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Interactive Friction
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Interactive Friction (Take Il)
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Interactive Friction (Take lll)
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Issues

» Repetitive workflow

» Insufficient data persistence

» Poor integration with previous analysis (or operating system)
» Lack of automation (scripting)

»  No memory management

» Use of proprietary language

" NSLS-Il Workshop, April 19-21, 2010
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Interactive style
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Issues

» Inadequate data model
» Insufficient and inconsistent access to instrumental metadata

» Use of proprietary language
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Measurements of S(Q,w) at ISIS (Horace-mode)

[, 1, 8] 5 5 [@.1,0

Magnetic Fluctuations in MnSi
R.A.Ewings, T.G.Perring (ISIS) unpublished

NSLS-Il Workshop, April 19-21, 2010

[0, 0, @] 03883 LAt [@ 0, 0]in 1 A53F 041

Lattice vibrations in calcite (CaCOs3)
Beth Cope, Martin Dove (Cambridge) unpublished




Issues

» Never, ever, define a “temporary” file format.
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Problems to address

» Ensure that the workflow does not actively discourage data analysis

» Store the results of data analysis as long as needed (not limited by memory)

» Ensure that all relevant instrumental metadata is carried with the analysis

» Allow all repetitive actions to be scripted by the user

» Do not use proprietary languages and packages unless the functionality really demands it
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NeXpy - a Python-based approach

»  What NeXpy is not:
« acomprehensive solution to all the issues so far raised
« particularly sophisticated or novel

» What NeXpy is:
« atoolbox for manipulating and visualizing arbitrary NeXus data
a possible scripting engine for GUI applications
- ademonstration of the value of combining:
- a flexible data model
- a powerful scripting language

NeXus +
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SNS at ORNL ¢
NCNR at NIST
IPNS at ANL

APS at ANL
MLNSC at LANL
ISIS at RAL
Diamond at RAL
ILL in Grenoble

Solell in Paris

" JPARC in Tokal
Bl in Sydney }
SINQ at PSI ¢
HMI in Berin
FRM2 at TUM

» The NeXus International Advisory Committee represents 16 international facilities and
institutions

» If you want to use HDF5, there is no reason not to use the NeXus design principles

» If there are deficiencies in NeXus, join the NeXus mailing list and make a nuisance of
yourself
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NeXus Hierarchy

— QScanl (NXentry)

— QScan2 (NXentry)
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- usample (NXsample)
o QSAXS (NXinstrument)

— ]monitorl (NXmonitor)

— QmonitorZ (NXmonitor)

— Qdata (NXdata)
— %start_time

— Qsample (NXsample)

L SAXS (NXinstrument)

&8 &




Simplest NeXus File

— % counts
— QScan (NXentry) — Qdata (NXdata)
— olar_angle
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NXinstrument
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i NXsource

i NXmonochromator




NXdata Structures

counts[n,m] (signal=1, units="counts”,
axes="“[polar_angle,time_of_flight]”)

Qdata (NXdata) |— E‘ errors[n,m]

— E‘ time_of_flight[m] (units="“microseconds”)

olar_angle[n] (units=“degrees”)
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N

Array manipulation routines — NumPy v1.5.devB106 Manual (DRAFT)

i __ﬂ__;_h-_ A|A| -_:l-_:ﬁhttp:Hdr._:cs,scip’v.org!Fduc.fnumpy.frzfirem:e,JlmutinEs,afray-mapipulaliun.hlml ¢ | | Qr numpy [+ I:B |

Numpy and Scipy Documentation » NumPy Reference » Routines » previous | next | modules | index

Numpy | Array manipulation routines

Changing array shape

resnape (8, newshapel, order]) Gives a new shape to an array without changing its data.

ravel(a], order]) Return a flattened array.
ndarray.flat A 1-D iterator over the array.
ndarray. £1atten([Order]) Return a copy of the array collapsed into one dimension.
Table Of Contents Transpose-like operations
Array manipulation routines roliaxia(g, axis], starf])  Roll the specified axis backwards, until it lies in a given position.
Changing array shapel . 2
Transpose-like operations swapaxes (8, axis1, axis2) Interchange two axes of an array.
Changing number of ndarray.T Same as self.transpose(), except that self is returned if self.ndim < 2.
dimensions EABEBERA 1 i i i k.
Changing kind of array transpose(8[, axes]) Permute the dimensions of an array.
Joining arrays
Splitting arrays ; 3 3
Ting s Changing number of dimensions
Adding and removing r 5 . :
alements atleast_1d(*arys) Convert inputs to arrays with at least one dimension.
Rearranging elements atleast_24(*arys) View inputs as arrays with at least two dimensions.
Previous topic atleast_3d("arys) View inputs as arrays with at least three dimensions.
cusmpy bmat broadcast Produce an object that mimics broadcasting.
’ broadcast_arrays(*args) Broadcast any number of arrays against each other.
Next topic expand_dims(@, axis) Expand the shape of an array.
numpy.reshape squeeze(a) Remove single-dimensional entries from the shape of an array.
This Page . .
S Changing kind of array
Edit page asareayl(@[, dtype, order]) Convert the input to an array.
Quick search asanyarray(@[, diype, order]) Convert the i.nput toa ndarrfly. but pass ndarray subclasses through.
asmatrix(datal, dtype]) Interpret the input as a matrix.
Go asfarray ([, dtype]) Return an array converted to a float type.
Enter search terms or & module, asfortranarray(a[, dtype]) Return an array laid c_:ut in Fanan order in.memory_
class or funclion name. asscalar (&) Convert an array of size 1 to its scalar equivalent.

require(d[, dtype, requirements]) Return an ndarray of the provided type that satisfies requirements.

: . NSLS-1l Workshop, April 19-21, 2010




il
Determing Ei from monitors 2 and 3
|
subroutine get_Ei {Ei, aM, s_M, t M, b_M, d_HM)
'GET_SOURCES :COMCON . INC'
'GET _SOURCES :COMFOR . INC'
'GET_SOURCES :COMRUN . INC'
'"GET _SOURCES :COMIHS . INC!
include 'GET_SOURCES :COMTCE. IMHC!
include 'GET_SOURCES :COMRAK . THC!
real®d y_t{MAX_CHAM), e_t{MAX_CHAM), a_M{33, s_M{2:33, t_M{2:33,
real*d t_min, t_max, fwhm

ine Lude
inc lude
inc Lude
inc lude

b_M{Z:3}, d_M{2:3}

parameter {c = Z2E6.26, pi = 3.1415927)

Hnitialize peak =search range

if fEi .gt. B.E}) then
EM{2Z) = ¢ * d_M{2} / sqrt {Ei)}
tmin = 8.9 % £ M{2)
tomax = 1.1 % £ _M{2)

alse
tmin = 408
t_max = 12808

end if

lLoop ower two monitors
do im = 2,3

mnput MHoni tor data
call get_teb_time {time{m_det{i_ml)}
call getrawdata {1, spec{m_det{i_m}}, 1}
do i = 1,n_tc
dt = tedi+l) - telil

y_t{i} = rawdatafi} / dt
e_t{i) = rawdatafi} / dit+z
end do

IDetermine peak centres from a moment analuysis
call get_moments {n_tc, tc, u_t, e_t, tmin, t_max, a_M{i_m}
b i m 3
if {i-m .eq. 23 then
EMEE) = £ H(ZD # dM{3) / dM{2)

tmin = 8,95 % £_M{3}
t_max = 1.85 * t_M{3)
end if

end do
IPetform enargy caloulation
Ei = {{c* {dM{3-dM{2}}) / (M3 - £ M{Z00) #+ 2

return
aid

NSLS-Il Workshop, April 19-21, 2010

subroutine get_moments {n_tc,

Modi fied:
18/11/94 T.G.Perring

include "GET_SOURCES (COMCOM. IHC'

t, u_t, e_t, tmin, t_max, area, centre, sigma, fwhm, bkgd}

real®4 t{MAX_CHAM Y, y_t{MAX_CHAM}, e_t{MAX_CHAM), t_min, t_max, centre, sigma, area, bkgd

real*4 h, =p, =m, deriwv, error, dtp, dtm, dt, =min, =, dx, y, a8, al, a2, a3
integer+td4 p_te, i, imax, ip, im, nbkgd

IDetermine peak position — assume it lies between t_min and t_max
i =1

do while €i .lt. note .ond. t{i) .lt. tmin}
i=i+1
end do
h = 8.8
do while {i .lt. n_te .and. (i3 Jlt. t_max?
if fy_tfid .gt. h) then
b= y_tiid
imax = i
end if
i=i+1
end do
IDeterming width of peak
ip = imax
do while {ip .lt. n_te=2 .ond. u_t{ip} .gt. h/2}
ip=ip + 1
and do

if fy_tiip—1} .ne.

y_tiiph} then
tipd - C0{h2y — gtlipddy * {t{ipd - t{ip=13y / {u_t{ip—13 - y_t{iprid

®p =

elsa
#p = B.5 * (t{ip=13 + tlipi)

end if

im = imqx

do while €im .gt. 2 .ond. g_t{im?} .gt. k/2)
im=im - 1

end do

if fu_tiim+1) .ne.

y_tiim}y then
tlimy + (R — g tlimd) * (eCimtt) - t{imd ) / fu_tlimtl ) - g_t{im})}

Hm o=
else
#mo= B.5 % [t{im) + t{im+132
end if
fuhm = =p — =m
I0etermine time range for moment analysis - use deriwvatives to define peaks

deriv = —1600
error = B.68

do while {ip .le. n_tc-2 .ond. deriv .lt. —error)

L
ditp = 8.5 # {t{ip+2} - £{ipl}
dtm = 8.5 * {t{ip+1} — £{ip-1}}
deriv = a.S*{((g_tEiE+1}If g_E{ip}} f-dEE};+ {{g_tﬂip}xj u_F{ie—1}} fxqtm}ax

A el




Python API

» There are two levels to the Python API

« A one-to-one mapping of the C-API returning Numpy arrays (napi.py)

« A one-to-one mapping of the NeXus data objects into Python classes (tree.py)

>>> f=nexus.open("data/chopper.nxs")>>> f.opengroup("entry","NXentry")>>>
f.opendata("title")>>> f.getdata()'MgB2 PDOS 43.37g 8K 120meV EO@240Hz

TO@120HZ'

>>> f.closedata()
>>> f.closegroup()
>>> f.close()

NSLS-Il Workshop, April 19-21, 2010

>>> a=nexus.load("data/chopper.nxs")>>> a.entry.data.nxtree()data:NXdata data =
int32(148x750) @axes = polar_angle:time_of flight @Ilong_name = Neutron
Counts @signal=1 @units = counts polar_angle = float32(148)

@long_name = Polar Angle [degrees] @units = degrees time_of flight =[ 1900.
1902. 1904. ..., 3396. 3398. 3400.] @long_name = Time-of-Flight
[microseconds] @units = microseconds title = MgB2 PDOS 43.37g 8K 120meV
EO@240Hz TO@120Hz>>> print a.entry.data.titteMgB2 PDOS 43.37g 8K 120meV
EO@240Hz TO@120Hz




Features of NeXus tree interface

» The entire tree structure of a NeXus file can be loaded with a single command
» The data values are not read unless directly referenced
» Each NeXus object is a sub-class of the class NXnode

« NeXus data have class SDS

- NeXus groups have class NXgroup, with subclasses for each group class
- e.g., NXentry, NXdata, NXsample ...

» All objects of the same class can easily be listed
- e.g., entry.NXdata[0], entry.NXdata[1], ...
» All data attributes have a class NXattr
- e.d., entry.data.polar_angle.units="K"
»  Command-line assignments automatically convert Numpy data into NeXus objects

- €.g., typing “entry.sample.temperature=40.0" converts the temperature into a valid SDS
object

 thisis achieved by customizing __ setattr
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Interactive manipulation of NeXus data

» The syntax makes the creation of standard-conforming NeXus data structures simple

>>> entry=NXentry()>>> x=np.linspace(0,2.*np.pi,101)

>>> y=x
>>> X,Y=np.meshgrid(x,y)

>>> z=np.sin(X)*np.sin(Y)

>>> entry.data=NXdata(z,(X,y))

>>> entry.nxtree()entry:NXentry data:NXdata axis
float64(101) signal = float64(101x101) (@axes:
>>> entry.nxplot()

NSLS-Il Workshop, April 19-21, 2010
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Figure 1

NXdata group manipulations

» The NXdata objects are designed to be manipulated:

. Diced and sliced >>> data[1:2.].nxsum(0).nxtree()dat:

Scaled float64(101) @axes =axis2 @Ilo
= ocale 2.0106192983 @signal = 1>>> d:
- Added and subtracted [0.00000000e+00 7.07106781e-01

—1.5
=il 0 1 2 3 4 5 6 7
X

ioure 1 7.07106781e-01 -2.44929360e-16
#®0/0+ ¢ Ba
/\ ata).nxtree()data:NXda :
0 2.00000000e+00 ..
ERE S '-... : 6] @axes=x @si 2
—0.5 ..l'v.o'. )
2o

B O[O+ || &= | X=606452  y-0515625 (data'l'l).nXtree()data: -1
0.29289322 1. ] @a

-2
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NeXpy GUI

NeXpy

¥ wi

r attributes

¥ entry NXentry
analysis
data:NXdata
end_time
instrument:NXinstrur
monitor1:NXmonitor
monitor2:NXmonitor

run_number

4 ¥y Y ¥y vy vyvwvyyw

sample:NXsample
» distance -
¥ termperature
¥ attributes
units = K i
b start_time

> title
> wl
v wl
» data:NXdata

500 1000 1500 2000

1(3.00 | 3.00

R

Pythonm 2.5.4 |EPD 5.1.11 (r£54:67916, Jul 20 20609, 15:41:71)

[GCC 4.0.1 CApple Computer, Inc. build 537@)] on darwin

Type “help"”, "copyright”, "credits” or "license" for more information,
>»>> __builtins__.top = top

>>> w@.entry.sample. temperature=49.0

>»>> W@.entry.sample.temperature.units="K"

nexpy_statusbar
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On the To-Do List (near-term)

» Adding a data editor
» Incorporating generalized coordinate transformations
» Incorporating Open GL modules to improve over current Matplotlib speeds
» Adding full 3D plotting
« Using Mayavi
» Adding a fitting pane
« Using Paul Kienzle’s PARK framework
» Installing it as a standard part of the NeXus distribution
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