
Additional architectures: GNNs, UNet, MedSAM 
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The missing piece

Tabular data : Linear Models, MLP

Imaging data : CNN, Vision Transformer

Sequence data (e.g., Language, speech): CNN, RNN,
Transformer

What about graph data?



What is a graph?
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Graph is everywhere!



Graph Neural Networks (GNN) is everywhere



What is GNN? – Problem Setup

undirected unweighted graph

Source: Minji Yoon, CMU
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What is GNN? – architectures

1-layer MLP is
commonly used

What is GNN? – Forward propagation

Source: Minji Yoon, CMU



What is GNN? – architecturesGraph Convolutional Network (GCN)

+



What is GNN? – architecturesGraph Convolutional Network (GCN)

Can we use batch-mode?

B= 3
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What is GNN? – architecturesGraph Convolutional Network (GCN)

Assume A is the affinity matrix



Graph Convolutional Network (GCN)

1
1

1
1

1
1Normalized Graph Laplacian



What is GNN? – architecturesGraph Convolutional Network (GCN) -- Summary

Image Credit: Defferrard et al. NIPS 2016
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What is GNN? – architecturesGraph Attention Network (optional)



What is GNN? – architecturesHow to Train GNN?



What is GNN? – architecturesHow to Train GNN?

Still an active research topic!



What is GNN? – architecturesTwo interesting questions about GNN

Question 1: Width?

Source: Minji Yoon, CMU
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Question 2: Depth?

Two interesting questions about GNN

Source: Minji Yoon, CMU
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What is GNN? – architectures

Question 2: Depth?

Two interesting questions about GNN

Source: Minji Yoon, CMU



GNN Applications

Source: Minji Yoon, CMU
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What is GNN? – architecturesGNN applications



U-Net and U-mamba, MedSAM



Biomedical Image Segmentation

Biomedical Image Segmentation: What and Why

➢ Quantification of anatomical structures 
and disease progression

➢ Cancer microenvironment analysis

Segmentation is the core technology towards precise biomedical image analysis!

Heinrich, L. et al. Nature, 2021

Capolupo, L et al. Science, 2022
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Biomedical Image Segmentation
Biomedical Image Segmentation is Still an Active Research Field!
Word Cloud of paper titles in MICCAI 2020-2023

MICCAI 
2021

MICCAI 
2020

MICCAI 
2022

MICCAI 
2023

https://github.com/JunMa11/MICCAI-OpenSourcePapers
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Biomedical Image Segmentation

Segmentation Paradigm Over the Past Half Century

Heuristic 
methods

Optimization/mod
el-based methods

DL-based 
tailored models

1980s 2015-2022

Thresholding
Region Growing
…

Variational Models 
(e.g., Snakes, GAC,…)

𝑆∗ = 𝑎𝑟𝑔min
𝑆

𝐸(𝑆)

FCN, U-Net, DeepLab, 
…

Foundation 
models

Segment Anything 
(SAM)

More data

More powerful computing

2023

Ma et al .
SIAM-IS, 
2021

11M images & 256 GPUs

Customized Models

Ma et al ., MedPhys, 
2021
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Biomedical Image Segmentation
What Are the SOTA Automatic Segmentation Networks?

https://paperswithcode.com/sota/semantic-segmentation-on-
ade20k

CNN-based

Transformer-based

Transformer-based networks are current SOTA
on the natural image segmentation benchmark.
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Biomedical Image Segmentation
What Are the SOTA Networks for Medical Image Segmentation?

A survey of 17 segmentation challenges in MICCAI 2023

https://github.com/JunMa11/SOTA-MedSeg 

All the winning algorithms are based on 
U-Net and its variants.

https://github.com/JunMa11/SOTA-MedSeg


Biomedical Image Segmentation
What are the advantages of U-Net?

➢Symmetry encoder-decoder design

➢Skip connection to recover details

➢Versatility across modalities



Biomedical Image Segmentation
nnU-Net: Automatically config U-Net

Isensee, Fabian, et al. "nnU-Net: a self-configuring method for deep learning-based biomedical image 
segmentation." Nature Methods 18.2 (2021): 203-211.



Biomedical Image Segmentation
Segment Anything Model (SAM)

Kirillov, A., et al. "Segment anything." ICCV, 2023
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Biomedical Image Segmentation
MedSAM: Pipeline
Fine-tune both image encoder and mask decoder



Biomedical Image Segmentation
MedSAM: 1M image-mask Pairs

Experimental Settings

• 86 internal validation tasks

• 60 external validation tasks

• Compared to specialist U-Nets and

DeepLabV3+ that are trained on each 

modality



Biomedical Image Segmentation
MedSAM: Internal Validation Results



Biomedical Image Segmentation
MedSAM: External Validation Results



Biomedical Image Segmentation
Human Annotation Study



Biomedical Image Segmentation
MedSAM: Demo

Gland Segmentation in Pathology Images Liver and Tumor Segmentation in CT



Biomedical Image Segmentation
MedSAM: Demo

Abdominal Organ Segmentation in MR Lungs and Heart Segmentation in X-Ray



Biomedical Image Segmentation
MedSAM: Demo

Tissue and Instruments Segmentation in Endoscopy Image Instruments Segmentation and Tracking in Endoscopy
Video



Biomedical Image Segmentation
How can we make the model accessible to medical professionals?

ViT Base
89.67M

Tiny ViT
5.72M

Image
embeddin
g

256x64x6
4

256x64x6
4

MSE Loss

Answer: A Lightweight MedSAM (distillation and fine-tuning)
Stage 1. Distillation a small image encoder

Wu, Kan, et al. "Tinyvit: Fast pretraining distillation for small vision transformers." ECCV, 2022.
Zhang, Chaoning, et al. "Faster Segment Anything: Towards Lightweight SAM for Mobile Applications."arXiv preprint arXiv:2306.14289 (2023).
Zhao, Xu, et al. "Fast Segment Anything." arXiv preprint arXiv:2306.12156 (2023).

Lite Conv. + Transformer
Smaller feature size and fewer 
channels 



Biomedical Image Segmentation

Lite MedSAM: 10× Faster
Stage 2. Fine-tune the whole model

Tiny
Image
encode

r

Bounding box prompts

Mask decoder

Prompt encoder

Input Image Segmentation
Image 

embeddi
ng

# param: 4058340

# param: 6220



Biomedical Image Segmentation
Lite MedSAM: 10× Faster

0 1000 2000 3000 4000 5000 6000

CPU

GPU

MedSAM

ms



Biomedical Image Segmentation
3D Slicer Integration (Open-source Platform) 

https://www.slicer.org /

https://github.com/bowang-lab/MedSAMSlicer 
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Biomedical Image Segmentation
MedSAM in Community

ht tps: //g ithu b.com/NielsRogge/T rans fo rmers-
Tutorials/blob /master/SAM/Run_inference_with_MedSAM_us ing_Hu gging Face_T ransfo rme
rs.ipynb 

MedSAM in HuggingFace
MedSAM in napari

https: //g ithub.com/MIC-DKFZ/napari-sam 

Google Scholar (~1000 citations in eight months)
GitHub Stars (2.2K)

https://github.com/NielsRogge/Transformers-Tutorials/blob/master/SAM/Run_inference_with_MedSAM_using_HuggingFace_Transformers.ipynb
https://github.com/NielsRogge/Transformers-Tutorials/blob/master/SAM/Run_inference_with_MedSAM_using_HuggingFace_Transformers.ipynb
https://github.com/NielsRogge/Transformers-Tutorials/blob/master/SAM/Run_inference_with_MedSAM_using_HuggingFace_Transformers.ipynb
https://github.com/MIC-DKFZ/napari-sam
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