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ABSTRACT Due to Moore’s law, the performance of CPUs
has been historically doubling every two years. However,
storage systems have not been able to catch up in the same
speed. I/O is now a bottleneck for many critical simulations
that rely on writing and reading intermediate results during
their computation. Reverse Time Migration (RTM) [1], for
example, is a seismic imaging method that compute high
resolution image from seismic data, by propagating waves in
3D models. Based on an adjoint-state formulation, RTM
requires combining at regular time steps a forward-
propagated source wavefield with a back-propagated receiver
wavefield. This process involves thus a first phase where the
3D simulation states, or snapshots, of the source wavefield
are computed and saved at predetermined time steps. Then in
a second phase, the receiver wavefield is computed and the
imaging time steps, the source snapshots are retrieved and
correlated with the receiver snapshots to update the final
image. The time that is spent blocking for I/O during the two
phases amount for about %68 of the entire execution time.
Recent super computer architectures include several layers of
storage from DRAM to BurstBuffer to disk, which triggered the
development of libraries implementing the Checkpoint restart
pattern, mainly for fault tolerance purpose [2].

Utilization of these libraries for RTM, can improve the overall
performances, mainly through asynchronous |/O accesses,
which allow for a partial overlap with computations. However,
most of these generic components are not optimal as they
cannot benefit from the very regular access pattern in the
RTM which allow for further performance gain through
customized prefetching strategies.

RTM APPLICATION SETUP

Grid Size (512+18)73
Kernel OMP threads 32
Snap Size 567.92 MB
Number of time steps 3500
Snap 10 frequency 3
Number of 10 snaps 1167
Total snaps size 647.78 GB
Total 10 traffic 1.26 TB

Table 1: Experimentation setup of RTM per shot
EXPERIMENTATION PLATFORM

Number of nodes 6174 (Two processors per node)

Processor Intel Haswell E5-2698 V3
Memory 128 GB
Memory Bandwidth 136 GB/s
Capacity 17.6 PB
Lust
ustre Bandwidth 500 GB/s
Capacity 1.5 PB
BurstBuff
UrStBUTIEr Bandwidth 1.5 TB/s

Table 2: Experimentation platform configuration
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Fig 1: The system, Multilayer Buffer System (MBS), proposed
in this research, shows a general and versatile method for
overlapping 1/O with computation that helps to reduce the
blocking time through asynchronous access and an RTM
specific prefetching strategy, while minimizing the impact on
the computational kernel. The wave propagation is computed
using a time domain finite difference method as described in
[3]. MBS shows that coupling both storage and memory
systems and using the knowledge of data access patterns
can decrease the time spent blocking for I/O by more than
%70 and thereby improving the entire execution time by
2.98X.

MBS::engine()
while (in write mode)
while (MBS buffers are not empty)
push to disk stored data, FIFO

while (in read mode)

while (MBS buffers are not full)
prefetch stored data, FILO

MBS::write(src, size)
dest = find an empty slot in MBS buffers
#pragma omp parallel for loop
dest[i] = src]i]

MBS::read()
if requested data is already loaded
swap memory pointers
if it is not loaded
wait until MBS engine loads it
swap memory pointers

Fig 2: Pseudocode of MBS engine, write and read routines.
MBS engine asynchronously writes data into disk and reads
them back with minimal impact on the computation time

EXPERIMENTATION: FINDING THE BEST OF LUSTRE AND BURSTBUFFER

Medium Wall (s) Kernel (s) % Write (s) % Read (s) % Misc (s) %
Lustre10ST  4,635.60 1,091.96 23.56%  2,380.03 51.34% 1,137.15 24.53%  26.45 0.57% .
Wall Write Read

Lustre 20ST 10,836.80 1,100.87 10.16%  1,493.99 13.79% 8,213.33 75.79%  28.61 0.26% | X 2.53 X 5 95 X 3.64
Lustre 4 OST  8,414.49 1,093.58 13.00%  2,024.14 24.06% 5,220.52 62.04% 76.24  0.91%
Lustre 6OST  8,232.92 1,100.82 13.37%  2,040.64 24.79% 5,060.68 61.47% 30.78 0.37% Tlable 4: Speed up breakdown

. . . .| on BurstBuffere, setting 1 OST
Lustre 8OST  7,966.05 1,101.11 13.82%  1,993.10 25.02% 4,831.36 60.65%  40.48  0.51% of Lustre as a base.
BurstBuffer 1,833.80 1,091.67 60% 400.09 22%  312.44 17%  29.59 2%

Table 3: Execution time breakdown of RTM using Lustre and BurstBuffer as a storage medium. On
Lustre we varied the number of Object Storage Target (OSTs) to find the best one.

EXPERIMENTATION: ATTACHING MBS HELPERS TO THE RTM APPLICATION

MBS MBS Wall Time Kernel Time Write Time Read Time Overall IO| MBS MBS Wall Time Kernel Time Write Time Read Time Overall 10
HelpersRAM (GB)Speedup Speedup  Speedup Speedup speedup Helpers RAM (GB)Speedup Speedup  Speedup Speedup speedup

1 1.50 0.97 2.84 1.05 1.83 1 3.95 0.98 94.01 11,137.64 138.37

1 16 1.47 0.97 2.95 0.95 1.76 1 16 3.92 0.98 94.93 75,308.17 140.21

64 1.71 0.97 3.34 1.47 2.36 64 3.77 0.98 95.19 77,887.21 140.59

1 1.50 0.89 3.03 1.07 1.91 1 3.65 0.90 95.10 20,600.60 140.23

2 16 2.87 0.83 18.20 9.23 13.85 2 16 3.16 0.78 94.99 71,072.08 140.29

64 2.98 0.83 33.03 14.54 23.41 64 3.09 0.79 95.21 70,194.65 140.60

1 1.41 0.89 2.89 0.94 1.74 1 3.65 0.90 95.07 26,819.65 140.25

4 16 2.97 0.73 92.36 5,058.51 135.33 4 16 2.93 0.72 95.45 68,918.38 140.97

64 2.94 0.76 92.71 81.04 88.59 64 2.90 0.74 95.46 77,357.37 140.98

1 1.42 0.89 2.77 0.98 1.74 1 3.64 0.90 95.18 16,552.45 140.26

8 16 2.89 0.71 91.40 68,503.21 134.96 8 16 2.93 0.72 95.08 70,194.65 140.42

64 2.85 0.73 92.47 67,687.70 136.54 64 2.89 0.74 95.52 72,430.15 141.07

1 1.48 0.87 2.87 1.10 1.89 1 3.54 0.87 96.27 26,819.65 142.02

16 16 2.77 0.68 92.83 47,579.64 137.07 16 16 2.79 0.69 95.76 66,113.56 141.42

64 2.76 0.77 93.21 59,226.73 137.66 64 2.77 0.70 96.12 73,364.73 141.95

Table 5: Speed up breakdown on Lustre after attaching MBS helpers.
1 OST of Lustre is used as a base.

Table 6: Speed up breakdown on BurstBuffer after attaching MBS
helpers. 1 OST of Lustre is used as a base.

MBS HELPERS OVERLAP COMPUTE AND IO,
THEREFORE THE EXECUTION TIME OF RTM APP
DECREASES
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Fig 3: Execution time breakdown. We can clearly see how
MBS helpers help to overlap compute and 10.

SUMMARY OF SIGNIFICANCE

 Current MBS implementation shows a huge benefit of
overlapping compute and IO.

e MBS on Lustre needs more RAM space.

 Combining MBS with BurstBuffer brings down the cost of 10
significantly.
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