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Context

• Bandwidth increase expected for HEP experiments in the near 

future — LHC high luminosity era

• Tackled by using accelerator devices — GPUs and FPGAs

• Infrastructure update needed

• LHCb successfully deployed a software based trigger for Run 3 

— Allen

https://arxiv.org/abs/2503.24106
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Context — LHCb trigger

• Trigger is split in 2

• HLT1 (Allen) — standalone application(*) runs on GPUs

• HLT2         — Gaudi framework, runs on CPUs

* in fact it also depends on Gaudi so to use LHCb 
components

LHCb-FIGURE-2020-016
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The idea — Allen Core

• Software framework for high throughput data processing using 

heterogeneous architectures — based on Allen

• Provides the tools to create applications without the need to 

deal with lower level components

• Features

• general use case — many clients

• interoperable — modular and extensible, interfaces

• easy to use — simple and concise APIs

• documented — fast conception to implementation

• tested — on as many platforms and devices as possible
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Repositories

• Allen Core group — https://gitlab.cern.ch/allen-core

The framework (preliminary working version)
https://allen-core.docs.cern.ch/

Application example (preliminary dummy version):
● Open Data Detector (planed)
● Benchmarking (planed)

https://gitlab.cern.ch/allen-core
https://allen-core.docs.cern.ch/
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How to create an application — overview

• directory structure and cmake build files

• algorithms

• sequence(s)

• services

• input provider

• non event data

• application launcher script

Allen Core Demonstrator

https://gitlab.cern.ch/allen-core/allen-core-demonstrator
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How to create an application — build system

import 
Allen Core

define
python dir

add project 
dirs 

generate
algorithms
module

define
Gaudi dirs

install and 
generate 
sequences

generate
launcher
script  
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How to create an application — algorithms

Algorithms 
data deps.

Algorithm 
class

Algorithm 
kernel

cmake target — Algorithms

inc/Reconstruction.cuh

src/Reconstruction.cu
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How to create an application — sequence

input data

reconstruction

Selection lines and full nodeAllen Core 
imports

project
algorithms

sequence node

Sequences are generated at compile time
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How to create an application — Gaudi services
inc/InputProviderSvc.h
● extends interface IInputProviderSvc.h

input_provider/CMakeLists.txt
● links AllenCore interface
● creates Gaudi module  

concrete interface functionalities under dev 
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How to create an application — launcher script

Imports and setup to use 
Gaudi components and 
project (algorithm) libraries

Gaudi application 
manager configuration

Load project algorithms

Run the application

might be automatically generated by 
Allen Core in the future

run_project.py.ini
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Running the application

Read CL arguments

Gaudi configuration 
and initialisation

Event Loop 
thread starts

threads
● app runner (control)
● event loop (coordinator)
● streams (sequences) 
● I/O

App runner thread

device

Instantiation of 
sequence algorithms

Non Event Data 
generation & allocation
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Running the application

CPU device — Intel Xeon Silver 4214RGPU device — Tesla V100-SXM2-32GB

algorithms/device/src/Reconstruction.cu

Caution
This is not a benchmark test, but a 
demonstration of portability

Total number of iterations = 108, since
gridDim  = (100, 100, 10)
blockDim = (1000, 1, 1)
The length of dev_reconstruction is 108
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Allen Core components

Event Loop

Gaudi service interfaces

Streams

Portability

Memory

Algorithms

Sequence generation

Application runner

Built-in algorithms

Launcher script

Services

Application Allen Core

Gaudi application configuration

Algorithms

Sequence(s)
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Allen Core components — Where is Allen?

Event Loop

Gaudi service interfaces(3)

Streams

Portability

Memory

Algorithms(1)

Sequence generation(2)

Application runner

Built-in algorithms

Launcher script

Services

Application Allen Core

Gaudi application configuration

Algorithms

Sequence(s)

(1) Changed to plug-in
(2) Allen + PyConf
(3) inherits ZeroMQSvc

Allen (adapted) - -
Follows Allen — 
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Allen Core components — status

Event Loop ⏳

Gaudi service interfaces ⏳

Streams ✅

Portability  ✅ ➕

Memory ✅

Algorithms ✅

Sequence generation ✅

Application runner ⏳

Built-in algorithms  ✅ ➕

Launcher script

Services

Application Allen Core

Gaudi application configuration  ✅ ➕

Algorithms

Sequence(s)

Completed   ✅
Extensible     ✅ ➕
In progress  ⏳ 

Portability  ✅ ➕
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Next steps

• Allen Core

• ⬆️ I/O Data, Non Event Data and Monitoring interfaces

• ⬆️ Finish event loop (single stream thread now) — I/O threads

• Define and implement (unit) tests

• Extend portability — optimise for CPU and add more devices

• Allen Core Demonstrator

• ⬆️ Sequence: input data and reconstruction algorithms (ACTS interoperability?)

• ⬆️ Non Event Data service: Open Data Detector geometry and conditions

• Monitoring service

• Define and implement benchmark tests

• Build system

• Implement CVMFS builds
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Summary, conclusions and last comments

• Allen Core is basically Allen’s performance critical parts with a system to build external applications

• Some significant differences though

• Use of Gaudi as a system for services — avoid standalone/non-standalone builds as in Allen, now algorithms can always use them

• Plug-in system to register algorithms using an AlgorithmRegistry — dropped Allen’s AlgorithmDB

• Geometry and conditions to be updated through a service instead of a “fake” event loop as in Allen

• Improved logging — based on Gaudi’s MessageSvc for consistency

• Event loop and control (application runner) fully refactored

• First working version (v0.1) of Allen Core — proven ability to run heterogenously

• Ready to use environments provided — Allen Core Containers

• Incomplete for production — many to-dos (I/O, Non Event Data, Monitoring…)

• Early stage of development, needs benchmarking and testing

Thanks for your attention
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Backup
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How to create an application — Gaudi services Non Event Data
preliminary approach

• Constants.cuh defines the data used by the algorithms — e.g. a 

detector geometry class

• Producers.h instantiates data in host memory

• Consumers.h copies data to device (if used)

copy data 
to device

src/Consumers.cpp
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