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1. To develop a simulation-based

optimization approach to perform

the design optimization of the

stochastic systems.

2. To develop simulation-based

approaches to perform stochastic

design optimization that includes

methods:

a) Robust Design Optimization

(RDO)

b) Reliability Based Design

Optimization (RBDO).

c) The integration of the methods (a)

and (b) resulting in Reliability

Based Robust Design

Optimization (RBRDO).

Objectives

For each objective, distinct approaches

have been developed. The details are

provided below:

1. Improved Stochastic Subset

Optimization (iSSO) approach to

perform design optimization of the

stochastic systems. This approach,

also applicable for deterministic

optimization, features

implementation of Voronoi

tessellation.

2. An augmented formulation to

perform RDO, where the design

parameters are artificially

considered as uncertain parameters.

The mean and variance of the

performance function are

considered as measures of

robustness.

3. A novel decoupled approach for

performing RBDO that iteratively

reducing the design space to

identify the feasible region that

meets reliability constraints. At

each iteration Voronoi tessellation

is implemented.

4. A first-of-its-kind stochastic

simulation-based framework to

perform the RBRDO. The proposed

framework combines the developed

concepts of RDO and RBDO.

The developed approaches outperform

both Taylor Series Expansion based

approximation approaches and Sample

Average Approximation simulation-

based approach in effectiveness and

efficiency, respectively.

Achievements
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Fig. 1: Illustration of the proposed iSSO algorithm.
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I. Augmented Formulation for Variance Minimization

In the augmented space                  of uncertain variables, an auxiliary PDF

is defined as:   

1n n
R  + +

 
 ( , , ) θ φ

, ,

( , , ) ( , , )
( , , )

E [ ( , , )]

h p

g  

 
 


=

θ φ θ φ
θ φ

θ φ

II. Augmented Formulation for Mean Minimization
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Design Optimization Results from RDO, RBDO, and RBRDO Approaches

Output
Optimal Design 

Parameters
Design Method

Failure 

Probability
VarianceMean A2A1

0.0011.1334.1000176.8
Reliability Based 

Design

0.0081.0204.399101.50105.0Robust Design

0.0011.0254.32272.6125.4
Reliability Based 

Robust Design

Table 1: Comparison of results from different stochastic design approaches.

The sensitivity of objective function to is determined by

evaluating the average value (or equivalently volume density) of J(φ)

over any subset Ik , which is defined by :
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Avoid direct evaluations of .

Instead, simulate its samples and use

the information from them to identify

smaller subsets of the design space

likely to contain the optimal design

solution.

( )( | )iI 

Divide the design space into unique cells where the cell contains

repeated samples, then estimate of is given as:
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Identification of an Optimal Subset

A double-sort algorithm is proposed:

I. Sort the Voronoi cells in ascending order of the sample counts.

II. Groups of cells with the same sample count in descending order of cell volume.

III. Finally, the initial cells and their corresponding samples, amounting to a total of samples, are

selected, providing an approximate optimal solution.
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Fig. 2: Concept of RDO.
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Reliability Based Design Optimization (RBDO) Algorithm 

Mathematical formulation of RBDO: 
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Proposed approach starts with simulating

failure samples following , which are

used for its estimation and iteratively

identification of feasible design space.
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Subset Simulation concept
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and the corresponding Voronoi cells 

at i = 0. 
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Fig. 3: Proposed approach for identifying 

design subspace.
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