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My Starting Point (1/2)

O HPC for Engineers and Scientists:

Available Time

— Actual (Engineering / Research) work
— Familiarizing with the code
— Debugging

AnoLid

— Parallelization

— Scheduling

— Tuning

— Productivity becomes more and more of an issue!

O What to aim for?
— Trivial Scalability? - Parametric Array Jobs
— Parallel Scalability? - Parallelization with MPI, OpenMP, ...

. — Architecture-specific tuning? - cc-NUMA, Cache Access, ...
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My Starting Point (2/2)

O HPC systems in Aachen:

— Today: About 700 x86-based systems with two or more sockets,
Intel Harpertown + Nehalem-EP, 2-3 GB of memory per core

— Tomorrow: About 210 TFLOPS with Intel Nehalem-EX in four to
eight sockets, still about 2-3 GB of memory per core

— CentOS Linux (92% of the nodes) and Windows HPC Server (8%)

0 Compared to five years ago the usage scenario has changed
— January 2010:
e Over 64k batch jobs, 10% of CPU time for undergraduate students
 Heterogeneous job-mix: From large parallel to large job array
* Applications consist of multiple languages, i.e. Matlab + Fortran
4 —> We hardly can force users to follow the traditional HPC path

Enterfor

Em puting and
. - Profiling Par. Profiling Debugging Summary
Emmunlcatlon



Performance Tools for Technical Computing 13.04.2010 — C. Terboven
Methodology: Tuning and Parallelization

O (Incremental) Tuning and Parallelization process:
(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

c — |If applicable: tools for correctness checking
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Application used in this Case Study: DROPS

Numerical Simulation of two-phase flow
(Adaptive) Tetrahedral Grid Hierarchy
Finite Element Method (FEM)

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

Example:
Silicon oil drop in
D,0 (fluid/fluid)

Typical Setup:
— Visual Studio Release Configuration, 64bit
— Tiny dataset: 77.5 seconds per run

6 — Benchmark kernels for identified Hotspots
Enterfor
Emputing and
. - Profiling Par. Profiling Debugging Summary
Emmunlcatlon



Performance Tools for Technical Computing 13.04.2010 — C. Terboven

Agenda

O Motivation and Methodology

O Profiling Tools

O Parallel Profiling Tools
O Debugging and Correctness Tools

O Summary

7

Enterfor

Emputing and
e Motivation - Par. Profiling Debugging Summary
Emmunlcatlon



Performance Tools for Technical Computing 13.04.2010 — 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

e Exclusive time per function

— Derive program’s critical path with respect to performance

O Comparison of the following tools:
— Visual Studio 2008 / gprof
— Intel Parallel Studio: Amplifier

3 — Intel VTune
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Visual Studio 2008 / gprof (1/2)

O Execution time: 81.7 seconds over 77.5 seconds wo/ tool
O Functions: Inclusive time versus Exclusive time, per function
Current Yiew: Funchions - j" EI ___}'} iE=) % -’“—j
Function Marme | Inclusive Samples | Exclusive Sam... - |
DROPS: v _Ax <double ={double *,unsigned __inté4, double const *,unsigned __ink&4 const *,un: 8.393 8.393
CROPS: v _ATx<double =(double *,unsigned __inté4, double const *,unsigned __int&4 const *,u 5,950 5,950
[rkdil.dii] 22,716 1,642
: skd:valarray <double = _Grow(unsigned _inka4, double const *,unsigned __inka4) Z.054 1.312
DRIOPS: ioperator® <class DROPS:  SparseMatBaseC | <double =, class DROPS:  SparseMatBaseCL « 12,773 474
DRIOPS: i InskatMavierstokes2PhasePzP 1 CL<class DROPS:: ZeroFlowCL =11 Setuphonlinear_P2(cla Z.,509 393
DRIOPS: idakiclass DROPS: GridFunckionCL <class DROPS:): SveckarCL <3 > const &, class DROPS 759 3g3
LROPS: :SparseMatBuilderL <double = roperator{j{unsigned __ink&4, unsigned __inka4) 470 246
skd::operator* <double ={double const &, class std::valarray <double = const &) 370 245
DROPS: : SparseMatBuilder”L <double = :Build{woid) 615 230
[ravCRa0.dl] 1,586 22z
skd::_Tree=rclass skd::_Tmap_traits<unsigned _intG4,class DROPS: FaceCL *,struck skd: jless < 319 186
skd::_@llocate<unsigned _inta4 ={unsigned __intG4, unsigned __inkad *) 154 154
DRIOPS: ExchangeCL: :accurlocDothofcs_(class DROPS: WectorBaseCL <double = const &, class | 175 175
DRIOPS: i ParMadiaMRES <class DROPS: :MLSparseMatBaseCL <double =, class DROPS:VYectorBase 3.485 157
CROPS: :QuadsCL <double = quadPZ(int, double)jconst 213 154
DROPS: LevelsetP2 L SetupSwstem <class DROPS:  PEEvalCL <class DROPS:: SvectorZL <3, cla Q04 147
stdiivalarray <double =1 operator={class std:;valarray <double > const &) 141 141
DROPS:FE_P2CL: val<class DROPS: LocalP2CL <double = =(class DROPS:LocalP2CL <double = 9 Provides a gOOd
skd::_Tree=rclass skd::_Tmap_traits<unsigned _intG4,class DROPS: FaceCL *,struck skd: jless < : .
9 DROPS: PardccurPCE <dass DROPS:  CompositeMatrixBaseCL <class DROPS: : SparseMatBasecL . gk overview Of Wh ere
DRIOPS: 1 SetupSystemnl P2 <class DROPS:: ZeroFlowCL =(class DROPS:  MultiGridCL const &, class the tl me iS S ent
ce nter for DRIOPS: 1 SetupSystemns _P2P 1% <class DROPS:: ZeroFlowCL =(class DROPS: MulkiGridCL consk 2, cl . p 0
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Visual Studio 2008 / gprof (2/2)

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

Current Yiew: Caller | Callee - _"'f’ L .3} iEe] 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 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: - AdapTriangCL - -pdateTrianat 211 0 ® Slmple identification of
DROPS: CreateTimeDisc <class DROPS: 856 0 H t t
DRIOPS: :DisplayDetailedGeomiclass DR 1 1] ots pO S
DROPS: :DisplayUnks <class DROPS:  In: 1] ° GOOd mapp|ng to the
CROPS:  IdxDescCL:: CreateMumbering 3 n
colrce code
. = + = - SJUUTI VO VCUU W
Current Yiew: Call Tree -2 X5 iy || E .
(1) Moize Reduction iz enabled for thiz view. Configure. . I I I
Function Mame | Inclusive Sam... = | Exclusive Samples |
El- % DropsCis.exe 22717 0
B3 [Srows Folded ending in "DROPS: :Strategy <cdass DROPS: : ZeroFlowCL =(class DROPS:  InstatMavierstokes2Ft 22,558 0
----- % DROPS::LinThetascheme2PhaseCl <dass DROPS: InskatMavierStokes?PhaseP2P 1 CL <class DROPS!  Zerof a47 1]
E] l’_‘,f [ rows Folded ending in "DROPS::LinThetaschemezPhaseCL <class DROPS:: InskatMavierStokes2PhaseP2f a56 0
o DROPS: LinThetaScheme2PhaseCl <dass DROPS:  InstakMavierStokes2PhaseP2P 1CL <dass DROPS: : Zeraf 356 n
10 - [2 rows Folded ending in "DROPS::LinThetaScheme2PhaseCL <class DROPS: : InstatMavierStokes2PhaseP2f 20,430 a
DROPS:  InstakStokeszPhasePZP 1 CL <dass DROPS:: ZeroFlowCL = SetupSystemliclass DROPS: ;MatDescE 1,295 n
ce nter for [ DROPS: sAdaptFixedPtDefectCorrCL <class DROPS: : InstatMavierstokes2PhaseP2P 1 CL<class DROPS: i Zert 15,4815 0
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Intel Parallel Studio: Amplifier (1/2)

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

O Available from Within VS: F'ru:uFiIe Hotspots - Whereismy p ~ [ 00 3¢ lﬂ.CDmpareﬁ
O Hotspot-based display of analysis result: — Easily accessible.

Hotspots

|Q Hotspots: Top-down Tree| spmat.h |
: Module By
- Funckion ;I CPU Tirme»
- Bottom-up Tree
S DropsCyS. exe 86,707
EDROPS:y_fAx<double:= 30,8045 (N
B F DROPS: operator* <double, double = 30,8045 (N
F. DROPS: ioperator® <class DROPS:: SparseMatBaseCL <double = class DROPS:SparseMatBaseCL<doubll 20,7465 ()
=l P DROPS: ioperator* <double, double = 9.5285

= ™ DROPS: :ParModGMRES <class DROPS: MLSparseMatBaseL <double =, class DROPS: YectorBaseCL < 92,5035 @
. DROPS: ioperator* <class DROPS: SolverAsPrecl <class DROPS: ParPreaMResSolverCL <class DF 5. 777s

F. DROPS: ParlnexactUzawa <class DROPS: MLSparseMatBaseCL <double =, class DROPS: YectorEs 37265 )

. DROPS:ParlnexactUzawa <class DROPS: MLSparseMatBaseCL <double =, class DROPS: YectorBase 0.172s5 |

. DROPS: AdaptFixedPtDefectCorrCL <class DROPS: : InstatMavierstokesZPhaseP2P 1L =class DROPS 0.0925 |

. DROPS: operator* <class DROPS: SolverasPrecL <class DROPS: ParPreaMResSolverCL <class DROF 0.031s |

. DROPS;:LinThetaschemezPhaseCL <class DROPS:  InstathavierstokeszPhasePZP1CL <class DROPS; 0.031s|

. DROPS: LineSearchPolicy L s Update <class DROPS:  InstatMavierstokeszPhasePEP 1CL <class DROPS::: 0.1565 |

& DROPS: ParAcourPCG <class DROPS: SparseMatBaseCL <double =, class DROPS; VectorBase L <double 0.074s |

1 1 FDROPS:y ATx<double: 21,070 (I
FDROPS:  InstatMavierstokeszPhasePZP1 CL <class DROPS:: ZeroFlowCL > Setuphonlinear_Pz 4,007 1
FDROPS: operator® <clas: L4365 I

— Leads user focus right towards Hotspots. ¥
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Intel Parallel Studio: Amplifier (2/2)

O Examination of analysis result at the level of source lines:

897 SS w= A*x

4o Fi fails, if num rows==0.

499 fF Assumes, that none of the arrays involwed do alias.
00| template =typename T=

01 inline woid

02| v Axi({T*  restrict v,

anz sizZe_t num_rows,

an4 const T*  restrict Awal,

ans const sime t*  restrict Arow,

e const sime t*  restrict Acol,

oy const T*  restrict x)

a0s {

09 T =um;

10 size_t rowend;

a11 size_t nz= 0;

a1z da |

13 rowend= *++Arow; 0,059 |

914 sum= T} ; 0.031s |

15 for {; nz<rowend; +i4nz) 0.187s |
: sum+t= (*Awval+t+)*Fx[*hcoltt];

a1z {*w44+)= sum; 0.0945 |

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

— Results suprise users very VIINrs

RGIER IS CIEN « Hardware Counter measurements

SHOCININIELRVS{IRGTERIS « Better representation of call graph
12 efforts towards parallel-

Centerfor ization are carried out.
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The big question: When to stop?

O There is no single correct answer for this questions.

O Todays programming languages abstract from the hardware

— You can just compile and run your program, and be lucky
(or not)

— You can take a closer look:

e How many floating point operations does your compute kernel
perform per CPU cycle? Your Nehalem-EX can do up to four of
them per core per cycle!

e How much memory bandwidth does your compute kernel
consume? Your Nehalem-EX delivers about 10 GB/s for a single
thread.

= — And from here you can dive even deeper...
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Intel VTune

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

0 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 2092

main

mainCRTStartup 1 0 76.613.811
MakelnitialTriang=double _ cdecl(DROFPS: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

DROPS:MatDescBaseCL=DROPS: k. .. 10

— Displays the Critical Path,

and can perform hardware
counter measurements.

MatDescBaseCL<DROPS: :MLSparseMatBas. . 4 20

UserClentDil nitalize
DROPS::ReadParars...

GetClassInfoExy
DROPS: :Paramivlessz

DROPS:: SanityMGOUT

std .oper ator << <char

S — DROPS CreateTimeDis. ..
DROPS: ParPrecondi. ..
DRCPS :Parlnexactlz. .. DROPS: . ISBETPrelL. ...

14
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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
e How much overhead has been introduced?

e How good is the work distributed to the threads (load balance)?
— Understand how far you still have to go ...

O Comparison of the following tools:
— Intel Parallel Studio: Inspector
— Intel Thread Profiler

— Intel Vtune
16
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Intel Parallel Studio: Amplifier (1/3)

O Simpe thread utilization presentation per function:
Concurrency

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

Funckion LI Module ZPU Time by Ukilization w
- Bokkom-up T
Crtom-Up fres B Poor 0ok WIdeal B Owver

¥_rkirne smzv-benchrmark, exe 0.125s

A ¥ smeev-benchmark, exe
. main + _tmainCRTStartup < BaseThreadInitThunk < RHUserThread| smece-benchmark. exe

=l F mainompl smw-benchmark. exe
. woomp:fork_helper < _vcomp:iParallelRegion: :Handler ThreadFy| smece-benchmark. exe

. main “ _tmain”RTStartup < BaseThreadInitThunk. < RHUserThry smece-benchmark. exe

w_ A _serial smw-benchmark. exe 0.077s [l

drv_inik smw-benchmark. exe 0.051s @

main smxv-benchmark, exe 0.031s M

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

— First view: basic information.

17

Enterfor

Emputingand
. Motivation Profiling - Debugging Summary
Emmumcatlon



Performance Tools for Technical Computing

Intel Parallel Studio: Amplifier (2/3)

13.04.2010 — C. Terboven

(2] Concurrency

@ Top dovm ree

i > This view: CPU utilization by
thread. Helps us further, but it

Thread
- Function j
- Caller Function Tree

OMP Worker Thread #7 (9)
[FHOMP Worker Thread #6 (8)
[FHOMP Worker Thread #5 (7)
FHOMP Worker Thread #4 (&)
HmainCRTStartup (1)
[FHOMP Worker Thread #3 (5)
FHOMP Worker Thread #1 (3)
FHOMP Worker Thread #2 (4)

(2] Concurrency

CPU Time by Utilization:Sel
B Poor 0ok B Ideal B Over

— This view: CPU utiliza- |® Top-down Tree|

is still a global view.

Intel® Parallel Amplifier

tion by OpenMP region.

- Performance tools

paradigm!
18

Center for

OpenMP Region
- Function
- Caller Function Tree

8 OMP Parallel-_main: 26-30
[+ _libm_setusermatherrf

CPU Time by Utilization:Self
B Poor ok @ Ideal W Over

1.139: (I

w2

Module

librmmdd. dl

Emputing and

FClsin 0.836s TN libmmdd. di
should be aware of the | Clcos 0.677s ERCIE libmmdd. dl
[F do_some_computation 0.339s 0 for-vs 2008 exe
[ =in 0.040s 1 librmdd. dll
Hlcos 0.040s 1 for-vs2008.exe
Hcos 0.042s 1 librarndd. dll
Hsin 0.010s | for-vs2008.exe
F_kmp_execute_tasks 0.004s | libiormpSmd. dil
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Intel Parallel Studio: Amplifier (3/3)

O The explanation: If you parallelize a sparse matrix-vector
multiplication in the naive way, that is by distributing the
rows to threads, you may end up in a load balance due to
the structure of the matrix.

Missing:
* Expert information, i.e. the ability to
add hardware counter measurements

— Different views for non
19
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Intel Thread VTune
O Call graph profile for multiple threads:

_CanSel | InfandledEvo=p. .
!_ _ikme

UseiCherk DI abse [ tmanCRTSamn [

— In most cases of only little use for parallel algorithms.

— For example: Hardware counter measurements should be
put into a context — | am not interested in the sheer number

of cache misses, but whether my program is doing good or
20 bad, i.e. how much memory bw my program is consuming

per thread.
Enter for
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Again: How far to you want to go?

30.000

O There is still no single correct answer for this questions.
O Todays parallelization paradigms abstract from the hardware

— You can just compile and run your program, and be lucky
(or not)
— You can take a closer look:

e |s your program aware of the memory hierarchy? That means
does it care for data-to-thread affinity on cc-NUMA architectures?

e Could it be that two (or more) threads are writing to the same
cache line. thus causing False Sharing?

It is often said that Shared-Memory

25.000

20.000
15.000

10.000

5.000

® Don't know cc-NUMA  ® cc-NUMA optimized

parallelization is simpler than
Message-Passing, but it wouldn‘t
ﬂ scale. That is not true, there is just
1 2 4 8 16

more to it than loop-parallelization...

# Threads (two-socket Nehalem-EP)

- Debugging Summary
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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

e Check for serial equivalence?

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

O Comparison of the following tools:
— Visual Studio 2008 Debugger
— Visual Studio 2008 Debugger with Allinea DDTlite

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

- — Intel Parallel Studio: Composer

Enterfor
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Visual Studio (2008) Debugger

O Visual Studio 2010 brings well-known debugging experience
to mult| threaded programs:

L]
66

;) 6?; while [k <= maxit £& error > tol) {
8
69; error = 0.0:

TDE #pragms omp parallel private (i)
L
?2§ #pragma omp for

— Individual control of threads:

J i Mame Lacation F‘rlorlt\,-' Suspend
TaEe jacobifompsl jacobifompdi _

|| 5424 jacobifompsl jacobifompdi Nl:nrmal 0
Il 5740 jacobiompd1 jacobifompdl Mormal 0

5] Autos | 2] Locals | [ Processes | | Z] Threads | %] Modules | ] watch 1

— Very good C++ debugger Missing:
with all required functions for * Better control of thread
multi-threaded debugging. or process groups
24 e Laminated view of private
centerfor variables
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Visual Studio 2008 Debugger w/ DDTlite

O Individual thread grouping and switching:

Process: [11668] jacobi-ws2008,exe = Thread: [4756] Main Thread - W Stack Frame: jacobi-ws2008, exell_ Jacobi_f - =

Selected Processes and Threads

Al 2 threads n‘;El .f][;El n‘igl | C PP PO PO i threads in external code

Break when: IEver_l,l zelected thread ;I reaches a breakpoint Select all 9 threads in program |

: O Display of variable values per thread:

Process: [9812] jacobi-vs2003.exe - Thread: [9283] _woomp::PersistentTh - % Stack Frame: jacobi-vs20038, exel Jacobifomp:

Vatiable - Parallel Vigw

=B 1_ [1 thread]

C i Thread N 9 o 0 . .
& 100 (1 Beead -> Significant productivity
‘o Thread 1 |mprovement-
¥ auto |Jpdate
& Selected Processes and Threads | & variable |a Parallel Stack Yiew |a |a | M issi ng:
Saolution Explarer - jacabi-ws2008 - 1 X
= E E‘l (Global Scoped pa rad |gms
'__; Solution jacobi-ws2008" (1 project) =3
25 Emgﬂ;‘;;:f:gf ?3 A% pompute stencil, residual an
P T3 Resource Files ".-‘4 l#pragma owp for private(], i, fLEes]) reduct
Enter for |:| B 50 iree Films 75 for (j = data->iFowFirst + 1: j
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Intel Parallel Studio: Inspector

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. B treingeres < 3 @

— Non-deterministic occurrence - Easily accessible.

O (OpenMP-specific) automated data race detection:

Felation Sets [ Short Deszcription | Severity Dreszcription Count

Read -> Write ~—. | Memory write at "main.c™:196 conflicts with a

data-race prior memory read at "main.c™:125 [anti...
Write - Fead bemom read at “jacobi.c™.61 conflicts with a prior

z z data-race o mermary wite at “jacabi.c™53 [flow dependence] 70 False
Write -» Read b emory read at "iau:u:ul:ui.u:":E1 conflicts with a priar

2 3 data-race o emory wite at lacobl.c'52 [flow dependence] 7 False

5 4 Write -» Read o kemor read at “jacobi.c™E1 conflictz with a priar
data-race rnermory wite at lacobi.c™:51 [fow

5 5 Write -» Read o b emony read at ' |a|:|:|I:|||: 61 confl 9 Our recommendat|0n Never
data-race rnermony wite at 'main.c' 196 [flow Ut an O en M P roeram |n ro

2 6 7 B Wrike <= Wit o kdemory write at “jacobi.c' 66 confl p p p g p
data-race mermory wite at “jacobi.ct 69 [outp d Uct|0n W|th0ut US| ng th is t00|
' enter for - - Read - Wirite @™y Memon wite at Mjacobi.c'BE conflkes e

Emputing and
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Intel Parallel Studio: Composer

O Provides new debugging views, especially for tasks:

£lF static void guick sort( int 1t, int rt, float *data |}
B2 | — Significantly extends
83 if ( (re-1t) < LOW LIMIT )} { g .
84 serial guick sort( 1t, rt, data }: V|Sua| StUdlo debugger
55 } e, o .
i oo capabilities. First OpenMP
& 87 int md = partition| 1t, rt, data ): 3.0 debugger | know of.
BB #pragma omp task
8o guick sort( lt, md-1, data };
a0 #pragma omp task
91 quick sort( md+l, rt, data }:
a2 }
4 | = I
Taczks - 1
] State Type Team Parent # Spawned Thread Location

4 Suspended Implicit, tied 2 0 2 4736 -

Suspended Implicit, tied 1 4 4736 ChUsers\ ct7477640Documents\ demaot gsort_with_taskshgs:
10 Suspended Implicit, tied 1 4 4360 C\Users\ ct747764\Documentsh demoh gsort_with_tasksqs
12 Running Explicit, tied 1 9 4736 Chlsers\ ct747764\ Documentsh demotgsort_with_taskshgs:
13 Created Explicit, tied 1 11 1844,  Ch\Users\ct747764\Documentst demotgsort_with_taskshgs:
15 Created Explicit, tied 1 14 1844...  CA\Usersh\ct747764\Documents\ demo’.gsort_with_taskshgs:
1

=+ 19 Running Explicit, tied 17 4360 ChUsers\ ct7477640Documentsh demaotgsort_with_taskshgs:

oo T - TR - T e I e B S

Task Spawn Tree
B Task 4, Suspended, Imnplicit, tied, Thread 4736, -
E| Task 8, Suspended, Implicit, tied, Thread 4736, C\Users\ ct747764\Documents\demc' gsort_with_tasks\gsort.c:150
L Task 12, Running, Explicit, tied, Thread 4735, C\Users\ct747764\Documents\demc'gsort_with_tasks\gsort.c:90
Task 10, Suspended, Implicit, tied, Thread 4360, ChUsersh\ct747764 Documentstdemctgsort_with_tasks\gsort.c:150
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O Motivation and Methodology

O Profiling Tools

O Parallel Profiling Tools
O Debugging and Correctness Tools

O Summary
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Summary

O Performance Analysis and Tools require still a lot of
Background Knowledge as well as Effort in use

— But: If you have to deal with parallelization you better forget
about printf-debugging right away!

O When HPC on x86 went big with Opteron + Linux, there were
hardly any tools for Shared-Memory parallelization

— Luckily this has changed significantly, with more to come in the
future (i.e. Parallel Studio for Linux, Visual Studio 2010, ...),

— But hardware is still evolving at a fast pace: GPGPUs ...

O HPC can also be read as High Productivity Computing

- — Software should be considered an important ingredient for HPC

Eenterfor

— Are you willing to pay for (good) software tools?!?
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The End

Thank you for

your attention!
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