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Water Cherenkov Detector Array (WCDA) =
With a total area of 78,000 square meters, it ===
is designed for all-sky surveys of gamma-ray

sources. It comprises three water ponds

contalnlng 3, 120 detector units.

,' S5 =% -
Z:km array (KMZA) Composed of 18 wide-field-of-view Cherenkov
onsists of 5,195 electromagnetic detectors &= i1aqina telescopes
82| and 1,171 muon detectors, covering an area of / ﬂ _ , -
% one square kllometer

LACT under Construction
32 imaging Cherenkov telescopes
with a diameter of 6 meters each

LHAASO explores the orlglns of hlgh-
energy cosmic rays and conducts
fundamental research on related high-
energy radiation, celestial evolution, and
dark matter distribution.
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LHAASO Online Computing System o\

LHAASO®

'l“/{‘/

The online computing system of LHAASO handles data acquisition,
software triggering, and real-time data processing

« Physical algorithms directly access raw data without hardware triggering.

-« High real-time capability is vital for early warnings of special natural phenomena (such
as GRBs and thunderstorms) and for monitoring experimental operational status.

Events
Data buffer ——
Software Data Quality
Trigger Monitor

The role of online computing system in  Primary functions of online LHAASO detects GRB
High-Energy Physics Experiments computing system 221009A, the most energetic
in human history

Science
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A tera—electron volt afterglow from a narrow jet in an extremely
brlght gamma-ray burst
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Offline

Storage
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Readout and Computing Nodes
x172

\ Control messages

‘Flow Controller
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GRB Data
2« RADAR V1.0 Framework

LHAASO Online Computing Framework Current Status | /2\L

LHAASO N

=T ==
| Achieved |

Massive TCP/IP data readout
Clustered parallel stream processing

Software triggering
Automated operation

Difficulties in integrating offline algorithms
Inability to achieve ‘debugging while running”

Single points of failure and performance
bottlenecks pose risks to operations.

_________________ 1
I

After LHAASO started running, growing physical

demands are difficult to meet. I
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Motivation for Upgrading LHAASO Online Computing System

* Offline users lead online algorithm
development

{
F leXI b le * Provides file-based online data processing

software development solutions for users

 Ensures real-time data processing

Re li a b le » Guarantees data reliability
* Decoupled dataflow modules
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Design of the new online computing framework

LHAASO N /~/

Online Task Scheduling Software

Readout Module 1

Readout Module 2
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 [Readout Module | :
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Readout Moudle

Online Processing

1
L Processing Task 1
* P : S ; I
Processing Task 2 L Processing Task 3

' | Storage Module 1| |

Storage Module 2

Storage Module 3 :

S - ~ * I i
I: Processing Task 41 - - - L Processing Task 5 ,"

Storage Module N

T i
000080 0d

Distributed Memory Cache Pool

Module Decoupling

m Between experimental systems
m Between data flow modules

m Between algorithms

Permanent

Storage Data FUSiOn

Database

B Perceptual data
®m Diagnostic data
m Scientific data
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 |Readout Module 1 |

Readout Module 2

Readout Module
3

Readout Moudle
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Distributed Memory Cache Pool
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Design of the new framework

Distributed Memory Cache Pool

Readout Module 1

Readout Module 2

3

Readout Module

Readout Moudle

U

= = = The throughput of DMCP determines the throughput of this system —
The reliability of DMCP determines the reliability of this system

Online Task Scheduling Software

Online Processing
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\_ Processing Task 1
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Processing Task 2
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Distributed Memory Cache Pool
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HHAR it
100GB RAM
284GB RAM
CPU
HEHA
Storage
100GB RAM
eatresnceeancesascas \ =0 284GB RAM
| Storage Module 1 A2
Storage Module 2 ......
Storage Module 3| | 10068 RAM 284GB RAM
i CPU
HHT =56
Storage Module N Permanent
: . Storage .
___________________ Database  Cache pools and online tasks
- share computing resources.

I'I Reasons for using memory as a caching

I'I medium:

I | m Caching capacity requirements <

1| Throughput requirements

| | ® Integrating computation with
caching to optimize resource
utilization



Design of the new framework

Online Task Scheduling Software

LHAASO N /~/

| Online Task Scheduling Software
= T Readout T T T T 7 TOnlineProcessing T T T 7 Storage
"IF—{dthl;\" 7 : "I—St Mdl{“
| eadout Module 5 | [Processing Task 1 | orage Module |
Readout Module 2 -7 < Toel -~ Storage Module 2
i Readout Module | — . —> l '
1 3 : 5 L Processing Task 2 L Processing Task 3 f Storage Module 3 .
3 Readout Moudle v A | : ‘
| N Processing Task 4L - - - y|Processing Task 5 Storage Module N ]

Distributed Memory Cache Pool
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User tasks

Message-oriented
T Middleware: Kafka § """ el -

i :
h J A 4
Task Fetching
and Execution

task config & commit

Permanent
Storage
Database

Task Scheduler Task Manager

Load balancing

Data I/0

Distributed Memory Pool

_—_—_—_—_—_—_1
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Deployment of computational
tasks

Loading balancing for online
clusters

Task anomaly detection and
handling

Task status information logging
User-friendly algorithm
deployment methods for
scientists

—_
—_—



Development Progress: In-house Memory Cache Pool Softwar

A single point of failure

After researching and testing various open-source
does not affect the tools, we found that none fully met our requirements,
Total Throughput sslri\alltg:i?i,t ensuring data leading us to develop our own solution.
>> 3.5 GB/s v

B The software caches files to facilitate offline users

In migrating algorithms to an online environment.
m Multiple redundancies are implemented to ensure

reliability.
{ Client J
l Send Task
ngh Efficiency Data Transmission [ManagementNode < )‘ManagBeach\ES;NOde‘}

Metadata
Manangement

High

High Availability

Performance

Utilizes minimal CPU l l l
resources
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* 100 GbE network
«  Memory Pool capacity: 1000 GB

1
| |
: :
: « 1 management node, 5 data nodes i
| :
! :

Throughput Test of MemIO

7000 A
Write-1 (avg: 1186.32 MB/s)
Write-2 (avg: 1187.71 MB/s)
Write-3 (avg: 1187.81 MB/s)
6000 Write-4 (avg: 1187.42 MB/s)
Write-5 (avg: 1187.78 MB/s)
Total Throughput (avg: 5937.01 MB/s)
-“"" oy
o
5000 1 !
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o
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1000 1 M
&wmm
-

0:00:00 1 day, 3:46:40 2days, 7:33:20  3days, 11:20:00 4 days, 15:06:40 5 days, 18:53:20
Time (HH:MM:SS)

6 GB/s stable operation for over 6 days
200% LHAASO
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Number of Tasks

Deployment in LHAASO

1
|
I
| * 1 management node, 6 data nodes
I
1
1

« KM2A & WFCTA access

350000

3000001

250000+

200000

1500001

100000

50000+

« Memory pool capacity: 1200 GB
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Read raw data from
the cache pool into
local memory

Parse the
{Channel

data to obtain
: Peak Values}

Perform data

analysis

memio:
memio:

User-friendly read/write interface
-read(file_name)
‘write(file_name,local_filename

RESOURCES_READY DATA_TRANSFERED TRANSFERED_COMPLETED

16:30:37 0.089s

RO_builder-1912_34379977794060_3437997779500.dat

172.20.9.12

SUCCEEDED
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A

Verified new framework

m Data-driven
®m Decoupled task execution
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Outlook: Al, LHAASO, CEPC

/2A

Goal: Enough minutes of cache time, NIC-level
single-point throughput

Module Decoupling Data Fusion

m Between experimental systems ™ Perceptual data
m Between data flow modules ®m Diagnostic data
m Between algorithms ®m Scientific data

LHAASO: From Automation to Intelligence

®m Provide I/O acceleration for heterogeneous
computing and Al algorithms to enhance real-
time performance

®m Explore taking on experiment control and
fault recovery with large language models.

Front-End Elec

HYLIA: Hyper Link Accelerator

C++ wrappers for high-performance network transport
application layers
Currently implemented wrappers for RoCE v2, TCP
Goal: Unified interface, simple and easy to use
Independent from distributed memory caching software

T i e i /o2

Speed 2.2 GB/s 5.2 GB/s

CPU Usage 100% 80%

Latency 512us 167 us

A
\L 90.6GB/s(1.3MHz)
Trigger system ) Back-End Elec
L A
CEPC Baseline / 1L soapsoun

TCDS Process Nodes

e

I Data Preprocessing I I Event Building I

I Fast Reconstruction I I Event Filter |

Computing Platform

After Event %mg ﬁ 0.3GB/s(1kHz)
Buffer
Memory or Disk Storage

I Calibration ” Alignment I
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Summary

§ Motivation
e = Developing a new generation of flexible and reliable online computing software framework
| The distributed memory cache-based online computing framework will achieve:

= Decoupling of readout modules from online processing algorithm modules

= Flexible access methods for online processing techniques provided to physics users

m Ready for Al and heterogeneous computing
Next Plan N
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Network Transmission

HYLIA: Hyper Link Accelerator

= C++ wrappers for high-performance network transport ! HyliaComm tepClient;

{ tepClient.init("tep”, "0.0.0.0", 12345, "client”) i

application layers t tcpClient.send(data, size);

= Currently implemented wrappers for RoCE v2, TCP Epoll, and e e e e e s J

ZeroMQ i HyliaComm rdmaServer; E
= Goal: Unified interface, simple and easy to use i rdmaServer.init("rdma", "0.0.0.0", 12345, "server") ]
= Independent from distributed memory caching software i rdmaServer listen(); i

i rdmaServer. poll();

1GB File 128KB Data Packet

U [l o [
RDMA RDMA TCP RDMA

spesd " [N ISR I R S

cetency. | S N N N

High-performance
network protocols are
poised to address TB/s
throughput demands.

Test Env.: 100GbE
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LHAASO W

LHCb DAQ & Trigger //:\\

2011 2015

Run 1 » Run 2

LHCb 2011 Trigger Diagram LHCb Run 2 Trigger Diagram

40 MHz bunch crossing rate

= L =

LO Hardware Trigger : 1 MHz
readout, high Er/Pr signatures

@ . v . .

LO Hardware Trigger : 1 MHz
readout, high Ev/Pr signatures

450 kHz 400 kHz 150 kHz
h+ H/pp e/y

450 kHz 400 kHz 150 kHz
h* H/pp e/y

Software High Level Trigger :' Software High Level Trigger

26000 Logical CPU cores

Offline reconstruction tuned to trigger
time constraints

Partial event reconstruction, select
displaced tracks/vertices and dimuons

Mixture of exclusive and inclusive

Buffer events to disk, perform online
selection algorithms

detector calibration and alignment

3.5 kHz (0.2 GB/s) to storage [ Full offline-like event selection, mixture '
1 kHz of inclusive and exclusive triggers

1.5 kHz Inclusive/ 1 kHz
Inclusive iy Muon and O U O
Topological Exclusive DiMuon
Charm 12.5 kHz (0.6 GB/s) to storage

“Triggering Th/s of data: LHCb perspective”, CHEP2024

. Run 2 FHATEHTLIRIHLT2Ia82 0 T B2 42
|
5 BHRESIELET LT

NIE1T 1

Future

LHCb-FIGURE-2020-016

REAL-TIME  SIECCITTRNS
ALIGNMENT &

CALIBRATION

4 TB/s
30 MHz non-empty pp
)

FULL DETECTOR
RECONSTRUCTION

& SELECTIONS
(CPU HLT2)

& SELECTIONS
(GPU HLT1)

All numbers related to the dataflow are

taken from the LHCb 68%
TURBO I $
EVENTS 25 USER ANALYSIS

3 GB/s

s T':F_
ga: é%'l«'\' % -Z\ EE' EI] y{-/‘?‘[ wic wreaion of an additional

putter between the two software levels. Th flexibility ‘n trigger
processing that is provided by this buffer system allows the execu-
tion of high-quality alignment and calibration between HLT1 and
HLT2.

"Tesla: an application for real-time data analysis in High
Energy Physics. “Computer Physics Communications 208
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