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TAUdb: Performance Data Mgmt. Framework

Performance Analysis Programs

TAU Performance System

) profile '
} - metadata
2N Y

raw profiles Data Miningj

(Weka)

Statistics
(R/ Omega)

* gprof
* mpiP
* psrun
* HPMtoolkit

A&

Java PerfDMF API

XML ]
document

formatted I
profile data

VI-HPS TW15: VI-HPS Tuning Workshop, Saclay, France 3



Using TAUdb

» Configure TAUdb (Done by each user)
% taudb_configure --create-default
* Choose derby, PostgreSQL, MySQL, Oracle or DB2
* Hostname
+ Username
+ Password
« Say yes to downloading required drivers (we are not allowed to distribute these)
» Stores parameters in your ~/.ParaProf/taudb.cfg file
« Configure PerfExplorer (Done by each user)
% perfexplorer_configure
« Execute PerfExplorer
% perfexplorer
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Using PerfExplorer

% wget http://tau.uoregon.edu/data.tgz (Contains CUBE profiles from Score-P)

% taudb_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 —K‘Adq’Tri%} -> Type $ParaErof facked Profile) -> OK) OR use
taudb_loadtrial -a app -x experiment -n name file.ppk

Then,

% tar zxf $TAU/data.tgz; cd data/tau;

% taudb_loadtrial -a BT MZ -x “Class_B” bt-mz B.*.ppk

% perfexplorer

(Select experiment, Menu: Charts -> Speedup)

VI-HPS TW15: VI-HPS Tuning Workshop, Saclay, France




TAUdb and the TAU Portal

Development of the TAU portal
— Common repository for collaborative data sharing
— Profile uploading, downloading, user management

— Paraprof, PerfExplorer can be launched from the portal using Java
Web Start (no TAU installation required)

Portal URL

http://tau.nic.uoregon.edu
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Performance Data Mining (PerfExplorer)

« Performance knowledge discovery framework
— Data mining analysis applied to parallel performance data
« comparative, clustering, correlation, dimension reduction, ...

— Use the existing TAU infrastructure
» TAU performance profiles, taudb

— Client-server based system architecture

* Technology integration
— Java API and toolkit for portability
— taudb
— R-project/Omegahat, Octave/Matlab statistical analysis
— WEKA data mining package
— JFreeChart for visualization, vector output (EPS, SVG)
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PerfExplorer - Cluster Analysis

« Performance data represented as vectors - each
dimension is the cumulative time for an event

 k-means: k random centers are selected and instances
are grouped with the "closest" (Euclidean) center

 New centers are calculated and the process repeated
until stabilization or max iterations

« Dimension reduction necessary for meaningful results
 Virtual topology, summaries constructed
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PerfExplorer - Cluster Analysis (sPPM)
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PerfExplorer - Correlation Analysis (Flash)

» Describes strength and direction of a linear relationship
between two variables (events) in the data

ene6 PerfExplorer Client
File Analysis Views Charts Visualization Help
Performance Data | @ Analysis Management @ Cluster Results @ Correlation Results |
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PerfExplorer - Correlation Analysis (Flash)

-0.995 indicates strong,
negative relationship

® As CALC CUT _
BLOCK_ CONTRIBUTIO
NS() increases in
execution time,
MPI_Barrier() decreases
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PerfExplorer - Comparative Analysis w

« Relative speedup, efficiency
— total runtime, by event, one event, by phase

« Breakdown of total runtime

« Group fraction of total runtime

» Correlating events to total runtime
« Timesteps per second
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PerfExplorer - Interface

N oo

PerfExplorer Client

File Analysis Charts Help

¥ . gyro.Bl-std
|~ Bl-std-hwpc.phoenix.0x002

|~ Bl-std-inst.phoenix.0x002

. Bl-std-inst.phoenix.0x002.profil
. Bl-std-nl2.cheetah.affnosng

_ Bl-std-nl2.cheetah.affsng

_ Bl-std-nl2.cheetah.noaffnosng
. Bl-std-nl2.phoenix.0x002

. Bl-std-nl2.phoenix.0x002scr

. Bl-std.S53newest.phoenix.0x002
. Bl-std.cheetah.affnosng

. Bl-std.cheetah.noaffnosng
. Bl-std.hockney

. Bl-std.new.phoenix.0x002
. Bl-std.phoenix.0x002

_ Bl-std.phoenix.0x002scr

H—O-Analysis—ManagemenH @ Performance Explorer

Field
Name
Experiment ID
system_name
system_machine_type
system_arch
system_os
system_memory_size
system_processor_amt
system_|l1_cache_size
system_|2 _cache_size
system_userdata
compiler_cpp_name
compiler_cpp_version

Select experiments |

path

and trials of interest ion

. Bl-std.ramOx002.a

)

)

)

)

)

)

)

)

| Bl-std.cheetah.affsng
)

|

)

)

)

|

|~ Bl-std.ram0Ox002.b

4V Y VYV VYV VYVYVYVYYYYVYYYYYYY

- Bl-std.seaborg

configure_prefix
configure_arch

Bl-std-nl2.cheetah.noaffnosng

16

Value

Experiment
metadata

4

|~ Bl-std.timing.seaborg.
| Bl-std.timing.seaborg.16
|~ Bl-std.timing.seaborg.256
| Bl-std.timing.seaborg.32
|~ Bl-std.timing.seaborg.512
> | Bl-std.timing.seaborg.64
> | Bl-std.tg
> | gyro.B2-cy
> | gyro.B3-gtc

YYVYYVYY

Data organized in application,
experiment, trial structure
(will allow arbitrary in future)
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PerfExplorer - Interface

OO0

PerfExplorer Client

Help

File Analysis
' Set Group Name
Set Metric of Interest
Set Event of Interest
et Total Number of Timesteps

¥ | gyro.Bl-s
Bl-stc
B1l-stc

v
V1"

e e

Relative Efficiency
Relative Efficiency by Event
B1-ste Relative Efficiency for One Event
B1-ste Relative Speedup
Bl_sj Relative Speedup by Event

B1l-st¢
Bl-s

(W

-

(W

-

B1-se Relative Speedup for One Event

Bl-stc

B1-ste. Runtime Breakdown

Communication Time / Total Runtim

B1l-st >
PSPy Timesteps Per Second

| A R

B1l-std.hockney
Bl-std.new.phoenix.0x002
Bl-std.phoenix.0x002
B1l-std.phoenix.0x002scr
Bl-std.ram0x002.a
Bl-std.ramOx002.b
Bl-std.seaborg
| Bl-std.timing.seaborg.128
Bl-std.timing.seaborg.16
© Bl-std.timing.seaborg.256
© Bl-std.timing.seaborg.32
~ Bl-std.timing.seaborg.512
P> | Bl-std.timing.seaborg.64
> | Bl-std.tg
> | gyro.B2-cy
> | gyro.B3-gtc

e e e

47V VY VYVYVVYVYYYVYVYVYYYYYYY

YYVYVYVYAL

-

I
.
.
.

@ Analysis Management

@ Performance Explorer |

Field
Name
Experiment ID
system_name
system_machine_type
system_arch
system_os
system_memory_size
system_processor_amt
system_|l1_cache_size
system_|2 _cache_size
m_userdata

| Select analysis

«»(

Cormpier_cc_
compiler_java_dirpath
compiler_java_version
compiler_userdata
configure_prefix
configure_arch
configure_cpp
configure_cc
configure_jdk
configure_profile
configure_userdata
userdata

Value
B1l-std-nl2.cheetah.noaffnosng
16

AN
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PerfExplorer - Relative Efficiency Plots

o000 Relative Efficiency

File Help

Relative Efficiency - GYRO:Time
1.0{ 5
0.9
0.8
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0.1

0.0
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Number of Processors

= Bl-std.cheetah ¢ Bl-std.phoenix.dfs.dft * Bl-std.phoenix.dfs.fft
B1-std.phoenix.scratch.dft B1l-std.phoenix.scratch.fft v Bl-std.seaborg Bl-std.tg
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PerfExplorer - Relative Efficiency by Routine

o000 Relative Efficiency by Event
File Help

Relative Efficiency by Event for GYRO:Time

0.2

0.1

0'00 50 100 150 200 250 300 350 400 450 500

Number of Processors
]- Coll < Coll_tr + I/O NL NL_tr ~ extras field lin_RHS * other|
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PerfExplorer - Relative Speedup

Yol Relative Speedup

File Help

Relative Speedup - GYRO:Time

32.5
30.0
27.5
25.0
22.5
20.0
5175
> 15.0
12.5
10.0
7.5

5.0

2.5
0.0

0 50 100 150 200 250 300 350 400 450 500
Number of Processors

= Bl-std.cheetah ¢ Bl-std.phoenix.dfs.dft * Bl-std.phoenix.dfs.fft
B1l-std.phoenix.scratch.dft - Bl-std.phoenix.scratch.fft + Bl-std.seaborg
Bl-std.tg * ideal
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PerfExplorer - Timesteps Per Second

2YaXa) Timesteps per Second
File Help

Timesteps Per Second (100 total timesteps):Time

2.25
2.00

1.75

I
v
o

1
N
v

Timesteps

|
o
o

50 100 150 200 250 300 350 400 450 500
Number of Processors
= Bl-std.cheetah < Bl-std.phoenix.dfs.dft + Bl-std.phoenix.dfs.fft

B1l-std.phoenix.scratch.dft Bl-std.phoenix.scratch.fft * Bl-std.seaborg
Bl-std.tg

A4
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. Goal: How does my application scale? What bottlenecks occur at what core counts?
. Load profiles in taudb database and examine with PerfExplorer
ayala) \ TAU/PerfEprorer: Relative Speedup ;:!f\ﬂ;‘p X TAU/PerfExplorer: Total Runtime Breakdown
File Help Total Runtime Breakdown for S3D (Jaguar, ORNL):Harness Scaling Study:
o = GET_TIME_OF_DAY
Relative Speedup - S3D (Jaguar, ORNL):Harness Scaling Study: 2w
GET_TIME_OF_DAY
12,000 g
11,000 H
=
10,000 9]
9,000 H
=
8,000 F
a 7,000 &
3
£ 6,000
5;000 1,000 2,000 3,000 4,000 5,000 6,000 7,000 8,000 9,000 10,000 11,000 12,0¢
4,000 Number of Processors
’ 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)]
3 000 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)]
Z 000 Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3)-{93,13}] Loop: RHSF [{rhsf.pp.f90}{209,3}-{211,7})] ™ 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}]
1,000 W Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90}{127,5)-(129,9)]
o Loop: THERMCHEM _| ALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} (506,3)-(512,8}]
0 M Loop: THERMCHEM _| ALC_TEMP [{thermchem_m.pp.f90}{175,5}-(216,9]]

0 1,000 2,000 3,000 4,000 5000 6000 7,000 68000 9,000 10,000 11,000 12,000
Number of Processors

|l Harness Scaling Study e ideal |
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M Loop: TRANSPORT._|
B Loop: TRANSPORT_|

COMPUTECOEFFICIENTS [(mixavg_transport_m.pp.f90} {492,5}-(520,9}]

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. ET_MASS_FRAC [{variables_m.pp.f90}{96,3}-(99,7]] MPI_Comm_compare( MPI_Wait(

W READWRITE_SAVEFILE_DATA [{io.pp.f90] (544, 14}] RHSF [{rhsf.pp.f90) {1,12}] " WRITE_SAVEFILE [{io.pp.f90} (240,14)] M other
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Number of Processors

4096

6400

8000

512

1728

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

-

ES

64

M DERIVATIVE_X_COMM ™ DERIVATIVE_Y_COMM = Loop: CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}]
Loop:
Loop:

W Loop:

W Loop:

W Loop:

W Loop:

W Loop:

W MPI_Barrier()  MPI_Isend() ™ MPI_Wait() * RHSF = other

DERIVATIVE_X_CALC [{derivative_x.pp.fo0} {432,10}-{441,15}] ™ Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.fo0} {431,10}-{440,15}]

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}]
RHSF [{rhsf.pp.fo0} {515,3}-{535,16}] M Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}] M Loop: RHSF [{rhsf.pp.fo0} {545,3}-{551,16}]
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}]
TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f0} {492,5}-{520,9}]

TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}]

TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.fo0} {630,5}-{656,19}] M Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}]
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PerfExplorer J'— JDSJ

® OO0 TAU/PerfExplorer: Total TIME
Total TIME Bar Chart for IRMHD:Scaling_BGP
TIME
9 %0 49 QO 89 190 1%0 1?0 1§0 180 290 2%0 2?0

4096

8192

16384

32768

Number of Processors

-
A i
A :

65536

m ADVANCE_DIFFUSION = CCHEBYB = CCHEBYF CHEBDIFF = DERIVE = ENERGY

MPIFFT::CRFFT2D_MPI mMPIFFT::HC2R mMPIFFT::R2ZHC mMPIFFT::RCFFT2D_MPI
® MPIFFT::REORDER_COMPLEX = MPI_Allreduce() m MPI_Alltoall() ® MPI_Barrier() m MPI_Init() = MPI_Waitall()
®mRK3NL::ERK3_STAGE = WDERIVS other
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PerfExplorer

e OO0 TAU/PerfExplorer: Total TIME Breakdown

Total TIME Breakdown for IRMHD:Scaling_BGP

1054
1004
95 1
901
851
801
75 1
701
65 1
60 1
551
50 1
451
40 1
351
301
251

Percentage of Total TIME

5,000 10,000 15,000 20,000 25,000 30,000 35,000 40,000 45000 50,000 55,000 60,000 65,000
Number of Processors

A& ADVANCE_DIFFUSION # CCHEBYB » CCHEBYF  CHEBDIFF a DERIVE © ENERGY © MPIFFT::CRFFT2D_MPI M MPIFFT::HC2R & MPIFFT::R2HC
A MPIFFT::RCFFT2D_MPI & MPIFFT::REORDER_COMPLEX = MPI_Allreduce() a MPI_Alltoall() m MPI_Barrier() & MPI_Init() & MPI_Waitall()
A& RK3NL::ERK3_STAGE » WDERIVS  other




FACETS Bassi Regression: 32 Procs (events above 2%)

(a9
o

& A

vi o o~
o O O

w
o

Exclusive Time (seconds)
rJ N
o o

=
o

o

Date

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

double FcDataAssimilator::getValue(const std::string &, cons... MPI_Init)
= FCHAfSTmpl<DATATYFPE>:writeDataSet

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

void FcUpdaterComponent::dumpToFile(const std::string &) con... -« other
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