
Scaling 3D Elastic Applications with 
Multi -GPU Systems



What is your view of the world?

ÅLimited time

ÅLimited resources

ÅReduce area of study

Goal: Discover 
oil/gas



What is your view of the world?

ÅProcess 5X faster

ÅPerform more studies

ÅSame amount of time

Add GPUs



What is your view of the world?

ÅAlso scale linearly

ÅRegional studies

ÅSame amount of time

Add GPUs



What is your view of the world?

ÅReduce cycle time

ÅImprove earth model

ÅUnderstand reality

Add GPUs



Fit-for -GPU

Acceleration with directives

Seismic 3D Elastic Forward Wave Modeling

Method for sizing multi -GPU systems



Fit-for -GPU

Acceleration with directives

Seismic 3D Elastic Forward Wave Modeling

Method for sizing multi -GPU systems



What are seismic modeling challenges?

ÅImprove success rate for finding oil/gas

ÅReduce risk and save money

ÅCompare synthetic seismic data to field data

ÅRefine layer properties (velocity, density, é)

ÅOptimize data acquisition strategies

ÅMaximize compute resources

Develop realistic earth models



Seismic imaging compute requirements

FWI

FWI

Source: exascale.org, TOTAL



Acoustic seismic wave modeling

Courtesy: Panorama Technologies



Why 3D elastic modeling?

ÅImportant oil/gas reserves hidden under geologic 
discontinuities

ÅComplex geology scatters seismic waves

ÅSalt formations, faults, dipping layers, density 
contrast

ÅAcoustic methods make simplifying assumptions

ÅUse compression and shear wave formulation

ÅAccurately model wave dispersion at discontinuities

Earth is heterogeneous and anisotropic



What are 3D elastic modeling challenges?

ÅDiscrete methods used to solve 3D wave equation

ÅArtificial edges from numerical grids

ÅHandle boundary conditions to absorb waves

ÅDivide domain to fit system requirements

ÅSingle seismic shot records span multiple systems

ÅNeed to store more field properties than acoustic

Computer systems impose boundaries



Research Project

ÁòAccelerating 3D Finite Difference (FD) wave propagation    

using GPUsó [1]

ñExtend 3D FDTD prototype developed by NVIDIA [2]

ñConvolutional Perfectly Matched Layer (CPML) boundary conditions

ñVelocity -stress formulation 

ñStaggered grid, 4th order space stencil, isotropic medium

ñUse GPU texture cache for absorbing layer

ñUse MPI to overlap communication and computation



How do GPUs help accelerate imaging?

ÅProgramming model grid of thread blocks

ÅDomain decomposition using 2D tiles

ÅEvery grid point is a managed by lightweight 
thread

ÅCan benefit from shared memory and registers

ÅCan overlap communication with computation

Natural domain decomposition



Results

Multi -GPU cluster: Work/GPU constant Multi -GPU cluster: Mesh size constant

Source: http://hal.inria.fr/docs/00/52/84/87/PDF/paper_David.pdf


