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ABSTRACT 

More than 250 machine-readable ca t a logs  of s t a r s  and extended ce- 
l e s t i a l  ob j ec t s  a r e  now a v a i l a b l e  a t  the NASA/~oddard Space F l i gh t  Cen- 
t e r  (GSFC) as the  r e s u l t  of over  a  decade of c a t a l o g  a c q u i s i t i o n ,  v e r i -  
f i c a t i o n  and documentation. Re t r i eva l  programs a r e  descr ibed which per- 
m i t  the user  t o  ob ta in  from a  remote te rmina l  b ib l i og raph i ca l  l i s t i n g s  
fo r  s t a r s ;  t o  f ind  a l l  c e l e s t i a l  o b j e c t s  from a  given l i s t  t h a t  a r e  
within a  def ined angular  s epa ra t i on  from each o b j e c t  in another  l i s t ;  
t o  p l o t  c e l e s t i a l  ob j ec t s  on overlays fo r  sky survey p l a t e  a r ea s ;  and 
t o  search  s e l e c t e d  ca t a logs  f o r  o b j e c t s  by c r i t e r i a  of p o s i t i o n ,  i d e n t i -  
f i c a t i o n  number, magnitude o r  s p e c t r a l  type. 

INTRODUCTION 

There a r e  two major ob j ec t i ve s  f o r  the  development of the astronom- 
i c a l  da t a  base and r e t r i e v a l  system a t  the  NASAI~oddard Space F l i gh t  
Center (GSFC) : (1 )  the a c q u i s i t i o n ,  v e r i f i c a t i o n  and documentation of 
a l l  ava i l ab l e  machine-readable ca ta logs  of s t a r s  and extended c e l e s t i a l  

u 

ob jec t s  ; and ( 2 )  the  c r e a t i o n  of r e t r i e v a l  techniques which w i l l  enable  
a  user  t o  u t i l i z e  these  da t a  e a s i l y  and e f f i c i e n t l y  from a  remote termi- 
n a l .  More than 250 computerized astronomical  ca ta logs  a r e  now a v a i l -  
ab le  a t  GSFC. P e r i o d i c a l l y  r e p o r t s  a r e  publ ished in the Astronomical 
Data Center B u l l e t i n  g iv ing  the s t a t u s  of v e r i f i c a t i o n ,  documentation 
and hence a v a i l a b i l i t y ,  f o r  each ca t a log  in  the da t a  base (Nagy e t  a l .  
1981b). Because the ou tput  of any r e t r i e v a l  system is only as good as  
the da t a  base from which it  ob t a in s  i t s  information.  much of our e f f o r t  
cont inues t o  be devoted t o  the improvement of the i nd iv idua l  c a t a l o g s ,  
as descr ibed by Warren e t  a l .  (1982).  

C. Jaschekand W. Heintz (eds.), Automated Data Retrieval in Astronomy, 9-13. 
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Three groups a t  Goddard a r e  p r imar i l y  respons ib le  fo r  the da t a  han- 
dled by the  Astronomical Data Center (ADc): the  National  Space Science 
Data Center (NSSDC) ; the In f r a r ed  Astrophysics  Sec t ion  of the Labora- 
t o ry  f o r  E x t r a t e r r e s t r i a l  Physics;  and the Laboratory f o r  Astronomy and 
So l a r  Physics ,  which a l s o  includes the newly e s t ab l i shed  In t e rna t i ona l  
U l t r a v i o l e t  Explorer  (IUE) Regional Data Analysis F a c i l i t y .  

The NSSDC, whose da t a  r e s p o n s i b i l i t i e s  a r e  reviewed by J. Vet te  
(19811, se rves  as  a d i s t r i b u t i o n  c e n t e r  f o r  astronomical  c a t a logs .  The 
high-energy a s t rophys i c s  d a t a  s e t s  a r e  descr ibed  by M. Locke (1981). 
W. Warren Jr. i s  respons ib le  f o r  c a t a log  d a t a  a t  longer wavelengths as  
we l l  as  a r c h i v a l  and disseminat ion of observa t ions  from the I U E  
s a t e l l i t e  (Warren and Alderman 1982).  

The Inf ra red  ( I R )  Astrophysics  Sec t ion  i s  committed t o  producing 
an I R  (1-1000pm) d a t a  base ,  bibl iography and c ro s s  index of I R  names 
as  descr ibed by Schmitz e t  a l .  (1982).  

The Laboratory fo r  Astronomy and So l a r  Physics ,  with which T. 
Nagy, R. H i l l  and J. Mead a r e  a s soc i a t ed ,  does much of  the  v e r i f i c a t i o n  
and documentation of ca t a logs  before they a r e  placed with the NSSDC f o r  
d i s t r i b u t i o n .  The primary i n t e r e s t  of t h i s  group is the c r ea t i on  and 
implementation of computerized r e t r i e v a l  systems described below. 

The development of the d a t a  base and r e t r i e v a l  t oo l s  in a loca t ion  
where t he r e  i s  d a i l y  i n t e r a c t i o n  with o t h e r  astronomers promotes the fa -  
m i l i a r i t y  of d a t a  personnel  with the  needs of both observers  and theore-  
t i c i a n s .  It a l s o  encourages r ap id  eva lua t ion  of da t a  products while 
providing many consu l t an t s  on spec i a l i z ed  astronomical  and d a t a  han- 
d l i n g  top ics .  

ASTRONOMICAL DATA BASE 

P a r t  of the success  in acqui r ing  the l a rge  number of ca ta logs  in  
the ADC da t a  base i s  due t o  the Cooperative Agreement between NASA and 
the Centre de Donn6es S t e l l a i r e s  (CDS), which was worked out  as a 
by-product of the I A U  Colloquium 35, held a t  Strasbourg in 1976. This 
agreement has a l s o  y ie lded  the b e n e f i c i a l  r e s u l t s  of exchanges of e r r o r  
l i s t s  , personnel  and information about f u t u r e  p ro j ec t s  (Mead 1980; Mead 
e t  a l .  1981). 

Not a l l  machine-readable ca ta logs  received by the ADC a r e  ready t o  
be used. The f i r s t :  s t e p  in v e r i f i c a t i o n  i s  t o  t r y  t o  read the ca t a log  
as  s p e c i f i e d  in the documentation accompanying i t .  This procedure 
quickly exposes most problems--if no t  in the machine-readable d a t a ,  
then sometimes in the format de sc r ip t i ons .  Suggestions f o r  format t ing ,  
checking and documenting machine-readable astronomical  c a t a logs  a r e  giv- 
en in  d e t a i l  by H i l l  (1981). 
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RETRIEVAL OF DATA 

One of the most important aspec ts  of a d a t a  base is i t s  c a p a b i l i t y  
fo r  e f f i c i e n t  r e t r i e v a l  of the da t a .  S ix  of the  most f r equen t ly  used 
astronomical  d a t a  r e t r i e v a l  t oo l s  now a v a i l a b l e  a t  the ADC a r e  de- 
sc r ibed  below: 

(1) The I n t e r a c t i v e  Computer Reference Search of the Astronomical 
L i t e r a t u r e  1950-1976 (Nagy e t  a l .  1981s) uses the  da t a  and r e f e r ence  
f i l e s  of the  1976 ve r s ion  of the  B ib l i og raph i ca l  S t a r  Index (BSI)  
(Ochsenbein and Sp i t e  1977). These d a t a  a r e  s t o r e d  on d i r e c t  access  de- 
v i ce s  on the G S F ~  I B M  S/360-91 computer. The BSI is a machine-readable 
da t a  f i l e  of s t e l l a r  i d e n t i f i c a t i o n s  and r e f e r ences  covering twelve 
journals  from 1950-1972 and more than 30 s i n c e  then. Updated vers ions  
of t h i s  compilat ion a r e  r e l ea sed  p e r i o d i c a l l y  by the  CDS. The machine- 
readable ve r s ion  a v a i l a b l e  a t  Goddard conta ins  9494 r e f e r ences  t o  the 
astronomical  l i t e r a t u r e  f o r  69,348 s t a r s  from 1950 partway through 
1976; a l a t e r  vers ion  of the BSI w i l l  be u t i l i z e d  as  soon as the  tape 
i s  received from the CDS. 

The i n t e r a c t i v e  BSI search  program accesses  the re fe rences  by 
means of a s t a r  i d e n t i f i e r  ( ~ e n r y  Draper (HD) o r  Durchmusterung (DM) 
ca t a log  number, o r  v a r i a b l e  s t a r  name). The BSI r e f e r ences  fo r  the 
s t a r s  having these i d e n t i f i e r s  a r e  then d isp layed  a t  the  u s e r ' s  com- 
puter  terminal  in a form resembling t h a t  of a s tandard  bibl iography.  
One advantage of t h i s  method of access ing  the  BSI l i e s  i n  the  concise-  
ness  of the ou tput :  only one s e s s ion  a t  a d a t a  te rmina l  is needed t o  
produce a combined, chronological ly-ordered l i s t i n g  of r e f e r ences  from 
a l l  the  years  covered in the  BSI. Another advantage l i e s  in  the  ease 
of use: one only has t o  type in  the  s t e l l a r  i d e n t i f i c a t i o n s  according 
t o  i n s t r u c t i o n s  d i sp layed  on t he  sc reen  by the  program. 

A l imi ted  amount of computer time has been s e t  a s ide  f o r  a p i l o t  
program t o  u t i l i z e  the BSI search  program. A l l  astronomers have been 
urged t o  a v a i l  themselves of t h i s  oppor tun i ty  t o  access  the d a t a  s e t  
from t h e i r  home i n s t i t u t i o n s  by telephone l i n k .  Many favorable  r epo r t s  
have been received from use r s .  

( 2 )  The MATCH Program ( H i l l  and Nagy 1981) f i nds  a l l  o b j e c t s  in  a 
l i s t  wi th in  a user-defined angular  d i s t ance  of the  pos i t i ons  of a s e t  
of t a r g e t  ob j ec t s .  This technique i s  p a r t i c u l a r l y  u s e f u l  when one 
wishes t o  make i d e n t i f i c a t i o n s  of ob j ec t s  observed a t  s i m i l a r  wave- 
lengths o r  a t  very d i f f e r e n t  ones,  as  o f t en  occurs when observing in  a 
survey mode. In add i t i on ,  t h i s  program serves  as a u s e f u l  check on ca t -  
a log  i d e n t i f i c a t i o n s  which have been made through manual comparisons, 
and it provides guide s t a r  candida tes  f o r  observing programs where the 
ob j ec t s  of i n t e r e s t  a r e  very f a i n t  and/or have poor pos i t i ons .  Cata- 
logs which have been used in  MATCH runs inc lude  the fol lowing combina- 
t i ons :  the Bo-Micron Sky Survey vs .  the  SAO Catalog;  the  General Cata- 
logue of Variable  S t a r s  vs .  the Equa to r i a l  I R  Catalogue (EIC 2 ) ;  and 
the Dearborn Observatory Catalogue of  Fa in t  Red S t a r s  vs .  the  E I C  2. 
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(3)  The Job Control  Language (JcL) Copy Program ( H i l l  and Nagy 
1980) f a c i l i t a t e s  the dup l i ca t i ng  of s t a r  c a t a log  tapes by supplying 
a l l  the necessary  J C L  parameters ,  such as block s i z e ,  d e n s i t y ,  record 
length ,  e t c . ,  r equ i r i ng  only a four -d ig i t  numerical code fo r  the ca ta -  
log t o  be en te red .  Not only i s  t h i s  program time-saving in  s e t t i n g  up 
tape cop i e s ,  but  it a l s o  reduces f a i l u r e s  in  the  dup l i ca t i ng  of tapes 
by au tomat ica l ly  providing the information needed t o  copy the tape.  

( 4 )  Two search  and r e t r i e v a l  programs have been developed (Warren 
and Sheridan 1981) f o r  the  Catalogue of  S t e l l a r  I d e n t i f i c a t i o n s  (CSI) 
(Ochsenbein e t  a l .  19771, which conta ins  c ro s s  re fe rences  fo r  s t a r  num- 
be r s  from some 30 d i f f e r e n t  c a t a logs .  Following the prepara t ion  of a 
vers ion  of the CSI s o r t e d  by i nc rea s ing  r i g h t  ascens ion ,  a program was 
designed which accepts  e q u a t o r i a l  coord ina te  l i m i t s  and l i s t s  a l l  CSI 
s t a r s  loca ted  wi th in  the s p e c i f i e d  region.  This search  mode i s  u se fu l  
f o r  s e l e c t i n g  poss ib le  o p t i c a l  i d e n t i f i c a t i o n s  f o r  a l i s t  of sources 
which a r e  de tec ted  a t  o t h e r  wavelengths o r  which a r e  va r i ab l e .  

A second search  program accepts  DM and HD ca t a log  numbers and 
l i s t s  a l l  CSI s t a r s  wi th  the  s p e c i f i e d  input  i d e n t i f i e r s  belonging t o  
any of the  var ious  ca t a logs  connected t o  the  CSI. Ind iv idua l  da t a  s e t s  
a r e  c r ea t ed  and s t o r e d  f o r  each ca t a log  d e s i r e d ,  so  t h a t  each one can 
be read by a subsequent program t o  r e t r i e v e  d a t a  from the  corresponding 
source ca t a log .  I d e a l l y ,  t h i s  r e t r i e v a l  system w i l l  develop i n t o  a 
t o o l  by which da t a  from any number of source ca t a logs  can be s e l ec t ed  
i n  a s i n g l e  run through a l i n k  t o  the  CSI. 

( 5 )  Five ca t a logs  (SAO S t a r  Catalog,  Revised New General Cata- 
logue of Non-Stellar Astronomical Objec ts ,  Reference Catalogue of 
Br igh t  Galax ies ,  Two-Micron Sky Survey and E) have been so r t ed  by 
Palomar (and ESO/SRC) Sky Survey p l a t e  a r e a s ,  as descr ibed by Mead and 
Nagy (1977). For a given s e t  of coord ina tes  the computer provides a l l  
the  p l a t e  numbers on which t h i s  pos i t i on  can be found. These p l a t e  
a r ea s  can be immediately accessed ,  and l i s t i n g s  and p l o t s  of any o r  a l l  
of the o b j e c t s  from the  f i v e  ca t a logs  generated.  

(6) Software has been developed t o  r e t r i e v e  the f u l l  da t a  en t ry  
f o r  HD s t a r s  from any of the  eleven ca t a logs  included in  the Goddard 
Cross Index in  a s i n g l e  computer run (Mead and Nagy 1977). Another 
c ro s s  index which has proved t o  be p a r t i c u l a r l y  u s e f u l  i s  the  HD-DM-SAO 
Cross Index ( ~ a g y  and Mead 1978). 

CONCLUSION 

The ADC i s  cont inu ing  t o  provide these and o the r  d a t a  r e t r i e v a l  
r ou t i ne s  t o  GSFC astronomers and t o  the  astronomical  community on a 
r eques t  bas i s .  With an upgraded Goddard computer ava i l ab l e  l a t e r  t h i s  
yea r ,  we expect  t o  have more d a t a  s e t s  on l i n e ,  such as the CSI, in  
o rde r  t o  make i n t e r a c t i v e  r e t r i e v a l  sys  tems r e a d i l y  a v a i l a b l e  t o  anyone 
who wishes t o  access  d a t a  d i r e c t l y  by d i a l i n g  up the  GSFC computer. 
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