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The "data library"

You've found the book: now what?




What is a dataset?

> All the data required to support a (published) result?

> All the data collected during an experimental run?

> All the data necessary to assess a theoretical calculation?
> ...

A dataset is the complete data required for a particular purpose




How do we describe datasets to software?

» Do not necessarily coincide with the contents of a DOI

> A data collection split over several DOIs
> Several datasets in a DOI data dump

» File formats vary and can be mixed together




A motivating example: CheckCIF for raw data

Check raw data files for

; » consistent metadata
Chel(‘<-/ E » sufficient metadata

> agreement with results

But...
Raw data diffraction files come in over 200 different styles (V. Minor)




Solution

A collection of data files = a collection of tables

(see Hester, ].R. "A robust, format-agnostic scientific data transfer framework", (2016) Data Science Journal 15 12:1-17)

A dataset specification = a set of column headings




First: map file contents to tabular form

{

HEADER_BYTES= 512;
DIM=2;
BYTE_ORDER=little_endian;
TYPE=unsigned_short;
SIZE1=2048;

SIZE2=2048;
PIXEL_SIZE=0.1024;
BIN=2x2;

ADC=fast;
DETECTOR_SN=457;
TIME=2.000000;
DISTANCE=68.042500;
PHI=4.000000;
OSC_START=4.000000;
OSC_RANGE=2.000000;
WAVELENGTH=0.710894;
BEAM_CENTER_X=105.134680;
BEAM_CENTER_Y=104.653206;
ACC_TIME=3156;

i~ ADSC (SMV) format

» One file per oscillation step
> Header + data




ADSC files as a collection of tables

Frame_id Time Detector SN Wavelength

kt_001 2.0 457 0.710894
kt_002 2.0 457 0.710894
kt_003 2.0 457 0.710894

Frame_id Axis Displacement Angle

kt 001  phi . 0.0
kt 001  dist 68.042 :
kt 002  phi . 2.0
kt 002 dist 68.042 :
kt 003  phi 4.0

kt_003 dist  68.042




Grouping data files

Frame id Time

Detector_ SN Wavelength  Scan_id

kt_001 2.0 457 0.710894 1
kt_002 2.0 457 0.710894 1
kt_003 2.0 457 0.710894 1
Frame_id Axis Displacement Angle
kt_001 phi . 0.0
kt_001 dist  68.042
kt_002 phi . 2.0
kt_002 dist  68.042
kt_003 phi . 4.0
kt_003 dist  68.042




imgCIF: A "master" image ontology

Ontologies

A collection of definitions for data
names




imgCIF describes a collection of tables

» imgCIF data names = column
headings

» are they compatible with our
non-imgCIF data files?




Category theory

"Objects" connected by "morphisms"
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A collection of tables (a relational database) = a category over sets
and functions




ADSC file collection as a category




Grouping into scans

angle_increment vals

_structureid_vals
angle_incremen)

displacement vals.
_frameid_vals

diffn_scan_frame_axis

axisid_vals

angle_vals

encoding_type_vals

_elementid_vals

Scan Id val byte_order_vals

frame_number_vals

wavelength_vals

_detectorid_vals.
data_vals

integration_time_vals




imgCIF diagrammed
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Mappings between ontologies (Functors)

Objects go to objects, paths go to paths

Given a functor, automatic data migration between categories
possible:
» Left and right pushforward functors
»> Equivalent to database joins and unions
» Machine-actionable

» Fills in the gaps

Spivak, D. I. "Functorial Data Migration” Information and Computation 217 (2012) 31-51
Useful also unpublished earlier version http://math.mit.edu/~dspivak/informatics/FunctorialDataMigration.pdf



http://math.mit.edu/~dspivak/informatics/FunctorialDataMigration.pdf

Functor from ADSC category to imgCIF category




In detail

type_vals
collimation_vals

polarisn_norm_vals

xray_symbol_vals .
inhomogeneity_vals

frame_number_vals

scan_id

olarisn_ratio_vals,
R \ratio.) frame_id

monochromator_vals diffrn.id

diffrn_scan_frame

filter_edge_vals

_wavelengthid_vals time_rstrt_incr_vals

integration_time_vals

date_vals

time_period_vals

diffrn_radiation_wavelength

wt_vals |
/_\ wavelength_vals I

wavelength_vals




Summary

» Tabular (categorical) representation is basis for interoperability
standards

» Machine-actionable descriptions of arbitrary formats
» Links to community ontologies

» Need to specify only equivalences between tables and columns




A "virtual depository"

1. Provide one or more DOIs
2. System determines and lists file types found at those DOIs
3. Assign format specifiers to each file type

Later....
1. Request a dataname

2. System returns values for this dataname

3. More sophisticated: return dataname corresponding to a given
key




Outlook

» Proof of concept almost there
» Scaling up requires fast software
» Julia allows leveraging of existing C, Fortran libraries




