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Motivation 
• Streamline modeling process 

o Minimize model compilation/testing/revision controls 

• Generalize modeling structures 
o An “universal” AMI .dll/.so? (not hard-coded!) 

• Explore different modeling techniques 

• IBIS-AMI model file (besides .ibs file): 
o .ami: put more info. here (together w/ supporting_files) 

o .dll/.so: minimize changes here 
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Background: 

• Model-View-Control paradigm 
o A software pattern to minimize coupling between components 

o Model(.dll), View(EDA tool) and controller (.ami) 

•  E.g. simulator, netlist and waveform viewer in circuit simulation. 
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[1] 

.dll/.so 

.ami, etc EDA tool 

“etc” includes 

“supporting file”, 

(can be encrypted!) 

[2] 



Background: 

• AMI/data science modeling process: 
o Define performance measure (inputs and outputs) 

o Get the data (spec., simulation, measurement) 

o Discover/Visualize the data to gain insights 

o Prepare data for modeling (post-processing, data cleaning) 

o Select (and train) model 

o Fine-tune model 

o Deployment (AMI implementation) 
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TX Example: FIR EQ 

• Case 1: spec. has presets  (e.g. PCIe/USB-C TX) 

 

6 
[4] 

Modeling = map parameters in data sheet to 

corresponding numerical values  



TX Example: FIR EQ 

• Case 2: Simulation/Measurement based data: 
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• Data: Use multi-variable look-up table 

• Missing row: Linear/bi-linear or Spline/bi-spline interpolation 

• Make table external (as one of the supporting files) and encrypt! 



TX Example: FIR EQ 

• Case 3: Incomplete/insufficient/low quality data 
o Need to create a “prediction” model for missing data 

o E.g. DOE, RSM, regression with regulation to avoid overfit 
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TX Example: FIR EQ 

• Use Python/Sci-kit Learn/Jupyter: 
o Normal equation modeling (e.g. DOE, RSM) 

o Regulation can be used. 
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• Support general formula in .dll: 



RX Example: CTLE 

• Case 1: spec. defined presets 
 

 

10 

USB-C 

Gen 1: 

USB-C 

Gen 2: 



RX Example: CTLE 

• CTLE Equation->Bi-Linear Transform 

• Poles/Zeros -> FD Response -> TD Response 
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USB-C Gen 1: 

USB-C Gen 2: 



RX Example: CTLE 
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• Case 2: Silicon based measurements: 

Look-up Table 

[5] 



RX Example: CTLE 
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• Case 3: Performance based models: 
o Specify CTLE performance at DC, 5GHz, 10GHz, etc.  

o Generate behavioral CTLE model dynamically 

 Map performance matrices to poles/zeros/gain 

 Very useful in architectural/planning stage 

[6] 

Define Targets 

Measured or synthesized data 



RX Example: CTLE 
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• Neural network model fit 
o NOT machine learning (no GPU, not “deep”) 

o Keras is used for Cpp translation for AMI 

Fitting process 

Create model 

Model fit 



RX Example: CTLE 
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• Export for deployment 
o Cpp for AMI modeling… 

Correlation 

Export… 

[7] 



Summary: 
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• MVC Paradigm: 
o Decouple model (.dll) with controller (.ami) 

o Minimized unnecessary compilation/testing/revision 
o Avoid “magic numbers” in the .dll/.so 

o Use “supporting_files” (encrypted?) for modeling parameters 

o Leave .ami for matching parameters to datasheets 

 

• Generalized modeling flow: 
o Open source modeling tools: Python, Scikit-Learn, Keras, Jupyter… 

o Very similar flow to data science. NO GPU is involved! 

o Same SI/PI modeling techniques (DOE, RSM, Neural Network etc) 

o Enable model support in the .dll, model parameters in .ami 

o Data science’s techniques can be used for AMI modeling! 

 



Reference: 
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1. https://en.wikipedia.org/wiki/Model%E2%80%93view%E2%80%93controller 

2. IBIS Version 7.0 Specification. Subsection 10.5 

3. Hands-On Machine Learning with Scikit-Learn and TensorFlow (ISBN-13: 978-1491962299) 

4. USB3 data sheet  (http://www.ti.com/lit/ds/symlink/tusb522p.pdf) 

5. Redriver data sheet (https://www.onsemi.com/pub/Collateral/NB7NPQ1102M-D.PDF) 

6. Spec-Driven CTLE Model Synthesis through Reinforcement Learning, Daniel Wu, Xilinx, 
DesignCon 2019 

7. Keras2cpp (https://github.com/pplonski/keras2cpp) 
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EDA Expertise in Signal, Power Integrity & Simulation 
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