| | \ to
- GOPAW [\
C++ }-”k G L \ Windows N Android

from

G.Barrand, CNRS/IN2P3/LAL

https://github.com/gbarrand/gopaw.git https://gbarrand.github.io gopaw section.

gopaw, for “Good Old PAW", is a refactoring of CERN-PAW done with softinex tools.
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Motivation : -
e One motivation to do gopaw came from the introduction of the HDFS file format in 300E
the Geant4/Analysis category (through the backend g4tools library) to store 250
histograms and ntuples (see dedicated poster for this). Fine to produce files, but n
having interactive analysis tools that understand them would be highly welcome. 200
e And a tool that permits to open a file and plot an histo in a couple of dedicated 150 | -
commands would be great, especially if these commands are familiar to physicists. - w>
. — w>
e A user API comes naturally : the one of PAW. \ 100 W>
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Commands : w>

s oww> /usr/local/gopaw/1.0.0/bin/gopaw
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e As the command engine is the KUIP C code extracted from CERNLIBs and that the
command description files, the paw.cdf and kuip.cdf, are the same than the original PAW
implementation, then we have in gopaw the SAME command syntax than PAW.

WELCOME to GOPAW

* ¥ X ¥

Version 1.0.0

* X %X *

b S
skeokok ok ok Kok Sk ok ok ok ok sk ok sk ok sk ok sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk sk sk sk sk sk ok
GOPAW> h/file 1 B4.hdf5

GOPAW> cd //lunl/default_histograms

e Alot (but not all) commands and options are implemented.

e The examples pawex1.kumac up to pawex24.kumac are emulated with quite the same

rendering than PAW. copave [] 0T Foep
B4.hdf5 file with histograms stored according the g4tools HDFS data schema.
Technology :
e C/C++.
* GL-ES for rendering engine. With Python : here examples/PAW_py_root/pawex10.kumac and mandel.py :
e Our inlib/sg scene graph manager for high level graphics (same logic as Openlnventor). |
% win 1 . ® barrand — -csh —*
* Getline to capture terminal commands. T T T o |MACRO PAWEX10 1=100
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* PAW TUTORIAL EXAMPLE 10

* Calculate and plot (BOX option) Mandel distribution

skokkok ok kK sk ok ok sk sk ok sk sk ok sk sk sk sk ok sk sk sk sk k sk ok sk sk sk sk sk sk sk sk sk ok sk sk sk sk sk sk sk sk ok sk sk sk ok sk sk ok sk sk sk ok sk ok ok ok
Exec ALLDEF

fun2 10 mandel.py [1] -2.4 .8 [1] -1.2 1.2 ' '
fortran/file 66 ma

metafile 66 -111

hi/pl 10 BOX T

close 66 Plot a 2D function declared in mandel.py
RETURN

 KUIP as a command engine.

 Python (2.7) (as a replacemenet for COMIS) used to define functions to be plotted or to fill
histogrames, etc...

e But “on the fly compilation and plugin loading” also available to define functions if a compiler is
correctly declared to gopaw. (In fact if a fortran compiler 1s declared, someone can even recover
PAW COMIS way of doing). This permit to have effective (since compiled) functions.

e Can read .root files (by using the light inlib classes for that).
e Then can read HDFS files but also FITS files of astronomy.

 Fitting i1s done by using the code of ROOT/TMinuit, arranged to depend only on STL, and put in
the inlib/f2cmn class (copyright respected).

guys—macbook-pro-2:gopaw/examples/PAW_py_root> more mandel.py
def mandel(XP,YP):
NMAX = 30

< X

S U™

 We are not able to read .hbook files (we have no C library around to do that...). for N in range(1,NMAX+1) : #[1,NMAX]

TT = XXkXX-YY*YY+X

YY 2. 0%kXXkYY+Y

XX =TT

if 4.0 < (XXkXX+YYxYY)
break

VECTOR handling and SIGMA done with :
e inlib::array template class. A multidimensional array template over std::vector (then fast).

#print XP,YP

 SIGMA command done with the little exlib::yacc::cexpr_eval single C instruction interpreter. #print N

Something like V1 *V2 loops directly within std::vectors. Fast. return (1.84N)/ (1. B4NMAX)

guys—macbook-pro-2:gopaw/examples/PAW_py_root> |
% *
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GOPAW> exec pawex10
GOPAW> ||

VECTOR manipulations : pawex1.kumac :

X/ win1 ® @® barrand — -csh — 120x2
guys—-macbook-pro-2:gopaw/examples/PAW_py_root> more pawexl.kumac

e f MACRO PAWEX1
C Skeskeskkok ok ok Sk ke ks sk sk ok ok Sk Sk Sk ke sk sk sk Sk Sk Sk Sk ke sk sk kR ok Sk Sk sk ke sk sk sk ok Sk Sk sk sk sk sk sk ok Sk sk sk sk sk sk sk ok ok Sk sk sk kekk bo—b d2: 1 t stvle.k d
0 x | | PAW TUTORIAL EXAMPLE 1 N mbp-barrand2:gopaw/examp esﬁ/g‘;?paw> _gopaw root_style.kuma — -
8 * Lines starting with a * are comments and are ignored by PAW x AR book 2. / les/PAW t th K
Skokok ok ok ok >k sk sk sk sk ks Sk Sk Sk Sk ok ok >k sk sk sk ke ke sk Sk Sk Sk Sk Sk ok ok >k sk sk ke sk ke sk Sk Sk Sk ok ok ok sk sk sk ke ke sk sk sk Sk Sk ok ok ok >k >k >k k sk Random gaussl 10 guys_mactﬁo _p ro- .gOpaW examp €s _py_rOO > more py on.Kumac
6 Exec ALLDEF Entries 1000 macro python |
vector/create VECT1(10) Mean  -0.00250533 ROOT Sty1€ /session/python histo.py
* vector/input VECT1 10 8 6 4 2 3 5 7 9 11 RMS 0.97454 return
) VECTOR/CREATE VX(20) R 1. 2. 3. 4. 5. 6. _
7. 8. 9. 10. 11. 12. 13. 14. 15. 16. 17. 18. 19. 20. S wi ,
. VEC$OR3CRE2TE VY (20) R31_1 3.255.367_4 7.58 9. 20 ‘ 50 X| win 1 guys—macbook—-pro-2:gopaw/examples/PAW_py_root> more histo.py
s s s a2 2 P 6.6 4.3 2.1 6.6 11.1 16.2 18.3 19.0 17.8 16.0 12.1 9.1 6.1 3.1 6.6

#/////777/7/17777/77777/77777/77777//777///7/77777
#/////777/777777//7777/77777//77777//777//7/7/77777
#/////771/7/1777/7777777777/777777/777/7/77/77/777
import inlib

zon 1 2
set htyp 244 ' 40
vector/draw VECT1
GRAPH 20 VX VY

rT7T 1T T 7T 1T T 1T T T 7T 1T 1T 1T T 7T T T T 7T T T T T 7T T
| I | | |

gﬁlpmg \2,)1( VY P ' 30 hl = inlib.histo_h1d('The famous normal distribution',100,-5,5)
set DMOD 2
GRAPH 20 VX VY C | r = inlib.rgaussd(0,1)
set DMOD @ for I in range(0,10000):
VE/DE 20 hl.fill(r.shoot(),1)
|
guys—macbook-pro-2:gopaw/examples/PAW_py_root> [ print hl.entries(),h1.mean(),hl.rms()
|
P " h2 = inlib.histo_h2d('Gauss_BW',100,-5,5,100,-2,2)
* * rg = inlib.rgaussd(1,2)
% Version 1.0.0 * 0IIII|IIIII‘||—|'II'II|IIII|IIII|IIII|IIIII |I'IIII|IIII rbw=inlib.rbwd(@'1)
* * S5 4 3 -2 1 0 1 2 3 4 5 for I in range(0,10000):
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GOPAW> exec pawexl
GOPAW> || del hi
e
del h2

guys-macbook-pro-2:gopaw/examples/PAW_py_root> [

% WELCOME to GOPAW
X

* Version 1.0.0
%

skokoksk sk ok ok sk ok ok sk ok ok sk sk ok ok sk ok ok sk sk sk k sk ok sk sk sk ok sk sk ok sk sk sk ok sk sk ok sk sk sk sk sk sk ok sk sk ok sk sk sk ok
GOPAW> exec python.kumac

10000 -0.0112484857804 1.00213297669

GOPAW> ||
R

X X X %

Platforms :

* Portability 1s a high priority for us.

e gopaw runs on macOS, Linux, Windows-10. (We have also a docker on hub.docker/gbarrand).

e The core engine (including KUIP and Python) can be built also on Android and iOS and we have Astro hst fits

embedded a ‘“kumac reader” in our ioda application.

 On Android and 10S, we have not yet finished the work to have an effective way to input
commands from a virtual keyboard and then have not yet a gopaw app on the stores. Having a

. ) . : : [ —
gopaw app on an 1Pad makes definitely sense for us and it remains a nice target to work on. %

on an iPad

(X =T |

Why doing gopaw ? Also to try to answer a more fundamental question :

What 1s the best user API to do physics ? A dedicated (command ?)
language with physics keywords or a C++ or Python prompt ?
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