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ABSTRACT 

Most of the existing performance monitoring tools available for 

High Performance Computing (HPC) systems are either based on 

application level instrumentation or sampling an application during 

its execution by recording its state at regular intervals. The  

performance analysis is then done by users offline on the collected 

data.  In this study, we propose a scalable framework which 

employs software sampling to collect the application performance 

data, streams the collected samples through a message broker using 

the publish-subscribe model. The framework does performance 

analysis by using Machine Learning (ML) online to detect  

inefficiencies in running applications. 

1 INTRODUCTION 

HPC and supercomputers are used in almost every field of science 

but the efficient usage of the computing resources by the software 

is usually low because multitudes of applications running on the 

machine suffer from efficiency issues.  In order to utilize the 

resources on a supercomputer optimally, it is inevitable to identify 

and detect applications that use the given resources suboptimal. 

Users can analyze their programs using performance analysis tools. 

The process of performance analysis consists of data collection, 

data storage and data presentation for analysis [1]. A multitude of 

monitoring systems are available, which continuously collect a 

huge amount of data on HPC systems, including system logs, 

resource utilization data, and data from different temperature and 

energy sensors. Furthermore, current state-of-the art performance 

monitoring systems collect hardware resource utilization data and 

hardware events via hardware performance counters [2], [3]. The 

data collected by monitoring systems is then used either offline to 

do post-mortem performance analysis or recent works also use ML 

to automatically detect performance problems. In this work, we use 

a combinations of software sampling and hardware performance 

counters to collect application information and then detect 

performance inefficiencies in HPC application using ML online. 

With the growing size of HPC machines, it is inevitable to analyze 

the data automatically. For this purpose, ML techniques are 

employed [4], [5]. 

2    RESEARCH PROBLEM  

The first step to implement an online inefficiency detecting 

framework is to select the type of data required. Application 

instrumentation is not suitable because the overhead gets higher 

with the number of calls and can get infeasible to employ at real 

time.  The sampling of software and hardware is considered to limit 

the overhead on the running applications. Moreover, in order to 

correlate the high level job information to the collected samples, 

batch system information should also be collected. Since data is 

collected on all individual nodes of the machine, a lightweight data 

transport protocol is also required.   Finally, the analysis tool needs 

to employ data storage , which can later be used to  perform offline 

training of the ML algorithm. The trained ML algorithm should 

then be able to find irregular usage and inefficiency patterns with 

new data being published to the system.  

3    PROPOSED SYSTEM 

Figure 1 presents the proposed framework. It collects software 

samples and operating system data using the Linux perf events 

interface [6], hardware events via ProPE [3] and batch system data 

using a Slurm plugin. All data is sent through a message broker to 

the data storage and the data analysis steps. Data is stored in a 

scalable database and the data analysis employs ML to detect 

performance inefficiencies in real time.  

 

Figure 1: Proposed Inefficiencies Detection Framework 
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