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Legal Disclaimer & Optimization Notice

INFORMATION IN THIS DOCUMENT IS PROVIDED “AS IS”. NO LICENSE, EXPRESS OR IMPLIED, BY ESTOPPEL OR OTHERWISE, TO 
ANY INTELLECTUAL PROPERTY RIGHTS IS GRANTED BY THIS DOCUMENT. INTEL ASSUMES NO LIABILITY WHATSOEVER AND 
INTEL DISCLAIMS ANY EXPRESS OR IMPLIED WARRANTY, RELATING TO THIS INFORMATION INCLUDING LIABILITY OR 
WARRANTIES RELATING TO FITNESS FOR A PARTICULAR PURPOSE, MERCHANTABILITY, OR INFRINGEMENT OF ANY PATENT, 
COPYRIGHT OR OTHER INTELLECTUAL PROPERTY RIGHT.

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors.  
Performance tests, such as SYSmark and MobileMark, are measured using specific computer systems, components, software, 
operations and functions.  Any change to any of those factors may cause the results to vary.  You should consult other information 
and performance tests to assist you in fully evaluating your contemplated purchases, including the performance of that product 
when combined with other products. 

Copyright © 2016, Intel Corporation. All rights reserved. Intel, Pentium, Xeon, Xeon Phi, Core, VTune, Cilk, and the Intel logo are 
trademarks of Intel Corporation in the U.S. and other countries.

Optimization Notice

Intel’s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not unique to Intel 
microprocessors. These optimizations include SSE2, SSE3, and SSSE3 instruction sets and other optimizations. Intel does not guarantee the 
availability, functionality, or effectiveness of any optimization on microprocessors not manufactured by Intel. Microprocessor-dependent 
optimizations in this product are intended for use with Intel microprocessors. Certain optimizations not specific to Intel microarchitecture 
are reserved for Intel microprocessors. Please refer to the applicable product User and Reference Guides for more information regarding the 
specific instruction sets covered by this notice.

Notice revision #20110804
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Agenda

General MPI Tuning for Intel® Omni-Path Architecture

Application Performance Snapshot

Intel Trace Analyzer and Collector
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General MPI Tuning for Intel® Omni-Path Architecture
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Intel Trace Analyzer and Collector
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What’s Inside Intel® Parallel Studio XE

Cluster EditionProfessional EditionComposer Edition

Intel® VTune™ Amplifier
Performance Profiler 

ANALYZE
Analysis Tools

Intel® Advisor
Vectorization Optimization

& Thread Prototyping

Intel® Inspector
Memory & Thread Debugger

SCALE
Cluster Tools

Intel® Trace Analyzer & Collector
MPI Tuning & Analysis

Intel® MPI Library
Message Passing Interface Library

Intel® Cluster Checker
Cluster Diagnostic Expert System

Operating System: Windows*, Linux*, MacOS1*

Intel® Architecture Platforms

BUILD
Compilers & Libraries

C / C++ Compiler
Optimizing Compiler

Intel® Distribution for Python*
High Performance Scripting

Intel® Math Kernel Library

Intel® Integrated 
Performance Primitives

Image, Signal & Data Processing

Intel® Threading 
Building Blocks

C++ Threading Library

Intel® Data Analytics 
Acceleration Library

Fortran Compiler
Optimizing Compiler

More Power for Your Code - software.intel.com/en-us/parallel-studio-xe

Comprehensive Software Development Tool Suite
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Intel® MPI Library PRODUCTS
Intel® MPI 2018 Update 1
Main scope:
- bug fixes
- minor changes

Intel® MPI 2019 Technical Preview (TP)
Main scope:
- new features
- new infrastructure

Intel® MPI 2018 Intel® MPI 2018 Update 1

Intel® MPI 2019 TP

SC17 conference date

https://software.intel.com/en-us/articles/optimization-notice/
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Intel MPI Software Stack – Choosing the Right Path

HW

Provider

Netmod

Abstract Device Interface CH3

DAPL  
RC DAPL UD OFA TCP TMI

PSM2 PSM

EDR Eth, IpoIB, 
IPoOPA OPAiWarp, 

RoCE usNICAries TrueScale
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Disable Fallback (for Benchmarking)

 Intel MPI Library falls back from the to ‘tcp’ and/or ‘shm:tcp’ if the fabric provider 
initialization fails

 Disable I_MPI_FALLBACK to ensure that the fast default fabric is working

Fallback is disabled by default if I_MPI_FABRICS is set (use one of the following):

I_MPI_FALLBACK=0
I_MPI_FALLBACK=disable
I_MPI_FALLBACK=off

https://software.intel.com/en-us/articles/optimization-notice/
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Use Lightweight Statistics

• Set I_MPI_STATS to a non-zero 
integer to gather MPI 
communication statistics (max. 10)

• Change scope with 
I_MPI_STATS_SCOPE

• Example here: 
Gromacs rank 0 with 
I_MPI_STATS=3

I_MPI_STATS_SCOPE=coll

9

Communication Activity by actual args
Collectives
Operation       Context  Algo Comm size    Message size      Calls  Cost(%)
---------------------------------------------------------------------------------
Allreduce
1                    58     1          4              24          1    0.00
2                    58     1          4               4          8    0.00
3                    58     1          4               8         12    0.03
4                    58     1          4            1376        181    0.04
5                    58     1          4            1344         19    0.01
6                    58     1          4            1216          1    0.00
7                    58     1          4             224          1    0.00
8                     0     5        192               8          2    0.00
9                     0     5        192             968          1    0.00
10                    0     5        192             288          2    0.01
11                    0     5        192             768          2    0.00
Barrier
1                    62     5        160               0          1    0.00
2                     0     5        192               0          1    0.00
Bcast
...
Gather
1                    52     3          5              32         25    0.01
2                    54     3          4              36         25    0.00
3                    56     3          8              28         25    0.01
Reduce
1                    60     1         40              24          1    0.00
2                    60     1         40               4          8    0.00
3                    60     1         40               8         12    0.01
4                    60     1         40            1376        181    0.21
5                    60     1         40            1344         19    0.03
6                    60     1         40            1216          1    0.00
7                    60     1         40             224          1    0.00
Scatter
1                    62     1        160               8          1    0.00
Scatterv
1                    62     1        160          315840          2    0.03
2                    62     1        160           52640          1    0.08
=================================================================================

https://software.intel.com/en-us/articles/optimization-notice/
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Choose the Best Collective Algorithm

Use one of the I_MPI_ADJUST_<opname> knobs to change the algorithm

• Focus on the most critical collective operations (see statistics)

• Use the Intel® MPI Benchmarks by selecting various algorithms to find out 
the right algorithms for collective operations

• Or use mpitune for automatic (/fast) tuning!

I_MPI_ADJUST_<collective>=<algorithm#>

10
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Tuning for Numerical Stability

Collective MPI Operation using Reductions Intel MPI Library Collective Operation Control 
Environment

Non-Topologically Aware Algorithms

MPI_Allreduce I_MPI_ADJUST_ALLREDUCE (1) , 2 , 3 , 5 , 7 , 8, 9

MPI_Exscan I_MPI_ADJUST_EXSCAN 1 

MPI_Reduce_scatter I_MPI_ADJUST_REDUCE_SCATTER 1 , 2 , 3 , 4 

MPI_Reduce I_MPI_ADJUST_REDUCE 1 , 2 , 5, [7]

MPI_Scan I_MPI_ADJUST_SCAN 1

Which algorithms of the collective reduction operations are topologically-aware?

Further information can be found in the PUM #21

Notes:
(1) – The first algorithm of MPI_Allreduce is not topologically aware, it does however not guarantee to provide conditionally reproducible results
[7] – The Knomial algorithm provides reproducible results, only if the I_MPI_ADJUST_<COLLECTIVE-OP-NAME>_KN_RADIX environment is kept stable – or unmodified

https://software.intel.com/en-us/articles/optimization-notice/
https://software.intel.com/sites/default/files/managed/50/35/parallel_mag_issue21.pdf
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Tuning for numerical stability
program rep
use mpi
implicit none
integer :: n_ranks,rank,errc
real*8 :: global_sum,local_value

call MPI_Init(errc)
call MPI_Comm_size(MPI_COMM_WORLD, n_ranks, errc)
call MPI_Comm_rank(MPI_COMM_WORLD, rank, errc)

local_value = 2.0 ** -60

if(rank.eq.15) local_value= +1.0
if(rank.eq.16) local_value= -1.0

call MPI_Reduce(local_value,global_sum,1,MPI_DOUBLE_PRECISION, &
MPI_SUM,0,MPI_COMM_WORLD, errc)

if(rank.eq.0) write(*,'(f22.20)') global_sum

call MPI_Finalize(errc)
end program rep

$ cat ${machinefile_A}
ehk248:16
ehs146:16
ehs231:16
ehs145:16
$ cat ${machinefile_B}
ehk248:32
ehs146:32
ehs231:0
ehs145:0
$ mpiifort -fp-model strict –o ./rep.x ./rep.f90

$ export I_MPI_ADJUST_REDUCE=3
$ mpirun -n 64 -machinefile ${machinefile_A} ./rep.x
0.00000000000000000000
$ mpirun -n 64 -machinefile ${machinefile_B} ./rep.x
0.00000000000000004163

$ export I_MPI_ADJUST_REDUCE=1
$ mpirun -n 64 -machinefile ${machinefile_A} ./rep.x
0.00000000000000004163
$ mpirun -n 64 -machinefile ${machinefile_B} ./rep.x
0.00000000000000004163

https://software.intel.com/en-us/articles/optimization-notice/
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Two communication protocols:

1. “Eager” sends data immediately 
regardless of receive request 
availability - used for short messages

2. “Rendezvous” notices receiving site on 
data pending and transfers when 
receive request is set (RTS/CTS)

I_MPI_EAGER_THRESHOLD

Default is 256k bytes

Adjust the Eager/Rendezvous Protocol Threshold
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Async Progress for Non-blocking Operations

 Overlapping communication and computation is possible by spawning a helper thread

 Can cause oversubscription - therefore deactivated by default

Enabling asynchronous progress

MPICH_ASYNC_PROGRESS=1

https://software.intel.com/en-us/articles/optimization-notice/
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Leverage the KNL High Bandwidth Memory (HBM)

IMPI offers several different ways to leverage MCDRAM on KNL, including 
options to bind the whole target application onto the fast memory. 

I_MPI_HBW_POLICY=

<user memory>[,<mpi memory>][,<win_allocate>]

policy Description
hbw_preferred Allocate the local HBW memory for each process. If the HBW memory 

is not available, allocate the local dynamic random access memory.

hbw_bind Allocate only the local HBW memory for each process.

hbw_interleave Allocate the HBW memory and dynamic random access memory on 
the local node in the round-robin manner.

https://software.intel.com/en-us/articles/optimization-notice/
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KNL-F – Integrated Omni Path Fabric Usage

Use either the OpenFabrics Interface (OFI) or the Tag Matching Interface (TMI) 
for the KNL-F integrated Omni Path fabric.

I_MPI_FABRICS=ofi or

I_MPI_FABRICS=tmi and I_MPI_TMI_PROVIDER=psm2

While the fabric can be utilized in combination with Shared Memory (SHM),
I_MPI_FABRICS=shm:ofi

It might be faster to leverage the pure fabric (as shown above) without SHM – in 
order to activate the direct (short) receive path within IMPI (implicitly).

I_MPI_OFI_DRECV=1

https://software.intel.com/en-us/articles/optimization-notice/
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Special OPA Tuning for Multiple Nodes
OPA configuration parameters (KNL, recommended by OPA team)
export PSM2_MQ_RNDV_HFI_WINDOW=4194304
export PSM2_MQ_EAGER_SDMA_SZ=65536
export PSM2_MQ_RNDV_HFI_THRESH=200000
export PSM2_IDENTIFY=1

export HFI_NO_CPUAFFINITY=1

export I_MPI_FABRICS=shm:tmi
export I_MPI_TMI_PROVIDER=psm2
export I_MPI_FALLBACK=0

https://software.intel.com/en-us/articles/optimization-notice/
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Agenda

General MPI Tuning for Intel® Omni-Path Architecture

Application Performance Snapshot

Intel Trace Analyzer and Collector
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Intel® Performance Snapshots
Three Fast Ways to Discover Untapped Performance
Is your application making good use of modern 
computer hardware? 
 Run a test case during your coffee break.  
 High level summary shows which apps can 

benefit most from code modernization and 
faster storage.

Pick a Performance Snapshot:
 Application – for non-MPI apps 
 MPI – for MPI apps
 Storage – for systems. Servers and 

workstations with directly attached storage. 
Free download: http://www.intel.com/performance-snapshot
Also included with Intel® Parallel Studio and Intel® VTune™ Amplifier products.

https://software.intel.com/en-us/articles/optimization-notice/
http://www.intel.com/performance-snapshot
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Free download: http://www.intel.com/performance-snapshot.  Also included with Intel® Parallel Studio Cluster Edition.

https://software.intel.com/en-us/articles/optimization-notice/
http://www.intel.com/performance-snapshot


Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice
23

https://software.intel.com/en-us/articles/optimization-notice/


Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice
24

Agenda

General MPI Tuning for Intel® Omni-Path Architecture

Application Performance Snapshot

Intel Trace Analyzer and Collector
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Intel® Trace Analyzer & Collector 2018

25

Powerful Profiler, Analysis & 
Visualization Tool for MPI Applications
 Low overhead for accurate profiling, analysis & 

correctness checking
 Easily visualize process interactions, hotspots & 

load balancing for tuning & optimization
 Workflow flexibility: Compile, Link or Run

What’s New in 2018 version
 Support of OpenSHMEM* applications
 Supports the latest Intel® Xeon® processor 

(codenamed Skylake)

Certain technical specifications and select processors/skus apply. See product site for more details.

Learn More: software.intel.com

https://software.intel.com/en-us/articles/optimization-notice/


Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice

Intel® Trace Analyzer and Collector Overview
Helps the developer to:

 Visualize and understand parallel application 
behavior

 Evaluate profiling statistics and load balancing

 Identify communication hotspots

Features

 Event-based approach

 Low overhead

 Excellent scalability

 Powerful aggregation and filtering functions

 Idealizer

Source
Code

Binary

Objects

Compiler

Linker

Runtime

Output

Intel® Trace Collector

Trace File (.stf)

API and -tcollect
-trace

Intel® Trace Analyzer
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Compare the event 
timelines of two 
communication profiles

Blue = Computation
Red = Communication

Chart showing how the 
MPI processes interact

Intel® Trace Analyzer and Collector

27
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Views and Charts

Chart

 Helps navigating through the 
trace data and keep orientation.

 Every View can contain several 
Charts.

 All Charts in a View are linked to a 
single:

• Time-span
• Set of threads
• Set of functions

 All Charts follow changes to View 
(e.g., zooming)

https://software.intel.com/en-us/articles/optimization-notice/
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 Get detailed impression of program structure.

 Display functions, messages, and collective operations for each 
process/thread along time axis.

 Retrieve detailed event information.

29

Event Timeline

https://software.intel.com/en-us/articles/optimization-notice/
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 Get impression on parallelism and load balance.

 Show for every function how many threads/processes are 
currently executing it.

30

Quantitative Timeline
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Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice
31

Flat Function Profile
Statistics About Functions
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 Tree: Call-stack
 Graph: Calling dependencies

32

Call-Tree and Call-Graph
Function Statistics Including Calling Hierarchy

https://software.intel.com/en-us/articles/optimization-notice/


Copyright ©  2017, Intel Corporation. All rights reserved. 
*Other names and brands may be claimed as the property of others.

Optimization Notice

 Statistics about point-to-point or collective communication

 Generic matrix supports grouping by several attributes in each dimension: Sender, 
receiver, data volume per message, tag, communicator, type

 Available attributes: Count, bytes transferred, time, transfer rate

33

Communication Profiles
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Improving Load Balance: Real-World Case

Host
16 MPI procs x
1 OpenMP* thread

Coprocessor
8 MPI procs x
28 OpenMP threads

Collapsed data per 
node and 
coprocessor card

Too high load on host = 
too low load on coprocessor
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Improving Load Balance: Real-World Case

Collapsed data per 
node and 
coprocessor card

Host
16 MPI procs x
1 OpenMP* thread

Coprocessor
24 MPI procs x
8 OpenMP threads

Too low load on host = 
too high load on coprocessor
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Improving Load Balance: Real-World Case

Collapsed data per 
node and 
coprocessor card

Host
16 MPI procs x
1 OpenMP* thread

Coprocessor
16 MPI procs x
12 OpenMP thrds

Perfect balance
Host load = coprocessor load

https://software.intel.com/en-us/articles/optimization-notice/
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Automatic Performance Assistant

 Detects common MPI performance 
issues

 Automated tips on potential 
solutions

MPI Performance Analysis
Initial MPI-3.x Support

Automatically detect 
performance issues and 
their impact on runtime

https://software.intel.com/en-us/articles/optimization-notice/
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Ideal Interconnect Simulator (Idealizer)
Helps to Figure Out Application's Imbalance, Simulating its Behavior in the 
‘Ideal’ Communication Environment

Real trace Ideal trace

Hot Spot

Easy Way to Identify Application Bottlenecks

https://software.intel.com/en-us/articles/optimization-notice/
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