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Main Parameters @ SHINE

Beam energy
Bunch charge

Max repetition rate

Electron beam power
Photon energy
Pulse length

Peak brightness

Average brightness

Total facility length

Total tunnel length
Tunnel diameter

2K Cryogenic power

RF Power
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B N N
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Main FEL Parameters @ SHINE

I Nominal |  Objective | Unit |
3-15 3-15 keV
>1010 >1011

0.4-3 0.4-3 keV
>1012 >1013

0.6 1 MHz
10-25 10-25 keV
>10° >1010
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Scientific Motivation
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SHINE Endstations

FEL-I1 Hard X-ray Endstations

B HSS: Hard X-ray Scattering and Spectroscopy Endstation
B CDS: Coherent Diffraction Endstation for Single Molecules and Particles
B SEL: Station of Extreme Light

» XFEL + 100 PW Laser System
FEL-11 Soft X-ray Endstations

B AMO: Atomic, Molecular, and Optical Science Endstation
W SES: Spectrometer for Electronic Structure
W SSS: Soft X-ray Scattering and Spectroscopy Endstation

FEL-111 Hard X-ray Endstations

B HXS: Hard X-ray Spectroscopy Endstation
B SFX: Serial Femtosecond Crystallography Endstation

B CDE: Coherent Diffraction Imaging Endstation
B HED: High Energy Density Science

SHINE



Main Parameters of SHINE Endstations
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Synchrotron Vs. X-Ray FEL

Synchrotron Radiation / FEL \ X-Ray Free Electron Laser

10" Photons

\ B@oste% 1—5' X'Ray FEL
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Well Establish Technology-Synchrotron Radiation
v Naval Laser Technology,

Common X Ray Single Pulse Control
v New Experiment
Methodology
v" New Data Processing
— : T From LCLS MEthOd
t=-2fs t=2fs t=5fs t=10fs t=20fs  t=50fs
SHINE High Brightness + Ultrafast

Nature 406, 752—757 (2000) Detection Before Destruction 14



Challenges of SHINE Beamline and Endstation (BE)

X-Ray Optics
withstand high repetition rate; exhibit high accuracy

== Sample Transport
: match high repetition rate; positioning

Big Data

extreme high data rate; big data management

SHINE




Big Data Challenge in Photon Science B —
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LCLS-Il Data Analysis Pipelines:
Single Particle Imaging Example

High Throughput Data Processing in LCLS-II

Experiment
Description

4 um liquid jet

e~

3pm X-ray beam

Gas dynamic
virtual nozzie

VWL |
e

/

*Individual particles are injected into
the focused LCLS pulses

*Scattering patterns are collected on
a pulse-by-pulse basis

*Particle concentration dictates “hit”
rate

SHINE

Multi-megapi
xel detector

IE 60 GB/s
E—

1TBls

8 kHz in 2024 (4
MP)

40 kHz in 2027
(16 MP)

Coherent
scattering
image

6 GB/s

—

100 GB/s

Intensity map Interpretation of
from multiple system structure /
pulses dynamics




Data Requirement of Coherent Diffraction Imaging (CDI) ————

4 weeks by 10TFLOPS

BEH—E, FE10, 0005kE B, WEREEFHRNSRNDHERIk<ATE, §MERFS2 byte, 85K

RRAE32MB, 1ZHR0.1%ahRITE, sCIRFEXE10, 000, 0005kiR A, HIRInsLisiEZ320TB,

#iESE: 320TB/3CI&, 10PB/£E

SHINE
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Data Challenge of SHINE

NERIRESMRRXGTELE BB F et E B R SRS IR
XEIZEHEFRAUCRE, MWEIESIERE. ERSAEEFERE TE

EAYEK
YNy B E @5kHz E&%E @100kHz
SRS 0.1-1GB/s 2-20GB/s 2GB/s-1.2TB/s
I {E#E=E 5GB/s 100GB/s 4.8TB/s
HiETE6E 3PB 100PB S5EB
RS HrEED 50Tflops/s 1-10Pflops/s 50-100Pflops/s |
|
EEER EERE
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Data Requirement of FEL-111 Endstations —

devices in DAQ

Main steps in online data analysis

1 Burst mode 1 Fast ADC 1 Detector Correction
2 CW mode 2 FPGA 2 Calibration
3 . 3  Event Building
Estimated data throughput for CDI in CDE Estimated data throughput for XPCS in CDE

F
req;enc dgeoclg)r Back detector Dzi((e)c?tt)r Back detector Average rate 1GB/s 20 GB/s
Peak rate 10 GB/s 200 GB/s

1.2Kx 12K 05Kx0.5K 4K x 4K 1Kx 1K
Data storage 8 TB/d 160 TB/d
1 KHz 3 GB/s 0.5 GB/s 32 GB/s 2 GB/s
Computing 1 Pflops 20 Pflops
10 KHz 30 GB/s 5 GB/s 320 GB/s 20 GB/s
Pixels 1lkx1k
100 KHz 300 GB/s 50 GB/s 3.2TB/s 0.2 TB/s
1 MHz 3 TB/s 0.5TB/s 32 TB/s 2 TB/s

SHINE
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Mission of SHINE Data System
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SHINE Data System Overview B —

SRR A TER RS iR TSR BT AIREETEE = RS
Detector Online Offline Data
Calibration Reconstruction Analysis Sharing

IB network
|

Tape
storage

Offline data

Fast feedback center

SHINE Detector DAQ



Overview of Data Center @ SHINE
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Data Center Layout

HIRDAQHE PISHEFREFOIE hSHEGEFOHE

EEA#AEREAE . #bhi - BE
v MER P OB T RE2

NAMIETILHE PN

SLIREIRRIEET. TR0, SLInERIRERFNE. Baoth. HEF

[REE 15

R RIFTK!

<.

SHINE MBERER. ZE. BOI3%E 7T




Data Sources@ SHINE BE

E

Calibration DB

Fast Feedback
Online Analysis

. Control DB Offline Storage , ,
Offline Analysis

SHINE RISEIE. ISR, SESIEMNRESIER. TSR

€10 198




Control System@ SHINE BE

II Control Center
HTTP Client EPICS Client EPICS Client C55,EMD sralifre HTTP Client EPICS Client
Weh Command Graphic CAC PYAC C#+, Python Wehb Command
Shell/Pythoon CS5-Boy Shell/Pythoon Gateway
| Ethernet
|
| | | Gateway
10C '
10C 10C ML Data Server Data Server Data Server Data Center

I I I I
4

3
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Optical
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Motor Controller ¥ ¥
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Life Cycle Data Management @ SHINE

Proposal

Approval

Schedule

DAQ

Data Reduction

é : B et Online Analysis
I
|

AFC

Offline Analysis

Publication

Data Standards
and Data Policy
Data Format
Conversion

Data Storage
Metadata
Management
Data Management

Data Presentation
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SHINE Software Architecture

Scientific Data Analysis

Online Analysis

Offline Analysis

Intelligent Analysis

" N“‘(‘;"'T' — e .7.
Scientific
Data

Instruments
Generated

taA
Metadata

Scientific Big Data Sources

CAOUIS

Related System
Provided

Distributed

User

figjce Sibmitted

Documents

Detectors

Control System

Design Experiment

Protocol

Cameras

Protection System

Simulation

Sample

Sensors

Laser System

References Preparation

SHINE yernissgrmensmzgmmyE

Scientific Service Portal
Unified Portal System
Unified Subjects Knowledge .
Authentication Special Management User .Experlment N Dgta - SEELT I
Service System Visualization Management
System System System

Software
Co-development

Platform

Other Sources
CXI DB etc.

Logs

Application
Log Files

Data Acquisition & Data Transport &
Analysis Storage

Software R&D

Data Service Portal
Platform
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Software R&D Plan
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R&D of SHINE Data System

Data Acquisition and Duplication
Tools: Har@ware

Data Acquisition

« CPU/GPU DiffraFlow
«FPGA

\\\\\\\\\\

J

s
¥

¥

rver

Data-Warehouse
. TeRAATA

Metadata |

Mgmt.Tool | -

G)ata Migration
-FIFTEIERSE (SciCat)
-HiER B

N

4

Data Management
« XAEHERE DocDB
- IREDEMEEE  (Own Cloud)

" < EEEEEREE (Confluence)

- REBEUREE (Gitlab)

- TTRiRiHEBE (Own Cloud)
HIREESHE (FFRH)
REARES (FFRH)

xﬁﬁﬁﬂﬁﬁﬁk‘ (F&)

/

Data Analysis
» JupyterHub
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R E
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Data Center + HPC + Storage + Network

SHINE



High Throughput Data Processing Prototype
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High-Throughput Streaming Data Software
EPEIRNESAYE B SRR IR Y : DiffraFlow

Drnouar @

—> Dashboard T
f
- [ |
ﬂ DiffraFlow v0.1 :
_____________________________ aggfeAgator contioller configuration
All components | : .
- are fully tested on | ! y &

2 APACHE

ZooKeeper’

pata Processing |- ﬁ rU LSAR ~ metrics data U p—

Prototype

_____________________________

*
T metrics data : g
1Q
1 D
|
raw
sender data | dispatcher —— combiner —— ingester
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High-Throughput Streaming Data Software (DiffraFlow)y—
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Software R&D Platform
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Databases of SHINE BE

R E S SIS RFRIRRINF R IR+

SHINE DocDB BE Design DB

O S5 EEEEESHINE DocDBRIZRE. FELEFNIE
O ETKEFEQEHIF IRITEURRE
B&EEPE T ISR EREIEE
O IEEL{TSCICatE’\Ja‘B%'—i;LJﬁt
S O BEMLICDIAEFAIE-Learning®dEE  (Confluence)

CORE SERVER
~ i i
'Ti Logging Metering APl Reporting  Provisioning API
NFS, GFS, GFS. L processing engine . HITPs
XFS, ZFS, glust PHP Proponst
».
v
= = @
== E (O b’ = WebDAV
= own(lou
i-miany e "“w CIFS, WebDAV, FTPs, ™** I Sharing APl CapabilityAPI Application API Theming
el - Swift, 53, Dropbax, Google
L ) 1 |

vvvvvvvvvvv

.....

SciCat

E-learning DB

#:1£2020.3.19, SHINE DocDBfEFIE)

BELSS
A
=
£33
e
IRSS=a=sia h A

620
1013
35
83
100
3.8G



Databases R&D

IREhEUREEINETT
B 7B 22HEHFNIEITI

FmsE SR AR
WBHRRE R

Q =

dengrongbing

e %ﬁ;ﬁf@é
m BaittitisMEF, BEHiREIEXEF4A
B HIEUREME R E17GB |, ST8tE20284 9 *ffé%?ﬁﬂé

&R EE o 2R Rt
B EFSciCatFF &R ZcEUREE ﬂl

B 2RI TTEIEERIMongoDBE ., Kafkaiffiz l
B ETHERIFENEE IS &R H 1T

=)

~F - ' Yy

[aE

SHINE

\P

. DIk i
nu,zlaa fn,mu \ / RMR \
g &
s |« | B O
% 1 -—
: BE Clowd ) «f—— 2
aﬁfmmw g g R s
X o i# HEE
R ﬁﬂggﬁﬂﬁ AR S
&% BHFRRE
P B WTFmEER
/4 aﬁf&%i@mmgﬁt
HiRlivfang R AEE
tE_sz%EHE R MER HTHAUR
IR € N €

SHINE#RENEHERE

ﬂi‘é TES-X FRZE e =AMz



Design Platform of SHINE BE
=R 7 TIERtSRTansRait. SEES. SN, FERS

4 B £ 4 41 P 1.3 SERAE R R R
PTT HelE | EHLE CPU RCH WTFACE GPU R
aRITR Intel xeon 6132 * 2 440
RN TR SR TF & A+t : : . ol 2. 28 192G AR
. . Intel xeon 6132 * 2  im
' PR 101505 CPU | cud2 iEFE: 28 192G A
AFAER @940 E I HERESBE R M50, AT S A6 B B i Intel xeon 6132°2 | o
sl u . b Tl T 2 1 s TT- 57 A ,, . o b A b g cul3 J:EP;‘-_: 28 N
fot, CIEEEAEE . AT, VR AR LR AT IR . e | | W u@ @ el xeon 613202 | e
1 R F Fi (S cu04 R 28 - 8
‘W .:ﬁ@ ﬁ,\,@ e Intel xeon 6132 * 2 192G NV_32GB_TESLA-
ERTIH A% |_gpu0l M 28 ! V100*2
' ) Intel xeon 6132 % 2 199G NV_32GB_TESLA-
(1) HE: gpu0l (3. HFE. IHILAD GPU |_gpu02 HER: 28 ’ V100%2
DT & 1 24 Intel xeon 6132 * 2 . NV_32GB_TESLA-
(2) CPUHSEAT# (44) & cull. cu02. cu03. cud4 nnkimuiig | gpuos . 28 192G Vi00%2 I
(3) GPUIFSATAL (44%) & gpuOl, gpu02. gpu03. gpul4 ] Intel xeon 6132 * 2 NV_32GB_TESLA-
I . R RIIEEA RS B N%REE Rin TR w04 . 28 192G V100%2
(4) 177 (104AS13000) ; inspur01-10 TREER o praes ey
(5) Slurm{Edk RGEMALFE T 2 gpuol . ) JiJEME IB [ 4 %
o B | i, 2afy | . 24 10.15.86.1 ].
i LEONTES R we mf;_— o % fE A ik
T3R5 R 100Gb EDR #3# InfiniBand [9£8 53 B cull 10.15.85.28 | 10.15.39.20 10.15.86.19 BIE A5 CentOS 76
A GPU 5 84 2/ tesla v100 B i 8k cPU 1| cu02 10158529 | 10.153921 10.15.86.20 I ice intel2018 Jopt/intel
I cu03 10158530 [ 10153922 [10.15.86.21 : .
IB By 4 AL LUK EL 4N ib MT4E, & ibeuOl, ibeu02, ibcu03, .., cudd 10158531 [10.15.39.23 [ 10.15.86.22 :
ibgpu0d 2. |_gpu0l 10.15.85.32 | 10153924 | 10.15.86.23 intel-mpi intel2018 fop/intel
R e o GPU i | gpu02 10158533 [ 10153925 [ 10.15.86.24 o mpich 321 Jopt
7396 B f & KR A BAOK B4 JG N -10g )5 2, B0 cuO1-10g, cu02- £ [ gpu03 | 10158534 | 10153926 | 10.15.86.25 SRR mvapich2 23 fopt
10g.... .gpu04-10g %. gpul4 10.15.85.35 10.15.39.27 10.15.86.26 i
— openmpi 310 Jopt
L1 SRERIEEEREE :
CUDA d 10.0 fust/local
124 12 MESEEER . — L::m:a
1. /e 1. Jopt EREIE S H g, H T3 AL Bt P A Matlab 2019a ib/apps/Matlab-
9
2 /2. Mdataib SERELSE R, FIFAPRUT P K H AR 2%
SR : | o =
SHINE T | SBPEEE: ARG HE
. : .




Machine Learning in SHINE

SHINE

Field
dataction

Controller

DA W

Supervising
~nt-end Server




On-The-fly Data Reduction in XFEL
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Data Selection based on ML
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SHINE Big Data Strategy

[J Deliver Software and Tools to Enable

Data-Driven XFEL Science

* Low-latency network & fast storage

* Leverage existing big data and data
processing technologies

* Al Application

e Collaborations with top institutions, mega
scientific facilities, and companies
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Technologies for Big Data @ Advanced Light Sources
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Collaboration With Supercomputing Centers and Light SotHEes—

National Super Other Light
Computing Center Source@China
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Summary

O SHINE will enable the probing of structural and functional properties of
materials, including the physical and chemical behaviors in condensed matters

and biomaterials.

O SHINE offers scientist a rare opportunity to probe, potentially control, the
transfer of charge and energy at atomic scale with fs resolution.

O SHINE poses grand challenges big data that will be handled by state-of-art data
science and dedicated data center.

SHINE



SHINE General Experiment Technology Dept. (GET)

Head of GET (General Experiment Technology, SCA&%HANS/EK) Department: Ping HUAI (143E)
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Thank you for your attention!
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