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Introduction
The problem to solve
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What we do and how we do it

Astronomy / Cosmology simulations of the 

formation of the Universe and galaxy 

evolution.

EAGLE project1: 48 days of computing on 

4096 cores. >500 TBytes of data products 

(post-processed data is public!). Most cited 

astronomy paper of 2015 (out of >26000).

Simulations of gravity and hydrodynamic 

forces with a spatial dynamic range spanning 

6 orders of magnitude running for 

>2M time-steps.

One simulated galaxy out of the 

EAGLE virtual universe.

1) www.eaglesim.org

http://www.eaglesim.org/
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What we do and how we do it

• Solve coupled equations of gravity and 

hydrodynamics using SPH (Smoothed Particle 

Hydrodynamics). 

• Consider the interaction between gas and 

stars/black holes as part of a large and 

complex subgrid model.

• Evolve multiple matter species at the same 

time.

• Large density imbalances develop over time:

→ Difficult to load-balance.

One simulated galaxy out of the 

EAGLE virtual universe.
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SWIFT in action: galaxy collisions 
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SWIFT in action: making the Universe
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SWIFT in action: planetary collisions (Kegerreis et al. in prep)



SPH scheme: The problem to solve

For a set of N (>109) particles, we want to exchange hydrodynamical forces 

between all neighbouring particles within a given (time and space variable) 

search radius. Large density imbalances develop over time.

Challenges:

Particles are unstructured in space, large density variations.

Particles will move and the neighbour list of each particle evolves over 

time.

Interaction between two particles is computationally cheap 

(low flop/byte ratio).

Individual time-steps for each particle. 
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SPH scheme: The traditional method

The “industry standard” cosmological code 

is GADGET (Springel et al.1999, Springel 2005).

MPI-only code.

Neighbour search based on oct-tree.

Oct-tree implies “random” memory walks

– Lack of predictability.

– Nearly impossible to vectorize.

– Very hard to load-balance.
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Need to make things regular and 

predictable:

Neighbour search is performed via the 

use of an adaptive grid constructed 

recursively until we get ~500 particles 

per cell.

Cell spatial size matches search radius.

Particles interact only with partners in 

their own cell or one of the 26 

neighbouring cells

SPH scheme: The SWIFT way
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Single-node parallelisation
Task-based parallelism
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SPH scheme: Single-node parallelization

No need to process the cell pairs in 

any specific order:

▪ -> No need to enforce an order.

▪ -> Only need to make sure we don’t 

process pairs that use the same cell.

▪ -> Pairs could have vastly different 

runtimes since they can have very 

different particle numbers.
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We need dynamic scheduling !



Task-based parallelism for SPH

For two cells, we have the task graph shown on the

right.

Arrows depict dependencies, dashed lines show 

conflict.

Ghost tasks are used to link tasks, reduce

the number of dependencies and compute 

hydrodynamical quantities necessary for subsequent 

computation, such as pressures.
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SPH scheme: Single node parallel performance
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Task graph for one time-step. 
Colours correspond to different types of task. Almost perfect load-balancing is achieved on 16 cores.



Realistic problem (video from start of the talk)

Same accuracy.

Same hardware.

Same compiler.

Same solution.

More than 30x speed-up vs. “industry 

standard” Gadget code.

Single node performance vs. Gadget
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35.5x



Multi-node parallelisation
Asynchronous MPI communications
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• A given rank will need the cells directly 

adjacent to it to interact with its particles.

• Instead of sending all the “halo” cells at 

once between the computation steps, we 

send each cell individually using MPI 

asynchronous communication primitives. 

• Sending/receiving data is just another task 

type, and can be executed in parallel with 

the rest of the computation.

• Once the data has arrived, the scheduler 

unlocks the tasks that needed the data.

• No global lock or barrier !

Asynchronous communications as tasks



Scaling results: Realistic case (multi-dt)
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Scaling results: Weak scaling
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RSE work on SWIFT
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Adding sub-grid physics functionality

1 year of RSE effort to port EAGLE sub-grid physics into SWIFT

Includes gas cooling, stellar formation and feedback, chemical enrichment, 

black hole formation and feedback

Relevant functions identified in EAGLE and are adapted to work in SWIFT or 

their functionality replicated and improved upon

Automated tests and documentation written for the added functionality 
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Cooling

Cooling rate of a particle depends on: redshift, temperature, density, and 

composition

Rates are precomputed and stored in 4D tables which are interpolated for every 

particle to give a cooling rate
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Cooling

Once a cooling rate is obtained, the internal energy of the particle can be 

updated using an implicit scheme to solve:

New integration scheme based on Newton’s method written to minimize the 

number of table lookups (reduce from up to 50 with bisection scheme used in 

EAGLE to less than 10)

*

un+1= un+Λ(un+1)nh
2 dt



Cooling

Automated tests to compare SWIFT solution to explicit subcycled solution to 

differential equation
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Next steps

Star formation: convert gas particles to star particles when density high enough

Need to ensure enough space is allocated to create star particles between 

rebuilds

Particles stored contiguously in memory, so need to be careful when creating 

new star particles about where to store them

Will require a balance between amount of space allocated for new star particles 

and  rebuild frequency for optimal performance
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Conclusions
And take-away messages
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More on SWIFT

Completely open-source software including all the examples and scripts.

~40’000 lines of C code without fancy language extensions.

More than 10x faster than the de-facto standard Gadget code on the same 

setup and same architecture. Thanks to:
▪ Better algorithms

▪ Better parallelisation strategy

▪ Better domain decomposition strategy

Fully compatible with Gadget in terms of input and output files. 

See poster by Josh Borrow in poster session

*


