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Getting more out of Matplotlib with GR

July 20t — 26,2015 ‘

Bilbao | EuroPython 2015 | Josef Heinen | @josef heinen ’— v’




' 308 C
‘ Jilich Centre for Neutro nce J J

FORSCHUNGSZENTRUM

Visualization needs

v visualize and analyzing two- and three-dimensional data sets
v plot 2D data for real-time monitoring purposes (signal processing)

v visualize large data sets, probably with a dynamic component, preferably in
real-time

v create publication-quality and web-ready graphics

v create animations or videos on the fly

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems 2
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Python visualization solutions ‘

& matplotlib

5 Bokeh

Matplotlib — de-facto standard (“workhorse”)
"+ Browser solutions: Bokeh, plot.ly

Mayavi (mlab) — powerful, but overhead fromVTK

ggplot, chaco — statistical, 2D graphics o \Visualization
NN\ Toolkit

VTK — versatile, but difficult to learn

Vispy, Glumpy, OpenGL — fast, but low-level API

2D 3D

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems
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Problems so far — Crux of the matter

separated 2D and (hardware accelerated) 3D world
Interop

some graphics backends "only" produce "figures”
"+ no presentation of continuous data streams

speed up “only” by means of backend specific
code "+ poor performance on large data sets

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems
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Where to go from here!

How can we improve the performance!

v Several Python modules can be compiled into native code, making them much
faster (Cython)

v Compiling hotspots on the fly (Numba, PyPy) can significantly speed up
numerical code segments

v Use hardware acceleration, but ...

... these approaches cannot easily be applied to visualization software! (**

&

" Could another backend speedup Matplotlib and improve interop ?

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems 5
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Use GR to achieve more graphics performance

v procedural graphics backend (completely written in C)

" presentation of continuous data streams

v builtin support for 2D plotting and OpenGL (GR3)
= coexistent 2D and 3D world

v interoperability with GUI toolkits and Web frameworks

spomeuresy fib

" good user interaction

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems



' 308 C
‘ Jilich Centre for Neutron Science J J

FORSCHUNGSZENTRUM

Use GR to extend Matplotlib’s capabilities

v combine the power of Matplotlib and GR
- next Matplotlib release will allow selecting the backend by setting the
environment variable MPLBACKEND

v produce video contents on the fly by adding a single line of code
" no need to import an animation module or write extra code

Y create plots containing both 2D and 3D graphics elements

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems
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How it works: GR layer architecture

Qt console P b
interaction ~jupyter —
, IP. ) fyh Notebooks support for
D i v Python or Julia kernels
, Vi
@ python o gde Swift
Qt / wx | IPython JUlla wi
tl
et Nt gr | | GR3 \ Generate ray-traced Create HTML5
He)
Use GR as a Matplotlib glgr / iGR App 0 B | off-screen direct | JavaScript | POV-Ray GLUT graphics scenes output
backend communication S| rendering | rendering | generation | generation GLFW |
. Dackend, Eoeed s 4
mix GR, MPL and GR3 code -

Iy j Gis %

GKS logical device drivers

Highlights:
— simultaneous output to multiple output devices

Create video animations _ — CGM, GKSM, GIF, RF, UIL : . .
Q@m HHH — direct generation of MPEG4 image sequences
o~ —WMEF, Xfig _ . g -
L

More logical device drivers / plugins:

— flicker-free display ("double buffering”)
— IPython / Jupyter notebook integration

on the fly

qt ﬁ;ﬁ

— GS (BMPJPEG, PNG, TIFF)

July 20th — 26th, 2015 Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems
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Matplotlib using the GR backend
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GR / Jupyter

Performance
(@anim.py)

o0 e in OCAPOSL BEER “ia s, @ oyt v (4]

Agple  Yoroo! GoogleMups YouTlwe Waipeda Newsvy Befe~ FlUv 08Xy Ly Pytonv Topes vy Prvate v

l i - | - E]

700

600

500

400

300

200

100

MPL MPL+GR GR

July 20th — 26th, 2015

~ Jupyter anim maosmes A
Fle Ean Vew et Ce Mol Help Pyon2 O
E ¢ 208 4 ¢ > B C  Mmownm :  Colt Tootwr Nore $

Animated graphics performance comparison: Matplotlib vs. GR
Lat's 001 with & Malploths exampss .,

In [1)s from numpy import arange, sin, pi
x = arasge(0, 2 * pi, 0.01)

Iz [2): \matplotlib inlire

isport matplotlib.pyplot as mpl
fspoze matplotlib.animation as anis

Iz [3): fig = mpl.figure()
ax = spl.axes(xlim~{0,2*pi), ylim=([~-1,1))

10

as

Qa

In [4)r Lise, = ax.plot(x, ain(x))
dof animate(i):
liza.set_data(x, ain(x + 1/10.0)) # cpdate the data
return line,

Iz [S): ami = aais . runcAnimaction(fig, animate, frames«200, istervaledd, raepeateralse)
Iz [6): azi.save( anin.=pi”)
Iz [7): frem IFythoa.display ismport MTML

ETML( "<videoc controls autoplay sro="dataivideo/x-sdvibasesd, {0} > ' .format(open( anin.mpi”, “rd").read().encode( basess”

Oet(7):

13 '

Qe

The numpy staff also has 10 be run again ...

Agple  Yaroo! GoogleMupS  YouTwte Waipeda Newsvy Befem~ FLv

, - |

. jUpyter INLEIOP Last Chackpoint: a few saconds ago (mAosaved)
Fée £t Ven et Col L Help

B ¢ > 2 80 2 ¢ > R C Cow :  Colt Yook Nore s

GR / mogli / Matplotlib interoperability example

* U matplotlib package 1O drirw & HSI0gram of GPacresl anges

* U8 pogl i PECKA0e (GRD) 10 read and visusize & seguence of GeSoTe molecules
o &34 20 plot using OR

* load numpy array (with dhadreal anghes)

In [1)s from os import eavirom
eaviroa( 'MPLAACKEND' ) = 'sodule://gr.satplotlib.backesd gr’
isport matplotlib.pyplot as mpl

In [2)s Amport mogli
solecules = mogli.read("data/700x.xy2")

Iz [3): Lispozt gr
gr.inlime( " mov”)
gr.setregenflaga (9 . MFL_POSTIONE UPDATE)

In [4): Lisport suspy as np
angles = np.load( "data/T00K.npy")

s (S): lems = [)
for ¢ An rango(loon

spl.olag)

flg = spl.oubplon(idy)
fig.xaxis,.set_tioks((~100, 0, 100))
fig.yaxis.set_ticka(l))
spl.ylim((0, 1000))
spl.hist(anglea(e), 20,
spl.show()

del, lore"g’', alpha=0.5)

gr.setviewport(0.05%, 0.7, 0,05, 0.7)
“-“t'mloa 1, 0, 1)
mogli.dravw(msolecules(t))

gr.settextalign(gr.TEXT_HALIGN_CENTER, gr.TEXT_VALIGS_EALF)
gr.taxe(0.35, 0.7, "700K (N.1f pa) # of boads: " &
(t / 10,0, np.size(angles[t])))

lens.append (np.size({angles(t]))

if ¢ > 0:
gr.setwindow(0, 10, 3500, 5000)
gr.setviewpore(0.1, 0.6, 0.05, 0.1)
gr.axes(1, 0, ©, 3300, 2, 0, ©.003)
gr.polyline(np.aranga(t+l) / 10.0, lens)

gr.epdatewa()

in [§)s gr.show()

Out(6):

TOOK (9.9 ps) # of bonds: 4540

OCANSSL BEEE netetoon, e ooy DS

click images to view notebooks ...
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Performance analysis

ncalls cumtime filename:lineno(function)
398 6.852 {method'draw'of'_macosx.FigureCanvas'objects}
29378/397 6.771 artist.py:57(draw_wrapper)
700 397 6.769 figure.py:1004(draw)
MPL 397 6.574 _base.py:1989(draw)
794 5.894 axis.py:1106(draw)
5161 4.601 axis.py:232(draw)
600 199 3.616 pyplot.py:175(pause)
10719 3.609 lines.py:661(draw) - -
199 3.480 pyplot.py:551(draw) most time Spent In
400 ncalls cumtime filename:lineno(function)
199 4,412 pyplot.py:551(draw)
300 199 4.410 backend_gr.py:227(draw)
14726/199 4.237 artist.py:57(draw_wrapper)
199 4.236 figure.py:1004(draw) No room for further
199 4,138 _base.py:1989(draw) I .
200 398 3.770  axis.py:1106(draw) optimizations on the
2587 3.073 axis.py:232(draw) :
5373 2.642 lines.py:661(draw) backend side
100 5174 1.202 backend_bases.py:237(draw_markers)
() ncalls cumtime filename: lineno(function)
GR L
+ . 199 3.263 _1nit__.py:1910(plot)
MPL MPL+GR - GR 199 3.184 __init__ .py:250(updatews)
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GR + GR3 + Matplotlib interop

from os import environ
environ[ 'MPLBACKEND'] =
import matplotlib.pyplot as mpl

'module://gr.matplotlib.backend gr'

for t in range(100):

-

mpl.cla() ﬁ\\
fig = mpl.subplot(133)

fig.xaxis.set_ticks([-100, 0, 100])

fig.yaxis.set _ticks([])

Matplotlib
mpl.ylim([0, 1000])

mpl.hist(angles[t], 20, normed=0, facecolor='g', alpha=0.5)

import numpy as np
angles = np.load("data/700K.npy")

gr.setviewport(0.05, 0.7, 0.05,
gr.setwindow(0, 1, 0, 1)
mogli.draw(molecules[t])

0.7)

mpl.show() 4//

->

\

gr.settextalign(gr.TEXT HALIGN CENTER, gr.TEXT_VALIGN_HALé?\
gr.text(0.35, 0.7, "700K (%.1f ps) # of bonds: %d" %
(t / 10.0, np.size(angles[t])))

lens.append(np.size(angles[t]))

if t > 0:
gr.setwindow(0, 10, 3500, 5000)
gr.setviewport(0.1, 0.6, 0.05, 0.1)
gr.axes(1l, 0, 0, 3500, 2, 0, 0.005)
gr.polyline(np.arange(t+1l) / 10.0, lens)

import mogli
molecules = mogli.read("data/700K.xyz")

gr.updatews()

July 20th — 26th, 2015
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import gr
gr.inline("mov")
gr.setregenflags (gr.MPL POSTPONE UPDATE)

-

G

-MPEG4-

#) 0LICH

FORSCHUNGSZENTRUM

g

Important:
tells MPL backend not to update

import gr3
gr3.export(“data/700K.html", 600,

ebGL.

600)
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Inline graphics

Matplotlib

tmatplotlib inline
import matplotlib.pyplot as mpl

fig, ax = mpl.subplots()

for i in arange(l, 200):
clear output(wait=True)
ax.cla()
ax.plot(x, sin(x + i / 10.0))
display(fig)

mpl.close()

July 20th — 26th, 2015

s 13):

s (2):

In [3)s

Iz [4):

from gr import inline
from gr.pygr import plot
inline()

for i in arange(l, 200):
plot(x, sin(x + i / 10.0))

Iz [6):

iz 7):

~ |0 times faster -

Josef Heinen, Forschungszentrum |Julich, Peter Grunberg Institute, Scientific IT Systems
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Inline graphics performance comparison: Matplotlib vs. GR
Let's start with a Matpiotib exampie ...

Weo reed the display () and clear_output () funclions 50 make simpie Matpiotid animations.

from Irythoa.dlsplay lmpost display, clear outpet

from sumpy Llmport arange, ain, pi
from time import time

x = aramge(0, 2 * pi, 0.01)

Tedl the 19y = / Jupyter notebook 10 produce Matplotih inline graphics.

t=atpiotlib inline
isport satplotlib.pyplot as =pl

tatare « tima()

fig, ax = spl.subplots()

for i is arasga(l, 200):
clear_output(wait~True)

ax.cla()

ax.plot(x, sin(x ¢+ 41 / 10.0))

display(fiqg)
# close the figure to avoid a duplicate of the last plot
spl.close()
fpe_ mpl = Int(200 / (tima() -~ tatare))

13, = - -
as
Q3

\'llll ’ /'
.‘\. /
\ /
23 \ /
1 2 T— s O

-10
z

from IFythoa.display ifsport SVC

from gr import inline
from gr.pygr import plot
inline()

tatare « tima()
for 1 ia aramge(l, 200):
plot(x, sin(x + L /7 10.0))

fpe_gr = Int(200 / (tima() -~ tatare))

10 AL AN L A Sn Sun e Sum e s mun ns sum e e s o
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Demos

v Animated graphics performance comparison: Matplotlib vs. GR

(anim. ipynb)
v' GR / mogli / Matplotlib interoperability example (interop. ipynb)

¥ Inline graphics performance comparison: Matplotlib vs. GR

(inline.ipynb)

v Simple spectral (specgram.ipynb)
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Outlook (GR release v0.15.0)
lHiEﬁEHIlI
//f var gr = new GRQ); : )

var t = 0;
GR + GKS can be transpiled to JS Var y = new Array(Es);
(Emscripten: LLVM-to-JavaScript compiler) O cteama0s
:g: z{ =0; 1 <629; i++) {
x[i] = 1 / 630.0 * 2 * Math.PI;
y[i] = Math.sin(x[i] + t / 10.0);
}

| Use CaSeS: gr_setviewport(0.1, 0.95, 0.1, 0.95);

gr_setwindow(0, 8, -1, 1);

gr_setcharheight(0.020);

. . gr_grid(@.5, 0.1, @, -1, 4, 5);

v embed JS code in IP[y]: or ljulia (Jypyter) ar_axes(0.5, 0.1, 0, -1, 4, 5, 0.01);
gr_polyline(629, x, y);

gr_updatews();

t=1t + 1;

v parse GKS JavaScript logical device driver LF Ct < 200) 1
setTimeout(draw, 1);
. . . }
generated display list in browser }
\\¥ draw(); 4/)
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What else can GR be used for!?

pyMolDyn

e & pyMolDyn v0.2.2
Bl view  statistics
[™

Open Dwinte Calculste Show

Seloct al frames Select every nth frame...

v siruciure_Cxyz
I
frame 2
frame 3
frame 4
frame 5
frame 6
frame 7
frame 8
frame 8
frame 10

MAGEAIOD

Save screenshot for ths frame

Save screenshot for al selecied frames

Save video for all selected frames

D View H

structure_c.xyz, frame 1, resolution 64, 19.1% cavites

X« 65657, YwS22978

#) 0LICH
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NICOS

NICOS - guest at localhost 1 301

Xaus £ omaV) o  Norvabsed y  logScae [ ) Adoscales X Y | Aesst  Oeiete

2 J » 7v° ; ==
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see Poster session: Embedding visualization applications with pygr by Christian Felder
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Conclusions

v Using the GR Matplotlib backend has not turned out satisfactory as the
speedups were not as expected

v GR adds more plotting capabilities to Matplotlib allowing to mix 2D drawings
and 3D graphics scenes or create movies on the fly

v Producing plots / figures is much faster with the GR framework (speedup for
plots > 20, > 100 respectively)
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What happens next!

v integrate JavaScript GKS logical device driver
v provide more convenience function

v migrate the GR3 library to modern OpenGL (using OpenGL shader language)
= visualize millions of vertices / faces

v simplify the installation
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o0e < 8 or-framework o
R it Apple  Yahoo! Googlo Maps YouTebe Wikipoda Newsv Delebtv FZJv MacOSXv Umxv Pythonv  Topics v Private v + |
e S O u rc e S g framework
Navigation

Introduction
Documentation Home
GRis a universal framework for Cross-platform visualization applications. It offérs developers a compact
portable and consstent graphics Library for ther programs. Applications range from publication quality 20 Next topic
Qraphs 1o the representation of complex 3D scenes op

Installabon

v\ Website: http://gr-framework.org

v GR framework: https://github.com/jheinen/gr S ey

mechanism in Python or direct calls from Julia with ccell syntaxd

The GR framework can be used in imperative programming Systems or integrated into moderm object -
orented systems, in particular those based on GUI tooliats. GR is characternaed by its high interoperability
and can be used with modern web technologies and mobile devices The GR framework is especially
suitable for real-time enviccnments

v’ PyPl: https://pypi.python.org/pypi/gr

LIPIV): DX e

v’ Talk material: Getting more out of Matplotlib with GR o oo <

Wi
evers boop \r
GR

l'l’“ﬁl"'| =

oﬂ-xmn' drect | JavaScript ' POV Ry
rendering | rendering | generation | generstion

A matplotlib
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Thank you for your attention

Questions!

Contact:
j.-heinen(@fz-juelich.de

@josef heinen

(=] o

Thanks to:

Fabian Beule, Steffen Drossard, Christian Felder, Marvin Goblet, Ingo Heimbach,
Daniel Kaiser, Philip Klinkhammer, David Knodyt, Florian Rhiem, Jorg Winkler et al.
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