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C O R E  D E V E L O P M E N T  T E A M S

• DIALS East: PI Gwyndaf Evans; David Waterman, 
Richard Gildea, James Parkhurst, Markus Gerstel, Luis 
Fuentes Montero, Graeme Winter - synchrotron 
rotation data + 2 shortly 

• DIALS West: PI Nick Sauter; Aaron Brewster, Iris Young 
- X-FEL serial crystallography



A C K N O W L E D G E M E N T S



W H AT  I S  D I A L S ?

• Indexing, refinement and integration programs 

• Scope similar to MOSFLM i.e. does not include scaling - 
use POINTLESS/AIMLESS for scaling (work in progress) 

• Integration algorithm similar to XDS 

• Does not currently include a GUI (in development) 
though does include a range of visual analysis tools 

• Also DIALS is a toolkit, so you can do lots more



P H I L O S O P H Y

• Global analysis and model - take data from every 
image in your data set 

• No assumptions made about experimental geometry - 
completely general / vectorial description 

• Treat data as 3D volume not 2D “frames” 

• Toolkit - for data processing but you can do fun 
experiments with a little code
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S E L E C T  L A T T I C E

• import - read headers, construct model of 
experiment 

• find_spots - find spots on every image; 3D 
if rotation data 

• index - index the reflection list (may be > 1 
sweep) in P1 & perform static refinement 

• refine_bravais_settings - consider / refine 
indexed spots in all possible lattices 

• reindex - reindex the indexed spot list 

• refine - actually refine the model, usually 
with scan varying model 

• integrate - actually integrate the data 

• export_mtz - export an MTZ file for scaling 
with pointless & aimless (CCP4)

W O R K F L O W



D I A L S



A L G O R I T H M S



S P O T  F I N D I N G
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S P O T  F I N D I N G



S P O T  F I N D I N G



I N D E X I N G



I N D E X I N G



I N D E X I N G



S O L U T I O N  P I C K I N G



S O L U T I O N  P I C K I N G



R E F I N E M E N T



R E F I N E M E N T



I N T E G R AT I O N



R E F L E C T I O N  P R O F I L E S

Full scan i.e. all images

1 3 5 7 9 11 13

2 4 6 8 10 12

Profile for reflection at position x derived from 
average of strong reflections in block with centre 
nearest x



I N T E G R AT I O N



R A S T E R  /  G R I D  S C A N



T Y P I C A L  R A S T E R  S C A N  -  6 6 0  
I M A G E S



T I M I N G  ( S P O T  F I N D I N G )

Example set from Martin Savko @ Soleil: 750 frames, 
Eiger 9M, raster scan - data in ramdisk 

• 50s from CBF on 20-core machine - 1.3 frm / core / s 

• 60s from HDF5 on 20-core machine - 1.6 frm / core / s



R A S T E R  
M E T R I C S

• #spots 

• resolution 

• shape 

• I/sig(I) 

• #lattices 

• …



V M X I   
A N A LY S I S

• #spots 

• #lattices 

• unit cell 

• resolution 

• …



B E N E F I T S  A N D  C H A L L E N G E S

• Much greater computational cost - spot finding ~ 1s, 
indexing ~ 10s, … :-(  

• Problem is embarrassingly parallel - never need to 
bring the data together :-) 

• May converge on synchrotron serial crystallography :-| 

• To provide useful feedback to user may require more 
advanced analytics :-(



R O TAT I O N  D ATA  
P R O C E S S I N G



H I G H  M U LT I P L I C I T Y  
L O W  D O S E  

• Rational mode of data 
collection 

• Take “standard” collection 

• Record 10 x as many frames 
at 0.1 x dose / frame 

• Post mortem decide where 
to stop experiment



B E N E F I T S  A N D  C H A L L E N G E S

• Always confident of getting complete data set :-) 

• Making excellent use of low noise / photon counting 
detector :-) 

• Avoid principle problem of MX collection :-) 

• Have massive #frames :-( 

• Sparse data compress well :-) 

• Can apply parallelism i.e. integrate every run separately :-)



B I G G E S T  C H A L L E N G E S

• Scaling :-( 

• Deciding post-mortem where was best 

• As soon as you have to look at every measurement time 
goes through the roof (aimless ~ 4 hours) :-( 

• Find more parallel friendly algorithm - XSCALE much 
quicker :-) 

• Also have to be sure you are integrating carefully - very 
small numbers of photons / spot likely :-(



A U T O M AT I O N



X I A 2

• Embed indexing, integration, 
scaling 

• Embed expertise on e.g. cluster 
usage 

• Allows direct comparison with 
XDS (also inside xia2) 

• Hides complexity of DIALS 
usage 

• Scales well in high throughput 
environment



S TAT U S

• DIALS now used routinely at Diamond Light Source for 
automated data processing via xia2 - will be in CCP4 7.0 

• xia2 is the “friendly” DIALS user interface for synchrotron 
data, and is bundled with DIALS 

• Tools developed using DIALS framework for image 
inspection, strategy evaluation on I19, detector metrology, 
…



F U T U R E

• Implement scaling - new methods and new 
software 

• Address errors - critical for high multiplicity 
data 

• Port to many-core architecture e.g. xeon phi 
- address more complex serial 
crystallography challenges



A C K N O W L E D G E M E N T S

• Development teams & users, CCTBX, Diamond staff, 
… 

• Funding - EU, NIH, Wellcome, Diamond, CCP4, … 

• 21st century coding environment 

• Users providing feedback and example data


