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Abstract

This study aims to investigate determinants of commuting time among diverse income groups in the Seoul Metropolitan
Area, contributing to a reduction in carbon emissions and an enhancement in the quality of life for workers. The XGBoost
machine learning technique, coupled with data from the Household Travel Survey, was used to evaluate the effect of
factors such as housing price, attributes of residential and workplace locales, and individual parameters on commuting
time. The goal is to highlight the key influences on commuting time for each income stratum. The findings underscore a
compensatory relationship between housing prices and commuting time across all income classes. In addition, workplace
proximity and access to public transportation emerged as cardinal determinants of commuting duration for low-income
eamners. For individuals in the middle- and high-income brackets, however, the quality of the residential setting assumes
greater importance in shaping commuting time. The results prompted the recommendation of cost-effective housing near
employment nodes as an effective strategy for reducing commuting durations across all income categories. It is important
to note that providing such affordable housing near public transportation appears more pivotal for low-income earners. For
middle- and high-income earners, the improvement of the residential milieu proximity to workplaces is critical in curtailing
commuting duration.
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Table 1. Spatial scope of the study

Urban Transportation area

transportation (excluding Ongjin-gun, Incheon)

maintenance

area State/City City/Gun/Gu
Jung-gu, Dong-gu, Nam-gu,

L - Yeonsu-gu, Namdong-gu,

Bupyeong-gu, Gyeyang-gu,
Seo-gu, Ganghwa-gun
Seongnam-gu, Seongnam-si,
Jungwon-gu, Seongnam-si,
Bundang-gu, Seongnam-si,
Uijeongbu-si, Anyang-si Manan-gu,

Seoul

Anyang-si Dongang-gu,
Bucheon-si Wonmi-gu, Bucheon-si

Gyeonggi-do Sosa-gu, Bucheon-si Ojeong-gu,
Gwangmyeong-si, Goyang-si
Deokyang-gu, Goyang-si
llsan-dong-gu, Goyang-si llseo-gu,
Gwacheon-si, Guri-si,
Namyangju-si, Hanam-si,
Gimpo-si, Yangju-si

]3¢, 2000)E BIFoE 71 HA9] Y &5 2005H ©]Tke]
SHAR= AL5F, 2005H o) 5009+ HRke] AL FAa5F
5009+ oJAFe] S Al S1AES 0 2 BRsle] BASg)

2, % 7

£ Ao AYPATE RHgsle] F8 HeE ARt
Ao AR B (R )9 Zon, 7 e g2 o
=3 A}, S5 B 0169 7R A RA]
7IAE SEA] EEAG Y S A vl o2 APt
S FHHEL 20169 AERSE AAH ARE &
B8t =3k, 201610 G- MY W oFHE 241,6647, 2]
28 23 4827, AY, ohAld] & trEE 114,8247, 955
13,66372] AHE &-8310, A7 MY W & P45 FHH
4 it FIAHTHEE ARSI F7HREE 20119
] 201649 oltE ufjufz}Zo] Hupt WMBBAEAE &
ajglon, 374 - J=F2021)9] H FH7HE w3 34 P
& AE3HT A3 - A4g(2021)02 E7F 2po] E A7 ¢l
Edolo] g Fertd A5E FASLAL G E m'YF B
#+ FE714 o] tist A mG Bt FH712 ) A vl g
& AXRIGY. &, S O] 335 B FH7HEL 71E
o2 5 A7 AA Hlge] W3tE B FE7HE IR &
gt Aolct, dg 50, A&A| ¥ 452 20119 == ofjy]
A B F7140] 100%, 20169 = oju] A3 F7
Fe7140] 120%Y B¢ AT TR A5 AoR 49+
e}, FF A 02 FH7HAMSR= 20114, 2016112] A B]&
o] §istol] 215 F o] 4] (1)2 2ol EA38kitt,



Table 2. Variables definition

Category

Dependent
variable

Commute times

Data

Respondent's commute time (min)

Source

2016 Household
Travel Survey

Housing prices at

Average price per 3.3 m? by housing type in respondent’s

home administrative district (KRW 10,000/3.3 m?) .
- : Ministry of Land,
Housing price _Housing price ) ] ) ) Infrastructure, and
difference between  (Housing price at work)-(Housing price at home) Transport
residential and (KRW 10,000/3.3 m%)
workplace
] Total number of people
Population : : -
Population density (number/km®)
. KOSIS
Number of businesses
EEONCTIE Number of employees per business
characteristics Flousingpiiedhange Ministry of Land,
Neighborhood (2011 vs. 2016 apartment price change) Infraﬁ;:{;tuc:?[, And
characteristics P
at home Percentage of apartments (%) KOSIS
Ministry of Land,
) Land mix Infrastructure, and
Physical Transport
characteristics : S —
Distance from the center of the administrative district of the :
> : Calculation
residence to the nearest subway station (km)
Number of private institutes KEDI
] Total population
Population : : =
Population density (number/km®)
Economic Number of businesses KosIs
Neighborhood characteristics  Employees per business
g? z“a\[g;:ktensncs Percentage of apartments (%)
Physical Distance from the center of the administrative district of the
ohnraiienatics workplace to the nearest subway station (km) S
Distance from the center of the administrative district of the
workplace to the nearest Seoul 3-city center (km)
Gender Gender of respondents 1: Male 0: Female
Age Respondent’s age
Household size Number of people in the respondent's household
Relationship Head of household 1: Yes 0:No
Administrative/clerical worker 1:Yes 0:No
Individual : : ) . 2016 Household
Shaiaisestiee Occupation Service/sales worker 1:Yes 0:No Travel Survey
Semi-skilled worker 1:Yes 0:No
Housing types Apartment 1:Yes 0:No
Residence area Seoul 1:Yes 0:No
. Public transportation 1:Yes 0:No
Commuting mode - —
Walking/Biking 1:Yes 0:No
log (y” : /ytj + ) (1) ?}‘ 1_?.1‘ L) —1 3. 31’1121:6}‘ %'T?' 0]‘&]'1: UHUH7I"Z:]—4 M‘EHZ‘] 7]'23(:)]'31
kD A%,
1220114, t,= 201692 2|3kt A8 53j AFEE F9714

q71A, yye =8 jY 3.3m™F B oFE ufjuj7iHo] of

RSP} 249 39 A3 7140 3l Y B¢ *JEHE 7}
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Housing pricesihome) -
Houssig price @ -
Population (hame ) -
Popuation_density (home) -
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Mum._of_employees per_business (home) 1
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Figure 1. Correlation between variables

Q) r=EAE, Hssd HES (2029)



7IHEEE &8 ASAISE S2AR FEe?
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= 34 2gol gt o]ai7} o1 o] = Q3 A Ed(Repro-
ducibility)®] $AE ADcHHEL2]- A9 Y, 2023). & A4
T A B2 olslistr] f3l 240l AR wiA S S 715
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£ doxe A% AR, 71A%E 2% 5 Random
Forest, Histogram-based Gradient Boost, Gradient Boost,
CATBoost, XGBoost 2% 2| 7} A3 vlusiglon, IF
7F St A5E 29 XGBoostE £4 Z¥o 2 ARt
t}, XGBoosti= Gradient Boosting Decision Tree(GBDT)E
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Table 3. Descriptive statistics by income class

man, 2001). @2tA] AehA] 717} o wrhs A W7t g
231 o5 719%HE ©Ju]tH(Zhang and Haghani, 2015).
£ @FolA= Shapley ValueE 53l ¥4=9] 7|9 =5 wjofs}
Fon, 2543 2429 Global Shapley Values +4
3tal, PDPE F3 2 "7t S2AIl vl g3 Bl
2 BAE A%, PDPE 714 3hg BE9| oS Aol o
3 st T2 F 719 ¥t 2 3 AE B oEHFried-
man, 2001),

SS5AISE F8 W 7)E SATS (B ) 2t 24
24| Be, AL AAEFOR 5 B TN
S7Fhe ALR YEt AFA F9712 EjF LSS 0R
o5 BRI, 2RICE AFA| 9 FE7HA 29| ke T4
S5oA 718 A, ALSSlA 7P 2A veret.

I, AFA AR B4, AR, oFE vl ARt
e ALSTOR 5 FUI81AL AT W, 3HE T
AR ZRE 77k ASHEAQ7IR| 9] Adle L5508 A5
E0lEx AR YERTE SEAY] AR AgusE duE
H A5 R A5 AR ARG 2 ARIAT SARE

Low income Middle income High income
Category
mean, % std. mean, % std. mean, % std.

Observation 6,936 41,848 20,340
BERE Commute time (min) 38.40 2454 4079 2507 4224 2517
variable

Housing prices at home 1189.30 669 41 1419.39 73273 171425 96783
Housing price  ousing price difference

between residential and workplace 160.38 59773 24172 76126 17713 92347

Population 2480966 1103241 2653105 1136394 2712092 10982.79

Population density 2062268 1229049 2089554 1267366 2040905 1249865

Number of businesses 166924 123698 175866 141516 179145 1383566

Number of employees per business 461 221 489 244 538 289
Neighborhood  Housing price change ] 5
characteristics (2011 vs. 2016 apartment price change) S Ll S G0 a8 Bl
aihome Percentage of apartments (%) 5551 2082 6118 2923 6602 2902

Land mix 0565 0156 0.54 0.15 054 015

Dist. from the residence

to the nearest subway station (km) 147 162 144 162 141 139

Number of private institutes 3203 2958 3806 36.31 4458 4139

C+S 0| X[0i| Al<(Continue on next page)
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Low income Middle income High income
Category
mean, % std. mean, % std. mean, % std.
Observation 6,936 41,848 20,340
Total population 2488949 1112887 2498271 1118635 2488182 1118186
Population density 1849544 1206728 1764348 1171387 1707810 115656529
Number of businesses 272882 272910 318777 321627 348604 348741
Neighborhood =~ Employees per business 579 327 6.50 380 714 420
g?igge”ms Percentage of apartments (%) 56.69 2891 57.70 2870 59.51 2876
Dist from the warkplace
to the nearest subway station (km) s L 2 kel 120 142
Dist from the workplace
to the nearest Seoul city center (km) Repit AT i o= .50 a8
Male 53.42% 66.05% 60.15%
Gender
Female 46.68% 33.95% 39.85%
Age 50.83 16.02 44 26 11.69 4472 11.71
Household size 206 099 3.01 1.02 358 089
Head of household 72.23% 61.81% 4761%
. . Spouse 12.46% 19.12% 24.26%
Relationship =
Child 12.85% 16.77% 2515%
Other 1.90% 1.48% 1.62%
Professionals 3.46% 5.96% 10.16%
Service and sales 45 63% 36.96% 31.69%
, ﬁdm'“'f"at“’e ahd 17.89% 42 56% 49.50%
Occupation grta
Semi-skilled 29.84% 12.72% 691%
Individual Low-skilled 0.62% 0.40% 0.32%
characteristics
Other 255% 1.39% 1.41%
Apartments 45 00% 61.97% 75.92%
Housing Multi-units 34.41% 26.44% 16.07%
types Officetel 2.02% 1.27% 0.74%
Single-family 1857% 10.32% 727%
Seoul 41.48% 50.25% 51.60%
Residence - . . ;
g Gyeonggi 28.62% 28.53% 31.49%
Incheon 29.90% 21.22% 16.90%
Walking and biking 2291% 12.15% 967%
Car and motorcycle 23.62% 4073% 4316%
En%“;g“”“”g Public transportation 5177% 4588% 46.23%
Taxi 0.69% 0.49% 0.561%
Other 1.01% 0.75% 0.44%
T 571 vh, 23] ﬁé‘%‘ ‘ZIETEi 7R A A D ARESARRRS] H[E2 15 %‘E’E s 7 A

o WAL AN AT DAEZOR 248 gk, o shdth FAgue] AL, 3
el B4 wise] A RSB0 2% AL 3wl

S0, 7iel U BenEEA, SHold U SRR PSS AR U

ML Z71SAL Qi oloh MlE MEVL W BABAL, B B4 49 AASS

02 r=EsE, M58 HMeS (2023)

= g%
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7SS &

ot 257158 E2AR TR

7, o2 587 9 LENle], B3 U AHA 02 0|y
20] YoM T YO, MAEFOR U4T 587 Y 2En}
o] o} gulgo] WAIE| F7H W, B8 W AHA 0| gL &
of =7 Zagct. A7 W9 ) SEWe] AFSE ALES, §

25T, LS BF OIFE o8 vl8o] 7P w3t

2. 7|Aighs 2

SASE B4 e A2ES 6,9367, 455 41,8487,
3 20,340719] SEREE B83seH, 4 A5 Hlol
£ 35 dlolE ¢} Bt dlolE 2 B3l ok BE2 &5
ASE B2 529] 70%, B7F 22 30%2 S8 £, 7
Asls =¥ F Random Forest, Histogram-based Gradient
Boost, Gradient Boost, CATBoost, XGBoost ®E2] W7} 2
A5 B3 A (R 49 2t #4 2 Y R-Squared, ®
#7492 3HMean Absolute Error), EFH 2 HRMSE)E
3 vl Frisiglon, OF 2 &5A5A 7P et
462 2 XGBoostE w4 2HO & AXsigict, U ¥
5 AN Ao Ay BAE sk e 3
of v, M= 7 HjAY AE B 5 Qe 7AIRNE
719 % 3h4Ql XGBooste] AEEo] o9 2 A& ERIG -
Ut

2 dFoflMe A WRshaL 2o F=E Fol7] 9

4 J

A
SLE
=

Table 4. Model evaluation result

3] Optuna ZHPYIE BE3l] XGBoost? w7+
(hyper-parameter)& 2438ttt Optuna ZF|Y9]=+= Hf
M+ 2Zsets i oR WHEE= 2|25} oA ¥k
Aoz hgsto] 29| uj7fHeE EEFHSrinivas and
Katarya, 2022). Optuna ZHAPYAE 33l 243 £5AFE
2ol 8 mi7fs= (E 59 2t max_depthe A2
% Ed]9 2] 2l0], learning rateT 35E, colsample _
bytree®} subsample2- E]7} I=stA] 61 A=A &
=5 ARk BA5] 9% oi7iE4, alpha®t lambdas &
252 WA 918t A3t w74, min_child_weight=
oAt A4 Ed|o|A 7HAE F71EAE 24 H Bad 7
2] ©] Fe-& ofujgict,

3. A5AISE B2 7|0 Hlw

Ml F2AE v|As A3 719 % (Feature Impor-
tance)& £7] $J3]l Shapley ValueE E&3}%t}, Local Shap-
ley Valueo] w2t 257413 £8 W0 7|0 &9E 254
92 B3 H3= (# 6, Local Shapley Value Summary
Plot (¥ 2)% 2t} Local Shapley Valuew 2& HOJEE
Ho= RS} 3 W] P Bl adzor, HY
o] g5 3T W9 gho] & o’ g ou)sh 02 7|&

o2 B2 oo FHuset 29 W, 95 JI FLuS

Low income Middle income High income
Mode R’ RMSE MAE R’ RMSE MAE R’ RMSE MAE
Linear Regression 0401 18333 13286 0.394 19379 14079 0.381 20271 14,684
Random Forest 0.495 17473 121566 0535 16983 11900 05612 17445 12480
Histogram-based Gradient Boost 0602 17348 12227 0.521 17243 12274 0.607 18.092 12664
Gradient Boost 0478 17.767 12566 0.491 177656 12743 0.488 18429  13.049
CATBoost 0512 17183  11.996 0542 16.862  11.886 0611 17455 123566
XGBoost 0524 16466  11.838 0.551 16956 11677 05624 16.941 12.248

Table 5. Hyper-parameter used in XGBoost model

Hyper-parameter Low income Middle income High income
max_depth 12 11 8
learning_rate 0.0482 0.0268 0.0069
colsample_bytree 02578 02152 0.2095
subsample 04278 0.6820 06625
alpha 0.0546 0.3102 0.7028
lambda 0.0165 0.0799 1.3323
min_child_weight 24 8235 16.8640 17598004
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Table 6. Top 10 feature importance by income class

Rank Low income Middle income High income
| Commuting mode - Public Commuting mode - Public Commuting mode - Public
Transportation Transportation Transportation
5 Housing price differences Housing price differences Iy

between residential and workplace

between residential and workplace

3 Commuting mode - Walking/Biking

Residence area - Seoul

Housing price differences
between residential and workplace

4 Residence area - Seoul

Commuting mode - Walking/Biking

Distance from the workplace
1o Seoul city center

Distance from the workplace
1o Seoul city center

Distance from the workplace
to Seoul city center

Housing price at home

6 Housing price at home Housing price at home Commuting mode - Walking/Biking
7 Distance from home Number of businesses Garider
to the nearest subway station in the neighborhood at work

Number of employees per business

Distance from home

Number of employees per business

8 in the neighborhood at work to the nearest subway station in the neighborhood at work
9 Population density Number of employees per business Number of private institutes
in the neighborhood at work in the neighborhood at work in the neighborhood at home
10 Number of businesses Percentage of apartments Number of employees per business

in the neighborhood at work

in the neighborhood at home

in the neighborhood at home

Cormruting mode Pubsie. Tanasortatisn
Heuning price &

Commusing mase. Walkng/Blking —_—

Fesidence Area Ssoul

Feomre vale

] 5 10 15
SHAP vaka (impact on model autput|

Low-income

Cosnmutng mode Pusie Tansoortaton
Housng prce Y B
Residence Area_Seou

Comvrniing mede Widiegy/Bling
Dest._1n_Secul,_city_certerfwerk]

Housing grices (reme]

5 8 & 6 % w18 3
SHAP value {impact on mode] cutput]

Middle-income

Feane vale

Fam._of employees per bumness|work|

40 5 0. 5 W 1§
'SHAP value {impact on model cutput]

High-income

Figure 2. Local shapley value summary plot of top 10 features on the commuting time
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Fo g QIR ANE A E 4 Qo). B, BE 25ASIA A
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A Wae £SASEE 71927 bg2A EEE. AF
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AT MR YET BHE, AFA]9] olfE HjEgd F45
oA LA 1087, AFA Y AMdEH o= AaSToA
THSHA SRAR Ri=2] 7] AF9] 1071 Wepoll ERHE A
P, AHH 8 i alE o8 o F, 2RIt AFA]9
FE7H 2L, Mg AF AR, FFR| N 7P 7R AE 3
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VE o] Blud JuEA et &, diFRE ol8A:
A2 FZAITe] A vERG v EX Ee ZPHA o], A
< AFARS gAY A7) AFA Hlste] S2AZte] Al Y
ERlTh it 78 Hg= (" 2)0llA Eol= vieh o] 9
AT L R E HolA| ot F8 R tijt F2A]
T RS Thaoll A AAISHA & B a7t Slth

4, 72 40| ETAR OEE B

B AL ¥4 Fejmst ] UL 0918 FHOE 4
SA% 24 B90] PDPE Avugich BE 2SAZA 7t
F F% SR 38 QYA AFAY FA7tE Ho), §
AN 71 A7 A SEAAAY Aol o 2 9%
29l0] 2543 FTA 1AL u4HH BAS B
Sick. PDPY] x3e S ¥, y2e Fu4e FRANE 9
ujgict,

A, FAE AP A&Y W4 F ue) Flojest 7}
7 70 Ueh A9k AFA) F87H4 3] PDPE (19 3)
o4 Bl ule} o] v ez vhehtar ek, Ao A
FA] FE7HE A A WY Tl AFA B
g FE712S W o, 29 ge ATA AAY Fet
Auct &3 Y e AT FAY Feztauct Ags
the & Suisie, 25430 et VA Fels 23 Holst
o 3, x%9] &9 o AP Welrange) 7t ALSS
o] 714 H1 DA FOE Z4F ojAct, o] WASFoR
243 QAR AZAY Fe7kEo] o B 1,5008HA7HA
£ AOTAE ZASE ¥, A253Y Aol A
Fetzo] AN R £ A9 1 Hol7t B o 5002 o]
el ACE et E ANEOE 3, IASFOE 248
2] WP ol AN HPAY FerkE Holo] RE ¥
A7FESS X 4 ek A, TN B vlet Zo] M)
FeEptao] o £ A4F ¥ 3 BB, A AFAY
Festa A7} agel uek BRAZY ek el 71871

g 1T [ ALST > TA5T > L5 €28 ey,
ERE, AaSSe] A Aoz 2sH AEEE wEA 8
o] FAX|| wlg] ZFA|e] FE7HA Ao|7t A-SF FIAIE
7 RE7L A 4559 A9 0E 254500 B8]\
VA FEI2 YEPg oL, F72)9] FE7h70] AR E} 2
drole 2R e FH7HEo] 52 7 Ethe A ehkst
A F2AZh0) Wsshe A2 LET

AR} AR 2 7 Zpel7} FEAR vlAE 9%
< WA 2RI} AFA 9 FE7HE Fxoh ABAA ol 2
87} k. £5A1SE ARR|e} AR FHE A} £EF
Uetd (0" 498 BH, AL539| 49 AR} AFA]e] =
8714 Ao} 4] 982 B9 ok UEhgt, F, Alas
5 ERF (O™ 9ollA B vpe} Zo] AAR|eL AFA 9 FE7t
4 A7} 0] 718 77k 7314 Bl&o] A, Ao E A4
S5l wlghA W2 Holo}, Et, IL5FL2- OE £5459
B|8f 2Rt AFA] 9] FE7HA A Z27t Aoz @A &
ESHL i, ol AL5S A AFA 2 ARAEOE A
SOl BlsiAl A2 o= AlRkE o] o] 2|2} AR 2|
7k Aol 22 HE7F WA efon, FAR|e} 2|9 87t
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Figure 4. Distribution of housing price differences by income

class
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Figure 3. PDP of housing price differences between residential and workplace by income class
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o] & 0 E Yt} W, ILEF50% AFF AFA F
g7170] ZAR| Fe7 Ao vlgjA 2 o] AT vlEE
FOMAR|L, FAlof| AR FE71H0| FAA]| FE7F o B3]
A ZOHRE A= 781 Sl ol A&559 AR F
A ¢] B2 (mismatch) 7MTH: 9] ALEFUFE A
o] Adj7} 2 3-FHA ol 7hrte] YAI8l7] YZel, T2AIE
9] Ztamrt iR o] Ago] HL 7HE7|(Park and Quercia,
2015) Wfolekan sha7Rs stk

W, 22 7 AFA ok A8 B FAEE o= A
9] WE&(Kim et al., 2005), 2Fd(Weisbrod et al., 1980), =
A ojsYE](Rapoport, 1980; Tyrvainen and Vaananen,
1998: Rouwendal and Meijer, 2001} Parkes et al., 2002) 5
A2 353 AL Aoz Medt o= offE 4 9l
ok, F7 Adof glojA] 3§ A o]9jo] T’ aelEo] 2L
HE o, ofgd B2 AALEFOE AFE SHA et
A et ol 7S FAYUA Adgo] -8 HZAof e a
oF 4Fe] Aofl oigt 129 JHHAR AYEt=(Phe and
Wakely, 2000; Kim et al,, 2005! Moos and Skaburskis,
2010: A5 HAE, 2011) -3 R o] B(Access-
Space Trade—off) 2= 22 Wolu, £3] 2 AoX= ol8
g AYo) ALEF o8 ZE H3EIrks 2o U=
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Figure 5. PDP of the distance from the workplace fo the nearest Seoul city center by income class
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2015) YO 2 Helr}, g, A5AZERE FA% X7t e
Fa3 2912 diFusE F249 dYgoltt. ALESY B¢
AFA 9 FiLF Aol Fagh 29102 Vet B, 1k
552 AaE3 vl F53 AFA FAEE el AFA
o] APdsH 27} B2 AR F23HA A83taL git,

AR, AEASE F2ARE ALt AFR 9] FE7HE 2}
7He] Il VA FE 2 Uit o) ARR|et AFA e WY
Fe7tZ o] fARRE o 79 FAITe] vl Bolxu xlo]7}
ARS4E TR0l 37FE Yulsked], AR AFAY
7t 7L g uet S ke SR A
2EZA BS gsHA Foske ACE eyt $h, a1
2539 AL AFA Y FY7tFo] ARA| Kt & Fho] A
A o2 YA Uepgey ol 118 A 34 FARE 4
2] A(Phe and Wakely, 2000; Kim et al., 2005; Moos and
Skaburskis, 2010; 759 HAE, 2011) L3t 2.2 o]

4 ok, E3 BE &5AFA ARA7 4FFAAe 4
A& ALE F2A0] 3718k 202 et

AT Aate] Fadt FAA AL thadt 2t 94, AL
55-9] 7 AR o vl AFR| L] FA 7HF0] w2 Ft0]
o> B2 o2 ol AAES0] AL okt Afor AR
Aele] Zo| g AlFef vlg|A Frhs AL Yuigct, E3 F
7149 27T AR o B AlZE] WA o2 Al BlsfAl
7P 2A JeRLAL Qi) oje} o] AA5FL B FARA
of) tigt Mz R} 2o dfgt 24 40] Fa% FA AY 2lo]
e AE Y Y HASS S AT FA BN Y L FA Y
A 3 318 A| FAl gt a1k ol YxE| 2] A
T40] a3 arejElojAoF & AlAREAL Sitt, B3] £
7Hgo] ¥ FA A 9Y AL AFH o2 oy YA E A
A = Sl 2AAIY QAEE, AddiFe 4 B4 5& =Y
g gart ot B4, ZE 254N ARR7F 24l 7Ht
55 SYANTE FHN F7RR: A o2 Yehd ME& 354
4 Fa 18 FHA Y| FY FFo] FATE ARt 2AA]
7t 24O 771 g BN Bk A2 EAY w2 F
71402 gt FAYA Aokt U diu] FA7 BEF A
FH|2 Q3 FHA Aeko 2 QIft YFo2 olFfE ¢ Uk A
A2 g =AL A5 02 APyt Ao FAA] &L =3
Bh; 2| EE|R-2 3] e} vl WS W) EtFo] i U
gt FHo|th(A1&A], 2023). AFHE AFFAAE =] YA
SR B AL E2-F79 3 4.93, A 2.41 522 5
0.76, AH 67 1,38, w2 WIAE 1.41, & 117223 502 F
7] ulgo] oS- e A&A], 2023). WERA, $EW B4 9@ G5
FAA N geFst A vl8 {3 FAE T3 AFAA
Y FA 35 AHo| AT o= 2708 eyttt

S, B A oheat 22 oA $HAIE Ad, A, 2

AoflA] ARERE 7SR AR RARY] &5 A2 e UFE
S =] 7] wEol £5ASE Bt AUsHA| 23k
ol A7} Qick. B3 B4 AR A5 FEL I Hd Y &
52 7IE0E 81, 2§ A71H o2 PSR Y= &5
AT el EHoHR] X3k, ook T2 o= Bt Y &5
Ao 2Mke Wol B8kl Sl 4 AlSol AAFIHE IS
& ok EA, 7H-ERAERA A=l 719E SERte AR
€ W4T 9= AFA E AFAE 27]H] o whebA] S
g9, YPEE FHHES FESASolE S8k 7
SHAE] FE7HA | 7P 77k RSP 7R 9] Aot 22
Alerias7) B deishE]o] 2 ZE UL = Aok A, 2 A+
o] 7IAERG B2 W 719 AIMAE EEFsP]ole AL
ATk, oj2t Z- TAE EF8IAL & dFolAE 7IE A+
HAE B3] 915te] 2RIt AR 2] F4E AlEsHA &
A3}al, oo £5ASE FARY 9 AIE 7IAS
W2 85t vl FAYCHE dlofl 227t Tt
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