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Spe ctrograph s  colle ct e xpos ure s  on plate s

Im aging cam e ra colle cts  data in runs  along s tripe s .
Each  CCD h as  a filte r and a cam e ra colum n.
Th e  data acq uis ition s ys te m :
  s plits  data from  a CCD into fram e s ,
  and s tore s  e ach  fram e  in a raw  fits  file .

Th e  s pe ctro pipe line :
 * com bine s  e xpos ure s  from  one  nigh t,
 * e xtracts  s pe ctra from  e ach  fibe r,
 * m ak e s  s cie nce  m e as ure m e nts  on e ach  
s pe crum ,
 * s tore s  output in file s  according to 
obs e rvation date , plate , and fibe r.

Th e  im aging pipe line :
 * corre cts  fram e s  for dis tortions ,
 * m e as ure s  fram e  param e te rs  (e g PSF),
 * ide ntifie s  obje cts
 * m e as ure s  th e ir s cie nce  prope rtie s ,
 * calibrate s  ph otom e try us ing PT data,
 * s tore s  re s ults  in file s  bas e d on

run, cam e ra colum n, and fram e .

Th e  SQL loade r loads  pipe line  outputs  into an 
SQL databas e . Loade d data include s
s cie nce  and m os t obs e rvational param e te rs , but 
not all inte rm e diary re s ults ; data not loade d 
include s
 * corre cte d fram e s
 * point s pre ad functions
 * QA plots

Th e  Catalog Arch ive  Se rve r provide s  h igh  le ve l 
acce s s  to th e  data.
Th e  CAS doe s  not re q uire  dow nloading any data 
to pe rform  q ue rie s ; us e rs  s ubm it q ue rie s  us ing a 
w e b inte rface , and th e  databas e  s e rve r pe rform s  
th e  q ue ry. (Of cours e , m os t us e rs  w ill w ant to 
dow nload th e  re s ults  of q ue rie s .) Proce s s ing tim e  
and s torage  re s ource s  im pos e  s om e  lim its  on 
w h at q ue rie s  us e rs  can pe rform .
Eve n w h e n it is  too h igh  le ve l to contain all th e  
de s ire d data, q ue rying th e  CAS is  ofte n th e  be s t 
w ay to de te rm ine  w h ich  file s  in th e  DAS contain 
th e  data of inte re s t.
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A Typical Us e

A colle ction of linux boxe s  h os t th e  
RAID arrays  th at actually h old th e  
data, and s e rve  th e  data dire ctorie s  to 
th e  DAS s e rve r ove r NFS.

Each  data re le as e  h as  a corre s ponding 
dire ctory tre e  containing s ym bolic link s  
to th e  data th at is  part of th e  re le as e . 
Th e  dire ctorie s  cannot th e m s e lve s  be  
link s , be caus e  th e  s e rve d dire ctorie s  
ofte n contain data th at is  not part of th e  
data re le as e .

Apach e  and rs ync s e rve rs  provide  us e r 
acce s s  to th e  file s  in th e  data re le as e  
dire ctorie s .

Th e  DAS s e rve r is  its e lf a linux box, 
running uncus tom iz e d ve rs ions  of NFS, 
apach e , and rs ync.

A CGI s cript s e rve d by th e  apach e  s e rve r le ts  
us e rs  ge ne rate  lis ts  of URLs  or fully q ualifie d file  
nam e s  bas e d on th e  de s ire d type s  of file s  and 
de s ire d obs e rvations . Im aging obs e rvations  m us t 
be  de s ignate d us ing run num be r, cam e ra colum n, 
and fram e  num be r, and s pe cros copic obs e rvations  
m us t be  de s ignate d us ing plate  num be r, fibe r 
num be r, and obs e rvation date . Us e rs  can ide ntify 
obs e rvations  of inte re s t us ing th e  CAS, or bas e d 
on pos ition us ing an additional CGI s cript.

Th e  Data Arch ive  Se rve r

File  Sys te m s  and Large  Dire ctory Structure s
To publis h  a ne w  data re le as e  on th e  DAS, w e  m us t ge ne rate  a dire ctory 
s tructure  containing s ym bolic link s  to e ach  of th e  file s  th at cons titute  th e  
data re le as e . (Link s  to dire ctorie s  are  not acce ptable , be caus e  th e  
dire ctorie s  h os ting th e  data m ay contain data th at is  not part of th e  data 
re le as e .)
Th is  appare ntly s im ple  tas k  is  s urpris ingly tim e  cons um ing; ge ne rating th e  
populate d dire ctory s tructure  for th e  fifth  data re le as e , containing 14 m illion 
file s , took  m ore  th an 24 h ours . Th e  file  s ys te m s  w e  trie d (e xt3 and xfs ) are  
be tte r optim iz e d for file  cre ation th an de le tion, s o re m oving an e xis ting data 
s tructure  w as  e ve n m ore  tim e  cons um ing. Re s toration of th e s e  dire ctory 
s tructure s  from  back up or re ge ne ration to corre ct e rrors  w as  th e re fore  a 
proble m .
W e  find k e e ping e ach  data re le as e  on its  ow n partition, and us ing a raw  dis k  
dum p of th e  partition as  a back up, to be  a m ore  practical s olution.

Data Re le as e  5 and s upple m e ntal runs  
contain ove r 12Tb of data in 17 m illion file s , 
including (but are  not lim ite d to):
* Corre cte d im age  fram e s  
* Color jpe g im age s  (unbinne d and binne d)
* Catalogs  of obje cts  found in e ach  im age
* Extracte d and calibrate d s pe ctra
* Param e te rs  m e as ure d from  th e  s pe ctra
* As trom e tric calibration data 
* Ph otom e tric calibration data 
* Plots  of th e  s pe ctra
* QA Plots
Th e  dire ctory s tructure  organize s  data by 
obs e rving param e te rs , and doe s  not m ak e  
s e arch ing bas e d on s cie nce  crite ria e as y.
File  form ats  and conte nts  are  not alw ays  
conve nie nt to us e rs . W h ile  m os t file s  follow  
fits  s tandards , th e re  are  e xce ptions , and in 
m any cas e s  prope r inte rpre tation of th e  file  
conte nts  re q uire s  de taile d k now le dge  of th e  
proce s s ing pipe line s . Supporting th e ir us e  
by th e  public re q uire s  e xte ns ive  
docum e ntation and e ffort by th e  SDSS h e lp 
de s k .

Ve rification and Validation of a Data Re le as e
To e ns ure  th at w e  are  s e rving th e  corre ct data, w e  h ave  cons tructe d tools  th at:

- ve rify th at all file s  th at s h ould be  s e rve d by th e  DAS are  pre s e nt,
- ve rify th at no file s  th at s h ould not be  s e rve d are , and
- ch e ck  e ach  file  be ing s e rve d for corruption.

Adm inis tration tools  re ad th e  de finition of th e  data re le as e  from  a colle ction of param e te r 
file s , and ge ne rate  a lis t of dire ctorie s  and th e ir conte nts  bas e d on th at de finition. In e ach  
dire ctory, th e  tools  ge ne rate  and m aintain a “file  lis t file :” a lis t of file s  th at s h ould be  pre s e nt 
in th at dire ctory and th e ir e xpe cte d ch e ck s um s , and s tore  a lis t of th e  file  lis t file s  th at de fine  
th e  conte nts  of all dire ctorie s  in th e  data re le as e . Autom ate d tas k s  th e n ch e ck  th e  conte nts  
and ch e ck s um s  of file s  s e rve d by th e  DAS agains t th e  file  lis ts .
Th is  approach  h as  s e ve ral draw back s , s om e  of w h ich  m ay be  addre s s e d in future  re le as e s . 
Firs t, corrupt file s  do not alw ays  ge t re place d by file s  ide ntical to th e  originals . Som e  file s  are  
re ge ne rate d rath e r th an re s tore d from  back  up, in w h ich  cas e  th e  data conte nt w ill be  th e  
s am e  but date s  in h e ade rs  m ay diffe r. Th e  file  lis t cannot be  us e d to ve rify th at th e  data 
conte nt h as  not ch ange d, and m us t be  update d w h e ne ve r th is  occurs .
Th e  calculation of th e  ch e ck s um  in a s e parate  s te p from  file  ge ne ration introduce s  a s e cond 
flaw : it is  pos s ible  for th e  file  to be com e  corrupt be fore  th e  ch e ck s um  is  calculate d.
Finally, th e  s torage  of validation inform ation in a cus tom  form at re duce s  th e ir us e fulne s s  to 
us e rs .
Se ve ral alte rnate  approach e s  addre s s  s om e  or all of th e s e  proble m s . Our fits  w rite r could be  
m odifie d to include  ch e ck s um  inform ation in h e ade rs . Alte rnate ly, it could be  m odifie d to 
com pre s s  output file s  us ing GNU gz ip, w h ich  include s  a ch e ck s um . Unfortunate ly, ne ith e r of 
th e s e  approach e s  are  practical for e xis ting data. Th e  cus tom  ch e ck s um  file  form at could be  
re place d by m d5s um  output, w h ich  w ould re s ult in a s tandard form at w ith  m inim al 
m odification of our tools , but w ould only addre s s  th e  las t of th e  k now n proble m s .

Future  Dire ctions
W h ile  m os t us e rs  of th e  DAS re trie ve  only a h andful of file s , a h andful of us e rs  re trie ve  large  fractions  of th e  available  data. Th e s e  us e rs  are  typically ge ne rating local full or 
partial m irrors . Th e  re ce iving s ite s  are  ofte n ove rs e as , w h ich  can s low  th e  alre ady long trans fe rs . W e  are  e xploring th e  us e  of “P2P” s oftw are , particularly bitTorre nt, to tak e  
advantage  of e xis ting m irrors  to im prove  th e  dow nload tim e  by allow ing clie nts  to re trie ve  diffe re nt parts  of th e  data re le as e  from  diffe re nt m irrors .
W h ile  bitTorre nt appe ars  prom is ing, s e ve ral ch alle nge s  m us t be  m e t. Th e  data re le as e  m us t be  divide d into “torre nts ,” w h ich  in turn m us t be  divide d into “pie ce s .” In th e  
clie nts  w e  h ave  s tudie d s o far, m e m ory availability lim its  th e  num be r of pie ce s  a clie nt can m anage , th e  s iz e  of e ach  pie ce , and th e  num be r of torre nts  m anage d. For 
bitTorre nt to be  us e d, w e  w ill ne e d e ith e r to be  ve ry care ful in th e  cons truction of our torre nts , or cons truct a clie nt th at m anage s  m e m ory diffe re ntly.
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