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RESULTS AND GOALS

Overall charter
A tool-assisted fully automated domain-specific
design approach for energy-aware stencil codes

Results Achieved:
à Domain-specific language ExaSlang and transformation framework
à Scalability up to full breadth of the JUQUEEN supercomputer
à Low-level optimizations for BlueGene/Q and Intel CPUs
à Performance forecast via product-line sampling and machine learning

Further Goals:
à Exascale technology for a broader range of PDEs
à Energy efficiency at all layers of abstraction
à Performance/power trade-offs on exascale machines
à Exploitation of heterogenous and hybrid architectures
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Abstract Concrete
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Function WCycle@((coarsest + 1) to finest) () : Unit {
repeat 3 times { Smoother@current () }
UpResidual@current ()
Restriction@current ()
SetSolution@coarser (0)
repeat 2 times { WCycle@coarser () }
Correction@current ()
repeat 3 times { Smoother@current () }

}

Function Smoother@((coarsest + 1) to finest) () : Unit {
communicate ghost of Solution[active]@current
loop over fragments {

loop over Solution@current {
Solution[next]@current = Solution[active]@current

+ (omega * inverse(diag(Laplace@current))
* (RHS@current - Laplace@current * Solution[active]@current))

}
advance Solution@current

}
}

void Smoother_6() { ...
vector4double vec00 = vec_splats(0.2);
vector4double vec02 = vec_splats(0.1333);
vector4double vec01 = vec_lda(0, &solution_old[start+4896]);
vector4double vec08 = vec_lda(0, &solution_old[start+4900]);
for (int i5 = start; i5 < end; i5 += 4) {

vector4double vec03 = vec_lda(0, &rhs[i5]);
vector4double vec10 = vec_lda(0, &solution_old[i5+76]);
vector4double vec04 = vec_lda(0, &solution_old[i5+4828]);
vector4double vec06 = vec01;
vec01 = vec08;
vec08 = vec_lda(0, &solution_old[i5+4904]);
vector4double vec09 = vec_lda(0, &solution_old[i5+4972]);
vector4double vec11 = vec_lda(0, &solution_old[i5+9724]);
vector4double vec07 = vec_sldw(vec01, vec08, 1);
vector4double vec05 = vec_sldw(vec06, vec01, 3);
vector4double vec12 = vec_madd(vec02, vec_add(vec_add(vec11, vec_add(
vec03, vec04)), vec_add(vec_add(vec05, vec07), vec_add(vec09, vec10))),
vec_mul(vec00, vec01));
vec_sta(vec12, 0, &solution_new[i5+4900]);

} ...
}
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Performance-influence models & LFA
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case study min mean optimum speedup

2d-CC 0.854 5.832 0.599 1.42
2d-VC 2.070 12.817 1.488 1.39
3d-CC 1.460 9.431 1.341 1.08
3d-VC 3.673 17.440 2.966 1.24

Weak scaling on JUQUEEN
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WORK AREAS
A Algorithmic Engineering

A.1 Extension to broader class of PDEs
A.2 Convergence prediction
A.3 Validation of the results computed using the generated code

B Domain-Specific Representation and
Modeling

B.1 Representation of power models
B.2 Abstract language layers

C Domain-Specific Optimization and
Generation

C.1 Combining binary and numeric options
C.2 Domain-knowledge integration and validation
C.3 Integration of a feedback loop
C.4 Energy efficiency as an objective

D Polyhedral Optimization and Code
Generation

D.1 Evaluating different objective functions
D.2 Extension of color splitting

E Target-Specific Code Optimization and
Generation

E.1 Code generation for heterogeneous target platforms
E.2 Generation of energy-aware code
E.3 Performance prediction

F Evaluation and Demonstration
F.1 Proof of concept / demonstrator
F.2 Proof of productivity
F.3 Proof of flexibility
F.4 Proof of exascale performance and energy awareness

G Rapid Prototyping of Stencil DSLs
G.1 An internal DSL for ExaStencils
G.2 Case studies
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