Tracy Miranda, Kichwa Coders — EclipseCon Europe 2015

Integrating Java and Python




Python for Non-Traditional

Programmers

Access To Fast, powerful

Ease of Use Learning |ibraries_:
Resources numpy, scipy

IPython Great

Notebook Community




Verbose Concise

Statically -Typed % Dynamically-Typed

Scales well \/ Ideal for beginners

Loved by tool developers @ Loved by academics
and enterprise and researchers

Eclipse RCP, SWT, * Numpy, scipy, matplotlib,
EME IPython notebook




JAVA + PYTHON: In Harmony Together

public class HelloWorld ({
public static void main(String[] args) {
System.out.println("Hello, World!");




Case Study: Diamond LightSource
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Scaling Scientific Tools

2005:

"l have all the data | have ever collected on a
floppy disk and process it by hand..."

Principal Beam Line Scientist
Diamond Light Source Synchrotron

(hat-tip: Mark Basham: Mark Basham - , PyData 2014)


https://www.youtube.com/watch?v=bFUQVb38scc

File Edit Navigate

¥ welcome 2

DExplore - Dawn

Search Project Run Window Help

List of all perspectives and tools available to perform data analysis.
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Requirements

Control the User Interface

Python to Java

= In Python, being able to access Java objects
= Moving data around

= Needed for Plotting arrays in the workbench
= (while still running your existing scripts)

Java to Python

= In Java, code can access scripts in Python
= Workflows, Extending Eclipse with Python



C Python
Jython
PyPy
lIronPython
Cython
IPython

B pyDev - C:\data\Clients\eclipsecon_france_2015\plugins\uk.ac.diamond.scisoft python_1.3.0\scisoftp.. — = n

File Edit Source Refactoring MNavigate Search Project Pydev Run Window Help

il & FrO~-Q~  Fvil2 i R AR A CECE SECE NN T | PyDev | % Pyl
[% PyDev Package Explorer &2 = O] i22-4996.nxs [ demo B plot =2 =8
BRI~ A
4 & eclipsecon_france_2015 if type (v) ‘_types iDictType: # has axis name
4 Bl demo.py 34 KB 25/06/15 10:48 AM _r ¥ = y.items{) (0]
Z data _plot_image (name, =, y, im, ax, ay)
X
<y def image (im, y=None, name=None, resetaxes=True):
< data "*'pPlot a 2D d an i n the n
< data
< roi
<5
< |
< interesting_data
< data
< ps e
o traces if name is None:
name = PVNAME
. Plot a 2D dataset as an image in the named view with optional x @image(m, x, y, name, resetaxes)
and y axes . N
@images(im, x, y, name)
\Arguments: @ imagestogrid(im, name, store)
im -- image dataset @imagetogrid(im, name, x, y, stare)
x -- optional dataset or single-item dict for x-axis
lv -- optional dataset or single-item dict for y-axis
@ dﬁname -- name of plot view to use (if None, use default name)

resetaxes -- reset axes (True/False: if not defined, axes are reset)

dnp.plot.im

Press Ctrl+Space for templates.



1. PyDev - Debug

Debug - main/runme.py - Eclipse Platform
File Edit Source Refactoring Navigate Search Project Pydev Run Window Help

- 5w Flel @[z = % -0 - Q- ("4 - (P B ||%Debug |Q QuickAccess
35 Debug 22 i3 = 3B R = F ¥ = B  ®- Variables =g
~ &% PyDev Console [3] =) =
3@ Interactive Console: python {/usr/bin/python2.7) Name Value =
- @ MainThread - console main b @ Globals Global variables
| = my_sample_function [runme.py:7] j = a
= <module> [<console>T] ° b fint: 2
= runcode [code.py:103] b @ tuple: (1, 2)
= runsource [code.py:87] > @d gtunle:rl1.21. 3) =
= push [code.py:265] : :

hd

= run [pydevconsole.py:65]

[P runme % Selectﬁll Ctrl+A i

def le_f ti : i . i [y 1 [
e :y_fjmp e_function() @ _internal | Copy Variables Ctrl+C dict: {'ndim': 2,
b =2 .
c=(a b b @ diype Find... Ctri+F  diype: float4
d = (c, 3)
= * max “a Change Value... . str:ndarray toc
E print(a,b,e) J i
my_sample_function() * min I’ﬂ i == Line oc
b @ shape 5 Save As HDF5 »# Add Line 10
] : Pretty Print . h
El Console 2 b e ) :5:\':"' Watch — .
PyDev Console [3] ':IL“t Exitautocall: <Il
runfile('/scratch/pydev/runtime-EclipseApplication/main/runme.py') -
-y e y 3,00, 2y, 3, (0, 2), 3, (0, 2),3, (0, 2), 3, (0, 2),3, (0, 2), 3, (0, 2), 3, (0, 2}, 3, (
E my_sample_functlon(ﬂ

v i) = o - PyDev Conscle Communication I '&=



1. PyDev - Integration

Preferences Figure 1
d Interactive Console f=14 4
v Cuue Rewommeners 350
PyDev interactive console preferences.
b Help
b Install/Update ST _— o
b Java Stderr color [ ]
¥ Maven Stdin color ] 250
b Mylyn
Prompt color [
¥ Plug-in Development 200
APl Baselines Background color —1
APIErrors/Warning Debug console background color 1 150
APIUse Scans import sys; print('%s %s' % (sys.executable or sys.platform, sys.version)) E
Compilers 100
Editors
05Gi Frameworks Initial interpreter commands. =
Target Platform
- Can use variables from:
PyDev Run/Debug > String Substitution 4
Builders
b Debug PN '{_' =
b Editor = =
1 v
Interactive Console Vim Args for jython
Interpreter - Iron P (used only on external -Xmx64m
rocess option): Mavavi S 2
Interpreter - Jython :4 [P, Mayavi Scene 1
aximum connection attempts -
50 e - ® A
Interpreter - Pythot for initial communication: )) Ej = L&
Logging Focus console when it's started?
Pylint Maximum number of lines to
PyUnit store in global history 200
(0 for unlimited):
Scripting PyDev When creating console send
Task Tags current selection/editor
?
b Run/Debug contents for execution?
Focus console when an evaluate
¥ Team command is sent from the editor?
Validation
Connect conscle to Variables Debug View? No GUI Enabled On Statup (none)
> WindowBuilder Enable GUI event loop integration?
b - PyQt(gtiqtd)
al 4 PyGTK (gtk)
PYGI (gtk3)
Tkinter (tk)
- 0S5 X({osx)
OpenGL (glut)

pyglet (pyglet)




2. Jython

Java implementation of Python
Runs in JVM so can access all JAVA classes

Jython cannot access C modules
JyNi could solve this,but c

» Only initial numpy support

» NoWindows support

CCCCCC

» Licensing issues
Separate environment



"A Bridge between Java and Python”

Runs in JVM and allows Python to access
JAVA classes

Enables Python to Java

Allows control of User Interface and ability
to run your scripts

Creates proxies rather than moving data
Exposes everything
No Java to Python support



Interactive autocompletion of Java code in

Python
Autogenerated pop-up help based on

method signatures

2 Console = Qutline % Header Table
PyDev Console [0]

© addRegionListener
© addTrace
© addTracelistener

wd

© appe
© autoscaleAxes

O clear

Help oncl ThreadSafePiotingSystem in package org.eclipse

dawnsci.plotting.apiremote

ThreadSafePlottingSystem extends org.eclipse.dawnsci.plotting
ThreadSafeObject i

PlottingSystem |{

apiuremote plements org.eclipse.dawnsc

plotting.a

Methods defined here

addAnnotation{lAnnotation) : void

Y Fieids defined here )

ce for templates




4. AnalysisRPC

Custom solution to move data around

Enhanced Remote Procedure Call

" Datasets (ndarrays)
" Regions Of Interest (ROIs)
" Exceptions

Language Independent
Server and client written for Java and Python



x = numpy.ndarray(...)
y = numpy.ndarray(...)
rpcclient.Plotter.line( x, y)

§

import
org.eclipse.dawnsci.IDataset
class Plotter {
public void line(

IDataset x, IDataset y) {

I}
UNFLATTEN

Transport

(XML-RPC + Disk/Memory)

Meta and simple data:
Target > Plotter
Method - line Datasets:

X =2 [tmp/x [tmp/x
y = [tmply [tmply




interface IFilter {
IDataset filter(IDataset data);

}

//create client for PyFilter

client.newProxylnstance(IFilter.class)

IDataset result = proxy.filter(data)

FLATTEN

Tra nSpO rt Meta and simple data:

(XML-RPC + Disk/Memory) Target = PyFilter
Method - filter

data = /tmp/data

class PyFilter:
def filter(data):
# manipulate ndarray data
return data
# create server
server.add_handler(PyFilter())

UNFLATTEN

Datasets:
/tmp/data




Python To Java

Workflows — Python Actor

Eile Edit Diagram Navigate Search Project Run Window Help

- #-0- Q- £ || & - - f= - E | 5 Workflow 4¢$Debug -
b v e oS oS o3 | & -
[75 Project Explorer &2 File Mavigator = O || & python_pydev_numpy_examplel.moml &2 SO|[Ee R BI™ =
EEE Tl 4 sk palete §
< & workflow_example_project = [ select Director P (= General =
b (= data v (2, Marquee - . b 2 Processes
= (= examples ~# Connection b = Flow Centrol
[} directory_packing_example.moml Favorites < P (% File Operations
[t] folder_example.moml b =2 Maths
[} folder_monitor_example.moml MoKedge_1_15 Bython PyDe Data Export Open File b &= User Interface
[£) gda_scan_example.moml v : N N > : > > b @8 Hardware
[£] if_example.moml 4 £ : e 4 a : b (= Error handlers
[£) loop_example.moeml P (= Edna Plugins
[t maths_example.moml 4 ICAT actors
[£] maths_example2.moml b = NCD
[£) maths_example3.moml Run | Edit| XML b (£ Plotting Actors 2
[£] motor_example.moml o Value | B Console | 9] Error Log | 4 Search | [£] Actor Attributes 53
[} plot_fit_example.moml Property Value
[£) plot_image_region_example.moml| [ Python PyDev
[ python_numpy_example1.mom! Create Separate Interpreter
1t python_pydev_numpy_examplel.moml - Dataset Outputs InIOIt
[t} spec_scan_example.moml workflow_example_project's PyDev interpreter settings - /usr/bin/python2.7 =
[ user_interface_example.moml Pass Inputs On 1
P & examples-edna Python Script Default - fusr/bin/python2.7
b (= examples-icat Run Script in Debug Mode (requié (]| python - fusr/bin/python2.7
- b= SIC 5 = epd_free - fhome/jonah/epd_free/bin/python2.7
s ccthx - fhome/jonah/Downloads/ccthx/cctbx_plus_build/bin/cctbx.python




AnalysisRPC

Allows moving data around efficiently
Java to Python, Python to Java
Generic Calling Infrastructure

Way of Handling Exceptions

In DAWNSci today — needs repackaging for
use more widely.
Support for custom datatypes



Java & Python

Java and Python Integration is possible thanks
to a mix of different technologies:

= PyDev
= Jython
= AnalysisRPC

" Pyg4J

Going forward can we unify this technology?



Eclipse Advanced Scripting

Environment (EASE)

Source Refactoring
- B0~ Q~o v~

I3 Project Explorer

c. Seript Explorer = B

Scripting - Eclipse Platform

Project Py4) Menu Run

[5] Rhino Script Shell &

=1k -

4 (=7 JavaScript Beginner Tutorial [oro
4 % 01 Hello world
[# 01 Hello world js
[} 01 Hello world.py
[} 02 Hello World Uljs
[F} 02_Hello_World_Ulpy
|} 03 Hello World SysOut,js
&y 02 File 10
(& 03 Threading
@ python (C\Miniconda\python.exe)
&f - JavaScript Snippets [org.eclip
(5 JavaScript Unit Testing Tutorial |

<

>
[l 02_Hello_Waorld_Ul.py - JavaScript Beginner Tutorial/01 Hello world
T T

// use help("<topic>") to get more information

new Packages.org.eclipse.ease.modules.EnvironmentModule () .loadModule ("/System/Envii

(=] Greetings
0 Hello World
OK
loadModule( )
showInfoDialog( 5 );
B Console =

Py4): L/)JavaScript Beginner Tutorial/01 Hello world/02_Hello_World_Ulpy

Variable

Variables | Scripts

— 8

Quick Access E | &5 Resource Scripting

v B

@ = B [ Modules Explorer 2 = a8

<search modules>
Content

= Modeling

& System

L Charting




Uniting Python In Eclipse

ntegrate Py4J into EASE
ntegrate AnalysisRPC into EASE

ntegrate EASE (now with Py4J and
AnalysisRPC) into SWG projects

Scope?
Support for additional data structures

Annotations, code generation



Uniting Python in Eclipse

1. Integrate Py4J into EASE
=  Py4JPythonScriptEngine

Threading model

Memory Management

OAK RIDGE

National Laboratory

¥

=  What about EASE into Eclipse Platform?

= User Experience

Integrate best of PyDev



Python & Java

With tight integration Java & Python work
together to create a powerful environment
for Science, and beyond!

Keep upto date with latest at science working
group forum

SCIENCE

eclipse.org


science.eclipse.org

Questions?

Tracy Miranda

Jonah Graham

N\KIChwa
Ncoders
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