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Outline

3 Overview of features
O Instrumentation
O Measurement (Profiling, Tracing)
O Analysis tools
3 New features in TAU
O Runtime MPI shared library instrumentation
O Workload characterization
3 New features for BG/L
O PAPI now supported
O Open Trace Format (OTF), tau2otf
O 1/0 node Linux kernel profiling with TAU (KTAU)
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TAU Performance System

3 Tuning and Analysis Utilities (13+ year project effort)
3 Performance system framework for HPC systems

O Integrated, scalable, portable, flexible, and parallel
3 Integrated toolkit for performance problem solving

O Automatic instrumentation

O Highly configurable measurement system with support
for many flavors of profiling and tracing

O Portable analysis and visualization tools
O Performance data management and data mining

3 http://www.cs.uoregon.edu/research/tau
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TAU Instrumentation Approach

3 Support for standard program events

O Routines

O Classes and templates

O Statement-level blocks
3 Support for user-defined events

O Begin/End events (“user-defined timers”)

O Atomic events (e.g., size of memory allocated/freed)
3 Support definition of “semantic” entities for mapping
3 Support for event groups

3 Instrumentation optimization (eliminate instrumentation
In lightweight routines)
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TAU Instrumentation

a3 Flexible instrumentation mechanisms at multiple levels

O Source code
» manual (TAU API, TAU Component API)
» automatic
e C, C++, F77/90/95 (Program Database Toolkit (PDT))
e OpenMP (directive rewriting (Opari), POMP spec)
O Object code
» pre-instrumented libraries (e.g., MPI using PMPI)
» statically-linked and dynamically-linked
O Executable code
» dynamic instrumentation (pre-execution) (DynInstAPI)
» virtual machine instrumentation (e.g., Java using JVMPI)

O Runtime Linking (LD_PRELOAD)
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Automatic Instrumentation

3 We now provide compiler wrapper scripts
O Simply replace mpx1¥90 with tau_f90.sh

o Automatically instruments Fortran source code, links
with TAU MPI Wrapper libraries.

A Use tau cc.sh and tau_cxx.sh for C/C++

Before

CXX = mpCC

FOO = mpxI1f90_r

CFLAGS =

LIBS = -Im

OBJS = fl1.0 f2.0 f3.0 .. fn.o

app: $(0BJS)
$(CXX) $(LDFLAGS) $(OBJIS) -0 %@
$(LIBS)

.Cpp-o:

$(CC) $(CFLAGS) -c $<

F

After

CXX = tau_cxx.sh

FO0 = tau_f90.sh

CFLAGS =

LIBS = -Im

OBJS = fl1.0 f2.0 f3.0 .. fn.o

app: $(0BJS)
$(CXX) $(LDFLAGS) $(OBJIS) -0 %@
$(LIBS)

.Cpp.o:
$(CC) $(CFLAGS) -c $<

F

TAU Performance System




Profiling Options

d Flat profiles
O Time (or counts) spent in each routine (nodes in callgraph).
O Exclusive/inclusive time, no. of calls, child calls
O Support for hardware counters (PAPI, PCL), multiple counters.

d Callpath Profiles

O Flat profiles, plus

o Time spent along a calling path (edges in callgraph)

o E.g., “main=> f1 => 2 => MP1_Send” shows the time spent in
MP1_Send when called by £2, when T2 is called by 1, when it is called
by main.

O Configurable callpath depth limit (TAU_CALLPATH_DEPTH environment
variable)

0 Phase based profiles
O Flat profiles under a phase (nested phases are allowed)
o Default “main” phase has all phases and routines invoked outside phases
O Supports static or dynamic (per-iteration) phases
o E.g., “10 => MPI_Send” IS time spent in MP1_Send during “10” phase
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ParaProf — Full Profile (Mirahda) '
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baraProf - Statistics Table (U'intah)

X Thread Statistics: n,c.t, 3,00 - 'home/amorris/data/packed/uintah16.ppk
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ParaProf —Callgraph View (MFIX
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ParaProf — Histogram View (I\/Iiranda)

a3 Scalable 2D displays

aXaRa)

File Options Windovws llelp

s 8K processors

1

-

Numnbrer ol Bins

0

a0

100

Metric Hame: Time
Mame: MPI_Alltoallh
falue Tyne fFeclusie
Units: seconds

# Threads
1168

1Usl

434

18

584

467 7 Mumber af thepads 1168
Fange minimum: 54.1
Fangr maximum: 54 27

234

117

Min Value = 53.43

Max Value = 61.77

X/ Histq

File Options Windows Help

16k processors

Number of Bins

Metric Mame: Time
Marme: MPI_Barrier()
i alue Type: exclusive
Units: seconds

# Threads
322 7

290

258

225

193 4

161 A

129 4

966 o

64.4 -

32.2 1

Min Walue = 8.092

an

Max Value = 129.5

100

TAU Performance System

13




ParaProf — 3D Full Profile (Miranda)

}( ParaProf Visualizer

[DICIES

File Options Windows Help

® Triangle Mesh

Ear Plot

Scatter Plot

Height Metric

Time

-

Exclusive

Color Metric

Time

-

Exclusive

MPI1_Barrier(

Function

16200

Thread

1.22239EE microseconds

Height value

1.2229EE microzeconds

Color value

Colorscale Render

Axes

Mesh Plot

Orientation

NE

MW

¥ Show Axes

5w

SE =

V)
o
o
(dp)
V)
(ab)
O
o
-
o
i
O
—i

14

TAU Performance System



a3 Each point
IS a “thread”
of execution e ] T

Relation
between four
routines
shown at
once

4. 542587

hpoxd

Time
‘o ol 5
¥ 1408

.r‘_\-‘
R
o
23
s
o
fii

|
b
a—r
=
L
juy
&
[
e

|

[

(\g}uﬂ.i

v m3g93ET

(Exclusive,

MP | _Grau

5.BSVEY

TAU Performance System



Tracing (Vampir)

3 Trace analysis provides in-depth understanding of
temporal event and message passing relationships

3 Traces can even store hardware counters
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Runtime MPI shared library instrumentation

3 We can now interpose the MPI wrapper library for
applications that have already been compiled (no re-
compilation or re-linking necessary!)

7 Uses Lb PRELOAD for Linux
Soon on ALX using MP1_EUILIB/MPI_EUILIBPATH

3 Simply compile TAU with MPI support and prefix your
MPI program with tau_load.sh

d

% mpirun —np 4 tau load.sh a.out

3 Requires shared library MPI

TAU Performance System
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Workload Characterization

3 ldea: partition performance data for individual functions
based on runtime parameters

3 Enable by configuring with —-PROFILEPARAM
3 TAU call: TAU_PROFILE_PARAMLIL (value, “name™)

a3 Simple example:

void foo(int input) {
TAU _PROFILE('foo0™, "', TAU DEFAULT);
TAU_PROFILE PARAMIL(Cinput, "input');

Zﬁ:;”
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Workload Characterization

3 5 seconds spent in function “foo” becomes
O 2 seconds for “foo [ <input> = <25> 1"
O 1 seconds for “foo [ <input> = <5> ]”
o ...

3 Currently used in MPI wrapper library

o Allows for partitioning of time spent in MPI routines
based on parameters (message size, message tag,
destination node)

O Can be extrapolated to infer specifics about the MPI
subsystem and system as a whole

TAU Performance System
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Workload Characterization

a Simple example, send/receive squared message sizes (0-32MB)

#include <stdio.h>
#include <mpi.h>

int main(int argc, char **argv) {
int rank, size, 1, jJ;
iInt buffer[16*1024*1024];

MPI_Init(&argc, &argv);
MP1_Comm_size( MPI_COMM_WORLD, &size );

MPI_Comm_rank( MPI_COMM_WORLD, &rank );
for (1=0;1<1000;1++)
for (J=1;3<16*1024*1024;j*=2) {
iIT (rank == 0) {
MP1_Send(buffer,j,MPI_INT,1,42,MPI_COMM_WORLD);

} else {
MP1_ Status status;

MPI_Recv(buffer,j ,MPI _

+
+
MPI_Finalize();

}

INT,0,42,MP1_COMM_WORLD, &status);

TAU Performance System
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Workload Characterization

3 Use tau_load.sh to Instrument MPI routines (SGI Altix)

% 1cc mpi.c —Impi

% mpirun —np 2 tau load.sh a.out
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Workload Characterization

3 MPI Results (NAS Parallel Benchmark 3.1,
on 16 processors of SGI Altix)
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Workload Characterization

d Two different message sizes (~3.3MB and ~4K)

} . Thread Statistics: n.e.t, 0,00 - lu16.D.optix.mpiparam.ppk
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Vampir, VNG, and OTF

a

)

Commercial trace based tools developed at ZiH, T.U. Dresden

O  Wolfgang Nagel, Holger Brunst and others...
Vampir Trace Visualizer (aka Intel ® Trace Analyzer v4.0)

O  Sequential program
Vampir Next Generation (VNG)

O Client (vng) runs on a desktop, server (vngd) on a cluster
O Parallel trace analysis

O  Orders of magnitude bigger traces (more memory)

Open Trace Format (OTF)

O Hierarchical trace format, efficient streams based parallel access with VNGD
O Replacement for proprietary formats such as STF

O  Tracing library available on IBM BG/L platform

O  Open Source release of OTF by SC06

Development of OTF supported by LLNL contract

http://www.vampir-ng.de

ZiH

Zantrum fOr informationadianata
und Hochlalstungsrechnen

TECHNISCHE
@ UNIVERSITAT
DRESDEN
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VNG Timeline Display (Miranda on BGL)

(2 Rala)

node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node
node

thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread
thread

COOOOOOOOCOOOOOOOOOOCOOOOOOOCOOOOOCOOOOOOOoCOOCOO0C0

x| Vampir NG - Timeline

MPI Alltoall( 110

YINVT 110
YINVT MPI_Alltcall() 110
YINVT MPI_Alltoall() 110
TINVT MPI_Alltoail() 110
TINVT MPT_Alltoall () 110
YINVT 58 110
YINVT MPI _Alltoall() 110
YINVT MPI_Alltoall{) 110
YINVT 58 58 110
YINVT MPI_Alltoall() 110
TINVT MPI_Alltoall() 110
YINVT 58 58 110
YINVT MPI_Allteall() 110
YINVT MPI Alltoall() 110
o0 ; o i 58 58 110
% Vampir NG - |dentified Activity HPT Alltoalll) 110

Location node 0, thread 0O 58 110
Operation MPI_Alltoall() (58) MPFI_Alltoall () 110
Activity MPI (5} 58 53 110
Interval 6.152 5 - 6.994 s MPL_Alltoall() 110
Duration 0.842 s 55 1o
.. o MPI_fAlltoall () 110

Next Activity 6.994 s - 6.994 s MPT_Alltozll(} 110
MPI_Alltoall() 110

Previous Activity: 6.151 s — 6,151 s 58 58 110
MPI_Alltoall() 110

MPI_Alltoall() 110

=3 58 58 110

TNV MPI_Alltcall (3 110
YINVT MPI_Alltoall(} 110
TINVT 58 58 110
YINVT MPI_Alltoall () 110
YINVT MPI_Alltoall() 110
YINYT MPI Alltocail (O 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall () 110
YINVT MPI_Alltoall() 110
TINVT MPI_Allteall (3 110
YINVT MPI_Alltoall (3 110
YINYT MPI_Alltoali(} 110
YINYT 58 58 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall (} 110
TINVT 58 58 110
TINVT MPI_Alltoall () 110
YINVT MPI_Alltoall() 110
YINYT 58 58 110
YINVT 58 110
YINVT 58 110
YINVT 58 110
TINVT 58 110
YINVT MPI_Alltoall() 110
YINVT MPI_Alltoall () 110
YINYT MPI_Alltoall() 110

TAU Performance System

m TAU_USER

= MPI

25




VNG Timeline Zoomed In

(2 Rala)

X! Vampir NG - Timeline

24,766 s 24,766 s 24,766 s 24,766 s 24,766 s 24,766 s
| i i | | mMPI

: ' | ; : = blts

; L ' fi m exchange_1

@ m Jjacld
SRS g ssor

node ¢, thread ¢ 20

thread Oblts

node 1 MPI_ Send() 20 MPI_Send()

node 2, thread Ou Jacld

node 3, thread Oblts MPT_Recwv{) {20

node 4, thread OE 3%

'
1

'

'

|

'

'

'

'

b i

i ' .
'

'

'

1

|

1

'

'

sl

| 3 @ ) [X] Vampir NG - |dentified Message

! ! Origin : node 1, thread 0
i ) Destination : node 5, thread 0
; ,J g Tag s
node 6, thread 0, i Communicator: 0O
' NST Interval : 24,766 s — 24,766 s
E 3 Duration 1 42,000 us
! ! Length 1 320
4 , Data rate : 7.266 M/s

node 7, thread 029 Ilm MPI_Recv()
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Counters

i

h PAPI

t

Ine w

ime

i

VNG Process T

i

» Vampir NG - Process Timeline
node 0, t.hread L8]

24,766 s 24,766 s 24,766 s 24,766 s 24,766 s

24,766 s

blts
m exchange_1

mMFPI
m jacld
H Ssor

'

1.34 9
1.07 <9
0,81 e9
0,54 9

0.27 9

1.34 9
1.07 e9

_FP_INS [#/5]

0.81 9
0,54 9
0,27 9

444,85 eb

PAPI_TOT_CYC [#/s5]

1.12 &9
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KTAU on BG/L

0 KTAU designed for Linux Kernel profiling
Provides merged application/system profile
3 Runs on I/O-Node of BG/L

I0-Node 32 Compute Nodes

J

System
Processes
CloD

TAU Performance System
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KTAU on BG/L

d Current status
O Detailed I/0O Node kernel profiling/tracing
O KTAU integrated into ZeptoOS build system
O KTAU-Daemon (KTAU-D) on I/0O Node
» Monitors system-wide and/or individual processes
O Visualization of trace/profile of ZeptoOS and CIOD
»Vampir/JumpShot (trace), and Paraprof (profile)

TAU Performance System
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"KTAU on BG/L

a3 Example of 1/0O Node profile data
3 Numbers Iin microseconds, inclusive left, exclusive right

4132310 S| SY's_socketcall]) 17361 e d0_page_fault)
2769720 | ] sys_read( 14115 PFPF—nw—————] do_soturql)
2753620 | | sock_recvmsg() 11054 ] tasklet_hi_action()

181915 [l do_page_fault) 108158 R 50k 5endmsgl
33820 | do_softirg() 8603.1 [ ] timer_interrupt()
31832 | sys_closed 7754.6 ] do_IRQQ
24658 | sys_write() 72476 | ] sys_writeQ
22883 | sys_open( 5176.3 [l tcp_sendmsg()
18362 | sock_sendmsg( 4645.8 I run_timer_list0)
15713 | tasklet_hi_action() 3931.2 [l sys_openl)
8603.1 | timer_interrupt() 3451.8 [ ] sys_close()
7754.6 | do_IRQ( 2041.8 [ tcp_rov_established()
6504.5 | wp_sendmsgl 1184 B sys_time()
4655.3 | run_timer_list) 1129.2 ] ppc_select()
3911.3 | tcp_vé_rov) 1006.5 I tcp_vé_revD)
2903.8 | twcp_vé_do_rovl) 624.75 B tcp_v4_do_rov()
2092.8 | wp_rcv_established() 299.21 [ sys_fstat64()
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KTAU on BG/L, Trace Data

'O 0 6 \ Vampir 4.0 - Timeline node 266
merge_8,vmp (39,997 s - 43,667 s = 3,67 s)

40.5 = 41,0 = 41.5 s
ETAU_DEFRAULT 4 . . . ... ... |
KTA 1 H L i
BOTTOMHALF 3 i fuiL . l‘|
ESCHEIULE TR e Na G G # o | by | BER, o] || S0 e iina |41 ] B R | SR | R e ) B IR e £ e
SOCKET ol b Sel e s R e o e e A e e s ol s ek
WSYSCALL E . | o > i ‘ :
WP : ‘ - . I : :
'® O 6 % Vampir 4.0 - Timeline node 266
merge S,vmp (40,799 5 - 40,799 s = 0,111 ms) .
40,799 = 40, ?99 = 40, ?39 s #ﬂ,??ﬂ = 40.??9 =
mIRQ B rit- R L e 1
gggg‘“m P R sn:-::k smdmsg - 34y 34 .. -34, B.. -----
R I TR R | bowlr e k P N I ik b I M di5 4 e B A
WSYSCALL : : . .3 - '
| : | | :
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