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Python for Data-Science and Machine
Learning: Where are things heading?
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GTC Europe

Python is the de facto
Data Science Platform

Jensen Huang
NVIDIA CEO

GPU support is now
coming.
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~ 1991 | Guido van Rossum

Interpreted language emphasizing readability

2006 | Travis Oliphant

Multi-dimensional arrays, math functions

2008 | Wes McKinney
Data m;:giqulation and analysis
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Python and in particular PyData is Growing

Growth of major programming languages Stack Overflow Traffic to Questions About Selected Python Packages
Based on Stack Overflow question views in World Bank high-income countries Based on visits to Stack Overflow questions from World Bank high-income countries
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Why? — Array Oriented Computing

Python has been empowering Domain experts to use
“vectorized” expressions enable parallelism for 25 years




Array-oriented computing

« Express domain knowledge
directly in arrays (tensors,
matrices, vectors) --- easier to
teach programming in domain

- (Can take advantage of
parallelism and accelerators

* Array expressions

np.max(prices - np.minimum.accumulate(prices))
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https://realpython.com/numpy-array-programming/




Benefits of array-oriented

* Today’s vector machines (and vector co-processors, or GPUS) were made for array-
oriented computing.

* The software stack has just not caught up --- starting to with “Tensor” Programming
* There is a reason Fortran remains popular among High Performance groups.
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Python Data Analysis and Machine Learnlng Tlme-Llne
MAYO e

CLINIC > niPyData O
(79 o _)ANACONDA QuANSiGHTT
toga  2dos UFONS 201
1991 -\ /2006 / 201.4 2015 2016 |
Q" pgthén 2001 iNumPy J@r PYTORCH
SciP y 2009 v &t
IP[Y]: 2003 pan ,/a,s M ik ? Chainer
IPython/&¢. '
ython & matplotlib +008 Numbaﬁ
V57
theano el
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Where it started

99 releases, 653 contributors

pv " . rgommers
1,711 commits | 850,922 ++ | 1,049,966 -- 1,061 commits / 94,070 ++ / 215,520 --
A L Ny Y n.dd . aial A
teoliphant #3 mcournape
962 commits | 891,045 «+ 1,271,872 -- 806 commits 97,401 ++ 111,638 --
i A Add A d
& ev-br #5 . pearu #5
575 commits | 23,154 ++ / 19,280 504 commits ' 46,312 «++ 25521
alexbrc #7 'endolith
470 commits / 28,213 ++ | 19,996 310 commits 13,943 ++ 6,783

Started as graduate student

“procrastination project” (as Multipack)

in 1998 and became SciPy in 2001 with T - g
the help of colleagues. -

stefanv
202 commits 19,432
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Where it led

144 releases, 698 contributors

(Bt " RIS wasssee uasr
L
A S L CI—
AL

Lo e 200 7 RSN e erses “
Gave up my chance at tenured academic position
in 2005-2006 to bring together the diverging
array community in Python and unify Numeric S = Moo

and Numarray.
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What amplified data science

97 releases, 1292 contributors

wesm # jreback #2
2,993 commits 458,980 ++ 340,580 -- 2,718 commits 491,681 ++ 390,815 --
y-p #3 jorisvandenbossche #4
764 commits 17,297 ++ 9,403 519 commits 43,953 ++ 70,765
jbrockmendel #5 s cpcloud #6
419 commits 89,660 ++ 84,338 J 393 commits 54,613 ++ 28,505

sinhrks #7 TomAugspurger e

Created by Wes McKinney. Also, AQR agreed to
release this data-frame he started at AQR (while
dozens of other data-frames in hedge-funds and
investment banks did not get open-sourced) Woows v FRETE

2018 2018 2010 2012 2014 2018 2018
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Why Python fOI" ML? 89 releases, 1187 contributors

g-h amueller # % ogrisel #2
1,717 commits 154,686 ++ 140,262 -~ 1,652 commits 185,802 ++ 120,737 -~
by i, . | — Y TR T ey
20 2013 015 2017 201 2013 015 20
fabianp #3 3 GaelVaroquaux #4
1,554 commits 1,155,350 ++ 1,098,848 -- S 1,415 commits 162,574 ++ 88,464 --
20 0 2 |l 2013 2 20
larsmans #5 glouppe #6
1,115 commits 208,736 ++ 201,821 -- &' ¥ 745 commits 216,549 ++ 204,753 --
b 20 0 2m 0 20
pprett #7 agramfort #8
723 commits 334,023 ++ 251,066 -- ® 693 commits 76,942 ++ 55,951 --

Created by David Cournapeau as Google Summer

of Code Project and then quickly added to by S
100s of researchers around the world. Supported e e Sl p—
by IN RIA. 680 commits 5j996~+ 32,298 -- 664 commits oza 34,411 --

RALLLLTIN
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First DL Framework in Python

32 releases, 329 contributors

.' nouiz # abergeron #2
7,264 commits 199,156 ++ 124,160 -- [ 1,799 commits 65,017 ++ 144,819 --
" “uﬁgiligiﬂl%Qd;iﬂ%JLgmu%& RO I TN T
lamblin #3 | goodfeli #4
1,643 commits 47,776 ++ 29,452 - 627 commits 15,689 ++ 10,127
e a O | : | | ’ll
I | 2009 201 2013 2015 2017 2009 2011 2013 2015 2017
carriepl #5 pascanur #6
694 commits 52,936 ++ 24,453 -- 563 commits 40,176 ++ 14,317 --
notoraptor #7 i dwf #8
- - - V 4 V 4 ry ry - 445 commits 45,620 ++ 38,910 -- 317 commits 11,060 ++ 8,161 --
Built at Universite de Montreal by Frederic
- - -
Bastien and his students. Many contributors.
- - -
Forms foundation for PyMC3 and other libraries.
joaovictortr #9 ®  royxue #10
279 commits 6,375 ++ 3,992 -- 205 commits 2,818 ++ 2,166 --

"uvNy
oo Yo,
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Adapted from Jake Vanderplas
PyCon 2017 Keynote

SPYDER
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Community-centric organizations are
critical to the past and future

NUMFOCUS

OPEN CODE = BETTER SCIENCE

Founded in 2012 with industry
leaders of NumPy, Jupyter,
SciPy, and Matplotlib

Board Members selected for 2018

QUANSIGHT



Develop with community Scott Collison 1

Deploy easily vl
- ~7 million Anaconda users
-
qullyl:l'chSUM @OND v PACKAGES
renamed Anaconda Repository curated by Anaconda

Lt
Nl
‘0.‘ Anaconda Cloud uploaded by users & organizations
A @®
A |

Anaconda Enterprise Curated by your organization

Travis Oliphant Peter Wang

conda-forge curated by the community

Founders

conda install <package>




Key advances from Continuum / Anaconda

CONDA

Better Packaging:

e User-mode

e Cross Language

e Cross Platform

e Variants on the same
platform

Allows cleaning up
NumPy/SciPy

Numba

QUANSIGHT

Compiler for a subset of
Python (NPython):

NumPy Arrays
Numerical Computing
Parallel Acceleration
Generalized Universal
Functions

GPU support

Parallel Scientific Python at
Scale

e Resilient and Scalable to
1000s of machines
Pythonic API

Dask Array — NumPy
Dask Dataframe — Pandas
Dask Delayed — any

Also see Dask-ML
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ONDA

A cross-platform and language agnhostic package and
environment manager

Conda

A community-led collection of recipes, build ™
infrastructure, and packages for conda. CONDAE S

Conda Forge

Custom isolated software sandboxes to allow easy

Conda Environments reproducibility and sharing of data-science work.

Web-site for freely hosting public packages and

Anaconda.org environments. Example of conda repository.

QUANSIGHT



Conda eases rapid deployment

;ﬁ@@N DA /

Data Scientist DevOps

Analysis 1
Analysis 1 Analysis 2 Analysis 3

Laptop, server, EC2 instance Docker container

Laptop, server, EC2 instance

»  Deployment

Development

QUANSIGHT



Scale UPAVS Scale Out Dask with Numba

Big Memory & Best of Both
Many Cores (e.g. GPU Cluster)
| / GPU Box
N
o ()
53 Numba
o<
SO
Q [, Dask

Many commodity
nodes in a cluster

Scale Out .
(More Nodes) |

QUANSIGHT



Numba (compile Python to CPUs and GPUs)

LLVM

Intermediate
P)’thO n Representation

Parsing Code Generation
Frontend Backend

conda install numba

QUANSIGHT



ParallelAccelerator: Example #1

- [3]: @numba.jit(nopython=True, parallel=True)
def logistic regression(Y, X, w, iterations):
for i in range(iterations):

w -= np.dot(((1.0 / (1.0 + np.exp(-Y * np.dot(X, w))) - 1.0) * Y), X)
return w

4000

« 3000 ——

E 1.8x

o 2000 —

£ 000 3.6x
I_ -

0 e
NumPy Numba Numba+PA 1000000x10 input,

Core i7 Quad Core CPU




ParallelAccelerator: prange()

In [44]: @numba.jit(nopython=True, parallel=True)
def normalize(x): 100
ret = np.empty like(x)

for i in numba.prange(x.shape[0]): 75
acc = 0.0
for j in range(x.shape[l]):

Time (ms)

acc += x[1i,]]1**2 50
4.3X
norm = np.sqgrt(acc) 25
for j in range(x.shape[l]):
ret[i,j] = x[1,J] / norm . 50x
0

return ret]

Numba Numba+PA

1000000x10 input,
Core i7 Quad Core CPU

QUANSIGHT



Other Numba topics

CUDA Python — write general NVIDIA GPU kernels with Python

Device Arrays — manage memory transfer from host to GPU

Streaming — manage asynchronous and parallel GPU compute streams
CUDA Simulator in Python — to help debug your kernels

ROCm — support for AMD ROCm GPUs and APUs

Pyculib — access to cuFFT, cuBLAS, cuSPARSE, cuRAND, CUDA Sorting

https://github.com/ContinuumlO/gtc2017-numba

QUANSIGHT



/7/ DASK e T

 Parallelizes NumPy, Pandas, SKLearn | I | LB
' om Pandas
 Satisfies subset of these APIs ]NAW;;Y Febrary, 2016 }Dataprame
. . . ask
* Uses these libraries internally arry * Dask
March, 2016 DataFrame
* Co-developed with these teams
April, 2016

May, 2016 i

« Task scheduler supports custom algorithms
« Parallelize existing code
« Build novel real-time systems

* Arbitrary task graphs
with data dependencies

..\\..,7,‘]
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« Same scalability
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Dask Scales Up

e Thousand node clusters

e Cloud computing

« Super computers [g DASK
« Gigabyte/s bandwidth |

200 microsecond task overhead e G

Dask Scales Down (the median cluster size is ne)

e Can run in a single Python thread pool
o Almost no performance penalty (microseconds)
 Lightweight

e Few dependencies

e Easy install

QUANSIGHT



Beautiful Diagnostic Dashboards

Workers Tasks Profile

System

Status

/7 DASK

Name: _ call__
Filename: /home/mrocklingSoftware/anaconda/Li
— es/numba/ typeinfer. py

* Line ber: 379

Line: self.resolveitypeinfer, typevars, fnty)
Time: 44270.60 s

Acivity over time

T
37:30

#

3
=
S
2
1
Q
o

36:00 36:30
task-duration: 44 tick-duration: 15383

t t T t t T T T t t
0% 2% as ) 88 108 A2 oms oo oms

transfer-bandwidth: 41 transfer-count: 41

Counters

Oms

60
50
40
30
20
10

Tasks Stored Processing  Walting

19785 7547 145/ 64 3893

Occupancy - total time: 139.65s walltime: 218 s

Bakeh Applica Bokeh Applic:
. * 00

C @ locatest 1% 00 i ERCIET
Iy DASK Desk Workers 7/ DASK
Processing and Pending o Momory — CPU |
o «© ' - -
e
g Network Send - Network Recy
r . v ' e AN RS s s s P
] s 0 05 Time
No Worker
Memory Usage (%) Memory Use: 0.00 M8
o
o
L 2 4 L 08 Task Stream o
#  host cores processes memory  cpu memory %
127.00.1 4 1 16 GIB 39.1 % 29.2 %
127002 4 1 16 GiB 37.8% 29.2 %
127003 4 1 16 GiB 35.7 % 29.2 %
127.00.4 4 1 16 GIB 38.2% 29.2%

r T T
500ms Oms

Idle and Saturated Workers Over Time

JUPYTEr 02-custom-etl e oo

o Edt

ow  Insert

Cel

+ ¥ @aB + 3¢ NEC
from dask.distributed import Client, progress

In [9]:

Makdowr

v o=

CellToolbar

Python

e o o

Progress - total: 0, in-memory: 0, processing: 0, ready: 0, walting: 0, failed: 0

T T T

21:.00 21

Stealing Events

client = Client('localhost:8785')

future = client.compute best

Level: 6, Duration: 14,645, Count: 17, Cost factor: 2

21:00 21:20

15

1

05

0

058
-2 4 "
00 PRl g5.4MB a8 A

Ty
“i "'

22.00

. | e Fast responsive dashboards
'  Provide users performance insight
e Powered by Bokeh

QUANSIGHT



Distributed Computing ek Worker
Example: Dask [ (Skylake) ]

f(x)

Dask Client Dask Worker
[ (Haswell) j [ Dask Scheduler j [ (NVIDIA GPU) j
@jit
def f(x): 00
- Serialize with pickle module
- Works with Dask and Spark (and others) D.aSk, Worke.r
- Automatic recompilation for each target (Knight's Landing)

/7// DASK

QUANSIGHT



Rise of the Machine Learning
Platforms



NumPy was created to unify array objects
in Python and unify PyData community

Numeric [

Numarray —

| essentially sacrificed tenure at a University to write NumPy and
unify array objects.

QUANSIGHT



Explosion of ML Frameworks and libraries

O Q@ weo XaBoost

TVM/NNVM

Compilation Stack TVM Runtimes

Framework Frontends G
! Deploy JS =’ @puython G
[ NNVWM ﬁ Java

P .
LY 3 2
B® Microsoft
http://deeplearning.net/software_links/
http://scikit-learn.org/stable/related projects.html C N T K

https://qithub.com/josephmisiti/awesome-machine-learning#pvthon-general-purpose

QUANSIGHT


https://github.com/josephmisiti/awesome-machine-learning#python-general-purpose
http://deeplearning.net/software_links/
http://scikit-learn.org/stable/related_projects.html

Array-like objects everywhere

Bohrium D’“b m X‘Xl\D

1101011

i’ xarray

Sparse Arrays

s \V4
:’0:’:::::':';‘":? CuPy f M J[ e ﬂ S O r CUDArray
TensorFlow _;_;
. ¢ PaddlePaddle
PYTHRCH 5y/ﬂ6f

B® Microsoft ? [ é
oxnet CNTK 7. oacx  Pandas i

QUANSIGHT



Numeric [

We have a “divided” community again!
f caffez 44 PaddlePaddle
NUMPY - PYTORCH
Wier CuPy Bohrium

i xnet
O
Vs
Numarray / ‘ “:"":' rMicrosoft

QUANSIGHT



Now What?

"The best way to predict the
future is to create it”

Abraham Lincoln
Peter Drucker
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Exploratory Data Analysis
Visualization

Build and Connect
Companies and Undoratan
Communities to =
Solve Challenging Getting Data floge
Problems with Data ¢ Understand

World

Continuing my quest to find more

£ QUANSIGHT

Data Products

Applications

Notebooks

Dashboards

Microservices

New Data

ways to pay developers to work on

Decisions
and
Actions

open source!

(4

QUANSIGHT



Open Source Partnerships

Prioritize Your Needs in Open Source

(save $3$3 by leveraging open-source in a way that keeps using the OSS
community instead of by-passing it or fighting it)

Hire from the Community

(good people flock to good projects — we help you attract and retain them)

Get Open Source Support

(Help selecting projects to depend on, SLAs for security and bug fixes, community
health monitoring, expert help and support)

QUANSIGHT



Open Source Directions

Webinar series to promote and encourage open-source roadmaps and
learn where the projects you use are heading.

. - -
= Project Overview

Spyder is a powerful scientific environment written in Python,
for Python, and designed for scientists, engineers and data analysts.
It offers a unique combination of the advanced editing, analysis,

debugging, and profiling functionality of a comprehensive development

wol with the data exploration, interactive execution, deep inspection, and beautiful
visualization of a scientific package. p e n o U I ‘ e I | e ‘ I o n s

Spyder bridges the gap between the world of machine learning and data analysss, and that of

production code, allowing you to easily transform cutting edge science into powerful applications. RTLLLTT

{ Roadmap & Necds —— HOSTED BY QUANSIGHT

MLTTTTI L

aagrogs Survec iomacel Tacagracios Air Date: 10 August 2018 12pm EST

Spyder would like to replace its current bespoke completion and introspection infrastructure with an
‘v 4 s
' .
£
J =

Improving Spyder’s debugging functionality and GUI integration has been the single enhancement |
7 / | I\!\Il'\l‘ 0l Guest II"\' { t"ll""

most requested by users. This would involve a dedicated kernel for debugging, giving users total control

implementation of the Language Server Protocol, as used by other popular editors (eg. VSCode,
Atom). This will greatly improve the functionality, stability and maintinability of our
autacompletion, linting, symboal search and go-to-definition capabilities, one of Spyder’s two most
COMMON user requests.

Furthermore, it will enable new function/class signature hints and mouse hovering features, and open

the door to supporting many more programming languages in Spyder with minimal overhead.

New, Powerful Debugging Kernel and UL

of execution and allowing them to interact with variables, run arbitrary code and visualize data at every
i : ’ .\lv«l( r Carlos Cordoba Anthonv Sconaiz

step, all with Spyder’s full suite of code completion and analysis features.
“This would also include a new Debugger Panel to

monitor program flow and set

breakpoints.

QUANSIGHT
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T, « PYTORCH:z ‘&

QUANSIGHT .F Chatner

S }\I?twork:X.

44 »* el Y
Aaand s L A B S StatsModlels SymPy o« S ooy
t h e a n O k_ét’l_ Statistics inu ?ytbxovx éé} %ﬂg!}!ﬁlﬁt);{im}gge

Sustaining the Future
Open-source innovation and
maintenance around the entire data-
science and AI workflow.

e NumPy ecosystem maintenance (fund developers) Partnered with NumFOCUS
e Improve connection of NumPy to ML Frameworks and Ursa Labs (supporting
e GPU Support for NumPy Ecosystem

e Improve foundations of Array computing ApaChe AI‘I‘OW)

® JupyterLab uarray — unified array interface and symbolic NumPy
e Data Catalog standards xnd — re-factored NumPy (low-level cross-language
e Packaging (conda-forge, PyPA, etc.) libraries for N-D (tensor) computing)

QUANSIGHT



Apache Arrow

>> ARROW %

CarrowMemory

Apache Arrow is a cross-language
development platform for in-memory data. It Parquet

specifies a standardized language-

independent columnar memory format for Cassandra
flat and hierarchical data, organized for

efficient analytic operations on modern

hardware.

','




XND
pandas

/
yit =By + pi + €i

QUANSIGHT



Cross language "NumPy” backend

(e [ | A r—
:;i:i 2:;,11PY \[ [ d/]/{g _— )]

Capability to gumath
memoryview ]
datafabric

other
/
_ (plasma) R, Scala Nodels,
“datashape” libndt

languages and
run-times ndtypes

QUANSIGHT



Unified Array Interface  Juststarted Project:

Need to fix the “string / bytes” problem of the array worid!

Logical array vs. strided pointer of numpy
PYTHRCH

! 4JpPyMc3 Chaner

” xarray pyrtHRrcH

A
¢
F 0%”
) -]

SO
\zmzzCuPy
i7" s

| NumPy /) DASK

QUANSIGHT



JupyterLab @

e Future of Jupyter project

e More than a notebook

o Extensible data-centric
app-building in the Web

&« ' @ localhost:3388/lab

— File Notebock Editer Teminal Console Help

$ + o b 4 c [ Werld Happine: ®

“oa B + X H O » = C code v Pythen 3
Name . Last Modified sne.sot_context( notebook”, font_scale-1.0)

3 ple. figure(figsize=(1%,10))

€ [ H1BVisaPatiticns 20... 2 months ago sne.boxplot(x="Region®, y="Happiness Score”, &

2 [ Uniitledipynb 5mindesagn | L Bt EtIchs frotationsso)
[ Untitled1.ipynb 2 monthe ago Out[354): (array((0, 1, 2, 2, 4, 5, €, 7, 8, 9]), <a lis

[ World Happiness Inde... a minute ago

§2_2010_us_cutine_2...

an hour ago

Commands

[ H-1B Visa Patiticns 20 3 months ago
) n1b_kaggle.csy 5 monthe ago
- ¥ README.md 3 months ago
.S ) World Happiness Inde... 2 months ago
E [ Workd Happin A months ago
@
8

T
o L

QUANSIGHT

LITTTI Lo

t of 10 Text xticklabel objects>)

[ I"ga=

#Happiness Score & Life Expectancy

§ = sns.PairGrid(d:
g.map(plt.acatter)

vars=|“Happiness Score”,

<geaborn.axisgrid.PairGrid at 0x131fe278d0>

s

(o]

@ World Happine: >

Out[10):

* @ L Q

%

#Roatmap to find correlation betwesn sach of t
tmatplotlib inline
import seaborn as ana

isport matplotlib.pyplot

pl

import rumpy as np

£, ax = pl.subplots(figeise=(10,

B))

corr = df1.corr()
ens.heatnap(corr, nask-np.zercs_like(corr, dty
aquare=True, ax=ax)

<matplotlib.axes._subplots.Axessubplot at Ox1l

6ladeis>

File Edit

+ [+

)

Files

# > notebooks > transit-zurich

Name -

EB8 passenger.csv

routes.gon

json

S

View  Run

Ty

Kernel Tabs

b o c = transit.ipynb

B+ X000 » = C

Aodifi

2 hours 8go
2 hour

2 hours ago

Setiings  Help

Code v

We plot the number of pass

Pythen3 O

ngers at the Rosengartenstrasse stop.

loac = df[df.stopNameShort=='ROSE'].passengerLoadstop
sns.distpler(load, kdesFalse)
pit.axvline(load.median())

plt.title('Passenger Load at Rosengartenstrasse ston')
pit.xlabel{'Number of pa: )iplt.yladel

ngers

Passengar Load at Rosengartenstrasse stop

Jroutes.json %

{55 Vet ap e e sono ks

X routesjson X

v properties: [} 4 keys
stopld: 2749
stophumber: 2164

Short: "ROSI

"Zirich, Ro:

2 2 keys
0 2 w0 100
NUMBeT of pasiengers [ passenger.csv X
[¢ th load at this stop with the medians of all st Defimitar: B2
sompare the mi an load af is stop with the medians of all stops.
" o ¢ 1ok stopSequerstopd  stopNemeShon stophame -
In sns.distplot(df.groupby('stopkameshort') 5 2104 ROSE Zn.ndv, Aosengartonetr:
_passengerleacStop.median(), xcesFalse) 6 564 BUCH 2Zareh, Buchegapiatz
pit.axvline(load.median()) 7 2017 RADI Ziirieh, Aediostuco
plt.title('Pessenger load medians across all stops'); 8 496 BIRC Zarch, Brchdorti
0ad') 2 1705 NEUA Zorich, Neusticttem
10 1000 GLAU Ziirich, Glaublensirasee
I Passenger load medians across all stops n 67 EINF 2Zurch, Enfangstrasse |
120 § 1 »
= Fe Edit View Run Kemel Tabs Settngs lelp
g + * c »| Data.ipynb ¥ jupytedab.md X
T o data B + X 0 0O » = C  code v pton 3 O
o | Name - Last Modifisd
Ell M 10zeox-Hubbie Intera.. 5 months e Open a CSV file using Pandas JupyterLab Demo
[ 1
#) barvljson 9 minutes ago
In (5] import pandas
O Dockerfile df = pandas.read_csv('../datajiris.cav') JupylerLab: The next generation user
£ f.head(z - orface
2| B omscsy & months a0 df.head(z0) interface for Project Jupyle
E
£ japan_melerological_a. 5 months ago h r/jupyteriab
S out(5]: sepal_length sepal_width petal_length pemal_width species :
(3 Museums_in_DC.geo] & monthe 290
0 51 35 14 02 ® It has been a collaboration batween:
@ | ¥ READMEmd 5 months ago ;
2| O zka_sssomblod_gono 5 months ago 1 49 Lo 14 02 ssbma ¢ Project Jupyter
3§ 2 47 32 13 02 sewsa © Bloomberg
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Visualization
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http://panel.pyviz.org

What about GPUs? RAP'DS

Open GPU Data Science

http://rapids.ai

GPUs will become used by more data-scientists over the next 2-3
years!

NVIDIA’s DGX platform powered by their RAPIDS initiative and the
addition of GPU support across the PyData ecosystem. RAPIDS is a
demo-driven initiative for now, but it will become increasingly
stronger over the coming 2 years.
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http://rapids.ai

What about FPGASs?

Will have a few successes, but remain niche without significant investment
Lack of development resources will keep FPGAs from wide-spread usage.
Intel’s Al chips will emerge in 2019 and start getting used.

Google’s TPUs will be far more important than FPGAs.
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ML and DL Matchup
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What about R? G

R
| .

*R has a stable community with good industry support
that will continue to keep users.

eDomain experts don’t change languages much

e Python will continue to grow and attract new users
and out-pace R over the next 5 years.

eLook for more interoperability and cross-language

sharing of ideas.
@ Studio

QUANSIGHT



O
What about Julia? juli‘a
e Julia is an excellent Research language. It will continue to
grow in popularity, especially among students and
hobbyists.
e Useful for research and exploring computational ideas.
e Not suitable for broad production usage — will be at least 5
years before it is. Never will be a single-language world.

e Python will learn much from Julia.
e Julia will attract R and especially more Matlab users.

QUANSIGHT



Thing to Watch (over next 3 years)

WEBASSEMBLY

WebAssembly (abbreviated Wasm) is a binary instruction format
for a stack-based virtual machine. Wasm is designed as a portable
target for compilation of high-level languages like C/C++/Rust,
enabling deployment on the web for client and server
applications.
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We will need more
independent industry
standards and benchmarking!

Thank you!



