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2. COD kūrimo istorija

3. COD turinys

4. COD pritaikymai

5. COD nauda mums :)
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Kur rasti reikalingą
informaciją?

Klausimas: kaip suskaičiuoti vidurkį ir standartinį
nuokrypį duomenų sraute?

xn =
1
n

n
∑

i=1

xi ; sn =

√

√

√

√

1
n − 1

n
∑

i=1

(xn − xi)2
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xn =
1
n

n
∑

i=1

xi ; sn =

√

√

√

√

1
n − 1

n
∑

i=1

(xn − xi)2

Per daug RAM!
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Kur rasti reikalingą
informaciją?

Klausimas: kaip suskaičiuoti vidurkį ir standartinį
nuokrypį duomenų sraute?

xn =
1
n

n
∑

i=1

xi ; Sn = Sn−1+
n

n − 1
(xn − xn)

2 ; sn =

√

1
n − 1

Sn

OK :)
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Kur rasti reikalingą
informaciją?

Klausimas: kaip suskaičiuoti vidurkį ir standartinį
nuokrypį duomenų sraute?

xn =
1
n

n
∑

i=1

xi ; Sn = Sn−1+
n

n − 1
(xn − xn)

2 ; sn =

√

1
n − 1

Sn

Chromatographia, Vol. 10, No. 4, April 1977, p. 173
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?
=⇒

http://en.wikipedia.org/wiki/Emerald http://www.crystallography.net/5000095.html
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Sprendimas – skaitmeniniai
kompiuteriai

Stefan Kögl [CC BY-SA 3.0] Dave McGuire [Public Domain]
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Data Sharing in Crystallography
Started quite early

◮ 1948 Acta Cryst. (IUCr) The Acta Crystallographica
journal was launched, all coordinates were printed in

journal articles, and Acta Crystallographica published

the structure factors as well

◮ 1965 CSD (CCDC) The CCDC was established at the

Department of Chemistry, Cambridge University /. . . /

about 2000 structures published before 1965 were

gradually incorporated into the developing database

◮ 1971 PDB In June 1971, the two communities

attended the Cold Spring Harbor Symposium on

Quantitative Biology (Cold Spring Laboratory Press,

1972)
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Problems with access to data
Proprietary licensing causes a lot of headache in the XXI century...

◮ CCDC Access Structures Terms and Conditions: “These
services must not be used to systematically download or
redistribute these structures, data or associated
information. Programmatic access to these services is not
permitted.”
(https://summary.ccdc.cam.ac.uk/about-this-service, last
accessed 2016-11-24)

◮ “In the specific case of the article in question,/. . . / a
small molecule 3-D structure predictor and Web server
(COSMOS) /.../ [t]he CCDC vigorously intervened to
prevent distribution of such a tool. The statement in the
CCDC’s letter that “express permission was immediately
granted” is simply false. A dozen librarians and other staff
from the University of California (UC) had to intervene
under the threat of losing a system-wide license to the
CSD.” [Baldi, 2011]
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The COD project

But what if crystallographers work together to establish a public

domain database with all relevant crystallographic data? This would

not only overcome the current situation with ’fragmented’ databases,

it would also prevent for becoming dependent from monopolists.

What would be needed?

1. A small team of engaged scientists with some experience in database

and software design to coordinate the project.

2. The authors (i.e. the scientific community = YOU) who provides the

project with database entries (note, that if you have’nt sold your

experimental results exclusively, you are free to distribute the data

to such a database, even if they have already been part of a

publication - and a lot of good data have never been published).

3. Free software a) for maintaining the database, b) for data

evaluation and calculation of derived data (e.g. calculated powder

pattern from crystal structures for search-match purposes), c) for

browsing and retrieval.

gemstonede (Dr. Michael BERNDT) Fri Feb 14, 2003 1:26 pm
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The Crystallography Open Database

http://www.crystallography.net/cod
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COD is on-line for 16 years, increased 8-fold over the last 10
years; currently contains over 410 000 records (2019):
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A COD crystal structure page
example

Sphalerite

http://www.crystallography.net/cod/1525302.html
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.COD data validation

COD data validation policies:

1. Syntactic checks:
$ cifparse 7234818.cif

2. Semantic validation (against dictionaries)
$ cif_validate -D cif_core.dic 7234818.cif

3. Database-specific checks
$ cif_cod_check 7234818.cif
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COD validavimo ir
deponavimo svetainė
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.COD Search Form

Data can be queried on-line using basic crystallographic
parameters or metadata
(http://www.crystallography.net/cod/search.html)
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.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, c, vol, formula

from data where

year between 2013 and

2014 and

formula regexp " C[0-9]* "

order by vol desc limit 10’
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.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

19 / 54
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Open Crystallographic
Databases

COD, TCOD, PCOD, MPOD, ...

http://www.crystallography.net/cod
> 410 000 entries (ready to

grow > 106?)

http://www.crystallography.net/tcod
> 2000 entries (ready to grow to

> 350 000?)

http://mpod.cimav.edu.mx/
> 300 entries

http://www.crystallography.net/pcod
> 106 entries (ready to grow to > 108?)
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.Turinys

1. Motyvacija – kodėl duomenų bazės?

2. COD kūrimo istorija

3. COD turinys

4. COD pritaikymai

5. COD nauda mums :)

6. Pamąstymai apie atvirus duomenis

7. Tolimesni planai
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.Kristalografinio failo turinys

http://www.crystallography.net/cod/2231955.html
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.Kristalografinio failo turinys

http://www.crystallography.net/cod/2231955.html
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.COD molekulių atstatymas

http://www.crystallography.net/cod/2231955.html

Įprasti algoritmai:

_

O

S O

O

S

O

O
_

O

CH3

+
N

H3C

CH3

OH2

Naujas algoritmas:

_

O

S O

O

S

O

O
_

O

CH3

+
N

CH3H3C

CH3

+
N

CH3H3C

OH2

OH2

23 / 54

http://www.crystallography.net/cod/2231955.html


Th
is

p
ro

je
c

t
h

a
s

re
c

e
iv

e
d

fu
n

d
in

g
fr

o
m

th
e

E
u

ro
p

e
a

n
U

n
io

n
’s

H
o

ri
zo

n
2

0
2

0
re

se
a

rc
h

a
n

d
in

n
o

v
a

ti
o

n
p

ro
g

ra
m

u
n

d
e

r
g

ra
n

t
a

g
re

e
m

e
n

t
N

o
6

8
9

8
6

8
.COD molekulių atstatymas

http://www.crystallography.net/cod/2231955.html

Įprasti algoritmai:

_

O

S O

O
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O
_

O

CH3

+
N

H3C

CH3

OH2

Naujas algoritmas:

_

O

S O
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O
_
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CH3

+
N

CH3H3C

CH3

+
N

CH3H3C

OH2

OH2

[Gražulis et al., 2015] 10.1107/S1600576714025904

A. Vaitkus, cif2molecule + OpenChemLib
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Recognition of complex
features

Bond angles of a polyene chain from COD
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Macromolecular structure
refinement needs

PDB ID 1KNV

Natom Nparam Nobs
Nobs

Nparam

5070 20280 42686 2.1

COD ID 20029151

38 342 10189 30

◮ When refining macromolecular structures, we have
unfavourable parameter to observation ratio (we
would like to have >5. . . )

1Dahaoui et al., Acta Cryst. B (1999)
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 0
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-10 -5  0  5  10

displacement
length units

∆ l

Energy
arbitrary units Energy

arbitrary units

Angle,
 0

 0.1

 0.2

 0.3

 0.4

 0.5

 0.6

 0.7

 0.8

 0.9

 1

-3 -2 -1  0  1  2  3

radians

E = 1
2 k∆l2 p(∆l) ∼ e

−
E

kBT = e
−

∆l2

2σ2 E = k(1 + cos(n∆ϕ)), if n > 0

◮ Use prior knowledge about bond lengths, angles,
dihedrals, VdW radii, obtained from high-resolution
organic molecule crystal structures.
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.Naujos apribojimų bibliotekos

[Long et al., 2017a, Long et al., 2017b]
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COD data applications:
polymer search

◮ polymers-in-COD: ≈ 400 000 COD records processed

◮ polymers of different dimensionality (1D, 2D, 3D, 1D-2D
and so on) detected, ≈ 93 000 polymer records in total.

http://crystallography.net/cod/7224530.html results of A. Belova
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COD data applications:
chemical comprehension

◮ molecules-in-COD: ≈ 380 000 COD records processed

◮ chemical structure derived automatically for ≈ 200 000
COD records.

http://crystallography.net/cod/2227695.html results of A. Vaitkus 29 / 54
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Netvarka aplink specialiąją
poziciją

https://www.crystallography.net/cod/1544968.html
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Netvarka aplink specialiąją
poziciją

https://www.crystallography.net/cod/1544968.html
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Netvarka aplink specialiąją
poziciją
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Netvarka aplink specialiąją
poziciją polimeruose

video

video
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COD ir PCOD duomenų bazių
panaudojimas

Kristalinės medžiagos identifikavimas

Medžiagos
identifikavimas
pagal Rentgeno
spindulių
sklaidymo
intensyvumus.

Paveiksliuką
parengė
Armelis Le Bail
([Le Bail, 2008])
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.MOF identifikavimas COD

Užsienio mokslininkai naudoja COD savo tyrimuose

First & Floudas (2013) „MOFomics: Computational pore
characterization of metal–organic frameworks“:
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.COD mokymo tikslams

Šešiavalentė anglis (!?)

Duomenų bazėje stebime anglies („C“) atomus,
nutolusius per kovalentinės jungties atstumą nuo 6

kaimynų.(?)
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.COD mokymo tikslams

Šešiavalentė anglis (!?)

Duomenų bazėje stebime anglies („C“) atomus,
nutolusius per kovalentinės jungties atstumą nuo 6

kaimynų.(!)

COD 7015488 COD 7015654
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.Turinys

1. Motyvacija – kodėl duomenų bazės?

2. COD kūrimo istorija

3. COD turinys

4. COD pritaikymai

5. COD nauda mums :)

6. Pamąstymai apie atvirus duomenis

7. Tolimesni planai
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.COD citavimai

Dvi pradinės COD publikacijos surinko virš 1000
citavimų!
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.COD grantai

◮ MIP-124/2010 „Atviros prieigos mažų molekulių
kristalografinė duomenų bazė COD“

◮ MIP-025/2013 „Statistinė struktūrų analizė atviroje
kristalografinėje duomenų bazėje COD ir jos
plėtimas“

◮ H2020 SOLSA „Akustinis gręžimas sujungtas su
automatine mineralų analize: ištisiniame procese,
gręžimo vietoje, realiu laiku“
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.The SOLSA project

http://solsa-mining.eu/

◮ Crystal structures (COD)

◮ Raman spectra (ROD)

◮ Hyperspectral spectra (HOD)
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The SOLSA project, COD and
ROD

⇔

COD will be used in SOLSA for:

◮ mineral identification;

◮ subsequent data dissemination.

SOLSA data flow diagram courtesy Monique Le Guen, ERAMET.
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Raman spectroscopy data
ROD

The Raman Open Database

http://solsa.crystallography.net/rod

Data records contributed to the ROD by Yassine El Mendili
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.HOD record example

examples/hod/1000000-head.cif:

data_1000000

loop_

_[local]_description

’ENVI File’

’Created [Wed Jun 08 12:34:07 2016]’

_[local]_wavelength_units Nanometers

loop_

_hyper_bands.default

220

227

253

_hyper_bands.lines 937

_hyper_bands.number 288

_hyper_bands.samples 384

_hyper_file.byte_order 0

_hyper_file.data_type 4

_hyper_file.type ENVI_Standard

_hyper_header.offset 0

_hyper_header_file.contents

;ENVI

description = {

ENVI File, Created [Wed Jun 08 12:34:07 2016]}

samples = 384

lines = 937
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.Common REST API

◮ Agreed upon in the 2016 Leiden CECAM workshop;

◮ Suitable for all structural and QM databases.

https://github.com/Materials-Consortia/API
42 / 54
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.Turinys

1. Motyvacija – kodėl duomenų bazės?

2. COD kūrimo istorija

3. COD turinys

4. COD pritaikymai

5. COD nauda mums :)

6. Pamąstymai apie atvirus duomenis

7. Tolimesni planai
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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
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Data exchange in
crystallography

[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;

45 / 54

http://dx.doi.org/10.1107/S010876739101067X


Th
is

p
ro

je
c

t
h

a
s

re
c

e
iv

e
d

fu
n

d
in

g
fr

o
m

th
e

E
u

ro
p

e
a

n
U

n
io

n
’s

H
o

ri
zo

n
2

0
2

0
re

se
a

rc
h

a
n

d
in

n
o

v
a

ti
o

n
p

ro
g

ra
m

u
n

d
e

r
g

ra
n

t
a

g
re

e
m

e
n

t
N

o
6

8
9

8
6

8
.CIF for scientific data

examples/data/2100858-head.cif:
data_2100858

loop_

_publ_author_name

’Buttner, R. H.’

’Maslen, E. N.’

_publ_section_title

;

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

_journal_volume 48

_journal_year 1992

_chemical_compound_source ’synthetic, from a mixture of KF:KMoO4:BaTiO3’

_chemical_formula_sum ’Ba O3 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 m m’

_cell_angle_alpha 90.0

_cell_angle_beta 90.0

_cell_angle_gamma 90.0

_cell_formula_units_Z 1

_cell_length_a 3.9998(8)

_cell_length_b 3.9998(8)

_cell_length_c 4.0180(8)
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.Turinys

1. Motyvacija – kodėl duomenų bazės?

2. COD kūrimo istorija

3. COD turinys

4. COD pritaikymai

5. COD nauda mums :)

6. Pamąstymai apie atvirus duomenis

7. Tolimesni planai
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.COD perspektyvos

◮ COD sąsajos su kitomis DB (PDB, PubChem,
WikiData, ...)

◮ COD „kristalografo darbo vieta“ – bendruomeninis
tinklalapis kristalų struktūroms laikyti ir analizuoti.

◮ Daugiacentris COD serveris (angl. multi-master
replication)

◮ Visaapimanti struktūrų duomenų bazė

◮ DI (Loginio programavimo, DNN) taikymai žinioms iš
COD išgauti
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.Thank you!

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

A path to freedom: GNU → Linux → Ubuntu → MySQL → R → LATEX→ TikZ → Beamer

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


Th
is

p
ro

je
c

t
h

a
s

re
c

e
iv

e
d

fu
n

d
in

g
fr

o
m

th
e

E
u

ro
p

e
a

n
U

n
io

n
’s

H
o

ri
zo

n
2

0
2

0
re

se
a

rc
h

a
n

d
in

n
o

v
a

ti
o

n
p

ro
g

ra
m

u
n

d
e

r
g

ra
n

t
a

g
re

e
m

e
n

t
N

o
6

8
9

8
6

8
.

References I

Baldi, P. (2011).
Data-driven high-throughput prediction of the 3-D
structure of small molecules: review and progress. A
response to the letter by the Cambridge
Crystallographic Data Centre.
Journal of chemical information and modeling,
51:3029.

Gražulis, S., Merkys, A., Vaitkus, A., and
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A path to freedom: GNU → Linux → Ubuntu → MySQL → R → LATEX→ TikZ → Beamer
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.API query examples

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

{

"resource": {

"base_url": "http://www.crystallography.net/cod/optimade/v1.0.0-alpha.1/"

},

"query": {

"api_version": "v1.0.0-alpha.1",

"data_returned": 1,

"representation": "/structures?filter=elements=\"Si,O\"ANDnelements=2&limit=1",

"last_id": "1010921",

"time_stamp": "2017-04-06T05:46:50Z",

"implementation": {

"maintainer": {

"email": "cod-bugs@ibt.lt"

},

"title": "Crystallography Open Database",

"version": "v1.0.0-alpha.11",

"source_url": "svn://crystallography.net/cod/trunk/cod/cgi-bin/optimade.pl@194653"

},

"data_available": 344

},

"data": [

{

"last_modified": "2017-02-28T05:33:56Z",

"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 → LATEX→ TikZ → Beamer

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

