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Mission: data science for the society

ÅDiscover the necessity and problem 
(Need)

ÅEquip with programing and math 
skills along with domain knowledge 
to solve the problem (skill)

ÅWilling to practice and make it 
happen (Passion)

Å

Å
₈ ₉

Á ⁸
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Recent research/project direction

ÅDevelop machine learning models that are
ÁFaster (shorter training or inference time)
ÁMore accurate
ÁBetter (under certain conditions)

ÅApply machine learning to applications
ÁSmart sport ( )
ÁPrivacy-preserving machine learning
ÁSearch engines & recommender systems
ÁPM2.5 prediction & sensor malfunction prediction
ÁTraffic prediction
ÁPersonality traits and personality prediction
ÁClip search within videos
ÁLog analysis
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ς (2023ς2027)
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Á
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Å Å

Ẫ ᴩ ѳ ὀ ᴣ
ὀ₩Ẫ

ΰ ὀר ṧỵ ᵸ Ỵ x,y,z ᵇḧ

 - ‚Ɫ ( ᴿAIַײ ἡ
ῷ֪ג ς ᾔ )

C.-Y. Chou et al., Springer Nature Scientific Data 2025
P.-C. Cheng et al., AIoT 2025
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 - ‚Ɫ ( ֪ῷ )

Å ┌

ÅṰ 100,000+ὀ

Å 15 ҆ ( ќ ќᶽ ԅ ᶽ )

Å ἐ 29 Ḳ

Å⅛ὀץὐχ ר (ḅχ⃰ᴦἐι ר ᾢר (ר

ÅᴝḊẽⱭ



DeInfoReg ς backpropַ֪ײ₡ẇ
(ς 2025 2023) צ

ÅRealizes model 
parallelism for 
deep learning; 
maintains high 
test accuracies 
across different 
networks and 
open datasets

10
Z.-H. Huang, Y.-T. Lin, H.-H. Chen. Neurocomputing 2025.



DeInfoReg ς accurate, efficient, and 
robust

11

Fast training with multiple 
GPUs

Accurate predictions

Robust to noisy data
—: noisy ratio

Z.-H. Huang, Y.-T. Lin, H.-H. Chen. Neurocomputing 2025.



LLMצ - ῳᴌֽײַ
(2024ς2025)

Åʑ ₩ LLMק ￼ớ ᴍ―־
Á10 LLMs (include proprietary & open source)

Á106

Å 1: LLM ӂᴿ ￼ḁớ⅝ӕ

Å 2:ᴏӝḅ℅ιҚ -ớ
ᴍ―־￼ Ҡḕᶈ LLM ѧ

Å 3: LLM ӂḁớ￼ᴝᵼᴵ SFT 
RLHF

12
E. Chen, R.-J. Zhan, Y.-B. Lin, H.-H. Chen. CIKM 2025.



LLM - ῳᴌֽײַ ς
Ӂᴾ Ḁײַ ₦Ӕ (1/2)

13

Қ

Ѯ

־
―
ᴍ

E. Chen, R.-J. Zhan, Y.-B. Lin, H.-H. Chen. CIKM 2025.



LLM - ῳᴌֽײַ ς
Ӂᴾ Ḁײַ ₦Ӕ (2/2)

14

( мΧ 106)

Қ Ѯ ᴍ―־

E. Chen, R.-J. Zhan, Y.-B. Lin, H.-H. Chen. CIKM 2025.



ҧGender RatioὑẐ εLLM
ҙ ֽῳᴌ ẘ

15

Қ Ѯ ᴍ―־

E. Chen, R.-J. Zhan, Y.-B. Lin, H.-H. Chen. CIKM 2025.



LLM Ӂᴾ Ḁײַ ₦Ӕεӆ
Ἰ gender ratio ὑẐ ҙ ֽῳᴌ

ψ
Åᴵ ἄᵼχSupervised finetuning (SFT) 

Reinforcement Learning from Human Feedback 
(RLHF)

16

( SFT/RLHF)

(ῶSFT/RLHF)

(ῶSFT/RLHF)

E. Chen, R.-J. Zhan, Y.-B. Lin, H.-H. Chen. CIKM 2025.



ᵷ ֪ Ү ײַ
(Contrastive ECOC)

Å֫ ү ￼ Ӕּז  (one-hot) 

Å ᶈ χ Ӕệᴿ ￼
ιӇ ј ệῗ ￼ ḧ
ÁӕḒχ ѧ Ӊ ι
ѧ ￼ ṇ Ӊ ￼

Åἅ ҃Contrastive ECOC Ά│ι ᵸ
ᵀ ￼

17
C.-Y. Chou, H.-H. Chen. CIKM 2025.



ӓⱴ Contrastive ECOC ᾇῺςײַ
vs ổᾃ ײַ ᾔ

18
C.-Y. Chou, H.-H. Chen. CIKM 2025.

ᴝḊ ᾳ ᾢ │

⅝ ￼ baselines ѕ Contrastive ECOCΆ│

ÅContrastive ECOCἹἰ FGSMᴣPGDᾢ
Å ᾢ ι Contrastive ECOC￼ ד
Ά│Ҋῶ



Dynamic DropConnect: 
ε ᾐ₤ ײַ ♆

ÅDropout/DropConnect: ₿
￼ Ӯ│

Á̓ ӾҚ ḧ ꞌp

Á ⅛ ᵻᵀ￼⅛ ῶp ꞌ

Å χ pῗ ι Қ ḧ
Åἅ ṸῺּי₩ᶚ ḧ⅛ ᴿ ￼

ꞌ
Å :
Á їӉ₃ẙӪ￼ / ї ₃ẙӪ￼

/ ї ₔ￼ / їӉ ₔ
￼

19
Y.-C. Yang, H.-H. Chen. PAKDD 2025.



ӽ ӈײ‫ẘַ Ồᾁ (on 
training data)

20
Y.-C. Yang, H.-H. Chen. PAKDD 2025.
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ӽ ӈײ‫ẘַ ⁴ᶙΉ ӯ
(on test data)

21

CIFAR-10 CIFAR-100

NORB

Y.-C. Yang, H.-H. Chen. PAKDD 2025.



Multivariate Beta Mixture Model 
(MBMM) & Flexible Bivariate Beta 

Mixture Model  (FBBMM)
ÅNew probabilistic clustering algorithms
ÅGaussian mixture model (GMM): each cluster has to be a 

Gaussian distribution
ÅMBMM & FBBMM: allow versatile shapes for each cluster
ÁUni-modal (symmetric or skewed), bi-modal

22
Y.-P. Hsu and H.-H. Chen. PAKDD 2025, Y.-P. Hsu and H.-H. Chen. PAKDD 2024

Clustering results on the concentric circles (synthetic data)



Math Information Retrieval (MathIR) 
(1/2)

ÅvǳŜǊȅΥ άὥὼ ὦὼὧ πέ

Á5ƻŜǎ ά‌— ‍— ‎έ Ŏƻǳƴǘ ŀǎ ŀ ƳŀǘŎƘΚ

ÅIf ὼ is the unknown in Eq1, — is the unknown in Eq2, the 
two equations are equivalent

ÅHowever, if compute similarity based on text-matching-
based methods (e.g., TF-IDF), Eq1 and Eq2 are not 
similar

ÅChallenge

1. MathIR is beyond text-matching

2. Labeled data (i.e., which pairs of equations are 
similar) is limited

23
P.-S. Wang and H.-H. Chen. IRonGraphs 2024 (in conjunction with ECIR 2024)



Math Information Retrieval (MathIR) 
(2/2)

ÅConvert equation into graphs
ÁCapture the notation structures
ÅTackles challenge 1 (MathIR is beyond text matching)

ÅGraph Contrastive Learning (GCL)
ÁGenerate similar equation pairs based on graph 

augmentation techniques
ÅTacks challenge 2 (limited labeled data)

ÅBpref scores (TangentCFT is a SOTA)

24
P.-S. Wang and H.-H. Chen. IRonGraphs 2024 (in conjunction with ECIR 2024)



Privacy-preserving machine learning

Åᾤẗ ᾣ ᾳᴵӞ ᾺιӇ ῶ
￼ ᾳ Ҩ ὶ ᾣ

ÅӬᵄקχ ᴵ Қ￼ (e.g., ḋᵄ
Ұ Ḕ ) ῲ ӬᵄἆҦ

ÅӬᵄק (pseudonymization) Ҡ
Å ΰ ῗᴶ ᵪ ר⁯￼+40 ἐ

Åѧ᷁ᶽ Ṫ ѧוּ ѧ ӈ

ÅṮ֫ (Differential privacy): 

Áό[ŀȅƳŀƴΩǎ ƭŀƴƎǳŀƎŜύ ᾳѧזԄ ιӔệ Ҩ
ᾳѧὸ ֧ԏ Қ￼

ÁӇṮ֫ ᾳ￼ ớזּ Ӊ 25



ἆצ σṭ֪ ᴿở
ᾔ (2024)

ÅἩ

Å Ἡק ◗ │ ‘ớ֫זּ

Å₦Ổ Ӑ

26



ἆצ ╪ ← ⱴ ֪ῷ ς 
ᶡ ᾔ ◕

᷂χ

- ᾳ ᷂
15%ιἆ

- ᷂Ӫ  15% ￼
ӈ (column) 

ӈ ѳ 1/3

ᶢ χ ᶢ  
(cardinality) ʑ  10 ￼
ӈ ӈ ѳ 1/3

χӭ  
(skewness) Ӫᶽ  3
￼ ӈ ӈ ѳ 
1/3



ἆצ ╪ ← ⱴ ֪ῷ ς 
ᾔ׀ Ᵽ
᷂Ӫᶪ χᶪ

mean/median/modeἆ

Ӫ χ /ᶎ
/

Ӫᴞ χּי z-
score/ᵺ֫ӈ / ₒ
’/ṕ ᵼḒ ḧ
Ӫ

Ӫ  χscale toק
[0,1], scale to [-1,1], 
standardize



ἆצ ╪ ← ⱴ ֪ῷ ς 
ᾔᴿở╪ ←

ῶ DP Ӡ

ÅAdaptive Iterative 
Mechanism (AIM), 
Maximum Spanning 
Tree (MST), DP-CTGAN, 
PATE-CTGAN

 DP Ӡ

ÅGaussian Copula



ἆצ ╪ ← ⱴ ֪ῷ ς 
Ӂ ֹ

Ӡ ẙχᵀἄ ᾳῗᵋ
ᴦῑᴝḊ ᾳ￼⸗ớ

Å ⸗ớ ӈ
ớ

Ӡ χᵀἄד ᾳἨᴩᾢ
￼ ד

ÅὝ ớ ớ ὸ ớ

ớχᵀἄזּ ᾳ ᴝḊ
ᾳ ї▫ ᵸ ү ￼
ἄᾦṮ

Å֫ χAccuracy, AUROC, 
F1

Å χRMSE R2

Å χ Ả



ἆצ ╪ ← ⱴ ֪ῷ ς 
׀ Ᵽἷẫ



Ỗ ᾔᾐᴿ (2021 ς 
2023)

ÅT Ӑ ӈχѧᶽᶽ ᶿ ѧỌ
Ṫ

Å Ṫ χ
Á ᵀ ῐ ᾳ ᶊ ỵ ᵸԊᵃ ᴿᶊ

32



ֶⱴ Ӵӡ ἆ ᶹ ╟
PM2.5ַײ ᴿ ө

Å ӵӢ Ἡ
Å Ұ ӵּוἄᾯ ӵ
Å ⱭῶRGBѕ

Åᶺ ◊PM2.5 ᵀ
Å ҰPM2.5 ἄԅᴶPM2.5וּ

ẙᶊ

Å EPA Airbox
ᴣ ῐPM2.5 јᵃ

Å ᵃ
Åᶎ ѕ ֯ ( x x )

Åᶎ ѧּוῶ

Å
Å ӵӢ ү ѧι ᵃ(x,y)ᶑ
￼јᵃ ᵃ ῶӪ ἆ ᵃ
Ӫ

Å PM2.5 Ӫү ѧι ᵃ(x,y)ᶑ
￼јᵃ ј ḧ ᵃ ῶӪ

ἆ ᵃ Ӫ 33



Supervised Contrastive Parallel 
Learning (SCPL) (1/3)

ÅRealizes model parallelism for deep learning; 
maintains high test accuracies across different 
networks and open datasets

34
Ѯ Ӑ χӍᵄ flἨ



Supervised Contrastive Parallel 
Learning (SCPL) (2/3)

35

Concept 
illustration

True training 
process on 4 GPUs



Supervised Contrastive Parallel 
Learning (SCPL) (3/3)

36

Training time speedup ratios (IMDB, transformer)

Test accuracies (IMDB)

Ѯ Ӑ χӍᵄ flἨ



Associated learning (AL) (1/2)

ÅAL: an alternative to end-to-end backpropagation

ÅAL decomposes a network into small components:

ÁEach component has a local objective function

ÁParameters in different components can be updated 
simultaneously
ÅEliminate backward lock, so pipelined training is possible; increase 

throughput

37

● ▼ ▼ ▼ ◄ ◄ ◄ ώ

Ὢ Ὢ Ὢ Ὢ Ὢ Ὢ Ὢ

‬Ὢ

‬—

‬Ὢ

‬—

‬Ὢ

‬—

‬Ὢ

‬—

‬Ὢ

‬—

‬Ὢ

‬—

‬Ὢ

‬—

D. Wu, D.-N. Lin, V. Chen, H.-H. Chen. ICLR 2022.
Y.-W. Kao and H.-H. Chen. MIT Neural Computation 2021.



Associated learning (2/2)

ÅResults on image classification (CIFAR-100)

38

BP AL

Vanilla CNN ςφȢυ πȢτϷ Ȣ Ȣ Ϸ

VGG φυȢψ πȢσϷ Ȣ Ȣ Ϸ

ÅResults on NLP-1 (IMDB)
BP AL

LSTM ψψȢρπ πȢυπϷ Ȣ Ȣ Ϸ

ÅResults on NLP-2 (AGNews)
BP AL

LSTM ψψȢυφ πȢωχϷ Ȣ Ȣ Ϸ

D. Wu, D.-N. Lin, V. Chen, H.-H. Chen. ICLR 2022.
Y.-W. Kao and H.-H. Chen. MIT Neural Computation 2021.



Parametric spectral clustering (1/2)

ÅSpectral Clustering

ÁPro: effective for non-linearly clustering

ÁCon: high computational costs and memory usage

ÅProposed Parametric Spectral Clustering (PSC)

ÁLearns to project data into spectral space

ÁSupports incremental clustering by updating 
clusters without retraining the entire model

ÁEfficient for real-time scenarios with dynamic 
datasets

39
J.-C. Chen and H.-H. Chen. IEEE International Conference on Big Data 2023



Parametric spectral clustering (2/2)

ÅSC vs. PSC: computation cost and accuracy

ÁFaster, memory-friendly, little (or no) sacrifice on 
accuracy

40
J.-C. Chen and H.-H. Chen. IEEE International Conference on Big Data 2023



ӈ ײַ  (1/3)
Å ḳ῏ ￼
ÁẂ Ẃᵻᾰ Ẃὸ/ ᾰ

Å Ӊ ￼ ᵿ

41

AUPRC scores of detecting active and low active spammers

ÅӇӑ ᶽ Ұ￼ ῗ Ӊ ￼ ό

R.-Y. Wang and H.-H. Chen. IEEE International Conference on Web Intelligence 2023



ӈ ײַ  (2/3)
ÅӔּז ᵸ ἆ▄ẙ Ӊ╗ ἄ
ᾦј

42
R.-Y. Wang and H.-H. Chen. IEEE International Conference on Web Intelligence 2023

AUPRC scores of detecting less active and highly active spammers

ÅGNN₩ᶚ vs. ῳӓ  GNN ₩ᶚχGNN̈̀ ᶊ
Ӊ╗ GNN vs. XGBoost (best among non-GNN models)



ӈ ײַ  (3/3)
ÅזԄ ⸗ ᴵ Ἅῶ₩ᶚ῭Ḅᶊי

43
R.-Y. Wang and H.-H. Chen. IEEE International Conference on Web Intelligence 2023

AUPRC scores of the models when including social features



Ỗ ᵷᾆ  ς supervised 
learning-based

44

Å10,000+ ỵ ᵸ (in 2021)ιӇ
ῶ ⅝ӕѳ Ӫј

Å ḧῼ ιӇҚדἄ 
Åΰ χҨ ᴒ

(Graphical Convolutional Network) 
ᴒ ᾯᵀ

ᾥ ѳỵ ᵸ
Å ᾳ זּ 2018 ẉ￼ Ұ ᾳ
ÅṪ 2018ẉ5ῴ 12ῴ

144 ιҨ ‛Ӯ
ᾳ
Á28 Ẃ
Á116 ⃰Ẃ
Áἅ Ҩ℅ ӂᴿ Ẃ

◗ │￼
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