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Optimization Notice

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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Intel® Cluster Studio XE

Scale Forward, Scale Faster — for HPC Clusters
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Intel® MPI Library Overview

e Optimized MPI application
performance
— Application-specific tuning
— Automatic tuning
e Lower latency and multi-vendor
interoperability
- Industry leading latency
- Performance optimized support for the
Izatoest OFED capabilities through DAPL
e Faster MPI communication

— Optimized collectives

e Simplify and accelerate clusters
- “Intel® Cluster Ready”
e Sustainable scalability beyond 120K
cores

- Native InfiniBand* interface support
allows for lower latencies, higher
bandwidth, and reduced memory
requirements

e More robust MPI applications

— Seamless interoperability with Intel®
Trace Analyzer and Collector

Applications
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MPI Latency: 96 Processes / 8 Nodes on Intel processor running Linux* 64
Intel® MPI Library vs. alternative MPI libraries

-~

Industry Leading Performance with Intel® MPI Library 4.1
Relative (Geomean) MPI Latency Benchmarks on Linux* 64 (Higher is Better)
96 Processes on 8 nodes (InfiniBand + shared memory)

3
Up to 2.6X as fast as on 8 nodes >55
25 : 238
i 202
- 1.96
:E_ 2 1.78
= 162
2 15 1.38
@
a
I 1
0.5
0
4 bytes 512 bytes 16 Kbytes 128 Kbytes 4 Mbytes
IntelMPI 4.1 m Platform MPI B.2.1 m MVAPICHZ 1.8 m OpenMPI 1.6.1

Configuration Info - SW Versions: Intel® C/C++ version 13.0, Intel® MPI Library 4.1, Platform MPI 8.2.1, MVAPICHZ 1.8, Open MPI 1.6.1, Intel® MPI Benchmarks 3.2.4;
Hardware: Intel® Xeon® CPU DP X5680 @ 3.330GHz, RAM 240E; Interconnect: InfiniBand, ConnectX adapters; QDR; Operating System: SLES 11.1; Notes: 96

Processes on 8 nodes (InfiniBand + shared memory). All listed MPI libraries were built with the Intel® C++ Compiler 12.1 Update 10 for Linux*,
Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Performance tests, such as
S¥Smark 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. * Other brands and names are the property of their respective
owners. Benchmark Source: Intel Corporation.

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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MPI Latency: 96 Processes / 8 Nodes on Intel processor running Windows* 64
Intel® MPI Library vs. alternative MPI libraries

-

Industry Leading Performance with Intel® MPI Library 4.1
Relative (Geomean) MPI Latency Benchmarks on Windows* 64 (Higher is Better)
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Configuration Info -SW Versions: Intel® C/C++ version 13.0, Intu:l MPI Library 4.1, Platform MPI 8.2.1, MS MPI 3.4, Irtcl MPI Benchmarks 3.2.4; Hardware: Intel
Xeon® CPU DP X5680@3.33CHz, RAM 24GE; Interconnect: InfiniBand, ConnectX adapters; QDR; Operating System: Windows Server 2008 R2 x64 HPC Edition;

Notes: 96 Processes on 8 nodes (InfiniBand + shared memaory). All listed MPI libraries were built with the Intel* C++ Compiler 12.1 Update 10 for Windows®

Software and workloads used in performance tests may have been optimized for performance only on Intel microprocessors. Perfarmance ["'\;I\; "-,l'l:;|" as
S¥Smark and MobileMark, are measured using specific computer systems, components, software, operations and functions. Any change to any
factors may cause the results to vary. You should consult other information and performance tests to assist
purchases, including the performance of that product when combined with other products.
owners. Benchmark Source: Intel Corporation.
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t you in fully eualuat ng your ccntemp!atet
* Other brands and names are the property of their respective

Optimization Notice: Intel’s compilers may or may not optimize to the same degree for non-Intel microprocessors for optimizations that are not
unigue 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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Intel® MPI Library Overview (cont’'d)

e Streamlined product setup
— Installation under root or ordinary user ID
— mpivars.(c)sh scripts for easy path setting

e Simplified process management
— mpiexec -perhost and -nolocal options
— mpirun script that automates usage of the Hydra process manager
- System-, user-, and session-specific configuration files

e Environment variables for runtime control over
— Process pinning
— Optimized collective operations
— Device-specific protocol thresholds
— Collective algorithm thresholds
— Enhanced memory registration cache
— Many others ...
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Compile and Link Commands

e Using Intel compilers
- mpiicc, mpiicpc, mpiifort,

e Using Gnu compilers (same underlying Intel MPI library)
— mpicc, mpicxx, mpif77,

e Ease of use
- Commands find the Intel® MPI Library include files automatically
- Commands link the Intel® MPI libraries automatically

e Commands use compilers from PATH (or selected through options); compilers
not hard-wired!

e Example:
— Compile using the Intel Fortran compiler
S mpiifort -o testf test.f

intel.
Ld Software & Services Group, Developer Products Division
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Execution Commands

e All-inclusive
—mpirun —-f hostfile -n #processes executable

— Most common usage scenario
— Convenient

- Uses new Hydra process manager by default

— May be good fo jobs in batch system
“Intsessmn e: mpirun acquires the list of nodes from the batch
system

e Example:
— Run the test program
S mpirun -f hosts.file —-n 2 ./testc
Hello world: rank 0 of 2 running on nodel
Hello world: rank 1 of 2 running on nodel

ntel.
Ld Software & Services Group, Developer Products Division
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Process Placement

e Simple pBocess placem?nt (consecutive assignment of MPI ranks to
round robin selection of nodes)

— mpirun [-perhost #ppn] -n #procs executable

- Plac #pgn processes per node unti|] the total
number #procs of processes is reached

e Exact process placement using Argument Sets:
— mpirun -n #pl -hosts nodel exel : -n #p2 -hosts node2 exe?2

— Argument Set (separated by “:”) is valid for the specified node:

- Place #p1l processes of exel on nodel
Place #p2 processes of exe2 on node2, ...
(usually: exel = exe2 = e)

- “exe” may actually be “executable exeparams”

e Exact process placement with a config file
— One argument set per line in a file (without “:")
- Handy: comment unused lines with “#”

— Example config file:
-n #pl -hosts nodel exel
-n #p2 —-hosts node2 exe?2
#-n #p3 -hosts dead node3 exe3
-n #p4 -hosts noded exed
— mpirun —-configfile theconfigfile

— No other mpirun flags on the command line!

intel.
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Intel® MPI Library Fabric Selection

e Environment variable I_MPI _FABRICS selects the interconnect
device at runtime
e | MPI FABRICS values:
— shm (shared memory only)
— dapl (DAPL fabrics)
— tcp (sockets)
— tmi
— ofa
e shm:dapl fabrics is default

e Example
— Check selected device
$ mpirun -f hosts.file -genv I MPI DEBUG 2 -n 2 ./testc
..... will use default fabric shm:dapl (RDMA-enabled device + shared memory)

— Change selected device
$ mpirun -f hosts.file —-genv I MPI DEBUG 2 \
—-genv I MPI FABRICS shm:ofa -n 2 ./testc
..... will use fabric shm:ofa (OFED verbs + shared memory)

intel.
L/ Software & Services Group, Developer Products Division
Softwa re Copyright© 2013, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. > Opt|m|zat|0n NOtlce



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

Performance Tuning: mpitune

e Use the automatic tuning facility to tune the Intel®
MPI Library for your cluster or application (done
once, may take a long time)

e Example (see mpitune —-h for options)
— Cluster-wide tuning

mpitune ...
— Application-specific tuning
mpitune --application \”"mpiexec -n 32 ./exe\” ...

Creates options settings which are used with the —tune flag

mpirun -—-tune ..

intel.
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Intel® MPI Library 4.1

What's New
e Increased MPI application performance and
scalability

— Support for the latest Intel® Composer XE 2013
and new Intel® Architectures including:
— Intel® Xeon Phi™ coprocessor in all programming
models: offload, native, and symmetric
— New Intel® MPI Library architecture provides

. _ . i Intel
industry-leading performance and sustainable MPI Library

scalability beyond 120K cores
— Added conformance to the MPI-2.2 standard

— Backwards compatibility with Intel® MPI Library
4.0.x based applications

— Tighter integration with the PBS Pro* job manager

— Improved heterogeneous support when running
over different Intel® Architecture processors

— Support for Berkeley Lab Checkpoint/Restart
(BLCR)

- Brand new HTML documentation format

Intel® MPI Library 4.1 contains leading edge technology to
further improve performance, scalability and usability

Softwa re Copyright© 2013, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners. > Opt|m|zat|0n NOtIce
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Scale Performance
Tune Hybrid Cluster MPI and Thread Performance
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Tune cross-node MPI Tune single node threading
e\isualize MPI behavior e\/isualize thread behavior
eEvaluate MPI load balancing eEvaluate thread load balancing
eFind communication hotspots eFind thread sync. bottlenecks
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Introduction — What is Tracing?

e Record program execution
— Program events such as function enter/exit, communication

e 1:1 protocol of the actual program execution
— Sampling gathers statistical information

e Accurate data

e Easily get loads of data

intel.
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Intel® Trace Analyzer and Collector Overview
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developer:

— Visualize and understand
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Event based approach

e Event = time stamp + thread ID + description
e Function entry/exit

e Messages

e Collective operations

e Counter samples

intel.
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Strengths of Event-based Tracing

e Predict detailed program behavior

e Record exact sequence of program states — keep
timing consistent

e Collect information about exchange of messages:
at what times and in which order

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

intel.
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Key Features

e Low Overhead
e Catch all MPI events

e Powerful configuration mechanism
— Filters, settings, features

e Automatic source-code references

e Instrumentation
— Rich API
— Binary instrumentation (itcpin)
— Compiler based (-tcollect)

e Fail-safe version

e Comparison of multiple profiles
e Idealizer

e MPI Correctness Checking

intel.
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How to use Intel® Trace Analyzer and Collector

e Step 1: Run your binary and create a tracefile

run the binary for a representative amount of time (to reduce initialization
influences) on representative data (no corner cases

$ mpirun —-trace -n 2 ./test

— Alternative 1: Generate an instrumented binary via re-linking
$ mpiicc —-trace test.c -o test.inst
$ mpirun -n 2 ./test.inst

— Alternative 2: Instrument binary
itcpin —--run —-- ./test

e Step 2: To view the generated trace file, start the GUI:

traceanalyzer &

intel.
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Support for the Intel® Xeon Phi™
coprocessor

The tracing libraries have been fully ported to Xeon Phi™

Make sure the necessary libraries are accessible to the card via:
- NFS-sharing the /opt/intel & $HOME directories (preferred)

- Manually copying the files:
$ scp /opt/intel/itac/<version>/mic/slib/1ibVT.so mic0:/1ib64

Now run as shown previously:
$ mpirun —-trace -n 2 ./test

Make sure you have all trace files in the same directory:

- If your card is NFS-shared, all trace files will be accessible in the directory where the executable
is located (preferred)

— If your card is not NFS-shared, you might have partial trace files created on the Xeon Phi™
coprocessor that you need to copy:
$ scp micO:/home/<user>/test.stf.* nodel:~

Finally view using the GUI:

S traceanalyzer test.single.stf &

Software & Services Group, Developer Products Division
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inteD)

Intel® Trace Analyzer and Collector
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Timelines: Event Timeline

Get impression of program structure

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

Retrieval of detailed event information

SV 1 AC AT Con LEIBA TR A b ApplicGMERCINMC o A A LCIMIC o A NP
P1
P2 |He
P3 [SEefie
P4 R

PS5 [Salae

SR e e A O Zon AMPI AppChChLhCenCo ACMPI “on AP

‘-__——-

Application Cehy Aidl Application CerACIFACEMEGATER A pranacor A kil Applicati Ceh kAL
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Timelines: Qualitative Timeline

« Find patterns and irregularities

« Display attributes of functions, messages or collective
operations as they occur for any process/thread

« Retrieval of detailed event information

0.003 000 s

0D.002 500 s

0.002 000 s

0.001 500 s

0.001 DOO s

0.000 500 s

0.000 000 s -l];l .nl“ .um 1||J|| |I||||1

l[ Jl |I ||||I Jl | . 1l|l|lul|ll ‘ |IL|l |||Hd"]ﬂlliluldllllll Ik IlIIlILlilllllll Hlllh d Il

| l.IJ.l.LlI | YU

intel.
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Timelines: Quantitative Timeline

« Get impression on parallelism and load balance

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

[ — | — ShE e
120 i 1 = ! MATMUL
T e = &3
BN N - T

100 g MPI
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Profiles: Flat Function Profile

« Statistics about functions

Software

Flat Profile ILoad Balance I Call Tree I Call Graph I

Group All_Threads

v

Flat Profile [ Load Balance ]CaIITree | Call Graph I

Children of Group All_Threads j

Name [Tselt [Tselr / [TTotal #Calls | TSelf/Call Name [Tser  [Tseli / [TTotal #Calls  [Tseffrcal |2
- Group All_Threads +-MPI_Comm_dup
- PRECON 678.787 445 5 678.787 445 s 43536 00137035 SMPL Waitall

- OMP_SYNC 580.473344s M 5804733445 296320 0.001859s - Process 31 Thread 0 0913 335 s [N 0513 338 5 1546 0000531 s
~ MATMUL 410,463 131 s [ 410463 131s 49280  0.008328s - Process 24 Thread 0 0.501 994 s [  0.501994s 1546 00005195
- SOLVER 328.400 519 s [ 2169146934 s 128 2565631s - Process 28 Thread 0 0.756 392 s [ 07563925 1546 0.000 489 5
- User_Code 149,746 154 s [l 2383561817 s 128 1169892 s - Process 23 Thread 0 0.721 329 s 0721329 s 1548 0.000 467 5
~MPI_Beast s4227914sll 94227 914 5 37248 00025305 - Process 27 Thread 0 0.711 207 s | N 0711207 s 1546  0.000 460 s
- ASSEMBLY 43822701 43822701 s 32 1.369459s - Process 7 Thread 0 0.643 754 s [ 0,643 754 5 1546  0.000 416 s
- MP|_Barrier 24,222 499 s | 24222 499 s 49 312 0.000 491 s - Process 15 Thread 0 0637 547 s 0.637 547 5 1546 0.000 412 5
- MPI_Reduce 23,807 645 s | 23.807 645 5 37184  0.000640 s - Process 16 Thread 0 0.628 403 s [N 0.628 403 5 1546  0.000 406 s
- MPI_Waitall 17.607 615 5| 17.607 615 5 43472 0000356 - Process 0 Thread 0 0510 254 s [N 0610254 5 1546 0.000395 s
~MPI_Comm_dup ~ 11.756 564 5| 11.756 564 5 64 01836965 - Process & Thread 0 0,595 695 s [ 0,595 698 s 1546 0000387 s
~MPI_Isend 7.838 689 5| 78386895 145324  0.000054s - Process 4 Thread 0 0.594 556 s [N 0,594 556 5 1546 00003855
- MPI_Wtime 7430313 5| 7490313s 136182 0.000055s - Process 20 Thread 0 0.575 366 s [N 0,575 368 5 1546 00003725
- MPI_Irecy 4808197 s 4809187s 145324  0.000034s - Process 25 Thread 0 0.573 404 s [N 0.573 404 5 1546  0.000371s
- MPI_Finalize 0.006 288 s 0.006 288 s 32 0000187 s - Process 26 Thread 0 0.571 285 s [ 0571285 s 1546 00003705
~MPI_Comm_size ~ 0.001205s 0.001205 s 64 0.000019s - Process 11 Thread 0 0.555 121 5 [N 0,555 1215 1546 0000359 s
~MPI_Comm_rank 0000293 s 0.000 293 s 3z 0000008 s - Process 30 Thread 0 0.547 251 s [N 0.547 2515 1546 00003545
- Process 23 Thread 0 0.547 177 s [ 0547 177 5 1546  0.000354s
- Process 3 Thread 0 0.540 295 s [N 0.540 298 s 1546  0.000348 s

~Process 19 Thread 0 0.510 765 s [N 0.510 765 5 1546 00003305
- Process 2 Thread 0 0.495 491 s [N 0.495 491 5 1546  0.000320s
~Process 12 Thread 0 0.485 023 s [N 0.485 023 5 1546  0.000314s
- Process 5 Thread 0 0.480 013 s [N 0.480013 s 1546  0.000310s
- Process 21 Thread 0 0.474 150 s [ 0474150 5 1546  0.000307 s
- Process 6 Thread 0 0.466 212 s [N 0.466 212 5 1546  0.000302s
- Process 18 Thread 0 0.452 495 s [ 0.452 495 s 1546 0.000283 s
- Process 1 Thread 0 0.448 999 s [N 0.443 899 s 1546 0.000280 s
- Process 13 Thread 0 0.392 865 s [ 0.392 865 5 1546  0.000254s
- Process 22 Thread 0 0.387 010 s [ 0387010 s 1546 0.000 250 s
- Process 14 Thread 0 0.377 664 s [N 0.377 664 5 1546 0.000 244 s
- Process 17 Thread 0 0377 174 s [N 0.377 174 s 1546 0.000 244 s
- Process 10 Thread 0 0374776 s 0374776 s 1546 0.000 242 s
- Process 9 Thread 0 0.357 603 s [N 0.357 603 s 1546 0.000231s

<~ MPI_Irecv

i Process 18 Thread 0 0245502 s W 0.245 502 s 6184 0.000040 s

i Process 17 Thread 0 0.243 362 s [l 0.243 382 5 6184 00000395 <
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Profiles: Call-Tree and Call-Graph

» Function statistics including calling hierarchy
— Tree: call-stack
— Graph: calling dependencies

Flat Profile | Load Balance ‘ Call Tree ICaH Graph |

Children of Group All_Processes j
Mame [Tsel [ Tser [TTotl #Cals  [Tsel/Gal  [Tselical /[ =
+-Process 5
+-Process 4
~-Process 3
= User_Code 0B77 003 s 164033 352 5 1 0.677 o0z s [N
~ MPI_Barrier 0179711 0179711 s 2z oosgssssll
= iteration 14772940 5 162.287 993 5 4458 00033145
- WP1_Allreduce 127781639 s [ 1277516395 4453  00z86E3s|
= ExchangeStart 4567 565 5| 7.396 478 5 4458 00010255
MPI_lsend 1.435 251 5 | 1.435 251 5 5816 00D01ETS
MPI_lrecy 1,383 662 5 | 1,353 B2 5 5816 00D015GS
*- ExchangeEnd 2797 721 5| 12,336 936 5 4458 00006BZE S
M El SBEE Flat Profile | Load Balance | Call Tree | Call Graph
<~ Init_mesh 0.004 554 5 0.004 748 5 2
WMPI_Comm_rank 0.000 194 5 0.000 194 5 2 | Group All_Processes j
~- ExchangeEnd 0.000 5687 5 0.000 896 s 2 —
L MP1_waital oo a1 5 oo a5 z |Mame Tsef | Tself [TTotal  [ecals  |Tseff/cal
~ MP]_Finalize 0,000 268 s 0,000 ZBB s 11 4. GFUUp All Processes
= Setup_mesh 0000200 s 0025415 s 1 : -
- MPI_Cart_create 0025177 5 0025177 5 1 - Callers
- MPI_Gart_shi 0000011 5 0000011 5 1 STF_ReachedEndCfFilter calling STF_WorkStackHistory 0.001 000 s [ 0.002 865 s 37 0000027 s
MP1_Comm_rank 0.000 008 5 0.000 008 5 ! - STF_InitFilelnput calling STF_WorkStackHistory 0.000 0215 0.000 055 5 1 00000215
WP1_Comm_size 0000018 5 0000018 5 2 - . - " .
WMPI_Comm_free 0000 139 5 0000 138 5 1 - 5TF_DecodeFilter_enter_function calling 3TF_WarkStackHistory 0.000 094 5 0.000 320 5 1 0.000 084 5
WPI_Wiime 0000516 5 0,000 516 5 4 5STF_ContentFilter_one_to_one_communication calling STF_WorkStackHistory 0.000 112 3 0.001 476 s 2 0,000 056 5
- Get_command_line 8.000088 s 0856 630 s 1 - 3TF_ContentFilter_all_to_all_communication calling STF_‘WorkStackHistory  0.000 068 s 0.001 528 s 1 0.000 068 s
MP|_Bcast 0856541 5 0.856 541 5 1 . ) ) ;
MPI_Comm,_rank Don0 011 s Don0 011 s 1 STFfDecodeF!\terfleauejunctlmn callmg STF7W0rkStackH\Stlory 0.000 372 5 0.010 334 5 3 0.000 124 5
MP|_Comm_size 0000018 5 0.000 018 5 2 STF_DecodeFilter_enter_function_1 callng STF_‘WorkStackHistory 0.000 032 5] 0.000 244 5 1 0000032 s
+-Process z - 3TF_\WorkStackHistory 0.001 693 5 0.016 826 s 46 0.000 037 s
= User_Code 06E3430s 183970788 5 1 Lo Callees
-~ MPI_Barrier 0040269 5 0.040 269 5 2 . . .
" feration 14850618 S 162.377 108 5 4 458 STF_WorkStackHistory calling PAL_IsInTriplets 0.001 663 = I 0.016610s 37 0.000045s
- MPI_allreduce 58.085 492 s [ 88.085 492 5 4458 - S5TF_Work3StackHistory calling STF_\WillyForall 0.001 104 5 0.005 784 5 30 0.000 037 5
- STF_WorkStackHistory calling STF_CallFromContent_begin_of_history 0.007 426 5 0.016 352 5 32 0000045s
STF_WorkStackHistory calling STF_CallHandler 0.001 647 5 0016717 s a5 0,000 047 5
- 3TF_WorkStackHistory calling STF_CallFromContent_end_of_history 0.001 426 5 0.016 352 5 3z 0,000 045 s
y calling STF_CopyFr ontent_hegin_of / S
STF_WorkStackHistory calling STF_CopyFromContent_end_of_history nooo 2zt sl 0.000 365 5 3 0000074 5
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Communication Profiles

« Statistics about point-to-point or collective communication

« Generic matrix supports grouping by several attributes in each
dimension
Sender, Receiver, Data volume per msg, Tag, Communicator, Type

« Available attributes
Count, Bytes transferred, Time, Transfer rate

N Total Time [s] (Sender by Receiver)
|
i
PO P1 P2 P3 P4 P5 P6 P7 Sum | Mean | StdDe
PO 74.641| 74.641 0.000| 70
e Total Time [s] (Collective Operation by Process)
P1 45243 69.152| 34.576| 10.673
3s. 24| i - }
q Sum | Mean |StdDev
p2 s1.530] 47.981) 99.551( a3 778 1.e14
o (VSEET(I-TON  0.063 0.052 0.040 0.180 0.258 0.066 0.079 0.952( 0.113| 0.080
P3 41. 605 36.904 78.509| 39.254| 2.351
54
(USST-CO  0.000 0.860 0.865 0.857 0.853 0.855  0.860 6.010( 0.751 0.284 25
P4 51.558] 54.114] 105.672| 52.836) 1.278
82
= MPI_Allred
87. 3 109330 BERMEEY 053576 110.447| 18.704
P5 37.884] 34.262 72.146( 36.073| 1.811 Lallli=e o) 2 69
44/ i)
P6 37.619 35.861| 73.480| 36.740( 0.879 Sum 87.362( 121.590| 88.990( 128.818| 90.182| 125.187| 110.268| 138.141| 890.538
41
P7 24.384| 24.384 0.000| 39
Mean 29.121| 40.530( 29.663| 42.933| 30.061| 41.723| 36.756| 46.047 37.106
Sum 23.903|126.231| 86.854| 99.519| 74.788| 91.733| 58.646( 35.861|597.535
StdDev 41.139| 56.675| 41.312 59.993| 41.727| 58.363| 51.318| 64.359 52.973
Mean 23.903| 63.116| 43.427| 49.759| 37.394| 45.866| 29.323| 35.861 42.681
StdDev 0.000| 11.526 1.822 1.7398| 0.490] 8.248| 4.939 0.000| 12.629 b

Software
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View

e Helps navigating through the trace data and keep orientation
e Every View can contain several Charts
e A View on a file is defined by a triplet of

— time-span
— set of threads

— set of functions

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

e Timelines are correctly aligned along time

intel.
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View - zooming

1: fhome/hbockhor/Benchmarks/RHMIINMPB/traces/imph3_16_opt_Infini.stf

View Charts Navigate Advanced Layout

4.0 s 4.2 s 4.4 s 4.6 s 4.8 s 5.0 s Al
‘ 4.1 s | 4.3 s 4.5 s 4.7 s ‘ 4.9 s =l
PO R g e > i 3 T TN "V‘"‘ 1l T Y s g oo =
- Y | (R - .|
Pi ity Bl ] f i i i |l i iy iiiiiiii i Gt “nmmelh
[ o] | S
P2 il 1: S e { L1 fiiiii i i i Sl i fiiiiiii i i il
<
P3 [l Sl . { IilgoAP) AT { ol 3P| T ITSAP i i U
= =l
B fpsdbench_]
[l intvrbench
== elvrbhs
|| auxhs
=ctmn hnfrvbae
T 00 Duration of Messages_]
0.04 s Multiple
0.02 s l H I | - Single
0.00 s [ P (| L.ﬂ"”“ll.ll e MY | e I....ﬂlll"lh.ls || " =l
kil — 2|
Flat Profile ILoad Balance | Call Tree | Call Graph | N Count [#] (Sender by Receiver)
TGroup All_Processes j PO |P1|P2 |P3|P4 |P5|P6|P7 |P8|P3|P10|Pi1|P12|Pic2]
21
Narme [ Tself [Tsert /  [TTotal #cals | [[Po
- TGroup All_Processes P1 19
- FGroup MPI 5746585 s 5746555 s 7812 || P2 12
- FGroup intvrbench ~ 3.824 473 s [ 8.272 278 5 18240 |[ 3 = 18
- FGroup mph 2379724 s R 74315269 5 540 || 5, = i
- FGroup elvrbhs 1.745 885 s [l 4342 490 s 9540 :
P5 12|
- FGroup fpsdbench 1,580 806 5 6.107 156 5 6509 — 16/
- FGroup auxhs 0857 200 s 2610683 5 17 055 ||P8 yie l
- FGroup bpfurhs 0.340816 sl 0.340 816 5 6585 || P7 L 14/
- FGroup mtxh 0.012948 s 17.163 427 s 128 || P8 ez 13 13
- FGroup Application 0.000 000 s 33.182880 s 0 || po = 19 19
P10 12 13 13
P11 iz 19 12
P12 12 19 e
< | | « : L,_I 9
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Grouping and Aggregation

e Allow analysis on different levels of detail by
aggregating data upon group-definitions

e Functions and threads can be grouped
hierarchically

- Function Groups and Thread Groups

e Arbitrary nesting is supported
- Functions/threads on the same level as groups
— User can define his/her own groups

e Aggregation is part of View-definition
— All charts in a View adapt to requested grouping
— All charts support aggregation

intel.
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Aggregation Example

1: fhomefhbockhor/Benchmarks/RHMMPB/traces/mpb3_16_opt_Infini.stf

View Charts Navigate Advanced Layout

4.25 s 4.2 s
4.26 s |

4.31 s 4.38 s Al
‘ 4.32 s ‘ | Jied [ =] 2

TG castor1 [IEIRINIEIATITATIE
TG castor8 [EIRIRIIRAT
TG castord [EERERTRITHIRILT
TG castor7 |AIAIEiilses
TG castor3 [EATTRGAL
TG castor? [iligidiaidaaidANas
TG castor6 [(ERIENIReRIART NI

TG castor5 [Sigiganigguiaaau!

TR — Pb3_16_opt_Infini.s

viriiE indiiiiiin iriivie i iviri inti -

AU ey i e i
Firini v iicic A fied i iinticiidie e i i
ciiiniriii iiindi§ i e i e i i
it i v i fiei iingi i i

fintiriii intininir irfiricingggiinticiiiintinir i iiir

Pintir i intincirir dieiieie i g i i findivii i

=
Kl ] 2|
Flat Profile | Load Balance I Call Tree | Call Graph I B Count [#] (Sender by Receiver)
Children of TGroup All_Nodes :J TG castor1 | TG castor8 | TG castord | TG castor? | TG castor3
— ki
Name [Tsei  [Tsef ©  [TTota  [#cals [T || TG castort 2
- Function MPI_lsend TG castor8 1.8 LI
- Function MP1_Irecv TG castord | Appl
- Function MPI_Waltal e 1 _Ice _,pp Y
- TGroup castors  0.044 710 s [ I 0.044710 s 2
TG castor3 1.6
TGroup castorz  0.051 460 s [ 0.051 460 5 2 = 5 -0
TGroup castora 0071659 s [ 0071689 s 2 castor ]
TGroup castor7  0.071929 s [ 00719295 2 TG castoré :
TGroup castor1 0072533 s 0072533 s 2 TG castorS 1.
TGroup castors 0072745 s [ 0072748 s 2 Sum 3 4 4 4
TGroup castor4  0.079 206 s [ 0.075 206 s 2 ||| Mean 1 1 1 1 1.3
- TGroup castors  0.083 194 s [ 0.033 1945 % StdDev i 5 i =
- Function MPI_\Wait
- FGroup Application
- FGroup mphb _ILI
< | Ld A | | 1

428048 s
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Tagging & Filtering

e Help concentrating on relevant parts
e Avoid getting lost in huge amounts of trace data

Define a set of interesting data
- E.g. all occurrences of function x
- E.g. all messages with tag y on communicator z

Combine several filters:
Intersection, Union, Complement

Apply it
— Tagging: Highlight messages
— Filtering: Suppress all non-matching events

intel.
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Tagging Example

1: fhomefhbockhor/iBenchmarks/BHMNMPBitraces/mpb3_16_opt_Infini.stf

View Charts Navigate Advanced Layout
5.49%90 s 5.500 s 5.510 s 5.520 s 5.530 s 5.540 s 5.550 s |
‘ | " sasse | sososs | sostse | gosese | Bosgme | gosdnie | B osEsiw = 20|
PO B LRSS (TERER AR 144 ; {if =[16_opt_Infini.s
|
P1 I
P2
P3
mbled
P4
P5
Ps o J [~ Invert
. [~ Invert
0.02-s Duration of Messages_J
- Single [T Invert
0.01 s |‘ I l l | ll — Single Tagged J I Invert
g sl H
E]_UD s Las i ltllL..:lI H" e l I | :]]JI_ Invert
4 »
: - J [~ Invert
Flat Profile | Load Balance \ Call Tree ICaII Graph | b Total Time [s] (Collective Operation by TGroup)
I~ Invert
TGroup All_Processes | 028 :
5 : N (SN RN S RN [ - [ Invert
Name |TSeIf TSelf / | | V=RV o000 o-000 0.000 0.000 0.000 0.000 0. 196
2 TGroup All_Processes MP|_Bcast ‘*ﬂ “a1glo. ovsffas . ™ Invert
=9 FGrOUQ Agplication 0.000 000 s MPI_Reduoe 0.031 0.000 0.003 0.0000.006 0.000 0. n.022
= EGrou Application 0.000000 s Sum 0.032|0.030]0.027|0.025|0.021|0. 019|0.¢ p.019 [rent Clause
'"M 0.000 000 s Mean 0.011|0.010/0.009(0.008|0.007|0.006[0.c | 0,016
N Fi(-vslr:OGuroTD(:‘u b gggg gggz StdDev 0.014|0.014[0.011|0.011|0.006(0.003|0.C IL‘D 012
< EGroup mpb 0.108 744 s [l i
i ~FGroup MPI 0.31z 038 s [ o
: FGroup fpsdbench 0.166 031 s -
. ~FGroup fpsdbench 0.025942 s v
«| | »
< |
551837 s
HESET ula'lugl TS
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Filtering Example

1: fhomethbockhor/Benchmarks/RHM/MNPB/tracesimpba_16_opt_Infini.stf

View Charts Navigate Advanced Layout
5.490 s 5.500 s 5.510 5 5.520 5 5.530 5 | G5.540 s | 5.550 5 | =]
| 5.495 s . *h:E505 8 | 5.515 s | 5.525 s L 5535 8 | 5.545 s | 5.555 s =l 2100 x|
e D3_16_opt_Infini.s
P1
P2 ons |
P3
P4
- s
s -lll'l SO A | | W0 b
) | A i Bty ibench
N 2A) |0 )| — | | ‘ < = | Invert
iaeci Duration of Messages __| _l WV Invert
GRS Single
|
0.00 s L: ba b badd stdaniadatbs dimla s 4 d .J.1.|..m|l..~.nl-L.ulh.I.l nlll.l II I I i I|| _I _l Ll
Kl | o Ir Invert
Flat Profile | Load Balance | Call Tree | Call Graph | Be Total Time [s] (Collective Operation by TGroup) ™ Invert
TGroup All_Processes | G | Clausel
Name |TSeIf TSelf / I Al [| MPI_Bcast  [RRERERGES h2s
= TGroup All_Processes MP|_Reduce [ERCESMGRGLER:R :
= F_Group Application 0.000 000 s Sum 0.032|0.030/0.027(0.024|0.020/0.019[0.¢ n.022
=) EGVOUP Application 0.000 000 s Mean 0.016|0.015|0.014(0.012[0.010{0.010{0.c | .019
=5 F:GrOUp mph 0.000 000 s StdDev 0.015/0.015(0.011|0.012|0.005|0.00%|0.
- FGroup mtxh 0.000 000 s
=~ FGroup mph 0093927 s M :
= FGroup mpb 0.420 783 s [INNEG p.009
i FGroup mtxh 0224041 s =
FGroup fpsdbench 0.166 031 s 00
- FGroup fpsdbench 0.025942s | v .003
| I 2 h | 3 .000
5.50568 s

A
Reset Dialog | OK | Cancell |
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Ideal Interconnect Simulator (Idealizer)

eHelps to figure out application's imbalance
simulating its behavior in the "ideal communication
environment"

Real trace ldeal trace
= 2: I/ICT /traces/bmd4_np8_dist.icpf.stf

= 1- L:/ICT/traces/bmd4_np8_dist.stf

! . Wiew Charts Mavigate Advanced Layout

View Charts MNavigate Advanced Layout AW narts mevie = ==

_ Flat Profile Load Balance Call Tree

FlatProfile | LoadBalance || CallTree | Call Graph

Group All_Processes

Group All_Processes w

MName TSelf TSelf m

[E Group 211 Frocesses _ i I
MPI Recv 1.10407e+2 s [ Eroup Applicaticn “ - 24
z - irplication 223 269 = _ 2 MpI _Ellreduce &71 _S937 35 _
=roup “pp me-EE MEI 21ltoallw 23_4035 s |
MPI_Rllreduce zzz.147 = [N i - 1474z =
MPI_Alltoallv 535341 = [ MPI_Barrier 2.78424 =
MPI Berrier 107.342 = [i MPI_Test z.435408 =
MPI_Beast 106.262 3 | MPI 2lltosll 247 _9Z8e-3 = Ze
MEI Send 102.571 SI MPI Waitall 3Z.0488e—-3 = 3z
MPI_Test 31.3341 = | MEI Bsend o=
MPI Iprobe 6.95026 s MEI_Send @ =

- . MPI Comm create 0 s

MPI ﬂaltall 1'49296 3 'M'T_‘-T_I:rﬁ11: t+rormalasta r=rnilra M=

Easy way to identify application bottlenecks
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Application Imbalance diagram

e Intuitive diagram for

- - Basic building block: breakdown
simplified application

analysis of a single run time into 3
colors
e Combined
information physical MPI (library, interconnect)
in one location: ace

— Load Imbalance
- MPI overall time
— MPI Interconnect time

— Different Breakdowns ‘pure’ calculation
etc

idealizer

Simplified application analysis helps to identify performance issues
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Application Imbalance diagram (cont.)

Breakdown mode

Ereakdown Choose the display mode ¥ Display the application bme Calors. .. |
121
105.9
96,5

- Interconnect

i
*
=1

- Imbalance

=)
I
o

-
o
N

weight in % related to calculation
Z
[0}

L)
&
%

24.2+

12,14

N B

MPI Tokal MPI_Recw small medium large  MPI_Alreduce  small medium large MPI_Alkoally  small medium large

Application Imbalance Diagram {Breakdown Mode)
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MPI Correctness Checking:
automatically checks MPI correctness

e Solves two problems:

1.Finding programming mistakes in MPI application
which need to be fixed by the application
developer.

2.Detecting errors in the execution environment.

e TWO aspects:
1.error detection — done automatically by the tool

2.error analysis — manually by the user based on
— information provided about an error
— knowledge of source code, system, ...
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MPI Correctness Checking: How it works

e All checks are done at

runtime in MPI wrappers. | oo |
Start/Stop Start/Stop
e Detected problems are Prosess (P,
reported On Stderr Application Application
immediately in textual MPIlCaIIs Lo o MPIlCaIIs
format. Uresing o [ o2 Tope over Emene 4% LGS
e A debugger can be used PMPICalls 1 Commur.__ PMPLCals
to investigate the e e we
problem at the moment J
when it is found. L 1 ‘
STDERR—— Corr’\é'g:]ess STDERR
Report

intel.
Ld Software & Services Group, Developer Products Division

Softwa re Copyright© 2013, Intel Corporation. All rights reserved. *Other brands and names are the property of their respective owners.

>Optimization Notice


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

MPI Correctness Checking: Categories of checks

eLocal checks: isolated to single eGlobal checks: all processes
Process - Global checks for collectives and
— Unexpected process termination p2p ops
— Buffer handling - Data type mismatches
— Request and data type — Corrupted data transmission
management - Pending messages
— Parameter errors found by MPI — Deadlocks (hard & potentia|)

— Global checks for collectives -
one report per operation

— Operation, size, reduction
operation, root mismatch

— Parameter error

- Mismatched
MPI_Comm_free()
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MPI Correctness Checking: Severity of Checks

e Levels of severity:
— Warnings: application can continue

— Error: application can continue but almost certainly not as
intended

— Fatal error: application must be aborted

e Some checks may find both warnings and errors
— Example: CALL_FAILED check due to invalid parameter

— Invalid parameter in MPI_Send() => msg cannot be sent =>
error

— Invalid parameter in MPI_Request_free() => resource leak =>
warning
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MPI Correctness Checking: Usage (PartI)

e Command line option via -check mpi flag for Intel
MPI Library:

$ 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 0Ox7fbfffeclO.

[0] WARNING: Control over active buffer was transferred to MPI at:

[0] WARNING: MPI Isend(*buf=0x7fbfffecl0, 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=0x7fbfffecl0, count=4, datatype=MPI INT,
dest=0, tag=104, comm=COMM SELF [0], *request=0x508984)

[0] WARNING: overlap.c:105
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MPI Correctness Checking: Usage (Part 1II)

e Enable correctness checking info to be added to the
trace file:

— Enable VT_CHECK_TRACING env variable:
$ mpirun —-check mpi —-genv VT CHECK TRACING on -n 4 ./a.out

£ Intel® Trace Analyzer - [1: M:/Development/ITA itac_mai ftracing/mosel/test /stf_file/mcerrorhandlingsuppression.stf] | _ O] x|
File Style Windows Help F1 ;Iﬂﬁ
View Charts Mavigate Advanced Layout
s s 45 6 i i 5 1t = 14 16 s ﬂ
1l: s 85 s s s 12 = 15 s 17 s T
Bl
FO *|_B arier _Barrier tPI_B arrier -
F1 bt b A B Wl A bt bR P arrier -
o, A Y Y Y v
F2 P _lzend P _Barrier A PI_E arrier
EI hF|_Recy MPI_Re4PI_| PI_RMPI_R MPI_itdP1_FMPI_F4P PI_Barier -
(R CAP | sen o] ertdPI_Barrier [iPI_Barrier MPI_Barrier -
(SR hAP|_Fecy PR MP_| MP_| | 1_R || | dFI_R AP|_Barrier -
(=R AP |zend lzend |zend IMPI_B arrier b PI_E arrier -
(F AP Rech MPI1_Res _Finalize -
il I
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MPI Correctness Checking: Usage (Part II)

E Source Yiew: CCR in Process 1

Wiew: 1: i workfdevelopmentITafmain Traces/meerrorhandlingsuppre:
Chark:3: Exvent Timeline

Function Issue I

Descripkion

ull MPI_Request)

Process | Show Tirne Twpe Lewel
Source | [5]

Process 1

- P4 B 1119209909 LOCAL:MPL:CALL _FAILED warning s ]
oLEs MPTI TIsendi sasend, 1, MPI CI
Warnings indicate potential problems that could i T A
cause unexpected behavior (e.g., incomplete 052 b
message requests, overwriting a send/receive 2 .
buffer, potential deadlock, etc.). aa _
0se MPI Earrier{ MPI COMM WORLD ) :
os7?
Errors indicate problems that violate the MPI s e ]
standard or definitely cause behavior not HPLRaguest frast srsg i
intended by the programmer (e.g., incomplete 07z MPT_Barrier({ MPT_COMM WORLD §;
collectives, API errors, corrupting a send/receive
buffer, deadlock, etc.).
Function  Issue
Process |Show | Time Type Lewel | Description

Source | [s]
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MPI Correctness Checking: Debugger Integration

e Debugger must be in control of application before
error is found.

e A breakpoint must be set in
MessageCheckingBreakpoint ()

Can be done automatically by configuring the
debugger, instructions for TotalView, gdb and idb
contained in documentation.
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MPI Correctness Checking: Usage of Debugger

= python<overlap>.0 __ |:| ><
File Edit View Group Process  Thread Action Point  Tools  Window Help

Group (Control) 5 B) ii [E ib ? 'tbj 3

Gu:u Halt kill Restart | Mext Step Out | Bun To
....................................................................................................... S s Rank. 03 python<overlap»,0 (At Breakpoint 1

GG R A RORRTOMORIIILThrect 1 {Ht Breakpoint 1) HIIHIHIHHHIIHIHHIHIHIHHIIHIIHIIIHIHIHIIIHIIIHIHIHIHIHIIHIIHHII

stack Trace stack Frame
MessageCheckingBreakpoint, FP=Tfhfffdfcl ."i. Function "main": A |

VT CRcErrorImpl, FP=Tfhfffel1d0 ALQC: 1
VI _CPNEcrorarray, FP=Tfhfffelf0 ALV 0x7fhfffedbd -: 0x7fbffff0dd -
VT _§ erlaphctive, FP=Tfhfffed40 Elock "$hli":
VT | g r L=phddReq, FP=Tfhfffedd0 statuses: (MPI Status(4])
VT _ lapadd, FP=Tfhfffe340 Local wariables:
MPT ] FP=Tfhfffeall datatype:
ME]] FP=Tfhfffeall blocklens:
EN FE=Tfbfffecel indices:

FP=Tfhfffed20 oldtypes

FP=Tfthfffedal i

error detected,
process stopped &
breakpoint

full access to
application source
code and data

Action Pointz

1 MessageCheckingBreskpoint MessageCheckingBres
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Tune MPI Apps Single Node Threading
Intel® VTune™ Amplifier XE Performance Profiler

e Launch Intel® VTune™ Amplifier XE
— Use mpirun or mpiexec
— List your app as a parameter

e Results organized by MPI rank

e Review results

— Graphical user interface
— Command line report

’ Tune for Scalable Multicore Performance
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Using the Intel® VTune™ Amplifier XE with MPI

e Use the command-line tool under the MPI run scripts to
gather report data

$ mpirun -n 4 amplxe-cl --result-dir ampl results -collect hotspots --
./example.exe

e A results directory is created for each MPI rank
— Can use arg sets to filter on a subset of ranks

e Launch the GUI and view the results for each particular rank

$ amplxe-gui ampl results.<rank#>
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Scale Efficiently

Intel® Cluster Studio XE correctness tools find errors early in the

design cycle

-
Memory Errors

Problems

0w O

Prablem 50

P1 il Mismatched allocation... fin
Pz @ Invalid memory access  fin
PR Mermory leak fin
_ e .

« Invalid Accesses
« Memory Leaks
« Uninitialized Memory

Where are the application’s...
)

p
Threading Errors

Timeline

threadstartex (855a)

QFQ-Qe
eRaces

main (7652) E
eDeadlocks

thread_video (G444)
eCross Stack References

Accesses )

\. J

4 )
Security Errors

Code Locations

ID Description & Source Func

=1 %3 Divide by zero cylinder.cpp ... void

ros3(&TC - H13
Lol Vel L by Wy

« Buffer overflows and
underflows
» Incorrect pointer usage

\OOver 250 error types... )

« MPI aware, cluster friendly

« Both dynamic and static analysis
 Multiple tools - common GUI

e Windows* & Linux*

"Having such a tool this early in the development stage frees the

validation from trivial bug reports and gives our engineers the

opportunity to code more efficiently from the very beginning of the
product cycle.”

Jean Kypreos

Advanced Video Processing Team Manager

Envivio

Developer friendly tools help you find errors earlier
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Intel® Cluster Studio XE Correctness Tools
Analyze MPI Apps For Memory, Threading and Security Errors

Dynamic Analysis
eLaunch Intel® Inspector XE

— Use mpirun or mpiexec

— List your app as a parameter
eResults organized by MPI rank
eReview results

— Graphical user interface

— Command line report

Static Analysis
eSource analyzed for errors (similar to a build)
eReview results

— Graphical user interface

— Command line report

’ Find errors earlier when they are less expensive to fix.
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Using the Intel® Inspector XE with MPI

e Use the command-line tool under the MPI run scripts to
gather report data

$ mpirun -n 4 inspxe-cl —-result-dir insp results -collect mil --
./insp example.exe

e A results directory is created for each MPI rank
— Can use arg sets to filter on a subset of ranks

e Launch the GUI and view the results for each particular rank

$ inspxe-gui insp results.<rank#>
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Intel® MPI Benchmarks 3.2.4

Overview and What's New

Standard benchmarks with Enhancements:
OSI-compatible CPL license « Support for the Intel® Xeon Phi™
e Enables testing of interconnects, Coprocessor

systems, and MPI implementations
e Comprehensive set of MPI kernels
that provide performance
measurements for:
— Point-to-point message-passing
— Global data movement and
computation routines

— One-sided communications
- File I/O

The Intel® MPI Benchmarks provide a simple and easy way
to measure MPI performance on your cluster
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What customers say...

“Intel Trace Analyzer and Collector for
Linux helped to drastically improve the
performance of RIKEN’s molecular
dynamics cluster software. We were
able to shorten MPI communication time
by half by finding and removing
bottlenecks with non-blocking
communication patterns. Since Intel
Trace Analyzer and Collector can embed
instrumentation into the program, we
can tell the execution time of each
function and its load balance, which
enabled us to very easily understand
where to optimize. Intel's MPI library
and Cluster tools provide us the best
cluster development environment.”

Dr. Takahiro Koishi, Computational Astrophysics
Laboratory, RIDEN, Japan.

“Using Intel VTune Amplifier XE makes
my work easer and speeds up the
development process...it has helped us
achieve performance gains from 20% to
360%"

Sergey Zaritchny - Open Cascade SAS

—

“Intel Inspector XE 2011 is a must-use
to craft reliable code in C++. It helped
me to quickly localize threading and
memory problems in my code, making it
easier to fix even the most difficult
ones”

Jorge Martinis - Research & Development

Engineer, BR&E Inc.

“We're delighted by the efforts of the
Intel cluster tools team in helping us
scale our applications to 10s of
thousands of cores with Intel MPI
Library 4.0. and raising the
performance bar in providing us with
the most scalable commercial MPI
library for Intel architecture based
processors.”

Dr. Daniel Gruner, Chief Technical Officer -
Software, University of Toronto
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