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Tuning and Analysis Utilities (15+ year project)
Performance problem solving framework for HPC

— Integrated, scalable, flexible, portable

— Target all parallel programming / execution paradigms
Integrated performance toolkit (open source)

— Instrumentation, measurement, analysis, visualization

— Widely-ported performance profiling / tracing system
— Performance data management and data mining

Broad application use (NSF, DOE, DOD, ...)
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Multi-level performance instrumentation

— Multi-language automatic source instrumentation

Flexible and configurable performance measurement

Widely-ported parallel performance profiling system

— Computer system architectures and operating systems

Tuning and Analysis Utilities

— Different programming languages and compilers

Support for multiple parallel programming paradigms
— Multi-threading, message passing, mixed-mode, hybrid

Integration in complex software, systems, applications
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TAU is a performance evaluation tool

It supports parallel profiling and tracing

Profiling shows you how much (total) time was spent in each routine

Tracing shows you when the events take place in each process along a timeline
TAU uses a package called PDT for automatic instrumentation of the source code

Profiling and tracing can measure time as well as hardware performance counters
from your CPU

TAU can automatically instrument your source code (routines, loops, 1/0,
memory, phases, etc.)

TAU runs on all HPC platforms and it is free (BSD style license)
TAU has instrumentation, measurement and analysis tools
— paraprof is TAU’s 3D profile browser

To use TAU’s automatic source instrumentation, you need to set a couple of
environment variables and substitute the name of your compiler with a TAU shell
script
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e TAU supports several measurement options (profiling, tracing,
profiling with hardware counters, etc.)

* Each measurement configuration of TAU corresponds to a unique
stub makefile and library that is generated when you configure it

e To instrument source code using PDT

— Choose an appropriate TAU stub makefile in <arch>/lib:
% setenv TAU_MAKEFILE $TAU/Makefile.tau-mpi-pdt
% setenv TAU_OPTIONS ¢-optVerbose ...’ (see tau_compiler.sh -help)

And use tau_{90.sh, tau_cxx.sh or tau_cc.sh as Fortran, C++ or C compilers:
% mpif90 foo.f90

changes to
% tau_190.sh foo.f90

* Execute application and analyze performance data:
% pprof (for text based profile display)
% paraprof (for GUI)
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Event types
— Interval events (begin/end events)

* measures performance between begin and end

e metrics monotonically increase

— Atomic events
e used to capture performance data state

Code events
— Routines, classes, templates
— Statement-level blocks, loops

User-defined events
— Specified by the user

Abstract mapping events
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e Performance with respect to code regions
* Exclusive measurements for region only

* Inclusive measurements includes child regions

int foo()
{
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Interval event
e.g., routines
(start/stop)

Atomic events
(trigger with
value)

0O00 X! xterm
NODE O:;CONTEXT O:THREAD O-:
%Time Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
100.0 0.187 1.105 1 44 1105659 int main{int, char #*%) C
93.2 1,030 1.030 1 0 1030654 MPI_Init()
5.9 0.879 65 40 320 1637 void func(int, int) C
4.6 51 51 40 0 1277 MPI_Barrier() <—
1.2 13 13 120 0 111 MPI_Recv()
0.8 9 9 1 0 9328 MPI_Finalize()
0.0 0.137 0.137 120 0 1 MPI_Send()
0.0 0.086 0.086 40 0 2 MPI_Bcast()
0.0 0.002 0.002 1 0 2 MPI_Comm_size()
0.0 0.001 0.001 1 0 1 MPI_Comm_rank()
USER EYENTS Profile :NODE 0, CONTEXT 0., THREAD 0
NumSamples  Max¥alue MinYalue Mean¥alue Std. Dev. Event Name
365 5.138E+04 44,39 3.09E+04 1.234E+04 Heap Memory Used (KB) : Entry
365 5.138E+04 2064 3.115E+04 1.21E+04 Heap Memory Used (KB) : Exit‘///////////
40 40 40 40 0 Message size for broadcast
27.1 1%y
% setenv TAU_CALLPATH_DEPTH 0
% setenv TAU_TRACK_HEAP 1
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0 0o [\ xterm
ZTime Exclusive Inclusive #Call #Subrs Inclusive Name
msec total msec usec/call
100.0 0.253 1,106 1 44 1106701 int main(int, char ==
93.2 1,031 1,031 1 0 1031311 MPI_InitQ
6.0 1 66 40 320 1650 void func(int, int) C
5.7 63 63 40 0 1588 MPI_Barrier()
0.8 9 9 1 0 9119 MPI_Finalize ()
0.1 1 1 120 0 10 MPI_Recv()
0.0 0.141 0.141 120 0 1 MPI_Send(
0.0 0.085 0.085 40 0 2 MPI_Bcast()
0.0 0.001 0.001 1 0 1 MPI_Comm_size()
0.0 0 0 1 0 0 MPI_Comm_rank()

USER EYENTS

Profile :NODE 0, CONTEXT 0, THREAD 0

Min¥alue Mean¥alue Std. Dev.

NumSamples  MaxYalue Event Name
40 40 40 40 0 Message size for broadcast
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Memory Used (KB) : Entry
40 5.139E+04 3097 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry :
40 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
1 2067 2067 2067 0 Heap Memory Used (KB) : Entry :
1 2066 2066 2066 0 Heap Memory Used (KB) : Entry :
1 5.139E+04 5.139E+04 5.139E+04 0.0006905 Heap Memory Used (KB) : Entry :
1 57.56 57.56 57.56 0 Heap Memory Used (KB) : Entry :
120 5.139E+04 1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04 1.129E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry :
40 5.036E+04 2068 3.011E+04 1.227E+04 Heap Memory Used (KB) : Entry :
% setenv TAU_CALLPATH_DEPTH 1
% setenv TAU_TRACK_HEAP |
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MPI_Barrier()
MPI_Bcast ()
MPI_Comm_rank ()
MPI_Comm_size ()
MPI_Finalize ()
MPI_Init Q)
MPI_Recv()
MPI_Send()

Atomic event

Context event
= atomic event
+ executing
context

int main{int., char =) C
void func(int, int) C

4.9

1%y

7.
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000 X/ xterm
NODE O[|CONTEXT 0:THREAD 0:
ZTime Exclusive Inclusive #Call #Subrs Inclusive Name
msec  total msec usec/call
100.0 0.357 1.114 1 44 1114040 int main(int, char #%) C
92.6 1.031 1.031 1 0 1031066 MPI_Init()
6.7 72 74 40 320 1865 void func(int, int) C
0.7 8 8 1 0 8002 MPI_Finalize()
0.1 1 1 120 0 12 MPI_Recv()
0.1 0.608 0.608 40 0 15 MPI_Barrier()
0.0 0.136 0.136 120 0 1 MPI_Send()
0.0 0.095 0.095 40 0 2 MPI_Bcast ()
0.0 0.001 0.001 1 0 1 MPI_Comm_size()
0.0 0 0 1 0 0 MPI_Comm_rank ()

USER EYENTS

Profile :NODE 0, CONTEXT 0, THREAD 0

NumSamples  Max¥alue MinValue MeanV¥alue Std. Dev. Event Name
365 5.139E+04 44.39 3.091E+04 1.234E+04 Heap Memory Used (KB) : Entry
1 44.39 44.39 44.39 0 Heap Memory Used (KB) : Entry :
1 2068 2068 2068 0 Heap Memory Used (KB) : Entry :
1 2066 2066 2066 0 Heap Memory Used (KB) : Entry :
1 5.139E+04 5.139E+04 5.139E+04 0 Heap Memory Used (KB) : Entry :
1 57.58 57.58 57.58 0 Heap Memory Used (KB) : Entry :
40 5.036E+04 2069 3.011E+04 1.228E+04 Heap Memory Used (KB) : Entry :
40 5.139E+04 3098 3.114E+04 1.227E+04 Heap Memory Used (KB) : Entry :
40 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
120 5.139E+04  1.13E+04 3.134E+04 1.187E+04 Heap Memory Used (KB) : Entry :
365 5.139E+04 2065 3.116E+04  1.21E+04 Heap Memory Used (KB) : Exit

% setenv TAU_CALLPATH_DEPTH
% setenv TAU_TRACK_HEAP
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int main(int.
int main(int.
int main(int.
int main(int.
int main(int,
int main(int.

void func(int,
void func(int,
void func(int,
void func(int,

char #%)
char #x)
char #%)
char #%)
char #%)
char #x)
int) C =>
int) C =>
int) C =>
int) C =>

c
c
c
C
c
c

=> MPI_Comm_rank ()

=> MPI_Comm_size()

=> MPI_Finalize()

=> MPI_InitQO

=> void func(int. int) C
MPI_Barrier()
MPI_Bcast ()

MPI_Recv()
MPI_Send )

Lontext event
= atomic event
+ executing
context
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Runtime instrumentation by pre-loading the
measurement library

Works on dynamic executables (default under Linux)

Substitutes I/O, MPI and memory allocation/
deallocation routines with instrumented calls

Track interval events (e.g., time spent 1n write()) as
well as atomic events (e.g., how much memory was
allocated) in wrappers

Accurately measure I/O and memory usage

/\.
ACTS 0 ‘ UNIVERSITY OF OREGON
(COLLECTION




 Heap memory usage reported by the mallinfo() call 1s
not 64-bit clean.

— 32 bit counters in Linux roll over when > 4GB memory is used
— We keep track of heap memory usage in 64 bit counters inside TAU
e Compensation of perturbation introduced by tool

— Only show what application uses

— Create guards for TAU calls to not track I/O and memory allocations/
de-allocations performed inside TAU

e Provide broad POSIX I/O and memory coverage
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J sameer on I12: /usr/cta/pet/pkgs/tau2
File Edit View Terminal Tabs Help

> tau_exec

Usage: tau_exec [options] [--] <exe> <exe options>

Options:
-V verbose mode
-gqsub Use gsub mode (see below)
-io track I/0
-memory track memory
-T <DISABLE,ICPC,MPI,PDT,PROFILE,PTHREAD,PYTHON, SERIAL> : specify TAU option
-XrunTAUsh-<options> : specify TAU library directly
Notes:
Defaults if unspecified: -T MPI
MPI is assumed unless SERIAL is specified
Example:

mpirun -np 2 tau_exec -io ./ring

qsub mode:

Original:
qsub -n 1 --mode smp -t 10 ./a.out
With TAU:
tau_exec -qsub -io -memory -- qsub -n 1 --mode smp -t 10 ./a.out

> 1

[<]
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e Uninstrumented execution
— % mpirun —np 256 ./a.out

e Track MPI Performance
— % mpirun —np 256 tau_exec ./a.out

e Track I/0 Performance (MPI enabled by default)

— % mpirun —np 256 tau_exec —10 ./a.out

 Track Memory
— % setenv TAU_TRACK_MEMORY_LEAKS 1
— % mpirun —np 256 tau_exec —memory ./a.out

* Track I/0O and Memory

— % mpirun —np 256 tau_exec —10 —_memory ./a.out

/




e NO '\ xterm

VYV VVVVVVVVVVVVVVVVVVVVVvYVv

cd “/workshop—point/matmult
mpif90 matmult.f90 -o matmult
mpirun —np 4 ./matmult

# To use tau_exec to measure the 1/0 and memory usage:
mpirun —np 4 tau_exec —io —memory ./matmult

# To measure memory leaks and get complete callpaths

setenv TAU_TRACK_MEMORY_LEAKS 1

setenv TAU_CALLPATH_DEPTH 100

mpirun —np 4 tau_exec —io —memory ./matmult

paraprof

# Right click on a given rank (e.g. "node 2") and choose "Shouw Context Event
# Window"” and expand the ".TAU Application” node to see the callpath
# To use a different configuration (e.g.. Makefile.tau-papi-mpi-pdt)
setenv TAU_METRICS TIME:PAPI_FP_INS:PAPI_L1_DCM

mpirun —np 4 tau_exec —io —memory - papi.mpi.pdt ./matmult

# Using tau_exec with DyninstAPI:

tau_run matmult -o matmult.i

mpirun —np 4 tau_exec —io —memory ./matmult.i

tau_run —XrunTAUsh-papi—-mpi-pdt matmult -o matmult.i

mpirun —np 4 tau_exec —io —memory -T papi.mpi.pdt ./matmult.i
paraprof

/
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Environment Variable Default Description

TAU_TRACE 0 Setting to 1 turns on tracing

TAU_CALLPATH 0 Setting to 1 turns on callpath profiling

TAU_TRACK_MEMORY_LEAKS 0 Setting to 1 turns on leak detection

TAU_TRACK_HEAP or 0 Setting to 1 turns on tracking heap memory/headroom at routine entry & exit

TAU_TRACK_HEADROOM using context events (e.g., Heap at Entry: main=>foo=>bar)

TAU_CALLPATH_DEPTH 2 Specifies depth of callpath. Setting to 0 generates no callpath or routine
information, setting to 1 generates flat profile and context events have just
parent information (e.g., Heap Entry: foo)

TAU_SYNCHRONIZE_CLOCKS 1 Synchronize clocks across nodes to correct timestamps in traces

TAU_COMM_MATRIX 0 Setting to 1 generates communication matrix display using context events

TAU_THROTTLE 1 Setting to O turns off throttling. Enabled by default to remove instrumentation
in lightweight routines that are called frequently

TAU_THROTTLE_NUMCALLS 100000 Specifies the number of calls before testing for throttling

TAU_THROTTLE_PERCALL 10 Specifies value in microseconds. Throttle a routine if it is called over 100000
times and takes less than 10 usec of inclusive time per call

TAU_COMPENSATE 0 Setting to 1 enables runtime compensation of instrumentation overhead

TAU_PROFILE_FORMAT Profile Setting to “merged” generates a single file. “snapshot” generates xml format

TAU_METRICS TIME Setting to a comma separted list generates other metrics. (e.g.,

TIME:linuxtimers:PAPI_FP_OPS:PAPI_NATIVE_<event>)

ACTS

(COLLECTION

0 ‘ UNIVERSITY OF OREGON




Name

v .TAU application

v MPI_Finalize()
free size
malloc size
MEMORY LEAK!
v read()
Bytes Read
READ Bandwidth (MB/s) <file="pipe">
Bytes Read <file="pipe">
READ Bandwidth (MB/s)
v write()
WRITE Bandwidth (MB/s)
Bytes Written <file="/dev/infiniband/rdma_cm">
Bytes Written
WRITE Bandwidth (MB/s) <file="/dev/infiniband/uverbs0">
Bytes Written <file="pipe">
WRITE Bandwidth (MB/s) <file="/dev/infiniband /rdma_cm">
Bytes Written <file="/dev/infiniband/uverbs0">
WRITE Bandwidth (MB/s) <file="pipe">
v writev()
WRITE Bandwidth (MB/s)
Bytes Written
WRITE Bandwidth (MB/s) <file="socket">
Bytes Written <file="socket">
v readwv()
Bytes Read
READ Bandwidth (MB/s) <file="socket">
Bytes Read <file="socket">
READ Bandwidth (MB/s)
v MPI_Comm_free()
free size
read()
MPI_Type_free()
MPL_Init()
fopen64()
free size
MEMORY LEAK!
malloc size
L MOurMain()
» fclose()

4 vVYYyYy

23,901,253
5,013,902

5,000,264
LS

4

4

24
1,456

64

1,368

297
297
112

112

10,952

231,314

1,105,956
1,358,286

22,719.822
65,972.395
500,026.4

4
0.308

4
0.308

0.635
24
14.275
0.528
16
1.714
14.103
2.967

4.108
148.5
4.108
148.5

28
25.5
28
25.5

195.571

263.456
1,868.169
901.318

MaxValue

MinValue
1,052 2,099,200
76 5,000,000
10 5,000,000
1 4
1 0.308
1 4
1 0.308
102 12
1 24
102 28
97 12
4 28
1 1.714
97 24
4 5.6
2 7.667
2 230
2 7.667
2 230
4 36
& 36
4 36
4 36
56 1,024
878 568
592 7,200
1,507 7,200

0.308

0.308

24

0.089

1.714
12

0.549
67
0.549
67

20
10
20
10

48

35
32
32

Std. Dev.

186,920.948
569,732.815
1,499,991.2

[l =Nl

1.472

5.149
1.32
12

4.562
2.644

3.559
81.5
3.559
81.5

8
11.079
8
11.079

255.353

221.272
3,078.574
2,087.737

N
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Dynamic Instrumentation using DyninstAPI [U. Wisconsin,
Madison, and U. Maryland]

Pre-execution instrumentation
Shell script spawned the task on the node and instrumented it

As the number of processors increased, more time was wasted:
— transferring un-instrumented executables to the compute nodes,

— Instrumenting the application binary

Solution: Binary re-writing!

/
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Support for both static and dynamic executables

Specity the list of routines to instrument/exclude from
instrumentation

Specity the TAU measurement library to be injected
Simplify the usage of TAU:

— To instrument:
* % tau_run a.out —o a.inst

— To perform measurements, execute the application:
* 9% mpirun —np 4 ./a.inst

— To analyze the data:
* % paraprof

/
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'6 O 6 X/ livetau@paratools01:~

/home/livetau? cd “/tutorial

/home/livetau/tutorial% # Build an uninstrumented bt NAS Parallel Benchmark
/home/livetau/tutorial¥% make bt CLASS=W NPROCS=4

/home/livetau/tutorial% cd bin

/home/livetau/tutorial/bin% # Run the instrumented code
/home/livetau/tutorial/bin% mpirun —np 4 ./bt_W.4
/home/livetau/tutorial /bin%

/home/livetau/tutorial/bin% # Instrument the executable using TAU with DyninstAPI
/home/livetau/tutorial /bin%

/home/livetau/tutorial/bin% tau_run ./bt_W.4 -o ./bt.i
/home/livetau/tutorial/bin% rm —rf profile.® MULT=
/home/livetau/tutorial/bin% mpirun -np 4 ./bt.i

/home/livetau/tutorial/bin% paraprof

/home/livetau/tutorial /bin%

/home/livetau/tutorial/bin% # Choose a different TAU configuration
/home/livetau/tutorial/bin% 1ls $TAU/1ibTAUsh

libTAUsh-depthlimit-mpi-pdt.so* libTAUsh-papi-pdt.so*
libTAUsh-mpi-pdt.so* libTAUsh-papi-pthread-pdt.so*
libTAUsh-mpi-pdt-upc.so* libTAUsh-param—mpi-pdt .so*
libTAUsh-mpi-python—-pdt.so* libTAUsh-pdt .so*
libTAUsh-papi—mpi-pdt.so* libTAUsh-pdt-trace.so*
libTAUsh-papi-mpi-pdt-upc.so* libTAUsh-phase-papi-mpi-pdt.so*
libTAUsh-papi-mpi-pdt-upc—udp.so* libTAUsh-pthread-pdt.so*

libTAUsh-papi-mpi-pdt-vampirtrace-trace.so* libTAUsh-python—pdt.so*
libTAUsh-papi—-mpi-python—pdt.so*

/home/livetau/tutorial/bin% 1ls $TAU/1libTAUsh-

/home/livetau/tutorial/bin%

/home/livetau/tutorial/bin% tau_run —XrunTAUsh-papi—-mpi-pdt-vampirtrace-trace bt_W.4 -o bt.vpt
/home/livetau/tutorial/bin% setenv YT_METRICS PAPI_FP_INS:PAPI_L1_DCHM
/home/livetau/tutorial/bin% mpirun —np 4 ./bt.vpt

/home/livetau/tutorial/bin% vampir bt.vpt.otf &

/home/livetau/tutorial/bin% ||
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Program Analysis

TAU Architecture

Performance Data Mining

Application
/ Library

Instrumentation

C/C++ . Fortran parser

event source object library binary virtual parser ) F77/90/95
selection code code wrapper code machine ~_
— = 11

/
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. — Vo IL

/ — event ‘
o || 3 X x
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event entry/exit atomic event event X — .
Iidemiﬁerl I events I I events I I mapping I I control I Program —#lDUCTAPE > Automalic source
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Profiling Tracing Files ”_j .- .

- atomic entry/exit trace record trace
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\
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: \
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\
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I
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al |
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* gprof
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symbol |
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TAU, mpif, ompp,
HPMToolkit, Cube,

Profile Data Management (PerfDMF) Trace Data Management

profile etadata profile trace trace
translators (XML) database translators storage

Comparative

ParaProf

HPCToolkit, Gprof, ISES supermon ) -
= Dynaprof, PSRun ' e
Profile Analysis (ParaProf) Trace Visualizers  Trace Analyzers + )
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o Derived Data
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Vampir Expert Collection

' | file.
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Instrumentation

T ¥ .
event source object library binary i
selection code code wrapper code

MEASUREMENT API

event
information

Measurement

Event creation and management

event entry/exit atomic event event
identifier events events mapping control

Profiling Tracing

statistics atomic entry/exit trace record trace
profiles profiles buffering creation 1/0
phase /O profile timestamp trace trace
profiles profiles sampling generation filtering merging

Performance data sources OS and runtime system modules

. hardware . .
system runtime
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Flexible instrumentation mechanisms at multiple levels

— Source code
* manual (TAU API, TAU Component API)

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

* Python interpreter based instrumentation at runtime

— Proxy Components

/
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ev_ent — Instrumentation gvent )
selection information _ ________

i other |
: profilers : [
I symbol

 profiles table |
' profiles traces '

Profile Data Management (PerfDMF)

pd
Metadata
M

Trace Visualizers  Trace Analyzers

JumpShot ProfileGen
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TAU, mpiP, ompP,
HPMToolkit, Cube,
HPCToolkit, Gprof,
Dynaprof, PSRun

Runtime Data
Collection

Supermon, MRNet

PostgreSQL, MySQL
Oracle, DB2, Derby

Parsers and
Importers

Basic Analysis

+
Derived Data

Internal

Representation

Bar Charts

Comparative

Displays

3D Displays

o

4

Scripting Interface

¥

Jython
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File Options Windows Help

E Triangle Mesh
Bar Plot

Scatter Plot

Height Metric
T \TTW‘T‘ "
T T T ‘ Exclusive ¥ |GET_TIME_OF_DAY |+
\\TW“Q“H “‘ TL ‘—*5 JV‘*\" ’_"Hﬁ’“_ﬁ}‘}jw\ ™ ‘ : T
_;'u_w'jy‘,_\,,‘.“.‘l-“»‘ 1 | ‘—r Q‘ﬁﬁ_ A L [ARRYARAALS Color Metric
T LU

Exclusive ¥ |GET_TIME_OF_DAY |+
SIGMAD_CQL3D
Function
200:0:0
Thread

Height value 321.68 seconds

Color value 321.68 seconds

Mesh Plot  Axes ColorScale — »
Plot Width O
Plot Depth =
Plot Height O
| Transparency D
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TAU Performance System Performance Analysis Programs
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* gprof
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Execution actions of interest exposed as events

— In general, actions reflect some execution state

e presence at a code location or change in data
e occurrence in parallelism context (thread of execution)

— Events encode actions for performance system to observe

Observation 1s direct
— Direct instrumentation of program (system) code (probes)
— Instrumentation invokes performance measurement
— Event measurement: performance data, meta-data, context
Performance experiment
— Actual events + performance measurements

Contrast with (indirect) event-based sampling

/
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Support for standard program events
— Routines, classes and templates

— Statement-level blocks

— Begin/End events (Interval events)
Support for user-defined events

— Begin/End events specified by user

— Atomic events (e.g., size of memory allocated/freed)
— Flexible selection of event statistics

Provides static events and dynamic events

Enables “semantic” mapping

Specification of event groups (aggregation, selection)
Instrumentation optimization

/\
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Events have a type, a group association, and a name

TAU events names are character strings
— Powerful way to encode event information
— Inefficient way to communicate each event occurrence
TAU maps a new event name to an event ID
— Done when event is first encountered (get event handle)
— Event ID is used for subsequent event occurrences
— Assigning a uniform event ID a priori 1s problematic
A new event is identified by a new event name in TAU
— Can create new event names at runtime
— Allows for dynamic events (TAU renames events)
— Allows for context-based, parameter-based, phase events

/
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e TAU supports several measurement options (profiling, tracing,
profiling with hardware counters, etc.)

 Each measurement configuration of TAU corresponds to a unique
stub makefile and library that is generated when you configure it

e To instrument source code using PDT

— Choose an appropriate TAU stub makefile in <arch>/lib:

% setenv TAU_MAKEFILE /usr/local/packages/tau/i386_linux/lib/Makefile.tau-mpi-pdt
% setenv TAU_OPTIONS ¢-optVerbose ...’ (see tau_compiler.sh -help)

And use tau_f90.sh, tau_cxx.sh or tau_cc.sh as Fortran, C++ or C compilers:
% mpif90 foo.f90

changes to
% tau_190.sh foo.f90

e Execute application and analyze performance data:
% pprof (for text based profile display)
% paraprof (for GUI)

/\
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$ cd /usr/local/packages/tau/i386 linux/lib; 1ls Makefile.*
Makefile.tau-pdt

Makefile.tau-mpi-pdt

Makefile.tau-opari-openmp-mpi-pdt
Makefile.tau-mpi-scalasca-epilog-pdt
Makefile.tau-mpi-vampirtrace-pdt
Makefile.tau-multiplecounters—-mpi-papi-pdt
Makefile.tau-multiplecounters—-papi-mpi-openmp-opari-pdt
Makefile.tau-pthread-pdt..

e For an MPI+F90 application, you may want to start with:
Makefile.tau-mpi-pdt
— Supports MPI instrumentation & PDT for automatic source instrumentation

- % setenv TAU MAKEFILE
/usr/local/packages/tau/i1386 linux/lib/Makefile.tau-mpi-
pdt

o

- % tau £f90.sh matrix.f90 -o matrix

/
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Goal: What routines account for the most time? How much?

Flat profile with wallclock time:
Metric: P_VIRTUAL_TIME
Value: Exclusive
Units: seconds

9647.318 | | LEQ_IKSWEEPT

4357.213 [ LEQ_BICGSOT
2669.887 [ | LEQ_MATVECT
1777.752 SOLVE_SPECIES_EQ
1417.986 [ | SOLVE_LIN_EQ
1028.448 [l PHYSICAL_PROP
783.402 [ | RRATES
682.376 [L] LEQ_MSOLVET
530.858 [J] INIT_AB_M
463.788 [ | CALC_MASS_FLUX_SPHR
446.025 [] INIT_MU_S
421.747 [] CALC_RESID_S
381.363 [] SOLVE_ENERGY_EQ
371.199 [] SOURCE_PHI
258.829 E DRAG_GS

/
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/local/packages/tau/i386 linux/bin $path)

% tau £90.sh matmult.f90 -o matmult

(Or edit Makefile and change F90=tau £90.sh)

$ mpirun -np 4 ./matmult
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.

% paraprof app.ppk

/\‘

(COLLECTION




Jconfigure —pdt=/usr/local/packages/pdtoolkit-3.16 -mpi Configure using
PDT and MPI

Jconfigure -papi=/usr/local/packages/papi-4.0.0
-pdt=<dir> -mpi ; make clean install

— Use PAPI counters (one or more) with C/C++/F90 automatic instrumentation.
Also instrument the MPI library.

Typically configure multiple measurement libraries using installtau
Past configurations are stored in TAU’s .all_configs file and .installflags

Each configuration creates a unique <arch>/lib/Makefile.tau<options>
stub makefile. It corresponds to the configuration options used. e.g.,

— /usr/local/packages/i386_linux/lib/Makefile.tau-mpi-pdt

— /usr/local/packages/i386_linux/lib/Makefile.tau-mpi-papi-pdt

/
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e Optional parameters for TAU_OPTIONS: [tau_compiler.sh —help]

-optVerbose Turn on verbose debugging messages
-optComplnst Use compiler based instrumentation
-optNoComplnst Do not revert to compiler instrumentation if source
instrumentation fails.
-optDetectMemoryLeaks Turn on debugging memory allocations/
de-allocations to track leaks
-optKeepFiles Does not remove intermediate .pdb and .inst.* files
-optPreProcess Preprocess Fortran sources before instrumentation
-optTauSelectFile="" Specify selective instrumentation file for tau_instrumentor
-optLinking="" Options passed to the linker. Typically

$(TAU_MPI_FLIBS) $(TAU_LIBS) $(TAU_CXXLIBS)

-optCompile="" Options passed to the compiler. Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)
-optPdtF950pts="" Add options for Fortran parser in PDT (f95parse/gfparse)
-optPdtF95Reset="" Reset options for Fortran parser in PDT (f95parse/gfparse)
-optPdtCOpts="" Options for C parser in PDT (cparse). Typically
$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEES)
-optPdtCxxOpts="" Options for C++ parser in PDT (cxxparse). Typically

$(TAU_MPI_INCLUDE) $(TAU_INCLUDE) $(TAU_DEFS)

/
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If your Fortran code uses free format in .f files (fixed is default for .f), you may use:
% setenv TAU_OPTIONS ‘-optPdtF950pts="“-R free” -optVerbose ’

To use the compiler based instrumentation instead of PDT (source-based):
% setenv TAU_OPTIONS ‘-optComplnst -optVerbose’

If your Fortran code uses C preprocessor directives (#include, #ifdef, #endif):
% setenv TAU_OPTIONS ‘-optPreProcess -optVerbose -optDetectMemoryLeaks’

To use an instrumentation specification file:
% setenv TAU_OPTIONS ‘-optTauSelectFile=mycmd.tau -optVerbose -optPreProcess’

% cat mycmd.tau

BEGIN_INSTRUMENT_SECTION

memory file="“f00.f90” routine="#"

# instruments all allocate/deallocate statements in all routines in f0o.f90
loops file="“*” routine="#"

10 file="abc.f90” routine="“FOQO”

END_INSTRUMENT_SECTION

/
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Goal: What loops account for the most time? How much?

Flat profile with wallclock time with loop instrumentation:

Metric: GET_TIME_OF_DAY
Value: Exclusive
Units: microseconds

1729975.333 | Loop: MULTIPLY_MATRICES [{matmult.f90} {31,9}-{36,14}]

443194 [— MPI_Recv()

81095 [L] MAIN
49569 [ MPI_Bcast()
45669 [] Loop: MAIN [{matmult.f90} {86,9}-{106,14}]
12412 | MPI_Send()
8959 | Loop: INITIALIZE [{matmult.f90} {17,9}-{21,14}]
8953 | Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]
5609.2 | MPI_Finalize()
2932.667 | MULTIPLY_MATRICES
2577.667 | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]
2091.8 | MPI_Barrier()
1875.667 | Loop: MAIN [{matmult 90} {112,9}-{115,14}]
1833 | Loop: MAIN [{matmult.f90} {71,9}-{74,14}]
107 | Loop: MAIN [{matmult f90} {77,9}-{84,14}]
30 | INITIALIZE
14.25 | MPI_Comm_rank{)
1 | MPI_Comm_size()

/
ACTS 0 | UNIVERSITY OF OREGON
(COLLECTION




% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile.tau-mpi-pdt

setenv TAU OPTIONS ‘-optTauSelectFile=select.tau -optVerbose’

cat select.tau

BEGIN INSTRUMENT SECTION

loops routine=“§#"

END INSTRUMENT SECTION

o° oP°

o°

set path=(/usr/local/packages/tau/i386 linux/bin $path)
% make F90=tau £f90.sh

(Or edit Makefile and change F90=tau £90.sh)

% mpirun -np 4 ./a.out

% paraprof --pack app.ppk

Move the app.ppk file to your desktop.

% paraprof app.ppk

4
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Goal: Easily generate routine level performance data using the compiler instead of
PDT for parsing the source code

e0e6 X TAU: ParaProf: Mean Data - /home/sameer/workshop/NPB3.1/bin
File Options Windows Help

Metric: Time
Value: Exclusive percent

34.822% | ] rhs_
13.209% [ jacid_
11.823% ] jacu
11.639% e buts_
11598% ] blts.
5.325% [ SSOr_
3.656% [_____] MPLInitQ
2.626% [] MPI_Recv(
1.994% [E] MPI_Send(
1.363% [ MPI_Wait0
0.898% [] exchange_3_
0.411% [ exchange_1_
0.284% [l setiv_
0.156% | erhs_
0.095% | exact_
0.023% | MPI_FinalizeQ
0.022% | 1I2norm_
0.021% | error_
0.009% | MPI_Allreduce(
0.008% | setbv_
0.007% | MPI_lrecv(
0.003% | MPI_BcastQ
0.003% | print_results_
0.002% | init_comm_
0.002% | verify_
9.0E-4% | read_input_
7.6E-4% | pintgr_
4.8E-4% | MAIN__
4.8E-5% | MPI_BarrierQ
4.8E-5% | timer_start_
3.4E-5% | exchange_4_
3.1E-5% | bcast_inputs_
2.0E-5% | MPI_Comm_rank(
1.7E-5% | nodedim_

ID

Il
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o°

setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-mpi

setenv TAU OPTIONS ‘-optCompInst —optVerbose’

% set path=(/usr/local/packages/tau/i386 linux/bin $path)
make F90=tau £90.sh

(Or edit Makefile and change F90=tau £90.sh)

o°

o0 o°

$ mpirun -np 4 ./a.out
% paraprof --pack app.ppk

Move the app.ppk file to your desktop.
% paraprof app.ppk

4
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Goal: What MFlops am I getting in all loops?
Flat profile with PAPI_FP_INS/OPS and time with loop instrumentation:

Metric: PAPI_FP_INS / GET_TIME_OF _DAY

Value: Exclusive

Units: Derived metric shown in microseconds format

770.699 |

/
ACTS

(COLLECTION

223.39

223.24

171.855

Loop: MULTIPLY_MATRICES [{matmuilt f90} {31,9}-{36,14}]
Loop: INITIALIZE [{matmult.f90} {10,9}-{14,14}]

Loop: INITIALIZE [{matmult.f90} {17,9}-{21,14}]

Loop: MAIN [{matmult.f90} {71,9}-{74,14}]

170.862 [l Loop: MAIN [{matmult.f90} {112,9}-{115,14}]
122.96 [ | Loop: MAIN [{matmult.f90} {117,9}-{128,14}]

37.549 [_] MULTIPLY_MATRICES
21.367 [i] INITIALIZE
13.795 [] Loop: MAIN [{matmult.f90} {86 ,9}-{106,14}]

1
8.935 |
1.131
0.794
0.647
0.355
0.171
0.115
0.023

[ MPI_Comm_size()

Loop: MAIN [{matmult.f90} {77,9}-{84,14}]
MPI_Send()

MPI_Comm_rank{()

MPI_Bcast()

MPI_Recv()

MPI_Barrier()

MPI_Finalize()

MAIN
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386_ linux
/lib/Makefile. tau-papi-mpi-pdt
% setenv TAU OPTIONS ‘-optTauSelectFile=select.tau -optVerbose’
% cat select. tau
BEGIN_INSTRUMENT SECTION
loops routine=“#"
END_ INSTRUMENT SECTION

% set path=(/usr/local/packages/tau/i386_ linux/bin $path)
% make F90=tau £f90.sh
(Or edit Makefile and change F90=tau £90.sh)
setenv TAU METRICS TIME:PAPI FP INS:PAPI L1 DCM
mpirun -np 4 ./a.out
paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
Choose Options -> Show Derived Panel -> “PAPI_FP INS”, click “/”, “TIME”, click “Apply”
choose.

oP

o0 o°
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ss in ParaProf

000

File Options Help

'\ TAU: ParaProf Manager

|® Applications

TrialField

Walue

¢ [ Standard Applications 0 -
¢ [ Default App 6
# 3 Default Exp ;603.093}’“”0 Opteron(tm) P 8435
& I¥-Core pteron({tm) Frocessor -
v ';_mommmz ' AuthenticAMD
@ PAPI_L1_DCM /root/f90
@ PAPIFP_INS S12KB
Jroot/f90/ring.i
1
Tau profiles

h2e4s5.corning.com

2010-04-18T02:27:58-04:00

MPI Processor Name

h2e4s5.corning.com

Memaory Size

66006592 kB

h2e4s5.corning.com

0S Machine

x86_64

05 Name Linusx

S Release

2.6.18-128.el5.perfctr

0S Version

#1 SMP Mon Jun 29 12:32:22 PDT 2009

Starting Timestamp 1271572078767980

Al Architecture x86_64
TAL Config -C++=0++ -CC=gcc -fortran=gfortran -mpilib = fusr/nic/dev/fintelfimpif3.2.2.006/lib64 -mpiinc= fusr/nic/dev/intel/impif3.2.2.006/in...
TAL Makefile ;‘usrjcorning faggsggaratoolsgtau-z 19. lgx86_64gIibgMakefile.tau-intelmgi-gapi-mpi-pdt

Al Wersion tau-2.19.1
TAL_CALLPATH off
TAL_CALLPATH_DEPTH 2

off
off
on
profile
on

L 100000

AJ_THROTTLE_PERCALL 10

A_TRACE off

AU_TRACK_HEADROOM off —

Al_TRACK_HEAP off

AU_TRACK_MESSAGE off

imestamp 1271572078835079

Expression: |"PAPI_FP_INS",'"PAPI_Ll_DCM"

Led LaJle ]l

LT [ v
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Metric: PAPI_RES_STL O Caiter.3504350.4096pes.sn.loops. BARRIER. ppk - Mean

Value: Exclusive ] Caiter.350x350.2048pes.dc.loops.BARRIER ppk - Mean
Units: counts

2.8707E12 | . . ,
1.483E12 |
1.5788E12 (106.462%) = AORSAZD_STIXZ
1.717E11 [
MPI_Recv()
1.6629E11 (96.853% -
AORSA2D (36.853%) [
. 1.445911 [ . .
Omagneﬂze;d | | 4297E11 (98.881%) [ 0O AORSAZD_STIX2 [UspinomelmarretiAORSA_PROJWORKIAORSAZ
plasma simulation p—
O Automatic loop level 3.9055E10 (97.746%) [ " —oamerd
Instrumentation 2.633E10 | _
. . MPI_Type_commit()
O Blue is single node 2. 7056E10 (102.758%) |
O Red is dual core - 1208E3 (13;193?5;)’ I MPI_Send()
O Cray XT3 (4K cores) ‘ '
3.3801E9 | MPL_Packo
3.3829E9 (100.082%) | -
2.8833E9 |

4.8216E9 (167.223%) | MPI_Allreduced

/
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Metric: PAPI_FP_INS / LINUX_TIMERS

Value: Exclusive
Units: Derived metric shown in microseconds format

1142.273 ] Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}]
884.23 | Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]
0.014 | MPI_Wait()
121.843 [ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]
0.021 | MPI_Isend()
0.06 | Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
183.176 | Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}]
0 | MPI_Comm_split()

0 | MPI_Barrier()
148.608 [Wml RHSF
269.897 [ Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]
74283 [ ] Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
163.317 [l Loop: RHSF [{rhsf.pp.f90}{537,3}-{543,16}]
174.081 [ ] Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}]
124.129 [@l Loop: RHSF [{rhsf.pp.f90}{515,3}-{535,16}]
1153.827 e Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-{441,15}]
2.177 | DERIVATIVE_X_COMM
1422.272 (T 1 oop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
1459.472 Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}]
178.375 [ Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
374.708 [ Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}]
0 | MPI_Irecv()
3.778 | DERIVATIVE_Y_COMM
244,308 [l Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} {506,3}-{512,8}]
1.294 | INTEGRATE
0.002 | S3D
7.111 | DERIVATIVE_Z_COMM
733.265 e Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {490,13}-{509,18}]
765947 [ ] Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {461,13}-{480,18}]
950372 @] Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {488,13}-{507,18}]
973.95 Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {459,13}-{478,18}]
249.638 [l Loop: TRANSPORT_M::COMPUTESTRESSTENSOR [{mixavg_transport_m.pp.f90}{711,5}-{737,10}]
1119.025 | Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {464,13}-{483,18}]
0.328 | TRANSPORT_M::COMPUTESPECIESDIFFFLUX
1257.338 [ FP}YTYTY Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {493,13}-{512,18}]
84.649 [_] RK_M:CONTROLLER
30.583 [ DERIVATIVE_X_CALC
33.374 [] DERIVATIVE_Y_CALC
33.405 [ DERIVATIVE_Z_CALC
61.032 [ THERMCHEM_M:CALC_INV_AVG_MOL_WT
95.032 [_] GET_VELOCITY_VEC
103.526 [@ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {527,5}-{529,10}]
196.839 [ ] Loop: FILTER_M::FILTER [{filter_m.pp.f90} {1232,5}-{1236,9}]
293.594 ] THERMCHEM_M::CALC_TEMP
141.127 [ TRANSPORT_M::COMPUTECOEFFICIENTS
24.465 [] COMPUTESCALARGRADIENT
0 | Loop: INTEGRATE [{integrate_erk.pp.f90} {108,3}-{110,7}]
0.245 | VARIABLES_M::GET_MASS_FRAC
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Goal: To expose the calling sequence. E.g., what routine calls an MPI_Barrier()?
Where?

Callpath profile for a given callpath depth:

X n,ct, 0,0,0 - callpath-all/scaling/flash/taudata/disk2 /mnt/

File Options Windows Help

Metric Name: Time
alue Type: exclusive

26.474% [ MODULEHYDROSWEEP:HYDRO_SWEEP
26.474% [ ]FLASH => EVOLVE =: HYDRO:HYDRO_3D = 3> MODULEHYDROSWEEP:HYDRO_SWEEP
24.556% I 10 DULEHYDRO_1D:HYDRO_1D
24.556% NN 1 ASH = > EVOLVE => HYDRO:HYDRO_3D
14.351% [ ] MODULEINTRFC:INTRFC
14.351% [ FLASH = > EVOLVE => HYDROZHYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP =: MODULEHYDRO_1D:HYDRO_1D =3 MODULEINTRFCzINT
4.501% [ MODULEEOS3D:EOS3D
4.427% [T MPI_Ssendd
3.678% [C__JFLASH => EVOLVE =:> HYDRO:HYDRO_3D =3> MODULEHYDROSWEEP:HYDRO_SWEEP = > MODULEEOS3D:EOS3D
3.536% I MPI_Allreduce
2.727% I MPI_waitallg
2.242% [_] MODULEUPDATE_SOLN:UPDATE_SOLN
2.242% M FLASH => EVOLVE =:> HYDRO:HYDRO_3D =:> MODULEHYDROSWEEP:HYDRO_SWEEP = > MODULEUPDATE_SOLN::UPDATE_SOLN
2.059% ] AMR_GUARDCELL_CC_SRL
1.703% M FLASH => EVOLVE => HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_GUARDCELL =: AMR_GUARDCELL SRL =: AMR_
1.56% M FLASH => EVOLVE =3> HYDRO:HYDRO_3D =3> MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL =3> AMR_GUARDCELL SRL =3> AMR_

1.406% Ml FLASH =3> EVOLVE =3> MESH_UPDATE_GRID_REFINEMENT = MESH_REFINE_DEREFINE =3> AMR_REFINE_DEREFINE => AMR_MORTON_ORDER =3
1.361% [ FLASH => TIMESTEP = MPI_Allreduceq

1.319% [l AMR_RESTRICT_UNK_FUN
1.272% [J AMR_PROLONG_GEN_UNK_FUN
1.093% [JFLASH => EVOLVE =: HYDRO:HYDRO_3D =3> MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_GUARDCELL =3> AMR_GUARDCELL.C_TO_F => A
1.077% [J ABUNDANCE_RESTRICT
1.077% E FLASH => EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = ABUNDANCE_RESTRICT
1.064% [l DBASETREE:DBASENEIGHBORBLOCKLIST
1% M FLASH => EVOLVE =:> HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL =:> AMR_RESTRICT =: AMR_RESTRI

0.987% M FLASH => EVOLVE => HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_FLUX_CONSERVE = > AMR_FLUX_CONSERVE_UDT

0.96% [ FLASH => EVOLVE => HYDRO:HYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_GUARDCELL =3 AMR_GUARDCELL_C_TO_F =:> A
0.916% [l MPI_Barrier¢
0.807% BFLASH => EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP =3 MESH_GUARDCELL =3 TOT_BND =:> DBASETREE:DBAS
0.806% [ AMR_PROLONG_UNK_FUN
0.735% | AMR_DIAGONAL_PATCH
0.699% [J DIFFUSE
0.699% D FLASH =3 EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP = > DIFFUSE
0.671% [ AMR_RESTRICT_RED
0.671% I FLASH => EVOLVE =3> HYDRO:HYDRO_3D =3> MODULEHYDROSWEEP:HYDRO_SWEEP = > MESH_FLUX_CONSERVE =3 AMR_FLUX_CONSERVE_UDT
0.657% J FLASH => EVOLVE =3 HYDRO:HYDRO_3D =3 MODULEHYDROSWEEP:HYDRO_SWEEP => MESH_GUARDCELL =3 AMR_GUARDCELL SRL =3 AMR_
0.638% [ FLASH => EVOLVE =3 MESH_UPDATE_GRID_REFINEMENT =3 MARK_GRID_REFINEMENT = > MPI_BarrierQ

0.61% [ FLASH => EVOLVE =:> HYDRO:HYDRO_3D =:> MODULEHYDROSWEEP:HYDRO_SWEEP = MESH_GUARDCELL =:> AMR_GUARDCELL.C.TO_F => A
0.556% B FLASH => EVOLVE => HYDROZHYDRO_3D =: MODULEHYDROSWEEP:HYDRO_SWEEP =: MESH_GUARDCELL =3 AMR_GUARDCELL_C_TO_F =:> A
0.508% | TOT_BND

0.454% [ FLASH => EVOLVE =3 MESH_UPDATE_GRID_REFINEMENT =3 MARK_GRID_REFINEMENT = > MODULEEOS3D:E0S3D
4 i I

i

=> MODULEHYDROSWEEP:HYDRO_SWEEP = MODULEHYDRO_1D::HYDRO_1D

[4]
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ath Profile

e Generates program callgraph

‘D00 Call Graph for n,c,t, 0,0,0 - tmp/private/

File Options Windows Help
| | [ [ [TETTTITT [ TT TS _ [CEEEENNNEEEEEEEEEEN

main() (calls f1, f5)

f5() (sleeps 5 sec)

f3() (sleeps 3 sec)
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(o]

% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile.tau-mpi-pdt

% set path=(/usr/local/packages/tau/i386 linux/bin $path)
% make F90=tau £f90.sh

(Or edit Makefile and change F90=tau £90.sh)

export TAU CALLPATH DEPTH 1

export TAU CALLPATH DEPTH=100

o° oP

o°

mpirun -np 4 ./a.out
% paraprof -—-pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Call Graph)

4
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(v TAU: ParaProf: Mean Context Events - mem.ppk =-||B]% W

File Windows Help

Name A [NurmSamples | Maxvalue | Minvalue | Meanvalue | Std. Dewv
¢ MAIN [{matrix.f90} {141,7}-{146,22}]
¢ MATRICES:ALLOCATE_MATRICES [{matrix.f90} {10,7}-{13,38}]
MEMORY LEAK! malloc size =file=matrix.f90, variable=C, line=11= 1 8,000,000 8,000,000 8,000,000 0
malloc size =file=matrix.f90, variable=A4, line=11= 1 8,000,000 8,000,000 8,000,000 0
malloc size =file=matrix.f90, variable=B, line=11:> 1 8,000,000 8,000,000 8,000,000 0
malloc size =file=matrix.f90, variable=C, line=11:= 1 8,000,000 8,000,000 8,000,000 0
¢ MATRICES:DEALLOCATE_MATRICES [{matrix.f90} {14,7}-{17,40}]
free size =file=matrix.f90, variable=A, line=15:> 1 8,000,000 8,000,000 8,000,000 0
free size =file=matrix.f90, variable=B, line=15> 1 8,000,000 8,000,000 8,000,000 0
\ 4
(V User Event Window: mem.ppk = || B "1
File Options Windows Help
Name: MEMORY LEAK! malloc size <file=matrix.f80, variable=C, line=11> : MAIN [{matrix.f80}{141,7}-{146,22}] => MATRICES:: ALLOCATE_MATRICES
[frmatrix.f90} {10,7}-{12,28}]
YWalue Type: Max Yalue
8000000 Mean
8000000 n,c,t 0,0,0
8000000 n,ct 1,0,0
8000000 n,ct 2,0,0
8000000 n,ct 3,0,0
0 | Std. Dev.
~ by

/
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-mpi-pdt

% setenv TAU OPTIONS ‘-optDetectMemorylLeaks -optVerbose’
% set path=(/usr/local/packages/tau/i386 linux/bin $path)
% make F90=tau_ £90.sh

(Or edit Makefile and change F90=tau f90.sh)

% setenv TAU CALLPATH DEPTH 100

% mpirun -np 4 ./a.out
% paraprof --pack app.ppk
Move the app.ppk file to your desktop.
% paraprof app.ppk
(Windows -> Thread -> Context Event Window -> Select thread -> select...
expand tree)
(Windows -> Thread -> User Event Bar Chart -> right click LEAK
-> Show User Event Bar Chart)

/\‘
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Goal: Generate a flat profile for a Python program

Metric: Time
Value: Exclusive
Units: seconds

5.473 eS| dot
2548 [ ] standard_normal
0.152 MachAr::_init__[{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
0.112 § _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]
0.105 [| _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]
0.056 | any [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/fromnumeric.py} {540}]
0.048 | append

0.046 | len
0.046 | Tokenizer::__next [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]
0.045

any
0.035 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}
0.033 | SubPattern::getwidth [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}
0.033 | _optimize_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]
0.028 | Tokenizer:get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}]
0.023 | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}
0.022 | add_newdoc [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]
0.019 | abs
0.019 | _compile_charset [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]
0.016 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/__init__.py}{2}]
0.015 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
0.014 | SubPattern::__len__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]
0.011 | _mk_bitmap [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]
0.011 | Tokenizer:match [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}]
0.01 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}]
0.009 | SubPattern::__getitem__ [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {136}]
0.009 | _simple [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {360}]
0.008 | SubPattern::append [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {144}]
0.007 | min
0.007 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/ctypes/__init__.py} {4}]
0.007 | extend_all [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {83}]
0.006 | ord
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py} {17}]
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/ma.py} {9}
0.005 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numerictypes.py} {76}]
0.005 | SubPattern::__getslice__ [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {140}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/__init__.py}{1}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py} {2}]
0.004 | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/opcode.py} {5}]
0.004 | _extendLine [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {270}]
0.004 | _formatArray [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {278}] E
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% cat foo.py
#!/usr/bin/env python

OI”lglnal import numpy

ra=numpy.random
C‘Ode,' la=numpy.linalg

size=2000
a=ra.standard_normal((size,size))
b=ra.standard_normal((size,size))
c=la.linalg.dot(a,b)

print c

Create a wrapper:

% cat wrapper.py
#!/usr/bin/env python

# setenv PYTHONPATH §$PET_HOME/pkgs/tau-2.17.3/ppc64/1lib/bindings-gnu-python-pdt
import tau

def OurMain():
import foo

tau.run('OurMain() ")

/\
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o°

setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-python-pdt
set path=(/usr/local/packages/tau/i386 linux/bin $path)
cat wrapper.py
import tau
def OurMain () :
import foo
tau.run(‘'OurMain() ')
Uninstrumented:
% ./foo.py
Instrumented:
% export PYTHONPATH= <taudir>/i386 linux/<lib>/bindings-python-pdt
(same options string as TAU MAKEFILE)
% export LD LIBRARY PATH=<taudir>/i386 linux/lib/bindings-python-pdt:
$LD LIBRARY PATH
% ./wrapper.py

o°

o°

Wrapper invokes foo and generates performance data
$ pprof/paraprof 7

/
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Goal: Generate multi-level instrumentation for Python+MPI+C+F90+C++

Metric: Time
Value: Exclusive percent

39.466% ] void SAMINT ::timestep(double, double) [{SAMINT.C} {72,1}-{78,1}]
6.563% [L__] int pyMPI_Main_with_communicator(int, int *, char ***, MPI_Comm) C [{pyMPI_main.c} {23,1}-{80,1}]
5.18% [ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/linalg/linalg.py} {7}]
4.91% [ void pyMPI_distutils_init(PyObject **) C [{pyMPI_distutils.c} {275,1}-{400,1}]
3.845% [_] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/numeric.py} {1}]
3.633% [ void pyMPI_site(void) C [{pyMPI_site.c} {23,1}-{121,1}]
3.607% [L] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/_init__.py}{2}]
3.1% [ MachAr:_init__[{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/machar.py} {50}]
2.261% [] _parse [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {385}]
2.123% [@ _compile [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {38}]
1.187% [ any [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core /fromnumeric.py} {540}]

il
1.034% [] <module> [{/users3/sameer/py/py-c++-f90/example/samarcrun.py} {5}]
0.982% [ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/__init__.py}{17}]
0.941% % Tokenizer::__next [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {188}]
0.929% end
0.906% % <module> [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5 /ctypes/__init__.py} {4}]
0.895%
0.888% i <module> [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/_init__.py} {1}]
0.884% [] len

0.863% [] <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/index_tricks.py} {3}]

0.806% | void pyMPI_pickle_init(PyObject **) C [{pyMPI_pickle.c} {43,1}-{61,1}]

0.739% [| <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/random/__init__.py} {2}]
0.67% [| SubPattern::getwidth [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {146}]

0.658% 0§ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/testing/numpytest.py} {1}]

0.643% [ _optimize_charset [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {213}]

0.584% || Tokenizer::get [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {207}]

0.552% 0 <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/inspect.py} {24}]

0.541% | <module> [{/users3/sameer/py/py-c++-f90/samint.py} {7}]

0.537% [| <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/memmap.py} {1}]

0.537% [ <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/testing/__init__.py} {2}]

0.532% | <module> [{/users3/sameer/py/py-c++-f90/samarc.py} {9}]

0.475% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/ctypeslib.py} {1}]

0.462% | add_newdoc [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1154}]

0.453% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/lib/function_base.py} {1}]

0.451% | _parse_sub [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {307}]

0.378% | _compile_charset [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {184}]

0.367% | abs

0.365% | samarc::runStep [{/users3/sameer/py/py-c++-f90/samarc.py} {105}]

0.365% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/fft/fftpack.py} {21}]

0.296% | SubPattern::__len__[{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {132}]

0.287% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/arrayprint.py} {4}]
0.27% | MPI_Finalize()

0.225% | Tokenizer:match [{/usr/local /PET/pkgs/python-2.5.1/lib/python2.5/sre_parse.py} {201}]

0.213% | _mk_bitmap [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/sre_compile.py} {264}]

0.199% | <module> [{/usr/local/PET/pkgs/python-2.5.1/lib/python2.5/site-packages/numpy/core/defmatrix.py} {1}]
0.18% | MPLInit() A

0.178% SubPanern::_getitem_[{/usr/local/PET/gkgslgghon-Z.5.1/1ib/g§hon2.5/sre_Parse.py}(136}] M
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-python-mpi-pdt

% set path=(/usr/local/packages/tau/i386 linux/bin $path)
% setenv TAU OPTIONS ‘-optShared -optVerbose..’
(Python needs shared object based TAU library)

make F90=tau £f90.sh CXX=tau cxx.sh CC=tau cc.sh (build libs, pyMPI w/TAU)
cat wrapper.py

o0

oe

import tau
def OurMain() :
import App
tau.run(‘OurMain() ')
Uninstrumented:

(o)

% mpirun -np 4 pyMPI ./App.py
Instrumented:

[o)

% export PYTHONPATH= <taudir>/i386 linux/<lib>/bindings-python-mpi-pdt
(same options string as TAU MAKEFILE)

[o)

$ export LD LIBRARY PATH=<taudir>/i386 linux/lib/bindings-python-mpi-pdt:
$LD LIBRARY PATH

% mpirun —-np 4 <pkgs>/pyMPI-2.5b0-TAU/bin/pyMPI
. /wrapper.py (Instrumented pyMPI with wrapper.py)

ACTS
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Process A: 1 | master
void master {
trace(ENTER, 1); 2 | worker
LY Y] 3 [ X X J
trace(SEND, B);
send(B, tag, buf); \ l
trace(EXIT, 1);
) 58| A |ENTER | 1
MONITOR | —[ | s | enTER | 2
Process B: 62| A|SEND |B
void worker {
64| A | EXIT 1
trace(ENTER, 2); 68| B | RECV A
recv(A, tag, buf); 69| B | EXIT 2
trace(RECV, A);
}trace(EXIT, 2);
ACTS
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master

2 | worker

3
58| A | ENTER | 1
60| B | ENTER | 2
62| A |SEND | B
64| A | EXIT 1
68| B | RECV [ A
69| B | EXIT 2

ACTS

(COLLECTION

main
master
worker

I D D N B
58 60 62 64 66 68 70
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Goal: Identify the temporal aspect of performance. What happens in my code at a given time?
When?

Event trace visualized in Vampir/Jumpshot

000 X| Vampir NG - Timeline

node O, thread O ORRRRNNN m TAU_USER
node 1, thread O YINVT MPI_Alltoall(D SN m MPI
node 2, thread 0 YINVT 58 110
node 3, thread O YINVT MPI_Alltoall() 110
node 4, thread 0 YINVT MPI_Alltoall() 110
node 5, thread O YINVT MPI_Alltoall() 110
node 6, thread O YINVT MPI_Alltoall () 110
node 7, thread O YINVT 53 110
node 8, thread O YINVT MPI_Alltoall()

node 9, thread 0 YINVT MPI_Alltoall ()

node 10, thread O YINVT 58

node 11, thread O YINVT MPI_Alltoall()

node 12, thread O YINVT MPI_Alltoall()

node 13, thread O YINVT 58 58

node 14, thread O YINVT MPI_Alltoall()

node 15, thread O YINVT MPI_Alltoall ()

node 16, thread O RIEYE) . _ e i 58 58

node 17, thread O X| Vampir NG - Identified Activity MPI_Alltoall()

node 18, thread O fede O Wnreed © 58

node 19, thread O MPI_Alltoall()  (58) MPI_Alltoall ()

node 20, thread O MPI (5) 58 ;

node 21, thread O 6.152 s — 6.994 s MPI_Alltoall()

node 22, thread O : 0.842 = 58

node 23, thread O - e MPI_Alltoall ()

node 24, thread O [P Aeiflviliy 8 G820 © = BuEEX 8 MPI_Alltoall()

node 25, thread O MPI_Alltoall()

node 26, thread O Previous Activity: 6.151 s — 6.151 s 58 58

node 27, thread 0O MPI_Alltoall (D 110
node 28, thread O MPI_Alltoall() 110
node 29, thread O le=o » 58 58 110
node 30, thread O VINVI - MPI_Alltcall () 110
node 31, thread 0 YINVT MPI_Alltoall () 110
node 32, thread O YINVT 58 58 110
node 33, thread O
node 34, thread O
node 35, thread O
node 36, thread O YINVT MPI_Alltoall() 110
node 37, thread O
node 38, thread O
node 39, thread O
node 40, thread O
node 41, thread O YINVT MPI_Alltoall() 110
node 42, thread 0O YINVT 58 58 110
node 43, thread O
node 44, thread O
node 45, thread O
node 46, thread O YINVT MPI_Alltoall() 110
node 47, thread O
node 48, thread O
node 49, thread O
node 50, thread O
node 51, thread 0O YINVT 58

node 52, thread O YINVT 58

node 53, thread 0O YINVT MPI_Alltoall ()

node 54, thread O YINVT

node 55, thread O YINVT

node 56, thread O YINVT MPI_Alltoall ()

node 57, thread O YINVT MPI_Alltoall()
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X Vampir NG - Process Timeline

aXaXa)

node 0, thread O

m MPI

blts
m exchange_1
m Jjacld
W ssor

1.34 e9

1.07 e9

0.81 e9

0.54 e9

0.27 e9

1.34 9
1.07 9

.81 e9
54 e9

0.27 e9

o]
o]

_FP_INS [#/s]

444,85 e6

TOT_CYC [#/s]

1
—
1
1
1

PAPI

1.12 e9

=
o
S
=
o
o
e
o
>
=
o
o=
=
>
z
=]
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L
"

WRITE Bandwidth (H/s) (#)

node 0, thread 0____ |

node 1, thread 0 | |

URITE Ban

node 2, thread 0

Banduidth (HE/s) (#)

node 3, thread 0

WRITE Bandwidth (MB/s) (#)
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux/
lib/Makefile. tau-mpi-pdt

o°

export TAU TRACE=1
set path=(/usr/local/packages/tau/i386 linux/bin $path)
% make F90=tau £90.sh
(Or edit Makefile and change F90=tau f90.sh)
% mpirun -np 4 ./a.out
% tau_ treemerge.pl
(merges binary traces to create tau.trc and tau.edf files)
JUMPSHOT :
% tau2slog2 tau.trc tau.edf -o app.slog2
% jumpshot app.slog2
OR
VAMPIR:

% tau2otf tau.trc tau.edf app.otf -n 4 -z
(4 streams, compressed output trace)

$ vampir app.otf 7

o°
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aXaXa)

Goal: How does my application scale? What bottlenecks occur at what core counts?

Load profiles in PerfDMF database and examine with PerfExplorer

X! TAU/PerfExplorer: Relative Speedup

File Help

Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY

12,000
11,000
10,000
9,000
8,000
7,000
6,000
5,000
4,000
3,000
2,000
1,000

0
0

1,000

2,000

3,000 4,000 5,000 6,000 7,000

Number of Processors

® Harness Scaling Study e ideal |

ACTS

(COLLECTION

8,000

9,000

10,000

11,000

12,000

00606 X TAU/PerfExplorer: Total Runtime Breakdown
FEile Help
Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
GET_TIME_OF_DAY
100

=

2
3

50

a
S

Percentage of Total Runtime
w

1,000 2,000 3,000 4,000 5,000 6,000 7,000

Number of Processors

8,000 9,000 10,000 11,000 12,0¢

M DERIVATIVE_X_COMM [(derivative_x.pp.f90} {53,14]] M Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} (374,3}-(386,7]]
W Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-{441,15)]]  Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90} {566, 19}-(589,24]]
Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}] M Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-(444,15)]
Loop: INTEGRATE [(integrate_erk.pp.f90} (73,3}-(93,13)] ' Loop: RHSF [(rhsf.pp.f90}{209,3)-(211,7)] M Loop: RHSF [{rhsf.pp.f90} {515,3)-(535,16)]
M Loop: RHSF [(rhsf.pp.f90} {537,3)-(543,16)] M Loop: RHSF [(rhsf.pp.f90) (545,3)-(551,16)]
M Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} (127,5}-(129,9)]
Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} {506,3}-(512,8})]
M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90}{492,5}-(520,9}1
M Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} (782,5}-{790, 19}]
™ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{(mixavg_transport_m.pp.f90} (630,5}-(656, 19}]
M Loop: VARIABLES_M::GET_MASS_FRAC [(variables_m.pp.f90} (96,3}-(99,7}] MPI_Comm_compare(
B READWRITE_SAVEFILE_DATA [(io.pp.f90} (544,14} " RHSF [(rhsf.pp.f90} (1,12]]

MPI_Wait(
WRITE_SAVEFILE [{io.pp.f90} {240,14)] M other
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Total LINUX_TIMERS Bar Chart for S3D Jaguar CNL:Scaling

LINUX_TIMERS
0 50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850

64

512

1728

Number of Processors

4096

6400

8000

M DERIVATIVE_X_COMM M DERIVATIVE_Y_COMM m Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}]
Loop: DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}]
I Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.fo0} {435,10}-{444,15}] ' Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}] ™ Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}]
W Loop: RHSF [{rhsf.pp.fo0} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.fo0} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.fo0} {545,3}-551,16}]
W Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}] M Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}]
W Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]
W Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f30} {782,5}-{790,19}]
B Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
W MPI_Barrier()  MPI_Isend() ™ MPI_Wait() " RHSF = other
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Exclusive Time (seconds)

PR IR O TP H DS DO DD
Yooy

¥ & & 9 9 9 9 9 9 9
oy e deT e e da]
A7 AR A0 A0 A0 AT ADT A0 A0 AT 0

-& int main(int, char **) -e- std::vector<double, std::allocator<double> > FcCoreCellUpdate...
-+ void FcTmCoreFluxCalc::computeFluxes() - MPI_Recv)

- cdouble FcDataAssimilator::getValue(const std::string &, cons... = MPL_Init()

~= FcHAfSTmpl<DATATYPE> :writeDataSet

-+ void FcDataAssimilatorUfiles:: parseUfiles(const std::vector<...

-~ void FcUpdaterComponent::dumpToFile(const std::string &) con... -« other
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/local/packages/tau/i386 linux/bin $path)
% make F90=tau f90.sh

(Or edit Makefile and change F90=tau_ £90.sh)

$ mpirun -np 1 ./a.out

% paraprof --pack 1lp.ppk

$ mpirun -np 2 ./a.out ..

% paraprof --pack 2p.ppk .. and so on.

On your client:

% perfdmf configure --create-default

(Chooses derby, blank user/passwd, yes to save passwd, defaults)
% perfexplorer configure

(Yes to load schema, defaults)

% paraprof

(load each trial: DB -> Add Trial -> Type (Paraprof Packed Profile) ->
OK) OR use perfdmf loadtrial.

% perfdmf loadtrial -a “NWChem” -x “Scaling on i386 linux” -n “32p”
32p.ppk

Then,

% perfexplorer

(Select experiment, Menu: Charts -> Speedup)
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Goal: What is the volume of inter-process communication? Along which calling path?

76 (G)S) X| Message Size Heat Maps
File Windows Help

TOTAL VOLUME BYTES

All Paths
0 RECEIVER 16383

sender = 9
receiver = 10)
alue = 600

N

DISPLAY OPTIONS

Callpath:
All Paths v
3
a Dataset:
=4
oo TOTAL VOLUME BYTES v

16383 | ¢
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% setenv TAU MAKEFILE /usr/local/packages/tau/i386 linux
/lib/Makefile. tau-mpi-pdt

% set path=(/usr/local/packages/tau/i386 linux/bin S$path)
% make F90=tau_ £90.sh

(Or edit Makefile and change F90=tau £90.sh)

% export TAU COMM MATRIX=1

(o]

$ mpirun -np 4 ./a.out (setting the environment variables)

% paraprof
(Windows -> Communication Matrix)

y
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File

Windows Help

e Size Heat Maps

SENDER

63

TOTAL VOLUME BYTES

All Paths
RECEIVER

DISPLAY OPTIONS

Callpath:

All Paths v
Dataset:
TOTAL VOLUME BYTES v

ACTS

(COLLECTION

“File Windows Help

Callpath:

All Paths
Height Value:
Number of calls
Color Value:

Number of calls

Display Options

[Plot [ Axes | ColorScale

Render

Plot Width v:
Plot Depth V-
Plot Height r

Bar Size

Transparency =l )
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‘000 TAU: ParaProf: n,c,t 0,0,0 - matlk.ppk

Metric: TIME
Value: Exclusive percent

68.044% el __pgi_cu_launch multiply_matrices (pgi_kernel_7,gx=32,gy=32,9z=1,bx=16,by=16,bz=1) [{mm2.f90K{15}]
24417% " ] _ pgi_cu_init multiply_matrices [{mm2.f90}9}]
3.206% [ _ pgi_cu_download2 multiply_matrices var=a [{mm2.f90}{20}]
1.572% B _ pgi_cu_upload2 multiply_matrices var=b [{mm2.f90}{9}]
1.572% [] __pgi_cu_upload2 multiply_matrices var=c [{mm2.f90}{9}]
0.782% [ mymatrixmultiply [{mmdriv.f90} {1,0}]
0.142% | _ pgi_cu_launch multiply_matrices (pgi_kernel_2,9x=32,g9y=32,9z=1,bx=16,by=16,bz=1) [{mm2.f90K11}]
0.122% | __pgi_cu_free multiply_matrices [{mm2.f90}]
0.12% | __pgi_cu_alloc multiply_matrices [{mm2.f90}{9}]
0.017% | multiply_matrices [{mm2.f90} {5,0}]
0.005% | pgi accelerator region
0.002% | __pgi_cu_module multiply_matrices [{mm2.f90}9}]
2.1E-4% | __pgi_cu_module_function multiply_matrices [{mm2.f90}{11}]
1.2E-4% | __pgi_cu_paramset multiply_matrices [{mm2.f90}]
1.2E-4% | __pgi_cu_module_function multiply_matrices [{mm2.f90}{15}]

Name | Exclusive TIME 7 | Inclusive TIME | Calls | Child Calls

__pgi_cu_launch multiply_matrices (pgi_kernel_7,gx=32,gy=32,9z=1,bx=16,by=16,bz=1) [{mm2.f90}{15}] 10.901 10.901 5 0
__pgi_cu_init multiply_matrices [{mm2.f90}{9}] > Show Source Code 3.912 3.912 5 0
__pgi_cu_download2 multiply_matrices var=a [{mm2.f90}20}] Show Function Bar Chart 0.514 0.514 5 0
_ pgi_cu_upload?2 multiply_matrices var=b [{mm2.f90}9}] Show Function Histogram 0.252 0.252 5 0
_pgi_cu_upload2 multiply_matrices var=c [{mm2.f90}9}] | Assign Function Color 0.252 0.252 5 0
mymatrixmultiply [{mmdriv.f90} {1,0}] Reset to Default Color 0.125 16.021 1 1
__pgi_cu_launch multiply_matrices (pgi_kernel_2,gx=32,9y=32,9z=1,bx=16,by=16,bz=1) [{mm2.f90}{11}] 0.023 0.023 5 0
_ pgi_cu_free multiply_matrices [{mm2.f90}] 0.02 0.02 15 0
__pgi_cu_alloc multiply_matrices [{mm2.f90}{9}] 0.019 0.019 15 0
multiply_matrices [{mm2.f90} {5,0}] 0.003 15.895 5 9
pgi accelerator region 0.001 15.893 5 85
__pgi_cu_module multiply_matrices [{mm2.f90K9}] 0 0 5 0
__pgi_cu_module_function multiply_matrices [{mm2.f90}{11}] 0 0 5 0,
__pgi_cu_paramset multiply_matrices [{mm2.f90}] 0 0 10 v
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Row v
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0/0

CumulativeEx... |v

Go
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4
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[4]

Zoom Level Global Min TimeView Init TimeZoom Focus TimeView Final TimeGlobal Max TimeTime Per Pixel[’fi 4
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ParaProf Visualizer

28/aorsa2d

File Options Windows Help

*) Triangle Mesh
Bar Plot

Scatter Plot

Height Metric

ST T T Exclusive ~| [GET_TIME_OF_DAY |+~
TR T i e oF
_"l_“““ )N v‘r‘fﬂ‘ﬁﬁw"!m {10 ! Color Metric
ARAR! N
U Exclusive ~| [GET_TIME_OF_DAY |+
SIGMAD_CQL3D
Function

200:0:0
Thread

Height value 321.68 seconds

Color value 321.68 seconds

Mesh Plot Axes ColorScale >
Plot Width O
Plot Depth —(
Plot Height O
| Transparency s

0 ‘ UNIVERSITY OF OREGON
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TAU: ParaProf: 3D Visualizer: /home/users/sameer/taudata/xbec/132k_small.ppk
File Options Windows Help

BIEIE]

® Triangle Mesh
Bar Plot

Scatter Plot

Height Metric
Exclusive v | |TIME v
Color Metric

Exclusive v | TIME v

MPI_Waitall()
Function

Thread

Height value 41.906 seconds

Colorvalue 41.906

Scales | Plot | Axes | Color | Render

height 0 | 101.219

seconds

color: 0 | 101.219

seconds




File

Options

Windows

Help

TAU

ParaProf

3D Visualizer

32

small.ppk

Triangle Mesh
Bar Plot

® Scatter Plot

xbec2::determine wave functions k

Width
Exclusive ~ /| [TIME
Depth
Exclusive - TIME
[xbec2:rotate quibits k
Height
Exclusive ~| [TiME
MPI_Waitall)
Color
Exclusive ~| [TiME
ScatterPlot | Axes | ColorScale | Render

Point size )

Point detail )
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v TAU: ParaProf: 1m.ppk
File Options Windows Help

Metric: BGP Timers
Value: Exclusive

node 1048532
node 1048533
node 1048534
node 1048535
node 1048536
node 1048537
node 1048538
node 1048539
node 1048540
node 1048541
node 1048542
node 1048543
node 1048544
node 1048545
node 1048546
node 1048547
node 1048548
node 1048549
node 1048550
node 1048551
node 1048552
node 1048553
node 1048554
node 1048555
node 1048556
node 1048557
node 1048558
node 1048559
node 1048560
node 1048561
node 1048562
node 1048563
node 1048564
node 1048565
node 1048566
node 1048567
node 1048568
node 1048569
node 1048570
node 1048571
node 1048572
node 1048573
node 1048574
node 1048575

NN nnonnnnnn N
OoOOO OO OOOOOOOO OO OOOOOOO OO O IOOOOOOO OO O OO

O 0 0 0 0 0 0 0 0 ) 0 ) ) ) ) ) ) ) ) ) 6 ) ) ) ) 6 ) ) 60 6 ) 6 6 6 6 6 0 ) 0 0 ) I

LT
1 T T A A A A A A A

<]

*1m core dataset generated by replicating a 32 k core dataset

ACTS

0 UNIVERSITY OF OREGON

(COLLECTION




File Options Windows Help

TAU: ParaProf: Histogram: 1m.ppk

MPI_Barrier()

800,000
750,000
700,000
650,000
600,000
550,000
500,000
450,000

400,000

Threads

350,000
300,000
250,000
200,000
150,000
100,000

50,000

118.358 157.81

197263 23716 276168 315621 355073
Exclusive BGP Timers (seconds)

394,526 433.979

473,431

4

TAU: ParaProf: n,c,t 1048575,0,0 - 1m.ppk

File Options Windows Help

Metric: BGP Timers
Value: Exclusive
Units: seconds

602.125

TAU_ZGEMM [ftau_blaslapack.i} {16,7}-{29,9}]
241.207 el MFI_Barrier()
182.318 ] CG_ALLBAND [{CG_AlIBand.f} {1,7}-{586,9}]
148.959 [ ] SYSTEM_CCFFT [{system_ccfit.ibm.f} {1,7}-{63,9}]
147.815 ol MPI_Recv()
52.91 [ ORTHOGONAL_CHOLESKY [{orthogonal_cholesky.190} {1,1}-{111,34]}]
52.725 [] SYSTEM_CZHEEY [{system_czheev.ibm.i} {1,7}-]29,9}]
48.697 [ W_LINE_VWR [{w_line_vwr.i} {1,7}-{508,9}]
46.377 [ INVCPFFT_COMP_BLOCK [{invcpfit_comp_block i} {1,7]-{344,9}]
41.764 [] FWDCFFFT_COMFP_BLOCK [{fwdcpfit_comp_block.f} {1,7}-{297 9}]
31.516 [J MPI_Allreduce()
31.47 [ OCCUF [{occup.i} {1,7}-{245,9}]
28.15 [@ GETWQ [{getwa.f} {1,7}-{1939}]
19.543 [] HPSI_COMF_ALLBAND [{Hpsi_comp_AllBand.f} {1,7}-{366,9}]
18.688 | MPI_Wait()
18.642 § MPI_Comm_split()
16.332 | D3FFT_COMP_BLOCK [{d3fft_comp_block.f} {1,7}-{117,9}]
7.472 | MPI_Isend()
5.129 | MPI_Gather()
4.363 | GEN_G_COMF [{gen_G_comp.f} {1,7}-{252,12}]
4.185 | HPSI_COMP_ALLBAND:NONLOCAL_QSF_M [{Hpsi_comp_AlIBand.i} {20
1.197 | MPI_Bcast()
1.14 | GEN_G2_REAL [{gen_G2_real .} {1,7}-{273,12}]
1.064 | INIT_UGSF [{init_ugSP.1} {1,7}-{191,11}]
0.99 | MPI_Init()
0.849 | FERMI [{occup.i} {249,7}-{303,9}]
0.763 | MPI_Scatter()
0.752 | RAN1 [{rani.f} {1,7}-{37,9}]
0.738 | WRITE_WGSF [{write_wgSF.f} {1,7}-{105,9}]
0.661 | DATA:DATA_ALLOCATE [{data.f} {104,7}-{173,34}]
0.605 | GETVRHO [{getVrho.f} {1,7}-{259,9}]
0.535 | FMIN [fimin.f} {2,7}-{15,9]]
< I | »]

ID

[«]

*1m core dataset generated by replicating a 32 k core dataset

COLLECTION
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e Add one of

source /usr/local/packages/etc/point.bashrc

or

source /usr/local/packages/etc/point.cshrc

to the end of your Jogin file (for bash or csh/tcsh users respectively).

On the LiveDVD, please see the ~/point-workshop directory

/
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Application

/ Library
C/C++ <i‘> Fortran parser
parser F77/90/95
IL IL
C/C++ Fortran )

IL analyzer IL analyzer

Program o —— . tTAU t Automatic source
Database ISErHmEntor instrumentation
Files

/




AuUtomea

TAU source
analyzer

v
tau instrumentor
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* Specity a list of events to exclude or include
e #1s a wildcard in a routine name
BEGIN_EXCLUDE_LIST
Foo
Bar
D#EMM
END_ EXCLUDE_ LIST

BEGIN_INCLUDE_LIST
int main(int, char **)

F1

F3
END_INCLUDE_LIST

/




e Optionally specify a list of files

e *and 7 may be used as wildcard characters
BEGIN_FILE_EXCLUDE_LIST
.90
Foo?.cpp
END_FILE_EXCLUDE_LIST
BEGIN_FILE_INCLUDE_LIST
main.cpp
f00.190
END_FILE_INCLUDE_LIST

/




e High performance software development environments
— Tools may be complicated to use
— Interfaces and mechanisms differ between platforms / OS
* Integrated development environments

— Consistent development environment
— Numerous enhancements to development process
— Standard in industrial software development
e Integrated performance analysis
— Tools limited to single platform or programming language
— Rarely compatible with 3rd party analysis tools
— Little or no support for parallel projects

/
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‘000

[X| Fortran - matmult.f90 - Eclipse SDK

File Edit Refactor Navigate Search Poject Run Window Help

(Iwts

ﬁJ&vJ#vagngvJvﬁﬁv @v]@&JvaJ%v&v@@v@v

o [ e

R 1=

Y
[E| Fortran Projects 52 Navatorl =08

7 =5 matmultiply
[ < Binaries
b (Hincludes
P (= settings
[ (= Debug_a32
[ (= Debug_a32(tau-cpc-mpi-pdt)
B
«cdtbuild
cdtproject
.project
profile.0.0.0
profile.1.0.0
profile.2.0.0
profile.3.0.0

PerfDMF
\

[F] matmultfoo 53

g Y
= 0| 5= outine 83 . Make ... | =0

+ 1 + 2 + 3 + 4 + 5 + 6 + 7

R R R R R R R R R R R R R RN RN R R AR R R AR R AR R R AR R AR RS

! matmult. f90 - simple matrix multiply implementation
!\Y\\ﬂR\!\Y\\ﬂQ\!\Y\\ﬂﬁ\!\?\\ﬂﬁ\!\?\\ﬂR\!\Y\\ﬂQ\!\Y\\ﬂﬁ\!\?\\ﬂR\!\Y\\\\Q\!\Y\\ﬂﬁ\!\?\\ﬂR\!\Y\\\\R\!\Y\\ﬂﬁ\!\?\\ﬂﬁ\!\?\\
subroutine initialize(a, b, n)
double precision a(n,n)
double precision b(n,n)
integer n

| first initialize the A matrix
doi=1n
do j=1,n
a(j,i) =1
end do
end do

! then initialize the B matrix

end subroutine initialize

subroutine multiply_matrices(answer, buffer, b, matsize)
double precision buffer(matsize), answer(matsize)
double precision b(matsize, matsize)
integer i, j
! multiply the row with the colum

' B R e ¥

<

initialize
2 mutiply_matrices

& main

[«] VA

[+]

g z
Pmblemsl Console| Properties [1.' Performance Data Manager 33

Launch Parame| & & Y= =)

P> (= AORSA2D
7 (= matmultiply
7 [ Experiment
KX The New Trial: 2006-12-0

P =mm
P (= ring

| o°

[alo me <)
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hd Profile Lad | | B
Create, and run fi @ Counter
Create a configuration to launch a program to be instrumented and profiled by TAU. Q PAPI_LL_DCM Level 1 data cache misses
— PAPI_L1_ICM Level 1 instruction cache misses
N EES I PAPI_L2_DCM Level 2 data cache misses
S e S Names llammps~10N0v05withTAU l PAPI_L2_ICM Level 2 instruction cache misses
B Main“"l= Arguments‘ P8 Environment £ Parallel [T PCEIE 2 PAPI_L1_TCM Level 1 cache misses
[€1C/C++ Local Applic PAPI_L2_TCM Level 2 cache misses
~ & Parallel Application MPI — PAPI_FPU_IDL Cycles floating point units are idle
[ Callpath Prd Select the PAPI counters to use with TAU PAPI_TLBE_DM Data translation lookaside buffer misses
[ Phase Basd [~] PAPI_TLEB_IM Instruction translation lookaside buffer misses
C1PAPI_LL_ICM PAPI_TLB_TL Total translation lookaside buffer misses
(ST [ PAPI L2 DCM PAPI_L1_LDM Level 1 load misses
[J oPARI O PAPI_LZ_ICM | PAPI_L1_STM Level 1 store misses
[ OpenviP CIPAPI_L1 TCM PAPI_L2_LDM Level 2 load misses
[ Epilog [ PAPI_L2_TCM PAPI_L2_STM Level 2 store misses
PAPI ] PAPI_FPU_IDL hters PAPI_STL_ICY Cycles with no instruction issue
O Perflib ] PAPI_TLB_DM PAPI_HW_INT Hardware interrupts
[ PAPL_TLEB_IM PAPI_BR_TKN Conditional branch instructions taken
[ Trace O PAPI:TLB:TL PAPI_BR_MSP Conditional branch instructions mispredicted
Select Makefile] [ PAPI_L1_LDM PAPI_TOT_INS Instructions completed
CIPAPI L1 STM [~] PAPI_FP_INS Floating point instructions
Selective Instry PAPI_BR_INS Branch instructions
@ None | Select All | | Deselect All | |§Counter Descriptionsél PAPI_VEC_INS Vector/SIMD instructions
O Internal PAPI_RES_STL Cycles stalled on any resource
O User Definel | OK | | Cancel | PAPI_TOT_CYC Total cycles )
|7 r‘ PAPI_L1_DCH Level 1 data cache hits
PAPI_L2_DCH Level 2 data cache hits
= I B | Apply. | | Revert | PAPI_L1_DCA Level 1 data cache accesses
PAPI_L2_DCA Level 2 data cache accesses
@ | Profile | | Close | PAPI_L2_DCR Level 2 data cache reads
PAPI_L2_DCW Level 2 data cache writes

o

% /usr/local/packages/eclipse/eclipse

O UNIVERSITY OF OREGON
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Introduction
Event Trace Visualization
Vampir & VampirServer
The Vampir Displays
— Timeline
— Process Timeline with Performance Counters
— Summary Display
— Message Statistics
VampirTrace
— Instrumentation & Run-Time Measurement
Conclusions

/
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Parallel Program File System Analysis Server
Worker 1
| I n
1
Trace D Worker 2 <=-:
Trace 3 |_— g
Trace N :
—
Worker m
t Streams Parallel /0 Message \
Process Passing
Visualization Client Timeline with
(@00  VAMPIR - Timeline 16 Traces visible X
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The main displays of Vampir:

* Global Timeline

e Process Timeline w/o Counters
e Statistic Summary

e Summary Timeline

e Message Statistics

e Collective Operation Statistics

e Counter Timeline
o (all Tree
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VAMPIR
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available at http://www.vampir.eu and

http://www .tu-dresden.de/zih/vampirtrace/ ,

get support via vampirsupport@zih.tu-dresden.de
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http://www-unix.mcs.anl.gov/perfvis/software/viewers/index.htm
Developed at Argonne National Laboratory as part of the MPICH project
— Also works with other MPI implementations

— Installed on IBM BG/P
— Jumpshot is bundled with the TAU package

Java-based tracefile visualization tool for postmortem performance analysis
of MPI programs

Latest version 1s Jumpshot-4 for SLOG-2 format

— Scalable level of detail support
— Timeline and histogram views

— Scrolling and zooming
— Search/scan facility
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