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Overview
[
* Motivation
*  Overview Performance Measurement

» Getting started with Paraver & mpitrace

» Paraver Windows and Modules

» Paraver analysing CPMD on SX-8

» Paraver’s real power on Hardware-Performance Counter Analysis

*  Summary
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Motivation
o

+ Many ways to represent

Reality

the calculation of a physical
phenomenon

Physical Model /

» ltis hard to make the right coding
decisions at the design phase

» Harder to optimize for a specific
architecture

» Even harder to keep the code
optimal over generations of
developers and hardware
architectures

* Now consider parallel execution
and architectures

Mathematical Model /

\ Numerical Scheme /

Algorithmic Description

A few parallel
Programming Models
e.g. MII’I, OpIenMP

[ [
Hardware Architecture
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Efficiency
o

» There are many ways to describe efficiency of applications

— Numerical efficiency
— Computational overhead
— Parallel efficiency

» With regard to parallel efficiency, consider

— Amdahl’s law

Rainer Keller
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Overview Performance Measurement 1/5

o

» System level performance:

CPU:
top

PID

Memory / 10:

[rpora mkepog TapIz > umstat T Inter rupts & Context
lprocs. > —sygen—
vmstat e T e, o
4 o0 10313 4739% 20%2 3%22% 2 7 200 104 484 1107 10 560 5
Memory I3 ¢l e s s o o Co % 300 o
4010513 479992 20952 3622% 4 O 4 0 3513056137525 0 0
and I / O—1+P» 105136 46267 20952 3622% © O 0 O 441262130 82 18 O ©
4010513 48287 20952 3622% © O O O 5053077278020 0 0O
4 010513 48287 20952 3622% © O O O 7633084738119 0 0
status 4 010513 482876 20952 36229 O O O O 768 309807 7723 0 O
4 010513 480628 20952 362604 © O O O 763 182532 8416 0 0
4 010513 480628 20952 362604 © O O O 644 3100417426 0 0O
4 010513 480628 20952 362601 © O O 0 463 313126 80 20 0 ©O
4 010513 480628 20952 362601 © O O O 6863101997921 0 ©O
|40 10513 480620 20952 %2604 _©__ 0 0 0 4BL3LPE20 0 0
— Jox
— Network: ‘Transmitted Packets & Failures
. [fthe  ProtokoXl ‘Ethernst Hardware Adresse 00105 :4Er4C:27 B2 B
if fi H inct, drkgoor192.160.1.33 Boast:192.168.1.255 Maske:255.255.255.0
ifconfig or ibsta b i L a
UP BROADCANT RUNNING MULTICAST MIU:1500 Metricii
BX packets:3468 errors:0 dropped:0 overruns:0 frane:0
X packets:3579 errors:0 dropped 0 overruns:@ carrier 0
collisions:0 SendeuarteschlangenTing
T bien 306250 5.7 My T myten dA6775 (136.3 Kb
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T Rperaink@peg
Siaung  Bearbeitel

System global CPU usageﬁ

sm; 150920 total,  206130K nsCPU usage p‘er i process

ZCPU ZMEM

X ol

Swap In/ Swap Outw
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Overview Performance Measurement 2/5

o

We need more detailed

information for Optimization.

We need better overview
through visualization & filtering

of information.

Especially holds true for

Parallel
Programming Models
e.g. MFI, OplenMP

[ [
Hardware Architecture

» For Single-Processor: gprof, vtune, speedshop, cachegrind, PAPI
» For Multi-Processor: Tau, Vampir, Paraver
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Overview Performance Measurement 3/5

o
» Code instrumentation (Manual):

— Manually enclose interesting regions:

Standard way (Posix 1003.1):

Standard way using MPI:

#include <sys/time.h>

int64_t gettimenow (void) {
struct timeval now;
gettimeofday (&now, NULL);
return now.tv_sec*1000*%1000+
now.tv_usec;

int64_t start, end;
start = gettimenow();
do_some_heavy_calc(..);
end = gettimenow();

#include “mpi.h”

double start, end;
start = MPI_Wtime();
do_some_heavy_calc(..);
end = MPI_Wtime();

+ Low overhead, one knows, when, what is measured.

— Very time-consuming to instrument,

Rainer Keller
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Overview Performance Measurement 4/5

o

» Code instrumentation (Automatic) at Compile-step:
— Preprocessor adding function calls at function entry&exit.

— Compiler generating function calls at function entry&exit:
* icc: -prof-gen[x]
* gcc: -p/ -pg or -finstrument-functions and write timing funcs.

double do (int i) {
_cyg_profile func_enter (&do, O0x. .

_cyg_profile_ func_exit (&do,0x..
}
double iter (int n) {

while (--n > 0) {
err = do (n);
if (err < EPS) break; }

}

_cyg_profile func_exit (&iter,Ox..

L)

2

_cyg_profile func_enter(&iter, O0x..

D)

’

2

_cyg_profile_ func_enter(
void * this_function,
void * call_site) {

/* store time & func */

}

_cyg_profile_func_exit (
void * this_function,
void * call_site) {

/* store time & func */

}

+ Low overhead (depends on timing routines), very powerful method
Rainer Keller
H LR[S
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Overview Performance Measurement 5/5
]
* Binary Code instrumentation (Automatic) at Link/Execution-step:
— Link with Wrapper libraries or

— For dynamic libraries use a dynamic library with wrappers:
export LD_PRELOAD=libmyfunctions.so
export LD_LIBRARY_PATH=/opt/timing_libraries
* For MPI: PMPI-Interface:
Every MPI Function is callable through equivalent PMPI-name.

int MPI_Send (void* buf, int count, MPI_Datatype type,
int dest, int tag, MPI_Comm comm) {
double start, stop;
int ret;
start = MPI_Wtime ();
ret = PMPI_Send (buf, count, type, dest, tag, comm);
stop = MPI_Wtime ();
store_information (MPI_SEND, my_ rank, dest, tag,
gettype_size(type) * count, getcomm_id(comm));
return ret;

}

Rainer Keller
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Getting started using Paraver & libmpitrace 1/2 |
o

» Performance of parallel processes may be analysed post-mortem
using Paraver on generated tracefile (MPI, OpenMP, AlXtrace).
» To generate tracefile, relink the application:
gcc —o app_trace *.o -lmpitrace -lpmpi -lmpi
or
g77 -o app_trace *.o -lmpitracef -lpmpi —lmpi
» Set the environment with enabled tracing:
export MPITRACE_ON=1
export MPITRACE_PROGRAM_NAME=“solala” /* Optional */
export MPTRACE_COUNTERS=0x80000034, ... /* Optional */
* Run with the tracing-functionality enabled:
mpirun -np 2 ./app_trace

mpitrace: Tracing enabled for process 5711 (counters enabled).
mpitrace: Tracing enabled for process 5713 (counters enabled).

» Afterwards merge mpit-files generated by each process:
mpi2prv -o app_trace.prv TRACE*.mpit
generates Paraver-Tracefile (prv) and a description file (pcf).
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Getting started using Paraver & libmpitrace 2/2

states, event-type, rank, dest information:
#Paraver (28/06/06 at
2:34):41660812:8:1:8¢(1:1,1:2,1:3,1:4,1:5,1:6,1:7,1:8),2

c:1:91:8:1:2:3:4:5:6:7:8
c:1:92:1:-1
2:1:1:1:1:0:40000001:1
1:1:1:1:1:0:20:1
1:2:1:2:1:0:8748:2

(used later for clear-text and semantic analysis):
EVENT_TYPE

9 50000002 MPI Collective Comm

VALUES

10 MPI_Allreduce

8 MPI_Barrier

7 MPI_Bcast

0 End

Rainer Keller

« The Paraver-Tracefile (prv) contains plain-text timestamps with

« The Paraver Description File maps the states&events to names
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Paraver: First Startup

Q
Main N
i Filter Module:
Window
« Select Values
- Tag, Rank
« HW Perf-
Counter
The
Trace

isualizer Module:

« Trace Selection Semantic Module:

« Function « How function is
Handling interpreted

soy | Comte] _Cors | _ote| Copy | _ e | s | _core | _gvnws | 0|

Rainer Keller
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Paraver: Windows and Modules
o

Open Semantic Module

Open Visualizer Module Open Filter Module

Fi Glpbal@bntrc _r
u| J] ]3]0 8

“ar»nbh

Play Forward/Backward Open 2D Analysis Module

Rainer Keller
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Paraver: Windows and Modules

o

Ei Paraver -la) [x

\‘ Tracefiles I Configuration  Options  Help

‘ éuad Trace Ctri+L

| (= s .| * Trace-file handling:
Unload Trace — Load new (multiple) traces

Trace Information = — Unload currently not recommended
Trace Gereration  Cir+G (just close win).

=T cti+q| © Trace information:

— On the number of processes
— Processes / node
— Sates, Events and so on
» Trace Generation:
— Safe section for Paraver & Dimemas

— Parallel Performance Analysis Using the Paraver Toolkit —
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Paraver: Windows and Modules
]
» Atrace is a function over time with semantic interpretation:

THREAD 1,11 {77 | : : H -+
i il il !

Eight L u Flags indicatemm
Processes ! Fvents (green)=
(each w/ !

1 thread)

]
TIME | ]
| REDR&W | I Comm 4 Fieey - Send I Fag I Color \ﬂﬂﬂﬂﬂﬂ
w )
(Un)Display Display numeric Slider to go
Communication.. Value of function through time

Rainer Keller
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Paraver: States
(o]
* For MPI, the following states are color-defined (selection):

B (blue) Running

B (red) Waiting for a message

I (pink) Blocking send e ST

B (pink) Immediate send — i ,—] L4

|| (gray) Immediate receive l—f'
-

Blie

(orange) Collective communication

Low Gradent Srrly

Low Gradient
Top Gradient

I (brown) Synchronization / Barrier

» For color-gradients (and min and max): =

Rainer Keller
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Paraver: CPMD on SX8 — The big Picture

o
* Analyse the well-known Car-Parrinello Molecular Dynamics code.
» This code runs very well on NEC SX8 due to DGEMM.

» First zoom into the application to figure out communication
(we have seen already the massive collective communication —
which in the Display overlays the computation)

i win_1 @ cpmd_8p.prv.gz

Communication to rank

Zooming into P2P:

This communication is
done in linear fashion...

Rainer Keller
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zero, followed by Barrier.

Paraver: CPMD on SX8 — Main computational part
0

« Zoom into main section: the computational part still is high:
(95 ms, followed by several MPT_Alltoall and MPI_Allreduce)

Fi win_1 @ cpmd_8p.prv.gz =T

i
1
i

=1

i

3
=1

i

3
:
3
3
i

3
:
3
1
i

1=

1=
1TTITITITIT I T

3

1=

1=

g —p=—1—1"

i
1
i

THRERD

1
i

THREAD

1T=i=i=i==i=i=i=1

1T=i=i=—n==i=i==i=i

1=1=1
1T—1—1—T1—1—1—1—1

i

=
Il
= A
Il
S

-7 =

i

THRERD

16446159 us
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Paraver: CPMD on SX8 — HW Performance counter

13

a
Q

« See the (absolute) number of say Branch Mispredictions:

i i

[ cPMD on SX8 @ cpmd_8p.prv.gz

[ Branch Mispredictions @ cpmd_s

Visualizer Module

| Ehesereirocms b

4 THRED.

Vindow Browser

'Fj FiterModule  _ o x|

o iopresctons @ o, 2
| et @ one Bpry |

cammuncAToN
Loy oy
Pasmicas
oo w2
v o
L | |
essaces
W w ol
A and v Or
O |
sanovoT
o m [l
USER EVENTS. &l
3 = i [fezoono 2
S o
we w T a
RN E—

Fi Semantic Module  _

ranch isreciton @ cpe_Epprv 52
= cowosrncions |
Composet ksl

corponz __sen 1]

Valtes Tocetie

| e urits

Mircsesonds s

~venon « overen B b gt [ e[ oprectors. | E—
focerct vopecion ] - cpmo_8p prv.g2

vAPRL L Nove s [eanase E

A v cPU Vriomas [F [Hertsen £ 5) s

THREAD Next Evt VA
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3)

H

1.) Clone window

2.) Filter for Event
Select(=) and Number

3.) Choose the semantic
Interpretation, here:
Next Event Value

4.) Select the Gradient
color type (w/ right
mouse button)

5.) Recalculate the Min &
Max Y-Value (F)

6.) Apply the whole thing
(may be partially done
by pressing OKs)

L R|[s

Paraver: CPMD on SX8 — HW Performance counter

2/3

a
Q

» Well, that was mighty interesting, but not very sensible...

* Relative values: Semantic Interpretation “Avg Next Event Value”
* One thing very important for a Vector machine is ,-]?
Vectorization

Vector Element

X-Axis  Semantic

End time; 16509821 s

Control Window: Vector Element Counter {vece) el &|  DataWindow: Average Yector Length =0

10 to 19% of the
vector instructions
have a Vector Length
0 to 16 elements.

* Use Vector Element Counter (VE) & 2D-Analyzer for distribution: =

B

26 to 29% of the
vector instructions

have a Vector Length
250 to 256 elemen}s:

Lo |z w0 = | 2

in [0 o 258 & [1s = in [.45 o 2005 ¥
vin vt [anonuste v vaus [axpousie  win wst [D s Burst [Hax00UBLE 30/
Rainer Keller
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Paraver: CPMD on SX8 — HW Performance counter 3/3
]

» Power of Paraver: Filtering for parts of the trace within boundaries
of values, e.g. parts, where number of branch mispredictions are
within 30 and 75%:

Fj win_1 @ cpmd_8p.prv.gz ol [x

HE HH N H
1 n-u-u-u 8]
bt |

T
1

7 W gy —

i —g =1

o
bl

E;‘j Percentage of Branch Misses_2DZoom_range[30.00,75.00] @ cpmd_8p.prv.gz

AD 1,1,

T
T
T
T
1
T
T
T

=l
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Paraver: CPMD on SX8 — Configurations
0

» Analysis / Windows may be stored & loaded in Configurations:

-

Fi Load windows =Ja). [x

TRACEFILE: cpmd_8p.prv.gz — | SELECT DIRECTORY =1 |

CURRENT DIRECTORY: | #homeperainkWORK/HP C-EuropalJRAT/NEC_SX8/counters-new

y DESCRIFTION | For SXof interest:
! Based on the FPEC counter, the MFLOPS Al

avg_vector_length_2d.cfg value for all vector and scalar arithmetic . AVg .Vector Len gt h
avg_vector_length.cfg operations.

bank_conflicts_per_second « Bank Conflicts/s
branch_prediction_failures_ | Values of up to 9000-12000 should be realistic.
clocks_per_second_2d.cfg . i
clocks_per_second.cfg M FLOpS (al I'Un ItS)
instruction_cache miss clo

MFLOPS all.cfg ‘ MIPS

MIPS.cfg

operand_cache_miss_clock to Cache-Misses
percentage_of_branch_mis:

percentage_of_vector_exec
percentage_of_vector_exec
percentage_of_vector_inst

Al »] Lo o]

Rainer Keller
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MIPS scalar.cfy * Clocks/s wasted due
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Paraver: Summary
o
« Paraver is a versatile tool for Performance Measurement
* However, it's not very easy to learn — but straightforward...
» There’s a bunch more features to discover...

* Nevertheless, | hope to have raised Your interest in the tool

Thank You very much for Your attention.
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