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HEPS

High Energy Phonon Source (HEPS)

An major Infrastructure project of 13th Five-
Year Plan

The most brilliant source worldwide

High energy, low emittance
Investment of 5 billion RMB

Construction started from Jul. 2019, operation
expected in 2025




Table: Estimated data rates of HEPS beamlines.
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Research (user view)
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Data lifecycle
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Raw Data
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Data Analysis
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Facility Management

System
v

v

Facility Database

Facility Operation
& Monitoring
System

User Service System

v

v
v
v

AN

v

User Database

User Safety
Training System

Proposal System

Sample
Management
System
Single-Sign-On
Import proposal
details from user

portal: Experiments,
samples details, etc.

Create users, groups
and setup
permissions

Create folders
structure for storing
scientific data

Distributed Infrastructure and Services: Storage , Computing , Database , Middleware , Software / Cyber and Data Security services

= Run management service

Metadata catalogue (MDC)

Data acquisition layer

i Data management online -> offline
v Set of data aggregator running :

on cluster of high- : "DUring measurement (run)

performance computers H , . :
Collect, monitor and store : v" Calibrated and raw data available in
hutch (GUI, online)

experiment data
: Data migration after each run

Disseminate data to online
cache and analysis pipeline

v' Data manager decides on quality of the

. 1 7

data: “good”, “unclear”, “not

interesting” “good” and “unclear”

data transferred to “Offline cluster”

’ v Migration triggers computation of -
calibrated data at online cluster

v' Coordinates PC layer activities
related to data

v Organize and keep track of
experiment data
in a homogeneous and
consistent way

Control Layer Post experiment
7 : v" Raw and calibrated data is available

: Accelerator & Beamline Optimization . v' Data catalog is available
: v Running & Operation Log v’ Data service is available for search
Collection and Analysis : access , download , interface to remote
v Feedback to Facility H analysis

v Analysis resources / “Offline cluster”

Policy and Rules



Core Software




HEPS Data Policy

e Raw data and metadata is stored, curated, and arch Sft‘
by HEPS | G r

* Access to data through searchable metadata catalo

3D reconstruction

i

Same structure “---.___

P2P Online analysis

Pc layer

Slow & fast device

Rl
data streams oy

"> Offline analysis

* Raw and metadata will be open access after embar
period

Data

g:$ retrieval

* Electronic logbook will be provided for documentat

Online  —=) | Offline
. storage Data storage
* Access to metadata catalogue and computing Mioraon
infrastructure through HEPS user account
* Online analysis and offline analysis should be provic c’:’::;‘:;::

* Related system
e Control / DAQ / Offline / ... /User Office User




New setup/experiment

New run

* Setup

* Retrieve experiment and sample metadata
for the given proposal

* Receive and process run configuration
* Dispatch this metadata to Aggregators

e Data taking

* Instruct start and stop of runs

* Publish data

e Build run summary and register data files

Metadata schema version
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Scientific data collection/DAQ
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Data aggregators

* Functions

e Correctly receiving data from fast and slow sources
Consolidating data streams from all data sources
Monitoring, fast-feedback analysis, rejection and reduction
Formatting and recording to HDF5 data files
Data formats for FPGA binary, Control and Instrument data

* Inputs and outputs

* DAQ/ Control/ User system
* Rawdata / Metadata catalogue

Metadata catalogue



DAQ & Online Analysis

FPGA / CPU / GPU based

Distributed Resources
* Storage and computing
* Locates in beamline
e Central management for infrastructure and public software
» User defined application software

Central Resources
* Locatesin Computer-Center =

* Virtualization for beamlines ———
» Central management for infrastructure and public software| -
» User defined application software

* Interfaces —
 Common data interface with analysis algorithms

Send out ron compiste

Rapid feedback through GUI e
Scientific data o
Control data

Facility operation logs




Data Services
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goooopopoQoQoQoQODOOODOR?
i

User query

NN EEENNN]

LI N

List of filesl

List of files

— _—
Facility Type

— —
HEPS. RAQ

Instrument Instr. Cycle BeamTime Experiment Id

— J— —
Run
— fo— —
p000010 20001 r0002

Local Access

Remote Access

Browse

@ data at /instrument/detlab_det_lpd/2d/lpd1/var_pulse d... @' B

Image T} lI]C[@JQ I'GJMJIG 18 Eb[cu]ﬂ

(0.0)

0 00EQ
1253
25063
3 75683

OO0 Rk N WALAWM O N

¢
]
§
q
£

] =1
N = o

>

I

>

> Local & Remote

Analysis




Key Technologies and Services



Software Framework Bridge
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Data management

//:;;TRUMENTS

Beamline trigges:

SPEC, detectors,
Sample environment
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Raw Data Management / Raw Data Format

Raw data: data files collected after each run

Data format

 HDF5: a file format for managing any kind of data

Data format standardization

e convert other data format (TIFF. SIF. MCA. TXT...) to HDF5

Raw data repository:

* File system storage

* TIFF.

SIF

MCA.

[haufs@max-exflol4] /gpfs/exfel/exp/SPB/201701/p002038/procsk
TXT CcORR-RO039-AGIPDOO-500000.
CORR-ROR39-AGIPDRAO-500001.
CORR-ROR39-AGIPDRO-500002.
CORR-ROB39-AGIPDOO-500003.
CORR-RPA39-AGIPDO1-500008.
CORR-ROB39-AGIPDO1-500001.
CORR-ROB39-AGIPDR1-500002.
FNRR-RAA3IG-AGTPNAT-SAAARAI.

h5
h5
h5
h5
h5
h5
h5
h&

CORR-R@@39-AGIPDO5-500002.h5
CORR-R@B39-AGIPDO5-500083.h5
CORR-R@OB39-AGIPDOG-500000.h5
CORR-R@OB39-AGIPDO6-500001.h5
CORR-RO@35-AGIPDO6-5000082.h5
CORR-R@OB39-AGIPDO6-5S00083.h5
CORR-R@OB39-AGIPDOT-S00000.h5
FMMRR-RAAIG-AGTPNAT-SAARAT . hA

v Bl 4-4 1 master.ns.
« @ entry
« @l data

7 data_000001
7 data_000002
7 data_000003
? data_000004

~ i@ instrument
~ i@ beam

Hi incident_wavelength

« i@ detector

@ beam_center_x

@ beam_center_y

@ bit_depth_image

& bit_depth_readout

B count_time

B countrate_correction_applied
[ description

A detectorSpecific
detector_distance

Bl detector number

Y detector_readout_time

fh efficiency_correction_applied
B flatfield correction applied
i frame time

Eﬂ geometry

23 goniometer

B pixel mask_applied

£ sensor_material

B sensor_thickness

B threshold_energy

B virtual_pixel_correction_applied
B x_pixel_size

Ry pizel_size

~ i@ sanple
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Scientific Aggregators and Converter Module

* Aggregation

* raw data file + scientific metadata

* Scientific metadata: sample, beamline and experiment parameters
* Conversion

* to HDF5

 Control + DAQ + Offline



Metadata Management/ Data catalogue

e Meta data

e administrative : data management lifecycle, ownership, filecatalog

 scientific: describing the sample, beamline and experiment parameters relevant for the users
data analysis

* Data model:
» define common generic (fixed) meta data

. 3llow completely flexible and rich structured (beamline, instrument specific) scientific meta
ata

* Storage
 MongoDB backend
* NoSQL -no fixed structure and common data format
* Map/Reduce queries and the option to use JavaScript as the query language
e Powerful indexing and support for file storage
* Fault tolerant and drivers for most languages



Data Service System

 Web based frontend

* Find data based on the meta data

 Download data based on data permissions

* Data can be linked to proposals and samples

* Data can be linked to publications
* Helps keeping track of data provenance

* API Services

* Computing: Local & Cloud
* Client

1
|
|
1

‘ Spring MVC ’—‘—Vi“

Raw Data
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Software —tools platform

e Gitla b/G itHub JupyterHub Architecture Cloud Volumes Image Registry
(high-level details) Provides persistent storage Provides environment images
* Matlab
ROUTE INFO
¢ A N SyS — SEND

Users
SIGNED OUT
e JuputerHub ‘— user
REDIRECT
o
...... VOLUME FPROVIDE /
POD CREATE/ CULL PODS
USER REDIRECT IF STALE

v

SIGNED IN USER
REDIRECT

Data and IO

User flow

This user's pod

Trigger action Kubernetes Cluster




Database Services System
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. . Portal | Cluster Monitor/Manage
* Scientific Database $ l——-T——J L____T____I L———-
* High performance and stability
h Lepus
° RD and NOSQL ® Deeneoad MySQL Resource Monitor
NO access to underlying hardwa re = ey Gache Mentier - Tags Max Connections CDnnet:t[e::"nacmmE max_connect_errors open_files_limit
No DBA support or application support it —

* Uszer Permission v



Facility Database
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Facility Lifecycle Management
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User & Proposal Service System

* One-stop Service System User Service System
scientists and students
* One SSO Account for all B 4 SSO ) ]
services WebService [ - “Penticaq,
* System Function
* Proposals Application ser Office web

* Experimental risk assessment —
* Expert review
Safety Tests

Visits Arrangements atbace
Running status statistics
System Analysis

Running Status

Running Plan

Publication

—

——> OAUTH/LDAP authentication
------ > Data with proposals, visits and safety tests

—>  Website running data




Distributed / Central Storage Resources

* Fast Disk File System (managed by Lustre file system)
» for fast on-line analysis,10GB/s write, 20GB/s read
* Sequential read and write ,1 day data life,160TB Capacity

Beam Line 16

Stream
| Detector —PS ” | Computing Cluster

»

* Normal Disk Storage (managed by Lustre file system)
» for batch jobs, interactive analysis, backups and data transfers
* Mixed I/O patterns: sequential read and write, random read
* 10GB/s write, 50 GB/s read, 6 month data life, 30 PB Capacity

* Tape Storage (managed by CERN CASTOR )
» for data preservations and backups

S
$
* Sequential Read and Write SSD || SSD || SSD | SSD || SSD || SSD | g‘f’? 'h
* 5year data life, 300 PB Capacity — ——— — == & External
* Policy engine (developed by IHEP-CC) ﬁﬁﬁ POJIX/CIF Romote 10,

* make decision of data copies by static rules or prediction of Al models - \ | Disk File Svst Proxy Servers rsvne-
* scheduling and monitoring data copy requests between storage system Fast Disk File System orma’ sk rife Jystem

* Data transferring System (SPADE)
* Transfers data to remote site before data analysis by gridFTP, rsync etc.,
*  multi-stream, presumable, schedulable transfers

Data Federation (developed by IHEP-CC)

* Users at remote sites can see an identical namespace of HEPs storage, Policy
* Remote sites can access data at HEPS storage by remote 1/O protocol, i.e. no need to maintain a local storage system Engine
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Distributed / Central Computing Resources

* Cloud-based computing system

* Deploy the various computing platform in cloud like batch farm, HPC farm and also develop with a rich collection of
tools to work for Daas

* Integrate distributed computing resources as well as commercial clouds to expand computing scale based
Openstack+HTCondor

* Using GPU virtualization technology to provide the HPC service in cloud
* Kubernetes+Docker to provide virtualized resources for WEB-based analysis

* Requirements and Design

* Online data analysis(Streaming data services):developed a rich collection of tools with the Hadoop and YARN
including Spark for real-time analyzing streaming data after data acquisition

* Offline Data analytics: as implemented with the HEPS software to provide Data analysis as a service for users

nalysis jobs can be scheduled_rt_o_r{ 4 — —_\
remote sites

_Save data g 2. Transfer data to | TN PN ~' Alibaba, A
IHEPCC automatically |.-f: IIIIIIII ;~. Amazon... * /
_ I = p= — T -~
|
|

_
—

A

Detector

q ~— . ya e 4 Commér_éiaICIoud
HEPS Mass Storage KVM/Container — —

System

Remote Site

3.Run data analysis

®e® tools
'.' (o Computing resources | | (Hadoop,Spark...)

|
|
|
5.Users view output virtualizations 4.Automatically transfer data I
|
\

Openstack

m Cinder (ceph)

CPU nodes) GPU nodes)
~ Cloud-based Computing System -

And adjust experiment parameters Back to HEPS users
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High Performance Computing

* Flexible and elastic scale expansion design
(designed by IHEPCC)

* Convenient and unified user job interface 4
(developed by IHEPCC) %L

* Heterogeneous resources in cluster =
including CPU nodes, GPU nodes, fat nodes, =
with rich scheduling poI|C|es (Managed by %Ei_
Slurm) S o

* Various Operating systems and softwares
provided to the job based container %@T

technology and transparent to user :
(developed by IHEPCC)
* Burst storage integrated with cluster Bt

lllll

|orOV|d|ng high |0 throughput during the JOb
ife time (Integrated by IHEPCC)

e 4
e
Storage System
I/0
0 === e
COI I
o



ML Platform

* For Scientific Data Anlaysis
* For Facility Operation Log Analysis



Network and Security

e Demand driven network Storage cluster *

m High Performance
m Intelligent

m Flexible

IP

B

Public Services
Network

—_——————

40GE

.

Firewall

u SDN/N FV Bkl N Switth 100GE ’,"’ Remote backup DC

mlOT
m5G

2X40GE

Data Center

core 1G"‘IOG Circuit

Firewall or VPN Beamline Network
Core Smtch
Computing cluster 2x 1GE
Firewall
x 10GE ' .
= Production
Monitoring Network
Network

GPN



Machine Room

 To be a GREEN machine room

* The floor space: 600m’ (15 beamlines = 90 beamlines ) ¢

* 100 racks ( 30 racks for phase | )

* High-density racks ( Comping resources ) and General racks ( Storage, Network...resources )

e Supporting space: 200m’
* Power
* Fire Protection

* Power Capacity: 3300kW
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