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W Motivation: Virtual Testbeds

= Complex simulation

= Performance
requirements > realtime

= Engineering constraints
(complexity, time-to-market)

= Multiobjective optimization
= Simulation-based feasibility studies (blackbox simulation)

= Mathematical multiobjective optimization problem can not be formulated

* Finding a tradeoff set of input parameters necessary

Simulation goals | (MOP) meinXF(x) = (fi(x), f2(x), .o, S (x))\
X

Parameters

Satisfaction of
) goal states

fi not known
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Y Virtual Testbeds: Tackled Challenges

1. Performance: Parallelization

= Generation, management and
distribution of the global simulation
state in wait-free manner

2. Quality: Multiobjective
optimization

= Approximation of the feasible
design space

3. Engineering: Code generation

= Reducing the time and errors in the
virtual testbed implementation
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U Research Overview

User input l XML definition l

3D Visualization and Analysis Template-Based Code Generation

Simulation state 1 Workflow & dataflow definitionl

Massively Parallel Simulation via \Wait-Free Data Management

Simulation stateI Parameters 1 1 Simulation goals

Massively Parallel Optimization Knowledge Discovery for

Blackbox Simulations
Feasible design

space approximation
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Contributions

1. Massively parallel simulation via wait-free data management

= Non-locking read and write operations

= Supports relational database access queries

= Hash map design based on memory cloning and atomic operations

—Qur Approach
—Lock-Based Approach
—Optimistic Approach

—Filtered Approach
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Number of components accessing our wait-free data structure

Data Management

m Aggregate Statement
m Insert Statement
B Select Statement
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W Contributions

2. Knowledge discovery process
for multiobjective optimization in
blackbox simulation

900

= Discovers hidden relationships = 800
between parameters in simulation 5,
workflow g 59

a 400

E 300

= Reduces simulation samples via £ 500
spline-based objective function =
representation

=  Approximates the feasible design
space and Pareto gradient
information

Knowledge Discovery
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Quality comparison of optimization algorithms

10 12 14 16 18 20 22 24 26

Amount of conflictinggoals
——Gradient Descent
—>Simulated Annealing
—Evolutionary Algorithm
--=- Gradient Descent with KD information
=== Simulated Annlealing with KD information
-=-- Evolutionary Algorithm with KD information
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W Contributions

3. Massively Parallel Optimization

= Massively parallel multi-agent system optimizes all goals in parallel

= Fast agent communication via wait-free data exchange

= Adaptive parameter adjustment within agent structure

Research

Objective 2

Data Management

Approximation
from KD process

o Pareto optimal

* Agent

Objective 1

Knowledge Discovery Multi Agent System

Code Generation



Bremen

W Contributions

4. Engineering and design of concurrent simulation and optimization
applications

= Template-based code generation for our wait-free hash map based
simulation and optimization framework

= Automatic generation of dataflow and workflow

= Passive partial class generator concept for autonomous vehicle virtual
testbeds

Code

generation
XML h.cpp .CPp

Code I Code

(Pass 1) Custom (Final)
code

Code Generation
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Thank you for your attention
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Questions?

Patrick Lange, Rene Weller, Gabriel Zachmann
{lange,weller,zach}@cs.uni-bremen.de

This research is based upon the project KaNaRiA, supported by
German Aerospace Center (DLR) with funds of German Federal
Ministry of Economics and Technoloy (BMWi) grant 50NA1318
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