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Motivation
• Many natural and engineering systems can be described with PDEs

• Large number of numerical methods: finite difference, finite vol-
ume and spectral methods, along with parallel programming

– Real life problem are complex, demand massive computations

– Trend has been to increase degree of parallelism, currently at
O(105) processing elements (PEs)

• Computation rates are much faster than communication

• Challenge: communication between PEs at very large scales

– Designing codes that scale to extreme degrees of parallelism is
critical to exploit resources and simulate real-scale problems

• Exascale: communication likely to be the bottleneck

• Need to relax synchronization of data not just in communication
algorithm, but also at mathematical level (Asynchronous schemes)

Literature

• Extensive work on iterative algorithms for algebraic systems (Bert-
sekas and Tsitsiklis 1997, Frommer and Szyld 2000)

• Algorithms restricted to parabolic PDEs (Amitai et al. 1998)

Concept
Consider the simple 1D heat equation
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Communication

Asynchronous computing
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• Interior points use values at nth level

• Processing Element (PE) boundary points at n∗th level

• n∗ will be a random variable and could be n, (n − 1), (n − 2), etc.
based on communication time

• Schemes continue to remain stable (Konduri and Donzis, SC12,
manuscript under preparation)

• Accuracy drops to first order in space for n∗ < n

Asynchronous Schemes
• Can the accuracy of schemes be recovered?

• Analyzing the truncation error, we derive new schemes that will
maintain the accuracy under time asynchronicity.

Now, if n∗ = n− k∗, the second order scheme will be:
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Need stencil values at multiple time levels
k∗ = 0 : synchronous value
k∗ > 0 : delayed
k∗ < 0 : value from future
− : synchronous
− : asynchronous
− : asynchronous new scheme

Algorithm
Requirements

• Non-blocking communication calls (overlap computation-communication)

• Communicate time stamp of the data to obtain the value of k

• Use buffer arrays to

– store data at multiple time levels
– allow simultaneous multiple communication messages

Algorithm

Conclusions
• Scheme that maintain accuracy under asynchronous computing

have been presented

• The potential to eliminate virtually all communication overheads
has been demonstrated

• A possible path to improve scalability at exascale
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Communication
Two-sided non-blocking
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Communication in progress
Check using MPI_Test

Communication finished
at n-1 and n-2,
send them for computations

u array

recv_buf send_buf

• Both source and destination PEs are involved
• As synchronization is relaxed, adds an overhead time

One-sided RMA
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Expose recv_buf
as a window (MPI_Win) MPI_Put

Status of communication?
Compare values in recv_buf with
aux_buf at each step

u array

recv_bufaux_buf

• Only source PEs are involved communication
• Better communication performance
• Atomicity of data is important

Results
Measured distribution of k∗ on Hopper

0 2 4 6 8 10
0

10

20

30

40

50

60

70

(a)

P
ro

b
ab

il
it

y
(%

)

k
∗

P = 16

P = 64

P = 128

−20 −10 0 10 20
0

5

10

15

20

25

30

(b)

P
ro

b
ab

il
it

y
(%

)

k
∗

MPI-2

foMPI k
∗

mean = 9.5

k
∗

mean = 0.9

• As number of PE increases, most probable k∗ decreases and PDF
becomes wider

• Fast one-sided MPI (foMPI, Gerstenberger et al. SC13) implemen-
tation gives lower values of k∗ and hence, its mean

Strong scaling on Hopper
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Synchronous

Asynchronous

- Ideal scaling

- Burgers’ equation simulations

- Nearly ideal scaling

- Global synchronization completely

avoided


