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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven
Motivation for this Tool Inventory

o Microsoft is pushing Windows HPC Server

— Opportunity: Integration

* Operating System + Development Environment +
Compiler + Debugger (+ Tools) are all from Microsoft

— Risk: Windows-HPC is the New Kid on the Block
* Microsoft might not focus support on legacy (HPC) code

o Interest in Windows-HPC as development platform is high

— Example from last week’s PPCES at Aachen: About 40 percent
of the course participants indicated interest in trying the lab
exercises on our Windows-HPC platform

* Switchers? People just interested in the other side? People new
WinHP'C to HPC / parallel programming? Is the IDE approach appealing?

> o What has Windows-HPC to offer *today*?
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven
Methodology: Tuning and Parallelization

o Process of (incremental) parallelization with OpenMP:
(1) Runtime analysis of a given program

(2) Identification of so-called Hotspots, that are compute
intensive parts of a program = Think about serial tuning

(1) If serial tuning was applicable - Restart at (1)

(3) Parallelization of identified Hotspots
(4) Restart at (1), but switch to parallel runtime analysis

o Important tools in this process:
— Profiler for serial and parallel program

— Debugger
WinHPC
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Application used in this Case Study: DROPS

o Numerical Simulation of two-phase flow Example:

. . . Silicon oil drop in
o (Adaptive) Tetrahedral Grid Hierarchy D,0 (fluid/fluid)
o Finite Element Method (FEM)

: o Written in C++: is object-oriented,
uses nested templates, uses STL types,
uses compile-time polymorphism, ...

o Typical Setup:
— Visual Studio Release Configuration, 64bit
WinHPC — Tiny dataset: 77.5 seconds per run
5 — Benchmark kernels for identified Hotspots
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven
Profiler: Requirements

o Goals of this analysis step:
— Get an overview of the program’s call tree

— Get an overview of how much compute time is spent
in which parts of the program

* Inclusive time per function

* Exclusive time per function

— Derive program’s critical path with respect to performance

o Comparison of three tools:

— Visual Studio 2008 Profiler

s — Intel Parallel Studio: Amplifier
4 — Intel VTune
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 — C. Terboven

Visual Studio 2008 Profiler (1/2)

o Execution time: 81.7 seconds over 77.5 seconds wo/ tool
o Functions: Inclusive time versus Exclusive time, per function

Current Wiew! Functions -3 X B &y
Function Mame | Inclusive Samples | Exclusive Sam.., - |
DROPS: iy _Ax <double =({double *,unsigned __int&4,double const *,unsigned __inté< canst *,une 3.398 3.398
DROPS: iy _ATx<double ={dauble *,unsigned __ink64,double const *,unsigned __inka4 const *,01 5,950 5,950
[rkdll.di] 22,716 1.642

= stdsrvalarray <double =::_Grow{unsigned _int&4,double const *,unsigned __inka4) 2084 1.312
DROPS: operator* <class DROPS;: SparseMatBaseCL <double =, class DROPS:: SparseMatBaseCL « 12,773 474
DROPS: InstatMavierstokeszPhaseP2P 1CL <class DROPS:  ZeroFlowCL = SetupMonlinear_P2icla 2,509 393
DRIOPS:  dakiclass DROPS: GridFunctionCL <class DROPS: SYectorCL <3 = = const 2, class DROPES 759 ]
DRIOPS: SparseMatBuilderCL <double = operatar]){unsigned __inté4, unsigned __inkG) 470 246
std:ioperator® <double ={double const &, class skd:ivalarray <double = const &) 370 245
DRIOPS: SparseMatBuilderCL <dauble =1 Build(waid) 615 230
[MSwZRo0. dii] 1.886 222
stdi:_Tree<class std::_Tmap_traits <unsigned __inka4, class DROPS: FaceL *,skruct std::less < 319 186
stdi:_Allocate <unsigned _inté4={unsigned __int&4,unsigned __ink&4 *) 154 154
DROPS:ExchangeCL:  AccurLocDotModce_(class DROPS: YeckorBaseCL <double = const &, class | 175 175
DROPS: ParModGMRES <class DROPS: :MLSparseMatBase’L <double =, class DROPS: YectorBase 3.485 157

DROPS: QuadSCL <double = :quadPz(int, double)const 213 154
/ DRIOPS:LevelsetP2 L SetupSystem <class DROPS: P2EvalCL =class DROPS:  SYeckorCL<3=,cla a4 147
o ) V) std:ivalarray <double = operataor=(class skd:valarray <dauble = const &) 141 141
WIinHPC DROPS:FE_P2CL: ival<class DROPS: LocalP2CL <double = =(class DROPS: :LocalP2CL < double = 9 P rOV| d es a ve ry good
stdi:_Tree<class std::_Tmap_traits <unsigned __inka4, class DROPS: FaceL *,skruct std::less < .
8 DROPS:: ParfccurPCG<class DROPS: i CompositeMatrixBaseCL <class DROPS: SparseMatBaseCL « overview Of w h ere t h e

DROPS: SetupSystem] P2 <dass DROPS: ZeroFlowCL =(class DROPS: MulkiGrdCL const &, class . .

[e nter for DRIOPS: SetupSystemz_P2P 1K <class DROPS:: ZeroFlowCL =(class DROPS: MulkiGrdCL const &, cl tl me IS S p e nt .
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Visual Studio 2008 Profiler (2/2)

O _CaIIer/ Callee: Call tree browsing, metrics per call site

Current Yiew: Caller | Callee - _"'r L .3} iEw| 5;. _ﬁr 9 A”OWS for Very gOOd
examination of the (dyn-

Functions that called DROPS::Strategy<class DR

Function Marme | Inclusive Samples | Exclusive Samples |

main 22,558 0 amic) program structure
and making of tuning and /
or parallelization decisions.

Current function

DROPS: :Strakegy <class DROPS:: ZeroF 22,558 0 . .
: N Missing:
Functions that were called by DROPS: :Strategy< _ . -
DROPS: :AdapTriangi_L: | Update Triangd Z211 1] ® Slmp|e |dent|f|cat|0n Of
DROPS: CreateTimeDisc <class DROPS: 856 0
DRIOPS: :DisplayDetailedGeomiclass DR 1 1] H Ots pOtS
DROPS: :DisplayUnks <class DROPS::In: 0 * Time spent per code line
CROPS:  IdxDescCL:: CreateMumbering 3 n
Current Yiew: Call Tree -2 X5 iy || E
(1) Moize Reduction iz enabled for thiz view. Configure. .
Function Mame | Inclusive Sam... = | Exclusive Samples |
J— E- % DropsChs,.exe 22,717 n
///;_\\\ = 1 [5 rows Folded ending in "DROPS: 1 Strategy <class DROPS: : ZeroFlowCL =(class DROPS:  InstatMavierStokeszPt 22,558 0
;o’ ) W ----- % DROPS::LinThetascheme2PhaseCl <dass DROPS: InskatMavierStokes?PhaseP2P 1 CL <class DROPS!  Zerof a47 1]
WinH P%C E] l’_‘,f [ rows Folded ending in "DROPS::LinThetaschemezPhaseCL <class DROPS:: InskatMavierStokes2PhaseP2f a56 0
. - DROPS::LinThetaScheme2Phasetl <class DROPS: :InstatMNavierStokes2PhaseP2P 1CL <class DROPS: :Zerof 856 1]
9 &- th [2 rows Folded ending in "DROPS: :LinThetaScheme2PhaseCL <class DROPS: : InstatMavierStokes2PhaseP2f 20,430 o
DROPS:  InstakStokeszPhasePZP 1 CL <dass DROPS:: ZeroFlowCL = SetupSystemliclass DROPS: ;MatDescE 1,295 n
ce nter for DROPS: AdaptFixedPrDefectCorrCL <class DROPS:  InstatMavierstokeszPhaseP2P1 CL<class DROPS:HZert 15,4815 0
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Parallel Studio: Amplifier (1/2)

o Execution time: 87.6 seconds over 77.5 seconds wo/ tool

o Available from within VS; [E8ee fomincemr - 0 1 ¥ Beoreee @) ¢
o Hotspot-based display of analysis result: — Easily accessible.

Hotspots

|ta Hotspots: Top-down Tree| spmat.h |
= Maodule -
- Function | CPU Timew
- Battom-up Tree
B DropsChS, exe
EIDROPS:y_Ax<double = 30,804
= F. DROPS: operakor® <double, double = 30,804
F. DROPS: ioperator® <dass DRICOPS: 1 SparseMatBaseCL <double =, class DROPS: :SparseMatBaseCL<doubli| 20,7465 (0N
[=] . DROPS: operator® =dauble, double = a.828s

=1 DROPS:: ParModGMRES <class DROPS:  MLSparseMatBaseCL <double =, class DROPS: :MectarBaseCL < 9,503 @
. DROPS: ioperakar® <class DROPS:: SaolverAsPreCl <class DROPS: ParPreGMResSalverClL <class DF 5.777: 0

. DROPS::ParinexactUzawa <class DROPS::MLSparseMatBase L <double =, class DROPS: VeckaorBs 372650

F. DROPS:ParinexactUzawa <class DROPS::MLSparseMatBaseCL <dauble =, class DROPS: YeckorBase 0.172s|

. DROPS:  AdaptFixedPtDefectCarrCL <class DROPS: [ InstathavierstokeszPhasePzP 1 CL<class DROPS 0.0925 |

. DROPS: ioperakar® <class DROPS:: SolverAsPraCl <class DROPS: ParPreaMResSalverClL <class DROF 0.031s |

. DROPS: :LinThetaschemezPhaseCL <class DROPS: InstathavierStokes2PhaseP2P 1 CL<class DROPS: 0.031s|

Win H PQC . DROPS: LineSearchPalicyCL: Update <class DROPS:: Inskathavierstokes2PhaseP2P1CL <class DROPS: 0.1565 |
F. DROPS:ParfccurPCG=class DROPS:  SparseMatBaseCL <dauble =, class DROPS: YectorBase L <double 0.074s |
1 O FDROPS: iy AT <double = 21.070s (I
FDROPS:  InstatMavierSkokeszPhaseP2P1 CL<class DROPS: : ZeraFlowCL = Setuphonlinear_P2 4,007

FDROPS:: kar «iclas: . 54363
Ente,for EECIAEEE — Leads user focus right towards Hotspots. ,3012.
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Parallel Studio: Amplifier (2/2)

o Examination of analysis result down to source line level:

G897 S y= A*x

895 4 fails, if num rows==0.

899  Jf Assumes, that none of the arrays involwed do alias.
00| template <typename Tx

01 inline woid

02| v Axi({T*  restrict v,

03 size t num rows,

04 const T*  restrict Awal,

a0s const sime t*  restrict Arow,

a0s const sime t*  restrict Acol,

oy const T*  restrict x)

aog

09 T sum;

910 size_t rowend;

a11 size_t nz= 0;

a1z da |

913 rowend= *+4+Arow; 0.059s |

914 sum= T} ; 0.031s |

915 for {; nz<rowend; +i4nz) 0.187s |
: sumt= (*hAvalt+)*x[*Acoltt]

17 {*y4++h= zum; 00945 |

15 } while {(--mum_rows = 0);

— Results suprise users very Missing:

TR IVERGTRVAVE W OBIGEN - Hyrdware Counter measurements

SHOCININICRVS{IR RIS « Better representation of call graph
efforts towards parallel-

Centerfor ization are carried out.
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel VTune (1/1)

o Execution time:
— Sampling: Failed for this application on our systems
— Call Graph Profiling: 77.6 Seconds over 77.5 seconds wo/ tool

o Weak function profile, but call graph view:

Function (55 Class (55) Calls (55) | Self Time (55) | Tatal Time (55) | Callers (55
LocMarm_sg DROPS::ExchangeCL 9327 176.337 177 574
1 032

main

mainCRTStartup 1 0 76.613.811
MakelnitialTriang=double _ cdecl(DROPS:S... DROPS:AdapTrangCL 1 1659 524 380580
Map DROPS:: AffineSquareCL 2754 19 19
map<unsigned __ intb4 double std::less<unsig... std:map<unsigned _ int64 double std:... 342357 987 22242

P —a —a —u s [N N

MatDescBaseCL=DROPS::MLSparseMatBas... DROPS: MatDescBagseCL=DROPS::M. ..

UserClentDil nitalize
DROPS::ReadParars...

10 4 20

— Displays the Critical Path,
but only few details.

DROPS: :Paramivlessz : i
CROPS: : SanityMGOUE

std .oper ator << <char

R DROPS CreateTimeDis. ..

DROPS:: AdapTriangC. ..

DROPS: ParPrecondi. .
CROPS: . ISBBTPrelL. ...

DRCPS :Parlnexactlz. ..

Centerfor
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven
Parallel Profiling: Requirements

o Goals of this analysis:

— Compare how the performance profile has changed to
the serial program by the current parallelization

— Evaluate the scalability and efficiency of the parallelization
 How much overhead has been introduced?
 How good is the work distributed to the threads (load balance)?

— Understand how far you still have to go ...

o Comparison of four tools:
— Visual Studio 2008 Profiler
— Intel Parallel Studio: Inspector
— Intel Thread Profiler
— Intel VTune

WinHP:C
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Test: Visual Studio 2008 Profiler (1/1)

_wveomps :Fork_helper
_veomp: :ParallelRegion: :Handler ThreadFuncivaid *,unsigned long)
mainfomp$1

Comparison Repurt]

o No explicit support for threads or OpenMP: Missing:
Functions Causing Most Work * Support for
Mame Samples O t h rea d | ng
[kernel3z.di] 17,367 100,00
[rkdll. il

¥ > Just calls to OpenMP runtime

ge functions are presented.

o Comparison of two profiles (serial vs. parallel) is possible:

Comparison Files

Easeline Fils: Ismxv-benchmarkﬂQDSEQ{1}.*-.-'5|:|

Comparison File: Ismxv-benchmarkﬂ?ﬂSZB{Z}.vsp

—i_amparison Qpkions

Tahle: IFurn:I:i-:nn j
=

Zolumn: IIncIusive Samples

Threshold: |1

Apply |

i) Comparizon complete.

- /-*;: : \\ Comparison Column Delta = Baseline Walue | Comparison Yalue
7N\ | | | |
o e drv_init # 7 33 40
WinHP*C v fAx_serial #* 7 15 22
_ycomp_barrier L 1 . . .
15 v B _omp )4 - One can derive the improve-
[kernela2.di] 1 2 . .
Enter o el 1 = ments, but that is about it.
E)m puting and

) ] Methodology Profiling
E)mm unication



Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Parallel Studio: Amplifier (1/1)

o Simpe thread utilization presentation per function:
Concurrency

s Concurrency: Bottom-up |ﬂ Concurrency: Top-down Tree |

Funckion LI Module ZPUI Time by Ukilization w
- Botkom-up T
cHom-Up Tree B Poor [k B Ideal W Ovwver

¥_rkirne smzv-benchrmark, exe 0.125s [

e

Ey Ax omp ¥ smuv-benchmark. exe 0,337s
F. main 4 _tmainCRTStartup < BaseThreadInitThunk < RHUserThread| smece-benchmark. exe
=l P mainompl smw-benchmark. exe
F woomp:ifork_helper < _vcomp:iParallelRegion: :Handler ThreadPy| smece-benchmark. exe

F. main “ _tmainCRTStartup < BaseThreadInitThunk. < RHUserThr smece-benchmark. exe

w_ A _serial smw-benchmark. exe 0.077s [

drv_inik smw-benchmark. exe 0.051s @

main smxv-benchmark, exe 0.031s @l

dev_inikarnpl smzv-benchrmark, exe 1.425: [
_CwxSetUnhandledExceptionFilter smw-benchmark. exe 0.000s |

— Only very basic information.
More details with respect to

load balancing (for example)
are very much wanted.

{ f

[ ‘ o
Owinrec Missing:
16 * Expert information
* More fine-grained details
Centerfor
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Thread Profiler (1/1)

o Load balance statistics - whole program:
I —
i I W
o and per parallel region:
| | |

I |
AOTO

AOT2

AOT3

AN
g7 N WY

O\inHp:c

— Different views for non
OpenMP programs are
available as well.

— Allows for mapping of

17 dataset load characteris-

c tics to execution profile:
enter for
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wes Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 — C. Terboven

Intel Thread VTune (1/1)
o Call graph profile for multiple threads:

__Cl.lScl’.Llnl'urﬂbr:IEl.n::n...
—
U Chen DI abe | tmancATRan [ RTC_Teiminae T
[man | =
_GELCIﬁsIrquA'I'&'

- In many cases of only little use.

WinHPC
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Parallel Debugging and Checking: Requirements

o Goals of this analysis:

— Traditional bug hunting, but with parallel programs

— Verification that no errors have been introduced by
parallelization

* Check for serial equivalence?

— Find and eleminate any kind of bug in a parallel program

o Comparison of four tools:
— Visual Studio 2008 Debugger
— Visual Studio 2008 Debugge with Allinea DDTlite

— Intel Parallel Studio: Inspector (read: Intel Thread Checker)

o/, M
WinHPC ,
g — Intel Parallel Studio: Composer

20
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Visual Studio 2008 Debugger (1/1)

o Visual Studio 2008 brings well-known debugging experience
to multi-threaded programs:

Kk = 1;

() 67: while (k <= maxit £& error > tol) {

T-’IIIE #pragma omp parallel private (i)
718 ¢
72i| #pragma omp for

— Individual control of threads:

__] Name Location Prlorlty Suspend re
324 jacobi$omp$1 jacobi$omp$1 _

ll 5424 jacobi$omp$1 ]acob|$omp$1 Normal 0

Il 5740 jacobifomp$1 jacobifomp$1 Mormal 0

=] Autos | 7] Locals | 3 Processes l,\j} Threads I ] Modules | £5]Watch 1

s X — Very good C++ debugger Missing:
onHP . with all required functions for * Better control of thread
multi-threaded debugging. groups
21 e Laminated view of private
Centerfor variables
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Visual Studio 2008 Debugger w/ DDTlite (1/1)

o Individual thread grouping and switching:

Process: [11663] jacobi-vs20058.exe = Thread: [4756] Main Thread - ¥ Stack Frame: jacobi-ws2003,exe!l_ Jacobi & = =

Selected Processes and Threads

Al 8 threads n";El n[;El n‘igl ¥ Show Threads |[Al Rl e e R

Break when: IEver_-,l zelected thread ;I reaches abreakpoint  Select all 9 threads in program |

o Display of variable values per thread:

Process: [951Z7] jacobi-vs2005.exe = Thread: [9288] _wcomp::PersistentTt » W Stack Frame: jacobi-ws2003, exe! Jacobigamps

YWariable - Parallel Wiew

& 100 11 tread) - Significant productivity
- Thiead 1 improvement.
W Auto |lpdate
& Selected Processes and Threads | &) Yariable |a Parallel Stack. Yiew Ia Ia | M |SS| ng:
/;t ‘\ Solution Explorer - jacobi-vs2005 - 1 X *Su ppo rt fo r tas k_ ba Sed
o (AR DE& .
o . = (Global Scope)
3
WinHP*C '_a Solution jacobi-vs2008' {1 project) oy pa ra d Ig ms
22 Emg'::;;:rz:::g ".-‘3 /% compute stencil, residual an
P [ Resource Files ".-‘4 F#prag‘ma omp for private(j, i, fLRe=s) reduct
Center o ,:| = Sree Files '?5 for (j = data-»iRowFirst + 1; j

E)m puting and
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Parallel Studio: Inspector (1/1)

o Data Race: the typical OpenMP programming error, when:
— two or more threads of a single process access the same

memory location concurrently (between two synchronization
points), and at least one of these accesses modifies this
location, and the accesses to this location are not protected by

locks or critical regions.

— Non-deterministic occurrence

Relation Sets 0 Short Dezcrption | Severity
Read -> Write

Inspect Threading errors - ]

— Easily accessible.

o (OpenMP-specific) automated data race detection:

Dezcrption Count
Memory write at "main.c™:196 conflicts with a

data-race prior memory read at “main.c™:125 [anti..
Wirte - Fead Memom read at “jacobi.c':B1 conflicts with a prior
z Z data-race o raernary write at “jacabi et 53 [flow dependence] 70 False
Write -» Read b emory read at "iau:-:ul:ui.u:":E1 conflicts with a prior
z 3 data-race o memony write at jacobi.c'52 (flow dependence] 70 False
/ (‘\\ 2 1 Wirite -» Read o kemory read at “jacaobi o' B1 conflicts with a priar
o data-race merary write at “jacabi.c't 5T [flow
WIHHP C 5 5 Wirte - Fead o Memom read at ' |a|:-:||:u||: :E1 confl 9 Our recommendat|0n Never
data-race rnermony write at 'main.c 196 [flow Ut an O en M P rogram |n ro
2 3 2 f Wribe <= Wwrite o b ernony wrike at “jacobi. u: “BE caonfl p p p g p
data-race memony write at jacobi.c'B69 [outp d u Ct|0n W|th0 Ut USl ng th is tOOI
cente r for A - Read -» Wirite @™y Meman write at jacobi.c'BE conflEeEe = -
E) mputing and
Methodology Profiling Parallelization Summary
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Tuning and Shared-Memory Parallelization Tools on Windows 31.03.2009 - C. Terboven

Intel Parallel Studio: Composer (1/1)

o Provides new debugging views, especially for tasks:

flH static volid guick sort{ int 1lt, int rt, float *data )
82:] —> Significantly extends
53 if ( (rt-1t) < LOW LIMIT ) { . .
54 serial guick sort( 1lt, rt, data }; Vlsual StUd|0 debugger
55 } e, o .
. capabilities. First OpenMP
8 else {
& 87 int md = partition| 1lt, rt, data ): 3.0 debugger | know of.
B8 #pragma omp task
25 gquick sort( lt, md-1, data };
ang #pragma omp task
= 91 quick sort( md+l, rt, data ):
32 ¥
' m
Tasks - 1
] State Type Team Parent # Spawned Thread Location
4 Suspended Implicit, tied 2 0 2 4736 -
9 Suspended Imnplicit, tied 1 4 1 4736 ChUsersh ct747764% Documents\ demchgsort_with_taskshgs:
10 Suspended Implicit, tied 1 4 0 4360 Ch\Usersh\ ct747764 Docurments\ demo’gsort_with_taskshgs:
12 Running Explicit, tied 1 9 0 4736 ChUsersh ct747764 Documentsh demchgsort_with_taskshgs:
13 Created Explicit, tied 1 11 0 1844,  Ch\Users\ct747764\Documents demotgsort_with_taskshgs:
15 Created Explicit, tied 1 14 0 1844..  C\Users\ct747764\Documents\ demo’gsort_with_taskshgs:
/ g \ =+ 19 Running Explicit, tied 1 17 0 43560 ChUsersh ct747764" Documents\ demohgsort_with_taskshgs:
me H P%‘C Task Spawn Tree
B Task 4, Suspended, Imnplicit, tied, Thread 4736, -
24 E| Task 8, Suspended, Implicit, tied, Thread 4736, C\Users\ ct747764\Documents\demc' gsort_with_tasks\gsort.c:150
- Task 12, Running, Explicit, tied, Thread 4735, C\Users\ct747764\Documents\demc'gsort_with_tasks\gsort.c:90
Cente r for Task 10, Suspended, Implicit, tied, Thread 4360, ChUsersh\ct747764 Documentstdemctgsort_with_tasks\gsort.c:150
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Summary (1/2)

Widows i
Compiler C/C++ GCC C/C++ & F95
Intel C/C++ & F95 Intel C/C++ & F95
Sun C/C++ & F95
= IDE Visual Studio 2008 Eclipse Eclipse, Kdevelop, ...
(Parallel) Visual Studio 2008 Intel Parallel Studio gprof
Profiling Intel VTune Intel VTune
Sun Studio
Parallelization Intel Parallel Studio Intel Threading Tools,
Intel Threading Tools but wo/ GUI
Sun Studio
-~ | (Parallel) Visual Studio 2008 Intel Parallel Studio  TotalView
-O"W‘ihﬁp\gc Debugging Allinea DDTlite Allinea DDT
support for tasks
’6 (supp )
centerfor o Black = well-suited tool for task presented, Gray = tool is not well-suited
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Summary (2/2)

o Windows offers a very complete development environment
— Centered around Visual Studio 2008 - Integrated Dev. Env.
— Market place and opportunities for 3d Parties
— Would look different without Intel‘s software efforts though

o HPC can also be read as High Productivity Computing

— |IDE with good support for performance analysis and Shared-Memory
parallelization is missing on other platforms

— Software should be considered an important ingredient for HPC

o Software environment on Windows does not come for free
— Are you willing to pay for (good) software tools?!?

WinHPC

57 o Microsoft is promising much improved support for multi-core

parallelization with Visual Studio 2010 (see CTP or Betal) ...
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The End

Thank you for

your attention!

e
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Lo (ARNE ,
53 WinHP3C:

Gnteror http://www.rz.rwth-aachen.de/winhp3c
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