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ABSTRACT

The demand for interactivity on HPC systems is increasing, pri-
marily driven by new HPC users from the AI/ML research area.
Traditional HPC users are accustomed to waiting for job execution
on a batch scheduling system while new users prefer an interac-
tive terminal such as Jupyter Notebook. To address these evolving
requirements, enhancing interactivity is essential. Fine-grained
gang scheduling is one potential solution for this problem. This
poster presents a scalable inter-node synchronization mechanism
that facilitates well-time-aligned synchronization message delivery
through broadcast communication for fine-grained gang scheduling
in HPC systems. The mechanism improved the application perfor-
mance by 2.7 times compared to the existing implementation, when
concurrently running two parallel applications on 128 computing
nodes using a 500ms time slice duration.

1 INTRODUCTION

High-Performance Computing (HPC) systems are primarily op-
erated using batch queue systems, which are managed using job
schedulers. These systems typically employ a First-In-First-Out
(FIFO) approach, resulting in some waiting time even for short du-
ration jobs. Existing job scheduling implementations prioritize short
duration and low node count jobs through a backfilling mechanism.
Backfilling is theoretically effective in a congested environment;
however, it requires accurate job execution time estimation by users
for jobs in the queue [3]. Users tend to specify longer estimated
times for jobs to avoid unintentional job termination. Too long job
estimation time obstruct backfilling because job schedulers deter-
mine that job does not fit in the available space at an earlier time.
The typical HPC system can limited interactivity because of the
limitation of backfilling.

The increasing scale of AI/ML applications is changing the de-
mand from users and creating pressure to provide more interactivity
in HPC systems. Users in the traditional HPC community are accus-
tomed to waiting for job scheduling while new users from AI/ML
field are using cloud computing environment, that can provide re-
sources instantly. They often use interactive terminal like Jupyter
Notebook, where waiting hours for execution, even for short tasks,
is uncommon.

There are two approaches to improving interactivity in HPC
systems: space sharing and time sharing. Space sharing divides
computing resources into several parts and provides them to multi-
ple jobs or users. Most paralel applications with MPI do not support
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rescaling of running application, so space sharing does not meet
the requirement to run scalable applications. Time sharing allows
multiple jobs or users to share the same computing resources in
a time-shared manner. The system switches between jobs on the
resource at fixed intervals (time slices) for concurrent execution.

Ordinary time sharing execution is not suitable for parallel appli-
cations because those applications require synchronous messaging
and reduction operations, that require that all resources are avail-
able at the same time. Gang scheduling[4] is a solution for running
multiple parallel applications concurrently on limited computing
resources. It synchronizes the states of the execution across the
computing resources allocated to each job. Historically, the adop-
tion of gang scheduling in real-world systems has been limited due
to the lack of demand, risk of memory shortages, and the reduced
execution efficiency with large scale applications. The first issue is
solved by changes in demand. The second issue becomes relatively
non-critical because of the growing capacity of memory devices [5].
The third issue is caused by synchronization jitters on multiple
computing nodes. This paper proposes a new approach to address
the third issue by improving the efficiency of gang scheduling for
large-scale applications in HPC systems by using the scalable high
precision inter-node synchronization mechanism.

2 RELATED WORK

The impact of synchronization methods on performance in gang
scheduling has been evaluated and analyzed in [1]. Although the
era and system configurations in which this paper was written are
different, the requirement for task switching to be performed with
high temporal accuracy remains unchanged. This poster describes
the implementation and performance evaluation in a large-scale
cluster environment. While not directly related to schedulers, [2]
demonstrates that data drops do not realistically occur in large-scale
clusters connected with InfiniBand, even when using Unreliable
messages. This is an important background information for our
study because this research aims to perform scalable job switching
for gang scheduling by using unreliable broadcast messages. Widely
used scheduler like Slurm also has a gang scheduling implemen-
tation; however, it does not support the time slice shorter than 5
seconds. A lower time slice is better for interactivity and our target
is less than 0.5 seconds.
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Figure 1: Each computing node switches jobs based on the
synchronization signal received from the control server.

3 GANG SCHEDULING WITH
HIGH-PRECISION INTER-NODE
SYNCHRONIZATION

3.1 Design

In this poster, we propose a scalable inter-node job switching mech-
anism for gang scheduling in HPC systems. The architecture of the
proposed system is illustrated in Figure 1. We created a partition
with oversubscription enabled within the Slurm environment, al-
lowing multiple jobs to operate in a time-sharing manner on the
same resources. It is important to note that we did not utilize the
gang scheduling functionality provided by Slurm. Instead, we imple-
mented an external node synchronization job switching mechanism
for this system.

The implementation can be divided into several parts: a con-
troller that sends synchronization messages using broadcast com-
munication, a mapping of the job list in Slurm and the process IDs
on each computing node, and an agent that switches jobs when
synchronization messages are received on each computing node.
Job switching is performed by sending a SIGSTOP signal to the
processes of the jobs to be suspended and a SIGCONT signal to
the jobs to be resumed, based on the correspondence between job
IDs and PIDs. The job switching signal is transmitted as a UDP
broadcast packet over IP over InfiniBand network. Currently, syn-
chronization messages only contain sequence numbers. The agent
program switches running jobs based on the received sequence
numbers because this is the prototype to evaluate the effectiveness
of the broadcast synchronization mechanism. There are several al-
gorithms to determine the combination of jobs to run concurrently,
and implementing them in the system is our future work.

The novelty of this research lies in the use of unreliable com-
munication, such as UDP, for controlling job and process switch-
ing, which is typically performed using highly reliable and unicast
communication, such as TCP. Unlike unicast communication that
requires sequential operations for broadcasting, it is expected that
the synchronization will be highly accurate. Regarding the concern
of data loss of broadcast communication, according to our experi-
ments, no packet loss was observed on the 1000-node InfiniBand
connected cluster systems. Even if rare data loss occurs, it would
only result in a single job switch not being performed, which is
not a critical issue. The expected performance degradation caused
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Figure 2: Performance comparison between the proposed
synchronization mechanism and OpenMPI signal propaga-
tion.

by data loss is almost the same as the packet loss ratio, which is
typically very low on HPC networks.

3.2 Evaluation

In this section, we present the evaluation of the gang scheduling
with the proposed synchronization mechanism. The synchroniza-
tion mechanism is integrated into the Slurm 22.05 environment.
The time-slice duration is 500ms for all evaluations. Please refer to
the poster for the detailed information of environment.

The evaluation was carried out by time-slicing the execution of
two simultaneous jobs and recording their execution times. The
target applications were Intel MPI benchmarks and GROMACS
(benchRIB). Please refer to the poster for MPI communication per-
formance. We compared the performance of the proposed gang
scheduling with the synchronization mechanism to that of the sig-
nal propagation mechanism provided by OpenMPI. We utilized the
signal propagation mechanism of slurm by sending signals only to
processes on the first node of each partition.

Figure 2 shows a graph of the evaluation results, where the ver-
tical axis represents the execution time and the horizontal axis
represents the time slice duration. The graph illustrates the perfor-
mance of both the proposed mechanism (Broadcast sync.) and the
signal propagation mechanism of Slurm/OpenMPI. The proposed
mechanism demonstrated shorter execution times compared to the
Slurm’s signal propagation implementation and there was only 6.3%
overhead compared to the doubled time of single job execution.

4 CONCLUSION

In this research paper, we propose a new synchronization mech-
anism for scalable gang scheduling that utilizes unreliable broad-
cast messages. Through evaluations, our proposed mechanism ex-
hibits superior performance compared to existing implementations.
Furthermore, our approach maintains high performance and low
overhead (6.3%) even as the number of nodes increases up to 128,
indicating its high scalability. Supporting GPUs is future work;
however, this method can be applied to GPU clusters because node-
level synchronization is a common issue. This poster presents the
details of our proposed gang scheduling mechanism and the re-
sults of our evaluations, highlighting its potential for enhancing
the interactivity of parallel computing systems.
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