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Several techniques exist to supply subsurface images. Among them, those
based on seismic waves imposed, especially Reverse Time Migration (RTM)
which focuses on the the interfaces detection, as illustrated on Fig. 1.

Fig. 1 - Marmousi model (left) and RTM result (right)
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From MPI to task-based

The space discretization is based on the Discontinuous Galerkin Method
(DGM) coupled with a Leap-Frog time scheme, see e.g. [1]. This combining
transforms the first-order elastic wave equation into an explicit scheme:

{Vn—l—l = v — AtM;Ryont1/2 )

0.n—|—3/2 — 0.n—|—1/2 . AtM—levn—l—l
(o
where the unknows are the velocity field v and the stress tensor o .

Input: [Ng, Ny
Output: [v, o]
Np,.. < DomainDecomposition(/Vy)
[vl,0'/?] < Initialization(Ny, )
For n in [1,NV:]:
o"t1/2 « MPI.Communication(o™t1/2)
For k£ in [1,N, _1]:
v T! <« UpdateVelocity(v",o"*t1/2)
vt ¢ MPI_Communication(v"™t1)

For k£ in [1,Ny, _1]:

GZ+3/2 — UpdateStress(ont!/2 yntl)

Algo. 1 - MPI-based parallel algorithm for (1), Fig. 3 - Domain decomposi-
as implemented in the Total reference code tion on three subdomains

Task-based programming principle:

e describe the algorithm as a
Direct Acyclic Graph (DAG)
of tasks, without any reference
to harware, as depicted Fig. 4;

detail the dataflow, i.e. for
each data -V and S- inside
each task, what are the origin
and the destination tasks.

One iteration

The dataflow expression is made
with the Parametrized Task Graph

T, 4= IDAC o ks For Alse, 1L o (PTG) abstraction specific language

three subdomains (e.g. Fig. 3) described in [2].

Performance Portabiliy

The runtime system PaRSEC [3] provides a generic framework for micro-
task scheduling on distributed many-cores heterogeneous architectures, how-
ever, we first decided to address shared memory machines only.

Fig. 5 focuses on the single pro- 12 e AT —
cessor studying.  This highlights no granuary b wotkseang s
the runtime system key features for 1.15
task-based programming;: o
2 1.1
e coarse granularity does not al- ¢
low any speedup; sl
e fine granularity is necessary
for flexibility; L — _ _ . '
1 2 4 8
e work-stealing increases the number of cores
load-balancing Fig. 5 - Speedup by the use of PaR-

SEC (tasks) over MPI-based code
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Fig. 6 - Trace execution on 32 cores for 10 timesteps, red and orange sections
refer to computational kernels, light grey is the idle time, for MPI (left) and
PaRSEC (right) codes, at the same time scale dark grey represents the gain

We extended single processor re-
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efficiency in native mode.

The PaRSEC code remains un-
changed, see further results in [4].

Fig. 7 - Parallel efficiency of PaR-
SEC and MPI-based codes on an In-
tel Xeon Phi co-processor

Perspectives

Preliminary results highlight the  The adaptability of the proposed
code and performance portability of  solution to novel architectures will
our task-based programming model  continue to be evaluated with
on different shared memory archi- a short-term goal targeting Intel
tectures. Ongoing work tackles dis-  Knight Landing many-core proces-
tributed memory architectures. sors, especially inside hybrid nodes.
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