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Qui suis-je?

Enseignant-chercheur

J’enseigne à l’UGA (entre autre) :

l’interaction Homme-machine ;
la visualisation interactive d’information ;
Python ;
. . .

Je cherche au LIG en :

interaction Homme-machine ; et
visualisation interactive d’information.
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Qui suis-je?

Utilisateur Python

initié en 2001 (Python 2.0, pas convaincu)
utilisation à partir de 2004 (Python 2.3)
utilisation systématique depuis 2011
quelques contributions

blanch@imag.fr UGA
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Qui suis-je?

Cours

HowTo Python
Introduction à destination de programmeurs.
<http://iihm.imag.fr/blanch/howtos/Python.html>

Python par la pratique
Version étendue avec cours et TPs.
<http://iihm.imag.fr/blanch/teaching/python3/>

blanch@imag.fr UGA
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http://iihm.imag.fr/blanch/howtos/Python.html
http://iihm.imag.fr/blanch/teaching/python3/
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Qui suis-je?

Installation

Ilumina
Installation interactive

Ilumina

<http://iihm.imag.fr/blanch/projects/ilumina/>

blanch@imag.fr UGA
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file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/./img/ilumina.mov
http://iihm.imag.fr/blanch/projects/ilumina/
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Qui suis-je?

Paquet

Seagull
Implémentation de SVG en Python/OpenGL.

<https://bitbucket.org/rndblnch/seagull>

blanch@imag.fr UGA

BiVis

file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/tiger.png
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Présentation BiVis Python Conclusion

Qui suis-je?

Application

Présentation.app
Logiciel de présentation de diapos PDF pour Mac OS X

<http://iihm.imag.fr/blanch/software/osx-presentation/>

blanch@imag.fr UGA
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file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/osx-presentation.png
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Qui suis-je?

Prototypes de recherche

Dendrogramix
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figure 1 – <Dendrogramix> [mov] [Blanch et al., 2015].

• R. Blanch, R. Dautriche and G. Bisson. Dendrogramix : a Hybrid Tree-Matrix
Visualization Technique to Support Interactive Exploration of Dendrograms.
In Proc. of PacificVis 2015, 31-38, 2015.
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file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/dendrogramix.pdf
http://iihm.imag.fr/blanch/projects/dendrogramix
file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/./img/video171.mov
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Visualisation

BiVis

démo!
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Visualisation

Direct manipulation

Direct manipulation [Shneiderman, 1983] characterizes
interaction with :

continuous representation of the object of interest ;
physical actions instead of complex syntax ; and
rapid, incremental, reversible operations whose impact
on the object of interest is immediately visible.

• B. Shneiderman. Direct Manipulation : A Step Beyond Programming Languages.
In Computer, 16(8) :57–69, 1983.

blanch@imag.fr UGA
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Visualisation

The Visual Information-Seeking Mantra

The Visual Information-Seeking Mantra [Shneiderman, 1996] :

Overview first,
Zoom and filter, then
Details-on-demand.

• Ben Shneiderman. The Eyes Have It : A Task by Data Type Taxonomy for
Information Visualizations. In Proc. Visual Languages, 336–343, 1996.

blanch@imag.fr UGA
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Visualisation

The Information Visualization Pipeline

figure 2 – InfoVis pipeline [Chi & Riedl, 1998].

• E. Chi and J. Riedl. An Operator Interaction Framework for Visualization Systems.
In proc. InfoVis’98, 63–70, 1998.

blanch@imag.fr UGA
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file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/Prefuse_visualization_pipeline.png
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Visualisation

Visualization of Big Data

Challenge
Produce interactive visualizations
of big (as in “big data”) time series.

blanch@imag.fr UGA
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Visualisation

How Big?

Out of core
Billions of 64 bits timestamps, i.e., more than can fit in RAM.

Storing 4 billions (232) events takes 32 GB.
Pipping this file to /dev/null takes about 80 seconds on this
laptop.

blanch@imag.fr UGA

BiVis
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Visualisation

View-based Rendering

Main idea
BiVis performs a look-up of the view pixels into the data
rather than a projection of the data onto the screen.

blanch@imag.fr UGA
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Visualisation

View-based Rendering (cont.)

Histogram

time

0 W

tmin tmax

k k+1 pixels

tsik
tsik+1

i k+
1 

– 
i k

tk tk+1

blanch@imag.fr UGA
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file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/histogram.pdf
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Visualisation

Anytime Rendering

Main idea
The binary search can be interrupted at any time
and provide an approximated visualization.
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Visualisation

Anytime Rendering (cont.)

Progressive refinementTo appear in an IEEE VGTC sponsored conference proceedings

Algorithm 1 Anytime bisection
function BISECT(t, lo, hi, max_time)

� t, lo, hi are arrays indexed by k 2 [0, W ]
start_time � NOW � anytime stop
while NOW � start_time  max_time

and ANY(lo < hi) do
mid � (lo+hi)÷2 � integer division
for all k 2 [0, W ] do � bisection for each pixel border

if tk < tsmidk then
hik � midk

else
lok � midk +1

mid � (lo+hi)÷2
width � hi� lo
return mid, width

procedure DISPLAY_HISTOGRAM(t, mid, width)
histogram � (midk+1 �midk)/(tk+1 � tk), k 2 [0, W �1]
error � (widthk+1 +widthk)/2, k 2 [0, W �1]
DRAW_FRAME(histogram, error)

Algorithm 2 Anytime histogram
function COMPUTE_BORDERS(tmin, tmax)

� Compute pixel borders for a given screen width
return tmin + k ⇥ (tmax � tmin)/W, k 2 [0, W ]

function BOOTSTRAP_BOUNDS(tmin, tmax)
� Compute pixel borders and initial search bounds

t � COMPUTE_BORDERS(tmin, tmax)
lo � 0, k 2 [0, W ]
hi � N �1, k 2 [0, W ]
return t, lo, hi

procedure DISPLAY_LOOP
t, lo, hi � BOOTSTRAP_BOUNDS(tmin, tmax)
while True do

mid, width � BISECT(t, lo, hi, 15ms)
DISPLAY_HISTOGRAM(t, mid, width)
lo � mid �width÷2
hi � lo+width

measure of the elapsed time. Instead of returning the exact indices i
which may not have been reached yet, the midpoints mid of last known
bounds lo and hi are returned as their best approximation for now. The
widths of the intervals in which the indices are known to be, width, are
also returned. DISPLAY_HISTOGRAM can then be called to compute
an approximated histogram using mid (instead of the exacts i as in
Equation 3) with:

histogramk =
midk+1 �midk

tk+1 � tk
, k 2 [0, W �1];

and width to compute an estimate of the error per pixel by averaging
the errors on the pixel borders with:

errork = (widthk+1 +widthk)/2, k 2 [0, W �1].

Those values can be used by a DRAW_FRAME function to render the
histogram on screen.

Algorithm 2 shows how this bisection is used. First, the BOOT-
STRAP_BOUNDS function computes t according to the current period
of time and to the width of the visualization using Equation 1. It also
initializes lo and hi with the indices of the first and last events, the
most pessimistic estimates for the bounds of any timestamp. After this
bootstrapping, the DISPLAY_LOOP procedure passes those values to

...

Figure 3. Anytime rendering: each step of the binary search refinement
can be plotted (hue encode the estimated error).

our anytime BISECT. The result of the anytime binary search is then
passed for display to DISPLAY_HISTOGRAM. Finally, mid and width
are used to update the lo and hi bounds before looping back to the
bisection.

Figure 3 shows successive frames of a progressive refinement. In
practice, only few frames are rendered: the time budget is often large
enough to perform many steps of the bisection. To get the illustration,
the time budget was forced to 0 ms so that a single step of the loop is
performed between each frame. The DRAW_FRAME procedure used
for the illustration encodes the distance to the exact histogram with
the hue: the reciprocal of the number of steps needed to reach the
result, 1/ log2(error +2), is used to compute the hue. It varies from 0
(encoded using red) when the number of steps is large, to 1 (encoded
using green) when it reaches 0, i.e. when the histogram is exact. Of
course, other visual encodings of this error could be used, notably the
existing techniques aimed at representing uncertainty in data.

At the beginning of the bisection, many pixels share their midpoints
and thus the events are accumulated at the borders where midpoints are
not shared, leading to the spikes observed on the first frames. When
the bisection proceeds further, those accumulation are distributed more
and more precisely over their actual positions.

3.3 Interactive Rendering

The last step to make the visualization truly interactive is to allow the
user to change the view, e.g. by panning and zooming. To do so, any
interaction technique can be used, but they all boil down to update tmin
and tmax between two frames. Doing so invalidates the pixel borders t,
and thus also lo and hi. BOOTSTRAP could be used to recompute those
arrays, but then the bisection would start again to scan the whole data
set for the pixel borders. Instead of this naive solution, BiVis exploits
the spatial coherence of the continuous interaction: the new pixel bor-
ders may not be too far from the previous ones, so the information
from the previous bounds may be reused to compute the new bounds.

Algorithm 3 shows how this can be done. The general idea imple-
mented by UPDATE_BOUNDS is to lookup the new pixel borders tn

into the previous ones t p, and then to reuse the knowledge about the
previous bounds lop and hip to compute good candidates for the new
bounds lon and hin. So, for each new pixel border tn

k , we look into
the previous borders t p for the closest values. Since those borders are
sorted, the lookups can be performed efficiently by iterating over the
tn and t p simultaneously, avoiding the need for an extra binary search.
We then find the largest l 2 [0, W p] such as t p

l�1  tn
k and the smallest

h 2 [0, W p] such as tn
k  t p

h . We then know from Equations 2 and 4

3

blanch@imag.fr UGA

BiVis

file:///Users/blanch/home/research/talks/2018-03-08-PythonBiVis/img/anytime.pdf
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Visualisation

Interactive Rendering

Main idea
Reuse as much information from one frame to the other
even if pixel borders have changed.
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Visualisation

Interactive Rendering (cont.)

Information reuse
Algorithm 3 Reusing previous pixel border approximation

function UPDATE_BOUNDS(tn, t p, lop, hip)
� ensure previous interval includes new one

if tn
0 < t p

0 then
lop

0 � EXPSEARCH_LO(ts, tn
0 , lop

0)
t p
0 � tslop

0

if t p
�1 < tn

�1 then
hip

�1 � EXPSEARCH_HI(ts, tn
�1, hip

�1)

t p
�1 � tship

�1

� new bounds for each pixel border
l, h � 0, 0
for all k 2 [0, W n] do

while h < W p and t p
h < tn

k do
h � h+1

while l < W p and t p
l  tn

k do
l � l +1

lon
k , hink � lop

l�1, hip
h

return tn, lon, hin

procedure INTERACTIVE_DISPLAY_LOOP
t, lo, hi � {ts0, tsN�1}, {0, 0}, {N �1, N �1}
while True do

tn � COMPUTE_BORDERS(tmin, tmax)
t, lo, hi � UPDATE_BOUNDS(tn, t, lo, hi)
mid, width � BISECT(t, lo, hi, 15ms)
DISPLAY_HISTOGRAM(t, mid, width)
lo � mid �width÷2
hi � lo+width

that:

tslop
l�1

 tsil�1  t p
l�1  tn

k and tn
k  t p

h < tsih  tship
h
.

Those relations give:

tslop
l�1

 tn
k < tship

h

and the two bounds we are looking for: lon
k = lop

l�1 and hink = hip
h .

Before performing those lookups of tn in t p, we have to be sure that
they will be found. To ensure that, if the new lower pixel border tn

0 is
before the previous one t p

0 , BiVis updates t p
0 and lop

0 by looking up a
lower bound for tn

0 in the whole data set. Similarly, if the new higher
pixel border tn

�1 is after the previous one t p
�1, t p

�1 and hip
�1 are updated

by looking up an higher bound for tn
�1 in the data set2. Those lookups

are performed using exponential searches since we know in which di-
rection to look and since the bounds we are looking for are likely to
be not far from the previous bounds. Those exponential searches are
described for reference in Annex A.

By doing so, we keep all the available information present in t p, lop

and hip, while ensuring t p
0  tn

0 and tn
�1  t p

�1.
Finally, we can plug the UPDATE_BOUNDS function into our DIS-

PLAY_LOOP procedure from Algorithm 2 and get the INTERAC-
TIVE_DISPLAY_LOOP from Algorithm 3. It should be noted that
the bootstrapping of t, lo and hi can be reduced to a simpler form,
since they will be updated to match the actual pixel borders by
COMPUTE_BORDERS at the start of each iteration of the INTERAC-
TIVE_DISPLAY_LOOP.

Figure 4 shows step by step Algorithm 3 at work while zooming
out from an histogram that is exact (top) to a larger view (bottom).

2 It should be noted that, because of a resizing of the visualization by
the user, W may have changed between the previous and next steps. UP-
DATE_BOUNDS use the �1 index to denote the last element in the t or hi arrays,
be it at index W p or W n.

Figure 4. Interactive rendering: starting from an exact view (top); zoom-
ing out while keeping known information (second and third line), the
center of the histograms is more precise than peripheral regions which
were not present in previous frames; and finally refining the histogram
(three bottom lines).

We can see that during the zooming out interaction, the central region,
which was present in the previous frames, is quite close to the exact
histogram, while the peripheral regions do not benefit from previous
estimates of their upper and lower bounds, and thus need to be com-
puted from scratch.

4 GENERALIZATIONS

In the form described in the previous Section, BiVis can only visualize
on time series of events characterized only by their time of occurrence.
In this section, we show that the technique can be generalized to other
types of time series: discrete values, sampled continuous values, and
nominal values. We also show that the technique can be extended to
depict the data variability that is lost by the aggregation. We show that
BiVis can be extended to data sets beyond the scope of time series, and
give the example of large 2D data sets.

4.1 Generalization to Other Types of Time Series
To be able to build the histogram, BiVis needs to have a direct ac-
cess to an aggregation of the events for any time span. In the case of
event time series, this aggregation is the count of events below each
pixel. This count is provided by the difference between the ranks of
the events at their borders (Equation 3). But the rank of an event is
in fact the count of events between the beginning of the time series
and the event considered. The count below the pixel is then computed
using the difference between two counts running from the beginning.

For other forms of time series, the count of events is not sufficient,
we need to access their value. But we can generalize the way the count
is computed to other aggregations: we just need to replace the index
of the event by the aggregation of the values since the beginning of the
time series. Thus, providing an aggregate ak of the value from ts0 to
tk is given, the general form of histogram, can be expressed as:

histogramk =
ak+1 �ak
tk+1 � tk

, k 2 [0, W �1].

In the case of events time series, the aggregate ak is the number
of events between ts0 and tk, i.e. ak = ik, the index such as tsik 
tk < tsik+1; and we are back to Equation 3. We do not have to store
this aggregate since it is exactly the index of the timestamp, which is
given directly by the bisection. For other time series, other aggregates
have to be constructed. The general idea is to store alongside with
the timestamps a sequence of partial sums of the values instead of

4
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Visualisation

General idea

Time series often consist of couples (timestamp, value).
The partial sum of the value provides an aggregation for any
time interval.
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Visualisation

Discrete values
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Visualisation

Continuous values

partial sum
s

i

= Â
ji

v

j

+v

j+1
2 ⇥

�
ts

j+1 � ts

j

�
, i 2 [0, N �1] ; or

s

i

= Â
ji

v

j

⇥
�
ts

j+1 � ts

j

�
, i 2 [0, N �1]

aggregate at pixel border
a

k

= s

i

k

+
�
s

i

k+1 �s

i

k

�
⇥ t

k

�ts

i

k

ts

i

k+1�ts

i

k

, k 2 [0, W �1]

blanch@imag.fr UGA

BiVis



Présentation BiVis Python Conclusion

Visualisation

Geographical data

no natural order in higher dimensions
number of pixels grows quadratically
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Visualisation

Geographical data (cont.)
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Optimisations

Vectorisation

NumPy

def bisect(ts, t, lo, hi, runtime_ms):
"""anytime bisecting t in ts using known bounds"""
start = time.time()
while (time.time()-start)*1000. <= runtime_ms and \

np.any(lo < hi):
mid = (lo+hi)//2
ts_mid = ts[mid]
smaller = (t < ts_mid)
higher = (ts_mid <= t)
hi[smaller] = mid[smaller]
lo[higher] = mid[higher]+1

return (lo+hi)//2, hi-lo
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Optimisations

Compilation

Cython

def bisect(object[np.float64_t] ts,
np.ndarray[np.float64_t] t,
np.ndarray[np.int64_t] lo, np.ndarray[np.int64_t] hi,
runtime_ms):

"""anytime bisecting t in ts using known bounds"""

cdef np.ndarray[np.int64_t] mid = np.empty(hi.size, dtype=np.int64)
cdef np.ndarray[np.float64_t] ts_mid = np.empty(t.size, dtype=np.float64)
cdef np.ndarray smaller = np.empty(t.size, dtype=np.bool)
cdef np.ndarray higher = np.empty(t.size, dtype=np.bool)

...
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Optimisations

Compilation (cont.)

...
cdef double start = time.time()
while (time.time()-start)*1000. <= runtime_ms and \

np.any(np.less(lo, hi)):
np.add(lo, hi, mid)
np.floor_divide(mid, 2, mid)
ts_mid = np.array(ts[mid])
np.less(t, ts_mid, smaller)
np.less_equal(ts_mid, t, higher)
np.copyto(hi, mid, where=smaller)
np.copyto(lo, mid+1, where=higher)

return np.floor_divide(np.add(lo, hi), 2), \
np.subtract(hi, lo)
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Optimisations

Parallélisation CPU

OpenMP

from cython.parallel import prange
cimport openmp

def bisect(object[np.float64_t] ts,
np.ndarray[np.float64_t] t,
np.ndarray[np.int64_t] lo, np.ndarray[np.int64_t] hi,
double runtime_ms):

"""anytime bisecting t in ts using known bounds, using prange"""
cdef np.int64_t mid
cdef int i, stop = t.size

...
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Optimisations

Parallélisation CPU (cont.)

...
cdef double start = openmp.omp_get_wtime()
cdef int not_finished = 1
with nogil:

while not_finished > 0 and \
(openmp.omp_get_wtime()-start)*1000. <= runtime_ms:

not_finished = 0
for i in prange(stop):

mid = (lo[i] + hi[i])//2
if t[i] < ts[mid]: hi[i] = mid
else: lo[i] = mid+1
if lo[i] < hi[i]:

not_finished += 1

return np.floor_divide(np.add(lo, hi), 2), \
np.subtract(hi, lo)
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Optimisations

Interfaçage avec du C

cdef extern from "stdlib.h":
int mergesort(void *base, size_t nel, size_t width,

int (*compar)(const void *, const void *)) nogil

from cython.parallel import prange, threadid
from cython.parallel cimport parallel
cimport openmp

def pargsort(np.ndarray[np.float64_t] u):
"""parallel argsort."""

cdef size_t size = u.size
cdef np.ndarray[np.int64_t] order = np.arange(size, dtype=np.int64)
cdef size_t width = order.itemsize
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Optimisations

Interfaçage avec du C (cont.)

cdef int num_threads = openmp.omp_get_max_threads()
cdef size_t chunk_len = size/num_threads

cdef int thread_id
with nogil, parallel():

thread_id = openmp.omp_get_thread_num()
mergesort(&order[thread_id*chunk_len],

chunk_len if thread_id < num_threads-1 else
size-thread_id*chunk_len,
width, compare)

mergesort(&order[0], size, width, compare)
return order
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Optimisations

Plus loin

Parallélisation GPU
Utilisation d’OpenGL et OpenCL.

Entrées/Sorties
Utilisation de fichiers mappés en mémoire.
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Conclusion

Vive Python !

Python, un langage aux niveaux d’abstraction allant
du pseudo-code jusqu’au bas niveau,
et permettant une transition pas à pas.

blanch@imag.fr UGA

BiVis



Présentation BiVis Python Conclusion

Conclusion

Merci !

Merci pour votre attention !
<http://iihm.imag.fr/blanch/>
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