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Data effect on Software development

o data reuse for software improvement
o data reuse for software testing
o data reuse for Al methods

Data and Software maintenance

o data and software are in symbiosis
o data and software do age
o data and software have a cost to maintain

Data and Software legacy

o data and software must be made available in publicly funded research
o data and software must be available for revisiting and revising results
« unlike software, data make scientific evidence
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In CCP4, data-driven development is based mostly on
using processed (merged and unmerged) data and

New data '«
! ' structure models from the PDB
@ Assessment _ i :
Fail S e simplified development loop is often used
bank bank . . T
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<—(Analysis —> - model building
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fail
‘ - validation
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l T l e Mmost of raw data reuse for development
O developer

“™ ) (programming) occurs in data processing project (DIALS)
@ Development
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Some outliers could be . NS
06 linked to problems in Raw data processing is first suspect for

ray data problems in structure solution, model
building and refinement

0.5

e cannot be verified without access to
raw data - benchmarking/training can
go wrong

04

e access to raw data is essential for
diagnosing data problems and
development of corresponding tools

0.3

R-free without Sheetbend

0.2
- e.g., crystal pathologies; note that it is

0.2 03 04 0.5 0.6 the Fail bank that is needed here

R-free with Sheetbend

e the access must be programmatic, via
API rather manual file fetching

The effect of shift field refinement on the performance of Modelcraft
model building software. Some failures in red area could be due to

data processing effects, not verifiable without access to raw data. o accesstoraw datais |mporta nt for

Picture provided by Paul Bond and Kevin Cowtan, University of York. crystallography education
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Suppose raw data was archived from when CCP4 was founded (1979). Could it be
used today? Not unless special care was taken.

e evolution of detectors (effect on processing parameters)

= photographic film (known from 1885)
= charge-coupled devices (CCDs, known from 1970s)
= pixel area detectors (known from 1980s, XRD use from 1990s)

e evolution of image formats (effect on software)
CBF, MAR, TIFF, MAR345, CBF, SMV, RAXIS, CCP4, STOE, HARVARD, BRUKER, EDF ...

Software should be kept backward-compatible; usually ages much faster than data

o topicis at heart of CCP4 project; Vendor/Distributor

software maintenance proves to be 1988  active VT e
a challenge ,
1997 active HKL Research Inc.
e programs do get retired for various DIALS 2018 active Diamond/CCP4

reasons 1999 sunset CCP4
1999 sunset Rigaku
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Content:

e Introduction

o Table of beamline-specific settings
o ALBA
o ALS
o APS
o Australian Synchrotron
o BESSY
o CLSI
o Diamond
o Elettra
o ESRF
o LNLS
o NSLS-II
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» Jocal software documentation at SLAC
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Having just image files is better than nothing but
not enough!

o instrument effects

= damaged pixels and beamline settings vary from place
to place, and may change in time.

- essential for data re-use
= pixel maps are included in some formats but not in all

= Global Phasing Ltd. makes excellent job maintaining
this information
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For efficient, long-term data re-use, consider:

e deposition (proxy) data format
= must be extendable; mind the future!

e anhnotation framework

= extendable for future
= as automatic as possible (curators may be needed)

e dedicated software support

= data processing software
= format adapters

= annotation software

= tests and integrity checks

e central gateway

= repositories may (and probably should) be distributed
= access API

It is a Big and Costly Project
buy cheap, buy twice
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Structural Biology Is a data-driven discipline: no data — no research

Public
repository

PDB Code: 1XYZ

Research

structures

_eVigerce
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Current state of affairs: technigue with limited reproducibility

Public
Experiment Structure Solution repository

CCP4, Phenix,

Global Phasing ...

evidence Interpretation structures
®
° met.hc.)ds PDB Code: 1XYZ
As a rule, no or limited decisions

® assumptions

® doubts resolution
® validation

® alternatives

public access to raw data

Reproducibility Is
limited As a rule, no public access to all details
(publications and local computers)

Reproducibility is limited Research
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A better picture: raw data repository cross-linked with the PDB

Public Public
Experiment repository Structure Solution repository
(/\\S“‘w J =/ CCP4, Phenix,
N \‘fj‘ % N 4 Global Phasing ...
evidence raw data Interpretation structures
o
Image DOI ° met_hqu PDB Code: 1XYZ l
decisions
® assumptions
® doubts resolution
® validation
® alternatives

As a rule, no
public access to
all detalls

Research
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Yet better picture

Public Public
Experiment repository Structure Solution repository

CCP4, Phenix,

Global Phasing ...

evidence raw data Interpretation structures

Image DOI l PDB Code: 1XYZ l
. Archive ID:
Public Project-1XYZ
repOS|t0ry \. B crsssszzzsmsss ) 2

=
| ]

project archive

Research
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Possible picture Iin future
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If Raw Data were available as routinely as PDB models, CCP4 could:

o do better testing of some components
o further enforce data-driven development practices
o deliver software of higher quality

o help improving data provenance in structural biology

For Raw Data to be available as routinely as PDB models, CCP4 would need to:

o Mmaintain backward compatibility of data processing software

¢ Mmaintain raw data format converters

o keep in sync with relevant metadata frameworks

o Mmaintain data links with data producing facilities and data repositories

» Mmaintain raw data access facilities in CCP4 front-ends for users
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