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Overview of HPC Systems

§ Top500 (November 2023)
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Overview of HPC Systems

§ High-Performance Computing (HPC) involves using 
advanced hardware and parallel processing to solve 
complex problems at extremely high speeds.
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Overview of HPC Systems

§ The SuperNode-XP at HPCC, HCMUT
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Overview of HPC Systems

§ HPCC Research Team, HCMUT 
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www.hpcc.hcmut.edu.vn
hpcc@hcmut.edu.vn



Scheduling on HPC Systems

§ Job Schedulers help ensure fair access to 
computing resources while maintaining optimal 
system utilization.
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FCFS (First-Come, First-Served) is popularly used in High-
Performance Computing (HPC) systems because of its 
simplicity and fairness in resource allocation
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Scheduling on HPC Systems
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Scheduling on HPC Systems

Waiting Queue

HPC System
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Scheduling on HPC Systems

Pure FCFS: Too many resource “holes”
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Scheduling on HPC Systems

FCFS with EASY Backfilling: allows smaller jobs to 
"backfill" the gaps left by the first job in the queue, as long 
as they don't delay the execution of the first job.

backfill
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Scheduling on HPC Systems

Can we expand the 
space to backfill more 
smaller jobs?

backfill
Execute later
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Scheduling on HPC Systems

Or even better?
But choosing a reasonable threshold 
for the delay might be tricky! 

backfill
Execute later
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Research Goals

§ Prove the potential of delaying queued jobs in 
improving the performance of real-world HPC 
systems.

§ Propose a practical delay strategy that balances 
user fairness and scheduling performance.

§ Develop a mechanism to encourage users to 
provide more accurate estimates



Fattened backfilling is a recent job scheduling algorithm that provides more backfilling 
opportunities by allowing short jobs to move forward if they do not delay the first job of 
the queue more than the average waiting time (AWT) of the already finished jobs.
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Related Work

César Gómez-Martín, Miguel A. Vega-Rodríguez, José-Luis González-Sánchez, Fattened backfilling: An improved strategy for job scheduling in parallel systems, 
Journal of Parallel and Distributed Computing, Volume 97, 2016, Pages 69-77, ISSN 0743-7315,



The first queued job is doubled their waiting time 

(shadow time = current time + estimated wait time to have enough resources)
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Related Work

César Gómez-Martín, Miguel A. Vega-Rodríguez, José-Luis González-Sánchez, Fattened backfilling: An improved strategy for job scheduling in parallel systems, 
Journal of Parallel and Distributed Computing, Volume 97, 2016, Pages 69-77, ISSN 0743-7315,



Deviation Delay
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Deviation Delay = 
User-Provided Walltime – Predicted Runtime  

Deviation Backfilling: The deviation 
between user estimates and system 
predictions is used as the delay 
threshold for the first job in the 
backfilling queue.



Deviation Delay

18ACOMPA 2023

Why use the deviation of user-provided wall time?

§ User estimates are usually much longer than the 
real execution time -> More space!

§ Walltime acts as the “deadline” for each job. -> 
Can delay as long as we do not cross this limit

How to calculate the delay threshold?



Job Runtime Estimation
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Use the kNN method!
The inaccurate user estimate of a job is refined
using the historical data about its most similar jobs 

User provided walltime

Predicted deviation ratio

Predicted job runtime

T. H. Le Hai, L. L. Hoang, and N. Thoai, “Potential of applying kNN with soft walltime to 
improve scheduling performance,” in 2021 The International Conference on Computing, 
Computational Modelling and Applications (ICCMA), 2021.



Evaluation & Discussion

§ Experiments are conducted using BatSim
§ Use 3 datasets ( 2 from Parallel Workload Archive and 1 

from the SuperNode-XP): 
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P.-F. Dutot, M. Mercier, M. Poquet, and O. Richard, “Batsim: a Realistic Language-Independent Resources and Jobs Management Systems Simulator,” in 20th Workshop on 
Job Scheduling Strategies for Parallel Processing, Chicago, United States, May 2016.

D. G. Feitelson, D. Tsafrir, and D. Krakov, “Experience with using the parallel workloads archive,” Journal of Parallel and Distributed Computing, vol. 74, no. 10, pp. 2967 –
2982, 2014.



Evaluation & Discussion
§ Deviation Backfilling scheme outperforms other 

scheduling approaches
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Conclusion and future work

§ Deviation Backfilling is a promising alternative to traditional 
scheduling algorithms, offering improved efficiency and 
user fairness.

§ By using prediction deviation as the delay threshold for the 
first job in the backfilling queue, Deviation Backfilling can 
reduce the average waiting time for jobs and increase 
system throughput.

§ Our work opens up several interesting directions for future 
research, including investigating the use of Deviation 
Backfilling in other types of HPC systems and exploring the 
use of other Machine Learning algorithms for job runtime 
prediction.
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thanhhoang@hcmut.edu.vn
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