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https://floyden.home.blog/2019/04/28/definition-of-big-data/
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中央極限定理
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https://youtu.be/SbRUtf-b3DA

https://youtu.be/SbRUtf-b3DA


4

https://openviewpartners.com/blog/7-inconvenient-truths-about-big-data/
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https://openviewpartners.com/blog/7-inconvenient-truths-about-big-data/
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Gaussian process regression: 𝑂(𝑛3)

3.8GHz i7 CPU

64GB ram

𝑛 = 100,000
𝑑 = 8
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𝑛 = 11 𝑛 = 21 𝑛 = 81

3

Ben Haaland. Peter Z. G. Qian. "Accurate emulators for large-scale computer experiments." 

Ann. Statist. 39 (6) 2974 - 3002, December 2011. https://doi.org/10.1214/11-AOS929



The more the better

• Variable selection

• Sufficient statistics

• Max pooling layer

• Stochastic gradient descent
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Representative

?
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What Information?

• Data-rich ≠ Information-rich

• Information is objective-dependent

• Here, two types of information from the data:
• Conditional distribution

• Joint distribution
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Conditional Distribution of 
𝑿𝟏|𝑿𝟐, … , 𝑿𝒑
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Ma et al. (2015)



Joint Distribution of 𝑿𝟏, … , 𝑿𝒑
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Two Objectives

• Conditional distribution of 𝑋1|𝑋2, … , 𝑋𝑝
• Model-dependent subsampling

• Model-free subsampling

• Joint distribution of 𝑋1, … , 𝑋𝑝
• Model-free subsampling
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Conditional Distribution

• Wang, H., Yang, M., and Stufken, J. (2019), “Information-based Optimal
Subdata Selection for Big Data Linear Regression,” Journal of the
American Statistical Association, 114, 393–405

• M.-C. Chang (2023). ``Predictive Subdata Selection for Computer
Models’’, Journal of Computational and Graphical Statistics, 32, 613-630.
DOI: 10.1080/10618600.2022.2097247. [SPEC科學推展中心報
導 https://spec.ntu.edu.tw/20230901-research-math/]

• Joseph, V. R., and Mak, S. (2021), “Supervised Compression of Big Data,”
Statistical Analysis and Data Mining: The ASA Data Science Journal, 14,
217–229.

• M.-C. Chang (2024). ``Supervised Stratified Subsampling for Predictive
Analytics’’, Journal of Computational and Graphical Statistics, to appear.
DOI:10.1080/10618600.2024.2304075.
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Statistical model fitting

(Linear model, Gaussian process regression, etc.)

𝑥1

𝑥𝑑

𝑦

Unveil the blackbox among features/variables

Regression problem / Supervised learning



Conditional Distribution

Model-Dependent Subsampling
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?

𝑛 = 1287



Gaussian Process Regression

• Gaussian process regression (GPR):

• 𝑍(𝒙) is a Gaussian process (GP)

• For any 𝐿 ≥ 1, any choice of 𝒙1, … , 𝒙𝐿, the vector (𝑍(𝒙1), … , 𝑍(𝒙𝐿)) has a multivariate
normal distribution

• Determined by its mean function and covariance function

• 𝜇 𝒙 = E[𝑍 𝒙 ] and 𝐶(𝒙, 𝒙′) = cov(𝑍 𝒙 , 𝑍 𝒙′ )

• Stationary: the joint distribution of 𝑍(𝒙1), … , 𝑍(𝒙𝐿) is identical to that of
𝑍(𝒙1 + 𝒉),… , 𝑍(𝒙𝐿 + 𝒉) for any 𝐿, any 𝒙1, … , 𝒙𝐿, any 𝒉
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Lectures of NTU Data5010, by Ming-Chung Chang (Institute of Statistical Science, Academia Sinica)

𝑦 = ෍

𝑗=1

𝑝

𝛽𝑗𝑔𝑗(𝒙) + 𝑍(𝒙) + 𝜀

https://sites.google.com/view/mcchang/
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Methodology

• Expected improvement (EI) optimization
• Different from the traditional EI

• Purpose → Prediction
• Output values available outside the subdata

• The proposed criterion for subdata selection
• 𝜼0: GPR outputs at 𝒙0 = (𝑥𝑖1 , … , 𝑥𝑖𝑘)
• 𝒕0: true outputs (known) at 𝒙0 = (𝑥𝑖1 , … , 𝑥𝑖𝑘)
• Discrepancy function: 𝐼(𝒙0) = (𝜼0 − 𝒕0)

𝑇(𝜼0 − 𝒕0)
• Conditional expectation:
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E 𝐼 𝒙0 𝒚 = tr 𝚺𝜼 + E 𝜼0 𝒚 − 𝒕0
𝑇 E 𝜼0 𝒚 − 𝒕0

= tr 𝚺𝜼 + E 𝜼0 𝒚 − 𝒚0
𝑇 E 𝜼0 𝒚 − 𝒚0 + tr 𝚺𝝐



Methodology
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෍

𝑗=1

𝑘

prediction var.+prediction error2 + noise var. at 𝑥𝑖𝑗

E 𝐼 𝒙0 𝒚 = tr 𝚺𝜼 + E 𝜼0 𝒚 − 𝒚0
𝑇 E 𝜼0 𝒚 − 𝒚0 + tr 𝚺𝝐

𝒙0 = 𝑥𝑖1 , … , 𝑥𝑖𝑘 ⊂ −
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Image Data
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10000 subdata points

~ Proposed

10000 subdata points

~ SPlit

98304 data points



Image Data

31

Reconstruction using

10000 (Proposed)

subdata points

Reconstruction using

10000 (SPlit) subdata points

98304 data points

Fitted by partitioning estimate 

(aka regressogram or regression histogram)



Conditional Distribution

Model-Free Subsampling
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Joseph and Mak (2021)
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https://cran.r-project.org/web/packages/supercompress/index.html

https://cran.r-project.org/web/packages/supercompress/index.html
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• Model-free approach: Chang (2024)
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• Algorithm
• Apply k-means on Y with 𝑘 = 𝑛1/3

• Form the clusters 𝑦𝑖1, … , 𝑦𝑖𝑘𝑖: 𝑖 = 1, … , 𝑛1/3

• Form the sets 𝒙𝑖1, … , 𝒙𝑖𝑘𝑖: 𝑖 = 1,… , 𝑛1/3

• Form the nearest regions on the X-space using ൛
ൟ

𝒙𝑖1, … , 𝒙𝑖𝑘𝑖: 𝑖
= 1,… , 𝑛1/3

• If #(some region)>10, then apply k-means on X to that region with 𝑘

= min{𝑘∗:
SSbetween

SSwithin
> 0.95}

• Form strata 𝒜1, 𝒜2, … ,𝒜𝑘′ (𝑘
′ ≥ 𝑘)

• Randomly sample data points in each 𝒜𝑙
• Repeat 𝐵 times. Then aggregate

1 2

3 4

5 6



• Assume: (i) 𝑓(𝒙) is bounded; (ii) Var(𝑌|𝑥) is bounded; (iii)
𝑔 𝑦 is bounded, defined on a compact support, and has 1st

to 4th bounded derivatives. Then, the MISE for the
partitioning estimate መ𝑓 𝒙 is:

• Suggest 𝑘 = 𝑛
1

3 ➔ Convergence rate: O 𝑛−
2

3
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E න መ𝑓 𝒙 − 𝑓 𝒙
2
𝜇(𝑑𝒙) = O

𝑘

𝑛
+

1

𝑘2



WEC Dataset

• The Wave Energy Converters (WEC) dataset, provided by UCI Machine 
Learning Repository (Dua and Graff, 2019)
• Y: total power output
• X: 32 location variables and 16 absorbed power variables (𝑑 = 48)
• 288,000 = 252,000 for training + 36,000 for testing (divided by SRS)
• Subdata size: 1,000
• 𝐵 = 5

• Methods: rSSS-K-GL/OL, rSSS-Seq-GL/OL, supercompress, ASMEC, SRS,   
Chang(2023)

• Models
• Gaussian process regression (mleHomGP)

• Gaussian correlation function 

• k-NN (𝑘 = 1 and 𝑘 = 5, knn.reg)

40

40 replications ➔ 40 RMSPEs

Chang(2024)
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8.59 minutes

30.57 minutes

19.95 minutes

75.20 minutes

Desktop computer with a 3.20GHz Intel Corei9 CPU and 128GB of RAM

Chang(2024)

Chang(2023) not good for k-NN

supercompress usually better for 1-NN (non-smooth model)

Chang(2024) seems more robust



Summary

• Wang, Yang, and Stufken (2019)
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Summary

• Chang (2023)
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෍

𝑗=1

𝑘

prediction var.+prediction error2 + noise var. at 𝑥𝑖𝑗



Summary

• Joseph and Mak (2021)
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Summary

• Chang (2024)
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1 2

3 4

5 6



Joint Distribution

Model-Free Subsampling
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• V. Roshan Joseph and Vakayil, A. (2022). “SPlit: An
Optimal Method for Data Splitting“. Technometrics, 64,
166-176. R package: SPlit. (Wilcoxon Award).

• V. Roshan Joseph. (2022). “Optimal Ratio for Data
Splitting“. Statistical Analysis and Data Mining: The ASA
Data Science Journal, 15, 531-538. R package: SPlit.

• Vakayil, A. and V. Roshan Joseph (2022). “Data
Twinning“. Statistical Analysis and Data Mining: The ASA
Data Science Journal, 15, 598-610. R package. Python
package.
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https://sites.google.com/view/mcchang/teaching?authuser=0

https://www.tandfonline.com/doi/pdf/10.1080/00401706.2021.1921037?needAccess=true
https://cran.r-project.org/web/packages/SPlit/index.html
https://onlinelibrary.wiley.com/doi/epdf/10.1002/sam.11583
https://cran.r-project.org/web/packages/SPlit/index.html
https://onlinelibrary.wiley.com/doi/epdf/10.1002/sam.11574
https://cran.r-project.org/web/packages/twinning/index.html
https://github.com/avkl/twinning
https://sites.google.com/view/mcchang/teaching?authuser=0
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Conclusion

• Why subdata?
• Data-rich ≠ Information-rich

• Time consuming

• Full data beaten by subdata

• Solutions
• Divide and conquer

• Subsampling

• …
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Thank you for your attention
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