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ñHottestò Optimizations on Blue Waters

ÅSerial optimizations (e.g., Vectorization)

ÅHybridization (Threads + MPI)

ÅCommunication/Computation Overlap

ÅCollective Communication (incl. Sparse Colls)

ÅMPI Derived Datatypes

ÅTopology Optimized Mapping

ÅOne-Sided (maybe)
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In This Talk: Communication Optimization

ÅSerial optimizations (e.g., Vectorization)

ÅHybridization (Threads + MPI)

ÅCommunication/Computation Overlap

ÅCollective Communication (incl. Sparse Colls)

ÅMPI Derived Datatypes

ÅTopology Optimized Mapping

ÅOne-Sided (maybe)
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Is Optimization X Relevant To My Application?

Åé at scale? - well, we donôt know

ÅIf you know that itôs irrelevant: go, have a coffee now J

ÅThree ways to find out

ÅEducated Guessing (based on mental model)

ÅVery powerful and often accurate

ÅSimulation (problematic, will hear more later today)

ÅVery accurate but limited

ÅAnalytic Performance Modeling

ÅRelatively accurate, often relatively simple

üExcellent middle ground!
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High-level Performance Modeling Overview

Platform or System Model 

(Hardware, Middleware)

Application Model

(Algorithm, Structure)

Performance Model
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Example 1: 2d FFT

ÅRelatively simple kernel (square box only)

Ådominated by data movement, computation is free
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Educated Guess: What Matters for 2D-FFT?

ÅNo detailed model available (yet)!

ÅLots of experience and previous analysis!

ÅCommunication/Computation Overlap

ÅSuggestion: Nonblocking Alltoall

ÅOutside the scope of this talk!

ÅMPI Derived Datatypes

ÅEliminate Pack/Unpack Phase (>50%)

ÅTopology Optimized Mapping

ÅOnly in higher-dimensional decompositions
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Example 2: MIMD Lattice Computation

ÅGain deeper insights in 

fundamental laws of physics

ÅDetermine the predictions of 

lattice field theories (QCD & 

Beyond Standard Model)

ÅMajor NSF application

ÅChallenge:

ÅHigh accuracy (computationally intensive) required for 

comparison with results from experimental programs in 

high energy & nuclear physics
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Model-Driven Optimization: What Matters?

ÅNCSAôs MILC Performance Model for Blue Waters

ÅPredict performance 

of 300000+ cores

ÅBased on Power7

MR testbed

ÅModels manual

pack overheads

×>10% pack time

Å>15% for small L
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Chapter 2

MPI Derived Datatypes
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Quick MPI Datatype Introduction
Å(de)serialize arbitrary data layouts into a 

message stream

ÅContig., Vector, Indexed, Struct, Subarray, even 

Darray (HPF-like distributed arrays)

ÅRecursive specification possible

ÅDeclarative specification of data-layout

Åñwhatò and not ñhowò, leaves optimization to 

implementation (many unexplored possibilities!)

ÅArbitrary data permutations (with Indexed)
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Datatype Terminology

ÅSize

ÅSize of DDT signature (total occupied bytes)

ÅImportant for matching (signatures must match)

ÅLower Bound

ÅWhere does the DDT start

ÅAllows to specify ñholesò at the beginning

ÅExtent

ÅSize of the DDT

ÅAllows to interleave DDT, relatively ñdangerousò
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What is Zero Copy?

ÅSomewhat weak terminology

ÅMPI forces ñremoteò copy 

ÅBut:

ÅMPI implementations copy internally

ÅE.g., networking stack (TCP), packing DDTs

ÅZero-copy is possible (RDMA, I/O Vectors)

ÅMPI applications copy too often

ÅE.g., manual pack, unpack or data rearrangement

ÅDDT can do both!
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Purpose of this Talk

ÅDemonstrate utility of DDT in practice

ÅEarly implementations were bad Ÿ folklore

ÅSome are still bad Ÿ chicken+egg problem

ÅShow creative use of DDTs

ÅEncode local transpose for FFT

Å Details in Hoefler, Gottlieb: ñParallel Zero-Copy Algorithms for Fast 

Fourier Transform and Conjugate Gradient using MPI Datatypesò



T. Hoefler : Optimizing Communication on Blue Waters 

2d-FFT State of the Art
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2d-FFT Optimization Possibilities
1. Use DDT for pack/unpack (obvious)

ÅEliminate 4 of 8 steps

Å Introduce local transpose

2. Use DDT for local transpose 

Å After unpack

Å Non-intuitive way of using DDTs

Å Eliminate local transpose
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The Send Datatype

1. Type_struct for complex numbers

2. Type_contiguous for blocks

3. Type_vector for stride

Å Need to change extent to allow overlap (create_resized)

Å Three hierarchy-layers 
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The Receive Datatype

ÅType_struct (complex)

ÅType_vector (no contiguous, local transpose)

ÅNeeds to change extent (create_resized)
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2D-FFT: Experimental Evaluation

ÅOdin @ IU

Å128 compute nodes, 2x2 Opteron 1354 2.1 GHz

ÅSDR InfiniBand (OFED 1.3.1). 

ÅOpen MPI 1.4.1 (openib BTL), g++ 4.1.2 

ÅJaguar @ ORNL

Å150152 compute nodes, 2.1 GHz Opteron

ÅTorus network (SeaStar). 

ÅCNL 2.1, Cray Message Passing Toolkit 3

ÅAll compiled with ñ-O3 ïmtune=opteronò
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Strong Scaling - Odin (80002)

Å4 runs, report smallest time, <4% deviation

Reproducible

peak at P=192

Scaling stops 

w/o datatypes
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Strong Scaling ïJaguar (20k2)

Scaling stops 

w/o datatypes

DDT increase

scalability
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Negative Results

ÅBlue Print - Power5+ system

ÅPOE/IBM MPI Version 5.1

ÅSlowdown of 10%

ÅDid not pass correctness checks L

ÅEugene - BG/P at ORNL

ÅUp to 40% slowdown

ÅPassed correctness check J
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MILC Communication Structure

ÅNearest neighbor communication

Å4d array Ÿ 8 directions

ÅState of the art: manual pack on send side

ÅIndex list for each element (very expensive)

ÅIn-situ computation on receive side

ÅMultiple different data access patterns L

Åsu3_vector, half_wilson_vector, and su3_matrix

ÅEven and odd (checkerboard layout)

ÅEight directions

Å48 contig/hvector DDTs total (stored in 3d array)

ÅAllreduce (no DDTs, nonblocking alreduce is investigated!)
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MILC: Experimental Evaluation

ÅWeak scaling with L=44 per process 

ÅEquivalent to NSF Petascale Benchmark on Blue 

Waters

ÅInvestigate Conjugate Gradient phase 

ÅIs the dominant phase in large systems

ÅPerformance measured in MFlop/s

ÅHigher is better J
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MILC Results - Odin

Å18% speedup!
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MILC Results - Jaguar

ÅNearly no speedup (even 3% decrease) L
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Chapter 3

Topology Mapping
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ÅLL Topology

Å24 GB/s

Å7 links/Hub

ÅFully connected

Å8 Hubs

28
Source: B. Arimilli et al. ñThe PERCS High-

Performance Interconnectò
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ÅLR Topology

Å5 GB/s

Å24 links/Hub

ÅFully connected

Å4 Drawers

Å32 Hubs
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Source: B. Arimilli et al. ñThe PERCS High-

Performance Interconnectò
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ÅD Topology

Å10 GB/s

Å16 links/Hub

ÅFully 

connected

Å512 SNs

Å2048 Drawers

Å16384 Hubs

Source: B. Arimilli et al. ñThe PERCS High-

Performance Interconnectò


