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Small Business Trade Area Analysis and Survival Prediction
Using Public Data and Explainable AT Techniques
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Korea has a high proportion of self-employed individuals, and their frequent businesses closures are causing
serious social problems. Although there are many previous studies on commercial district analysis and long-term
survival prediction for self-employed businesses, this area lacks systematic analysis. This study utilized public
data and machine learning to perform commercial district analysis and long-term survival prediction for closed
restaurants across Seoul. XGBoost (eXtreme Gradient Boosting) was finally selected among seven proposed
models. We also utilized SHAP (SHapley Additive exPlanations), one of the explainable artificial intelligence
(XAI) techniques, to investigate the influence of variables affecting the proposed model and explore the main
factors affecting business closures. As a result, we found that some demographic and geographic factors are
important factors for small business survival. Finally, we applied the proposed model to predict new restaurant
locations across Seoul, demonstrating its potential usefulness in the decision-making process for self-employed

entrepreneurs.

Keywords: Public Data, Survival Analysis, Trade Area Analysis, Machine Learning, SHAP

LA &

AGAE oo YA E AFst] 17F AA THE
A7) 1(Hatfield, 2015; Yang, 2016), E}%ﬁé} Aol FAF
of 2] Ao 23 A3 AAH SHAA w$ Fa3

=
Aﬁﬁa‘jr(Jeon and Oh, 2023). At Qo] 3= A A

ro 2 12 ol iy
& 2o 5o

AA et HFS Tu AA R vE) ug =2 A
(Kahn et al., 2020), T 1& 752 A XS A HE A 7 A
5 92,9005 ¥ 2, ﬁﬂl =

T A FE IS
A 429] 20.1%E AR Sk Y QAL 9} AR AF
w7 B BAE S A9 i

(23.5%) 0.2 F4FE W (Statistics Korea, 2023), 33 FA=
OECD 3871=F 5 89l olth. o]= EU 277059 H(14.5%) 5
o 10%71E & FA oA, d=3 AR A2 76 =7}
A =98.7%)F LE©0.6%)S ABY L& HFL = A
Hhel] W] X1 #] X-gF 44 o] THOECD, 2023).

U AYAAEE 20179 AHE AR, 20193 Z 2019 2
A,2022d g Alob- Aol A T Yo 224 A7) A
Aok A, A& A FolEx WjEH Fsdte FAY YT
07 AZ+e 432 g3 Y th(Kahn et al., 2020). 33 2010
o FHEE T AGUAEY FHoldELS
o] AR Q3 AsH WE e JUs

L ) LA @%(J}ffw EHRENR Y
Tt AgAA o3}
202349 129 149 A4 20249 29 109 SRE A% 20244 39

A, 16419 7% FUA AT MEZ 2066, Tel: 031-290-7628, E-mail:
11 AA 4.

o0 JxAFAYE AU wol FPFH S (NRF-2021RI1F1A1063690).

leehee@skku.edu


https://crossmark.crossref.org/dialog/?doi=10.7232/JKIIE.2024.50.3.173&domain=https://jkiie.org/&uri_scheme=http:&cm_version=v1.5

174 2F .

>

XN orlo rfr rlo

s 2 Haste FA ol th(Lee, 2021). AF 4
Hls A% 27 B4 v &9 B2 T%% fE2 73

° A 9l=dl(Nam, 2017), 92 AGAAEY
2 o150 8 YN 2L g FHo o HY
zﬂ} t‘&E}(Klm, 2017).

Z 8 T AYYA A EL =2 5

Fo02 L}E}%E} }%‘"MH 13 HEZEL61.7%= 34 14
kel 40%°l 23t QA AP, 59 BEE2 269% =
A AFGAE 1/47k] FopdE o Th(Kim, 2018). 53
APl A =& HlFE AR shE 8244 ok A4 719&
2'd ko]l HSfst= QAL AnE o] el 23k (KOSIS, 2020),
o5 5 AEE&L 228%°] E3}5Fck(Statistics Korea,
2021). AGYAEY 22 HHY2 189 BA, 7 - 719
Bajel Z7F 283 A AA A F53 5 A3A BAE
oF7] 3} (Nam, 2017; Sung and Kim, 2020), A Ztst 3¢ ¢
A T2y gHE 2HE 4 AUth(Noh and Chung,
2016). Nam(2015)°ll w=d 1749 A9LA A A Hd
6,5005F U] F AFS] A u] &o] WA st o] = -2 uhet A
Ao g A 30z Yol D3t= ALRE FAHET

FTEAEG APAA DA AN E Y HAG Fohd A
A H &S FARE AAG A g 24F A A&
53] AAS ATHKim and Shin, 2015; Kim, 2018; Jeon
and Oh, 2023). Y ¥l & 22 AAA ST FF7|H-2 tolE 7]
HHo) AR 2H S AlFete] AFAEY YA AR
A9 73E AYskal Ath(Kim, 2008; Lee, 2019). o] &g
AAEAN2H L JA JRE AAHOZ A g3t o

(e

ol
-

=

FE AN AGUAES IR E ALBT, T2
ASSA Wl 4 B8 BT A 1A o2 o
EnozE HEI Y AL S HAS] e A
e,

stz ote de 5
T Ty
Mﬂ-(Klm et al., 2018, Klm etal., 2019; Lee et al., 2022; Kim et
al,2023). 21U 7| E Y A7 HE A, YT HEY &
Aol A3 2 °J°ﬂ e AR FA4 & FE3 Aot
FU AYdY £ AYE ALES Aelld A AE g
AFAQ HlolE £4< 58 A9 89 il Basit
et B A= A HY AYAA T Aol JsH
249¢ tpoE xS A7) AE W AE 78 5 37}
AZ EFsIQ o, A9 7153 Ql J—Z] S(XAL eXplainable
Artificial Intelligence; ©] 3} XAl S &-&3) ©7] A& Hx o 4
5 921 1% 7Hs T HolE S Ba) 24 2 Ane, 2]
AES AT B8 BEHAT,

2 =Y 7L U3 2o A A e A9 HY o
3 3a 8% el g A ﬁﬂoﬂ?e s, A3
HatSTh AN A= AP
:% &3t

o

o] 7] 3t -

CEE

<
oft
R}
!
o
o
.ot
oo
ok
. O

g o A9HE
T a4l 53 Jh 4
U PYEol2s o8 28
Q

1‘
o
HU
>
v
A

2 2 ol
_W0>~n_.>i32mlo

im et al., 2023), A‘]%
7] *ﬂf %‘ Yo E A7 A& 2t
A 7S A = EH A THKim ef al., 2018). Lee et
219 Al7] M2 1,011 AHdol tisf 7
A, X B WFd &3t TSy FF
ATE TN 1YY o] AFA AR
< A THAR A o EHol7) o FHAR MTE
#3h7] 9 53s vy AAE AR 238A R
e o] AT Kim ef al, 2022). £3F o] 9] A=
A WZEo YL nAE= 29 B AL w97

O}LB

=)

& omo 2L X of o 19 My
>
=
ko

o ofy

rir

1(2022)

ko
_ﬁ
_11m

EHN
© d
L.‘ﬂ
rir

i o Sl of 2] o] EA Gt

IASEE B4 vAE 728 23S & 91, FHES

L] 43 B4 o] ATh(Bzdok et al, 2018).

Jang(2021)& 71 A& AH&3l A&A] 257) AAF
&

~—

&3
© Al 293 QA HEY AL 7S d sk, %]—ﬁ*i
H 298 EA3 T} Bang et al.(2018)& ME&A A714-S O
HO2 FUARE T4 M 01141 A gRE ERee= 4
TE APtk o] 29 AFE VATSEe AHEE Hx9
e 5 ANET HAA 7lL A9} 2P E =L, Jang(2021)

o AT 622%
Balanced AccuracyE 7153 A JAFAA
o 58 o] ottt k3o AUt

oo A el R YR EE A0 g HoHE &
43 A9Y HY dS dFE0] LA A= FA ol
. 2HAF 25 dolH AAE #4)(Time-Series Analysis)
/‘}%3“ AR HY S dFste A7 FRHALH
and Zhou, 2020), 202 B do]E 9} /M4, AU & 5
§]r tdolH& 2A%s) 844 Y dS5S s d
HoH(Naumzik ef al., 2022). 22012} A3 A 245 B o] H
A HolH & FAIo AHEste] S 9 AE 7]
AF+E EA¢-th(Zhang and Luo, 2023). Li et
Zhel 25 HolE & S7HA FE U 3 WY
E(Random survival forest)E &8s 5244 A&
PotAct AES & 99 AFAEE Area un-
curve(¢]3F AUC) 0.73 ©]/39] 5 d& 45 B3
=9 A7 HEY FH 40 # LER=

ok EAA o] & 891 ol of g &

AccuracyE, Bang et al.(2018)2 61.3%]
A5 7] ol =

|

1)

Jlm

:I:4
ok

l

o Rt 41 lo 5 e
Sk
Bélﬂl‘“ﬁl‘
[‘ﬁéﬁ;_lm
ol (
\)‘rpr_?l,_‘

& 2

h‘l

[¢]

5 o "° o 1y

|
DR e

g A
o)
<7

Ql',
o



>odol e gt Ar 73 Al 7]

22 A7) ApEA

HYAT AR A3} 2 A Azol B8 AE o

£ 4] A% 20| ol $u, 9o AT AHE B
PR

HRE AR G A7 Bol Ad B4 H¥stx

EdAHE =& ﬁol oH94 OM kgl iH]XP
FdolH &8 Axe YA 244
2 A dlolE 7} % lé— 3HA| e
AL 7AW, ol 8AYFTRT A

? A A A FJTrEﬂOlEM %%}'8}11 % H4Zol o

Ao of Y Athe IAH S Fudi, A
717k} o] o] W2 =g A Mi A =&
E&9 *Ji" EASs e iLLH X}%%ﬂ 27 (Kim, 2018)°]

o oo ox N T

] hl

Hhey o}f«tﬂ o] ] TJH“J 1'9:*—101 1]
2017 o] ¥ HY3 AFY HEE gFoE 2]
d=3 28 Ad 99 B4 {lﬁw‘ﬁ& ,ole

TEY 2y 2 AEEE
Jlo]E FHo] gL HE 53} E]OIEH *}%" 1

) iﬁ e !

N

in}

H2A & FFUNHE A H B EAE0] oA
EAZ o] BEH
*6‘%% 74eE 2dS 75319
ack-Box & 14 HE
ALE A& 3
sk

H
b

2

rE b
]

olo

off

X

ol

Z o
2

w e
ofr
ol
[l
e
o,
=

=
3
= e 2o
K=}
=
ox
rir g >

oL
v
o
ins
2
_O|L
B33
&2

l:oAgloimog:uio;r}m_ummﬂoEr{
= N

2 ow E oo Qoo ri iy

e po
2
1%
i
4
O:cl)(:"
QL
2
>
of
e
>
=
fo m
c
mlo ><

A28 AYY

SR EEEVEELE 175

3.4l

PAMAE= 2287 AT A= AADFAE F3l 73
H196%9 A&7t HolHE AFsta Jovt Ao A9
AE BF 1dste A2 A B4R 4ol iE o]FA L
Z A AGYA AE dSF AY 8ol gt A7 A
o] trold 745 Aol Qlth. ofoll & AT FHA B4 WY
© 71 B2 748 HlolE7 EAlske AeAl A9 ARt
-3 FASAHOE AASH I AHE WeE wlolE Y
TR ANEE AN A8l AEL S 7120320176%1
2022 3R7I7MA 2 AR Tk 20209 3 20219 & =2
U192 Q8] i AYHY wjE Aol oskd AR
(Lee and Yoo, 2022) 3% 712k 7 - H Qs HEes B4 iy

oA Al 9] 3k ST

(

r JE
oL

2 A7 Y& e A7 AE HE A5 44 v
E1 5 243 378 A 29l BAot} o] & 3] 20234 08
2019 71202 ¥ T X E Aty £4 MY E A
Ao, HY AEY A7 A& 7EL 7€ AT A E vt
gog sul o2 AASAY. A7) AE 7]Fo] 59 o] AE
Ql ol the 3 2k H =] A9 A9 Tkl 5@ gk

ol Jﬂﬁ °]“C AoZ YePF o (Muller and Woods, 1991;
Healy and Mac Con lomaire, 2019), AtF QA E°] 7}A = A
A ZQAL 1T v AYYGAY sd AEEE Fojggs

o Closed Restaurants
Seoul, Korea

Figure 1. Restaurant Location in Study Area
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Small Business Trade Area Analysis and Survival Prediction Using Public Data and Explainable AI Techniques

Table 1. Independent Variables Description

177

Variable Description
1A Total Total residential population within 300m radius
1A 20 20s age group ratio of 1A Total
1A 30 30s age group ratio of 1A Total
1A 40 40s age group ratio of 1A Total
1A 50 50s age group ratio of 1A Total
1A 60 60s age group ratio of 1A Total
2A Total Total residential population within 1,000m radius
2A 20 20s age group ratio of 2A Total
2A 30 30s age group ratio of 2A Total
2A 40 40s age group ratio of 2A Total
Demographic .
Features 2A 50 50s age group ratio of 2A Total
2A 60 60s age group ratio of 2A Total
1A _Long Total Total long-term foreign resident population within 300m radius
1A Long CN Long-term Chinese resident ratio of 1A Long Total
2A Long Total Total long-term foreign resident population within 1,000m radius
2A Long CN Long-term Chinese resident ratio of 2A Long Total
1A _Temp Total Total short-term foreign resident population within 300m radius
1A _Temp CN Short-term Chinese resident ratio of 1A_Temp_ Total
2A Temp Total Total short-term foreign resident population within 1,000m radius
2A Temp CN Short-term Chinese resident ratio of 2A_Temp Total
Working Pop Total working population within 300m radius
Sub C Total number of subway stations within 1,000m radius
Sub M Euclidean distance to the nearest subway station
Bus C Total number of bus stations within 500m radius
Bus M Euclidean distance to the nearest bus station
Road L Total road distance within 100m radius
Road C Total number of roads within 100m radius
Crosswalk C Total number of crosswalks within 100m radius
Geographic TF Area Total gross floor area of all buildings within 100m radius
Features UniDist YN Binary variable for university trade area (N:0 / Y:1)
UniEnt M Euclidean distance to the nearest university entrance
School Sum of primary, secondary and high schools within 250m radius
PubBuilding Sum of public buildings within 250m radius

Competitor C

Total number of competitors within 300m radius

Competitor R

Competitors ratio within 300m radius

Business D Business diversity within 300m radius
Adjacent_BIZ Total number of restaurants within 300m radius
Total LV Total land value of restaurants
Store-Specific Features Service Binary variable for liquor sales permit (N:0 / Y:1)
Area Size of restaurants
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Table 2. Dependent Variable Description
Count Mean Standard deviation Min Max
Short-term survival restaurant (0) 1757 104.52 44.23 31 180
Long-term survival restaurant (1) 1011 2002.22 136.64 1825 2394
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daion & SR, E DA AETAVIEDNAE g dolet Mzdlnel 28 Hhe a5 950 o
PAR B AEGARG T4 BER BERITAVIL, o) gun ol e o) Fosid, olF A4
OE]E j: ;];};;lz 01]] jiﬂ j ;ﬁf u? jgfﬁ}gi’ F-Measure, Balanced Accuracy, AUC 5©| AH-&¥ Th(Bekkar et
Joonemem e TTJ‘_ al., 2013). £ A= Accuracy, Balanced Accuracy, F1 score, _L
S ol A AH3HA *}%ﬂﬂ AeiA Ao s Ao ok 27 AUCE B/ E2 AR 2 WA E2 <Table

L

e e OIE};] e Lo% N 2 O]H:ﬂ%oﬂ L3 4>91 22 TFPE L 7o 2 THHM AUCE A Y3 A
Ql B]-& X178} (Elkan, 2001)E T]lete] g HFG T TS AL A (14 (3)3} 2

= ~ .
e 27485 780 FAHES 2H8AT Logistic

Regression, SVM, KNN E 2 9] 79 to]E] ] 27| dof ¥t TP+ TN
A WSas)o) B A dolE BESE nHHUT nlg  Accuracy= - n (1)
w78k, B Sto| s metulE), Ho]E Ezah o RS ul

Table 3. Model Hyperparameter Search Space

Cost sensitive learning weights Data

Algorithm Majority Minority Scaling Hyperparameter Search space
n_neighbors 1,35 709,11
K-Nearest - . -
Neighbors N/A weights uniform, distance
p 1, 2
Logistic Regression None / ¢ 0.001, 0.01, 0.1, ,l’ 10, 100
penalty 11, 12, elasticnet
Standard
C 0.1, 1, 10
Support Vector gamma 0.01, 0.1, 1
Machine kernel linear, rbf
max_iter 10000
. max_depth 3,4,5,6,7,8
Decision Tree -
min_samples_leaf 1, 3,57
0.10, 0.12, n_estimators 200, 300, 400
Random Forest 0.14, 0.16, max_depth 3,4,5,6,7,8
0.10 0.18, 0.20, min_samples_leaf 1, 3,57
0.22, 0.24, n_estimators 400, 500, 600
0.26, 0.28 max_depth 5,6,7, 8
XGBoost N/A colsample bytree 0.8, 0.9, 1.0
eta 0.05, 0.07, 0.1
tree_method gpu_hist
n_estimators 100, 200, 300, 400, 500
max_depth 3,4,5,6
LightGBM colsample bytree 0.6, 0.7, 0.8, 0.9, 1.0
learning_rate 0.01, 0.03, 0.05, 0.1
tree_method gpu_hist
Table 4. Confusion Matrix
Predicted Positive Predicted Negative
Actual Positive True Positive (TP) False Negative (FN)
Actual Negative False Positive (FP) True Negative (TN)
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TP TN
Balanced Accuracy= TP+FP+ TNEFN (2)
F1 Score = 1 i . (3)
TP+ (FP+FN)
iy . TP
True positive rate = TPYEN 4)
oy . FP
False positive rate = TNTEP" (5)
AUCE ROC Curved] A2 02 A4E T ROC Curved &

dof A g B/ FEE F44)% (59 T2 YE
W FAES A4d FA oW (Bekkar e al, 2013), AUCE

ROC Curved] 29F A %= ROC Curve?| 3ttt E‘izﬂ* < omg
Ch(Bradley, 1997). WetA AUCE 03} 1 Abo] 9] gh& ZHA| 5
o, YA 0 2 (.7 o] 4Rl A¢E WS M R E nF

Skt (Hosmer et al., 2013; Lavazza et al., 2023).

4.4 SHAP

89 7 AStE ZdL Black-Box REE o= A3}
gk sl A o] Aol o3RS ZH=ThRibeiro ef al., 2016).
2}A Black-Box 29 -& zrﬂi AHEE A B AT x4
Hx A 89l Fiel FAHES 7HAH o] & 23] HHl
XAIZ EY38IAT XAIE &7 2dof g AL & Qe
TRt e e, E4 2l 488 F 3le Y 4 7|
At HE9 A glo] 48 7ted BE B54 7ol &4
3t (Gohel et al, 2021), ¥ 7= 29 BEA 7|H A9

AN T4 HHE BT AFE 4 9= SHAP(SHapley
Additive exPlanations)< AH8-3 ©@7] A& HE Y F74 A

29 F4 & A=
SHAP2 Shapley(1953)9]

Al HIE O 2 Lundberg
and Lee(2017)7F 1Heh W £o

Gi-hwan Lee -

Heesang Lee
g2 Black-Box ZE ] o] ZX]o] ZAMH T

2)= ¢yt 2}1@31 (6)

A )M flz) € =8
o ol= dE Y g(2) & ZAET ¢(2) ¢9} 4 Ay
go g FAEH, g, Re W 7} 7HA = A ZA o th g
NAEE gust »e (0,1} W5 i g o RE UE
W& A A o] Th(Lundberg and Lee, 2017).

|SI(FI—1S1—

e s U -

¢; = ()

sc P\ {i}

ol FE A W FEAY, se T i7AAR FEH
g oJmgttt A ()3 2ol M9 7k ¢, & 5174]71045
[F(SUfi}) = f(9)] Y 7t5E o2 Fafxitt A=d 7o =
g2 219 A 84 (Local accuracy), $101 & (Missingness), & 214
(Consistency)& B5F Wk FA 3 gholw, U7 243} A
StA Aot 8l A o] 4] A o] EAJgTh(Lundberg and Lee,
2017).

5.8 23
5187745 A%

<Table 5> B9 sto|¥yetn| e &4 AHE, <Table
6> 1ol & A5 %7 AAE et 74251]"]51 HE
of o3k 3 7}+= Balanced Accuracy 2 3 ) 0.0 Ukl A5
% 7+= 470 (Accuracy, Balanced Accuracy, F1 Score, AUC)<]

ok SHAPS Sl40] o}21 & AET BT ASsel B71E AYsA 4Y 2% B4
71E RS tAlste] AT ¢ e SAAEZ FYHe t A BN & H5E 7153 XGBoost 2P 9] Y3} A
Ande Pha WY JPAL AN YARDL BE 5ol MY 450 BEste] & @7 ARDE 44
Hae] A e 7| =) 7te g e s 2dHM o5 a9t
Table 5. Best Settings of 7 Models
Algorithm Data Scaling Model Minority-Weight
n_neighbors 5
K-Nearest Neighbors Standard weights distance N/A
p 1
s ) C 1
Logistic Regression Standard 0.22
penalty 12
C 10
) gamma 0.01
Support Vector Machine Standard 0.16
kernel rbf
max_iter 10000
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Table 5. Best Settings of 7 Models(Continued)

Algorithm Data Scaling Model Minority-Weight
Decision Tree : max_depth 8 0.18
min_samples_leaf 1
n_estimators 400
Random Forest max_depth 8 0.20
min_samples_leaf 3
n_estimators 400
max_depth 6
XGBoost N/A colsample bytree 1.0 0.24
eta 0.07
tree_method gpu_hist
n_estimators 400
max_depth 4
LightGBM colsample bytree 0.8 0.28
learning_rate 0.05
tree_method gpu_hist
Table 6. Score Comparison of 7 Models
. Validation Score Test Score
Algorithm
Balanced Accuracy Accuracy Balanced Accuracy F1 Score AUC
K-Nearest Neighbors 0.6293 0.6750 0.6315 0.5135 0.7132
Logistic Regression 0.6452 0.6354 0.6740 0.6203 0.7386
Support Vector Machine 0.6549 0.6444 0.6537 0.5852 0.7310
Decision Tree 0.6316 0.6336 0.6473 0.5814 0.6533
Random Forest 0.6956 0.6805 0.6863 0.6177 0.7624
XGBoost 0.7096 0.7004 0.6893 0.6121 0.7669
LightGBM 0.7054 0.6967 0.7054 0.6394 0.7054
Table 7. Selected Features
Variable
1A Total 2A 20
1A_20 2A_30
1A 30 2A 40
1A_40 2A_50
Demographic Features 1A 50 2A 60
1A 60 2A Temp Total
1A _Temp CN 2A Temp CN
1A _Long Total 2A Long_Total
Working Pop 2A Long CN
PubBuilding School
Geographic Features Competitor C Competitor R
Adjacent BIZ Business D
Store-Specific Features Aréa Total LV
Service
2dzt 45l sYsttd o AL WEE AHS W& & o A olE WUt Z3E vl us) Balanced Accuracy 0.7128
A28 10 2do) B BEHo|n Heh AtRde B 271 $48 A5 29 A% WSUTE WAL Y
=4 g ol £ HE #As s eAAE At AH 277) WS <Table 7>3 20 W AA £ A1 229
At XGBoost2H O] MFF 5 7o S5 Aoty  As 7k H7 HolH Y A4S MAdskn 308 vk 43
HFE stuy A7 st $AAAY S AAReH 24 dAnt Y3 A4 AR W3 EEUAE <Table 8> % UEHT
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Table 8. Test Score Mean(Std) after Feature Selection

0|72 -

CER:

Model Accuracy Balanced Accuracy F1 score AUC
XGBoost 0.7091 0.7030 0.6300 0.7794
(27 variables) (0.0179) (0.0206) (0.0257) (0.0171)

5.2 SHAP ¥4

FoE 27Y AF 29 ¥ S /G
Z, W] SHAP value7} 49 35 7HE 2495 o] A&
3| e AR #4 7hEstth
4 G Hoghe B¢
Ao 2 yepd 199
o} ol wh= ¥ 24 4 60th W=l A 71124 _60)%t
HE A (Area)o] HE HE Q1o 7ME 2 YFH L YA}
gro] Feldth o 2e A AL A T (Adjacent BIZ),
%4 (Business_D), 23+
A4 200) US4 e ATHI(2A 20), 23 A 40t W=l
A QTH|2A 40)50] F& 20T BHEH 2 A
A7) AF 92 A AT2A_Long Total) 2 23 44 @
7] AF 2=9l A ATF2A Temp Total)2h 22 U A
o7 7t AR TS A= A0 A
<Figure 2(b)>‘\:‘ A ¢ 2] SHAP Summary Plot< YERH
g o] RE dlolg 9] W4y Y3Fe S W ghol bt A
S 2 IAT AHERE, Y o] 55 BA, &5

2A_60
Area
Adjacent_BIZ
Working_Pop
Business_D
2A_Long_Total
2A_20

2A_40
2A_Temp_Total
Total_LV

1A_50
Competitor_C
2A_Long_CN
1A_60

Service

1A _Total
Competitor_R
2A Temp_CN
2A 50

2A_30

g EART 23 44 60th T A AT L W
o 73, WE A A717F F4°5 SHAP value?} S7}t
, 2HS4E SHAP value7} H4ste AdS 303 4
)2 }"o?i 60th W=l A Qrlof HEo A7) AEL
BHAE 7HAH, o] Ax AA3 AR5 vt
7}11 ojth. HHA A FAYA e FAYE TeA S vl
Fe Boled, A FARAE Ao s, 2 F
AFE Aol F27E HEo A2 342 &S v
o223 40th W= A Ao 23 3 50T =2l
33& ATHI(2A_50)9] F7he A2 A7) A& FAH B
& w AW, 24 A 200 W= A AFHI2A 2009 2%
A 30t =l A °|:|1H](2A 30),] Z7 e FAA o
N e Ao g seldth A4 YA S (Competitor C)
55 A7) Az B 9T vIAG APYA
(Compettor R)E F7125% %9 R 71530 29| b
o] el YnkEAH °4—r(Serv1ce)«l 73%- SHAP value?]
AhHel 2707 27 AT, QUSA Y FASAH 2l
BP0l s el 258 B8 5 Sl dugy
o A7+ 47 *g*oﬂ Fol g &tk 2 A AR
3ol vl g 4§ w7 xﬂW(zA Temp CN)E £ Ho| T
A& oy &7] A F(2A Long CN)= SHAP value7} #4FE of

o

(o3

§E o
o m[o r

High

2A_60

Area
Adjacent_BIZ
Working_Pop
Business_D
2A_Long_Total
2A 20

2A_40

2A Temp_Total
Total_LV

1A_50

Feature value

Competitor_C
2A_Long_CN
1A_60
Service

1A Total
Competitor_R
2A_Temp_CN

2A_50

2A_30
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mean(|SHAP value|) (average impact on model output magnitude)

(a) SHAP Importance plot

Low
-20 -15 -1.0 -05 0.0 0.5 10 15 2.0

SHAP value (impact on model output)

(b) SHAP Summary plot

Figure 2. Feature Importance of XGBoost by SHAP
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S AT 5 Yo,
<Figure 3-& W49 G 4545 Lo

] W

2 jE wo g AN FRE ot £ 9
7
Ql

g AFHI2A 30)9e] A58 AE AR Zo] EAE
2 9lek A FAYASFE ok 1007] S 7] F 0 2 SHAP value
o Fa7h ek HE AEo v A= G o] HhAF M 2k 200
MR A7) Aol vl 2= FA A G o] Zadte AL
Z 89 2y o] By BT o o) gho] ZastA ¥
I FAEE FAT F o, FEY FARGA Y 7 94
FF o)dolgtd Hxy A7) AE FE vAe FAH

w5
Hh= A9 A= oo B2 30TH
| A7) A& 3RS &+ A
<Figure 3(b>© FAFYE th¥A 2 SHAP value] #AE Y
ERdl e ol 37kA] FRFO R Uro] GEFY S A

30Th I Hl&o] W2 o] g AoH, B2 FAYA S
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value7} 74314 &= Zlo] At <Figure 3(d)>
AvE Yetle 2R ZE AAQA T O E &
o} AA QAN 7} 9 10%7H A4 = SHAP value7} W2
o GASA FAHT30%E AFE A F713]
ol ole A FAPA T FEFS T
T glon ol TSt BAYATI B
Zo FA A AA frAYA thrl A GA L ]
H A7) AE FEld 2AUE & A <Figure 3(e)>< 2
A3 40t W=l AL IHIE YERA e zo|m 24}
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Qh e 3HE gk <Table 9> 2T}

Table 9. Model Probability for Figure 4

Sample Model Probability for 5 year survival
(a) 0.9323
(b) 0.8807
(c) 0.0016
(d) 0.0016

(b) Long Term Survival Sample 2

(c) Short Term Survival Sample 1
Figure 4. Locations expected to survive for more than 5 year(a,b) and survive less than 6 month(c,d)

(d) Short Term Survival Sample 2
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higher 2 lower
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(d) Variable affecting for (d) in <Figure 5>
Figure 5. Variables Affecting for 4 Samples
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FHE A LA A 249 HEE RO ) HE
HAE dZete 1A% RES 753 XAIE €83t
ML) FUH EHL BASETG B =R /1E RUE o
H] Accuracy 0.71, Balanced Accuracy 0.70, AUC 0.78<] 2H4 3
o]i ¢ 45 BolFE XGBoosto} H &L ES &8
3 AT RS A, o] & HE O e Y Al &
FAIEE IR AV BERE 52 T8 YA A
< FHslt

A = A8 A7 (Bang et al., 2018; Jang, 2021)

¢ ek opyet, i dolHd i
A o] 7hsstthe A o] EA gt SHAPS AHEEH T8 4
A F8 A a0 E AH FAAA
T, TAEE O, AAGA TS g T AgY S8
HIZel 22k 3 60T A Q0] AT 59 AT &
Ausd dx iy 5o N8 A2 E4o] F2 2902 A
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TAGA T 2 AAGA T S7he AL A7) AEd
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