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Iterative Optimization Heuristic Profiler

• For benchmarking and analyzing iterative optimization heuristics 
(IOHs)

• IOHprofiler = IOHexperimenter + IOHanalyzer + IOHdata + IOHalglorithm

• IOHexperimenter – standardized experimental environment

• IOHanalyzer – ready-to-use, interactive analyses of experimental data

• IOHdata – a public, cloud-based data repository [in progress]

• IOHalgorithm – efficient implementation of some selected IOHs [in progress]

3
4 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHprofiler: Workflow 

Algorithm 𝐴!
Algorithm 𝐴"
…

Problem 𝑃!
Problem 𝑃"
…

Performance  
measures

Statistical 
Evaluations

Performance
Raw Data

Visual 
Analytics

IOHexperimenter IOHanalyzer

Data Sets from
BBOB1 or Nevergrad2

More to support..

1https://github.com/numbbo/coco
2https://github.com/facebookresearch/nevergrad
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IOHprofiler - Philosophy

User to choose 
üWhich benchmark problems and algorithms to use

üEasy to add new benchmark functions and algorithms 

üWhich performance measures to use 
üWide range of performance statistics: 

üFixed-target runtimes (+distributions)
üFixed-budget results (+distributions)
üProbabilities of success, ECDF curves, etc.

üWhich statistical procedures to use [in progress]
üKolmogorov-Smirnov, Friedman Test, Deep Statistical Comparison1, etc.

üHow to aggregate results
üOver target values, functions, and dimensions..
üHighly interactive

1Eftimov, Tome, Peter Korošec, and Barbara KoroušićSeljak. "A novel approach to statistical comparison of meta-heuristic 
stochastic optimization algorithms using deep statistics." Information Sciences 417 (2017): 186-215.
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IOHexperimenter

• A general-purpose benchmarking framework – instantiates to discrete, 
continuous, and mixed search spaces [in progress]

• Pre-installed problem sets
• Pseudo-Boolean Optimization (PBO) Suite1

• Integration of Black-Box Optimization Benchmarking (BBOB) Suite

• Easy to add / define new problems and suites 

• Backbone implemented in C++ for speed; Python/R interfaces available 

• Automatic data logging
• Running time, best-so-far objective value, etc.
• User-chosen dynamic parameters of IOHs
• IOHexperimenter data format

1https://iohprofiler.github.io/Suites/PBO/
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IOHanalyzer

• A web-based interface to analyze and visualize the performance of 
IOHs

• Interactive plotting

• Statistical evaluation

• Built on R and C++

• Data formats:
• IOHexperimenter
• BBOB
• Facebook’s Nevergrad
• Generic two-column formats*
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IOHprofiler - Availability

ü The source code: 
ü IOHexperimenter: https://github.com/IOHprofiler/IOHexperimenter

ü IOHanalyzer: https://github.com/IOHprofiler/IOHanalyzer

ü IOHdata: https://github.com/IOHprofiler/IOHdata

üReference algorithms: https://github.com/IOHprofiler/IOHalgorithm

ü IOHanalyzer is read-to-use online: http://iohprofiler.liacs.nl/

ü Wiki page: https://iohprofiler.github.io/

ü Documentation: https://arxiv.org/abs/2007.03953

ü Exercises and data sets of this tutorial: https://github.com/IOHprofiler/GECCO20-
Tutorial

8

https://iohprofiler.github.io/Suites/PBO/
https://github.com/IOHprofiler/IOHexperimenter
https://github.com/IOHprofiler/IOHanalyzer
https://github.com/IOHprofiler/IOHdata
https://github.com/IOHprofiler/IOHalgorithm
http://iohprofiler.liacs.nl/
https://iohprofiler.github.io/
https://arxiv.org/abs/2007.03953
https://github.com/IOHprofiler/GECCO20-Tutorial


7/21/20

3

10 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

BENCHMARKING 
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Benchmarking

• Run each pair of (𝐴, 𝑓, 𝑑) for several times independently
• Estimate the empirical distribution function:

• Stopping Criteria? e.g., a budget on the function evaluation, or a target function 
value to hit

• How to determine the number of runs/repetitions 𝑟? – to obtain enough 
data/evidence

• How to determine which test functions to use?

{v1, v2, . . . , vr} ! F̂V
<latexit sha1_base64="UQmEvmCf3eub3VCTb4V/15ukt1E=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCvYCTQiT6bQdOsmEmZNKCXkLN76KGxeKuNWdb+Ok7UJbfxj4+M85nDl/EAuuwba/rZXVtfWNzcJWcXtnd2+/dHDY0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEawej67zeHjOluYzuYRIzLySDiPc5JWAsv1R107HvVPDYr1Vc0ZOgc1Zuhl3FB0MgSskH7A4JpDeZ3/JLZbtqT4WXwZlDGc3V8Etfbk/SJGQRUEG07jp2DF5KFHAqWFZ0E81iQkdkwLoGIxIy7aXTuzJ8apwe7ktlXgR46v6eSEmo9SQMTGdIYKgXa7n5X62bQP/SS3kUJ8AiOlvUTwQGifOQcI8rRkFMDBCquPkrpkOiCAUTZdGE4CyevAytWtWxq87debl+NY+jgI7RCTpDDrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MWles+cwR+iPr8wf2jp8y</latexit><latexit sha1_base64="UQmEvmCf3eub3VCTb4V/15ukt1E=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCvYCTQiT6bQdOsmEmZNKCXkLN76KGxeKuNWdb+Ok7UJbfxj4+M85nDl/EAuuwba/rZXVtfWNzcJWcXtnd2+/dHDY0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEawej67zeHjOluYzuYRIzLySDiPc5JWAsv1R107HvVPDYr1Vc0ZOgc1Zuhl3FB0MgSskH7A4JpDeZ3/JLZbtqT4WXwZlDGc3V8Etfbk/SJGQRUEG07jp2DF5KFHAqWFZ0E81iQkdkwLoGIxIy7aXTuzJ8apwe7ktlXgR46v6eSEmo9SQMTGdIYKgXa7n5X62bQP/SS3kUJ8AiOlvUTwQGifOQcI8rRkFMDBCquPkrpkOiCAUTZdGE4CyevAytWtWxq87debl+NY+jgI7RCTpDDrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MWles+cwR+iPr8wf2jp8y</latexit><latexit sha1_base64="UQmEvmCf3eub3VCTb4V/15ukt1E=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCvYCTQiT6bQdOsmEmZNKCXkLN76KGxeKuNWdb+Ok7UJbfxj4+M85nDl/EAuuwba/rZXVtfWNzcJWcXtnd2+/dHDY0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEawej67zeHjOluYzuYRIzLySDiPc5JWAsv1R107HvVPDYr1Vc0ZOgc1Zuhl3FB0MgSskH7A4JpDeZ3/JLZbtqT4WXwZlDGc3V8Etfbk/SJGQRUEG07jp2DF5KFHAqWFZ0E81iQkdkwLoGIxIy7aXTuzJ8apwe7ktlXgR46v6eSEmo9SQMTGdIYKgXa7n5X62bQP/SS3kUJ8AiOlvUTwQGifOQcI8rRkFMDBCquPkrpkOiCAUTZdGE4CyevAytWtWxq87debl+NY+jgI7RCTpDDrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MWles+cwR+iPr8wf2jp8y</latexit><latexit sha1_base64="UQmEvmCf3eub3VCTb4V/15ukt1E=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCvYCTQiT6bQdOsmEmZNKCXkLN76KGxeKuNWdb+Ok7UJbfxj4+M85nDl/EAuuwba/rZXVtfWNzcJWcXtnd2+/dHDY0jJRlDWpFFJ1AqKZ4BFrAgfBOrFiJAwEawej67zeHjOluYzuYRIzLySDiPc5JWAsv1R107HvVPDYr1Vc0ZOgc1Zuhl3FB0MgSskH7A4JpDeZ3/JLZbtqT4WXwZlDGc3V8Etfbk/SJGQRUEG07jp2DF5KFHAqWFZ0E81iQkdkwLoGIxIy7aXTuzJ8apwe7ktlXgR46v6eSEmo9SQMTGdIYKgXa7n5X62bQP/SS3kUJ8AiOlvUTwQGifOQcI8rRkFMDBCquPkrpkOiCAUTZdGE4CyevAytWtWxq87debl+NY+jgI7RCTpDDrpAdXSLGqiJKHpEz+gVvVlP1ov1bn3MWles+cwR+iPr8wf2jp8y</latexit>

{t1, t2, . . . , tr} ! F̂T
<latexit sha1_base64="jAM3GLHnWxReckx06otxw9M9kvA=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCr1BE8JkOm2HTjJh5kQpIW/hxldx40IRt7rzbZy2WWjrDwMf/zmHM+cPYsE12Pa3tbK6tr6xWdgqbu/s7u2XDg7bWiaKshaVQqpuQDQTPGIt4CBYN1aMhIFgnWB8Pa137pnSXEZNmMTMC8kw4gNOCRjLL1XdFHyngsGvVVzRl6CnrNwMu4oPR0CUkg/YHRFIbzK/6ZfKdtWeCS+Dk0MZ5Wr4pS+3L2kSsgioIFr3HDsGLyUKOBUsK7qJZjGhYzJkPYMRCZn20tldGT41Th8PpDIvAjxzf0+kJNR6EgamMyQw0ou1qflfrZfA4NJLeRQnwCI6XzRIBAaJpyHhPleMgpgYIFRx81dMR0QRCibKognBWTx5Gdq1qmNXnbvzcv0qj6OAjtEJOkMOukB1dIsaqIUoekTP6BW9WU/Wi/VufcxbV6x85gj9kfX5A+mYnyo=</latexit><latexit sha1_base64="jAM3GLHnWxReckx06otxw9M9kvA=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCr1BE8JkOm2HTjJh5kQpIW/hxldx40IRt7rzbZy2WWjrDwMf/zmHM+cPYsE12Pa3tbK6tr6xWdgqbu/s7u2XDg7bWiaKshaVQqpuQDQTPGIt4CBYN1aMhIFgnWB8Pa137pnSXEZNmMTMC8kw4gNOCRjLL1XdFHyngsGvVVzRl6CnrNwMu4oPR0CUkg/YHRFIbzK/6ZfKdtWeCS+Dk0MZ5Wr4pS+3L2kSsgioIFr3HDsGLyUKOBUsK7qJZjGhYzJkPYMRCZn20tldGT41Th8PpDIvAjxzf0+kJNR6EgamMyQw0ou1qflfrZfA4NJLeRQnwCI6XzRIBAaJpyHhPleMgpgYIFRx81dMR0QRCibKognBWTx5Gdq1qmNXnbvzcv0qj6OAjtEJOkMOukB1dIsaqIUoekTP6BW9WU/Wi/VufcxbV6x85gj9kfX5A+mYnyo=</latexit><latexit sha1_base64="jAM3GLHnWxReckx06otxw9M9kvA=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCr1BE8JkOm2HTjJh5kQpIW/hxldx40IRt7rzbZy2WWjrDwMf/zmHM+cPYsE12Pa3tbK6tr6xWdgqbu/s7u2XDg7bWiaKshaVQqpuQDQTPGIt4CBYN1aMhIFgnWB8Pa137pnSXEZNmMTMC8kw4gNOCRjLL1XdFHyngsGvVVzRl6CnrNwMu4oPR0CUkg/YHRFIbzK/6ZfKdtWeCS+Dk0MZ5Wr4pS+3L2kSsgioIFr3HDsGLyUKOBUsK7qJZjGhYzJkPYMRCZn20tldGT41Th8PpDIvAjxzf0+kJNR6EgamMyQw0ou1qflfrZfA4NJLeRQnwCI6XzRIBAaJpyHhPleMgpgYIFRx81dMR0QRCibKognBWTx5Gdq1qmNXnbvzcv0qj6OAjtEJOkMOukB1dIsaqIUoekTP6BW9WU/Wi/VufcxbV6x85gj9kfX5A+mYnyo=</latexit><latexit sha1_base64="jAM3GLHnWxReckx06otxw9M9kvA=">AAACF3icbZDLSsNAFIYnXmu9VV26GSyCi1KSIuiyKIjLCr1BE8JkOm2HTjJh5kQpIW/hxldx40IRt7rzbZy2WWjrDwMf/zmHM+cPYsE12Pa3tbK6tr6xWdgqbu/s7u2XDg7bWiaKshaVQqpuQDQTPGIt4CBYN1aMhIFgnWB8Pa137pnSXEZNmMTMC8kw4gNOCRjLL1XdFHyngsGvVVzRl6CnrNwMu4oPR0CUkg/YHRFIbzK/6ZfKdtWeCS+Dk0MZ5Wr4pS+3L2kSsgioIFr3HDsGLyUKOBUsK7qJZjGhYzJkPYMRCZn20tldGT41Th8PpDIvAjxzf0+kJNR6EgamMyQw0ou1qflfrZfA4NJLeRQnwCI6XzRIBAaJpyHhPleMgpgYIFRx81dMR0QRCibKognBWTx5Gdq1qmNXnbvzcv0qj6OAjtEJOkMOukB1dIsaqIUoekTP6BW9WU/Wi/VufcxbV6x85gj9kfX5A+mYnyo=</latexit>
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IOHexperimenter

• Implemented in C++ (1/14), non-trivial architecture (DPs)

• Effective wrappers in R and Python

• Pseudo-Boolean Optimization1 (PBO) suite: 𝑓: 0,1 # → ℝ
• Currently, 25 built-in combinatorial test-functions

• OneMax, LeadingOnes feat. W-model2

• Ising models, N-Queens problem, Maximum Independent Set, 
Low Autocorrelation Binary Sequences, Concatenated Trap, NK landscape

• Extendible to any test functions following the interface

2Weise, Thomas, and Zijun Wu. "Difficult features of combinatorial optimization problems and the tunable W-
model benchmark problem for simulating them." In Proceedings of the Genetic and Evolutionary Computation 
Conference Companion, pp. 1769-1776. 2018.

1Carola Doerr, Furong Ye, Naama Horesh, Hao Wang, Ofer M. Shir, and Thomas Bäck. “Benchmarking 
discrete optimization heuristics with IOHprofiler.” Applied Soft Computing 88 (2020): 106027.
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IOHexperimenter

• Integration of Black-Box Optimization Benchmarking (BBOB) suite1: 
𝑓: 𝑆 ⊆ ℝ# → ℝ
• 24 built-in continuous test functions

• 12 optimization algorithms implemented in C++
• https://github.com/IOHprofiler/IOHalgorithm
• Python and R interface to those algorithm [in progress]

• Benchmark data on those 12 algorithms
• https://github.com/IOHprofiler/IOHdata
• All 25 test problems 
• 11 runs of each algorithms
• 𝑑 ∈ {16, 100, 625}

1https://github.com/numbbo/coco

13

https://github.com/IOHprofiler/IOHalgorithm
https://github.com/IOHprofiler/IOHdata
https://github.com/numbbo/coco


7/21/20

4

14 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

12 Reference Algorithms 
(more to come, your contributions most appreciated!)

• gHC: Greedy Hill Climber: flip 1 bit/iteration
• RLS: Randomized Local Search: flips 1 random bit/iteration
• (1+ 𝜆) EAs with standard bit mutation
• (1+ 𝜆) EAs with normalized bit mutation and self-adjusting means 

[YeDB’19]
• (1+ 𝜆) EAs with normalized bit mutation and self-adjusting means and 

variance control [YeDB’19]
• (1+ 𝜆) EAs with log-normal self-adaptive mutation rates [BäckS96]
• fast GA from [DoerrLMN GECCO’17]
• self-adjusting 2-rate (1+𝜆) EA from [DoerrGWY GECCO’17]
• self-adjusting (1+(𝜆, 𝜆)) GA from [DoerrD Algorithmica’18]
• (𝜇, 𝜆) “vanilla”/textbook GA
• UMDA

Strong focus on “textbook” algorithms and recent 
developments from the theory community 
à your contributions are highly welcome!
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Pseudo-Boolean Optimization (PBO) suite

• F1: OneMax
• F2: LeadingOnes
• F3: Harmonic Linear Function
• F4-F10: W-Model1 on top of OneMax

(W-model allows to scale effective dimension, 
epistasis, neutrality, ruggedness, fitness 
plateaus, etc.)

• F5-17: W-Model1 on top of LeadingOnes
• F18: LABS: Low Autocorrelation Binary Sequences
• F19: Ising Model: Ring
• F20: Ising Model: Torus
• F21: Ising Model: Triangular (Isometric 2D Grid)
• F22: MIVS: Maximum Independent Vertex Set
• F23: N-Queens Problem
• F24: Concatenated Trap 
• F25: NK landscape

Thousands of combinations 
are possible, our 

implementation covers the 
whole W model

1Weise, Thomas, and Zijun Wu. "Difficult features of combinatorial optimization problems and the tunable W-model 
benchmark problem for simulating them." In Proceedings of the Genetic and Evolutionary Computation Conference 
Companion, pp. 1769-1776. 2018.
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PBO: W-model 

• F4 – F17: OneMax transformed by the so-called W-model

• Dummy variables:

• Neutrality:

• Epistasis: local permutations 

• Fitness perturbation

i1, . . . im are random chosen from [1..d]
<latexit sha1_base64="iYWiQNhUVrHg0s29uwdyev11k8A=">AAACH3icbZDLSsRAEEU7vh1foy7dNA6CCwmJiLoU3bhUcFSYCaHTqWhjP0J3RRzC/Ikbf8WNC0XEnX9jzzgLXxcaDreqqK6blVI4jKKPYGx8YnJqema2MTe/sLjUXF45d6ayHNrcSGMvM+ZACg1tFCjhsrTAVCbhIrs5GtQvbsE6YfQZ9kpIFLvSohCcobfS5q5I4y3alblBR0WqaBfhDmvKLFDLdG4U5dfGgaaF9dynnTgM8yRttqIwGor+hXgELTLSSdp87+aGVwo0csmc68RRiUnNLAouod/oVg5Kxm/YFXQ8aqbAJfXwvj7d8E5OC2P900iH7veJminneirznYrhtftdG5j/1ToVFvtJLXRZIWj+taioJEVDB2HRXFjgKHseGLfC/9WnwSzj6CNt+BDi3yf/hfPtMI7C+HSndXA4imOGrJF1skliskcOyDE5IW3CyT15JM/kJXgInoLX4O2rdSwYzaySHwo+PgGc9KFy</latexit><latexit sha1_base64="iYWiQNhUVrHg0s29uwdyev11k8A=">AAACH3icbZDLSsRAEEU7vh1foy7dNA6CCwmJiLoU3bhUcFSYCaHTqWhjP0J3RRzC/Ikbf8WNC0XEnX9jzzgLXxcaDreqqK6blVI4jKKPYGx8YnJqema2MTe/sLjUXF45d6ayHNrcSGMvM+ZACg1tFCjhsrTAVCbhIrs5GtQvbsE6YfQZ9kpIFLvSohCcobfS5q5I4y3alblBR0WqaBfhDmvKLFDLdG4U5dfGgaaF9dynnTgM8yRttqIwGor+hXgELTLSSdp87+aGVwo0csmc68RRiUnNLAouod/oVg5Kxm/YFXQ8aqbAJfXwvj7d8E5OC2P900iH7veJminneirznYrhtftdG5j/1ToVFvtJLXRZIWj+taioJEVDB2HRXFjgKHseGLfC/9WnwSzj6CNt+BDi3yf/hfPtMI7C+HSndXA4imOGrJF1skliskcOyDE5IW3CyT15JM/kJXgInoLX4O2rdSwYzaySHwo+PgGc9KFy</latexit><latexit sha1_base64="iYWiQNhUVrHg0s29uwdyev11k8A=">AAACH3icbZDLSsRAEEU7vh1foy7dNA6CCwmJiLoU3bhUcFSYCaHTqWhjP0J3RRzC/Ikbf8WNC0XEnX9jzzgLXxcaDreqqK6blVI4jKKPYGx8YnJqema2MTe/sLjUXF45d6ayHNrcSGMvM+ZACg1tFCjhsrTAVCbhIrs5GtQvbsE6YfQZ9kpIFLvSohCcobfS5q5I4y3alblBR0WqaBfhDmvKLFDLdG4U5dfGgaaF9dynnTgM8yRttqIwGor+hXgELTLSSdp87+aGVwo0csmc68RRiUnNLAouod/oVg5Kxm/YFXQ8aqbAJfXwvj7d8E5OC2P900iH7veJminneirznYrhtftdG5j/1ToVFvtJLXRZIWj+taioJEVDB2HRXFjgKHseGLfC/9WnwSzj6CNt+BDi3yf/hfPtMI7C+HSndXA4imOGrJF1skliskcOyDE5IW3CyT15JM/kJXgInoLX4O2rdSwYzaySHwo+PgGc9KFy</latexit><latexit sha1_base64="iYWiQNhUVrHg0s29uwdyev11k8A=">AAACH3icbZDLSsRAEEU7vh1foy7dNA6CCwmJiLoU3bhUcFSYCaHTqWhjP0J3RRzC/Ikbf8WNC0XEnX9jzzgLXxcaDreqqK6blVI4jKKPYGx8YnJqema2MTe/sLjUXF45d6ayHNrcSGMvM+ZACg1tFCjhsrTAVCbhIrs5GtQvbsE6YfQZ9kpIFLvSohCcobfS5q5I4y3alblBR0WqaBfhDmvKLFDLdG4U5dfGgaaF9dynnTgM8yRttqIwGor+hXgELTLSSdp87+aGVwo0csmc68RRiUnNLAouod/oVg5Kxm/YFXQ8aqbAJfXwvj7d8E5OC2P900iH7veJminneirznYrhtftdG5j/1ToVFvtJLXRZIWj+taioJEVDB2HRXFjgKHseGLfC/9WnwSzj6CNt+BDi3yf/hfPtMI7C+HSndXA4imOGrJF1skliskcOyDE5IW3CyT15JM/kJXgInoLX4O2rdSwYzaySHwo+PgGc9KFy</latexit>

(x1, . . . , xd) ! (xi1 , . . . xim), m < d
<latexit sha1_base64="ofYA5l0grhEGde693afFkFaZuVo="></latexit><latexit sha1_base64="ofYA5l0grhEGde693afFkFaZuVo="></latexit><latexit sha1_base64="ofYA5l0grhEGde693afFkFaZuVo="></latexit><latexit sha1_base64="ofYA5l0grhEGde693afFkFaZuVo="></latexit>

(x1, . . . , xµ| {z }
x0
1

, xµ+1, . . . , x2µ| {z }
x0
2

, . . . , xd�µ+1, . . . , xd| {z }
x0
d/µ

)

<latexit sha1_base64="bYXJ2LAQiWYDcpNshI3qVfAuA1c="></latexit><latexit sha1_base64="bYXJ2LAQiWYDcpNshI3qVfAuA1c="></latexit><latexit sha1_base64="bYXJ2LAQiWYDcpNshI3qVfAuA1c="></latexit><latexit sha1_base64="bYXJ2LAQiWYDcpNshI3qVfAuA1c="></latexit>

𝒙𝒊$’s are the majority vote in each block

16
17 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

Black-Box Optimization Benchmarking (BBOB)

• Single-objective, continuous, black-box, (noisy) optimization tasks
• Widely used by many scientists and conference, e.g. GECCO Workshop for Real-

Parameter Optimization

• 24 test functions
• 3 unimodal, separable (e.g., sphere)
• 7 unimodal, non-separable (e.g., bent cigar)
• 2 multimodal, separable (e.g., Rastrigin)
• 12 multimodal, non-separable (e.g., Schwefel)

• https://coco.gforge.inria.fr/

• https://github.com/numbbo/coco

17

https://coco.gforge.inria.fr/
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18 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter: Problem Instances

• PBO – multiplicative, additive, and XOR shifting; permutation of variables

• BBOB – each test function is modified ‘slightly’ by:
• Translation and rotation of the search space1

• Small irregularities on the function landscape1

1Hansen, Nikolaus, Steffen Finck, Raymond Ros, and Anne Auger. "Real-parameter black-box optimization benchmarking 2009: 
Noiseless functions definitions." (2009).

f̃ := f(R(x+ xo↵set)) + yo↵set
<latexit sha1_base64="21OqF2ilD9vf8oNSlKVnet0Mvm8="></latexit>

f̃ := af(�(x� z)) + b
<latexit sha1_base64="GKBW9kwjtuPW3ZXexMH9hv5UDpY=">AAACIXicbVDLSsNAFJ34rPUVdelmsAgtQkmqYBGEohuXFewDmlAmk0k7dDIJMxOxhvyKG3/FjQtFuhN/xqSNoK0HBs6ccy/33uOEjEplGJ/a0vLK6tp6YaO4ubW9s6vv7bdlEAlMWjhggeg6SBJGOWkpqhjphoIg32Gk44yuM79zT4SkAb9T45DYPhpw6lGMVCr19bqlKHNJ7CXw4hIir2xJOvBR2fKRGjpe/JBYQcgi+fN/TCoVeAKdYl8vGVVjCrhIzJyUQI5mX59YboAjn3CFGZKyZxqhsmMkFMWMJEUrkiREeIQGpJdSjnwi7Xh6YQKPU8WFXiDSxxWcqr87YuRLOfadtDJbVM57mfif14uUV7djysNIEY5ng7yIQRXALC7oUkGwYuOUICxouivEQyQQVmmoWQjm/MmLpF2rmqfV2u1ZqXGVx1EAh+AIlIEJzkED3IAmaAEMnsALeAPv2rP2qn1ok1npkpb3HIA/0L6+AZOzoxw=</latexit>

18
19 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter – C Interface

• A simple interface..

19

20 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter – C Interface

• Configuration file Specify which 
pre-installed 
suite to use

Select a 
subset of 
problems 

Control when 
to register a 
data record 

20
21 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter – R interface

• Wrappers enable modern look-n-feel in scripting languages

• To install the R interface:

• Compilation might take a while (we are working on pre-compiled 
binary packages for the common platform)

21
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22 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter – R interface

• Create an experiment:

• instances: 1) translation, and 2) permutation of binary string
• data.dir: The path to the folder where (raw) benchmark data are stored

22
23 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHexperimenter – R interface

• Iterate over the test problems:

• And use it for your algorithms:

• We will cover the Python interface in the hands-on session!

23

24 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

DATA FORMAT 

3
24

25 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHprofiler Data Format

• File structure – text files,
• Meta data – summary of a test problem/function. 
• Raw data – running times/function values for each function and dimension.

25
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26 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHprofiler Data Format

Meta data – naming convention, e.g., IOHprofiler_f1_OneMax.info

IOHprofiler_f<function ID>[_function name].info

• Here, <function ID> is required. [_function name] is optional.
• function ID can take either an integer or a string as its value.
• function name is only optional.

26
27 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHprofiler Data Format

Raw data – naming convention, e.g., IOHprofiler_f1_OneMax.info

IOHprofiler_f<function ID>_DIM_<dimension>.[t|i|c]dat

• Using IOHexperimenter, you could produce four types of raw data 
files: *.dat, *.idat, *.tdat, and *.cdat, which share exactly the same format and 
only differ in the logging events at which data are recorded.

27

28 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHprofiler Data Format

Logging Events

• [Mandatory] Target-based tracking (*.dat): a record is collected if an 
improvement on the “best-so-far f(x)” value is observed. 

• Interval tracking (*.idat): a record is collected every 𝜏-th function 
evaluation, where the interval 𝜏 can be controlled by the user. 

• Time-based tracking (*.tdat): a record is collected when the user-specified 
checkpoints on the running time are reached. These checkpoints are evenly 
spaced in the log01 scale.

• Complete tracking (*.cdat): a record is collected for every function 
evaluation.

28
29 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

PERFORMANCE ANALYSES

4
29



7/21/20

8
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IOHanalyzer: How to assess Empirical Performance?

Running time

O
bj

ec
tiv

e v
al

ue

Fixed-budget -
objective samples
given runtime
budget

Fixed-target -
runtime samples
given target value

success rate: 
some runs might
not hit this line

30
31 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHanalyzer: fixed-target running times

• Running time – random variable
• Parameterized by a target value

• The number of runs – 𝑟

• Successful?
• Unsuccessful?

• Number of successes 
Running time

O
bj

ec
tiv

e 
va

lu
e

T (ftarget) 2 N>0
<latexit sha1_base64="bJnbaYoYBwtNLwZKnw+bwmP2pFM=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0EqCNlYSIYlCLhx7m7m4uLd37M6J4bi/YONfsbFQxNbOzn/j5qPw68HA470ZZuaFqRQGXffTmZmdm19YLC2Vl1dW19YrG5sdk2SaQ5snMtFXITMghYI2CpRwlWpgcSjhMrw5HfmXt6CNSFQLhyn0YjZQIhKcoZWCSq1Vi4LcR7jDHJkeABbFHvWFon7M8DoM8/MiyI/dIqhU3bo7Bv1LvCmpkimaQeXD7yc8i0Ehl8yYruem2MuZRsElFGU/M5AyfsMG0LVUsRhMLx9/VNBdq/RplGhbCulY/T6Rs9iYYRzaztGZ5rc3Ev/zuhlGR71cqDRDUHyyKMokxYSO4qF9oYGjHFrCuBb2VsqvmWYcbYhlG4L3++W/pLNf99y6d3FQbZxM4yiRbbJDasQjh6RBzkiTtAkn9+SRPJMX58F5cl6dt0nrjDOd2SI/4Lx/AaojnYU=</latexit><latexit sha1_base64="bJnbaYoYBwtNLwZKnw+bwmP2pFM=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0EqCNlYSIYlCLhx7m7m4uLd37M6J4bi/YONfsbFQxNbOzn/j5qPw68HA470ZZuaFqRQGXffTmZmdm19YLC2Vl1dW19YrG5sdk2SaQ5snMtFXITMghYI2CpRwlWpgcSjhMrw5HfmXt6CNSFQLhyn0YjZQIhKcoZWCSq1Vi4LcR7jDHJkeABbFHvWFon7M8DoM8/MiyI/dIqhU3bo7Bv1LvCmpkimaQeXD7yc8i0Ehl8yYruem2MuZRsElFGU/M5AyfsMG0LVUsRhMLx9/VNBdq/RplGhbCulY/T6Rs9iYYRzaztGZ5rc3Ev/zuhlGR71cqDRDUHyyKMokxYSO4qF9oYGjHFrCuBb2VsqvmWYcbYhlG4L3++W/pLNf99y6d3FQbZxM4yiRbbJDasQjh6RBzkiTtAkn9+SRPJMX58F5cl6dt0nrjDOd2SI/4Lx/AaojnYU=</latexit><latexit sha1_base64="bJnbaYoYBwtNLwZKnw+bwmP2pFM=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0EqCNlYSIYlCLhx7m7m4uLd37M6J4bi/YONfsbFQxNbOzn/j5qPw68HA470ZZuaFqRQGXffTmZmdm19YLC2Vl1dW19YrG5sdk2SaQ5snMtFXITMghYI2CpRwlWpgcSjhMrw5HfmXt6CNSFQLhyn0YjZQIhKcoZWCSq1Vi4LcR7jDHJkeABbFHvWFon7M8DoM8/MiyI/dIqhU3bo7Bv1LvCmpkimaQeXD7yc8i0Ehl8yYruem2MuZRsElFGU/M5AyfsMG0LVUsRhMLx9/VNBdq/RplGhbCulY/T6Rs9iYYRzaztGZ5rc3Ev/zuhlGR71cqDRDUHyyKMokxYSO4qF9oYGjHFrCuBb2VsqvmWYcbYhlG4L3++W/pLNf99y6d3FQbZxM4yiRbbJDasQjh6RBzkiTtAkn9+SRPJMX58F5cl6dt0nrjDOd2SI/4Lx/AaojnYU=</latexit><latexit sha1_base64="bJnbaYoYBwtNLwZKnw+bwmP2pFM=">AAACEXicbVA9SwNBEN3zM8avqKXNYhBiE+5E0EqCNlYSIYlCLhx7m7m4uLd37M6J4bi/YONfsbFQxNbOzn/j5qPw68HA470ZZuaFqRQGXffTmZmdm19YLC2Vl1dW19YrG5sdk2SaQ5snMtFXITMghYI2CpRwlWpgcSjhMrw5HfmXt6CNSFQLhyn0YjZQIhKcoZWCSq1Vi4LcR7jDHJkeABbFHvWFon7M8DoM8/MiyI/dIqhU3bo7Bv1LvCmpkimaQeXD7yc8i0Ehl8yYruem2MuZRsElFGU/M5AyfsMG0LVUsRhMLx9/VNBdq/RplGhbCulY/T6Rs9iYYRzaztGZ5rc3Ev/zuhlGR71cqDRDUHyyKMokxYSO4qF9oYGjHFrCuBb2VsqvmWYcbYhlG4L3++W/pLNf99y6d3FQbZxM4yiRbbJDasQjh6RBzkiTtAkn9+SRPJMX58F5cl6dt0nrjDOd2SI/4Lx/AaojnYU=</latexit>

Crossing points
ti(ftarget) < 1

<latexit sha1_base64="xsGSq+5PNZQhY/mKHnBYttHW05E=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GITbgTQQuLoI1lBPMBSTj2NnPJ4t7esTsnhiOljX/FxkIRW3+Cnf/GzUehiQ8GHu/NMDMvSKQw6LrfzsLi0vLKam4tv76xubVd2NmtmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCI7i7GvmNe9BGxOoWBwl0ItZTIhScoZX8wgH6ohT6WRvhATNkugc4HB7TC9oWKsSBXyi6ZXcMOk+8KSmSKap+4avdjXkagUIumTEtz02wkzGNgksY5tupgYTxO9aDlqWKRWA62fiRIT2ySpeGsbalkI7V3xMZi4wZRIHtjBj2zaw3Ev/zWimG551MqCRFUHyyKEwlxZiOUqFdoYGjHFjCuBb2Vsr7TDOONru8DcGbfXme1E/Knlv2bk6LlctpHDmyTw5JiXjkjFTINamSGuHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fyTuZzQ==</latexit><latexit sha1_base64="xsGSq+5PNZQhY/mKHnBYttHW05E=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GITbgTQQuLoI1lBPMBSTj2NnPJ4t7esTsnhiOljX/FxkIRW3+Cnf/GzUehiQ8GHu/NMDMvSKQw6LrfzsLi0vLKam4tv76xubVd2NmtmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCI7i7GvmNe9BGxOoWBwl0ItZTIhScoZX8wgH6ohT6WRvhATNkugc4HB7TC9oWKsSBXyi6ZXcMOk+8KSmSKap+4avdjXkagUIumTEtz02wkzGNgksY5tupgYTxO9aDlqWKRWA62fiRIT2ySpeGsbalkI7V3xMZi4wZRIHtjBj2zaw3Ev/zWimG551MqCRFUHyyKEwlxZiOUqFdoYGjHFjCuBb2Vsr7TDOONru8DcGbfXme1E/Knlv2bk6LlctpHDmyTw5JiXjkjFTINamSGuHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fyTuZzQ==</latexit><latexit sha1_base64="xsGSq+5PNZQhY/mKHnBYttHW05E=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GITbgTQQuLoI1lBPMBSTj2NnPJ4t7esTsnhiOljX/FxkIRW3+Cnf/GzUehiQ8GHu/NMDMvSKQw6LrfzsLi0vLKam4tv76xubVd2NmtmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCI7i7GvmNe9BGxOoWBwl0ItZTIhScoZX8wgH6ohT6WRvhATNkugc4HB7TC9oWKsSBXyi6ZXcMOk+8KSmSKap+4avdjXkagUIumTEtz02wkzGNgksY5tupgYTxO9aDlqWKRWA62fiRIT2ySpeGsbalkI7V3xMZi4wZRIHtjBj2zaw3Ev/zWimG551MqCRFUHyyKEwlxZiOUqFdoYGjHFjCuBb2Vsr7TDOONru8DcGbfXme1E/Knlv2bk6LlctpHDmyTw5JiXjkjFTINamSGuHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fyTuZzQ==</latexit><latexit sha1_base64="xsGSq+5PNZQhY/mKHnBYttHW05E=">AAACCHicbVA9SwNBEN3zM8avqKWFi0GITbgTQQuLoI1lBPMBSTj2NnPJ4t7esTsnhiOljX/FxkIRW3+Cnf/GzUehiQ8GHu/NMDMvSKQw6LrfzsLi0vLKam4tv76xubVd2NmtmzjVHGo8lrFuBsyAFApqKFBCM9HAokBCI7i7GvmNe9BGxOoWBwl0ItZTIhScoZX8wgH6ohT6WRvhATNkugc4HB7TC9oWKsSBXyi6ZXcMOk+8KSmSKap+4avdjXkagUIumTEtz02wkzGNgksY5tupgYTxO9aDlqWKRWA62fiRIT2ySpeGsbalkI7V3xMZi4wZRIHtjBj2zaw3Ev/zWimG551MqCRFUHyyKEwlxZiOUqFdoYGjHFjCuBb2Vsr7TDOONru8DcGbfXme1E/Knlv2bk6LlctpHDmyTw5JiXjkjFTINamSGuHkkTyTV/LmPDkvzrvzMWldcKYze+QPnM8fyTuZzQ==</latexit>

ti(ftarget) = 1
<latexit sha1_base64="qZ+dQieEczOV23Bbbnsf/QmRA3E=">AAACCXicbVBNS8NAEN34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANoTNdtIu3WzC7kQsoVcv/hUvHhTx6j/w5r8xbXPQ1gcDj/dmmJnnx1IYtO1va2l5ZXVtvbBR3Nza3tkt7e03TZRoDg0eyUi3fWZACgUNFCihHWtgoS+h5Q+vJ37rHrQRkbrDUQxuyPpKBIIzzCSvRNETlcBLuwgPmCLTfcDx+IRe0q5QAY6KXqlsV+0p6CJxclImOepe6avbi3gSgkIumTEdx47RTZlGwSWMi93EQMz4kPWhk1HFQjBuOv1kTI8zpUeDSGelkE7V3xMpC40ZhX7WGTIcmHlvIv7ndRIMLtxUqDhBUHy2KEgkxYhOYqE9oYGjHGWEcS2yWykfMM04ZuFNQnDmX14kzdOqY1ed27Ny7SqPo0AOyRGpEIeckxq5IXXSIJw8kmfySt6sJ+vFerc+Zq1LVj5zQP7A+vwBCymZ4g==</latexit><latexit sha1_base64="qZ+dQieEczOV23Bbbnsf/QmRA3E=">AAACCXicbVBNS8NAEN34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANoTNdtIu3WzC7kQsoVcv/hUvHhTx6j/w5r8xbXPQ1gcDj/dmmJnnx1IYtO1va2l5ZXVtvbBR3Nza3tkt7e03TZRoDg0eyUi3fWZACgUNFCihHWtgoS+h5Q+vJ37rHrQRkbrDUQxuyPpKBIIzzCSvRNETlcBLuwgPmCLTfcDx+IRe0q5QAY6KXqlsV+0p6CJxclImOepe6avbi3gSgkIumTEdx47RTZlGwSWMi93EQMz4kPWhk1HFQjBuOv1kTI8zpUeDSGelkE7V3xMpC40ZhX7WGTIcmHlvIv7ndRIMLtxUqDhBUHy2KEgkxYhOYqE9oYGjHGWEcS2yWykfMM04ZuFNQnDmX14kzdOqY1ed27Ny7SqPo0AOyRGpEIeckxq5IXXSIJw8kmfySt6sJ+vFerc+Zq1LVj5zQP7A+vwBCymZ4g==</latexit><latexit sha1_base64="qZ+dQieEczOV23Bbbnsf/QmRA3E=">AAACCXicbVBNS8NAEN34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANoTNdtIu3WzC7kQsoVcv/hUvHhTx6j/w5r8xbXPQ1gcDj/dmmJnnx1IYtO1va2l5ZXVtvbBR3Nza3tkt7e03TZRoDg0eyUi3fWZACgUNFCihHWtgoS+h5Q+vJ37rHrQRkbrDUQxuyPpKBIIzzCSvRNETlcBLuwgPmCLTfcDx+IRe0q5QAY6KXqlsV+0p6CJxclImOepe6avbi3gSgkIumTEdx47RTZlGwSWMi93EQMz4kPWhk1HFQjBuOv1kTI8zpUeDSGelkE7V3xMpC40ZhX7WGTIcmHlvIv7ndRIMLtxUqDhBUHy2KEgkxYhOYqE9oYGjHGWEcS2yWykfMM04ZuFNQnDmX14kzdOqY1ed27Ny7SqPo0AOyRGpEIeckxq5IXXSIJw8kmfySt6sJ+vFerc+Zq1LVj5zQP7A+vwBCymZ4g==</latexit><latexit sha1_base64="qZ+dQieEczOV23Bbbnsf/QmRA3E=">AAACCXicbVBNS8NAEN34WetX1aOXxSLUS0lE0ItQ9OKxgv2ANoTNdtIu3WzC7kQsoVcv/hUvHhTx6j/w5r8xbXPQ1gcDj/dmmJnnx1IYtO1va2l5ZXVtvbBR3Nza3tkt7e03TZRoDg0eyUi3fWZACgUNFCihHWtgoS+h5Q+vJ37rHrQRkbrDUQxuyPpKBIIzzCSvRNETlcBLuwgPmCLTfcDx+IRe0q5QAY6KXqlsV+0p6CJxclImOepe6avbi3gSgkIumTEdx47RTZlGwSWMi93EQMz4kPWhk1HFQjBuOv1kTI8zpUeDSGelkE7V3xMpC40ZhX7WGTIcmHlvIv7ndRIMLtxUqDhBUHy2KEgkxYhOYqE9oYGjHGWEcS2yWykfMM04ZuFNQnDmX14kzdOqY1ed27Ny7SqPo0AOyRGpEIeckxq5IXXSIJw8kmfySt6sJ+vFerc+Zq1LVj5zQP7A+vwBCymZ4g==</latexit>

{t1(ftarget), . . . , tr(ftarget)}
<latexit sha1_base64="AejGwlYT7ZqararMONFFnn+XWfg=">AAACJ3icbVDLSsNAFJ3UV42vqks3g0WoUEoigq6k6MZlBauFpoTJ9KYdOnkwcyOWkL9x46+4EVREl/6Jac1CbQ8MHM45lzv3eLEUGi3r0ygtLC4tr5RXzbX1jc2tyvbOjY4SxaHNIxmpjsc0SBFCGwVK6MQKWOBJuPVGFxP/9g6UFlF4jeMYegEbhMIXnGEuuZUzJ0XXrvlu6iDcY4pMDQCz7LBOqSP7Eeo6RVfNCTiZaZpupWo1rCnoLLELUiUFWm7lxelHPAkgRC6Z1l3birGXMoWCS8hMJ9EQMz5iA+jmNGQB6F46vTOjB7nSp36k8hcinaq/J1IWaD0OvDwZMBzq/95EnOd1E/RPe6kI4wQh5D+L/ERSjOikNNoXCjjKcU4YVyL/K+VDphjHvNpJCfb/k2fJzVHDthr21XG1eV7UUSZ7ZJ/UiE1OSJNckhZpE04eyBN5JW/Go/FsvBsfP9GSUczskj8wvr4Br9SlxA==</latexit><latexit sha1_base64="AejGwlYT7ZqararMONFFnn+XWfg=">AAACJ3icbVDLSsNAFJ3UV42vqks3g0WoUEoigq6k6MZlBauFpoTJ9KYdOnkwcyOWkL9x46+4EVREl/6Jac1CbQ8MHM45lzv3eLEUGi3r0ygtLC4tr5RXzbX1jc2tyvbOjY4SxaHNIxmpjsc0SBFCGwVK6MQKWOBJuPVGFxP/9g6UFlF4jeMYegEbhMIXnGEuuZUzJ0XXrvlu6iDcY4pMDQCz7LBOqSP7Eeo6RVfNCTiZaZpupWo1rCnoLLELUiUFWm7lxelHPAkgRC6Z1l3birGXMoWCS8hMJ9EQMz5iA+jmNGQB6F46vTOjB7nSp36k8hcinaq/J1IWaD0OvDwZMBzq/95EnOd1E/RPe6kI4wQh5D+L/ERSjOikNNoXCjjKcU4YVyL/K+VDphjHvNpJCfb/k2fJzVHDthr21XG1eV7UUSZ7ZJ/UiE1OSJNckhZpE04eyBN5JW/Go/FsvBsfP9GSUczskj8wvr4Br9SlxA==</latexit><latexit sha1_base64="AejGwlYT7ZqararMONFFnn+XWfg=">AAACJ3icbVDLSsNAFJ3UV42vqks3g0WoUEoigq6k6MZlBauFpoTJ9KYdOnkwcyOWkL9x46+4EVREl/6Jac1CbQ8MHM45lzv3eLEUGi3r0ygtLC4tr5RXzbX1jc2tyvbOjY4SxaHNIxmpjsc0SBFCGwVK6MQKWOBJuPVGFxP/9g6UFlF4jeMYegEbhMIXnGEuuZUzJ0XXrvlu6iDcY4pMDQCz7LBOqSP7Eeo6RVfNCTiZaZpupWo1rCnoLLELUiUFWm7lxelHPAkgRC6Z1l3birGXMoWCS8hMJ9EQMz5iA+jmNGQB6F46vTOjB7nSp36k8hcinaq/J1IWaD0OvDwZMBzq/95EnOd1E/RPe6kI4wQh5D+L/ERSjOikNNoXCjjKcU4YVyL/K+VDphjHvNpJCfb/k2fJzVHDthr21XG1eV7UUSZ7ZJ/UiE1OSJNckhZpE04eyBN5JW/Go/FsvBsfP9GSUczskj8wvr4Br9SlxA==</latexit><latexit sha1_base64="AejGwlYT7ZqararMONFFnn+XWfg=">AAACJ3icbVDLSsNAFJ3UV42vqks3g0WoUEoigq6k6MZlBauFpoTJ9KYdOnkwcyOWkL9x46+4EVREl/6Jac1CbQ8MHM45lzv3eLEUGi3r0ygtLC4tr5RXzbX1jc2tyvbOjY4SxaHNIxmpjsc0SBFCGwVK6MQKWOBJuPVGFxP/9g6UFlF4jeMYegEbhMIXnGEuuZUzJ0XXrvlu6iDcY4pMDQCz7LBOqSP7Eeo6RVfNCTiZaZpupWo1rCnoLLELUiUFWm7lxelHPAkgRC6Z1l3birGXMoWCS8hMJ9EQMz5iA+jmNGQB6F46vTOjB7nSp36k8hcinaq/J1IWaD0OvDwZMBzq/95EnOd1E/RPe6kI4wQh5D+L/ERSjOikNNoXCjjKcU4YVyL/K+VDphjHvNpJCfb/k2fJzVHDthr21XG1eV7UUSZ7ZJ/UiE1OSJNckhZpE04eyBN5JW/Go/FsvBsfP9GSUczskj8wvr4Br9SlxA==</latexit>

Nsucc =
rX

i=1

1(ti(ftarget) < 1)
<latexit sha1_base64="HjuuhWj+3dGQXESbqRIrY3ntFsc="></latexit><latexit sha1_base64="HjuuhWj+3dGQXESbqRIrY3ntFsc="></latexit><latexit sha1_base64="HjuuhWj+3dGQXESbqRIrY3ntFsc="></latexit><latexit sha1_base64="HjuuhWj+3dGQXESbqRIrY3ntFsc="></latexit>
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IOHanalyzer: fixed-target running times
Runtime distribution
on 64D, F19, target = 70

ERT values on 64D, F19, target 
from 44 to 128

32
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IOHanalyzer: fixed-budget results

• Function value – random variable
• Parameterized by a budget value

• The number of runs – 𝑟

Running time

O
bj

ec
tiv

e 
va

lu
e

{v1(b), . . . , tr(b)}
<latexit sha1_base64="IfF3rgorw4w2udib0Qsi3/5NU2A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQimJCLosunFZwT6gCWEymbRDJw9mbgoldOfGX3HjQhG3/oI7/8akzUJbD1w4nHMv997jxoIrMIxvrbS2vrG5Vd6u7Ozu7R/oh0ddFSWSsg6NRCT7LlFM8JB1gINg/VgyEriC9dzxbe73JkwqHoUPMI2ZHZBhyH1OCWSSo59a6cQxa6k7qzcwtoQXgWpgcGTNrVuziqNXjaYxB14lZkGqqEDb0b8sL6JJwEKggig1MI0Y7JRI4FSwWcVKFIsJHZMhG2Q0JAFTdjr/Y4bPM8XDfiSzCgHP1d8TKQmUmgZu1hkQGKllLxf/8wYJ+Nd2ysM4ARbSxSI/ERginIeCPS4ZBTHNCKGSZ7diOiKSUMiiy0Mwl19eJd2Lpmk0zfvLauumiKOMTtAZqiETXaEWukNt1EEUPaJn9IretCftRXvXPhatJa2YOUZ/oH3+AP5Ql3Q=</latexit><latexit sha1_base64="IfF3rgorw4w2udib0Qsi3/5NU2A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQimJCLosunFZwT6gCWEymbRDJw9mbgoldOfGX3HjQhG3/oI7/8akzUJbD1w4nHMv997jxoIrMIxvrbS2vrG5Vd6u7Ozu7R/oh0ddFSWSsg6NRCT7LlFM8JB1gINg/VgyEriC9dzxbe73JkwqHoUPMI2ZHZBhyH1OCWSSo59a6cQxa6k7qzcwtoQXgWpgcGTNrVuziqNXjaYxB14lZkGqqEDb0b8sL6JJwEKggig1MI0Y7JRI4FSwWcVKFIsJHZMhG2Q0JAFTdjr/Y4bPM8XDfiSzCgHP1d8TKQmUmgZu1hkQGKllLxf/8wYJ+Nd2ysM4ARbSxSI/ERginIeCPS4ZBTHNCKGSZ7diOiKSUMiiy0Mwl19eJd2Lpmk0zfvLauumiKOMTtAZqiETXaEWukNt1EEUPaJn9IretCftRXvXPhatJa2YOUZ/oH3+AP5Ql3Q=</latexit><latexit sha1_base64="IfF3rgorw4w2udib0Qsi3/5NU2A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQimJCLosunFZwT6gCWEymbRDJw9mbgoldOfGX3HjQhG3/oI7/8akzUJbD1w4nHMv997jxoIrMIxvrbS2vrG5Vd6u7Ozu7R/oh0ddFSWSsg6NRCT7LlFM8JB1gINg/VgyEriC9dzxbe73JkwqHoUPMI2ZHZBhyH1OCWSSo59a6cQxa6k7qzcwtoQXgWpgcGTNrVuziqNXjaYxB14lZkGqqEDb0b8sL6JJwEKggig1MI0Y7JRI4FSwWcVKFIsJHZMhG2Q0JAFTdjr/Y4bPM8XDfiSzCgHP1d8TKQmUmgZu1hkQGKllLxf/8wYJ+Nd2ysM4ARbSxSI/ERginIeCPS4ZBTHNCKGSZ7diOiKSUMiiy0Mwl19eJd2Lpmk0zfvLauumiKOMTtAZqiETXaEWukNt1EEUPaJn9IretCftRXvXPhatJa2YOUZ/oH3+AP5Ql3Q=</latexit><latexit sha1_base64="IfF3rgorw4w2udib0Qsi3/5NU2A=">AAACB3icbVDLSsNAFJ3UV62vqEtBBovQQimJCLosunFZwT6gCWEymbRDJw9mbgoldOfGX3HjQhG3/oI7/8akzUJbD1w4nHMv997jxoIrMIxvrbS2vrG5Vd6u7Ozu7R/oh0ddFSWSsg6NRCT7LlFM8JB1gINg/VgyEriC9dzxbe73JkwqHoUPMI2ZHZBhyH1OCWSSo59a6cQxa6k7qzcwtoQXgWpgcGTNrVuziqNXjaYxB14lZkGqqEDb0b8sL6JJwEKggig1MI0Y7JRI4FSwWcVKFIsJHZMhG2Q0JAFTdjr/Y4bPM8XDfiSzCgHP1d8TKQmUmgZu1hkQGKllLxf/8wYJ+Nd2ysM4ARbSxSI/ERginIeCPS4ZBTHNCKGSZ7diOiKSUMiiy0Mwl19eJd2Lpmk0zfvLauumiKOMTtAZqiETXaEWukNt1EEUPaJn9IretCftRXvXPhatJa2YOUZ/oH3+AP5Ql3Q=</latexit>

V (b) 2 R, b  B
<latexit sha1_base64="jy2qlncvNsEHSObT19z3YgRX4jc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUoigi5L3bisYh/QhDIznbRDJ5M4MxFK6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HsPjjlT2nG+rcLS8srqWnG9tLG5tb1j7+61VJRIQpsk4pHsYKQoZ4I2NdOcdmJJUYg5bePRVea3H6hULBJ3ehxTP0QDwQJGkDZSzz5sVfAJ9JiAXoj0EOP0dnIKscfpPayXenbZqTpTwEXi5qQMcjR69pfXj0gSUqEJR0p1XSfWfoqkZoTTSclLFI0RGaEB7RoqUEiVn07fmMBjo/RhEElTQsOp+nsiRaFS4xCbzuxWNe9l4n9eN9HBpZ8yESeaCjJbFCQc6ghmmcA+k5RoPjYEEcnMrZAMkUREm+SyENz5lxdJ66zqOlX35rxcq+dxFMEBOAIV4IILUAPXoAGagIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx9K9pcV</latexit><latexit sha1_base64="jy2qlncvNsEHSObT19z3YgRX4jc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUoigi5L3bisYh/QhDIznbRDJ5M4MxFK6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HsPjjlT2nG+rcLS8srqWnG9tLG5tb1j7+61VJRIQpsk4pHsYKQoZ4I2NdOcdmJJUYg5bePRVea3H6hULBJ3ehxTP0QDwQJGkDZSzz5sVfAJ9JiAXoj0EOP0dnIKscfpPayXenbZqTpTwEXi5qQMcjR69pfXj0gSUqEJR0p1XSfWfoqkZoTTSclLFI0RGaEB7RoqUEiVn07fmMBjo/RhEElTQsOp+nsiRaFS4xCbzuxWNe9l4n9eN9HBpZ8yESeaCjJbFCQc6ghmmcA+k5RoPjYEEcnMrZAMkUREm+SyENz5lxdJ66zqOlX35rxcq+dxFMEBOAIV4IILUAPXoAGagIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx9K9pcV</latexit><latexit sha1_base64="jy2qlncvNsEHSObT19z3YgRX4jc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUoigi5L3bisYh/QhDIznbRDJ5M4MxFK6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HsPjjlT2nG+rcLS8srqWnG9tLG5tb1j7+61VJRIQpsk4pHsYKQoZ4I2NdOcdmJJUYg5bePRVea3H6hULBJ3ehxTP0QDwQJGkDZSzz5sVfAJ9JiAXoj0EOP0dnIKscfpPayXenbZqTpTwEXi5qQMcjR69pfXj0gSUqEJR0p1XSfWfoqkZoTTSclLFI0RGaEB7RoqUEiVn07fmMBjo/RhEElTQsOp+nsiRaFS4xCbzuxWNe9l4n9eN9HBpZ8yESeaCjJbFCQc6ghmmcA+k5RoPjYEEcnMrZAMkUREm+SyENz5lxdJ66zqOlX35rxcq+dxFMEBOAIV4IILUAPXoAGagIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx9K9pcV</latexit><latexit sha1_base64="jy2qlncvNsEHSObT19z3YgRX4jc=">AAACBnicbVDLSsNAFJ3UV62vqEsRBotQQUoigi5L3bisYh/QhDIznbRDJ5M4MxFK6MqNv+LGhSJu/QZ3/o2TNgttPXDhcM693HsPjjlT2nG+rcLS8srqWnG9tLG5tb1j7+61VJRIQpsk4pHsYKQoZ4I2NdOcdmJJUYg5bePRVea3H6hULBJ3ehxTP0QDwQJGkDZSzz5sVfAJ9JiAXoj0EOP0dnIKscfpPayXenbZqTpTwEXi5qQMcjR69pfXj0gSUqEJR0p1XSfWfoqkZoTTSclLFI0RGaEB7RoqUEiVn07fmMBjo/RhEElTQsOp+nsiRaFS4xCbzuxWNe9l4n9eN9HBpZ8yESeaCjJbFCQc6ghmmcA+k5RoPjYEEcnMrZAMkUREm+SyENz5lxdJ66zqOlX35rxcq+dxFMEBOAIV4IILUAPXoAGagIBH8AxewZv1ZL1Y79bHrLVg5TP74A+szx9K9pcV</latexit>
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IOHanalyzer: Descriptive Statistics 

• Sample mean, median, standard deviation…

• Sample quantiles, e.g., 2%, 5%, …, 98%

• Empirical success rate 

• Expected Running Time (ERT)

• Empirical Cumulative Distribution Functions (ECDFs)

34
35 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHanalyzer: Descriptive Statistics 

35
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IOHanalyzer: ECDFs

• Aggregate ECDFs

• Over multiple targets: 𝒱 = {𝑣0, 𝑣2, … }

• Over multiple functions: ℱ = {𝑓0, 𝑓2, … }

36
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IOHanalyzer: ECDFs

Single target = 6

37
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IOHanalyzer: ECDFs

Multiple targets = {3, 4, 5, 6, ..., 16}

38
39 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

IOHanalyzer: ECDFs

On all 25 functions in PBO!

39
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IOHANALYZER DEMO 

40
41 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

Hands-on Session

ü The best way to get familiar with a software

ü Online version for this tutorial: http://iohprofiler.liacs.nl/

ü The material of the hands-on session can be found here: 
http://liacs.leidenuniv.nl/~csnaco/GECCO2020/

ü https://colab.research.google.com/drive/1c_mozIXHQ7YxvlC0UOY9gi
6gIrj3vBe6?usp=sharing

ü Some example data set can be download here: 
https://github.com/IOHprofiler/IOHdata

41

http://iohprofiler.liacs.nl/
http://liacs.leidenuniv.nl/~csnaco/GECCO2020/
https://colab.research.google.com/drive/1c_mozIXHQ7YxvlC0UOY9gi6gIrj3vBe6?usp=sharing
https://github.com/IOHprofiler/IOHdata
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Hands-on Session

If you want to play with IOHanalyzer locally, you need a R installation 
first..
ü to install R: https://cran.r-project.org/

ü to install IOHanalyzer:

ü to start the web-based server locally:

42
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IOHprofiler – Examples of Use-Cases

Journal papers:
1. Hao Wang and Diederick Vermetten and Furong Ye and Carola Doerr and Thomas Bäck: IOHanalyzer: 

Performance Analysis for Iterative Optimization Heuristic. arXiv, arXiv:2007.03953
2. Carola Doerr, Furong Ye, Naama Horesh, Hao Wang, Ofer M. Shir, Thomas Bäck:

Benchmarking discrete optimization heuristics with IOHprofiler. Appl. Soft Comput. 88: 106027 (2020)

PPSN full papers:
1. Furong Ye, Hao Wang, Carola Doerr, Thomas Bäck: Benchmarking a (μ+λ) Genetic Algorithm with 

Configurable Crossover Probability. To appear at PPSN’20
CEC full papers:
1. Furong Ye, Carola Doerr, and Thomas Bäck. Interpolating Local and Global Search by Controlling the 

Variance of Standard Bit Mutation. CEC’19 
GECCO full papers:
1. Diederick Vermetten, Hao Wang, Carola Doerr, Thomas Bäck: Towards Dynamic Algorithm Selection for 

Numerical Black-Box Optimization: Investigating BBOB as a Use Case. To appear at GECCO’20
2. Diederick Vermetten, Hao Wang, Carola Doerr and Thomas Bäck. Integrated vs. Sequential Approaches for 

Selecting and Tuning CMA-ES Variants. To appear at GECCO’20
3. Naama Horesh, Thomas Bäck, Ofer M. Shir. Predict or Screen Your Expensive Assay? DoE vs. Surrogates in 

Experimental Combinatorial Optimization. GECCO’19
4. Nguyen Dang, Carola Doerr. Hyper-Parameter Tuning for the (1+(λ, λ)) GA. GECCO’19
5. Carola Doerr, Furong Ye, Sander van Rijn, Hao Wang, Thomas Bäck. Towards a theory-guided 

benchmarking suite for discrete black-box optimization heuristics: profiling (1 + λ) EA variants on OneMax
and LeadingOnes. GECCO’18

43
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IOHprofiler – Examples of Use-Cases

GECCO workshop papers:
1. Carola Doerr, Furong Ye, Naama Horesh, Hao Wang, Ofer M. Shir, and Thomas Bäck. Benchmarking 

Discrete Optimization Heuristics with IOHprofiler. GECCO’19
2. Borja Calvo, Ofer M. Shir, Josu Ceberio, Carola Doerr, Hao Wang, Thomas Bäck, and Jose A. Lozano. 

Bayesian Performance Analysis for Black-Box Optimization Benchmarking. GECCO’19
3. Ivan Ignashov, Arina Buzdalova, Maxim Buzdalov, and Carola Doerr. Illustrating the Trade-Off between 

Time, Quality, and Success Probability in Heuristic Search. GECCO’19
4. Nathan Buskulic and Carola Doerr. Maximizing Drift is Not Optimal for Solving OneMax. GECCO’19
Usage in teaching:

1. Natural Computing at LIACS, 3rd year bachelor Computer Science
2. Evolutionary Algorithms at LIACS, 1st year master Computer Science

44
45 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

Work in progress

üExtension of benchmark problems and reference algorithms

üConstant improvements of the User-Experience (UX)
üEfficiency
üReport generation [in progress]
üAdditional visualizations and statistical analysis tools

üSupport for mixed-integer and noisy problems

Suggestions and contributions are very welcome!

45
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https://arxiv.org/abs/2007.03953


7/21/20

12

46 Benchmarking and Analyzing Iterative Optimization Heuristics with IOHprofiler - GECCO 2020

Want to get involved?

You can contribute by providing (or suggesting)
• Feedback
• benchmark problems 
• Reference algorithms
• Performance statistics
• Ideas how to combine performance analysis with landscape analysis
• Other features that would improve IOHprofiler

… and by simply using IOHprofiler, exporting its output for your 
presentation/manuscript, and sharing your user-experience! 

46
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