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Solvers that
scale to
ExaScale

Programming Using
models that relevant real-
scale to life proto
ExaScale applications




Programming Models

* PATUS -- stencil compiler

* ExaSHARK -- n-dimensional grids

* GPI-2 - Asynchronous PGAS

Xeon Xeon Phi Xeon Xeon Phi




Complicated Programming Stack

OpenMP
MPI TBB
GASNet pthread
GPI MCTP

Compiler (icc/gcc/...)




The Shark in the Middle

Application

PGAS-style grids:
Data structures N-dimensional distributed grids
Shark Toolkit C—— with local operations
Specific comm. patterns
Hybrid parallelism

| Inspired by:
AC N et 31 A Global Array (GA) Toolkit

o
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Compiler (icc/gcc/...)




A bit about Shark

* Shark Technology
e Shark Basics

o C++11 features ﬂ’wmm

* Supported backends :
}-‘meMI

M = u

* Applications built with Shark
e Solvers
e Benchmarks
e HelSim PIC simulator
« MACAU Recommender

e The road to ExaShark



GlobalArrays are Key

* GlobalArray:

* Automatically or manually distributed
* Ghost Borders

* Data-parallel Iterations
* Locality Aware

* C++ Expression Templates

. Matrix . Thread/process

Ghost cells 1 Memory access
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Shark Communication Patterns

Ghost updates geometric
Reductions global
Gather/scatter with local array masks long-distance

(collective)

Get/put/accumulate RMA

long-distance
(one-sided)




vector<vector<int>>  =default, =delete atomic<T> auto f() -> int

user-defined

. literals  thread_local armay<tA> decltype
I t O n I I 1 1 vector<LocalType> C++ 7 noexcept ’

PP . regex
initializer lists extern template
constexpr  raw string literals

template R/ (WAW)” async unordered_map<int,string>
aliases  nullptr delegating constructors
auto i = v.begin();
lambdas rvalue references |-
f .1 override, variadic templates (move semantics)
[]{ OO(), } final template<typename T...>

X static_assert (x )

unique_ptr<T>, thread, mutex  function<>  fyture<T>

shared_ptr<T>, . .

weak_ptr<T> for(x : coll ) strongly-typed enums  tuple<int,float,string>
- enumclassE{... };

* Extensive template programming
* Arbitrarynumber of dimensions
* Any C++ type
e Expression templates

* Linear algebra ops in natural syntax
* Implicitly data-parallel

* Non-blocking communication with Future<>




Shark for Solvers
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pl e 0

) SpMV " local dot  reduction b-cast ~aXPy NOIM peduction b-castscale
- — . H update

Gram-Schmidt Normalization

“local dot  reduction bcastscale  aXpPy correction
H update
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Nice Natural Syntax

ONSOREWhHE

r— b — Ax(0) r = b - Amult(x);
po = |Ir|| S
K = 07 p=1r,X= X(O) for(k = 0; k < maxit; k++) {
while p Zlée\and k < Kmax if(rf;ie::; tol)
w = Ap
o= pi/(pTw) T
x=x+ap sipre 7 mhoeehe / dostp;
r—=r —ow r = r - alpha * w;
Pk+1 = HrH2 rho old = rho;
B — p%(+1/pl2( rho = norm2(r);
p=r-+[0p beta = rho*rho / (rho old*rho old);

p = r + beta * p;

k':: k'—F 1 }



Shark Supports Many Backends

Application

Data structures

Shark Toolkit ,
Runtime

OpenMP

BB

pthread PATUS

Compiler (icc/gcc/...)




GASPI in a nutshell

PCAS API - designed to be

Multithreaded
Heterogeneous architectures
NUMA architectures

Global asynchronous dataflow

Interoperability with MPI

gaspi_notify

ﬁ

gaspi_write

ﬁ

:]I




SHARK+GASPI = Easy+Difficult

Trivial GlobalArray() gaspi_segment create

Enlightening Future<> gaspi_notify/gaspi_notify wait

Minimal Put, Get gaspi_write block

Thinking

PITA Scatter, Gather, RequestQ<AccContext<GlobalArray<ndim,T>>,

Accumulate AccRequest<GlobalArray<ndim,T>>>

g(AccContext<GlobalArray<ndim,T>>{src,acc});

Impossible  IDs /*;.‘, Voodoo Magic




SHARK+GASPI, the mess




From Shark to ExaShark

* Shark Technology
* Shark Basics
* C++11 features
* Supported backends

* The road to ExaShark
* ExaScaling is Hard
* Pure GASPI/MPI vs Shark
* Scaling Shark



Strong Exa-Scaling is Hard

* CFD Application
* Today: 50M mesh points
* Inten years: 500M
e ExaScale
* Many more cores, less memory per core
* 50 mesh points per core
* CFD Proxy Application
* Proto application of EXA2CT

------ EF .. S},?Sten'ls a

# Deutsches Zentrum
DLR flr Luft- und Raumfahrt &
e Hemboitr-Lemerachatt



speedup
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CFD-Proxy on Xeon-Phi
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—+-comm_free
~&-gaspi_bulk_sync
~#—gaspi_async
—==mpi_bulk_sync
—=—mpi_early_recv
~&-mpi_async
~mpi_fence_bulk_sync
——mpi_fence_async
~——mpi_pscw_bulk_sync

~+=mMpi_pscw_async



Strong Exa-Scaling is Possible

Don’ts Dos
e Bulk Synchronous * Completely Asynchronous

* GASPI write+notify
* MPI ISend/IRecv

* Single Threaded * Thread-to-thread
Communication communication

* MPI Data Types * Multi-threaded packing



performance (iterations per sec)
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SHARK on par with pure MPI

3D Poisson CG, 4003 grid, 4x467 iterations
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gscsy  Weak scaling on stencils

HPC15

Paper

2D heat distribution stencil
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- LibGeoDecomp |
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ExaScaling IS hard

speedup

25 -
===nocomm
20 1 ——gpi
===mpi+openmp
15 - “=mpi+ppn
10 ~
5 -]
0
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2 4 2 4 2 8 4 2

nodes [ cores



Conclusion on SHARK

* Modern high-level library for n-dim. grids
* Support for many programming paradigms
* Natural syntax thanks to C++
* Performance good at node-level

* Active development
* Support for GASPI/MPI Hybrid

* Improve Scaling
* More fine-grained a-synchronization

@ * Much room for improvement

e Multi-threaded Communication
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