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Programming Environment

» Software setup for writing, compiling and
executing programs
o Compilers
+ C, C++, Fortran, etc
o Interpreter
- Matlab, Perl, Python, PHP, etc.
> Other tools
- Debuggers
- Profilers
- Performance analyzers
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Programming Tools at RC

» Compilers
» Debuggers
» Performance profilers
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What Is Computer Program

» A sequence of instructions
> Code

» Written in a computer language
> C, Fortran, Java, or Python

» Perform specified tasks

o Algorithm

Serial VS Parallel

» Serial Computing
o Instructions are executed sequentially
> On a single processor
» Parallel Computing
o A problem is broken into independent components
and can be solved concurrently

o Each Components execute simultaneously on
different processor or threads
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Compilers

» Compilers available 1 l >
o Intel Compiler Suite l n te

- Online documentation

ps://software.intel.com/en-us/article

+ Modules
* module spider intel

> GNU Compiler Collection

* Module spider gcc

[
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Intel Compiler Suite

» For serial programs
°module load intel/2013
» Usage
o Compile C code: icc
* e.g..icc -0l mytest.c -o mytest
» Compile C++ code: icpc
* €.g..icpc -g mytest.cpp -o mytest
o Compile Fortran code: ifort
© e.g..ifort -02 mytest.f90 -o mytest
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Intel Compiler Suite

» Basic compiler options

> -g: debugging

o -O#: optimization
+ -O0: no optimization
- -O1: optimize for speed without increase code size
- -0O2: default, optimize for speed, eg. vectorization
-+ -O3: high-level optimizer, prefetch, loop unrolling

> Support for target: SSE2, SSE3, SSE4.1, SSE4.2, AVX
- -xtarget: for Intel architecture only

- -mtarget: for any architecture supporting target,
recommended on HiPerGator

SSE: Streaming SIMD Extensions; AVX: Advanced Vector Extension
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GNU Compiler Collection (GCC)

» For serial programs
° Module
* module load gcc/4.7.2
o Usage
- Compile C code: gcc
* e.g.gcc -0l mytest.c -o mytest
- Compile C++ code: g++
© €.90..g++ -g mytest.cpp -o mytest
- Compile Fortran code: gfortran
* e.g..gfortran -02 mytest.f90 -o mytest
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Intel Compiler Suite

» For MPI parallel programs
° Modules
* module load intel/2013 openmpi/1.6.5
o Usage
- Compile C code: mpicc
* e.g.mpicc -01 mytest.c -o mytest
+ Compile C++ code: mpicxx
© e.g.mpicxx -g mytest.cpp -o mytest
- Compile Fortran code: mpif77, mpif90
© €.0.mpif90 -02 mytest.f90 -o mytest
» For OpenMP programs
° module load intel/2013
° icc/icpc/ifort -openmp mytest.c/.cpp/.£90 -o mytest
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Intel Compiler Suite

Compiler Based Vectorization

Feature Extension

SIMD Extensions 2 as avallable In Initial | sse2
Pentium® 4 or compatible non-Intel processors

ing SIMD Extensions 3 as available in sse3.
Pentlum® 4 or compatible non-Intel processors

ilable in Intel® | ssse3

Streaming SIMD. i (SsSE3)
Core™2 Duo processors.

Intel® SSE4.1 as first introduced in Intel® 45nm Hi-K next generation ssea.1
Intel Core™ micro-architecture

Intel® SSE4.2 Accelerated String and Text Processing instructions ssed.2
supported first by by Intel® Core™ i7 processors

offered by Intel® ATOM™ processor : Intel SSSE3 (I1) and sse3_atom
MOVBE instruction

Intel® Advanced Vector Extensions (Intel® AVX) as available in 2nd AvX
generation Intel Core processor family ~ code name Sandy Bridge.

Intel® Advanced Vector Extensions (Intel® AVX) as code-name Ivy Bridge | CORE-AVX-T
and in code-name Haswell (available only in compilers v13+, fall 2012) CORE-AVX2

el)  Software & Services Grox

up
Developer Products Division
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GNU Compiler Collection

» For MPI parallel programs
° Modules
* module load gcc/4.7.2 openmpi/l1.6.5
> Usage
- Compile C code: mpicc
* eg.mpicc -0l mytest.c -o mytest
- Compile C++ code: mpicxx
* e.g.mpicxx -g mytest.cpp -o mytest
- Compile Fortran code: mpif77, mpif90
© €.0..mpif90 -02 mytest.f90 -o mytest
» For OpenMP programs
° Module
© module load intel/2013
o Usage
© gce/g++/gfortran -fopenmp mytest.c/.cpp/.£90 -o mytest
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GNU Compiler Collection

» Basic compiler options

> -g: debugging

o -O#: optimization
- -00: default, reduce compilation fime
- -Ol:reduce code size and execution time
-+ -O2: default, optimize for speed
- -03: O2 + prefetching, loop unrolling, vectorization, etc.
+ -Ofast: O3 + ffast-math and other Fortran related

optimization

o Support for: SSE2, SSE3, SSE4.1, SSE4.2, AVX
- -mtune=cpu-type: generic, native, corei7, core-avx-| ...
© -msse, -msse?2, -msse3, -msse4.1, -mavx ...
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Allinea DDT

» A graphical distributed debugging tool

o Serial code

> Mulfithreaded code

o Multiprocess code

o C, C++, Fortran, CUDA
» Module required

e module load ddt

o Latest version: 5.0

_ADDT
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Allinea DDT

Flow control and data monitoring
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Debuggers

» Debugging

> Locate and remove errors or abnormalities
» Debugger available on HiPerGator

o Allinea DDT

o Intel Inspector XE

> Valgrind
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Allinea DDT

» Flow control
> Control program progress
o Static analysis at thread and process level
o |dentify and fix problems
» Data monitoring
> Track variables
> Detect memory errors
> Check data calculation
> Trace points
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Allinea DDT

Memory usage analysis
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Allinea DDT

Multi-Dimensional Array Viewer

Source: hip: alinea.com/user-g i atahiml
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Valgrind

» Required modules
e module spider valgrind
o For serial programs
* module load gcc/4.7.2 valgrind
o For parallel programs
* module load intel/2013 openmpi/l1.6.5 valgrind
* module load gcc/4.7.2 openmpi/l1.6.5 valgrind
» Usage
o For serial programs,
* e.g..valgrind --leak-check=yes myprog input
> For parallel programs

* e.g.mpirun -np 4 valgrind --leak-check=yes myprog input
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Performance Profiling and Evaluation

» Dynamic program analysis that reveals
features in the program and interactions
between software and hardware
> The frequency and duration of function calls & loops
o Calculation speed
o Memory usage
o Communication pattern
> Multithreading analysis
> Load balance and efficiency

» Goal:
> Code optimization
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Valgrind

» A memory mismanagement detector
» Detect

° Memory leak

> Deallocation errors

> Use uninitialized memory

> Read/Write freed memory

> Mismatched allocation/deallocation and syntax

s malloc/new/new[] vs free/delete/deletel[]

» Cons

> No bound checking for static arrays

o Execution specific
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Valgrind

» Example

#inclade <stalib.n>

void £(void)
i
ints x = malloc(10 * sizeof(int))
(10 = 05 77 provien 11 hesp block overzun
/1 provlen 2: memory leak —- x not fresd

v

Valgrind output

==19182== Invalid write of size 4
==19182==  at Ox804838F: f (example.c:6)
by 0xB0483AB: main (example.c:ll)
Address 0x1BAS050 is 0 bytes after a block of size 40 alloc'd
at Ox1BSFFSCD: malloc (vg_replace malloc.c:130)
=-19182-= by 0x8048385: £ (example.c:5)
==19182== by Ox80483AB: main (example.c:1l)

Source: http:, i i tart. tart. prepare
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Performance Profiling & Evaluation Tools

» Allinea MAP
° module load ddt
» TAU

° module load intel/2013 tau
° module load intel/2013 openmpi/l.6.5 tau

» Intel Toolkit
> VTune Amplifier XE
> Advisor XE
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Allinea MAP '
» A graphical distributed profiler ADDT

o Detect bofttlenecks at source level
o Support
- Serial, multithreaded, and multiprocess code
+ C, C++, Fortran 90
o Performance metrics
+ Memory usage
- Floating Point calculations
+ MPI call performance
° Easy to use, no instrumentation or recompilation

www.it.ufl.edu
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TAU

» Tuning and Analysis Ufilities
» Intfegrated Performance Toolkit
» Performance profiling and tracing
- Both serial and parallel programs
o Source code instrumentation
- Adds probes to collect performance data
+ Manual or automatic
o Comprehensive data analysis and management
- Include hardware performance counters via PAPI
o Performance data visualization
- Paraprof

o Open source
- http://www.cs.uoregon.edu/research/tau/home.php
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TAU

» Identify potential bottlenecks
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Source: Sameer Shende, TAU Performance System Tutorial
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Allinea MAP
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TAU

» Performance analysis

> Time consumption —identify bottlenecks
+ At source level: loops, functions calls
- 1/O, communication, computation

° Memory usage
- Allocation/deallocation, cache misses

o Floating point operations
- FLOP rate

o Cross process comparisons
+ Load balancing and scaling

www.it.ufl.edu
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TAU

» How much time is spent in each routine?

Value: Exclusive
Units: seconds

9647.318 LEQ_IKSWEEPT
4357.213 [N LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 [l SOLVE_SPECIES_EQ
1417.986 [ | SOLVE_LIN_EQ
1028448 [l PHYSICAL_PROP
783.402 [_| RRATES
682376 [ LEQ_MSOLVET
530.858 [I] INIT_AB_M
463.788 [| CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421747 [| CALC_RESID_S
381363 [] SOLVE_ENERGY_EQ
371.199 [] SOURCE_PHI
258.829 ! DRAG_GS

Source: Sameer Shende, TAU Performance System Tutorial
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TAU

» Program call graph
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Source: Sameer Shende, TAU Performance System Tutorial
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Intel Parallel Studio

Phase Productivity Tool Feature Benefit

Inte Analyze existing code base  Easier analysis and performance
and find opportunities for  heuristics, find compute hotspots and

Advisor XE 1, llelization. check for parallelization strategies.
Intel® Cg % :eras "‘; :;;‘r';’;"ce Application performance, scalability and

quality for current multicore and future

Composer XE libraries, and parallel many-core systems.

Intee Memory & threading error  Increases productivity and lowers cost,
Inspector xg  checking tool for higher by catching memory and threading
nspector code reliability & quality defects early

Removes guesswork, saves time, makes
it easier to find performance and
scalability bottlenecks Combines ease of
use with deeper insights.

Performance Profiler to
optimize performance
and scalability

Intel® VTune™
Amplifier XE

Source: Infel Parallel Studio Webinar
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Intel Inspector XE

» Key features

Feature Details

Analyses « Dynamic Memory Analysis
« Dynamic Threading Analysis

GuI « Microsoft Visual Studio IDE integration (2008, 2010, or 2012)
«Stand alone GUI on both Windows and Linux

Compilers + Microsoft* Visual* C++ NET*

supported « Intel® Parallel Composer and Intel® Composer XE
* Gee

os * Windows XP, Vista, 7, 8
« Linux (various distros)

Languages * CIC++
. C#
* Fortran

Source: Infel Parallel Studio Webinar
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TAU ParaProf 3D Profile Browser

Source: Sameer Shende, TAU Performance System Tutorial
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Intel Inspector XE

» Graphical software “Correctness Analyzer”
» Memory Error
o Memory leaks
o corruptions
o allocation/deallocation
o Inconsistent memory usage,
o llegal memory access
> Uninitialized memory read
» Threading error

> Data races
> Deadlocks ><E
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inteD

Intel’
Inspector

Intel Inspector XE

)

Double click on Problem to

Locate Memory Problems
navigate to source (next

© Target|| * Analysis Type][#: Collection Log

Da & Problem . Modules Objec... State

WPL ®  Invalid memory acc.. find_and. fix memory_err... find_and.fix memory.err P Nots Error
P2 & Memory not dealo... apicop; liLcpp: videocpp. find_and.fix memory.err
©P3 ©  Memorleak find_and_fix memory_err
P4 ©  Memoryleak find_and_fix_memory_err

RE—@__ Memory leak find_and.fix.memory_err

Wanming 1
Problem

Invalid memory ac... 1
Memory leak

Code locations

grouped info Problems

to simplify results e o
on T and.fix memory._erors m

Eind_and_£ix memory_srzors.exe!
e for (unsigned int i20;i<=(mboxsize ||£ind_and fix_memory errors.exe!
166 local_mbox[i1=0; //Memory Brr ||sbb_dsbug.dll waic_sor a1

e for (int y = rvesing: na ||

memory_errors... operator) find_and_fix-memory_errors.

int serial:

Find and_£ix memory_srrors.e:

162 unsigned int * local mbox = (unsig ||sbb_a:

ies for (unsigned ine iz0;ics debug a1l 1pr — market!

Source: Inel Paralle! Studio Webinar
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Intel VTune Amplifier XE

» Performance analyzer
> Bottleneck identification
> Source level performance data
> Thread profiling
> Hardware event based sampling
> Support
+ C/C++, Fortran, Java, .NET
- GCC, Intel Compiler, Windows
- Serial and parallel programs
- Linux and Windows

Amplifier

[

Intel VTune Amplifier XE

Source view - identify hotspots
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Source: Infel Parallel Studio Webinar
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Intel Advisor XE

» Typical workflow
° Survey
o Add annotations
o Model performance suitability
> Check correctness

> Add parallel framework
Intel®
Advisor

[

Intel VTune Amplifier XE
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Source: Intel Parallel Studio Webinar
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Intel Advisor XE

» Threading design and prototyping
> Analyze, design, tune the threading design in
multitheaded program
o |dentify the code location for parallelism
o |dentify synchronization errors
o Predict threading errors and scaling
o Separafe design and implementation
» Support
e C, C++, Fortran, C#
o Linux, Windows
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Intel Advisor XE

1. Survey

Intel Advisor X
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Source: Infel Paralle! Studio Webinar
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Intel Advisor XE

2. Add Annotation

[
co s

o et

Sanotste. TaskBagin( “nbody tazk” );
stortsodies(n)s|

i
fonceate. sitetnd();

Source: Infel Parallel Studio Webinar
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Intel Advisor XE

4. Check correctness

® oid o

Intel Aduisor XE 2013

Source: Infel Parallel Studio Webinar
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UF Research Computing

» Help and Support

o https://my.it.ufl.edu
- For any kind of question or help requests

o http://wiki.rc.ufl.edu
- Documents on hardware and software resources
- Various user guides
+ Many sample submission scripts

e http://rc.ufl.edu
- Frequently Asked Questions
- Account set up and maintenance
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Intel Advisor XE

3. Add Annotation

Source: Infel Paralle! Studio Webinar
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Intel Advisor XE

5. Add parallel framework
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Source: Intel Paralle! Studio Webinar
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