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System
Specifications

RTL-to-GDS Design Flow

e 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;

WakeR | rmdsk | BA

Package and Test

‘_

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

acc = -ml[ir[12:0]];
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Al-Aided Design (AAD)

» Al for IC: Exploring new methodologies for IC design to enhance chip
design quality and efficiency.
o Traditional IC design flow (RTL-to-GDS)

e Represent chip data using Al models (RTL-to-Vector), then use the representative information
to guide chip design (Vector-to-GDS).

Traditional IC L1: RTL-to-GDS
Flow '
Chip Design
Flow

A

Data I L4: Vector-to-GDS

Parser Representation
L2: RTL-tQ-Vector

Vector Al
Data Model

L3: Vector-to-Vector

Al for IC Flow




@ RTL-to-GDS (iEDA)

@ RTL-to-Vector (AIiEDA)

@ Vector-to-Vector (AIEDA-Models)
@ Vector-to-GDS (iPCL)



IEDA: RTL-to-GDS

e 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.

e 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

iEDA-module
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2025-01-10,5th Tapout

|Fi|e System [ Parser | [ Builder ]| [ Writer | [ Plotter ||

5 ¢ ‘ 14 tools, 200 technologies,
ape-outs :

P 1 EDA basic module 400,000 lines of code.
https://github.com/OSCC-Project/iEDA



IEDA Structure

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

iEDA Infra iEDA Tool (iPL) Algorithm
iEDA- [ Initial placer | |_Conjugate gradient |
O

perator | global placer | I Nesterov I

Solver

RTL . . GDS t alobal ol Quadratic program
Design (3 Chip Design Flow (3 Layout — |_post_global_placer | | |
: | legalizer | I Dynamic program I
ﬁ Level 1 i Evaluator I detail blacer I I MMSIM I
RTL |om| P8 |gb| pok i & — Sy

Tools Reporter | buffer inserter | I Min-cost |
ﬁ Level 2 i Sty __I___;ﬁ_ll_e_r:i?_s?it_e_r____l_ I Shortest path I
EDA Infrastructure — | checker | | Cluster |

iEDA-
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e To fast develop high-quality EDA tool, we need a Software Development

IEDA: Infrastructure

e IEDA can be used to support developing EDA tool or algorithm

IEDA-Interface

¢

e Infrastructure:
RTL ) 3 GDS
Design = Chip Design Flow = Layout
PDK 4} EDA Tools
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Interface| Python | | TCL | [ Shell | [ GUI |

Operator [ Evaluator | [ Solver [ [0 [P0 |
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IEDA-Module 1: Logic Synthesis -

e Logic Synthesis: converts a RTL into a circuit description, optimize performance power area (PPA)
e RTL-to-Netlist ( RTL J
3 tools: LogicFactory, iMap, iATPG. !

Logic Synthesis

i LogicFactory §<--| Logic Compiler | l

X o ChOOSG bOOI """"""""""""" [ Netlist ]
ﬁg -------- i «| representation i 1 Logic Optimization | y

representaton * L — 1 e 't{__Technology Map _| | L
L [ Logic _): i IATPG -1 ATPG | | v |_ .>,
Compile i | RS . optimize | ¢ ] v N
: i\; optimization \: bool circuit | 3 F v
N ’ [ v, ) v .
“““““ | = | [ i ¢
_________ | | . ST I z o
/ __mapping 7 I I Il o

| e / T Il : |

Netlist p Opﬁr’r:isza (_: Area Timing | | | v

tion 1 Size Depth : | v |
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IEDA-Tool: Technology Map (iIMAP) -

[ RTL ) e iMAP 1.0 includes Logic Optimization and Tech Mapping

Logics,l,nthesis Data format support: AIG->netlist
I | Logic Optimization operators
________ [ Logic Optimization | v Rewrite (NPN matching based on 4-input truth table)
{__Mep__ <[ L Technology Map | v Refactor (optimization based on SOP expression)
[ Nei'.ist ] v Balance (balance algorithm based on AND-tree)
— v LUT-opt (optimization based on FPGA tech mapping)
il ECL Technology Mapping for ASIC and FPGA
Translation
v
Un-optimized Internal AND:D— ORD_ NOT_|>O_
Representation
v Library
AG LI Logic Opiimization oo/o11/o 10/1 FSM A DTD—s E
itan;iz:rad Technology Mapping -l % -
iw_ and Optimization @ e. - B Cc
Gate-level 11/0 00/1,01/1,10/1 ) '
Netlis'
- zt)=c®)d'(t) +c'(Hz(t—1) m




IEDA-Tool: Auto Test Pattern Generation (iIATPG)

e iATPG: Implement the basic flow of test generation

Commands [ Interactive commands flow ] : H
) e Fault Simulation
ATPG T —— v Support scan pattern and functional pattern
[ buidorcut | __readpatterns | v Self-developed heuristic method
[_soan chain tracing | l\ [__togic simuiation | v CPU-based parallelism under NUMA architecture
Operators clock tracing fault simulation .
[ ) [ ) o Test Pattern Generation
[ add faults ] Utils . . . . .
: v Combinational netlist = combinational pattern
[ test generation ] [ Parser ]
. / - . q .
EE ([ mpaoupmt ) Full-scan netlist — basic scan pattern
4 v Partial-scan netlist — clock sequential pattern
Database Desi 4Gat iIATPG Commercial tool Fault Cover. Ratio
7 esign ates fault cover.| time(sec.) |# of patterns |fault cover.| time(sec.) |# of patterns | I(ATPG/Com. tool)
s15850 2,334 89.86% 1.08 91 92.41% 1.30 117 97.24%
s5378 3,061 93.70% 2.33 323 93.96% 2.20 197 99.73%
513207 4,388 90.00% 2.19 189 89.73% 1.90 96 100.30%
s38584 19,095 95.72% 24.60 727 95.81% 5.90 267 99.90%
- = e $35932 24,080 95.28% 5.85 128 95.13% 2.50 117 100.16%
Netlist Library ) STIL ) i Fault _. Test Patterns s38417 | 23,795 | 91.97% | 70.42 936 9543% | 17.70 264 96.37%
|____:___,'/ b21 30,042 90.96% 139.24 902 92.82% 255.80 854 97.99%
‘1’ A\ b22 45,152 86.41% 337.75 1,103 95.04% 836.90 1,146 90.92%
Read Build Build Fault Test b18 345,004 | 90.45% |12,958.18 | 5,886 97.21% | 1,425.90 1,572 93.05%
Netlist ™ Circuit mss) DRC mmm) list == Generation wh_conmax| 67,600 | 9437% | 239.49 1454 | 96.02% | 69.20 830 98.28%
des perf | 170,963 95.38% 532.32 409 92.33% 93.20 279 103.31%
vga led [ 176,025 | 98.47% |10,338.98 8,245 99.33% 147.40 3.456 99.13%

Fault Cover Ratio: 98%



Netlist

Module 2: Physical Design

Physical Design: converts a circuit description into a geometric description, optimize

PPA
Netlist-to-GDS

e 7 tools: INO, iFP, iPNP, iPL, iCTS, iTO, iRT.

1

Floorplan: ensure die
and core sizes, place 10s,
plan macros, plan PDN,
place physical cell.

Placement: place std
cell into legal position,

power and routability.

Placement

Floorplan

insert filler, opt timing,

H3

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

CTS

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

Routing
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Plan 10 cell

Place phy cell

e

PDN

Key
Metrics

DIE Area
DIE Utili

Core Area

Core Utili

#IO Pin

#Instance

#Net

Pin

PDN

IEDA-Tool: iFP (Floorplan)

1.5 x 1.5 mm~2

0.166554

1.16 x 1.15
cmA2

0.279541

110

297504

311869

pin (>=32) =
2893

M1, M2, M7,
M8, M9, AP




IEDA-Tool: Macro Placement (iMP)

® Al Macro Placement (iMP) : Combine traditional methods, prior knowledge, and Al, reduce iterations.

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

es Wirelength: 3893069319.500000

0.8 -

0.6 1

Heuristic: Analytical: Al:
Optimize Wirelength by SA Optimize Wirelength by Gradient Metric Prediction and Parameter Tuning

1st tapout: 28nm node 2nd tapout: 10M gates

28nm, 348 macrocells, 756,000 standard cells, 6.45M gates, «  28nm, 321 macrocells, 829,000 standard cells, 10.49M gates,
frequency: 800MHz, area: 6.49mm? frequency: 853MHz (commercial tool: 659MHz), area: 4.0*2.7mm

|
mm.m.lﬁ




IEDA-Tool: Power Network Plan (iPNP)

Interaction

s | | TCL | API
Synthesis Evaluator
[ add P/G net ] [ IR analysis ]
[ add VIA ] [ Congestion ]
Operators [ DRC clean ] [ Fast Placer ]
Optimizer Utils
| SA l | Parser l
| Template I | Input/Output I
| 4
|| T =) ] G
DEF/LEF; Template; Result DEF
\Z \Z
Read Synthesize PR
DEF/LEF =) o/g net B=) Optimization E=E)  Output

iPNP 1.0 Implement the basic flow of P/G net generation
Power Network Generation

v Set a series of P/G templates including width and pitch

v Synthesize the P/G net automatically according to
template

v Add VIA automatically

Power Network Optimization

v Balancing the IR drop and the Congestion
v Using Simulated Annealing algorithm

Fig3. Power Row

Fig1. Power Stripes

Fig2. Power VIA

Fig4. DRC Clean



IEDA-Tool: iPL (Placement) _

B Min Wirelength Model
mvin W (v)
s.t. pp(v) < po, Vb €B

Build PL data o } where v is cell location, W (v) is wirelength,
(grid/topo) : pp (V) is the area density in b € B, p, is density thredhold.
HPWL,, (v) = max|x, - x|
Init/global Hee
placement W(v) N .
LSE, = y(ln(gexp(j))+ ln(gexp(j)))
Post global
placement 1 1
D@) =35 ) DoY) =35 ) aixy)
Check/Legalization pPr(V) \Y -v;//)(x y) =—plx 1;E)V
n-yYxy) =0 (x,y)€OR

Detailed
placement

ffR p(x,y)=ffR Y(x,y) =0.

min  f(v) = W(@) + 2 Xyper Pp(V)

Filler Instace

 Nesterov Method or



IEDA-Tool: iPL (Placement) _

Key parameter config

Basic Summary
iFP.def, iFP.v

_ i Ef’ L

is max length opt Whet o enable max

= _'ength_op wirelength optimization
max_length_constraint set max wirelength constraint
e Cfioet] Whether to enable timing
is_timing_aware_mode opt
n ignore net whose pin
[BUFFER] Set the number of using max
max_buffer num buffer
[BUFFER] buffer_type Set available buffer name

[GP-Wirelength]
min_wirelength_force_ba Control wirelength range
r

[GP-Density]

target_density Set target density

[GP-Density] bin cnt x é?r: the number of horizontal
[GP-Density] bin cnt y gﬁf the number of vertical

.Wirelength
- i wl detail report.txt

) » £ summary
Generate ‘the report at 2023-08-15T15:

P < A meommonos o Total HPWL | 14402289 |

Max HPWL | 328905 |

Total STWL | 15057480 |

Max STWL | 512025 |

Utilization | ©.098599 LongNet HPWL (Exceed 1000000) Count | @

Site Num | 78 * 542

Instances Count | 795

- Macro Count | e

- stdcell count | 795 : ...Instance density
-- FlipFlop Count | 34
-- Clock Buffer Count | @
-- Normal Logic Count | 761
Nets Count | 675
- Signal Net Count | 674
- Clock Net Count

- Reset Net Count Clock Timing Info | Early WNS | Early TNS | Late WNS | Late TNS

o@inEP [ @me [[@ ] 000 4 Jecccoccoccccosocooaimoonnnanme e eneeeneeoom pRosesoseess Gpmosssooonss +

| 0.000000 | ©.000000 ..Timing

Build PL data
(grid/topo)

Base Info | value

Init/global
placement

Peak BinDensity | 1.000000 |

Post global
placement

\
+
[
\
\
\
\
\
[
[
\
\
[
[
\
[

Check/Legalization

Violation Info | value |
---------------------- bt
nge Violated Count | o
Row/Site Alignment Violated Count | @
Power Alignment Violated Count
Overlap Violated Count

Detailed
placement

|
: Average Congestion of Edges | ©.537355 ‘ c t.
| Total Overflow | 53.000000 | ongestion
Maximal Overflow | 18.000000 |
dommm oo domommmmeeen +

Filler Instace

[gligll:)al right padding Set instance spacing (/site) Design rule violation
=== violation detail report.txt

DP. . . .

[glol:])alirightipaddlng Set instance spacing (/site)

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




IEDA-Tool: iCTS (Clock Tree Synthesis) _

Timing Power Violation
« Latency (max delay) Buffering : i3 °+ Fanout

Wirelength + Capacitance

| 161.021

| 2255.200 « Slew (tranSitiOn)

— + | 9267.600

Inst Num | Min Skew Max Skew violation | | 11683.821
- --- - Max net length | 232.360 === =
.62388e-05 .0145301 .00105275 | Level | Inst Num | Min Slew | Avg Slew Violation |
. 000406356 0278176 00972537
0042316 0411625 .0190886 .0355823 0.0881141 0564704
00690457 0566811 .0323446 .0342527 0.0938317 0559007
0261657 0760005 .0524973 .0148774 ©.103097 0581444
0261657 0799602 .0623044 .00736284 | ©.102664 0516092
.0261657 .08 .0669329 .0175251 0.103516 0535373
.0603809 .08 .0743834 | 161.021 1 .0116574 0.0884235 .0402797
.08 . | 1347.840 .00706415 | ©.101609 0506611
.08 . | 3871.380 .015983 0.0220045 .0188449
0.0286678 927312
2.22507e-308

—-- - -+

Clock net gen

Clock net
routing

| 5380.241
Max net length | 161.021

Max Delay

Timing analysis
and opt

Inst Area
.0432362 .00143337 (um~2)

0518461 .0983796 0688073 R o5 o8oer/e-scet

3 T s 0007
-119261 174637 -145464 CKBD12BWP35P140 | Buffer 96.39 = .
.187633 .255905 .219663 5-000r/5.000F

CKBD16BWP35P140 | Buffer 22.176 x

.250207 .319777 .294133 ol I 20, 894 o.800r/0.800f
.324988 400232 .365337 Liren ; e evRT o
e e e CKBD24BWP35P140 | Buffer 254.016 o e o . .
500763 549807 522062 CKBD4BWP35P140 Buffer 954.324

G S BT CKBD6BWP35P140 Buffer 1280.29
608399 608399 608399 CKBD8BWP35P140 Buffer 122.472

0.800r/0.500f

s00f

INVD18UPAGP1AOLVT/T

| Fanout_buf_ae:1 o. . 8 BUFFDBBWP:



PA (pin access)

RA (resource
assignment)

GR (global
routing)

TA (track
assignment)

DR (detail
routing)

VR (violation
repair)

IEDA-Tool: iRT (Routing)

Optimization metrics: wirelength, timing, congestion, DRC
Optimization operations: Global routing: Track allocation: Detailed routing

Routing algorithms: Pattern routing, A* routing, Steiner tree, Non-linear
programming, Integer programming



Flow

PA (pin access)

RA (resource
assignment)

GR (global

TA (track
assignment)

DR (detail
routing)

VR (violation
19)

IEDA-Tool: iRT (Routing)

ra_model_1

500
- 400
- 300
-200

- 100

Layout resource/congestion

r_model_1
ar- - 1.0

(L

| Total

Pin Access

Routing Layer | Wire Length / um
M1

oint Number | 9774(0.117785%

%)

720(0.00867659%)
0(0%)

AP

0(0%)
595417(

.0134857%)
0.0076179%)

Resource Overflow

[0,0.1) 921387(
57544(5
51492(4

.11%)
222(0.02%)

Wirelength and via

[0.1,0.2)

56112(2
36741(1
[0.6,0.
[0.7,0.8
[0.8,0.9)
[0.9,1]

Filling Spacing

rallel Run Length Spacing

Design rule check



Module 3: Sign-off Analysis

e Evaluation, Analysis, Check, Verification

Timing, power, area, [

wirelength, congestion, skew, res, cap, slew, fanout, drc

(metal, cut, connection), ...

utilization, density, cells, nets, ...

OIE Aren ( un2 )
DIE Usage

enerate the report at 2
Cul_clk XC

[ R R

| brc summa

o

orcial

Instance

| Stage | iDB - iEDA Database
| Runtime | 0.000000 s
| 0.000000 MB

al EOL Sp:
al JogTod: d | Memmory
|
| Design Name | ged
| DEFSLEF Version | 5.8
| bBU | 1000

et Type [

Wire Length Report

+ -
| Wire-length Model | Total Length | Averd

i i

PHL | 11774379 | 1744
Loer | ot - e Loges | Bound2Bound | 13181660 | 19524
- o ;7 | Flute | 12888507 | 19094

H
s - Lo B
=

overflow Edge num after earlyGlobal

Total overflow is : 3444

==

Suamary - Pin Distributs
Pin Nosbr | Nt usber | Vot Ratio | Instane tance Ratio

ey

Clock: CLK_diva_peri
| Clock Pin

oc_top/u0_nicdo0_bus/u

enerate the report at 2023-64-24716:58:01

Endpoint | Clock Group | Detay Type | Path Delay | Path

doath/a_reg/ 146
Ubrary hald tine

clock reconvergence pessiisn
data require tine

data arrival tine

stack (¥ET)

28719:10:49

wr_ptr_gry/out 2
ptr_gry/u ap
wr_ptr_gry/out_as| e PLABLVT

gry/u_cdc_capt_sync ptr reg 1BWP4OPL4OLVT)

DIBNPAOP14OLVT)

ore/u_ib_ni
peri/u_ib,nic
ore/u_ib_nic460_axis _ow_fifo_wr/u_ wr_ptr_ory
per el /s tr_9ry/uq congestion Report

| Grid Bin Size

84 * 573
e |
addr._req_8_0-:CP (DFODIG)
70 2w, fifo = ¢ (oFof | Instance Density Rang
axidfrag/deq_1/ran_addr._ :CP (DFODI +
ink_ib_s/u_aw_fifo_wr/Fif T4_:c (DFO | 0.95 ~ 1

Vran addc 1508 QDI | o’00 __a'0s

ink

enerate the report at 202

Net / InstPin XTranTine

|
osc_25m_out_pad | |
0_cl:XOUT | 5.000r/5.000 | 242.114r/9, 124r/-4.550f | POXOEDG_V_G/X0UT
t_pad | |
ek |
fanout_net 1 |
fanout buf 1:2 |

114r/-4.550f

|
|
|
[
| PDXOEDG_V_G/)
|

|

0r/0.057 BUFFDBBNP30PLOLVT/Z |

ate the report at 2

Net / TnstPin
u0_soc_top spi_top/shift
op/u) pi_top/shift/U
u0soc_top/u spi_top/shift/n337
w0 soc_top

 u0s
| uos

Generate the report at 2
Report : Averaged Power

ance | Resistance | Transid
jo.00 |00

| combinational | 1.

| sequential |

-

Net Suitch Power

Cell Internal Power

Cell Leakage Power 1.184e-67 (21,422
Total Power

—_ e L

A

IR Drop

)
v 1R .
> |
v v , ,
| — ol i
v . .
F |
Analysis v
| RC Extraction | * |‘ > i
Static Timing Analysis | |' "i i
v
Power Analysis | |' *i |
v
il
v

Physical Verification

]

Design Rule Check

Electronic Rule Check

@

Jle




IEDA-Tool: iDRC (Design Rule Check) _

T

| violation_type incorrect_
Flow o BE28nmIZHEEMM R
cut_eol_spacing

® *u ﬁﬂIEC a I i b rex\j tb differentilayericuiizgzgi:;

enclosure_edge

Emmu;ﬁmrgzgﬂ . 92.8% enclosure_parallel

end_of_line_spacing

Divide region

FEMNRE N HEREERR]: 97% “:;:E;zgggg

min_step 55510
minimum_area 258642

® ZiFHIDRCHIMRES e wing | 152

« Cut Different Layer Spacing " o ger et Spacing
Read rule - Cut EOL Spacing
« Cut Enclosure

« Cut EnclosureEdge

Width rule a

- Cut Spacing Top view Exenson roe
- Metal Corner Filling Spacing , *ﬁ, Enciosure ol e
Generate DRC « Metal EOL Spacing o4 _— Side view

« Metal JogToJog Spacing o
« Metal Notch Spacing

Report DRC « Metal Parallel Run Length
Spacing
W « Metal Short
« MinHole
«  MinStep

«  Minimal Area



IEDA-Tool: iSTA (Static Timing Analysis)

FLow

Build timing graph

T
Read timing lib
v

Calculate delay
(cell and net)

Timing path
propogation

Timing analysis
and r2port

Support hierarchy netlist
and def

Basic setup/hold analysis
Support NLDM/EImore
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

Path delay

Tcomb
0/1 D ,,Q D Q
FP‘i - data path FF2
Trr1 7 Teapeg
clk , T cllf
7 FF2 —*
4 bufl- - -

Clock 1~ —|™ — — " clock path

source-- — — — — — b—_ P

buf2

TFF1 + Tclk—q + Tcomb + Tsetup - TFFZ —-T= Ticlléik =0 Setup Constraint

Tep1 +Teik—q + Teomb — Thota —Trr2 =T

Comparison-iSTA_PT

early
slack =0

Hold Constraint

f
J

.

pt/ista ratio

Path id

WA M A A

I AP S
o variance :

= median 1.107

MMWMWWMW maximum 1.5404
“In A »g'w'”"‘f-\l N»;‘»i-h\,/q'v'u‘ ‘W ‘""W"A}'Nﬁ.“’V‘*“"f"“v*“hw‘\ r‘“‘»«ﬂ-“ ‘&»‘vfw*,v"‘w'my,«,&;\/w"‘v\urw J”m4|““”w“\“~ﬁr‘ﬂ\|ﬁs'\}‘ j} \‘ ",Ar-s.«”"v‘\\”wf\w’u“w‘\wﬁ"y"v“ﬂ‘MJ"‘JMM,’N"\J‘Q ;'Ji\ f"‘~'v~.3‘\w'»;’mf‘M"\f«‘”’w I minimum 0.9035



Electronical
Evaluation

analysis

Opt vio path

Legal cell
location

IEDA-Tool: iTO (Timing Optimization)

Key pa eter config
m iPL.def, iCTS.def

iTO_setup_result.def,
iTO_hold reslut.def

setup _slack
_margin

hold slack
margin

setup slack value

hold slack value

max_buffer

percent Area ratio of inserted buffer

maxiutiza Core utilization
tion

DRV insert . .
_buffers Available buffer for optimizing DRV
setup inser

t buffers Available buffer for optimizing setup

hold insert

o 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

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

rebuffer m
ax_fanout

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

split_load
min_fano

DRV report

path

] (GRS
Found
Found
Found @ fanout violations.
Found @ long wires.
Be ViolationFix |
The 1th check

After ViolationFix | slew_vio
The 2th check

After ViolationFix |

lew_vio: 3 cap_vio: 11 fano
cap_vio: [ fanout_vio:
ew_vio: [ cap_vio:

12 nets.

Inserted 10 hold buffel

Worst Hold Path Launch : u@_soc_top/u@_sdram_axi/u_core/sample_data®_q_reg 8 :
Worst Hold Path Capture: u@_soc_top/u@_sdram_ax mple_data_q_reg_8_

The 1-th timing <.
hold sla . 5
olations. There are still 16 e

able to repair all hold h hold violation.

utilization reached.

-0.028571
-0.106129

-1.27825
-0.042802

ue_pll_FOUTPOSTDIV

Hold report

CLK_div3_h
CLK_div4_

CLK_u®_clk_
CLK_u®_pll_FOUTPOSTDIV

©

(_ul

1k

Fix timing design rule
violation

o Max cap/Max slew/Max
wirelength/Max fanout

Fix hold time

Fix setup time

Cell sizing

Buffer Insertion
Load Insertion
Buffer/load location

Hold Wi

«_clk_pad_PAD
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IEDA-Tool: iPA (Power Analysis)

“ | cases | iPA total power | Innovus total power | deviation |
aes_cipher_top 22.22mW 23.74mW 6.4%

buildGraph Build iPW graph data gcd 0.38mW 0.37mW 3.6%
structure uart 0.51mW 0.49mW 3.9%
ERECD Parse the VCD file Generate the report at 2023-05-@6T09:54:06
. . . . Report : Averaged Power
Read tlmlng Ilb bUIIdsquraph Build tlmlng Subgraph e P R R E e T T e T Fommmmmm oo Fommmmmmm oo B it +
| Power Group - | Internal Power | Switch Power | Leakage Power | Total Power | (%)
. . . . B T Fommmm e Fommmmm e T Fommmm e Fommmm e +
il checkPipelineLoop Detect Pipeline loop | combinational | 1.064e-07 | 5.063e-09 | 3.079e-08 | 1.422e-07 | (27.595%) |
Build power . | sequential | 2.862e-07 | 7.337e-09 | 7.963e-08 | 3.732e-07 | (72.405%) |
graph levelizeSeqGraph  Grade timing subgraph ;tsthp" """" 1249@;(24%/) """ Gmmmmssosmsmseas fmemmmassmos=s fmmmmmammaas =
e W1tTC ower . (== . 3
propagateToggIeSP Cell Internal Power 3.926e-07 (76.173%)
Cell Leakage Power 1.104e-07 (21.422%)
Data mark Propagate Toggle and SP Total Power == 5.154e-07
Calculate Toggle data on the graph
Toggle and SP calcLeakagePower gg'vcvz'rate the leakage e Evaluate power before / during / after

Propagation

the physical design process

calcinternalPower  c3jcylate internal power
Calculate and calcSwitchPower o Average model
report power Calculate switching power L . .
e Timing window (coming soon)
lyzeG P
?na yzelrouprowe Analyze power data PY VCD pa rser

reportPower Output power report ° Report/API




IEDA-Tool: IR Drop Analysis (ilR)

Comman -
ds ] [ Interactive TCL/Python }
iIR I Solver
[ build pg topo from LU Solver ]'
spef or def pg net
~ [ CG Solver ]
(" build current
Operators vector with power
L data
Utils
(—construct equation P
according L arser J
[ Report ]
/4
- N = R ——
power db
] [_SPEF_|
IR drop and Ratio
0.25
0.2 sl
0.15
0.1
0.05
0
aes_core aes ged s44 picorv32
= iR 0.223753 0.198029 0.001969 0.001137 0.141024

B RedHawk
ratio(ilR/redhawk)

0.1836
1.21

0.2126
0.94

0.0019
1.04

0.0014
0.82

0.1551
0.91

e ilR: analyze the IR drop of the chip.

CooooRrRPREE
NBOO N

Feature

v 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 iR as a IR engine.

v 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.

v 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.

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

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



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

Design
#Cells  #Nets  #Wires

o We test 30 cases with instance num 135 ~ 1,173,610 o h i

Circuits

s44 178
apb4_rng 195 204 2230
. . . . ged 297 270 3733
o Compare with innovus, we achieve following frequnece result = & % =
7 51488 380 325 6422
apb4_arch 392 381 5122
apb4_ps2 515 497 6542
59234 657 585 8592
apb4_timer 721 689 8960
s13207 727 647 8182
apb4_i2c 790 727 10248
Sugested Frequence Sugested Frequence 55378 881 774 12422
apb4_pwm 974 889 13596
2000 18 2000 n 1.6 apb4_wdg 1029 945 13889
1800 M 16 1800 apb4_clint 1069 1004 13634
1600 s I 1600 s 4 asIC 1228 796 10737
p / 14 N 12 515850 2088 1926 27941
1400 \ -

1200 \

1000
800
600
400
200
0

U

7023 6586 97771

~¢
A\ /\ A 12 1400 / e \ ‘ apbd_uart 5981 5606 83268
\ — \ / A g ] 1200 A \ . 1 538417 6028 5573 85054
\/ 1000 ) 08 $35932 6375 5837 81158
> \ 08 * A / 538584

\ == 1
' 06 800 / 06 BM62 9358 9510 132076
! ’ 600 04 picorv32 9430 9077 136455
| 0.4 400 - PPU 9547 8895 140136
I]] |]] 02 200 I]]I]] [[I [[I . 02 blabla 15154 15672 216427
aes_core 17940 17371 310215
- 0 == ——=—==0 aes 19181 18117 325550
& ®

@ O AL £ 0 OR D DD DD A PR o O A& s L&A XD DA o Q@ oA A ok D BV N 1sa20 21270 20432 291172
Q’zc, ¢ &1 L LSS N S I IS E S IS I B 8 ¥ S OSSO S SO TR F TP S PSR Jpeg 27671 29160 366397
A Ry ,onob‘ > &“;}&D QQV" S & ° S O & FPR qfe"%&“ N RAI R ° o T T FE eth_top 42279 38552 646875
& v 3 & ? YN yadan 63514 31280 483369

Clinnovus [—JiEDA —e—iEDA/Innovus C—JInnovus [—=1iEDA —e— iEDA/Innovus ZE&‘S‘“ ;{léggf; ;g?g;‘g i(‘)?&*gg
D

nvdla 289344 226974 3708427

7JuC 348085 323195 4880442

iEDA23 368147 335112 5132004

ysyx4S2 494962 449847 6967779

C S beihai2 582645 393308 5491501
POSt T POSt ROUte I\?I\lfll’al 7422)I() 535618 9980714

AIMP2 816677 560525 9133333
ysyx6 1090820 1029515 15486068
wukong 1102663 1032718 15653639

(1) 0 ysyx4l 1123368 1105564 18248292

1 08 89 0 95 40 / ysyx42 1173610 1147953 17416249
= . (1] T1 1262053 1227098 18769036

T1_mach 2222669 2162147 33115508

nanhu-G 2793215 2646672 42524007

openC910 3282828 2948743 52259408
T1_sand 4816399 4728816 79050737

Total 23.26M 21.47M 347.15M




iIEDA Docs and Videos

IEDA Readme:
o https://gitee.com/oscc-project/iEDA

IEDA Userguide:
o https://ieda.oscc.cc/tools/ieda-platform/guide.html

IEDA install, compile, run videos:
o https://www.bilibili.com/video/BV1mp4y1P7C7/?spm id from=333.999.0.0

RTL-to-GDS videos base iEDA’ s python APIs
o https://www.bilibili.com/video/BV1Brm8YVEaY/?spm id from=333.999.0.08vd source=2ac617c2

41afd7f9774b0add4e647179
o 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

Logical Consistency Boolean Circuit Skeleton (TCAD-25)iEDA

« The skeletal graph has a more accurate critical path. « K = 4, the accuracy of timing prediction increases by 55%

« Liwei Ni,et. al. BoolSkeleton: Boolean Network Skeletonization via Homogeneous Pattern Reduction, TCAD, 2025

IEDA Research

Differentiable Conegestion Placement (DAC-25)iEDA

o Differentiable Net-Moving and Local Congestion Mitigation
| (
i

o N [ T —

Congestion occurrence

e i

m

Assign a direction for each congestion grid along net

+Wenchao Li.et.al, Diferentiable Net-Moving and Local Congeston Mitigation for Routability-Driven Global Placement,In Proc. DAC, 2025

Logical Consistency Boolean Circuit Skeleton (TCAD-25)iEDA

« Boolean Network Skel via H Pattern Reduction
Motivation and Framework A demo about reducing DAG size
« What are the effective information on the circuit? « Only keep the node with in-degree >= K
s 1 oo o

Y X

11 il A
human sekeleton circuit sekeleton

The Reduction operator preserves both the reachability relations
and topological order of the remaining nodes in the Boolean
dependency graph G. Additionall, this preserved reachabiliy
ensures the original fanout propagation across the iransitive
Jfanin (TF]) and fanout (TFO) cones of the reduced node.

Depth reduction

+_Livvi Ni. et . BoolSkeloton: Boolean Network Skele via Homogencous Pattern Reduction, TCAD; 2025.

- Fusin Huang ol

Opt Timing by Concurrent Clock and Data Net (DAC-25)EDA

o CCOPT: Optimize Timing by Concurrent Clock Net and Data Net
« Iterative graph search to reduce search time

0 e

+ Shijian Chen, et al., A Fast, with Dynamic Sequential Graph & In Proc. DAC, 2025

iCTS: Iterative and Hierarchical CTS With SLL-Tree JEDA

o Objective: Skew, Load Capacitance, Latency (Delay)
™

. Given ase of pinsand a sl posiive mumber
A g e e i ’
i max{MD(s)
® ﬂ L
% 860 8155010 4% £ods A J, *

Jor an SLLT, it is not possible to simulancously sarify o <
Theandn<1+e

wmin SR 2,55
1,58) < akew_bound

* Weiguoli et oL CTS: i, TCAD, 2028

Timing Driven Steiner Tree (TCAD-24) iEDA

Fig. 2. () lnial e 7. (5) Optimized rce 7. There are several nodes on Fig 3. (0 Il tee 7. () Optinizd e T Thee are severl nodes on
G e dottd fines, and there are subirees rooted a these nodes the doted Tines, and others ar subirces rooted a thse nodes.

o (a) ERT: Length = 756770, Path = 78393, Elmore delay = 1.199;
bad lengthx o (b) SERT: Length = 424270, Path = 72542, Elmore delay = 0.986;
good timing e (c) SALT: Length = 342180, Path = 71858, Elmore delay = 0.951;
o (d) Our: Length = 348650, Path = 71858, Elmore delay = 0.877.
I - - - L.
} I good length
[[[7] bad timingx

-k 4 L L
@ ) © C]

- VeiguoLi st ol T T I Proc DAC 2024

+Hongxi Wu, et al, Delay-Driven Rectlinear Stsiner Tree Consiruction, TCAD, 2024

Orientation and Aspect Ratio aware MP (ICCAD-23) JiEDA

« Differential Orientation (9) and W/H Aspect Ratio(w)

min LSE(V) + AN(V)
min WL(V) st A R '
st overflow < toy 2

ViieV
Vo eV

Vo€ V

Tk = i + Torw; coSB; — Yorhisinb;
Y = i + Torw, sinb; + Yorhi cos i,

ag = Y Arealby 0 v)6iR)

3 Area(b,anu (k)

-

OLSE(V) _ OLSE(V) 9m | OLSE:
e T 5

o

Floorpanning Resut

A>3
iCTS: Iterative and Hierarchical CTS With SLL-Tree JiEDA
« Objective: Skew, Load Capacitance, Latency (Delay) [ ?_ H
«  PL(s), the path length from the source —jEl H
+ MD(s), the Manhattan distance from the source —l—D L o
= WL(T), the total wirelength of clock tree T pe o ° )
« WL(Trre), the wirelength of Steiner (FLUTE) tree -6
PLs) wL) max (PL(s))
mex Gingsy) ™! [ormal -t
«  Definition 1: (@ B) - SLT" Latency v Capcitance v Skew V
o Forshallownessa = max ‘)ana‘//ghme;;/f:%,
an @) - SLT, wherew > a1, andf = > 1 i s i ol T

o Definition 2: Skewnessy

maxPL))

« ForaSteiner tree, the skewnessy =

o Definition 3: (a,B,7) - SLLT
« A -rectilinear Steiner tree with shallowness « <, lightness
B <P, and skewnessy <, is denoted as (a,,y) — SLLT

- WeimoLi et ol TS Tiee, TCAD,
- v T, P

Net Resource Allocation (DAC-24) iEDA

« Net Resource Allocation:
« address congestion between nets caused by traditional sequential routing.

| resource allocation result 1
ol J—< [FEORIE
. of L e o b o T E
- reult2 Global Routing Track Assignment Detailed Routing
DA 2024 Resource Allocation Synopsys, 2002
+ Zhisheng Zeng .o, N Desiable Il R ep.In Pore DAC, 2024,




@ RTL-to-GDS (iEDA)

@ RTL-to-Vector (AIEDA)

@ Vector-to-Vector (AIEDA-Models)
@ Vector-to-GDS (iPCL)



EDA + Data + Al (EDA)

New foundation for Al-for-IC design (vectorized data and Al-EDA library)

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

from aieda import feature, workspace
from workspace.path import WorkspacePath

Traditional IC L1: RTL-to-GDS
Flow !

Mhiow
Flow
i L
Data I A .
Representation Ld: Vector-to-GDS

-Vector|

def vectorize data(ws_dir, tool, level):

urePath (ws.feature_dir)

dFeat.

bl 'IdF‘Far\ rePatch(ws.feature_dir)

L2: RTL-t

ine "

feat.buildFeature (ws.feature_dir)

iyl

Al for IC Flow 5_71 numn

L3: Vector-to-Vector
or:_Tomd Chart Scattar Plot_ReoiEiiion
A SSARSS Sovon] [ g | [wrem, | [vaiss, | [ s, || anae. | [ ttee, | [ o] [oogeresen]
Service l mrEE || mrem || Trxem || goeem || Usence®
________ e oespoempspoeepsposeepepespepeyespepey= SN R B
l eIt 5|8
= Ay | | sgmes | [ SREen | [SEans
Al i ETHEA TS EARE FritaE :
: Iﬂs&_ﬁ?\ﬁ
i Data ScEERSE SRR HTERGE
------- o """""""""f""""""""""'""";“Sz"
by S HIZITBIMECADRS =
= I _—
Library A | roxTze | [emsnos | | sswetes | | menes | =
E =4
| B =
B EPDAT Eik{4% 1
Functlona\ Physical Schematic Layout Device Layout Design
EDA ves Virison || ammovs ||| feie, || e | Qs | oS ||| ol
Software [ W H TR BHGA TR SEHTE FPGATE
PAN
| FOETERL |
Hardware | =F5 | ] BRI |
1 | BT EIERTE |




AIiEDA : Data Transformer

e AIEDA (Al-Aided Design Library):

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

Application m I”M || k: i
Visualization, P e Mt LlL] UN— & e d
Benchmark, Statistical Map Bar Trend Scatter Regression Learning
Machine Learning ﬁ Vector Data
V?Ctor/ Layout Circuit Text Net Node Path Map Config Description
Matrix/Tensor Tensor Graph Vector Vector Vector Matrix Tensor Vector Vector
.vec db, pandas, ...
vee o b = Feature Data
Structured Formats = — = — J
. . \ Design Statistics J_u Intermediate Dataj_u { Performance J_u Parameter Settingsll
json, .csv, xls, jsonl, h5, R R ~ Metriecs e
b, .. — ~Foundation Data
Design Files - I R — S — - [ —
g,V (Rethisty, ‘ ~ Library ‘ ’ EDA Togljﬂ‘ ‘ Configuration ‘ [%w” Parameters \
spice .def, lef, .lib, .gds, . - - - -
xml, .brd... - = Raw Data
Chip Input —_ : I —
VRTL); v, seals ’ - Chip Input - - ‘

(chisel), .cdl, fir ...

I Chip Input = Raw Data = Foundation Data = Feature Data = Vector Data I



File Formats and Formation

e Involving File Formats e Main Storage Information
Input Text Description
.(s;);;rrr; Sz:etlee tPtllir;rsl)er model file), .xml, .csv Circuit Netlist
ixchange Foriat) b cueiog Moyl verlog Layout Geometry
o Physical Library

.cdl (circuit description language), .spice
(simulation netlist), .0a (OpenAccess database)

.spef, .spf (detailed parasitic files), .vcd (value

change dump) T eXt
Jef, .def, .sdc . .
Description

Circuit Netlist

.xml (thermal parameters), .csv (thermal boundary

conditions)
.sdg, .lib, .spef @

.gds, .lef, .rule (DRC rules)

Geometry

.brd (board file), .xml (design settings) P hySICa I LI b ra ry Layout

.brd, .dra (design file), .pcb
Likely .db or .0a (under development, format not
finalized)




AIiEDA: Design-to-Data-to-Analysis _

Run Chip Design Flow = Decompose and Convert Data = Analyze and Report ReSt-

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

Physical Design Workspace Vectorization Tasks
def runPlace(tool): Speciﬁc
if tool == DREAMPlace:
- e . N runDREAMPlace()
Floorplanning elif tool == iEDA: Output Design
‘ Tools Flow runiPL() (For each flow) Feature . .
\ —T% APIs elif tool = Innovus: Result: .def/.v —> Netlist Wires Prediction
Report: . 1log/.rpt & Net
- ) . N Feature:. json/.csv Design Vias
% acemen ‘ @ef runCTS(tool) J T ) &
2 TOOIS ) . —> Layout Polyg()ns Path
o) B l - : Patches Feature ﬁ = ( Generation
ﬁ - ~ defjrunE\'al(step): Conﬁg > PrO(}eSS Patch
" Clock Tree lf“epujl: Pl\“[“e; ) Path: LEF/DEF/LIB | ¢ Engines Fatcm
o v . eva. acelVlietricsi L3 . eature
2 Svnthesis Tools . T Tool: iEDA/Innovus [ Map to Vector (e.g., Matrix ) ]
= \_ Y elif step == cts: Step: Place/CTS/Route ’ ;
g evalCTSMetrics() /W
. elif step = route: e . Optimization
< Routing Feature i [ Shape to Vector (e.g., Point Cloud ) ] Feature DDD P
APIs Yy
%\ Tools ‘ def runDRC{tool): ) General
h . if tool == iDRC: Scppts [ RTL to Vector (e.g., Sequential tokens) ]
) runIDRCY() Ma“jl . tCl
a Final - . elif tool == innovus: Definition.tcl Visual
\ D 1qa ‘ runInnovusDRC() [ ] Engine
— esign  /

80




Run Chip Design Flow

o Commercial flow: Call commercial EDA tool, python -> TCL

It can generate config parametersin Json

Using python to generate TCL scripts based on Json config.

e Open-source flow: Extend python APl on Open-source EDA tools

from ai_infra.data_manager.data_manager import DataManager

from ai_infra.operation.script_gen.module.gen_definition import GenerateTcl
from ai_infra.operation.script_gen.module.gen_main import GenerateTCLMain

class GenerateTCL:
"""gernerate all TCL scripts
def __init_ (self):
pass

nnn

def generate_tcl_main(self, data_manager : DataManager):
"""generate tcl main
tcl_main = GenerateTCLMain(data_manager)
tcl_main.save_json()

nnn

def generate_tcl_definition(self, data_manager : DataManager):

nun nun

generate tcl definition
tcl_definition = GenerateTclDefiniton(data_manager)
tcl_definition.save_json()

& flow
O CTS:td
[ dataOut copy.tcl
[0 dataOut.tcl
O drc.tcl !
[ floorplan.tcl /

7

0 fpttcl K
1
O generate_ccopt_’Spec.th
1
[0 generate_cts_rpt.tcl
17
0 generate_rpb’tcl
17
1
0 initialize.tcl
\\
[ place.tcl AN
N
\
[ place_noOPT.tcl v
[0 prePlace.tcl \

0 route.tcl

0 set_mmmc.tcl

E
AL
# initialize

# create directory

if {![file isdirectory ${WORKSPACE_OUTPUT}/innovus/DB/${VERSION}]} {
#file mkdir ${WORKSPACE_OUTPUT}/innovus/DB/${VERSION}

}

# specify tech lef and ref lef

set init_lef_file " \
$project_config(technology,tlef,[dict get $project_config(design,track) $DESIGN])
$project_config(physical,lef,[dict get $project_config(design,track) $DESIGN]) \
$project_config(physical,lef,memory) \
$project_config(physical,lef,ipio) \

# specify verilog
set init_verilog $VERILOG_INPUT_PATH

# specify multi mode multi corner
set init_mmmc_file ${SRC_SCRIPT}/${EDA_TOOL}/flow/set_mmmc.tcl

set init_pwr_net "vDD"

set init_gnd_net "vss"

set enc_source_verbose @
set init_remove_assigns 1
set init_design_uniquify 1

init_design




Data Genration and Feature Extraction

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

i 3 > dreamplace  innovus
from aieda.workspace import workspace_create oA > bB
. . > data > feature
from aieda.flows import RunFlow S
from aieda.data import RunFeature > s © resut
? gitkeep

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": N—— > feature
flow = RunFlow.runPL(ws, tool) ; ngtp
feat = RunFeature.pl(ws, tool) g £ gcd CTsdefgz

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

. o 2.0
feat = RunFeature.cts(ws, tool) . £ ged ffanoutdefgz o- gr.model 1 0
n 3 ", = - £ ged_fixFanoutv.gz & 15
case "routing": egalization cd floorplan def g 4 5 : i
flow = RunFlow.runRT(ws, tool) y— iy 1 ; 98 (=2 -10
feat = RunFeature.rt(ws, tool) e B ] : os
. Y legalization.v.gz X s
case . 5 cd_optDrv.def.gz - ° B
flow = RunFlow.run(ws, tool) e optDrv gz - il ‘ 00
feat = RunFeature.flow(ws, tool) : j"::j‘ 2 . ! [ B e
£ ged_optHold.v.gz 4
return result ;::cdjpice.def; e
con -02 e = ! ¢ L 10
-1.5

£ ged_routev.gz IR -0.0




Floorplan

Feature Comparison (Innovus & iEDA)

S)Insay SnAouu|

Placement

Innovus

CTS
Innovus

Placemen
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t
IEDA

CTS
iEDA




Design Decomposition

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

B oa] & nelP s R Al
g MR |
-1 ]

Design | =

Netlist |«

v
-
Q

<
(e)
[
=3

Block Netlist /

Path Net =

| | — /l e Row
:

Wire Polygon




o Design-to-Vector
o RTL-to-Vector, Layout-to-Vector, Map-to-Vector, Net-to-Vector, Shape-to-Vector

module data_register (
input clk,
input [3:0] data_in,
output reg [3:0] data_out

always @(posedge clk) begin
data_out <= data_in;
end
endmodule

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

RTL code

LT TP

Metric map

SO~ b U1 O

.
CWUTWN O e

= O

Design Transformer

[(INT, AND1_A), (AND1 Z, INV1_l), (INV1 O, FF1 D), —':’: = e 0000
(FF1.Q, FF2.Q, ORT_A), (OR1 Z, OUT), ..... ] O - 0
— — 0 0
AND1 INV1 FF1 — : 0 0 O
INT — - | 0 0 O
B g o —
" ouT ' 1 - - = - s
¥ . 7 - ; 3
IN2 = D Qq L — - T - .2 -
FF2 i » - -
k= 1p-° CLK P R R— 4 P e—
Circuit graph Layout image
01 2 0 | s /_.
4 3 3 1 net V= oy
0 0 072 - 7 . =
6 4 0| 1 . Tooey, |
2 5 0 0 lﬁ npfz L i’
8 7 0 .Q- é //I-; ; I \LZ AL LA L LA LT L LA
4 2 0 g -
00 0

Net

Wire & Via

Polygon & Polyhedron

o
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Gneration, Decompostion, Transformation

N

Generation )

source,
cooperation

Function:

CPU, GPU,
DSP. AVS, e
AI\ IO\ u,c’\ ic light)
Network,

design circuit

R&D, open-
+ ) 1 )

foundation
data

structure
data

feature
data

Spec

EDA tool and IC design flow

EDA

vector
database

Decomposition >

Transformation >

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)

+ patchs
{} patch_0json
{} patch_1json

{} patch_11json
{} patch_12json

{} patch_31json

l Patch (Region) ‘

\
1

‘ Wire & Via ‘ | Polygon ‘

tch

wire instance layer

netlist path | net
different level foundation data and feature data




Data Vectorization _

e iDATA: includes source data, foundation data, feature data, vectorized data

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

Circuits Design Net Path Patch
#Cells #Nets #Pins #Wires #Files Size #Files Size #Files Size *'a' meaning that the synthesized netlist is used area effort strategy. *'congestion_best' meaning the place def is the best one with the lowest congestion.
713 135 125 345 1426 121 890K 56 676K 324 T - - Ao , . ' . : - . .
o e 128 301 2008 128 1AIM 128 58K i *'b" meaning that the synthesized netlist is used to ppa balance strategy. *'congestion_worst' meaning the place def is the worst one with the highest congestion.
mg 195 204 581 2230 169 1.39M 132 1.29M 441 I ; - Ao — ' ) : : : ,
g b 70 B Fed 27 25N i TR 5 *'n' meaning that the synthesized netlist is used to no optimize strategy. *'HPWL_best' meaning the place def is the best one with the lowest HPWL.
51238 349 290 1050 4998 200 3.00M 24 284K 576 o' ing : ieti o ' i f ; ;
7 5% s b by s by 54 ik g p' meaning that the synthesized netlist is used to power effort strategy. HPWL_worst' meaning the place def is the worst one with the highest HPWL.
arch 392 381 1232 5122 346 3.19M 304 1.45M 841 o ; : ot .
ot b i i P oS By s S L t' meaning that the synthesized netlist is used to timing effort strategy.
59234 657 585 1981 8592 577 5.24M 456 5.36M 1225
timer 721 689 2239 8960 653 5.65M 332 451M 1521
513207 727 647 2107 8182 636 5.07M 744 5.03M 1600
i2e 790 727 2449 10248 676 637M 568 9.10M 1521
55378 881 774 2628 12422 774 7.62M 564 6.60M 1600 0
pwm 974 889 3162 1359 838 8.36M 480 4.66M 1936 S
wdg 1029 945 3245 13889 910 8.58M 456 7.60M 1936 D aes_a place.def.gz
clint 1069 1004 3241 13634 969 8.43M 524 7.63M 1936
ASIC 1228 796 2748 10737 796 6.82M 76 660K 121
515850 2088 1926 6639 27941 1925 17.33M 1724 21.00M 4225 [0 aes_a_place.v.gz @ sa b
uart 5981 5606 20021 83268 5555 53.45M 4652 99.96M 11449
6028 5573 20185 85054 5573 53.30M 5764 113.04M 12544 aes.v @ safe
6375 5837 19396 81158 5837 52.02M 6912 33.66M 14161 * e
7023 6586 22839 97771 6585 61.5IM 916 6276M 12100 O aes_a_place HPWL_best.def.gz © b ute_HPWL_best.def
9358 9510 30285 132076 9510 85.63M 5164 183.90M 16641
picorv32 9430 9077 30600 136455 9010 87.75M 6560 177.09M 21316 aes av
PPU 9547 8895 33510 140136 8895 90.05M 9552 164.43M 20164 = ] aes_a_place_HPWL_best.v.gz D ute_HPWL_best.V v Safe
blabla 15154 15672 47516 216427 15671 144.32M 4396 230.33M 24649 252.01M /'
ges.care. 17940 17371 6620 1021 12371 202 32M 9876 623.39M 32041 3LL46M,7
acs 19181 18117 70455 325550 18117 212.03M 11940 623.84M 36100 32391
. 42 32 20447 2643 - 3954 v N [0 aes_a_place_HPWL_worst.def.gz © safe 0 ute_HPWL_worst.def «
Jpeg 27671 29160 92424 366397 29160 245.32M 18128 786.71M 66049 424.45M \\\
eth_top 42279 38552 142784 646875 38552 434.20M 20000 562.18M 169744 967.16M
yadan 63514 31280 107120 483369 31280 33130M 19832 816.37M 15376 31325M aes 9 Safe 9 cafa
beihai 211236 133086 452119 2161829 132424 153G 52628 487G 92256 160G - O aes_a_place HPWL_worst.v.gz i b ute_HPWL_worst.v © safe
SHMS 268721 251772 850432 3610024 251686 251G 70672 645G 19153 198G
nvdla 289344 226974 739140 3708427 226904 269G 20000 121G 28224 240G . i
e 348985 323195 1093302 4880442 323175 5G 184416 12.61G 2.66G aes_p.v [0 aes_a_place_congestion_best.def.gz © [3 aes_a_route_congestion_best.def
iEDA23 368147 335112 1138727 5132004 335026 G 219852 21.55G 284G - - -
yyxdS2 494962 449847 1558094 6967779 448950 479G 11864 158G 28224 3.84G
beihai2 582645 393308 1086497 5491501 391062 421G 70264 1L04G 126630 4.19G N i . —
AIMP 742210 535618 1407879 9980714 534081 807G 26296 148G 77841 8.08G aes_t.v © safe O aes_a_place_congestion_best.v.gz © safe [3 aes_a_route_congestion_best.v © safe
AIMP2 816677 560525 1494198 9133333 558606 7.03G 22540 381G 134246 724G
Vsyx6 1090820 1029515 3486956 15486068 1029496 10.98G 184700 26.41G 60501 8.95G
wukong 1102663 1032718 3390152 15653639 1031971 10.98G 20120 188G 39480 9.05G aes_a_place_congestion_worst.def.gz 3 3 «
S 1123368 1105564 3833714 18248202 1105478 1224G 219848 21.67G 28224 973G b —a_place_cong - & O aes_a_route_congestion_worst.def
1173610 1147953 3906678 17416249 1147867 198G 199704 14.18G 36100 956G
1262053 1227098 4208135 18769036 1227019 40000 262G 24649 10.03G . i
2022669 2162147 7419623 33115508 2162068 40000 3.08G 43681 18.27G [ aes_a_place_congestion_worst.v.gz [Y aes_a_route_congestion_worst.v © safe
2793215 2646672 8838039 42524007 2643701 20136 1.70G 75040 25.04G
3282828 2948743 9618301 52259408 2942510 40588 285G 152100 33.82G
4816399 4728816 16688213 79050737 4728737 40000 599G 77841 44.13G

T();ﬂ 23.26M 21.47M 72.02M 347.15M 21.45M 2:?5:‘”(} 1.63M 149.87G 1.61M 207.18G 50*5*5 = 1 250 defs
50 Chip RTLs




IDATA: A Dataset for AI-EDA

e We release iDATA in huggingface,

includes source data, foundation data, feature data

iIDATA encompasses multiple levels: design, RTL, layout, net, path, patch, and map levels.

iDATA can be used to evaluate chips and EDA tools, train AI4EDA model and large model, embed vector
database.

a Hugging Face ¢ s, datast

& Datasets: @AIEDA/iDATA T

Tags: Al+EDAdataset  skyw:

*I= Files an

» Dataset card

B Dataset Viewer

Dataset

iDATA is a dataset of Al + EDA, which can be used to train Al models for design PPA prediction, PP/

Dataset structure

e the dataset structure.

|— syn_netlist/

|— place/

# The synt

# The place

# The route sta

# The spef files

# Stage-specific
ngestion_best
ngestion_bi

# more routed def/sdc

130 process  Licen:

atasets, user s Models & Datasets

like 3 Following @ AIEDA 3

= gol

& Community 1 Settings

esign, and related

netlist files. sdc files
def. sdc. vectors

def. sdc. vectors
feature data

def # Routed def

# Routed verilog

iDATA @ hugginface

https://huggingface.co/datasets/AIEDA/IDATA

Spaces

& Community M Docs

2. Edit dataset card

B Enterprise

Pricing

Design Level

Raw R Net Level Path Level Patch Level
Dataset summary / tool json, net.json timing_path.yml | layout_patch.json
atasel eval,jsonl, eval.csv 7 'g_path,) out_pateh,.
E def load data() :# Load data using specific process engines
v
Tabular I Sequence I Spatial I Multi-modal
id, fanout, rwl, rsmt, -+ |Slew: [0.05, 0.03, o
Sub 0, 1, 3990, 3600, -+ 0.001,0.002, -+ . 0 50
Dataset 1,1, 3800, 4152, ==+ Res: [0.0. 0.0, 5.0. p H
2,3,15100, 14433, -+ (3.0, -], F

3,4, 39000, 37263, ---
4, 1,3600, 3385, ---

Cap: [0.002, 0.001,

0.0001. 0.0002, -+ ]

l€----

def parse_d.ata() :# Parse sub dataset into AI-ready format

Tabular I Sequence I Spatial I Multi-modal
_ [batch_size x [batch_size x [batch_size x
ey [n_samples x n_features] | aX_seq_len n_channels x height| (modal] Features +
Format _samp! = n_Teatures] x erd‘h] modal?2 features)]
+ +
[n_samples x n_targets] [batch_size x [batch_size x 1 x [batch_size x
1 targets] height xwidth] n_targets]
H
E def get data(): # Get structured data for AI models
v =
Model Tabular Model Sequence Model | Spatial Model Multi-modal
Lib TabNet, MLP, LSTM, Seq2Seq, U-Net, ViT, Cross-Attention,
ibrary XGBoost Transformer DETR CLIP, Film
H
i def select_model () :# Select model for training and validation
Downstream Prediction Generation Optimization

Tasks

Delay, Congestion

Place, Route

Parameters, PPA

Data Proccesor

@
¢

Chip Layouts



Analysis and Report -

Design Layout Summary

* GCD: 60x 60 grid (3,600 patches)

Feature Statistics Across All Designs

Avg Mean: 4.781e-01, Avg Max: 1.000e+00 Avg Hotspot Ratio (>90th percentile): 10.0%
Avg Mean: g Max: 1.400e+01 Avg Hot: 0 (>90th percentile): 8

legalization

vg Hotspot Ratio (>90th percentile
4 Avg Hol

Avg Hotspot

Avg Hotspot Ra Oth percentile): 10.0%

Per-Design Detailed Summary

Pin Density Disrbuion

Visualization of the chip design process

chip design report process data analysis

data vectorization Al model training Al model inference

Vectors analysis Al Model Training Al Model Inference

[— R il interface
Design interface
Optimization

two connected net B

Wirelength optimization

optimize wirclength upto 17.78% by pre-training generation model

Mult Generation Wirelength Comparison Comparison

Code interface

[ —




@ RTL-to-GDS (iEDA)

@ RTL-to-Vector (AIiEDA)

@ Vector-to-Vector (AIEDA-Models)
@ Vector-to-GDS (iPCL)



Al-Aided Design (AAD) for Chip Design _

e How Al technology can assist in IC analysis and design.

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

whose deviations with truth dalay are within 3%.
e Reduce Evaluation Time: We only need to calculate the wirelengths and call the Al model for inference,
which is almost as effective as using STA tools, then we may reduce significant evaluation time.

e Al may provide greater time savings in Thermal, Stress, SI/PI analysis.

Fitting Delay with Wirelength

++-+- Random Forest

i Ak Wl S
W " WWWW i mr J\r W W i W I e |

Path delay
-
S
S

Lty Mg vaJ A A A PN A A A AP AN A AN i Py AN A A

=)

Lo \ \ \ it \ A
o | b\, ‘\\,‘,:y‘_r;y‘p“-;‘ ‘\\‘w“’,"x‘.,ﬁ', i \/J}’\y\ N, M *"u‘“"l‘twv'v,)“ M " u“\"\ ' ﬂ ‘I‘ \ ‘(’A’\‘1‘4‘\{’.\"‘“”‘““““'."3‘ "1" A/ \dy\d \U—«_“,ﬁ‘v
A [ ! AQ2.2 1658532501813 &5 61 2 90\ lyd4M540x148499093929398157071789940 3350

\ “u’ e I ! ’ "
I I ) | I \ [ [
Relative error distribution(%)

98% paths, the deviation is within 3%.

Path id



Al-Aided Design (AAD) for Chip Design

e How Al technology can assist in IC analysis and design.

Solution Exploration

e 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.

le-5

delay

T
area

sample 20 solutions

l0.04

J

r0.03

r0.02

r0.01

r0.00

—-0.01

—0.02

QoR

le-5

delay

»

T
area

sample 200 solutions

2.25

- 1.65

-1.35

- 1.05

0.75

densi

l 0.04

L0.03
L0.02
Lo.01 %
£0.00

F—0.01

'—0.02




Input
Netlist
(Graph)

AI4EDA Paradigm

1]
— Al —

lll

J Gneration

Evaluation Model

Generation

I violation
QoR
] STA/Power/DRC WL, Delay, Power,
== == F = Tools => Slew, R/C,
Placement Route Evaluate Congestion, DRC
Traditional Algorithm
f I 1 QoR
[ ] F - - WL, Delay, Power,
=> = = = Al 7 = Slew, R/C,
Placemen Route Evaluate 11} Congestion, DRC
" ] " {jﬁ @ Evalu%tion Model
----------- °,;_.: Al == G > [l
ptimization
I l I Model . o Fea.ture
Evaluation and Optimization
12345 1l QoR
.  , WL, Delay, Power,
= = Al = = Slew, R/C,
- Gneration Evaluate 11 Congestion, DRC
what you need
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—_—
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AIiEDA-Models

e Based on AIEDA and iDATA, 16 AIEDA models were trained for tasks in the EDA field.

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

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

Synthesis

AiLO: Al for Logic Optimization

o Optimize AIG (Delay, Area)

+ Evaluate delay and area by A, quide delay and area optimizatios

AiST: Al for Steiner Tree

® Method
[

o Al for Steiner Tree Generation

AIDRC: Al for DRC

Routing by AIDRC

« Accelerating Det:
+ Identify the detail

+ Guide detail routing by identified DRV

+ Accelerate detailed routing

Bbox__ Blockage  HananGrid _ HananPoint  Overlap _ PAPoint _ PinShape TAWire Track

AiTPO: Al for Timing Prediction and Optimization

o Timing Gap between (GR) and (DR)
« Detour by congetion

- GRtiming is more optimistic than DR s . f

i

i
i

AilR: Al for IR Drop
o IR drop calculation

+ Solve Linear Equation (Slow)
+ Machine Learning (Inaccuracy)

1 ||l| 1k

[TODAES-25]

INIPS-24]

[TODAES-25]

[TODAES-25]

[ICCD-24]

AiMap: Al for Tech Mapping

® In tech mapping, learn cut delay and apply it to cut sorting and selection.

 Minimize depth —> delay

AiTO: Al for Timing Optimization

® Al for Timing Optimization (Buffer Insertion and Cell Sizing)
= We constructed a model that combines GNN with RL, achieving better WNS

AiSTA: Al for Timing Analysis

 Fit delay calculation, fast and precise computation of path delays.

Cell Delay et Delay

« Improve the QoR by search parameter

AiPO: Al for Parameter Optimization

AiLS: Al for Logic Synthesis

o RTL->Gtech->Netlist

+ Logic Translation, Logic Optimization, Tech Mapping

[ICCD-23, TCAD-25]

[Integration-24]

[ISEDA-23]

[TODAES-25]

[TCAD-25]




AiRTL: Metrics Estimation of RTL by LLM -

e 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

r e -
I NST_R_TYPE: begin

|
1 RKf(inst_1[25] == 1'D0) begin 1
1 case (funct3) :
. . “IN A . s ,
Logic Synthesis ! e £ o e |
T 1 if (inst_i[30] == 1'b0) begin| !
1. Compilin L aluop_o = 'EXEADD; ;
( W_ AIG XAIG 11 eadalea L.A;an 1
3 I A 1 aluop_o = “EXE_SUB; !
B - MIG  kLUT 11 end :
Ee J = §Ep (I alusel o = “EXE_RES_ARITH; |
¥ 11 regl_read_o = 'ReadEnable; I
e A 11 reg2_read o = 'ReadEnable;
2. Optimization I reg_wd_o = rd; !
: | instvalid = ‘Instvalid; I
| end

I
= ﬁ F "ENST_SLL: begin // sll I
O pESIGN SPACE : : wreg_o = 'WriteEnable; I
U’lUVp_U - ‘EI\E_JLL, 1
: : alusel o = “EXE_RES_SHIFT; I
. regl_read_o = "ReadEnable; 1
3\ TeCh Mapp'% : : reg2_read_o = 'ReadEnable; 1
I
S| '
- I
== | 3§ |

DRLAT= 11
I

11
1 1| Small Segments: Sequence 1, S2, S3 .... Level 1: Label 1, L2, L3.... :

_______________________________________ ,
1| Big Segments: Block 1, B2, B3 Level 2: Label 1, L2, L3 ... :
o [ ] I o

Logic Synthesis Flow

RTL - Netlist Estimation



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

optimization.

1
Traditional ] Now
Y G i G —
> Design & Recipe (f; rw; b; ... 4 : f;rw; b; ...
A | S
A4 A4 : O Speed 282.56x] e
Logic E , !
Optimization G'=0(G) |
-« | AL
! o
G G ] o Evaluation oanhm.\
Technology ! Ay
Mapping E G"=m(G") : o
o ! v
L Evaluation QOR = {area, delay} = e(G") : QoR' = {area’, delay'} = e'(0(G))—
MAPE (QoR, QoR") |
Rank Correlation Coefficient(Recipes)?t
balance,

rewrite, rewrite -1, rewrite -z, rewrite -1 -z,
refactor, refactor -1, refactor -z, refactor - -z,

resub, resub -1, resub -z, resub -1 -z.

OO

Crossover
Mutate ...

More

Recipes HHE

Gaussian
Process

| Open Core EPFL
Methods | area delay area delay
A S | MAPE p | MAPE p | MAPE p | MAPE p
g OpenABC (Baseline) 355%  3435% | 4.35%  1625% | 6.27% 19.52% 6.78% 12.60%
Yang et al. 3.61%  33.17% 3.66%  23.14% 6.15% 19.60% 529%  27.02%
Lo ; LOSTIN 3.55%  42.64% 3.59%  31.36% 5.65% 20.55% 485%  23.70%
GNN-H 3.59%  44.35% 3.65%  32.85% 5.65% 24.25% 507%  37.11%
Crossl0 2o6n  sa70% | 2974 5099 | 415 s | adsn  adi
Enbediing c@ improvement vs Baseline | 16.76%  37.21% | 31.72% 68.13% | 33.82% 64.71% | 34.38%  71.44%
| @i scate Cross Atenton Transtormer |
[ ‘Small Branch Transformer ] [ Large Branch Transformer J ° °
Encoder Encoter
= Al Prediction Accuracy
iz iz
Methods Index i2c  multiplier max  priority square mem_ctrl voter log2 Mean
Resyn2 area  837.77 22669.38  2848.55 632.68  16210.02 3150363 1385536  26929.54 -
yn delay 16474 2677.72  2083.68  2076.20  2520.69 1041.40 638.00  3725.86 -
area  798.95 21780.40  2146.11 45845  14836.99 2910449 1104259  26203.02 -
DRIiLLS  delay 16224 268153 2117.49 929.46  2539.33 992.21 688.83  3747.92 -
Add & Guide | QoR 6.15 3.78 23.04 82.77 7.73 12.34 12.33 2.11 18.78
> Fitness area  812.31 2178295  2251.78 45155  15785.72 29308.02  11341.17  26308.24 -
——————— ~ NSGA-II  delay 149.83 2677.63  2096.09 903.66  2265.05 939.29 62180  3705.36 -
EDA tool ‘I QoR  10.74 391 20.35 85.10 12.76 16.77 20.68 2.86 2165
Losi ! area  796.92 21580.75  2215.18 404.85  14822.00 2807480  10987.76  26087.98 -
] BOIiLS  delay  150.80 2677.98  2070.17 88536 2541.28 964.79 67220 3729.65 -
Opdmization :Q[,R_’ Rewards QoR  13.34 479 2288 93.37 7.75 18.24 1534 3.02 2234
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QoR 1225 4.40 23.00 93.16 13.70 19.44 21.67 3.28  23.86
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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

e Tech mapping lacks prior knowledge of gate delay. The alignment of the AlG before mapping
and the netlist after mapping is difficult.

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

prior estimation
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» Junfeng Liu, et. al., "A Delay-Driven Iterative Technology Mapping Framework, TCAD, 2024. Arithmetic Circuits



AiCap: Fast Capacitance Calculation based on Point Clouds _

o Al for 3D Capcitance Extration e Point Cloud

o Laplace's equation

High resolution ensures
unique geometry

iy g Sparse data leads to

&iV2 =0, in Q; ‘ ‘ ‘ L L S0,
5 = do. onTy g2y — 92 .\ 2 .\ 92 o % ’ """ redundant storage

— 30 /9n = 0x2 0y2 072 X : ) . . .
g =0¢/on =0, onl,, : < e fa i Discretization trouble in

the third dimension
e Numerical Methods:
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e Transformer
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* 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



AiSTA: Al Improves the Accuracy of iSTA

B Al for Timing Analysis: Fit delay calculation of path delays.

B (compared with commercial tools)

Cell DT\Y Net Delay
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E
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* H. Liu, et. al, Accurate Timing Path Delay Learning using Feature Enhancer with Effective Capacitance, ISEDA, 2023.



AiTPO: Timing Estimation and Optimization with Congestion

e Timing deviation between global routing (GR) and detailed routing (DR)

e Local congestion can lead to wire looping.
e The timing of GR is more optimistic than that of DR.
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* He Liu, et. al., AiTPO: KAN-UNet Heterogeneous Network for Timing Prediction and Optimization at Global Routing, TODAES, 2025.




AilR: ML and CG to Solve IR Drop (ICCD-24)

] IR drop CaICUIation N - —— With initial values

-— Without initial values

SOIVing Ilnear equatlons (SlOW), —— Partial iterations with initial values
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* He Liu, et. al., Simultaneous Conjugate Gradient and iAFF-UNet for Accurate IR Drop Calculation,, In Proc. ICCD, 2024.



AiST: Steiner Tree Generation by Al (NIPS-24)

e Al for Steiner Tree Generation

Cost
e Motivation

HubRouter
Without Congestion

Pred RST

Our Method
Aviod Congestion

B Method

Netlist, grid graph and
routing resource

Construct conflict graph and task graph by
bounding boxes of nets

v

Extract the cost map and pin map of every
net in the same batch

!

Generate overflow-avoiding candidate
Steiner and corner points of every net

v

Route the batch of nets using augmented
graph constructed by candidate points

!

[ Routing results ]

Routing phase

Residual Block

Construct

in ma

g

idate point map

graph

Augmented graph

Candidate point map

Final routing result

Metric Method ADAO1 ADA0O2 ADA0O3  ADA0O4 ADAO5 NEWO0OlI NEW02 NEWO03
GeoSteiner 3389601 3209172 9330748 8865643 9784471 2320456 4595235 7371273
WL FLUTE+ES 3418461 3235803 9417934 8896007 9886249 2347941 4651033 7454720
HR-GAN 3407033 3229110 9355980 8888775 9832110 2339204 4623006 7391055
NeuroSteiner 3438717 3247429 9459117 9003952 9915795 2365499 4668079 7480679
GeoSteiner 83.17 111.92 320.08 267.13 261.43 124.68 183.82 315.48
Time (Sec) FLUTE+ES 118.48 187.03 396.51 376.72 360.68 169.36 223.55 438.79
HR-GAN 593.02 780.44 1324.81 1387.01 1384.96 849.34 1221.16  1526.86
NeuroSteiner ~ 347.22 461.35 1351.91 1138.66  1106.54 390.34 446.68 1225.79
GeoSteiner 35945 53848 142254 45050 102300 1734 1832 584761
OF FLUTE+ES 32518 50947 137104 42306 957704 1348 1713 558047
HR-GAN 35441 53632 142131 45230 102108 1516 1857 583901
NeuroSteiner 82 255 728 97 431 5 35 10343

* 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)

e In detailed routing (DR), the specific locations of DRC are predicted, and guide the DR optimization
e Reduce evaluation time, and reduce the number of total iterations
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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 (AIiEDA)

@ Vector-to-Vector (AIEDA-Models)
@ Vector-to-GDS (iPCL)



AIiEDA Workflow

e We need integrate trained Al model into EDA tools or IC design flow to achieve Al aided design.

e Some Al 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.
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Feedback to guide flow optimization
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Parameter Optimization for Placement (TODAES-25)

Flow-level optimization without modifying EDA tool internals

Representation Learning

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



Detailed Placement Optimization Guidance -

o Tool-level optimization with Al models embedded into EDA tool internals

(+) ' cee D Output
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Large Model for Chip Design

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

La rge 28T TigH— MM, it CRAIEE :
Language
Model E—
code
Chip Chip design agent
. | chip design flow | | tool command | | IP |
Design
Agent | library | | design requirement | | reference library |
logic Desin Netist ,  Lyout Device . Layout Design
) - (Lumerical, —» Flow
(VCS, Verilator, (Innovus, (HSPICE, (Virtuoso) (IPKISS) -
EDA Tools 5¢ i1 1 ron S ADS) (Vivado)
digital EDA tool analog EDA tool photonic EDA tool FPGA tool
Functional Physical Schematic . Design
E)(pert Logic Design Netlist Layout Device Layout Flow
Model digital model analog model photonic model FPGA model
—_ —_ —_ _

Large Layout
Model

Pre-training Layout Model
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Chip Design Agent (iCA) _

e Agent based on LLM Prompt RAG MCP CoT ReAct
Knowledge Q&A
Data Retrieval
Script Generation
Tool Invocation
Analysis and Diagnosis
Layout Optimization

Fine-Tuning Memory Action WorkFlow

PBHFSH




Pre-training for Chip Layout (iPCL) -

e IPCL: Design and train pre-training models, and replace EDA tools to design chips;

Design chip layout symbols, pre-training model with T00M parameters from 1T foudantion chip data
Achieve chip layout generation without EDA tools and human intervention
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IPCL: Al (Large Model) Aided Design

e iPCL directly generates the chip layout reduce the runtime from hour to minute

e The IPCL can simultaneously generate many layouts
o There is a certain probability of obtaining high-quality results (beyond the learning samples)

e The generated result can be used to fabricated after conducting ECO using commercial tools

Comparison between iPCL and EDA (Runtime & #DRC)

Quality distribution of layouts by iPCL

-
l
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- < T — E
Net in Chip Layout Generated by iPCL Layout by EDA tool (hour) VS Layout by iPCL (min)
oar = GT (u=7.67, 0=10.95) i ET (ECO) — :::‘E (ECO) z::: (r.('())‘ i
0 Pred (u=6.85, 0=9.57)
012} Pred* (u=6.66, 0=8.1T)
Z0.08f \
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Quality distribution of generated layouts by iPCL, #DRC in the layout generated by iPCL is 1.6 X that of the EDA tool,
There is some high-quality results (beyond samples) but all can be reduced to zero after ECO.




Conclusion

» Al for IC: Exploring new methodologies for IC design to enhance chip
design quality and efficiency.
o Traditional IC design flow (RTL-to-GDS)

e Represent chip data using Al models (RTL-to-Vector), then use the representative information
to guide chip design (Vector-to-GDS).

Traditional IC L1: RTL-to-GDS
Flow '
Chip Design
Flow
PData - I L4: Vector-to-GDS
arser Representation
L2: RTL-tQ-Vector

Vector Al
Data Model

L3: Vector-to-Vector

Al for IC Flow




Conclusion

1. Open-Source EDA — iEDA

IEDA: An open-source RTL-to-GDS chip design platform, includes tools such as LogicFactory,
IMAP, IATPG, INO, iFP, iPNP, ilR, iPL, iCTS, iTO, iRT, iSTA, iPA, iDRC, and iECO, as well as
foundational modules like analysis, database, evaluation, interface, operation, and solver.

iFlow: An automated backend chip design flow supporting 130/110/55/28nm technologies.
iParsers: A collection of various EDA file parsers.

2. Intelligent EDA — AIEDA

AIEDA: An intelligent EDA framework and toolkit supporting various Al+EDA tasks.
AIEDA-Model: A collection of Al models designed for different EDA tasks.

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

3. Foundation Models — iPCL

iIPCL: A large foundation model specialized for chip layout design.

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