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Data importance

Hipparchus (c. 190 — c. 120 BCE)

» measured the longitude of Spica and Regulus and other
bright stars

» compared his measurements with data from his
predecessors, Timocharis and Aristillus, who lived ~100
years before him,

» discovered what is now called the precession of the
equinoxes

(Wikipedia, see also
articles on Timocharis
and Aristyllus)
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https://en.wikipedia.org/wiki/Hipparchus
https://commons.wikimedia.org/w/index.php?curid=3993432
https://en.wikipedia.org/wiki/Hipparchus#Precession_of_the_equinoxes_.28146.E2.80.93127.C2.A0BC.29
https://en.wikipedia.org/wiki/Timocharis
https://en.wikipedia.org/wiki/Aristyllus

Data and Al systems for

geology

[Hart and Duda, 1977]

October 20, 1977

PROSPECTOR -- A Computer-Based Consultation
System for Mineral Exploration

by
P. E. Hart and R. O. Duda
Artificial Intelligence Center

SRI International
Menlo Park, California 94025
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https://www.sri.com/sites/default/files/uploads/publications/pdf/739.pdf
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[Hart and Duda, 1977]



https://www.sri.com/sites/default/files/uploads/publications/pdf/739.pdf

Data kinds in the SOLSA
project

N

Discover SOLSA

http://solsa-mining.eu/

» Crystal structures (COD)
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» Raman spectra (ROD)
» Hyperspectral spectra (HOD)



http://solsa-mining.eu/
http://www.crystallography.net/
http://solsa.crystallography.net/rod
http://solsa.crystallography.net/hod

Requirements for long-term
data archiving and reuse

» Platform independence
» Text-based formats (ASCII, UTF-8)
Software independence

Network-transparency
» Standard, open protocols (W3C http)
» Standard, open data carrier formats (JSON, XML, CIF).
» RESTful servers
Machine-readable semantics
» Dictionaries, schemas
Durability
» Persistent identifiers
» Open data principles
» FAIR principles

v
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v
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Data exchange in
crystallography

International Union of M
CRYSTALLOGRAPHY ’

international Tables | World Directory

search
books | news | education | people |fesolifees’ outreach
other directories w | dataw | cifw | listsw | blogsw | forums | commissionsw | nexus | symmetry font |
Home > resources > cif > specification
IF 2 syntax ifi H
SR Specifications
CIF 1.1 syntax
specification These pages provide the formal specification of the Crystallographic Information Framework file
) Ancllary notes format.
STAR File
Lm"g‘j:;;\ﬂw Definition Two closely-related syntaxes are available: version 1.1 and version 2.0. The version number 1.0 was

assigned retrospectively o the version described in the original paper of Hall, Allen & Brown
(1991), as amended by COMCIFS 29 January 1997.

In addition to the formal specification, a number of ancillary notes are published that describe
conventions or guidelines applied within one or more of the dictionaries of CIF data items that are used in various topic areas.
‘These notes should be adhered to as closely as possible, in association with the formal specification of file syntax and implied
semantics, to maximise the efficient interoperability of CIF-based applications.

he International nion of Crystallography is a non-profit scientific union serving the world-wide interests of
‘rystallographers and other scientists employing crystallographic methods.

[Hall et al., 1991]
The Crystallographic Interchange File/Framework (CIF):

» Provides standard means for data publishing and
exchange;

» Is suitable for archiving;

» Is maintained by the IUCr;

research and innovation program under grant agreement No 689868.
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http://dx.doi.org/10.1107/S010876739101067X

CIF for scientific data

examples/data/2100858-head.cif:

data_2100858

loop_

_publ_author_name

’Buttner, R. H.'

’Maslen, E. N.’

_publ_section_title

i

Structural parameters and electron difference density in BaTiO~3~

;

_journal_issue 6

_journal_name_full ’Acta Crystallographica Section B’
_journal_page_first 764

_journal_page_last 769

_Jjournal_volume 48

_Jjournal_year 1992

_chemical_compound_source ’synthetic, from a mixture of KF:KMoO4:BaTiO3
_chemical_formula_sum ’Ba 03 Ti’

_chemical_formula_weight 233.24

_symmetry_cell_setting tetragonal

_symmetry_space_group_name_Hall 'P 4 -2’
_symmetry_space_group_name_H-M P 4 mm

research and innovation program under grant agreement No 689868.
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_cell_angle_alpha 90.0
_cell_angle_beta 90.0
_cell_angle_gamma 90.0
_cell_formula_units_2Z 1
_cell_length_a 3.9998(8)
_cell_length_b 3.9998(8)

_cell_length_c 4.0180(8)




Controlled vocabularies

examples/dictionaries/cif-core-example.cif:

data_cell_length_
loop_ _name ’_cell_length_a’
’_cell_length_b’
’_cell_length_c’

_category cell
_type numb
_type_conditions esd
_enumeration_range 0.0:
_units A
_units_detail ’angstroms’
_definition
; Unit-cell lengths in angstroms corresponding to the structure

reported. The values of _refln_index_h, x_k, *_1 must

correspond to the cell defined by these values and _cell_angle_

values. The values of _diffrn_refln_index_h, *_k, *_1 may not

correspond to these values if a cell transformation took place
following the measurement of the diffraction intensities. See

also _diffrn_reflns_transf_matrix_.
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Crystallographic data

The Crystallography Open Database

http://www.crystallography.net/cod

Crysallography Open Database - Wl irefox B
e B Yeu Wuoy Hooknarks ook by

W Hippochus Wi | w Timochars Wik | s Arsylus Wik | Denis Rawin:Cor. | Deoeis awis: Cor. x | Dennis Rawlins:Cone. | Denns Fawin:Core x | 9 KPNWesposs  x | i tmplte e x | [ Ramanopeno: | B3 wyperspecal o x / 1 Cosalography x| +

<

coptatoqraptyaecodndens & ow | ¢ |[Qse "B ¥ ADZ0Ov0 0 e

Ui By © Fonms © Conmnty | B Mews 2£.COD 1 Moo Ty Monde ) DiDuckG ¥ Wikpeda © 5G & wapoB  RSBPDR . PoBe =08, el [T e icorse

CQO Crystallography Open Database

COD Home =
‘What's new? £

Accessing COD Data
Browse
Search
Search by structural
formula - -

Add Your Data
Deposit your data
Manage depositions
Manage/release ) . o

T Including data and software from CrystalEye, developed by Nick Day at the department of Chemistry, the University of
Cambridge under supervision of Peter Murray-Rust.

Open-access collection of crystal structures of organic, i i tal-organic and
excluding biopolymers.

COD Wiki

Obtaining COD Currently there are 385190 entries in the COD.

Querying COD Latest deposited structure: 1547638 on 2017-10-07 at 23:51:11 UTC
Citing COD

COD Mirrors
Advices to donators
Useful links

ooy veucodpition

Al data on this site have been placed in the public domain by the contributors.

o) B © 3 ©2017-10.09 22:02
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http://www.crystallography.net/cod

example
Sphalerite

A COD crystal structure page

http://www.crystallography.net/cod/1525302.html

Q Qo Crystallography Open Database

:
S Information card for entry 1525302

What's new? 3

1525301 << 1525302 >> 1525303 Coordinates  1525302.cif
Accessing COD Data . v Structure parameters
Browse Preview Chemiat e

Search Fo o

Search by structural Colculaed formula
formula Authors of publication.

Journal of publication

Year of publcation

Journa v

Pages of publication

Add Your Data
Deposit your data
Manage depositions 5
Manage/release o

prepublications a
b

¥
Collvolume
Number of distinct elements.

iguin symmetry space group.
Hall symmetry space group

Documentation
COD Wik

Has disorder

Advices to donators
Useful links

Coordinates  1525302.cif

(Fe0.2 Mn0.05 200.75) S

16
1399- 1411

542724
542728
o

2
90
150855 40
Fa3m
F423
Yos

No

No
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http://www.crystallography.net/cod/1525302.html

COD persistence

COD is on-line for 13 years, increased 7-fold over the last 8
years; currently contains over 385 000 records (October 2017):

400000 T T T T T T T T
COD records

350000

300000

250000

200000

150000

COD record number

100000

50000

research and innovation program under grant agreement No 689868.
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Raman spectroscopy data

The Raman Open Database

http://solsa.crystallography.net/rod

Raman Open Database

.
. Information card for entry 3500024

What's new?

Accessing ROD Data .
e Preview

3500023 << 3500024 >> 3500025

Add Your Data.
Deposit your data
Manage depositions
Manage/release.

prepublications

Rutile
532 nm
20000 unoriented

)

5000

10000

Raman intensity (a.

500 Too0 1500 2000 2500
Raman shift (cm'l)
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Display in Jmol

Data records contributed to the ROD by Yassine El Mendili



http://solsa.crystallography.net/rod

ROD data files

ROD uses CIF syntax

examples/data/3500024-head.rod:

n

#
#SDate: 2017-10-05 18:15:36 +0300 (Thu, 05 Oct 2017) $
#$Revision: 219 $

#$URL: svn://172.16.1.102/rod/cif/3/50/00/3500024.ro0d $
#

#

# This file is available in the Raman Open Database (ROD),
# http://solsa.crystallography.net/rod/
#
#
#

All data on this site have been placed in the public domain by the
contributors.

#

data_3500024

loop_

_publ_author_name

El Mendili, Y’

_publ_section_title

i
SOLSA communication to ROD

i

_journal_name_full "Personal communication to ROD’
_Jjournal_year 2017
_chemical_compound_source ’commercial powder Prolabo pur’

_chemical_formula_structural 02 Ti’
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The ROD dictionary

ROD uses controlled vocabulary in CIF DDLm dictionaries

http://solsa.crystallography.net/rod/cif/dictionaries/cif_raman_0.1.1.dic
http://solsa.crystallography.net/rod/cif/dictionaries/cif_rod_0.1.0.dic

examples/dictionaries/raman-example.dic:

save__raman_measurement_device.direction_polarization

_definition.id ’ _raman_measurement_device.direction_polarization
# ... some text omited for brevity ...
_definition.update 2017-04-10

_description.text

The direction polarization of the measurement device.

loop_
_enumeration_set.state
_enumeration_set.detail
unoriented

;
Unoriented.

i

Z(XX)Z

research and innovation program under grant agreement No 689868.

;
Laser polarized parallel to the x axis; analyzer set to pass the x axis
polarized light.
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ROD dictionaries coded by Antanas Vaitkus



http://solsa.crystallography.net/rod/cif/dictionaries/cif_raman_0.1.1.dic
http://solsa.crystallography.net/rod/cif/dictionaries/cif_rod_0.1.0.dic

Semantic versioning of the
ROD dictionaries

» ROD dictionaries undergo semantic versioning:
» Bug-fix releases (1.2.x) are compatible backwards
and forward;
» Minor releases (1.x) are backwards compatible;
» Incompatible changes will be marked by major
releases (1.x — 2.x);
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SOLSA project, COD and ROD

X-Fluorescence
Elemental

Ni, Mn, Si, Al,
PAF

Determination

3D Quantification
imaging ) | Mineral association
Characterization of
Ore and Waste

INFRA RED
S| y

COD will be used in SOLSA for:
» mineral identification;
» subsequent data dissemination.
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SOLSA data flow diagram courtesy Monique Le Guen, ERAMET.




The fun of REST

RESTful queries [Fielding, 2000]:

» Programming language, transfer protocol
independent

» GET queries should be null-potent (do not change
anything; always provide the same result for the
same query);

» POST/PUT queries should be idempotent (the same
query executed several times should have the same
result as just one query).
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https://www.ics.uci.edu/~fielding/pubs/dissertation/top.htm

COD query examples

Web, REST, SQL

> Via the WWW interface - go for “search” in:
» http://www.crystallography.net/cod
» http://solsa.crystallography.net/rod
» http://solsa.crystallography.net/hod

> Via the stable URLs (REST):

http://www.crystallography.net/cod/2000000.cif
http://solsa.crystallography.net/rod/3500021.rod
http://solsa.crystallography.net/rod/3500021.html
http://www.crystallography.net/cod/result?text=perovskite

> Via the views of the SQL database:

> mysql -u cod_reader cod -h www.crystallography.net\
—-e ’'select file, a, b, ¢, vol, formula
from data where
year between 2013 and
2014 and
formula regexp " C[0-9]% "
order by vol desc limit 10’

v vy vYy
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http://www.crystallography.net/cod
http://solsa.crystallography.net/rod
http://solsa.crystallography.net/hod
http://www.crystallography.net/cod/2000000.cif
http://solsa.crystallography.net/rod/3500021.rod
http://solsa.crystallography.net/rod/3500021.html
http://www.crystallography.net/cod/result?text=perovskite
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Thank you!

http://en.wikipedia.org/wiki/Emerald http://www.crystallography.net/5000095.html

research and innovation program under grant agreement No 689868.

=
[e)
=
o
ac
©
c
o
c
=)
c
)
(0]
Q
©
=}
w
[0}
=
+=
£
e
=
[©)
£
o
c
=]
2
io]
o
=
[0]
O
Q
@
o]
=
=
o
o
9
Q
&
<
=

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer


http://en.wikipedia.org/wiki/Emerald
http://www.crystallography.net/5000095.html
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A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer
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Open Crystallographic Databases

COD, TCOD, PCOD, MPOD, ...

http:/ /www.crystallography.net/cod http://www.crystallography.net/tcod

> 385000 entries (ready to > 2000 entries (ready to grow to

http://mpod.cimav.edu.mx/
> 300 entries
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http://www.crystallography.net/pcod
> 10° entries (ready to grow to > 105%?)

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer


http://www.crystallography.net/cod
http://www.crystallography.net/tcod
http://mpod.cimav.edu.mx/
http://www.crystallography.net/pcod

COD accessibility

COD is a fully open-access database. All records are
available under public domain designation.

Provided access methods are:

Web search

» URLs constructed from stable identifiers
RESTful interfaces

Full data download

v

v

v
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Hyperspectral image database
(HOD)

http://solsa.crystallography.net/hod
A “hybrid” approach necessary due to large size of raster
data:

» Metadata and image headers stored in CIF;

» Raster data stored as “raw” binaries;
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o
I}
HOD record example S
Nicg
5
1S
p=ge]
[eNe)
. To
examples/hod/1000000-head.cif: ez
oR=
c
data_1000000 “ Test Hyperspectral Open Database =) g
loop_ <
[lgcal] description Information card for entry 1000000 2 g)
_ _ Vot new? s
TENVI File’ o001 << 0 8_2
’Created [Wed Jun 08 12:34:07 2016]” 2 g
_[local]_wavelength_units Nanometers o)
loop_ £ 9]
je}
_hyper_bands.default g c
220 & 2
227 g)g
253 ? g)
_hyper_bands.lines 937 =
_hyper_bands.number 288 o c
_hyper_bands.samples 384 g g
_hyper_file.byte_order 0 © o
_hyper_file.data_type 4 é;: <
_hyper_file.type ENVI_Standard o C
_hyper_header.offset 0 2 g
_hyper_header_file.contents © O
;ENVI Qo c
. . o O
description = { 50
ENVI File, Created [Wed Jun 08 12:34:07 2016]} © 9
samples 384 =R
lines 937
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SOLSA Large File Store

Suitable, e.g., for images

Uses Tahoe-LAFS (https://tahoe-lafs.org) as a
back-end [Selimi and Freitag, 2014]:

Tahoe-LAFS architecture
Tahoe-LAFS

storage servers,
direct attached storage

Tahoe-LAFS gateway Tahoe-LAFS client
Tahoe-LAFS
storage protocol Tahoe-LAFS
- web browser
over SSL REST . (omdmaﬂd'hr\e tfgl
Tahoe-LAFS | HTTR(S) Wb AP |t Fomtende.
storage | server + tahoe backup tool
client over HTTP(S) -‘m;pum){
(TP client
or (SFTP |- GIETP clen

security perimeter for confidentiality and integrity

Red means that whoever controls that link or that machine can
see and change the contents of your files. You rely on that
component for confidentiality and integrity.

Black means that control of that link or that machine does not
give the ability to see or change the contents of your files.
You do not rely on that component for confidentiality or
integrity.

research and innovation program under grant agreement No 689868.
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Quoted from https://tahoe-lafs.org/trac/tahoe-lafs
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https://tahoe-lafs.org
http://dx.doi.org/10.1109/BDCloud.2014.24
https://tahoe-lafs.org/trac/tahoe-lafs

View Fie or Direcory »

Fiename

Dowrioad File »

Browse.. | Noflo selected.
© Immutable
SouF
MDMF (expermental)
Upload File »

0 SME
MOME (experimental)
Create a directory

Operational Sttt

What went wong?

Grid Status

/ 2introducers connected
@ Helper

Connected to 6 of 6
Nickname

|/ balandis

T e

\/ dett

3

 ork

@
PSS AR5

NE:

TSNS STk

|/ delfinas

e
delfinas2
o R ———
Connected to 2 of 2 introducers
Connection

|/ Connectod o p:172.17.170.121:54285 viakp

/ Connected o p:172.17.170.12257127 viakep

Tahoe-LAFS for SOLSA set up by Erikkas Raginis

storage servers

Connection

(Connected 1o tep:172.17.170.118:53026 via lop

Connected o ep:172.17.170.128:51898 via fp

Connectedto ep:172.17.170.12247877 via fep

Gonnectod fo ep:172.17.170.121:47082 v fp

Connected o ep:172.17.170.128:52200 via fp

Gonnected to ep:172.17.170.129:34498 v top

16033 285

150 33m 285

150 33m 295

15n33m 285

150 33m 285

150 33m 285

Services
« Notrunning storage server
« Nolrunning helper

Last RX

imss

mas

mss

més

mds

més

15h34m 108

15h34m 125

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer

Version

tahoe-als/.12.1

tahos /1121

tahoe-als/.12.1

tahooafs/.12.1

tahos-tafe/112.1

tahooals/.12.1

Last RX

Available

1867.64G8

4599268

20652168

20652168

4560268

469.9268

m29s

ma7s
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HOD files on the Tahoe LAFS
grid

Tahoe LAFS -Directory Si-eckfk (modifiable)- Ml Firefox -
Fle ot Vew Hsory Hosknars Toos Help

3 restiaperspectalopens x | Tahoe trs-oirecorysi- x | +

€) D8 s cpsalogaphynet IO rotabeteprps st 7pfckasehtshioesaf3cslyuta2vprem on h j#e ¢+ &4 © 20v0 U o =

Lnxhint = Blg = Forums S Commriy | EJ News 5 COD 1 Moodie3 1 My boodie (3 DuxkDuxkGo W Wikpeda © SG @ w08 RCS3FDS | PDBe = PDB] - ErametPoral I bR Discouse

Tal AFS

Return o Welcome page Tahoe-LAFS Directory Sl=eckfk

Refresh

Type  Filename Size Times
More info on this directory
Read-Only Version FILE  DARKREF scan blbu.raw 22118400 ler: 2017-10-10 14:41:44 T T More Info
Imo: 2017-10-10 14:41:44
FILE  WHITEREF_scan_blbu.raw 47996928 ler: 2017-10-10 14:39:52 TR0 T More Info
Imo: 2017-10-10 14:39:52
FILE  reflavecroijog 52864 ler: 2017-10-10 14:59:06 ] e More Info
Imo: 2017-10-10 14:59:06
FILE  refljpg 52678 ler: 2017-10-10 14:59:49 T T More Info
Imo: 2017-10-10 14:59:49
FILE  scan blburaw 207249408 ler:2017-10-10 1422152 ] e ] More Info
Imo: 2017-10-10 14:21:52
FILE  subsetref 382835712 lcr:2017-10-10 14:59:28 ] — More Info

Imo: 2017-10-10 14:59:28
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Create a new directory in this directory
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HOD (large) data retention
policy

A managed data phase-out policy possible:

» Keep data that are:

The first of their kind;

The best of their kind;

The most often used/cited;

A small but representative test set (for software);

v vy VvYyy

» Apply lossy compression to older records (x20 fold
possible)

» Discard data for other records, leave just
(aggregated) metadata;

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer
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Common REST API

» Agreed upon in the 2016 Leiden CECAM workshop;
» Suitable for all structural and QM databases.

Materials-Consortia/API - Mozilla Firefox
File Edit View History Bookmarks Iools Help
A Tahoe-LAFS % ) GitHub-tahoe-lafs/tahoe... X = . OpenStreetMap % | € Materials-Consorta/APl x| +

P e |[search | %

€) © @ Gt Inc.(U5) | hips/github.com/Mate

©DuckbuckGo G Google G Google (LT) (5COD #4TCOD [;iTestCOD  PDB W Wikipedia IwiWiktionary TiIBT Moodle §}SG @ SciDataCon2016 e CIF e IUCF |
Materials-Consortia/ API @Unwatch~ 3 JuUnstar 1
<> Code Issues 0 Pull requests 1 Projects 0 Wiki Pulse Graphs

No description or website provided.

research and innovation program under grant agreement No 689868.
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© 16 commits 1 branch Orele 42 4 contribut
——

Branch mastor~  Now pull roquest Croate newfile  Upload files  Find flo E.E
merkys Correcting a typo. Latest commit e79dze2 on

o tests Adapting the former ERE tests for the PCRE regular expressions 3
) gitignore r backup 3
) GNUmakefile arget a nonim for 'm 3
) README e README 3

https://github.com/Materials-Consortia/API
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https://github.com/Materials-Consortia/API

Definitions of input and
output

(# The top-level ’'filter’ rule: x)
Filter = Keyword, Expression;
(» Keywords x)

Keyword = "filter="

(» Values «x)

Value = Identifier | Number | String ;

(# ... some token definitions skipped for brevity ... x)

(» Expressions )

Expression = Term, [Spaces], [ OR, [Spaces], Expression ] ;
Term = Comparison, [Spaces], [ AND, [Spaces], Term ] ;

(+ Operator Comparison operator tokens: x)

Operator= I<I, [ r—r ] ‘ I>I, [ r—r ] ‘ r—r I I!I, r—r ;

Comparison = Value, [Spaces], Operator, [Spaces], Value |
NOT, [Spaces], Comparison |
" (", [Spaces], Expression, [Spaces], ")’ ;
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Schemas for return data

Schemas allow to:

» formally agree on what is right and wrong;
» validate program outputs and documents

automatically.
n query "oy

lltype ". "object ",

"properties": {
"representation": { "type": "string" },
"api_version": { "type": "string" },
"time_stamp": { "type": "string" },
"data_returned": { "type": "integer" 1},
"data_available": { "type": "integer" 1},
"last_id": { "type": "string" }

} ’

"required": [ "representation", "api_version",

"time_stamp" ]
br

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer
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API query examples

http://crystallography.net/cod/optimade/structures®filter=elements="Si,0"ANDnelements=2&limit=1
{

"resource": {
"base_url": "http://www.crystallography.net/cod/optimade/v1.0.0-alpha.1l/"
}
"query": {
"api_version": "v1.0.0-alpha.l",
"data_returned": 1,
"representation": "/structures?filter=elements=\"Si, O\"ANDnelements=2&limit=1",
"last_id": "1010921",
"time_stamp": "2017-04-06T05:46:502",
"implementation": {
"maintainer": {
"email": "cod-bugs@ibt.lt"
}
"title": "Crystallography, Open _Database",
"version": "v1.0.0-alpha.1l1",
"source_url": "svn://crystallography.net/cod/trunk/cod/cgi-bin/optimade.pl@194653"
I
"data_available": 344

}
"data": [
{
"last_modified": "2017-02-28T05:33:562",
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"properties": {
"formula": "O2_Si"
}
"url": "http://www.crystallography.net/cod/1010921.cif",
"immutable_id": "http://www.crystallography.net/cod/1010921.cif@130149",

A path to freedom: GNU — Linux — Ubuntu — MySQL — R — BIpX— TikZ — Beamer


http://crystallography.net/cod/optimade/structures?filter=elements="Si,O"ANDnelements=2&limit=1

Common pattern of
self-describing data
definitions

dictionary

XML instance

ue
query CIF document

JSON
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