
Supercomputers introduction

Supercomputing Thursdays – 2023/04/20

1



Outline

- Why use a supercomputer? 
- What is a supercomputer? 
- How to use a supercomputer? 
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Use cases

- running an experiment takes too long on your machine 
- running one experiment is fine but you need to run 1000s of experiments 
- running a small experiment is fine but real size experiment is too long or not possible

Why use a supercomputer? 
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Why use a supercomputer? 

Running a program takes too long on your machine 

Example:

- Process one file that contains billions of lines
- Each line contain a text and we need to run an algorithm 

to detect its language

Solution:

- Distribute the lines onto multiple machines
- Each machine will process its own subset of lines

One program running sub-tasks on multiple computers
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Split of the data for processing 
on multiple computers



Why use a supercomputer? 

Running one experiment is fine but you need to run 1000s of experiments

Example:

- Predict 3D shape of a protein from a chain of amino acid
- 16 000  amino acid chains to process

Solution:

- Run the protein folding program 16 000 times
- Distribute those runs on multiple machines 

Many runs of the same program on a set of machines
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Protein folding



Why use a supercomputer? 

Running a small experiment is fine but real size experiment is 
too long or not possible

Example: simulation of Biomass Furnace

- Small number of particles can be simulated on a laptop
- Real life size number of particles requires too much 

memory and computation power

Solution:

- Distribute the computation over multiple computers
- Allow those computers to rapidly communicate with each 

other to coordinate the simulation

One program running on multiple computers acting as one
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Biomass furnace simulation



What is a supercomputer?

No definitive definition, but usually:

- A lot of computational power 
- Fast interconnect 
- Fast and large storage(s) 
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What is a supercomputer?

No definitive definition, but usually:

- A lot of computational power 
- Fast interconnect 
- Fast and large storage(s)
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What is a supercomputer?

One computer is not enough to solve lots of real life size problems.

Potential reasons:

- Too much time to compute 
- Not enough memory to compute

Solution: multiple computers acting as one
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Supercomputer terminology
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- 1 computer  = 1 computing node

- 1 Blade

- 1 “shelf row”
- 1 or more computing nodes

3 computers in 1 blade



Supercomputer terminology
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- 1 computer  = 1 computing node

- 1 Blade 

- 1 “shelf row”
- 1 or more computing nodes

- 1 Rack = 1 “shelf” containing multiple blades

- Supercomputer = multiple racks

4 racks with 20 blades each (240 computers)



What is a supercomputer?

No definitive definition, but usually:

- A lot of computational power 
- Fast interconnect (multiple computers acting as one)
- Fast and large storage(s)
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What is a supercomputer?

Why do we need fast network?

- Multiple orders of magnitude 
slower than a computer’s memory

- Bottleneck to computer 
collaboration (scaling)

- Collaboration is necessary when a 
problem is decomposed in non-
independent sub-problems

Characteristics of a fast interconnect:

- High bandwidth
- Low latency
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Simulations of debris within a dam break flow Sub-problems and necessary communications



What is a supercomputer?

No definitive definition, but usually:

- A lot of computational power 
- Fast interconnect 
- Fast and large storage(s)
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What is a supercomputer?
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- Usually in Petabytes (1000 TB, 1 000 000 GB), e.g. LUMI 
has 118 PB of storage.

- Technology that supports lots of concurrent users and 
offers, e.g. Lustre, GPFS

- Very dense appliances with lots of hard-drives 

Storage appliance with 60 hard drives



What is a supercomputer?

Historically:

- Lots of CPUs - homogeneous design

Nowadays:

- More specialisation - HPC centers have modules
- Accelerators: 

- GPU (very frequent) 
- FPGA (less frequent) 
- Quantum (rare but increasing interest) 
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Modular design - MeluXina
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MeluXina modular design



How does a supercomputer look like?
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MeluXina - Luxembourg LUMI - Finland



I want to use a supercomputer, how can I do that?

Slightly different than using a personal computer

- Traditional way to use HPC is not interactive but batch jobs
- Current trend is a mix of interactive and batch
- What you cannot do: host a permanent web-service (Cloud services)

Two main ways to do this:

- Traditional SSH connection
- Web portal
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I want to use a supercomputer, how can I do that?

General workflow:

- Connect to a login / access node to request some 
ressources

- When the resources are granted you can use them

Example: you want to run a program A on the HPC 
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Architecture overview of a supercomputer



I want to use a supercomputer, how can I do that?

Traditional SSH connection

1. Transfer you program and / or your input files
2. Connect to a login / access node
3. Submit a job with your program
4. Monitor the job execution
5. Check your results on the HPC
6. Transfer your results on your personal computer
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Transfer files via command line



I want to use a supercomputer, how can I do that?
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Traditional SSH connection

1. Transfer you program and / or your input files
2. Connect to a login / access node
3. Submit a job with your program
4. Monitor the job execution
5. Check your results on the HPC
6. Transfer your results on your personal computer

SSH connection to a login node



I want to use a supercomputer, how can I do that?
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Traditional SSH connection

1. Transfer you program and / or your input files
2. Connect to a login / access node
3. Submit a job with your program
4. Monitor the job execution
5. Check your results on the HPC
6. Transfer your results on your personal computer

Simple job and its requested resources

Submission of the job



I want to use a supercomputer, how can I do that?
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Traditional SSH connection

1. Transfer you program and / or your input files
2. Connect to a login / access node
3. Submit a job with your program
4. Monitor the job execution
5. Check your results on the HPC
6. Transfer your results on your personal computer

Monitoring of the job



I want to use a supercomputer, how can I do that?

Access HPC through portal:

- Same idea but with a web-interface
- Often used to propose apps with a 

GUI
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Login of the web portal



I want to use a supercomputer, how can I do that?

Access HPC through portal:

- Same idea but with a web-interface
- Often used to propose apps with a 

GUI

26

Example: using MATLAB on a HPCHPC portal list of services



I want to use a supercomputer, how can I do that?

Access HPC through portal:

- Same idea but with a web-interface
- Often used to propose apps with a 

GUI
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Resource has been granted



I want to use a supercomputer, how can I do that?

Access HPC through portal:

- Same idea but with a web-
interface

- Often used to propose apps 
with a GUI
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MATLAB can now be used remotely and all 
computations run on the HPC



Thank you for attending the presentation
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