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History: In the setting of (Monte Carlo) simulation
for stochastic discrete-event systems, various
direct gradient estimation techniques such as
perturbation analysis and the likelihood ratio or
score function method were invented in the
1970s, which enabled efficient gradient-based
search for stochastic optimization problems.

Direct Gradient Augmented Regression (DiGAR)
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Gradient-Enhanced Stochastic Kriging (GESK)

SK Model: yi(x) = ()" B+ M(x) + €i(x)
SKG Model:  gj(x;) = VI(x;)'8 + VM(x;) + 5;(x)
GESK Model: Xi+ — X + AX;
yi"(xi) = yi(%) + gi(x;) - Ax;
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H. Qu and M.C. Fu, “Gradient Extrapolated Stochastic Kriging,” ACM Transactions on Modeling and Computer
Simulation, 24(4), 2014.
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Future Work:
* |ncorporating DIGAR and GESK into sequential
response surface methodology simulation

optimization algorithms
* Applying STAR-SPSA to real-world problems

» Combining local search with global optimization

M. Chau, M.C. Fu, and H. Qu, “Multivariate Stochastic Approximation Using a

M. Chau, H. Qu, and M.C. Fu, “A New Hybrid Stochastic Approximation Algorithm,”

Secant Tangents AveRaged (STAR) Stochastic Approximation \

1st stochastic approximation to COMBINE direct and indirect gradient estimates Secant
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convex combination, weights chose in an “optimal® manner

provably convergent (in mean square and almost sure)
Tangents AveRaged

extended to high dimensions via simultaneous perturbation stochastic approximation Pl )+ Pl — o)

variance of gradient provably lower than original gradients used in 2
Robbins-Monro or Kiefer-Wolfowitz stochastic approximation algorithms

Secant- Tangents AveRaged (STAR) Gradient,” Operations Research, under revision.
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Recently Published Books in Related Areas
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Handbook of Simulation Optimization

The Handbook of Stmuiation Optimization presents an overview of the state of
the art of simulation optimizatica, providing a survey of the most well-established
appeoaches for optimizing stochastic stmulatica models and 2 sampling of recent
reszarch advances in theoey and methodeology. Leading contributoes cover such toplcs
as discrete optimization via stmulation, ranking and selection, efficlent simulation
bodget allocatlon, random search methods, respoase surface methodology, stochastic
gradient estimatlon, stochastic approximation, sample average approximatica,
stochastic constralnts, variance reduction technlques, model-based stochastic search
methods, and Markor declslon processes.
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This single volume should serve as a reference foe those already in the field and asa

means foc those new to the field for understanding and applying the maln approaches
The Intended audience indudes researchers, practitioners, and graduate students In

the bustness/'engineering fiekds of op erations ressarch, management sdence, operations

Encyclopedia of
Operations Research
and Management
Science

Third Edition

management, and stochastic contrel, as well as In economics'finance and computer
sclence.
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