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Sherpa

Sherpa

Generalized fitting package with a powerful model language to fit 1D and 2D data

Basic Sherpa

sherpa> | oad_pha('acis_pha3.fits')
sherpa> set_source(xsphabs. absl * pow awld. pl)

* Interactive (command line) usage sherpa> subl act ()
T . sher pa> show fit()

« Scripting using command syntax ot i zati on Nethod: Leviar

. . [

- Data access with show_* and print  fto =119

1.19209289551e- 07

xt ol = 1.19209289551e- 07
gtol = 1.19209289551e- 07
maxfev = None
epsfcn = 1.19209289551e- 07
factor = 100.0

rprefile_rmid.fits ver bose = 0

Statistic: Chi2Gehrels

- Fi t: Dat aset =1
- Met hod | evimar
5 Statistic chi 2gehrel s

6. 83386e+10
37.9079 at function evaluation 22

Initial fit statistic
Final fit statistic

Data points 44
Degrees of freedom 42
Probability [ Q val ue] 0. 651155
Reduced statistic 0. 902569

Change in statistic 6. 83386e+10
pl. ganma 2.15852
pl. anpl 0. 00022484

This works very well most of the time, but ...
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s Doing more with Sherpa <

Python Inside: Sherpa user interface and high-level functions are Python

Sherpa provides an interface to let users:
» Access the internal objects used within Sherpa
» Easily define user model and user statistic functions
« Use Sherpa as an imported library in your python program

« Paradigm change — CIAO/Sherpa is not the environment, it is a powerful
library tool in your Python analysis environment.

« Move beyond short scripts to full-blown programs’.

 Real life examples:

* Fit models to hundreds of Chandra L3 sources (including faint ones), put results in
a database, and import to a google web app to browse the results.

» Fit data where the errors are dominated by quantization (i.e. data are integerized)
» Generate complex thermal models requiring parallel fitting using > 30 CPUs

'See http://www.astropython.org for more about Python and astronomy


http://www.astropython.org/

Sh@fp@g _
Topics

Take another swig of coffee and get ready for some code
» Getting data into Sherpa
* Digging into Sherpa: getting at the objects underneath

« Creating user models and user statistics functions
« Using functions
* Using classes (you too can write an OOP)

 Parallelization with MPI

Sit back and relax
» Deproject: a Sherpa extension module
« Keeping Chandra cool: a Sherpa success story



Getting data into Sherpa

« Sherpa has many ways of loading data and other things:

sherpa-17> | oad_<TAB>

| oad_arf | oad_bkg_arf load_filter | oad_pha | oad_state | oad_user _node
| oad_arrays | oad_bkg_rnf | oad_gr oupi ng | oad_pr ef erences | oad_staterror | oad_user_st at
| oad_asci i | oad_col or map | oad_i mage | oad_psf | oad_syserror

| oad_ascii_transform | oad_conv load_nmulti_arfs | oad_qual ity | oad_t abl e

| oad_bkg | oad_dat a load_nmulti_rnfs | oad_r nf | oad_t abl e_npde

« One of my favorites doesn't appear in any Sherpa thread': | oad_arrays()
* This provides a generic way to load memory arrays as Sherpa datasets

« Example:
« ASCII file in a format not understood by Sherpa. Instead use asciitable?

sherpa> | oad_data('csc.rdb[cols ra, dec]')
| OErr: opening file has failed with ERROR - Failed to open 'csc.rdb[cols ra, dec]'.

sherpa> i nport asciitable
sherpa> dat = asciitable.read('csc.rdb', Reader=asciitabl e. RdbReader)
sherpa> |l oad_arrays(1, dat['ra'], dat['dec'], DatalD)

« Didn't we just replace one line with three? But now we own the data!

sherpa> dat = asciitable.read(' csc.rdb', Reader=asciitabl e. RdbReader)
sherpa> ra = dat['ra']

sherpa> dec = dat'dec']

Sherpa> dist = calc_dist(ra, dec, ra.nmean(), dec.nean())

sherpa> | oad_arrays(1, dist, dat['mag'], DatalD)

 Works for 2-D and PHA data as well.

'From the google search “sherpa load_arrays”
2 http://cxc.harvard.edu/contrib/asciitable
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Digging into Sherpa: getting the good bits
e Sherpa also has many ways of showing the current analysis state:
sher pa> show_<TAB>
show_al | show_bkg_nodel show_conf show _dat a show fit show_net hod show_pr oj show_source
show_bkg show_bkg_source show_covar show filter show_ker nel show_nodel show_psf show_st at
h | oad_pha(' aci s_pha3.fits' I i i
el o ber st s pana aps1 ! pow auld. p1) * Great for interactive analysis but what
S o about using the results?
Sher pa> show_fit()
%:T{em zat:| ?gvnl\/gﬁ hod: LevMar ° OLD SChOOI
Lo D pimmme R ipt and pipe output to  fl
g{ 8} % &19209289551&07 un as a Script and pipe output to a tie
gﬁéz cn = %b(r1;8309289551e-07 « Write a separate script (perl?) to parse
act or = . .
verbose = 0 and store in a new table
e ed i Ly ol s vari ance « Writing code to reliably parse all these
Fit: Dat aset = tidbits is a very fun and interesting way
Me =
Satlstic = chi 2g¢hrel s to spend your day. NOT.
::_ni t: a:‘ i I ! ;t Zi ?glt ?E:I - g% g%%i at function evaluation 5 I I
I Na = .
Data points = 1024 ¢ N|Ce Shlny Way
Proban 11ty [Ovarue] = 1+ R th int
Reduced stgti stic = 0. 0308642 unasa py on Scrlp
Change in statistic = 8.81487e-07 . .
abs1. nH 0. 112892 « Directly access results and store in
pl. gamma 3.07627 . .
p1. anpl 0.00011212 desired format .. or use python twitter

API to immediately tweet the results.
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 Sherpa lets you get _* what you need:

sher pa> get _<TAB>

Display all 188 possibilities? (y or n)

get _anal ysi s

get _areasca

get _arf

get _arf_pl ot

get _attribute

get _axes

get _axis

get _axi s_range

get _axi s_scal e

get _axi s_text

get _axi s_transform
get _axis_visible
get _backsca

get _bkg

get _bkg_arf

get _bkg_chi sqr_pl ot
get _bkg_del chi _pl ot
get _bkg_fit_plot
get _bkg_node

get _bkg_nodel _pl ot
get _bkg_pl ot

get _bkg_ratio_pl ot
get _bkg_resid_pl ot
get _bkg_rnf

get _bkg_source

get _bkg_source_pl ot
get _chi sqr_pl ot

get _co

get _col _nanes

get _col or bar

get _col or bar _border _vi si bl e

get _col orbar_visible
get _colvals

get _conf

get _conf _opt

get _conf_results

get _confidence_results
get _cont our

get _contour_| evel s
get _cont our _range
get _contour _visible
get _cont our _xr ange
get _cont our _yrange
get _contour _zrange
get _coord

get _counts

get _covar

get _covar _opt

get _covar_results
get _covariance_results
get _crate_itemtype
get _crate_type

get _curve

get _curve_range

get _curve_visible
get _curve_xrange

get _curve_yrange

get _data

get _data_aspect_ratio
get _data_cont our

get _data_contour_prefs
get _data_i nage

get _data_pl ot

get _data_pl ot _prefs
get _default_depth
get _default_id

get _del chi _pl ot

get _dep

get _di nms

get _dniype

get _dnilype_str

get _energy_f 1l ux_hi st
get_error

get _exposure

get _filter

get _fit_contour

get _fit_plot
get _fit_results
get _frame

get _frame_border_visible

get _frame_scal e

get _frame_visible
get _functions

get _groupi ng

get _hi st ogram

get _hi st ogram r ange
get _hi st ogr am xr ange
get _hi st ogram yrange
get _i nage

get _i nage_r ange
get _i mage_vi si bl e
get _i mage_xr ange
get _i mage_yr ange
get _i ndep

get _i nt _proj

get _int_unc

get _kernel _cont our
get _kernel _i nage
get _kernel _pl ot
get _key

get _key_nanes
get _keyva
get _| abe

get _I| abel _text
get _line

get _net hod

get _net hod_nane
get _net hod_opt
get _node

get _nodel _aut oassi gn_func

get _nodel _cont our

get _nodel _contour _prefs
get _nodel _i mage

get _nodel _pars

get _nodel _pl ot

get _nodel _plot_prefs
get _nodel _type

get _num par

get _num par _frozen
get _num par _t hawed
get _nunber _col s

get _nunber _r ows

get _obj ect _coordi nfo
get _obj ect _count

get _order _pl ot

get _par

get _photon_f 1 ux_hi st
get _pi ck

get _pi | eup_node
get _pi xi ng

get _pi xi ng_shape

get _pi xi ngval s

get _pl ot

get _pl ot _aspect _hei ght
get _plot_aspect_ratio
get _plot_aspect_width
get _pl ot _range

get _plot_title

get _plot_visible

get _pl ot _xrange

get _pl ot _yrange

get _poi nt

get _point_visible

get _preference

get _preferences

get _proj

get _proj _opt

get _proj_results

get _projection_results
get _psf

get _psf_cont our

get _psf_i mage

Digging into Sherpa: getting the good bits

get _psf_pl ot

get _pyType

get _quality

get _rate

get _rati o_contour
get _rati o_i mage
get _ratio_pl ot

get _reg_pr oj

get _reg_unc

get _region

get _region_visible
get _resid_contour
get _resid_i mage
get _resid_plot

get _rnf

get _server_id

get _source

get _sour ce_cont our
get _source_i mage
get _source_pl ot
get _specresp

get _split_plot

get _stat

get _stat_nane

get _staterror

get _syserror

get _transform

get _transformnmatrix
get _transformtype
get _wi ndow

get _window title
get _xaxis

get _xsabund

get _xscosno

get _xsxsect

get _yaxis



Digging into Sherpa: getting the good bits

Most everything you get *() will be a python object and that's the prize
Internally Sherpa uses hierarchical objects for most things
You can find and examine internal object attributes by <TAB> digging

sher pa>
sher pa>
sher pa>

sher pa>
Di spl ay

sher pa>
sher pa>
sher pa>
sher pa>

sher pa>
sher pa>

array([

| oad_pha(1, 'acis_pha3.fits")
dat aset = get _data(l)
dat aset

<Dat aPHA data set instance 'acis_pha3.fits'>

dat aset . <TAB>
all 159 possibilities? (y or n) n

dat aset. get <TAB>

counts = dataset.counts
b = nunpy. wher e(dat aset. counts > 3)

O'

y([ 14, 16, 30, 45, 9
at aset . channel[b]

(arr
c S
e =
0.21

a i)

d

dat aset. _channel _to_energy(c)

17, 0.2409, O0.4453, 0.6643,M

—

numpy: core python numerical library
where(): return indices where expr is True

Return selected elements from channel array

| found this function just by <TAB> digging.
The _in front means it wasn't intended for
external use but why not live dangerously.
Documentation? Who needs it.

With some care you can manipulate the internal object attributes

sher pa>
sher pa>
sher pa>
sher pa>
sher pa>

dat = asciitable.read(' csc.rdb', Reader=asciitable. RdbReader)
| oad_arrays(1l, dat['ra'], dat['dec'],

dat aset = get _data()
dat aset.y = dataset.x**2
dat aset.staterror = dataset.y / 20

Dat a1D)
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Digging into Sherpa: source and fit results |

 Now something more useful: examine source model parameters and fit results

sher pa> source = get source()

sher pa> source. parts

(<XSphabs nodel instance 'xsphabs. absl' >,
<PowLawlD nodel instance 'pow awld. pl' >)

sherpa> for par in source. pars:
print par.fullnanme, par.val, par.mn, par.nmax, par.frozen

absl.nH 0.112891604641 0.0 100000. 0 Fal se

pl. gamma 3. 0762703235 -10.0 10.0 Fal se

pl.ref 1.0 -3.40282346639e+38 3.40282346639e+38 Tr ue
pl.anpl 0.000112120110443 0.0 3.40282346639e+38 Fal se

sherpa> fit = get _fit_results() _ _

sherpa> print [x for x indir(fit) if not x.startswith('_")]

['covarerr', 'datasets', 'dof', 'dstatval', 'extra_output', 'format', 'istatval', 'message', 'nethodnane',
"model val s', 'nfev', 'numpoints', 'parnanes', 'parvals', ‘qval', 'rstat', 'statnane', 'statval', 'succeeded']
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Digging into Sherpa: source and fit results

« Don't just examine. Organize and tabulate!

i mport sqlite3
conn = sqglite3.connect('csc_fits.db")
c = conn.cursor ()
c.execute("""create table fit_pars
(source_nane text, par_nanme text, par_val real)""")

for parnane, parval in zip(fit.parnanmes, fit.parvals):
c.execute("insert into fit_pars values (?, ?, ?2)",
(source. nanme, parnanme, parval))

conn. conmi t ()
c.cl ose()

ccosnmos% sqlite3 csc_fits.db

SQLite version 3.3.6

Enter ".help" for instructions

sqlite> select * fromfit_pars;

(xsphabs. abs1l * pow awld. pl) | abs1. nH 0. 112891604640818
(xsphabs. abs1l * pow awld. pl) | pl. gamma| 3. 07627032349591
(xsphabs. abs1l * powl awld. pl) | pl. anpl | 0.00011212011044343




User models with python functions

e Adding a user model defined with a python function is shockingly simple!

def nyline(pars, Xx):
return pars[0] * x + pars[1]

| oad_user _nodel (nyline, "nyl™")
add_user _pars("myl", ["nt,"b"])
set _source(nyl)

nyl . m=30
nyl . b=20

Sure, but any real model has to be written in C or fortran, right? Not necessarily.
* Numerical processing with numpy is in C so any vectorized calculations are fast.

 The scipy library provides a large selection of optimized numerical algorithms
using well known fortran and C numerical libraries.

* Prototype the user model in Python. Ifit's too slow then profile the code and
convert the hot spots to C or C++,

But what about my existing C / fortran model code? Google "sherpa user models".

11
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User models with Python classes

* Frequently a user model function requires associated metadata (atomic data,
table file names, non-fitted parameters, etc)

« This is a typical problem in fitting (remember fortran COMMON blocks?)
« Python provides a very clean solution: classes

I mport nunpy Ever wonder what's the deal with
i mport pyfits “object oriented programming”?
) Here it is. The object stores metadata.

cl ass FI TS Tabl evbdel (obj ect):
""" Si npl est possible FITS table nodel. Table has two col ums:
kKT . tenperature
spectrum : correspondi ng spectrumin an N-el enent array
In this nodel the spectrum nearest in tenperature is returned.
The energy bins of the fitted spectrumis ignored here.

"’ o _ Object initialization with “filename” via _init__.
def __init_ (self, filename): ————————" " |Read the FITS data and store within the object.
hdus = pyfits. open(fil enane)

sel f. kT = hdus[1].data.fiel d(' kT")

sel f.spectra = hdus[1].data.field(' spectrum)

hdus. cl ose()
dof | ' .~ Here'sthe magic: the object created by the class
e call __(se pars, x): can be called directly as a function and it will

kT = pars[0] ;
i = nunpy. searchsorted(sel f.kT, [kT])[O0] run the special __call__ method.
[

if (kT - self.kT[i-1]) < (self. kll'l] - kT):
1

return self.spectrafi]

user _nodel func = FITS Tabl eModel (' pl asma_spectra.fits')
| oad_user _nodel (user_nodel _func, "nyspec")

add_user _pars("nmyspec", ["kT"])

set _sour ce( nmyspec)

12



Parallelization

 For some problems with large datasets or computationally intensive models it

may be possible to improve fit performance by using multiple processors.
* Processors can be on the same machine or in a networked cluster.
« Sherpa already takes advantage of multiple cores in projection and conf.

* Improving fit performance is tricky for convolved models but easy for models
that can be split in data space’.

Run Sherpa fit engine -
Data split among Determine new fit pars

workers during init v

‘ 1000120200230+02302340234023 52306435635670%56752045345636 74708564356704 68565445678465%53745785678476 57685678567855

Calc model and - - - -
fit statistic for
specified fit pars /

Sum fit statlstlcs

'Splitting in data space is just one of many possible strategies

s
P
: ";'&‘.""fﬁ""

(L
o W
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Parallelization with MPI
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« Can do parallel processing using C and Python implementations of the widely

used Message Passing Interface standard.

cl ass Cal cModel (object):

def

_init__(self,

X, Y):

msg = {'cnd":
comm bcast ( nsg,

init', "x':

X, "y'i vy}

root:NPI.ﬁOOﬁ)

def

_call__(self,
comm bcast (nsg=

pars, X):

{"cmd': 'calc_nodel', "par': par}, root=MPl.ROOT)

return nunpy.ones_|ike(x)

~# Dummy val ue of correct |ength

def calc_staterror(data):
return nunpy.ones_|ike(data)

cl ass Cal cSt at (obj ect):

mg = {'cnd': 'calc_statistic'}

comm bcast (nsg, root=MPl . ROOT)

fit_stat = nunpy.array(0.0, 'd')

comm Reduce(None, [fit_stat, MPI.DOUBLE], op=MPI.SUM root=MPl.ROON)
return fit_stat.tolist(), nunpy.ones_|ike(data)

comm = MPI. COMM SELF. Spawn( sys. execut abl e,
args=['fit_worker.py'],
maxpr ocs=npr oc)

| oad_arrays(1, X, y

| oad_user _nodel (Cal cMbdel (x, y), 'npinod')

add_user _pars(' npi nod', parnanes)

set _nodel (1, npi nod)

| oad_user_stat('npistat', CalcStat(), calc_staterror)

set _stat (npi stat)

fit(l)

def _ call__(self, data, nodel, staterror=None, syserror=None, wei ght=None):

14
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Parallelization with MPI

The fit_worker code just waits around to get instructions.

def cal c_nodel (pars, Xx):
# cal cul ate the nopdel val ues
return nodel

comm = MPI . Comm Get _parent ()
size = comm Get _si ze()
rank = conm Get _rank()
whil e True:
nmsg = conmm bcast (None, root=0)
if nmeg['cnd'] == "stop':
br eak
elif meg['cnd'] == "init":
i = nunpy.int32(nunpy.linspace(0.0, len(nmsg['x'], size+l))
i0 = i[rank]
il = i[rank+1]
data_ x = nmsg['x"][10:i1]
data y = nmsg['y'][i10:i1]
elif nmeg['cnd'] == 'cal c_nodel:
nodel = cal c_nodel (nsg[' pars'], data_x)
elif meg['cnmd'] == "calc_statistic':

fit_stat = nunpy.sun{(data_y - nodel)**2)
comm Reduce([fit_stat, MPI.DOUBLE], None, op=MPI.SUM r oot =0)

comm Di sconnect ()
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Deproject: a Sherpa extension module

Deproject is a CIAO Sherpa extension package to facilitate deprojection of two-
dimensional annular X-ray spectra to recover the three-dimensional source
properties.

» The deproject module creates a framework for manipulation of a stack of
related input datasets and their models.

* Most of the functions resemble ordinary Sherpa commands (e.g. set_par,
set _source, ignore) but operate on a stack of spectra.

Spherical shells: 012345
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Keeping Chandra cool: a Sherpa success story
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Keeping Chandra cool: a Sherpa success story
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Keeping Chandra cool: a Sherpa success story

SOT PSMC model

1PIN1AT 1PDEAAT

dT
-Z surface Cld_tl Uo1 (To — Tl) + U12(T2 — Tl)

dT:
C2d_t2 Pp + Ur2(T1 — T3)

= Key inputs to model are pitch angle, SIM-Z position and ACIS power.
= Total of 13 model coefficients.

19
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Keeping Chandra cool: a Sherpa success story

1PDEAAT validation

Predictions for
mission planning

Degrees (C)
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Calibration: Sherpa

1PDEAAT validation
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