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Whole Tale: The next step in the evolution of

the scholarly article: The “Living” Paper
e 15t Generation:

— narrative (prose) ‘

» 2" Generation: plus ... v

— name .. identify .. include (access to) data Whole Tale

« 3rd Generation: plus ...
— name .. reference .. include code (software) ..
— and provenance ... and exec environment (containers)
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Whole Tale: What’s in a name?

‘s

Research . Input : Output _, Living d
Question > Data > Computation = "= artcie > Publication

&

NDS Labs | CYBERINFRASTRUCTURE

(1) Whole Tale & Whole Story:
o Support (computational / data) scientists
°... along the complete research lifecycle

°... from experiment to (new kind of) publication
°...and back! N e

Infrastructure

(2) Whole Tale & for the Long Tail of Science

—Easy sharing of your computational narratives, data, and
exec-env since 2017!

—Power applications for everyone!
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The Whole Tale: Merging Science

and Cyberinfrastructure Pathways
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architect), Craig Willis (dev)
® U of Chicago
® Kyle Chard (coPl), Mihael Hategan (dev)
® UT Austin/TACC
® Niall Gaffney (coPl), Siva Kulasekaran (dev)
® U Notre Dame
® Jarek Nabrzyski (coPl), lan Taylor (sw-dev), Adam Brinckman (dev)
® UCSB/NCEAS
® Matt Jones (coPl), Bryce Mecum (dev) (Y



Whole Tale Motivation

® Can't reproduce result because:
® Don't know how to run analysis
® Can't get the software running

® Can't pay for the computer or compute
power the result was computed on

()

L2
Source: Bryce Mecum, WT team @NCEAS v



Whole Tale Vision
Addressing reproducibility

Execution
Environment




Whole Tale Vision

1

® Living publication

(data + code + environment) m@g

® Facilitate reproducibility

® Encourage investigation of results making it easy to
recreate the environment the result was created in

Articlel —




Whole Tale Vision
Addressing reproducibility




Whole Tale Vision

Tale

T Jupyter Index g A ogn
Fio  Edt  View Col  Kamel  Wic alp Vot Trusted Pythan2 O
B+ = B 4+ & WA B C  weoown 1 =
LOSC Data Quickview
Welcome! This [Python notebook provides a quick ook st short segments of dats from the LIGD
Open Science Center
+ Set the GPS time [t0) and data set in the first cell
+ Click "Aun All" in the cell menu at the top
+ Your plots will appear at the bottom of the page.
v0.4; November 2016
Set GPS time and data set
Example GPS times for 58 Hardware Injections
In (1)1 0 = 968654557.955 # 1.
# t0 - 9316610150 # in 81 (SUR
dataset = '56°
detector = 1"
version = V1 1

D1PROV

Data Code
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@ WHOLE TALE

Home

Tales

Catalog

My Data

Compose

Status

Logout

x Tales n

SCIENCE
LIGO Tutorial

Dashboard

Jupyter

LIGO Detected Gravitational Waves from

Black Holes

On September 14, 2015 at 5

:51 a.m. Eastern Daylight

Time (09:51 UTC), the twin Laser Interferometer
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SCIENCE

Informatics-aided bandgap engineeri...

Reproducing "Informatics-aided bandgap
engineering for solar materials"

This notebook shows how to replicate the main
findings of a 2014 paper by Dey et al that used

Q

eoe RStudio Source Editor
©) nb-demo.ma
W Q) Prevew -

11 sumary(iris)

Sepal.length  Sepal Width  Petal.Length
Min.  :4.300 Min. 2,000 Min. :1.800
15t Qu.:5.100  ist Qu.:2.800 1st Qu.:1.600
Medion :5.800 Medion :3.000 Median :4.350
Mean  i5.843  Mean 3,057 Meon :3.758
3rd Qu.:6.400 3rd Qu.:3.300 3rd (u.:5.109

Max. :7.900 Max. (4.400 Max. :6.900 Max.

14}
15 library(ggplot2]

Bertram
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Petal.hidth Species
Min. :0.100 setosa 50
1st Qu.:0.300  versicolor:50
Medion :1.300  virginica :50
Mean  :1.199
3rd Qu.:1.800

. iz.s00

16 qplot(Sepal.length, Petal.Length, data - iris, color = Species, size =

Petal.imdth)
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®:

Species
o setosa

o versiolor
o viginica

R Markdown

ECOLOGY
Example Tale using R
This is an example Tale

It's using R Studio.




... create a new Tale!

[ ] @® & Wholetale ¥ ' &= LOSC_Event_tutorial X 0 RStudio *® [ Rfor Data Science X ! general | Whole Tale © x [ FAIR Metrics X Bertram
& C @ https://dashboard.wholetale.org/compose Q% oGP ¢ ® <) :
@ WHOLETALE A Dashboard Bertram Ludaescher
Home L Create Tale
Tales x
Catalo - Tale Info Frontend Image Data Create
SR = Tale metadata Information WholeTale frontend image Folder containing your data Confirm
My Data &3
Title Public
c ic?
Smpese e A paleoclimate reconstruction Public
Status |~
Description
g C .
Logout : <> Edit @ Preview

#i## Markdown Editor

Configuration Information

{

7~
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®  ® @ wholetale % (/& LOSC_Event_tutorial % {2) RStudio x [ Rfor Data Science X 1 general | Whole Tale & x { [} FAIR Metrics b Bertram

< C' ® https://dashboard.wholetale.org/compose Q % ?Il 2 B B e D0 @ 5]
@ WHOLETALE A Dashboard ) Bertram Ludaescher
Home L Create Tale
Tales 4
Catal a Tale Info Frontend Image Data Create
aitElte Tale metadata Information WholeTale frontend image Folder containing your data Confirm
My Data L
Compose ©
Status ~
Logout =

s e T
Jjupyter  Spark
e’

- :

OPEN
Rstudio Jupyter Notebook Jupyter with Spark Re n e

add your own Frontend Images!

Let’s use this Frontend ...

Ludascher: Whole-Tale++ .



®  ® @ wholetale % (/& LOSC_Event_tutorial % {2) RStudio x [ Rfor Data Science X 1 general | Whole Tale & x { [} FAIR Metrics b Bertram

& C'  ©® https://dashboard.wholetale.org/compose Q W ﬁ, i B B 2 @ 5] :
@WHOLE TALE A Dashboard ) Bertram Ludaescher
Home @ Create Tale
Tales b4
Catal a Tale Info Frontend Image Data Create

Al Tale metadata Information WholeTale frontend image Folder containing your data Confirm
My Data L
Name Created Last Modified Size
Compose ©
D Data 6 months ago 6 months ago 7.91 kB
Status ~
D Home 6 months ago 6 months ago 34.61 kB
Logout =
D Workspace 6 months ago 6 months ago 0

Select From Registered Datasets

=
Data Binding:

Bring in your own (local) data,
or link to existing data
(DataONE search, Globus, ..)
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®  ® @ wholetale % (/& LOSC_Event_tutorial % {2) RStudio x [ Rfor Data Science X ! general | Whole Tale & x { [ FAIR Metrics b Bertram

& C'  ©® https://dashboard.wholetale.org/compose Q W ﬁ, i B B ® :
@ WHOLETALE #A Dashboard &8 Bertram Ludaescher
Home L Create Tale
Tales x
Catal a Tale Info Frontend Image Data Create
Al Tale metadata Information WholeTale frontend image Folder containing your data Confirm
My Data L
Confirm Details
Compose ©
Frontend
Status ~
Rstudio
Logout =
Folder
Home
Title Public
ic?
A paleoclimate reconstruction Public?
Description Configuration Information
#### Markdown Editor {
% vz

Ludascher: Whole-Tale++ vlS



® ® & Wholetale x (/& LOSC_Event_tutorial x () Rstudio x [ Rfor Data Science x ! general | Whole Tale & X FAIR Metrics x \§ Bertram

& C' @ https://dashboard.wholetale.org/tale/view/5a8318df33b3fc0001161201 QX G ¢ 0O s :
Catalog A paleoclimate reconstruction
My Data By Bertram Ludaescher
Compose
Age group
Status | S,
75-78 ||
Logout I o, W ]
mSecondaryeducation ormore I 65- 69 I
mPrimary education I 60- 64
No education l 55-49

50- 54
45- 49
40- 44
35-39

1
1
N 1
. n
N n
. .
| |

20-24
25 20 15 10 5 0 ] b 10 15 20 25
Nurrber of women Nurrber of men
(thousands) (thousands)

Category: SCIENCE
Description
Markdown Editor

Tale Tools

Instantiate Tale

Launch Tale

Instantiation Name
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® @ /@ wholetale x {3 Rstudio x / 3 Rstudio x
C' ® tmp-m9ikiluectaq.prod.wholetale.org
8 File Edit Code View Plots Session Build Debug Profile Tools Help
O‘ - i Go to file/function ~  Addins -
Console
TT DUllLdlng package Lnairces
** installing vignettes
** testing if installed package can be loaded
* DONE (tidyverse)
The downloaded source packages are in
¢ /tmp/Rtmpo441Mz/downloaded_packages’
> library(tidyverse)
— Attaching packages tidyverse 1.2.1 —
v ggplot2 2.2.1 v purrr 0.2.4
v tibble 1.3.4 v dplyr 0.7.4
v tidyr 0.8.0 v stringr 1.2.0
v readr 1.1.1 v forcats 0.2.0
— Conflicts tidyverse_conflicts() —
® dplyr::filter() masks stats::filter()
® dplyr::1lag(Q) masks stats::lag()
> mpg
# A tibble: 234 x 11
manufacturer model displ year cyl trans drv  cty hwy
<chr> <chr> <dbl> <int> <int> <chr> <chr> <int> <int>
1 audi a4 1.8 1999 4 auto(l5) f 18 29
2 audi a4 1.8 1999 4 manual(m5) f 21 29
3 audi a4 2.0 2008 4 manual(mé) f 20 31
4 audi a4 2.0 2008 4 autoCav) f 21 30
5 audi a4 2.8 1999 6 auto(l5) f 16 26
6 audi a4 2.8 1999 6 manual(ms5) f 18 26
7 audi a4 3.1 2008 6 autoCav) f 18 27
8 audi a4 quattro 1.8 1999 4 manual(m5) 4 18 26
9 audi a4 quattro 1.8 1999 4 auto(15) 4 16 25
10 audi a4 quattro 2.0 2008 4 manual(m6) 4 20 28
# ... with 224 more rows, and 2 more variables: fl <chr>, class <chr>
> ggplot(data = mpg, mapping = aes(x = class, y = hwy)) +
+ geom_boxplot()
> ggplot(data = mpg) +
+ geom_boxplot(mapping = aes(x = reorder(class, hwy, FUN = median), y = hwy)) +

+ coord_flipQ)
>

Ludascher: Whole-Tale++

LOSC_Event_tutori

[ Rfor Data Science X [} FAIR Metrics

v ADGD

* general | Whole = x

Environment  History

# [ @ ToConsole —4ToSource @
install.packages("tidyverse")
install.packages("tidyverse")
library(tidyverse)
mpg
ggplot(data = mpg, mapping = aes(x = class, y = hwy)) +
geom_boxplot()
ggplot(data = mpg) +

X Bertram

® s :

rstudio ®
& Project: (None) +

(—
1|

geom_boxplot(mapping = aes(x = reorder(class, hwy, FUN = median), y = hwy)) +

coord_flip()

Files Plots Packages Help Viewer
-] & Zoom & Export + @ ¥y
midsize -
=
% compact-
E
I
subcompact -
=
-]
w
> 2seater -
E3
=
73
7]
© minivan = .
O _{:[J
=
8
° suv- ® —ﬂ]— N )
5}
hd

n
o
w
o

hwy

(—
|

“S- Publish -




Running with RStudio: Locally or on WT...

Ludascher: Whole-Tale++

Pl-I& - B8l -

Addins -

Console ~/

4: backa;e ‘pur}r’ was built under R version 3.4.2
5: package ‘dplyr’ was built under R version 3.4.2

>

> install.packages("tidyverse")

Error in install.packages : Updating loaded packages

Restarting R session...

> install.packages("tidyverse")

trying URL 'https://cran.rstudio.com/bin/macosx/el-capitan/contrib/3.4/tidyverse_
.2.1.tgz’

Content type 'application/x-gzip' length 77756 bytes (75 KB)

downloaded 75 KB

The downloaded binary packages are in

/var/folders/qs/41s@39x12jv7_xzlzs_bglpc@@@@gq/T//RtmphOth2b/downloaded_packages
> library(tidyverse)
— Attaching packages

tidyverse 1.2.1 —

gaaplo v purrr 0.2.4

v dplyr  0.7.4

v tidyr 0.8.0 v stringr 1.2.0

v readr 1.1.1 v forcats 0.2.0
— Conflicts tidyverse_conflicts() —

® dplyr::filter() masks stats::filter(Q)
% dplyr::lagQ masks stats::lag()
Warning messages:

®° ® @ rstudio X

Q

1: package ‘tidyverse’ was built under R version 3.4.2
2: package ‘tibble’ was built under R version 3.4.3

3: package ‘tidyr’ was built under R version 3.4.3

4. package ‘purrr’ was built under R version 3.4.2

5: package ‘dplyr’ was built under R version 3.4.2

>

>

& c
i ppps ERe Elcontt Elwt! EwT D

® tmp-m9ikiluectaq.prod.wholetale.org
v WT ¢ WT @ WT 45598-TAs 4+

8 File Edit Code View Plots Session \W\Build Debug Profile Tools Help
IRIRS & Go to file/function * Addins ~

Console ~/ a
** help

*#** installing help indices

** building package indices

** testing if installed package can be loaded
* DONE (reprex)

* installing *source* package ‘tidyverse’

** package ‘tidyverse’ successfully unpacked and MD5 sums checked
**R

** inst

preparing package for lazy loading

help

*#** installing help indices

*** copying figures

** puilding package indices

** installing vignettes

** testing if installed package can be loaded
* DONE (tidyverse)

*%

*%

The downloaded source packages are in

¢ /tmp/Rtmpo441Mz/downloaded_packages’
> library(tidyverse)
— Attaching packages

tidyverse 1.2.1 —

v ggplot2 2.2.1 v purrr 0.2.4

v dlyr 0.7.4

v tidyr 0.8.0 v stringr 1.2.0

v readr 1.1.1 v forcats 0.2.0

— Conflicts tidyverse_conflicts() —
® dplyr::filter() masks stats::filter()

% dplyr::lagQ masks stats::lag()

>

You’re up and running quickly on Whole Tale !!

18



Maybe you just want to use WT to learn
R for Data Science ...

® L & Wholetale % () Rstudio [ Rfor Data Science % [EA general | Whole Tale Slack % [ FAIR Metrics X Bertram

C' @ tmp-mYikiluectaq.prod.wholetale.org ¥ ﬁ, 2 ™ B+ D® ] :

6 File Edit Code View Plots Session Build Debug Profile Tools Help
+ g - Go to file/function + Addins ~

rstudio [ = @

& Project: (None) =

Console ~/ = Environment  History - ]
** preparing package for lazy loading 4[] _@&ToConsole —4aToSource @ 4
** help . ———7"rary(tidyverse)

**x¥ {nstalling help indices e
*** copying figures -

** puilding package indices _/
** installing vignettes -

** testing if installed package can be loaded
* DONE (tidyverse)

all.packages("tidyverse")
all.packages("tidyverse")
ry(tidyverse)

t(data = mpg, mapping = aes(x = class, y = hwy)) +

The downloaded source packages are in
¢ /tmp/Rtmpo441Mz/downloaded_packages’
> library(tidyverse)
— Attaching packages tidyv

Plots Packages Help Viewer =0

v ggplot2 2.2.1 v purrr  0.2.4 .
v dplyr 0.7.4 B Zoom B Export~ @ | § “5- Publish =
.8. v stringr 1.2.0
v readr 1.1.1 v forcats 0.2.0 T T
— Conflicts tidyverse_co 1

® dplyr::filter() masks stats::filter()
® dplyr::lag() masks stats::lag()

> mpg
# A tibble: 234 x 11 |

manufacturer model displ year cyl trans  drv C}\

<chr> <chr> <dbl> <int> <int> <chr> <chr> <in

1 audi a4 1.8 1999 4 auto(15)  F 1 — ASFORM,TIDY, AND IMPORT DT
2 audi a4 1.8 1999 4 manual(ms) f 2 VISUALIZE, MODEL.
3 audi a4 2.0 2008 4 manual(m6) f zd\ HadleyW‘Ckham& -
4 audi a4 2.0 2008 4 autoCav) f 2 Garrett Gro\emund C
5 audi a4 2.8 1999 6 auto(l5) f 16 E .
6 audi a4 2.8 1999 6 manual(m5) fo18 1
7 audi a4 3.1 2008 6 autoCav) f 18
8 audi a4 quattro 1.8 1999 4 manual(ms) 4 18
9 audi a4 quattro 1.8 1999 4 auto(l5) 4 16 25 T
10 audi a4 quattro 2.0 2008 4 manual(mé) 4 20 28
# ... with 224 more rows, and 2 more variables: fl <chr>, class <chr>
> ggplot(data = mpg, mapping = aes(x = class, y = hwy)) + T T
+ geom_boxplot() 2seater compact midsize minivan pickup  subcompact s

> — .- n -.
'
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An example Tale: LIGO gravitational
wave detection (tutorial notebook)

'LIGO’s GRAVITATIONAL-WAVE DETECTIONS |

GW150914.

14.09.2015 GW151226

1.3 o
¥ S b 26.12.2015
62 MASSES 'I 4 8iLL

366 oiameren GW170104

21 SOLAR e
MASSES - 04.01.2017
124 biamerer 3 B8IL N
49 W8
289 biameren

? "BILLION BILLION BILLION ] A BlLLION
- LIGHT YEARS > LIGHT YEARS 7 LIGHT YEARS . LIGHT YEARS

DID YOU KNOW ?
~SSOLAR MASS

ALIGOE
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/& LOSC_Event_tutorial X
C'  ©® tmp-yb6ueStscpep.prod.wholetale.org/notebooks/work/data/LOSC_Event_tutorial.ipynb QY% BEGDP ¢ 0o ]
: Jupyter LOSC_Event_tutorial (read only) f" Logout
Fle ~ Edit View Insert  Cell  Kernel  Help . —— sagTrusted (@) | Python 3 O
Running the LIGO tutorial inside of
+ < @O B 4 ¥ MRun H C Code 4 Whole Tale ...

BINARY BLACK HOLE SIGNALS IN LIGO OPEN DATA
Version 1.63, 2017 Sept 11

Welcome! This IPython notebook (or associated python script LOSC_Event_tutorial.py ) will go through some typical signal processing tasks on strain time-
series data associated with the LIGO Event data releases from the LIGO Open Science Center (LOSC):

¢ View the tutorial as a web page, for GW150914.
¢ After setting the desired "eventname" below, you can just run the full notebook.

Questions, comments, suggestions, corrections, etc: email losc@ligo.caltech.edu

This tutorial is intended for educational purposes. The code shown here is not used to produce
results papers published by the LIGO Scientific Collaboration, which instead rely on special
purpose analysis software packages.

For publicly available, gravitational-wave software analysis packages that are used to produce LSC and Virgo
Collaboration results papers, see htips://losc.ligo.org/software/.

For technical notes on this tutorial, see htips://losc.ligo.org/bbh_tutorial_notes/. 9|

Table of Contents

¢ Intro to signal processing

¢ Download the data

¢ Set the event name to choose event and the plot type
¢ Read in the data

e Plot the ASD

a Dinan: Naidran Qiar Aatantinn ran~n

Ludascher: Whole-Tale++
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/& LOSC_Event_tutorial X Bertram

' @ tmp-ybBue5tscpep.prod.wholetale.org/notebooks/work/data/LOSC_Event_tutorial.ipynb @ w & L0 2 |
: Jupyter LOSC_Event_tutorial (read only) P Logout

File Edit View Insert Cell Kernel Help Not Trusted @ ‘ Python 3 O
B + = @ B 4 ¥ MRin B C Code $ | =

Read in the data

We will make use of the data, and waveform template, defined above.

IN [5]1 e e e e e e e e e e e e e e e e e e e
# Load LIGO data from a single file.
# FIRST, define the filenames fn Hl and fn L1, above.

# read in data from H1 and L1, if available:
strain H1, time H1l, chan dict H1 = rl.loaddata(fn H1l, 'H1")
strain L1, time L1, chan dict L1 = rl.loaddata(fn L1, 'Ll")
except:
print("Cannot find data files!")
print("You can download them from https://losc.ligo.org/s/events/"+eventname)
print("Quitting.")
quit()

Data Gaps

NOTE that in general, LIGO strain time series data has gaps (filled with NaNs) when the detectors are not taking valid ("science quality") data. Analyzing these
data requires the user to loop over "segments” of valid data stretches.

In this tutorial, for simplicity, we assume there are no data gaps - this will not work for all times! See the notes on segments for details.

First look at the data from H1 and L1

In [6]: # both H1 and LI will have the same time vector, so:
time = time H1
# the time sample interval (uniformly sampled!)
dt = time[l] - time[0]

Ludascher: Whole-Tale++ 22



/& LOSC_Event_tutorial X

' | @ tmp-ybBue5tscpep.prod.wholetale.org/notebooks/work/data/LOSC_Event_tutorial.ipynb
: Ju pyter LOSC_Event_tutorial (read only)

File Edit View Insert Cell Kernel Help

B+ = B 4 ¥ MRuin H C Code P =

In [7]: # plot +- deltat seconds around the event:
# index into the strain time series for this time interval:
deltat = 5
indxt = np.where((time >= tevent-deltat) & (time < tevent+deltat))
print(tevent)

Executed if make plots:
Step plt.figure()

plt.xlabel('time (s) since '+str(tevent))

plt.ylabel( 'strain')

plt.legend(loc="'lower right')

plt.title('Advanced LIGO strain data near '+eventname)

1126259462.44
1e—1gAdvanced LIGO strain data near GW150914
0.5 1
0.0 4
c

T 0.5

-1.0 1
-1 —— H1 strain
—— L1 strain

N N T

time (s) since 1126259462.44

Ludascher: Whole-Tale++

plt.plot(time[indxt]-tevent,strain Hl[indxt],'r',6label='Hl strain')
plt.plot(time[indxt]-tevent,strain Ll[indxt],'g',label='Ll strain')

@ | B2 2

Not Trusted

4 ® 5]

P Logout
@ |Python3 0

Code and interleaved output ..

Bertram
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# loop over the detectors
dets = ['HL', 'L1']
for det in dets:
if det is 'L1l': sspec = Pxx Ll.copy()
else: sspec Pxx _Hl.copy()
sspecfr = sspec[fr]
# compute "inspiral horizon distance" for optimally oriented binary; FINDCHIRP Egn D2:
D BNS = np.sqrt(4.*np.sum(htilda2/sspecfr)*df)/SNRdet
# and the "inspiral range", averaged over source direction and orientation:
R BNS = D BNS/Favg
print(det+' BNS inspiral horizon = {0:.1f} Mpc, BNS inspiral range = {1:.1f} Mpc'.format(D BNS,R BNS))

H1l BNS inspiral horizon = 169.4 Mpc, BNS inspiral range = 74.8 Mpc "'
Ll BNS inspiral horizon 147.1 Mpc, BNS inspiral range 64.9 Mpc ‘ ICode and OUtpUt

BBH range is >> BNS range!

NOTE that, since mass is the source of gravity and thus also of gravitational waves, systems with higher masses (such as the binary black hole merger
GW150914) are much "louder" and can be detected to much higher distances than the BNS range. We'll compute the BBH range, using a template with
specific masses, below.

... explanations!

Whitening

From the ASD above, we can see that the data are very strongly "colored" - noise fluctuations are much larger at low and high frequencies and near spectral
lines, reaching a roughly flat ("white") minimum in the band around 80 to 300 Hz.

We can "whiten" the data (dividing it by the noise amplitude spectrum, in the fourier domain), suppressing the extra noise at low frequencies and at the spectral
lines, to better see the weak signals in the most sensitive band.

Whitening is always one of the first steps in astrophysical data analysis (searches, parameter estimation). Whitening requires no prior knowledge of spectral
lines, etc; only the data are needed.

To get rid of remaining high frequency noise, we will also bandpass the data.
The resulting time series is no longer in units of strain; now in units of "sigmas" away from the mean.

We will plot the whitened strain data, along with the signal template, after the matched filtering section, below.
Ludadscher: Whole-Tale++ 24



" Jupyter LOSC_Event_tutorial (ead only) A Logou

File  Edit View Inset Cell Kemel  Help Not Trusted @ | Pythons O

B + < @ B 4 ¥ MRun H C  Code ORR-=
plt.griay)
plt.xlabel('time (s)')
plt.ylabel('v/c')
#plt.title(eventname+' template v/c')

/opt/conda/lib/python3.6/site-packages/ipykernel_launcher.py:5: DeprecationWarning: object of type <class 'float'> ca
nnot be safely interpreted as an integer.

"

Properties of waveform template in GW150914_4_ template.hdf5
Waveform family = b'lalsim.SEOBNRv2'
Masses = 41.74, 29.24 Msun

Mtot = 70.98 Msun, mfinal = 67.43 Msun
Spins = 0.35, =0.77

Freq at inband, peak = 43.05, 169.84 Hz
Time at inband, peak = -0.08, -0.02 s
Duration (s) inband-peak = 0.06 s
N_cycles inband-peak = 4

v/c at peak = 0.57

Radius of final BH = 199 km

le—18 GW150914 template at D_eff = 1 Mpc

strain

=16 =14 =12 =10 -8 -6 -4 -2 0

le-18 time (s)

strain

—0.2 1
—0.4 4
-0.6
—0.8
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" Jupyter LOSC_Event_tutorial (ead only)

File Edit View Insert Cell Kernel Help

+ x & B 4 ¥ MHRun B C | Code -
noticibly more high-pitched, and the signal will be easier to hear.

In [19]: | # function that shifts frequency of a band-passed signal
def regshift(data,fshift=100,sample_rate=4096):
"""Frequency shift the signal by constant
x = np.fft.rfft(data)
T len(data)/float(sample_rate)
df = 1.0/T
nbins = int(fshift/df)
# print T,df,nbins,x.real.shape
y = np.roll(x.real,nbins) + lj*np.roll(x.imag,nbins)
y[0:nbins]=0.
z = np.fft.irfft(y)
return z

# parameters for frequency shift

fs = 4096
fshift = 400.
speedup = 1.

fss = int(float(fs)*float(speedup))

# shift frequency of the data
strain_H1_shifted = regshift(strain_H1l whitenbp,fshift=fshift,sample rate=fs)
strain_L1_shifted = regshift(strain_ L1 whitenbp,fshift=fshift,sample_rate=fs)

# write the files:
write wavfile("../"+eventname+" H1 shifted.wav",int(fs), strain H1 shifted[indxd])
write wavfile("../"+eventname+" L1 _shifted.wav",int(fs), strain_L1_shifted[indxd])

# and the template:
template p shifted = regshift(template_p_smooth,fshift=fshift,sample_rate=fs)
write_wavfile("../"+eventname+"_template shifted.wav",int(fs), template p_shifted[indxt])

Listen to the frequency-shifted template and data

In [20]: fna = "../"+eventname+"_ template_shifted.wav"
print(£fna)
Audio(fna)

../GW150914_template shifted.wav

0ut(201: )y 0g0/004 @—— W) —@ ¥
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ﬁ Logout

Not Trusted @ | Pythons O

From data to figures
... to sound!
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 Jupyter LOSC_Event_tutorial (eadonly) M [ Logout

File Edit View Insert Cell Kernel Help Not Trusted @ \ Python3 O
B+ < @B 44 ¥ MRin B C Code N

GPS start, GPS stop and length of all data in this file = 1126259446.0 1126259477.9997559 131072

Number of segments with DQflag CBC_CAT3 = 1

GPS start, GPS stop and length of segment 0 in this file = 1126259446.0 1126259477.9997559 131072

Number of segments with DQflag NO CBC_HW INJ = 1

GPS start, GPS stop and length of segment 0 in this file = 1126259446.0 1126259477.9997559 131072

Comments on sampling rate

LIGO data are acquired at 16384 Hz (2214 Hz). Here, we have been working with data downsampled to 4096 Hz, to save on download time, disk space, and
memory requirements.

This is entirely sufficient for signals with no frequency content above f_Nyquist = fs/2 = 2048 Hz, such as signals from higher-mass binary black hole systems;
the frequency at which the merger begins (at the innermost stable circular orbit) for equal-mass, spinless black holes is roughly 1557 Hz * (2.8/M_tot), where 2.8
solar masses is the total mass of a canonical binary neutron star system.

If, however, you are interested in signals with frequency content above 2048 Hz, you need the data sampled at the full rate of 16384 Hz.

Construct a csv file containing the whitened data and template

In [23]: # time vector around event
times = time-tevent
# zoom in on [-0.2,0.05] seconds around event
irange = np.nonzero((times >= -0.2) & (times < 0.05))
# construct a data structure for a csv file:
dat = [times[irange], strain_Hl whitenbp[irange],strain L1 whitenbp[irange],
template_Hl[irange],template Ll[irange] ]
datcsv = np.array(dat).transpose()
# make a csv filename, header, and format
fncsv = "../"+eventname+' data.csv'
headcsv = eventname+' time-'+str(tevent)+ \
' (s),H1_data_whitened,Ll_data_whitened,Hl_template whitened,Ll_template whitened'
fmtcsv = ",".join(["%10.6£f"] * 5)
np.savetxt(fncsv, datcsv, fmt=fmtcsv, header=headcsv)

Save / export data ..

print("Wrote whitened data to file {0}".format(fncsv))

Wrote whitened data to file ../GW150914_data.csv

Ludascher: Whole-Tale++
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New & Upcoming Features in WT ...

e Add your own Frontends (e.g. OpenRefine, ..)
* Persistent, shared or personal files: /work/{ home, data}
* WT “Derived Tales”:
— take a tale; modify it to your liking; and publish as a derived work
* WT “Take-Out”:
— Want to run your tales elsewhere?
— Take-out your tale and run on your on (or cloud) platform
e WT “Scale-Out”:
— If the WT-dashboard isn’t enough = run your own WT system!
* WT Provenance support:
— ... via DataONE provenance tools, ProvONE model (W3C PROV extension)
— ... via YesWorkflow
* Interest in joining a WT Biodiversity Informatics Working Group!?
— We already have: archaeology & ecology, astronomy, materials science
— Your input wanted! (is WT developing something useful for you?)
— Try out WT, create some examples (in R, Python, ...) and provide feedback!
— =>fund a summer intern!

Ludascher: Whole-Tale++



Provenance (Lineage) matters ...

* One of these sold for S180M, the other one for
S22K (but could be worth more ... definitely maybe ...)

 Which one would you like to own?

Ludascher: Workflows & Provenance => Understanding
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Provenance (Lineage) matters ...

* One of these sold for S180M, the other one for ...
e ...S450M !!I

Ludascher: Workflows & Provenance => Understanding
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Provenance is: keeping records ...

* Grand Canyon’s rock layers are a record of the early geologic history of North America.
The ancestral puebloan granaries at Nankoweap Creek tell archaeologists about more
recent human history. (By Drenaline, licensed under CC BY-SA 3.0)

* Not shown: computational archaeologists reconstructing past climate from multiple tree-
ring databases = computational provenance is key for transparency & reproducibility

Ludadscher: Workflows & Provenance => Understanding 31



... and provenance is:
Understanding what happened!

superior
laryngeal
nerve

Zrzavy, Jan, David Storch, and Stanislav
Mihulka. Evolution: Ein Lese-Lehrbuch.

‘Iy“ S Springer-Verlag’ 2009. | 5.17 Suboptimale evolutio-
| nare Konstruktionslésung:

334 5 Adaptation

left recurrent
laryngeal nerve

[primitive Wirbeltiere | N. vagus
Aorta dorsalis®==——T"" ]

e Ductus

aorticarch  ____ arteriosus

Aorta abdominalis .
A. carotis

5.16 Evolution der Schleife des riicklaufigen Kehlkopfnervs (Nervus laryngeus recurrens) der Wirbeltiere. Die-
ser Nerv stellt den vierten Ast des Nervus vagus dar. Bei urspriinglichen Wassertieren sandte der Vagusnerv
seine Aste zu den Kiemenarterien, die die Bauch- und die Rickenaorta verbanden. Wahrend der Phylogenese

der Wirbeltiere haben sich allerdings die Kiemenbdégen und mit ihnen auch die Kiemenarterien verandert und
Author: Jkwchui (Based on das Herz wurde nach kaudal verschoben. Aus der sechsten Arterie wurde bei den Saugetieren der Ductus
arteriosus; der vierte Ast des Vagus, der heute den Kehlkopf (Larynx) innerviert, liegt stets hinter der ehemali-
drawing by Truth-seeker2004) gen sechsten Arterie, also hinter dem Ductus arteriosus. Daher flhrt dieser Nerv vom Gehirn aus nach hinten,
windet sich unter dem Ductus hindurch und kehrt nach vorne zurlick, um den Larynx zu innervieren.
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Computational Provenance ...

* Origin, processing history of artifacts
— data products, figures, ...
— also: underlying workflow
=» understand methods, dataflow, and dependencies

Texas Summer 2011: Record Heat and Drought

Texas Summer 2011: Record Heat and Drought

Climate Change Impacts

_m
A * Cooperative Institute for Climate and Sateilites - NC £
in the United States [P — E 06
The time range for this image is January 01, 1885 (00:00 AM) to December 31, 2012 (00:00 AM). ; u} q,'
This image was created on July 03, 2013, }_,
The spatial range for this image is 25.83° to 36.50° latitude, and -106.65° to -93.52° longitude. : ," R Ll -
...........
Attributes : Temperature, precipitation, observed, Texas. e A
is imagejwas derived from| - - _ncad- 1 @ TSGRy
This |magda|aset nca3-cddv2: re-:lﬁlyuhSScl? ncad-cddv2-r1-process. | +| Stales 1)
This image is part of this figure : M - | e
- L. QMI-
T forix PRI /
Secson | g h“@ A =
" " . 5, =
[data and "code"/method hnkod] 1o o= L,
e S ® &
o Corpiss Gt
e
10.3 o Caifornia Tomon g
® Gulfof
W Mexico o
3 4 el Leafiet
1000

T
alt formats
You are viewing /imags {7-75(8-4243-a925 i"m
Alternatives : (2T EZITY | n-1risien | 60N Trcies | Fioksxut | ROF-150N | arapent: | ova |

GlobalChange.qov
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YesWorkflow: How does the LIGO script
produce its results??

GRAVITATIONAL_WAVE_DETECTION

PPN

LOAD_DATA
Load hdf5 data. == |

[ aMPLITUDE_SPECTRAL DENSITY |

)

[ sPECTROGRAMS_FOR_STRAIN_DATA | [ FILTER_COEFS | | DOWNSAMPLING |

[[Amplitude spectral density. [plot spectrogram for strain data. | [Filter signal in time domain (bandpassing). | |Downsampling from 16384 Hz to 4096 Hz. |

K;>ﬁ><;\‘ N

COEFFICIENTS (GW150914 H1_spectrogram.| png] [GW150914 L1_spectrogram.| png) (GW150914 H1_ASD_16384.| png] [GW150914 H1_ASD_16384_zoom.| png] [GW1 50914,H1,ASD,4096,zoom.png]

[PSD,H 1] (GW1 50914_ASDs.png

‘ WHITENING ‘ FILTER_DATA
‘suppress low frequencies noise. ‘ filter data.

[strain H1 whiten] (strain L1 whiten}

| BANDPASSING SPECTROGRAMS_FOR_WHITEND DATA ‘ ‘ STRAIN WAVEFORM FOR_FILTERED DATA ‘

| remove high frequency noise. | | plot spectrogram for whitened data. ‘ ‘ plot the filtered data. ‘

AN VT o~

[strain,HLwhitenbpj (strain,LLwhitenbpj (GGW150914,L1,spectrogram,whitened.png) (GGW150914,H1,spectrogram,whitened.pngj (GW150914,H1,strain,unﬁltered.pngj [GW150914,H1,strain,filtered.pngj

GW150914_filter.png

| SHIFT_FREQUENCY_ BANDPASSED

| [ STRAIN WAVEFORM_FOR WHITENED_DATA | | WAVE_FILE_GENERATOR FOR_WHITENED_DATA |
|shift frequency of bandpassed signal. | l

plot whitened data. ‘ ‘ Make sound files for whitened data. l
(strainfLLshiﬁed) (straianLshihed] (GW15091475train7whitanad.png] (GW1509147L17whitenbp.wav] [GW1509147H17whitenbp.wav)

‘ WAVE_FILE_GENERATOR_FOR_SHIFTED_DATA ‘

‘ Make sound files for shifted data. ‘

GW150914_H1_shifted wav GW150914_L1_shifted.wav

o bb b5 8838 LLIIIE—
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YesWorkflow: Prospective & Retrospective
Provenance ... (almost) for free!

@BEGIN .. @END ..

@IN .. @OUT ..

mple

# @OUT raw image path @AS raw image

Collecting data set for sa

# @PARAM cassette_id @PARAM accepted sample @PARAM num images @PARAM energies

cepted_sampl
number, in
cassette_id, sample_id
{cassette_id } /{sample_id }
format(raw_image path))

run/raw

{0}

run_log.write(
sample_id ac
fram

e

format(accepted _sample))

F @SEGIN COLLECT aata SetT

# @OUT sample id @OUT energy @OUT frame number

# @URI file:run/raw/{cassette id}/{sample id}/e{energy}/image {frame number} .raw
{o}y

P rd
sample_spreadsheet \

energies
e{energy]

ntensity, raw_image path in collect_next_image(
num _images

image_{fr

@URI .. @LOG ..

YW!

ame_num

for energy

(casselte,id]

run_log.write(” Collecting image

# @END collect data set

initialize_runU

file:run/run_log.txt

biIe:cassene,{cassene,\d},spreadsheel.csv)

load_screening_results

* YW annotations in
a (Python, R, ...)
script recreate a

workflow view
from the script ...

log_rejected sample

file:/run/rejected_samples.txt

[sample,qualilyj [sample,namej [sample,score,cutoﬂj

calculate_strategy I

E’ejecled,samp\ej [accepted,samplej num_images

collect data_set I
raw_image

Lfile:ru n/raw/{cassette_id}/{sample_id}/e{energy}/image_{frame_number}.raw )

transform_images

energies

N\

frame_number

calibration_image
file:calibration.img

5

corrected_image
Uile:data/{sampIe,id}/(sampIe,id},(energy)ev,(frame,number).img J

%

Ludascher: Whole-Tale++

[correcled,image,pathj Golal,inlensila

pixel_count

‘ log_average_image_intensity

collection_log
file:run/collected_images.csv

o b o
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Paleoclimate Reconstruction (openSKOPE.org)

e ...explained using YesWorkflow!

master_data_directory prism_directory

GetModernClimate

Kyle B., (computational) archaeologist:

"It took me about 20 minutes to comment. Less
than an hour to learn and YW-annotate, all-told."

calibration_years retrodiction_years tree_ring_data PRISM_annual_growing_season_precipitation

SubsetAllData

dendro_series_for_calibration

dendro_series_for_reconstruction CAR_Analysis_unique

cellwise_unique_selected_linear_models
a
cellwise_union_selected_linear_models

CAR_Reconstruction_union

raster_brick_spatial_reconstruction raster_brick_spatial_reconstruction_errors
-

CAR_Reconstruction_union_output

—~
- Data@N E (ZuniCiboIa_PRISM_grow_prcp_oIs_Ioocv_union_recons.tif) (ZuniCiboIa_PRISM_grow_prcp_ols_loocv_union_errors.tif)
Data Observation Network for Earth
[ ] >
l l I [ ] l

Ludascher: Whole-Tale++
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Data Curation Workflows
(Filtered-Push ... Kepler ... Kurator projects)

Input DataSet (csv o~ N
p ——— ( ) t. ol P NS @ @ ®
e ey M
Geolocate IPNI gl I
A » <
\ 7
| | \ /
| | \/ | |
: llecionReader ientificNameValidator  FloweringTimeValidator ~ CollectingEventOutlierFinder

HumanCuration CurationSummarySynthesizor CollectionDisplay

ColctingEvemiOutier_Am_"Sat Aug 20 11 5133 PDT 2

e B Ve beet Fwa Dus e ey Cveen

- ' ®
$r~o.tiie milieat e T RY _ (.onSlt‘ = : :
== 1 = — -
Google Cloud Service Visualization In Google Map Kepler Provenance Browser
oo UNyp
- 3 MuUsSEUM OF COMPARATIVE ZOOLOGY

[ILLINOTIS

- ) : j "liliﬂIllﬂlllllllil“"“ et - 2FEnome

] N YT ot -—

", R s S " . -_— center UNIVERSITY OF ILLINOIS AT URBANA-CHAMPAIGN
o T

TR A HARVARD UNIVERSHTer: \Whole-Tale++
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& C' @ kurator.acis.ufl.edu/kurator-web/about

Kurator Web Home

About Kurator

About Kurator Help®  Wiki (%

¥ aD G o000 s

Login Register

http://kurator.acis.ufl.edu/kurator-web/

Kurator provides scientific workflow tools for data quality improvement of natural history collections and other biodiversity data. Kurator Web
is a set of a user friendly web interface to configure and launch curation workflows while maintaining provenance. Kurator-Akka and the
Kurator YesWorkflow data curation software and code are available on GitHub. For more information about Kurator, please visit our wiki.

Current Kurator Web Tools

File Aggregator:

Aggregates two files into one file.

Date Validator:

Validates event date fields and fills in missing dates from atomic
event date fields.

Georeference Validator:

Performs validation of the georeference fields and fills in or
transposes missing or inconsistent coordinates.

Vocabulary Maker:

Creates a vocabulary file with fields for the original values, the
standard values, and vetted values.

Ludascher: Whole-Tale++

Controlled Field Assessor:

Creates a report of counts of distinct geographic values and
provides recommended values.

Field Value Counter:

Creates a report of counts of distinct values and recommended
values for values that are not standard.

Property Parser:

Parses "dynamicProperties" field in a DarwinCore-Archive
spreadsheet and creates separate fields for each value.

Darwinizer:
Creates a new file with as many field names standardized to

Darwin Core as possible.

Geography Cleaner:

Creates a new occurrences file with standardized geography and
original geography saved in new fields.

Geography Assessor:

Creates file containing the recommendations to standardize
distinct combinations of higher geography.

38
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How Kurator fits in to the biodiversity data workflow

Kurator Data Kurator Data Kurator Data
Quality Tools Quality Tools Quality Tools

Biodiversity Digitization Access Data Use the Data
Information

Image Credits: Camera by Designmodo , CC BY: Data icon by Pensoft, CC BY. All other icons under Public Domain.
Luadscrier. vviole-idiet++ 39




DwCA Taxon Lookup

Workflow E—

ue workspace and transform the input file to a file
at and field names standardized to Darwin Core

OccurrenceFile

* Declare inputs, outputs, and =
steps of a script (or wf) with oo e
YW annotations to ...

l Environmen tTagger

I |
— C O m m u n I C a t e p rove n a n Ce | Tag each record that appears to be marine with isMarine=TRUE, else with isMarine=FALSE |
graphically (via graphviz)

[ FilterToNonMarine | | FilterToJustMarine |

— co m bi n e d iffe re nt fo r‘ m S Of [ Pass only records where isMarine=FALSE | | Pass only records where isMarine=TRUE |
provenance

[ GBIFLookup

— query provenance (a0t 6
 Simple YW annotations in

comments: \ S
— @BEGIN Step, @END Step

[ CsvFileWriter

l
| Write to a csv file and wrap-up by finishing the workilow |
— @IN Data, @OUT Data \

( UpdatedOccurrenceFile

iIe:(workspace}/mergedoutputfile.csvw
— @URI Template, @LOG Pattern k :

WoRMSLookup
l Lookup GUIDs for names in WoRMS ]

[GBI FUpdated Record) (WoRMSUpdated Recordj

Mo
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Taxon Lookup Workflow:
Data View and Process View

DwCA_Taxon_Lookup DwCA_Taxon_Lookup
O O
A
> S Setup
( QIIn-OIC G Ne] Create a unique workspace and transform the input file to a file

\ with chosen format and field names standardized to Darwin Core

OccurrenceFile \

( " — - FileToDataStream
k file:{workspacel/darwinized file.td ) Take the darwinized occurrence file and stream records from it

\

EnvironmentTagger

Workspace DataRecord

Tag each record that appears to be marine with isMarine=TRUE, else with isMarine=FALSE

A / \
TaggedDataRecord FilterTodustMarine FilterToNonMarine
Pass only records where isMarine=TRUE Pass only records where isMarine=FALSE
Y
( notMarineDataRecord j (MarineDataRecord] WoRMSLookup GBIFLookup
Lookup GUIDs for names in WoRMS Lookup GUIDs for names in GBIF

VA

LogFile
GBIF-updatedRecord WOoRMS-updatedRecord

file:runlog.log

Merge the streams of records

StreamMerge

A
b CsvFileWriter

MergedStream

Write to a csv file and wrap-up by finishing the workflow

Y
( UpdatedOccurrenceFile W 6
k file:{workspace}/mergedoutputfile.csv )

¢



The story of
two individual
records

* One took the GBIF
route, while ...

... the other went
all WORMS!

Ludascher: Whole-Tale++

DwCA_Taxon_Lookup

T

DwCA_Taxon_Lookup

T

( DarwinCoreArchive \

K K ‘kurator_| _generi kurator_sample_data_v2.txt )

FileToDataStream

DataRecord

Workspace

MCZ:Mala:278687

EnvironmentTagger

TaggedpataRecord

FilterToJustMarine

‘ FilterToNonMarine

MarineDataRecord

N

{zeptochiton medinae: (plate, 1899) )

‘

( GBIFUpdatedRecord \ ( LogFile \

{attp://api.gbif.org/vi/species/5193794 )  runlog.log )

Non-
Marine?

= GBI

C UpdatedoccurrenceFile A
K _6b21 11e7-aad: 741 11 )

C notMarineDataRecord

WoRMSLookup

WoRMSUpdatedRecord

4 DarwinCoreArchive A
kurator_sample_data_v2.txt j

K ki kurator_Fi

FileToDataStream

DataRecord

Workspace

MCZ:Mala:120797

EnvironmentTagger

TaggedDataRecord

FilterToNonMarine ‘ FilterToJustMarine

notMarineDataRecord

MarineDataRecord

Teredora malleolus:Turton, 1822

GBIFLookup ‘ WoRMSLookup ‘

GBIFUpdatedRecord ((Womsupaatedrecora)  ( Logrile )

k null ) Krunlog.log)

Marine?

4 UpdatedoccurrenceFile A

K ¥ 1-11e7-b2. 741 i1 v)

oo

oo



The aggregate story ..

* How many records were
observed as inputs or outputs
of workflow steps?

* Were there any NULL values?
How many?

Ludascher: Whole-Tale++

DwCA_Taxon_Lookup

i

(]

DarwinCoreArchive

Qa:kages /kurator_FileBranchingTaxonLookup/data/kurator_sample_data_v2. :xt)

FileToDataStream

—DalaReoord
Count: 192

EnvironmentTagger

TaggedDataRecord
Count: 192

Workspace

FilterToJustMarine FilterToNonMarine

(MarineDataRecord )

(_ Count:9s
O

( WoRMSUpdatedRecord ) GBIFUpdatedRecord \

‘ Has Value: 37 ’ ‘ Has Value: 94 ’
Null: 61 Null: 0

StreamMerge
CsvFileWriter

UpdatedoccurrenceFile

Qorkspa:eﬁludhi]cffzﬂd1—11e17h2 741 i1 J

((notMarineDataRecord )
k Count: 94 )

oo
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YesWorkflow Summary

* Lightweight YW annotations can

be added easily to your scripts

to reap workflow benefits

— Documentation of what’s

important

— Visualization of dependencies

— Querying provenance

(prospective, retrospective, and

hybrid)

=» make provenance actionable

=>» provenance for self!

=> github.com/yesworkflow-org/yw
=> try.yesworkflow.org

Ludascher: Whole-Tale++
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(Disclaimer) https://github.com/idaks/dataone-ahm-2016-poster
https://github.com/idaks/wt-prov-summer-2017
https://github.com/yesworkflow-org/yw-idcc-17

emo Time

LN N J
Home

JHO v

New Open Recent Revert Save Print

< |© weorial | © *shell* |© c3c4
nodatavalue = -999.0;

MEwov-& 7

Insert Animations Slide Show Review View

* C3_C4_map_present_NA_with_comments.m

ves 0O«

Undo Redo Cut Copy Paste Search
[ @ seript

Design Transitions

| @ resuns

Picture Format

74 2016-10-06-Tutorial-Provenance-|

Va7

Preferences Help

| € C3_C4_map_present_NA_with_comments.m ‘

Ps @BEGIN fetch_SYNMAP_land_cover_map_variable

% @in SYNMAP_land_cover_map_data @URI inputs/land_cover/SYNMAP_NA_QD.nc
% @out lon @AS lon_variable

% @out lat @AS lat_variable

% @out lon_bnds @AS lon_bnds_variable

% @out lat_bnds @AS lat_bnds_variable

grass_type=[19,20,21,22,23,24,25,26,27,38,41,42,43];
sncid=netcdf.open('inputs/land_cover/SYNMAP_NA_QD.nc', "NC_NOWRITE');
fvid=netcdf.ingVarID(sncid, 'biome_frac');
frac=netcdf.getVar(sncid, fvid);

tvid=netcdf.ingVarID(sncid, 'biome_type');
type=netcdf.getVar(sncid, tvid);

lon_vid=netcdf.ingVarID(sncid, "lon');
lon=netcdf.getVar(sncid,lon_vid);

%% Load input: SYNMAP land cover classification map; also read coordinate variables to re-use them later

©-

&* Share A

rch in Presentation

an_precip \ f

pcp_monthly 2000_2010_mean.5. {mputs/narr_air.2m lmmylll.r m, mn:hly 2000_2010_mean.
pep_monthly :wo 2010_mean.9. 010_mean
Beb_montniy—2000-2010 mean.2.
pop_monthly_: :wo_zm _mean. .
M1y2000_£010 me. 10

[datal2?] mean_airtemp

~

10.. nc
3.

pcp_monthly_2000_2010_mean.l12.nc

|precipitation_data fetch monthly mean_ air temperature_data

(‘14ata7) sTMuAP_lana_cover_map_data )

Rain_Matrix
klnpue-llm cover/STNMAP_NA_QD.nc )

lat_vid=netcdf.ingVarID(sncid, 'lat');
{D083-"2" €3 C4 map_present NA_ with_c s.m 5% (17,0) Git-master (MATLAB Fill
0 *shell* @ c3ca \

/Users/ludaesch-admin/git/dataone-ahm-2016-poster/examples/C3C4:
total used in directory 56 available 87640315

drwxr-xr-x 11 ludaesch-admin staff 374 Oct 5 19:52 .
drwxr-xr-x 40 ludaesch-admin staff 1360 Oct 5 19:52 results
drwxr-xr-x 8 ludaesch-admin staff 272 Oct 5 19:52 facts
drwxr-xr-x 4 ludaesch-admin staff 136 Oct 5 19:52 views
drwxr-xr-x 8 ludaesch-admin staff 272 Oct 5 19:51 ..
-rw-r--r-- 1 ludaesch-admin staff 12292 Oct 5 19:36 .DS_Store
-rwxr-xr-x 1 ludaesch-admin staff 125 Oct 5 19:36 clean.sh
-:%%- C3C4 Top (1,0)  (Dired by date)

no changes added
bash-3.2% pwd
/Users/ludaesch-admin/git/dataone-ahm-2016-poster/examples/LIGO
bash-3.28 cd ..

bash-3.2$ cd (3C4/

bash-3.2% ./clean.sh

bash-3.25 ./make.sh

bash-3.25 |

to commit (use "git add" and/or "git commit -a")

-1 **- *shell* Bot (140,10) (Shell:run)

Ludascher: Whole-Tale++

fetch SYNMAP_land_cover_map_variable init

= o=
= "‘ —

JA_.—- ’

or_C3_fraction

ine_pixels_ for grass

generate_netcdf_ file for C4_fraction

)

generate_netc

data N [data20) Cé_fraction_data A 4 [dataz
_RelaFrac_NA_v2.0.n0 ) | outputs/STNMAP_PRESENTVEG_CdGrass_RelaFrac_NA_va.0.nc | {outputs/symanr_
= Notes W Comments B EN 28 B = e + 94% [
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https://github.com/idaks/dataone-ahm-2016-poster
https://github.com/idaks/wt-prov-summer-2017
https://github.com/yesworkflow-org/yw-idcc-17

DataONE: Search and Provenance Display

Data Table, Image, and Other Data Details

4 sources Data Table

<>

CIOIOIO

Ludascher: Whole-Tale++

Entity Name

Description

Object Name

Online Distribution Info

Size

Text Format

Number Of Records

Total_Aromatic_Alkanes_PWS.csv

Download &

Combined dataset from PAH, Alkane and Sample tables documenting samples collected after the
Exxon Valdez oil spill in Prince William Sound, AK

Total_Aromatic_Alkanes_PWS.csv
https:/cn.dataone.org/cn/v2/resolve/urn:uuid:44108e76-405d-4d58-b1b3-fb4b55e3fff9

2801033 byte

Number of Header Lines 1
Record Delimiter #%0A
Attribute Orientation column
Simple Text

Field Delimeter s

12142

2 derivations

Data®N\E:
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DataONE: Search and Provenance Display

Data Table, Image, and Other Data Details

Total_PAH_and_Alkanes_GoA_Hy

kanes_PWS.csv
@ drocarbons_Clean.R =
Citation
‘ @ ‘ [ View » ]
' iom PAH, Alkane and Sample tables documenting samples collected after the
] This program generated the data you are Il in Prince William Sound, AK
@ currently viewing, B8
Total_Aromatic_Alkanes_PWS.csv.
— ines_PWS.csv
// \
( ) This program used FPAH.csv, EH

% ol Sample.csv, EENon-EVOS_SINs.csv org/cn/v2/resolve/urn:uuid:44108e76-405d-4d58-b1b3-fbab55e3fff9
and (and 1 more @).

Text Format Number of Header Lines 1
Record Delimiter #x0A
Attribute Orientation column
Simple Text

Field Delimeter

Number Of Records 12142

Luddscher: Whole-Tale++ DataNE
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Adding YesWorkflow to DataONE

6 outputs

\ 'S Yaxing’s script with
W inputs & output

Entity Name C3 _C4a_map. NA_with m

[T ]

===}
/ Data Object Type: text/plain \ e
AR S
(@), v omesesomcren ., products
Object Name C3_C4_map_p _NA_with_ \s.m N 7

=8
88 ) / Size 13962 \"\EBE)
s
*’/ Externally ?:eo'r’rrr’w: Format Name text/plain \’(\@)

Online Distribution Info

.org/cn/v2/resolve/program_014c5a89-011b-4125-bdb5-

-
|
|
o
|
I
I
I
|
|

J

e S — Christopher’s Christopher’s results
e — YesWorkflow can be traced back all
e .,
=== === = - mmmmnoder = = — the way to Yaxing’s
i input
| oo A.K..,_....‘..,_u,.,."A.q‘[..m.‘._.,m_..,.-..,,_c._...m.,] Py | :
| = rv-cma--/ N Caracion dam N ( Graas:Tracion awa N
(file-mstmip_SYNMAP_PRESENTVEG_C3Grass_ReolaFrac_NA v20.nc ) | filemstmip_SYNMAP_PRESENTVEG_CAGrass_Relafrac_NA v20nc ) | flemstmp_SYNMAP _PRESENTVEG Grass_Fraction NA v20.nc )
| —
I
: (\%/ Entity Name GrasslandWUE.m » =
I (=) f i Christopher using =
[ g )| | Prvsicat Siructure Doscription: Yaxing’s outputs as

Object Name GrasslandWUE.m
S inputs for his script

Externally Defined
Format

Format Name text/plain

Online Distribution Info

https//cn-sandbox-2.test.dataone.org/cn/v2/resolve/program_92511b50-c6b2-4949-9ee2-
b176a46bd913

Ludascher: Whole-Tale++
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Agreeing to Disagree: Reconciling Conflicting Taxonomic Views School of

using a Logic-based Approach Information Sciences
Yi-Yun Cheng?, Nico Franz?, Jodi Schneider?, Shizhuo Yu3, Thomas Rodenhausen?, Bertram Ludascher?! The iSchool at llinois

1School of Information Sciences, University of Illinois at Urbana-Champaign; 2 School of Life Sciences, Arizona State University;
3 Department of Computer Science, University of California at Davis; * School of Information, University of Arizona

INTRODUCTION CASE 1 RESULTS: CEN vs. NDC RESEARCH DESIGN

Tina: Hey Amy, can you recommend a signature dish from where you « State-level alignments are all congruent (Bottom-up) taxonomy CEN Census_Regions Step 1. Supply input taxonomies T; and T,

live? « Inferred new articulations for regional-level alignments (USA Northeast Midwest South West) Step 2. Formulate RCC-5 articulations between T, and T,
(Northeast CT MA ME NH NJ NY PA RI VD) X L L
(Midwest IL IN TA KS MI MN MO NE ND OH Step 3. Iteratively edit articulations in Euler/X

Amy: Oh, definitely the half-smokes from the Northeast! They are oouth AL AR DE DC FL GA KY 1A D 15 NC

these tasty half-pork and half-beef sausages. OK SC TN TX VA W)

(West AZ CA CO ID MT NV NM OR UT WA WY)

N Lo 1 . . i taxonomy NDC taxonomy CEN Census_Regions
Tina: What a coincidence! We have half-smokes in the South, too! National Diversity Council | (USa Midvest South Mest Northeast)

Where do you live in the Northeast? New York? Boston? X (UsA Midwest Northeast Southeast Add/Edit
BED) L v casonmy 70 ime sone
orEhess (USA Pacific Mountain Central Eastern)

o CENS)  ea RI VD)
Amy: Wrong guesses! Where do you live in the South? (Midwest TA IL IN KS MI MN MO ND NE OH

WI) articulations CEN TZ

CENAR s

CENNM

< W)
!

. . [CEnwesl_—
Tina and Amy together: Washington, D.C. L )
NDGAZ (Southwest Az NM OK [CEN.Midwest overlaps TZ.Mountain]

)
CEW i Y
\ ROG.FL (West CA CO ID MT NV OR WA WY UT) [CEN.Northeast is_included_in TZ.Eastern]

[y [CEN.South disjoint TZ.Pacific]
[The two of them look at each other, confused.] < articulations CEN NDC [CEN.South overlaps TZ.Centrall
o [CEN.AL equals NDC.AL] [CEN.South overlaps TZ.Eastern]

. . ek [CEN.AR equals NDC.AR]

CEN.South overlaps TZ.Mountain
e fom a2 i o) (con-0on squass Thovon]
NbC.BG [CEN.CA equals NDC.CA] . .
’ - [CEN.CO equals NDG.CO] [CEN.West disjoint T2.Centrall
(NDCeR [CEN.CT equals NDC.CT] Inconsistent (N=0) [CEN.West disjoint TZ.Eastern]
T [CEN.DC equals NDC.DC] Ambiguous (N>1) [CEN.West overlaps TZ.Mountain]
[CEN.DE equals NOC.DE]
[CEN.FL equals NDC.FL])
[CEN.GA equals NDC.GA]
[CEN.IA equals NDC.IA]
Eggn iz eq m;s ::EZ iz: Figure 2. The process of aligning
.IL equals NDC.
[CEN.IN equals NDC.IN] taxonomies T1 and T2 with Euler/X

Figure 1. National Diversity Council map (NDC) vs. Census Bureau map (CEN) ) EEE‘JE; ::j:: ::EZ:?:

CENIA i duw v .
CENA) ™ v [CEN.Midwest overlaps TZ.Eastern]

1 [CEN.LA equals NDC.LA]
CEN.USA [CEN.MA equals NDC.MA]

[CEN.MD equals NDC.HD] CONCLUSION
“In the face of incompatible information or data structures among = CEN Northeas, Egg‘”? ::j:z ﬂﬁg:i:

users or among those specifying the system, attempts to create NEEMN E {MN equals NDC.tN]
unitary knowledge categories are futile. Rather, parallel or multiple \ :

representational forms are required...” (Bowker & Star, 2000).

Our logic-based taxonomy alignment approach can be used to solve
crosswalking issues

We will be able to mitigate the membership condition problems that
occur in equivalent crosswalking.

RCC-5 approach preserves the original taxonomies while providing an
alignment view

We can solve data integration problems that happen in the more
coarse-grained relative crosswalking, which otherwise is subjected to
information loss.

RELATED WORK

: [CEN.West]

* Taxonomy Alignment Problems (TAP) R

Taxonomies T, T, are inter-linked via a set of input articulations A, Our study also es the benefits of designing different

defined as RCC-5 relations, to yield a “merged” taxonomy T . alignment workflows (Bottom up vs. Top-down) to match the needs
Figure 3. (Left) CEN-NDC taxonomy alignment problem with 49 input articulations between Tcgy and Type of specific li Ls bl

* Euler/X Figure 4. (Right) The unique possible world (PW) T reconciling Tcey and Ty Via inferred relationships Bottom-up approach: seems to work well whenever we have non-

Articulations — a constraint or rule that defines a relationship (a set overlapping relationships at the leaf-level (lowest-level) articulations,

constraint) between two concepts from different taxonomies . and we are not sure how the higher-level concepts should be aligned.

Region Connection Calculus (RCC-5) : oy 1 Top-down approach: seems favorable when there is an expectation of
certain higher-level articulations in conjunction with under-specified,

Figure 5. Top-down i I g
S input alignments complex, and often overlapping leaf-level relations.
- E“I‘mbetween Teenand Try .
Cong nce A 1 v

Inclusion Inverse Inclusion Overlap Disjointness D&
x> X<v X1y T e
o )
| () s

X

Possible Worlds — When encoding and solving TAPs via ASP, the
different answer sets represent alternative taxonomy merge solutions

or possible worlds (PWs). 7 Acknowledgments
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https://github.com/EylerProject/ASIST17 g
. R R R 6Te Tal e+

o
!_'etj"‘- J N : Figure 6. The unique Figure 10. Combined concepts
i : Quick Scar PW for the Tgy with solution for Tegyand Try
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Tracing taxonomic names (concepts!) over time ...

For another time?
Non-unitary syntheses

of systematic knowledge

Nico Franz

School of Life Sciences, Arizona State University

CIRSS Seminar — Center for Informatics Research in Science and Scholarship

February 17, 2017 — iSchool, University of Illinois Urbana-Champaign

Luddscher: Wh@:httpe/www.slideshare.net/taxonbytes/franz-2017-uiuc-cirss-non-unitary-syntheses-of-systematic-knowledge 50



Taxonomic concept alignment, Andropogon glomeratus-virginicus
complex, spanning across 11 classifications authored 1889-2015

« 36 unigue taxonomic names

« 88 taxonomic concept labels
] name sec. author strings

« Alignment by A.S. Weakley
] row position = congruence

« 1/36 names with unique 1: 1
name : meaning cardinality
across all classifications

« Andropogon virginicus

e Source: Franz et al. 20161

1

sec. Hackel (1889)

13

sec. Small (1933)

17

sec. Blomquist (1948)

24

sec. Hitchcock & C. (1950)

31

sec. RAD (1968)

33

sec. Godfrey & W. (1979)

A_Virginicus var. glaucus A. capillipes A. capillipes A. capillipes
subvar. glaucus 18 25
A. virginicus var.|glaucus A. capillipes A. capillipes A. capillipes
subvar. dealbatus
A. virginicus var. viridis A. virginicus A. virginicus var. virgil A. virginicus var. virgini
subvar. genuinus 15 20 27
A. virginicus var. viridis A. virginicus A. virg var. virg A. virg var. virg,
subvar. genuinus
A. virginicus var. viridis A. virginicus A. virgi var. virgl A. virginicus var. virgini

subvar. genuinus

A. macrourus var. glaucopsis

A. macrourus var. hirsutior

A. glomeratus

16

A. glomeratus

A. virginicus var. glaucopsis

A. virginicus var. glaucopsis

A. glomeratus (?)

23

A. virginicus var. hirsutior

A. macrourus var.

11

A. macrourus var. genuinus

Ag

A. glomeratus

A. glo

A. virginicus var. tenuispatheus

A. glomeratus

30

A. glomeratus

>

virginicus

>

virginicus

>

virginicus

b

virginicus

>

virginicus

>

virginicus

>

virginicus

>

virginicus

>

virginicus

A. capillipes

34
A. capillipes
A. virginicus var, virginicus

>

virginicus var. virginicus

>

virginicus var. virginicus

>

. glaucopsis

38

>

virginicus var. abbreviatus

>

virginicus var. abbreviatus

>

virginicus var. abbreviatus

39

sec. Campbell (1983)

53 67

sec. Campbell (2003)

sec. Weakley (2006)

79

sec. BONAP (2014)

89

sec. Weakley (2015)

A_virginicus var. glaucus A_virginicus var. glaucus A_capillipes A. capillipes A capillipes
“drylands variant" “drylands variant” “drylands variant" 6 80 90
A.|virginicus var. glaucus A. virginicus var.|glaucus A. capillipes A. capillipes A. dealbatus
wetlands variant" 43 wetlands variant”| 57 "wetlands variant" 70 91
~AZ Virginicus-var, Virginicus. - - - | - A, Virginicus Var. Virginicus A, virginious var; virginicus | | 1| A. virginigus var; virginious: ZA Virginica$ ©ZZIII11C =a-
*old-field variant™ - - - - - 4 -~ "old-field-variant® - - - - - o RN ' 82 |-~ *oid-field-variant®----- 93
A var, A var. A Virginiousivar; virginicus: 1 1|\ A. virginicus var, virginicus A. virginicus
"smooth variant" 46| “smooth variant" 60| ... Y ! "smooth variant” 94
A Virginicus var: Virginicus A virginicus var. decipiens A virginicus var. decipiens A_virgihicus var. detipiens A virginicus var. decipiens
"deceptive variant” 4
A. var. i A. g var. K A A. glaucopsis A. glaucopsis
49 63 74 84 96
A. glomeratus var. hirsutior A. glomeratus var. hirsutior A. glomeratus var. hirsutior A. hirsutior A. hirsutior
85 97
A.g var. A. glo var. g A g var. A.g var. g A. glo var. glo
51 65 77 87 99
A. glomeratus var. pumilus A. glomeratus var. pumilus A. tenuispatheus A. glomeratus var. pumilus A. tenuispatheus
78 100

! Franz et al. 2016. Names are not good enough: reasoning over taxonomic change in the Andropogon complex.
Semantic Web Journal (10S). doi:10.3233/SW-160220




High-elevation fir trees of
western North America

AZNM CO WY MT ABeBC  wBC WA OR

Distribution

Abies lasiocarpa
var. arizohica

USDA - ITIS

Abies bifolia Abies lasiocarpa

Abies lasiocarpa var. lasiocarpa

Flora North America
A B @

Minimal concepts

hitp://taxonbyies.org/wp-content/uploads/2014/10/Peet-BIGCB-2014-Changing-Perspectives-on-Plant-Distributions.pdf



http://taxonbytes.org/wp-content/uploads/2014/10/Peet-BIGCB-2014-Changing-Perspectives-on-Plant-Distributions.pdf

Use case 1.a. Aligning Microcebus + Mirza sec. MSW3 (2005)

 Input visualization: MSW3 (2005) versus MSW2 (1993)

""Taxonomic concept labels™
identify input concept regions

Nodes 2005 Mirza 2005.Mirza_coquereli T,concept [ T, Input concept (2005 - MSW3)
1993 |4 Ve
2005 |11 g
Edges T,: Input concept (1993 - MSW2)
isa_1993 | 3 e .
Art 9 2005 .Microcebus_myoxinus l 2 1993.Microcebus_coquereli = Parent/child relationship (is_a)
isa_2005 | 9 < e -
. . | i i == > < ><
| 2005.Microcebus_griseorufus . ~g+++o0n0 Input articulation [==, >, <, ><, []
< 5

2005 .Microcebus

RCC-5 articulations provided
for each species-level concept

Source: Franz et al. 2016. Two influential primate classifications logical aligned. doi:10.1093/sysbio/syw023

Ludascher: Whole-Tale++
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Nodes

1993

comb

2005

o | |

Edges

overlaps

1

input |1

1

inferred

Use case 1.a. Aligning Microcebus + Mirza sec. MSW3 (2005)

« Alignment visualization: *"‘grey means taxonomically congruent™

1993 Microcebus_coquereli
2005 Mirza

1993 Microcebus

2005.Mirza_coquereli

2005.Microcebus_rufus
1993 Microcebus_rufus

1993 Microcebus_murinus

2005 .Microcebus_berthae

2005 Microcebus

2005.Microcebus_tavaratra

o

2005 .Microcebus_murinus

2005 .Microcebus_myoxinus

2005.Microcebus_griseorufus

2005.Microcebus_sambiranensis

2005 Microcebus_ravelobensis

Ludascher: Whole-Tale++

T, concept

T, concept

T, concept

f—
h

T,: Non-congruent concept (2005 - MSW3)

T,: Non-congruent concept (1993 - MSW2)

T, & T,: Congruent concepts

Inverse proper inclusion (<) - deduced
Inverse proper inclusion (<) - inferred

Overlapping concept articulation (><)
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Use case 1.a. Aligning Microcebus + Mirza sec. MSW3 (2005)

« Alignment visualization: *"‘grey means taxonomically congruent™

@ Onename & @ Manynames& @ One name & @ Many names & @ New names &
congruent region congruent region  non-congruent regions  non-congruent regions exclusive regions

1993 Microcebus_coquereli
irza

. T,concept [ T,: Non-congruent concept (2005 - MSW3)

2005 Mirza_coquereli

2005 Microcebus_rufus
1993 Microcebus_rufus

T,: Non-congruent concept (1993 - MSW2)

T, & T,: Congruent concepts

Inverse proper inclusion (<) - deduced

Inverse proper inclusion (<) - inferred
2005 .Microcebus_sambiranensis | .

-------- Overlapping concept articulation (><)

l 2005 .Microcebus_ravelobensis

» Application of coverage constraint: parent-to-parent articulations (><) are
fully defined by alignment signal propagated from their respective children.

=2 Sensible when complete sampling of children is intended.

Ludascher: Whole-Tale++

55



1 in 3 names is unreliable across MSW2/MSW3 classifications

TaBLE 4. Analysis of taxonomic name:meaning relations for the entire Prim-UC alignment (800 input concepts), grounded in the MIRs
(Table 3)

Rank sec. Groves (2005) sec. Groves (1993) === == e CE = Totals
Species 376 233 151 (7] @ 55 0 224
Genus 69 60 44 0 74 6 2 59
Subfamily 9 10 3 0 3 1 0 7
Family 15 13 5 2 1 0 1 9
Order 1 1 0 0 1 0 0 1
Totals 470 317 203 19 13 62 3 300

Notes: Relations are categorized by taxonomic rank (for shared MSW2/MSW3 ranks only), and emphasize concept pairs with the same name
(=) and/or congruent meanings. Legend: == : =— taxonomic congruence, same name(s); == : #— taxonomic congruence, different names;
> : =— taxonomic proper inclusion, same name(s); < : =— taxonomic inverse proper inclusion, same name(s); >< : =— taxonomic overlap,
same names(s).

TaBLE5.  Analysis of taxonomic congruence and name reliability for six Prim-UC partitions (Table 2)

Partition sec. Groves (2005) Ty concepts Actual == Relative Reliable Unreliable Reliability
articulations congruence (%) names names ratio

1 Primates 317 283 89.3 203 97 2151

2 Primates-HLO* 24 13 54.2 8 12 1:15

3 Strepsirrhini 77 74 96.1 45 49 1201

4 Haplorrhini** 114 98 86.0 79 45 18:1

5 Catarrhini 125 111 88.8 79 63 13:1

6 Hominoidea 23 24 100 14 14 151

Notes: Relative congruence is understood as the quotient of the number of congruent concepts and number of concepts in the concept-poorer
taxonomy (T; sec. Groves 1993). The quotient may be greater than 100% if the concept-richer taxonomy has “redundant” concepts (i.e., multiple
concepts with superseding ranks that are taxonomically congruent; see Gregg 1954). Reliable names are of the == : = type in Table 4. Unreliable
names are of the [==: #, >: =, <: =, ><: =] types in Table 4. The reliable : unreliable ratio is adjusted to 1 for the smaller value. *HLO = Higher
Levels Only. The range of taxonomic ranks is limited to ordinal to subfamiliar level.

**Excluding Catarrhini sec. Groves (2005).

Source: Franz et al. 2016. Two influential primate classifications logical aligned. doi:10.1093/sysbio/syw023

Ludascher: Whole-Tale++
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"Controlling the taxonomic variable"

Jir)

"Just bad" &

The
'bible’

The ‘consensus’

e e sec. SERNEC 2016 2o

[ = Cleistesiopsis divaricata

= Collection
= General Observation

. ~ © conflict
The (formerly) ‘ , 5 ¢ The 'best’, latest
federal Goggle! ~ .+ regional flora

i P ‘standard’
[I;mem SecC. KarteSZ ~v v £\ = General O | ’V

et s€C. Weakley 2015 R: &5 uension

O=cl

Source: Franz et al. 2016. Controlling the taxonomic variable: [...]. RIO Journal. doi:10.3897/ri0.2.e10610
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Jackson p Monigomery 'y GEORGIA .-'” -
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O Pelagic
O Sargassum
(] @ Habitat
“ (¢ @ Restricted/Area
] Mabile ’“
Y Y
2 City Beach © %
ew Ofteans 3 ‘

Memphis Chattanooga’ @y,

RN g ,’
Huntosvllle. e @®

Google 5 Day The ‘consensus’
7::?;5(95 bifaria e

[ = Cleistes divaricata o ‘
0= Cloistes divaricata var. bifaria SecC. S E RN EC 20 1 6 /\ = General Observation
[ = Cleistesiopsis bifaria

[ = Cleistesiopsis divaricata

Impact:
Name-based aggregation has created

a novel synthesis that nobody believes in

"Controlling the taxonomic variable"

Source: Franz et al. 2016. Controlling the taxonomic variable: [...]. RIO Journal. doi:10.3897/ri0.2.e10610
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"Controlling the taxonomic variable"

Solution:
Instead of aggregating
an artificial ‘consensus’,
build translation services

/ T
in % - g Richmond
A o .4 o
i AKENTUCKY SIS 'Ro{ke VIRGINIA
8 . . ,. g Norfolko ¢
T Nashville @® Zi Tl
o @ @ Knoxville A L
@ o - oDurham
g TENNESSEE e eville NORT}h
Memphis i Charlotte CAR‘L! @
o Chananooga e = [} . .
3 Huntsille 7 A @
®/ & : K
° o @0 ©
| Atlanta gu o
| Birmingham - o \_ CAROLI "
MISSISSIPPI |1 o aio0sa® \ : ®
2 \
ALABAMA / o on
Jackson Montgomery GEORGIA ‘
° ©  Columbus aval
; J O Pelagic
\ Sargassum
© @ (@) Habitat
® Q@ Restricted Area

e Ta"argsse"- —Ja

Fonama, onville The
T o ®

‘bible’

Daytona Beach
= Collection
SeC. RAB 1 968 = General Observation
in : : S gl Fich KENTUCKY. A %
rest : KENTUCKY. A P - Rosnokes” VIRGINIA
N Ny Roanokeo VIRGINIA . . ..
2 e Norfolko ¢
e & ’. - Norfolko ¢ 2 s

N

Nashville .’ - Z

@@ Kyl gf 7ok
TENNESSEE ) ev'"e‘

Cnananouga#”
Hun(svnlle. P g
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U
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MISSISSIPPI |- oogoren 8

\
| Tuscaloosa 7 8 )
ALABAMA / ‘ on
| \
Jackson : Mnmgomery GEORGIA ‘
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Sargassum
© . (@) Habitat
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P/ .’ .
” Tallahasse
New Oftedins
°
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.' : *1 The (formerly)
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Leaving taxon and species headaches ...

* To illustrate Euler think of a simpler use case:
* Agreeing to disagree!

* ... when there are multiple, legitimate
perspectives

e Sorting things out!
— Euler as a taxon concept (& name) “microscope” ...
— .. or “time machine” ?

Ludascher: Whole-Tale++ 60



Two Taxonomies: NDC vs CEN

“..in the face of incompatible information or data structures among users or among those
specifying the system, attempts to create unitary knowledge categories are futile. Rather, parallel
or multiple representational forms are required” [Bowker & Star, 2000, p.159]

Midwest | North-
east .
*
South |
National Diversity Council map (I(lDC) US Census Buero map (CEN)

Ludascher: Whole-Tale++

Source: Yi-Yun (Jessica) Cheng (PhD student, iSchool @ lllinois)
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The taxonomies

* The Census Regions Map (CEN), consists of four regions: West,
Midwest, Northeast, and South, i.e., the contiguous 48 states
and Washington D.C.

r - - . IJ_ __1'
R North-
]
| . . . east
Midwest i
A F F
" | —
i
l. . L.
| ey k
South x
|
plm AT .



The taxonomies

* The National Diversity Council Map (NDC), consists of five
regions: West, Southwest, Midwest, Northeast, Southeast, the

48 states and Washington D.C.

* NDC splits South into
SW and SE

"« Do NDC and CEN
agree on “West"?
“Midwest’? ...

i mil
* How can we sort this

Soutﬁeﬂ“ Southeast out?

Ludascher: Whole-Tale++
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Sorting things out ...

CEN.Midwest CEN.South CEN.West CEN.Northeast NDC.Northeastj NDC.Southeastj NDC.Midwestj NDC.Southwestj NDC.Westj
_ - == = ~a ~ o o - .
- . Given:
s N
z N

e . — taxonomies T1, T2
' — and relations T1~ T2
(articulations, alignment)

*  Find:

— merged taxonomy T3

CEN.USA CEN.Northeast

Such that:
— T1, T2 are preserved

— all pairwise relations are
explicit

CEN.West

CEN.Midwest

- >_p NDC.MidwestT
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5 ways to relate concepts (regions)

_______

-~

PR R * Idea: relate concepts X and Y with
" [censoun [ -z articulations
¢ X

CEN.USA CEN.Northeast |& = -

e Articulation Language: Region
Connection Calculus (RCC5): congruence,
inclusion, inverse inclusion, overlap,

- disjointness

e == _p| NDC.Midwest

DO OCOD O

Congruence Inclusion Inverse Inclusion Overlap Disjointness
X==Y X>Y X<Y X><Y X1y

! _- ﬂ
\ .- NDC.Southwest

CEN.West o<
<~

CEN.Midwest
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Merged taxonomy T3

NDC.USA

NDC.MidwestT ’ NDC.SouthwestT NDQWestT

’ CEN.Midwest CEN.South ’ CEN.West CEN.Northeast

’ NDC.NonheastT

NDC.SoutheastT

Tl T2

e CEN.West

-
.
-
/’ .-
/’ s -
’
’
e CEN.South [# -2<_
p N
’ % AN
’ ><
N

<«— NDC.West

Y NDC.SouthwestT

CEN.USA

-

N
AY
CEN.Northeast |<- g™

NDC.Northeastj\

NDC.USA

CEN.West o< 4
-

N -

~
CEN.Midwest

-
. -7 NDC.Southwest
=
.

-

_al NDC.Midwest

NDC.West

T1~T2
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CEN.USA

NDC.USA | NDC.Northeast

\
\
\
F;
\
:
A}

NDC.Midwest

3
{

CEN.South

CEN.MidweS’D

CEN.Northeast

NDC.SoutheastT
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How we align two taxonomies T1 and T2

e Step 1. Supply input taxonomies T, /—\ /—\
and T, ! | 2

e Step 2. Describe the relationships

between T; and T, Articulations A

Add/Edit ] -

e Step 3. Iteratively edit articulations

in Euler/X <]§::l>

... butwhere do the articulations
come from??

— expert opinion
— automatically derived from data

‘ Euler/X \

N | Possible Worlds

|

N=0 or N>1l

Inconsistent (N=0)
Ambiguous (N>1)
Ludascher: Whole-Tale++ T3
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Case 1: Census Region vs. National
Diversity Council

CEN

... but where do the articulations
come from??

— automatically derived from data
— expert input
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<
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&

NDC.SC

O
g
=
L
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NDC.outheast

CEN.South

-INDC.WV

*

-INDC.MO'
- INDC.ND'

4.

CEN.USA

NDC Midwest]— NDC.USA]

- INDC.OK}—{NDC.Southwest]

CEN.CH
CEN.SDj-=
CEN.OK

NDC.NM

CEN.NM§
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CEN.NM
' NDC.NM
CEN.AZ
NDC.AZ

CEN.TX
NDC.TX

CEN.USA
NDC.USA CEN.South [ CENEG:
\ :NDC.DC
5 CEN.MD
NDC.Northeast . NDC.MD
\

CEN.DE
NDC.DE

itk |

N a
CEN.MN
NDC.MN
CEN.IL
NDC.IL
CEN.MO
NDC.MO
CEN.OH
NDC.OH
CEN.IA
NDC.IA

CEN Midwest CEN.KS
NDC.Midwest NDC.KS

CEN.ND
NDC.ND

CEN.IN
NDC.IN

_[NDC.Southedi]

CEN.SC
NDC.SC

CEN.LA
NDC.LA

{\ (CEN.FL
NDC.FL

CEN.NY
\ (NDC.NY

ner: Wholg

USA, Midwest and State-level
alignments are all congruent

/

| CEN.Northeast

CEN.MN
NDC.MN
CEN.IL
NDC.IL

CEN.MO
NDC.MO
CEN.OH
NDC.OH
CENL.IA
NDC.IA
CEN.KS
NDC.KS

CEN.ND
NDC.ND

CEN.deest
NDC.idwest

CEN.IN
NDC.IN

CEN.MI
NDC.MI

CEN.WI
NDC.WI

CEN.NE
NDC.NE

CEN.SD
NDC.SD

CEN.MA
NDC.MA

CEN.CT
NDC.CT

CEN.NH
NDC.NH

CEN.PA
NDC.PA

CEN.NY
NDC.NY

CEN.NJ
NDC.NJ

CEN.ME
NDC.ME

CEN.VT
NDC.VT

CEN.RI
NDC.RI

P
41
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| The overlapping relations are oo
automatically derived from data NDC.SC

CEN.West

!\ (CEN.FL
NDC.FL
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CEN.AR
NDC.AR

!\ (CEN.FL
NDC.FL

CEN.USA
NDC.USA

/

CEN.West

NDC.Southwest

CEN.OK
NDC.OK

CEN.TX
NDC.TX

NDC.Northeast

NDC.Southeas ﬂ

J

/

DC is in both the South and the Northeast

CEN.AR
NDC.AR
CEN.LA
NDC.LA

N~ -

CEN.FL
NDC.FL

~ —
CEN.AL
NDC.AL

~
CEN.KY

NDC.KY

—
CEN.VA
NDC.VA

CEN.MS
NDC.MS
CEN.WV
NDC.WV
CEN.TN
NDC.TN

ner: Whole-Tale++
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Case 2: Census Region vs Time Zone

L LT ——
.'-I ;l
II_
Pacific = )
- |I Mountain
II
r
-ll
o
i
CEN - o TZ
... butwhere do the articulations

come from??
— automatically derived from data
— expert input
S 73



Top-down regional alignment

CEN.USA

TZ.USA

Ludascher: Whole-Tale++

Midwest

CENJINortheast

Output:

Possible World
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How do we know if our ‘expert

articulations’ are correct?
GIS solution as the Ground Truth..
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Combined concepts solution CENWest <. TZ Pacific | 7 -1
for regional-level alignments ' <\CEN-WeSt\TZ-M°U”ta'”
(TZ.Mountain\CEN.Midwest CEN.West*TZ.Mountain) R2
(CEN.South\TZ.CentraI
/{CEN.South*TZMountain) [ R3
(CEN.South\TZ.Eastern '
CEN.South
(CEN.South\TZ.Mountain > CEN.South*TZ.Eastern) (_R9
: /{ CEN.South*TZ.Central
(TZ.Mountaln\CEN.South A (TZ.CentraI\CEN.MidwestJ R4
TZ.Mountain '
CEN.USA TZ.Mountain\CEN.West : N .
T~ USA ( CEN.Midwest TZ.Mountaln) R5
TZ.EasternHTZ.Eastern\CEN.Midwest
CEN.Northeast R8
TZ.Central .4
; / (CEN.Midwest*TZ.Central
(CEN.Mldwest\TZ.Eastern TZ.CentraI\CEN.SouthJ R6
CEN.Midwest
(CEN.Midwest\TZ.CentraI
(TZ.Eastern\CEN.South CEN.Midwest*TZ.Eastern) R7

(CEN.Midwest\TZ.Mountain




Do the taxonomies have to be
spatial in order to use RCC-5?

* No! The more typical cases for taxonomy
alignment are usually between non-spatial
taxonomies

— for which no “GIS route” or direct visual cues
about regional extensions are available

— the use of RCC-5 as an alignment vocabulary is a
suitable approach to perform a wide range of
multi-hierarchy reconciliations

Ludascher: Whole-Tale++
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Conclusion & Discussion

Underscores the benefits of designing different
alignment workflows (Bottom-up vs. Top-Down)

— Bottom-up: non-overlapping relationships at the lowest-level
articulations, not sure how to align the higher-level concepts

— Top-Down: when there is often overlapping leaf-level relations..

Expert input will frequently be needed to establish such
expectations under the top-down approach

https://github.com/EulerProject/ASIST17 EI”‘-}EI
yiyunyc2 @illinois.edu ﬂ%
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Implications

* Logic-based taxonomy alignment approach

— Disambiguate name-based taxonomy alignment over time

* 40% of the concepts in biology taxonomies undergoes
name change over time (franzet al., 2016)

— May mitigate problems in equivalent crosswalking

 Membership condition problem that was often criticized in
crosswalking

— Preserves the original taxonomies while providing an
alignment view

* Solve data integration problems that happen in the more
coarse-grained relative crosswalking

https://github.com/EulerProject/ASIST17 gﬂ,ﬁ@

) > @illinois.ed Failr M
vivunyc2@illinois.edu @'ﬂﬁ:@
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e ... Aristotle ...
e . Euler..
* ... Greg Whitbread ... é
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