
Institute of Automation
Chinese Academy of Sciences

中国科学院自动化研究所

Pin-Tuning:	Parameter-Efficient	In-Context	Tuning	

for	Few-Shot	Molecular	Property	Prediction

12	November	2024

Liang	Wang1,2,	Qiang Liu1,2,†,	Shaozhen Liu1 ,	Xin	Sun3,	Shu	Wu1,2,	Liang	Wang1,2,3
1Institute	of	Automation,	Chinese	Academy	of	Sciences

2University	of	Chinese	Academy	of	Sciences
3University	of	Science	and	Technology	of	China

†Correspondence

[NeurIPS 2024]



2 /	13

Research	Background

Ø Solubility
Ø Toxicity
Ø Blood-Brain 

Barrier Permeability
Ø Biological Activity
Ø ……

Drug discovery

Materials science

Biotechnology

Molecular 
Structure

Molecular 
Representation

Molecular Generation, Molecular Optimization, 
Molecular Spectroscopy Analysis

Molecular Representation Learning Molecular Property Prediction
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Application 
Fields

Molecular 
Properties

Chemical Reaction, Retrosynthesis Planning, 
Intermolecular Interactions, Target-Ligand Interaction

Based on molecular representations, predict
various physical, chemical, and biological
molecular properties, to guide scientific research
and industrial applications.

Translate the molecular structures into vectorized
molecular representations to understand and
predict various molecular properties, interactions,
chemical reactions.
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Research	Background

ü Pre-trained on	large-scale	

unlabeled	molecules.

ü Fine-tuned on	various	

downstream	tasks.

Pipeline of Molecular Representation Pre-training

(1) Scarcity of labeled data.	
(2) Poor out-of-distribution generalization capability.

Challenges of supervised molecular representation learning
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Key Elements underlying Molecular Property Prediction

[1] “A Systematic Study of Key Elements Underlying Molecular 
Property Prediction.” Nature Communications, 2023

Representation

Generalization

Few-Shot	Molecular	Property	Prediction
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Pin-Tuning
Few-Shot Molecular Property Prediction

Pre-training is effective, but fine-tuning is ineffective.

How to adapt molecular pre-trained models to downstream tasks, 
especially in few-shot scenarios?

Molecular 
Encoder

Property Classifier

Pre-Trained 
Molecular Encoder

Context-Aware
Property ClassifierSR-MMP

SR-HSE

SR-p53

!𝑦 !𝑦 !𝑦 !𝑦Frozen

Fine-Tuning

Pin-Tuning

(a) Vanilla MPP framework. (b) Existing FSMPP framework.

𝒉!

Molecular
Context

Observation
≤   Pretrain-then-FreezeTrain-from-Scratch  <  Pretrain-then-Finetune
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Pin-Tuning
Few-Shot Molecular Property Prediction

Reasons:

1. Imbalance between the abundance 

of tunable parameters and the 

scarcity of labeled molecules. 

2. Limited contextual perceptiveness 

in the encoder.
Molecular Encoder

Property Classifier

Pre-Trained 
Molecular Encoder

Context-Aware
Property ClassifierSR-MMP

SR-HSE

SR-p53

!𝑦 !𝑦 !𝑦 !𝑦Frozen

Fine-Tuning

Pin-Tuning

(a) Vanilla MPP framework. (b) Existing FSMPP framework.

𝒉!

Molecular
Context
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Pin-Tuning
Pin-Tuning: Parameter-Efficient In-Context Tuning 

for Few-Shot Molecular Property Prediction

Pre-Trained 
Molecular Encoder

Property Classifier
Property Classifier

Property Classifier

!𝑦 !𝑦 !𝑦 Pin-Tuning for PMEs

Atom Embedding Layer

Message Passing 
Layer

Bond Embedding 
Layer

FeedForward 
Down-Project

FeedForward 
Up-Project

Nonlinearity

AtomsBonds

Molecular
Context

Layer Norm
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Encoder Layer

Our FSMPP framework. Our Pin-Tuning method for PMEs.

SR-MMP
SR-HSE

SR-p53

Molecular
Context
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MP-Adapter: message passing layer-oriented adapter

• Bottleneck
• Near-zero initialization
• Skip-connection



8 /	13

Pin-Tuning
Pin-Tuning: Parameter-Efficient In-Context Tuning 

for Few-Shot Molecular Property Prediction

Pre-Trained 
Molecular Encoder

Property Classifier
Property Classifier

Property Classifier

!𝑦 !𝑦 !𝑦 Pin-Tuning for PMEs

Atom Embedding Layer

Message Passing 
Layer

Bond Embedding 
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FeedForward 
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Encoder Layer

Our FSMPP framework. Our Pin-Tuning method for PMEs.

SR-MMP
SR-HSE

SR-p53

Molecular
Context
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Emb-BWC: embedding layer-oriented Bayesian 
weight consolidation

• Maximum a posterior (MAP) estimation
• Bayesian learning theory
• Second-order Taylor expansion

Three choices of diagonal approximation of Hessian

• Identity matrix.
• Diagonal of Fisher information matrix.
• Diagonal of embedding-wise Fisher information matrix.
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Pin-Tuning
Pin-Tuning: Parameter-efficient In-Context Tuning 

for Few-Shot Molecular Property Prediction

Pre-Trained 
Molecular Encoder

Property Classifier
Property Classifier

Property Classifier

!𝑦 !𝑦 !𝑦 Pin-Tuning for PMEs

Atom Embedding Layer

Message Passing 
Layer

Bond Embedding 
Layer

FeedForward 
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Encoder Layer

Our FSMPP framework. Our Pin-Tuning method for PMEs.

SR-MMP
SR-HSE

SR-p53

Molecular
Context
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Enabling contextual perceptiveness in MP-Adapter
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Pin-Tuning

Experiment Results
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Pin-Tuning

Tunable Parameter Size Analysis

Ours (14.2% parameters, higher performance)

Baseline
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Pin-Tuning

Visualization
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