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Moore’s'law'– saturaion?

From%J.%Messina,%31%July,%2016%(ECP%director,%ANL)



The big challenge for scientific computing is to develop 
algorithms and computational frameworks that use 
parallel hardware efficiently.

There are two alternatives:
• Develop a universal potentially fully scalable 

framework
• Invent an algorithm that is efficient for the particular 

albeit broad set of problems
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The main goal



1. The&population&annealing&(PA)&algorithm&could&be&suitable&for&study&
systems&with&rough&free=energy&landscapes&(spin&glasses,&
optimization&problems).&

2. PA&combines&the&power&of&the&known&efficient&algorithms&= simulated&
annealing,&Boltzmann&weighted&differential&reproduction,&and&
sequential&Monte&Carlo&process.

3. Bring&the&population&of&replicas&to&the&equilibrium&even&in&the&low=
temperature&region.&

4. It&gives&a&perfect&estimation&of&the&free&energy.&
5. Efficient&parallel&implementation&– many&replicas.

Population*annealing*algorithm



Population*annealing*algorithm
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Barash,'Weigel,'Janke,'LS'– 2017
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Barash,'Weigel,'LS,'Janke'– 2017
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Population*Annealing*.
Simulations*of*Biopolymers



Population*Annealing*.
Simulations*of*Biopolymers



GPU$accelerated$PA$algorithm



GPU$accelerated$PA$algorithm



CUDA+MPI)accelerated)PA)algorithm



Simulations+
on+the+full/scale+of+SCC+NRU+HSE

26+nodes+х 4+V100+=+104+GPGPU



Technical problems solved:
• Load balancing of all GPU nodes with an 

approximately  same number of replicas;
• Blocks of replicas = 2000;
• 10 blocks of replicas per GPU;
• Minimization of the extensive memory exchange 

between nodes;
• Approx. 2.5 million replicas in one run 

- technically impossible with the smaller clusters! 

MPI/CUDA)PA)implementation
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Conclusion)

- Population annealing approach is the promising
tool for the number of problems:

• "complex" ground state, 
• the rough energy landscape,
• optimization problems.
- The Population annealing algorithm is the natural 
candidate for large-scale and fully scalable simulations 
with the heterogeneous parallelism.
- One can use Population annealing algorithm for the 
full-scale simulations on SCC NRU HSE.


