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Component-Based Software =
Eng lneerin g e,

» Functional unit with well-defined interfaces
and dependencies

» Components interact through ports

» Benefits: software reuse, complex software
management, code generation, available
“services”

» Drawback: more restrictive software
engineering, need for runtime framework
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Motivation onne

» CBSE Increasing in HPC
» Power Increasing in importance

» A need for simpler processes for
performance/power measurement and
analysis

— Performance tools can be applied at the
component abstraction layer

— Opportunities for automation
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Power vs. Energy B

Rate a system performs work
Power = Work / ATime

Total work over a period of time
Energy = Power * A Time
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Power Trends
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Power Reduction Techniques s

» Circuit and logic level
» Low power interconnect
» Low power memories and memory hierarchy

» Low power processor architecture
adaptations

» Dynamic voltage scaling

» Resource hibernation

» Compiler level power management
» Application level power management
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Goals and Approach i

» Provide a component based system

— Facilitates performance/power measurement and
analysis

— Computes high level performance metrics
— Integrates existing tools into a uniform interface

— End Goal: static and dynamic optimizations based
on offline/online analyses
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Performance Model | g

Global Stalls
% FLP Stalls
FLP Inefficiency — PD

FLP Inefficiency — PI

Stall_cycles/total cycles
FLP_stalls/stall_cycles
FLP_OPS * stalls/cycles

(FLP_OPS/retired_inst) * stall/cycle

- FLP Inefficiency — PD: Problem size dependent variant
- FLP Inefficiency — PI: Problem size independent variant
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Performance Model I ahis

- Corelogic Stalls = L1D_register_stalls +
branch_misprediction + instruction_miss +
stack engine_stalls + floating_point_stalls +
pipeline_inter_register_dependency +
processor_frontend_flush

« Memory Stalls =L1_hits* L1 latency + L2 hits *
L2 latency + L3 hits * L3 latency +
local_mem_access * local_ mem_latency +
remote_mem_access * remote_mem_latency +
TLB_miss * TLB_miss_ penalty
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Argonne
Power Model

» Based on on-die components
» Leverages performance hardware counters

Power(C}) = AccessRate(C) + Architectural Scaling(C;) + MaxPower

Total Power = Z Power(C}) + Idle Power

i=(
Components Metric
Core Logic Total Instructions Retired /ACycles
L1 Cache L1 Total Cache Access/ACycles
L2 Cache L2 Total Cache Access/ACycles
L3 Cache L3 Total Cache Access/ACycles
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Performance Measurement and S
An aIySiS SyStem e

» Components

— TAU: Performance measurement
http://www.cs.uoregon.edu/research/tau/home.php

— Performance Database Component(s)

— PerfExplorer: Performance and power analysis
http://lwww.cs.uoregon.edu/research/tau/docs/perfexplorer/

| k) | k)
App g Component g Components
Runtime H
Optimization
) feedback h :

Component

User/tool analysis
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PerfExplorer Component | &=
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oeEEd

Palette Arena

MPICﬂmpnnEnt m runserint 1
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PerfExplorer

» Loads a python analysis script
» Performance and power analysis

» Data mining, inference rules, comparing
different experimental runs
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Study I. Performance-Power
Trade-offs
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» Experiment — Effect of compiler optimization

levels on performance and power

» Experimental Detalls
— Machine: SGI Altix 300
— MPI Processes: 16
— Compiler: OpenUH
— Code: GenIDLEST
— Optimization levels: -0O0, -0O1, -0O2, -O3

— Performance tools: TAU, PerfExplorer, and PAPI

CBHPC, Karlsruhe, Germany,
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Linux/ccNUMA
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Results

» Aggressive optimizations === Higher power

» |IPC ~ Power dissipation
> Aggressive optimizations === Lower energy
» Operation count ~ energy consumption

Metric -0 -O1] -02 -3
Time 1.0 | 0.338 0.071 0.049
Instructions Completed 1.0 0.471 0.059 0.056
Instructions Issued 1.0 | 0.472 0.063 0.061
Instructions Completed Per Cycle 1.0 | 1.397 0.857 1.209
[nstructions Issued Per Cycle 1.0 | 1.400 0,905 1.316
Waltts 1.0 | 1.025 1.001 1.029
Joules 1.0 | 0.346 0.071 0.050
FLOF/ Joule 1.0 | 2,867 | 13.684 | 19.305
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Performance/Power Study With
PETSc Codes

» PETSc: Portable Extensible Toolkit for Scientific

Computation
— http://www.mcs.anl.gov/petsc/

» Experimental Detalls
— Machine: SGI Altix 3600
— Compiler: GCC
— MPI Processes: 32

— Application: 2-D simulation of cavity flow
Krylov subspace linear solvers: FGMRES, GMRES, BiCGS
Preconditioner: Block Jacobi
Problem Size: 16x16 each processor (weak scaling)

— Performance tools: TAU, PerfExplorer, PAPI
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Inefficiency
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— Bottlenecks in methods used in solution of linear
system

— Bottleneck also in preconditioner

P | Function I1/ 10y | 12/12404 | Y0 of T
1 KsPsolve 2.21 5.80 R6.72%
2 ksPsolve 1.73 4.22 6G8.52%
4 KsFPsolve 1.76 3.38 TO.07T%
5 KsPsolve 1.52 2.27 80.53%

MatLUFactorNumeric 1.73 2.74 55.74%
16 | KsPsolve 1.26 1.52 05.63%

MatLUFactorNumeric 1.53 1.52 T1.63%
32 | KsPsolve 1.26 1.52 05.63%

MatLUFactorNumeric 1.53 1.52 71.63%
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» FGMRES has good performance Initially

— Not very power efficient

» BCGS Is optimal for performance and power

efficiency

g
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Conclusions | Tms

» Little or no hardware and software support for
detailed power measurement and analysis on
modern systems

» Need for more integrated toolsets supporting
both performance and power measurements,
analysis, and optimizations

» Combining tools with component based
software engineering can benefit efficiency
and effectiveness of tuning process

CBHPC, Karlsruhe, Germany, 22
October 17, 2008



b

Future Directions o,

» Integration of components into a framework

» Dynamic selection of algorithms and
parameters based on offline/online analyses

» Compiler based performance power cost
modeling

» Continue performance and power analysis of
PETSc based codes

» Extension of performance and power model for
more modern architectures
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