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Algorithm 1Benchmark: A7INY 0 0
Require: Target series {y,}, lag set L = {1,7, 14, 21, 28, 30}, evaluation metric RMSE
Ensure: RMSE on validation set

: (Lag construction)
: Construct lagged features X,:
X;— [yt teL]

: Train Random Forest on Train80 using X,
: Compute EMSE on Valid20
: return RMSE

1
2
3
4: Split data into Train80 (first 80%) and Valid20 (last 20%)
5
[3
7

Algorithm 2 Wrapper: ¥ £ 2 & 7|9k

Require: Target series {y, }, candidate series {x; ,}. lag set L= {1,7,14, 21,28, 30}, evalua-

tion metric RMSE

Ensure: Selected feature subset S, RMSE on validation set
1: (Lag construction)
2: Construct full feature set F:

10:

3
4
5
[
28 «F
8:
9
i}

Include self-lags y,_¢ for € L
Include cross-lagsx; ,_¢ foralljand £ € L
- Split data into Train80 (first 80%) and Valid20 (last 20%)
: Within Train80, split into Train60 (first 60%) and Test20 (next 20%)

: function SCORE(S)
Train Random Forest on TrainG0 using S
return RMSE on Test20 using S

11: end function

12 curr_seore «— SCORE(S)

13: while |S| > 1do

14:  Train Random Forest on Train60 using S
15 Compute feature importance FI; for allj € S
16 Uy, < argmingzg FI;

172 8" = S\ {vmin}

18 new_score « SCORE(S")

19:  if new_score < curr_score then

20: S8

21 CUI'T_SCOTe «— new_score

22:  else

23 break

24:  endif

25: end while

26: Train Random Forest on Train80 using final S
27: Compute RMSE on Valid20

28 return S, RMSE

Al

1gorithm 3 Filter: 4H{HA| 4= 7|4F

Require: Target series {y,}, candidate series {x; ,}, lag set L = {1,7,14, 21,28, 30}, integer

N, evaluation metric RMSE

Ensure: Selected feature subset Sp;, RMSE on validation set

: (Lag construction)
: Construct full feature set F:
Include self-lags (y,_¢) for L € L
Include cross-lag pairs (x;,_¢) foralljand { € L

: Compute Pearson correlation p; ¢, between (x; ,_¢) andy, forall (j,€) €F
: Rank features in F' by |Pu.h| in descending order

: Spy « Top-N features from F

: Train Random Forest on Train80 using S

1
2
3
4
5: Split data into Train80 (first 80%) and Valid20 (last 20%)
6
7
8
9

10; Compute RMSE on Valid20
11: return Sy, RMSE

<33l 3> HIZ|0k3, Wrapper, Filter &410| 4212 2 2F5t Pseudo-code
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Feature Selection Strategies for Machine Learning-Based

Demand Forecasting in Joint Distribution Centers for SMEs

Minjeong Ahn**, Jiyoung Han***, Seunghwan Jung****, Injoon Noh*****

ABSTRACT

Purpose: This study aims to develop a machine learning—based forecasting model tailored to the
operational characteristics of regional joint distribution centers used primarily by small retail stores. Unlike
large-scale fulfillment centers, these hubs face highly irregular and low-volume demand at the SKU level,
making accurate forecasting particularly challenging. Furthermore, important predictors including promotions
and store-level operational details are not accessible in this setting, creating structural constraints for
effective variable selection. To address these challenges, this study proposes a forecasting framework that
leverages demand information from related product groups as proxy variables and evaluates two feature

selection strategies—Wrapper and Filter methods—to identify a scalable and accurate prediction approach.

Research design, data, and methodology: Using real transaction-level sales data from a Korean regional
distribution center covering January 2021 to December 2024, daily sales were aggregated into 209 sub-
categories. A Random Forest model served as the common predictive algorithm across three conditions:
(1) a benchmark model using only self-lagged features, (2) a Wrapper approach employing backward
stepwise selection based on feature importance, and (3) a correlation-based Filter approach selecting top-N
subcategory features via Pearson correlation. Model performance was evaluated using RMSE on a hold-out
validation set, and total computational time, which includes feature selection and model training process,

was compared across methods.

Results: The Filter (correlation-based) method significantly outperformed the Wrapper method in both

computational efficiency and predictive accuracy. The Filter approach required 3 to 100 times less compu-

* This study was supported by the 2025 Korea Distribution Association and Korea Electronics Association.
This study was supported by the 2025 Ministry of Education and National Research Foundation of Korea (NRF-2025S1A5C3A02006968).
** Master’s Student, Department of Business Administration, Yonsei University, First Author
*** Master’s Student, Department of Business Administration, Yonsei University, First Author
k%% Assosiate Professor, Department of Business Administration, Yonsei University, Corresponding Author
**%%%k Assosiate Professor, Department of Business Administration, Korea University, Co-Author
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tation time than the Wrapper method and produced lower RMSE, with optimal performance observed
when using approximately 300 top-correlated features. Performance gains were particularly pronounced for
subcategories exhibiting low sales volume, intermittent demand, and strong seasonal or co-movement
patterns. In contrast, the Wrapper method struggled with high-dimensional feature spaces and failed to

identify optimal feature sets within reasonable time.

Conclusions: The findings indicate that in joint distribution center environments, correlation-based Filter
selection is highly suitable, particularly in logistics settings characterized by sparse, volatile, and interde-
pendent product demand. This approach simultaneously delivers accuracy and computational efficiency—
both essential for operational decision-making in regional distribution hubs. Overall, the study contributes
a domain-specific, data-driven methodology that enables more reliable shipment forecasting, improves
fulfillment efficiency, and provides an analytical foundation for developing digital fulfillment models to

enhance the competitiveness of small and medium-sized retailers.

Keywords: Joint Distribution Center, Demand Forecasting, Machine Learning, Feature Selection



