




 

TABLE IV.  EXPERIMENT RESULT COMPARISON WITH BASELINE 
METHODS  

E1 Pred 𝒁 Pred 𝑳 𝒁 𝑳 Run time (s) 

𝐷
𝐿

𝑏
𝑒

𝑠𝑡
 3M GMC 86.49 -1.144 86.38 -1.155 109.83 

3M UMC 88.04 -1.021 87.84 -1.472 95.95 
Proposed 85.88 -0.976 85.6 -1.004 12.31 

𝐷
𝐿

𝑤
𝑜

𝑟
𝑠𝑡

 

3M GMC 86.20 -1.331 86.16 -1.333 109.83 
3M UMC 84.49 -1.470 84.23 -1.042 95.95 
Proposed 85.59 -1.547 85.3 -1.552 18.53 

𝐷
𝑍

𝑚
𝑎

𝑥
 3M GMC 91.95 -1.262 91.91 -1.253 109.83 

3M UMC 93.50 -1.279 93.51 -1.264 95.95 
Proposed 93.50 -1.257 93.42 -1.252 12.33 

𝐷
𝑍

𝑚
𝑖𝑛

 
 

3M GMC 79.91 -1.265 79.68 -1.280 109.83 
3M UMC 76.50 -1.201 76.09 -1.230 95.95 
Proposed 76.50 -1.233 76 -1.258 10.17 

 

E2 Pred 𝒁 Pred 𝑳 𝒁 𝑳 Run time (s) 

𝐷
𝐿

𝑏
𝑒

𝑠𝑡
 3M GMC 91.96 -0.696 91.5 -0.699 151.45 

3M UMC 92.24 -0.627 91.75 -0.631 80.93 
Proposed 91.66 -0.596 91.02 -0.604 9.44 

𝐷
𝐿

𝑤
𝑜

𝑟
𝑠𝑡

 

3M GMC 88.14 -0.857 87.04 -0.886 151.45 
3M UMC 90.46 -0.956 89.09 -0.992 80.93 
Proposed 89.52 -1.009 88.04 -1.069 11.21 

𝐷
𝑍

𝑚
𝑎

𝑥
 3M GMC 97.57 -0.737 97.15 -0.739 151.45 

3M UMC 99.00 -0.805 98.67 -0.818 80.93 
Proposed 99.00 -0.796 98.2 -0.814 17.77 

𝐷
𝑍

𝑚
𝑖𝑛

  3M GMC 83.54 -0.801 82.66 -0.817 151.45 
3M UMC 81.00 -0.714 79.93 -0.726 80.93 
Proposed 81.00 -0.803 80.1 -0.823 12.52 

 

B. Evaluation of Corner Case Exploration 
This section describes the results for the proposed method 

and compares it with the baseline methods. Two different 
brute force Monte Carlo (MC) [6] sampling approaches are 
used, Gaussian-distributed MC (GMC) and uniformly 
distributed MC (UMC), of three million samples each. The 
solutions are evaluated using the same ML surrogate model 
as the proposed method. 

Table Ⅳ shows the result for comparison with the 
baseline methods. Our proposed method is able to achieve 

more extreme corner case designs with significantly shorter 
time (~16x) compared to UMC for all cases. Due to the 
normal distribution nature of GMC, it is expected that GMC 
would not be able to provide the worst case unless the sample 
size increases by an order of magnitude or more.  

V. CONCLUSIONS 
The correlation between the factors impacting loss and 

impedance is weak. It is found that the worst/best-case loss 
happens around nominal impedance and vice-versa. The 
paper presents a methodology for analyzing worst-case 
impedance and loss models due to HVM and process 
variations for high-speed designs. The fast and efficient 
procedure is achieved by adapting the ISOP framework,  
which utilizes the HPO search algorithm and the ML 
surrogate model. Experimental results demonstrate that the 
method can produce corner case design solutions within a 
few seconds and is significantly efficient compared to brute 
force uniform distribution Monte Carlo sampling. By 
employing the proposed approach, we efficiently generate 
the corner case impedance and loss models. This enable 
designers to proactively plan for potential worst-case 
scenarios and take appropriate measures to mitigate the 
negative effects. 
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TABLE III.          𝐷𝐶𝑎𝑛𝑑, 𝑅𝑀 AND CORNER CASE MODELS FOR EACH EXPERIMENT E1 AND E2 

E1  𝑊𝑡 𝑆𝑡 𝐷𝑡 𝐻𝐶 𝐷𝑘𝑡 𝐷𝑓𝑡 𝐻𝑡 𝐷𝑘𝑐 𝐷𝑓𝑐 𝐸𝑡 𝑅𝑡 𝐶𝑡 𝐻𝑃 𝐷𝑘𝑃 𝐷𝑓𝑃 Pred 𝑍 Pred 𝐿 𝑍 𝐿 
𝐷𝐶𝑎𝑛𝑑 5 4.5 40 5 3.6 0.01 1.2 3.6 0.01 0.25 -10 5.6e+7 7 3.6 0.01 85.91 -1.239 85.84 -1.245 

𝑆𝑀 
Min 4.5 4.05 37.5 4.25 3.42 0.0085 1.02 3.42 0.0085 0.05 -12 5.4e+7 5.95 3.42 0.0085 N/A N/A N/A N/A 
Max 5.5 4.95 42.5 5.75 3.78 0.0115 1.38 3.78 0.0115 0.45 -8 5.8e+7 8.05 3.78 0.0115 N/A N/A N/A N/A 

Corner 
Case 

Models 

𝐷𝐿𝑏𝑒𝑠𝑡
 5.5 4.95 42.5 5.75 3.42 0.0085 1.38 3.42 0.0085 0.05 -12 5.8e+7 7.44 3.42 0.0085 85.88 -0.976 85.6 -1.004 

𝐷𝐿𝑤𝑜𝑟𝑠𝑡
 4.5 4.05 39 4.25 3.78 0.0115 1.02 3.78 0.0115 0.45 -8 5.4e+7 5.95 3.78 0.0115 85.59 -1.547 85.3 -1.552 

𝐷𝑍𝑚𝑎𝑥
 4.6 4.575 38.75 5.52 3.55 0.0115 1.055 3.77 0.0085 0.42 -9.35 5.77e+7 6.21 3.4325 0.0085 93.50 -1.257 93.42 -1.252 

𝐷𝑍𝑚𝑖𝑛
  5.34 4.2 42.25 4.25 3.6775 0.0085 1.335 3.7625 0.0115 0.07 -10.5 5.74e+7 6.61 3.495 0.0115 76.50 -1.233 76 -1.258 

                     

E2 𝑊𝑡 𝑆𝑡 𝐷𝑡 𝐻𝐶 𝐷𝑘𝑡 𝐷𝑓𝑡 𝐻𝑡 𝐷𝑘𝑐 𝐷𝑓𝑐 𝐸𝑡 𝑅𝑡 𝐶𝑡 𝐻𝑃 𝐷𝑘𝑃 𝐷𝑓𝑃 Pred 𝑍 Pred 𝐿 𝑍 𝐿 
𝐷𝐶𝑎𝑛𝑑 5 4 40 3 2.8 0.002 0.6 2.8 0.002 0.25 -10 5.6e+7 6 2.8 0.002 90.57 -0.774 89.94 -0.786 

𝑆𝑀 
Min 4.5 3.6 38.5 2.55 2.66 0.0017 0.51 2.66 0.0017 0.05 -12 5.4e+7 5.1 2.66 0.0017 N/A N/A N/A N/A 
Max 5.5 4.4 41.5 3.45 2.94 0.0023 0.69 2.94 0.0023 0.45 -8 5.8e+7 6.9 2.94 0.0023 N/A N/A N/A N/A 

Corner 
Case 

Models 

𝐷𝐿𝑏𝑒𝑠𝑡
 5.5 4.4 41.5 3.45 2.66 0.0017 0.69 2.66 0.0017 0.05 -12 5.8e+7 6.73 2.66 0.0017 91.66 -0.596 91.02 -0.604 

𝐷𝐿𝑤𝑜𝑟𝑠𝑡
 4.5 3.6 40.25 2.55 2.94 0.0023 0.51 2.94 0.0023 0.45 -8 5.4e+7 5.1 2.94 0.0023 89.52 -1.009 88.04 -1.069 

𝐷𝑍𝑚𝑎𝑥
 4.57 4.4 40.75 3.18 2.765 0.0017 0.61 2.89 0.0017 0.42 -8.425 5.72e+7 6.09 2.87 0.0017 99.00 -0.796 98.2 -0.814 

𝐷𝑍𝑚𝑖𝑛
  5.37 3.6 41.5 2.73 2.85 0.0023 0.54 2.795 0.0023 0.05 -10.775 5.65e+7 5.27 2.83 0.0023 81.00 -0.803 80.1 -0.823 

 


