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Data-Driven Exploration

e Every scientific domain is moving toward
data-driven exploration, this has led to great
advances and discoveries

e Companies are capitalizing on data

e Government agencies uses data to ope
efficiently, make policies, and informed
decisions
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Data-Driven Exploration: Challenges

e Data are vast and produced at unprecedented rates
e Sources are broad, varied, and unreliable

e Computational processes are required to extract insight
e But they hard to assemble

algorithms machine learning
statistics math
data discovery data curation
data management
data integration provenance

visualization
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Data-Driven Exploration: Challenges

e Exploratory tasks are inherently iterative as one tests and
formulates hypotheses

Data

NYU

— |
—)(Computation)—) Data || Perception & | Knowledge
Products Cognition )

[Modified from Van Wik, Vis 2005]
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Many Trials and Errors...

Data i
| |
|
Clean data Re-run model :
l 4 F-measure=.75 :
|
Cluster data Refine model 1 Update
| Fmeasure=22 | scikitlearn
Visualize Visualize :
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Data-Driven Exploration: Challenges

e After many steps...

"An analysis has 30 different steps. It is tempting to just do this then that and
then this. You have no idea in which ways you are wrong and ' data is
wrong”  [Kandel et al., VAST 2012]

ce'
e |tis easy to get lost and not reme~ e(\‘a(\ _oult was derived

e Processes can break or - d Q(O ~antoreseen ways
. oM .
e Results can b~ _.stand, interpret and trust

data /VVVI”/\ knowledge » decisions

Incorrect conclusions can lead to bad decisions!
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Computational Provenance

“Provenance is the source or origin of an object; its
history and pedigree; a record of the ultimate
derivation and passage of an item through its

various owners.”
The Oxford English Dictionary

e Provenance is a key ingredient for transparency and
reproducibility

e Computational provenance is a causality graph that models
process and data dependencies
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Computational Provenance = Graph

Data /©

Data
Process dependencies
depende
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Computational Provenance: Benefits

e Interpret and reproduce results

e Understand the experiment and chain of reasoning that was
used in the production of a result

e \erify that an experiment was performed according to
acceptable procedures

e |dentify the inputs to an experiment were and where they
came from

e Re-run steps, possibly with different settings
e Debug
e Share, re-use and extend results
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Different Flavors of Provenance

e Computations are carried out in a controlled environment
e [tis possible to systematically capture detailed provenance

e \What to capture” Depends on what you will use provenance
for:
e Document computational process
e Re-execute
e Enable others to re-execute
e Extend/modify process
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Capture the Code

Analyzing relationships between NYC taxi trips and weather

In [1]: from datetime import datetime
import pandas as pd
from scipy.stats import pearsonr
from scipy.stats import spearmanr
$matplotlib inline
# this makes the output of plotting commands be displayed inline
import matplotlib.pyplot as plt

Reading the Taxi Data

In [2]: | # Order of attributes: time, n. trips, avg miles, avg duration (seconds)
taxi data = pd.read csv('Data/taxi 2012.csv', header=0)
# In the original data time is represented in secs since epoch time
# Convert to Python date-time -- provides the ability to analyze data over days, hours, etc.
taxi data[ 'time'] = pd.to datetime(taxi data['time'], unit='s")
# create an index to speed up access
taxi data.index = taxi data[ 'time’]
# since index already has this information, we can delete the column in the dataframe

de +awi Aadrar'scimAln

(512 e What do you get?
el s this enough?
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Notebooks and Reproducibility

e Recent study of 1,435,373 notebooks collected from 265,143
GitHub repositories

e 1,029,279 attempted executions of valid notebooks (i.e.,
notebooks with defined Python version and execution order)
e Only 25.28% executed without errors, and
e 4.57% produced the same results

e Problems:
e No specification of library versions
e Hard-coded paths
e Qut-of-order cells
e Hidden states
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Notebooks: Best Practices

e Use relative paths (or external data repositories)

e Re-run notebook top to bottom before committing
e Declare dependencies and library versions

e Use clean environment to test dependencies

Or use FRep,’OZip https://www.reprozip.org/
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ReproZip: Reproducibility in 2 Steps

Packing I Unpacking
|
Windows
| * 2
ReproZip
Package

Linux

N = -’—T m®

Mac 0OS X
e _—

open, unpack, and
reproduce anywhere, VISUALIZATION
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Linux data files, libraries,

environment variables,
etc.
required to reproduce
the research
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ReproZip: Advantages

e Automatically tracks dependencies in an environment and set
them up Iin a different environment — portability

e Deals with variability in computational environments
e Reproducibility in hindsight
e Very easy (I will show!)
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ReproZip: How does it work?

Packmg Step Unpacklng Step
__________________________________________________________ -

I | | E I

! System CaII Provenance Package Package 1 1 Experiment Ex eriment Experiment !

: y | Package .- P I

Tracmg Analysis Customization Generation Setup Reproduction

I 11 (rpzfile) I

I 11 I

| ':\ : b= —m — e e e e e e e - == = 4

| AN . Ly ) R c |

I Sa — L’ xperlment |

: 8 N . Package : Unpackers

! — (rpzfile) ! directory || chroot || vagrant || docker

'L Trace Database Configuration File :

https://www.youtube.com/watch?v=-zLPuwCHXo0
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Packing a Notebook

vagrant@ubuntu-1604-amd64: ~/reprozip-examples/visual-white-matter/visual-white-matter 116x36
vagrant@ubuntu 1604-amd64:~/reprozip-examples/visual-white-matter/visual-white-matter$ I Packing

e —
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Reproducing the Notebook

:] R Fernando Seabl-a U n p a C k i n g

L N | visual-white-matter — -bash — 106x34 o
| fchirigati@fchirigati-poly:~/projects/ViDA-NYU/reprozip-examples/visual-white-matter/visual-white-matter$ '®|
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ReproZip Jupyter Extension

~ Jjupyter signal-formation Last Checkpont: 13 minutes ago (autosaved)
Edn

B+ % OB 4+ % MWRnm B C Code v = =D

Packng notebook with ReproZip

Erocutng notebook under trace

Packing notebook with ReproZip

Creasea package sgnad-formation_ 201 70711-123722

https://docs.reprozip.org/en/1.0.x/jupyter.html
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ReproZip can pack...

Data analysis scripts / software (any language, you name it!)
Graphical tools

Interactive tools

Client-server applications (including databases)

Jupyter notebooks (very soon!)

MPI experiments (setting up the experiment is involved
though...)

... and many more!

https://examples.reprozip.org
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ReproServer: Unpacking in a Browser

Packing ! Unpacking
I
ReproZip |
Package ReproServer

m) "__ >

Linux

NYU

Upload it to
-data files, //b.rarles | ReproServer or give it
environment variables, etc. I a link, and reproduce!

required to reproduce
the research
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ReproServer

e Runs ReproZip packages in
the browser, no local software — T
needed oo e

e Allows changing input data,
configuration, command-lines

e Gives you a URL to include in Select a package to unpack
papers/reports to reproduce —
your experiment

e No lock-in: build on your
laptop, pack automatically, il
reproduce anywhere

Choose File  Nofile chosen

or provide a package's URL

-~
N TR

' Howto Use This Site

This site allows you to run reproducible research packaged with ReproZip directly from your browser. Upload your own . rpz file and click the
“Unpack" button!

From there, you can set parameters and (optionally) upload your own inputs, and then reproduce the work by clicking the *Run" button. You can
then see the log and output files from the research, which you can view or download to your machine. You can also share the link for other people
to reproduce your research.

7.

[Rampin et al., 2018, https://www.youtube.com/watch?v=Ffb-PaVPC58
https://arxiv.org/abs/1808.01406]
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https://www.youtube.com/watch%3Fv=Ffb-PaVPC58

Capture the Exploratory Process

F-measure=.75

{k

F-meastire=.92
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. - $$':' St
7 . HooL F 61 v VISUALIZATION
(4 LR . -measure=. Ce V I jA IMAGING AND
N & DA



Capture the Exploratory Process Automatically

Lifm[m]
GetTemperature
(ExtractColumn)

n;

mOO000 3
MplHistogram -

L »
MpIFi
P

om
MplFigureCell

b

scatterplot n

000 <4 VisTrails Builder - weather_new.vt
D0 & X =8 AT B 0
New Open Save Undo Redo Execute Pipeline Query Exploration elec Pan

_ In this workflow we also extract the
scatterp| precipitation data from the input file
to build a scatter plot of precipitation
against temperature values.

(Version Tree Viewj

(]
MplFigureCell

In this workflow we also extract the
precipitation data from the input file
to build a scatter plot of precipitation
against temperature values.

~{Version Metadata

52

colors and title

fahrenheit

=30 -20 -10 O

W TANDON SCHOOL
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Visualization Preview
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Provenance Beyond Reproducibility

e Support for reflective reasoning
e Ability to compare data products

V=X 2 Xy 2 ... °X; ° O
Vip =X X ;0 ... °X;°

{DOoD
vtkScaledTransferFun

vti-vt, = {X;, Xi.q, ..., Xq, O vesrmorsonanety,|

>
C]I:ID

_ {)(j’ )(j_ 7 y 5 ’X 7 ] @ } vthqumeRayCastComposlteFunctIonL_:

O0oooo000aco »
vtkContourFilter

o000o0
vtkVolumeProperty

>
0]

0000000000 »
vtkDataSetMapper 0

0000000000000

vtkVolumeRayCastMapper

>

0oooooo »

00 > vtkActor DoooD

vtkCamera (] vtkVolume -

>

Do00o0oMoooooa »
vtkRenderer

/m
DMo000 »
VTKCell
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Provenance Beyond Reproducibility

e Support for reflective reasoning
e Ability to compare data products

e EXxplore parameter spaces and compare results
e Also explore alternative computations

(setParameter(id,, value,) - ... °
(setParameter(id,,value;) - vg)

(addModule(id, ...) - (deleteModule(id;) - v4)

ddModuyle(id,...) - (deleteModule(id}) - v, ) oo
NYU | zesidse VIDA -




Provenance Beyond Reproducibility

e Support for reflective reasoning
e Ability to compare data products
e EXxplore parameter spaces and compare results

e Support for collaboration
[Ellkvist et al., IPAW 2008]
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Change-Based Provenance: Extensibility

Crese UWs  [ditUvs  Help

v T‘nc}ﬂ?“ 0|

(]
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o Aoty B e (o menn = -] (et o Rttt Ico
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[Callahan et al., IPAW 2008]
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Provenance Plugin for Autodesk Maya

-

Autodesk Maya 2008: C:\Users\stevec\Documents\maya\projects\project5\untitled.mb =[8] X Provenance Recorder - new_spaceship.vt* o8] %
File Edit Modify Create Display Window Lighting/Shading Texturing Render Toon Paint Effects Fur Help File Edit View Tools Help

Genelall Cuwesl Surfaces Polygons ISubdwsI Deformallonl Anlmatlonl Dynamlcsl Rendenngl Paln!EffectsI Toon I Fluids | Fur | HalLIL '5 =

B Y¢ ARV |

Tag:
Action:
User:
Date:

=

38, v [t -] ©

Play/Pause the animation
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Vizier: Provenance + Notebooks

Vizier Features Video Tour More Info Docs

Data-Centric Notebooks

Vizier is a notebook that puts your data front-and-center.

Whether you prefer to use spreadsheets, notebook scripting, or databases, Vizier makes it easy to to explore the data to find out what you
have, validate that the data makes sense, and transform it to fix bugs and mold it into a form your tools can use.

There is a lot of hate for some popular notebooks. Unlike most popular notebooks, Vizier is multi-lingual and multi-modal, letting you edit
your data through the best interface for what you're trying to do. On top of that, it tracks provenance of your data and automatically
versions your workflows. Vizier also uses dependency analysis to make sure you're never looking at stale outputs.

o D T

https://vizierdb.info/
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Debugging Data Science Pipelines

y

Read Data | Train Test Estimation Compute
Split Score

Library

P = {Data, Library, Estimator}

Ugata = {lIris, Digits, Images} _ o ;
Upibrary = {1.0, 2.0} CPq Iris 1.0 Logistic regression 0.9 Succeed

Uestimator = {LOgiIstic regression,
Decision tree, CP, Digits 1.0 Decision tree 0.8  Succeed

Gradient boosting}

CP, Iris 2.0 Gradient boosting 0.2 Fail
E =score >0.6
CcP, Digits 2.0 Gradient boosting 0.3 Fail
CPs Iris 1.0 Decision tree 0.7 Succeed
CPs Images 1.0 Gradient boosting 0.9 Succeed

e Analyze provenance and explore parameter space to identify
root causes

NYU
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Conclusions

e Provenance and reproducibility are necessary for data
sclence

e Enable data scientists (and enthusiasts) trust and build on their own work
e Helps community trust and build on previous work

e Creating reproducible results is not hard: there are tools that
help, and best practices too

e Full reproducibility is not always possible

e E.g., proprietary data and software, special hardware, data that is too large
e But some reproducibllity is!

e Parts of an experiment can be made available and reproduced

e Provenance for explainability and debugging (ongoing
research)

Practice reproducibility — it is good for you!
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