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The Henry H. Wheeler, Jr. Brain Imaging Center (BIC) is
one of four Technology Centers established under the BERKELEY LAB
auspices of the Helen Wills Neuroscience Institute. Itis
a campus-wide resource that supports advanced brain
imaging technologies dedicated solely to basic brain
research.
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“The purpose of computing is insight,
not numbers”

-Hamming'62
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+ Software
+ Standards and Protocols
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1. IPython: Users/fperez (python3.5)
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nteractive namespace from numpy and matplotlib
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This is one of the classic systems in non-inear d¥erential equations. It exhibits a range of different behaviors as
the paramaeters (o, 1, p) a0 varied, iInchading what are known a8 chaotic sclutions. This system was originally
deveioped as & smpified mathematical model for atmospheric convection in 1963

In [12]: interact(solve_lorenz, N«fixed(10), ongle=(9.,360.),
0=(0.9,50.9), o=(9.9,50.9));

angle 308.90
max_time 12.00
o 10.00

B 263

P 28.00

Jupyter for Organizations

sion of the not K

JupyterHub is a multiuser w
designed for centralized deployments in companies,

university classrooms and research labs.

nbviewer

A simple way to share Jupyter Notebooks

ece Lorenz Differential Equations Fomara:
C ©127.001 r Avean Go!
Jupyter Lorenz Differential Equations Last Checkport: a minute ago funsaved changes) Ll
Programming Languages
B 4+ Q8B 4% N B C Code $ @ ColToobar
. . . i IPIy): oten ’ mEEs
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Turn a Git repo into a collection of

interactive notebooks
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Copy the URL befow and share your Binder with others:

in the fields to see a URL for sharing your Binder.

Copy the text balow, then paste 10 your README 10 show » tinder badge: [[TIEERRIES

ks? With Binder, open tho

our code immediately
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Ju pyter SierpinskiTriangle (ursaved changes)
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path.closepath())
for i ia rasge(levels):

mod(trafo.scale(0.5))

P *= { p.transformed(trafo, translate|
p-transformed(trafo.translate(

[style.linewides . Thin))
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JupyterlLab: a grand unitied theory of Jupyter

-------

4 Huge Team Effort!
i‘_) BIOombe rg C. Colbert, S. Corlay, A. Darian, B. Granger, J. Grout, P.

ANACONDA . lvanov, I. Rose, S. Silvester, C. Willing, J. Zosa-Forde ...



Notebooks++

~ Fe % Vs B Sorwl Tie Setiegn el

Tate CeiToch Cowveh Ruvg

* Lanena ipynt » " Cutpt View

- o ’
B » X2 Q0 ¢ o 0 Hyeonld O . e

m -
The Lorenz Differential Equations . s

Bl sy v - 020

A0Ne W ALANL e RGO SOM eIy IDOates. W Wil A0 IMEOcT [Depw)
e SCCOMParyng 167 end . pry Y which Contana the scous sohver and ploting
roJsne

Baatplatiin waltee
from ‘oywidgets fapart ‘atersctisw, Tiaee

We erfdire [ha Lanard Spilies of ON et e0.atan

t=ey=)
rR-y-N
PR

Late dhunge (2, 7, 2| Wb ryweligets arvd snvore [he bagediores

i® (11 frew lorene Sepert saler loress
wrintaractivelsalve Larenz sigman (b 8. 50.0) ,rhon(0.0,50.0))
-

RS v — W R | ) T ST S———
DRRE  — — 180 Mt o . S o (— Srar W e G Sy — Py & ——
Tray temte i M et crmrn B o s o g
L R I -

T D mgier 8 MUse
T AeTRAgE amw wmmmaet i | ome

e Sy e s 4 —— g
LR
hopm g -
e maw
L g e et e e B b
I e levme et e e

W RARARAL T LT wmn g ) e
.

v B Smnpaiees gt . edE 11 Mead® )




Beyond notebooks

Fle Bt View Rn et Tabs  Settngs Help

S W ¥ markciown_pymenm » I
L8 Markdews Markdown
o
3 ::::uom-urmuu. In Jepylerlad you can open and s s . oown fie. 0 J LA i COn GO S ot the fike I The file editer, & in
® . the file in the Tile editor, or in the markdows viewer, As you e TarkSow viewer Al yOu 838 the Yie the “ende~sd rackdown all sutomuticaly Lodste
edit the
(9] ° file the rendered sarkdown will autosetically spdate. reas ;n
4
7 88 h\alphas \sum_(isdiy L §§
]
Including Python code
B markdown_pythonm «
inpert nempy as Here s 3 block of Python code in the markdown fie
ispart pandas s ¢
data = ( ae 1N
W orp.randon, rani(1N)
:’.;.«”;:'mm‘::;lﬂ LAt's M2a0h & Pymon 3 Karmel and Conaale 50 T mavikiomn e, Than we can select Wnes of code
.::".,',zjz_”" ‘"'. rasdon. rand(100) In the martdown file 8nd run fhem in the conscle by preasng ShETEeEater . Let's do someting
} WOre o ated
af » pd.0atalframe(data)
af . head() First import matplotiib, nuspy and pandas . and creste 3 data frame
watplotiib anline
x y cobor sire from matplotiib Lsport pyplet as plt
from matplotiid lsport style
© 08T Q0808 0945803 Aot inpert sungy s N
1 00526 0227040 02IMIE 4B.008570 :::"r'“"'“
T 02aTXM CANMI O0AINMI BN n'Eorp.randon. randl1Me),
‘v ore, randons, rand{ i),
3 OM3080 0450008 0482038 B2 ‘coler's mp. random. rand(109),
4 OING ONANYS O0ADAXS  S220MWn } ‘sire': ’".m.rm-?“(l.’
af » pd. Sataframe(cata)
(h af . bead()
.09 pyrongn In7.Cold Spaces 4 markdown pythonmd
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An Interactive Compjting Platform forthe FIy Braln
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BIONET Group, Columbia Univers‘ity .

http://www.bionet.ee.columbia.edu
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# Chung-Heng Yeh
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Standards and Protocols



Core ideas of the web: HTTP & HTML

<div id="page-wrapper">
<div id="main" class="clearfix">
<div id="content" class="column" role="main"><div id="content-inner" class="clearfix">
) <a id="main-content"></a>
Browser Traffic <hl class="title" id="page-title">Statistics at UC Berkeley</hl>

@ O
J University of California, Berkeley
HTTP
HTTP Server DEPARTMENT OF STATISTICS
f ) ? : RESEARCH INDUSTRY
e ¢ e

HTTP: protocol to connect clients and servers e
HyperText Transport Protocol fonivs

Visitors » > SGSA Fall Welcome Picnic 2017

HTML: format to represent content
Image credit: eviltester.com

HyperText Markup Language



Core ideas of Jupyter

Interactive Computing Protocol

SUB DEAL SUB DEAL

Kernel -

adMQ + JSON

Document Format

We have already computed P(X1A) above. On the other hand, P(X| ~ A) Is subjective: our
code can pass tests but still have a bug in it, though the probabliity there is a bug present is
reduced. Note this is dependent on the number of tests performed, the degree of complication
In the tests, etc. Let's be conservative and assign P(X| ~ A) = 0.5. Then

1-p
PAX)= ——
Ax) 1-p+0.5(1-p)
2
l+p
This is the posterior probability. What does it look like as a function of our prior, p € [0, 1]?

figsize(12.5,

p = np.lins

plt.plotip, -
1e. Fi1L_be

"#343ABD", lws3)
lphae.5, facecolor
140, c="4348ABD")

# plc. ot " IACOE28"])
plt.scatter(®
plt.xlin( |

matplotlib.text.Text at Ox1051de650>

10 Are there bugs in my code?

- a

Postenior, JTA LX), with /(A
-

Prioe, FA) =p



The Notebook as document & format

® © ® |~ Lorenz Differential Equations  x
C | @ 127.0.0.1:8888/notebookstaks/slides/ 1607 -nersc/Lorenz%200iMerentiasl% 20€quations.. & Q4 @ @ & o
. Jupyter Lorenz Differential Equations Last Checkpont: a minute ago (unsaved changes) [
File Ednt View Insert Ce Kornel Widgets Help Python 3 O
B 4+ 208 4% N B C Code $ @ CelToobar

Exploring the Lorenz System of Differential Equations

In this Notebook we expiore the Lorenz system of differential equations:

x=o(y~1x)
ywpx-y=xx

+JSON specification T

the paramaters (o, 5, p) &0 varied, iInchading what &0 known as chactic soluticns, This system was originaly

. developed as a smpified | model for at in 1963,
0:0 M a C h I n e rea d a b I e In [12]: \ntemct(solve_lg::;fé.;f;;fdggg..Bt':;\g.l;;gzﬁ. ,360.),
angle 308.90

max_time 12.00

+ Metadata-rich :

P 28.00




New tools built atop the format

Jupyter Book nbgrader: homework assignments

Murcle Coregoren
€ 9 C @ Mps/iwww.isferermaithinking comchagters/11/2/Mukiphe_Categories o OCENOxr 09 D
oss [ M N Nl O Copiotsie [} VidesCast B3 Come [ News B Musauh () Owa £ Setsiey B3 Fn [ Wsc B3 me =
@ Jupyter Problem 1 Last Creckpoint: a few seconds ago (mtosaved) L
ok Jury = TableQ).with_columnsC e Me 6B View iaen O Kems  Hep Pytnen3 O

Ethnicity’, moke_orroy('Asion’, 'Black’, "Latimo’, "Whif 2l O TV PAGS

*Eligible’, make_orroy(9.15, 9.18, 9.12, 9.54, 9.01), & + > 20 4+ % N B C Nakiown t  Col Toober: Nooe [
‘Panels’, make_array(9.26, 9,08, 9.08, .54, 9.84) MULTIPLS

) CATEQORIES
» Science
JURY SELECTION IN
ality an APeriment: Sury ALAMEDA COUNTY
¢ JURY PANELS
soramming in Pytho Part
COMPOSITION OF A (2 polm)
4 ota Types PANELS IN
Se " Wthnichty | Sigible | Penets ALAMEDA COUNTY Write code 10 compute the mean of a fist of numbers.
Asian 018 026 COMPARISON WITH
. PANELS SELECTED
Black 018 0.08 AT RANDOM Is | J: def mean(x):
ot o1 008 A NEW STATISTIC “'qu?.n-v the mean of & list of snumbers given in :"r“'
8 o nd Tok THE DISTANCE #9F BECIN SOLUTION
o White 054 054 BETWEEN TWO return sum(x) / len{x)
). Rar DISTRIBUTIONS Y END JTION
: Other 001 004
SIMULATING ONE
S e Is [ )1 """Check that the ‘mean” function is correct.”"*
S hy and some are on the ansert seasn((l)) == I.
\a Hypotheses jury panels in the study. A bar chart is heiph for visualizing the differences. PREDICTING THE mean((l, 2]) = 1.5
STATISTIG tHDER meas((5.5, 0, 2, 3.4)]) == 2,725
Mode THE MODEL OF
. R o RANDOM mean(range(100)) == 45.%
jury.barh('Ethnicity") R ANDO & 5
" SELECTION =eas(range(l100, 0, -1)) 50.5%
ot ASSESSING THE
poiac — U MODEL OF RANDOM
- e Part B (3 points)
at g SOME POSSIBLE
gum_ EXPLANATIONS FOR
2 Why t B vae B THE DIFFERENCES Descrive ?he Detween an mesn, 8 Mean, and & ECMetnc mean
QUESTIONS ABOUT
o o=l THE DATA AIPETAUc mean:

erence for Regressio @@ o1 ez o a4 a3

=
M=
).

Comparison with Panels Selected at Random
pdating Prediction What if we select a random sample of 1,453 people from the population of
wlighie jurors? Wil the distribution of their ethnicities ook ke the distribution
of the panels above?

Powered by




andoc: ipynb to word (and more

Expl lﬂﬂ the L Syst of Diff tial Exploring the Lorenz System of Differential Equations
Equations In s Notebook we explore the Loress system of diflerential aqeations

1 T Noteiin we enpiire e LOrend sysharn of OMemr dd e ¥ woly-x)
y O wpa-y-ar
. -aly= ) 2 wmafréxy
)y Sp=y-m This s one of the classic systems in non-Brear Afferential equations. Ik exhidis a range of
: eo-fem Aiferens behaviors as the parameters (2, [1. o) ae varied, inchuding what are known as
chootic wolusons. Thin crgirally developed wmpl fed mathematical model
Thes & 0fe Of e CAMSG Sysdars N (On- i Sarertas e tars. T Mnm:uwk:':::ml = asingd
b & range of Sfecert Dehavions aa he paramelens (o, 4. 2) are vared,
Inchuding what s known s chectic sobtions. This wysterm was onignaly interact{rolve_lorens, N-fload(l0), sngle«(d ,000.),
Otvesigad o5 & Serpilan] maTaesion Fouel Ky SFTOatiers (omeion n 0+{0.0,50.0), 9=(0.9,%0.9))
1963,

inmterect{solve lorenz, Nefined(10), ongle(d. 36
0.,
=(0.9.50.9), ¢~(0.0.5%.0));

j[ RSP —— - Cren K ® ———T
a

pandoc lorenz.ipynb -o lorenz.docx
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Jupyter Protocol
web-age capture of the process of interactive computing

any mime-type output

| In [5]: print(df.head())

text o

cake lies pie
2012-12-19 363.885981 367.826809 362.807807
2012-12-20 361.055153 368.463441 365.065045
2012-12-21 362.064454 367.768454 364.087118 J\H

svg, png, jpeg
latex, pdf

In [14]: Math(r'''f(x) = \dint_{-\infty}*\infty
\hat f(\xi) eA{2 \pi i \xi x},d\xi

In [ ]: @interact
def factor_xn(n=5):
L3 display(Eq(x**n-1, factor(x**n-1)))

html, javascript

§x

interactive widgets



A language agnostic protocol

FScala @ P @9

° ®
peri'fh / \ o
t @ geoeo
N G e Julia =
J(QO .S‘pcnr‘lgZ @

= @ python'rp,. &l

IPython

~100 different kernels: https://github.com/jupyter/jupyter/wiki/Jupyter-kernels




Community



IPython: an afternoon hack, 2001

4 ipython-0.0.1.py @] @ 1. IPython: Users/fperez (python3.5)

ipython-0.0.1.py X ¢ M

Globals for SI units (including g+9.8) : _load_units « %(_load_units)s
Starting number for prompt counter ] ¢ i = %( _prompt_ini)s
Number of history items to store in cache : _ \ = %(_cache_size)s

(default, Jul 2 2016, 17:52:12)
for more information.

.Py hon 5.1 - An enhanced Int tive Python.
-> Introduction and rview of IPython's features.
'-t.ulfk'e‘ => Quick referenc
‘s own he tem.
t', use ‘object??' for extra details.

_load_Numeric
_load_Gauplot
load_gracePlot
_load_units
_cache_size
prompt_ini

start dateti

.549999
0000

. 379999

author__ ‘Fernando P@rez. <fperezd@pizero.colorado.edu>'
version__- '0.1'

(Len('In[' " _prompt_count”

BE8EREESHSA

story (arg)
“Printing with history cache management. '29\ 'p\ 'p\ 'p\ @\5 'p\o

s is invoked everytime the interpreter needs m print, and is activated ﬂ“ pﬂ ')ﬁ M »ﬁ

by setting the variable sys.displayhook to i

_P,_PP,_PPR,_cache,_prompt_count é QOO0+ &0



A true team effort _
Jjupyter

e’

Plus ~ 1500 more Open source contributors!



Formalized governance
\",

Steering Council

The role of the Jupyter Steering Council is to ensure, through working with and serving the broader Jupyter community, the long- o
term well-being of the project, both technically and as a community, The Jupyter Steering Council currently consists of the
tollowing members (in alphabetical order).

Sponsors
Project Jupyter receives direct funding from the following sources:

T ‘ . @] GORDON AND BETTYY
HE LM.SL-EY ALFRED P. SLOAN MOORE GO gle

FOUNDATION roumbpaTion

l

Damian Avila Matthias Bussonnier Sylvain Cortay fa s tl | =. Microsoft OUANSIES

C——— e QUAN, LS
Anaconda, Inc. UC Merced QuantStack y S5 e
Odarnianavila on GitHub O@Carreau on GitHub Bsytvaincoriay on GitHub

; SCHMIDT FUTURES

Institutional Partners

Institutional Partners are organizations that support the project by employing Jupyter Steering Councl members. Current institutional
Partners include:

() ANACONDA Bloomberg N ETFL I x CAL P OLY

Eg.,ltk%,lgy QL;'?'nY%TB‘CK @ TWO SIGMA JPMosGAN CHase & Co, N | \ M F@ C l l S

MERCED AWS
- = OPEN CODE = BETTER SCIENCE

Formal fiscal sponsorship



Jupyter: gateway to an ecosystem

@ python”
,NumPy
Jupyter - @Scipy % matplotlib {s.
o IPython SymPy

pandas uy i s




Educational impact:
a view from Berkeley



Chancellor's directive, June 2014

... rethinking at a fundamental level what every
educated person must know about quantitative
reasoning: how to effectively understand, process
and interpret information, to inform decisions in
their professional and personal lives and as citizens
of the world in the 21st century.



Undergrad experience transformed

foday's Majors DS Minor DS Major
t +4 - N
\
| | \ /L/ \ -
| v\ J g
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/ / \ \ oy 28 -]
4 S~ | ~ &
4 ~ 7 Data Litecycle —_ ¥
/ / — \\ v
| o | ’// N \ ‘5?.

\ |- |
S ~\\- Connectors . ﬂ*

Data Science Fobndation (CS+Stat+Critical Thinking w/ data) L Existing course
- = Thesis, Research
i 05 in field

Undergrad Class

DS focus




Data 8: Foundations of Data Science

= Purpose: “You will learn the core concepts of inference and computing,
while working hands-on with real data.”

= A Data Science Course for Everyone: “"designed for entry-level students
from any major, specifically for students who have not previously taken
statistics or computer science courses.”

+ Topics: “all the key ideas of introductory statistics in a new, modern, hands-
on way. It weaves in contextual issues like data privacy and bias. At the
same time, it gives you a powerful understanding of key ideas in
computing.”



http://inferentialthinking.com

¢« O @ Secure  hows wwwoinferentalthnking 0om Cracters 0o

HOME

O INTROODUCTION

1. DATA SCIENCE

LY introducton

21 CJ:ﬂ‘O\P-th
Tools

112 Stasstical
Techniques
1.2 Why Data Science?
1.3 Plotting the Classics

L3 Lterary
Characiers

1.3.2 Anather Kind of
Chanacier

Computational and Inferential Thinking

The Foundations of Data Science

By Ani Adhikari and John DeNero

Contributions by Davd Wagner and Herry Milner

This is the textbook for the Foundations of Data Scence class ot UC Berkeley.

View this texibock onling on GEMUD Paces

Old versions of this textbook: Fall 2017

The contents of this book are kcensed for free consumption under the following license:

Creative Commens Altribution-NeoCommercial-NoDerivatives 4.0 rernational (CC BY-
NC-ND 40)

@ LS

=ON THIS
PAGE

THE
FOUNDATIONS OF
DATA SCIENCE




Data 100: ds100.0rg

About This Book

The Data Scence Lifecydie

»

Data Design

w

Tabular Data and pandas

s

Exploraory Data Analysis

o,

Data Cleaning

(=]

Data Visualization

~

Web Technologies

o

Working 'Wan Text

9. Databases and SCL

10. Modeling and Estimation
11. Gradient Descent

12. Probabilty and

Generalization

13. Linoar Regression

14. Feature Engineering
15. Bl -Variance Tradeot
16. Regularization

17. Classification

€& TOGGLE SIDEBAR

Principles and Techniques of Data Science

By Sam Lau, Joey Gonzalez, and Deb Nolan.

This is the textbook for Data 100, the Principles and Techriques of Data Scence course

Data 100 s the wpper-division, Semestar-long data SCHnce course that follows Data 8, the
of Data Scence. The reader’s assumed background is detafied in the About This Book page

Foundaics

The conterts of this book are Boensed for free consumption under the following Icense: Creative

nmons Attribution-NonCommercial-NoDerivatives 4.0 international (CC BY-NC-}

To set up the textbook for local development, see the the setup guide

)

D40)



Live textbooks

Visualizing Categorical Distributions

Data come in many forms that are not numerical. Data can be pieces of music, or places
on a map. They can also be categories into which you can place individuals. Here are
some examples of categorical variables.

« The individuals are cartons of ice-cream, and the variable is the flavor in the carton.

« The individuals are professional basketball players, and the variable is the player’s
team.

« The individuals are years, and the variable is the genre of the highest grossing
movie of the year.

« The individuals are survey respondents, and the variable is the response they
choose from among “Not at all satisfied,” “Somewhat satisfied,” and "Very
satisfied.”

The table icecream contains data on 30 cartons of ice-cream.

icecream = Table().with_columns(
'Flavor', make_array('Chocolate’, 'Strawberry', 'Vanilla'),
'Number of Cartons', make_array(16, S, 9)

)

icecream




Berkeley: datahub.berkeley.edu
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Fall 2018

Data 8:

~1,300
students

Data 100:
~800 students




Fastest growing courses in
Berkeley history

Data 8 & Data 100 Enrollment

I Data 8
1200+ ™ Data 100

Data 8 in Fall 2018

# ~ 1,300 enrolled students

1000+
800+ . .
+ ~ 200 waitlisted

600

400+

Annual combined numbers
+ Data 8: ~ 3,000 students
+ UC Berkeley: ~ 7,500
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At steady state, will easily reach ~50%

http://data8.org - http://ds100.org of campus!
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Modules

Fall 2017 Data Science Modules

INFO 190
Privacy & Security

ETHSTD 21AC
Immigration &
Detention

AP ASia ey

. EPSC20
Earthquakes in
Your Backyard

ISF 189
intro to

InterdisCipbnary

Studies

EDUC 2238
Special Prodlems
inSTEM

; Education

SOCOL 150AC

;,‘ Inequalitees

ENGLISH 31AC
Literature of
American
Cultres

§ ART W2SAL
R, Data Arts

XREHETOR R1A
The Craft of
Writing

WS 101
Gender and
Women s

Studhes




Repro. research course: STAT 159/259

+ Schedule: 2 Lectures (80 min), 1 lab (2 h)

~ Prerequisites: foundations in computation, probability and
statistical modeling

+ Enrollment: 50 undergrads, 10 grads

+ @raduate Student Instructor: Eli Ben-Michael, Stats PhD
student

« @Grading: weekly readings, quizzes, homework and 3 projects.

http://bit.ly/stat159-f17




Goals

+ What?

+ Core ideas: data access, computation, statistical analysis and publication.
+ Why?

= An essential concern of modern computational research.
+ Social and scientific implications of lack of reproducibility.

+ Frame the problem in terms practical, ethical and epistemological.

+ How?

= Skills and habits necessary to make a practice of reproducibility.

+ An everyday practice, not a “publication time"” concept.



Core skills

+ Version control: Git and GitHub

+ Programming: Python

+ Process automation: Make

= Data analysis: Numpy, Pandas, Matplotlib, NLTK, Scikit-Learn, ...
+ Documentation: Sphinx

+ Software testing: PyTest

+ Continuous Integration: Travis

~ Reproducible containers: Binder



Git and Python workflow everywhere

C 8 Gowb, Inc, (US] | https [ \githud.comberkniay 199-117/5a1150-117

-3 oea

v

C @ Secure  hitps//berkeley-stat169-117.gittub o sta1159-117 ] oOeaL
L berkeley-stat159-17 | stat159-f17 @watch 3 *®Star 9 YFork 8
Stat 159/259 - Stat 159/259 - Reproducible and e e e e T e =
s " Reproducible & Collaborative Data Sclence, Fall 2017 - Main class website hitps://berkeley-stat159-117.github. | Edn
Reproducible Collaborative Data Science s s
0 112 commits ¥ 2 ranches © 0 releases 43 3 contributors

and
Collaborative
Data Science

All materials for this course are available on GitHub,

The class syllabus will be updated over the course of the first couple of weeks of class,

Branch: master

B tperez wsd cracs rotes

New pull request

Creste new fle _ Uptosd faes | Find il

Latest commit <E850d4 on Nov 30, 2017

Rcadlngs . _staticirel Add _saatic directory 7 months ago
Na\,’lgauon Add files | accicentally forgot 10 put imo git 4 months ago
See here for a list of assigned class readings. acd chaos notes 4 months ago
An interactive Git Tutorial:
i sylabus Add sylabus. 7 months ago
the ol you didn’t know you . N
gitignore ignore cache In git operations months ago
needed Lectures oncs v
r
LICENSE Add Iicense file 7 months ago
. . i3
A quick overview of the * An interactive Git Tutorial: the tool you didn’t know you needed Makefile Add makafile to refresh sEdeshows 4 months ago
upyter Notebook and ° y -
Jupyter ! A quick overview of the Jupyter Notebook and [Pychon prp——— Moke SobiC webehe 7 months ago
1Python * Reading discussion - Developing open source scientific practice
conf gy Further warnings fies/cleanups 4 months ago
Reading discussion - * Reading discussion - Scientific Pythoa, [Python, Jupyter

Developing open source
scientific practice

Reading discussion - Scientific
Python, [Pychon, Jupyter

¢ Class practice: strings, lists & numbers

* Conda and pip - managing environments
* From September 25 reading

* Make: automating tasks

2 LIGOY she 017 Nkl mriee in shuaics and 1o Mokl

~ .

A

reacings.rst

resources.mad

1 README.md

Properly handie general skip patterns, not just specific paths.
Add environment.ymi flle with explicit versions of key packages
acd chaos notes

Add files | accidentally forgot to put into git

Update numpy exercise

4 months ago
4 months ago
4 months ago
4 months ago

5 months age

SPHINX

PYTHON
DOCUMENTATION
GENERATOR

STAT 159/259 - Reproducible and Collaborative Data Science

Materials for the Fall 2017 edition of UC Berkeley's STAT 158/256 - Reproducible and Collaborative Data Science course.

LUive website is available here.




Computational hygiene: a daily habit

GitHub

Stat 159/259 Fall 2017 Edition - Reproducible Data

Science
berkoloy-stat159-117

Assignments [ Now sssignment |

Homework 1 hitps-iiclassrcom github.con 1 Copy invitation link

o Group assignment for 2-person Teams for
Homework 1

Project #1 - Replicate results of Laken & hitps/iclassroom github.con & Copy invitation link

0 Strodal 2016
Group assignment for 2-person Teams for
Homework 1

1 Quiz 2 https2iclassrcom github.con & Copy invitation link
Incividual assignment

Project #2 - Analyzing the State of the https/iclassroom github.con & Copy invitation link

‘ i ° Union
Growp assigrment for 3-person teams for
i WW Project 2
REACH
1 Mo Homework 3: dataset selection for Project httpsiliclassroom github.con & Copy invitation link
\ LE]
MINT o Group assgrment for 3-person teams for
WAXED Project 2
FLOSS
. 1 Graduate project - Election 2000 hitps/iclassroom github.con B Copy invitation link

Incividual assignment

Group assignment for 3-person teams for
Project 2

° Project #3 - Original data analysis hitps./iclassroom github.con B Copy invitation link




Final Project: an original analysis

+ Data: included in repo or linked if too large.
+ Clean, tested code.
+ Analysis notebooks and supporting code

= Break down your analysis into as many notebooks as is reasonable for convenient rea Er‘bd

| &
00

0‘)‘0

- Use Victoria Stodden's ENABLING REPRODUCIBLE RESEARCH: LICE NG SCIENTIFIC
INNOVATION.,

"\

+ Main narrative notebook: summarizes and discusses results. 6@0
+ Reproducibility support: Makefile and environment.yml “

+ Good repository practices: README.md, LICENSE, .gitignore.



Brief Analysis on the Marginal Effects of Studying
s puaang [ oncn bier]

As students, we have often wondered what effect an extra hour of studying will have on our grades. When trying to
determine whether staying up an extra hour to study for that final exam is truly worth it, we usually are limited by imperfect
information and our own superstitions. In this project, we attempt to estimate the “true™ marginal effect of studying on
students’ grades. We try to model the effects of studying first using OLS and then various instruments and 2 stage least
squares. This repository Is also meant to serve as an example of what a reproducible econometric analysis would look like.

Required Installations

The only Installation needed to run this repo is Anaconda, Click here to learn about how to Install Anaconda, Once
installed, you should be good to go!

»Using Binder

We've enabled Binder for this project which allows you to view jupyter notebooks in an executable environment. Feel free
to click the ink at the top of this README to launch the binder,

Getting Started

Download the repo onto your local machine and open your command prompt, Simply type in the following commands to
run the analysis:

make clean

make env

source activate study
make run

After all your notebooks have run you should see new files in the results, fig, and data directories. Read about our
approach and results in main.ipynb, All the figures from our analysis are saved in the fig directory and our regressions are
saved in the results directory as dataframes. You can load in these dataframes and work with them as regression instances
(Le.youcancall .susmary() , .parass() etc, click here for OLS documentation and here for 25LS documentation)

Licensing

In an effort to enable reproducible, collaborative reserach our project is subject to the MIT License which allows you to
madify and distribute the above code for both private and commercial usage. See LICENSE to learn more.

 nadavtadelis Merge pull request #27 from berkeley-stat159-117/nadin_actual_final ...

= cata

. fig

i results

&) gitgnere

& .mailmap

5 travisymi

&) LICENSE

) Makefie

=) README.md

&) data_expicration.ipynb
&) environmentymi

&) instructions.md

& main.ipynd

&) model_fitting_1.ipynb
§) model_fitting_2.ipynb
& p3functions.py

5 tests.py

added reproducibiity aspects, split model fitting into 2 ntbis; NOTE...
Fix typos in data_exploration.ipynd

Fix typos in model_fitting_2.ipynb

Add caches to .gitignore

adding mailmap to account for config issues

Add pandas install to Travis

Added LICENSE

added reproduciiity aspects, spiit model fitting into 2 ntbis; NOTE...
added reproduciiity sentence to README

Minor add to data_exploration.ipynb

added reproduciity aspects, spiit model fitting into 2 ntbks; NOTE...
Add note about grades in team work

COrraction to instruments justification

Fix typos in model_fitting_1.ipynb

Fix typos in model_fitting_2.ipynd

Add two_way function

Add two_way function

Latest



In [6):

Analysis notebooks

mmmwummmnmdmwmmmwm
with understanding how these variables interact with our dependent variable G3. So lets look at some violn plots 1o
visualize some of these interactions.

For the vidiin plots we spit G3 ino 5 bins 10 more clearly visusiize the interactions. We aiso show the distidutions
rolatve is L
# Splitting G3 into to get a cleaner visug

student_perf['G3_ronge'] = pd.cut(student_perf. B S, retbins « True)[@]
# Creating the plot.

pit. ku(f\gﬂzﬁ( 36))

sns. stt(style—'vmtegnd' palette="muted”, color_codes=True)

pit. smlo\s_nn)ust(topd 97)
plt.suptitle('Comporing Variable Distributions by School')

sns.despine()
fer colum_index, column in enumercte(['oge’, 'Medu’, 'Fedu', 'troveltime', 'studytime',
*freetine’, failures’,
'absences”, 'fawrel”, "goout', 'Dalc’', 'Malc', 'he
mh s e, e
co \-n - 'G3_range’:
plt. wbplot(l 2, co\un_inﬂu + 1)
sns.violinplot(x="G3_ronge’, y=colum, hue = 'school’, split = True, datoestudent_per
plt.sovefig(' fig/distrbyschool.png');
Comparing Variatis Ditrtuons by Schoot

hoee P1HYT

im0 s wawa emin  onre nawa

DO il

wmin on wawa wese oare o wana

Code and tests

Branch: master »  project-3-p2-ka-jo-ta / p3functions.py

A s-johnson Add two_way function
1 contributor
41 lines (34 sloc) 1.38 kB Rav

import pandas as pd
import numpy as np

def make_indicators(df, names):
“""make indicator columms in datafrase ¢f of whether existing columas are
equal to given values.

df (pandas.Dataframe): Dataframe to be modified.
names (dict) : Dictionary containing:
- Keys: Desired indicator colusn names
- Values: Two ites tuple containing:
- Original dataframe column
- Value to cospare to column

Returns:

void: Dataframe df s modified in place.
for k,v in names.itess():

af(k] = 1*(a¢(v @) == V(1))

Branch: master »  project-3-p2-ka-jo-ta / tests.py

Ay s-johnson Add two_way function
1 contributor
31 lines (24 sloc) 906 Bytes Raw

import pandas as pd
import numpy as np
import nuepy.testing as npt

from pifunctions import *

def test_make_indicators():
¢ = {"col1”: [1, 2], "col2': [3, 4]}
¢f = pd.Datafrase(catasd)
names = {"imdl': (‘coll’, 2), "ind2': ('col2", 3)}
make_indicators(df,names)
exp d » {"¢coll': [1, 2], 'col2': [3, 4], 'inel’: [0, 1], "ind2°: [1,0])
exp = pd.DataFrase(datasexp_d)
obs » df
assert obs.equals(exp)

Project1-Main-Narrative

January 4,2018

1 The effects of studying on high school students
Authors: Nadav Tadelis, Sarah Jobnson, Chitwan Kaudan

L1 Abstract

fmten g o e e 1'" ?‘*

grades, then we make poor decisions about how | - =
(effectively resulting in a Joss of wtility). If we we s

ing on grades, then we could calibrate our innel = ‘? N
naive OLS, then addressing endogerity by usiny 1 +®

marginal increase in study time per woek can ind

1.2 Exploratory Data Analysis
The data being used are from the public archive
collected by Paulo Coetez of the University of M

Below is a list of all includied in our
Nwmlmmwm”dmmummmmhmhmu
T question the marginal effect of studying on grades.
1 We need to make the that in school (where parents ase

mmm.«muab-mmuyamwmmm(wm
are independent of study time). Without this assumption it would be plausible that students are

y ying, implying a negal

study time and absences.
1.3 Initial Naive OLS fit
The first step Is to build a moded and make some assumptions to define the relationship between
prades and studying. Let an individual’s grade be G, and weekly hours of studying be S, and their
“ability” be A, Then we can write:

G=fhtphS+hA+L

151 References

Card, D, & Krueger, A. (1992). Does School Quality Matter? Retusns to Education and the Char-
acteristics of Public Schools in the United States. Jourmal of Political Ecomomy, 100(1), 1-40.
Cortez, I and Siiva, A. Using Data Mining to Predict Secondary School Student Performance.
In A. Brito and ). Teixeira Eds,, Proceedings of Sth FUture BUsiness TEChnology Conference
(FUBUTEC 2008) pp. 5-12, Porto, Portugal, April, 2008, EUROSIS, ISBN 978-9077361-39-7.
Greene, W. H. (2000). Econometric asalysis. Upper Saddle River, N.J: Prentice Hall.
MacKinnon, [.G. and H. White. (1985), Some h hoed, y matrix
estimatoes with impeoved finite sampie peop Jowrnat of E 29,53.57.

152 Author Contributions

* Nadav Tadelis: Had idea from a project be did in Econ 142, worked %o pick right instra-
ments to improve the 25LS maodel, wrose analysis in mainipynb, created visualizatiors, and
wrote/ coded model fitting notebooks.

* Sarah Johssore Melped brainstorm instruments o improve 251S, wrote analysis in
mwmmmummmmwmm

Helped o 25LS, wrote analysis in
m-h-!pynb. WGWMMMMNMM
structured roteboaks.




With these tools, we provide:

+ Broad disciplinary reach and impact of statistical thinking.

» Drastically lowered barriers to student access - intellectual
and economic.

+ Lowered barriers for faculty* to engage with statistical and
computational ideas.

« (*) typically from non computational/statistical domains)



Berkeley in a few years...
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In the words of a Berkeley scientist

We are witnessing a monumental phase shift in data science knowledge on
campus - undergrads are extremely well trained.

[...]

There is a knowledge gap between the trained data science undergrads on
campus and the upper level scientists and Pls who need their expertise for their
projects. The labs are ill equipped on reproducible data science methods and
therefore are incapable of knowing how to manage the full potential of
undergrad help.

Ciera Martinez, @CieraReports

Postdoctoral Fellow, Molecular and Cell Biology & BIDS Fellow




Transforming research
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April 18, 2019: Shep Doeleman

THE ASTROPHYSICAL JOURNAL LETTERS

OPEN ACCESS

First M87 Event Horizon Telescope Results. lll. Data
Processing and Calibration

The Event Horizon Telescope Collaboration, Kazunori Akiyama

Keiichi Asada’, Rebecca Azulay®-6

1234
6

, Antxon Alt)erd»5 , Walter Alefs,
, Anne-Kathrin Baczko , David Balllo,

Mislav Balokovié*11 (), John Barrett? Show full author list
Published 2019 April 10 « © 2019. The American Astronomical Society.
The Astrophysical Journal Letters, Volume 875, Number 1

Software: DIiFX (Deller et al. 2011), CALC, PolConvert (Marti-Vidal et al. 2016), HOPS (Whitney et
al. 2004), CASA (McMullin et al. 2007), AIPS (Greisen 2003), ParselTongue (Kettenis et al. 2006),
al. 2011), Scipy (Jones et al. 2001), Pandas (McKinney 2010), Astropy (The Astropy Collaboration et
al. 2013, 2018), Jupyter (Kluyver et al. 2016), Matplotlib (Hunter 2007).




K. Ottoboni/P. Stark: Defenders of Democracy
Michigan election audit, Dec. 2018
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Credit: @ginvdr



Pangeo: open geosciences (and more!)

Y Wi v I P T e AR g I e x

a8+« X D » & O Code Pyton 3

Browse Imeractively with Holoviews

EE———
o
PANGZO o
s { /]
Jupyter [/ Xarra
o DASK ” y o e :
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. rechurs vey BAOES | 000 — .y AL
Harnessing the power of cloud e —— et
L I ek s N a2
nwine o )

computing to study the whole = -

earth interaCtively- . Scott I'-ienderson .|@], B |
https://pa ngeo.lo ‘ Research geophysicist at University of Washington eScience Institute

Oct 17 min read



The

Economist

In [16):

Evan Hensleigh | Follow
Visual journalist at The Economist; accidental Londoner
Oct 9 - 3 min read

Peeling back the curtain

How the Economist is opening the data behind our reporting

We started calculating the Big Mac index in 1986, and until this year it has
been compiled and calculated manually. There are still a lot of hands-on parts
to the process—in particular, compiling the list of prices—but we have now
converted much of the calculation into code. We published these calculations

_. a tidy format for breaking scripts into small blocks and
annotating them.

Adjpnt the ndex 1o account
for GDP per person

The Colombian peso is 33% overvalued against the US dollar
July 2018

Chocae a base currency Show indlex

US dollar A W -

Colombian peso »
o "
0
L J *°

oo."'. L

Undervalued ¢ * Us dollar

evee® .
"N ] 0
TR R
.

L &

to_plot = big mac_adj_index[date ==~ latest date)
to_plotSname = factor(to_plotSname, levels~to_plotSname[order(to_plotsUsD)])
geplot(to_plot|, over :« USD > 0], aes(x~name, y-USD, color-over)) +

geom _hline(yintercept = 0) +

gece liserange(ass(y=in«0, ymax«USD)) +
geom _point() +
coord flip()

Colombia «
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Euro area -
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Switzeriand -

South Korea =

China - .

Britain - -
Crech Repubic ~ .
New Zealand - .
Phiippines - >
Denmark = .
Hungary - .

name

India - B
Saudi Arabia = .
Australia - .
Nocway - -
Poland =
Maexico = >
Singapore - -
Asgentina = .
Japan - =
South Africa ~ g
N3onesia - -
Turkey - .
Malaysia - *>
Russia « .
Egyst- .
Taman - .
Hong Kong =  *

uUsD

0.0

over
* FALSE
% TRUE



u National infrastructure, from K-12 to HPC

compute | calcul
canada canada

Featured News

compute canada and pims
launch jupyter service for
researchers

Jupyter ‘All-in-One' Science Platform

Y Learning and sharing in a flexible, collaborative and interactive way.

LJ
’ \ pyter is an integr on that i math, science and engineering tools, along with communication and
t visualization resources, in one web-based platform. Simply put: It enables a broad suite of computing capabilities on any device
JUPYTET  ihathas an iemet connection. Forfree.

7y ABOUT  PARTNERS INTRO -
v Cybera and the Pacil A the M. MS) have teamed up 1o inCrease access to, and awareness of, SYZYGY.CA - S, LUNCH
[ ] Jupyter, Cybera is hostis ng!N plaliorm onits Rap-d A«eu Cloud, and is offering free access (and advice on how 1o get started) to

Canada's public and innovation sectors.

SYZYGY.CA

Launch Jupyter at your university, school or company?

Who Is Jupyter Useful For?

* Teachers . K2
o Create “interactive textbooks” that allow students to actively work on o An Alaska high school teacher used Jupyter to change the way
math or data science problems, “introduction to Programming” is taught
« Students * Post-Secondary
© Learn and practice multiple programming languages, and log oA pfnlnw' at Gcorpe Wlshmgton Unm:y used Jupyter to teach
experiments, all in one place. mics (see github notes)

‘ l)aCIflc InStltute for the
’ ‘ Mathematical Sciences
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So you want to build Data Science tools
in academia...




Career paths?

matplotlib NumPy
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Should I Resign From My Full Professor
Job To Work Fulltime On Cocalc?

William Stein « Apr 12, 2019 .

® CoCalc Blog

Nearly 3 years ago, | gave a talk at a Harvard mathematics conference announcing that
“I am leaving academia to build a company”. What | really did is go on unpaid leave for
three years from my tenured Full Professor position. No further extensions of that leave

is possible, so | finally have to decide whether or not to go back to academia or resign.

My unpaid leave is up - what am I going to do?

My third year of unpaid leave from UW is up. | have to decide whether to return to UW
or resign. If | return, it turns out that | would have to have at least a 50% appointment. |
currently have 50% of one year of teaching in “credits”, which means | wouldn't be
required to teach for the first year | go back as a 50% appointment. Moreover, the
current department chair (John Palmieri) understands and appreciates Sage - he is

among the top 10 all time contributors to the source code of Sage!

I have decided to resign. I'm worried about issues of intellectual property; it would be
extremely unfair to my employees, investors and customers if | took a 50% UW



An awkward space for academics

« These problems sit at the interface of research and engineering.
* Some go to the heart of statistical thinking.
= Yet they may require heavy-duty software engineering.

= This type of work is extremely hard to fund and reward.

+ Industry alone won't do what we need.

= Sustainability of these efforts is today extremely challenging

+ (even funded ones like Jupyter)



Jupyter - funding and resources
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