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ABSTRACT 
Design and optimization of microwave passive components is one 
of the most critical problems for RF IC designers. However, the 
state-of-the-art methods either have good efficiency but highly 
depend on the accuracy of the equivalent circuit models, which 
may fail the synthesis when the frequency is high; or fully depend 
on electromagnetic (EM) simulations, whose solution quality is 
high but are too expensive. To address the problem, a new 
method, called Gaussian Process-Based Differential Evolution for 
Constrained Optimization (GPDECO) is proposed. In particular, 
GPDECO performs global optimization of the microwave 
structure using EM simulations, and a Gaussian process (GP) 
based surrogate model is constructed ON-LINE at the same time 
to predict the results of expensive EM simulations. GPDECO is 
tested by two 60GHz transformers and comparisons with the 
state-of-the-art methods are performed. The results show that 
GPDECO can generate high performance RF passive components 
that cannot be generated by the available efficient methods. 
Compared with available methods with the best solution quality, 
GPDECO can achieve comparable results but only costs 20%-
25% of the computational effort. Using parallel computation in an 
8-core CPU, the synthesis can be finished in less than 0.5 hour.  
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1. INTRODUCTION 
Computer-aided design optimization methodologies of microwave 
components can be classified into three categories: (1) equivalent 
circuit model and global optimization algorithm-based (ECGO) 
methods [1,2], (2) electromagnetic (EM)-simulation and global 
optimization algorithm-based (EMGO) methods [3,4], and (3) 
surrogate model and local optimization algorithm-based (SMLO) 
methods [5-9].  
The ECGO methods fully depend on the equivalent circuit model 
to obtain the performances of the microwave structure. Their 
advantage is high efficiency. However, equivalent circuit models 
available in the microwave area are often not accurate enough [7], 
especially when the frequency is high (e.g. higher than 60GHz). 
Hence, even with global optimization algorithms, the synthesis 
may also fail as the used equivalent circuit model may not reflect 
the performances of the microwave structure well. 
The EMGO methods can provide accurate performances analysis 
of the microwave structure because of using EM simulations. 
Combined with global optimization algorithms, the quality of the 
solution is the best among all the available methods. However, its 

major bottleneck of high computational cost of the EM 
simulations limits its use in practice [5]. Reference [4] improves 
the efficiency of EMGO, which provides an off-line surrogate 
model-based EMGO method. It first trains an artificial neural 
network (ANN) to approximate the performance of the microwave 
structure, and then uses it in the optimization. The training data 
are generated uniformly in the design space and the corresponding 
performances are obtained by EM simulations. In this method, the 
training data generation process is expensive. Moreover, only a 
small part of the design space is useful in optimization, and many 
of these expensive EM simulations to cover the whole design 
space are wasted.   
The SMLO methods [5-9] combine the efficiency of ECGO and 
the accuracy of EM simulations. Fig. 1 shows the general flow. 
First, a coarse model, either an equivalent circuit model or a 
model evaluated by EM simulation but with coarse meshes, is 
constructed and optimized. Then, some base vectors in the 
vicinity of the optimal point of the coarse model are selected as 
the base points to train a surrogate model, whose purpose is to 
predict the performances of the microwave structure. At last, the 
surrogate model is used to optimize the microwave component, 
whose result is verified by the fine model (using expensive high-
fidelity EM simulations), and the data received by the EM 
simulations will update the surrogate model to make it more 
accurate. Some works focusing on selecting the coarse model 
[5,7] and the surrogate model [5,8] have been proposed. 

 

Fig.1. Flow of the SMLO methods 

However, SMLO still highly depends on the accuracy of the 
coarse model, which leads to two significant challenges. First, the 
optimal solution of the coarse model defines the search space and 
the constructed surrogate model is only accurate in that space (as 
the base points are selected around it) [5]. The success of SMLO 
comes from the basic assumption that the optimal point of the 
coarse and fine models are not far away in the design space, as 
shown in [5-9]. However, this assumption only holds when the 
coarse model is accurate enough. Although it has been shown that 
SMLO works well for microwave components synthesis problems 
in comparatively low frequency (e.g. 5GHz) [5-9], for passive 
components in high-frequency RF ICs (e.g. 60GHz), this 
assumption is often not true, as will be shown by the example 1 in 
section 3 (a 60GHz transformer). Therefore, the challenge of high 



 
 

dependence on the accuracy of the coarse model limits the use of 
SMLO for the synthesis of high frequency RF components, 
because an accurate model in high-frequency is often difficult to 
find [7]. The second challenge is that SMLO can only do local 
search. This is not only because of the fact that the current SMLO 
methods use local optimization algorithms, but also because of the 
fact that the search space is decided first by the coarse model [5-
9]; using global optimization algorithms then makes little sense. 
In summary, ECGO and SMLO work well in comparatively low-
frequency RF component synthesis, but their high dependence on 
the accuracy of the equivalent circuit or coarse model limits their 
use for the synthesis for high-frequency microwave structures. 
EMGO can provide high quality results but is too expensive. 
To address these problems, we propose a new framework, the 
Gaussian Process-Based Differential Evolution for Constrained 
Optimization (GPDECO) algorithm. The method aims to:  

• achieve comparable results with EMGO (the best algorithm on 
the solution quality aspect) in high-frequency synthesis; 

• highly improve the efficiency of EMGO and make the 
computational time practical. 
 

We choose RF transformers to illustrate the approach, but the 
algorithm is also applicable to other microwave structures.   
The remainder of the paper is organized as follows. Section 2 
introduces the basic components, key techniques and the general 
framework of GPDECO. Section 3 tests GPDECO by practical 
examples. The concluding remarks are presented in Section 4. 

2. THE GPDECO ALGORITHM 
2.1 Key Ideas of GPDECO 
Three conclusions can be drawn from the available methods: (1) 
Global optimization and EM simulations are the keys to obtain 
high quality solutions. (2) Using a surrogate model to predict the 
performances is the critical point to enhance the efficiency. (3) 
The reason why ECGO and SMLO highly depend on the accuracy 
of the coarse model is that the optimal solution and the 
performances of the coarse model play extremely vital roles. 
Motivated by these observations, GPDECO proposes a new 
framework. It performs global optimization of the microwave 
structure using EM simulations, and a Gaussian process (GP)-
based surrogate model is constructed and updated ON-LINE at the 
same time to predict the results of future expensive EM 
simulations. Note that this surrogate model is not the surrogate 
model used in SMLO. This surrogate model is constructed and 
updated during the optimization of the fine model (or on-line) 
using the data from fine model evaluations, while the surrogate 
model in SMLO is constructed off-line using the data from coarse 
model evaluations. To the best of our knowledge, such framework 
has not been reported in the RF component synthesis field yet.  
Then, we ask the following question: How to integrate the on-line 
surrogate model to global optimization algorithms? The answer, 
however, is not trivial. The challenge is that the quality of the 
surrogate model is improving gradually, as more training data are 
provided in the optimization process. Hence, to maintain the 
solution quality, some predicted performances cannot be used. But 
how to recognize if a prediction can be used remains an open 
question. Towards this goal, we propose a method of determining 
a threshold of uncertainty first to decide whether the prediction 
from the GP model can be used for a candidate or the expensive 

fine model evaluation is necessary. The threshold value is 
obtained by analyzing the data of the coarse model (section 2.4.1). 
For the surrogate model type, we choose GP machine learning 
[10-13]. The reasons are that: (1) GP can provide an uncertainty 
measurement for a prediction, which is very useful when 
combined with optimization. (2) Unlike ANN, GP does not 
require a predefined structure. However, GP has the assumption 
of Gaussian distribution of the input and output data. Hence, 
normalization should be done on the training data. But for some 
problems, directly normalizing the design points X and 
performances Y may not yield good result. In many cases, using 
transformation functions, e.g. log(Y), will achieve better results. 
Whether to use transformation functions for each specification 
needs to be determined before constructing the GP-based 
surrogate model. We also decide that by analyzing the data of the 
coarse model (section 2.4.2).  
It can be seen that GPDECO also uses a coarse model, but the 
purpose is to extract the necessary thresholds and transformation 
functions. Unlike SMLO, GPDECO does not use the optimal 
solution of the coarse model to define the search space and also 
does not use the coarse model performances-based surrogate 
model to guide the search, so the requirement of accuracy of the 
coarse model is much lower. This is also shown by the examples 
in section 3. The key ideas of GPDECO are shown in Fig. 2.  

 
Fig. 2. Key ideas of GPDECO 

For the optimization core, we choose evolutionary computation 
(EC) algorithms. It seems that it may cost more function 
evaluations compared with non-population-based algorithms. 
However, choosing EC is motivated by the following 3 
considerations: (1) EC algorithms can achieve global 
optimization, which is the aim of this paper. (2) The GP-based 
surrogate model is constructed on-line, and a reliable GP model 
needs a certain amount of training data, which does not depend on 
which kind of optimization algorithm to use. When the GP model 
is well trained, most of the function evaluations are performed by 
GP. (3) The evaluations of individuals in the EC algorithms are 
independent from each other in a population, so it is very suited 
for parallel computation (although this paper only uses an 8-core 
CPU, more powerful parallel computation techniques are 
available), which can considerably enhance the efficiency.  
In the following, the basic components of GPDECO will be 
introduced first. The key techniques and the general framework 
will be presented next.  

2.2   Basics of Gaussian Process 
We use a Gaussian process (kriging) model as the approximation 
method in GPDECO. Here we provide an intuitive introduction 
and the main formulas. More details are provided in [10,13].  
GP predicts a function value ( )y x  at some design point x by 
modeling ( )y x  as a stochastic variable with mean μ  and 
variance σ . If the function is continuous, the function values of 



 
 

two points 
i

x  and 
j

x  should be close if they are highly 
correlated. In this paper, we use the Gaussian correlation function 
to describe the correlation between two variables: 
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where d is the dimension of x and 
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θ  is the correlation parameter, 

which determines how fast the correlation decreases when il
x  

moves in the l direction. The formulas to decide 
l

θ  are in [14]. 

The values of μ , σ  and θ  are determined by maximizing the 
likelihood function of the observed data. Suppose there are n 
observed data, 
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function values are 
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y y y y= . The optimal values of μ  
and σ  can be found by setting the derivatives of the likelihood 
function to 0 and solve the equations, which are as follows:  

1 1 1ˆ ( )T TI R y I R yμ − − −=                                                                 (2) 
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where I is an 1n ×  vector of ones, R is the correlation matrix and 
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Using the GP model, the function value ( )y x∗  at a new point *x  

can be predicted as ( *x  should be added in R, r): 

* 1ˆ ˆ ˆ( ) ( )Ty x r R y Iμ μ−= + −                                                         (5) 

where 
* * *
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[ ( , ), ( , ), , ( , )]T

n
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The measurement of the uncertainty of the prediction (mean 
square error (MSE)), which is used to access the model accuracy, 
can be described as: 

* 2 1 1 2 1 1ˆ( ) [ ( ) ( ) ]T T TMSE x I r R r I r R r I R Iσ − − − −= − + −                 (7) 

In this work, we use the DACE toolbox [14] to implement the 
Gaussian process-based surrogate model.   

2.3 The Optimization Kernel 
Synthesis of microwave structures is a constrained optimization 
problem. For example, maximize the efficiency under the 
constraint of input impedance for a transformer. The optimization 
engine and the constraint handling method are the two key factors 
in a constrained optimization algorithm. In this paper, the DE 
algorithm [15] is selected as the global search engine. The DE 
algorithm outperforms many EC algorithms in terms of solution 
quality and convergence speed. More details are in [15].  
GPDECO uses a selection-based method to handle constraints 
[16]. The selection rules are: (1) Given two feasible solutions, 
select the one with the better objective function value; (2) Given 
two infeasible solutions, select the solution with the smaller 
constraint violation; (3) If one solution is feasible and the other is 
not, select the feasible solution. The most important advantages 
are that this method needs no penalty coefficient and is efficient. 

The advantages of DE combined with the selection-based 
constraint handling method have been shown in [17]. 

2.4 Constrained Optimization with Gaussian Process-
based Surrogate Model  

2.4.1 Determination of the MSE thresholds 
First, as described in section 2.1, the surrogate model needs to be 
constructed based on the data by the fine model (high-fidelity EM 
simulations). Hence, unlike previous works, the accuracy and 
reliability of the GP model is improved gradually in the process of 
optimization, as more new training data are provided in the 
optimization process. This leads to a problem that some data 
predicted by the GP model may have large differences compared 
with fine simulation (especially in the beginning of the 
optimization when there are not enough training data), and cannot 
be used. Fortunately, by using GP, the uncertainty measurement 
MSE (eqn. 7) of each prediction can be a judgment. If the MSE 
value for a prediction is higher than a certain threshold, we 
discard the predicted value and fine simulation will be performed; 
otherwise, it means that the error is in an acceptable region, so the 
prediction will be used in the evolution process. But how to 
decide the value of the threshold is a problem. A large threshold 
will cause predictions with low accuracy to be the fitness value of 
some individuals, which may mislead the direction of evolution or 
even fail it. A small threshold can maintain the accuracy, but it 
will also discard predictions that can be used, so the efficiency 
cannot be enhanced much. In GPDECO, we extract the MSE 
thresholds by observing the data generated by the coarse model. 
Although the coarse model is not accurate, it at least represents 
the same problem as the fine model. Hence, we can reasonably 
assume that the range of the input/output, the severity of the 
constraints and the convergence process are similar. Therefore, 
using the data from the coarse model to extract the thresholds is 
reliable. This is also shown through experiments with different 
problems and constraints. Section 3 provides two examples. 
We will now explain how it works. First, we use the coarse model 
with the same objective function and constraints to do the 
optimization. After each iteration, the GP model is trained based 
on the available data and predicts the performances of the 
candidate solutions in the next iteration (but the predicted 
performances are not used in the optimization). After this step, we 
have all the individuals that appeared in the coarse model 
optimization and their performances of both coarse model 
evaluation and GP model prediction, which are the source to 
extract the thresholds. Note that the fine model is not considered 
in this step, and this surrogate model trained by coarse model 
performances are not used in the synthesis step of GPDECO. In 
addition, this step is very cheap, because an equivalent circuit is 
used as the coarse model.  
Then, we split the selection of the MSE thresholds into two trade-
off problems and provide a general rule. First, the distance 
thresholds between the values predicted by GP and the values by 
the coarse model simulation are decided. If the distance is within 
the threshold, the predicted values will be used. The larger the 
distance thresholds values, the highly the inaccuracy of the 
prediction. The smaller the distance thresholds values, the less 
predictions that can be used. Hence, there is a trade-off. For 
constraints, we use the misjudging rate to reflect the accuracy. 
The number of misjudgments is the sum of individuals whose 
predicted values satisfy a constraint but for which the true 
simulation value does not or vice versa. The misjudging rate is the 



 
 

ratio of the number of misjudgments to the number of all 
individuals. Fig. 3(a) shows the curve of a constraint in example 2 
section 3, the quality factor of the primary inductor 1 10Q > . 
According to experiments with different transformers and 
different constraints, the distance threshold with a misjudging rate 
less than 2% often gives a good accuracy. In this range, we can 
maximize the predictions that can be used. It can be seen from 
Fig. 3(a) that with a misjudging rate of 1.2%, the individuals that 
can use GP prediction to replace fine simulation is 94% of all the 
individuals. For the objective function, the distance itself can 
reflect the accuracy. According to experiments, setting the 
distance threshold within 1% to 3% of the maximum value that 
the objective function can reach often performs well.  

 
Fig. 3. Two trade-offs to decide the MSE thresholds (Q1, example 2) 

After the distance thresholds are decided, we can decide the MSE 
thresholds (used in GPDECO). The MSE value provided by GP 
prediction for each candidate is an estimation of uncertainty, 
which can generally reflect the distance described above, but it is 
not true that if the MSE value of a performance is within a 
threshold, its distance must be within the corresponding distance 
threshold, or vice versa. Under a determined distance threshold, 
for different MSE thresholds, there are some individuals whose 
MSE values are within a certain threshold, and their distances are 
also within the given distance threshold, and there also exist some 
individuals whose MSE values are within a certain threshold but 
their distances are out of the given distance threshold. Both 
percentages can be calculated. We want to maximize the first 
percentage and minimize the second percentage. A trade-off can 
be made by using the two corresponding percentages of different 
MSE thresholds. Fig. 3(b) shows the curve of the Q1 in example 2 
section 3 under a determined distance threshold. According to 
experiments, the second percentage is suggested to be within 10% 
to maintain the reliability of the mapping, and then we can choose 
an MSE threshold to maximize the first percentage. It can be seen 
that there are parameters that need to be determined empirically, 
e.g. the misjudging rate upper limit. These parameters are decided 
by testing different transformers and different kinds of constraints. 
Once set, they do not change.  

2.4.2 On-line surrogate model-based optimization 
With the on-line constructed GP model and the decided MSE 
thresholds, the surrogate model, whose predictions can be judged 
to decide if they can be used or EM simulations are needed, is 
able to be integrated in the optimization flow. However, two 
additional considerations are necessary. First, even when the GP 
model predicts the performances well (within the MSE 
thresholds), there still exists a small error, so the final result must 
be verified by the EM simulation. Hence, in GPDECO, we verify 

the best candidate in the population in each generation with EM 
simulations. Second, we use transformation functions in the 
training of the GP model. Because the GP model predicts the 
performance values by the correlation of the design variables and 
the performance functions values, input / output data in a large 
range will make the training more difficult. A possible solution is 

to use transformation functions (e.g. log x

m ) to decrease the range 
of the input / output variables.  

2.5 The General Framework of GPDECO 
Based on the above ideas, the GPDECO algorithm can be 
constructed. The detailed flow diagram is shown in Fig. 5.  
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Fig.5. Flow diagram of GPDECO 

The algorithm consists of the following steps. 

Step 0: Optimize the coarse model and extract transformation 
functions and the MSE thresholds according to the method 
described in section 2.4. 
Step 1: Initialize the population randomly, perform fine model 
evaluations to the individuals and construct the GP model. 
Step 2: For a new population of candidates, use the GP model to 
predict the performances (eqn. 5) and the corresponding MSE 
values (eqn. 7).  
Step 3.1: For the individuals whose MSE values satisfy the 
thresholds, use the predicted values and go to step 4.  
Step 3.2: For the individuals whose MSE values do not satisfy the 
thresholds, use fine model evaluations. Add these data to the 
training data set and update the GP model. Go to step 4. 
Step 4: Select the current best candidate using the criterion 
described in section 2.3. 
Step 5: Perform the DE mutation and crossover operation [15] to 
obtain each individual’s trial individual.  
Step 6: Perform selection between each individual and its 
corresponding trial counterpart according to the selection rule 



 
 

described in section 2.3 to update the population. 
Step 7: If the stopping criterion is met (e.g. a convergence 

criterion or a maximum number of generations), then output bestX  
and its performance values; otherwise go back to Step 2. 

3 Experimental Results and Comparisons 
In this section, the GPDECO algorithm is demonstrated by two 
60GHz transformers in a 90nm CMOS technology. Example 1 is a 
constraint satisfaction problem and example 2 is a constrained 
optimization problem. The population size is 20, the crossover 
rate is 0.8 and the DE step size is 0.8, which is a common setting 
[15]. GPDECO stops when the performance cannot be improved 
for 30 consecutive generations. The examples are run on a PC 
with 8 cores 12GB RAM and Linux operating system. SONNET 
is used as the EM simulator. For the mesh settings, we use the 
conformal fill type and the maximum length is set to 750. The 
performance of evolutionary algorithms (EA) may be affected by 
the random numbers used in the evolution operators. Therefore, 
10 runs with independent random numbers are performed for all 
the experiments and the results are analyzed and compared 
statistically. 

We select two reference methods for the comparisons. The first 
one is EMGO with the same optimization kernel but fully depends 
on the EM simulations. The purpose is to provide the best result to 
test the other methods. Obviously, it is the most CPU expensive 
method. The second reference method is a revised SMLO 
(RSMLO). SMLO clearly has the best efficiency. But our goal of 
GPDECO is high synthesis ability for high-frequency RF 
components and reasonable computational time. So comparing the 
speed with SMLO is not our purpose unless SMLO also receives 
an acceptable result in high-frequency synthesis. Hence, we revise 
SMLO to enhance the synthesis ability. The original SMLO uses a 
surrogate model which has errors, and the performances are 
related to the kind of surrogate model and the corresponding 
parameters. If the synthesis fails by SMLO, the reason may be 
either the framework itself or a bad surrogate model, or even a 
bad search algorithm. In RSMLO, after the optimal solution of the 
coarse model (starting point) is decided, we directly use EM 
simulations (it is analogous to using an absolutely accurate 
surrogate model) and the same optimization kernel as GPDECO. 
The search range is within a 3% deviation from the starting point 
[5], which is a common setting of SMLO.  

3.3 Example 1 
The first example is a 60GHz stacked transformer with circular 
shape in a 90nm CMOS process. The design variables are the 
inner diameter of the primary inductor (dinp), the inner diameter 
of the secondary inductor (dins), the width of the primary inductor 
(wp) and the width of the secondary inductor (ws). The ranges of 
the design variables are , [20,150]dinp dins ∈ , , [5,10]wp ws ∈  
(in mμ ). The design specifications are the coupling coefficient k 
> 0.4, the quality factor of the primary inductor Q1 > 10, the 
quality factor of the secondary inductor Q2 > 10 and the 
efficiency Gmax > 70%. The output impedance is 25 Ω . The 
input impedance is described in a complex number form. The 
specifications of the input impedance are Re( ) [5, 20]

in
Z ∈  and 

Im( ) [10, 60]
in

Z ∈ . The coarse model of both RSMLO and 
GPDECO we selected is a widely used equivalent circuit of a 

transformer [18], which is shown in Fig. 6. The results are shown 
in Table 1. SR is the successful rate in 10 runs. N is the number of 
evaluations. Typical performances for 10 runs are provided for 
each method. 

 
Fig. 6. Equivalent circuit model of a transformer used as coarse model 

Table 1. Results of different methods to example 1 

 EMGO RSMLO GPDECO 

Gmax 71.46% 70.75% 71.40% 

k 0.42 0.56 0.42 

Q1 12.79 7.73 12.91 

Q2 14.67 8.87 14.60 

Zin 9.24+56.88j 19.22+88.28j 9.37+54.06j 

SR 10/10 0/10 10/10 

Average N 636 failed 151 

Average Time 1.02 hours failed 0.24 hours 

(As RSMLO fails to satisfy the constraints in all the 10 runs, we do not 
consider the time of it) 

From Table 1, it can be seen that EMGO and GPDECO satisfy all 
the constraints (this example is a constraint satisfaction problem, 
so there is no design goal) in all the 10 runs. GPDECO finishes 
the synthesis in 0.24 hours and speeds up EMGO for 4.3 times.  It 
can be seen that the computational time of GPDECO is very 
reasonable for practical use. On the other hand, RSMLO fails in 
all the 10 runs. We can find the reason if we compare the optimal 
point of the coarse model and the fine model. The optimal point of 
the coarse model is near [dins, dinp, ws, wp] = [48, 54, 8, 10]. The 
corresponding performances using EM simulation are near 
[Gmax, k, Q1, Q2, 

in
Z ] = [75%, 0.72, 6.16, 6.33, 22.84+72.66j]. It 

is shown from Table 1 that the results are improved by RSMLO, 
but are still far from the specifications. The design solutions of 
GPDECO are near [dins, dinp, ws, wp] = [30, 40, 9, 8]. Most of 
the solutions of GPDECO and EMGO converge to similar points. 
It can be seen that this design point is far from the above optimal 
point of the coarse model. On the contrary, in references [5-9] 
using the SMLO algorithms, the optimal point of the coarse model 
and the fine model are very near. This difference makes the 
RSMLO method fail in this high-frequency RF component 
synthesis example, because an accurate enough coarse model is 
difficult to find for high frequency RF components. In contrast, 
GPDECO also uses the same coarse model, but receives good 
results because its requirement of accuracy is much lower. The 
synthesized transformer is shown in Fig. 7.    

3.4 Example 2 
The second example is a 60GHz stacked transformer with 
octagonal shape in a 90nm CMOS process. The design variables 
are dinp, dins, wp and ws. The ranges of the design variables are 



 
 

the same as example 1. The design specifications are k > 0.85, Q1 
> 10, Q2 > 10, Re( ) [10, 20]

in
Z ∈  and Im( ) [10, 25]

in
Z ∈ . The 

output impedance is 25 Ω . Besides the differences of the 
constraints compared with example 1 (k is very high, the range of 

in
Z  is drastically narrowed down), this example is a constrained 
optimization problem, which is more difficult than constraint 
satisfaction problem, and is a good example to test the 
optimization ability of GPDECO. The optimization goal is to 
maximize the efficiency, Gmax. The results are shown in Table 2 
(Gmax is the average value of the 10 runs).  RCS is the number of 
designs satisfying the constraints over 10 runs.  

Table 2. Results of different methods to example 2 

 EMGO GPDECO 

RCS 10/10 10/10 

Gmax  86.1% 86.1% 

Average N 979 202 

Average Time 1.4hours 0.3hours 

 

                         
Fig. 7. A typical result (example 1)       Fig. 8. A typical result (example 2) 

From Table 2, it can be seen that the result of GPDECO almost 
has no loss compared with the benchmark (EMGO) method, but it 
is nearly 5 times faster. GPDECO costs 0.3 hours. Note that the 
reason why the time consumption of EMGO seems not very long 
is because parallel computation using an 8-core CPU is applied. If 
without parallel computation, EMGO will cost very long time. A 
typical result of GPDECO is shown in Fig. 8. The design 
solutions of GPDECO and EMGO are close to [54.7, 54.8, 10, 10].  

4 CONCLUSIONS 
In this paper, the GPDECO algorithm has been proposed for the 
surrogate-model-based synthesis of RF transformers working in 
high frequency. GPDECO solves the limitation of high 
dependence on the accuracy of the coarse model. The examples 
show that GPDECO can synthesize high-performance 
transformers that cannot be generated by the current SMLO 
framework. In addition, GPDECO has similar quality of results 
compared with the EMGO framework, which is the best 
framework in terms of solution quality. Yet GPDECO only costs 
20%-25% of the computational effort, and therefore makes the 
synthesis has a good efficiency. The gain comes from the newly 
proposed framework of a global optimization algorithm using EM 
simulations and an ON-LINE GP-based surrogate model, the 
proposed method of extracting MSE thresholds, as well as the 
parallel computation using a multi-core CPU.  
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