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High Energy Photon Source (HEPS)

e New light source in China — High energy, high
brightness

e Located in Beijing - about 80KM from IHEP
o Officially approved in Dec. 2017

e The construction was started in the mid-2019

e The whole project will be finished in mid-2025
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Beamlines in HEPS phase |

Microfocusing X-Ray Protein Crystallography-1D02 ID30-Transmission X-Ray Microscopic Beamline
Beamline
Low-Dimensional Structure Probe Beamline-ID05 ID31-High Pressure Beamline
Engineering Materials Beamline-|D07 ID33-Hard X-Ray High Resolution Spectroscopy
Beamline

Hard X-Ray Coherent Scattering Beamline-ID09 BM44-Tender X-Ray Beamline

Pink Beam SAXS Beamline-ID08 1D41-High Resolution Nanoscale Electronic Structure
Spectroscopy Beamline

Hard X-Ray Nanoprobe Multimodal Imaging-ID19 ID42-Optics Test Beamline
Beamline
Hard X-Ray Imaging Beamline-1D21 |D46-X-Ray Absorption Spectroscopy Beamline

Structural Dynamics Beamline-ID23

Beamlines Layout in HEPS phase |

14 public beamlines + 1 optics test beamline

| HIGH ENERGY
2 HEPS|fisnenerey

14 public beamlines + 1 optics test beamline in Phase |

Can accommodate over 90 beamlines in total
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Progress of the HEPS project

O The construction of the civil structure completed. Now at the
stage of equipment installation

O 2023.01, HEPS booster installation completed

O 2023.03, HEPS achieved the first electron beam accelerated to
500 MeV

O 2023.11, Electron beam ramped up to 6 GeV HEPS LINAC

O 2024.07, HEPS storage ring installation completed o el

O 1st SR X-ray to be emitted in the near future Bunch Charge 2.61 nC
" , Trans. Efficiency 94 %

. \IGY B e | 5 HEPS A SRS |
' } & 5 = ! ) I 7 ARFAAGE: mm A
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W\ ¢ Wl 13.15 nC
LAICT6 9.08 nC
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RF Total
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6001.2 MeV
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2. Demand and Challenges of scientific data and
software system
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Data Challenges @HEPS

O 102~103 higher brightness than 314 gen. SR sources 10% "
- More raw data in greater detail and less time _ 1% <
O Detector capabilities constantly improving: g 4
« Increased dynamic range, faster readout rates, larger E 10
pixel arrays ( e.g. 32bits, 20KHz, 30kx30k) N
B %
- Bigger frames, higher frame rates => more raw data E 10° &
E 1012 .
£ 100
M g
* oo T
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FE

Development of synchrotron radiation

light source
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Data Challenges @HEPS

O >200PB raw data per year for HEPS Phase | (15 ~_Data volume of HEPS Phase | Beamlines:

beamlines) Beamlines O it AverEe utput
O More than 90 beamlines volume in total Engineering Materials 600.00 200.00
O Data Volume WI” soon reach the EB scale Hard X-ray I\/IuIti-:f\naIyticaI Nanoprobe 500.00 200.00
Structural Dynamics 8.00 3.00
2 g Hard X-ray Coherent Scattering 10.00 3.00
y SlgData sizes m ‘ Hard X-ray High Energy Resolution Spec. 10.00 1.00
o 140 M hoursiday High Pressure 2.00 1.00

of streaming (1 GB)

Hard X-Ray Imaging 1000.00 250.00

100k 71k B e-mail . ’
. 20n0- 2021/‘ X-ray Absorption Spectroscopy 80.00 10.00
- . o2 \ (7)\ N e Low-Dimension Structure Probe 20.00 5.00
R VSZA . e (nypomened) 7

o
£
()
iO» 3 51.1k PBly mlgg :polbo‘ ;%tzsls(lg r;l:a) P ' . '
2 50 GBls WLCG 22 240k picsimin.  HLAHC real el Biological Macromolecule Microfocus 35.00 10.00
5.4k PBly 60k B spam 1.9k PBly transfers in 2018 omm shared in 2021 data expected in 2026/ yr
1000 e- nanls(S KB) (2 mB) . \ .
3 YouTube + B web pages real \ {
2_ ® _ B o |3r\02021 (zbl;; 'aa = d;:(; zoi% o @&zizimc Momec_a”o p| n k SAXS 40000 5000
B 300 Pty gl W o marey (@) | by aneneceanzos High Res. Nanoscale Elec. Struc. Spec. 1.00 0.20
5 i (1.5 GB and 500 GB, respectively)
4 of w;:?:n:loadelg(;GB) Sz BRly 65k pics/min. /ﬁPBly LH;: Mnnt;otigrlo Te n d e r X_ ray bea m | i n e 10 . 00 1 '00
shared in 2021 ata in
10 (2MmB) © Luca Clissa (2023)
Storage Transmission X-ray Microscope 25.00 11.20
data sources
HEPS Phase | Test beamline 1000.00 60.00

Total average: 805




Data Challenges @HEPS

O Multi-disciplinary, e.g. spectroscopy, imaging, diffraction & scattering ......

O New and more complex experiments, new algorithm and tools
O Multi-modal experiments that combine data from multiple samples, techniques, and facilities

O In situ and in operando experiments require real-time feedback and autonomous control

O Data throughput and volume vary greatly s ciroction
. . . o o Undulator Monochromatic diffraction
with beamlines and scientific goals : Coherent diffacton
2 Focusing
. . optics
O New users from a wide range of domains and | o
backgrounds -

aperture

Monochromator

“In"f hromati
electron optics — .
orpi
electron e e & detector
source A, "4 1= 1V W N~ _i;*&_&
B I o 2 _,,’-; j;//. , \ \
/ Fluorescence
detector
Absorption
o= ! fine structure Colaront
] ! : Microfl diffracti
SPECTROSCOPY | SCATTERING | IMAGING | DYNAMICS y e -
Energy Momentum Position Time
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Data Challenges @HEPS

O Analysis and management of large datasets at advanced SR sources is becoming
progressively more challenging

O Development and integration of advanced analysis and management tools is needed
« Provide storage, organization and management of massive scientific data

« During the experiment, provide real-time analysis and fast feedback to guide the
experiment steering and optimize the data acquisition

« After the experiment, process the massive offline data, accelerate the scientific
discovery

« Provide the scalable distributed heterogeneous computing power, meet the

diverse computing requirements of different scientific goals
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3. The architecture and design of the framework
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Data analysis software framework—Daisy

o o Ul Common Specific Workflow Web
.&. UI/IDE interface manage platform
~ Scripts CLI  SDK ~ Jjupyter
= @
i { F’ >O\
Streaming
data [ P | O____/o
- [ - ; e
9 |- ~
kernel
Meta l
data T =
- jupyter kubernetes g iz slurm
— 5 . . B B
| C Yy Computing
Raw data ﬂ]]ﬂﬂ]]]ﬂﬂ ey @@[ . . facility

Fast
feedback

Visualization
component

| Cutting edge

algorithm &
APP

F e wCT
Wistalegy WJ
8 et

+

@

Al

—

® Kernel of the framework

® Derivative modules to meet the

requirements of advanced SR

sources

®m Data object management module for
high-throughput data 1/O, multimodal

data exchange, and multi-source data
access

B Scalable cluster computing power
support for data processing with
different scales, different throughputs,
and low latency

m Interface and developing environment
for scientific software integration and
development

® Domain specific App and flexible
general workflow management
system based on the framework
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Daisy data processing flow

Supports stream processing and batch processing
Supports interactive processing via GUl and automated processing

(coo ) DAISY stream serve DAISY distributed
Data Normalize Share memOry
stream = data 2
in ALLUXIO
 IN— ) ) E—
DAQ ‘ Ingest \ [ Parse ] [Assem.] [Orche.] [CacheJ [Manage]
=
(1]
o
o
% Work Node
G ) workflow Data
Meta a— Alg || Alg Store
data -
@{g ST —
Work Node
Data DAISY client —
management TorTow Data
g Alg || Alg Store

Write disk

— -

Storage

» X

o

K8S/Docker

»  GPU/CPU
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Daisy GUI

B Daisy Workbench - O 2, T jupyterhub Home huy | @ Logout
File Vi Interf; Hel i -
\I;rl:k5|:o_a::s e = ::Zi?ﬂr;tlon @® IPython @& System Memory Usage @
Load Delet Cleq - In [4]: load start:tooth =
i | e ||| Pyl rer oAy
XRF Batch Fitting T DasTy ATEOTTEMNS, MUM kDEs File: /root/tooth.hS | | piots a®
. api 'ImPOI’t * workflow:LoadHDF5.execute Sh Hid cl . .
— Spectra Matchmg It matplotl'i b. pyp'l iMFO: Load data /exchange/ ow e ose Ap pI ICatIO nS
m,umpy T —— ey
 daisyworkbench - O X o | ayiaer
1 2 . #eEI PQEW — :
2 [27008.75 ... [27098.75 ... I lot Ama 2 x
|tion Plo! bl
i OIS S ® Z X CT 3D reconstruction
4 |2719275... |[27107S .. CT 3D reconstruction service based on tomopy.
5 [27208. ..  [27020.25... 0
6 [27181.75 ... [26995. .. : O
7 [27190. ..  [270335 .. el | Bl alphafold-with-40g
| —— —— alphafold-with-40g
8 |[086873.. |[2716823.. 0 100 200 300 400 500 600 bFs File: e/
; 9 [27142.25 ... [26977.75 ...
Algorithms precute - L‘:\ 0:
Excute ::\IgMatrixTrans.‘1.9= [27407.75 .. - 52.7282'5 . b jea o " zjnr::::y
~ Dai = :
LoadHDFs 5.011373519897 460938
LoadTIFs QCoreApplication::exec: The event loop
SaveHDF5 is already running
P i . - -
Workbench client Web data analysis platform
« General-purpose GUI based on PyQt5 « Based on JupyterLab
« Include data object list, algorithm list, data viewer tools, and « Advantageous for remote data access and
IDE for developers analysis
« Interfaces of customized GUIs for scientific applications « Terminal and dedicated scientific App
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4. The progress of the framework
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Daisy I/0 module

O Designed a unified I/O interface to shield
the difference of underlying architecture
and data structure

O Data I/O optimization
« HDF5 parallel I/0O based on multi-process.

Memory copy, asynchronous I/O, direct I/0

also employed
« TIFF parallel 1/0 based on multi-thread

O R&D on stream data processing is under
way

TIFF 1/O optimizing 60

—8—read time

n(thread )

30 E
20
1°|||||| -
0 0
1 2 4 8 16 32

HDF5 1/0 optimizing

(o =

20
n(processes)

30

i Online |
! process

|, m~ursd

25 30

Multi-stream Specific data Access API for
. Stream parse .
data ingest path computing task
‘ DataRec Read()
_ DataPrase /path/A.dat o
\_/_
DataRec Write()
- @ @@ Y,
P /path/B.dat
-conflg . 1)
‘ DataRec = Is()
- @ @@
- @ @@
@ Flink
HDF5 read time
Direct 1/0
+Memory copy
all time .
Direct |/0 EE
Memory copy FEEe
Default B
o 0 5 10 15 20
40 sread wJoint Copy «List to array
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Daisy distributed computing engine

O A single dataset of HEPS imaging experiment will reach the u
TB scale

Start
task

O Scientists expect data processing time at the scale of DAQ

Task

(" Compute Engine N

Master Node

|
|
| Resources apply
| @ apiServer | «————
I kubels

|-

tlme ' ﬁ_l_:);l_s;leduler M I_[_I.:)t;l_&icheduler } I_[_LD;|S;1E_C!;E_F_]-E
. - - - i | omm || OmE | Q@ |
O A distributed data processing system is developing = b |- i
; ) [P wei | | ) [red) mei | | () [Ped) e |
. . . ubmit | L L '
O Support heterogeneous distributed computing power = Ko gxe 1O |
I Node 1 (I Node 2 I Node 3 |
. . . . . N hiiil— S — S ——— >
O Provide a unified flexible programming interface API for ¥ ¥ ¥ ¥
. . e Heterogeneous
computing models, to reduce the complexity of parallel I e (& B computing
programming e
o 0 Demo test result
Detector Projections Dataset . Daily data | Annual data £ »
Mode . Frame rate Data rate DAQ time 20
pixel number (TB) (TB/d) (PB/y) b 15
Powder CT 6kx6k |19fps@16bit 6k 1.08 GB/s | 0.432 6.3 min. 78 9.4 g 10 I
o I
High voxel CT| 28kx10k | 2pfs@16bit 28k 11GB/s | 15.68 | 240 min. 87 10.4 g o
1 2 4
Fast CT S5kx4k |595fps@8bit 5k 1.7 GB/s 0.1 1 min. 98 5.9

Number of nodes
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Developer user support

Continuous integration/delivery/deployment system =&
for software development @ owr o

« CI/CD platform, implement full-process automation of
code integration -> testing -> building -> deployment for L
. B status ipeline Daisy main
multi-developer S Pipeline Daisy_

<f> Changes . . "
DaisylfH #9main s S RTINS

Dashboard Daisy_main

1 1 H 34 imp:refine sety Q. Full Stage View Test Result Trend
- Simplify and accelerate the software development lifecycle o e L PSSy 90

Pull code

Last Successful Artifacts
[ Daisytargz 735.14KB i view

» | Fetch </>

Stage View

o
Node

T Gt we b e
o2 cluster
> 2023 11F148 FE4:04 Average stage times. 1s 28s 331ms 909ms
main branch s Build docker  docker om ﬁ“‘vmfﬁﬂlfwme a2l
LA, . 2023118148 FE3A5 80 3
Test @J@ Image - 28 ® s 34s
develop branch H 2023118148 Tena1 04e

/ey

11 2023118148 FE341
Ve J . |Pullimage " o

= docker
GitLab & o (R
. Cent0S G :
. Push image is 3 66.66% j
Build — :

‘ Pull

. <i> l Push paCkage CernVM-FS paCkage

v L]
Devs _ Upload | | Download E
PaCkage " Artifact l v l Artifact I

Al’tlfaCt/ Local host
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Daisy applications for synchrotron radiation

- - Workflow management ~ HEPSCT

Serving multiple disciplines: imaging, |

diffraction/scattering, spectroscopy ......

«  Daisy-BMX for Biological Macromolecule Crystallography
«  XRF-mapping for fluorescence spectrum batch processing
«  Hepsptycho for ptychography phase retrieval “F~ﬁ.  BMX W XASPEA&LCF
+  Daisy-PDF for pair distribution function - L — j“w =
»  XASMatch and PCA&LCF for X-ray absorption e =1 il =T

spectrometry component analysis =
«  HEPSCT for X-ray tomography

s = User documentation SR XASMatch

e ET T
More under development: = [Emm—
v SAXS | T = R R

XRF-mapping

«  Daisy workflow management sys.

P s DaiiXTPDF% PDF

- i’ 8 > B I oM s s op i erenirore T | PP SR | et op e
| + Extra settings for transtorm.

IHEPCC & HEPSCC
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- Bragg CDI | IHMINIMWW

« Holotomography - SAXS | T memm

https://daisy.ihep.ac.cn/en/latest/reference/installation.html




Heterogeneous computing support

Migration scientific software on ROCm platform (AMD GPUs)

« X-ray tomograpgy: ASTRA, UFO and Tomocupy migrated on Sugon
DCU Z100

« X-ray Ptychography: ePIE, DM migrated on Sugon DCU Z100, and
deployed on Taiyuan supercomputer(Sugon DCU)

« Deep learning: W1-Net, migrated on Sugon DCU Z100 and HUAWEI
Ascend 910a

Will be integrated into the framework Daisy

ePIE processing time

Software UFO | ASTRA | Tomocupy | ePie, DM W1-Net
Dlatf S;f:‘a” Sugon SugonDCU | SugonDCU | Sugon DCU z100,
chafeiin 109 | DCUZ100 7100 7100 HUAWEI Ascend 910a
DCU ~ 66% A100
~ — — ~ 0, /]
Performance A100 25% A100 Ascend: unoptimized . |
2 nodes 4 nodes - 8 nodes

8 DCUs 16 DCUs - 32 DCUs
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5. Summary
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Summary

® Scientific data analysis framework: Daisy
® Daisy has been applied to light sources and other facilities

® Optimization on stream data processing and distributed computing is in

progress
® Serval scientific applications have been developed, more are on the way

® Hope for more cooperation with other facilities and communities

https://daisy.ihep.ac.cn
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Thank you for your attention !
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