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Motivation

Why Performance Prediction
Cost estimation
Optimization
Comparison of computer systems

Performance Prediction for Supercomputers is challenging
Processor
Interconnect
Compiler optimizations
Source Code,...
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Performance Prediction

Previous Work
1 Simulation
2 Deterministic analytical models

Manual construction [1, 2, 3]
Construction diffcult and time consuming
Evaluation easy and adoptable
Quadratic programming [7, 8]
Modeling Assertions (MA) with linear symbolic models [4, 5]

3 Neural networks [6]
4 Hybrid approaches [13, 9]

Our Approach
Compiler-directed performance models
Semi-automated model construction
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Outline

1 GCC with Program Modeling Enhancements

2 GCC – Structure and Implementation

3 Quadratic Programming – Results

4 Conclusion & Outlook
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Presented Approach

Compiler-directed model construction
Programmer uses new compiler switches to guide
instrumentation

→ No knowledge of application required
Compiler instruments executable

→ Manual instrumentation not necessary
Simple models (e.g. floating point operations)
Few parameters
Goal: Precise prediction

Validated through use of performance counters
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Overview of the frame work

Source Code

GCC-PME

instrumented
executable

MA library

Trace Files

Model construction
& Visualization

(MATLAB)

Compile time

Run time

Post-
processing
tools
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Performance Counter & Benchmarks

PAPI Performance Counter
Uniform interface
Start, stop, reset and read counters
Supports various architectures
MA Library addresses PAPI

NASA Parallel Benchmark Suite (NPB)
Defines problem classes (S, W, A, B, C, D)
Classes depend on input data-set
Parallelized with OpenMP or MPI
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Outline

1 GCC with Program Modeling Enhancements

2 GCC – Structure and Implementation

3 Quadratic Programming – Results

4 Conclusion & Outlook
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Fundamentals: Structure of GCC

Front End
Depends on Source
Language

Back End
Architecture-dependent

Middle Part
Optimization
Language-independent
Architecture-independent

Fortran

C++

Java

C

GENERIC GIMPLE RTL Assembly

SSA

Front End Middle Part Back End
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GCC-PME

Where?
Middle Part
Written in C
Program represented as tree

What is added?
Pass for operation count analysis

→ Recognize frequently executed parts
Pass for annotating program parts

Loops, basic blocks
Function calls
Uses naming scheme

Annotations target MA library

Example:

n = i + 17;

MODIFY EXPR

n PLUS EXPR

i 17
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Example Loop Annotation

preheader node

header

loop body

next basic block

latch
edge exit

edge

Figure: GCC internal representation of a single exit loop [15].
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Example Loop Annotation

header

loop body

latch
edge exit

edge

preheader
ma loop start()

ma loop end()
next basic block

Figure: GCC internal representation of a single exit loop [15].
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Experimental Setup

XC 6000 of Steinbuch Centre for Computing at KIT
Itanium II Cluster
113 nodes
298 processors

Applications
IS and CG from NPB parallelized with MPI
Lattice-Boltzmann with MPI
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Outline
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2 GCC – Structure and Implementation

3 Quadratic Programming – Results

4 Conclusion & Outlook
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Model Construction

Model Construction
Run small input data-sets (S, W, A, B)
Construct model and predict run with larger problem size (C)
Method: Quadratic Programming

Relates input parameters and event counts
Model can be constructed semi-automatically
Results from more input data-sets implicitly refine the model
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QP Model - Lattice-Boltzmann
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Quadratic Programming - Results

Number of MPI Tasks
Benchmark 2 8 16 32
IS 0% 0% 0% 0%

CG 19.8% 21.1% 23.3% 29%

LB 0.2% 0% −1.3% −12.1%

Table: Average relative error predicting input class C for IS, CG, and LB.
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4 Conclusion & Outlook
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Conclusion

Presented
Compiler-directed performance models
Semi-automated model construction

→ Requires no knowledge about application
MA Library

Collects event counter of MPI tasks
Generates event traces

MATLAB constructs and visualizes performance model
Results

LB, IS with good results
CG with results (error > 20%)

→ Limit of the model
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Outlook

Future Work
Enrich model with architectural details

MPI-Events
Load/Store Operations
Integer Operations

Combine models with different event types
Target different models (e.g. linear symbolic models)
Better integration of PME passes with optimization passes
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Questions

Thank you for your attention!

Questions?
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