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HPC Development Solutions from Linaro
Best in class commercially supported tools for Linux and 
high-performance computing (HPC)

Debug
Linaro DDT

Profile
Linaro MAP

Analyse
Linaro

Performance Reports

Linaro Forge

Performance Engineering for any architecture, at any scale
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Linaro Forge

The de-facto standard for HPC development
● Most widely-used debugging and profiling suite in HPC
● Fully supported by Linaro on Intel, AMD, Arm, Nvidia, AMD  GPUs, etc.

State-of-the art debugging and profiling capabilities
● Powerful and in-depth error detection mechanisms (including memory debugging)
● Sampling-based profiler to identify and understand bottlenecks
● Available at any scale (from serial to exascale applications)

Easy to use by everyone
● Unique capabilities to simplify remote interactive sessions
● Innovative approach to present quintessential information to users

An interoperable toolkit for debugging and profiling
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Linaro Performance tools

Gather a rich set of data
● Analyses metric around CPU, memory, IO, hardware counters, etc.
● Possibility for users to add their own metrics

Build a culture of application performance & efficiency awareness
● Analyses data and reports the information that matters to users
● Provides simple guidance to help improve workloads’ efficiency

Adds value to typical users’ workflows
● Define application behaviour and performance expectations
● Integrate outputs to various systems for validation (eg. continuous integration)
● Can be automated completely (no user intervention)

Characterize and understand the performance of HPC application runs

Relevant advice  
to avoid pitfalls

Accurate and 
Astute insight

Commercially supported 
by Linaro



50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

Supported Platforms
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GDB under the hood
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Scaling GDB



50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

Linaro Performance Reports
A high-level view of application performance with “plain English” insights
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Linaro Performance Reports Metrics
Lowers expertise requirements by explaining everything in detail right in the report

Multi-threaded 
parallelism

SIMD
parallelism

Load
imbalance

OMP 
efficiency
System 
usage
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MAP Capabilities
MAP is a sampling based scalable profiler
● Built on same framework as DDT
● Parallel support for MPI, OpenMP, CUDA
● Designed for C/C++/Fortran

Designed for ‘hot-spot’ analysis
● Stack traces
● Augmented with performance metrics

Adaptive sampling rate
● Throws data away - 1,000 samples per process
● Low overhead, scalable and small file size
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Linaro MAP Source Code Profiler Highlights

Find the peak memory use Fix an MPI imbalance Remove I?O bottleneck

Improve memory access Restructure for vectorizationMake sure OpenMP regions 
make sense
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Case Study: Fire Dynamics Simulator (FDS)
Issue that we encountered with AWS when porting an app called FDS: https://github.com/
firemodels/fds. 

Software for fire & smoke modelling 

Collaboration between Arm, AWS and NIST 

Porting the application from x86_64 to Arm 
Graviton. 

Spotted an inefficient MPI call routine using MAP

Fair amount of time that was spent on this “inquire” line.  

  

https://github.com/firemodels/fds
https://github.com/firemodels/fds


50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

Spotting the bottleneck with MAP

●
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Adding metrics to MAP
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CPU Metrics issue
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MAP CPU Metrics Drill down
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Fixing the cache bottleneck



VIRTUAL INSTITUTE – HIGH PRODUCTIVITY SUPERCOMPUTING

Thank You

rudy.shand@linaro.org

mailto:rudy.shand@linaro.org


50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

MPI issue



50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

MAP MPI Metrics Drill down
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Fixing the MPI bottleneck
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Threads issue
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Fixing the MPI bottleneck
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Fixing the thread issue
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I/O issue



50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

MAP I/O Metrics Drill down
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Summary
Original Optimised
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GPU Profiling
Profile
● Supports both AMD and Nvidia GPUs
● Able to bring up metadata of the profile
● Mixed CPU [green] / GPU [purple] application
● CPU time waiting for GPU Kernels [purple]
● GPU Kernels graph indicating Kernel activity

 
GUI information
● GUI is consistent across platforms
● Zoom into main thread activity
● Ranked by highest contributors to app time
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Python Profiling
19.0 adds support for Python
● Call stacks
● Time in interpreter

Works with MPI4PY
● Usual MAP metrics

Source code view
● Mixed language support

map --profile srun -n 2 python3 ./diffusion-fv-2d.py

Note:  Green as operation is on numpy 
array, so backed by C routine, not 
Python (which would be pink)
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Hardware Performance Metrics

On x86 MAP reports on instruction mix
● CPU, vectorization, memory, etc
● Linaro are researching ways to provide the same

Instruction activity via perf
● Raw rates presented - not interpolated
● Need to set the perf_event_paranoid 2 or lower

MAP uses Linux perf to gather hardware data
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MAP Diff (--baseline support)
● MAP Diff allows comparisons of two MAP 

profiles, useful for identifying performance 
changes between different parameters, 
compilers, libraries and systems.

● Use the alignment points view (1) to line up 
phases of execution.

● Compare metric graphs of the two profiles 
(2), including metric summaries for each.

● See gaps in activity in the source code 
viewer (3) and stacks views (4), including 
OpenMP Regions View, Functions View, 
Library view and GPU Kernels/Memory 
Transfer View.
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Diff the cache improvement
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NCCL metrics for ML workloads
Prerequisites 
● NCCL >= 2.27.3 (earlier versions do not provide required 

profiling capabilities).

MAP will collect the following NCCL metrics 
• The NCCL op duration metric tracks the time spent in a NCCL op 

so far, which is measured based on the time the corresponding 
GPU kernel is active. 

• The NCCL sent/received pair of metrics tracks the number of 
bytes that NCCL ops operate on per second. NB: This is not the 
same as the speed with which data is transmitted over 
interconnects, as that information is not available. 

• The NCCL ops metric tracks the number of NCCL point-to-point 
and collective ops per second, ditto for NCCL collectives metric.



50TH VI-HPS TUNING WORKSHOP (GWDG, GÖTTINGEN, GERMANY)

Profile of an LLM running on A100s
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MAP Thread Affinity Advisor

Process-specific env vars 
List of Environment Variables which 
might affect the affinity of a given rank.

Global (launcher) environment variables 
List of Environment Variables which were 
set at launch which might be relevant to 
how threads are distributed.

Snapshot Selector 
Change at which point of a run the Affinity data is 
shown (Library Load, Initialisation, Finalization).

Commentary 
A list of commentary, providing information and 
advice on Memory Imbalance, Core Utilization etc.

Exemplar Nodes 
Selectable list of exemplars, 
allowing ability to switch data 
between nodes of a run. Nodes 
with similar affinity/structures are 
merged.

Processes List 
List of processes (by MPI rank) of 
the selected exemplar. Shows the 
key for the node topology diagram 
and selecting one shows all threads 
for the process.

Threads List 
List of all threads for the selected 
process. Selecting threads 
highlights which cores they are 
bound to in the topology view.
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The Forge GUI and where to run it
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Remote connection
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Hands-On
 Training material
    cp /scratch/lustre-grete/projects/tr_20260831-vi-hps-tuning/u29136/

linaro-forge/examples/mmult_example.tar.gz  .

Training content
    mmult examples & makefile
    job.sh (Job script for emmy)

Forge Client (On local machine)
      Install Forge client https://www.linaroforge.com/downloadForge 

  Running with a batch script
      sbatch job.sh 

Forge commands
 ddt --connect     # Reverse connect 
 ddt --offline        # Run DDT without GUI 

   map --profile      # Profile without GUI
 perf-report         # Generate Performance Report

slurm queue commands
sbatch <jobscript>   # Submit a job to queue
squeue                    # Check job queue  

  scancel  <job-id>     # Remove job from queue

Guides
  Forge userguide
   GWDG HPC Documentation

https://www.linaroforge.com/downloadForge
https://docs.linaroforge.com/latest/html/forge/forge/index.html
https://docs.hpc.gwdg.de/
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