
spcl.inf.ethz.ch 

@spcl_eth 

TORSTEN HOEFLER 

Remote Memory Access Programming - Tools 

and Fault Tolerance 



spcl.inf.ethz.ch 

@spcl_eth 

Á My dream: provably optimal performance (time and energy) 

ÁFrom problem to machine code 

 

 

 

 

 

 

 

 

 

 

 

Á A philosophy for system and application design 

ÁAt different levels of course 

 

Model-based Performance Engineering 

Design System 

Model 

Define Problem 

Find (close to) 

optimal Solution 

Implement and 

Test 

Refine System 

Model 

2 



spcl.inf.ethz.ch 

@spcl_eth 

State of the Art ï Parallel Programming 

Message Passing (MPI-1) 

Å De-facto programming model 

Proc A  Proc B 

send  

recv  

two sided 

Communication 

+ 

Synchronization 

Coherent Shared Memory 

Å Hardware  

  support J 

Å Very very 

   hard to  

   optimize [1] 

Requirements for a new low-level programming model 

1. Messaging needs 100% hardware support (offload) ï itôs simple after all! 

2. Minimal overheads (tiny) layer between user and hardware 

3. Offer a simple abstract performance model (e.g., LogGP) 

Ramos, TH: ñModeling Communication in Cache-Coherent SMP Systems - A Case-Study with Xeon Phiò, HPDCô13 3 



spcl.inf.ethz.ch 

@spcl_eth 

ÁMPI-3.0 supports RMA (ñMPI One Sidedò) 

ÁDesigned to react to hardware trends 

ÁMajority of HPC networks support RDMA 

MPI-3.0 RMA 

MPI Forum, TH: ĂMPI: A Message-Passing Interface Standard Version 3.0ñ http://www.mpi-forum.org/docs/mpi-3.0/mpi30-report.pdf 4 
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ÁMPI-3.0 supports RMA (ñMPI One Sidedò) 

ÁDesigned to react to hardware trends 

ÁMajority of HPC networks support RDMA 

ÁCommunication is Ăone sidedò (no involvement of 

destination) 

ÁRMA decouples communication & synchronization 

ÁDifferent from message passing 

MPI-3.0 RMA 

Proc A Proc B 

send  

recv  

Proc A Proc B 

put  

two sided one sided 

Communication Communication 

+ 

Synchronization Synchronization sync  

MPI Forum, TH: ĂMPI: A Message-Passing Interface Standard Version 3.0ñ http://www.mpi-forum.org/docs/mpi-3.0/mpi30-report.pdf 7 
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MPI-3 RMA COMMUNICATION OVERVIEW 

Process A (passive) 

Memory 

MPI window 

Process B (active) 

Process C (active) 

Put 

Get Atomic 

Non-atomic  

communication 

calls (put, get) 

Atomic communication calls 

(Acc, Get & Acc, CAS, FAO) 

Memory 

MPI window 

é 
Process D (active) 

é 
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MPI-3.0 RMA SYNCHRONIZATION OVERVIEW 

Active 

process 

Passive 

process 

Synchroni- 

zation 

Passive Target Mode 

Lock 

Lock All 

Active Target Mode 

Fence 

Post/Start/ 

Complete/Wait 

Communi- 

cation 
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