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ICESat2-­‐Style	
  HDF5	
  CharacterisKcs	
  

•  HDF5	
  grouping.	
  
•  Science	
  data	
  stored	
  as	
  HDF5	
  chunked	
  datasets	
  
with	
  CF	
  aMributes	
  and	
  internal	
  Gzip	
  compression.	
  

•  Ancillary	
  Data	
  stored	
  as	
  HDF5	
  compact	
  datasets	
  
with	
  CF	
  aMributes.	
  

•  Embedded	
  metadata	
  sufficient	
  to	
  generate	
  an	
  
ISO19115	
  representaKon	
  stored	
  in	
  HDF5	
  group/
aMribute	
  structure.	
  

•  Best-­‐effort	
  netCDF-­‐extended	
  compaKblity.	
  



The	
  Challenge	
  
•  ICESat2	
  is	
  a	
  research-­‐class	
  mission	
  with	
  many	
  
data	
  products	
  (16+)	
  and	
  many,	
  many	
  parameters	
  
per	
  product.	
  

•  Parameters	
  may	
  be	
  passed	
  from	
  one	
  product	
  to	
  
another.	
  It	
  would	
  be	
  nice	
  to	
  make	
  changes	
  in	
  one	
  
place	
  and	
  have	
  that	
  change	
  reflected	
  wherever	
  
appropriate.	
  

•  The	
  ability	
  to	
  trace	
  parameters	
  through	
  products	
  
would	
  be	
  very	
  nice.	
  

•  ImplemenKng	
  CF	
  aMributes	
  &	
  ISO19115	
  
metadata	
  -­‐-­‐	
  that’s	
  a	
  lot	
  of	
  code	
  to	
  write!	
  



A	
  SoluKon	
  

•  A	
  web-­‐based	
  product	
  data	
  dicKonary	
  
(database)	
  to	
  store	
  and	
  maintain	
  relaKonships	
  
between	
  files/groups/aMributes/parameters	
  
(mySQL/PHP	
  :	
  h5es_builder).	
  

•  A	
  uKlity	
  program	
  to	
  read	
  output	
  from	
  the	
  
product	
  database	
  and	
  create	
  a	
  HDF5	
  template	
  
(Fortran	
  :	
  h5es_creator).	
  



Component	
  DefiniKons	
  
•  Files	
  

–  A	
  science	
  product	
  implemented	
  in	
  HDF5	
  
•  Groups	
  

–  HDF5	
  groups	
  
•  AMributes	
  

–  HDF5	
  aMributes	
  
•  Parameters	
  

–  Datasets:	
  chunked/zipped	
  HDF5	
  primary	
  datasets	
  with	
  aMached	
  CF	
  aMributes	
  
–  Dimension_Scales:	
  HDF5	
  dimension	
  scales	
  with	
  aMached	
  CF	
  aMributes	
  
–  Ancillary_Data:	
  Data	
  ancillary	
  to	
  the	
  primary	
  data	
  (ie:	
  NASA	
  

addiKonal_aMributes).	
  Stored	
  as	
  HDF5	
  compact	
  datasets	
  with	
  aMached	
  CF	
  
aMributes.	
  

•  Blocks	
  
–  Saved	
  presets	
  for	
  commonly	
  used	
  structures	
  



HDF5	
  DescripKon	
  File	
  
•  Created	
  from	
  h5es_builder	
  database.	
  
•  Excel-­‐friendly	
  TAB-­‐delimited	
  text	
  file	
  that	
  
describes	
  an	
  ICESat2-­‐style	
  HDF5	
  file.	
  

•  Import/Export	
  Capability	
  



HDF5	
  Templates	
  

•  H5es_creator	
  reads	
  the	
  HDF5	
  DescripKon	
  File,	
  
parses	
  it,	
  and	
  creates	
  a	
  corresponding	
  ‘HDF5	
  
template’	
  file.	
  

•  A‘HDF5	
  template’	
  is	
  a	
  valid	
  HDF5	
  file	
  with	
  all	
  
groups,	
  aMributes	
  and	
  datasets	
  created,	
  but	
  
no	
  (or	
  liMle)	
  data	
  values	
  filled-­‐in.	
  

•  CF	
  and	
  other	
  aMributes	
  are	
  filled-­‐in,	
  meaning	
  
no	
  code	
  has	
  to	
  be	
  wriMen	
  in	
  order	
  to	
  
implement	
  them.	
  



RelaKonships	
  
•  Files	
  contain	
  groups.	
  
•  File/group	
  combinaKons	
  contain	
  parameters.	
  
•  AMributes	
  may	
  be	
  aMached	
  to	
  file/group	
  
combinaKons.	
  

•  All	
  these	
  relaKonships	
  are	
  maintained	
  in	
  a	
  single	
  
table	
  of	
  linked	
  ids.	
  

•  Since	
  relaKonships	
  are	
  maintained	
  by	
  links,	
  
change	
  a	
  file/group/parameter/aMribute	
  in	
  one	
  
place,	
  and	
  it	
  is	
  essenKally	
  updated	
  in	
  all	
  places	
  it	
  
is	
  used.	
  



FuncKons	
  Implemented	
  

•  Full	
  database	
  with	
  PHP	
  web-­‐based	
  interface	
  and	
  
relaKonships	
  defined	
  by	
  linked	
  lists.	
  

•  MulKple	
  project/database	
  support.	
  (ie:	
  ISO	
  metadata	
  is	
  
big	
  enough	
  to	
  need	
  its	
  own	
  database)	
  

•  Import/Export	
  HDF	
  DescripKon	
  Files	
  (Excel).	
  
•  Create	
  HDF	
  Template	
  File	
  
•  Generate	
  IDL	
  &	
  Fortran	
  example	
  code	
  to	
  fill	
  HDF	
  
Template	
  File	
  with	
  random	
  numbers.	
  

•  Provide	
  support	
  rouKnes	
  for	
  example	
  code	
  and	
  derived	
  
science	
  algorithms.	
  



Workflow	
  



Workflow	
  (in	
  Text)	
  

•  Product	
  designers	
  work	
  with	
  database	
  interface	
  and/or	
  
HDF5	
  DescripKon	
  Files.	
  

•  Once	
  saKsfied,	
  they	
  generate	
  a	
  HDF5	
  Template	
  and	
  
example	
  code.	
  

•  A	
  programmer	
  takes	
  the	
  example	
  code	
  and	
  merges	
  it	
  
with	
  science	
  algorithms	
  to	
  create	
  a	
  PGE.	
  

•  The	
  PGE	
  “fills-­‐in”	
  the	
  template	
  with	
  science	
  data	
  values	
  
to	
  create	
  a	
  Standard	
  Data	
  Product.	
  

•  The	
  PGE	
  adds	
  metadata	
  from	
  a	
  metadata	
  template	
  
(that	
  has	
  been	
  created/maintained	
  with	
  the	
  same	
  
process	
  as	
  above.)	
  



The	
  Benefits	
  
•  Traceability	
  of	
  parameters	
  from	
  one	
  product	
  to	
  
another.	
  

•  Improved	
  consistency	
  between	
  data	
  products.	
  
•  Allows	
  for	
  rapid,	
  relaKvely	
  inexpensive	
  
modificaKon	
  of	
  data	
  products.	
  

•  Significant	
  reducKon	
  in	
  amount	
  of	
  code	
  wriMen.	
  	
  
– Will	
  create	
  an	
  unfilled	
  HDF5	
  template	
  file	
  with	
  NO	
  
coding.	
  

– Will	
  provide	
  code	
  fragments	
  from	
  the	
  generated	
  
example	
  programs	
  that	
  can	
  be	
  incorporated	
  within	
  
science	
  algorithms	
  (or	
  a	
  data	
  conversion	
  program).	
  



Hardware/Somware	
  Requirements	
  

•  Running	
  on	
  my	
  MacBook	
  Pro.	
  
•  Requires	
  MAMP/LAMP	
  stack	
  (or	
  equivalent)	
  
hMp://bitnami.com/stack/mamp	
  

•  Requires	
  gfortran	
  compiler	
  &	
  HDF5	
  library.	
  IDL	
  is	
  
opKonal.	
  

•  h5es_creator	
  requires	
  several	
  library	
  rouKnes	
  from	
  
ICESat-­‐2	
  codebase.	
  

•  All	
  code	
  necessary	
  to	
  fill-­‐in	
  HDF5	
  template	
  is	
  provided.	
  
•  No	
  security	
  implemented	
  (yet).	
  Don’t	
  allow	
  public	
  
access.	
  



Status	
  
•  90%	
  Implemented.	
  
•  Designed	
  for	
  a	
  very	
  specific	
  “flavor”	
  of	
  HDF5	
  
(ICESat-­‐2,	
  GLAS_HDF,	
  Mabel,	
  SIMPL	
  ).	
  

•  Intending	
  to	
  develop/maintain	
  to	
  level	
  necessary	
  
for	
  use	
  with	
  ICESat-­‐2.	
  

•  Would	
  be	
  really,	
  really	
  good	
  project	
  for	
  someone	
  
to	
  develop	
  further	
  and	
  make	
  non-­‐ICESat-­‐2	
  
specific.	
  

•  Need	
  to	
  figure	
  out	
  interface	
  for	
  dimension	
  scales.	
  
•  Need	
  to	
  test,	
  test,	
  test.	
  



A	
  Visual	
  Tour…	
  



The	
  Main	
  
Menu	
  



Main	
  Menu:	
  
Export	
  OpKons	
  

Import	
  
OpKons	
  



Files:	
  
LisKng	
  



Files:	
  
Fields	
  

Files:	
  
AMachment	
  
OpKons	
  



Files:	
  
Content	
  
LisKng	
  



Groups	
  :	
  	
  
List	
  



Parameters:	
  	
  
List	
  



Parameters:	
  	
  
Fields	
  



Parameters:	
  	
  
Trace	
  



AMributes:	
  
List	
  



AMributes:	
  
AMached	
  
to	
  a	
  Group	
  



Does	
  It	
  Work?	
  

•  Well,	
  so	
  far	
  so	
  good.	
  



Product	
  Database	
  DefiniKon	
  

è



Export	
  TAB-­‐delimited	
  Text	
  
	
  
(Excel	
  is	
  opKonal)	
  

è



Create	
  HDF5	
  Template	
  
And	
  open	
  in	
  H5View	
  

Lines	
  of	
  Code	
  WriMen=0	
  


