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Performance World
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Motivation for Tools

Performance Tools driven by user needs:

• Finding the most reliable way to solve a 
proprietary model

• Testing a new algorithm against a set of existing 
test problems and competing approaches

• Reproducibility of performance results
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Tools: Performance Analysis

• Different objectives:
– Solver robustness and correctness
– Solver efficiency
– Quality of solution (nonconvex and discrete models )

• Tools are GAMS independent 
• Results in HTML format: platform independent
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PAVER Server

• PAVER Server (Performance Analysis and 
Visualization for Effortless Reproducibility)

www.gamsworld.org/performance/paver

• Online server to facilitate performance 
analysis/visualization of data

• Results sent via e-mail in HTML format

• Rely on 3 tools: solver square, resource time, 
performance profiles
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Tools: Robustness 

Solver Square Utility:

• Cross comparison of solver outcomes of two 
solvers:
– Optimal, feasible, unbounded, infeasible, fail

• Compact tabular form for results

• Shows resource time and objective value 
information

à Can use online using PAVER
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PAVER: Solver Square 
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PAVER: Square (cont.) 
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Tools: Efficiency

Resource Time Utility:

• Cross comparison of solver resource times of two 
solvers

• Further disaggregation by objective function

• Ratios of resource times

à Can use online using PAVER
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PAVER: Solver Resource Time 



14

PAVER: Resource Time (cont.)
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Tools: Visualization

Performance Profiles (Dolan and Moré, 2002):

• Cumulative distribution function for a 
performance metric

• Performance metric: ratio of current solver time 
over best time of all solvers for “success”

• Intuitively: probability of success if given τ times 
fastest time (τ=ratio)
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Tools: Performance Profiles

Interpretation (for τ=ratio, P=profile):

• Efficiency: 

• Probability of success:

• Compact graphs summarize all information

1for    )( =ττP

∞→ττ   as  )(lim P
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Profiles (best resource time)
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Tools: Visualization

Performance Profiles: considers both

– Further disaggregation by objective function: 
– New performance metric: Success only if best 

solution (over all solvers) found

Quality of 
Solution

Efficiency
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Profiles (best objective)
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Overview of Tools
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Other Uses of PAVER

• Quality assurance
– Integral part of GAMS quality control

• Fine tuning a new solver version
– Comparison to previous versions
– Want new version to be better w.r.t. various  

performance metrics

• Determining default solver options
– Run solver using different options and compare
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Benchmarking process

Two  components:

• Subjective Component
– Choice of models
– Choice of solvers
– Choice of solver options

• Non-subjective component: 
– Obtaining performance data
– Performance analysis and visualization

à reproducible
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Illustrative Example: COPS
• Choose well-known COPS test set for NLP 

– Large scale nonlinear optimization test set
– Models come from various application areas (fluid dynamics, population 

dynamics, optimal design, optimal control)

• Instance comes from GLOBALlib
– Choose 16 models/4 sizes each à Total of 64 models

• Solvers used
– AMPL: KNITRO (version 2.1 08/01/02)    IPOPT (version 2.0.1) 
– GAMS: CONOPT3 (Library301F)             SNOPT (version 5.3-5(2))

• Experimental Conditions:
– Dual processor 450MHz, 2Gb memory, Sun/Solaris 8
– 3600 sec resource time limit (CPU)
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Results: Profiles (Efficiency)
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Results: Profiles (Solution Quality)
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Subjectivity in Benchmarking

Performance Tools:
• Partly takes care of non-subjective 

component in data analysis phase

• Choices during data collection phase:
– Models?
– Solver and solver options?
– Uniform stopping criteria?
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Subjectivity in Model Selection

Choice of models, solvers, options is 
subjective!

• Models used can skew data
– several models of same structure may exist with 

different data
– can choose subset of models where each solver 

is superior!
– use resource time comparison to choose subset 

where IPOPT is most efficient!
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Results: IPOPT Best (Efficiency)

n Choose 
subset of 
models where 
IPOPT is 
fastest! 

n Use the 
resource time 
comparison 
table!
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Results: IPOPT Best (Efficiency)
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Stopping criteria
Comparisons of solutions:
• Independent verification of feasibility and 

optimality 
• Issues:

– Optimality criterion is measured differently by solvers 

• tweak solvers until tolerance is reached

– How do we choose the proper solver options to satisfy 

independent verification tolerances? 

• one solver may work unduly hard to reach tolerance
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Solution Verification: Examiner

• Independent check of solution accuracy 
using GAMS/Examiner

• Check feasibility and optimality
– Can check a subset of these
– User can set tolerances used, etc.

• Runs in between GAMS and a solver
– Acts as a silent observer
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Conclusions
• Online tools for analyzing and visualizing

test results 
– Solver efficiency, robustness
– Profiles and profile plots

• Enable users to reproduce performance 
results

• Automated performance analysis using the 
PAVER Server:  

www.gamsworld.org/performance/paver
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