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O Usability, integration, and performance tool design
3 Some current work

O Scalable performance analysis and problem solving

O Parallel performance dynamics and monitoring

O Integration in parallel programming systems

O Performance data mining

3 Concluding remarks
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. Challenges in Performance Problem Solving

3 Scalable, optimized applications deliver HPC promise
3 Optimization through performance engineering process
O Understand performance complexity and inefficiencies
O Tune application to run optimally at scale
3 How to make the process more effective and productive?
3 Performance technology part of larger environment
O Programmability, reusability, portability, robustness
O Application development and optimization productivity

3 Process, performance technology, and use will change as
parallel systems evolve

3 Goal is to deliver effective performance with high
productivity value now and in the future

O sclentific performance return
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Performance Iechnology and Scale
— IR———— |

3 What does it mean for performance technology to scale?
O Instrumentation, measurement, analysis, tuning

3 Scaling complicates observation and analysis
O Performance data size and value
» standard approaches deliver a lot of data with little value
O Measurement overhead, intrusion, perturbation, noise
» measurement overhead — intrusion — perturbation
» tradeoff with analysis accuracy
» “noise” in the system distorts performance
O Analysis complexity increases
» more events, larger data, more parallelism

3 Tuning needs to be less dependent on full-scale runs
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Performance Process and Scale
B fp———

3 What will enhance productive application development?
3 Address application (developer) requirements at scale
3 Nature of application development may change
3 What are the important events and performance metrics?
O Tied to application structure and computational model
O Tied to application domain and algorithms
O Process and tools must be more application-aware
3 Petascale will also need more online, adaptive methods
o Complement static, offline assessment and adjustment
O Introspection of execution (performance) dynamics
O Requires scalable performance monitoring
O Integration with runtime infrastructure
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\Whole Performance Evaluation
. R ——

1 Petascale performance requires optimized orchestration
O Applicaton processor, memory, network, 1/O

3 Reductionist approaches to performance will be unable to
support optimization and productivity objectives

3 Application-level only performance view is myopic
O Interplay of hardware, software, and system components
O Ultimately determines how performance is delivered
3 Performance should be evaluated in toto
O Application and system components
O Understand effects of performance interactions
O ldentify opportunities for optimization across levels

3 Need whole performance evaluation practice
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Role of Intelligence, Automation, and Knowledge

3 Scale forces the process to become more intelligent

3 Even with intelligent and application-specific tools, the
decisions of what to analyze is difficult

3 More automation and knowledge-based decision making

3 Build these capabilities into performance tools
O Support broader experimentation methods and refinement
O Access and correlate data from several sources
O Automate performance data analysis / mining / learning
O Include predictive features and experiment refinement

1 Knowledge-driven adaptation and optimization guidance

3 Address scale issues through increased expertise
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. Usabllity, Integration, and Performance Tool Design

3 What are usable performance tools?

O Support the performance problem solving process

O Does not make overall environment less productive
3 Usable should not mean to make simple

O Usability should not be at the cost of functionality
3 Robust performance technology needs integration
3 Integration in performance system does not imply

O Performance system is monolithic

O Performance system is a “Swiss army knife”

3 Deconstruction or refactoring
O Should lead to opportunities for integration
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. TAU Performance System® Project

3 Tuning and Analysis Utilities (15+ year project effort)
3 Performance system framework for HPC systems
O Integrated, scalable, and flexible
O Target parallel programming paradigms
3 Integrated toolkit for performance problem solving
O Instrumentation, measurement, analysis, visualization
O Portable performance profiling and tracing facility
O Performance data management and data mining
1 Evolve TAU to address new requirements
O Usability, automation, ...
O Scale, heterogeneity, ...

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008



~ TAU Measurement Approach

3 Direct performance measurement

3 Portable and scalable parallel profiling solution
O Multiple profiling types and options
O Event selection and control (enabling/disabling, throttling)
O Online profile access and sampling

3 Portable and scalable parallel tracing solution
O Trace translation to OTF, EPILOG, Paraver, and SLOG2
O Native EPILOG and Scalasca tracing library
O Trace streams (OTF) and hierarchical trace merging

3 Robust timing and hardware performance support

3 Multiple counters (hardware, user-defined, system)
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. Performance Problem Solving: S3D Scalability Study

A S3D flow solver for simulation of turbulent combustion
O Targeted application by DOE SciDAC PERI tiger team

3 Performance scaling study (C2H4 benchmark)
O Cray XT4 (ORNL, Jaguar)
o IBM BG/P (ANL, Intrepid)
O Weak scaling (1 to 12000 cores)
O Evaluate scaling of code regions and MPI

3 Demonstration of scalable performance measurement,
analysis, and visualization

1 Understanding scalability
O Requires environment for performance investigation
O Multi-experiment analysis, database, data mining, ...

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008



LINUX_TIMERS

950 4
S0 -
850 -
B0 -
750 -
00 -
650 -
B00 -
550 -
500 -
450 -
A0
350 -
300 -
250 1
200 1
150 1
100 -
50 1

Total Execution:LINUX_TIMERS

C2H4 benchmark

2,000

3,000

4,000

5000 6000 7,000 8000 9,000
Number of Processors

' ® jaguar-scaling |

10,000

11,000

12,000

Performance System for Extreme Scal



BGP Timers
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M Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}]
M Loop: TRANSPORT_M::COMPUTEHEATFLUX [[mixavg_transport_m.pp.f90} {782,51-{790,19}]
M Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}]
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Total BGP Timers Breakdown for s3d:intrepid-scaling-c2h4
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Relatlve EfflClency by Event for s3d:intrepid-scaling-c2h4:BGP Timers
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A Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {428,10}-{437,15}]
Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {432,10}-{441,15}] Loop: INTEGRATE [{integrate_erk.pp.f90} {75,3}-{95,13}]

¥ Loop: RATT_I [{getrates_i.pp.f} {455,7}-{666,12}] ~ Loop: RATT_I [{getrates_i.pp.f} {668,7}-{670,11}]
Loop: RATX_I [{getrates_i.pp.f} {1560,7}-{1760,11}] # Loop: RATX_I [{getrates_i.pp.f} {1761,7}-{1961,12}]

< Loop: RHSF [{rhsf.pp.f90} {211,3}-{213,7}] M Loop: RHSF [{rhsf.pp.f90} {539,3}-{545,16}] ® Loop: RHSF [{rhsf.pp.f90} {547,3}-{553,16}]
Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{177,5}-{218,9}]
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= Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {777,5}-{785,19}]
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by Event (Intrepid

Relative Speedup by Event for s3d:intrepid-scaling-c2h4:BGP Timers
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Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90}{177,5}-{218,9}]

¢ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {494,5}-{522,9}]

= Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {777,5}-{785,19}]

¥ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {631,5}-{657,19}] = MPI_Barrier() » MPI_Isend(
MPI_Wait( RATT_I [{getrates_i.pp.f} {103,7}-{716,9}] = RATX_I [{getrates_i.pp.f} {1013,7}-{1964,9}]
RHSF [{rhsf.pp.fo0} {3,1}-{711,19}] other ¢ ideal
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Exclusive LINUX TIMERS for Event
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A

Loop:
Loop:
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Loop:
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. Loop:

Loop:
Loop:
Loop:
Loop:

MPI_Isend(), r = 0.79 = MPI_Wait(), r = 0.77

CHEMKIN_M::REACTION_RATE_VEC [{chemkin_m.pp.f90} {457,3}-{471,8}, r = 0.49

DERIVATIVE_X_CALC [{derivative_x.pp.f90} {432,10}-{441,15}], r = 0.85  Loop: DERIVATIVE_Y_CALC [{derivative_y.pp.f90} {431,10}-{440,15}], r = 0.85
DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {435,10}-{444,15}], r = 0.80~ Loop: INTEGRATE [{integrate_erk.pp.f90} {73,3}-{93,13}], r = 0.80

RHSF [{rhsf.pp.f90} {209,3}-{211,7}], r = 0.75" Loop: RHSF [{rhsf.pp.f90} {515,3}-{535,16}], r = 0.674 Loop: RHSF [{rhsf.pp.f90} {537,3}-{543,16}], r = 0.7:
RHSF [{rhsf.pp.f90} {545,3}-{551,16}], r = 0.79® Loop: THERMCHEM_M::CALC_INV_AVG_MOL_WT [{thermchem_m.pp.f90} {127,5}-{129,9}], r = 0.88
THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {175,5}-{216,9}], r = 0.88
TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {492,5}-{520,9}], r = -0.31
TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {782,5}-{790,19}], r = 0.84
TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90} {630,5}-{656,19}], r = 0.88
VARIABLES_M::GET_MASS_FRAC [{variables_m.pp.f90} {96,3}-{99,7}], r = 0.78> MPI_Barrier(), r = 0.70
RHSF [{rhsf.pp.f90} {1,1}-{709,19}], r = 0.164 TOTAL

MPI_Comm_split(), r = 0.45
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Correlation Results: s3d:intrepid-scaling-c2h4: BGP Timers
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W Loop: RHSF [{rhsf.pp.f90} {539,3}-{545,16}], r = 0.21 @ Loop: RHSF [{rhsf.pp.f90} {547,3}-{553,16}], r = 0.33

+ Loop: THERMCHEM_M::CALC_TEMP [{thermchem_m.pp.f90} {177,5}-{218,9}], r = 0.75

+ Loop: TRANSPORT_M::COMPUTECOEFFICIENTS [{mixavg_transport_m.pp.f90} {494,5}-{522,9}], r = 0.82

= Loop: TRANSPORT_M::COMPUTEHEATFLUX [{mixavg_transport_m.pp.f90} {777,5}-{785,19}], r = 0.25

¥ Loop: TRANSPORT_M::COMPUTESPECIESDIFFFLUX [{mixavg_transport_m.pp.f90}{631,5}-{657,19}], r = 0.47
MPI_Wait(, r = 0.97

Loop: DERIVATIVE_Z_CALC [{derivative_z.pp.f90} {432,10}-{441,15}], r = 0.41

= MPI_Barrier(), r = 0.98 » MPI_lsend(), r = 0.94
RATT_I [{getrates_i.pp.f} {103,7}-{716,9}], r = 0.72 = RATX_I [{getrates_i.pp.f} {1013,7}-{1964,9}], r = 0.70
RHSF [{rhsf.pp.f90} {3,1}-{711,19}], r = -0.76 A TOTAL

r =1 implies
direct correlation

TAU Performance System for Extreme Scale



File Options Windows Help

S3D 3D Correlation Cube (Intrepid, MP1_Wait)
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amics: Parallel Profile Snap -

3 Profile snapshots are parallel profiles recorded at runtime
3 Shows performance profile dynamics (all types allowed)

TAU measurement

@ Traces

—>

Overhead

Profile

application run Profiles
on parallel system O . Snapshots

\ 4

parallel profile snapshots Information

‘ | T l ‘ | A. Morris, W. Spear, A. Malony, and S. Shende, “Observing
Performance Dynamics using Parallel Profile Snapshots,”
npd Cmd e pd European Conference on Parallel Processing (EuroPar), 2008.

t, b Ly

eting the TAU Performance System for Extreme Scale




j shots of ELASH 3.0 (UIC)

a Simulation of astrophysical thermonuclear flashes
3 Highlight performance evolution and checkpointing

TAU: ParaProf: Snapshots for n.c.t 0.0,0 - flashd xml E@E
File Filter Windows PyScript Help

‘Tnp 20 || Square || Differential H Timeline| |Stacked |v| |Time |v|ExEIusi\fE |v|

Snapshot Breakdown

1,500,000

1,400,000

Initialization Finalization

/ Checkpointing

1,300,000

1,200,000
1,100,000

1,000,000

900,000
800,000
700,000

600,000

Exclusive (microseconds)

500,000
400,000
300,000
200,000

100,000

g 1 2 3 4 5 & 7 B 89 10 11 12 13 14 15 1& 17 18 19 20 21 22 23 24
Timeline (seconds)

B MPI_Barrier) B GRID_GETSINGLECELLWVOL M INTRFC MPI_Allreduced © HY_BLOCK B RIEMAN MPI_Ssendd © HYDRO_1D MISTATES
MEOS_WRAFPED M GRID_GETDELTAS M AMR_GUARDCELL ™ MPI_Bcast) M GRID_APPLYBCEDGEALLUNKWVARS M MPI_Recvd M MAPL

W MPI_Waitall0 B TIMERS_STOPINDEX HY_SWEEP GRID_APPLYBCEDGE M Other

L
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Mumber of Calls (calls)

70,000
£7.500
65,000

2,500
0,000
57,500
INTRFC ~__
52,500
50,000
47 500
45,000
42 500
40,000 -
37500
35,000
32,500 H
30,000
27,500
25,000
22,500

naaanananaaannan

nonnnnnonnnnnnot T EERaannnm T

A nnnn

(L

[T

20,000 A g

17,500 [IIaAnnnanan
15,000 nnnnnnIonALLnnnnOo o e

Juapooogroroooooooor
12 500

A UTouTroT 1T

I e, LT

10,000 |—|

7,500
5,000
2,500

0 25 50 75 100 125 150

175 200
Timeline (seconds)

225 250 275 300 325

350

B TMR_STACKTOP M TIMERS_STOPINDEX M TIMERS_STOPSTRING

MECS M TMR_STACKSEQUAL W TMFR_ETIME TMR_STACKLISTINDEX
RIEMAN MSTATES M INTRFC BHYDRO_1D M TMR_STACKPUSH M TIMERS_STARTINDEX M TIMERS_STARTSTRING M TMR_STACKPOP

GRID_GETCELLCOORDS

TMR_FINDTIMERINDEX M GR_CHECKDATATYPE

GRID_RELEASEELKPTR. M Other

CRID_PUTFOINTDATA




TAU: ParaProf: Snapshot Controller: E"EHE

Snapshot 80
I 1

L 1 I ]

Name: Iteration 80
Time Position: 9 Seconds

[ ] Replay [} ]

TAU: ParaProf: n,e.t0,0,0 - flashd.xml
File Options Windows Help

All windows dynamically update

[]m][=]

Metric: Time
Value: Exclusive
Units: seconds

0.666 |

Py ————————————————————

0460 I

0.428 [

0.401 [
0.255

0.329

ozzz [ ]

0.265

0.258

o2z [ ]

23z ]

0.217

oz1 1

0.205

0202

0.17

| 0.166 ]

0.156

0.155

0.151

0.147

0.118

0.118

0.113

0.107

0.097

0.095

0.088

008

]

ol

MPI_Barrierd
GRID_GETSIMGLECELLY DL
MPI_Allreduced

INTRFC

H _BLOCK,

MPI_5send(

FIEM AN
SIMULATIOM_IMITBLOCE,
H¥DRO_1D

STATES

EQS_WRAPPED
GRID_APPLYBCEDCEALLUMEY ARS
SIM_FIMD

GRID_GETDELT A%

MPI_Facw)

LOCFILE_CLOSE

MAPL

GREID_APPLYBCEDCE

IO WRITEINTECEALGUANTITIES
AME_GUARDCELL

CR_AME_DUMP _EUNTIME_PARAMET ERS

MPI_Waitall)
TIMERS_STCPIMDEX
GRID_PUTPOINTDAT A
HY_SWEEP
AMR_BLOCK_GEOMETRY
AMR_1BLE_GUARDCELL_SRL
TIMERS_STARTINDEX
TMR_STACKLISTINDEX

FOS

[ T»

[*]

-

TAU: ParaProf: Snapshot Controller: E"EHE

Snapshot 154

[ ] Replay [} ]

Name: final
Time Position: 24 Seconds

TAU: ParaProf: n,e.t0,0,0 - flashd.xml
File Options Windows Help

Metric: Time
Value: Exclusive
Units: seconds

1.862 |

eoy——————————— |
1372 |
1.258 |

1217 ——
1112

0.821
osoe [ ]
0.802
oFrr [ ]
o652 ]
0.5732
048z [ |
0.468
0.428
0.284
0.369
0.365
0.264
0.243
0.245
0322
0.322
0.3217
0.291
0.277
0.271
0.27
0.254

(AN

oo

1 Il

MPI_Barrierd
GRID_GETSIMGLECELLY DL
INTRFC

H _BLOCK,
MPI_Allreduced

FIEM AN

HYDREO_1D

MPI_5send(

STATES

EQS_WRAPPED
GRID_GETDELT A%
AME_GUARDCELL
GRID_APPLYECED CEALLUMEY ARS
MPI_Facw)

MAPL
IO_WRITEINTECREALQUANTITIES
LOCFILE_CLOSE

MPI_Waitall(

TIMERS ST CPINDEX

Hv _SWEEP

GRID_APPLYBCEDCE
SIMULATICR_IMITBLOCE,

A F_1BLE_GUARDCELL_SEL
AME_BLOCK _GEQMETEY
TIMERS _STARTINDEX

A E_FLUY _COMSERYE
MORETOM_MUMBEF.
TMRE_STACKLISTINDEX
EQS

[ T»

* -

[*]
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E;gi"g ﬁnggshot Performance m—

3 Six minute run of FLASH on 128 processors

O 321 instrumented events

O Approximately 71 million event invocations per process
3 Profiling only

O 486KB (compressed)

O 4.6% overhead

3 Profiling with snapshots (~200 snapshots)
O 320MB (2.6MB) uncompressed (58MB compressed)
O 6.3% overhead

3 Tracing (TAU)
O 397GB uncompressed (3.1GB)

O 130.3% overhead
JLACSS2008 .. Tlargetingthe TAU Performance System for Extreme Scale October 15, 2008




Monitoring for Performance Dynamics

3 Runtime access to parallel performance data
3 Support for performance-adaptive, dynamic applications

3 Monitoring modes
O Online observation
O Online observation with feedback into application
3 Couple measurement with monitoring infrastructure

3 TAUoverSupermon (UO, LANL)

A. Nataraj, M. Sottile, A. Morris, A. Malony, and S. Shende, “TAUoverSupermon: Low-
overhead Online Parallel Performance Monitoring,” Euro-Par, 2007.

17 TAUoverMRNET (UO, UWisconsin)

_LACSS 2008

A. Nataraj, A. Malony, A. Morris, D. Arnold, and B. Miller, “A Framework for Scalable,
Parallel Performance Monitoring using TAU and MRNet,” to appear in Concurrency
and Computation: Practice and Experience, 2008.

A. Nataraj, A. Malony, A. Morris, D. Arnold, and B. Miller, “In Search of Sweet-Spots in
Parallel Performance Monitoring,” Conference on Cluster Computing (Cluster 2008).

Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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What IS MRNet?

3 Multicast Reduction Network
Software infrastructure, API, utilities (written in C++)
Create and manage network overlay trees (TBON model)
Efficient control through root-to-leaf multicast path
Reductions (transformations) on leaf-to-root data path
Packed binary data representation
3 Uses thread-per-connection model

O Supports multiple concurrent *“streams”
a3 Filters on intermediate nodes

O Default filters (e.g., sum, average)

O Loads custom filters through shared-object interface

7 MRNet-base tools (Paradyn, STAT debugger, ToM)

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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| Cémpute Node

pute Node
pute Node

MRNET
Comm Node
+
Filter

pute Node

TAU-Instrumented Application
The MRNET Back-End

§

(
| Data
|
|
|

TAU
Front-End

=
Dataqi
Nl

-
—_

/
/
/
/
: /
A
£

MRNET
Comm Node
+
Filter

a Filters
O reduction

o distributed Analysis

O up / down stream

Data

Stream

Non-Blocking
Control check for
MRNET Control
Stream Information

MRNET l———— Packetize

| Cémpute Node

| _Compute Node

TAU_DB_DUMP() —+— Transport

—————————————

TauMrnetOutput
TauMrnetOutput Implementation
e e e b e i =~
Instrumented B i e Sl
application code TAU
calls into TAU

file| 'smon| mrnet

e e e e e e e a ol

ad Data path

O Reverse reduction path

A Control path

O Forward multicast path
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Transparent Monitor Instantiation _ = |

3 Solution for MPI Applications

7 Based on interception of MPI Calls
O PMPI interface Front-End MRNet Application

Rank 0 Ranks 1..k-1 | |Ranks K..N+k

3 Separate roles |

O Tree: Rank-0 and Ranks 1..k-1 :

o Application: Ranks K..N+k |
3 Three parts to method: s
o Initialization = v<
o Application execution R
O Finalization

+
FFFFF

eting the TAU Performance System for Extreme Scale




ToM Filters

a3 ldeally there would be no need for filtering
O Retrieve and store all performance data provided
O Acceptability depends on performance monitor use

3 High application intrusion, transport and storage costs
O Need to trade-off queried performance data granularity
o Which events, time intervals, application ranks?

3 Reduce performance data as it flows through transport
O Distribute FE analysis out to intermediate filters

3 Three filtering schemes
O 1-phase: summary
O 3-phase: histogram, classification histogram
O Progressive temporal/spatial detail with added complexity

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008




W’ ' ;gg Analxsis and Reduction -

7 StatsFilter Nl
O Upstream filter DSF | |
O Calculates global summary stats ﬁ 3 | "

O Produces single profile sk - — A= B
0 HistFilter s /“"*n

O 3_phase (up_down_up) :,.N@de_t_l_..;,_-_ff ________________ ,:‘5‘ 1 BE
O Global min/max rE [0S | Node 4
needed iA | ee
O Variable # bins ) \““;“";..;-,3-"“
3 ClassFilter -8 ) UsF < --A--- BE
. Yo A : ‘Node 6
O Groups ranks into Ay S
functional classes BE :Back End B
] USF : UpStream Filter - | DSF
O CompUte hlStogramS DSF : DownStream Filter

KEY Mode 2

Targeting the TAU Performance System for Extreme Scale Qﬁﬂhﬁm




|

ISt lter (FLASH, MPI Allred

FLASH Sod 2D | N=1024 | Allreduce

3.5e+07 T
w0, | 1€mMporal information only |
Spatial information lacking
2.5e+07 |- 8 1
R Sudden spike & | ]
§ 2071 atiteration 100 //’/f 59 il I
E 156407 -
e Full profiles '
are generated
5e+06 ) il
_ (N*300 profiles)
0 | I L I
100 150 200 250 300 350

Step
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W’ .Eilter ‘FLASHZ Proiection V.iﬁ@- =

FLASH Sod 2D |' N=1024 | Allreduce No. of Ranks

e | | !
s | Hist Filter Temporal Information
_ - 1024 MPI Ranks Splk:e at Iteration 100 |
8 - FLASH 2D Sod ’ ’
‘;;12 - ToM Fanout=8
E - Offload performance
S0 [ everyiteration
';C"J i
i
s O N = |
= . Spatial information
3 e S Unevenness of across ranks |
N proflles of 300 events Evolution of unevenness
- 300K| events total | over iterations
0 1
50 75 100 125 150

Application lteration #

eting the TAU Performance System for Extreme Scale , QEIQW’
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ToM fanout = 16 273 cores

Front-End for TBON
- - 18 nodes
- 6.2% cost

Back-End cores (4096) 16 cores per
Ranger node
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Iteration Profile 3D (FLASH, Ranger, 4096 cores)

Height and Color Metric
Exclusive Time

LACSS 2008 Targeting the TAU Performance System for Extreme Scale October 15, 2008




Classified Histogram Filter
— Em—— |

3 Are there “classes” of ranks performing specific roles?
3 Can we identify them from the performance profile?
3 Definition of class

O Class-id: hash of concatenated event-names

O Ranks with same class-id belong to same class

O Application-specific or tailored to observer’s wishes

O Class-i1d generated based on call-depth or for MPI events
3 Histograms generated within class

O Output: set of histograms per-event, one for each class
3 More detail than simple histograms

O Trade-off detail from classification against the costs

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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8.18.2507
Example:
Class 8
contains most
(2507) ranks

Pick Single Offload #18 / Application Iteration 180
22 Functional Classes seen from 4096 ranks
Naming Classes: Offload# . Class# . # of Ranks in
Class

QuickTime™ and a
decompressor
are needed to see this picture.

Differing Routines / Counters

argeting the TAU Performance System for Extreme Scale ~ October 15, 2008



Classification Filter : Paraprof 3D View

Pick MPI1_Allreduce() From Single Offload #18

Allreduce Time across Classes

LACSS 2008 Targeting the TAU Performance System for Extreme Scale October 15, 2008



Classification Filter : Classified Histograms

Allreduce Time
5 Bin Histogram / Class
[Same Offload# 18 as before]

N Sa

T

S X1 Classes 8, 11

N
+~ Y have largest

. % 5 % ° Allreduce times

@

small values ? Loe T S Color Metric: # Ranks
S CANEER Height Metric: Allreduce Time

LACSS 2008 Targeting the TAU Performance System for Extreme Scale October 15, 2008




Parallel Programming Systems: Charm++
B R |

3 Important to support performance measurement in the
context of a parallel programming model and system

O TAU working with DOE CCA project
O Now want to look at Charm++

a3 Charm++ Is a object-oriented parallel programming
environment for scalable system based on C++

O Medium-grained processes (called chares)
O Interact with each other via messages
O Program entry methods run as user-level threads
1 Charm++ implements the Projections performance tool
O Trace-based measurement and analysis
O Uses a performance (tracing) callback interface
O Trace buffer overflow can cause measurement intrusion

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008



_ Charm#++ Tracing Structure —

a3 Can performance callback interface be used for TAU?

. -\'I

4 N

CHARM Runtime System

N ; /
g i
Common
Trace
. Interface
\ S

o I ™y i~ I

1 | 1
Projections] USummary u TAU

> TAU

TAU performance results can
be obtain by specifying:

—tracemode Tau

on the application’s link line

_ | Profiler API




anance Call-back API —

3 Runtime performance (trace) class and methods

O Trace class
class TraceTau : public Trace { ... } void traceClose();

O Begin/end Computation
void beginComputation(void);
void endComputation(void);

O Begin/end Idle

void beginldle();
void endldle();

O Begin/end entry event (with user or charm specified 1Ds)

void beginExecute();
void endExecute();

a3 Simple stack keeps track of the events

Targeting the TAU Performance System for Extreme Scale Qﬁﬂhﬁm




Time spend in CHARM scheduler
not captured by projections

TAU will see as idle time TAU MOdEI
prf

Main




a Entry events run as Charm user level threads
3 TAU sees each user-level thread as a separate profile

Thread #0 Suspend
Thread #1 Suspend
Suspend
A
Thread #3 Suspenc
Thread #4 Suspend
Thread #5 4 Even though not all the threads run ) ’
concurrently every time a charm thread is :
Thread #6 created it shows up as different thread is the
profile. This results too many threads to —
Thread #7 \_ effectively handle. )

008 i U Performance System for Extreme Scal —




e Breakdown

1 Parallel MD for large biomolecular systems

Total Time Breakdown for Portal:stmv

Percentage of Total Time

50 100 150 200 250 300 350 400 450 500 550 600 650 700 750 800 850 900 950 1000
Number of Processors

B .TAU application Hidle Main MPI_Finalize() MPI_Init_thread) M MPi_isend() MPI_Recv() MPI_Test() B Node:startup) W PmeXPencil::initd
H PmeYPencil::init() M WorkDistrib::enqueueSelfA() WorkDistrib::enqueueSelfB() I WorkDistrib::enqueueWorkA() B WorkDistrib::enqueueWorkB{) W other

____Targeting the TAU Performance System for Extreme Scale Qﬁgh“- ﬁl 2%




256

. Projections

6 F “ TAU
\

trace buffer overflow?

" - .

Number of processors
=
[\ ]
o0

0 10 20 30 40 50 60 70
Percentage of Overhead

On Ranger (x86_64) stmv benchmark ~1 million atoms with PME
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~Application-level Profiling with Charm++

BN |
3 Application-level instrumentation is possible with TAU

O Application plus Charm++ runtime system events
3 TAU sees Charm++ user-level threads
O User-level threads have own profile in TAU
O Number of user-level threads depends on chare parallelism

O Unfortunately, multiplies the number of profiles
» NAMD: 1024 * 150 user-level profile

7 Tested TAU module with other Charm++ applications
O ChaNGa

O OpenAtom

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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3 OpenUH (Uhouston)
O Feedback based compiler
optimizations

O Validate, improve cost
model for loop
optimization for OpenMP

0 DOE SciDAC TASCS

o CCA computational
quality of service

O Linear system solvers
O Offline analysis
O Online choice

Context

Optimal
Parameters

Offline Analysis Runtime Optimization

ing the TAU Performance System for Extreme Scale —




Performance Data Mining: CQoS Recommender

1 Component based scientific applications can have many
algorithmic and hardware configuration options

7 CQoS Recommender System can help eliminate educated
guesswork or trial-and-error configuration for optimal (or
near optimal) performance

O Time to solution
O Accuracy
O Other quality measures
3 Two types of applications we are working with:
O Quantum chemistry (GAMESS, NWChem)
O lterative, non-linear solvers (PETSc)
1 DOE TASCS SciDAC project (CCA)

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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Iiﬁmixﬁ. Ngn-Linear Solvers SPETScz ——

3 Problem: sparse matrix of non-linear equations

3 Solution: PETSc iterative, non-linear solvers
O lteratively call linear solvers

3 Configuration problem
O Convergence performance of the solvers

O Factors:
» properties of the matrix
» properties of the hardware
» type of linear solver used and options
» type of pre-conditioner used and options

3 Some combinations may never converge!

JLACSS2008 .. Tlargetingthe TAU Performance System for Extreme Scale October 15, 2008




. Quantum Chemistry (GAMESS)

3 Goal: conduct performance evaluation for quantum
chemistry packages, to learn optimal configurations

O 7 test molecules: bz (benzine), bz-dimer, AT (a DNA base
pair), np (naphthalene), np-dimer, CG (another DNA base
pair), C60

O 3 run types: energy, gradient, hessian

O 2 scf types: rhf, uhf

O 2 MP levels: 0, 2

O 4 basis sets: CCD, N31-6-1-1, N31-6-1, N31-6
O 2 methods: direct or conventional

O 672 combinations, without even considering node/core
counts, machine parameters, architectures...

. LACSS 2008 Targeting the TAU Performance System for Extreme Scale _October 15, 2008
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commender System

Training Performance >
Driver Data, Metadata PerfDMF
T ——

Trained Classifier
Classifier Construction
(PerfExplorer)
"

(see next figure)

New Problem

Properties s:ﬂ;?;n
(Metadata) —
T ——
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Find "unique"

Unique

PerfDMF

tuples of properties

Find which tuple
parameters are
"significant"

Method for
each tuple

Tuples

Find "optimal"
method for each

tuple

Trained

N Weka
Significant g
Classifier
Parameters .
Construction

Implemented Classifiers:
Naive Bayes
Support Vector Machine (SVM)

Multilayer Perceptron

Classifier

ing the TAU Performance System for Extreme Scale = ¢



nmendation Results - GA

3 With basis set = ccd, scf type = rhf, run type = energy
3 Vary molecule, mp level, method and node counts

a3 Test machine: bassi.nersc.gov: IBM POWERS, 111
compute nodes with 8 cores, 32GB memory per node

3 Direct method is faster than conventional for some
molecules at higher node counts, but it varies

Run type = energy, core count = 8, scf type = rhf, basis set = ccd

MP level = 0 MP level = 2
Molecule /7 Nodes 4 8 16 32 4 8 16 32

AT
bz-dimer
Cc60
np-dimer

ing the TAU Performance System for Extreme Scale




NSF POII\_I_T PrOJect —

3 “High-Productivity Performance Englneermg (Tools,
Methods, Training) for NSF HPC Applications”

O NSF SDCI program (Software Improvement and Support)
O Productivity from Open, Integrated Tools (POINT)

3 Robust performance technology
1 Performance engineering best practices

Vendor / Research NSF TeraGrid
HPC Tools Performance engmeenng competency / HPC Centers
(TACC‘ SDSC, NC'SA)
HPC Tools q\% Support

ilmprovemem Lducaaon and Training and Application

Engagement

National Center for University of Tennessee Pittsburgh

. S Supercomputing Center m{l
Applications (PerfSuite) Ll O (lead pilot site) _

University of Oregon

Supercomputin
(TAU) p puting

LACSS 2008 T argeting the TAU Performance System for Extreme Scale October 15, 2008




otimization (MO

Execution Models
Computation System
Model Model Performance
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Performance Models Data
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System Model Model Code
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Browser
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3 Proposal to DOE Software Development Tools for
Improved Ease-of-Use of Petascale Systems
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Project

1 Performance Refactoring of Instrumentation,
Measurement, and Analysis (PRIMA) Technologies

3 Integration of leading direct measurement tools
O TAU performance system

O Scalasca
TAU PRIMA SCALASCA SCALASCA
profile data Data Model profile data trace data

¢ SCALASCA

trace analyzer
I = PerfDMF
Y Y L
@ PerfExplorer b?f,ﬁfr

PRIMA Analysis Workflow
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Conclusion
— IR———— |

3 Performance problem solving (process, technology)
3 Evolve process and technology to meet scaling challenges

3 Closer integration with application development and
execution environment

3 Raise the level of performance problem analysis
O Scalable performance monitoring
O Performance data mining and expert analysis
O Whole performance evaluation

3 The parallel performance tools community is small
O Refactoring of core components and integration
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