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Overview

® TAU Introduction (brief)
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TAU Performance System

® Tuning and Analysis Utilities (15+ year project effort)
® Performance system framework for HPC systems
® |[ntegrated, scalable, flexible and parallel
® Targets a general complex system computation model
® Entities: nodes / contexts / threads
® Multi-level: system / software / parallelism
® Measurement and analysis abstraction
® |ntegraged toolkit for performance problem solving
® [nstrumentation, measurement, analysis and visualization
® Portable performance profiling and tracing utility

® Performance data management and data mining
® Partners: Forshungszentrum Julich, LLNL, ANL, LANL
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PerfDMF

® Performance Data Management Framework
Originally designed to address critical TAU requirements
® Broader goal is to provide an open, flexible framework
to support common data management tasks
® Extensible toolkit to promote integration and reuse
across available performance tools
® Supported profile formats:
TAU, CUBE, Dynaprof, HPCToolkit (Rice), HPC Toolkit
(IBM), gprof, mpiP, psrun (PerfSuite), OpenSpeedShop
(in development), application
® Supported DBMS:
PostgreSQL, MySQL, Oracle, DB2, Derby/Cloudscape
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PerfDMF Architecture

Display & Analysis Tools

<ParaProf< <PerfEprorer)
Exporters

PerfDMF Query &
Analysis Toolkit r
" Formatted
Profiles

-~ N
N— ___~

Parsers / Importers

metadata

TAU, CUBE, Dynaprof,
mpiP, HPCToolkit, RDBMS | postgresaL, MysaL

IBM HPC Toolkit, —~ DB2, Oracle, Derby
Dynaprof, psrun
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Recent PerfDMF Development

® Integration of XML metadata for each profile

® Common profile attributes

® Thread / process specific profile attributes

® Automatic collection of runtime information

® Any other data the user wants to collect can be added
® build information
® job submission information

® [wo methods for acquiring metadata:
o TAU METADATA() call from application
® Optional XML file added when saving profile to

PerfDMF

® TAU Metadata XML schema is simple, easy to generate

from scripting tools (no XML libraries required)
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PertExplorer

® Performance knowledge discovery framework
® Data mining analysis applied to parallel performance data
® comparisons, clustering, correlation, dimension
reduction, ...
® Uses the existing TAU infrastructure
® TAU & other performance profiles, PerfDMF
® Jechnology Integration
® |ava APl and toolkit for portability
® R-project / Omegahat statistical analysis
® VVeka data mining package
®

JFreeChart for visualization, output (EPS, SVG, PNG)
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PerfExplorer Design

Scripting Interface
PerfExplorer Component Interfaces
Analysis Components Data Components

N ) Expert Analysis
Data Mining Inference Engine PerfDMF Rules Results Provenance
Performance
Weka Metadata
Data
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PertExplorer Analysis Methods

® Data summaries, distributions, scatterplots
® Clustering
® k-means
® hierarchical
® Correlation analysis
® Dimension reduction
e PCA
® Random Linear Projection
® Threshholds
® Comparative analysis
® Data management views
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Relative Comparisons

Total WALL_CLOCK_TIME Breakdown for gyro.B1-std:B1-std.cheetah.
noaffnosng

100

® Jotal execution time

® Timesteps per second

Percentage of Total WALL_CLOCK_TIME

® Relative efficiency / speedup
for total / per event
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® Group fraction of total
® Runtime breakdown

® Phase comparisons
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Distribution Visualization

Significant (>2.0% of runtime) Event IQR Boxplot with Outliers

Indicates min, Q |, mean,

1 o -
© O median, Q3, max, outliers
P |
x 3
O O _._ Significant (>2.0% of runtime) Event Histograms

B CALC_CUT_BLOCK_CONTRIBUTIONS M MODULEHYDROSWEEP::HYDRO_SWEEP M MODULEHYDRO_1D::HYDRG
MODULEINTRFC:INTRFC ' MPI_Aligather() M MPI_Alireduce() ™ MPI_Barrier) | MPI_Ssend() M MPI_Waitall()

Observation of
multi-modal distributions
(clusters) -

0 =

0.00 0.05 0.10 0.15 0.20 0.25 0.30 0.35 0.40 0.45 0.50 0.55 0.60 0.65 0.70 0.75 0.80 0.85 0.90 0.95 1.00 1.04

B CALC_CUT_BLOCK_CONTRIBUTIONS B MODULEHYDROSWEEP::HYDRO_SWEEP M MODULEHYDRO_1D::HYDRO_1D
MODULEINTRFC::INTRFC " MPI_Aligather() M MPI_Alireduce() ™ MPI_Barier() ' MPI_Ssend() M MPI_Waitall()

ParCo 2007, RWTH Aachen / FolsatanfizAMrlmn ilick/L (LLNL) 12 September 5,2007



Cluster Analysis

ene PerfExplorer Client
File Analysis Views Charts Visualization Help
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Correlation Analysis

s RaLa PerfExplorer Client
File Analysis Views Charts Visualization Help

Performance Data
¥ Database Profiles
AVLS

. e 100 W _
Bighcience 0.7 ‘, 0.75 | mm_ — -~
CFDSHIP ‘ r, : |.'_lg.:

.- “. f _u i .. .

@ Analysis Management @ Cluster Results

FLASH_2.5_hydro_radiation

LLML_UBGL —

a.

@ Correlation Results

S
ng" o

D064
F @ Time
124
0256
151

1024

@ Time
LAMBPS (Large-scale Atomic Malecular b
Miranda
POF
SHAMRC
SMG2000

SPhot

Uintah

WHRF

Bacc_app
gyro.Bl-snd
gyro.B1-std HFM
gyro.B2-cy
gyro.B2 =cy. HPM
gyro B3 -gic
gyro.B3-gie. HFM
5PEM

socorm 5256 input

[
'3
[
| 2
| 2
>
13
|3
| 3
[
[
|3
| 2
[
>
[
|

Views

September 5,2007




4-D Visualization
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New PerfExplorer Features:

® Additional sophisticated metadata support
® Scripting using Jython™

® |nference engine to “infer” causes of
performance phenomena from expert rules

® Redesigned component-based analysis
® Persistence of intermediate results

® Provenance

* or any other scripting language
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File Analysis Yiews Charts Visualization Help
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Example: Parametric Study

SO6 TAU: PerfExplorer Client
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PerfExplorer Example: S3D

® Compressible Navier-Stokes solver
coupled with an integrator for
detailed chemistry (CHEMKIN-
compatible)

® Models turbulent reacting flow in g
combustion science

® MPIl-based parallel computing &

implementation \ o o

Oxidizer

~

® http://www.scidac.gov/BES/ BT diraonl NS o
BES_TSTC/reports/ s‘if:i‘l':ff:Eé‘;;i:ﬁéﬁ%;&éé’s',
TSTCZOO 3An n u a‘I . htm I TSTC2003Annual.html
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S3D Scaling: Efficiency

Relative Efficiency of S3D, Including Serial Execution
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Up to 47% loss of efficiency
baseline: serial execution
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S3D Scaling: Parallel Efficiency

Relative Efficiency of S3D, Parallel Only
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S3D Scaling: Correlation

Correlation Results: S3D (Jaguar, ORNL):Harness Scaling Study: GET_TIME_OF_DAY
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Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {374,3}-{386,7}], r = 0.09

Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}], r = -0.10

Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}], r = -0.16

Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}], r = -0.02 Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}], r = 0.37
Loop: RHSF [{rhsf.pp.f90} {209,3}-{211,7}], r = 0.01 Loop: RHSF [{rhsf.pp.f90} {515,3}-{535,16}], r = -0.13

Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}], r = -0.30 [ Loop: RHSF [{rhsf.pp.f90} {545,3}-{551,16}], r = -0.23

Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}], r = 0.34

Loop: THERMCHEM_M::CALC_SPECENTH_ALLPTS [{thermchem_m.pp.f90} {506,3}-{512,8}], r = -0.28

Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}], r = -0.68

Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}], r = 0.69

Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}], r = 0.19

Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}], r = 0.28

Loop: VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}], r = 0.34 = MPI_Comm_compare(), r = 0.0 » MPI_Wait(), r = 0.94
RHSF [{rhsf.pp.f90}{1,12}], r = -0.17 WRITE_SAVEFILE [{io.pp.f90} {240,14}], r = 0.77 B TOTAL
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S3D on Hybrid XT3/XT4

Most nodes are waiting on a few “slower” nodes...

TAU/PerfExplorer: analysis_result TAU/PerfExplorer: ftmp/clusterimage.1.1.1.1.2_clusters.png
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Loop: TRANSPORT _M:COMPUTECOEFFICIENTS Hmixavg_transport_m.p

Loop: TRAR T_M::COMPUTEHEATFLUX _transport_m.pp.fo

Loop: TRANSPORT M- COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp. .. 0,5}-{656,19) 64 O O P rocesses tOta I

MPI_Waitd B RHSF frhsf.pp.f90k {1,125 W WRITE_SAVEFILE Hio.pp.f90} {240,141
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Cluster explanation...

Metadata identifies nhode names

Element
9 [ <tau:metacatas
D @ ¥mlns:tau http: / fwww. cs uoregon.edu/resear

orsaiesitess ® Ranks 0-1 13 lie on processors 3406-3551
® Ranks 3200-333 are also on 3406-3551
® 3406-3551 are on the XT3 partition

® XT3 has slower DDR-400 memory (5986

MB/s)
® XT3 has a slower SSI1 (1109 MB/s)
interconnect
" ® XT4 partition has faster DDR2-667

memory modules (7147 MB/s) and faster
Seastar? (SS2) (2022 MB/s) interconnect

® Running on XT4 yields 12% improvement
o |f XT3/XT4, load balancing will be required
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S3D:“Improved” Resu

S3D on hybrid XT3 /XT4 compared to XT4 only

390 sec.
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XT3/XT4
Configuration

Loop: CHEMKIN_M::REACTION_RATE_BOUNDS [{chemkin_m.pp.f90} {374,3}-{386,7}]

Loop: DERIVATIVE_X_CALC [{derivative_x.pp.f90}{432,10}-{441,15}]

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}] ¥ Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}]

Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{175,5}-{216,9}]

Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]

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}] B MPI_Wait()

RHSF [{rhsf.pp.f90}{1,12}] * WRITE_SAVEFILE [{io.pp.f90} {240,14}]
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PerfExplorer example: GTC

® GTC: Gyrokinetic Toroidal Code

® Particle-in-cell physics simulation

® CHARGEI: particles apply their

Figure: The (turbulent) electrostatic

C h a rge to th e gri d Cel IS potential from a GYRO simulation of

plasma microturbulence in the DIII-
D tokamak.
Source: http://www.scidac.gov/FES/

® PUSHI: cells update particle locations oM 0AAmaL

® MPIl-based parallel implementation
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Inclusive P_WALL_CLOCK_TIME

Inclusive PAPI_L1_TCM-PAPI_L2_TCM/PAPI_L1_TCM

GTC: Dynamic Phases

GTC Phase Breakdown: P_WALL_CLOCK_TIME
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GTC: lteration 7 => PUSHI

PUSHI, P_WALL_CLOCK_TIME C Phase Breakdown: PUSHI, PAPI_L1_TCA-PAPI_L1_TCM/PAPI_L1_TCA
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GTC: lteration ; => CHARGEI

GTC Phase Breakdown: CHARGEI, P_WALL_CLOCK_TIME GTC Phase Breakdown: CHARGEI, PAPI_L1_TCA-

PAPI_L1_TCM/PAPI_L1_TCA
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GTC: after 5,000 lterations

GTC Phase Breakdown: GET_TIME_OF_DAY
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it only continues to get worse...

O YA YA Y Y A A A A Y A A Y Y A A Y Y A Y A A Y Y A Y A A A Y A ALY Y Y A Y ALY
QAQLDL QR XA AR QAL RARANLLRRARA QAL QRAALN L0

NN R oA A I o P O A o 3 D 05 S s B B B BB BOB OB

S L L L LR L L LLLLL L L L L LR SO
XOXARXASAOX AR AGX XA OGX XXX QX QXXX QXXX QX QXXX OX XX
KON KO KOO KO OO KO OO KOO O KO O O

<b' (b‘ <b' <b' (b‘ <b' (b' <b' <b’ (b‘ <b' <b‘ (b‘ "b' <b' (b‘ <b' <b' <b' <b' (b‘ <b' >
EERRERHEHGRIER R EE SR SRS SRR GRS

Iteration group (100 iterations each)

B GET_TIME_OF_DAY

Source: GTC on BG/L
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GTC Phases: Summary

e CHARGEI, PUSHI events have good spatial locality of
particles, but bad temporal locality for cells

e After 100 iterations, each iteration on Cray XT3/XT4
takes ~| second longer (~12%)

® Full simulation runs for 10,000 timesteps (potential
improvement of 2+ hours from 20 hour execution)

® PUSH event calls a diagnostic routine every X
timesteps (input variable)

® Analysis is ongoing...
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Conclusion

e TAU:

® Portable, configurable, complete instrumentation
and measurement of parallel profiles and traces
¢ PerfDMF:
® Profile management, query and analysis AP
® Supports most commonly used profile formats (if
not, we can add it)
e PerfExplorer:
® Robust profile parametric study support
® |n-depth analysis of large scale profiles
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