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Al-aided Design (AAD)

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

o 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
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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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Package and Test

persistence

ley=

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 = mlir[12:0]];

o |
[ |
et acc = -m[ir[12:0]];

else if (ir[15:13] == 3" b010)
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IEDA: RTL-to-GDS

e 1 EDA platform, 5 basic modules, 11 EDA tools, over 200 algorithm technologies, 300,000 lines
of code, completed 4 tape-outs, 1 problem white paper, 6 technical manuals.

e 500 stars, 110 forks, 75 code contributions, supported 4 EDA competitions, supported the
curriculum construction of 5 universities, and assisted over 10 EDA teams with research, with

iEDA videos achieving 49,000 views. EDA-basic
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1 EDA basic module 300,000 lines of code.



IEDA: RTL-to-GDS

e IEDA: RTL-to-GDS

mapping)

Logic synthesis (logic optimization, technology

Physical Design (Floorplanning, Power Network

Planning, Layout, Clock Tree Synthesis, Routing)

Sign-off Verification (Static Timing Analysis, Timing

Optimization, Power Analysis, IR Drop Analysis,

Simulation, Parasitic Parameter Extraction, Design Rule

Checking)
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Suggested Frequency (MHz) Ratio: iEDA / innovus

IEDA & Innovus

---- Average Ratio: 1.15

Design Name

Placement Suggested

Frequency:

iEDA/Innovus = 1.15

1.50

(MHz) Ratio

1.00

Suggested Freque
o
e

Suggested Frequency (MHz) Ratios

iEDA / innovus

---- Average Ratio: 0.80

Design Name

Routing Suggested

Frequency:

iEDA/Innovus = 0.8




iIEDA Code and Influence

e Code

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

Optimization Progress, 2024-2026

e st s amod chiecticss
- GPU + cloud go 2 poory

@ vosysHo  CUHK EDA
Xyce v penR[]AD

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

Open-source IS nOt d goal but a Way ! ! ! presentation at the EDA International Conference ASPDAC.
XEIE, EATORIRE, AESHERF TR TIEMINATEY. BRT 28RN L EDA
i, IEJVESGEEAOFRR EDA, LEE S AG T EMAYH
EA9 IEDA, B (RIRGE T BIFTR B I FA.
¢ Paper TR, = : =

iEDA: An Open-Source Intelligent Physical Implementation Toolkit and Library”, ZHIHLD S : .
JR EDA TESH 130n TERGHIE, ENEEEAARER “—&E—its T B i rERRIEE R

In Proc. ISEDA, 2023. (Best Paper Award) AWER. BIIEFEEIESHNFESEHbE,

iEDA: A - infi t f EDA (invited), In Proc. ASPDAC, 2024.

! n Open-source infrastructure o (invited), In Proc. AS <20 + Open source iEDA platform and tools (including 40W lines of

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

2024. + Obtained 500 stars, 110 folks, 75 people contributed code.

. ) ) ) ) « Support the construction of EDA courses in 5 universities, and

iPL-3D: A Novel Bilevel Programming Model for Die-to-Die Placement, ICCAD, 2023. set problems for 4 EDA competitions.

iRT: Net Resource Allocation: A Desirable Initial Routing Step, DAC, 2024 * Supports research for over 10 domestic and 2 international

. . . L. EDA teams.

;)C:gzz"l;)c;viard Controllable Hierarchical Clock Tree Synthesis with Skew-Latency-Load Tree, . The iEDA self-media video has received 44,000 views.
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AIiEDA: RTL-to-Vector

e AIEDA: The first Al framework and toolbox in the EDA/IC field

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

. . I
o B S : AL tEUSIIETER IR TR | - e . Tl e 2 y B S‘
V.;Z‘,’,i',',z,f,ta'ﬁ('," Statistical Table Distribution Map Bar Chart  Trend Chart Scatter Plot Regression
Machine Learning ﬁ
Vector/ Design  Lavout | Circuit | Text Link | Node | Path Map  Config ”escr':'ptw
Matrix/Tensor Tensor | Graph | Vector | Vector | | Vector | | Matrix | | Tensor | Vector v,
.db, “pandas, ... G
Feature Labels \ ‘Design Statisticsj_u \ ‘Intermediate J_U \ ~ Performance J_u { ~ Parameter JJ
@ Jjson, .csv, xls, jsonl, h5, 2 A ~ Data ~ Metrics ~ Settings
txt, ... |
Basic Data ‘ [ — ‘ — R ‘ - ‘
¢ | Process Technology | EDA TooI Conflguratlon Parameters
@ .aig, .v (netlist) .def, e = — - —
Jef, .lib, .gds, ... :
ChipData .~ Chippata
.V (RTL), .sv, .scala T — B ———

(chisel), .fir...



@: RTL-to-Gtech/Netlist/DEF/GDS

e Using EDA tools to transform RTL data into standard files at various
stages. (Gtech/Netlist/DEF/GDS)

RTL-Gtech: Commerical tools: DC; Open Source Tools: yosys

Gtech-Netlist: Commerical tools: DC; Open Source Tools: abc, iMap, EPFL

Netlist-DEF/GDS: Commerical tools: Innovus; Open Source Tools: iEDA

Source: RTL Gtech, Netlist DEF, GDS
R&D, open-source,
cooperation
| LLMHLSChisel/PyMTL |
Function: e > ).
CPU. GPU, DSP. -
AVS, Al, 10, oty '
Network, Pl i l "
Chip Spec Circuit Layout
S
y: EDA Tools and Flow
masking compression structure high-speed 10

Feature
Extraction

structured
storage

Data
Generation

system

Database
System




@ Report/Log/DB-to-jsonl/csv/image

¢ Run flow using commerical tool: run by python->TCL

» Intelligent generation of JSON configuration parameters

» Generate TCL scripts for calling EDA tools based on configuration using

Python.

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

nnn

& flow

O 0O O0O0o0o0ooooooooo o

CTS.tcl

dataOut copy.tcl
dataOut.tcl

dre.tcl /

floorplan.tcl /

fpt.tcl ,
1
generate_ccopt_gpec.tcl
7
’
generate_cts_rpt.tcl
/

generate_rptdcl

’

1
initialize.tcl

N

\
place.tcl AN

Y
Y
place_noOPT.tcl *\
N

prePlace.tcl \
route.tcl

set_mmmc.tcl

!
i
# 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




@ Report/Log/DB-to-jsonl/csv/image

e Extract Commerical Tool Design Data for Label: Design an automated feature
extraction tool to extract features and evaluation metrics at various stages from commercial tool reports,

logs, and memory data, and save them as formatted data files to create a labeled dataset.

N

Author : longshuaiying
date ¢ 2022-05-20
Company : PCL

rpt_dir /home/longshuaiying/FPT/

*Ek*

inputs_num [dbGet top.numInputs]

outputs_num [sizeof_collection [all_outputs]]
insts_num [dbGet top.numInsts]

nets_num [dbGet top.numNets]

PGTerms_num [dbGet top.numPGTerms]

PGTerms_name  [dbGet [dbGet top.PGTerms].name]
PhysInsts_num [dbGet top.numPhysInsts]
PhysNets_num [dbGet top.numPhysNets]
PhysTerms_num [dbGet top.numPhysTerms]

terms_num [dbGet top.numTerms]

reg_num [sizeof_collection [all_registers]]
tracks_layer [dbGet top.fPlan.tracks.layers.name]
tracks_num [dbGet top.fPlan.tracks.numTracks]

*** gpe

fPlan.area=?die_are

fPlan_area [dbGet top.fPlan.area]
core_area [dbGet top.fPlan.coreBox_area]
core_size [dbGet top.fPlan.coreBox_size]
io_area  [dbGet top.fPlan.ioBox_area]
io_size [dbGet top.fPlan.ioBox_size]
blockage_area [dbGet top.fPlan.pBlkgs.area]

gr_model_1

2.0

15

1.0

-0.5

-0.0

--0.5




@ API-to-jsonl/csv/image

Open source flow running and extraction:

LogicFactory, iEDA
« Support C++, RUST, TCL, Python

: if (PLFConfig::getInstance()->is_run_placer()) { E
< (:+_4_ l\')l if (tmInsfc >autoRunP1acer\ JLFConfig: :getInstance()->get_ipl_path())) { i

1
J

« API Functionally complete, rich:j.ﬁ:interfaces.

def_init -path ./result/iTO_fix_fanout_result.def

TCL API

run_placer -config ./iEDA_config/pl_default_config.json

def run_placer(self,

: self.read_def(input_def)
R Python API
: : nge f 5 .get_workspace().get_config_ieda(FlowStep.place) E

ieda.run_placer(path)

iEDA, AIEDA CfRInBE T2



3 DEF-to-Vector

Convert the map and indicator Map into matrix
or tensor format.

e Multi-channel representation: Multi-layer layout (Inst, Pin,
OBS, Cut, Metal), cell density, pin density, congestion, DRC,
timing distribution graph, power distribution graph.

o Netlist, cell, metal wire, represented individually.

Sparse storage

-

Congestion

=

o O

(e

e

<

(e




iIBM: Vector Dataset

e EDA Label Dataset and its Generation Framework

o iBM: Tagged chip dataset, completed 60 RTLs, 120 Netlists (thousands to tens of millions of gates), 500 DEF/GDS files;

AIEDA 7 application » benchmark » 28nm 2 gcd 2 output 2 iEDA » feature / gcd_place

{"Wirelen :{"FLUTE":3694690, "GRWL"'3650009 "HPWL":3168669, "HTree" :4439356, "VTree": 4633732‘}
{ i cell":{"allcell_density":"/ iu/ / ion /_map/allcell_de
:{"map":{"egr ":{"hor‘lzontal" "./rt_temp_directory, tial_route 2 | r .csv","union":". /rt_ Bc
:[ "clock_name" ',"hold_tns":0.0,"hold_wns":@. 199753,"setup tns":0.0,"setup_wns":1.499311, "suggest_freq":999.3114743941425}],"EGR": [{" ~3M G old_tns":0.0
"dynamic_ power‘"‘@ 00011826468785753447,"statlc_power"'7 931440122061174e-06},"EGR": "dynamlc_power'".9.00611720249269325531,"static_power‘":7.931446122961174e—06 5 "dynamic_power




Machine Learning (ML)-aided Design

Statistics
Database Features ]
System
Analysis

LO: Algorithm
L1: Statistics -> Algorithm
L2: Statistics -> Feature -> Algorithm

Algorithm

L3: Statistics -> Feature -> Analysis -> Algorithm

N/




Machine Learning: Correlation Analysis

e TNS vs. Place TNS, Overflow, Density, Congestion hospot, #std Cells

Place TNS
Hotspot

Overflow

Density
#Std cells

Importance

e WNS vs. Place TNS, Overflow, Density, Congestion hospot, #std Cells

Hotspot
Place. WNS

Overflow
#Std cells

Density
Importance




Machine Learning: Regression

e Linear Regression (HPWL, routed WL (rWL) vs. #shorts)

. . Pearson Spearman
o Itis observed that the scatter plot of HPWL to routed WL is m——

.. i HWPL vs 0.6621 0.6828
similar to that of HPWL to #shorts, speculating that routed Routed WL
WL and #shorts have a strong correlation HPWL vs 0.6250 0.6983
#shorts
e by inferring routed WL from HPWL, combined with the Routed WL 0.9195 0.9215
linear model of routed WL and #shorts that has been #sI:Ics)ns
fitted, we can understand the influence of HPWL on
#shorts.
1e6 rwl vs #shorts in mgc_des_perf_a with Linear Fit
1e7 HPWL vs Routed WL in mgc _des perf a 1e6 HPWL vs DRC #shorts in mgc_des_perf_a 25
o ° | 0. ®
::;0' .> ° o'. & . * .:., 5. J E
%22 .-'Ei PR 215 '69::.-
gz.o ‘9.9...\=..'=..‘...‘.. ﬁ ° ° '..o' .oo.
" .oo :-0. —'.ﬁ. ° nm ‘.o. AEX
. @ Je ; iy N - T 00l
. ....ig&:.ﬁ,. ...i‘? ‘el 0.5 ...z&ﬁi‘:x?;.wr 14 16 18 2.0 B 22 2.4 2.6 2.8 o
11 12 13 14 pri's 16 17 18 o7 ) 11 12 13 14 prijs 16 17 18 . #ShOT'tS — 0.184 * TWL _ 2443844



Machine Learning: Chip Design Classification

e Given a serials of chip designs, ML can be used to divide
them as several groups

mgc superbluel6 a

@

mgc superbluel9

(V]

mgc superbluell a

mgc superbluel2

\
teed

mgc fft 2

mgc fft a

mgc fft b

> %

E LS

mgc _edit dist a

~

o®
T
0
L

mgc matrix mult a

1o
®
%,

mge matrix mult ¢

RO |~ (== Q| |n|[—=]|—|VO

mgc matrix mult b

mgc des perf a

mgc des perf b

— [ =
W o

mgc pci bridge32 a

mgc pci bridge32 b

el A
—

mgc superbluel4




Machine Learning: Cell Classification

e For many back-end tasks, we need cluster cell instances as different
parts. User can set cluster number, AIEDA resturn cluster result

oy
5, piasarat o 208
e Sy PR 14 98
TinA] 2 .
| ; w
| 1312ll IIII
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DEF/Netlist/Feature

Representation

Graph representation

Edge Embedding
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________________________ L N A
[ Encoder § —
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Image representation

Congestion Calculation,
DRC Check,
Parasitic Extraction

Downstream Tasks
Wirelength Calculation,
Timing Analysis,
Routing, ...




Downstream AI4EDA Tasks

e Key Al models in the EDA field

Breakthroughs have been achieved in timing and power analysis and prediction, extraction of 3D parasitic capacitance and resistance

parameters, process library mapping algorithms, timing optimization techniques, and Steiner tree generation. Relevant achievements
have been published at top EDA conferences such as DAC, ICCAD, and ICCD.

@ AISTA: Al for Timing Analysis

m Fit delay calculation, fast and precise computation of path delays.
CellDelay et Delay | cocon [ Feawre |

put raasiion
) \ e
o B Cell delay. Signal polarity il

) o callype @
ki 1p0 Cell port name Dion = Tiex (Ri+ £ Cess)
=

@ AiST: Al for Steiner Tree @ AiCap: Al for 3D Capcitance Extration

« Problem: Steiner Tree Generation " Method o Formulation e Point Cloud

- . I « Laplace's equation
! =% B FE— -

{ &V =0, ing

Tiew (= $Cp)

High resolution ensures
ur geometry

N

b=do onl v — P P P _

g 2 2 - =0.
q=10¢/dn=0, onT, a2 9y o

Discretization trouble in
. the third dimension
. Ot ridon : o o Numerical Methods:
are| 10 [l . Wi delay — . » - l o FDM, FEM, BEM, RWM ISl
= 3 s 4

CGATE= Pi Cost Pred RST e e 25D &3D . N o
Basic Feature Enhance Feature " - 03 re (Cromeren ) ya - . e

Pathp,ay = Cellpeiay + Netpeay « Motivation u Results 4 e

Cx(t) + Gx(1) = Bu(1),
y()=L"x(),

paths, the deviation is within .

Path rumber

o Experiment
« Relative errors within £5% reaches 96.53%;

e T G Be = Average relative error is 1.4%, meeting
Copacity industrial standards;
% v * s HubRout N 0:'6:3”‘“ * S.Wu, et. al,, An Adaptive Partition Strategy of Galerkin Boundary Element Method for Capacitance Extraction, ASPDAC'23.
H. Liu, et. al, Accurate Timing Path Delay Learning using Feature Enhancer with Effective Capacitance, i Without Gongost ion viod Gongestion + Y. Liang, et. al., PCT-Cap: Point Cloud Transformer Network for 3D Capacitance Extraction, ISEDA'24
. . Ly
@ AiMap: Al for Tech Mapping AiTO: Al for Timing Optimizati SHTSHH e FEEHAR
1TO: or Timing Optimization IEE SRR AR drrks
) . . . BIREAERR PHEFERRRR AR
m In tech mapping, learn cut delay and apply it to cut sorting and selection. Source  Gate Drain
" Minimize depth —> delay o o s ™ Kb Tor Buffer Insertion and Cell Sizing == Sasass
- i
[ — log2 || 3 || 3 255569 309166 2656126 | 69177 | 175 ®  We constructed a model that combines GNN with RL, achieving better WNS - i J33333
b D et e e optimization. | = AEdEI3d
D lp ot Y - wcder | 256 |20 ew31 zmme weis | Imoes |14t 3 : -
= . = L S . . , aa333a
nlp PR o s somos wssss w91 sezed 1) ®  Compared to OpenROAD, an average performance improvement of 10.006%. - - -
oo o wp 2% s zouss e aowrs muz 4z X X
B D > mx sz 10 2se 25108 222 WM 1% ®  Further refined using Innovus, demonstrated an average performance
. o~ wim e mwm aise w2 sl an . . . R
G o Mitpler 128 1z osisies Zseest asadl A9l 17 improvement of 4.336% compared to directly using Innovus for optimization. SRR E BB HSE (e (L
w5 os e 129 Zm s 120
Optimizaton Framork e e _— e
5| cutowttonton The gap between Depth and Delay is very large. -
L ? e Design Innovus ATO-+lnnovus _ Imp.
| cmemiemesany T Lt Goel(uom) osm om0 +aes
] e s sss n o1 e e oz 5 i Case3 (110-nm)  -1.035 084 +18.84%
— max 055 2 : % 2 B Case4 (110-nm)  -0.796 0788 +1.01%
T - = Nodedevel Attention z:v 2 616 5 6 ” f;;: Case5 (110-nm) 0335 0.454 +35.52%
s Nk
router 15019 15¢ il Case6 (28-nm) 0.086 0.102 +6.97%
2 pey »;,_lw Nodedevel Embeding 2e . 2 08 4 5 ™ un Case7 (28-nm)  -0.063 0.051 +10.04%
S prorty. J . Case (28-nm) 0001 0110 +2087%
tl“““" = Cimowom oms  om  lmim
(e W) Casel0 (28- 0.974 0.884 4.33%
« Junfeng Liu, et. al., AiMap: Learning to Improve Technology Mapping for ASICs via Delay Prediction, In Proc. [CCD, 2023, ase10 (26-nm) i a3




Al EDA: AiMap

m Al for Tech Mapping, learn cut delay and apply it to cut sorting and selection.

B Minimize depth —_> delay --------

log2 26556.98 389166 2656126 6797.77 175
nand3(3)
! square 64 128  15738.82 254148 1574407 3680.87 145
and2(3) adder 256 129 89831 261378 89813  3770.65 144
. F sin 24 25 520679 184234 5207.04 395557 215
Mapping
div 128 128 60539.96 4448653 60509.1 6612644 1.49
hyp 256 128 2104186 176427 2104375 7431392 421
max 512 130 231256 251089 231227  3809.03 152
) nand22) sart 128 64 2027438 4829156 202522 180518.1 374
AlG Multiplier 128 128 2545465 268257 2545831  4649.1 173
bar 135 128 268162 15296 268039 11149 729
Cutdevel Attertion The gap between Depth and Delay is very large.
Cut-level Embedding ABC Strategy 1 ‘Strategy 2 Strategy3 ‘
Area Delay Area Delay Gain Area Delay Gain Area Delay Gain
adder 89831 377065 95589 340478 33% 10951 277691 44% 109832 264203 7.7%
I max 231256 380903 232833 304955 193% 227022 280623  282% 2270 279624  28.4%
Node-level Attent sin 520679 395557 467022 343219 235% 467022 343219  235% 467022 343219  235%
ode-level Altention bar 268162 11149 257195 61694  488% 257195 61694  488% 257195 61694  48.8%
router 24196 47104 23689 45019 65% 23081 45651 77% 20458  507.32 7.7%
Node-level Embedding i2c 94093 26022  937.38 23086 11.7% 93738 23086  117% 93738 23086  11.7%
priority 77284 254825 74834 254825 32% 74163 254825 40% 74163 254825 4.0%

)

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



Capacitance (F)

1.2 A

1.0 1
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0.2 1

Laplace’'s equation

eiVqu =O,
¢ = ¢o.
q =0¢/on =0,

e Numerical Methods:

e Al for 3D Capcitance Extration

FDM, FEM, BEM, RWM

e 25D & 3D

0.2

0.3 0.4 0.5
M1 length (um)

F75% Equations

3D

BEM

n Q, 62¢ 62¢ 62¢
on I, V2¢=A.2+-.2+‘_2=O'
on Fq, a.\ a_\ (9;,
I 80% Accuracy
Laplace | [ FDM/FEM

FRW AI+3D
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Matching
Test structure Critical net Block Full-chip
Capacity

Al EDA: AiCap

Point Cloud

T
fﬁE
i
N
\
N
y

ossy g
Ny Ty sl
\ ¥/ V.7
%/ AN /| A

Transformer

Sample

train

T
—
test

1024x8

—

64x1024
256x1024 256x1024 256x1024

High resolution ensures
unique geometry

Sparse data leads to
redundant storage

Discretization trouble in
the third dimension

x N — Convolution — MLP

Self Attention T Transpose

T Cij
Avg-Pool
—
ix1

1024x1

Relative errors within +5% reaches 96.53%;

Point Cloud
Experiment
[

[

industrial standards;

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

Average relative error is 1.4%, meeting
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Cell D?\y

Al EDA: AiSTA

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

Net Delay

A

»

IDO

- [l . .

Wiy

PathDelay = CellDelay + NetDelay

Cx(t)+ Gx(t) =Bu(t),

{y(t) =L"x(1),

paths, the deviation is within

ouT

G

Input transition
Load capacitance
Cell delay Signal polarity
Cell type
Cell port name
Output transition
Wire delay Resistane

Capacitance

Basic Feature

4000

3000

Path number
S
8
8

1000

DElmore = Z'LEN (Rz * Z CD)

2
m
Dpam = 75

Decm =Y ien (Ri* 3 Clegy)

’

Dyiponr = \T/n—li/ In2
mg

Enhance Feature

----- Random Forest
LightGBM

—— w.o.Feature enhancer

—— w.Feature enhancer

AR BN 6583250523 55 61 D 904 Aty 5151041 181979093929398759691 1270503351
Relative error distribution(%)

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



Al EDA: AiTO

® Al for Timing Optimization (Buffer Insertion and Cell Sizing)

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

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

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

Optimization Framwork

Netlist Path-Graph

g R . , oo Design Innovus  AiTO+Innovus Imp.
| H ritic

; ! N, Casel (110-nm)  0.324 0.410 +26.54%
; ; A7 . RL state Case2 (110-nm)  0.289 0.320 +10.72%
; P BN p— GNNicncodsd Case3 (110-nm)  -1.035 -0.84 +18.84%
5 ; { ’ ez Case4 (110-nm)  -0.796 -0.788 +1.01%
i : O Existing Gate i i Case5 (110—nm) 0.335 0.454 +3552%
! ; © Candidate Buffr = Networ Case6 (28-nm)  0.086 0.102 +6.97%
Perform STA 0
. Case7 (28- -0.063 -0.051 19.04%
| __ (after apply all actions) __ Petb-graph consruction = 1 _ RLl. Cases gzs-mg 0.091 0.110 120.87"/2
rewart action )
e ’ [ iy Case9 (28-nm)  -0.886 -0.778 +12.18%

| Casel0 (28-nm)  -0.974 -0.884 +4.33%




Al EDA: AiST

e Al for Steiner Tree Generation

B Method

2 ' - _l
MST
Pin  Cost Pred RST

Netlist, grid graph and
routing resource

Construct conflict graph and task graph by
bounding boxes of nets

¥

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

v

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

v

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

v

[ Routing results ]

o Motivation

Construct

graph

fate point map

Augmented graph

Final routing result

Candidate point map

B Results
. Metric Method ADAOl ADAO2 ADA03 ADAO4 ADAO5S NEWOI NEW02 NEWO03
GeoSteiner 3389601 3209172 9330748 8865643 9784471 2320456 4595235 7371273
s WL FLUTE+ES 3418461 3235803 9417934 8896007 9886249 2347941 4651033 7454720
HR-GAN 3407033 3229110 9355980 8888775 9832110 2339204 4623006 7391055
o NeuroSteiner 3438717 3247429 9459117 9003952 9915795 2365499 4668079 7480679
GeoSteiner ~ 83.17 11192 32008  267.13 26143  124.68  183.82 31548
= Time (Secy FLUTE#ES 11848 18703 39651 37672  360.68 16936 22355  438.79
HR-GAN  593.02 78044 132481 1387.01 138496 84934  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
HubRouter Our Method HR-GAN 35441 53652 142131 45230 102108 1516 1857 583901
Without Congestion Aviod Congestion NeuroSteiner 82 255 728 97 431 5 35 10343




Al EDA: AIMP

e Al for Macro placement SEEETT |
OpenC910, 200W unit, tens of millions of gates, 332 macro modaules, k:”f
28nm. > 4

Engineer (based on commercial tools): Utilization 50%, Frequency: 526M Flow
AiMP: Utilization rate 50%, frequency 654 88M (mcreased by 24%). _,| Al for Macro I Logic Synth I
I I e Iy
‘ I  Floorplan |
---------------- 1
AiEDA i I Placement I :
Ml o g A : i
A CTS |!
I Desi : :
[ e
| | 1 - 1
Our Engineer Result Evaluation E [ signoff | i
1 1
1 1
1 |
¥
Metrics
GDS
AiMP Flow
AiIMP . .
""""" Synopsys: FreeForm Tool Result Chip Design Flow

AiMP Result



@ RTL-to-GDS (iEDA)
@ RTL-to-Vector (AIiEDA)
@ Vector-to-Vector

@ Vector-to-GDS




Vector-to-GDS

e Integrate existing Al-based information into EDA tools or chip
design processes to achieve efficient and high- quallty chip design.

- Intelligent chip design and verification
- rocess and scripts

Support Chip Design

Intelligent EDA System
[CRipesign ] | Logic Synthesis _|[Physical Design ]

OpenSource EDA Commerical EDA Integrated EDA

H | Function Verify II Signoff “ Physical Verify I

TOOIS I Device Model Il field simulation “_ﬂm!_l TOOIS tOOIS and mOdels
< Tool Integration (Vec2GDS)
e R G =] . e
"N . £ (EF| N =P (Vec2Vec/Vec2GDS)
Tiingpowernicse rep e g sy
______________________ SRR e e S e
Al model for chip design tasks Representation
. (Vec2Vec)
Representation
RTL2Vec Circuit2Vec Layout2Vec Data
System Architectur Functional Logic Tech Physical Sign-off L .
%/pec. ~ alDesign ~” Design  _, Syntgesis * Mapping __,  Design —> Verify proig:itng conversion

HD Language (Text) Circuit (Graph) Netlist & Layout Layout (Image) (RTL2Vec)



Summary

Traditional IC L1: RTL-to-GDS
Design Flow |

Flow

Data , I L4: Vector-to-GDS
Parser Representation
L2: RTL-t9-Vector
U4 E
Vector > Al
Data Model

Al for IC Flow

L3: Vector-to-Vector
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