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SEISMIC IMAGING
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Why seismic imaging is needed?
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HPC is a fundamental tool to help to improve discovery, minimize cost and risks.
Drilling price = 10x Seismic exploration and imaging price
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Land and Marine acquisition: seismic surveys
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Offshore acquisition
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Because of the length of the cables (approx. 10km), the boat can’t stop easily!
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Onshore acquisition
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What is seismic IMAGING ?
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Initial velocity/density modelData acquisition: seismic surveys

Inversion algorithms FWI, RTM…

« Best » velocity/density model

3

1 2

From the initial
to the « best »
velocity/density
model
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Initial Velocity Model Building
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Geologist Where should I start looking ?

+

Restrict area and depth 

+

Experts

Geophysicist Physical parameters VP/VS/RHO

Deepwater horizon (BP) 
:
Water depth: 1259
meters
Vertical drilling depth:
10685 meters

Initial 
velocity/density
model
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Why do I need an accurate velocity/density model ?
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VP/VS/RHO

+
Accurate physics

=
Find Oil&Gas
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Tell me your speed and I will tell you 
who you are…
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Real vs Initial velocity/density model   
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Real velocity/density model Initial velocity/density model

How do 
we get 
there ?
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Inversion algorithms FWI, RTM…
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Start with initial velocity/density model

Propagate waves and record data « numerically » 

Compute differences between data acquisition 
(surveys) and numerical data
+ Compute gradient + update velocity/density model 
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Exponential increase in compute required!
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STENCIL
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Stencil operators
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Stencils are workhorse in many HPC kernels, dominant in seismic industry
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Pseudocode and modeling of a kernel 
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Roofline model and academic experiments
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http://www.techenablement.com/characterization-
optimization-methodology-applied-stencil-computations/

IVY : peak 1036 GFlops : effective 226 Gflops

Ratio peak/effective = 5 =   20% efficiency

KNC : peak 2420 Gflops : effective 368 Gflops

Ratio peak/effective = 6.6 = 15% efficiency

Stencils are memory bound
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Trend in Gflops and Bandwidth of latest Xeon
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Memory bandwidth vs Gflops imbalance continue to grow

https://colfaxresearch.com/xeon-2017/
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Skylake socket
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Bandwidth DRAM = 
64bits*2400MTS*6channels/8bits
Effective 90% ~ 100 GB/s per socket

AVX 512 = 2 FMA/cycle = 64 SP/cycle
28 cores = 2.6 Tflops SP at 2.0Ghz
L1 and L2 can deliver 128 GB/s at 2.0 Ghz

Need 26 flops per byte to cover the memory bandwidth
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Options for multicores architectures
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 DDR5 and 8 channels per SOC will deliver
250GB/s/SOC

 HBM2 can deliver 300GB/S per stack

 HBM3 can deliver 500GB/s per stack

 High capacity with SCM

 O&G need
– High bandwidth to cover flops
– High capacity for IO in memory
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Thank you, and good 
luck for ARM porting!
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