Users entry point

For community reference reconstruction and simulation



Three talks about our efforts

1. Interfacing with users (general discussion eageed-and-evel on
where things are going)

2. Entry point for users < (this talk)
(with live demo and description)

3. Community reference reconstruction for developers
(with in-depth details on backends, frontends and their connection)



Users and developers

NO EXPERIENCE HIGHLY EXPERIENCED

Novice : . Experts
Experience axis

* Users solve problems through coding
* Some users are not so experience developers, but still have to code

* Treat users as developers



Importance of modularity

Software shell be modular!
* |tis easier for users to switch parts of software
* |tis easier for developers to update parts

* (!) It makes developers to produce better code (!)

The only way to maintain reusable code for decades




Stack of both HEP+NP and DataScience tools
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leiil %: & ylabls qﬁ‘i  HEP & NP stack like ROOT, Geant4, etc
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* Modern DataScience tools like Pandas, Numpy, R,
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OPEN CODE = BETTER SCIENCE



Where are frameworks are going?
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Languages

Software must have performant core
Software must have interfaces

Most probably C++



e’ANA - JANA with plugins & deps for EIC community

e/ANA _ stands for EIC JANA

e Basic reconstruction

Reconstruction

_ _ » Tracking - Genfit
* Physics analysis o
» Vertex finding — Rave
* Users detector codebase integration _ _
* Physical analysis:

— ROOT C++ or
\ ~ — Python data science tools
Ny upyter, Seaborn, Pandas, etc.
Any existing C++ (or even others) code can be# w » //
- compiled as JANA plugin | v, 7 NG

- run parallelized in eJANA
- accessed by other plugins



Complexity scaling explained

Failed complexity scaling:
* Complex - Simple

ey *Simple -» Complex

00 MainWindow

Some complex system

Will fail most of the times

i * V" because of

complexity scaling ‘

oroblem S\
— %

We try to make complex - simple




Escaping complexity scaling trap

* Provide interfaces to internal complexity ST
(and better for everything)
(and even better — each step must be Moderate
replaceable)

Complex

* Interaction between layers must be clear

Expert

(And working on modularity... true modularity is the way to make it)



GUI you hate

wGetGUI ¥1.0 | You are using GNU Wget 1.9-beta - 1.7 is minimum.

URL: |
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v Actlike a browser
[v Convert links
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Configure Prozy

Save | Load
settings

settings

[~ Noinfo

v Allinfo

I~ Some info

[~ Append to logfile
[~ Overwrite Logfile

Logfile: [default log

About

Exit

Start wGetStall.batI Add to wGelSlart.batl Empty wGetStall.batI

— Retrieval Options
|v No clobber
[~ Timestamping
|~ Continue file download
Quota (kB): IU—
|~ Spider [check for files)
|~ No directories

|v Force directories
[~ Save to custom dir:

[~ Clear Server Cache

|v Recursive Retrieval
Depth: [g_

v Download “as-is"
I~ Mirror site

[~ add HTML suffiz

GUI you love

Lorentzian Peak on Quadratic Background

—4— Data

—— Background fit
—— Signal fit

- Global Fit

[~ Only go deeper

Wrapping something into a GUI to something is controversial:

* GUIs are pretty easily fall into Complexity scaling trap

* For some tasks GUI is not only the best solution, but the only acceptable solution
(Plots are GUI too!)



We provide just
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plunkbase

Product version: [ IR aEad Select manual: TSIt
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| Splunk Overview:

b Splunk Tutorialt

Index New Data

About dataand inderes

Add data to your indexes

b Search and Investigate

b Capture Knowledge

b Automate Monitoring
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b Search Examples and
Walkihroughs

b Toolbox

splunk > The IT search
jcompany
Jsearch and nagate IT data
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source | History
This documentation applies to the following versions of Splunk: 4.2, 421, 422

~ Contents

Access the data inputs configuratio

Canttfnd the data you knowis in Splun

Add data to your indexes

As you read in the "About data and indexes" topic, Splunk can index logs, configurati
and code, and performance data from all your applications, servers and network devi
via Splunk Web,

Access the data inputs configuration page

1fyou have the 2ppropriate permissions, you can view and manage all of the ata in |
Inputs configuration page. To access this page:

1. Click the Manager ik on the upper right hand corner of the screen. This link shof
you are currently in.

2. From the lst of Splunk system configuration pages, cick Data inputs. The data in
the type of data and a count of the existing inputs for each type.

“To add new data from fles and directories, via TCP or UDP, or using a script, click th

For more specifics about data inputs and how fo add them, see "What Splunk can ind

Can't find the data you know is in Splunk?

When you add an input to Splunk, that input gets added relative to the app you're in
that ship with Spiunk, wrte input data to a specific index (n th
data that you're certain is in Splunk, be sure that yc

Ifyou add an input, Splunk adds that input to  copy of in
input. This means that if you navigated to Splunk Manager, directly from the Launch
$SPLUNK_HONE/ etc/apps/1auncher/local/inputs..conf

Stant Prey

V4211V43|V422

Was this documentation topic useful?

Users also need workflows

Providing just tools and documentation in form of
wikis/sites to it make learning curve steep and
prevents users from doing their job effectively

Workflows of how users achieve their tasks must be
overthought on each step of software development



Example of how docker container provides tools but not workflow

= WSL-Ubuntu

0 D&

Terminal

L

Session

Sessions  View Xserver Tools Games Settings Macros Help

% o] Y b @ ©
© 8 = [ B [ o X
Servers Tools Games Sessions View Split  MultiExec Tunneling Packages Settings Help X server Exit

]
s

Sessions | ns

‘ “\ Macros ‘_Tools

WSL-Ubuntu

B oot W20

romanov@DESKTOP-FK3P179:~/ceic/pyjano_proto$ clear

romanov@DESKTOP-FK3P179:~/ceic/pyjano_proto$ cd ..

romanov@DESKTOP-FK3P179:~/ceic$ ejana -Pplugins=hepmc_reader,open_charm -Popen_charm:smearing=1 -Pnevents=1000 /home/romanov/cei
c/data/herwigb_e-p_5x100.hepmc

getcwd: /mnt/c/eic

[INFO] Adding source: /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc

[INFO] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/hepmc_reader.so"

[INFO] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/open_charm.so"

Suppressed exception in JEventSourceManager: :GetUserEventSourceGenerator!

Opening source "/home/romanov/ceic/data/herwig6_e-p_5x100.hepmc" - JEventSource_hepmc : BeAGLE generated Text file
JEventSource_hepmc: Opening TXT file /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc

[INFO] Creating 8 processing threads ...

Config. Parameters

AFFINITY
JANA:DEBUG_PLUGIN_LOADING
JANA:DEBUG_THREADMANAGER
JANA:MAX_NUM_OPEN_SOURCES
JANA:QUEUE_DEBUG_LEVEL
JANA: TASK_POOL_DEBUGLEVEL
JANA:TASK_POOL_SIZE
JANA:THREAD_DEBUG_LEVEL
JANA: THREAD_ROTATE_SOURCES
JANA: THREAD_SLEEP_TIME_NS
nevents

nskip

NTHREADS
open_charm:smearing
plugins
ROOT:EnableThreadSafety

hepmc_reader,open_charm
1

Start processing ...
OpenCharmProcessor: Init()

EVENT 0
A1l threads have ended. .0 Hz (399.5 Hz avg)
Event processing ended.
OpenCharmProcessor: :Finish(). Cleanup

A~ 5:38 PM
* PC PC 3 n
:) Cop... ']WS... I jexa.. [ESfgd.. | j roo.. O_-Inb.u E Blu... g I im oz d) o e 5/21/2019




Target audience

e Users from specific collaborations
* Detector design groups

* General audience
(users, who wants to do physics studies)



MC Chain

Generators

Generators

Database

Full simulation Fast simulation

gde Eic smear

Reconstruction & analysis

Configuration

Geant4d
Fast mode

How easy to configure Generator +
Detector simulation + Reconstruction?

* Each module require its own
configuration

* Configuration of the whole system is
cumbersome

* We present new package that thinks of a
workflow of how you configure and run
such stack



Can we identify entry point workflows

How it really works

Configuration

Run
(sim, recon,
analysis)

Tamper with
code

Introspect * (The Spiral depicts that in reality user experience changes on each
e cycle. Users knowledge of the system grows and their understanding of
what is required to make the job done develops)

The next part of this presentation shows how such workflow can be implemented convenient for users



JupyterLab for EIC

Presentation of developed user environment
based on jupyterlab.



Env. allows to edit code of many languages with syntax highlighting and
even with autocompletion

Z JupyterLab

< C ® ® localhost:8888/Iab 110% e O P W oI @O ¥

£} Most Visited ‘ E5 ToRead B H ETracking BEveryRead B BM Bc Bec B Bcist E3cittab £Fiab EFEIC BJupy B8 B0 Bvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »
: File Edit View Run Kernel Tabs Settings Help
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" II T CUNVEr T PSEuuurdpIulty (€td) LU puULdr dngre {Crnetd) LI raurdans: N
12 Make use of TLorentzVector to do eta-to-theta conversion.
31 Name - Last Modified 13 */
14 double etaToTheta(const double eta) {
B data 3 hours ago 15 TLorentzVector v;
@ + [A] 06_open_charm.ipynb 35 minutes ago 16 v.SetPtEtaPhiM(1., eta, 0., 0.);
+ [A] 07_geometry.ipynb 32 minutes ago Y } return v.Theta();
Ll 08_uproot_neutron_an... 26 minutes ago
o . /**
« [A] 10_run_ejana.ipynb 24 minutes ago . . .
Convert and angle in degrees to one in radians.
« [A] 11_ejana_interface.ipynb 22 minutes ago */
« [A] 12_config.ipynb 21 minutes ago doubie deireesToR?dizgs(ioizlihdeg??is) {
return degrees . ath::Pi();
« [A] widget_example.ipynb 3 hours ago }
[ 01_eic-smear-config.cpp 4 hours ago .
[ 02_NNPSS11-2-nobuil... 5 hours ago Smearing parameterisations for the ZEUS detector.
[ 03_open_charm_sm.root 5 hours ago
See JHEPO5 (2009) 108.
[ 04_geometryJLEIC.gdml 5 hours ago
0 05_root.example a day ago Note: you must gSystem->Load("libeicsmear") BEFORE loading this script.
*/
O output.root 25 minutes ago Smear: :Detector BuildDetector() {

// The central calorimeter, providing both electromagnetic and hadronic
// calorimetry, but with different resolutions.

// Note that this excludes the forward calorimeter.

Smear: :Device emCal(Smear::kE, "0.18%*sqrt(E)", Smear::kElectromagnetic);
Smear: :Device hCal(Smear::kE, "0.35*sqrt(E)", Smear::kHadronic);

// Calorimeter acceptance is +/- 4 in pseudorapidity.

// Note that 4 is before -4 as eta-max corresponds to theta-min.
Smear: :Acceptance::Zone cal(etaToTheta(4.), etaToTheta(-4.));
emCal.Accept.AddZone(cal);

hCal.Accept.AddZone(cal);

// ZEUS tracking acceptance covers 15 to 164 degrees in polar angle.
// This is approximately +/- 2 in pseudorapidity.

// Define with two volumes, for momentum and theta.

Smear: :Device theta(Smear::kTheta, "©.0005*P + 0.003");

51 Smear: :Device momentum(Smear::kP, "0.0085*P + 0.0025*%P*P");
52 Smear: :Acceptance::Zone tracking(degreesToRadians(15.),degreesToRadians(164.));
) theta.Accept.AddZone(tracking);

momentum.Accept.AddZone(tracking);

// The acceptance of the Roman pots is a complicated function of "



PDF files are rendered. Latex, markdown. Good opportunity for docs

B4 Your Steam accou X | @) EIC Software Mee X | & EIC/ containers -~ X . JavaScript ROOT / X . JavaScript ROOT X JupyterLab JANA2 plugins control X | @ Copy of neutron - X | & EIC / pyjano - Gitl X +
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+ Name - Last Modified
M data 3 hours ago ‘ l : ‘
| | | Deep-~inelastic scatterin
» [A] 06_open_charm.ipynb 36 minutes ago
- [A] 07_geometry.ipynb 33 minutes ago
Ll 08_uproot_neutron_an... 27 minutes ago
[®] 10_run_ejana.ipynb 26 minutes ago
[®] 11_ejana_interface.ipynb 23 minutes ago
« [A] 12_config.ipynb 22 minutes ago
- [A] widget_example.ipynb 3 hours ago

[ 01_eic-smear-config.cpp

4 hours ago

[ 02_NNPSS11-2-nobuil... 5 hours ago
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago

[ 05_root.example

D output.root

a day ago

26 minutes ago

The virtual photon and Q2 t‘&(g
rmes

In relativistic quantum mechanics = quantum field

theory, scattering due to a force between particles

€ (e.g. E&M) is treated as if a virtual particle were
exchanged between beam and target

YA J proton -
AN carrier

w7z




One can introspect root files. Everything is interactive and “rootish”
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« [A] 08_uproot_neutron_an... 28 minutes ago 4 Items 2‘ 1 8 | Mean x 1.421
« [A] 10_run_ejana.ipynb 26 minutes ago & @ ROOT § —
E ﬁgopenfcharmfsm.root by — Mean y 2.534
+ [A] 11_ejana_interface.ipynb 24 minutes ago =13 opencharm 1 6 —
+ [A] 12_config.ipynb 22 minutes ago @rec_e;l _ Std Dev x 1.222
i ) . {# hXQ2_true;1 B
[®] widget_example.ipynb 3 hours ago L hQ2_true:1 : Std Dev y 2.496
[ 01_eic-smear-config.cpp 4 hours ago 4 hX_true;1 1 4 - q LI
[ 02_NNPSS11-2-nobuil... 5 hours ago Ma/ hY_true;1 —
{# hXQ2_smear;1 — "
[ 03_open_charm_sm.root 5 hours ago ] Pt vs Pz/Ptot; 1 1 2 — - -.
(] 04_geometryJLEIC.gdml 5 hours ago 4. DO mass;1 __
D 05_root.example aday ago ] gg Vb_(il — .-.
. e Pt; — open_charm_sm.root/opencharm/hD0_KaonPvsEta;1 "
™ output.root 26 minutes ago .| hDO_KaonPt; 1 10— x = [3.100, 3.200)
4./ hDO_KaonPtot; 1 — y = [11, 11.20) - =
{# hDO_KaonPvsEta; 1 — :'nrl:efi’ fs -
4/ DO VTX K;1 8 B ~
s Dst vix;1 __
4 Dst_dm;1 | =
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Render GDML geometry
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&« cC ® @ localhost:8888/lab 110% . @ o W v IN @O <Y
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-'K'" Name - Last Modified ,
JSROOT version ROOT 6.16.00 Appearance
7 data 3 hours ago
. . Hierarchy in json and xml format * Advanced
« [A] 06_open_charm.ipynb 37 minutes ago I
[] Monitoring simple “ Close Controls
« [A] 07_geometry.ipynb 34 minutes ago ezl || desmall | desr
\ . [ 08_uproot_neutron_an... 28 minutes ago ) Items
« [A] 10_run_ejana.ipynb 26 minutes ago =@ ROOT
. . . ) =98 geometry]LEIC.root
o™ + [A] 11_ejana_interface.ipynb 24 minutes ago 71VGM Root geometry;1
+ [A] 12_config.ipynb 23 minutes ago i) Streamerlnfo
« [A] widget_example.ipynb 3 hours ago
[ 01_eic-smear-config.cpp 4 hours ago
[ 02_NNPSS11-2-nobuil... 5 hours ago
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago
[ 05_root.example a day ago
[ output.root 27 minutes ago




(While not yet fully implemented for EIC), example of event viewer browser
from CERN

B Your Steam accou X | & EIC Software M X | @ EIC/ containers - = X o JavaScript ROOT / X o JavaScript ROOT X : JupyterLab JANA2 plugins control X O Copy of neutron - X | &p EIC/ pyjano -G

&) cC ® @ localhost:8888/lab 110% . O 9w v IN @D Yy =
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f
-'i“ Name - Last Modified
7 data 3 hours ago
@ - [A] 06_open_charm.ipynb 37 minutes ago
+ [A] 07_geometry.ipynb 35 minutes ago
.\ Ll 08_uproot_neutron_an... 29 minutes ago
« [A] 10_run_ejana.ipynb 27 minutes ago
+ [A] 11_ejana_interface.ipynb 25 minutes ago
0O « [A] 12_config.ipynb 23 minutes ago
« [A] widget_example.ipynb 3 hours ago
[ 01_eic-smear-config.cpp 4 hours ago
[ 02_NNPSS11-2-nobuil... 5 hours ago
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago
[ output.root 27 minutes ago




Interactive root plots in jupyter notebooks
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« [A] 12_config.ipynb 25 minutes ago 107
- [%] widget_example.ipynb 3 hours ago E
[ 01_eic-smear-config.cpp 4 hours ago B 10°
10%- y
[ 02_NNPSS11-2-nobuil... 5 hours ago E i
~ < < - 005 Yol
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[ 04_geometryJLEIC.gdml 5 hours ago o
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Geometry can be opened right in jupyter notebook

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - = X . JavaScript ROOT / X . JavaScript ROOT X _ JupyterLab JANA2 plugins control X ’ Copy of neutron_ - X | &p EIC/ pyjano - Gitl X +
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&% Name Last Modified Info in <TGeoManager::CloseGeometry>: -----=---------- modeler ready----------------
7 data 3 hours ago
. . [8]: canvas = ROOT.TCanvas('canvas', 'canvas',800,600)
@ + [/l 06_open_charm.ipynb 39 minutes ago volume = ROOT.gGeoManager.GetTopVolume()
W 07_geometry.ipynb 37 minutes ago volume.SetTransparency(60)
. volume.Draw()
.\ Ll 08_uproot_neutron_an... 30 minutes ago
« [A] 10_run_ejana.ipynb 29 minutes ago Warning in <TCanvas::Constructor>: Deleting canvas with same name: canvas
+ [A] 11_ejana_interface.ipynb 27 minutes ago
+ [A] 12_config.ipynb 25 minutes ago
« [A] widget_example.ipynb 3 hours ago
[ 01_eic-smear-config.cpp 4 hours ago
[ 02_NNPSS11-2-nobuil... 5 hours ago
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago
[ 05_root.example aday ago
[ output.root 29 minutes ago




Why 76 degrees?

* At apple stores laptop screens must all be set at exactly 76 degrees.
Why? B 3 ®

It is the most uncomfortable angle to look at a display which makes store visitors to adjust the screen. By
this they begin interacting with a laptop.

Python Notebooks is the excellent way to allow users to interact with analysis



B4 Your Steam accou X

@) EIC Software Me

&P EIC/ containers

X

. JavaScript ROOT / X

@ JavascriptROOT X

_ JupyterLab

JANA2 plugins control X

’ Copy of neutron

X | & EIC/pyjano - Gi

x |+

Using usual DataScience tools to do analysis and plot data (without pyROOT)

&« cC ® @ localhost:8888/lab 110% . @ o W v IN @D v =
£} Most Visited ‘ E ToRead £ H EJ Tracking EJEveryread £ 16 EM E3c 96 B3 E3cist E3cittab EJJab EJEiC Eiupy B398 B30 Bvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »
: File Edit View Run Kernel Tabs Settings Help
= + 1 C Y Laune X | M1 10_ru X | W 11ej X | B 12.cc X | MW 060y X | W07 ge X | W08 up X | EBlaunc X B0Tei X [MO2NX [M03o0oX [M04g X | 051 X
" B+ XOTB » m C Code v Python3 O
_,31 Name - Last Modified ”
tree = uproot.open('./data/eventless_output.root')['eventless']['tree']
7 data 3 hours ago tracks_df = tree.pandas.df(["pdg b", "p_b", "px_b", "py b", "pz_b"])

- [A] 06_open_charm.ipynb
« [A] 07_geometry.ipynb

08_uproot_neutr

40 minutes ago

37 minutes ago

31 minutes ago

OO EEE M@

10_run_ejana.ipynb

11_ejana_interface.ipynb

12_config.ipynb

widget_example.ipynb
01_eic-smear-config.cpp
02_NNPSS11-2-nobuil...
03_open_charm_sm.root
04_geometryJLEIC.gdml
05_root.example

output.root

29 minutes ago
27 minutes ago
26 minutes ago
3 hours ago

4 hours ago

5 hours ago

5 hours ago

5 hours ago
aday ago

30 minutes ago

tracks_df[ 'vertical_angle'] = np.arcsin(tracks_df['py_b']/tracks_df['p_b'])

tracks_df[ 'horizontal_angle'] = np.arctan(tracks_df['px_b']/tracks_df['pz_b'])

v_angle =

tracks_df[tracks_df.pdg_b == 2212].vertical_angle.values

h_angle = tracks_df[tracks_df.pdg b == 2212].horizontal_angle.values

Horizontal angle

Vertical angle (y):

(x): an = arctan(p—x)
z

p
ay = arcs[n(—y)
p

fig, ax = plt.subplots()

h, xedges, yedges, im =

ax.hist2d(h_angle, v_angle,

bins=[np.arange(-200,101,5)/1000,np.arange(-150,151,5)/1000],

norm=matplotlib.colors.LogNorm())
.colorbar(im, ax=ax)
.xlabel('Horizontal angle (x) [rad]')
.ylabel('Vertical angle (y) [rad]')

.title('Neutrons angle distribution')

ax.set_axisbelow(True)

plt.grid(True)
plt.show()

015

Neutrons angle distribution

010
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Pyjano allows to configure and run “performant core” from python

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - X . JavaScript ROOT / X JavaScript ROOT X  JupyterLab JANA2 plugins control X . Copy of neutron - X | &p EIC/pyjano -G

&« cC ® @ localhost:8888/lab 110% . O 9w v IN @D Yy =
£} Most Visited ‘ 9 Toread FHH B3 Tracking B EveryRead B Bv Bc Bec B Baist Bcittab EJIab EEC B35 Jupy B8 B30 Bwvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »
-

. File Edit View Run Kernel Tabs Settings Help

— + t C Y Laune X | B 10w X | W 11ej X | B 12.cc X | W 060 X | W07 ge X MW 08u X  Elaunc X B0Tei X | M0R2NX [M030oX [M04dg X | 051 X
f B+ X0 [ » m C Code v Python3 O
-'K.‘ Name - Last Modified .
B data 3 hours ago l [2]: Tlejana -Pplugins=hepmc_reader,open_charm -Popen_charm:smearing=1 -Pnevents=1000 /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc
R 06_open_charm.ipynb 40 minutes ago getcwd: /mnt/c/eic/pyjano_proto/notebooks
@ [INFO] Adding source: /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc
« [A] 07_geometry.ipynb 37 minutes ago
- [/ 08_uproot_neutron_an... 31 minutes ago [INFO] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/hepmc_reader.so"
q\, — . [INFO] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/open_charm.so"
[ 10_run_ejana.ipynb 30 minutes ago Suppressed exception in JEventSourceManager::GetUserEventSourceGenerator!
L 11_ejana_interface.ipynb 28 minutes ago Opening source "/home/romanov/ceic/data/herwigb_e-p_5x100.hepmc" - JEventSource_hepmc : BeAGLE generated Text file
[j o p b JEventSource_hepmc: Opening TXT file /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc
. 12_config.ipyn 26 minutes ago [INFO] Creatin i
g 8 processing threads ...
« [A] widget_example.ipynb 3 hours ago
i i Config. Parameters
[ 01_eic-smear-config.cpp 4 hours ago N
[ 02_NNPSS11-2-nobuil... 5 hours ago name value
[ 03_open_charm_sm.root Shoursago N T /_AI_:I;;I:IH'\—( _ é _________________________
[ 04_geometryJLEIC.gdml 5 hours ago JANA:DEBUG_PLUGIN_LOADING = @
o o5 " | d JANA:DEBUG_THREADMANAGER = 0@
-foot.example adayago JANA:MAX_NUM_OPEN_SOURCES = 1
[ output.root 30 minutes ago JANA:QUEUE_DEBUG_LEVEL = @
JANA:TASK_POOL_DEBUGLEVEL = ©

JANA:TASK_POOL_SIZE = 200
JANA: THREAD_DEBUG_LEVEL = @
JANA: THREAD_ROTATE_SOURCES = 1
JANA: THREAD_SLEEP_TIME_NS = 100
nevents = 1000
nskip = @
NTHREADS = 8
open_charm:smearing = 1
plugins = hepmc_reader,open_charm
ROOT:EnableThreadSafety = 1

Start processing ...
OpenCharmProcessor: Init()

————————— EVENT @ ---------

All threads have ended.

Event processing ended.
OpenCharmProcessor: :Finish(). Cleanup

Final Report

Navantc NTaclkc




You can use python APl in notebook or pure python

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - X . JavaScript ROOT / X . JavaScript ROOT X  JupyterLab JANA2 plugins control X . Copy of neutron - X | &p EIC/pyjano -G

&« cC ® @ localhost:8888/lab 110% . O 9w v IN @D Yy =
£} Most Visited ‘ EJToRead EH [T Tracking EEveryread £ 16 EOM EOc BE3c BT Edcist ElGittab £3FJab EEIC EJiwpy B398 B30 BFwvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »

-

. File Edit View Run Kernel Tabs Settings Help

— + t C EY Laune X | M1 10_ru X | W 11ej X | B 12.cc X | W 060 X | W07 ge X W08 u X  Elaune X B0Tei X | M02NX [M030oX [M04dg X | 051 X
" B+ X OO » ®m C Code v Python3 O
-'K“ Name - Last Modified : : .
7 data 3 hours ago import pyjano
- [A] 06_open_charm.ipynb 40 minutes ago jana = pyjano.Jana()
- [A] 07_geometry.ipynb 38 minutes ago jana.configur.‘e( ) )
L 08_uproot_neutron_an... 32 minutes ago plug?EZ:éle_r‘eader“, z :Lz;jz zimeuZ;nZd;ith:;L parameters

Ll 10_run_ejana.ipynb 30 minutes ago {'open_charm': [ # add vmeson plugin & set '-Pvmeson:verbose=2' parameter

W 116 interfaceiovnb 28 minut {'verbose': 1}, # Set verbose mode for that plugin
_€jana_interiace.|pyn minutes ago 'smearing': 1 # Set smearing mode
o g g

« [A] 12_config.ipynb 26 minutes ago .
« [A] widget_example.ipynb 3 hours ago q q o q . " . .
in_files="/home/romanov/ceic/data/herwigb_e-p_5x100.hepmc", # or [list, of, files]
[ 01_eic-smear-config.cpp 4 hours ago
. params={'nthreads':4, 'nevents':2000 } # for parameters that don't follow <plugin>:<name> naming
o 02_NNPSS11-2-nobuil... 5 hours ago # Smart enough to run it like --nthreads=8
_open_charm_sm.root ours ago # instead of -P...
[ 03_open_ch 5h g f
[ 04_geometryJLEIC.gdml 5 hours ago
[ 05_root.example aday ago
. JANA loaded...
[ output.root 31 minutes ago
jana.run()

ejana -Pplugins=hepmc_reader,open_charm -Popen_charm:smearing=1 -Pnevents=1000 /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc
getcwd: /mnt/c/eic/pyjano_proto
[INFO] Adding source: /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc

[INFQO] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/hepmc_reader.so"

[INFQ] Initializing plugin "/home/romanov/eic/ejana/dev/compiled/plugins/open_charm.so”

Suppressed exception in JEventSourceManager::GetUserEventSourceGenerator!

Opening source "/home/romanov/ceic/data/herwig6_e-p_5x100.hepmc" - JEventSource_hepmc : BeAGLE generated Text file
JEventSource_hepmc: Opening TXT file /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc

[INFO] Creating 8 processing threads ...

Config. Parameters

a m oz O




It provides ipywidgets with GUI inside notebooks to run “PC”

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - = X . JavaScript ROOT / X . JavaScript ROOT X _ JupyterLab JANA2 plugins control X ’ Copy of neutron_ - X | &p EIC/ pyjano - Gitl X +

&« cC ® @ localhost:8888/lab 110% . @ o W v IN @D v =
£} Most Visited ‘ E5 Toread EHH B3 Tracking B EveryRead B Bv Bc Be BB Baist Bacittab EJIab EFEC B35 Jupy B8 B0 Bvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »
: File Edit View Run Kernel Tabs Settings Help

= + 1 C EY Laune X | M1 10_ru X | R 11ej X | B 12.cc X MW 060y X | W07 ge X | W08 up X  Elaunc X BO0Tei X [MOR2NX [M03o0oX [M04g X | 051 X
" B+ XOTB » m C Code v Python3 O
""""" CVLINT U =========
: | Name - Last Modified ”
X All threads have ended. 263.8 Hz (399.8 Hz avg)
O data 4 hours ago Event processing ended.
+ [A] 06_open_charm.ipynb 41 minutes ago OpenCharmProcessor:Finish(). Cleanup
« [A] 07_geometry.ipynb 39 minutes ago
« [A] 08_uproot_neutron_an... 33 minutes ago Final Report
« [A] 10_run_ejana.ipynb 31 minutes ago
™ 11_ejana_interface.ipynb 29 minutes ago Source Nevents Queue NTasks
O - .
+ [A] 12_config.ipynb 27 minutes ago . .
. . /home/romanov/ceic/data/herwig6_e-p_5x100.hepmc 1000 Events 999
« [A] widget_example.ipynb 3 hours ago
[ 01_eic-smear-config.cpp 4 hours ago Total events processed: 1000 (~ 1000.0 evt)
[ 02_NNPSS11-2-nobuil... 5 hours ago Integrated Rate: 395.5 Hz
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago [INFO] JResourcePoolSimple::~JResourcePool: Deleted 8 items (8 expected).
[ 05_root.example aday ago
[ output.root 32 minutes ago

jana.start_gui()

Show resulting config m N

ejana -Pplugins=beagle_reader,open_charm -Popen_charm:smearing=1 -Popen_charm:verbose=1 -nthreads=4 -nevents=2000




GUI to configure “preformant core” inside jupyter notebooks

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - X . JavaScript ROOT / X . JavaScript ROOT X  JupyterLab JANA2 plugins control X . Copy of neutron - X | &p EIC/ pyjano -G

€« C ® @® localhost:8888/lab % e @ B W ¥ N @ v =
£} Most Visited ‘ £5 Toread £ H ElTracking ElEveryRead B Bv Bc Bec B8 Bacist Bcittab £Fiab EJEIC EIJUpy B8 Bo Bwvs @ KyleOS | Estimating N... @Kalman—andeayesian,,. @Immersive Math @Femtugraphy2018| »

-

. File Edit View Run Kernel Tabs Settings Help

2 aun _ru A 11_¢j A 12_cc A| 06_of g A| 08_uy aun _ei | _0 g _rc
— + * c BN Launc X | B 10_ru X | [ 11.ef X | B 12.cc X | W 060 X | W07 g X | W08y X | Elaunc X BE01ei X [MO2NX [M03o X [Mosg X | 05k X
" B + XO O » m C Code v Python3 O
-'K“ Name -~ Last Modified ~
M data 4 hours ago from pyjano import Jana
jana = Jana()
- [A] 06_open_charm.ipynb 42 minutes ago
- [A] 07_geometry.ipynb 40 minutes ago Jjana.plugins_gui()
Ll 08_uproot_neutron_an... 33 minutes ago
+ [A] 10_run_ejana.ipynb 32 minutes ago 10 plugins: Process & Analysis: 2 verbose (int)
+ [A] 11_ejana_interface.ipynb 30 minutes ago
W 12_config.ipynb 28 minutes ago lund_reader trk_fit
« [A] widget_example.ipynb 3 hours ago
[ 01_eic-smear-config.c 4 hours ago
- PP o @ beagle_reader trk_eff
[ 02_NNPSS11-2-nobuil... 5 hours ago
(] 03_open_charm_sm.root 5 hours ago
[ 04_geometryJLEIC.gdml 5 hours ago hepmc_reader Jleic_iff
D 05_root.example aday ago
[ output.root 32 minutes ago jleic_geant_reader jleic_occupancy
jleic_gemc_reader vmeson

@ open_charm

Plugin beagle_reader: Opens files from BeAGLE event generator as a data source
BeAGLE - Benchmark eA Generator for LEptoproduction

Documentation

a m oz O




GUI may be used standalone

B Your Steam accou X | &) EIC Software Mec X | & EIC/ containers - X . JavaScript ROOT / X JavaScript ROOT X JupyterLab JANAZ plugins control X . Copy of neutron - X | &p EIC/pyjano -G

< c @ ® 127.0.0.1:5000/ull O B W ¥ IN @O ¢ =
£} Most Visited ‘ EJToRead EH [T Tracking EEveryread £ 16 EOM EOc BE3c BT Edcist ElGittab £3FJab EEIC EJiwpy B398 B30 BFwvis @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »

(@ JANA2 Control

Input file Browse Upload From MC DB
Main outout name Browse
10 plugins: Process & Analysis: 1 verbose (int)
lund_reader @ trk_fit i X
1 smearing_source (int)
beagle_reader @ trk_eff
O s eEnergy (float)
hepmc_reader jleic_iff
O so iEnergy (float)
@ jleic_geant_reader @ jleic_occupancy

jleic_gemc_reader vmeson

@ open_charm %

Plugin open_charm: Makes analysis on charm particles. Extracting basic invariant masses and other parameters with or without smearing

Show resulting config m

ejana -Pplugins=beagle_reader,open_charm -Popen_charm:smearing=1 -Popen_charm:verbose=1 -nthreads=4 -nevents=all

JANA control example Back to top




Can work in clouds (Google colab as example), central servers ad Jlab
jupyter lab servers. And other such things

r Steam accou X | @) EIC Software Mec X | & EIC/ containers - X . JavaScript ROOT / X JavaScript ROOT X JupyterLab X | JANA2 plugins control X [OZINETINID Gl & EIC/pyjano - Gitl X +
& @ Q [OF ] https://colab.research.google.com/drive/11QVknQnxdoXaaezjBGa-Wu8X44sITim4#scrollTo=EUvcXpgybAx3 Google il e @ o {} i/ I o ﬁ =
ﬂ' Most Visited ‘ El ToRead E H El Tracking El EveryRead El LG El M El C El G E Tr E Gist El GitLab E JLab E EIC El Jupy El B El D El VIS @ KyleOS | Estimating N... @ Kalman-and-Bayesian... @ Immersive Math @ Femtography 2018 | »
& Copy of neutron_angle_distribution.ipynb
Py -angle_ Py Bl COMMENT an SHARE
File Edit View Insert Runtime Tools Help
CODE TEXT 4 CELL % CELL v Fg?;‘l"( v  J EDTING A

norm=matplotlib.colors.LogNorm())
[ 1 plt.colorbar(im, ax=ax)
plt.xlabel ('Horizontal angle (x) [rad]')
plt.ylabel ('Vertical angle (y) [rad]')
plt.title('Neutrons angle distribution')
ax.set_axisbelow (True)
plt.grid(True)

plt.show ()
(B 015 Neutrons angle distribution
. 10°
010 -
i)
S o005
) 102
3 000
e
©
= .
g -0.05 -
§ 10! %
-0.10
-015 10°

-020 -015 -0.10 -0.05 0.00 0.05 0.10
Horizontal angle (x) [rad]

D
Horizontal angle (x): &th = m‘ctan(p—z)
z

. Dy
Vertical angle (y): o = aTcszn(;)

] fig, ax = plt.subplots() '
n, bins, patches = ax.hist(h_angle, bins=np.arange(-200,101,2)/1000, log=True) |
plt.xlabel ('Horizontal angle (x) [rad]')
plt.title('Neutrons horizontal angle distribution') H
plt.show ()

[ Neutrons horizontal angle distribution

10°

10!

(ﬁ’ 5:32 PM

a ‘m oz O 2%e

1/2019



Can we identify entry point workflows

How it really works

Configuration

Run
(sim, recon,
analysis)

Tamper with
code

Introspect * (Yellow lines depict how such example notebooks and documentation
e can guide users through cycles of analysis development)




JANA?2 modularity
(what is important for this talk)

Data & Services Dy
L Data & Services

Configuration

Pretty standalone .so library



Do we hide the complexity?

Jupyter lab, GUI,

Python, scripts, analysis

C++, eJANA, plugins

JANA, eic-smear, ROOT, Geant4




EJPM

* EJPM stands for eJana Racket-Build Manager

> pip install ejpm  # self descriptive CLI interface

* Never desighed to be a real packet manager

* Provides unified build and deployment tool for

- workstations
- containers
- cloud deployment



Cloud?



Can we identify entry point workflows

0SG, farms




Distribution way

Workstation

. Compilation
Containers P

EJPM

NO EFFORT AT ALL Some effort

Novice Efforts required axis Experts



What is ready?

JANA2 — C++ framework for NP data processing - beta

e!ANA — E|IC community reference reconstruction - beta (June)
gde — Geant 4 EIC — alpha-> beta (June)

ejpm — Packet manager builder - beta

deic — Docker helper for EIC users - in project

Eic-smear — Integrated into ejpm,
(full integration into ejana in progress) - beta (June)

pyjano — Python JANA Orchestrator — alpha
eic-jupyterlab — GUI for users entry point — prototype-> alpha

Future announces?
Follow EIC Software consortium & User Groups meetings:

May UG meeting: https://agenda.infn.it/event/17249/

-
sdftware carpentry




Thank you!



Edit Selection View Go Debug Terminal
EXPLORER S
OPEN EDITORS

= remap_fahk
devil.html O
angel.html O;
hist2d_log_demo.py O:
devil2.html O
angel2.html O:\eic
devil_cry.html O:\eic
devil_angel_bench.html
devil_hits_angel.html O:\eic

AUTOHOTKEY_1.1.30.01

Help

hist2d_log_demo.py %

from matplotlib.colors import LogNorm

import matplotlib.pyplot as plt
import numpy as np

np.random.randn(100000)
np.random.randn(100000) + 5

.hist2d(x, y, bins=40, norm=LogNorm())

.colorbar()
.show()

2.htm

| ¢ M

"window.zoomLevel": ©,

itlens.advanced.messages": {
"suppressCommitHasNoPreviousCommitWarning":
"suppressCommitNotFoundWarning":
"suppressFileNotUnderSourceControlWarning™

"suppressGitVersionWarning":
"suppressLineUncommittedWarnin,
"suppressNoRepositoryWarnin
"suppressResultsExplorerNotice":
"suppressShowKeyBindingsNotice":
"suppressUpdateNotice"
"suppressWelcomeNotice":

GUI for CODE related work (success story

hist2d_log_demo.py - AutoHotkey_1.1.30.01 - Visual Studio Code

» Compiler
AutoHotkey.chm itlens.keymap": orded”,
AutoHotkeyA32.exe "terminal.integrated.shell.windows
AutoHotkeyU32.exe
AutoHotkeyU64.exe
Installer.ahk
Key.ahk
license.txt
= remap_fahk
Template.ahk
WindowSpy.ahk

PROB S OUTPUT DEBUG CONSOLE ~ TERMINAL

Microsoft Windows [Version 10.0.18362.30]
(c) 2019 Microsoft Corporation. All rights reserved.

C:\Users\DmitryRa\Downloads\AutoHotkey 1.1.30.01>

A This extension is no longer being maintained and all of its functionali
b OUTLINE
Python 3.7.1 64-bit (base: conda) @ 0 A 0 Ln12,Col1 Spaces:4 UTF-8 LF Python @ A1




Web GUI vs Native GUI

Edit Go Debug Terminal Hel ¥ Visual Stud

PLORER S ist2d | m
4 OPEN EDITORS om matplotlib.colors LogNorm
ahk import matplotlib.pyplot as plt

devilhtml O:e St e -

ONE DOES NOT SIMPLY,

v

isCommitharning”:

angelhtmi PSS — .
X & hist2d log demospy O\cic np. randon.randn(160069) 2warning’

devi2 i np.randon.randn(168060) + 5

angelzhtml
plt.hist2d(x, i 8, norm=LogNorm())
plt.colorbar(
pit. show()

html
evil_angel_bench html
devil hits_angelhtml O
AUTOHOTKEY 1.130.01
mpiler
AutoHotkey.chm "gitlens.keymap":
erminal.integrated

TERMINAL

Microsoft Windows [Versi o. 0!
19 Microsoft Corporation. ALL rights res

DmitryRa\Dounloads \AutoHotkey_1.1.38.01>

GREATY GOOD NATIVE GUI

imgflip.com -

5 ger being maint nd all of its funct
» ouTune

Python 3.7.1 64-bit (base's 1n12,Col |_Spacesi4 UTE-8 L Python @ M1

More like WEB gui



ROQOT is with us HERE!

JSROOT Examples

‘]:xampleg, APIs e i g st oy oy UsA Pt Opson SCAT ostu)

:k“
?fv‘

5.6.4 (latest)
dev (expert)
5.5.2 (old)

)
B>
| <

Download:
5.6.4, dev, all

Read:

User guide
Reference API
Change log
THttpServer

Visit:

github.com

root.cern/js/ ‘
jsroot.gsi.de |
Contact:

S.Linev
B.Bellenot

ers
;3-5

Applications




Jupyter notebooks

J u pyter spectrogram Last Checkpoint: an hour ago (autosaved)

File Edit

B+ 3
In [1]:
In [2]:

ZIN CHEEE I 2

View nsert Cell Kernel Help

H B C  code v Cell Toolbar: None

from scipy.io import wavfile
rate, x = wavfile.read('test_mono.wav")

import matplotlib.pyplot as plt

fig, (ax1, ax2) = plt.subplots(1l, 2, figsize=(12, 4))
axl.plot(x); axl.set_title('Raw audio signal’)
ax2.specgram(x); ax2.set_title('Spectrogram')
plt.show()

20000 Rav'v audio S|gnal

Spectrogram

A

# |Python2 O

30000

08
20000
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0

-10000 04

—-20000
02

-30000

—-40000

- 0.0
0 50000 100000 150000 200000 250000 0

40000 60000 80000 100000

120000




Jupyter lab

File Edit View Run Kernel Tabs Settings Help

. A + B 1 C ® Lorenz.ipynb X [ Terminal 1 X | ™ Console 1 X # Data.ipynb X M README.md X
* Modular + plugins B+ XDDO > =cC cum - Pytna O e Stillin develooment
Name - Last Modified In this Notebook we explore the Lorenz system of differential equations: p
o
g ") Data.ipynb an hour ago = n(y —x)
2 | [ Fasta.ipynb a day ago J=px—y—nxz
° I . h A Julia.ipynb a day ago 2= —fz+xy
One place to tamper wit B Locwralph_seconds 300 _ S . . m
g A R.ipynb aday ago Let's call the function once to view the solutions. For this set of parameters, we see the trajectories swirling around two points, 0 e Wo r OWS a re e re
§ iris.csv a day ago called attractors.

scripts and see the output

) from lorenz import solve_lorenz
@ lorenz.py 3 minutes ago

t, x_t = solve_lorenz(N=10)

By * Have many limitations
* Better interacts with system 000 T T S s e Compared to a native GUI

fig = plt.figure()
beta 267 ax = fig.add_axes([0, 0, 1, 1), projection='3d")
ax.axis('off)

Cell Tools

Tabs

rho 28.00
# prepare the axes limits
ax.set_xLlim((-25, 25))
* Can be used as SAAS |
z S S ax.set_zlim((5, 55))
def lorenz_deriv(x_y_z, t0, sigma=sigma, beta=beta, rho=rho):
""iCompute the time-derivative of a Lorenz system."""

X, ¥, Z = X_.y.z
return [sigma * (y - x), x * (rho - 2) -y, x * y - beta * z]

# Choose random starting points, uniformly distributed from -15 to 15
np.random.seed (1)
X0 = -15 + 30 * np.random.random((N, 3))




Conclusions

A heated discussion should conclude this talk!

v \eo

Tt

We will present our thoughts on users entry point in terms of

working prototype
in the next talk



Root with a python interface

wt




é
\},\/@ Good workflow

VS ®
Good tool /

Even for code and libs:
Github -> Tutorial -> Selling you workflow of your future work



Backup slides




C++ everywhere is a strange choice

Mario Alemi
Physicist

... S0 | started using ROQT. | was eager to learn C++. | took
courses, read Bjarne Stroustrup’s book. And then asked myself

—did ROOT people first get a good dose of LSD (lysergic acid)
and after decided to use C++ as scripting language?



Data science languages

9 592%

SaL 53.6%
Jupyter notebooks
TensorFlow

Amazon Web services
Unix shell / awk
Tableau 20.4%
o/cr ETED
NesaL
MATLAB/ Octave
Java
Hadoop/ Hive/Pig
Spark / MLIib
Microsoft Excel Data Mining



Lets start with ROOT
ROOT

Data Analysis Framework Custom Search

Download Documentation News Support About Development Contribute

Getting Started Reference Guide Gallery

ROOT is ...

A modular scientific software toolkit. It provides all the functionalities needed to deal with big data
processing, statistical analysis, visualisation and storage. It is mainly written in C++ but integrated
with other languages such as Python and R.

Start from examples # or try it in your browser!

of important cavities

ﬁ Download ROOT or Read More ...

Previous Pause Next

Our major elephant is the software room



i~ Data Analysis Framework

STUPID | VS SOLID

+++ * Singleton -- ¢ Single responsibility
+++ * Tight coupling - * Open/closed
+++ ¢ Untestability +- * Liskov substitution

---  * Premature Optimization  +- ¢ Interface segregation

+-  * Indescriptive Naming -- * Dependency inversion
+ * Duplication

v ®




Thinking in workflows

i Your own system install
Docker containers

 Event generator

Packet manager/build system

Installs Geant, gde, Jana2, Rave...

'4

User



Unexperienced developers

A
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=
Time & money v
saved on team g
of professional )
C++ developers \ S
-

Saved Wasted

Time & money
wasted by
students,
postdocs,

professors and
scientist on

~ ROOT failurels




Unexperienced developers

Time/money/efforts

Saved Wasted




Unexperienced developers

o
oa

Time/money/efforts

Saved Wasted




ROOT 7 will save us!
* MUCH better API

* Professional team (love their users)

* Work being done on improving modularity

ROQOT 7 problem

It is for tomorrow while we need it yesterday



Can we live without CERN.ROOT?

NO

At least not today



Yes. We have trapped ourselves

)
W

<

* ROOT is dead. Long live the ROOT!



CERN root-7/

* Example (and what could go wrong)
https://root.cern.ch/root-7



https://root.cern.ch/root-7

Things to consider

DISCLAMER:

* Some things in this talk are subjective and opinionated. | want this
talk to be a discussion. You don’t agree — excellent, lets discuss it.

* We, us, our = HEP & NP developers in general (most of the time)

ASSUMPTIONS:

e Our software does physics

* Our software is technically OK

e Are users happy with our software?



HOW 2019 impression

Joint HSF, OSG & WLCG Meeting

RO

20

MARCH 18-22,2019

Jefferson Lab « Newport News, Virginia, USA
. =

SCIENTIFIC ORGANIZING COMMITTEE

CERN

HSF #  Jefterdon Lab indico.cern.ch/e/how2019

wLCG

Users are not happy with
our (HEP&NP) software

(especially in analysis and
reconstruction part)



Usual view on users vs developers

Developers




