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Visual Studio Versions overview

O As of today Visual Studio 2008 is the official product version
and installed on cluster-win.rz.rwth-aachen.de.

— Runtime available on all compute node
— Intel C/C++ and Fortran compilers integration available
— Allinea DDTlight plug available

O Visual Studio 2010 is expected to be released on April 12th
and currently installed as RC on cluster-win-lab.rz. ...

— Runtime available only on RZ_HPCLAB compute nodes

— No integration of Intel C/C++ and Fortran compilers

— Comes with many enhancements for parallel programming
""\./vaPc — Will be installed on cluster-win soon after release

3 O This course will cover VS2010 already (where possible)
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VS2010 Overview (1/2)

O Introduction into using Visual Studio 2008

— Only text-mode programs are considered here, as
HPC applications typically do not use GUIs

— VS2010 offers great support for GUI development on Windows

I\ WinHPC
4

O VS2010 provides good support for Parallel Programming:
— Support for OpenMP for Shared-Memory parallel compilation

— Debugging of parallel programs: OpenMP and MPI
— Architecture-specific compiler optimizations

O The first start of V52010 may take a few minutes as the help

system has to be updated. You are prompted to choose from
several pre-defined sets of V52010 configuration options:
| nowadays choose the C# settings (previously: C++).

MPI & Debugging Debugging
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vl “% main(int argc, char == argv) Code Ed|tor i | E';nj | =] El
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22
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27
28

double flLocalPi; |:; Solution 'pi' {1 project)
S* MPI Initialization */ = :ﬂ pi_mpi
MPI_Init(&argc, Rargv); {4 External Dependencies
MPI_Comm_size(MPI_COMM_WORLD, &iNumProcs); [ Header Files
MPI_Comm_rank({MPI_COMM_WORLD, &iMyRank); [ Source Files

¢+ pi.cpp
char strHostname[MPI_MAX_PROCESSOR_NAME];
int iDummy;
MPI_Get_processor_name(strHostname, £iDummy);
std::cout << "Process on " << strHostname << " running.” << std::

std::fflush(stdout); Solutlon Explorer
+ Other Views

20 [C#ifdef READ_INPUT

Call Hierarchy

My Solution

7]

S MPI_Get_processor_name(char *, int =) Call Sites | Location
[# E:‘; Calls from MPI_Get_processor_name MPI_Get_processor_name(strHostname, &Dumm  pi.cpp - (24, 2)
B & Calls to MPI_Get_processor_name

Tool Windows
Here: Call Hierarchy

B output ﬂ Error List [ Call Hierarchy

Resy
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Visual Studio: Project Management (1/5)

O Everything that you do in Visual Studio will take place within
the context of a Solution.

— A Solution is a higher-level container for other items, for
example a Project. Any other kind of file type can also be
added to a Solution, for example documentation items.

— A Solution can not contain another Solution.

OwinHpic
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— Solutions group and apply properties across projects.

O A Project maps one to one with a compiler target.
— A Project organizes the code.

O To start your work, a new Project has to be created with
File > New - Project...

MPI & Debugging Debugging
- Compilers OpenMP OpenMP MPI




Recent Templates | MET Framework 4

Installed Templates

FS

= visual C#
Windows
Web
Office
Cloud
Reporting
SharePoint
Silverlight
Test

= Other Languages

Visual Basic

=l visual C++
ATL
CLR
General
MFC
Test

Visual F=
Other Project Types
Database

Online Templates

j Sort by: |DE1'E|uIt

~fis

; Win32 Console Application

Visual C++

4| win32Project

Visual C++

Win32 Console Application:

No GUI design support enabled.

2] x|

Search Installed Templates

Type: Visual C++

A project for creating a Win32 console
application

Visual C++ > Win32 >

Win32 Console
Application

Name of the Project,
A Solution of the same
name is created as well

Location where the
folder structure is
created

Mame: | <Enter_name

Location:

| Voifs\dusterihome\ct 747764 windocuments wisual studio 2010%Projects

Solution:

| Create new solution

| <Enter_name =

Solution name:

[v Create directory for solution
[ Add to source contral
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Visual Studio: Project Management (3/5)

Win32 Application Wizard - test01 2] x|

I B Choose Empty project if you already
P have source files.

Click Finish from any window to accept the current settings.

After you create the project, see the project’s readme. txt file for information
about the project features and files that are generated.

Win32 Application Wizard - test01 7 | x|

Application Settings

I g Orverview Application type: Add common header files for:
application Settings (" Windows application ™ an
% Console application ™ MFC
{ DLL

™ Static library

Additional options:

™ Export symbols
I¥ Precompiled header

—

o

oWi nHPC

8

< Previous Mext = Finish Cancel
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Visual Studio: Project Management (4/5)

O An issue specific to our Cluster: The IntelliSense database
may not be stored on a network drive. VS2010 resolves this
automatically for you by selecting Ok.

Found a suitable location for browsing database and IntelliSense files ﬂ

Visual C++ found a suitable location to store its browsing database and InteliSense files J
for the solution "\\dfs\duster home'ct747 764 \windocuments wisual studio
2010Projectstest01\testd 1.sln. ™

Visual C++ examined the folder "\\dfs\dusterihome\ct747 7o 4 \windocuments Ywisual
studio 2010'Projectsitest01. " This folder is not suitable because of the following:
The directory is on a network share or drive mapped to a netwark share.

Because a ‘Fallback Location' was not specified in the C++ Advanced Options, Visual C
++is attempting to use your temporary directory.

Visual C++ examined the folder "d:\temp\ct 747 764WC ++\test0 1-99334af8. " This folder
iz suitable because of the following:

The directory is on a local drive.

The ‘Fallback Location' is configurable under C++ Advanced Options.

Press OK to use this location.
Press Cancel to disable C++ browsing information and InteliSense for this session, J

[+ Do not prompt me again OK | Cancel |

OwinHpic
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Visual Studio: Project Management (5/5)

In many cases, the shortest way to a desired
operation can be found by right-clicking on a
GUI element and using the context menu.

Solution

i @ External Dependen
F [ Header Files PrOJeCt

Bl & Source Files
¢ pi.cpp

Adding existing source code items (files) to
a project: right-click on the Project (not the
Solution !) and Add - Existing Item...

O Adding new items: right-click on the Project
and Add - New Item...

O The folders (e.g. Source Files) do not have any
other meaning than aiding you in structuring
the files in a project. They do not map to
O\intipc physical folders. Creating your own folders
10 may help to organize large projects.
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Source navigation in Visual Studio 2010 (1/2)

o pi - Microsoft Visual Studio

File Edit View Project Build Debug Team Data Tools

iﬂ ] g leﬂlj|.ﬁ 53 [
b B ax

Architecture  Test

L}
"

-

= e A T |

Jallg alld @ 3

Analyze Window Help

..|||:ijs'

(Global Scope)

16 double flLocalPi;
17 f* MPI Initialization */
18 MPI_Init(fargc, fargv);

MPI_Comm_size(MPI_COMM_WORLD, &inumd ¥ fldoublea)

[ 19
: 28 MPI_Comm_rank({MPI_COMM_WORLD, &iMyRal W main{int arac, char ** argv)
21
22 char strHostname[MPI_MAX PROCESSOR_MBME];
23 int iDummy;
24 MPI_Get_processor_name(strHostname, ZiDummy);
25 std:icout << "Process on " << strHostname << " running.” << std:
@ 2 std::fflushistdout);

O Selecting a scope + function to
navigate right into it‘s imple-

| mentation.

Ointpic

1 |© Right-clicking a symbol opens up

a corresponding context menu:

v| % main{int argc, char ** argv)
E CalcPi(int n, int iRank, int iMumProc)
% CalcPi(int n, int iRank, int iNumProcs)

/* the calculation is dane here®*/
double fP1i =

fLocalPi = fPi;
MPI_Reduce(&fL¢

double fTimeEne

if (iMyRank

cout <<
£
£

L3

rendl;

Center for
Computing and
Communicaﬁon

AACHEN UNIVERSITY

CaleDifm  AMheDankl  ShlomDeoes s
%] Create Unit Tests...
A  Go To Definition F12
*= GoTo Dedaration Ctrl4F12
Find All References Ctrl+, R
__| B view call Hierarchy Ctrl 4K, Ctrl+T
Go To Header File
: ;;': Breakpoint
"wi £ Pun To Cursor Ctrl+F10
% cut Ctrl4X
=3 Copy Ctrl+C
oy Paste Ctrl+v
Outlining
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Source navigation in Visual Studio 2010 (2/2)

Class View

> 0 %

O The Class View is available from the

Ca|= = | F~
menu via View = Class View as well | <search> 8=
O o0nG o El_E pi_mpi
as the Code Definition Window. R col rrciors ond Varise

Macros and Constants

22 char strHostname[MPI_M&X_PROCESSOR_NAME];
23 int iDummy; #define MPI_MAX_PROCESSOR_NAME 128

24 MPI_Get_processorl . -

25 std::cout << "Process on " << strHostname << " running
@ 2 std: :Fflush(stdout);
=" ol
Code Definition Window - #define MPI_DOUBLE ((MPI_Datatype)0u4c00030b) {mpi.h)

38 | #define MPI_WCHAR ( (MPI_Datatype)B@xicleezae

)
31 | #define MPI_SHORT MPI_Datatype)@x4cBae2es)
32 #define MPI_UNSIGNED_SHORT MPI_Datatype)@xicBaazad)
33 | #define MPI_INT MPI_Datatype)@xicBaedlas)
34 | #define MPI_UNSIGNED MPI_Datatype)@xicBaedlas)
)
)
)
)
)

E E ™ CalcPifint n, int iRank, int iNumProc)
((
((
35 | #define MPI_LONG ( (MPI_Datatype)@xiceeadiar
((
((
((
((

‘& CalcPifint n, int iRank, int iNumProcs)
‘% f{double a)

W GetRealTimel(void)

‘% main(int argc, char ** argv)

36 | #define MPI_UNSIGNED LONG ((MPI_Datatype)@x4c@ee40s
37 | #define MPI_FLOAT MPI_Datatype)@xiceeedaa
38 | #define MPI_DOUBLE MPI_Datatype)@x4icleesab
39 | #define MPI_LONG_DOUBLE MPI_Datatype)@x4cl@Besac
4@ | #define MPI_LONG_LONG_INT ((MPI_Datatype)@x4c@@esa9)

/AN 41 | #define MPI_UNSIGNED LONG_LONG ((MPI_Datatype)@x4c@eesio)
lo] ) 42 | #define MPI_LONG_LONG MPI_LONG_LONG_INT
WinHP*C 43
44 | #define MPI_PACKED ( (MPI_Datatype)@xiceealat)
1 2 45 | #define MPI_LB ( (MPI_Datatype)@xiceeeala)

B output B Error List B Code Definition Window B Call Hierarchy

RWTH J = Compilers  MPIE
AACHEN UNIVERSITY - e OpenMP

ﬁ T R = O S Class View

OpeP
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Directory layout of Visual Studio solutions

O The executable is created in the directory of the active
configuration during the build process.

O Directory structure of a solution:

: <top level> Given user directory
<project name> Created by VS2005 / VS2008
Debug Configuration: Debug
Release Configuration: Release
x64 Platform: x64 (64bit for Amd64/Intel64)
Debug Configuration: Debug
©W1‘;HPC Release Configuration: Release

MPI & Debugging Debugging
- Compilers OpenMP OpenMP MPI
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Visual Studio 2010: Performance Analyzer

O VS2010 comes with new tools to analyze your (parallel)
application’s performance: Analyze - Profiler > New
Performance Session, then Analyze - Launch Performance

g What method of profiling would you like to use?
Wizard

@ CPU Sampling (recommended)
Measures CPU-bound applications with low overhead

All this can be done on the

! Instrumentation
Measures function call counts and timing

) NET Memory Allocation Sampling local Workstation, or in the

Track managed memory allocation

1 Concurrency Cl U Ste r !

Detect threads waiting for other threads

0 CPU Sampling:

il - — Will run the application under the control of a sampling
14 performance analyzer (snapshots of the program‘s call tree are
taken at regular intervals - non-intrusive, low overhead)

O

. MPI & Debugging Debugging
- Compilers OpenMP OpenMP MPI
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Performance Analyzer: CPU Sampling (1/2)

22.03

.2010 - C. Terboven

O Summary View highlights the program‘s Critical Path:

Sample Profiling Report
2,702 total samples collected

100 — . —— CPU (% Usage) ﬁll
B
507 b Filter by Selection
Bl — i Zoom by Selection ?
40— -
20 — .
&=
1] - - ' - - - - - - - - - - - - .
0 1 2 3 4 5 f ) 8 g 10 1 12 13 14 15 =
Elapsed Tirne {Secands) :l;._]
Hot Path L
The most expensive call path based on sample counts El
Mame Inclusive 3% Exclusive 3%
¥ jacobi_aut.exe 100,00 0,00
¥ _mainCRTStartup 100,00 0,00
¥ __tmainCRTStartup 100,00 0,00
¥ _main 100,00 0,00
th _Jacobi 98,70 98,48
Related Views: Call Tree Functicns
- el e MPI & Debugging Debugging
OpenMP OpenMP MPI
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Performance Analyzer: CPU Sampling (2/2)

0 Performance information can be display on source level:

/* compute stencil, residual and update */
for {j = data-»iRowFirst + 1; j <= data-»iRowlast - 1; j4+4)
1
1.9 % for (1 = 1; 1 <= data-»iCols - 2; i++)
i
fLRes = ( ax * (UOLD(j, i-1) + UOLD(j, i+1))
+ ay * (UOLD(3-1, i) + UOLD(j+1, 1))[]
66.5 % + b * uoLD(j, i) - F(3, 1)) / b;
/* update solution */
11.4 % U(j,i) = vOLD{]j,1) - data-»fRelax * fLRes;
Cost Disinbution
1.0 % The cost distribution for the function and functions it calls is shown below.
8.7 % Performance metric: | Inclusive Samples % |
< 2.1 %
main

__tmainCRTStartup

Center for
Computing and
' Communication

Total: 100.0%

_IntializeMatmm

CheckErmor

|
| _Finish
|
| -



Concurrency (1/3)

E Visual Studio for HPC Application Development 22.03.2010 - C. Terboven
)

Concurrency Visualization

| Threads | Cores Demystify...
1

Zoom |

Average CPU utilization for this process: 11%

16 {ther Processes
A System Process
i Y P : [ ldle Process
|| EZ gmres (PID=4128)

Mumber of Logical Cores

o = R e N o~ D2 W

0.0 110453 220518 37T 4418386

Time (ms)
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Concurrency (2/3)

Concurrency Visualization Visible Timeline Profile
Visualizes the behavior of a multi-threaded application
o3% N Execution
— e — 1% W Synchronization
IRl e W 10
CPU Utilization Threads Cores 0% B Slesp
0% Memory Management
0% Preemption
0% [ VI Processing
Per Thread Summary
z File Operations
CPU Utilization Threads Cores Demystify...
‘Sortby: StartTime v | 4 4 & = |2an' | £ B
1 z 4 & 8 hli] 12 12 16 18 20 22 24 26 28 30 3z 34 £ 38 40 42 “oo.
Name o=y AN I NP RN I P NN NN AT R R N IR R P NN NP N PN A I A
Disk 0 Reads
Disk 0 Writes | ] 1l
Main Thread(4108) L)V VNN T 00 TN VAT 5000 0 TENT T ATV 8 AT 0 A WA O
Worker Thread(4536) T
Worker Thread(4584) LR
Worker Thread(4672) [ | J.
Worker Thread(4564) TN
Worker Thread(4620) [T
Worker Thread(4448) (AL
Worker Thread(4740) NI
Worker Thread(4736) L =
Worker Thread(4732) I
Worker Thread(4720) L]
Worker Thread(4718) [ .

Alrwrlrar ThrasAfa74ay




Visual Studio for HPC Application Development 22.03.2010 - C. Terboven

Concurrency (3/3)

Concurrency Visualization

Visualizes the behavior of a multi-threaded application

CPU Utilization Threads
CPU Utilization Threads Cores Demystify...
Context switches that also cross from one logical core to another can reduce the performance of your process.
Zoom JI
1 K 4 [ i 10 12 14 15 1B 20 22 24 28 28 30 32 4 38 3B 40 42 o,
Ha me Se:or“js | | L1 1.1 | L1l I Ll 1.1 | Ll 1.l I | | Ll 1.l | Ll il I Ll 1.1 | Ll 1.l I Ll L] | Ll Ll | Ll 1.l I L1l | LA 1.l I Ll Ll | Ll 1.l | Ll 1.l I L1l | LA Ll I Ll Ll | Ll 1.l |
Logical Core 3 .-I
Logical Core 4 I-"I
Logical Core 5 .-
Logical Core 6 l"lllll
Lol Core 7 I
Logical Core 8 ...I |
Logical Core 9 -.
Logc ore 10 N T 0 0 T O O O T
Logical Core 11 EEn o =
J E
Thread Name | Cross-Core Context Swib:hesl Total Context Swil:chesl Percent of Context Switches that Cross Cores | |
I ok Thread(47ss) | 272 803 33,66%
I ok Thread(4708) | 256 508 25,65%
B ok Thread(4712) | 244 979 24,92%
I voker Thread(4620) | 227 667 34,03%
I vorker Thread(4736) | 220 938 23,45%
B viler TheasAfacT | 740 4 298 1£ Aaqor
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Performance Analyzer: Thread Contention (1/2)

O If threads compete for resources, they can get stalled:
Most Contended Resources

Resources with the highest number of total contentions
MName Contentions % Contenticns

Handlel I 100,00 a7

Contentions of "Handle 1"

AR R

mainCRTStartup [5704 | |I |
YN
o,
WinHP*C
20 4] | |
T T T I 1 1 I 1 T
7.140 8,140 9,140 10,140 11,140 12,140 13.140 14140 15,140 16,140

Elapsed Tirne (Seconds)

. MPI & Debugging Debugging
- Compilers OpenMP OpenMP MPI
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Performance Analyzer: Thread Contention (2/2)

O Reason for this contention: OpenMP Barrier

= I23‘{:urrf_-r'lt‘l."ivs_"ul'.l:|CaIITrEE || ‘E"E]L—""‘ EOF B B -E.ngﬂ
Function Mame Module Mame Inclusive Euntentiuns Exclusive Contentions  Inclusive Blocked Time  Exclusive Blocked Time
4 jacobi_aut.exe a7 0 1.518 0
4 JacobiSempsl jacchi_aut.exe 84 0 1.246 a
__wecomp_barrier YVCOMPOOD.DLL a4 a4 1346 1.346
4 _mainCRT5tartup jacohi_aut.exe 13 0 172 a
4 |Inknown Frame(s) LIMEMOWMN 13 ] 172 0
: 4 JacobiSompSsl jacobi_aut.exe 13 0 172 a
_vcomp_barrier YVCOMPOOD.DLL 13 13 172 172

— Support for OpenMP constructs is not yet optimal

O This analysis is crucial if you do your own synchronization!

OwinHpic
21
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Performance Analyzer: More future features...

O Performance tuning can be a never ending story, so you need
metrics to decide where to work / when to stop: Hardware
Counter Information.

T T s L2 information can be used
= el S R to measure the memory
(o [ - bandwidth consumed by
o FomEndbiens the application = is your

-- Branch Events

= Memary Events oy . .
|12 Refesences Jnon supported] scalability limited by the
.. 12 Misses [non supported)

[=- Platform Events

--Data Cache

system architecture?
e The FLOPS rate is good to

EI Floating Point Unit

~rLops estimate how efficient the

0 ‘ | . - FP Operations Executed
WinHP*C i L. FP Assists

f- Memory Ordering code runs!

22 -- SIMD Extensions

. MPI & Debugging Debugging
- Compilers OpenMP OpenMP MPI

m
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O Overview and Project Management

O The Microsoft and Intel compilers

O Using MPIl and OpenMP

O Debugging OpenMP programs

O Debugging MPI programs

MPI &
OpenMP

Debugging
OpenMP

Debugging
MPI
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Visual Studio Configurations (1/3)

O The set of compiler options is managed in a Configuration.
O There are two configurations pre-defined: Debug and Release.

— Debug: typical options for debugging, no optimization.
— Release: debugging still possible, some optimization options.

: O The compile process can be triggered by right-clicking on the
project and choosing Build. Or from the menu: Build - Build
<projectname>.

O Build = Build Solution builds all projects in the solution.

O During and after the compile process compiler output
(informational messages, warnings, errors) is displayed in
the tool windows Output or Error List.

O By double-clicking on such a message, the cursor jumps to the
corresponding place in the code.

\/\/| nHP'C
24

. MPI & Debugging Debugging
Overview - OpenMP OpenMP MPI
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Visual Studio Configurations (2/3)

22.03.2010 - C. Terboven

pi_mpi Property Pages

O Right-clicking on a project and choosing Properties leads to
the project configuration dialog.

2%

Configuration: IAcﬁvE{Debug}l

Cur. Configuration

General

Debugging

VC++ Directories
CfC++
Linker
Manifest Tool
¥ML Document Generator
Browse Information
Build Events
Custom Build Step
Code Analysis

oWi NnHPC
25

;I Flatform: IP-Cﬁ"-fE'['I-“-I'iﬂ32}

;I Configuration Manager... |

Cur. Platform

Intermediate Directory
Target Mame

Target Extension

Extensions to Delete on Clean
Build Log File

Platform Toolset

Configuration Type

se of MFC

IUse of ATL

Character Set

Common Language Runtime Support
Whole Program Optimization

$(SolutionDir)$(Configuration)\, |
s(Configuration},

&{ProjectMame)

EXE

* cdf; . cache; *, obj; *.ilk; *. resources; *, by =, i; *.4h; * 1
L{IntDir)\&(M5BuildPrajectame).log

w100

Application (.exe)

Use Standard Windows Libraries

Mot Using ATL

Use Unicode Character Set

Mo Common Language Runtime Support
Mo Whaole Program Optimization

Qutput Directory
Spedfies a relative path to the output file directory; can indude environment variables.

Center for
Computing and
- Communication

AACHEN UNIVERSITY
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Visual Studio Configurations (3/3)

Build - Configuration Manager:
T e 1| Oy Win32 and x64

Active solution configuration: Active solution platform: are su p po rted oh our
|Debug | |winaz R
[T I ..., Cluster, not Itanium.
<Mew., = Platform Build |
{Edltl. L s - | winzz o= Il
Configuration Manager |
Ackive solukion configuration: Ackive solution plakfarm:

IRelease j I <hew, ., = j

Project contexts {check the project configurations to build or deploy):

[| 2 [Frar
Projeck Bivild
! New Solution Platform [ | | I
C-SEr ;l vl

Twpe or select the new platform:

| w6 j

1 W Create new project platforms

) | K, I Zancel
y —_—

:omeb‘-C You can create

26 your own

a

configurations.

. MPI & Debugging Debugging
Overview - OpenMP OpenMP MPI
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Microsoft C/C++-specific settings

cnfarien: [peveteg Q- |mportant General Settings:

|
oo — C/C++ - General
+-+ Directories
s e Addition Include Directories: Include Path
Optimization i
Preprocessar — Llnker 9 General

Code Generation
Language
Precompiled Headers
Cutput Files i
Browse Information _— L| n ke r‘ 9 I n p ut
Advanced

Command Line

51 Linker e Additional Dependencies: Libraries to be used

General

- O Important Optimization Settings:
Debuggin . . .

g‘ﬁfgfﬂgﬁg | — C/C++ - Optimization

Erzl:uedded 0L
Advanced
Command Line

e Additional Library Directories: Library Path

e Optimization: General Optimization Level

* Inline Function Expansion: Inlining

O\vyintpic — C/C++ - Code Generation

27 e Enable Enhanced Instruction Set: Vectorization

7 . MPI & Debugging Debugging
RWNTH o Overview - OpenMP OpenMP MPI

AACHEN UNIVERSITY
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Using the Intel C/C++ compiler

1. Create a (Win32) project using the
Microsoft C/C++ compiler

2. Right-click on the Solution or on the
Project

w

Intel Parallel Studio Installed (cluster-win-beta + -1ab):
Intel Parallel Composer - Use Intel C++

4. Intel Parallel Studio Not Installed (cluster-win):
Use Intel(R) C++

O Solution or Project can be converted

A7) back to use Microsoft C/C++ as well.
M WinHPC
2g |0 Currently only supported in Visual Studio 2008!

. MPI & Debugging Debugging
Overview - OpenMP OpenMP MPI
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Intel C/C++-specific settings

O Most settings are the same as with Microsoft C/C++, but:

O Additional Optimization Settings:
— C/C++ = Optimization

* Generate Alternate Code Path and/or Use Intel(R) Processor
Extensions: Optimization for specific CPU

* Parallelization: Ask the compiler for automatic parallelization
— C/C++ - Language
e Recognize the Restrict Keyword: Enable C99 restrict (Tuning!)
e Enable C++0x Support: Enable first C++0x features
— Add to C/C++ > Command Line and Linker > Command Line:
| * /Qtcheck: Enable source instrumentation for Thread Checker
:E;i:f;!=;:f\:/\'/‘|'anC e /Qtprofile: Enable source instrumentation for Thread Profiler

29
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Using the Intel Fortran compiler

1. Open the Project Creation dialog via File > New = Project...
2. Select Intel(R) Fortran as project type

oo oo
Project types: Templates: | .NET Framework 3.5 j =
Visual C++ || visual Studio installed templates
ATL
CLR I Empty Project " IMain Program Code
General | My T It
MEC y Templates

2l Search Online Templates. ..

-
= -
Ca o+
[

Intel{R) Fortran
Console Application
Library
QuickWin Application —
Windowing Application

Database Projects
Othar | anmaas j

=
A project for creating a command-ine application

MName: | Console1
Location: | H:Y ﬂ Browse...
Solution Mame: | Consolel [v Create directory for solution

oK | Cancel |

0WlnHPC 3. Typically select Empty Project as best-suited option
30

O Remaining project handling does not differ from C/C++!
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Portable Time Measurement (1/3)

O Porting applications from Unix to Windows (or the other way '
around) can be quite hard ... but it was not for most user
codes (HPC) we tried on Windows.

(1) The most common problem was time measurement as
gettimeofday() is not available on Windows,

(2) followed by directory management issues where ,/‘ instead of
,\" had been used before.

O In most cases we attacked (2) using #ifdefs.

O Handling (1) depends on the programming language:

— C++: We have written a version of double realtime() for
Windows and Unix.

O\yintibc — FORTRAN: As the library (defined along with the language)
31 already provides time measurement facilities, we used these.
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Portable Time Measurement (2/3)

#ifdef WIN32
#include <Windows.h>

#define Li2Double(x) ((double)((xX).-HighPart) * 4.294967296E9 + \
(double) ((xX) -LowPart))

#else
#include <sys/time.h>
#include <time.h>
#endi f

double realtime (void) {

#ifdef WIN32
LARGE_INTEGER time, freq;
double dtime, dfreq;
IT (QueryPerformanceCounter(&time) == 0) { .. error .. }
IT (QueryPerformanceFrequency(&freq) == 0) { .. error .. }
return Li2Double(time) / Li2Double(freq);

/AN | #else
ICJvﬂng(i struct timeval tv;
32 gettimeofday(&tv, (struct timezone*)0);

return ((double)tv.tv_sec + (double)tv.tv _usec / 1000000.0 );

. MPI & Debugging Debugging
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Portable Time Measurement (3/3)

O Taking time the MPI way:

#include <mpi.h>

double t1, t2, elapsed_seconds;
tl = MPI_Wtime();

t2 = MP1_Wtime();
elapsed_seconds = t2 - tl;

O Taking time the OpenMP way:

#include <omp.h>

double t1, t2 elapsed_seconds;
tl = omp_get wtime();

'()Mﬁng(j t2 = omp_get_wtime();
33 elapsed _seconds = t2 - tl;
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Agenda

O Overview and Project Management

O The Microsoft and Intel compilers

0 Using MPI and OpenMP
O Debugging OpenMP programs

7/~ |0 Debugging MPI programs

Ovinmbic
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Enabling OpenMP (1/3)

O OpenMP support has to be enabled in a configuration:

c-omp Property Pages I OpenMP 2-0 / 2.5:

Configuration; I.ﬁ.ctive(Debug}l j Platform: IActive(Win32}| j Configuration Managet. .. |
-- Comman Properties Disable Language Extensions Mo L VS 2 00 5 C / C++
[+ Configuration Properties Default Char Unsigned Mo
- Gaeneral Treat wehar_t as Built-in Tvpe Yes
-~ Debugging Force Conformance In For Loop Scope Yes L VS 2 008 C/ C++
B+ Enable Run-Time Type Info Yes
- (aeneral R T
OpenMP Suppart Yes {/openmp) v
: Esiaie 41 e Vvs2010 C/C++
- Preprocessor
- _pde Generation
- Language
- Precompiled Headers
- Qukput: Files
- Browse Information .
P OpenMP 3.0:
- Command Line
[ Linker
[ Manifest Tool i I nte I C/C++
[+ »ML Dacument Generatar
[+ Browse Information
[#- Build Events L4 I ntel FO RT RA N
N [ Custom Build Step
o '1 \ [#- Web Deployment
: c y OpenMP Support
Wl n H P C Enahle OpentP 2.0 languane extensions.  (fopenmp)

35
(a]'4 I Cancel | Apply |
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Enabling OpenMP (2/3)

O Known problem with Visual Studio and OpenMP:

c-omp.exe - Unable To Locate Component

@ This application has Failed to start because woompd. dll was not Found. Re-installing the application may Fix this problem,

O The message appears if an OpenMP program has been

compiled with OpenMP support enabled, but omp.h had
not been included.

WinHPC
35 | O Solution: include omp.h in at least one file per project.
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Enabling OpenMP (3/3)

O Setting the number of threads for debugging of OpenMP
programs: set environment variable OMP_NUM_THREADS.

pi_mpi Property Pages llil
Configuration: IAEﬁuE{DEbug}l ;I Platform: IAEﬁue{i’h‘inSE}l ;I Configuration Manager... |
i Debugger to launch:
=l Configuration Properties ILc:n:aI windows Debugger ;I
General
Debuggi.ng ) Command &[TargetPath)
Z?C+:+Dlretb:rles Command Arguments
=
) Working Directory e
Linker Attach
Manifest Tool ) _ i OMP_NUM_THREADS=2]
XML Document Generator el . - T
Erowse Information En'ulrunmerjt
Build Events =
Custom Build Step 5QL Debugging
Code Analysis LI
Inherited values:
=]
= f“\'\--\
729 2R
o,
WinHP*C B
3 7 [¥ Inherit from parent or project defaults Macros ==
Environment oK Cancel
Spedfies the environment for the

A
_ _ \ ), Debugging ~ Debugging

AACHEN UNIVERSITY
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Enabling MPI (1/2)

O As MPIlis implemented by a library, an application includes
a file containing the type and function declarations named
mpi.h and has to be linked with that library.

O Modify the project properties (1/2):
— Include Path: C/C++ = General - Additional Include Directories

e MS-MPI 2008 on cluster-win / cluster-win-lab :
C:\Program Files\Microsoft HPC Pack 2008 SDK\Include

e |-MPI on cluster-win:
C:\Program Files
(x86)\Intel\ICT\3.1\mpi\3.1\[ia32|em64t]\include

O

WinHP:C
38
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Enabling MPI (2/2)

O Modify the project properties (2/2):
— Library Path: Linker - General - Additional Library Directories

e MS-MPI 2008 on cluster-win / cluster-win-lab :
C:\Program Files\Microsoft HPC Pack 2008 SDK\Lib\[i386 |amd64]

e |-MPI on cluster-win:
C:\Program Files (x86)\Intel\ICT\3.1\mpi\3.1\[ia32 | em64t]\lib

O No significant performance difference, so our advise:
— Use MS-MPI with Visual Studio MPI Debugger
— Use I-MPI with Intel Thread Analyzer & Collector

?5?17?’?-"Wme¢ — Sometimes a program does not like a specific MPI, so it is
39 always a good thing to have a second one available...
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Agenda

O Overview and Project Management

O The Microsoft and Intel compilers

O Using MPIl and OpenMP

O Debugging OpenMP programs

f

Ointpic
40
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Debugging Basics (1/2)

O A breakpoint can be set by clicking in the grey area left of the
line number. Clicking again removes the breakpoint.

i 18 MPI_Init(&argc, &argv); ¢ iMyRank 0
19 MPI_Comm_rank({MPI_COMM_WORLD, ZiMyRank);
= 2a | MPI_Comm_size(MPI_COMM_WORLD, ZiNumProcs);

O Right-clicking a breakpoint opens the context menu with the
following functions

Local ID in MPI_COMM_WORLD

— Disable a breakpoint (temporarily)

— Set breakpoint trigger conditions

— Trigger filter for selected threads or processes

— Define actions to be executed when the breakpoint is triggered
O Just hold the mouse over a variable for a short moment to

get the actual value displayed (hover). This is also possible for

“WinHPCl expression (with some limitations).
41 . I ] : : :
— Clicking the pin laminates the variable display

7 . . MPI & Debugging
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Debugging Basics (2/2)

O During a debugging session, the actual program location is
marked by a yellow arrow. You can drag this arrow up/down.

72 [Hdouble CalcPi {int n, int iRank, int iNumPreocs)

Call stack

73 | {
D 74 const double fH = 1.8 / (double) n; Name [ _ Language
75 double FSum = @.@- e pi_mpi.exe!CalcPi(int n, int iRank, int iNumProcs) Line 74 C++
76 ’ pi_mpi.exelmainiint arge, char * * argv) Line 50 + 0:11 bytes | C++
77 | #pragma omp parallel for reduction(+:fSum) pi_mpi.exel_trainCRT5tartup() Line 555 + 0x13 bytes C
78 for (int 1 = iRank; i < n; i 4= iNumProcs) pi_mpi.exelmainCRTStartup() Line 371 C
70 { kernel32.dINT7453677()
80 double fX = fH * ((double)i + 8.5); [Frarnes below may be incorrect and/or missing, ne symbaols Ig
81 fsum 4= T({fX); ntdll.dlll77 e08d72()
82 1 . .
83 return (FH * fsum); Kernel -> CRT -> Static Init -> Your Code
a4 1
Processes > O
=2
| Mame | 1D | Path | Title | State | Debugaging | Transport | Transpor...
L pi_mpi.exe 4332 Vofs\duster'H...  Wdfs'duster'Home\ct747754\2009-...  Break Mative Default WINIHMCOTF
/ ,,__H\\
W SRR
o, W)
WinHP*C

42
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Debugging OpenMP Programs (1/4)

O Debugging of OpenMP applications in Visual Studio works
with all compilers: the Microsoft C/C++ compiler, the Intel
C/C++ compiler and the Intel Fortran compiler.

O Note: If you use one of the Intel compilers or VS21010 and
start a program with n threads, you will see n+1 threads
(one management thread).

O\winHpc
43

O We advise you to compile without any optimization for
debugging, that means use the pre-configured Debug
configuration and just enable OpenMP.

O Control debugging:

bon @ O » Start / Continue, Break, Stop, Restart

o %2 [Z ®= | » Show next statement, Step Into, Step Over, Step Out

. . MPI & Debugging
Overview Compilers OpenMP - MPI
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Debugging OpenMP Programs (2/4)

O All threads stop at a breakpoint (first thread encounters it).

— You can open the Threads register from the menu via Debug -
Windows - Threads. Double-clicking a thread will select it.

77 | #pragma omp parallel for reduction(+:fSum)

78 for (int 1 = iRank; i < n; i += iNumProcs)
79 {
& ga double fX = fH * ({double)i + 8.5);
81 fsum += F(FX);
82 }
: 83 return (fH * f5um);
84 |}

(=] =

Call Stadk Processes Immediate Window Locals Watch 1

Search: | v| 'X Search Call Stadk | ?’ - | Group by: |Prc:u:ess Mame v| Col

| | iy | Managed ID| Category | Marme I Location
A pi_mpiexe (id = 3384) \Veifshcluster\Homel ct7477644,2009-10-10_-_Tests_of Visual_Studic_2010
V| w [529 [0 | [[] Main Thread | Main Thread | v CalcPiSompsl
L4 6560 |0 | | Worker Thread | Win32 Thread w JTeB00fd
= 4644 O B Worker Thread _vcomp::PersistentThreadFunc CalcPifompil

OpenMP thread in your code
System thread (mgmt)
OpenMP thread in your code

AN — If you want a thread to stand still you Freeze it (context menu).
Owintpic ' _ |
44 — If you want it to continue Thaw it.

Center for o - M PI & Debu in
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Debugging OpenMP Programs (3/4)

O For all threads, you can view the local and shared variables.
— The Locals register contains all variables of the current scope.

— The Autos register contains a set of interesting variables
guessed by the compiler — remarkably good.

O Some limitations when using the Intel Fortran compiler:

— The Autos register is empty, Locals is working fine.

— One can not (at least sometimes) identify the management
thread by the name — it is the one you get an error message
of no source code being available if you select it ;-)

— Sometimes expressions have to be updated because of
(possible) compiler optimization.

o " i . . )
= WinHP'C | 2 = R . | Cooooo e 7400

& I Cannok view regisker variable 3 0000000002570 1b0¢)
45 4 UOLD Irwvalid Debog Information )] 000000001 64377200
The value of this expression may be incorrect, Ik could not be evaluated because: |
Aukos | ELocals Processes | Z] Threads | 58] Madules | Z]watch 1 " Cannot visw register variable'
: '&’j j |,\2} | 2 |’;j Click this button ko attempt reevaluation now,

Center for - . M PI & Debu in
RWTH J & Overview Compilers =
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Debugging OpenMP Programs (4/4)

O The Parallel Stacks window is a new feature of VS2010 and in
the menu under Debug - Windows - Parallel Stacks:

Parallel Stacks *OX
OpenMP Master
1 Thread
_veompufork_helper
: _vcomp:fork_helper_wrapper Open MP Wo rker
ParallelRegicn:HandlerThreadFunc
InvokeThreadTeam 1 Thread
_wcomp_fork + CalcPiSomp5$1
CalcPi _wveompzfark_helper
main _veompafork_helper_wrapper Mgmt Th rea d
__tmainCRT3tartup ParallelRegion:HandlerThreadFunc
mainCRTStartup _veompzPersistentThreadFunc 1 Thread
? & T7eB00fd
\ [Frames below may be incorrect and/or...
2 Threads 77e800fd
717453677 T7eclidab
7 /d,.:\\\\ [Frames below may be in correct an d/or.. 77453677
(e W\ I
Owintpc TN
3 Threads
4 6 77e99d72
7799445
3 Threads = 2x OpenMP + 1x Mgmt

MPI &

Debugging
OpenMP MPI

Overview Compilers
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Allinea DDTlite Overview

O DDTlite is a plugin for Visual Studio 2008 SP1 (and newer)
— Mainly marketed for improved MPI debugging experience
— But also improves OpenMP debugging experience

O Adds the following features:

— Control processes and threads individually, grouped or together
— Examine variable values per thread / process

— Parallel Stack View per thread / process

— Location View per thread / process

— Thread / process group management

Oinkib'c

e O For atrial version go to www.allinea.com
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Debugging OpenMP Programs w/ DDTlite

O Select and switch between threads individually:

Process: [11663] jacobi-vs2008.exe ~ Thread: [4756] Main Thread ' Stack Frame: jacobi-vs2008 exell_ Jacobi & - =

Selected Processes and Threads

Al & threads n";El .f][;El n‘igl | PR O POl | il thireads in external code

Break when: IEver_l,l selected thread ;I reaches abreakpaint  Select all 9 threads in program

: O Compare variables per thread:

Process: [9817] jacobi-vs2005.exe  « Thread: [9288] _wcomp::PersistentTt = % Stack Frame: jacobi-ws2008, exe! Jacobifomps

Wariable - Parallel View

=100 (1 thread)
b Thiead 1

WV Auto |Jpdate
&) Selected Processes and Threads | 3 variable |a Parallel Stack View |a |a |

/dﬂ,‘\\ Solution Explarer - jacobi-ws2005 > 0 x
' aVh \"_\. \ =
e TR 2 EAR
. : (izlobal Scope)
WinHP*C (o Solution ‘jacobi-vs2008' (1 project) -
- (4 jacobi-vs2008
48 = Ilf;:?-lela;:rFiles = A% pompute stencil, residual am
P 3 Resource Files ".-‘4 F‘,‘prag‘ma omwp for private(j, i, fLEes) reduct
B B Source Flles 75 for (j = data-»iRowFirst + 1; 3

contrtor . . MPI & Debugging
RWITH s oweniew  compilers  viie USRS Ochuet
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Agenda

O Overview and Project Management

O The Microsoft and Intel compilers

O Using MPIl and OpenMP
O Debugging OpenMP programs

/. |0 Debugging MPI programs

Ovinmbic
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Debugging MPI programs (1/6)

0 MS-MPI works best, but you should be able to use I-MPI as
well. At least the following instructions work for both.

O Visual Studio supports debugging of MPI programs using the
Cluster Debugger. As far as | know — or was able to verify —
the cluster debugger only works with the Microsoft C/C++
compiler and not with projects using the Intel C/C++ compiler
or the Intel FORTRAN compiler.

O In the project properties under Debugging, choose the MPI
Cluster Debugger as Debugger to launch. For V52008 only:

— MPIRun: ,,C:\Program Files\Microsoft HPC Pack 2008 SDK\Bin “
— MPIRun Arguments: for example —n 2

— MPIShim Location:

It is not possible to specify a path containing empty spaces here, so you have
50 to copy MPIShim from c:\program files[ (x86)]\microsoft visual studio 9.0
\common7\ide\RemoteDebugger\x86[or x64]\MPIShim to a suitable location.

WinHP*C
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Debugging MPI programs (2/6)

O In order to stop all processes at a breakpoint, please check
for the following option: In Tools & Options - Debugging =
General the checkbox Break all processes when one process
breaks has to be activated.

O Select the current process using the Processes register.

\/\/| nHPC
51

O Problem: if one process does a step, all other processes make
a step as well.

— Solution 1: Be clever setting breakpoints ...

— Solution 2: Detach the second (and third and fourth and ...)
process from the VS debugger (remember the right-click and
context menu), open up another VS instance (maybe more)
and attach to the process.

— Solution 3: Use DDTlight

. . MPI & Debugging
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Debugging MPI programs (3/6)

O InVS2010 you can just go with the defaults: I
pimpiPropertyPages . e2x]

Configuration: IACﬁuE{DEbug} ﬂ Platform: I""‘Cﬁ‘ff‘-{"-“l'i”ffz} LI Configuration Manager. .. |
Common Properties Debugger to launch:
i B Configuration Properties IMPI Cluster Debugger j
General
e+ brecr ocalhos/ o
s ;?n:flremnes Deployment Directory
=
[ i Working Directory
Linker

Debug on the local

Head Mode: I j WOFkStatIOH W|th
Mumber of processes: |4 ﬂ fOUF MPI processes

Schedule one process per: I ;I

Pick nodes from:

" Manually selert nodes to indude in the allocation

Yes

| CPU Usage | CPU (MHz) | Memary (ME) | Cores |

Yes

er of processes, and the allocation of processes to machines, if

QK I Cancel | Apply |

MPI & Debugging
OpenMP OpenMP
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Debugging MPI programs (4/6)

o

4] -+ 1\dat\200612006-05-31__winhpe\sre\c-mpilvs2005.msc\c-mpi\debug\c-mpiexe [0/
Process B on winoc45.hpc.win.rz.rwth—aachen.de
Enter the numher of intervals: (A quits)

—Las8d. — Master

-|=ix]

1
x

e h:hdata'2006%2006-05-31_-_winhpc'srch,c-mpi'¥s2005.msc’,c-mpi‘debug’,c-mpi.exe
Process 1 on winoc45.hpc.win.rz.ruth—aachen.de

49!
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Debugging MPI programs (5/6)

O You can also F5 to the Cluster, if there are free slots:

Node Selector - O] x|
Head Mode: WINWCCO 1] j
Mumber of processes: |4 ﬂ
Schedule one process per: -
Pick nodes from: |CnmputeNu::des j

[ Manually select nodes to indude in the allocation

Node = CPU Usage | CPU (MHz) | Memory (MB) | Sockets | =
O winHTCO7 100% 2999 16333 2
[ winHTCOR 99%; 2999 16383 2
[ winHTCOog 998, 2999 16333 2 i
[ winHTC10 77% 2999 16383 2
O winHTC11 98 2999 16383 2
[ winHTC12 B0% 2999 16333 2
[ winHTC13 998 2999 16333 2
[ winHNCO1 0% 2933 49141 2 j

bou|SE(E|EE| 5

| Mame | ID | Path | Title | State | Debugging Transport | Transport Qualifier |
pi_mpi.exe 3468 C:\Users\ct7477aPappD... pi_mpi Paused (event queued) MNative Default WINMIHMCO4
.+ pi_mpi.exe 4608 C:\Users\ct747764\AppD... pi_mpi Break Mative Default WINIHMCOS
pi_mpi.exe 4704 C:\Users\ct7477a\appD... pi_mpi Break Mative Default WINIHMCOS

pi_mpi.exe 5348 C:\Users\ct747764\AppD... pi_mpi Paused (event queued) MNative Default WINIHMCO4

M call Stack Bl Immediate Window _; Processes [l e ,ﬁl Watch 1
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O AVS2010 debug job running on our Cluster:

Active (1)

Filter: |._I|:.|:. name | Owner

= | Submit time * | Project name - ?

J.. | Job Name | State | Chwner | Pricirity | Submit Time

| Regqueste... | |
28628 Visual Studio Debugging Session  Running  WIN-HPCh\ct 747764 Momal

13032010 14:25:39 44 Sockets

= | Project name - |
| Pricirity | Submit Time | Requeste... |
Momal 13.03.2010 14:25:35 4-4 Sockets
4
ﬁ =
|:=| Job Mame : Visual Studio Debugging Session ¥ Expand parametric tasks  *

Task | Job Details | Activity Log |

Task ID | Task Mame | State | Command Line | Requested Resource:

1 Deploymert Directoryto ... Finished "HCCP_HOME® bin‘mp... 4-4 Sockets

2 Visual Studio Debugging ...  Running ANWINWCCOTMCepSpo... 4-4 Sockets

3 Delete Work Directory Fil...  Queued "HCCP_HOME%bin‘mp... 4-4 Sockets

|:=| Job Name : Visual Studio Debugging Session

'Task | Job Details Activity Log |

¥ Expand parametric tasks

13.03.2010 14:25:38 Created by WIN-HPC\ct 747764
13.03.2010 14:25:39 Submitted

13.03.2010 14:25:40 Started

13.03.2010 14:25:40 Started on WINIHNCOS with 16 cores
13.03.2010 14:25:40 Started on WINIHNCOS with 16 cores

OpenMP OpenMP

Center for . . M PI & Debu in
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DDTlite: Overview

O Allinea DDT Lite is an add-in for Visual Studio 2008 SP1
— Currently an additional patch to VS2008 is required

: O Significantly improves the MPI debugging experience
— Debug / Control MPI processes individually

— Debug / Control groups of MPI processes individually
— Display variable values per process side-by-side

— Display MPI process stacks side-by-side

O

WIinHP'C
56 |0 For a trial version go to www.allinea.com
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DDTlite: Usage

O Configure project to use the MPI Cluster Debugger

O Tools -> Add-in Manager
— Select Allinea DDTlite
— Enable Startup

O Start Debugging (e.g. via F5)

O Debug -> Windows -> Show DDTLite Windows
— Selected Processes and Threads
— Groups — Parallel View
—— — Variable — Parallel View
OWmHPC — Location — Parallel View
57 — Parallel Stack View

7 , : MPI & Debugging
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The End

Thank you for

your attention!

laa N

o

OwinHpc
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