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A Cat In The Matrix



• Why do we do calculations?

– Fun (make computers work hard)

– Cheaper than building a full (or even small) 

scale model

– Can easily vary input conditions or models

– Run many scenarios in parallel

– Avoid having to go into space

– Distance yourself from toxic or radioactive substances

– Distance yourself from the strange people who work with said toxic 

and radioactive substances

Computational Science
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Running a Calculation
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Input Engine Output

Ashburn, B. , Le, D. and Nishimura, C. (2019) Computational Analysis of Theacrine, a Purported Nootropic and Energy-Enhancing Nutritional Supplement. Computational Chemistry, 7, 27-37. doi: 10.4236/cc.2019.71002

https://doi.org/10.4236/cc.2019.71002


• Large problem size

• Complicated geometry

• Many samples required for reasonable 

statistics

– E.g., Many time steps in a molecular 

dynamics simulation

• Greater resolution required

– E.g., Finer mesh in CFD around a critical 

point

• Require a more sophisticated model

– E.g., Use Coupled Cluster instead of DFT

Sometimes Calculation Take a While
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https://www.chemistryworld.com/news/quantum-chemistry-simulations-offers-beguiling-possibility-of-solving-chemistry/4011541.article



The Solution?
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“Just use 
more CPUs”

• Poorly written code
• Poor scaling
• Poor…

• Don’t have access to 
large enough compute

• Have to pay for 
more/larger licenses



• Pretty much

• But…

• What happens if there is an “interruption”?

– Node goes down

– VM goes down

– Entire machine goes down (cooling failure, power failure, …)

– Something else

• Need to restart to apply security patches

• What happens if the researchers need to run a calculation for weeks…

So they’ll just have to run it for longer?
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• The ability to stop and restart a calculation from some snapshot

• Require the ability to store data such as:

– Random number states

– Positions of particles

– Velocities of particles

– State of the optimiser

• The good news is that many packages have some kind of mechanism 

already

• Its kind of like déjà vu…

Checkpointing!
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Not ideal…



If you develop/write the code yourself
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• Researchers using a code for an 

optimisation problem

• Pushing it a bit outside its use case

• Running it for several months

• No checkpointing!

• I didn’t really feel like modifying the 

code

• Wouldn’t it be nice if there was a 

tool to do it automatically?

But what happens if it isn’t implemented?

OFFICIAL

11



• DMTCP – Distributed 

MultiThreaded 

CheckPointing

• MANA

• CRIU – Checkpoint and 

Restore in Userspace

• cuda_checkpoint

Possible Candidates
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• Allow network data to drain into the 

memory of the process

• Make system calls to get state

• Copy all process’s virtual memory 

into a file

• Use that to return the program to the 

same state the snapshot was taken 

at

• “Its like déjà vu, like I’ve been here 

before” -  Alex the lion

DMTCP
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https://dmtcp.sourceforge.io/dmtcp-mug-17.pdf



• Simple python 

example – infinite loop 

that adds 1 each 

second to a list of 

numbers, then prints 

the result

• Start coordinator

• Start process with 

dmtcp_launch – join 

the coordinator

• Checkpoint every 5 s

Demo
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• Researchers should be trying to use checkpointing 

where possible and practical, especially for long-

running simulations

• DMTCP provided a nice way of generic checkpointing 

functionality, where in-built functionality did not exist

• Worked for several python and C++ examples that I 

tried with it, and more importantly it worked for the 

use case I mentioned earlier

• I’d like to try some of the other tools described earlier, 

particularly MANA (for MPI)

• Thanks to Kiowa for drawing the image

Conclusions
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