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Harwell Science and Innovation Campus

LHC Tier 1
ISIS (Spallation Cen_t_ral Laser computing
Neutron Source) | Facility —— :

g -

Research Complex
(for users of Diamond,
ISIS and CLF)




Diamond Light Source
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Science SR Examples

Casting aluminium

— .

Pharmaceutical
manufacture &

Y

A4

4 A

Non-destructive
iImaging of fossils

Structure of the
Histamine H1 receptor
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Beamlines or Instruments

Beamline

2001

2008

2009

2010

2011

2012

2013

2014

2015

2006

2017

2018

1

| |

Phase 1
102 Macromolecular Crystallography
103 Macromolecular Crystallography
104 Macromolecular Crystallography
|06 Nanoscience
115 Extreme Conditions
116 Materials and Magnetism
118 Microfocus Spectroscopy
Phase Il
122 Non-Crystalline Diffraction
B16 Test Beamline
[11 High Resolution Power Diffraction
124 Microfocus MX
119 Small Molecule Diffraction
B23 Circular Dichroism
112 JEEP (Engineering, Environment & Processing)
104-1 Monochromatic MX
120 X-ray Spectroscopy (LOLA)
107 Surface and Interface Diffraction (XENA)
B22 Infrared Microscopy
10 BLADE: X-ray Dichroism & Scattering
B18 Core EXAFS
113 X-ray Coherence and Imaging
I09 SISA: Surfaces and Interfaces
Phase lll
B21 High Throughput SAXS
123 Long Wavelength MX
105 ARPES
B24 - Cryo Transmission Microscope
108 Soft X-ray Microscope (STXM)
114 Hard X-ray Nanoscale Probe for Complex Systems (HXNP)
121 Inelastic X-ray Scattering (IXS)
BO7 Versatile Soft X-ray (VERSOX)
115-1 X-ray Pair Scattering Distribution Function
VMXi Versatile MX in situ
VMXm Versatile MX microfocus
DIAD Dual Imaging and Diffraction

2002 [2003 2004 [2005 |2006 §2007

) el

eri

10
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Beamlines by Village

Cryo-TXM
Microfocus MX 124 102 MX: Macromolecular Crystallography

MX
Circular Dichroism B23 03 104-1 Monochromatic MX
Long Wavelength MX /. 104 MX
ARPES

Infrared Microspectroscopy B22

Nanoscience
Non-Crystalline Diffraction 122

High throughput SAXS Surface & Interface Diffraction
Inelastic X-ray Scattering VERSOX: Versatile Soft X-ray Beamline

ft X-ray Mi
LOLA: X-ray Spectroscopy Soft Xray Microscopy

SISA: Surface & Interface Structural Analysis

Small Molecule Single Crystal Diffraction 119
Core EXAFS .\
BLADE: X-ray Dichroism & Scattering

Microfocus Spectroscopy
Test beamline B16 o High Resolution Powder Diffraction
Materials & Magnetism 116
X-ray Pair Distribution
Extreme Conditions JEEP: Joint Engineering, Environmental and Processing

A Hard X-ray Nanoprobe for Complex Systems

113 X-ray Imaging (LI) and Coherence (LC)

— @ Macromolecular CrystallogrepMuaterials

« @ Soft Condensed Matter O Engineering and

" Spectroscopy ® Environment Surfaces
and Interfaces
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A National User Facility for
Biological Electron Cryo-microscopy (eBIC)

Wellcome Trust Strategic Award/MRC/BBSRC, applicants:
Helen. Saibil, Kay Grinewald, David Stuart, Gerhard Materlik

Funded initially by the Wellcome Trust, MRC and BBSRC
at level of £15.6 M over 5 years, augmented to ~“£25 M
by additional investment by the Trust in 2016

The facil |ty currently includes:

- 4 high-end 300kV automated cryo EMs (Titan Krios FEl)
- 200 keV automated feeder instrument (Talos Arctica)
- Cryo focussed ion beam instrument (SCIOS)
- Sample prep incl. vitreous sectioning
- Correlative fluorescence/EM
- PoIara @OPIC Oxford for CAT 3 samples

@Blrkbeck

)D diamond
4




Electron Microscope

* Life Science EMs

— 2x Titan Krios Electron
Microscopes

— Gatan Quantum
Detector 600MB/s

« 2X Physical Science
EMs to come

o 2X further Life Science
EMs to come

diamond




Data Flows

« 24/6 Operation, ~5000 hours beamtime per
year

« ~30 Operational Beamlines
* ~6 Operational EM

— Single stream performance > 900MB/s

—.— Newest filesystem :
« Aggregate performance > 60GB/s R/W

\Exstlng file system(s)
40GB/s \

diamond



Typical User Setup




File

GDA - User Interface

Edit Source Refactoring Run Search Window Help

GDA AcquisitionGUI RCP Version 0.0.0 - logged in as fy65

B

§v - O~
v| [ Scripting
[T Scripting Terminal 22 = B [ Scan Plot 2 = O [ localStation.py 2 =0
Terminal [ 0 :
Also creating Tile (TxT): base-7.dat [4] ¥ Legend
a time 10 Tt Tf TEY PEY  FY Drain . - -
10000 2.0 0.00248 0.004900000000000001 0.00724 0.00852 0.01098 0.0137 Current File Name: fhome/[fy65 fworkspace/gda/base- | Hidean QOptions print “Performing beanline specific initialisation: code
2.0000 2.0 0.00395 0.00552 0.00784 0.00924 0.011779999999999999 0.01322 config/users/data/sc666-0//base-8.nxs ?
3.0000 2.0 0.0060999999999999505 0.0070 0.01028 0.01076 0.01274 0.01 From gdascripts. pd. dummy_pds. import DummyPD
40000 2.0 0.007719999999999999 0.00884 0.01128 0.0135 0.0162 0.01574 | 7000601 -
5.0000 2.0 0.01044 0.01148 0.013460000000000001 0.01528 0.0167 0.02033 et _/ from geascripts. pd. umy._pes- dmport ULt LRy texerar e
6.0000 2,0 0.0127 0.01516 0.01592 0.01684 0,01984 0.02148 0.02256 rom-gdascripls.pd.dummy_pds: mport: Zeroinputextrarie
7.0000 2,0 0.01584 0.01524 0.01672 0.02002 0.02182 0.02502 0.02768 1L UL
§.0000 2.0 0.01774 0.01936 0.0201 0.024059999999999993 0.02346 0.0257Z 1.4000E01 from- gdascripts.pd. time_pds import: showtimeClass
9.0000 2.0 0.017079999999999998 0.02188 0.0228  0.023960000000000002 0.03 13000601 7 from gdascripts.pd. time_pds import. showincrementaltimeC
10.000 2.0 0.01822 0.020239999999999098 0.02136 0.02478 0.02564 0.02834 | 2000801 from gdascripts. pd. time_pds import:waittimeClass
Scan conplete. I < ] Channel_3
»rrscan a 1 10 1 counterTimerd2 2 Pl s N . P N e
= - " atin Jmm 1 X, 3N
Writing data to Tile (Nexus): /home/fyB5/workspace/gda/base-config/users/data/s 5 e O [ Channel 4 Ezézmm P‘DE(“E):‘I)G el '?‘ S
Also creating file base-8. dat u 3.0000E00 = y! o
a Channel_0 Channel_l Channel_? Channel_3 Channel_d  Chamnel.5 Cha 2 g.0000E00 y=DummyPD("y") C rl p
1.0000 1,32 2.5 3.43 4,77 5.75 6.1 7.39 7.57 £ 7. ouo0eno Z=DummyPD("z")
2.0000 1.98 3.04 3.84 4.89 5.48 6.95 8.44 8.97 - 000000 .
3.0000 2.7 3.84 4.76 5.50 £.79 7.03 8.24 10.05 print "creating timer deszce™N 1 T YV
4.0000 3.41 4.61 5.20 6.16 7.22 8.35 9.77 10.6 5000000 O [ Channel_7 t = showtimeClass{"t") I Or
5.0000 5.13 5.57 7.21 8.65 9.0 9.56 11.54 11.96 40000800 = annel dt= showinc remen taltimeClass( dt")
6.0000 5.9 7.05 8.23 9,92 10,08 11.96 13.25 11.94 3 0000800 lee & [ rs/data/sc666-0/ fbase- o ittd o -
7.0000 6.83 8.55 9.12 9.61 10.48 11.68 12.89 15.54 L 2 000t B rs/dana/s666-0/ ase W= walttimeClass (")
8.0000 B.71 8.95 9.44 11.75 12.64 12.11 14.32 15.45
9.0000 0.61 9.4 10.87 12.35 12.38 15.1 15. ’4 15 & LLOIER [an ¥ [P I R
10.000  9.33 10.97 12.11 12.57 13.55 15.32 17. 1 . T F't ) E Lg EI — print "Creating multi-input/extra field device, pi, me
Scan complete, = S 25 558 2 S G EIE &4 E 8 8 & il ] D mi=MultiInputExtraFieldsDummyPD( mi*, [11°,°12°1,[])
»»>sTh=5canFiledolder() @ I I l I S 8 2 8 3 @ 2 & 2 & © @m © o = @o o i o Properties = me=MultiInputExtraFieldsDummyPD( me", [],['el", "e2"])
>>>5Th. ToadPilatusata " /home,/ FyES morkspace/gda/p1udins,/uk. ac. goa. core,/test/q L L e S A mie=MyltilnputExtraFieldsDummyPD( mie’, ['i1°],['e2", eJ
s»:Plotter. plotInage( Data Vector", sth[0]) | a
i I ] ?]I M: print "(Createing zero-Input/extra field device, zie" |
L, G/ [ Create new graph [ ] Clear old graph | — (el |v|| Disconnect | ‘m‘e:ZernInputExtraFleldsDummyPD( zie') |HL
= = b =0
[ Jython Controller &2 =gj—-
Colour Selector | Line Profile | Integrator | S-Imegrator |
| Pause scan || Pause script H Halt current scans/scripts Centring Radial Integration
- B g —— 125000
5 Outline | £ Baton Manager | @ Logback View 5 ® g0 O e £s¢ -
i & L e By O Lock Centroid =
=] £ rsom0
92737 DEBUG [Thread-22] g.a p PlotManager Entering the getinstance method . — pata
Centre x: 270
92744 DEBUG [Thread-22] g.a.p PlotManager leaving the getinstance method = oo o e o o s .
92745 DEBUG [Thread-22] g.a.p PlotManager Entering the plotimage(String panelName SRR 166 R B
92755 DEBUG [Thread-22] g.a.p.PlotManager plot package key : 1246543748890Data v Guide Azimuthal Integration
92805 DEBUG [Thread-22] g.a.p.PlotManager L avmg the plotimage method Number of rings: ZE o oS
4+ 1scooo
92835 DEBUG [Thread-22] g.a p PlotManager E ten ibute(String attributeName’ - A E soooee
Size difference of rings: 405 i — Dara
92835 DEBUG [Thread-22] g.a.p PlotManager Entermg cleardashmap()
oy P
92835 DEBUG [Thread-22] g.a p PlotManager r‘; EWaonng age) o Raas
None
92836 DEBUG [Thread-22] g.a.p PlotManager Leaving cléarHashmap(long age) Y up/ down
H up/down, Startrad: | 31321 End rad: [ 106 668 ippi
92836 DEBUG [Thread-22] g.a.p PlotManager Leaving clearHashmap() i art ra : nd T imEhepinufany
92836 DEBUG [Thread-22] g.a.p PlotManager Leaving getAttribute(String attributeName) [ | & circutar Start azi: ZSG-E End azi: [321.
(o] [ [+] | IPosition Zoom = 100%"
fy&5 Baton not held | No Scan runnin No Script runnin
y g p g




Data Rates

Detector Performance (MB/s)
10000

1000 /m{«%
212
100 —©
10 020
1 |
2007 2012

® . * 2007 No detector faster than ~10 MB/sec
J% || - 2009 Pilatus 6M system 60 MB/s

L L = . 2011 25Hz Pilatus 6M 150 MB/s
« 2013 100Hz Pilatus 6M 600 MB/sec

| * 2013 ~10 beamlines with 10 GbE
| detectors (mainly Pilatus and PCO Edge)

§ + 2016 Percival detector 6GB/sec
diamond






' 104 has worked through a full dewar &
of 592 samples in 10hrs

Exchange Time
Improvements
|03: 28sto17s
104: 44sto 16s
104-1 59s to 22s




Scientific Computing and
Infrastructure at Diamond

TECH SUPPORT

diamond



Mark Heron Diamond Light Source
Data Flow

Detector Controller

\ EPICS
Q Area Detector ( )
/ Processing
{

Detector Memory:
Detector enough to fit a full

scan

GDA Control

= )
(o ——
(}Fﬁter Storage Data Visualisation
/ ) diamond
|



Mark Heron Diamond Light Source
Network Bandwidth Balance

10 Gbit/s 1 Gbit/s 10 Gbit/s\/o Ghit/s

Beamline Switch Beamline Switch

40 Ghbit/s

10 Ghit/s

Central

Switch 400 Ghit/s

400 Ghit/s

80 Gbit/s GPFS
40 Ghit/s Lustre

IB 10x56Ghbit/s .
diamond
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Moving Data Off Site a Science DMZ

Border Router
Enterprise Border

Router/Firewall
S R

w7

iy, WAN

~% S
a5

Site / Campus
access to Science
DMZ resources

perfSONAR

Site / pus
Dedicated “a
path for virtual / Science DMZ
circuit traffic = | Switch/Router
10
' perfS@NAR
Per-service PefOoN
security policy :
control points , &
; Il High Latency WAN Path
High performance Site/Campus
Data Transfer Node Virtual Circuits

with high-speed storage - High Latency VC Path

o "
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Scientific Computing Infrastructure

« HPC/HTC Cluster (~3500 cores)
— X86, Nvidia GPU (K80, P100)

« High Performance Storage (~7.5PB)
— Lustre03, Lustre04, GPFS01, GPFS02

 Network infrastructure
— 10Gb/s, 40Gb/s to some beamlines

« User Gateways, Visualisation, Data Transfer
— NX Service, Globus endpoint

* Support

—Predominantly Linux infrastructure,

— BUT also Windows support to beamlines/EM/etc and VM platforms

— — Relies on working with Corporate IT and other groups in Controls and Scientific Software

N

diamond



Statistics: Data

Target Available Used Performance
XFS 50 TB 47 TB < 1GBI/s
Lustre03 470 TB 370 TB 6 GB/s
Lustre04 140 TB 70TB 2 GB/s
GPFS01 1 PB 700 TB 15 GB/s
GPFS02 4.7 PB 3.5PB 40 GBI/s
NEXT ?7?7? ~6-9PB - >60GB/s
— STFC Archive n/a 12 PB 12 TB — 50 TB per
day ingest

e
_ —

N

) diamond
|



Current File systems

« 2X Lustre systems sub 1PB. (not doing a great deal now but worthy of note)
— DDN based systems SFA10K and SFA12K

o« 2X GPEFS
— (1) 877TB usable (GPFS01)
— 4 nsd servers
— 2 protocol servers

— *Qver the last 6 months actual data
 *Read 2GB/s
«  *Write 6GB/s

— (2) 4.7PB usable (GPFS02)
— 7 NSD servers, 4 protocol nodes

= — Netapp E series and EF for metadata

— IB connected to storage
— 1B and 10G out the front
\*406 B/s benchmarked throughput. Now in excess of as we have added disks

,y:\\
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‘Big’ Data Lifecycle challenges

* How much do you mean by BIG»

* How ‘FAST’ do you need to analyse the
data?

e What data can be THROWN AWAY~

- (and at what stage-?)
* How LONG do you need to keep the data?

e And WHERE>» Where do you want to
==transfer the data to/from-

-hd WHERE do we best do Post-Processing?

diamond



Scientific Computing

New Computer Room
(CSCR3 - Inner courtyard)

Total data archived
10 T T T T T

total size in PB

0 i ; i i i | | | |
2007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017
year

12 PB of
Archived Data

‘ °
i l
o d



Software Developments / Future ?

HDF5 Virtual Dataset (VDS) to map multiple files into
a single, coherent dataset "view" (i.e. a VDS)

— No longer use MPI-10

SWMR -Single Write Multiple Read

« HDF5 extension

ZeroMQ increasingly used for data streaming

|  FPGA?
.. — Smarterdata collection / filtering at source
—\\ew detectors and data rates exceed disk bandwith

) diamond
W



Detector Developments

Percival

Main challenge: 6GB/s data rate, sustained forever(ish).

Secondary processing challenge: pixel-per-pixel bit descrambling and pixel-per-pixel calibration algorithms prior to writing an
"image" to disk.

Excalibur

Data-rate 750MB/s * 2 channels.

real problem: ptychography and tomo-ptychography - very large scans with TB size datasets.

Secondary processing challenge: block-by-block (i.e. each sensor chip) is angled and need to be rotated 90deg to turn into
an "image". Not terribly difficult because of the low(ish) data-rate.

Secondary processing challenge: on-the-fly compression. Data is sparse so we expect it to be relatively easy to get a good
compression ratio.

Eiger and Eiger2

Data-rate: variable, depending on compression ratio which depends on SNR. Typically the compressed stream fits in a
single 40gbps NIC.

Raw data rate: 4M pixel * 2bpp * 750Hz

Pre-compressed data can not be processed on the fly before hitting disk.

Main challenge: near 100% reliability and uptime! MX beamlines are data factories!

stems require a degreeof parallel DAQ/processing and so that is a key challenge that we face in the software
ment of all of these systems. We are implementing a single DAQ framework to allow re-use of software for all of

these systems.

diamond




New Eiger Detectors

« Eiger on VMXI, we currently see:

« Sustained (10 minutes+/indefinite) acquisitions at 500Hz, with
typical compressed data size of 2.2Mbs per frame. This gives about
~ 9 Gbits/second.

* Full speed acquisition burst (30 — 60 seconds) at 750Hz, with typical
compressed data size of 2.2Mbs per frame. This gives ~13
Ghits/second.

« This is using 4 writing nodes split across 2 servers.

» Files contain 1000 frames, so in big acquisitions, it's possible to get
=== Jeasonably large numbers of files being created in the same
\éh'e\c!tory. (We once did a 500000 frame acquisition which created
500Yiles, though this is not a typical use case).

diamond



Monitoring 10

nsd iostat

-l

——

‘,?wﬁ.r:mw v v " mﬁ—‘u o9 -t ~

3 GBps

10 GAps

15 GBps

Vo vis v 2 Vi i 0 AN s wig a2 v b b5 2 s LUl | s L2 Lo 2 % &, (%)
e 15401 WIE s MSCO2 WIItE e NSU03 WIRE o 304 Wrine s Write nad0s Write nsd07 Write NseCl Read = nso0Z Read a3 Read 004 Resa mc0S Read nso0€ Read ns07 Read Read Tota
nsd network
NSD network
2.0 Gaps
15Caps
) s
3
£
] 1)
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1\ ‘
| \ Ll ! ' .

08y

1.0 Gops
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Monitoring 10

nsd iostat

red lostat
20 Gaps

10 GAps
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File system Challenges

« Complexity of overall setup

— E.g. >30 + multi clusters in current GPFS setup
 Trust relationships
« Metanode issues ?
e Other unkown issues

* Need for parallel I/0O to cluster

— Good single stream / single node performance

« RDMA (typically over IB) need over ETH?
— Currently restricts Lustre performance for example

BNFS/CIFS etc presentation to clients
) diamond
|
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Thank you
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