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HEPS is a fourth-generation synchrotron light source, and the experiments conducted at HEPS
will transition to high-throughput, multi-modal, ultra-fast frequency, and cross-scale formats. The
annual data flux generated by these experiments is anticipated to enter the ’Exa-scale’ era. Given
the substantial volume of high-throughput experimental data, a single computing node struggles
to meet the computational demands for data analysis. Consequently, it is essential to develop
a high-performance, robust, and user-friendly distributed parallel computing engine to enhance
the performance of data processing software. Due to significant variations in data rates across
different beamline stations, supporting heterogeneous resources (such as GPUs) in a flexible
and fine-grained manner presents a challenge. To optimize computational efficiency and handle
extensive datasets, we have developed a distributed parallel computing engine that can leverage
scalable, heterogeneous computing resources to deliver HEPS’ data analytical services across
various scales. Experiment shows that our distributed computing engine significantly enhances
the efficiency of HEPS’ data processing.
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1. Introduction and Background

High energy photon source(HEPS) is a 6 GeV diffraction limited storage ring light source
currently under construction in Beijing. The experiments from HEPS will shift towards high-flux,
multi modal, ultrafine frequency, cross scale. And the generated annual data is expected to enter the
Exascale era[1, 2]. Faced with such high throughput and diverse capacity of experimental data, the
time consuming of scientific data analysis and processing have been identified limiting the efficient
usage of HEPS technique. Therefore, it’s necessary to develop an efficient distributed computing
engine for supporting data analysis tasks and increasing the procedure performance.

Limited by the performance of single processor(CPU) and even many core graphics processing
units (GPUs), traditional light source data analysis software has a performance bottleneck while
using the local single computing node[3]. Distributed computing cluster with high concurrency
and high bandwidth can provide powerful computational capability support for light source data
analysis tasks. However, distributed computing cluster based on heterogeneous computing power is
difficult to adapt to existing analysis software, so a flexible distributed computing engine is needed
to apply heterogeneous computing resources and schedule computing tasks.

2. Method

As shown in figure 1, this paper presetnts the design and development of a distributed parallel
computing engine. This engine leverages high-performance distributed heterogeneous clusters to
accelerate the computational tasks of Daisy[4], the data analysis software used by HPES. To process
the high throughput, multi-modal and complex diversity of experimental data, the distributed
computing engine needs to provide three mainly functions:

a)Splitting sub-task function is designed to realize the data parallel execution of computing
tasks on multiple computing nodes of cluster.

b) Task scheduling function is responsible for receiving task requests, deciding the execution
order of tasks and allocating execution nodes according to the scheduling policy and resource
conditions.

c) Resource allocation function is to provide uniform management of allocatable resources
across the cluster and allocate hardware resources based on task requirements.

Figure 1: Design of distributed computing engine for self-developed software processing framework Daisy
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Figure 2: Implementation of distributed computing engine for HEPS

Figure 3: Results of the CT reconstruction task on multiple computing nodes

3. Implementation and Evaluation

As shown in figure 2, in order to achieve high concurrency, our distributed computing engine
adopts the mode of separation of the front-end and back-end, which can serve multiple beamlines
simultaneously. It’s implemented under ray framework[5] and can be containerized in Kubernetes
clusters. The user can access the back-end computing cluster through the proxy service. The
back-end cluster enables multiple workers to parallel data processing according to the configuration
parameter passed by the proxy. Experiments on the ultrafast electron beam X-ray CT[6] show that
our system has good scalability. As shown in figure 3, the computing performance improves linearly
with the increase of nodes.
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