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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]];
     ...



AI-Aided Design (AAD)
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L1: RTL-to-GDS

Representation

L3: Vector-to-Vector

L4: Vector-to-GDS
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Traditional IC 
Flow

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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iEDA：RTL-to-GDS
l 1 EDA platform, 5 basic modules, 14 EDA tools, over 200 algorithm technologies, 400,000 lines 

of code, completed 4 tape-outs, 1 problem white paper, 6 technical manuals.

l 650+ stars, 130+ forks, 100 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 66K views. 2,000 open-source community

14 tools, 200 technologies, 
400,000 lines of code. 1 EDA basic module

5 tape-outs

Functional Module

iEDA-Database

iPL

iEDA-Interface

DB-API

Database
(Wrapper)

Functional Module

Utility

Config API

Input 
(.v/.lef/.def/.lib

/.sdc)

Output
(.v/.def)

Initial_placer

global_placer

po_global_placer

legalizer

detail_placer

buffer_inserter

filler_inserter

checker

evaluator

grid_manager

topo_manager

iEDA-
Manager

Tool

Data

iEDA-
Operator

Solver

Analyzer

Evaluator

Reporter

iEDA-tool

iEDA-module

2024-08-15,4th Tapout

2025-01-10,5th Tapout

https://github.com/OSCC-Project/iEDA



iEDA Structure
l Level 1: Open-source EDA tools, RTL, PDK support chip design
l Level 2: Open-source EDA infrastructure supports EDA and algorithm design

EDA Infrastructure

RTL
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Layout
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Tools PDK

Level 1

Level 2

iEDA Tool (iPL)

Initial_placer

global_placer

post_global_placer

legalizer

detail_placer

buffer_inserter
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checker

evaluator

grid_manager

topo_manager

Algorithm
Conjugate gradient

Nesterov
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MMSIM
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Cluster
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Tool
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iEDA: Infrastructure
l To fast develop high-quality EDA tool, we need a Software Development Kit (SDK)
l iEDA can be used to support developing EDA tool or algorithm
l Infrastructure: Database, Manager, Operator, Interface 

Functional Module

iEDA-Database

iPL

iEDA-Interface

DB-API

Database
(Wrapper)

Functional Module

Utility

Config API

Input 
(.v/.lef/.def/.lib/.sd

c)

Output
(.v/.def)

Initial_placer

global_placer

post_global_placer

legalizer

detail_placer

buffer_inserter

filler_inserter

checker

evaluator

grid_manager

topo_manager

iEDA-
Manager

Tool

Data

iEDA-
Operator

Solver

Analyzer

Evaluator

Reporter

EDA ToolEDA Infrastructure

File System

PDK

Chip Design FlowRTL 
Design

GDS 
Layout

Operator SolverEvaluator Analyze
r

Interface TCLPython GUIShell

Builder

Database EDA DataBasic Data Process data

Manager
Tool ManagerFlow Manager

File ManagerData Manager

Reporte
r

PlotterParser Writer

EDA Tools



iEDA-Module 1: Logic Synthesis
l Logic Synthesis: converts a RTL into a circuit description, optimize performance power area (PPA)
l RTL-to-Netlist

l 3 tools: LogicFactory, iMap, iATPG.
Logic Synthesis

Logic Compiler

Logic Optimization

Technology Map
iMap

Formal

RTL

Analysis

Static Timing Analysis

Power Analysis

IR Drop

Electromigration

iSTA

iPA

RC Extraction

Netlist

Sign-off

GDS II

iFP

iNO

iPL

iCTS

iTO

iRT

iPNP

Floorplan

Placement

Clock Tree Synthesis

Timing Optimization

Routing

Netlist Optimization

Power Delivery Network

Physical Design

ECO

Filler

Physical Verification

Design Rule Check

Electronic Rule Check

Layout vs. Schematic

iDRC

ATPGiATPG

iIR

LogicFactorychoose bool 
representation

optimize 
bool circuit

map circuit 
to library

representation

optimization

mapping

RTL

Netlist Area Timing

Size Depth

Wirelength

Logic 
Compile

Netlist
Optimiza

tion



iEDA-Tool：Technology Map (iMAP)

Logic Synthesis

Logic Compiler

Logic Optimization

Technology MapiMap

RTL

Netlist

l iMAP 1.0  includes Logic Optimization and Tech Mapping
l Data format support: AIG->netlist
ü Logic Optimization operators 

ü Rewrite (NPN matching based on 4-input truth table)
ü Refactor (optimization based on SOP expression)
ü Balance (balance algorithm based on AND-tree)
ü LUT-opt (optimization based on FPGA tech mapping)

ü Technology Mapping for ASIC and FPGARTL Description

Translation

Un-optimized Internal
Representation

Logic Optimization

Technology Mapping
and Optimization

Standard 
Cell Library

RTL
Specification

Gate-level
Netlist

AIG
Library

z=0 z=1

00/0,01/0,11/0

00/1,01/1,10/111/0

10/1

𝒛 𝒕 = 𝒄 𝒕 𝒅! 𝒕 + 𝒄! 𝒕 𝒛(𝒕 − 𝟏)

FSM



iEDA-Tool: Auto Test Pattern Generation (iATPG)
l iATPG: Implement the basic flow of test generation

l Fault Simulation
ü Support scan pattern and functional pattern
ü Self-developed heuristic method
ü CPU-based parallelism under NUMA architecture

l Test Pattern Generation
ü Combinational netlist → combinational pattern
ü Full-scan netlist → basic scan pattern
ü Partial-scan netlist → clock sequential pattern

Fault Cover Ratio: 98%

Netlist

Read 
Netlist

Build 
Circuit

Library

DRC Build Fault 
List

STIL

Test 
Generation

Test PatternsFault



Module 2: Physical Design
l Physical Design: converts a circuit description into a geometric description, optimize 

PPA
l Netlist-to-GDS

l 7 tools: iNO, iFP, iPNP, iPL, iCTS, iTO, iRT.
Logic Synthesis

Logic Compiler

Logic Optimization

Technology Map
iMap

Formal

RTL

Analysis

Static Timing Analysis

Power Analysis

IR Drop

Electromigration

iSTA

iPA

RC Extraction

Netlist

Sign-off

GDS II

iFP

iNO

iPL

iCTS

iTO

iRT

iPNP

Floorplan

Placement

Clock Tree Synthesis

Timing Optimization

Routing

Netlist Optimization

Power Delivery Network

Physical Design

ECO

Filler

Physical Verification

Design Rule Check

Electronic Rule Check

Layout vs. Schematic

iDRC

ATPGiATPG

iIR

LogicFactory

Floorplan：ensure die 
and core sizes, place IOs, 
plan macros, plan PDN, 
place physical cell.

Placement：place std 
cell into legal position, 
insert filler, opt timing, 
power and routability.

CTS：design clock 
network, connect FFs, 
opt skew, latency and 
power.

Routing：route net into 
routing track, opt timing, 
power and DRC.

Floorplan Placement CTS Routing

Netlist
GDS II



iEDA-Tool：iFP (Floorplan) 

IO Cell & Pad

Tap Cell 

Endcap Cell 

Macro Cell Place macro

Plan IO cell

Init layout

Place phy cell

PDN

Flow

Input

Output

Key 
Metrics Data

DIE Area 1.5 × 1.5 mm^2

DIE Utili 0.166554

Core Area 1.16 × 1.15 
cm^2

Core Utili 0.279541

#IO Pin 110

#Instance 297504

#Net 311869

Pin pin（>= 32）= 
2893

PDN M1、M2、M7、
M8、M9、AP



iEDA-Tool：Macro Placement (iMP)
l AI Macro Placement（iMP）：Combine traditional methods, prior knowledge, and AI, reduce  iterations. 

AI: 1) Quantify experience and characterize design; 2) Fast evaluate layout quality; 3) Explore key parameters

• 28nm, 348 macrocells, 756,000 standard cells, 6.45M gates, 
frequency: 800MHz, area: 6.49mm²

2nd tapout：10M gates
• 28nm, 321 macrocells, 829,000 standard cells, 10.49M gates, 

frequency: 853MHz (commercial tool: 659MHz), area: 4.0*2.7mm

1st tapout：28nm node

Heuristic：
Optimize Wirelength by SA

Analytical：
Optimize Wirelength by Gradient

AI：
Metric Prediction and Parameter Tuning



iEDA-Tool：Power Network Plan (iPNP)
l iPNP 1.0 Implement the basic flow of P/G net generation

l Power Network Generation
ü Set a series of P/G templates including width and pitch
ü Synthesize the P/G net automatically according to 

template
ü Add VIA automatically

l Power Network Optimization
ü Balancing the IR drop and the Congestion
ü Using Simulated Annealing algorithm

Fig1. Power Stripes Fig2. Power VIA

Fig3. Power Row

Fig4. DRC Clean

Interaction
s

Operators

TCL

Evaluator
IR analysis

Fast Placer

Congestion 

Utils
Parser

Input/Output

Database DEF LEF LIB SDC

API

Synthesis
add P/G net

DRC clean

add VIA

Optimizer
SA

Template

DEF/LEF

Read
DEF/LEF

Synthesize
p/g net

Template

Optimization Output

Result DEF



iEDA-Tool: iPL (Placement)
Flow

Init/global 
placement

Build PL data
(grid/topo)

Check/Legalization

Detailed
placement

Input

Output

Post global 
placement

Filler Instace

n Min Wirelength Model

where 𝑣	is cell location，𝑊 𝒗  is wirelength，
𝜌! 𝒗 	is	the	area	density	in	𝑏 ∈ 𝐵, 𝜌"	is	density	thredhold.

min
𝒗
	 𝑊 𝒗

𝑠. 𝑡.	 𝜌! 𝒗 ≤ 𝜌", ∀𝑏 ∈ 𝐵	

𝑾(𝒗)

∇ , ∇𝜓 𝑥, 𝑦 = −𝜌 𝑥, 𝑦 ,	
3𝒏 , 𝜓 𝑥, 𝑦 = 𝟎, (𝑥, 𝑦) ∈ 𝜕𝑅

9
"
𝜌 𝑥, 𝑦 = 9

"
𝜓 𝑥, 𝑦 =0.

𝝆𝒃(𝒗)

𝐷 𝒗 =
1
2
D
%∈'

𝐷( 𝑥, 𝑦 =
1
2
D
%∈'

𝑞(𝜓( 𝑥, 𝑦

min
𝒗
	 𝑓 𝑣 = 𝑊 𝒗 + 𝜆 ∑∀!∈*𝝆𝒃(𝒗)

• Nesterov Method or Conjugate Gradient



iEDA-Tool: iPL (Placement)

Instance density

Timing

Basic Summary

Design rule violation
violation_detail_report.txt

Wirelength
wl_detail_report.txt

Congestion

Key parameter config

Input iFP.def, iFP.v

output iPL_result.def, iPL.v

is_max_length_opt Whether to enable max 
wirelength optimization

max_length_constraint set max wirelength constraint

is_timing_aware_mode Whether to enable timing 
opt

ignore_net_degree ignore net whose pin 
number > k

num_threads set number of CPU thread

[BUFFER] 
max_buffer_num

Set the number of using max 
buffer

[BUFFER] buffer_type Set available buffer name

[GP-Wirelength] 
min_wirelength_force_ba
r

Control wirelength range

[GP-Density] 
target_density Set target density

[GP-Density] bin_cnt_x Set the number of horizontal 
Bin

[GP-Density] bin_cnt_y Set the number of vertical 
Bin

[LG] 
global_right_padding Set instance spacing (/site)

[DP] 
global_right_padding Set instance spacing (/site)

[Filler] min_filler_width Set min width of filler (/site)

Flow

Init/global 
placement

Build PL data
(grid/topo)

Check/Legalization

Detailed
placement

Input

Output

Post global 
placement

Filler Instace



Timing
• Latency (max delay)
• Skew

Power
• Buffering
• Wirelength

Violation
• Fanout
• Capacitance
• Slew (transition)

iEDA-Tool: iCTS (Clock Tree Synthesis)

Clock net gen

Cluster

Clock distrib

Clock net 
routing

Timing analysis 
and opt

Flow

Input

Output



iEDA-Tool: iRT (Routing)

l Optimization metrics: wirelength, timing, congestion, DRC 
l Optimization operations: Global routing: Track allocation: Detailed routing
l Routing algorithms: Pattern routing, A* routing, Steiner tree, Non-linear 

programming, Integer programming

VR（violation
repair）

GR（global 
routing）

RA（resource
assignment）

PA（pin access）

TA（track
assignment）

DR（detail
routing）

Flow

input

output



Design rule checkWirelength and viaPin Access 

Layout resource/congestion

first iteration routing result final routing result

iEDA-Tool: iRT (Routing)

VR（violation
repair）

GR（global 
routing）

RA（resource
assignment）

PA（pin access）

TA（track
assignment）

DR（detail
routing）

Flow

input

output



Module 3: Sign-off Analysis
l Evaluation, Analysis, Check, Verification

l Timing, power, area, 
l wirelength, congestion, skew, res, cap, slew, fanout,  drc 

(metal, cut, connection), … 
l utilization, density, cells, nets, … 

Summary

Wirelength

DRC

Timing

Congestion

Skew

Power

Cap

Slew

Logic Synthesis

Logic Compiler

Logic Optimization

Technology Map
iMap

Formal

RTL

Analysis

Static Timing Analysis

Power Analysis

IR Drop

Electromigration

iSTA

iPA

RC Extraction

Netlist

Sign-off

GDS II

iFP

iNO

iPL

iCTS

iTO

iRT

iPNP

Floorplan

Placement

Clock Tree Synthesis

Timing Optimization

Routing

Netlist Optimization

Power Delivery Network

Physical Design

ECO

Filler

Physical Verification

Design Rule Check

Electronic Rule Check

Layout vs. Schematic

iDRC

ATPGiATPG

iIR

LogicFactory



l 支持的DRC检测类型
• Cut Different Layer Spacing
• Cut EOL Spacing
• Cut Enclosure
• Cut EnclosureEdge
• Cut Spacing
• Metal Corner Filling Spacing
• Metal EOL Spacing
• Metal JogToJog Spacing
• Metal Notch Spacing
• Metal Parallel Run Length 

Spacing
• Metal Short
• MinHole
• MinStep
• Minimal Area

l 覆盖28nm工艺的主要规则
l 和商业工具Calibre对比

l 在检测准确度达到：92.8%
l 主要规则检测准确度达到：97%

iEDA-Tool: iDRC (Design Rule Check)

Check rule

Read rule

Divide region

Generate DRC

Report DRC

Flow

input

output



iEDA-Tool: iSTA (Static Timing Analysis)

Calculate delay
（cell and net）

Build timing graph

Read timing lib

Timing path 
propogation

Timing analysis 
and report

FLow

input

output

Feature
Support hierarchy netlist 
and def

Basic setup/hold analysis

Support NLDM/Elmore

Support CCS model 

Support high-level net 
delay model

Support sdf mark

OCV

AOCV

POCV

Consider IRDrop analysis 
on multi-voltage domain

Hierarchy analysis

Crosstalk analysis

clock gate analysis

Latch analysis

pt/ista ratio value
mean 1.11

variance 0.00095

median 1.107

maximum 1.5404

minimum 0.9035

𝑻𝑭𝑭𝟏 + 𝑻𝒄𝒍𝒌(𝒒 + 𝑻𝒄𝒐𝒎𝒃 + 𝑻𝒔𝒆𝒕𝒖𝒑 − 𝑻𝑭𝑭𝟐 − 𝑻 = 𝑻𝒔𝒍𝒂𝒄𝒌𝒍𝒂𝒕𝒆 ≥ 𝟎

𝑻𝑭𝑭𝟏 + 𝑻𝒄𝒍𝒌(𝒒 + 𝑻𝒄𝒐𝒎𝒃 − 𝑻𝒉𝒐𝒍𝒅 − 𝑻𝑭𝑭𝟐 = 𝑻𝒔𝒍𝒂𝒄𝒌
𝒆𝒂𝒓𝒍𝒚 ≥ 𝟎

Setup Constraint

Hold Constraint



iEDA-Tool: iTO (Timing Optimization)
l Fix timing design rule 

violation
l Max cap/Max slew/Max 

wirelength/Max fanout

l Fix hold time
l Fix setup time
l Cell sizing
l Buffer Insertion
l Load Insertion
l Buffer/load locationLocate vio path

Timing analysis

Electronical
Evaluation

Opt vio path

Legal cell 
location

Flow

input

output

Key parameter config

Input iPL.def, iCTS.def

output iTO_setup_result.def, 
iTO_hold_reslut.def

setup_slack
_margin setup slack value

hold_slack_
margin hold slack value

max_buffer
_percent Area ratio of inserted buffer

max_utiliza
tion Core utilization

DRV_insert
_buffers Available buffer for optimizing DRV

setup_inser
t_buffers Available buffer for optimizing setup

hold_insert
_buffers Available buffer for optimizing hold

number_pa
sses_allowe
d_decreasin
g_slack

The number of times that WNS is  
allowed continuously decrease when 
opt setup

rebuffer_m
ax_fanout

For setup, a wire network is not 
optimized for buffer insertion when 
its fanout exceeds this value

split_load_
min_fanout

For setup, fanout is reduced by 
inserting a buffer when fanout is 
greater than this value

Setup report

DRV report

Hold report



iEDA-Tool: iPA (Power Analysis)

Data mark
Calculate Toggle

Build power 
graph

Read timing lib

Toggle and SP
Propagation

Calculate and 
report power

Flow

input

output

API Description

buildGraph Build iPW graph data 
structure

readVCD Parse the VCD file

buildSeqGraph Build  timing subgraph

checkPipelineLoop Detect PipeLine loop

levelizeSeqGraph Grade timing  subgraph

propagateToggleSP
Propagate Toggle and SP 
data on the graph

calcLeakagePower Calculate the leakage 
power

calcInternalPower Calculate internal power

calcSwitchPower
Calculate switching power

analyzeGroupPowe
r Analyze power data

reportPower Output power report

l Evaluate power before / during / after 
the physical design process  

l Average model

l Timing window (coming soon)

l VCD parser

l Report/API



iEDA-Tool: IR Drop Analysis (iIR)
l iIR: analyze the IR drop of the chip.

l Feature

ü Read SPEF File by Rust Parser or Estimate RC Data: Extracts 
the RC data of the power network from the SPEF file or 
estimate the RC When iIR as a IR engine.

ü Read Instance Power Database or Run Power Analysis 
Adhoc: Reads the instance power data from the iPA DB 
file, or run iPA power analysis adhoc.

ü Solving IR Drop: Builds the conductance matrix and the 
current vector, and then use GV=J solver (the LU solver or 
the CG solver) to solve the static IR Drop.

ü GPU Mode: Accelerate the IR Drop solving process using 
CUDA.

ü IR Engine:  Used as a standalone tool or as an IR analysis 
engine, such as for estimating IR Drop within iPNP.

Comman
ds

Operators

Interactive TCL/Python

iIR
build pg topo from 
spef or def pg net 

construct equation 
according 

Kirchhoff's Law

build current 
vector with power 

data

Solver
LU Solver

CG Solver

Utils
Parser

Report

Database DEF/Netlist power dbSPEF



PPA Comparison of iEDA（OS）/Innovus（Com）

Post CTS

108.89 %

Post Route 

95.40 %

l We test 30 cases with  instance num 135 ~ 1,173,610
l Compare with innovus, we achieve following frequnece result 



iEDA Docs and Videos

l iEDA Readme：
l https://gitee.com/oscc-project/iEDA

l iEDA Userguide：
l https://ieda.oscc.cc/tools/ieda-platform/guide.html

l iEDA install, compile, run videos：
l https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0

l RTL-to-GDS videos base iEDA’s python APIs
l https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c2

41afd7f9774b0add4e647179

l https://atomgit.com/chipcreative/RTL2GDS/blob/master/notebook.ipynb

https://gitee.com/oscc-project/iEDA
https://gitee.com/oscc-project/iEDA
https://gitee.com/oscc-project/iEDA
https://gitee.com/oscc-project/iEDA
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://ieda.oscc.cc/tools/ieda-platform/guide.html
https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0
https://www.bilibili.com/video/BV1mp4y1P7C7/?spm_id_from=333.999.0.0
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179
https://www.bilibili.com/video/BV1Brm8YVEaY/?spm_id_from=333.999.0.0&vd_source=2ac617c241afd7f9774b0add4e647179


iEDA Research



RTL-to-GDS (iEDA)

RTL-to-Vector (AiEDA)

01

02

Vector-to-Vector (AiEDA-Models)03

Vector-to-GDS (iPCL)04



EDA + Data + AI  (EDA)
l New foundation for AI-for-IC design (vectorized data and AI-EDA library)

l Traditional IC design mainly relies on EDA tools and CPU, 
l AI-for-IC design needs vectorized chip data, AI-EDA libraries, and GPU.

77

Data

AI Engine

Hardware

EDA 
Software

Library

Data

AI

Service



AiEDA : Data Transformer
l AiEDA (AI-Aided Design Library)：

l Supports RTL-to-Vector (RTL2Vec), converting chip data into vectorized data that can 
be input into AI models.

Design Files
.aig, .v (netlist), 

.spice .def, .lef, .lib, .gds, .
xml, .brd...

Structured Formats

.json, .csv, .xls, jsonl, h5, 
txt, ...

Vector/
Matrix/Tensor

.vec_db,  pandas, ...

Chip Input
.v (RTL), .sv, .scala 
(chisel)，.cdl, .fir ...

Application
Visualization,
Benchmark,

Machine Learning

①

②

③

Library EDA Tool Configuration Parameters

Design Statistics Intermediate Data Performance  
Metrics

Parameter Settings

Chip Input

Statistical Map Bar Trend Scatter Regression

Layout 
Tensor

Circuit
Graph

Text
Vector

Net
Vector

Node
Vector

Path
Matrix

Map
Tensor

Description
Vector

Config
Vector

Learning

Raw Data

Foundation Data

Feature Data

Vector Data

Chip Input ➯ Raw Data ➯ Foundation Data ➯ Feature Data ➯ Vector Data



File Formats and Formation
l Involving File Formats l Main Storage Information

l Text Description

l Circuit Netlist
l Layout Geometry

l Physical Library

Geometry 
Layout 

Circuit NetlistText 
Description

Physical Library



AiEDA：Design-to-Data-to-Analysis

80

Run Chip Design Flow ➯ Decompose and Convert Data ➯ Analyze and Report Result

https://github.com/OSCC-Project/AiEDA



Run Chip Design Flow
l Commercial flow:  Call commercial EDA tool, python -> TCL

l It can generate  config parameters in  Json
l Using python to generate TCL scripts based on Json config.

l Open-source flow:  Extend python API on Open-source EDA tools



l AiEDA extract and various stage features and evaluation metrics from 
open-source and commercial tool reports, logs, and memory data.

Data Genration and Feature Extraction

from aieda.workspace import workspace_create
from aieda.flows import RunFlow
from aieda.data import RunFeature

def generate_data(ws_dir, tool, step):
    ws = workspace_create(ws_dir, tool)

    match step: 
        case "floorplan":

flow = RunFlow.runFP(ws, tool)
feat = RunFeature.fp(ws, tool)

        case "place":
flow = RunFlow.runPL(ws, tool)
feat = RunFeature.pl(ws, tool)

        case "cts":
flow = RunFlow.runCTS(ws, tool)
feat = RunFeature.cts(ws, tool)

        case "routing":
flow = RunFlow.runRT(ws, tool)
feat = RunFeature.rt(ws, tool)

        case _:
flow = RunFlow.run(ws, tool)
feat = RunFeature.flow(ws, tool)

    return result
 

 



Feature Comparison（Innovus & iEDA）“wukong”

Floorplan

iEDA  Results

Placemen
t

iEDA

CTS
iEDA

Routing
iEDA

Placement
Innovus

CTS
Innovus

Routing
Innovus

Innovus  Results



Design Decomposition

Design

Netlist Layout

Block Netlist

NetPath

Layer

Wire

Row

Pin-to-Pin Net Patch (Region)

Polygon

A design (netlist/layout) can be decomped as different modular (graph, image) and scale (net, path, patch)



Design Transformer
l Design-to-Vector

l RTL-to-Vector, Layout-to-Vector, Map-to-Vector, Net-to-Vector, Shape-to-Vector

v

net 1

net 2

Wire & Via

Layout image

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

Net

B
A

Z I O D

CLK

Q

D

CLK

Q

PLL Div

IN1

IN2

CLK1

OUTA
B Z

I O

[ (IN1, AND1_A)，(AND1_Z, INV1_I)，(INV1_O, FF1_D)，
(FF1_Q, FF2_Q, OR1_A)，(OR1_Z, OUT), ......  ]

AND1 INV1 FF1

OR1

FF2

Circuit graph

Polygon & Polyhedron 

0 0 1 2 0
1 4 3 3 1
4 3 2 5 2
1 5 8 7 1
0 3 4 2 0
0 0 0 0 0

	

Metric map

...

...

0 0 0 0 0
5 7 6 4 0
4 3 2 5 0
1 5 8 7 0
0 3 4 2 0
0 0 0 0 0

	

[“module”,“data_register”, “(”, “input”,“reg”, 
“clk”, “3”, “data_in”, “data_out”;  
“endmodule”, “reg”, “case”, “endcase”, ....]

RTL code



Gneration, Decompostion, Transformation

different level foundation data and feature data
netlist path net wire instance layer patch

tech

design

foundation 
data

feature
data

EDA
vector 

database

structure 
data

design 
Spec

HDL

Source：
R&D, open-
source,
cooperation

Function:
CPU、GPU、
DSP、AVS、
AI、IO、
Network、

LLM,HLSChisel/
PyMTL

circuit chip layout

DEF, 
GDSRTL Gtech, 

Netlist

EDA tool and IC design flow

Generation

from aieda.workspace import workspace_create
from aieda.data import RunVectors

def vectorize_dataset(workspace_dir, tool, level): 
    ws = workspace_create(ws_dir, tool)
    vectors = RunVectors(ws)
    vectors.read_def(ws.input_def)
    # construct vectorization datasets

    match level: 
          case "design":

vectors.generateDesign(ws.vec_dir)
case "net":

vectors.generateNet(ws.vec_dir)
case "graph":

vectors.generateGraph(ws.vec_dir)
case "path":

vectors.generatePath(ws.vec_dir)
case "patch":

vectors.generatePatch(ws.vec_dir)
case _:

feat.generateVectors(ws.vec_dir)
 

Transformation

Decomposition 



Data Vectorization
l iDATA: includes source data, foundation data, feature data, vectorized data 

l iDATA covers 50 chip scales from 1K gates to 30M gates, including memories, CPUs, GPUs, and SoCs.  
l By design space exploration in logic synthesis and placement stage, we obtain 250 netlists and 1250 defs.

•'a' meaning that the synthesized netlist is used area effort strategy.
•'b' meaning that the synthesized netlist is used to ppa balance strategy.
•'n' meaning that the synthesized netlist is used to no optimize strategy.
•'p' meaning that the synthesized netlist is used to power effort strategy.
•'t' meaning that the synthesized netlist is used to timing effort strategy.

•'congestion_best' meaning the place def is the best one with the lowest congestion.
•'congestion_worst' meaning the place def is the worst one with the highest congestion.
•'HPWL_best' meaning the place def is the best one with the lowest HPWL.'
•'HPWL_worst' meaning the place def is the worst one with the highest HPWL.

50 Chip RTLs

50*5 Netlists

50*5*5 = 1250 defs



iDATA: A Dataset for AI-EDA

iDATA @ hugginface Chip Layouts

l We release iDATA in huggingface，includes source data, foundation data, feature data 
l iDATA encompasses multiple levels: design, RTL, layout, net, path, patch, and map levels.
l iDATA can be used to evaluate chips and EDA tools, train AI4EDA model and large model, embed vector 

database.

Data Proccesor

https://huggingface.co/datasets/AiEDA/iDATA



Analysis and Report

chip design report process data analysis

data vectorization AI model training AI model inference

Visualization of the chip design process



RTL-to-GDS (iEDA)

RTL-to-Vector (AiEDA)

01

02

Vector-to-Vector (AiEDA-Models)03

Vector-to-GDS (iPCL)04



AI-Aided Design (AAD) for Chip Design
l How AI technology can assist in IC analysis and design.

l Metric Evaluation 
l Metric Analysis: For example, by fitting delays with wirelengths, we can achieve 98% timing paths 

whose deviations with truth dalay are within 3%. 

l Reduce Evaluation Time: We only need to calculate the wirelengths and call the AI model for inference, 
which is almost as effective as using STA tools, then we may reduce significant evaluation time. 

l AI may provide greater time savings in Thermal, Stress, SI/PI analysis.

Fitting Delay with Wirelength

98%  paths, the deviation is within 3%. 



AI-Aided Design (AAD) for Chip Design
l How AI technology can assist in IC analysis and design.

l Solution Exploration
l Solution Distribution: By performing sampling on solutions and evaluating through prediction of 

objectives, the distribution of the solution space can be obtained.
§ When we sample 20 solutions, we observe that the solution with the highest probability (brightest 

region) is in the top-right corner. 
§ When the sample size increases to 200 solutions, the highest probability region begins to shift toward 

the bottom-left corner. 

sample 20 solutions sample 200 solutions



AI4EDA Paradigm 

Input 
Netlist 

(Graph)

Output
Layout 
(GDS)

Traditional Algorithm

STA/Power/DRC 
Tools

WL, Delay, Power, 
Slew, R/C, 

Congestion, DRC

QoR

Route Evaluate

no 
violation

violation

Placement

Evaluation and Optimization

Evaluation Model

AI

Feature

RoutePlacement Evaluate

WL, Delay, Power, 
Slew, R/C, 

Congestion, DRC

QoR no 
violation

AI Optimization 
Model

Generation

1 2 3 4 5

Gneration

GnerationAI

Evaluation Model

AI
Evaluate

WL, Delay, Power, 
Slew, R/C, 

Congestion, DRC

QoR no 
violation

what you need



AiEDA-Models
l Based on AiEDA and iDATA, 16 AIEDA models were trained for tasks in the EDA field.

l 1) Logic Optimization, 2) Steiner Tree Generation, 3) Design Rule Checking and Prediction, 4) Timing 
Prediction and Optimization，5) IR Drop Calculation

l 6) Tech Mapping, 7) Timing Optimization, 8) Timing Analysis，9) Parameter Optimization, 10) Logic 
Synthesis

[ICCD-23, TCAD-25] [ISEDA-23][Integration-24]

[NIPS-24][TODAES-25] [TODAES-25]

[TODAES-25] [TCAD-25]

[ICCD-24][TODAES-25]



Logic Syn

Logic Synthesis
1、Compiling

2、Optimization

3、Tech Mapping

Chip Design Flow

AiRTL：Metrics Estimation of RTL by LLM
l Extract the features of the gate circuits for each RTL module, and fine-tune LLM to achieve 

the estimation from RTL to gate circuits, and then estimate the PPA of the gate circuits

Small Segments:  Sequence 1, S2, S3 ....

Big Segments:  Block 1, B2, B3 

Level 1: Label 1, L2, L3....

Level 2: Label 1, L2, L3 ....

Logic Synthesis Flow
RTL - Netlist Estimation 



AiLO：Metric Prediction and Optimization for Logic Optimization
l Metrics of AIG (Delay and Area) are predicted by AI, and this is used to guide heuristic 

optimization.

AI Prediction Accuracy

Delay and Area Improvement

• Ye Cai, Rui Wang, et. al., AiLO: A Predictive Framework for Logic Optimization Using Multi-Scale Cross-Attention Transformer, TODAES, 2025.



AiMap-2.0：Delay-driven Mapping by Parameter Learning
l Tech mapping lacks prior knowledge of gate delay. The alignment of the AIG before mapping 

and the netlist after mapping is difficult.

l resulting in a significant gap in physical information between the mapping before and after.

candidate match 
M of node n 

best arrive time of node n 

estimated delay

prior estimation 
formula based on 

Bayesian opt
max.blif #AND # Depth Delay(ps)

Script1 3631 37 598.38

Script2 2917 62 599.18

Script3 4255 40 650.27

• Junfeng Liu, et. al., "A Delay-Driven Iterative Technology Mapping Framework,  TCAD, 2024.



AiCap：Fast Capacitance Calculation based on Point Clouds

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, 2023. 
• Y. Liang, et. al., PCT-Cap: Point Cloud Transformer Network for 3D Capacitance Extraction, ISEDA, 2024

High resolution ensures 
unique geometry

Sparse data leads to 
redundant storage

Discretization trouble in 
the third dimension



AiSTA：AI Improves the Accuracy of iSTA 

n AI for Timing Analysis：Fit delay calculation of path delays.
n (compared with commercial tools)

• H. Liu, et. al, Accurate Timing Path Delay Learning using Feature Enhancer with Effective Capacitance, ISEDA, 2023.

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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Cell Delay Net Delay



AiTPO：Timing Estimation and Optimization with Congestion
l Timing deviation between global routing (GR) and detailed routing (DR)

l Local congestion can lead to wire looping.
l The timing of GR is more optimistic than that of DR.

GR 
Feature

• He Liu, et. al., AiTPO: KAN-UNet Heterogeneous Network for Timing Prediction and Optimization at Global Routing,  TODAES, 2025.

Motivation

Model

Result



AiIR：ML and CG to Solve IR Drop（ICCD-24）
l IR drop Calculation

l Solving linear equations (slow), 
l Machine learning methods (inaccurate)

• He Liu, et. al., Simultaneous Conjugate Gradient and iAFF-UNet for Accurate IR Drop Calculation,,  In Proc. ICCD, 2024.



AiST：Steiner Tree Generation by AI（NIPS-24）
n Method

n Results

HubRouter
Without Congestion

Our Method
Aviod Congestion

Pin Cost

MST

Pred RST

l AI for Steiner Tree Generation

l Motivation

• Liu et. al., NeuralSteiner: Learning Steiner Tree for Overflow-avoiding Global Routing in Chip Design, In Proc. of NIPS, 2024



AiDRC：DRC Prediction and Optimization（TODAES-25）
l In detailed routing (DR), the specific locations of DRC are predicted, and  guide the DR optimization 

l Reduce evaluation time, and reduce the number of total iterations

①Prediction

②Flo
w

, Featu
re, R

esu
lt

③M
odel

• Yifan Li, et. al.,  AiDRC: Accelerating Detailed Routing by AI-Driven Design Rule Violation Prediction and Checking,  TODAES, 2025.



RTL-to-GDS (iEDA)

RTL-to-Vector (AiEDA)

01

02

Vector-to-Vector (AiEDA-Models)03

Vector-to-GDS (iPCL)04



AiEDA Workflow
l We need integrate trained AI model into EDA tools or IC design flow to achieve AI aided design.

l Some AI models can be integrated into the chip design flow without any modification to existing 
EDA tools, whereas others require appropriate adjustments to the EDA tools or underlying algorithms 
before they can be effectively utilized.

create
workspace

init flow config

data generation flow

floorplan plac
e CTS route

vectorizationfeature 
extraction

design files, 
technology, 
EDA tools,

path config,
… …

ws

VLSI backend flow

Config workflow 
parameters, EDA tools, 

files paths

Flow

source data

process raw 
data

feature data

foundation 
data

Workspace EDA Flow AI modelData

Feedback to guide flow optimization

Flow

ws/flow

point 
tool

stage 
summary

metrics

graph net

layout patch

instance path

cell

Vector Database

parser loader

ws/Flow

Flow Task

DSE，analysis

metric prediction

Tool/Algorithm Task

algorithm opt

strategy opt

design generation



Parameter Optimization for Placement（TODAES-25） 

• Xinhua Lai, et. al., iPO: Constant Liar Parameter Optimization for Placement with Representation and Transfer Learning, TODAES, 2025.

l Flow-level optimization without modifying EDA tool internals



Detailed Placement Optimization Guidance
l Tool-level optimization with AI models embedded into EDA tool internals

Net 
ID

Aspect 
ratio

Pin 
Count HPWL Routed 

WL

0 2 2 3000 3000

1 3 4 4300 5200

… ... ... ... …

TabNet Model 
Each net sample is organized as tabular data with 
corresponding features and labels

• ONNX Model
• Normalization 

Params

Wirelength Prediction 
Output

Input Configuration RunIEDA.run_ai_placement iEDA Placement (iPL)

ONNX Model
model.onnx

Normalization Params
Normalization.json

Input DEF
preplace.def

Load ONNX Model
Initialize Runtime

Load Normalization
Parameters

Extract Net Features From 
Current Placement

Apply Design-Specific
Normalization

ONNX Runtime
Predict Wirelength

Replace HPWL with predicted 
routed wirelength for cell 
swap gain during detailed 

placement

Output DEF With More 
Accurate Wirelength 

Guidance

Features

Model

Optimized



Large Model for Chip Design

108
Pre-training Layout Model

Chip design agent
IP

library

tool command

design requirement

chip design flow

reference library

analog EDA tool

Schematic
Netlist

(HSPICE, 
Spectre)

Layout
(Virtuoso)

photonic EDA tool

Device
(Lumerical, 

ADS)

Layout
(IPKISS)

FPGA tool

Design 
Flow

(Vivado)

digital EDA tool

Functional
Logic

(VCS, Verilator, 
DC, FM, PT)

Physical
Design

(Innovus, 
iEDA)

digital model

Functional
Logic

Physical
Design

analog model

Schematic
Netlist

Layout

photonic model

Device Layout

FPGA model

Design 
FlowExpert 

Model

EDA Tools

Large Layout 
Model

Chip 
Design 
Agent

Large 
Language 

Model
code layout

l 1）Build agents based on existing LLM to replace manually designed chips;
l 2）Design and train large layout models to replace EDA tools for chip design;



Chip Design Agent（iCA）
l Agent based on LLM

l Knowledge Q&A

l Data Retrieval

l Script Generation

l Tool Invocation

l Analysis and Diagnosis

l Layout Optimization

RAG MCP

Memory Action

CoT ReAct

WorkFlow

Prompt

Fine-Tuning



Pre-training for Chip Layout (iPCL)
l iPCL：Design and train pre-training models, and replace EDA tools to design chips；

l Design chip layout symbols, pre-training model with 100M parameters from 1T foudantion chip data
l Achieve chip layout generation without EDA tools and human intervention



iPCL: AI (Large Model) Aided Design
l iPCL directly generates the chip layout reduce the runtime from hour to minute
l The iPCL can simultaneously generate many layouts

l There is a certain probability of obtaining high-quality results (beyond the learning samples)
l The generated result can be used to fabricated after conducting ECO using commercial tools

Net in Chip Layout Generated by iPCL Layout by EDA tool（hour）  VS   Layout by iPCL（min）

#DRC in the layout generated by iPCL is 1.6× that of the EDA tool, 
but all can be reduced to zero after ECO.

Quality distribution of generated layouts by iPCL，
There is some high-quality results (beyond samples)

Quality distribution of layouts by iPCL Comparison between iPCL and EDA (Runtime & #DRC )



Conclusion

Vector
Data 

Data 
Parser

AI 
Model

Chip Design
Flow GDSRTL

L1: RTL-to-GDS

Representation

L3: Vector-to-Vector

L4: Vector-to-GDS

L2: RTL-to-Vector

Traditional IC 
Flow

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).



Conclusion
l 1. Open-Source EDA — iEDA

l iEDA: An open-source RTL-to-GDS chip design platform, includes tools such as LogicFactory, 
iMAP, iATPG, iNO, iFP, iPNP, iIR, iPL, iCTS, iTO, iRT, iSTA, iPA, iDRC, and iECO, as well as 
foundational modules like analysis, database, evaluation, interface, operation, and solver.

l iFlow: An automated backend chip design flow supporting 130/110/55/28nm technologies.

l iParsers: A collection of various EDA file parsers.

l 2. Intelligent EDA — AiEDA
l AiEDA: An intelligent EDA framework and toolkit supporting various AI+EDA tasks.

l AiEDA-Model: A collection of AI models designed for different EDA tasks.

l iDATA: A labeled EDA dataset, includes source data, process data, feature data, foundation data, 
vector data.

l 3. Foundation Models — iPCL
l iPCL: A large foundation model specialized for chip layout design.

l iCA: An agent for chip design, supporting knowledge Q&A, document retrieval, information 
extraction, script generation, tool invocation, report analysis, parameter optimization, result 
summarization. 



Thanks

Web：https://ieda.oscc.cc
Code：https://github.com/OSCC-Project
Email：ieda.oscc@gmail.com

iEDA微信群 iEDA公众号 iEDA-B站视频 iEDA-QQ群


