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Black Box Optimization (BBO)
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Applications of BBO
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Black Box Optimization (BBO)

Traditional optimizer:
Optimizer L o * Genetic algorithm
; * evolutionary strategies
* particle swarm optimization

o { mathematical ) . .
: Objective E .  differential evolution
Solutions i expression,
values .
gradients...
Optimization Drawbacks:

lean on carefully hand-crafted designs
to strike a balance between exploration
and exploitation

problem
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MetaBBO Formulation bl M-
Bi-level optimization framework MetaBBO-RL
RO _Nie_ti_l :l";‘z;i;li_n_g_ o AN MetaBBO-RL model this bi-level optimization procedure as a

Markov Decision Process (MDP):

State: optimization status

Meta-Level
Optimizer

Meta objT lConﬁguration

— e S e e e e e e e e e

Optimization The objective of MetaBBO-RL is to learn an T
. Problem ! policy(RL agent) that maximizes the expectation E [
< No _, of optimization performance on a task distribution: f~D/mg

'/’ Inner Optimization \\‘ Inner W Reward RL
! e emal ; OptimizationJ Agent
! Optimizer ;
| |
|
: Target objT lSolution I ,
| I Action
| |
| |
| |
\ I

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)



=NUS < SMU

National University SINGAPORE MANAGEMENT
of Singapore UNIVERSITY

Current attempts of MetaBBO-RL

e.g. Adaptively selecting mutation operators in DE
|:> xtl = xt + F xrand1(x?)

rand] is selected from [rand1, rand2, cur2rand, cur2gbest...]

e.g. Adaptively tuning parameters in PSO update rule

: t+1

xt*1 = wvt + ¢;r (pbestt — xb) + ¢,7,(gbestt — xt)

I:> e.g. xtt = xt + F xrand1(x?)

Approach4: directly determine the sample distribution

sample t+1i :I‘: ,O'=9.X't
& : xil+1 — NEH Z.)
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Limitations of Existing Benchmarks

* Lack of template coding and automation for MetaBBO with RL algorithm

* Limited benchmark task instances and up-to-date baseline implementations

* Designed for only evaluating optimization performance, while the evaluation of learning
effectiveness 1s omitted

Table 1: Comparison to BBO benchmarks. We report #Problem: the number of problems (#synthetic
+ #realistic); #Baseline: the number of baselines; Template: Template coding support; Automation:
automated train/test workflow support; Customization: configurable settings; Visualization: visualiza-
tion tools support; and RLSupport: Gym-style [33] RL benchmark.

#Problem #Baseline Template Automation Customization Visualization RLSupport

COCO [28] 5440 2 v v X v X
CEC [34, 36, 37] 2840 0 X X X X X
[OHprofiler [38, 39] 2440 0 v X v v X
Bayesmark [40, 41] 04228 10 v v X X %
Zigzag [42, 43] 4+0 0 X X v X X
MetaBox 54+280 19 v v v v v
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Overview of MetaBox

Template scripts

Workflow automation

Broad Testsuites

Baseline Library

Visualization

Perfromance Metrics
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Blueprint of our MetaBox platform.
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Logger

# Standardized Metrics
-cal AEI()

-cal MGD()

-cal MTE()

# Visualization
-plot_costcurve()
-plot_scorehist()
-generate_table()

output

|
I
I
v

AEI scores, MGD, MTE...
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2) Automated Train-Test-Log procedure:
un_experiment() command
L

Our Proposed MetaBox Platform st Qe
i 1) MetaBBO-RL Template:
i Two components: the meta-level RL
To simplify the development of MetaBBO- E agent and the low-level optimizer;
RL and ensure an automated workflow :> i

]

unified interface protocol; i

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)
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Template coding & workflow automation

To simplify the development of MetaBBO-RL and ensure an automated workflow

MetaBBO-RL Template Workflow Automation
: main process
Template Agent \ Template Optimizer ~ run_experiment() ... outer Il)oop
Problem .
_ confie: Dict * — - - — - 1nner loop
& - config: Dict
_ : : Agent.train
+ train_episode(): Dict + update(): Dict + eval(): Array Trainer.train() K/I Ste: episode()
+ rollout_episode(): Dict p '
Env.step()
! \
Trainer Tester Env ) v Optimizer.update()
_ . . . ar prOblem: PrOblem Tester test() 4 ....... - Agerl.t'rOIIOut_
conﬁg.. Dict - config: Dl,Ct + optimizer: Optimizer N runs episode()
+ agent: Template Agent || + agents: List A }
+ optimizer: Optimizer + optimizers: List + reset(): Array Env.st
+ trainset: List + testset: List + step(): Dict : nv.step() |
Y
+ train(): Dict + test(): Dict Logger.log() Optimizer.update()

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)
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Our Proposed MetaBox Platform

t /) large-scale MetaBox testsuite.

i over 300 benchmark problems with

! i diverse landscape characteristics;
- | inherits problem definitions from the

a wide range of classic optimizers, up-
i to-date MetaBBO-RL approaches, a
' MetaBBO SL approach.

To facilitate broad and standardized : { well-known COCO platform and the
comparison studies :> i Protein-Docking benchmark (version
i 4.0).
i 2) Baseline Library:

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)
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Large-scale Testsuites

To facilitate broad and standardized comparison studies

/ MetaBox Testsuites \
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Adjustable difficulty: proportion of training and testing sets (easy: 75% : 25%, difficult: 25% : 75%)
\ Customized problem dimension /
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To facilitate broad and standardized comparison studies

/ Baseline Library \

s T T N s T T T N s T T N
[ Classic 1 [ MetaBBO-RL [ MetaBBO-SL
e - - | ——— e — - - | e - - |
1 1 1 I 1 [
I 11 #baseline ! I 7 #baseline ! I 1 #baseline !
: Classical black : : Up-to-date : : One MetaBBO-SL :
\ box optimizer 1 v MetaBBO-RLs 1 \ method 1
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Implemented following the template
Compatible with existing libraries
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Our Proposed MetaBox Platform T gy oo
: 1 ) three Standardized Metrics:
: Aggregated Evaluation Indicator (AEI)
i Meta Generalization Decay (MGD)
i Meta Transfer Efficiency (MTE)
To comprehensively evaluate the i
effectiveness of MetaBBO-RL approaches :> : 2) a tutorial large-scale comparison

: tudy:
i using Baseline Library, evaluate them
i on MetaBox testsuite by the proposed

i Standardized Metrics.

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)
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Standardized evaluation metrics

To comprehensively evaluate the

effectiveness of MetaBBO-RL approaches AEI aggregate three traditional BBO performance metrics:

1. the best objective value,
2. the budget to achieve a predefined accuracy (convergence

rate)
Aggregated Evaluation Indicator (AEI) T——) 3. the runtime complexity
K

AEI — ._il.._ ezt‘;bj+Z§om+Z7}fcs
K

k=1

MGD assess the generalization performance of MetaBBO-RL

for unseen tasks.

Meta Generalization Decay (MGD) —> MGD(A. B) = 100 x (1 — ﬁg?
B

Where A, B are two different problem set

)%

MTE evaluate the transfer learning capacity of a MetaBBO
Meta Transfer Efficiency (MTE) ———)> RL approach.

T‘nc une
MTE(A, B) =100 x (1 — —2etune o

scratch

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)
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To comprehensively evaluate the effectiveness of MetaBBO-RL approaches
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Comparison of different baseline (Meta)BBO methods (AEl)
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Experiment results

To comprehensively evaluate the effectiveness of MetaBBO-RL approaches

The average return The normalized cost curve The AEI scores
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Hyper-tuning a MetaBBO-RL approach (LDE)
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To comprehensively evaluate the effectiveness of MetaBBO-RL approaches

Zero-shot Generalization
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Investigating generalization and transfer learning performance (LDE)
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Open source

MetaBox

= O GMC-DRL / MetaBox Q Type /) to search > +-(|On 6

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization
with Reinforcement Learning
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MetaBox is the first benchmark platform expressly tailored for developing and evaluating MetaBBO-RL methods. MetaBox offers a flexible
algorithmic template that allows users to effortlessly implement their unique designs within the platform. Moreover, it provides a broad
P main - |} 2bronches © 0 tags Sololfile Add file = About spectrum of over 300 problem instances, collected from synthetic to realistic scenarios, and an extensive library of 19 baseline methods,
MetaBox: A Benchmark Platform for including both traditional black-box optimizers and recent MetaBBO-RL methods. Besides, MetaBox introduces three standardized
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W docs Update index.md 2 weeks ago (https://arxiv.org/abs/2310.08252)
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MetaBox is the first benchmark platform expressly tailored for developing and evaluating MetaBBO-RL methods. e N ng )
MetaBox offers a flexible algorithmic template that allows users to effortlessly implement their unique designs within Releases MetaBBO-SL. AEI scores, MGD, MTE...

MetaBox can be divided into six modules: Template, Test suites, Baseline Library, Trainer, Tester and Logger.

® Template comprises two main components: the meta-level RL agent and the lower-level optimizer, which provides a unified

MetaBox can be accessed on
https://github.com/GMC-DRL/MetaBox

User guides can be accessed on
https://gmc-drl.github.io/MetaBox/

Github code
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Discussion And Conclusion S W e
Contributions:
1. provide the first unified benchmark platform,
2. Simplify coding towards efficient researching,
3. provide broad testsuites and baselines for comprehensive comparison
4. provide novel evaluation metrics for in-depth analysis.

Key observation:

1. MetaBBO-RL vs hand-crafted optimizer (performance, robustness)

2. room for improvement: to discover more effective designs in both meta-level agents and low-level
optimizers.

3. interpreting the generalization and transfer effects in MetaBBO-RL can be challenging

Future improvement:
Parallel technique; Testsuite; Baseline library...

MetaBox: A Benchmark Platform for Meta-Black-Box Optimization with Reinforcement Learning (NeurlPS 2023)



