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Steady-state Simulation 
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Set up 
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Remarks 

• This is an experiment design problem:  
choose n, m and d. 

• Considering continuous-time processes (e.g., 
queue length) introduces no particular 
difficulties. 
– Run length and deletion amount become times. 

• We will formulate 2 versions of the "steady-
state simulation problem." 
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Extended asymptotic analysis 
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Fixed-precision problem 
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Fixed-precision approach 
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Step 1: Estimating the deletion point 
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Mean plot for M/G/1 

The ith point on 
the plot is the 
average across 
100 replications 
of the ith 
customer's 
waiting time. 

Somewhere around here the plot 
begins to vary around a common value. 
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Step 2: Fixed precision 
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Fixed-budget problem 
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Deletion with a fixed budget 

12 



Marginal standard error (MSER) rule 
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Why MSER? 
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Example: AR(1) 
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MSER plot for M/G/1 

MSER(d) from one 
replication of m = 
500 waiting times. 
 
Both rules give  
d = 88 in this case. 

Note the high 
variability near 
the end. 
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Calculating MSER 
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Error estimation with a fixed budget 
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Batch means variance estimator 
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When will this "work"? 
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Simplest (sensible) algorithm 
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Why "10 ≤ k ≤ 30"? 
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Summary 
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Simulation Optimization 

24 



Simulation optimization formulation 
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Experiment design for SO 
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Example: SAN resource allocation 
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Errors in SO 
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Solution for 1: Convergence 
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Solution for 2: Correct selection 
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Solution for 3: Clean up 
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Random number assignment and 
correct selection 
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Common random numbers 
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CRN: Intuition from SAN 
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Lessons learned 

• Two aspects of this example are important 
more generally: 
1. Monotonicity of random numbers  inputs  

outputs.  
• The inverse cdf method helps here. 

2. Synchronization of how the random numbers 
are used by each scenario. 

• Random number "streams" help here, but may not be 
enough. 
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Design & analysis for correct selection 
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Foundation 
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Foundation 
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Remarks 

• This subset procedure does not exploit CRN, but 
can be made to do so if equal ni. 

• The selection procedure (KN) exploits CRN (note 
the use of the variance of the difference). 

• KN is efficient because it quickly eliminates 
inferior scenarios, but is sequential and 
coordinated. 

• These procedures can be used to "clean up" after 
a search to insure that the best of those 
simulated is selected and estimated well. 
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Adaptive random search (ARS) 
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Generic ARS algorithm 
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Common sampling distributions 
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Example: Adaptive hyperbox algorithm 
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Adaptive hyperbox 
algorithm (AHA) 
• = solutions sampled in first iteration 

 
°  = solutions sampled in second iteration 

AHA is a locally 
convergent algorithm 
where the neighborhood 
around x contains the 
solutions that differ by  
± 1 in one coordinate. 
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Moving in improving directions 
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SAN example 
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Finite difference 
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Infinitesimal perturbation analysis 
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IPA 
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Likelihood ratio method 
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LR 
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SAN example 
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Choice of gradient estimator 
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Sample average approximation 
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SAN example 
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Uniform convergence 
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Stochastic Constraints 
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Examples 
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Feasibility checking 

63 



Compromise 
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Set of solutions declared feasible 



Constraint-guided search 

65 



Probability of a large penalty 
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Analysis 
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