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Abstract : Traditional gradient-based optimization algorithms such as Newton-
based methods utilize local information and Taylor’s formula to create local 
mathematical models or approximations. However, since electromagnetic (EM) 
simulation is typically CPU-intensive, even efficient gradient-based algorithms may 
find full-wave EM optimization of complex structures prohibitive. A more appropriate 
methodology, space mapping (SM), takes such engineering optimizations to the next 
level. It utilizes an updated fast physical model (coarse model or surrogate) to 
approximate the full-wave EM model (fine model). We review the original space 
mapping (aggressive space mapping), implicit space mapping, input and output 
space mapping and the state-of-the-art tuning space mapping. Aggressive space 
mapping iteratively updates the mapping to obtain the next design. Input and output 
space mapping attach explicit mapping block(s) to the coarse model to form a 
surrogate. Implicit space mapping utilizes a set of “preassigned parameters” to 
calibrate the coarse model. Our latest development, tuning space mapping is based 
on the idea of “simulator-based” tuning.  In the tuning space mapping framework, we 
alter an EM model by embedding suitable tuning elements. The resulting tuning 
model is aligned with the original unaltered EM model. We then designate the 
aligned tuning model as surrogate for design optimization purposes. We present a 
generalized space mapping framework to include all the mapping types. Verification 
using several microwave design problems is provided. 
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