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Informationen zur Person ////

m Name: Mario Deilmann

m Firma: Pallas

m Aufgabe: Technischen Support & Produktplanung

m Ausbildung: Diplom-Ingenieur (Maschinenbau)
Dissertation (Direkte Numerische Simulation)
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Agenda ////

Sinn und Zweck von professionellen Entwicklungstools
Kurze Ubersicht tUber die verschiedenen Ansatze zur
Optimierung
Serielle Optimierung

— Serielle Performance Analyse
Parallele Programmentwicklung und Optimierung

— Paralleler Debugger

— MPI Performance Analyse

— OpenMP Performance Analyse
Hybride Tools
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Think of the tremendous human tragedy of time
and energy a lot of scientists have lost trying to
use (massive) parallel machines.

Henry Burkhardt
(deposed CEO of Kendall Square Research )
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Welchen Nutzen haben prof. Entwicklungstools ////

Entwicklungszyklus wird effizienter
Systemressourcen werden optimal genutzt

Programmlaufzeit wird kurzer d.h. Performance wird grol3er

Es werden mehr Probleme in der gleichen Zeit gelost bei
geringeren Ressourcen

Markteinfuhrung wird verkurzt

m Welche Verbesserung sind notwendig und wie grol} der
tatsachliche Gewinn der Anderungen an der Applikation
(speed up)

Man spart Zeit und Geld !
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Wer profitiert von Performance Gewinnen ////

Ol- und Gasindustrie: Seismische Analyse

Forschung: Gewohnliche, partielle Differentialgleichungen

IT: Data Mining

Pharmazeutischen Industrie: Wirkstoffdesign

Meteorologie: Wettervorhersage

Automobileindustrie: Crash Simulation

Chemieindustrie: Simulation molekulardynamischer Prozesse
Luftfahrtindustrie: Simulation im Windkanal

Finanzbereich: Risikoanalysen

Lange Programm-Laufzeit und grolde Datenmengen
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Welche Tools gibt es ////

Optimierende Compiler beschleunigen die Ausfuhrungszeit
(Parallele) Linker verktrzen den Build-Zyklus
Debugger verkurzen entscheidend die Fehlersuche

Profiler konnen ermitteln welche Zeit in welchem Programmteil
verbracht wurde

m Spezielle Bibliotheken ermogliche den Zugriff auf hoch
optimierte plattformunabhangige Routinen (BLAS, LAPACK,
FFT, JPEG, MPEG, ...)

m Performance Analysetools liefern Informationen uber
Lastverteilung und Performance Engpasse
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Applikation Entwicklungsphase ////

| - Serielle
Codeoptimierung

Optimierter serieller Code

I —— Para”ele

Codeoptimierung
Optimierter paralleler Code
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» C/C++ Compiler
J':Jf ran Compiler
C (Parallel C)

' Periormance Analys

Hlinread Analyse
VMPl/Open P Analys

II Compile Link Execute

—f —f —

Paralleler/inkrementeller Linker m
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Z EIERM  Serielle Code-Optimierung

=10/

X shgravsph

File Options Processors Wiew

shgravsph (sharavsph,F)  1000,815 seconds on 4 processors
+ Thu Jun 14 12:56:41 1958 Thy Jun 11 13:38:58 139

Line Source Froc  Count ..., Tire ...,
250 InboxCnbd=irau-rbref {nbial {nax} 2634010 2,49
bLls i=jnbox(nb? (nach 2634000 2,173
52 ¢ if{ichrf eq,nbrf ,and, ichrfne,0) goto 743
30 if {1,eq,00 goto 743 (nax) 9750300 7,897
24 iesict {maxk 7121290 5,691
111 fps s | %5 rltd, iehrtd, 1) (nax) 712129 20,804
bl rltd, ieh=rid, i) {nax} 7121290 5562
27 R DELERY] (maxh 712129 5,539
258 itl¢ic)=itypeli) {naxk 7121230 5.743
TalBlx] nliick (nax) 7121290 5,928
I¥pie Eit wew Aty Confure Winow teb [RUBAR -1 e A
__Ziﬁ“_i@ﬁaﬂ% I—;[Plll*‘ﬂ’\h'HJM e o A G
[project Navig E| | T e o B R T
(3 VT Projectd Intel .
iy T |- Tuming intel
=1 (4 Samping Flesu M) Assistan
=118} Run0 g Advice for Sampling Results 5]
O e - Thu Apr 19 16:19:40 2001
Tuning Advice for Selected Code in
C:\wtune\demos\gzip\deflate.c
0% B Lines 675 to 703 in deflate.c
! Line 679: 16-bit ta 32-bit conversion
Line 679: 16-bit to 32-bit conversion
Ling 679: 16-bit ta 32-bit conversion
Line 63%: Logical AND/OR, conversion
Line 692: Loog invariant parameters
Line 637: Logical AND/OR conversion
Line 707: Logical AND/OR conversion
Line 726+ Loop unralling
Line 730: lgnored return values
«| Line 730: Loop invariant parsmeters
Ling 739: Ignored returm values
| @ Line 758: Loop invariant parametars
% Line 758: Compiler vectorizer
01320 0n118[km k. ) Tuning Assistant : More Information E|
Da1240] 04150] bnges_melch =
0153 04D ll_windswe
Al T —|  Line 730: Loop invariant
s e yenes ) parameters
General Firiched at: Thu Apr 19 16:19:40 2001
15 Ssconds f—| | The arqument st far the function call to_fiush_black an
line 730 in fils C\CodeExampleshgzipL2dvdafiats ¢
appears to be loop-invariant. If there are no conflcts
with other variables in the loop, and if the function has no
side effects and no external dependencies, move the call
outof the loop.
[prp— =
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Basis Performance- nicht optimierter Code ////

m  Simulation einer bewegten Wasseroberflache

P8 untitled - Watersurface -0 x|
Menu Help
. E] windows Task Manager 10| x|
- | L= | m | File Onkimns  Yiew Help

[CPUUsage — — [ ©PUUsage History

—Page File Usage History

—PF Usage

— Tokals —Physical Memory (K
Handles 6476 Total 1043044
Threads 389 Aveailable 17720
Processes 25 System Cache 165420

— Commit Charge (k) —kernel Memary (k)
Total 115820 Total 27244
Lirnit 25205672 Paged 17248
Peak. 125152 Monpaged Q995

1.11 fps
Processes: 25 |CPU Usage: 25% Commit Charge: 111M ] 2461M
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Compiler Optimierungen ////

Matrixmultiplikation - Sun Blade 1000

m  Vektorisierung
m  Code-Transformation (Schleifen) | .
m  Spekulations-Analyse
— Daten / Programm Code
in den Cache laden
m  Explizite Parallelisierung S ——
m Inter Prozedur Analyse

— Umstrukturierung des Programmcodes auf Basis
verschiedenerer Programm-Module

m Profile Feedback Analyse

— Umstrukturierung des Programmcodes auf Basis
reprasentativer Programmlaufe

Luafzeit [s]
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Serieller Debugger

E.‘-EXDB Simulator - [test_cpp] .\\test.cpp
File Display Run Debug Language Options

Devices ¥scale ‘Window Help

=181 %]

IEEEIEER NG RE

[voa mud ar Bf 22 DRy we | |2

= ™ * E S
%@ [ ¥mm0mded|#] RIMI=IE]
LCD Controller:
Downloadl Stark | Reload | Exit |Cxx_Func| L bx trol Regi ]
LCCR1 O0=BEB&BLBA ICD Controller Control Fegister 1
LCCR2 0=B&B6BAEG LCD Controller Control Register 2
LCCR3 0=BEBEBGEE ICD Controller Control Register 3
FDADED 0=BEBEE&EBR DHA Channel 0 Descriptor Address Register
Source FSADROD 0=zB&B6BAEG DHA Channel 0 Source Addres= Register
i i — FIDRO 0=zBtBGBGEG DM4 Channel 0 Frame ID Register
Eg Sort an array like bubble-sort. LDCHDO 0=BEEBEB&EL DHMA Channel 0 Command Register
cg : -0 4 FERD 0=B&6B6BEEG DH4 Channel 0 Branch Register
er fa = 00 a < 4 ab) FDADR1 0xBEBEBEE6 DMi Channel 1 Descriptor Address Register
60 FSADE1 0=BEBEBGEE DM& Channel 1 Source Address Register
61 for (b =0: b < 4; b++) FIDR1 0=BEBEE&EBR DH&4 Channel 1 Frame ID Register
62 i LDCHD1 O=BEE&EGLER DHA Channel 1 Command Register
63 for (c = a: c < 4: c++) FER1 OxB6B6B6EG DMA Channel 1 Branch Register
54 . . LCSR 0BG E pypry . — - = —
EE if (e == &) TRGER 0=B6B
{ TCE . 0=E6E  Original alue: :EEEEBEEE Set
b Full Function UART: I
FFUART_RER <in u Register Value: O+EEBEEER4
FFUART_TER amit — S _ Resioe_|
FFUART IER <in u 8 i its: B
FFUART_IIR 0xBE6E ﬂl
FFUART_FCR <writ  Register Layout:
. FFUART_LCR O=EE&E
o FFUART_MCE 0=B6E
ol =101 x| FFUART_LSR <read BLE EFM
test_cpp 04 arrayd4[c][d] = help: ;I FFUUART_MSE 0=zB&E DI SFM
test_cpp 36 FFUART_SFR 0xEB&E FODD SDS
test_cpp 75 if (array4[al[b] > array4[c][d]) gggig%_g%ﬁ gxggg oM ———— _I_ .~ ENB
test_cpop 86 . = Incrrreere 0
test_cpp 75 if (arrayi[allb] > arrayd[c][d]) FFUART_ISR 0xBEB [reriai1o1dier1ere11/dieerrg1de °
- : - [———
test_cpp 78 hel = arravd[a][b]: _ Bluetooth UART: _ Reserved T
test_cpp a1 array4[a][b] = arrav4[c][d]: BTUART_EER <in u Eibd
test_cpp a4 array4[c][d] = help: BTUART_THR <writ QoM 1LIM
test_cop g6 « DPD PaS
test_cpp 75 if {arrayd[a]l[b] » arravd[c][d])
test_cpp 78 help = arravd[allbl: X
test_cpp a1 array4[a][b] = arrav4[c][d]: LY== ] 0= Color operations enabled
test_cpp 84 array4[c][d] = help: -
test_cpp a6 T Description:
LEst C g7 LCD Controller Control Register 0 [LCCRO)  [0x4400 0000) ﬂ
The uzer must program the control bit within all ather control registers before setting EMB =1 [a
l T word write can be used to configure LCCRO while zetting EMB after all other control registers have
been programmed)], and also must disable the LCD contraller when changing the state of any
Command control bit within the LCD contraller. Mate that writes to reserved bits are ignored and reads retum
=zdb> RUN 210
program =topped: EREEAKPOINT ID=0 at "test_cpparrayTest{void)~@LINE 63" [task=GEN-TI {0}] LI
=db:

s
: o

[[00] kest_cpphatrayTestivoid \@LINE 63 [[=EM-TI1 PC = Dx400089CS [crc++ |

Far Help, Press F1
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Profiler

2 shgravsph

File Options Processors  Yiew

e e Anzahl
shoravzph tshoravsph,F)  1000,81% seconds on 4 processors . (:’(E)['
 Thu Jun 11 12:56741 1938 Thu Jun 11 13:38:58 1998 AUfrUfe

250) Jnbox{nbd=irau-nbref tnbishl (max) 2634010 2,429
piii| i=jnhox{nb} (maw) 2634010 2,123
&2 iftichrf,eq,nbrf ,and, ichef,ne,0) goto 743

253 750 iF ti,eq,0) goto 743 {max! 3755300 7,897 ;
254 ic=ict] tmax! 7121230 5,691 :
255 rltd, ick=ril, i) {max? 7121430 20,804 !
246 rlid, ick=rid, i) {max! 7121430 5,56
2af rlid, ick=ri3, i} {max? 7121430 5,583
23 itltic)=ityps {max) 7121230 5,743
203 nliiczs {max) 7121230 5,828
it RS G S L A Y

Quellcode-
informationen
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Profiler

% VTune(TM) Performance Analyzer 6.0 - [Counter Monitor Results - Sun Feb 03 12:46:22 2002]

m Statistisches Sampling Sy ——— _slx

B s R /E|BeEnED |
P C t “IActivitﬂ [Counter Manitar] j | g0 \ | ' X |¥ HJ@ |JJ% ﬁ HJG
— FroZessor vounter o e . .
Papiect Navigaton HesurB@cn e w-o- UEBE RS
[=-(3h YTProject2
=& Activityl [Counter Monitor] Counter Monitor Logged data for WGHOYLER-MOBL1
¢ @ Counter Monitor Results - Sun 100.00
— D I I S I h re a d S - m Courter Moritor Results - Sun 90.00-
J 8000~
H
3 70.00-
o 60.00-
n
_ @ ¥Tune(TM) Performance Analyzer 6.0 - [Callgraph - [Call Graph Results - Mon Apr 23 121803 200171 % el
40.00-
A% e [k view Activky Corfigure Windom Help ;mu-
4 £ i
&WE§|E@ & |J_Igzip|'\l'TPmil:ct3-Cuunl:lMunilul]j.' EnX ‘::-‘\|¥ HIM l 2 20004
o
M Call Graph Results - Mon Apr 23 12:18:03 20 10.00
lq_uch'.i ModuisName [12)  / [Function[12) [Clasz 12) Calls[12]  Sedf Time [12) | Total Time 12)  Callers [12] Callees [12] 0.00 ' w——F
Jin fp.eae ch_ink 1 7 %22 i 0 1000 2000 3000 4000 5000 6000 70OO 8000 9000 10000 11000 12000 13000 14000 15000 16000
% Samping Flesuls - ct_taly 167EE796  11EGITH 1185174 0
= 8 Fun y 1 7] 4 Time (Milizeconds)
> Timer 1 13 -
Countes Morkor g = CallGraph 5 a3} 3
B Counter Montor Ac 1 255
M Mon g 2311 3 g egend
& 3 Samping £ file_raad 513 16353 Counter Name Graph Scale Average Min Max Std. Dev.
=8 Funl) fil_windows s12 Tz -
<> il fuzh block 512 2% System : Processor Queue Length 1.0 4.353 1.000 11.000 2.53
B } Cotes M System : Context Switches/sec 0.01 1018.059 478.000 2250.000 474.110
2 oo 5 w26 ke ~#-Processor (_Total) : % Privieged Time 1.0 10.532 0.999 54.028 15.374
p = nr.al Grach Res ~—Processor (_Total) : % Processor Time 1.0 92,825 14.048 100.000 21.394
ih Total Time
B Sef Time
B Musrbes of
2y Cal Site Te General
wirite_buf 4| 02/03/2002 12:33:52 The Counter Monitor collectar is collecting data
02/03/20021 04 The Counter Monitar collectar has successfully finished collecting data,
ill_window <] 02/03/20021 02 The Counter Monitar collector is collecting data.
et_tall | builc 02/03/2002 12:46:22 The Counter Manitor collectar has successfully firished callecting data
flush_block, m For Help, press F1
longest_rmatch ___| send_bits
[Self Whiak Time: O s COD'VJJ|0d(
Cals: | Y
b init_block
4| bi_windup
4] — EEr
[ (23 nodes, 22 edoes; (20 and 19 shown; 1 and |
o 1 )| g o]

For Help, prass FL (i
Mstart || 1) & 1 15 % B B || D9y 2esc paint Shop Pro- ... [7v Tune( M) perfurman.. FEL B 123em
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Profiler - Tuning Assistent ////

! =181 %]
“ﬂElc Edt View Activty Configure Window Help ===
|HE98 B2 Y | R R B AR Al

project El Intel(R) Tuning Assist E

Quellcode

L VT Frojects = Intel
- &3 gz ’ Ll Tunin
= 3 Samplng Resy Lo Assistan

=l 15§ Aun0 B Tuning Advice for
{:) Tt . Ao

Tuning &dvice for Selected Code in
Chywtuneydemos\gziph deflate.

100% B Lines 675 to 703 in deflate.c
Line 67%: 16-bit ta 32-bit conversion
Line 679: 16-hit ka 32-bit conversion
Ling 679: 16-bit bo 32-bit conversion
Line 636: Logical AND/OR convearsion
Line 6922 Loop invariant parameters
Line 637: Logical AND/OR conversion
Line 707: Logical AND/CR conversion
Lime 7262 Loop unralling
Line 730: Ignored retum values

Lunie 7 Loap invariant psrameters

BALCh = BALE

Funiction Summany Line 739: Ignored return values
Fivid Sge | Hame Tirmest (2] | Line 75&: Loop invariant parameters
—eemeemeee) = Slinclnd Alange -~ 2ARE Line T58: Compiler vectorizer

0A320|  0x118(km_nt
(w1440 0150| langes!_makch
015900 OxFD| il windaw

[T

‘I | v | (1580 (3R | dellate_fast

Line 730: Loop invariant
parameters

{Timer (2)

Sampling Results - Thu Apr 19 16:19:40 2001
Started af: Thu dpr 19 16:19:25 2001
General Finighed at: Thu &pr 19 16:19:40 2001
(Duration: 15 Seconds

The argument list far the function call to _flush_block on
ling 730 in file CACodeExampleshzipl2ahdefiate.c
appears to be loop-invariant, If there are no conflicts
with other vanables in the loop, and if the function has ne
side effects and no external dependencizs, mave the call
out of the loop

Fux Help, press FL Hy

gastm' | HEREEg FE | |E Inbux-M':msuﬂ...lhmdft F'nw:rP...l I3 Lasc Pant hop p...||:l3wu.-.qm) Per.. HEL BB ST an
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Optimierungszyklus - optimierter serieller Code ////

9x schneller

9x
Wenig Anderungen Performance
am Que"code 7X Bibliotheken
4x
Performance Opt. Opt.
Bibliotheken|  compiler Compiler
1x
Standard Standard
Compiler Compiler
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Z EIEEM  Parallele Code-Optimierung

File Yiew Options Hindow Help
Efjl zal

Estinated Speedup

12

__upper speedup curve
10 _ lower speedup curve
__ideal speedup curve

® run’s upper speedup
® run’s lower speedup
® run’s actual speedup

speedup

2 M & mo@

0 2 4 6 8 10 12
nunber of threads

Hhole Program Time Distributions

250,0 HHz rate
6 runs 6 showing

L

30,77

F4: guide=5.gvs

Thu Oct 4 15:44:33 2001
7.9 s, total tine

1 parallel 3 barrier regions
run on 5 threads

=, sequential

s. sequential ovh.
s, synchronized

s. lock

barrier

s. inbalance

s. parallel ovh.
s, parallel

1

9.94
7.91
I 5,37
3.49 .93 J
. O =

FO 1T F1 2T F2 3T F3 AT F4 5T F5 8T
] ]

OEEOENOE <6¢ee e
moomoosss

hoomoooo
]
¥

e ey




Parallele Programmiermodelle

m |\ultithraad! '$0mp parallel val

C

25

C

30

call MPI_INIT( ierr )
call MPI_COMM_RANK( MPI_COMM_WORLD, myid, ierr )
call MPI_COMM_SIZE( MPI_COMM_WORLD, numprocs, ierr )
print *, "Process ", myid, " of ", numprocs, " is alive"

send b to each other process

do 25 = 1,bcols

call MPI_BCAST(b(1,i), brows, MPI_DOUBLE_PRECISION, master,
& MPI_COMM_WORLD, ierr)

continue

send a row of a to each other process; tag with row number
do 40 i = 1,numprocs-1

do 30 j = 1,acols

buffer(j) = a(i,j)
continue
call MPI_SEND(buffer, acols, MPI_DOUBLE_PRECISION, i,
& i, MPI_COMM_WORLD, ierr)
numsent = numsent+1

ding

ninen
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Gegenuberstellung: Performance - Aufwand ////

A
; -
&)
c
®
&
e
E OpenMP
al
S
c MPI
(V)
| -
()
@)
| -
al Debugger

I >

Entwicklung/Testen Aufwand bei der Entwicklung
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Fall Studie - LS-DYNA (OpenMP) ////

0 25
=
E 15
8_ 1
N 05
0 3D: 111.029 Elemente
1 2 4 1 CPU Zeit = 119955 Sekunden
2 CPU Zeit = 69113 Sekunden
CPUs 4 CPU Zeit = 43864 Sekunden
Quad Xeon

LS-DYNA ist ein Finite Element Programm fur Crash-
Simulationen

Ca. 750,000 Zeilen Fortran und C Quellcode

1.74x speed up auf 2 CPUs, 2.74x speed up auf 4 CPUs
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Fall Studie — Verbrennungssimulation (MPI) ////

Selbstziindung einer Wasssertsoff - Luft Mischung

—— T3E

- L

o

>

ge)

S 300 — Ideal
% 200 _—

0 = e 10 N .
100
0 T T T T T

1 Mio. Elemente

O 100 200 300 400 500 600 2D: 1000 x 1000
Cray T3E
CPUs 1CPU — 100 Stunden

100CPUs - 1,5 Stunden

NSCORE — Programm zur Direkten numerischen Simulation
von Verbrennungsvorgangen
350x speed up auf 512 CPUs
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Z I EEM  Parallele Programmentwicklung

As DAwN BROKE,

Coby ReALIZED HE
Was ILL-EQUIPPED...

Charactets and Trnages © 2002 Bead Fitspatrick, Active Edge New Mda, All Rights Reserved,




Z EUER

Paralleler Debugger

e emeepraa ]

File Edit View Group Process  Thread  Action Point Tools  Window Help |
Frocess - | Contral ~ — | Gol Nextl Step| Out| Nexﬂ| Stepl| | [F= | P+| T- | T+
Process 318236: fork_loopsG11.1 (Stopped)
Thread 918235.1: fork_loop3Gl1.1 (Stopped) <Trace Trap=
Stack Trace Stack Frame
_ select, FP=f££f£fabill Function "main":
_select, FP=ffffffabfl arge: 0x00000003 (3}
wait_a_while, FP=ffffffac3l argv: Oxffffffaedl - Oxffff
snore, FP=ffffffachl Local wariahles:
forker. FP=ffffffaddl fork_count: 0x00000003 (3)
fork_wrapper, FP=ffffffadhi args_ok: 0x00000001 (1)
main, FP=ffffffaell arg_count: 000000003 (3) d
Function main in fork_loop.ces S Funue Totalvies,0 ||
LA File Edit Wiew Tools Window Help
if (do_handle_trap) fittached Igmattachedl Croups I Log I
signal (SIGTRAP, (void(*) (int))sig_trzp_handli] | 71820 51 . /fork_loop (3 threads) Bl
< To460 E1 Jfork_loop.1 (3 threads)
171 K in kernel
) fork wrapper (fork count); %Egg gl in Sml_fi(‘mld *)
1331 printf ("Returned.” How strange. \n"); m - WriLe
1737 return (09 <z 1"’167256 il [foik_luip.l.l (3 threads)
1333] } /% main */ in store
27258 T in snore(void *)

3/515  El

in snore(void *)

171 in kernel
in snore(void *)
in ._spin_unlock_glohal_conmon

2/258 Bl
3/515 T

Threads (3)

in _ select
in _ select
in _ select

1/65536 T
2785538 T
I/EEE3T T

& line 1327 at main+0xf28 in “fo




Anforderungen an einen parallelen Debugger ////

Eigenschaften eines seriellen command line Debuggers plus

Graphische User Interface

Dynamischer call tree (grafisch)

Darstellung der Nachrichten-Kommunikation (grafisch)
Ubersichtliche Darstellung paralleler Prozesse (> 100 threads)
Unterstutzung verschiedener paralleler Programmierparadigmen
Kontrollstrukturen zur Synchronisation paralleler Prozesse

Automatische Start aller beteiligten Prozesse
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Debugger Features

m Debug-Aktionen

B k . File Edit View Group Process Thread Action Point  Tools  ‘Window
o rea pOInt Frocess — Contral _.‘ ﬂE--E:-zé‘-:|Next|Step|Out|E:Eue‘='E'zz| NextI|StEpl|TﬂP+

Frocess 918238: fork_loopsSGL1.1 (Stopped)

— Eva I u at|on p0| nt Thread 916236.1: fork_loopSGL1.1 (Stopped) <Trace Trap=

- WatCh pOI nt Evaluate for “watchpointsGl" (F06333.1)

Expression:

m Daten Management (| | static int i, my_vart, my_vare, end; s c

my_varl = 3; my_varz = 5; end = 1100
for (i = 0; i<end; i++) { ~r Fortran

my_varl = my_varZ + i;

o DarSte”ung l %’ny_uaﬂ = my_varl - 3 S B
— Statistiken

— Visualisierung | e

[ox0000044d (1101

= Anderungen wahrend e |

des Programmlaufs

Threads (3)

1/65538 T in __ select
2/65538 T in _ select
3/6EE3T T in __ select
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Grafische Darstellung des call tree‘s ////

m Dynamisch Darstellung

des Programmablaufs v 8 v ool [ ooen] _tpeate | g | ﬂe'pﬂlr
m Potentielle Konflikte

kdnnen visualisiert '—fff‘;j' "SG'PT;“(;:E‘”'

werden [main|  [snore_orieave |

F (5]

= Kontrolle und
Abhangigkeiten des
Programmablaufs

rapper |

F(8)

farker
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Dedizierte Kontrolle der einzelnen Prozesse ////

Kontrolle einzelner Threads und Ablaufkontrolle auf Threadlevel
Beliebige Gruppierung von Threads und Prozessen
Dynamische Gruppierung von Threads und Prozessen

Definition von Ablaufkriterien fur Prozessgruppen
- breakpoints

° barrler File Edit Yiew Tools Window
Attached Qnattachedl Groups I Log

Groups

15 process groups.

fark loop:ProgramGroup (#1)
Fork loop:WorkersGroup I#._..
fork _loop:ShareGroup (#3)

71820 1:Lockstepbroup (#1.1)

L0186, 1 :LockstepBroup (#3. 1)
TOAED 1.7 aelretonbroims C 1%

Group Members

12 processes in group.

14 T in walt_a while(timewal &) (#1.1)
14 E in kermel (#3. 1)

171 E in kernel (#2. 1)

171 E in kernel (#d. 1)

27258 T in snore(void *) (#l.2)

11 =1 A swmaraftrad A F [ A
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Visualisierung der Kommunikation ////

m Darstellung der
Nachrichtenwege zu
einem definierten
Zeitpunkt

m Inter-Prozess
Kommunikation

m Visualisierung von
Kommunikations-
Problemen

(hangende, unerwartet
Nachrichten)

Oueue Display Options
- Pending Sends
I Pending Recws

' Unexpected Meszages

Miew  Edit  Window

Message state for "mismatch.0" (14330.1)

MPI_COMM WORLD
Comm_size
Comm_rarl
Pending receives
(0]
Status Pending
Source 1 (mismatch. 1)
Tag 100 (000000064 )
User Buffer Ox2ff21a90 -» OxcZ2cB0000 (-1027080192)
EBuffer Length 400 (0000001900

Unexpected messages : none
Pending sends : none

MPTI COMM WORLD collectiwve
Comm_size 2
Comm_rark o
Pending receives ;. none
Unexpected messages : none
Pending sends ;. none

26. DECUS Symposium
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Z EIERR MPI Performance Analyse

VAMPIE

BmE

I Application

Process Se ths Calculafion
e S R Wi : Setup
Process 2 Communication

Process 3
Frocess 4

Process &

Frocess & - Identified Messzage

Process ¥ essage sent from Process 1 to Process 2
communicatar: O, fupe: 2
lerath: 44550

sentat 935 398 ms,
Diate rade: 5451 ME

VAMP IR
i

Receier
i 1

AmpdL

YAMP IR
56.616 ms)
S50 3.29%)

erchange_ 534559
MPL Send(10.705%)

ths(12.27%]

erhsi4 5.6 59%)

WP Waitiz4. 406%)

| 100%:100%




Anforderungen an ein Performance Analysetool ////

= Analyse von MPI und User Routinen des optimierten Programmes
m Statistische Analyse von Programm und Kommunikation

m Darstellung der Lastverteilung

m Einfache und schnelle Handhabung

m Filtermoglichkeiten (Prozesse, Nachrichten, kollektive and MPI—-
|/O Operationen)

m Geringen Einfluss auf die Applikations-Performance
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Statistik des Programmablaufs ////

YAMPIR - Summary Chart

Application
W HPI
W YT_API

frresten _

T_API B.0us 5 . .

Process O Process 1 Process 2 Process 3
8:19,2 8:19,2 8:19.2 8:19,2

1 060,06 20:00.0 30:00.0  35:00,0

HMP'1

Process 4 Process & Process B Process 7
8:19,2 8:19.2 8:19.2 8:19.2
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Detail Information

YAMPIR - Global Timeline

432326 4123, 265 4:23,27 4:23,275

MPI_Recw MPI_Recw MPI_Recw HPI_R
VAMPIR

lu.W.16.bpv: Source View Process 7 | :
fimpitraces/NPB- LWjexchange_3.f: Line 143, Col 1 ! .

buf(2,ipos2) = g(2,1,j,k)
buf(3,ipos2) = g( HPI_Recw HPI_Recw HPI_Fecs

buf{4,ipos2) = g{ b} if (south.ne.-1) then

buf(5,ipos?) = g(5.1,j,k) ﬁ_}caﬂ MPI_WAIT{ mid, STATUS, IERROR
end do o K=1ns

end do ! ' o 1,. y

HPI_Recy 33 HPI_Recy HPI_Recw

10"ny™nz,
dp_type, '
north,
from_s,
Pan

MPI_COMM_WORLD,

end if ERROR) PeiEss [ N aCh ri Cht il HFI Recy

wgesendﬁ N Nachricht empfangen

Process 4 B0 HPI_Recw HPI_Recu MPI_Recy

Nachrichten-
Linie

: lu.W.16.bpv: Source View Process b
H tmpitraces/NPB- LUfexchange_3.f: Line 156, Col 1

VAMPIR

IERROR )
end if

ipos1 = (k-1)"ny + |
052 = ipos] + ny*nz
nx+2,j,k) = bufl{1,iposi)
+2,j,k) = bufl (2,ipos)

MPI_Recw B0

—| Identified Message

Process B

Zusatzliche Details _'__‘.’!'_._ﬂ.'

Frocess MPI_Recwy " " MPI_Recw MPI_Re:

Message sent from Process 7 to Process 6
communicator: 0, type: 1

Iength: 21120
sent at 898.439 ms, received at 907,921 ms

Data rate: 2.227 MBytes/sec

[ Close i
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Fall Studie - LM ////

26.01.95 0OUTC+12h PPI (¢ =059

LM (Lokal Modell) ist das Programm des o . ;\4{

Deutschen Wetterdienstes (DWD) fiir die i e

Wettervorhersage im Skalenbereich von R g _..-‘"'

1-10 km. : S TS LA |
A

L il

mii i

m Untersucht wurden :
— Einfluss von Prozessorgitter zu Knotengitter Aufteilung
— Uberlappung von I/O und Berechnung
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Trace LM - Test Fall auf 224 Prozessoren ////

VYAMPIR — Global Timeline
Imbin.bvt (13.333 ns - 2:17.191 = 2:17.191)

Wfast_waves
Application
organize_radiation

i i T TH RN
g
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LM - Laufzeit Phase ////

= |nput
— Dauer beim Start von LM : 45 s
m Zeitschritte
— Dauerca. 2.3 s
— Auswertung der Kommunikation Performance
— Datenverteilung: Prozess—Knoten Aufteilung
= Output
— Dauer ca. 20 s beim Start
— Ca. 20 s nach jedem Zeitschritt
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LM — Zeitschritt Analyse

fast_waves

Application

MP1

SIC_gscp

src_leapfrog 0.614s

YAMPIR — Summary Chart

0.489 s

‘
|
0.374s 8
‘
‘
‘

27.209 ms
‘
‘

0.5s 1.0s 15s

VAMPIR — Global Timeline
Imbin.bvt (1:23.208 - 1:25.503 = 2.295 s)
1:24.5

26. DE

US Symposium

1:25.5

HMPI
src_leapfrog

Wifast_waves
Application
Src_gscp

Statistik uber alle Prozesse
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LM - Knotenmapping Analyse

VAMPIR — Message Statistics

Imbin.bvt (Sum. Length, 1:23.208 - 1:25.503 = 2.295 5)

Kommunikation zwischen
den Prozessen

n030et0l

n075et01

nb76et0l

nb79et0l

nb73et0l

nb72et0l

no74et0l

nb77et0l

nb7get0l

nb70et0l

nb71et0l

Kommunikation zwischen

den SMP Knoten

26. DECUS Symposium

nb67et0l

nb66et0l

VYAMPIR — Message Statistics

Imbin.bvt (Sum. Length, 1:23.208 - 1:25.503 = 2.295 5)

62.0 M
60.0 M
a6.0 M
36.0 M

54.0 M
52.0 M
a0.0 M
45.0 M
46.0 M
44.0 M
2.0 M
40.0 M
38.0 M
360 M
340 M w
2O M
30.0 M
28.0 M
26.0 M
240 M
220 M
20.0 M
18.0 M
16.0 M
140 M
120 M
10.0 M
8.0 M
6.0 M
4.0 M
20 M

Folie 38
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LM - Zeitschritt Analyse ////

. MPI Kommunikation betragt ca. 16% der Laufzeit
m Lastverteilung ist gut (geringer Kommunikationsoverhead)
. Kommunikations-Matrix

— Typische 2—D Nachbarkommunikation

— Zuviel off-node Kommunikation

m Losungsansatz: Verbessertes Mapping durch Inner-Knoten-
Kommunikation (shared memory statt interconnect)

TR

' R
ma SR
M

26. DECUS Symposium Folie 39 © Pallas GmbH



Verbesserung des Prozessor Mappings ////

YAMPIR — Message Statistics
Imbin.bvt (Avg. Rate, 1:23.205 - 1:25.506 = 2.302 s)

; Ursprungliches Knotenmapping

nig0eto]

n75etl

n76et]

n079etdl)| ---| ---

no73etol ) VAMPIR — Message Statistics
no7zetnl Imbin.bvt (Avg. Rate, 1:20.834 — 1:23.276 = 2.441 5)
n07detol
n0&0etOl
n077etol
no78etol 26.0 M no70etol 4.0 M
24.0 M
n070et0l 220 M nh71et0l 44.0 M
20,0 M 420 M
no71et0l 18.0 M n075et0l 40.0 M
16.0 M
nl67et0l 14.0 M JB0OM
12.0 M no7detol 6.0 M
noBEetol 10.0 M
8.0 M n077etol 340 M
6O M 320M
no73et0 30.0 M w
28.0 M
no72zetol
26.0 M
no79etol 240 M
220 M
n078etOl 200 M
n076etDl DL
16.0 M
noGeGetal 14.0 M
120 M
Verbessertes Knotenmappin - o
pp g ndGgetol 80M
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Analyse der Output Phase

Alle Prozesse senden an Prozess O

YAMPIR — CGlobal Timeline
Imbin.bvt (1:00.122 - 1:23.239 = 23.117 5)
1:1

mpe_io

griex1
Application
SKC_gscp

src_leapfrog

Sum

MPI_Gather

MP1_Barrier

MPI_Send

MPI_Bcast

MPI_Recv

MPI_Allreduce

MPI_lIsend

MPI_Wait

MPI_Iprobe

MPI_Comm_rank

MFPI_Comm_size

MPI1_Get_count

YAMPIR — Summary Chart

86.454 us

3917 us

17.011 us

s 100 s

15.0 s

MPI

26. DECUS Symposium
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Analyse der Output Phase ////

m Das Schreiben des Output blockiert alle Prozesse und
benaotigt soviel Zeit wie 8 Zeitschritte

m Der gesamte Output ist somit uber Prozess 0 serialisiert

m Losungsansatz: Verwendung eines dedizierten 1/O
Knotens

— Jeder Prozess sendet seine Output Daten an den
|/O Knoten und rechnet weiter

— Der I/O Knoten fuhrt die Festplattenzugriffe durch
wahrend die Berechnung weiter geht
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Analyse der Output Phase — I/0O Knoten

%

Imbin.bvt-janus.pallas.de.71802 {1:09.186 - 1

VAMPIR - Global Timeling

1:20.0

:33.644 = 24.458 s)
250

1:30.0
Highlight

HEMPI
io_utilities
mpe_io
src_leapirog
grbexl

Wfast_waves
Application
Src_gscp

Uberlagerung Berechnung- 1/0

26. DECUS Symposium

VAMPIR - Summary Chart

Sum

MPI_Barrier

MPI_Gather 2.806 5
MPI_Wait j1 0 4 s
MPI_Recv 67.327 msé
MPI_Allreduce  |38.776 ms;
MPI_lIsend 3.077 ms
MPI_Bcast 2.186 ms
MPI_Send 0122 ms
MPI_Iprobe 0.106 ms

MPI_Comm_rank [68.647 us |
MPI_Comm_size [41.894us |

MPI_Get_count [17.124us !

20s  40s  6Os

80s

MPI

MPI_Comm_rank |86.454 us

MPI_Comm _size [39.17 us

MPI_Get count [17.011 us

MPI_Gather i
MPI_Barrier 6.047 5 i
MPI_Send 5.656 s i
MPI_Bcast :|I].BZ? s i i
MPI_Recy 44,444 msE i
MPI_Allreduce  [31.62 ms i

|
MPI_Isend 2,698 ms |
MPI_Wait 0.218 ms i
MPI_Iprobe 0.15 ms i

E

s 100 s

13.0's

20

T T

)

MPI
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OpenMP Analyse

— Project: parbugs Data File: parbugs ‘ . |J

L @MWrite —> Write [T in FARRUGS

@4 2 Errors in PARALLEL region: PARBUGS@46-55

@rrite -> Read  ISQMAX in PARRUGS -» ISQMAX in PARBUGS
@ rFarallel 10 incorrectly synchrenized in PARBIUGS

in PDO: PARBUGS@4

2 Errors

Write ISQMEX in PARBUGS
" .
4‘ : J| 1 IINIT in worksharing comstruct iprsvious writ
Show Search Source & Sink: parougs.f | Show SIackJ
34 ! Add "reduction max: isgmax)" to correct these proalems. (%]
35 N
38 ! The nowait clause means that the printout of
37 ! isgmax could ocour before isgmax gets its final values.
38 ! Assure will report a write-»read conflict. Remove the "nowait" File: parbugs.f Routine: PEREUGS @ 46
39 ! clause teo correct.
40
41 ! The 170 here should be synchronized. Assure will report this
42 | Fix by placing the write statement inside a "!Samp single"/
43 ! "'3ams end single" pair
44 1
45 isgmax = 0
46 1%mmp parallel private (i)
47 1%mp do
48 do i =1, imax
[49 [ LR e L s PEta =< R E|  Thread Average Region Times Hi[=] E3

50 end do
51 l%wp end do powait File Window Options Sort Help
52

® 53 write(*,*] "Maximm value + —_ =|
54

[
;; B il il 8 sequential time 2493, ] baniers time
‘ o . sequential ovh, 0.6 3. [l imbalance tine
5T When iinit is we briv 6 synchronized tine 0.43. paraliel ovh,
58 ! mot -1. hssure will ree locks time 3590 parallel time
50 | Fix by placing iinit ir 4
60 | a "lastprivate()" claus RY:B1 in file apsif, rowtine HYD,
61 iinit = -1 2 i at line 2952, # invocations 0. Total time = 29.8 s.
1 62 I%up parallel do private (iinit Input file apsi_kpts.g.stat.
@ il I
|

81

1 §12 R13 516 R1

g ||H calal .
58 53 R1

RIB1 RI6B1  R13B1 5%

9

Input file order: F1 F2 FOl




Anforderungen an ein OpenMP Analysetool ////

m OpenMP Performance Probleme
— Probleme bei der Lastverteilung
— Synchronisation Probleme

m Darstellung folgender Faktoren
— Effektiver speed up
— Ausfuhrungszeitaufteilung (Parallel, Seriell, Overhead)

m Vergleich verschiedene Programmlaufe

Anzahl der verwendeten Threads wird einfach
uber ein Umgebungsvariable getriggert !
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OpenMP Beispiel - Matrixmultiplikation ////

m Information pro Thread

File Y¥iew 0Options Hindow Help

m Statistik (Bereich/Gesamt) 2 =i

Estinated Speedup

7 __upper speedup curve

G_rmatrmul f

r ++.ted region begins on line 54 10 =
I— Thread-Spec| g &
Whole Prograr] R . . !
Mhole FII_I!:U-:H File Options Mindow :3 I:z:: zzr‘allel
File Options Hindouw q5 do j=1,p
| al @,l 46 doi=1l, n
. . Q q7 cli,j) = 0,0
0.0 5. @ idle tine a8 enddo
0.0 5, [] sequential 0.0 =, [ 49 enddo
0.0 s, [ synchronize 8 0,0 =, O 50 doi=1,n
0.0 s, [ lock tine = [ 0,0 =, H 51 !$onp do
= 0.0 s. O 52 do ii = 1, n
Total Inpuj & 4 arowlii} = ali,ii)
otal tine o
@
2 hpf$ independent
. A 56 !¥onp do
"o 2 a5 8 Regigs 57 doi=1,p
h8 do k=1, n

51 R1 F1 Bl PRl B2 PRl B3 52 53

Thread order: TO T1 'II Input file order: FO

nunber of threads \‘
29 cli,j) = cli,j} + arowi{k) = bik,j>
B0 enddo
61 enddo
b2 enddo
63 !¥omp end parallel
64
.
Fir
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OpenMP Beispiel - Matrixmultiplikation ////

File Yiew DOptions Hindow Help |
Eﬂ 54

Estinated Speedup

__ upper speedup curve

Vergleich idealer-tatsachlicher
Performance — speed up ~ Sdoal spoodup curve

= run’s upper speedup
e run’s lower speedup

|dentifizierung von s ¢ runs actual speedup
2
bottlenecks , .
5 . 0 2 4 6 8 10 12
(barriers, locks, seq. time) nunber of threads

Hhole Progran Tine Distributions

250,0 HHz rate
b runs 6 showing

LER

Fd: guide=5,gvs

Thu Oct 4 15344:33 2001

7.9 =, total time

1 parallel 3 barrier regions
run on 5 threads

=, sequential

s, sequential ovh,
&, synchronized

s, lock

s, barrier

£, inbalance

s, parallel ovh,
s, parallel

+

*

l, N

9.94
5.37
3.49 2.93
. O —

FO IT F1 2T F2 3T F3 4T F4 5T F5 8T
= |

+

DY

[k ]
+
F- RN L ]

+

ONEOOECE o s

*
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Thread Analyse — parallele Probleme ////

‘ FI_
File View Search Options Help

| | | Mext Errar | | Expand | | Collapse | | Fr\Wizard |

=7 Globkal notatiens that apply te the entire program. &
------ o default EMP STACKSIZE should be sufficient: estimated stack usage = 6532
- Jsamne If0 in serial code not analyezed, sane errors may not be reported
=i b Constructs containing Erreors, Warnings, or Messages

#/ 1 Warning in Reoutine: CXFERID

S-@ 2 Errors in PDO: CKFERIDRIGTA-1696

------ Eead —» Write FTIMERSSID in CXOPAC —» STIMERSSID in CXOPAC

....... ® WNyite —> Write fTIMERS/ID in CXOPAC

/S 1 HWa i in Routine: PREEATOM
- 1 Warnir y, Routine: INDKIONS
@-@ 2 Errors i BLTLEL DO: STATE@]SS-220 _
G- 2 Errors in P DO: STATE@238-256

El

FH-g* 11 Constructs with No

Errors Per Parallel Cons al: & Errors, 4 Warnings

L A

Synchronisationsprobleme (memory leaks)
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Thread Analyse - deadlock ////

sl ol Project: demo Data Rle: dead - B X

File ‘“iew Search Print Preferences Reorder ‘Windows Help|
= E 3 .
S

=-4 Global notations that apply to the entire program. Fy

E-.Deadlnck in main was detected.
® JThread in work 1 wants lock on object held in work 2.

. Thread in work 2 wants lock on object held in work 1.

@ %" Execution data for Thread main.

# %" Execution data for Thread deadlock _test.

@ %" Execution data for Thread deadlock test. ||

g el Source: dead.c CON T |, B X
Show Search Source: dead.c Show Stack Show Search Sink: dead.c Show Stack
15 rN 1 r
16 woid *work_1( woid +arg } i 32 woid *work 2( woid *arg ) _"
17 33 4
18 int i; 34 int 1;
19 J 35
® =0 pthread mutex lock( & lock 1 3. - 1ER pthread mutex lock{ & lock 2 0,
@1 pthread mutex lock({ & lock 2 ); & =7 pthread mutex lock( & lock 1 3 J
22 38
23 for (1 = 0; 1 < ITERS; ++1) a9 for (1 = 0; 1 ¢« ITERS; ++i)
24 sum = sum o+ 1; 40 sum = sum + 1;
25 41
26 pthread_mutex wnlock( & lack 2 ) 42 pthread_mutex_unlock{ & lock_1 );
gg pthread_mutex wnlock( & leck 1 }; 43 pthread_mutex_unlock( & lock_2 );
44
29 retwm 0; 45 retwrn 0;
30 3 45 )
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Basis Performance — nicht optimierter Code ////

E] windows Task Manager 10| x|
File Options Yiew Help

P untitled - WaterSurface Applications I Processes P | Metworking I Users I
Menu  Help —CPU Lsage —CPU Lzage History
A==

1 [~ Page File Usage History

P Usage

— Tokals —Physical Memory (K
Handles 6476 Total 1043044
Threads 389 Aveailable 17720
Processes 25 System Cache 165420
—Commit Charge (K)———— [ Kernel Memaory (k)
Total 115820 Total 27244
Lirnit 25205672 Paged 17248
Peak. 125152 Monpaged Q995
Processes: 25 CPU sage: 25%: |C|:|mmil: Charge: 111M [ 2461M 2
1.11 fps L
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Optimierter serieller Code ////

9x schneller

9x
Wenig Anderungen Performance
am Que"code 7X Bibliotheken
4x
Performance Opt. Opt.
Bibliotheken|  compiler Compiler
1x
Standard Standard
Compiler Compiler
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Optimierter paralleler Code - OpenMP ////

Mittlere Anderungen
am Quellcode

15x schneller
Performance
13x Bibliotheken
9x
L OpenMP OpenMP
Wenig Anderungen Performancel Threading | Threading
am Que”code 7X Bibliotheken
4x
Performance Opt. Opt. Opt. Opt.
1x Bibliotheken |  compiler Compiler Compiler Compiler
Standard Standard
Compiler Compiler
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Optimierte parallel Performance ////

i
e Otin:nns 'u'iw Hel _IEIEI
15x schneller

Applications I Processes

| Metworking I Users I

—CPU Lsage —CPU Lzage History

k= Usage

ntitled - WaterSurface

Menu  Help

|| & |

—Page File Usage History

— Tokals —Physical Memory (K
Handles 6473 Total 1043044
Threads 389 Aveailable gzZz1z4
Processes 25 System Cache 167500
—Commit Charge (K)———— [ Kernel Memaory (k)
Total 1125820 Total 27344
Lirnit 25205672 Paged 17328
Peak. 125152 Monpaged 10014

Processes: 25 CPU Usage: 100% |C|:|mmil: Charge: 110M [ 2461M 2

16,64 fps [ A
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Z EUER

Hybride Modelle

, .
= VAMPIR — Global Timeline 2 [
2,84 = 2,85 = 2,86 =
1 1 Hpplication
' ' [ 3
' ' Red_Relax
v MBlack_Relax
Process 0 Ca Resid
I
'
'
|
Process 1 ar
i
'
'
! ! !
H > Thread Average Region Times [_TD]x
Pracess 2 - G - g
v File Window Oplions Sort Help
'
’ o = E
1
. 3 0.0s. [l sequential time baniers time
H 0.0 s [ sequential ovh. imbalance time
Process 3 olyvbr 6 synchronized time parallel ovh.
' locks time parallel time
4
E R9:B1 in file apsi.f, routine HYD,
' at line 2952, # invocations 0. Total time = 29.8 3.

Input file apsi_kpts.8.stat.

R9B1 R16 B1 R13B1

Input file order: F1 F2 FO

IE Ilﬂ .

55

] T L III 01
58 83 Ri13 R1

R11 512 516 519




MPI — OpenMP Analyse

expandieren

sppmS.bvt (0.662 s - 4.655 s = 3.

Process 0

Process 1

Process 2

Process 3

Process 0
Thread 1/0
Thread 2/0
Thread 3/0
Process 1
Thread 141
Thread 2/1
Thread 341
Process 2 vsld
Thread 1/2
Thread 2/2
Thread 372
Process 3 Ml
Thread 1/3
Thread 2/3
Thread 373

VAMPIR — Global Timeline

sppmb.bvt (1.159 s - 1.509 5 = 0.35 5)

EMPI
WApplication

Region Estimated Speedup

g

00 4 8

number of threads

20s

30s

speedup curves:

— upper, —lower, —ideal
speedups of runs:

s upper. » lower. e actual

Bar Color Legend
Il 0.21 s. sequential

------ [] 0.00s. seq. overhead
[l 0.00 s. synchronized
[l 0.00 s. lock

[ ]0.00 s. barrier

[l 0.00 s. imbalance

[l 0.00 s. par. overhead
[ 0.00 s. parallel

Thread Average Region Times
Region 34, 1 threads, invoked 1 times. Total time: 0.205754 s.
In File: main.f, Routine: 7, Line:1117
Region ends in File: bdrys.f, Routine: 7, Line:320

F1/R18
F3/R18
F2/R18
FO/R18

F1/R16
F3/R16
F2/R16
FO/R16

F1/R17
F3R17
F2/R17
FO/R17

F1/54
Fa/54
F2/54
&> F0/S4

F1/538

F3/538
F2/338
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MPI+OpenMP - verschiedene Programmlaufe ////

WarkidAPIE — Summary Chart
w 312 1x1x34.81 . bpwv: Summary Chart {Times, 0868 ms—6.88 s<—=2 hMPl x 2 OpenhkiP)

Sum S5.86 5 !

Elack HRelax
2 bMP1_x 2 OpenbdP
4 MPIL_x 1 OpenbAP

Red Relax

A pplication :|0.835 5

2 _bMMPI_» 2 OpenkbAP 1.8 s|

4 MPI x 1 OpenhkdP |1 G533 s
Resid | Jo.7as s

2 _bhP1_» 2 OpenbdAP |1 235 s
a4 MPIL_x 1 _OpentdP| |os7 s
Initial O 136 ms

2 bMP1 x 2 OpenhbAP]|S9.438 ms

g4 MPlL x 1 OpenbAP|94.175 mMs
P 4.532 ms
E_MPI_H_E_DpenMPID.-fI?E 5

4 MPIL_x 1 OpenbAP

W1 _ AP 4.0 us
2 MPI_»x 2 OpenkbAP|9.0 us
g4 MPIL_ x 1 OpenbAP|O.O 5

15.0 s

&
o [
0
-
=
=
0
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Einsatzgebiet der Werkzeuge ////

SMP PC ASCI-Q 30 Teraflop System HP

SMP System

2-4 CPUs

4 GB Hauptspeicher

100 GB Festplattenspeicher

374 * 32-way GS320 System
12.000 Alpha 21264 CPUs
12 TB Hauptspeicher

600 TB Festplattenspeicher
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