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TAU Performance System® (http://tau.uoregon.edu)

« Parallel performance framework and toolkit
— Supports all HPC platforms, compilers, runtime system
— Provides portable instrumentation, measurement, analysis

' TAU Architecture

~ Instrumentation = Measurement Analysis |

o C, C++, Fortran : o static/dynamic :
o Python, UPC, Java ¢ | o routine, basic block, loop :
o Robust parsers (PDT) : o threading, communication
i | o heterogeneous :

Wrapping : 3
o Interposition (PMPI) ' .
o Wrapper generation : o flat, callpath, phase, :
: parameter, snapshot :

ok o probe, sampling, hybrid :

o Static, dynamic < - °F
o Preloading =: | Tracing IoH
¥ o TAU / Scalasca tracing o

Executabl g o Open Trace Format (OTF) §
o Dynamic (Dyninst) @ : ®:
o Binary (Dyninst, MAQAO) | < : | Metadata =i

\ o system, user-defined
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TAU Observation Methodology and Workflow

« TAU'’ s (primary) methodology for parallel performance
observation is based on the insertion of measurement
probes into application, library, and runtime system

— Code is instrumented to make visible certain events
— Performance measurements occur when events are triggered
— Known as probe-based (direct) measurement

« Performance experimentation workflow

— Instrument application and other code components

— Link / load TAU measurement library
— Execute program to gather performance data

— Analysis performance data with respect to events
— Analyze multiple performance experiments

» Extend methodology with sampling-based techniques
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Understanding Application Performance

« How much time is spent in each routine and outer loops?
— Within loops, what is the contribution of each statement?
 How many instructions are executed in code regions?
— Floating point, Level 1/2 data cache misses, hits, branches, ...
« What is the memory usage of the code?
— When and where is memory allocated/de-allocated?
— Are there any memory leaks?
« What are the I/O characteristics of the code?
— What is the peak read/write BW of individual calls, total volume?
« What is the contribution of each phase of the program

— What is the time wasted/spent waiting for collectives, and 1/O
operations in initialization, computation, I/O phases?

 How does the application scale?

— What is the efficiency, runtime breakdown of performance across
different core counts?
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TAU Components

* |Instrumentation
— Fortran, C/C++, OpenMP, UPC, Java, Python, Chapel
— Source, compiler, library wrapping, binary rewriting
— Automatic instrumentation
 Measurement and analysis support
— Internode: MPI, OpenSHMEM, ARMCI, PGAS, DMAPP
— Intranode: pthreads, OpenMP, hybrid, other thread models
— Heterogeneous: GPU, MIC, CUDA, OpenCL, OpenACC_C, ...
— Performance data (timing, counters) and metadata
— Parallel profiling and tracing (with Score-P integration)
* Analysis
— Parallel profile analysis and visualization (ParaProf)
— Performance data mining / machine learning (PerfExplorer)
— Performance database technology (TAUdDb)

— Empirical autotuning (integration with Active Harmony, CHiLL, Orio)
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TAU Instrumentation Approach

« Direct and indirect performance instrumentation
— Direct instrumentation of program (system) code (probes)
— Indirect support via sampling or interrupts

« Support for standard program code events
— Routines, classes and templates
— Statement-level blocks, loops
— Interval events (start/stop)

« Support for user-defined events
— Interval events specified by user
— Atomic events (statistical measurement at a single point)
— Context events (atomic events with calling path context)

* Provides static events and dynamic events
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TAU Instrumentation Mechanisms

* Source code
— Manual (TAU API, TAU component API)

— Automatic (robust)
. C, C++, F77/90/95, OpenMP (POMP/OPARI), UPC

— Compiler (GNU, IBM, NAG, Intel, PGI, Pathscale, Cray, ...)

* QObject code (library-level)

— Statically- and dynamically-linked wrapper libraries
« MPI, I/O, memory, ...

— Powerful library wrapping of external libraries without source

« Executable code / runtime
— Runtime preloading and interception of library calls (tau_exec)
— Binary instrumentation (Dyninst, MAQAO, PEBIL)
— OpenMP Tools Interface (OMPT, tau_exec —T ompt)
— Sampling (TAU_SAMPLING=1, TAU_EBS UNWIND=1)
— CUDA CUPTI, OpenCL (tau_exec -T cupti -cupti)
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Automatic Source-level / Wrapper Instrumentation

analyzer source
Parsed W
rogram .
prog —»| tau _instrumentor
Instrumented
source
Instrumentation —> tau_wrap . T
specification file —
T ) | BEGIN_FILE_EXCLUDE_LIST
£*.£90
Foo?.cpp
BEGIN EXCLUDE LIST END FILE EXCLUDE LIST
Foo BEGIN FILE INCLUDE LIST
Bar main.cpp
D#EMM foo.£90
END_EXCLUDE_LIST END_FILE_INCLUDE_LISTZ;7
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TAU Measurement Approach

« Portable and scalable parallel profiling solution
— Multiple profiling types and options
— Event selection and control (enabling/disabling, throttling)
— Online profile access and sampling
— Online performance profile overhead compensation

« Portable and scalable parallel tracing solution

— Trace translation to OTF, EPILOG, Paraver, and SLOG2
— Trace streams (OTF) and hierarchical trace merging

* Robust timing and hardware performance support

« Multiple counters (hardware, user-defined, system)

« Metadata (hardware/system, application, ...)
 Measurement approach also integrates with Score-P
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TAU Measurement Mechanisms

 Parallel profiling
— Function-level, block-level, statement-level
— Supports user-defined events and mapping events
— Support for flat, callgraph/callpath, phase profiling
— Support for parameter and context profiling
— Support for tracking I/0O and memory (library wrappers)
— Parallel profile stored (dumped, shapshot) during execution

« Tracing
— All profile-level events
— Inter-process communication events
— Inclusion of multiple counter data in traced events

« Utilizes Score-P for efficient callpath profiling and tracing
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Parallel Performance Profiling

* Flat profiles
— Metric (e.g., time) spent in an event (callgraph nodes)
— Exclusive/inclusive, # of calls, child calls

« Callpath profiles (Calldepth profiles)
— Time spent along a calling path (edges in callgraph)
— “main=>f1 =>f2 => MP|_Send” (event name)
— TAU_CALLPATH_DEPTH environment variable
* Phase profiles
— Flat profiles under a phase (nested phases are allowed)
— Default “main” phase
— Supports static or dynamic (per-iteration) phases

« Parameter and context profiling
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N /
Using TAU ~ J"J"JJDS

 TAU supports several measurement and thread options

Each measurement configuration of TAU corresponds to a unique

stub makefile (configuration file) and library that is generated when
you configure it

* To instrument source code automatically using PDT

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

% export TAU_MAKEFILE=$TAU/Makefile.tau-icpc-mpi-pdt

% export TAU_OPTIONS= ‘-optVerbose ..." (see tau_compiler.sh )
% export PATH=$TAU_ ROOT/x86_64/bin:$PATH

% export TAU=$TAU_ROOQOT/x86_64/lib

Use tau f90.sh, tau cxx.sh, tau _upc.sh, or tau _cc.sh as compilers
% mpif90 foo.f90 % tau_f90.sh foo.f90

« Set environment variables, execute application, and analyze
with pprof (text based profile display) or paraprof (GUI)
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Using TAU with Score-P

o°

export TAU=$TAU ROOT/x86 64/lib

o®

export TAU MAKEFILE=
$TAU/Makefile.tau-icpc-papi-mpi-pdt-openmp-opari-scorep

o°

export OMP NUM THREADS=10

o®

make CC=tau cc.sh CXX=tau cxx.sh F90=tau £90.sh

o®

mpirun -np 4 ./matmult

oP

cd score*; paraprof profile.cubex &
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TAU Performance Analysis

* Analysis of parallel profile and trace measurement

« Parallel profile analysis (ParaProf)
— Java-based analysis and visualization tool
— Support for large-scale parallel profiles

« Performance data management (TAUdD)
« Performance data mining (PerfExplorer)

« Parallel trace analysis
— Translation to VTF (V3.0), EPILOG, OTF formats
— Integration with Vampir / Vampir Server (TU Dresden)

 Integration with CUBE browser (Scalasca, UTK / FZJ)
« Scalable runtime fault isolation with callstack debugging
 Efficient parallel runtime bounds checking
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TAU Performance Analysis Framework

=

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

Runtime Data
Collection

Supermon, MRNet

Derived Data

Internal
Representation

Comparative
Displays

PostgreSQL, MySQL
Oracle, DB2, Derby

Scripting Interface

Jython
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TAUdb: Performance Database Framework

TAU Performance System Performance Analysis Programs

f 4 ‘\\ //

!x’l x;?' :'"'>
LN

raw profiles

[ I L
* gprof

* mpiP

* psrun

* HPMtoolkit

B

XML
document

formatted
profile data

i m m m |
Y

Data Mining
(Weka)

Statistics
(R/ Omega)

Java PerfDMF API
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 ParaProf

Parallel profile analyzer
* visual pprof

2, 3+D visualizations
Single and comparative
experiment analysis

* PerfExplorer

Data mining framework
Clustering, correlation

Multi-experiment analysis

Scripting engine
Expert system

TAU: ParaProf Manager

» [ callpath (jdbc:h2: /Users/khuck/.ParaProf/callpath/perfdmf;AUTO_SERVER =TRUE) MetricFi... Value

> [ All Trials
> (G Test View
v @l tank_intel

» [07/30/12_20:09:54
» [07/30/12_20:09:54
» [07/30/12_20:09:54
» [07/30/12_20:09:54
v

@ 2012-05-27 20:26:27.1

» [l cheelee_apps (jdbc:postgresql://taudb.nic.uoregon.edu:5432 /cheelee_apps) TIME
File_options windows Help | » (1] cscads (jdbc:h2:/Users/khuck/.ParaProf/cscads/perfdmf;AUTO_SERVER=TRUE) - g

» [ eclipse (jdbc:h2:/Users/khuck/.ParaProflaclinca Inarfdmf-AUTO SFRVFR=TRIIF) -

» & facets (dbc -/ paratd TAU: ParaProf: Mean - Application 0, Experiment 0, Trial 34

» [ linidemo (jdbc:postgresql:/ /pari| Metric: TIME

» {3 oldtest (jdbc:h2: /Users/khuck/.I| Value: Exclusive

» {3 orio_autotuning (jdbc:postgresql| UMtS: seconds

> erfexplorer_working (jdbc:h2:

. gp P b 90 Il 1259 ¢ MPL_Init)

regression { b 0.936 [ — ¢2d ()
» [ regression_perfdmf (jdbc:postgr 0.896 [ ] MULTIPLY_MATRICES [{matmult.f90} {25,18))
v (@l regression_taudb (jdbc:postgres 0.459 [Em— MPI_Recv()

0.304 [ MPIBeast)
0.168 [ MPI_| Fmalizeﬂ
0.1 [] MPI_Se
0.029 @ MAIN [(ma(mull 90} {39,15}]

TAU: ParaProf: Application 0, Experiment 0, Trial 34

Metric: TIME
Value: Exclusive

Metadata for n,c,t 0,0,0 1l
Value
tank_intel
4

2327.734

Intel(R) Xeon(R) CPU E5345 @ 2.33
Genuinelntel

/storage/users /wspear/TAU_REGRE...
4096 KB

mmand Line ./matmult

Istoraae users fwsnear/TAL REGRF

TAU/PerfExplorer: Value Chart: TIME

Value Chart: TIME

v Performance Data
v {i jdbc:postgresql:/ /taudb.nic.uoregon.e
» @l aix32
» [l aix64
» [ alulimGNU
» [ hopper
» i manticore
» [ sunx86_64
» [ surveyor
> [ ank
v il tank_intel
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» [ MPI,PDT,PAPI_matmult_Default]
» (3 MPLPDT PAPI_matmult_Default]
» (i MPI,PDT,PAPI_matmult_Defaultl
» (& MPI,PDT,PAPI_matmult_Default]
» [ MPI,PDT PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» (3 MPI,PDT,PAPI_matmult_Defaultl
» [ MPI,PDT,PAPI_matmult_Default]
» (3 MPLPDT,PAPI_matmult_Default]
A@l" ]V/P1,PDT _NPB3.3-MPI_Complns|
» [E306/21/12_10:11:11
> [06/21/12_15:21:35
> [06/21/12_20:10:17
> (06/25/12_20:20:40
» [06/26/12_20:20:43
» [06/27/12_15:26:19

100
w 0 fived Metric Expressions |
T 2 |
8 70 Series XML Field:
g 60
v
w 50
= lon Reduction
g
€ 320 | Dimension Reduction Ty
S 2 «Percent
=
& Cutoff (0<x<100):
0 TAU/PerfExplorer: Value Chart: TIME
Value Chart: TIME
w
2
o x 17.5
oY \é’\é’\ﬁb\ﬁb\é’\ gﬁ_o
K g 12,54}
w 10.0 1)
= MPLPDT] £ 5
£ 2
Al Events B so
MPI_Waitall() ® 25
X_SEND_BACKSUBINFO [ix &

Y_SOLVE [fy_solve.f} {4,18}
X_SEND_SOLVE_INFO [{x_st
MPI_Allreduce()

7 UNPACK SOIVE INFO 17

] Mair

ST

\ ’v ’\/ \\ “’\/ ’\/b/;y‘/ V- ’\/’/‘9 W ’\/’\("/W’;/’V
\\ »\ VA @“«\“«\‘Q,\‘ e Sy a\‘a\*«\“e\\\ AOv
B AATATATAUR IR SR AP AP AN ACACACACAOAOACA AN

trial.name

) call

) Export | Apply|
1

||+Z_SOLVE_CELL

-=-ADD -+-BINVCRHS ~ COMPUTE_RHS  INITIALIZE ~MATMUL_SUB ~ MPI_Finalize(
MPI_Init() +MPI_Wait() +MPI_Waitall() ~X_BACKSUBSTITUTE #X_SOLVE_CELL
Y_BACKSUBSTITUTE +Y_SOLVE_CELL ~+Z_BACKSUBSTITUTE =Z_SOLVE
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Hands-on: Profile report exploration

« Tutorial contains Score-P experiments of BT-MZ
— MPI + OpenMP
— Class “B“, 4 processes with 4 OpenMP threads each
— Collected on SuperMUC HPC system at LRZ, Munich, Germany

% wget http://tau.uoregon.edu/data. tgz
% tar zxf data.tgz

$ cd data/scorep

 |Load trials into TAUdb

$ taudb loadtrial -a BT MZ -x "Class B" -n ”16p" -f cube 2p/profile.cubex
% taudb loadtrial -a BT MZ -x "Class B" -n ”16p" -f cube 4p/profile.cubex
% taudb loadtrial -a BT MZ -x "Class B" -n ”16p" -f cube 8p/profile.cubex
$ taudb loadtrial -a BT MZ -x "Class B" -n ”16p" -f cube lép/profile.cubex

« Start TAU's paraprof and perfexplorer GUI

%

araprof &
erfexplorer &

p
p

%
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ParaProf: Manager Window: scout.cubex

TAU: ParaProf Manager ‘ = I; =] '. X
File Options Help

@ Applications =l TrialField Value
¢ [ Standard Applications |Name scout.cubex

¢ [ Default App “|Application ID 0

¢ [J Default Exp |Experiment ID 0

¢ [ scout.cubex [Trial ID 0

@ Time i|File Type Index (9

@ ‘Wait at Barrier :[File Type Name _[Cube
@ Barrier Completion z

@ Late Sender

@ Late Sender == Messages in Wrong Order

@ Late Sender == Messages in Wrong Order == Messages from different sources
@ Late Sender => Messages in Wrong Order == Messages from same source

@ Late Receiver

@ Early Reduce

@ Early Scan

@ Late Broadcast

@ Wait at Nx N

@ N x N Completion

@ Management

@ Management == Fork

@ P2P send synchronizations

@ P2P send synchronizations => Late Receivers
@ P2P recv synchronizations

@ P2P recv synchronizations == Late Senders
@ P2P recv synchronizations == Late Senders == Messages in Wrong Order
@ Collective synchronizations

@ P2P send communications ' - '

@ P2P send communications == Late Receivers Metrlcs N the prOflle
@ P2P recv communications

@ P2P recv communications == Late Senders

@ P2P recv communications == Late Senders == Messages in Wrong Order
@ Collective exchange communications

@ Collective communications as source

@ Collective communications as destination

@ P2P bytes sent

@ P2P bytes received

@ Collective bytes outgoing

@ Collective bytes incoming

@ RMA bytes received

@ RMA bytes put
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ParaProf: Main window

TAU: ParaProf: scout.cubex = O

File Options Windows Help

Metric: Time
Value: Exclusive

Std. Dev.

Mean

node 0, thread 0O
node 0, thread 1
node 0, thread 2
node 0, thread 3
node 1, thread 0
node 1, thread 1
node 1, thread 2
node 1, thread 3
node 2, thread 0
node 2, thread 1
node 2, thread 2
node 2, thread 3
node 3, thread 0O
node 3, thread 1
node 3, thread 2
node 3, thread 3

L oossss I

[ — = — [ [ [ T 70Tl —
[ e bDeesssssl 2 Seaaaas [0 T o] FRRTTTT (il
[ —] — — [ T ol [T T
I s s EEEEEERiTT
[ — — — ([ [ [Tl [T T
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ParaProf: Options

TAU: ParaProf: scout.cubex - | O

File | Options | Windows Help

Metril ¥ Show Meta Data in Panel
Value ¥ Normalize Bars

¥ Hide Total

¥ Descending Order
hod W Stack Bars Togethenr -lg:l.::!-“'“r"”_
nod :z'r‘:‘:;“et”“' — ] 1 | 0 1]
no , [ T Tl ookl [T
node 0, thread 3 Qe ] EREEEITnm—
node 1, thread 0 ] = EEEETAETIT
node 1, thread 1 — i— [ [ T [ Tl T
node 1, thread 2 E—| ' IREERTmnT
node 1,thread 3 L . [ 1] ool { ]

node 2, thread 0O
node 2, thread 1

Unselect this to expand

node 2, thread 2 ] i Te il e 000 [ TEebee ] FRRTTHT T
node 2, thread 3 each routine in its own | ] —___IREEReRnnT
node 3, thread 0 Space — [ [ Gib] [T T —
node 3, thread 1 — [ [ [ (ol T

node 3, thread 2 — [ [ [ [ ol 170 T
node 3, thread 3 ] - | T [l Tl TTHT
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ParaProf: Windows

TAU: ParaProf: scout.cubex - | O
File Options Windows Help

Metric: Time
Yalue: Exclusive

Std. Dev. [] "] | i o
Mean [ | s [ | S [

node 0, threacd

node 0, thread
node 0, threas
node 0, threas
node 1, threas
node 1, thread
node 1, threas

Show Thread Bar Chart

Show Thread Statistics Text Window

Show Thread Statistics Table
Show Thread Call Graph
Show Thread Call Path Relations
Show Metadata for Thread

node 1, threas
node 2, threa
node 2, thread 1 E}
node 2, thread 2 [ ]

node 2, thread 3 [ ]
node 3, thread 0 [ |

node 3, thread 1
node 3, thread 2
node 3, thread 3

Add Thread to Comparlson Window

| [ | e | o | s [ = | | i | e
| e i | | s | s (= | s | e Ay
< | (= | s | e | s [ i | i | e

Right click on a given node
to choose other windows

B § # B 7=
=SS==-==-====-===—
D Y o B s B s
S e B S S.... S—
O T
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ParaProf: Thread Statistics Table

TAU: ParaProf: Statistics for: node O, thread O - scout.cubex - | 0| X
File Options Windows Help
Time - ENNRERNEER ST T[]
Name Exclusive Time ¥ | Inclusive Time | Calls | Child Calls |
Od!$omp do @y solve.f:52 5.81 5.817 3,216 (0 1l
Od'!$omp do @z_solve.f:52 5.657 5.657 3,216 0
H!$omp do @x solve.f:54 5.609 5.609 3,216 0
W '!$omp do @rhs.f: 191 0.609 0.609 3,232 0| _
M !$omp do @rhs.f:80 0.583 3,232 ol
W MP1_Waitall 0.402 S Q
Ml !$omp implicit barrier 0.402 ClICk tO SOf't by a given
¢ l'$omp do @rhs.f:301 0.36 .
M !$omp implicit barrier 0.026 metrlc, drag and move tO
W ! $omp implicit barrier 0 rearrange Columns
W !$omp do @rhs.f:37 0.343 y
¢ Il'$omp do @rhs.f:62 0.225 0.228 3,232 3,232
W !$omp implicit barrier 0.004 0.004 3,216 0
M ! $omp implicit barrier 0 0 16 0
B MPI_Init_thread 0.218 0.218 1 0
M !$omp do @rhs.f:384 0.199 0.199 3,232 0
o [l '$omp parallel do @add.f:22 0.099 0.111 3,216 3,216
W !$omp do @rhs.f:428 0.069 0.069 3,232 0
B MPI_Isend 0.043 0.043 603 0
B! $omp do @initialize.f:50 0.04 0.04 32 0
o [J!'$omp parallel @rhs.f:238 0.03 2.536 3,232 51,712
o [ll!'$omp parallel do @exch_qbc.f:215 0.021 0.029 6,432 6,432
o ll!'$omp parallel do @exch_qbc.f:255 0.02 0.033 6,432 6,432
ol !'$omp parallel @exch_qbc.f:255 0.02 0.053 6,432 6,432
> M!$omp parallel @exch gbc.f:244 FinderScreenSnapz003.png
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ParaProf: Thread Callgraph Window

TAU: ParaProf: Call Graph for n,c,t, 0,0,0 - scout.cubex ‘ - O X
File Options Windows Help

BENREREENRNC FEEENNNNEEEENREAEE CCCENNSEENNNEENREEEEEEEEEENR

Click on options to choose
a different color or to resize
the box based on metrics

(!
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ParaProf: Callpath Thread Relations Window

TAU: ParaProf: Call Path Data n,c,t, 0,0,0 - scout.cubex - (0O X
File Options Windows Help
Metric Name: Time
Sorted By: Exclusive
Units: seconds
0.04 0.04 32/32 '$omp parallel @initialize.f:28
- 0.04 0.04 32 I$omp do @initialize.f:50
0.03 2.536 3232/3232 compute_rhs_
- 0.03 2.536 3232 '$omp parallel @rhs.f:28
9.8E-4 9.8E-4 323273232 '$omp master @rhs.f:424 -
0.225 0,228 323243232 '$omp do @rhs.f:62 -
0.002 0.002 323273232 '$omp master @rhs.f:74
0.002 0.002 323273232 '$omp master @rhs.f:293
0.199 0.199 323243232 '$omp do @rhs.f:384
0.002 0.002 323273232 '$omp master @rhs.f:183
0.343 0.343 323273232 '$omp do @rhs.f:37
0.016 0,016 3232/3232 '$omp do @rhs.f:372
0.014 0.027 323273232 '$omp do @rhs.f:413
0.609 0,609 3232/3232 '$omp do @rhs.f:191
0.36 0.386 323273232 '$omp do @rhs.f:301
0.583 0.583 3232/3232 '$omp do @rhs.f:80
0.019 0.019 323273232 '$omp do @rhs.f:400
0.006 0.006 3232751680 '$omp implicit barrier
0.069 0.069 3232/3232 '$omp do @rhs.f:428
0.015 0.015 3232/3232 '$omp do @rhs.f:359
0.021 0.029 6432/6432 '$omp parallel @exch_gbc.f:215
--> 0.021 0.029 6432 '$omp parallel do @exch_gbc.f:215
0.007 0.007 6432/51680 '$omp implicit barrier
0.02 0.033 6432/6432 '$omp parallel @exch_gbc.f:255
-3 0.02 0.033 6432 '$omp parallel do @exch_gbc.f:255
0.013 0.013 6432751680 '$omp implicit barrier
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ParaProf:Windows -> 3D Visualization -> Bar Plo

File Options Windows Help
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TAU: ParaProf: 3D Visualizer: scout.cubex

Triangle Mesh
® Bar Plot
Scatter Plot

Topology Plot

Height Metric
Exclusive
Color Metric

Exclusive w | |Time

'$omp do @
Function

Thread

Height value 5.

Color value ESRCiE

Scales Plot | Axes | Color

seconds

Render |




ParaProf: 3D Scatter Plot

TAU: ParaProf: 3D Visualizer: scout.cubex
File Options Windows Help

Triangle Mesh
Bar Plot
® Scatter Plot

Topology Plot

!$omp do

Exclusive

'$omp do

barrie
Time)

Exclusive

!$omp do

—
o
g
—wm
g:
T o
x
[

Exclusive

P

(

'$omp implicit barrier

ot

—
Mo
=1 $om

Exclusive v | |Time

|3y “anisngaey)

ColorScale | Render |
ScatterPlot

FAR T la 9

Auto-Rotate

Reverse Yideo
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ParaProf: Node View

TAU: ParaProf: node O, thread O - profile.cubex l = ] O ] X
File Options Windows Help
Metric: Time
Value: Exclusive
Units: seconds
37 el MAIN__ => adi_ =>y solve_ => !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52 sl
3.71 | ] '$omp do @y_solve.f:52
3,503 [ MAIN__ => adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52
3503 L ] '$omp do @z_solve.f:52 =
2.55 e MAIN_ => adi_ = x_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54
3.55 | ] !'$omp do @x_solve.f:54
0.4 [ !$omp do @rhs.f:191 |
0.308 [ MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
0.383 [_] '$omp do @rhs.f:80
0.381 [] MAIN__ => adi_ => compute_rhs_=> !$omp parallel @rhs.f:28 == !$omp do @rhs.f:20
0.352 [ !'$omp implicit barrier
0.299 [@@ !$omp parallel @rhs.f:28
0.298 [] MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28
0.28 & !'$omp do @rhs.f:37
0.279 [ MAIN_ == adi_=> compute_rhs_=> !$omp parallel @rhs.f:28 == !$omp do @rhs.f:37
0.261 [ !$omp do @rhs.f:301
0.259 [] MAIN__ == adi_ = compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:301
0.228 [@ !'$omp do @rhs.f:62
0.227 [] MAIN__ => adi_=> compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:62
0.214 [ MAIN__ == mpi_setup_ == MPLInit_thread
0.214 [E MPIInit_thread
0.161 [ MAIN_ == exch_gbc_ == copy x_face_
0.161 copy x_face_
0.16 [ MAIN_ == exch_gbc_=> copy_y face_
0.16 [ copy y face_
0.15 MAIN__ == exch_gbc_
0.15 [l exch_gbc_
0.141 [ !$omp do @rhs.f:384
0.14 [] MAIN_ == adi_ == compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:384
0.127 0 MAIN_ == exch_gbc_ = MPI_Waitall
0.127 [0 MPI_Waitall
0.103 @ MAN_ == adi_
0.103 @ adi_
0.004 @ MAIN__ => adi_ == add_ == !$omp parallel @add.f:22 == !$omp parallel do @add.f:22 |
0.004 @ !$omp parallel do @add.f:22 |
< I | [»]
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ParaProf: Add Thread to Comparison Window

ParaProf: Comparison Window - | O

File Options Windows Help

Metric: Time [ profile.cubex - node 0, thread 0
Walue: Exclusive M profile.cubex - node 0, thread 1

Units: seconds

K O L —
ELVIER (e Tcp Ty i =

N L —
EILVIER (e JcpTy i =

35903 b |
3486 (97.021%) | Y

35903 b o |
386 (07,021 % ) |

= 1 I e —
355 (00, 007 |l

= 1 I e —
3055 (99.007% ) Y

0.352

0.666 (189.184%) [
0.4

0.403 (100.578%) [
0.398

0.401 {100.57%) [
0.383

0.356 (93.04%) [
0.381

0.354 (93.045%) [
0.299

0.233 (77.74%) &
0.298

0,232 (77.737%) =
0.28

0.251 (89.753%) [

MAIN__ == adi_ ==y solve_ => !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52
'$omp do @y _solve.f:52

MAIN__ == adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == !$omp do @z_solve.f:52
'$omp do @z_solve.f:52

MAIN__ == adi_ == %_solve_ == !$omp parallel @%_solve.f:46 == !$omp do @x_solve.f:54
1$omp do @x_solve.f:54

'$omp implicit barrier

I$omp do @rhs.f:191

MAIN__ == adi_ == compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
'$omp do @rhs.f:80

MAIN__ == adi_ == compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
'$omp parallel @rhs.f:28

MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28

'$omp do @rhs.f:37

[ J»

[«]

<]

Il

||
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ParaProf: Options -> Derived Metric Panel

TAU: ParaProf Manager - (0O | X
File Options Help

@ Applications Al MetricField value
¢ [CJ Standard Applications ‘IName Time
¢ [ Default App “|Application ID ]
¢ [ Default Exp :|Experiment 1D 0
¢ 3 profile.cubex A|Trial ID 0
@ Time A|Metric ID 0
@ Minimum Inclusive Time :
@ Maximum Inclusive Time
@ PAPI_TOT CYC
@ PAPI_TOT_INS
@ PAPI_FP_INS
@ ru_utime
@ ru_stime
@ ru_maxrss
@ ru_ixrss
@ ru_idrss
@ ru_isrss
@ ru_minflt
@ ru_maiflt
@ ru_nswap :
@ ru_inblock mE
@ ru_oublock 2
@ ru_msgsnd
@ ru_msgrev
@ ru_nsignals e
@ ru nvesw bl [

Expression: |"PAPI_FP_INS"/"Time" Clear

+ - * ! = { ) Apply




Sorting Derived Flops Metric by Exclusive Time

File Options Windows Help

TAU: ParaProf: node O, thread O - profile.cubex

Metric: { PAPI_FP_INS / Time )
Value: Exclusive

Units: Derived metric shown in seconds format

Sorted By: Exclusive (Time)

3.0217E9
3.0217E9 el
3 2421 ES [

32421E9 |
3.0673E9 =

3.0673E9 |

3.3200E9

3.3298E9 —

3.5138E9 |

3.514E9 |

1965740.083
2518815.107
2518981.066

3.502E6 [
3.4975E8 [

4.0207E9 ||

4,0205E9 |

393146.074
393024.443
60.754
60.754
2218222902
2218222902
2217983.431
2217983.431
2691052.918
2691052.918

150440 [ ]
1504480 [ ]

65007.137

MAIN__ == adi_ => vy solve_ == !$omp parallel @y_solve.f:43 == !$omp do @y_solve.f:52
'$omp do @y_solve.f:52

MAIN__ == adi_ => z_solve_ == !$omp parallel @z_solve.f:43 == ! $omp do @z_solve.f:52
'$omp do @z_solve.f:52

MAIN__ == adi_ => ¥_solve_ == !$omp parallel @x_solve.f:46 == !$omp do @x_solve.f:54
] '$omp do @x_solve.f:54

'$omp do @rhs.f:191

MAIN__ == adi_ => compute_rhs_=> !$omp parallel @rhs.f:28 == !$omp do @rhs.f:191
| '$omp do @rhs.f:80

MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:80
I$omp implicit barrier

I$omp parallel @rhs.f:28

MAIN__ == adi_ => compute_rhs_=> !$omp parallel @rhs.f:28

'$omp do @rhs.f:37

MAIN__ == adi_ == compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:37
I$omp do @rhs.f:301

MAIN__ == adi_ => compute_rhs_=> !$omp parallel @rhs.f:28 == !$omp do @rhs.f:301
'$omp do @rhs.f:62

MAIN__ == adi_ => compute_rhs_ == !$omp parallel @rhs.f:28 == !$omp do @rhs.f:62
MAIN__ == mpi_setup_ => MPI_Init_thread

MPI_Init_thread

MAIN__ == exch_gbc_ == copy x face_

copy ¥ face_

MAIN__ == exch_gbc_ == copy y face_

copy vy face_

MAIN__ == exch_gbc_

exch_gbc_

I$omp do @rhs.f:384

MAIN__ == adi_ => compute_rhs_ => !$omp parallel @rhs.f:28 == !$omp do @rhs.f:384
MAIN__ == exch_gbc_ == MPI_Waitall

M l

[

|¢]
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PerfExplorer: Scalability Analysis

File Help

Total TIME Bar Chart for Experiment-bt-B

d 1 =
L Il
| .

Number of Processors

64

m TAU application mMP|_Init() = MP|_\Waitall()
do [OpenMP location: file:/ibrix/home3/sameer/workshop-vinps/NPB3.3-MZ-MPI/BT-MZ/rhs.f <301, 353>=]
mdo [OpenMP location: file:/ibrix/home3/sameer/workshop-vinps/NPB3.3-MZ-MPI/BT-MZ/rhs.f <62, 72=]
do [OpenMP location: file:/ibrix/home3/sameer/workshop-vihnps/NPB3.3-MZ-MP|/BT-MZ/x_solve.f <54, 406>
do [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405=]
m do [OpenMP location: file:/ibrix/home3/sameer/workshop-vinps/NPB3.3-MZ-MPI|/BT-MZ/z_solve.f <52, 427 =] mother
mparallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vinps/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <46, 407 =]
m parallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <43, 406=]
m parallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vinps/NPB3.3-MZ-MPI/BT-MZ/z_solve.f <43, 428=>]
m paralleldo [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/add.f <22, 33=]
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PerfExplorer: Scalability Analysis

File Help

Total TIME Breakdown for Experiment-bt-B

130

125

Percentage of Total TIME

10.0 12,5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 325 35.0 37.5 40.0 425 45.0 47.5 50.0
Number of Processors

62.5

a do [OpenMP location: file:/ibrixshome3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/rhs.f <62, 72>]
do [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <54, 406>]
do [OpenMP location: file:/ibrixfhome3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <52, 405>]
& do [OpenMP location: file:/ibrixhome3/sameer/workshop-vihps/NPB3.3-MZ-MP|/BT-MZ/z_solve.f <52, 427>]
a parallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/x_solve.f <46, 407>]
A parallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/y_solve.f <43, 406>]
a parallel [OpenMP location: file:/ibrix/home3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/z_solve.f <43, 428>]
paralleldo [OpenMP location: file:/ibrixshome3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/add.f <22, 33>] & other

A .TAU application a MPI_Init() » MPI_Waitall() do [OpenMP location: file:/ibrixthome3/sameer/workshop-vihps/NPB3.3-MZ-MPI/BT-MZ/rhs.f <301, 353>]
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