o n  tools arc onc means for pcrformin~
necessary tral]sforlllatio]ls”  and ciimcnsionality  reduction
to allow a scirntist to “sin” nwaningful patterns in the
data. 1 lowcver,  these require that the scientist specify
t 1 IC ncccssary  stqw. l:accd  with multi-spectra] rcmotc’-
scnsinc data a r r i v i n g  o v e r  more than 200 Ch~llll(’l  S,

cxpc’ctin~ a scientist to study the entire data set bccomcs
unr(wsonablc. This often results in usinc only parts of
the data cl~annc]s or usins the data in very limited ways.
An automated tool for aiding the analysis of such hi~h
Ciimrnsional  data SC(S would enable scicmtist to Set at
more of the information contained in the data.

rc,~ions in the ciata,  for cxallllllc, locatinfi tllc a rcas  on
WI th wllcrc certain ~nincia]s  are present, cw whew some
})hc’lwnwnon  of ii]tmcst occunmt. lty selectin~ portions
of the data of intcvmt ami others that do not contain
phcnonm~a  of interest, a scientist is mmtial]y ]minting
oui  rxamplrs  (instances) of the ctcsird targd. ‘1’hmc can
h tlcatd as traini]ls ciata, and used b y  l e a r n i n g
al~, oritlllns to automatically formulate classifiers that can
(ictcct  other occurrmccs  of the tar~,d  pattern in a largy
data wt. lhrth(mmre, since tlw learnin~ al~orithms arc
capable of mamillinfj a lar$c number of ctimmsions at
once,  tlwy may be able to finci patterns that would bcI too
ciifficLllt for a scimtist to derive by manual analysis. III a
SCWSCI, th is  offers  the c)ption  for a “lo~,ica]” versus  a
“\,is\la]” visllaliz,ati(~ll  of the patterns in the data. “1’hat is,
the al~orithms proctucc  a charactcri~ation  of subsets of
interest  in the data in terms of lo:,  ical e x p r e s s i o n s
involvins multiple inplt variables (channels). Oftcn,  it
is possib]r to express such patterns in terms of compact
rules involvin~, an  unexpec t ed ly  sma l l  number  of
variablm. ]:or cxam}>le,  channels  104 anti 202 being in
c e r t a i n  ranp,cs m a y bc h i g h l y  p r e d i c t i v e  o f  a
phcnomcInon tliat tllc s c i e n t i s t s  could not easily
charactmi7c  usinc the first six channels.

‘1’hc  usc  of ]Carnillg  al~orithms  thus provides flexibility
in tmms of adaptinfi  to a wide variety of cictcction
problems. Our ctccision  tree bascci  Icarnins  algorithms
prociucc  rules that arc c~asily examined and uncimstmd
by hLlmans. ‘1’his contrasts with a statistical regression or
l)cura]  network based approach, where the rcsLllting
forms arc difficLllt  to intcrprctt

l~@ ri.b!!(cd  l!!?ckt~(!a~d  S yst.cm

‘1’hc blackboard moctc’1 allows for a flexible architcctLlre
with d i v e r s e  knowlectgc  soLlrces  ccmperating  to
formLllate a sol  Lltion tJ1~]>(~rtLll~istically [ 1 6 1 .  A
ctistributcd  blackboard system running across multiple
workstations can allow mLlltiplc  scientists in ciiffcrcnt
physical locations to work to~cther on a single problem
coopcrativcl  y,

3’Iw DataIILlb  mctacia!a  lllalla~c~rllast~cell ported to a
ctistrillL1tcct e n v i r o n m e n t  a c r o s s nlLI]ti~)lC SLIII
SI’Al<Cstations  [2?]. ‘I’llis  distril>tlted  el~virol~l~~el~  tistl~r

uncicrlyinc layer of an onSoin S distributed blackboard
i]ll}>lcll]c’])tatio]). It iscxfwctcct  that tll(~l)atalltll)syst(’]11
can sit on top of this blackboard system to function as a
Groupware for mLlltiplc’  scientists from multifie scicncc
ctisciplincs.

With this capability, l)atallLlt) can ciistrit)Lltc the data
access and da t a  conve r s ion  l oad  ac ro s s  mLlltiplc
compLltcrs.  At the sanw  ti]~~e, I~~Lllti}>lc’ ~ls(’rscal~  access
multiple data sources via this distributed  scheme of
l)cltal 1111).
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‘J’hc illtcr-disci }>lillary know~lwtgc  about data can lw
stt~lcd ill hir,lwr  lCVCI k]~()}vlc’d~c’s()~]rcc’s  (i. c., a~mts) in
ilwblacklwarct systcm. Whcmnwr  a scientist IIas a need
of a ciatasct  that isoutsidca  single discipline, lhisinlcr-
ctisci}llillary  knowlcd~c  source is utili7cct  to p r o v i d e
ink’llifim~t data accmscapabi]ity  to access tllcri@t data
fro~)l tlw rifiht  source.

‘1’tw ctistriblltwl blackboard is  implementcct Iising  a
reliable distributed computing protocol pmvictcd by
Cornell’s 1S1S [1, 7]. 1S1S version 2.1 is in the public
domain. ‘J’he concept of having process groups  in a
ctistriblltcxi  cwvironmcnt  with guaran(y  on m e s s a g e
arrival scqmmcc  for messages from multiple scmctws  fits
thcnccd  of tlwblacktmard  i~ll~>lc~llc’lltatiol].

Wc have planned three steps in the next phase of
lJataI  lub prototypin~:
sky 1.

● l>~sip,ll al]~ dCVCIOp  I>atal  Iutl processing Of multi-
spcctral data sctsfor tllcscicllcc co-illvcsti~ator.

● ]nitiate the distribution of I)atal ILlt> processing and
provide genera] remote services.

● l)esi~,n and ctcvclop  interfaces to l)olyl’aint+.  Collect
fL1nctional rcqL1ircnwnts  from the Llscr community.

● l>csi~, n and develop the machine learning intcrfacc.
● l>clll(~llstratiolls  will usc the data sets as ctetmninccl

by the scicncc  co-investigator.
step ?.
● l’roviclc  data abstraction and knowledge cn~inccril~g

tc) s u p p o r t  a p p l i c a t i o n s  in the l,inkWinds  and
]’olyl’aint-i mvironmcnts.

● l>c’lllollstrati~)lls will u.sc the data sctsas ctetmnincd
t)ytlwl’olyl’aint+  llscrc(~llllllllllity.

step 3.
● l’rovidc t h e  k n o w l e d g e  cng,incming rcq Llirccf to

Iltilim the computing environment and its tools,
incorporate this knowlcct~c  into  the I)atal lLIb.

●  IWvictc  s u p p o r t  w i t h i n  the lJatallLltJ  of all the
r e q u i r e d  datascts (llolllogcl~cc~L ls/rcglllar and
lletcro~(’llc’c~lls).  .

‘1’hc dcvclol)mcnt  cycle usd to solve the p r o b l e m s
addrcsscdat>ovcw’ill  be to: ctefinr/Oq~anct  tllcscicwcc
c{l-it\\~c~s(ifiator’s  problem; dcsi~,n,  inlplmncnt, intc~ratc
tc~st, de]~~O1~stlatcJ,cl \ral~lat(’,alld transfcrto  thcscicmtist
c(l-ill\’c’sti~alor;  and then iterate tlwsc stelw.  in each
cycle the.sc areas will be addrmscci:  (1) l’hc I)atal Iub; (2)
Knowlcdfiebascct a s s i s t a n c e  for the l)atallub;  (3)
Macl~inc lcarnin~ for feature rcco~nition; (4) A ]m~t>lcm~
posed  b y  a  s c i e n c e  c o - i n v e s t i g a t o r  ;  and (5)
IJinkWinds/l’oly  l’aint+ illterfaceal~d}>rotocol.

An  inc remen ta l  ctcvclopment mcthodolosy  will bc
utilimd: “do-a-lit tlc,tcst-a-lit tie”.

‘1’hroLl@mt the il~l}llc’lllelltatioll effort, the scicmcc co-
invcstisator  and otlwr scientists will participate in tllc
dcsi~n. ‘1’his fccctback  and evaluation is important in
providing a proct Llct that contritJLltcs  to the scientists’
al>ility to acc{}mplish  their scicncc ob jec t ives . ‘1’hc
succcss of the proposrd  work will be mcasLlrcd  by the
scimcc Lltility of the work products.

‘1’lw pr inciple  prodLlct  of the pmfmscd work is the
clcmmstraticm of all integrated environment in which a
scicmcc  cc)-invcsti~ator  will bc able to accomplish data
ana lys i s  and in t e rp re t a t i on  lcaclinfi to put)lishablc
scientific information. 3’l)us, lJata}lL1t> is addressing
broad  aspects of:

1.

2.

‘3. .

“1’hc

l’rovicting  innovative ways to facilitate the scimtific
cndmvor  or “mean-time to discovery” [33] when
Workinc with large v o l u m e s  of d a t a . ‘f’hc
traditional computill~ data life-cycle is typically a
sequential process. ‘1’llis traditional view provides
scqLlcntial  support to what is actually a hi$llly-
interactive, iterativcpmccss. l~atal  lub will provide
a data ]ifc-cycle’ as illustrate’ct in I:i~Llrc  3.
l’rovicting  access  to remote data, local data filtering
and  managcmmt  and interactive cwploratory  data
analysis.
Applyi:\S knowlwt~c-based  expert  systems ad
machine lcarnin~ at the ori~inal data selection, in
intcrmmtiate data filtcrins and in r u l e - b a s d
applications.

I)ataI lLIb will provide an c’net-to-cnct solLltiou  to
prol>lcms  of this ~;ncric type, thus enabling scicncc
invcstisators  to proctucc  hi~lwr-lcwl  products throu#l
a]l analysis environment which provides an intc~ration
of rcq Llircxl functions. ‘1’his environment consists of:



‘1’he  lmncfits to N A S A  d e r i v i n g  f r o m  the I)atal Iub
illclllctc:

1. At~ili(y to analy~,c massive volumes of data in a cos!-
c(l’cctivc manner.

?. lrccctom for the NASA mission scientists {o do the
interpretative, crcativc aspects of scicncc  wo]k.

3. An advanced prototype for science  support.
4. Availability of common systcm modules alvd data

data SCt(S)

“x

xcess

Knowledge of alterna(e

related  d a t a  s e t s  ~

select

a!!d fllterir,g  tcchmqucs

“6
fdltcr Knowle&y  of tools avafable

(tool  selector,)

-++

I c?

/

-.-...&  tra,,sform

Kncwlcdye  of d,sc,phnc /

of interest ----?

L(-)

I:igurc  3-- KnowIcIctgc-l!Iascd  Visualization
and Analysis
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