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AI for IC Flow

l AI for IC：Exploring new methodologies for IC design to enhance chip 
design quality and efficiency.

l Traditional IC design flow (RTL-to-GDS)

l Represent chip data using AI models (RTL-to-Vector), then use the representative information 
to guide chip design (Vector-to-GDS).
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RTL-to-GDS Design Flow
l EDA tools provide support for chip design, verification, and testing.
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module conv;
reg [31:0] m[0:8192];
reg [12:0] pc;
reg [31:0] acc;
reg[15:0] ir;

always
   begin
     ir = m[pc];
     if(ir[15:13] == 3b’000)
        pc = m[ir[12:0]];
     else if (ir[15:13] == 3’b010)
        acc = -m[ir[12:0]];
     ...



iEDA：RTL-to-GDS
l 1 EDA platform, 5 basic modules, 11 EDA tools, over 200 algorithm technologies, 300,000 lines 

of code, completed 4 tape-outs, 1 problem white paper, 6 technical manuals.
l 500 stars, 110 forks, 75 code contributions, supported 4 EDA competitions, supported the 

curriculum construction of 5 universities, and assisted over 10 EDA teams  with research, with 
iEDA videos achieving 49,000 views.

11 tools, 200 technologies, 
300,000 lines of code. 
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iEDA：RTL-to-GDS
l iEDA：RTL-to-GDS

l Logic synthesis (logic optimization, technology 
mapping)

l Physical Design (Floorplanning, Power Network 
Planning, Layout, Clock Tree Synthesis, Routing)

l Sign-off Verification (Static Timing Analysis, Timing 
Optimization, Power Analysis, IR Drop Analysis, 
Simulation, Parasitic Parameter Extraction, Design Rule 
Checking)



iEDA & Innovus

Placement Suggested 
Frequency：

iEDA/Innovus = 1.15

Routing Suggested 
Frequency：

iEDA/Innovus = 0.8



iEDA Code and Influence
l Code

l GitHub: https://github.com/OSCC-Project/iEDA
l Gitee: https://gitee.com/oscc-project/iEDA
l AtomGit：https://atomgit.com/ieda/iEDA
l OpenI：https://openi.pcl.ac.cn/OSCC/iEDA

l Paper
l iEDA: An Open-Source Intelligent Physical Implementation Toolkit and Library”,

In Proc. ISEDA, 2023. (Best Paper Award)
l iEDA: An Open-source infrastructure of EDA (invited), In Proc. ASPDAC, 2024. 

l iPD: An Open-source intelligent Physical Design Tool Chain (invited), In Proc. ASPDAC, 
2024. 

l iPL-3D: A Novel Bilevel Programming Model for Die-to-Die Placement, ICCAD, 2023.

l iRT: Net Resource Allocation: A Desirable Initial Routing Step, DAC, 2024
l iCTS: Toward Controllable Hierarchical Clock Tree Synthesis with Skew-Latency-Load Tree, 

DAC, 2024

• Open source iEDA platform and tools (including 40W lines of 
code)

• Obtained 500 stars, 110 folks, 75 people contributed code.
• Support the construction of EDA courses in 5 universities, and 

set problems for 4 EDA competitions.
• Supports research for over 10 domestic and 2 international 

EDA teams.
• The iEDA self-media video has received 44,000 views.

Andrew B. Kahng (ACM/IEEE Fellow, a leading promoter of 
international open-source EDA) introduced iEDA in the keynote 

presentation at the EDA International Conference ASPDAC.Open-source is not a goal but a way！！!

https://github.com/OSCC-Project/iEDA
https://gitee.com/oscc-project/iEDA
https://gitee.com/oscc-project/iEDA
https://gitee.com/oscc-project/iEDA
https://openi.pcl.ac.cn/OSCC/iEDA
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AiEDA：RTL-to-Vector
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l AiEDA：The first AI framework and toolbox in the EDA/IC field
l Supports RTL-to-Vector (RTL2Vec), converting chip data into vectorized data that 

can be input into AI models.

①

②

③



①: RTL-to-Gtech/Netlist/DEF/GDS
l Using EDA tools to transform RTL data into standard files at various 

stages.（Gtech/Netlist/DEF/GDS）
l RTL-Gtech：Commerical tools：DC；Open Source Tools：yosys
l Gtech-Netlist：Commerical tools：DC；Open Source Tools：abc，iMap，EPFL
l Netlist-DEF/GDS：Commerical tools：Innovus；Open Source Tools：iEDA



② Report/Log/DB-to-jsonl/csv/image
l Run flow using commerical tool：run by python->TCL

l Intelligent generation of JSON configuration parameters
l Generate TCL scripts for calling EDA tools based on configuration using 

Python.



② Report/Log/DB-to-jsonl/csv/image

l Extract Commerical Tool Design Data for Label：Design an automated feature 
extraction tool to extract features and evaluation metrics at various stages from commercial tool reports, 
logs, and memory data, and save them as formatted data files to create a labeled dataset.



② API-to-jsonl/csv/image
• Open source flow running and extraction：

LogicFactory，iEDA
• Support C++、RUST、TCL、Python

• API Functionally complete, rich in interfaces.
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③ DEF-to-Vector
l Convert the map and indicator Map into matrix 

or tensor format.
l Multi-channel representation: Multi-layer layout (Inst, Pin, 

OBS, Cut, Metal), cell density, pin density, congestion, DRC, 
timing distribution graph, power distribution graph.

l Netlist, cell, metal wire, represented individually.

l Sparse storage
Density
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……

Timing

Layout

0 0 0 0 0
𝟏 𝟏 𝟏 0 0
0 0 0 𝟏 𝟏
0 0 0 𝟏 0
0 0 0 𝟏 0



iBM：Vector Dataset

60 chip layout designs

l EDA Label Dataset and its Generation Framework
l iBM：Tagged chip dataset, completed 60 RTLs, 120 Netlists (thousands to tens of millions of gates), 500 DEF/GDS files;



Machine Learning (ML)-aided Design

l L0: Algorithm
l L1: Statistics -> Algorithm
l L2: Statistics -> Feature  -> Algorithm
l L3: Statistics -> Feature -> Analysis -> Algorithm
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Machine Learning: Correlation Analysis
l TNS  vs.  Place_TNS, Overflow, Density, Congestion hospot,  #std Cells

l WNS  vs.  Place_TNS, Overflow, Density, Congestion hospot, #std Cells
Importance
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Machine Learning: Regression
l Linear Regression (HPWL, routed_WL (rWL) vs. #shorts)

l It is observed that the scatter plot of HPWL to routed WL is 
similar to that of HPWL to #shorts, speculating that routed 
WL and #shorts have a strong correlation

l by inferring routed WL from HPWL, combined with the 
linear model of routed WL and #shorts that has been 
fitted, we can understand the influence of HPWL on 
#shorts.

Features Pearson Spearman

HWPL vs 
Routed WL

0.6621 0.6828

HPWL vs 
#shorts

0.6250 0.6983

Routed_WL 
vs

#shorts

0.9195 0.9215

#𝑠ℎ𝑜𝑟𝑡𝑠 = 0.184 ∗ 𝑟𝑊𝐿 − 2443844



Machine Learning: Chip Design Classification
l Given a serials of chip designs, ML can be used to divide 

them as several groups



Machine Learning: Cell Classification
l For many back-end tasks, we need cluster cell instances as different 

parts. User can set cluster number, AiEDA resturn cluster result



RTL-to-GDS (iEDA)

RTL-to-Vector (AiEDA)

01

02

Vector-to-Vector03

Vector-to-GDS04



Representation
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Downstream AI4EDA Tasks
l Key AI models in the EDA field

l Breakthroughs have been achieved in timing and power analysis and prediction, extraction of 3D parasitic capacitance and resistance 
parameters, process library mapping algorithms, timing optimization techniques, and Steiner tree generation. Relevant achievements 
have been published at top EDA conferences such as DAC, ICCAD, and ICCD.

支持多种微电子、光电子器件仿真

环栅晶体器件仿真

阻变存储器器件仿真薄膜晶体管器件仿真
GateSource Drain

Channel

典型光电器件器件仿真
Dark, Vanode=-6V Photo (1.05uW), 

Vanode=-6V



AIG

Mapping

AI EDA：AiMap
n AI for Tech Mapping, learn cut delay and apply it to cut sorting and selection.

n Minimize depth —> delay

• Junfeng Liu, et. al., AiMap: Learning to Improve Technology Mapping for ASICs via Delay Prediction, In Proc. ICCD, 2023.

Node-level Attention 

Node-level Embedding

Cut-level Embedding

Cut-level Attention

MLP

The gap between Depth and Delay is very large.



AI EDA: AiCap
l Point Cloud

l Transformer

l Experiment
l Relative errors within ±5% reaches 96.53%;
l Average relative error is 1.4%, meeting 

industrial standards;

l AI for 3D Capcitance Extration
l Laplace's equation

l Numerical Methods: 
l FDM, FEM, BEM, RWM

l 2.5D & 3D

• S. Wu, et. al., An Adaptive Partition Strategy of Galerkin Boundary Element Method for Capacitance Extraction，ASPDAC’23. 
• Y. Liang, et. al., PCT-Cap: Point Cloud Transformer Network for 3D Capacitance Extraction, ISEDA’24

High resolution ensures 
unique geometry

Sparse data leads to 
redundant storage

Discretization trouble in 
the third dimension



AI EDA: AiSTA
n AI for Timing Analysis：Fit delay calculation of path delays.

• H. Liu, et. al, Accurate Timing Path Delay Learning using Feature Enhancer with Effective Capacitance, ISEDA’23.

Category Features

Cell delay

Input transition

Load capacitance

Signal polarity

Cell type

Cell port name

Wire delay

Output transition

Resistane

Capacitance

Basic Feature Enhance Feature

98%  paths, the deviation is within 3%. 
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AI EDA: AiTO
n AI for Timing Optimization (Buffer Insertion and Cell Sizing)

n We constructed a model that combines GNN with RL, achieving better WNS 
optimization. 

n Compared to OpenROAD, an average performance improvement of 10.006%.

n Further refined using Innovus, demonstrated an average performance 
improvement of 4.336% compared to directly using Innovus for optimization.



AI EDA: AiST

n Results

HubRouter
Without Congestion

Our Method
Aviod Congestion

n Method

Pin Cost

MST

Pred RST

l AI for Steiner Tree Generation

l Motivation



AI EDA：AiMP
l AI for Macro placement

OpenC910, 200W unit, tens of millions of gates, 332 macro modules, 
28nm.

Engineer (based on commercial tools): Utilization 50%, Frequency: 526M
AiMP：Utilization rate 50%, frequency: 654.88M, (increased by 24%).
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Vector-to-GDS
l Integrate existing AI-based information into EDA tools or chip 

design processes to achieve efficient and high-quality chip design.
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Thanks
陶思敏（Simin Tao）

taosm@pcl.ac.cn

iEDA website:  ieda.oscc.cc/en


