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Summary

• It’s important to understand how our applications perform on different HPC 
architectures in order to make informed decisions about future hardware 
and future software

• Benchmarking, as it’s traditionally done, requires a lot of manual effort, is 
time-consuming, error prone and difficult to reproduce

• We’ve developed a framework using Spack and ReFrame to automate the 
manual effort in portable building and running of benchmarks.

• Adopting it takes an effort, but the increase in productivity is worth it! 
Please join our collaborators!



Building Blocks of a 
Benchmarking Workflow



ExCALIBUR Portable 
Benchmarking Framework v1.0.0
Framework for automating builds, runs and data collection of benchmarks 
across HPC systems
It contains
• ReFrame configuration and Spack environments for UK HPC systems
• Suite of benchmark applications from collaborators
• Analysis and Visualisation tools
• Documentation and Tutorials 

It is not
• An authoritative collection of benchmarks
• A benchmarking campaign

https://github.com/ukri-excalibur/excalibur-tests 

https://github.com/ukri-excalibur/excalibur-tests


Currently Supported Systems

Tursa

 ARCHER2  CSD3
 Cosma

 DIaL2 & DIaL3  [Isambard 2] Myriad & Kathleen
(& Contender testbed)

https://ukri-excalibur.github.io/excalibur-tests/systems#tursa
https://ukri-excalibur.github.io/excalibur-tests/systems#archer2
https://ukri-excalibur.github.io/excalibur-tests/systems#csd3
https://ukri-excalibur.github.io/excalibur-tests/systems#cosma
https://ukri-excalibur.github.io/excalibur-tests/systems#dial2
https://ukri-excalibur.github.io/excalibur-tests/systems#dial3
https://ukri-excalibur.github.io/excalibur-tests/systems#isambard-2
https://ukri-excalibur.github.io/excalibur-tests/systems#myriad-and-kathleen


Using Spack for building 
benchmarks
Spack manages dependencies and 
automates build systems
• Popular package manager for HPC in UK 

and US (ARCHER2, CSD3, DoE Labs)
• Large community developing and 

maintaining packages – Easy to 
contribute upstream

• Encourages reproducibility by keeping 
track of versions, variants and 
dependencies

github.com/spack/spack 

https://github.com/spack/spack


Spack recipe example (1/2)



Spack recipe example (2/2)



Using ReFrame for running 
performance benchmarks
Open-source framework for regression tests and benchmarks for HPC 
systems
• Abstracts interactions with the scheduler and build system, separates 

benchmark and system properties.
• Interfaces with HPC concepts, such as schedulers, modules, build 

systems (including Spack)
• Multidimensional parametrisation for benchmarking campaigns

github.com/reframe-hpc/reframe 

https://github.com/reframe-hpc/reframe


ReFrame class example



Analysis and Visualisation 
Workflow



Visualisation GUI

• Post-processing can 
be run as a web app 
via Streamlit.

• Plot config is now an  
optional argument 
because it can be 
created from scratch 
in the UI.



Use Cases

System monitoring
Application development
System(s) evaluation



Use Cases

- Submitting 
ReFrame jobs on 
different nodes

- Node performance 
analysing  

nodelist handlers
Gokmen Kilic, Asif 
Muhammad, DiRAC



submitting jobs on different nodes

parsing node 
information

Gokmen Kilic, Asif 
Muhammad, DiRAC



High Performance Computing (HPC) Group University of Bristol,High Performance Computing (HPC) Group, University of Bristol

• Benchmarks achievable (main) memory bandwidth
• Based on McCalpin STREAM, except

– Arrays allocated on the heap
– Problem size is known only at runtime

• Written in many programming models
• Constructed of simple vector operations

– Copy: c[i] = a[i]
– Mul: b[i] = scalar * c[i]
– Add: c[i] = a[i] + b[i]
– Triad: a[i] = b[i] + scalar * c[i]
– Dot: sum += a[i] * b[i]

16

BabelStream

https://github.com/UoB-HPC/BabelStream

Kaan Olgu, Bristol

https://github.com/UoB-HPC/BabelStream
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BabelStream Spack Package

• CMake builds well, but we need a wrapper script for a smoother installation.
• The paper was completed in 18 months with a team of 6-7 authors contributing 2-3 months each.
• Avoid manual installation of external library dependencies.
• When using BabelStream with an older project that requires a specific version of CMake, users may need to 

switch between different CMake versions.

Background Information

The Spack package simplified the commands 
required to build implementations

No Performance Penalty
Reason of variation : 
Different data generated at compile time!

No dependencies to deal with by the user 
The required dependencies are installed in 
Spack's own specific folder not into the system

@develop : we could use any branch 
%oneapi : we could use compiler of choice
Other flag options could be set from 
documentation

Function
Throughput 

Difference Formula
Throughpu
t
Difference 

Copy

(Spack/CMake - 1) * 100 

 1.75 % 
Mul  0.07 % 
Add 2.13 %
Triad 1.77 %
Dot 3.43 %

spack install babelstream@develop +sycl2020%oneapi

Kaan Olgu, Bristol
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BabelStream ReFrame Package

• ReFrame package uses the Spack build system for regression tests and benchmarks designed for HPC 
systems. 

• It simplifies the complexity of interacting with the system, focusing only on test functionality. 
• Users with a single command can run BabelStream on the desired environment and get the figure of merit 
• Using ReFrame with the Spack build system allowed us to maintain code easily 

Background Information

reframe -c benchmarks/apps/babelstream -r --tag cuda --system=isambard-macs:volta -S 
build_locally=false -S spack_spec='babelstream@develop%gcc@9.2.0 +cuda cuda_arch=70'

--tag=cuda : 
Instructs ReFrame to use "cuda" subclass for 
setting up environment

--system=isambard-macs:volta : 
Choosing which environment to build and run the 
Babelstream

Run Command

 
-Sbuild_locally=false :  
This instructs not to use login nodes and use system provided 
for running   "spack install babelstream" 
 
-Sspack_spec='babelstream%gcc +cuda cuda_arch=70'  :  
Spack commands we used previously 

Kaan Olgu, Bristol



GRTeclyn: performance benchmarks
Juliana Kwan, Cambridge



Weak scaling benchmark on ARCHER2

Pure MPI is 
~30% faster 
on one node

Hybrid MPI+OpenMP 
is ~30% faster on 32 
nodes

eCSE08 project 
CONQUEST

David Bowler, UCL



LEXCI: Reproducibility of 
performance benchmarks

Pratley, McEwen et al. (2019)

Jason McEwen, UCL



Current systems:
Grace-Hopper (“Locust”)
Nvidia ◊ A100 (“Cricket”)
POD16 (“Mandelbrot” & “Fibonacci”)
Cloud AI100 (“Zeno of Citium”)
SX Aurora TSUBASA (“Terrarium”)
LinuxOne (“Vindicator”)

Arriving now!
Project Contender

As Moore’s 
Law fails, 

accelerator 
cards boom.

Project Contender at the 
Centre for Advanced 
Research Computing is a 
collection of accelerator 
cards, and the like, for 
researchers to 
• compare performance,
• gain familiarity
• stimulate novel 

programming approaches

Nvidia ◊
Ampere ◊ Altra +

Graphcore ◊
Qualcomm ◊

NEC ◊
IBM ◊

To apply for system access contact j.legg@ucl.ac.uk 
with a brief outline of your proposed use.
https://www.ucl.ac.uk/advanced-research-computing/coming-soon-platforms

Centre for 
Advanced
Research 
Computing

Various 
GPUs

ML Training

& InferenceARM 
CPUs

Mainframe

UPDATE

mailto:j.legg@ucl.ac.uk


-   purify@4.2.0%gcc@13.1.1+benchmarks~coverage~docs~ipo+mpi~onnxrt+openmp+tests build_system=cmake build_type=Release 
generator=make arch=linux-rhel9-neoverse_v2
 -       ^benchmark@1.8.5%gcc@13.1.1~ipo~performance_counters build_system=cmake build_type=RelWithDebInfo generator=make 
arch=linux-rhel9-neoverse_v2
 -       ^boost@1.82.0%gcc@13.1.1
 -       ^catch2@3.7.1%gcc@13.1.1~ipo+pic~shared build_system=cmake build_type=Release cxxstd=17 generator=make 
arch=linux-rhel9-neoverse_v2
 -       ^cfitsio@4.4.0%gcc@13.1.1+bzip2+shared build_system=autotools arch=linux-rhel9-neoverse_v2
 -       ^cubature@1.0.4%gcc@13.1.1~ipo build_system=cmake build_type=Release generator=make arch=linux-rhel9-neoverse_v2
 -       ^eigen@3.4.0%gcc@13.1.1~ipo build_system=cmake build_type=RelWithDebInfo generator=make arch=linux-rhel9-neoverse_v2
 -       ^fftw@3.3.10%gcc@13.1.1+mpi~openmp~pfft_patches+shared build_system=autotools patches=872cff9 precision=double,float 
arch=linux-rhel9-neoverse_v2
[^]      ^gcc-runtime@13.1.1%gcc@13.1.1 build_system=generic arch=linux-rhel9-neoverse_v2
[e]      ^glibc@2.34%gcc@13.1.1 build_system=autotools arch=linux-rhel9-neoverse_v2
[^]      ^gmake@4.4.1%gcc@13.1.1~guile build_system=generic arch=linux-rhel9-neoverse_v2
 -      ^libtiff@4.6.0%gcc@13.1.1
 -           ^libjpeg-turbo@3.0.3%gcc@13.1.1
 -               ^nasm@2.16.03%gcc@13.1.1 build_system=autotools arch=linux-rhel9-neoverse_v2
 -       ^openmpi@5.0.5%gcc@13.1.1
 -           ^pmix@5.0.3%gcc@13.1.1~munge~python~restful build_system=autotools arch=linux-rhel9-neoverse_v2
 -       ^sopt@4.2.0%gcc@13.1.1~benchmarks~coverage~docs~examples~ipo+mpi~onnxrt+openmp~tests build_system=cmake 
build_type=Release generator=make patches=00729db arch=linux-rhel9-neoverse_v2
 -       ^yaml-cpp@0.8.0%gcc@13.1.1~ipo+pic+shared~tests build_system=cmake build_type=Release generator=make 
arch=linux-rhel9-neoverse_v2

Building Purify benchmark with 56 dependencies



Future Ideas/Plans

• Provide a service for the UKRI community – Maintain a suite of 
benchmarks and support benchmark and system additions.

• Deliver training and knowledge exchange
• Develop more post-processing tools
• Support automatic profiling and system monitoring
• Systematic deployment – include framework as CI on key HPC systems
• Platform for hosting data – curate and store benchmark results



Summary

• It’s important to understand how our applications perform on different HPC 
architectures in order to make informed decisions about future hardware 
and future software

• Benchmarking, as it’s traditionally done, requires a lot of manual effort, is 
time-consuming, error prone and difficult to reproduce

• We’ve developed a framework using Spack and ReFrame to automate the 
manual effort in portable building and running of benchmarks.

• Adopting it takes an effort, but the increase in productivity is worth it! 
Please join our collaborators!



Thanks!

https://github.com/ukri-excalibur/excalibur-tests 

https://github.com/ukri-excalibur/excalibur-tests

