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CircuitNet: ML for EDA Dataset [5CIS'22, TCAD'23, ICLR'24]

» 20K+ samples
— CPU, GPU, Al accelerator designs _ _Features  Labels ML Tasks
— (PULPino, OpenC910, Vortex, NVDLA, ...)
— Million-cell netlists
— Real flow & PDK, e.g., 28nm, 14nm

» Support multiple tasks

— Cong'es‘fion
Prediction

DRC Violation
Prediction

Geometric  Topological

IR Drop
— Routability ML Models Prediction
FCN, cGAN, Circuit
—_ I R d ro GNN, RouteNet, J-Net, |
p MAVIREC, ...... —Oa Net Delays Net Delay
Imi * \\_’ b= 54, 5—b, = Pprediction
— Timing . @

. Initial release of Validation of ML for Release & validation
= Dataset & tutorial 10K samples in  EDA tasks in 28nm  of 10K samples in
— https://circuitnet.github.io/ 28nm node 14nm node

— https://github.com/circuitnet/CircuitNet o ® ® .
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What’s in CircuitNet
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Congestion is defined as the overflow of routing demand over available routing resource in the routing
stage of the back-end design. It is frequently adopted as the metric to evaluate routability, i.e., the
prospective quality of routing based on the current design solution. The congestion prediction is
necessary to guide the optimization in placement stage and reduce total turn-around time.

The network of Global Placement with Deep Learning-Enabled Explicit Routability
Optimization [1] uses an FCN based encoder-decoder architecture to translate the image-like features

into a congestion map. The architecture is shown in Fig 1.
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class conv(nn.Module):
def __init_ (self, dim_in, dim_out, kernel_size=3, stride=1, padding=1, bias=True)

super(conv, self).__init__()

self.main = nn.Sequential(
nn.Conv2d(dim_in, dim_out, kernel_size=kernel_size, stride=stride, padding=pad
nn.InstanceNorm2d(dim_out, affine=True),
nn.LeakyRelLU(0.2, inplace=True),
nn.Conv2d(dim_out, dim_out, kernel_size=kernel_size, stride=stride, padding=pa
nn.InstanceNorm2d(dim_out, affine=True),

nn.LeakyRelLU(0.2, inplace=True),

Tutorial & documentation



Research & Contests using CircuitNet

[NVIDIA, arXiv’24] EDA Elite Contest 2023 for IR Drop Prediction

Optimizing Predictive Al in Physical Design Flows with Mini 2023 Integrated Circuit EDA Elite Challenge
Pixel Batch Gradient Descent .
Haoyu Yang Anthony Agnesina Haoxing Ren Problem Guide
NVIDIA Corp. NVIDIA Corp. NVIDIA Corp.

https://eda.icisc.cn/en/

[HUST, NeurlPS’24] — . REER ETHESIM SoC BERMAESEETN

Contest Question : Machine Learning driven Static IR drop estimation of SoC power grid network
—. mwEfd: FiMTEREBRAE

Question provider: Hangzhou Phlexing Technology Co., Ltd. (Phlexing)

Circuit as Set of Points

Jialv Zou'', Xinggang Wang'', Jiahao Guo', Wenyu Liu', Qian Zhang®. Chang Huang®

!School of EIC, Huazhong University of Science and Technology

*Horizon Robotics CCF-Chip Contest 2024 for DRC Prediction

[UCSD, arXiv,24] ASIC DRCﬁ@J?ﬁiﬂUﬁﬂiﬁi‘l‘&Al-P({‘.‘:‘B%ﬁl&ﬁﬁ%

On Robustness and Generalization of ML-Based Congestion RALR https://ccf.org.cn/chip2024
Predictors to Valid and Imperceptible Perturbations BEEATEENARBENANTHRR, WTHMEE. {INENASIC (ERERBRE) THE
S Vadteng Watig RE#ME, RA, BHARIEASCE AR, BRE—PEE0RE: BHAULSE
Umve::::;?';;g;?éxis:;ﬁDjego Uni\fers?t:\::‘:gzx@l?t‘:)crsr‘ldi:(;l;x e (DRC) EFIAFIMNAMER. DRCETCHIITREFNXBIRZ—, BTHESHHBMNELH
S REETIZMNER, DRCAMNBSHHELIZ] BiRf, BEEEXTERLEE. FFERITF
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Where are We and Where to Go

Why deep learning?

Performance Deep learning

Older learning algorithms

20K samples «——— 200X GPT3
200GB in file size < W > \45TB text data
MS COCO

Google JFT
330K images 300M images

Amount of data

Curtesy IBM



Where are We and Where to Go

4 )
« Suppose 10h/sample (2h ~ 1 week in reality) on average with 2 threads.
 We can use 28 CPU threads per machine.

« Generating 100K samples needs

100K X10X2 .
~ 3000 machine days.
28X24

* Assuming unlimited licenses.

« Given 5 machines, 600 days = 1.7 years.

« Given 10 machines, 300 days = 10 months.
Given 100 machines, 30 days = 1 month.

Performance

CircuitNet

20K samples mageNet GPT3
200GB in file size 14M image 45TB text data
MS COCO Google JFT

330K images 300M images

¢

Amount of data
Curtesy IBM



Call for Contributions

® Dataset is critical to Al for EDA
4 Design diversity

® CircuitNet is just a beginning
— More design diversity
More IPs?
— More tool chain diversity
— More technology nodes Al chips (e.g., NVDLA)
= Call for contributions from the Vortex GPU
community to enable practical
Al for EDA RISC-V CPU
— >
Synopsys 130nm 65nm 28hm 14nm 7nm ...  Technology
Cadence .~ el nodes
OpenRoad
coa CircuitNet 1.0 & 2.0

Tool chain diversity



BB OpenPARF: P&R for FPGA [DAC’22, ASPDAC’23, ASICON’23, TCAS-I'23]

®» ) 5D multi-die heterogeneous FPGA architecture
— Industrial architecture for placement and routing

— Competitive performance with nonlinear placement optimization and parallel routing flow
— https://github.com/PKU-IDEA/OpenPARF
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Thanks!

Questions are Welcome

Website: https://vibolin.com
Email: yibolin@pku.edu.cn



https://yibolin.com/
mailto:yibolin@pku.edu.cn

