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A Study on the Real-time Recommendation Box Recommendation of

Fulfillment Center Using Machine Learning
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Abstract

Due to the continuous growth of the E-commerce market, the volume of orders that fulfillment centers have to process
has increased, and various customer requirements have increased the complexity of order processing. Along with this
trend, the operational efficiency of fulfillment centers due to increased labor costs is becoming more important from
a corporate management perspective. Using historical performance data as training data, this study focused on real-time
box recommendations applicable to packaging areas during fulfillment center shipping. Four types of data, such as
product information, order information, packaging information, and delivery information, were applied to the machine
learning model through pre-processing and feature-engineering processes. As an input vector, three characteristics were
used as product specification information: width, length, and height, the characteristics of the input vector were extracted
through a feature engineering process that converts product information from real numbers to an integer system for
each section. As a result of comparing the performance of each model, it was confirmed that when the Gradient Boosting
model was applied, the prediction was performed with the highest accuracy at 95.2% when the product specification
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information was converted into integers in 21 sections. This study proposes a machine learning model as a way to
reduce the increase in costs and inefficiency of box packaging time caused by incorrect box selection in the fulfillment
center, and also proposes a feature engineering method to effectively extract the characteristics of product specification

information.

B Keyword : Fulfillment Center, Machine Learning, Box Recommendation
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335 29 A&

QAT Aol olaf AT B4 HlolEl Al
@ 29| HlolH= 574X 9] 7He|ae] S o535k
L 2R B Helg & otk web bing) 7
47k 27K ket M B MBS Bol 1
g8 XA35}17] 13} Boundary Based Model, Tree
Based Model, Neural Net Based Model 37}|2] Z}
7] BhE AEe 7o Y oy EEe A
golglon], nay B4e 0gw ek

3351 A4 23

Boundary Based Model-> Support Vector Ma-
chine (SVM)3} K-Nearest Neighbors (KNN)Q} 7+
o 24 Aol 71 mee ATk SVM

& dojg welshs Hxo) 24 AAS %o
v, KNN& 59 o]2:50] A7) e} o 22
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Tree Based Model-2 Decision Tree, Random
Forest, Gradient Boosting, ~12] 37 XGBoost2} 7+
L Eg 7|HF BYlS HAIGOom, o] HElEL
Ee) 725 Agstel dolEE Basa o2
o Suac AR wdo 54 Awnd
Decision Tree= EA]o| w2} glojg & B3}
of B4 z700] we} Hlojels} 29w BRwry
Random Forest= o]&] 7]|9] oA} E2H ETE ¢
Q3 7t 22o) o 5e Bastel HATE 2

o] X do|t}. Gradient Boosting2 Fsl L d]
SRR o2 FSAA e oAHE ndlS
Tl g o g =25}

XGBoostt Gradient Boosting= 7|Hto 2
v, B89l AT UTE|EI 54 FAE &

4 7158 Agse mdolt,

(2ot m

o
—_-

Neural Net Based Model £+ Neural Network
WA =2Ae Agstgon], AgTe AP
T 150 AAE PAE LY, B v
HY BAE shET 5 Ut
71Z9| sfetule g2 At

R i
stow, mygd A% vetuE = < 5>

336 A% A% 5 84
SrollA] AR mae] et S Al B
A% Aaks gelgeh 3 HA bino] g7t 2

% vlmsta, F g

S
we) 45g sl 3 WA
2 bin®] A5t Zokgel we} wgE Ane
H e 3 <® 63 )

Boundary Based Model 7]¥t &l = K-Nearest

(H 6) BIN 7§ S7t0f [IE Z¥E 85 H|W

Accuracy

bin
KNN |SVM | DT | RF |GRD | XGB | NN

Ju—

0.704 1 0.696 | 0.705 | 0.705 | 0.706 | 0.705 | 0.697

0.85510.868 | 0.876 | 0.878 | 0.875 | 0.877 | 0.869

0.85510.806 | 0.862 | 0.867 | 0.862 | 0.865 | 0.847

0.87310.867 | 0.894 | 0.893 | 0.893 | 0.894 | 0.880

0.904 1 0.845{0.921{0.923 | 0.918 | 0.923 | 0.904

0.920 | 0.897 | 0.927 | 0.935|0.931 | 0.934 | 0.919

0.909 | 0.876 | 0.936 | 0.936 | 0.936 | 0.940 | 0.923

0.92410.892|0.934 | 0.940 | 0.940 | 0.946 | 0.927

O |0 | Q| |n || N

0.92510.894 |1 0.934 | 0.938 | 0.940 | 0.946 | 0.923

—_
(=]

0.9230.8970.939 | 0.941 | 0.945|0.947 | 0.932

Ju—
—

0.92410.887{0.932|0.939|0.945|0.947 | 0.930

\S)

0.92410.903 | 0.940 | 0.940 | 0.946 | 0.951 | 0.930

j—
w

0.92410.896 | 0.940 | 0.938 | 0.947 | 0.952 | 0.936

—_
~

0.927 1 0.901 | 0.940 | 0.938 | 0.950 | 0.953 | 0.941

—_—
W

0.927 1 0.909 | 0.938 | 0.939 | 0.949 | 0.951 | 0.940
0.921]0.898{0.937{0.936 | 0.950 | 0.954 | 0.939
0.92210.911{0.925{0.933|0.947 | 0.950 | 0.937
0.91910.917{0.932|0.937 | 0.946 | 0.949 | 0.932
0.92310.905 | 0.936 | 0.933 | 0.950 | 0.951 | 0.940
0.910]0.912{0.926 | 0.931 | 0.943 | 0.949 | 0.934
0.92510.916 {0.939 | 0.934 | 0.952 | 0.952| 0.938
0.91710.909 | 0.932 | 0.930 | 0.949|0.952| 0.935
0.92410.907 | 0.936 | 0.930 | 0.948 | 0.953 | 0.933
0.91510.917{0.936 | 0.933 | 0.948 | 0.954 | 0.935
0.92010.910{0.923 | 0.928 | 0.944 | 0.948 | 0.934
0.92110.9130.934|0.9330.950| 0.952 0.935
0.92510.920 | 0.932 | 0.931|0.950|0.950| 0.933
0.9160.918 {0.932 | 0.927 | 0.950 | 0.954 | 0.938
0.92410.916{0.934 | 0.919 | 0.952 | 0.953 | 0.941
0.92510.923 | 0.935|0.930 | 0.947 | 0.954 | 0.938
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Neighbors (K-NN)&} Support Vector Machine
(SVM) F 5l et Aohg vnakelS
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Tree Based Model?l DT+= bin®] 7|5=7} 127}
A 748 94.0%, RF2] 7% bin%] 7j=7} 107]L
T 94.1%, GRD®] A< bino] 7|2 21742 uj
95.2%, XGBoost2] 79 bin 247} o} 95.4%=
=4 =9},

Tree Based Model2 4] Decision Tree (DT),
Random Forest (RF), Gradient Boosting (GRD),
18]35 XGBoost 592 A& AJSH 2
T} Decision Treeo]| A= 127]19] bind 7% 94.0%
9] A3t & YE 21, Random Forest= 107}
9] binoj A 94.1%2] F&=E stk
217119 bing ARE-5}
95.2%9] A== Yel 1, XGBoost= 247}
O] binof| A= FHUT 95.2%9] H=E =Qlst
9it}. Neural Net Based Model & 7]& = Q]
Neural Net2] 7% bin®] 7§57} 2970 wjf 94.1%
Ao E ey oith AA 2ES v wskeS
739 Tree 7|¥t Rdl = Gradient BoostingT}

Gradient Boosting-2

& FUREAE ) AN xS BF AT 159
(HE 7) OIEX| HAH /= 2¥E 45 Hlu
T QAEA, W 7hg AY o]l S HlolH
WA AA A [ oA AA ¥
BIN accuracy BIN accuracy
KNN 15 0.901 15 0.927
SVM 28 0.909 30 0.923
DT 15 0.922 12 0.942
RF 16 0.934 10 0.941
GRD 14 0.94 21 0.952
XGBoost 16 0.94 24 0.954
NN 30 0.932 14 0.941

(H 8) CLASSH 0= 45 Hlu
(Gradient Boosting)

TE | 52| & 3 U3 #1d3F #2
Recall | 0.988 | 0.819 | 0.777 | 0.982 | 0.166
Precision| 0.956 | 0.903 | 0.956 | 0.985 | 0.125

AAH T o|AXE AA}E

(o]
dlo 0 0/ 0] XJl-0O A%\ . = [ Sk A~
XGBoost o] 95.2%, 95.4%2] A5o=2 714 A 1Eo] o] ZrlsHs AL BHoIE 4 o)
0 HIJILE=E 14—.9_ ﬂo fox |
w2 s yehdE glskith t}. Gradient Boosting¥} XGB 2@ %= Xt} %2
L= + =z} 2} =06 AL-0O =S .
= WA 4 B P w2 dee Hole bin® 742 =2 HJE=E YEM = Gradient
i = 7(—]_9._9_ E 3 A}z . 5 _
bin 7J5=¢} DBSCAN 8- &5k olAA| AlA Boosting 2 @2 X5 g og HAsc} <Y
o) 1 o 3 [e] i - - .
%j/‘_?; E‘&]tg }\é o = H] ‘?:'_L 7§T <it 7>J_q_ %H;} 8>9]‘ <3t 8>—‘L‘_: Z,E]%— ___i /‘\‘;S]UJ— Gradient
- 5 Box
OrderNo. | Width | Length | Height = aty | 1.
215 6.5 21.5 1 1
Order #2 25 6.5 Z5 1 i1
40.5 46 6.5 1 cf1
Instance Aggregation
) order No Independent Variable (Feature) Tarlget
Features : 9 x1 x2 x3 y1 y2 ¥3 z1 22 23 value
Order # 2 2 1 0 2 0 1 1 0 2 1
Order No Independent Variable (Feature) Target
Features : 12 x1 x2 x3 x4 y1 y2 y3 v4 21 22 z3 z4 value
Order # 2 1 1 1 0 1 1 0 1 1 0 1 1 1
Independent Variable (Featur
order o epende ariable (Feature) Tarlget
Features : 90 x1 x30 i oyl y30 i z1 z30 | Ve
Order # 2 1 0 1 1 1 1 1
width length height
(g 8) #H JiS X2l 0|= st o|ojH A
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Confusion Matrix
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24 i 2 & =

Predicted

(1% 9) Confusion Matrix (Gradient Boosting)

Boosting @ 9] 217]9] bin 71|41 2] confu-
sion matrix?} ¥ 3 7] ¥ recall, precision®] Tt}
e #2 A9 S recall, precisionS 2421
3t A} 12~16%% 1§ F2 Aoz 91016}01
o o #2e] Zeae] A T HEs}
A= B S 2o Hlgf] WS =T} Y tEJr
2hA i@ #29] 4 231 MEDS 5ol Bt
EER R
2 Lg(recall)g 3;]-0]-5} Ay} 211 HlE7p U
o djgie) Aee Asl, Fa9t o #o]
oFtt ZeAE 71T AL 98.8%, 98.2% =
F 59 Ssol 94 s axdoz
Az Yoliss 4ol
Hol e ol A1) ol Sl 30] 24
= AL=Z ol WSt Ao R A=
u}2}A] width, length, height @]o] %= width +
length, length + height, width + height Z} ¥<4=9]
z234E F71= J—Eﬂﬁ} Mzg "5 YAk
F7F A7 dad Ao

- de=
2 getEch /‘HE—L': HEEd 7|E HeEEY =
= Fol vlA YA S S =&k
olF Tl & I FUXFA, HB H) Y F
2 AAES FIAE = e Aotk

YU & (precision) S SHRIgE A7} tfF #2, =54
£ ALt AAgol vlsf w2 = Hol=

ric Cost)JJ- AAECh <HE 9>= ubA gy)E 2
7t 29 93], <& 10> <19 8> con-
fusion matrixE& A|LASH Ao|ct.

A Eol, <& 10>2] utA) o]—o]a]— E =
shet gelo] eRFL I B HUL Aew
i1 950] % TS 1 < 11> 2 5
gJoupa o] oH=T 03} 27} 2¢lo] uAYs}
A Hok

<3t 10>9] "} slojafo| E 9 At ¢f 9
QEFR Q) WAYs= v]go] AEG AT 15

Iy

(H 9) HtA Afo|=H

= o
7t 2

72 [32[ 2] 7 [93s|gan
F7F 4(®)| 0 | 400 | 1,100 | 3,000 | 1,0900
(EA : 71924 ZAALAE SA A=)
https://soho.cafe24.com

(X 10) confusion matrix X7
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