DRAFT of Proposed Data Standar the APS
Jon Tischler, ORNL & UN:i;«'CA

INTRODUCTION

For the past ~15 years I have been taking data at synchrotron radiation f:
approximately 10 different data file "standards". Each standard was, of co ] que to a particular program. At
interesting; but about 12
mch. Rad. Instr. Conf. (at
ta descriptive file for

first, writing a program to read in the data file and output one that I
years ago I stopped enjoying it. 10 years ago I presented a short paj
BNL) describing a possible data standard based on the ISO-8211 (Speciﬁcati'(')' otad
information interchange). This was thoroughly ignored; even I did not implement it. Although the ISO-8211
standard is still there, the HDF data standard now exigts, énd it is supported by the National Center for
Supercomputing Applications (NCSA), and many nalysis programs. The existence of HDF libraries in C and
FORTRAN for many different computer system s, Mac, DOS,...) make it an obvious first choice. With
existing libraries, we have less to do, and it m ;

Other standards exist for data files. The netCDE Vi ients that make it very attractive for storing
@ other informative attributes. Unfortunately

netCDF provides no way to group data . re is no mechanism for measuring 6 scans of {theta, 2theta,

The HDF standard stores values as &il
most of the scanned data appears to be t
However, vdatas have no means for identifying thi
which is way to group
ke

ch as the rank of the data, axes, or units, etc. HDF, also has
(and anything else) together. This allows HDF to form data

something called a vgroup,

into scans, so multiple sc

like a netCDF variable with the abil
these SDS's into_s¢ vhich will be'ca

n /HDF/HDF3.3r3/

: "HDF_getting_started" and the "HDF.Vset" manuals. Without Vset, HDF is rather
store images, large groups of numbers, and text. It needs Vset to specify relations between
things (like pieces of information together into a scan).

In writing this Stdndard, the deciding factor at all times has been to organize the data so that it can be easily
read and plotted by a generic program (not just by a specialized program customized to a particular
experiment). This was the key factor used when closing among the various approaches possible with HDF.
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CREATION of the DATA FILE

The method chosen for data storage is designed to make as much use as possible of :t_he.HD ndard which reduces

the number of extra definitions. Thus just about everything is to be stored as a Scientific.
individual scans are to be Vgroups with the sequential names entry1, entry2, entry3

The steps for making a data file are:
D) Open and initialize the file for writing for both Vgroups and SDS.
A) Create Vgroup named "entry_default"
1) Insert SDS's with global defaults
2) detach "entry_default"
B) Create a Vgroup named "entry1"

add to "entry1"
ation

1) Add SDS's for simple parameters (not scanne
2) Create Vgroup "datal" to hold the scanne

a) Create an SDS for each scanned vari ropriate attributes to it)

b) add special attributes (axis, signal
¢) detach "datal"
3) detach "entryl"
O) Create a Vgroup named "entry2"

L)t scanned variables

1) repeat steps 1-3 from B
D) Continue creating and filling "entr
E) Close the file

OUTLINE of a T DATA FILE

Useful variables to predefine, sin

#define VERSION "O.
#define LOCATION "NSL
#define PROG_NAM "ORDIF
#define MAX_ SDS_LEN 23
#define MAX_M
int32
int32
int32
int32

/* maximum allowed length of an SDS name */
_/* maximum allowed length of a motor name*/

0} ; /* max possible rank defined at start*/
o flag non-existent data */

int16 on ‘one, used with DENT_INTI16 */
char *f% ' pdg may20.hdf";
char Public";
hemistry Dept.\nBerkeley U.\n CA 11111%;
= 555 12,1 2.
555273 " »
The £ file is to open it, and set it up for HDF access by both the SD and Vgroup interfaces.
_name, DFACC_CREATE); /*file name is "pdg may20.hdf" */

ame , DFACC_RDWR, 0) ;

Add global attribu ¢ file that apply to the entire file.

1 = SDsetattr({sfid, "file_name",DFNT_CHARS8, strlen(file_name), file_name) ;
SDsetattr(sfid, "version",DFNT_CHARS, strlen(VERSION) , VERSION) ;
SDsetattr (sfid, "MAX_SDS_LEN",DFNT _INT16,1,MAX_SDS_LEN) ;

i,
i
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i= SDsetattr(sfid,"MAX_MOTOR_LEN“,DFNT_INT16,l,MAX_MOTOR_LEN);

Create the Vgroup named "entry_default” to hold all of the information for the first entry. e

vgN = Vattach(vfid, -1, "w");
Vsetname (vgN, "entry_default"); /* this name is required */

Vsetclass (vgN, "APS_default") ; /* this class is require

id = -1;

Create the SDS's to get default values.

sid[++1d]
sid[++1d]

sdstring(sfid, "location", LOCA
gdstring (sfid, "user_name",use

1 = SDsetattr(sid[id], "user_mail",DFNT_CHARS,strlen(tiser_mail),user_mail);
1 = SDsetattr(sid[id], "user_emaill,, DFNT_CHARS,strlen(user_email), user_email);

i = SDsetattr(sid[id], "user_phone
1 = SDsetattr(sid[id], "user_fa

gsid[++1d]
sid[++1d]

Group the SDS's into the entry_defanlt grou
for (i=0;i<=id;i++) Vaddt
Vdetach (vgN) ;

Create a Vgroup named "entryl" to ho

vgN = Vattach{vfid, -
Vsetname (vgN, "entryl
Vsetclass (vgN, "APS_entry

id = -1;

Create an SDS to describe

sid[++1d]
sid[++1d]
sid[++1d]
sid[++1d]
sid[++1d]
sid[++1d]

SDsetdat

Shuy

DFNT_CHARS, strlen (user_phone) ,user_phone) ;
PFNT_CHARS8, strlen(user_fax),user_fax);
m_name", PROG_NAM) ;

ctometer", "eulerian");

sdstring(sfid, "pro
sdstring(sfid, "di

"22-feb-1996") ; /* required */

213 : 5959 ;12" UWT" ) /* required */
nELy analysis", "diffraction/misc");
sdstr id, Mentry_ intent","data");  /*required */
id,"sample", "BiAsO on graphite #12345");

rometric pressure", "atmosphere", "%.3","");
0,NULL,diml, &hutch_pressure) ;

e = 27.5;
reate (sfid, "hutch_temperature ",DFNT_FLOAT32,1,diml);
[id], "room temperature", "Cels us","%.2","");

., start0,NULL, diml, &hutch_pressure) ;

(sfid, "temperature",DFNT_FLOAT32,1,diml) ;
(sid[id], "temperature", "Kelvin","%.3","");

= 8.047;

SDhcreate(sfid, "mono_energy", DFNT_FLOAT32,1,diml);
rs(sid[id], "energy", "kevV","%.4","");

(s1d([id], start0,NULL,diml, &mono_energy) ;
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Make a group to hold the scan, and write the scan data. This is a theta-2theta scan:wi ! 1 points). The
scan range is from theta=[10,20], and 2theta=[20,40].
vgD = Vattach(vfid,-1,"w");

Vsetname (vgD, "datal"); /* ALWAYS "datal", even for "entry2" */
Vsetclass (vgD, "APS_scan"); /* this class name required */ '
Did = -1;

dims[0] edge{0] = = 51; /*scan of 51 points, rank is 1 */

Dsid[++Did] = SDhcreate(sfid, "theta",DFNT_FLOAT32, 1
SDsetdatastrs(Dsid[Did], "theta", "degrees", "%.3"
lo = 10.; hi = 20.; SDhsetrange(Dsid[Did], &lo
SDsetattr (Dsid[Did], "axis",DFNT_INT16, 1, &oneléb) ;
SDsetattr (Dsid[Did], "diffract_axis",DFNT_CHARS, 1, "theta");
SDwritedata (Dsid[Did], start0,NULL, edge,

dims;

Dsid[++Did] = SDcreate(sfid, "2theta
SDsetdatastrs(Dsid[Did], "2theta", "
lo = 20.; hi = 40.; SDsetrange(Dsg
SDsetattr (Dsid[Did], "diffract_ax:
SDhwritedata (Dsid[Did], start0, NUL

DFNT_FLOAT32, 1, dims) ;

_S“ ll%.3lllllll);

gain = 1.e8;

Dsid[++Did] = SDcreate (sfid, ,DFNT_INT32,1,d1ms);

SDsetattr(Dsid[Did], "gain", FLO ,1,&gain) ;
SDsetattr (Dsid[Did], "I_mon NE, 1,NULL) ;
SDsetdatastrs (Dsi1d[Did], "p 1", "photons","%.3","");

SDsetcal (Dsid[Did], 12345.
/* calibration contains ic gain and absorptio _
SDsetattr (Dsid[Did], "serial_no" ,DEL
SDsetfillvalue(Dsid([Did],&all_ones) ;=
SDhwritedata (Dsid[Did}iz

6;
in "NT_INT32,1,dims) ;
NT_INT16,1,&onelé6);

absorption_corr =
Dsid[++Did] = SDcre
SDsetattr(Dsid[Did],
SDsetattr(Dsid[Didl, NT_INT16,1,&onel6) ;

SDsetattr (Dsid[Did], _corr",DFNT_FLOAT32,1, &absorption_corr) ;
SDsetattr (Dsi B, I DFNT_FLOAT32,1, &deadtime) ;

SDsetdatastrg
SDhsetfillval
Shwriteda

Dsid[++D +clock", DFNT_INT32,1,dims) ;
SDsetatt® { count_time",DFNT_NONE, 1,NULL) ;
SDsetdatastrs Did], "clock","1/262144 seconds","%.3","");
SDhsetfillvalu id], &all_ones);

SDwr gtart(0,NULL, edge, column5) ;
ke datal*/

Vaddtagref (vgD, DFTAG_SDG, SDidtoref (Dsid[i]) ) ;

+) Vaddtagref (vgN,DFTAG_SDG, SDidtoref (sid[i]));
AG_VG,vgD) ;
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Repeat for each following entry

vgN = Vattach(vfid,-1,"w");
Vsetname (vgN, "entry2") ;
Vsetclass (vgN, "APS_entry") ;
1d4=0;

€ECuwn

for (i=0;i<=id;i++) Vaddtagref (vgN,DFTAG_SDG, SDi
Vaddtagref (vgN, DFTAG_VG, vgD) ;
Vdetach (vgN) ;

Finally close the file

SDhend (sfid) ;
Vend (vfid) ;
Hclose (vEid) ;

SDsetattr(sid[id], "axi I
SDsetattr (sid[id], % v",DENTINT16,1, &onel6);
SDsetattr (sid[id], 18 NT16,1, &onelé6) ;
SDgetattr(sid[id], FNT_NONE, 1,NULL) ;
SDsetattr(sid[id], T_NONE, 1, NULL) ;

ime in seconds was set by a "units" attribute to "sec". Also, the

detector column was identifi
variable(s) for plotting and "s

" and "signal". The attribute "pritzary"” flags the preferred

, "scint",DFNT_INT32,1,dims) ;
_ ,DFNT_INT16,1,&oneléb) ;

) ; [} lambda n "photons " " % R O 1] , wn ) 1
'D31d[D1d] &all ones)

d[Did], start0,NULL, edge, column4) ;

++) |
= exp(-column6[i]/262144./deadtime)) ;
column4[1]/column3[l] * gain * absorption_corr * dt;

Dcreate(sfid, "corrected_signal®,DFNT_INT32,1,dims) ;
"lambda/icl*gain*absorption_corr/ (l.-exp(-columné[i] /262144./deadtime)));
4d[Did], "eguation",DFNT_CHARS, strlen(equation),equation);
id[Did], "primary",DFNT_INT16,1, &onelé6);

rs(Dsid[Did], "reflectivity", "absolute","%.5","");

SDwritedéta(Dsid[Did],startO,NULL,edge,column6);
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labeled signal=1, signal=2, .. .and only one column labeled with primary=1. A va
axis indicates no meaning. This allows the primary, signal, and axis attributes to
anything.

preset, they are primary signal, and axis.

require name Description

X primary identifies primary variable(s) f¢ Siting. 1=most important, 2=less important, ...

to be plotted. (value is importance)

& signal most likely measured data chan

. axis preferred independent axeg,forplotiing, 1

axis, 2=y-axis, ..., up to at least rank of
data. Value of axis can g

of data. e.g. axis=1 or 2 for surfaces.
. FWHM_S5).

Value can exceed the rink for labeling purp

These named attributes are used to identify th dof individual SDS's. This provides the plotting and analysis

programs a means to process the data.

This indirect reference method (using signd 15) was chosen since there may many input channels that

are collected in each scan, and the "primary" "sig ‘hange depending upon what the user is interested in for
that scan. For example, the user has both a scintillato diode operating. "signal” will be "scintillator" or
hus when "signal" is "PIN", the PIN column should

ent-variables. For a scan in reciprocal space along the [010]

"PIN" depending upon which det i at the momen

be plotted. The same reasoning
direction where h,k,1,theta,2theta,chi

P ;it is necessary to identify that the k column is best choice
for x-axis. If the scan were along the [01

then a computed axis (not actually measured) would be the
best choice.

izsé;_ribed in the "udunits" file available with the netCDF
ilities that can do unit conversions.

Note on attribute "uni
documentation. Also

, char *sd_name,char *string)
nly contains a single char string */

ring) ;
(sfid, sd_name, DFNT_CHARS, 1, &dim) ;
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DEFAULTS

it is possible to include them while maintaining a legal HDF file. Since t
HDF standard generic HDF programs (such as Mosaic, Spyglass

Create Vgroup r:amed "entry_default”, and
A) Create an SDS of minimal size (rank=

B) Repeat from A for the next SDS na
O Attach these SDS's to the vgrou
D) detach "entry_default”

niry_default”

The rule for defaults is that if an SD

a defaulf attribute in "entry_default", then that attribute applies unless
explicitly overridden in the entry wi {

. In general the value of an SDS is not defaultable. However, for
an SDS such as "program_name" which nge in a file and is not analyzable, it may be used. Do not
default an SDS such a the theta axis, since this
HDF does provide for a type.of

the axis is assumed to be gl

confuse generic plotting programs. There is one place where
1t. When axes are, defmed for an SDS by a call to SDsetdimscale, the name of
that use an axis of that name. Thus when using a CCD with axes

defined as length in mm, on s necessary even if many CCD images are saved.

a default attributes.

/* this name is required */
/* this class is required */

create(sfid, "theta",DFNT_FLOAT32,1,diml) ;
SDseta '_d] ,"diffract_axis",DFNT_CHARS,1, "theta");

e(sfid, "2theta",DFNT_FLOAT32,1,diml) ;
diffract_axis",DFNT_CHARS, 1, "2theta");

SDereate(sfid, "h",DFNT_FLOAT32,1,diml) ;
id],"diffract_axis",DFNT_CHARS8,1,"hl");

create(sfid, "k",DFNT_FLOAT32,1,diml) ;
'[id],"diffract_axis",DFNT_CHARS,1,"kl");

- SDcreate(sfid, "1",DFNT_FLOAT32,1,diml) ;
id[id], "diffract_axis",DFNT_CHARS,1,"11");

for (i=0;i<=id;i++) Vaddtagref (vgN,DFTAG_SDG, SDidtoref (sid[i]))
Vdetach (vgN) ;
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APPENDIX A
entry analysis

entry_analysis, allowed values are:

entry_analysis description

diffraction/misc for data scans along theta,hkl,Q.., i | space stuff.
diffraction/peak like diffraction/misc, but requests peak analy; :
diffraction/powder only for powder diffraction scans

crystallography mostly integrated in ' sities, scans may or may not be stored

XAFS/EXAFS EXAFS

XAFS/XANES XANES

XAFS/misc everything el: _
DAFS/EXAFS Just like EXAFS, but in diffractio
DAFS/XANES

DAFS/misc

NONE

entry_intent, allowed values

entry_intent description

alignment

calibration

data

status J|.status of 6mething, no analyzable information (e.g.. slit status)

| mis¢ellaneous

‘generic beamline testing (not data)

nt and entry_analysis:

1alysis's is based on the kind of automatic analysis that 1ight be applied. Itis nota
r example, data identified as EXAFS might be automatically put through routines
ove the edge jump, do the spline, and Fourier transform. Such automatic treatment
ate for powder diffraction data. Thus "entry_analysis" is intended to be used to

1on of data, not to describe the science. "entry_intent” is intended to separate the data
from the many alignment scans that one does. It allows the experimenter (at some later time) to request

plotting of only the usable data, or just the calibration peaks, ...

8 August 19, 1994 Proposed Data Standard for the APS (v6)



APPENDIX B

COMPLETE LIST of DEFINED SDS NAMES:

Names listed in bold are required, everything else should be implemented as néeded:- The first group of SDS's
should not be part of a "datal" group, the second group can be placed anywhere in the ehtry. '

SDS name type
hour CHARS8 VA
r. 3 Fo
-2  PDER or -
date CHARS
ex. 1D
user_name CHARS
location CHARS8 Wh
ex. "NSLS:X23"
title CHARS A title; something you would like to see on a plot. A good thing to
D re is the reason for this particular scan.
£X easure mosaic width"
sample CHARS8 Name or identifier for the current sample
ex. "BiAsO on graphite #12345".
program_name CHARS.: =& Name of program writing this data. Use attributes for version.
ex. rdif"
command_line CHARS Command line used to initiate the current scan
ex. "scan energy from 10 to 10.3 keV, 10 steps"
ABORT [.CHARS | Flags a scan that was aborted. This is mandatory for incomplete or
aborted scans. It should not be present for properly completed scans.
Use the text part to indicate what was wrong, e.g.. "forgot to open
shutter", or "hard limit on theta".
ex. "hard limit on monochromator®
constraint Describes what is held constant by the scan (useful on plots). The
default assumption here is based upon the particular experiment.
ex. "chi=25" or "hkl=(0 0 1.2), Ef=30 meV"
CHARS Flags preference for plottable data. Currently defined types are line,
3d, contour, and image. This tag is not required since the structure
of the data itself suggests a default. i.e. a raster image should default
to a picture, a 1-d scan defaults to line plot, etc.
ex. "image"
3*FLOAT32 The hkl that best describes the scan. May even be used when doing
an hkl scan, since this would be used to identify the reflection
scanning near. Useful for sorting and labeling.
ex. {1;1,1.5} or {8,1,1}
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hkl_surf 3*FLOAT32 The hkl of the surface normal.
ex. {1,1,1.1}

orient_matrixl 9*FLOAT32 First orientation matrix (orient_matfi
{ull,u21,u31, ul2,u22,u32,”

unit_celll 6*FLOAT32 First unit cell a,b,c (set units), alpha{‘l»)e‘t;a gammzi_
ex. {5.431,5.431,5.431,90,90 1

unit_cell_errl 6*FLOAT32 The errors associated with flI‘St unit cell”
gamma in degrees.

ex. {.0011,.0013, .OOl‘,

eters a,b,c, alpha beta

Fl 2*FLOAT32 The complex structure factor for unit_celll. For units, use either
"electrons” or thé scattering length.

ex i, with "units" = "electrons"
, with "units" = "fm"

hk1N1

diffractometer CHARS

mono_type CHARS8
| 1) double crystal, focused"

mono_dspace FLOAT32 nochromator, include units.

6 with  "units" = "nm"

analyzer_dspace FLOAT32 dspacing of analyzer, include units
ex. 3.1356~

"units" = "Angstroms"

SDS's should not be in a "datal" group, the following may
ere, as appropriate.

hutch_pressure FLOAT32% i Local barometric pressure, useful if you want absolute information
from ion chambers. (be sure to set the units!).

7760.1, with "units" = "torr"

re | FLOAT32 Air femperature inside of hutch. Include the units!
. 28.3, with "units" = "Celsius"

FL@A’I‘BZ The sample temperature at start of scan. If you don't have a furnace

| or refrigerator, this is probably of no use at all. Include the units.

temperature

ex. 123.7 with "units" = "Celsius"

Pressure of sample. This is not for storing the atmospheric pressure
(see hutch_pressure). Include the units.

pressure

ex. 2.3 with "units" = "bar"

The monochromator energy. Include units.
ex. 8.3124 with "units" = "kevV"

mon

rgy

FLOAT32 The monochromator wavelength. Include units.
ex. 1.5224 with '"units" = "Angstroms"

analyzer_energys | FLoaT32 The analyzer energy. Include units!
ex. 8.3122 with ‘"units" = "keV"
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analyzer_ denergy |FLOAT32 (analyzer energy) - (monochromator'energy): - Include units

ex. —200 with "unit
analyzer wavelength | FLOAT32 The analyzer wavelength. In

ex. 0.15224 with "unit
B_field 3*FLOAT32 Magnetic field applied to sar 5.

ex. {0.5, 0., 0.} Ww units" = "tesla"
ring_current FLOAT32

ex. 770., with " -
ring_energy FLOAT32 storage ring energy, includ At start of scan.

ex. 7.1, with "units® = "GeV"
undulator_gap FLOAT32 Undulator gap, include the units.

ex. 7.1, with "units" = "mm"
undulator_energy |FLOAT32 Undulator peak energy, include the units.

i = "kev"

xray_tube_volitage | FLOAT32
xray_tube_current | FLOAT32 Curreht.on an xray tube (not for synchrotrons).

0, with "units" = "mA"
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