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Marenostrum4

Platforms
Different architectures.
Different locations.
Different scale.
Different schedulers.
Different computational resources 
assignments for different users.
We can make it work under a 
single framework: Autosubmit.



Autosubmit
A Brief Description
• Autosubmit is a workflow manager that orchestrates complex tasks, mainly 

scientific. It manages experiments running on HPC clusters, other remote and 
local platforms. It is written in Python and works on the terminal.

• The user configures the experiment workflow by defining jobs and setting 
dependencies between these jobs. Then, Autosubmit takes control and 
executes the experiment automatically.

• Autosubmit connects to the remote platforms by ssh to run scripts, submit batch 
jobs, retrieve logs, and other tasks that are part of managing a workflow. 

• It handles errors and can report them to the user. It provides a way to stop, 
restart, monitor, modify the experiment; among other features.



There is no typical 
experiment 
• Different configurations for different 

models. Each has its own set of job 
types, and each job type allows further 
configuration. A general approach 
adaptable to any workflow.

• Simulations, data transfers, cleaning, 
preprocessing. The result of any of these 
jobs can be the input of the next job.

• Our users can take advantage of 
clusters that implement different 
architectures and use them in the same 
experiment.

• An experiment takes the form of an 
acyclic directed graph.

A small experiment



The typical constraints
Under the SLURM model

• A share of computational resources is assigned to a group of users. Some 
groups can have an assignment corresponding to a large project with a large 
share, while others be assigned limited resources for a small project.

• Our main platform, Marenostrum4, implements the SLURM scheduling 
system. The system tries to distribute computation resources fairly. 

• Depending on the current load, jobs have variable queuing times. 

• Small computational resources assignments result in long queue times.

• Resources are precious.



SLURM
As implemented in Marenostrum4
• We can divide the SLURM scheduling mechanism in: Priority, Scheduler.

• SLURM uses some factors to determine the Priority value of a job. The higher its value the 
sooner it will be executed, or the less time it will spend in the queue. We focus on two
important factors: Age, Size.

• A job that spends time in the queue gains Age factor.

• The higher the number of CPUs a job requests, the larger the value of the Size factor. Reward 
High Parallelism. 

• The Scheduler implements a backfill mode. This algorithm tries to minimise idle time by 
starting lower Priority when that action would not affect higher Priority jobs. The wallclock, 
the estimated running time users declare for their jobs, and the number of requested CPUs
are used to compute the result of backfill.



Using restrictions in our favor
• We can use the rules imposed by the SLURM

scheduling mechanism in favor of our users.

• We can maximise priority by requesting many CPUs. 
How? Autosubmit can wrap similar jobs into a single 
package that will be sent to the scheduler as if they 
were a single large job. Thus, increasing its Size factor.

• There are different types of wrappers: horizontal, 
vertical, mixed. The user can fit the experiment to the 
wrapper or choose the proper wrapper for the 
experiment.

• We can maximise Priority by holding jobs in the 
queue in advance but preventing them from being 
executed.

Wrappers



Autosubmit API & GUI



Autosubmit API
It seemed natural that the 
execution information 
generated by Autosubmit
as items in the File System 
and Databases could also 
be served as an API. 



Autosubmit 
GUI
Autosubmit API can be consumed 
by a Web front-end. 

We apply web tools for data 
representation.

We can centralise monitoring access 
to all experiments under Autosubmit. 

We handle experiments consisting of 
tens of jobs to the tens of thousands.

COMPLETED
RUNNING
QUEUING 
FAILED



The Big Picture
From one terminal to another and back



Autosubmit, Autosubmit API & Autosubmit GUI 
work together as a single distributed system: 
An end-to-end workflow manager.



Data



Usage



Performance 
Metrics
We gather information about the execution of jobs in 
the experiment.

The metrics are currently defined based on 
“computational resources spent per simulated 
time”. 

Not all jobs perform simulation. 

Some projects might not include simulation jobs in 
their execution.

Main metrics: Simulated Years per Day, Joules per 
Simulated Year, Core Hours per Simulated Year.

Autosubmit GUI implements a module that displays 
the metrics using flexible tools (D3js).



Statistics
Users can monitor 
the time consumption 
of their experiments 
in a selected interval 
at a job level.



Historical 
Information
Autosubmit stores 
information from current 
and past executions of 
experiments and their
jobs.

This information is 
provided to the user.



Next Steps



Use the data
• We have information from the execution of different experiments and jobs. We 

can use this data to train algorithms that could provide the user with useful 
predictions about the performance of the experiment, or suggest optimal 
configuration settings (e.g. wallclock, wrapper).

More interaction
• Autosubmit GUI implements monitoring and command generation tools. This 

year, it will also implement direct operations on the experiment through the 
interface, meaning that our users will be able to manage an experiment 
running on a High Performance Computing platform from their browsers, or 
even from their smartphones.



Questions & 
Answers

Chapel Torre Girona
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