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Notices & Disclaimers

Intel technologies may require enabled hardware, software or service activation. Learn more at intel.com or from the OEM or retailer.
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No license (express or implied, by estoppel or otherwise) to any intellectual property rights is granted by this document.
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Intel® MPI Library
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Intel® MPI Library Overview

Applications

Optimized MPI application performance
e Support for all Intel® Xeon® and Intel® Xeon Phi™ processors
e Optimized collectives with topology and architecture awareness

CFD | Crash | Climate | ocD | BIO | Other...

Develop applications for onefabric

Lower-latency and multi-vendorinteroperability Intel® MPI Library
* Industry leading latency
» Performance optimized support for the fabric capabilities SCCE (HAEIG0E PRIV EErnEIE

through OpenFabrics* (OFl) / libfabric

...Other
Networks

Sustainable scalability up to 340K cores Fabrics
e Efficient path by relying on libfabric Achieve optimized MPI performance
* New: Faster startup and finalization

TCP/IP Omni-Path InfiniBand iWarp

More robust MPIl applications Cluster
e Seamless interoperability with Intel® Trace Analyzer and
Collector

Intel® MPI Library —One MPI Library to
. ) e develop, maintain & test for multiple fabrics
Conditional Numerical Reproducibility

* |_MPI_CBWR to control reproducible results across topologies
and hardware
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Intel® MPI Library Overview

= Streamlined product setup
e Install as root, or as standard user

e Environment variable script mpivars.(c)sh sets paths
=" Compilation scripts to handle details
e Oneset to use Intel compilers, one set for user-specified compilers

" Environment variables for runtime control
e | MPI_* variables control many factors at runtime

* Process pinning, collective algorithms, device protocols, and more
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Compiling MPI Programs

=" Compilation scripts automatically passes necessary libraries and
options to underlying compiler

e mpiifort, mpiicoc, and mpiicc use the Intel compiler by default

e mpif77, mpicxx, mpicc, and others use GNU compiler by default
" Multiple ways to specify underlying compiler

| MPI_F77,1 _MPI_CXX, etc. environment variables

e -f77, -cc, etc. command line options

e Useful for makefiles portable between MPlimplementations

" All compilers are found via PATH

intel.



MPI Launcher

" Robust launch command

mpirun <mpi args> executable <program args>

" Options available for:

e Rank distribution and pinning

e Fabric selection and

control

* Environment propagation

e And more
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Process Placement

= Layout Across Nodes
* Default placement puts one rank per core on each node
* Use —ppn to control processes pernode
* Use a machinefile to define ranks on each node individually

* Use arguments sets or configuration files for precise control for complex jobs

= Pinning on Node
 Can pin to single or multiplecores
* Multiple options for automatic distribution based on resources such as socket, shared cache level, NUMA arrangement
e See documentation for details:

e https://software.intel.com/en-us/mpi-developer-reference-linux-process-pinning

* https://software.intel.com/en-us/mpi-developer-reference-linux-environment-variables-for-process-pinning

e https://software.intel.com/en-us/mpi-developer-reference-linux-interoperability-with-openmp
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Fabric Control vialibfabric

"| MPI_OFI_PROVIDER chooses provider (select based on
interconnect hardware):

e Default is normally fine
e tcp — Ethernet

e psm2 — Intel® Omni-Path Architecture

e mix — InfiniBand* (requires at least Intel® MPI Library 2019 Update 5 and UCX
1.4)

e efa — AWS™* EFA (Elastic Fabric Adapter), see
https://docs.aws.amazon.com/AWSEC2/latest/UserGuide/efa-start.html for

setup process
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Conditional Numerical Reproducibility

=| MPlI _CBWR
e 0 (default) — no reproducibility controls, utilize alloptimizations

e 1 (weak)—disable topology aware optimizations, reproducible acrossdifferent
rank placements/topologies

e 2 (strict) —disables topology aware optimizations andhardware optimizations,
reproducible across hardware and topology

" MPI_Comm_dup_with_info

e “I_ MPI_CBWR”="yes”, sets strict mode forcommunicator
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Automatic Tuning via Autotuner

" Tuning happens behind the scenes during application run
=" Tuning is per communicator

= To tune:

e |_MPI_TUNING_MODE=auto

e | MPI_TUNING_BIN_DUMP=<tuning file> (optional)
=" To use tuningresults:

e |_MPI_TUNING_BIN=<tuning file>

= Additional options for more control, see https://software.intel.com/en-
us/mpi-developer-reference-linux-autotuning
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Debugging MPI Applications

= GDB*
e mpirun <mpi options> -gdb <application and options>
e mpirun —n <nranks> -gdba <mpirunpid>

" Allinea® DDT*
e ddt mpirun ...

= otool (https://software.intel.com/en-us/mpi-developer-reference-
linux-gtool-options)

e Set via —gtool option, -gtoolfile option, orl_ MPI_GTOOL

e “<prepend>:<rank set>[=launch mode][@arch]

intel.
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Intel® Trace Analyzer and Collector

Event-based Tracing for Distributed Applications
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Intel® Trace Analyzer and Collector Overview

Source

= Intel® Trace Analyzer and Collector helps the developer: Code

Compiler

e Visualize and understand parall®gpplication behavior
e Evaluate profili

APland {colect el
* ldentify communication hotspots

" Features

Intel® Trace Collector Linker

 Event-based approach

Excellent scalability

®
Powerful aggregation and filtering functic Intel® Trace Analyzer

Performance Assistance and Imbalance Tuning
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Strengths of Event-based Tracing

Detailed MPI program behavior

Exact sequence of program states —keep

Record timing consistent

Collect information about exchange of
messages: at what times and in whichorder

Collect

An event-based approach is able to detect temporal dependencies!

intel.



Summary page shows computation vs.
communication breakdown

Resource usage

Is your
application

MPI-bound?
Largest MPI
consumers
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Views and Charts

=" Helps navigate the trace data
= A View can show several Charts

= All Charts in a View are linked to

a single: Chart
* time-span
e set of threads

e set of functions

" All Charts follow changes to
View (e.g. zooming)
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Event Timeline

7.488

7.485%

7.48%

T.480

7.481

T.481

T.4BZ

il Applices

MUCONVERGENCE MPI

Applices

MICONVERGENCE MPI

Appliczg

MFCOMVERGEMNCE MPI

Appliczg

il Applicz;

Applicz;

JFT  Applicz

Oy A pplices:

Get detailed impression of program structure

Display functions, messages, and collective operations foreach
rank/thread along time-axis

Retrieval of detailed event information
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Quantitative Timeline

Get impression on parallelism and load balance

Show for every function how many threads/ranks are currently
executing it
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Flat Function Profile

Statistics about functions
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Call Tree and Call Graph

Function statistics including calling hierarchy

e Call Tree shows callstack

e Call Graph shows callingdependencies

Flat Profile | Load Balance \ Call Tree |CaH Graph |

Children of Group All_Processes j
Name [Tset [ el [TTotal #Cals  [Tselifcal  [Tseffrcal /[ 2]
+-Process 5
+-Process 4
=-Process 3
- User_Code 0,677 003 5 164033 352 5 1 0677 003 s [N
MPI_Barrier 01787115 017871 s 2 00896s5sl Flat Profile | Load Balance | Call Tree ‘ Call Graph |
iteration 14772940 5 162287 993 5 4458 0.003 3145
MPI_Alreduce 127,781 639 s [N 127791639 s 4458 00266635 Group All_Processes j
~ ExchangeStart 4,567 565 SI 7396 478 s 4458 0.001 025 5
- MPI_Isend 1,435 251 5| 1435251 s 8916 00001615 Mame % |TSe|f | TSelf | TTotal | #Calls | TSelf fCall
- WPI_Irecy 1393662 5| 1393662 5 8916 0000 1SEs :
= ExchangeEnd 2797 721 5| 12336 936 5 4458 U o0 BZE s = GrUUp A”_PrUCESSES
B 5 55 E = Callers
Init_mesh 00045545 0004748 s z 0.002 277 5 f : '
WPy Comm_rank 0000 1944 oo e S e STF_ReechedEndOfFier caling STF_WorkSteciHstory 0.001 000 5 [ 0.002 869 3 7 0000027 s
<~ ExchangeEnd 0.000587 5 0,000 896 5 2 00002835 STF_InitFilelnput calling STF_WorkStackHistory 0.000 02135 0,000 055 5 1 00000Z1s
WPI_Waitall 00003115 0.000 311 s z 0.000 155 5 f : i H
WPI Firalue 0000 263 0 0000 268 & T 0000 2ene STF_DecodeF!\ter_enter_functmn calhngISTE_WorIfStackHlstory . 00000945 0000320 5 1 00000945
<. Setup_mesh 0.000200 5 0025415 5 1 0000200 3TF_ContentFilter_one_to_one_communication calling 3TF_WorkStackHistory 0.000 112 5 00014763 ? 00000565
MPI_Cart_create 00251775 0025177 5 100251775 ] STF_ContentFilter_all to_all_communication calling STF_WorkStackHistory 0,000 068 5 0001528 3 1 0000068 S
IPI_Cart_shift 0000011 s 0.000 011 s 1 0.000011 s
MPI_Comm_rank 0.000 009 5 10,000 009 5 1 0000009 s 3TF_DecodeFilter_leave_function calling STF_WorkStackHistory 000 arzs 0010 334 5 3 00001245
MP1_Comm_size 00000185 0000018 5 ¢ bOononss STF_DecodeFiter_enter_function_1 calling STF_WorkStackHistory 0,000 032 5| 0000244 5 1 00000325
 MP1_Comm_free 00001395 0000138 s 1 0000139 s - L - - -
- MPI_Wiime - [ 4 0o00190s STF_WorkStackHistory 0001699 5 0.016 826 5 45 0000037 s
Get_command_line 00000895 0856 B30 5 1 0000089 5 = Callees
- MP1_B ! ; ! . ' .
P ok P et | pee s s E— STF_WorkStackHistory callng PAL_|sInTriplets 0007 663 s [N 0016810 3 0000045 s
- MP1_Comm_size 0000 018s oo o1e s Z 0000008 3TF_WorkStackHistory calling STF_WillyForAll 0,001 1045 0005784 5 30 0000037 s
T P_mjzzrﬁ_zcm 06634305 183570788 5 1 0863 490 s STF_WorkStackHistory calling STF_CallFromContent_begin_of_history 0001 4265 0016352 5 32 00000458
MPI_Barrier 0.040268 5 0040 268 5 2 0020134s| STF_WorkStackHistory calling STF_CalHandler 0001647 5 0016717 5 35 0000047 s
- iterafion 148596183 162377 1085 4458 0,003 333 5
MPI_Alleduc 55,065 497 = I AR.055 45 5 ams  oniersas| - STF WorkStackHistory calling STF_CallFromContent_end_of_history 0001 426 5 0016 352 5 32 0000045 s
History calling STF_CopyFromContent_begin_of_history 3
STF _WorkStackHistory caling STF_CopyFromContent_end_of_history 0000221 5 0,000 365 5 3 00000745
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Communication Profiles

Statistics about point-to-point or collective communication

Matrix supports grouping by attributes in each dimension
 Sender, Receiver, Data volume per msg, Tag, Communicator, Type

Available attributes

e Count, Bytes transferred, Time, Transfer rate
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MPI Performance Assistant

= Automatic Performance
Assistant

=" Detect common MPI
performance issues

=" Automated tips on potential
solutions

Automatically detect

performance issues and
their impact on runtime

M- MPT

4 IR MET 1| VR PT {1 e MET
I R IR AN I R N A
M MPL! LA AP | TR MPD!

Wait at Barrier  0.90% 5.97002e-3 =
Late Sender 0.80% 5.2878%e-3 =
Late Receiver 0.80% 5.2878%e-3 =
Show all. ..

Description Affected Processes Source Locations (Root Causes)

Wait at Barrier
wait ime

P1 —l barrier Ii

. wait time :
pp—— barrier E—
time

This problem occurs when barrier collective operations (such as MPI_Barrier or all-to-all operations such as MPI_allt

problem indicates load imbalance in a program.

0.0397587 s, Function MPI
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Checking MPI Application Correctness

Runtime Correctness Checks

Integration with Debuggers

One Intel Software & Architecture (OISA) lntel 29



MPI Correctness Checking

Solves two problems:
e Finding programming mistakes which need to be fixed by the application developer
e Detecting errors in the execution environment

Two aspects:

e Error Detection —done automatically by thetool
e Error Analysis — manually by the user based on:
e Information provided about anerror

e Knowledge of source code, system, ...
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How Correctness Checking Works

= All checks are done at runtime
in MPl wrappers

" Detected problems are reported
on stderr immediately in textual
format

= A debugger can be used to
investigate the problem at the
moment when itis found

Debugger

I
Start/Stop

I
Start/Stop

~—Process 1—+ ——+  Process n—
Application Application
\ T
MPI Calls MPI Calls
L Control Control 4
MPI Correctness | Messages /x Messages | MPI correctness
Checking Library [¢ ’W‘ > Checking Library

T
PMPI Calls
+

LSTDERR

MPI

Communi-

cation

MPI €
-

cation
Fast Interconnect MPI

<—STDERRJ

MPI

Correctness
Report

T
MPI PMPI Calls
Communi- L
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Categories of Checks

" Local checks: isolated tosingle " Global checks: all processes

process e Global checks for collectives and p2p
ops

e Unexpected process termination

Data type mismatches

Corrupted data transmission

e Buffer handling

Pending messages
e Request and data typemanagement

Deadlocks (hard & potential)

e Parameter errors found by MPI * Global checks for collectives —one
report per operation

e Operation, size, reduction operation, root
mismatch

e Parameter error

e Mismatched MPI_Comm_free()
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Severity of Checks

Levels of severity:

e Warnings: application can continue
e Error: application can continue but almost certainly not as intended

e Fatal error: application must be aborted

Some checks may find both warnings and errors

e Example: CALL_FAILED check due to invalid parameter
* Invalid parameter in MPI _Send() => msg cannot be sent => error

* Invalid parameter in MPlI_Request free() => resource leak => warning
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Correctness Checking on Command Line

Command line option via —check_mpi flag for Intel MPI Library:

S mpirun —check_mpi-n 2 overlap

[...]

[0] WARNING: LOCAL:MEMORY:OVERLAP: warning

[0] WARNING: New send buffer overlaps with currently active send buffer at address Ox7fbfffec10.
[0] WARNING: Control over active buffer was transferred to MPI at:

[0] WARNING: MPI_Isend(*buf=0x7fbfffec10, count=4, datatype=MPI_INT, dest=0, tag=103,
comm=COMM _SELF [0], *request=0x508980)

[0] WARNING: overlap.c:104

[0] WARNING: Control over new buffer is about to be transferred to MPI at:

[0] WARNING: MPI_Isend(*buf=0x7fbfffec10, count=4, datatype=MPI_INT, dest=0, tag=104,
comm=COMM _SELF [0], *request=0x508984)

[0] WARNING: overlap.c:105
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Correctness Checking in GUI

Enable correctness checking info to be added to the tracefile:

e Enable VT_CHECK _TRACING environmentvariable:

S mpirun —check_mpi—genv VT_CHECK_TRACING on —n 4 ./a.out

(@S

bt bl b bt bl A bl bt b P arrieer

o, T A, e,
- OOOOHED OO ---

A rFI_Recy MPI_R i PI_R ectdPI_RMPI_R MPI_iMPI_FMPI_FdPI_RecskdPl_RetPI_MPI_Barrier

A AP _lzend . IE:EI' lzend . I:z:: I:z:e . I:s:: . |zend . |:E:Ee|'|| |zertdPI_Barrier

A rFI_Recy MPI_Recy MPI_Recy MPI_Recy MPI_Recy MPI_ReckPl_Recy MPI_RecMPI_Recy MPI_Recy  MPI_RecP_BEarier

A AP _lzend . lzend . |zend . lzend . |zend . Is:Eer lzend . |:E:Ee|'|| |zend

A kAPl _Fiecy MPI_Recy MPI_Recw MPI_Recy MP1_Recw MPI_Recy MPI_Recw MPI_FRecw  MPI_Fecy

.E”'O"S OWarnings

4 WPI_Finalize
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Viewing Source Code

Warnings indicate potential problems that could
cause unexpected behavior (e.g.,incomplete
message requests, overwriting asend/receive
buffer, potential deadlock, etc.).

Errors indicate problems that violate the MPI
standard or definitely cause behavior not
intended by the programmer (e.g., incomplete
collectives, API errors, corrupting a send/receive
buffer, deadlock, etc.).
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Debugger Integration

Debugger must be in control of application before error isfound
A breakpoint must be set in MessageCheckingBreakpoint()

Documentation contains instructions for automating this process for
TotalView™, gdb, and idb.
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Trace of a Simple MPIProgram

Demo

One Intel Software & Architecture (OISA) lntel 2



Related Tools

Intel® MPI Benchmarks

Intel® Cluster Checker

One Intel Software & Architecture (OISA) lntel



Intel® MPI Benchmarks

= Standard benchmarks with OSI- = \What’s New:
compatible CPL license

e Enables testing of interconnects, " Introduction of new
systems, and MPIl implementations benchmarks

e Comprehensive set of MPI kernels that . :
provf’de oerformance measurements * Measure cumulative bandwidth and

for: message rate values
* Point-to-point message-passing

* Global data movement and computation
routines

e One-sided communications

* File1/0

standards
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Use an Extensive Diagnostic Toolset for High Performance

Compute Clusters—Intel® Cluster Checker (forLinux*)

= Ensure Cluster Systems Health

= Expert system approach providing cluster systems expertise - verifies system
health: find issues, offers suggested actions

= Provides extensible framework, API for integrated support

= Check 100+ characteristics that may affect operation & performance —
improve uptime & productivity

= New in 2019 Update 5Release: Output & Features
Improve Usability & Capabilities
 New default test with faster execution
* New predefined user/admin specific tests and in-depth analysis
 Improved summary output on nodesand issue, details in log files
e Troubleshooting tests on prerequisites for Intel® MPI Library

e Support for the latest Intel processors (Intel® Xeon® Platinum 9200
Processor Family)

e BIOS checking capability for administrators, using ‘syscfg’ utility For application developers, cluster architects & users,
& system administrators
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Online Resources

Intel® MPI Library product page

e www.intel.com/go/mpi

Intel® Trace Analyzer and Collector product page

e www.intel.com/go/traceanalyzer

Intel® Clusters and HPC Technology forums

e http://software.intel.com/en-us/forums/intel-clusters-and-hpc-technology

Intel® MPI Library Tuning Files

e https://software.intel.com/en-us/articles/replacing-tuning-configuration-files-in-intel-mpi-library
Intel® Cluster Checker

e https://software.intel.com/content/www/us/en/develop/tools/cluster-checker.html
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Backup
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Environment Propagation

" Use —[g]env[*] to control environment propagation

e Adding g propagates to all ranks, otherwise only to ranks in current argument
set

" _env <variable> <value> Set <variable> to <value>

= -envuser All user environment variables, with a few exceptions
(Default)

» _envall All environment variables
" _envhone NoO environment variables

= -envlist <variable list> Only the listed variables
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Autotuner Detail
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Inel®VHlIbrary tuninggopoaces

mpitune

Micro benchmark tuning

Application tuning

Easy of use

Cluster time

Adoption to environment

One Intel Software & Architecture (OISA)

mpitune
[fast
tuner

autotune
r

intel.

43



Inel® MPLIbrary 2019autotuner tuningfiow

v

v

v

v

Execution timeline

v

= No extra calls. Pure application driven tuning
= The procedure is performed for each message size and for each communicator

One Intel Software & Architecture (OISA) |nte|@ a4



Autotuner communicaiorspeciictuning

[MPI_COMM_WORLD |

| COMM_1 | | COMM_2 |

Each communicator has its own tuning. (E.g. COMM _1 and COMM _2 have independent tuning)
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Castarted withautotuner

Step 1 —Enable autotuner and store results (store is optional):

$ export 1_MPI _TUNING_MODE=auto

$ export I _MPI_TUNING BIN DUMP=_./tuning_results.dat

$ mpirun -n 96 -ppn 48 IMB-MPI1 allreduce -iter 1000,800 -time 4800
Step 2 — Use the results of autotuner for consecutive launches (optional):

$ export 1 _MPI_TUNING BIN=./tuning_results.dat

$ mpirun -n 96 -ppn 48 IMB-MPI1 allreduce -iter 1000,800 -time 4800

NOTE: You may adjust number of tuning iterations (minimal overhead/maximum precision balance) and use

autotuner with every application run without results storing.
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ErvionmeantVanables. Manflowcontrol

| MPI_TUNING _MODE=<auto|auto:application|auto:cluster> (disabled by default)

| MPI_TUNING_AUTO ITER_NUM=<number> Tuning iterations number (1 by default).

| MPI TUNING _AUTO SYNC=<0]|1> Call internal barrier on every tuning iteration
(disabled by default)

| MPI_TUNING_AUTO_WARMUP ITER_NUM=<number> Warmup iterations number (1by

default).

NOTE: Assume that there are around 30 algorithms to be iterated. E.g. Application has 10000 invocations of
MPI_Allreduce 8KB. For full tuning cycle | _ MPI_TUNING_AUTO _ITER_NUM may be in 30 to 300 (if there is no
warmup part) range. High value is recommended for the best precision. Iteration number for large messages

may depend on |_MPI_TUNING_AUTO_ITER_POLICY_THRESHOLD.

| MPI_TUNING_AUTO_SYNC is highly recommended for tuning file store scenario.
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EnvionmentVarnables. Tuningsoopeandstoragecontrol

| MPI_TUNING_AUTO _COMM LIST=<comm _id 1, ...,comm id k> List of communicators to
be tuned (all communicators by default)

| MPI_TUNING_AUTO _COMM USER=<0|1> Enable user defined comm_id through MPI_Info
object. (disabled by default)

| MPI_ TUNING _AUTO _COMM _ DEFAULT=<0|1> Default/universal comm _ids. (disabled by
default)

| MPI_TUNING AUTO STORAGE SIZE=<size> Max per-communicator tuning storage size
(512KB by default)

NOTE: You may use Intel® VTune™ Profiler’s Application Performance Snapshot for per communicator MPI
cost analysis and narrow tuningscope.

| MPI_TUNING_AUTO_COMM _DEFAULT disables comm __id check (allows to get universal tuning)
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INERVILEMProfiler's Application Perfomance Srepsnat APSper
commuNIcaioranalysis
1. Source apsvars.sh:
$ source <path_to aps>/apsvars.sh
2. Gather APS statistics:
$ export MPS_STAT LEVEL=5
$ export APS COLLECT COMM_1DS=1
$ mpirun -n 4 -ppn 2 aps IMB-MPI1 allreduce -i1ter 1000,800

3. Generate an APS report:

$ aps-report aps result 20190228/ -I1FE

https://software.intel.com/sites/products/snapshots/application-snapshot/

Available with Intel® VTune™ Profiler’s Application Performance Snapshot Update 4

One Intel Software & Architecture (OISA) |nte|@ 20
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InEe®VIUe MProfiler’s Application Perfomance Srepshot(APS)per
. -

4. Get the results:

| Coonmunicators used i1In the application

D R
| Communicator Id Communicator Size Time (Rank Average)(sec) Ranks
T
4611686018431582688 4 1.80 (0.45) 0,1,2,3
[ 7o
4611686018431582208 4 0.59 (0.15) 0,1,2,3
T T IR IR TIIR IR TRII R R,
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N VIUg MProfiler's Application Performance Srepshat(APS)interoperability

5. Specify communicators to be tuned:

$ export 1_MPI_TUNING AUTO COMM_LI ST=4611686018431582688

$ export 1_MPI _TUNING_MODE=auto
$ mpirun -n 96 -ppn 48 IMB-MPI1 allreduce -iter 1000,800 -time 4800

NOTE: | _MPI_TUNING_AUTO_ITER_POLICY may impact tuning cycle for large messages. Please check that you

have enough application levelinvocations
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Global Options vs. Local Options

" Global Options are applied to all ranks
° -ppn, -geny, ...

" Local Options are applied to a subset ofranks
* -n, -host, -eny, ...

= WARNING: Some options can be set as local options via
environment variable, but must be consistent across job

e Collective algorithms

e Fabric selection and parameters
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Configuration Files and Argument Sets

= Arguments Sets are used on the command line

" Configuration Files are pulled from the file specified by —configfile
<configfile>

" Global arguments appear first (first line, or at beginning of firstargument
set)

" Local arguments for each argument setnext

= Separated by :on command line (don’t separate globals), new linein
configfile

=" Can be used to run heterogeneous binaries, different arguments for each
binary, different environment variables, etc.

=" All ranks combined in order specified into onejob
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Command Line Argument Set

Global option First Host Second Host

A A A
4 AY4 N/ \

S mpirun —genv OMP_NUM_THREADS 4 —n 6 —host nodel ./exel :-n 4 —host node2 ./exe2 :
—n 6 —host node4 ./exe4

(N J
Y

Third Host

e Host 1 runs “exel” on “nodel” using 6 MPI tasks and 4 threads per
MPI task

e No limit to number of different host or executables

* For high numbers of hosts a configuration file is more convenient...
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Configuration File

" Configuration file allows flexibility and automation

" Notice commented out line —simple to change host assignment

S cattheconfigfile

-genv OMP_NUM_THREADS4
-n 6—host nodel ./exel

-n 4—host node2 ./exe2

# -n 4 —host dead_node3 ./exe3
-n 6—host node4 ./exed

" Launching job is straightforward

S mpirun —configfiletheconfigfile
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