spcl.inf.ethz.ch

ETH:zirich TR PRI TN W @spcl eth

TORSTEN HOEFLER

Remote Memory Access Programming: Faster

Parallel Computing Without Messages v
with S. Ramos, R. Gerstenberger, M. Besta, R. Belli @ SPCL

presented at San Diego Supercomputing Center/UCSD, San Diego, CA, June 2015
7 - TV T ‘ ” '5_7-7;‘7{; =l ".E-j_” _

%
. B .
-~ wq’ ~3‘-"t PRI e 4 :

I CLIMATE & WEATHER
I SOLI0 EARTH

I LIFE SCIENCE

I CHEMISTRY & MATERIALS

B PHYSICS

I COMPUTER SCIENCE & MATHEMATICS
B ENGINEERING

I EMERGING DOMAINS

Platform for Advanced Scientific Computing

Lausanne 0B8-10 June 2016

Switzeriand




spcl.inf.ethz.ch

ETH:zurich e e o N S i ST -y @spcl_eth

Motivation & Goals

Ve

A My dream: provably optimal performance (time and energy)
A From problem to machine code
A How to get there?

A Model-based Performance Engineering!
1. Design a system model
2. Define your problem
3. Find(close-t o) opti mal solution i
4. Implement, test, refine if necessary

A Will demonstrate techniques & insights
A And obstacles J
A RMA as a solution?
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Example: Message Passing, Log(G)P

A new parallel machine model reflects the critical technology

trends underlying parallel computers

4 PracTICAL MODEL of
PAarRALLEL COMPUTATION

PRAM consists of a col-

lection of processors

UR GOAL IS TO DEVELOP A MODEL OF PARALLEL COMPUTATION THAT WILL David E. Culler, Richard M. Karp,

serve as a basis for the design and analysis of fast, portable par- David Patterson, Abhijit Sahay,
. . . which compute syn-

allel algorithms, such as algorithms that can be implemented ’ Eunice E. Santos, Klaus Erik
- . . § S i chronously in parallel

effectively on a wide variety of current and future parallel J ) i Schauser, Ramesh Subramonian,
N . - . and communicate with
machines. If we look at the body of parallel algorithms devel- and Thorsten von Eicken

a global random access

oped under current parallel models, many are impractical

because they exploit artificial factors not present in any rea-

Process P-1 CACM 1996

PO: MPI_Recv(l); MPI_Recv (1) Broadcast
Pl: MPI_Send(0); MPI_Send(0) Problem

Optimal

Process 1 _
Solution

Process 0

D. Culler et al.: LogP: A Practical Model of Parallel Computation, Communication of th ACM, Nov. 1996
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Hardware Reality

¥
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Interlagos, 8/16 cores, source: AMD POWER 7, 8 cores, source: IBM Xeon Phi, 64 cores, source: Intel
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Hardware Reality

Kepler GPU, source: NVIDIA InfiniBand, sources: Intel, Mellanox  gG/Q, Cray Aries, sources: IBM, Cray
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Hardware Reality

Interlagos, 8/16 cores, source: AMD POWER 7, 8 cores, source: IBM Xeon Phi, 64 cores, source: Intel
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Kepler GPU, source: NVIDIA InfiniBand, sources: Intel, Mellanox  gG/Q, Cray Aries, sources: IBM, Cray
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Example: Cache-Coherent Communication

?

Core 1 /_\ Core 2
IRegistersl |Registers|

TD
Line 1 Line 1
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Line 2 Line 2
Line 3 Line 3
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BusRdX

Source: Wikipedia
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Xeon Phi (Rough) Architecture
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