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ABSTRACT
LIKWID is a tool suite for performance oriented programmers
with a worldwide user group. It is developed by the HPC group of
the University Erlangen-Nuremberg since 2009 to support them
in their daily research and performance engineering of user codes.
The HPC landscape has becomemore and more diverse over the last
years with clusters using non-x86 architectures and being equipped
with accelerators. With the new major version, the architectural
support of LIKWID is extended to ARM and POWER CPUs with
the same functionality and features as for x86 architectures. Besides
the CPU monitoring, the new version provides access the hardware
counting facilities of Nvidia GPUs. This poster introduces the new
features and shows the successes of applying LIKWID to identify
performance bottlenecks and to test optimizations. Furthermore,
the poster gives an overview of how users can integrate the LIKWID
tools in their application using a lightweight add-once-and-reuse
instrumentation API.
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1 INTRODUCTION
The worldwide HPC ecosystem has been getting more and more
diverse in the recent years besides the heterogeneity of CPUs com-
bined with co-processors like GPUs. The HPC system market is
mainly x86-based, predominantly from Intel, with a few POWER-
based systems but in recent times, research clusters with ARM
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CPUs were set up. Moreover, new systems with AMD x86 CPUs
and possibly AMD GPUs are announced.

LIKWID (Like I Knew What I Do) has been around since 2009
with a focus on x86 systems, offering support from Intel Pentium
I and AMD K6 until the newest x86 architectures (Intel Cascade
Lake and AMD Rome). It is not a single tool but a set of command
line tools following the UNIX philosophy: Make each program do
one thing well ([6]). One tool provides a structured overview over
the system topology like hardware thread topology, cache topol-
ogy and NUMA topology. Other tools can be used to control the
system state for benchmarking: control the CPU and Uncore fre-
quency, (de)activate hardware prefetchers or purge shared caches
from data of previous runs. In order to control actual benchmarking
runs, LIKWID provides a tool to control the affinity of applications
threads and memory allocation policies. For deeper analysis of
application execution, the tool likwid-perfctr offers multiple
methods to measure the execution using hardware performance
counters and other hardware facilities like energy or temperature
sensors. For performance engineering and research, an extensi-
ble micro-benchmarking tool using hard-written assembly kernels
with streaming access schemes gives upper bounds for execution
performance.

With the landscape of systems getting more and more frag-
mented, it is crucial for tools to support all these architectures,
especially when they are used in research areas like computer ar-
chitecture or HPC. Since the release of version 4.0.0, a lot of new
general features as well as a set of interfaces for programming
languages have been introduced. Besides changes on the user inter-
face, a generic backend was added which allowed the integration of
other CPU architectures, specifically ARM and POWER. For better
support of accelerators, the new version provides measurement
capabilities for NVIDIA GPUs.

2 CHANGES TO PERFORMANCE
MONITORING ARCHITECTURE

2.1 perf_event
LIKWID’s origin is research where users are working on bleeding
edge systems and want to exploit hardware counting opportunities
as soon as they have a system in their hands. With growing pop-
ularity of LIKWID, supporting a generic interface was requested
by computing centers around the world. The only feasible inter-
face was Linux’s perf_event , which offers the hardware counting
facilities to user-space through system calls and file descriptors. It
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was natural to preserve as many features as possible with the new
interface. Access to perf_event units (like CPU-core local counter
or memory controller counters) is contrary to the original backend
where LIKWID uses generic Linux kernel interfaces to access the
hardware registers directly. Moreover, as the configuration settings
of perf_event might be different from the values written in registers
directly, a new logic to read the configuration options of perf_event
and holding the file descriptors for each counter needed the be
developed.

Although it required considerable code restructuring, the generic
interface of perf_event enabled the integration of other CPU ar-
chitectures like ARM and POWER, but the addition of these CPU
architectures caused also changes in different parts of the library
as they provide own interfaces for controlling the hardware like
manipulating the CPU frequencies. Most changes were required
in the topology backend because it is used by all other modules of
the library. Although the hwloc library [1] introduced in version
4.0.0 provides topology information independent of the hardware
in most cases, flaws in CPU firmware required workarounds to
present the same detailed topology to the user.

2.2 NVIDIA GPU support
Many HPC systems in the Top500 list of supercomputers ([8]) are
equipped with GPUs and gain most of their compute power through
them. Furthermore, in the meantime, many applications have been
ported or new abstraction interfaces have been developed to ex-
ploit the capabilities of GPUs. The main vendor for GPUs in HPC
clusters is NVIDIA who provides hardware counting through their
libraries, specifically NVML (NVIDIA Management Library) and
CUPTI (CUDA Profiling Tools Interface). In the SeASiTe project,
funded by the German Ministry of Research (BMBF, Grant Nr.
01IH16012 ), an interface to NVIDIA GPUs is needed to optimize
system behavior based on runtime hardware performance counter
data. The main challenge here was to create a suitable low-overhead
interface to the code as measurements of GPU hardware events are
only possible from inside the application. In a first step the func-
tionality was added for self-monitoring of applications, thus the
application developer needed to integrate LIKWID in their applica-
tion. In a second step, the support for using the LIKWID command
line tools for monitoring GPU kernel execution was integrated.
With the GOTCHA interface ([7]), LIKWID can seamlessly interact
with the NVIDIA libraries without limiting the users’ options to
use other analysis tools.

3 ADDITIONS TO THE USER API AND
COMMAND LINE TOOLS

The dominant programming languages in the HPC world for per-
formance critical parts are C, C++ and Fortran. The LIKWID tool
suite offers instrumentation support, called MarkerAPI, for these
languages already for a long time. With version 4.0.0 all functions
are exposed for C, C++ and Lua, the programming language of the
LIKWID command line tools. Although not used by the CLI tools,
Lua applications can use LIKWID’s MarkerAPI.
Other programming languages widely used are Python and Java.
The LIKWID team offers a Python API ([9]) for the full API as well
as for the MarkerAPI, so standalone applications can exploit all

LIKWID features or already existing codes can be instrumented
using the MarkerAPI. For Java there is a class-based implemen-
tation of the MarkerAPI ([4]) which allows the measurement of
multi-threaded code regions.

4 SUCCESS STORIES
LIKWID is used by many centers for the analysis of hardware-
software-interaction, often in continuous system monitoring or
for code and runtime optimization sessions. One of the success
stories of the application of LIKWID was the fix of a vectorization
problem in a simulation code based on LB3D ([5], [2]) and used
by the institute for Dynamics of Complex Fluids and Interfaces of
the Helmholtz Association ([3]) to simulate soft matter systems at
the mesoscopic scale. Using LIKWID, a data structure in a central
component had a bug that prevented compilers to apply vector-
ization optimizations. After fixing the problem in the code, the
performance was tested on the Hazel Hen cluster at HLRS with a
roughly three-fold improvement in performance in a weak scaling
scenario up to 5000 cores. LIKWID was incorporated in the test
suite simulation package.

5 MICRO-BENCHMARKING
The extension of LIKWID to other CPU architectures includes, be-
sides hardware performance monitoring capabilities and topology
information,micro-architectural benchmarking. The tool likwid-bench
was used for architectural benchmarking of x86 platforms with
streaming access kernels. The main goal was to free the user from
the burden of proper memory allocation and thread placement. The
assembly was abstracted to avoid users having to deal with calling
conventions and array pointers. With the rewrite of likwid-bench
in LIKWID 5.0, the benchmarking framework was extended to x86,
ARM and POWER architectures offering the same informations like
memory bandwidths, instruction counts and FP operations. More-
over, the flexibility was increased to allow for assembly kernels
with multiple dimensions and cache reuse, such as an L3 blocked
3D Jacobi 5-point stencil or matrix vector operations.

REFERENCES
[1] François Broquedis, Jérôme Clet-Ortega, Stéphanie Moreaud, Nathalie Furmento,

Brice Goglin, Guillaume Mercier, Samuel Thibault, and Raymond Namyst. 2010.
hwloc: A generic framework for managing hardware affinities in HPC applications.
In 2010 18th Euromicro Conference on Parallel, Distributed and Network-based
Processing. IEEE, 180–186.

[2] Stefan Frijters, Florian Günther, and Jens Harting. 2012. Effects of nanoparticles
and surfactant on droplets in shear flow. Soft Matter 8, 24 (2012), 6542–6556.

[3] Helmholtz Association of German Research Centres. cited July 2019. Helmholtz
Association of German Research Centres. https://www.helmholtz.de/en/.

[4] Jacek Lewandowski. cited August 2019. Java API for likwid. https://github.com/
jacek-lewandowski/likwid-java-api.

[5] Fabian Jansen and Jens Harting. 2011. From bijels to Pickering emulsions: A lattice
Boltzmann study. Physical Review E 83, 4 (2011), 046707.

[6] Malcolm D McIlroy, Elliot N Pinson, and Berkley A Tague. 1978. UNIX Time-
Sharing System: Foreword. Bell System Technical Journal 57, 6 (1978), 1899–1904.

[7] David Poliakoff andMatt LeGendre. 2017. Gotcha: An Function-Wrapping Interface
for HPC Tools. In Programming and Performance Visualization Tools. Springer,
185–197.

[8] Prometeus GmbH. cited August 2019. Top 500 list of supercomputers. https:
//www.top500.org.

[9] RRZE-HPC. cited August 2019. Python interface for the LIKWID C API. https:
//github.com/RRZE-HPC/pylikwid.

https://www.helmholtz.de/en/
https://github.com/jacek-lewandowski/likwid-java-api
https://github.com/jacek-lewandowski/likwid-java-api
https://www.top500.org
https://www.top500.org
https://github.com/RRZE-HPC/pylikwid
https://github.com/RRZE-HPC/pylikwid

	Abstract
	1 Introduction
	2 Changes to performance monitoring architecture
	2.1 perf_event 
	2.2 NVIDIA GPU support

	3 Additions to the user API and command line tools
	4 Success stories
	5 Micro-Benchmarking
	References

