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What is Federated Learning?

• Horizontal Federated Learning & Vertical Federated Learning

Eg. Two clients, Skin lesion dataset (100 samples (sample ID:1-100, two features: dermoscopic image, metadata))

(a) Horizontal Federated Learning / Sample-Based Federated Learning
Datasets share the same feature space but different in samples.

(b) Vertical Federated Learning / Feature-Based Federated Learning
Datasets share the same sample ID but differ in feature space.
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Challenges in Federated Learning

• Heterogeneity：

 Data heterogeneity

 Model heterogeneity

 Resources heterogeneity

• Privacy protection

• Communication efficiency

label distribution skew 

quantity skew

domain shifts

All of these are designed for single-label classification tasks.

Federated Multi-label classification: Similar issues persist and can co-occur!
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FLAIR : A Real-World Dataset Designed for Multi-Label FL

FLAIR has 429,078 images from 51,414 Flickr users. Two levels of difficulty: the easier task has 
17 coarse-grained classes and the harder task has 1,628 fine-grained classes.

Quantity skew: Users have different number of images. The majority of users have only 1-10
images, but the most active users have hundreds of images.

Domain shifts: Users have different cameras, camera settings, which affect pixel generation.

Label distribution skew: Users take photos of objects that align with their interests, which vary
across photographers.

Song, C., Granqvist, F., & Talwar, K. Flair: Federated learning annotated image repository. (NeurIPS 2022)
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Existing Work

• Federated Learning with Only Positive Labels by Exploring Label Correlations (TNNLS 2024)

• Federated Partially Supervised Learning with Limited Decentralized Medical Images (IEEE TMI 2023)

• FLAG: Fast Label-Adaptive Aggregation for Multi-Label Classification in Federated Learning 
(arxiv 2023)

• Federated Learning for Site Aware Chest Radiograph Screening (IEEE ISBI 2021)

• Scene-based Graph Convolutional Networks for Federated Multi-Label Classification (IJCNN 2024)

• Language-Guided Transformer for Federated Multi-Label Classification (AAAI 2024)
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Federated Learning for Site Aware Chest Radiograph Screening

Chakravarty, A., Kar, A., Sethuraman, R., & Sheet, D. Federated learning for site aware chest radiograph screening (IEEE  ISBI 2021)

Problem: The large variations in disease prevalence
and co-morbidity distributions (疾病患病率和共病分
布) across the sites may hinder proper training.

Disadvantage: Label relationships do not
have global interactions, and only using
local limited data may lead to the problem
of label relationship overfitting.

Method:

Training separate CNN models at each site may
lead to over-fitting due to the small training
sample size at each site
→ Aggregate CNN model weights to learn robust
site-independent features.

A global CNN model trained using FL is unable to
capture the local site-specific variations in the
data distributions
→ Constructe separate GNN to leverage the
local site-specific disease prevalence and co-
morbidity statistics for disease classification.
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FLAG: Fast Label-Adaptive Aggregation for Multi-Label Classification 
in Federated Learning 

Chang, S. F., et al., FLAG: Fast label-adaptive aggregation for multi-label classification in federated learning. (arXiv 2023).

Method:

Clustering-based Multi-label Data Allocation:
According to the label distribution of the samples, a
number of clusters are formed by K-modes
clustering.

Assign samples to different clusters by minimizing
its dissimilarity measure to the center. For two
sample X and Y with m categorical features, the
dissimilarity measure is

Cluster center :                  (1, 0, 1, 1)
Sample label distribution: (0, 1, 1, 1)

Fast label-adaptive Aggregation: Compute the
aggregation weight considering both label
distribution and label occurrence.

α controls the importance between label
occurrence and distribution. α = 0 means label
weight only considers label distribution wideness.
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Federated Partially Supervised Learning with Limited Decentralized Medical Images

Dong, N., et al., Federated partially supervised learning with limited decentralized medical images. (IEEE TMI 2022)

Setting: Federated partially supervised learning (FPSL)
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Challenges of Federated Partially Supervised Learning

A Multi-Task Representation

can be further represented as a C × d matrix, where d is the dimension of the output 
feature vector. We can represent the classification network output as


Multi-label predictor:

Given an input x, we have: 

Given C classes of interest, we can decompose the weight matrix     into C weight vectors

For a single class c, the probability score of the prediction is then
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Challenges of Federated Partially Supervised Learning

Simple FedAVG

Global prediction model look at a single class c

For unlabeled clients (with respect to class
c), no contributions should be made to the
model aggregation as no label information are
utilized in the local training. Thus, the third
and the fourth terms will inevitably degrade
the final performance.

UK
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Method

Dong, N., et al., Federated partially supervised learning with limited decentralized medical images. (IEEE TMI 2022)

Task-Dependent Model Aggregation

Task-Agnostic Decoupling Learning

Due to partial supervision, the quality of f in a
client could be biased to a few classes. While
this may have a positive effect on the first term
for class c, the other classes can be negatively
influenced by the last three terms. However, with
limited data, the overfitting could be severe.

Rephrase local training target as a bi-level optimization
problem. Assume the local training data can be split into
two subsets, one is denoted as the training set and the other
one is denoted as the validation set.
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Federated Learning with Only Positive Labels by Exploring Label Correlations 

An, X., et al.,. Federated learning with only positive labels by exploring label correlations. (IEEE  TNNLS 2024)

Setting: only positive data w.r.t. a single class label is provided for each client. 
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Scene-based Graph Convolutional Networks for Federated Multi-Label Classification 

Xue, S., et al., Scene-based Graph Convolutional Networks for Federated Multi-Label Classification. (IEEE IJCNN 2024)



12

Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).

FedLGT is the first to tackle the problem of label discrepancy across different clients for multi-label FL.

Why multi-label learning cannot be directly applied: Traditional centralized multi-label learning
methods can model global view of label relationships, which is infeasible under FL scenarios.
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Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).

CA-MLE generates the prediction by global 
model and calibrates the state embeddings.

around 0.5 instead of being close to 1 or 0
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Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).
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Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).

ULE advances the pre-trained label embeddings 
from CLIP for model aggregation purposes.
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Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).

Performance Results
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Language-Guided Transformer for Federated Multi-Label Classification

Liu, I. J., Lin, C. S., Yang, F. E., & Wang, Y. C. F., Language-Guided Transformer for Federated Multi-Label Classification. (AAAI 2024).

Ablation Studies
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