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• What do we do in this research? Be a fortuneteller and Forecasting the Future!

• What do we need? History information.

• Where do we get history information from? Temporal Knowledge Graph (TKG)

→  

TKG

TKGF

Quadruples:  


Example: 

(Merkel, consult, Obama, 2014/08/09)

  (Merkel, discuss by telephone, Obama, 2014/07/22) 

(𝑒𝑠, 𝑟,  𝑒𝑜,  𝑡)

←

TKG Forecasting aims to answer test queries: 
, given the history facts before t. (𝑒𝑠, 𝑟,  ?,  𝑡)

Introduction
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• Embedding-based methods: 

• Require carefully designed models

• Lose the semantic aspects of TKGs


	 Examples: RE-GCN, xERTE, TANGO, Timetraveler


• Rule-based method: 

• Mines logic rules within the TKG

• Limited scalability to different datasets


	 Example: Tlogic


• LLMs with In-Context Learning :  

• Fail to compete with the above methods


Limitations of Current Methods

Li, Zixuan & Jin, Xiaolong & Li, Wei & Guan, Saiping & Guo, Jiafeng & Shen, Huawei & Wang, Yuanzhuo & Cheng, Xueqi. (2021). Temporal Knowledge Graph Reasoning Based on Evolutional Representation 
Learning. 408-417. 10.1145/3404835.3462963. 

Zhen Han, Peng Chen, Yunpu Ma, and Volker Tresp. Explainable subgraph reasoning forforecasting on temporal knowledge graphs. In International Conference on Learning Representations, 2020.

Zhen Han, Zifeng Ding, Yunpu Ma, Yujia Gu, and Volker Tresp. Learning neural ordinary equations for forecasting future links on temporal knowledge graphs. In Proceedings of the 2021 conference on empirical 
methods in natural language processing, pages 8352–8364, 2021. 

Haohai Sun, Jialun Zhong, Yunpu Ma, Zhen Han, and Kun He. Timetraveler: Reinforcement learning for temporal knowledge graph forecasting. arXiv preprint arXiv:2109.04101, 2021.

Yushan Liu, Yunpu Ma, Marcel Hildebrandt, Mitchell Joblin, and Volker Tresp. Tlogic: Temporal logical rules for explainable link forecasting on temporal knowledge graphs. In Proceedings of the AAAI conference 
on artificial intelligence, volume 36, pages 4120–4127, 2022.

Dong-Ho Lee, Kian Ahrabian, Woojeong Jin, Fred Morstatter, and Jay Pujara. Temporal knowledge graph forecasting without knowledge using in-context learning. arXiv preprint arXiv:2305.10613, 2023.

mailto:ruotong.liao@outlook.com


Ruotong Liao  || GenTKG: Generative Forecasting on Temporal Knowledge Graph ||  Temporal Graph Learning Workshop @ NeurIPS 2023 ||  LMU Munich  ruotong.liao@outlook.com4

Can pre-trained LLMs understand structured temporal relational data and replace 
them as the foundation model for temporal relational forecasting?


Challenges:

• Modality challenge between data structures


• TKG: complex temporal multi-relational graph data

• LLMs: only process sequential natural language expressions


• Computation challenge

• Hundreds of thousands of quadruples

• Enormous costs of fine-tuning LLMs


Solutions: a novel retrieval-augmented generation framework, GenTKG

• Temporal Logical Rule-based history facts retrieval strategy


• Enable LLM to comprehend temporal relational data


• Few-shot Parameter-efficient Instruction Tuning

• As few as 0.0027% training data (16 samples) with drastically low computation


Challenges and Solutions
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Main Results

Table 2. Performance Comparison

Performances

Table1. Dataset Statistics

Elizabeth Boschee, Jennifer Lautenschlager, Sean O’Brien, Steve Shellman, James Starz, and Michael Ward. Icews coded event data. Harvard Dataverse, 12, 2015.

Kalev Leetaru and Philip A Schrodt. Gdelt: Global data on events, location, and tone, 1979–2012. In ISA annual convention, volume 2, pages 1–49. Citeseer, 2013.

Farzaneh Mahdisoltani, Joanna Biega, and Fabian M Suchanek. Yago3: A knowledge base from multilingual wikipedias. In CIDR, 2013.
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• Single dataset evaluation. Exceeding performance on ICEWS14. 

• Cross-checking across datasets: 


• Slight performance drop compared to the full training setting. 

• Even higher performance than ICL can be observed. 

Inductive Setting

Figure 2. Investigating Inductive Setting comparing to conventional methods

Cross-domain Generalizability
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Inductive Setting
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Figure 3. Exceeding performance of GenTKG in various partitions of training data.
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• Trained on various partitions of training data of ICEWS14

• Exceeding performance on evaluation starting from the same timestamp.
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Ablation Study
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Figure 4. Investigating TLR and FIT phase of GenTKG framework and the effect of K-shot training.
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(a) Ablation studies.
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(b)  Few-shot tuning.

• Both TLR and FIT contribute to GenTKG.

• The higher the K, the better the performance.
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Contributions
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• Opening a frontier of generative forecasting on tKG. 

• The first work that introduces instruction-tuned generative LLM to the tKG domain. 

• Retrieval augmented Generation Paradigm for tKG forecasting.

• Regardless of the backbone LLM.

• Exceeding performance over conventional methods.


• Task reformulation from data learning to task alignment.

• Data-centric learning to task-centric LLM alignment.

• Aligns LLMs to generative forecasting task on tKG.


• Both Cross-domain and In-domain Generalizability without retraining.

• Cross-domain generalizability: one-time training on a single dataset with 

exceeding performance on multiple datasets without retraining. 

• In-domain generalizability: training on various partitions of training data of the 

same dataset with exceeding performance on the same evaluation.


• Drastically low computation costs with exceeding performance. 

• (0.0027%)16-shot tuning, comparable results to conventional methods.

• (0.27%)1024-shots tuning, outperforming existing methods.
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