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We Need Infrastructure
l Level 1: Open-source tools, RTLs, PDKs  support chip design
l Level 2: Open-source Infrastructure supports EDA development
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iEDA Infra. Support EDA Tool
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 
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Parsers and Database
l Parser: Verilog, SPEF, Liberty, SDF, VCD, SDC, LEF/DEF, ITF, and GDSII
l Database: Design, Layout, Tech, Timing, Parasitic, Network

Chip Design Files Format
(.v(RTL) / .v(netlist) / .def / .lef / .lib / .sdc / .spef / .sdf .vcd 

/ .itf/ .gds / .sp /  …)
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Managers

Platform Manager

Data Flows Tools Features Reports Files

p Config

p ChipData

p Interactive

p Proc Data

p …

p Initialize

p Input

p Process

p Output

p Floorplan

p NetOpt

p Placement

p CTS

p TimingOpt
p Legalization

p Routing

p Filler

p DRC

p …

p Summary

p Density
p Wire Length

p Congestion
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p …

p Statistic

p Evaluation
p Flow Results
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p …

p Config

p Design

p Procedure
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Interfaces

TCL Python

GUI
├── tcl_config
├── tcl_contest
├── tcl_eval
├── tcl_feature
├── tcl_flow
├── tcl_gui
├── tcl_icts
├── tcl_idb
├── tcl_idrc
├── tcl_ifp
├── tcl_ino
├── tcl_instance
├── tcl_ipdn
├── tcl_ipl
├── tcl_ipw
├── tcl_irt
├── tcl_ista
├── tcl_ito
├── tcl_report
└── tcl_util

├── py_config
├── py_eval
├── py_feature
├── py_flow
├── py_icts
├── py_idb
├── py_idrc
├── py_ifp
├── py_imp
├── py_ino
├── py_instance
├── py_ipdn
├── py_ipl
├── py_ipw
├── py_irt
├── py_ista
├── py_ito
└── py_report

p Flows

p DB

p Tools

p Evaluation

p Features

p Reports

p GUI

p Flows

p DB

p Tools

p Evaluation

p Features

p Reports

p File Operation

p Layout View

p Layers Control

p Shape Setting

p Instance Options

p Net Options

p PDN Options

p Track Grid

p DRC View

p Clock Tree View



Evaluator: Horizontal Comparison
l Compare and analyze the Q&R

l Designs and Flows
l Tools and Algorithms 

Design Comparison

design aes aes_core
PDK sky130 sky130

instance area 408034.7568 371050.9776

IO pin 76 520

instances 45854 42044

nets 30634 28536

core_area 1352765.88 1230601.766

total wire length 2695657 2809505

total vias 280870 271884

setup_slack (max) 14.7 14.73

hold_slack (min) 0.22 0.4

suggest freq (MHz) 188.6792453 189.7533207

Flow Comparison



Evaluator: Horizontal Comparison

Algorithm Comparison

Abacus Tetris

Input

l Compare and analyze the Q&R
l Designs and Flows
l Tools and Algorithms 



Analyzer : Vertical Comparison
l Analyzing the numerical changes of an indicator across different stages
l Differences from: 1) data change, and 2) differences evaluation models
l Usage：evaluating the design quality, analyzing the margin, and optimizing 

collaboratively

Wirelength #Instances Congestion
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iEDA Features

l Establish the backend physical design flow 

l Support TCL language

l Provid rich performance evaluations

l Support layout visualization

l Support data snapshots, and toolchain data recovery

l User-friendly, with user guides and community support

l Provide Netlist -> GDSII interface

l Offer multi-language version interfaces (C++, Python, TCL, RUST)

l Offer rich performance evaluation interfaces

l Provide kinds of analysis and debugging tools

l Unified development framework, basic infrastructure

l Development manuals, community support

For IC Designer

For EDA Coder



Uniform Software Framework and API
Software Structure

Placement

Routing

API Application

Python

TCL



Multiple Programming Language

C++ API

TCL API

Python API

RTL/DEF

GDSII

Floorplan Fix 
Fanout

Placement CTS Fix DRV

Fix Hold
/ Setup

RoutingCell 
Filler

Placement 
Legalization

ECO

Run Placement

ü Support C++、RUST、TCL、Python

iEDA Code



Evaluation
ü  iSTA/iPA:  Timing and Power

• Setup/Hold

• Recoverry/Removal

• Mlticycle

ü  iDRC: Design Rule Vios
• Wire Connection

• Spacing Check、 Enclosure Check、 

PRL Check、Metal Short、Minimal 

Area、MinStep

• DRC report、DRC visulization

• Clock Gate

• Power

• IR Drop

ü  iEVAL:  Wirelength, Density, Congestion
• Density: Macro, Std Cell, Pin

• Congestion: GlobalNet、RUDYNet、LUTRYDY、

• Wirelength: WLD, HPWL, P2P, Steiner, eGR, GR, DR

ü DB get:   Count Basic Data in DB

• Layout: Area, Utilization, Row

• Cell: Nums, Pins, Area, 

• Net: Nums, Fanout, Length

• Path: Nums, Depth

• Layer: Wire Density, Overflow



Multiple Data Analysis and Debug Methods

report

feature

                         GUI

                 Feature Chart

                                      Report                                       Log

Report Log

Chart GUI



Data Snapshot & Recovery

Data Snapshot

• Tool Process Data

• Result Data

• Algorithm Data

Data Recovery

• Tool Process Data

• Result Data

• Algorithm Data

PA RA GR TA DR outputinput

RA 
Data

GR 
Data

TA 
Data

DR 
Data

Recovery

1st iteration

2nd iteration

Init

PA 
Data

VR

VR 
Data

Run Time = 
2H

Run Time = 0

Snapshot

• iEDA adopts serialization and deserialization to achieve data snapshot and recovery: 



Feature Extraction

Basic Data Evaluation Data Feature Map



 Rich API and Documentation
C++ API Doc User Manual

Doc Link：https://gitee.com/ieda-ipd/iEDA/tree/master/docs
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Flow: Netlist -> GDSII 
ü Enabling the Physical Design Flow, 

ü Supporting Technologies: 110nm, 28nm, Open-source Technologies （Sky130, Nangate45）

Netlist/DEF

GDSII

Floorplan Fix Fanout Placement CTS Fix DRV

Fix Hold
/ Setup

RoutingCell Filler Placement 
Legalization

ECO

iEDA Physical Design Flow



Environment Config

Download and Compile iEDA （28nm）Library

ü TechLEF

ü Std Cell LEF

ü liberty

ü sdc

ü (spef)

Design

ü Netlist

PDK Design
Server

3rd Party

Environment

 Ubuntu 20.04.5 LTS

l Userguide: https://gitee.com/oscc-project/iEDA/blob/master/docs/user_guide/iEDA_user_guide.md



TCL Script



TCL Script

Flow Placement



Parameter Config
l Config



How to Run Netlist -> GDSII Flow by iEDA

./run_iEDA.py

.V         .gdsii



Report
ü  Statistics

• iFP

• iNO

• iPL

• iCTS

• iTO

• iRT

ü  Design rule 
violations

• iRT

ü  Evaluation
• Placement

• CTS

• Physical Incremental

• Routing

ü   Timing & Power
• Setup, Hold, Violations, Power

• Placement, CTS，Fix DRV，Fix Setup/Hold，Routing



Data Analysis

Instance number Net number Pin number

ü Floorplanning -> Routing, where #Inst 

increased by 8594, generated by the Fix 

Fanout, CTS, DRV, and Fix Setup/Hold.

ü In the Filler stage, 252361 Instances is added.

ü The total increase  #nets in backend physical 

design flow is 8324,  primarily contributed by 

netlist optimization and clock tree synthesis 

stages, which are 5140 and 3284, respectively.

ü Most of the nets consist of 2 pins and 3 pins.

ü The number of nets with excessive fanout 

(Pins in Net) was optimized in the NO stage, 

reducing from 2893 to 7.

ü In the CTS stage, 87 new clock nets with 

excessive fanout were generated (Pin 

Number > 32).



Example Design: ysyx-04-01
l RTL：ysyx(一生一芯)-04
l PDK：28nm
l Area：1.5mm × 1.5 mm
l Power：dynamic = 317mW，leakage = 29 mW
l Freq.：200MHz  
l Scale：>1.5M Gates
l Features：11 pipelines with cache，IP： UART、

VGA、PS/2、SPI、SDRAM、 2 PLLs，support Linux

Floorpl
an

PDN Placeme
nt

CTS Routing DRC



Example Design: from other users
l gcd & APU

gcd, skywater 130nm
Area：0.15mm × 0.15 mm

APU, skywater 130nm
Area：0.45mm × 0.45 mm



iEDA & OpenROAD
placement routing



Functional Shelf
l Level 1: Open-source tools, RTLs, PDKs  support chip design
l Level 2: Open-source Infrastructure supports EDA Tool and Algorithm development

iEDA Tools
iFP

Floorplan
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Power Deliver Net
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Clock Tree Syn
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Timing Opt
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Feature ManagerGUI TCL Python

ScriptsDataManager

Evaluation
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R & D EDA Tools or Algorithms

l Nesterov Method or Conjugate Gradient

l Assignment: please implement CG 
method by C++ or Python, and test it on 
“iEDA/iPL”, submit by PR to iEDA repo.

l Min Wirelength Model

l where � is cell location，� �  is wirelength，
�� �  is the area density in � ∈ �,   �0 is density thredhold.

min
�

    � � 
�. �.     �� � ≤ �0,   ∀� ∈ � 



iEDA Infra.: Evolution – System

Data Config

Interface

Function

GUI

Parameter

Shell/TCL/Python

Flow

file libs

log

report

Utility

test

string
iFP iPDN iTOiRT iPL
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AiEDA Flow API
Manager

Data and  Feature
Data 

Generation
Feature 

Gneration

Data 
Analysis Bechmark

iEDA Infra.: Evolution – Engine

Applica
tion

AiMP

RLFP

AiSTA

AiDRC

AiRT

…

Chip
Design Test Train

ing Infer Cloud Data 
Center

Cloud
Native

iEDA
Engine



• Conclusions
– The iEDA infrastructure
– Its features
– How to use to design chip from netlist to GDS

• Future works
– More Solvers
– High-performance
– More APIs

Conclusions and Future works

May 10-13, 2024 | Xi'an, China



iEDA Tutorial Agenda

l Part 0:  iEDA Overview (Xingquan Li)

l Part 1:  iEDA Infrastructure (Zengrong Huang)

l Part 2:  iPL: Placement Tool and Its Technology (Shijian Chen)

l Part 3:  iCTS: Clock Tree Synthesis Tool and Its Technologies (Weiguo Li)

l Part 4:  iRT:  Routing Tool and Its Technologies (Zhisheng Zeng)     

l Part 5:  iSTA: Static Timing Analysis Tool and Its Technologies (Simin Tao/He Liu）

l Part 6:  iPA: Power Analysis Tool and Its Technologies (Siming Tao)

    



Thanks
Xingquan Li

lixq01@pcl.ac.cn


