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Abstract

Due to the maturity of IP network technology and the provision of 4G mobile
high speed networks, Internet-based services have become more popular.
Nevertheless, the revenue of voice services for telecom operators has been
substantially reduced. Yet the construction cost of broadband network and mobile
phone base station remain the same. As a result, the profit of telecom operators has
been drastically reduced. In addition, reports from the NCC shows that Taiwan’s
telecommunications market has been saturated. Therefore, customer retention and
customer churn management become important issues for telecom operators.

In this work, we engage in the study of predicting enterprise customer churns in
telecommunication industry because enterprise customers contribute more revenues
to telecom service providers. Various variables, including the enterprise customers’
unique variables, have been identified, and the Xgboost algorithm is used to
establish the prediction model. Our experimental results based on the real telecom
customer data show that three enterprise customers’ unique variables are among the
top 10 most important variables. In addition, our proposed prediction model is able
to increase AUC and recall rate by 3% and 5.4% respectively, when compared to the

prediction model that simply incorporates variables identified by previous work. We
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further try to minimize revenue loss by setting the most appropriate threshold. The
experimental results show that by setting the threshold at 0.72 and applying
customer retention strategy to the predicted customers, we are able to reduce the

revenue loss by 525 units per customer.

Keywords: Customer Churn in Telecom, Customer Retention, Machine Learning, Churn

Prediction, Marketing
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Hassouna et al. (2016) {5 FHZEEIH A EE A AIER I TRETI A L IHE %
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¥k PR |THEITE B8 105QABRATFM &K Double | RAITEINEHS 1054E7~9 1 BB 1054:4~6 1 PSR BRI LL B
¥ FEE [METEIM RS 105Q2BMI M Double |TTiERITEINERS 1054:4~6 5 [M3RBIRL1054: 1~3 B MR BOMB L b
M¥HE B |THIETIHMYEE105Q38104FFME#| Double |THiERITEINE 10547~9 5 FUEBEE1044E7~9 1 PSR BORM LG
¥k PR [HETEM S 105Q28104RIZFM K| Double  |MidERITHIHAS 1054E4~6 5 M SEMBE1044E4~6 5 PSR BRI LB

BRI AR e R B
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o LB

=~ Y 2 (Importance of Features)

B Jepr AR M S A Uy A B R 22 > AR ER A BGE
Ty G TR - AR AR BIF ZE A5 SR AR BN — R R A B (i R R T
K)o IR AE FH R 5 BB S0 AT -

ZB S HE R 9 # (Logistic Regression)
(—) p-Value

S R R R R AT B p-value > REMBBUIA A R 2T
Y E 2% > P-value /NRY 0.05 By B BANZE 2 For > B BTHTSEAOAE R E Ry
& SEr R UATR R B 2 B (RS PTREBORE OE) BHR & PR A B Y
B WAL EREPIRBEEFN - EREEARE - ERFFEER - BRE
FEERES RO HEEESTI PR A RE > BEF T DU
REPIRBFHE SR EZE > MERVIATT

2 ¢ R Wl - E AR P-value

Estimate Std. Error z value Pr(>|7)

LEFE 2 PRIFE BDA -1.49E+00  1.39E-01 -10.66 <2e-16 HoHE
EEE-AEN B -1.29E+00  8.49E-02 -15.24 <2e-16 HoAok
L A JRAE 5.24E-01  4.38E-02 11.97 <2e-16 HoHk
B AT F 741E-01  6.66E-02 11.12 <2e-16 HAE
LEZ>EY -1.46E-02  1.57E-03 -9.31 <2e-16 HoAk
cETA¥Y Wz Fag -3.25E-01  5.56E-02 -5.85 5.00E-09 Ak
EEEL ALY 2P % -6.59E-01  1.13E-01 -5.82 5.90E-09 HAE
w-FHF3 R H 4.05E-01  7.24E-02 5.59 2.30E-08 Ak
L EE P IRIFEEEHCH -6.35E-01  1.14E-01 -5.55 2.80E-08 Hokk
EELZAEY A EH -4.21E-01  7.97E-02 -5.28 1.30E-07 HoHx
L ¥ L P IRIEE 5Es ' -1.70E+00  3.31E-01 -5.13 2.90E-07 Ak
EEL AL By -4.56E-01  9.07E-02 -5.03 4.90E-07 Ak
X EIETREH 2.86E-01  6.41E-02 4.46 8.30E-06 Hokk
T ML g 105Q24 % £ & £ F -5.09E-01  1.19E-01 -4.27 1.90E-05 HoE
L E R -1.38E-02  3.51E-03 -3.94 8.20E-05 HAE
AP e 105Q24# 104k £ = £ F 1.11E-01  2.92E-02 3.79 0.00015 HoEE
AP 105Q2% % F = £ F -6.41E-01  1.77E-01 -3.63 0.00028 HoHk
EEE2AEN RIZEF S -1.82E-01  5.59E-02 -3.25 0.00114 **
B S A L 105Q3k £ 2 £ -6.66E-01  2.18E-01 -3.06 0.00224 *x
E¥EL A BHRE 530 -9.29E-02  3.15E-02 -2.95 0.00322 **
SAEL I BpE L3N -4.94E-01  1.71E-01 -2.89 0.00380 **
WA Ll 105Q351 104 F 3 £ F 4.72E-02  1.63E-02 2.89 0.00388 **
A M5k 105Q3#: 104k £ = £ F -1.05E-01  4.04E-02 -2.59 0.00969 *x
CT2 % 4 Jc_105Q2¢ =+ § = £ F -5.95E-02  2.81E-02 -2.12 0.03436 *

BRI A e R B
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2 FRE S P TR TR Z W52

1. {385 PR ik

RAEZEE P H B R R E]/ N R PIRE SR (A~D) S B AR BT 2 %
Fs E o SRIEAFISERZIRB (BIANEHE A #kEx PR IREANRE) - ik bfli
RIE A B (16.7%) - HHEWERVNE WESER T &R AR BmZ0
& D& F(2,921 %) - HABRER ISR Rl 5 IRRES_ LB
HEERENE P KR 2Rt HEERS - LEEERAEE
M- SRFEFERTHH 2R EERE SRS - FHA TR - B a4 man e
HTRDL - KR R = PR R K 1 R BB AR [RS8 - i AR S
HRENIEE AR S ~ fETRAEE  SEAAESE - T H S RE MBS Pl
HEHM B - RZRATEIFERT - TR B0 AR - 1A AR
2 HRWEBAZ ZEER R - SHEER N RN REERE - BIET
PHORMS IR E A T 2252 - (REANE 2)

& ¥ F P REsF & —R KL

250,000 18.0%
16.0%
200,000 14.0%
12.0%
5 =
o 130000 100% &
% 0 ®
100,000 8.0% 2
6.0%
50,000 4.0%
2.0%
0 o 1 0.0%
A B C D E
-t % 148 215 1.065 2,921 12
- Ak 739 1,609 16069 189,167 699
Mkl 167%  118%  62% 1.5% 1.7%

2 ¢ S P RS-k L
LR AR AT e
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2. H AR5

RIFIREAMRF I 162,645 5¢ > Hrpjinsk 2,154 52 Hilk BB 1.3% 5 FRIK
ARSI 49,999 52 Hrhjik 2,207 52 0 kLB 4.4% o BEARTRIRE AR
B F PR BARRETR A L] HHRAZEMZ R ARBIREANRSS AR
B HRNEFEREBRTEE —ERE - A EiREAMRS > #HEHREREE
FREE % 1 BB A5 SR A B > HpR K T REME AR RIGIR AR < &
Fi s oh » HAMRB TS KB ARAME - JRE TREEEE P - [RIAE
RIS RS b S ARSI S AR BT - (FEANIE] 3)

B ARRFE—R %k tafs]
180,000 5.0%
160,000 4.5%
140,000 4.0%
120,000 S
5 100,000 3 (5):2
& 80,000 5,000
60,000 | 5%
40,000 1.0%
20,000 0.5%
0 0.0%

Wk e

No Yes

— Rk 2,154 2,207
R K 160,491 47,792
— R &t 1.3% 4.4%

3+ HAIRAS-HR EL B

3. {35 P S

MET R EENEFIRAEE » MAREIRZ I S80S EHER (1,484
K) > HFLK B Es 2.4% - T TREAERZER P 2 ik bl i =i (3.3%) » 1ﬂﬁ{1m
FRE(456 )8/ NABLE ENER T - IRBEB HBISRRNEIS: » E5%
B R BT TR EEE &R P RHEGRERR M ’r@ﬁ%ﬁf‘&yﬁfﬂ
B/ THERN - ERARFEEMNERR —ERER - L TFE1ESME
R R DUFEGERARNER T - A PR (E 2 E FAHIR
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kbe £ SR E S5 2Tk Nt 5

WHG > IR AN G UG I S R I > s AR ] E H A
B SRR Attt 775 - S — 25 AT SR TR - SR A B K TR AU IR
SEE PRI SR —  NERERSEE S TR IR - (FEAE 4)

LERPE XN AL

70,000 3.5%
60,000 3.0%
50,000 2.5%
5 40000 2.0% 5
30,000 1.5% ¥
20,000 10%
10,000 . . - . 0.5%
P zag awn gu gay WHE ZBE e
i AR AWK - 5 ) ”
- s % 456 259 1484 180 1490 265 = 227

R K 13,433 11,461 61,194 9298 62321 12,512 38,064
— KB 33% 22% 2.4% 1.9%  23% 21%  0.6%

SR (se -9 Il RIS s alf]]|
BRI AR B

4. 3% P R,

Meat PR R ORER S E P AR - hREE PR B Hi ke flE
(FHEB 2.2% ~ K 2.0%) > T ERAE P 508 ik LEBTEAR(1.2%) - f#EHI AT HE
K& PR P ETh il R il Horp R dR B AR BN AR il - s ALt
R ESEH > MR )RR AR P - PR R RS E IR
TE P L LR - RSN AR B BRI - Sl R BRI R
ARt - Hiet 2 @R IREE F - DUES g il ey s 5+ - matEmk
TR B RN Al m & P <7 - GEA0E 5)
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120.000
100,000
80,000
P
B
W 60,000
40,000
20,000
0
— %
_— Rk
—h % L]

5. BTG
et EEEF 105 F2 &

CEEP ERBEI—RKLYG

B .
B

+ 3
2,317
105,077
22%

i 51
2,008
100,319
2.0%

LS
36
2,887
1.2%

5 RSP TR - R L

BRI A e R

il

2.5%
2.0%
15% &
R
«
1.0% 32
0.5%

0.0%

s R RHFEEEMRANE &S

(4,000 ZOELEBIAE - HERIATRESDIF BT EHEAS A W depd - 1 9 A H A
TEIR R - RAEEAEEE T BRI - A — B R EE PR
» DI ER R BT T RIS G2 SHMT 361 R P iR A m A - 1)

ARk - HHGRAR LIS - e Re R A A A

=

HEFR WEF

WETLR - RiMAE FEEHFEE > BELFATIEEFINE CEMERE
afl o E— T EFRR - DGR E M ER I - GRAE o)
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kbe £ SR E S5 2Tk Nt 5

& B A7 40 F HF—R K LA

250,000 14.0%
12.0%
200,000
10.0%
5 150000 s0%
e *
100,000 60%
4.0%
50,000
2.0%
0 — 0.0%
E A ¥
-k 4,000 361
-k K 205,791 2,492
— ik Lo 1.9% 12.7%
6 : PR EEHTHIHEE - L
BRI A S HE B

6. Hi P42 5 g

AIFEERENC FFHIL 3,375 52 0 FukELBl 1.7% » miFFEAERBICE S
itk 986 % > GBI 6.1% - HEHIA DS P2 R R > mE—X &
SRR © (FRAME 7)

MFEFREAEH T KLB

250,000 7.0%
6.0%
200,000
5.0%
150,000 4% &
*
100,000 3.0% 5
2.0%
50,000
1.0%
0 ] 0.0%
E-9-% ] HES
— sk 3,375 986
— Ak 193,049 15,234
— Rk e 1.7% 6.1%
7 BIRERS A B
BRI AR T
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7. EFF T

KA FIESEE PR AR LLBIHEY - 2Rl El 3 ~4 FFFALLE]
3.6% ~ (1 1 ~2 SR F R L] 2.8% ~ (1] 2 ~3 Pk LEBl 2.7% ~ (130
4 LA EFEFIRALLH 1.9% ~ (£ 1 F£LAAE FIRALLS] 1.1% - #iwaT =%
FUEIHE 1 5~3 SRk LG s nTRE B SR FRAIR - HRTERE D Al
AUEMERIEEIRII ARy 14~ 2 5 5 3 SR (DR ESRB & 288 S SR 51Y) » AlHE
R ERIBIR A 538 - TR 1 DA P R R T AH S e i R T -
TS SRIRS EIE FRIERE T - LIk FFiA - it o (2 4
FLUEFRFALBIRE 1.9% @ & 2R AT EURNE R P AR RE
(Kapoor, 2017) » 2RMHKZBCL A (3,374 52) > MWHHFF £ CRIEF L AE
R —K > AR EBEE - HEHIATREA HAR RN - B S OFATd 6 HA
THEFT T - Dl & PRI o s — 2R eE I DI B R TR Y - R
A= 8)

& ¥ F P ER—R K e

200,000 4.0%
150,000 3.0% _,
2
~d s
L 0 Y
o 100,000 2.0%
B
50,000 1.0%
0 || || | | 0.0%
15N 162 245~3%F 34~4%F 45FRE
— ik k 105 293 258 331 3,374
kA k 9,666 10,154 9,125 8,925 170,413
— A HEAR 1.1% 2.8% 2.7% 3.6% 1.9%

8 : fEFF P {EMI-FR kK LL B
BRI AR e R R

e [ FR AR MERE A (Generalized Linear Model, GLM)ZK &1 5 | 8t F 214 1 -
AR E ZE VP by e P EE e HAl T B ARE L T EEITHIRE
TR PR ER DR T EEFEPE T EEE P AN BERE
AT RSEE P AN _ AP TR RO ERE T A E PR
BEHR C " EEFFEEN @ EE, . F - H o JiRRinte
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kbe £ SR E S5 2Tk Nt 5

B B A B AR - SRR B TS A 2 - GRAE 9)

BEMam-SHEH

EEPL EEN _Hib
B ABRFS

5 B340 F 3%

¥R PR ELZDEK

SEEF 120

M—ERXTHED
¥ %P RFFH/CHR
P EER_RBEH
¥ B P R ERER
BEPREEN _BHRE

MFFEEAREY

ATEH PSR $_105Q28 AT F K F
WMFFEHUFT

W3E PSR B_105Q24% 104 F) & Kk &
WP 3 105Q2R AT & & & &
CEEPLPEEN BRHEEH

WEATE PISE I 105Q3 AT E R K &
LEEP EZ2HEI HI

¥R EZIRI R

T EATE PI9E S 105Q3 81043 R K %
WE PSR B_105Q34% 104 F) F Kk &
CT42 & % 105Q2# AT & s K %
EE P R ERBR
WEATE ISR _105Q28 104 7] & Ak Kk F
DERPE A 1

ATE PSR 3 105Q3 8 AT F Rk F
M—EEHHE

TEATH PSR _105Q2#x AT E i Kk &
TIEATH M T _105Q38 104F) &= & & %
AT A E_105Q2# 1045 F i &k &
SERA A 3

THIATH NG E_ 105QEBAMERESR
$$ﬁﬁmﬁ§1m@ﬁWM$mF$
35 P S #_105Q3 8k AT Z}iﬁk

I B _105Q38 104 F) & &

CT2 E 2 105Q3# AT & &

A7 PI3E 3 105Q232 104 F) & A&
TAC*‘M& 105Q3 #2104 5] Z A&

AT IFS B 105Q23% AT & &
LERPI

A E105Q3 8 AT E A&

T IEAT B _105Q3 8 AT E &R
T8 B 105Q33x 104 ) & A%

T3 3Fs & _105Q24 AT £ A

AT PIgk$ 105Q34x 104 ) & &
ATE)IFs B _105Q3 8 AT & A

T MAE105Q2# 104 F) & &

CT2 E % 105Q2#%104F) & A&

s

4
%
&
¥

& ¥
&

e B B R e B B B w2 B B 2y B
70 0 0 0 7 8 i 7 Y A0 70 70 o 7 7
i i S B B

0 2 4 6 8 10 12 14

4% $% & F M (Importance of Features)

9 : BB S (Importance of Features)
BRI A T R B
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o LR

(Z) {8 R £ (Pseudo R)

RetpbaarlRe )] - A RN MR B oo > KA BRI
B H P PUE FRBRY) - T ERAI iR R SFJ5(Pseudo R Squared) = [# 10 R
McFadden’s ff5 R 355 McFadden (1973) J% 0.07627 » fEFEJIANE » BEURERMER
IANE G FHATEE » SR R o s B PR A -

Console
D =read.csv({"'~/R/0531/3_PopbData_coiiect_4_DT.CcsVv')
D p[,-c(1,2)]
names{(b)[1] Y
DSY as.factor(ifelse(DSy==1, "1, '0"))
prop.table(table(D$Y))
] 1
0.97949 0.02051
ml gim(y ~ ., data=D, family="binomial’)
warning message:
glm.fit: fitted probabilities numerically 0 or 1 occurred

# ralriilara 5+ hu AafFainsrainn
calculate it by definitic
mO gim(y 1, data=D, family="'binomial"’)
pPR2 1 logLik(ml) logLik(m0) # definition of McFadden's pRA2

"log Lik.' 0.07627 (df=50) |
1
1

10 : G5 McFadden’s {f§ R 7FJ5 (R BEUETH1H)
BRI AR B

Xgboost 73 #fr (eXtreme Gradient Boosting)

HATEE TR FERR LR Xgboost /5 AMCHET T A B EE Z1E 514 » Xgboost J&iT
TR BT — R PRI R - AR 3 2 s B B R S L AT IR A -
Xgboost A DIGHH FA# B Z Mt - WAKEZMEHEF (Chen & Guestrin, 2016) © A
BfFgeER ] Xgboost (i RAFT S B BEMEHH TANMRE 11 Fras > Hrh B SEps sl
B RS T1TEDARF E_105Q2 & 104 FFpRR |~ T 1TEEH &
_105Q3 HEETFRLEHR |~  THEHTEIFTSRE_105Q3 & 104 FIFRLRR |~ " HiEs
AN EE_105Q3 B¢ 104 [AFpRR |~ TTEIANE 8 _105Q3 #2104 [Tk |
FHBIARTHEZ B " EREE P RBEWR T EREE Y T EEE
REYEE T AR ) SR EEEE - E B R MR A T2
SR UL B - AERT R > RREFERE NS T (" HETEIM
BRE_105Q3 1 104 [A]FpeRR |~ TATFEREIEE ) A1 T HARSE ) > Eth
AU T AL S S R I L B
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kbe £ SR E S5 2Tk Nt 5

EFEENE T REF P E AL | 1E Xgboost I ERR MRS iy B B4 HE
HHE— T REEFERE ) CERREEEFROLA RIS CE
ARFHERL > AU AT PR - 8 U RO S A SRl -

WEMFFTEA — B PR AT - WEURE B PRI AR - Xgboost
SRR RELE LA A T E -
Xgboost-i% $F 8¢ #

S¥EPEARER

¥ P RS FRD%

AT R E_105Q28% 104 F) & i Kk F

AT A E_105Q3 AT E Rk F
¥ FE P IEH

WEFEHHE

WIEATH PISE S 105Q3 8 104F) & & & %
R B _105Q3 8 104F F Rk & |
AT A E_105Q38:104F) & itk &

B AT
3 o ¥ 105Q3 8% 104 5] 2= px, E4
CT2 & & _105Q3# AT = R Kk %

1 2o P 3

WEAT P I $ 105Q3 AT E R Kk %
A IE A 105Q24% 104 F) & &K & &
AT I R _105Q3 R F AR K F
CT2 &% _105Q2ix AT = R & %
SEEPL EERN _Hie
TR _105Q3 AT E R Kk &
CT42E %k 105Q33%104F) & & & &
WHATH R E_105Q382104 5] &= & &k %
T8 E_105Q2 AT F R Kk F

CT2 & 2k 105Q2#:104F) & & & %
WEATE A E_105Q2 AT E Rk F
WEATH PISES 105Q2 AT E R E R
CEFEPAEAEN BRBEH

3SR ®_105Q28 AT F Rk F
W2EPTIE S _105Q3 & AT F R Kk %

W IEAT B A E_105Q24 104 F) & &k F
ATE PI3R#_105Q3x 104 ) & A &k F
ATE PSR $_105Q2x 104 ) & m & %
WIEATH PISE$ 105Q24 104 F) & & & %
AT PSR $_105Q3 AT E Rk F
M—ERGHF

TP IR 105Q2#% 104 ) & & & %
SEEPL EZEI_HI
CEFPAEEN BAERTME
ATEHPISE I 105QE AT EREE
M—EREHEES

TIEPI SR B 105Q2E AT E R K &
SEFTPEEN _BHE
SEFPL A 3

MFEFAEREY

SEFEPF EE KBER
SE¥EFEL A 2

¥ TP RS ERBR

¥ TP R FERCH

ﬂ

I}

T O ||

0.00 0.05 0.10 0.15 0.20 0.25

4% ¥ & % M (Importance of Features)

11 : Xgboost %8 EiM: (Importance of Features)
ERIAR I A TR B B
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o LB

B~ iR vE

AR EE T K BRI T B AT SR A TR A A B A - LRl A (R S B
B TEARER © SIOMERERBITRE T & PRI R B HERK - HERTRHITIA
5 HERIUR B 5 6 i o el 5 B {E (Threshold) » DUEES RHRKLE/IME -

— ~ R A BT RS IR

AR geER F # B T 8 (Ensemble Predictive Model)j 5% - B e FHIIE
B EEE RAREIE B E 2 R P T B R I e e REAEN
PRI T RO AR RS R — SRS R LR - By EE e
T JH B A B 2 B i A B Random Forest (BB #£K) ~ Adaboost ~ Gradient
Boosting Eil Xgboost Z5( Dietterich, 2002; Chen et al., 2015) - AHFFEER A _E kY
BB EEAE A > WAT T 10 XA X E#EEE(10-fold Cross Validation) | » 1
BEAEEEIT 10 K RSP TRERAMCR THEE R - BIERCE Ry 0.5
SEBRARNRERERIRS - 2 212,644 F - FRAK FHETERAR FH
BIARFLK - FAE P HLAIEN 2.05% » AFSEFH R package FRffi ik HUE
(Down sampling) /5 2R FR A BRI R » KR — R AVRIRE R R A
IR HUER (Down sampling) » JAEKERFER 12 B LRGN - DURE SR TGRS SR B
f@7= (Freeman etal., 2012) - BJR A B R A FH o2 B8 - AR SE R R RE A A
SR (FRANER 3) R AR M B (Baseline) Bl i A 480 8 P LL S ROAH FHIUAS R -
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Ol

EEEF

B SRR TR TR Z W52

3 EREPRRTHIBR A E SRS

FEAEBY B 38

LEBPFMBER LEEPFEXERN

LEXEPFPEXRHL LEXEFEFR

SEEPLEH LERPRBEER

THEABZE 105Q3BATERKE LEEPEIREN

TRABFE 105Q2BATER KR ¥ EFIEH

TERFE 105Q3RI4RERAKS TERFE ISOIBRTERAKSE
TENEE 105Q2#104F ER KR THALEE 105Q2BATERK R
FHABHE 105Q3BRATERKR TEABFE 105Q3104F FREF
FTEHABE 105Q2BATER KR TENEE 105Q2104FERE R
ATHABE 105Q38104F F ik AAHABE 105Q3IB T FER KR
FEHABE 105Q2104F ERE$ FAHAHE 105Q2B T FER KR
THEAHAFE 105Q3RATEFERAKER |fTHAFE _105Q3R104F F KR
TERAHAFE 105Q2BRATERKE  |FTHRFE _105Q2R104F FEA KR
TEAHAEE 105Q3R104FFRAEKP|TEAHARBE_105Q3BTERK R
TEATHAFE 105SQ2KI04F FRKE(TEAHAFTE 105Q2BRATFERKF

TEAHREE 105Q3R104F F KKk R

THATH M E 105Q28104F) F R KR

SXEL B

¥ ABRH

M—FRSH#F

AFFRGH BT

M—FREARS

AMEFREARS

B B Y40 F

CT2E&IK 105Q3B W FERKF

CTZEZI 105Q2BR T EREH

CTZ2E®ik 105Q3&104F F &Kk %

CT2E Rl 105Q2104F F X K&

TEFISRE

105Q3 AT E R K R

TEFIRE

105Q2 AT £ it & R

TEEFIRE

105Q3&104F £ Xk %

TEEFIRE

105Q2#:104 B % & & %

A8 PSR

105Q38 AT FEm & F

ATH P BB

105Q2B AT EREF

ATH PRI

105Q3#104 F F &k $

TS ISR

105Q2#%104 F) £ & &k %

TEAHIRE 105Q3BTER KR

TEAHIRE 105Q2BATERER

THATH P15 105Q3#104F) F R KR

TEAHIRE 105Q2R104FEEX KR

1R — @ JRA] T BEHEAEY (Baseline)

AR R FHEHE L 15 (8 > H2k B R (E 2RI P L AHRE SO EE e
L BT > WS SR PSS E  F R - RE P

Bt -
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HEMEINT S Xgboost BBYE BT L HEART LA 5 el &M b A0y
SHEHITE Xgboost BB EEMETHEART T4 5 T % T 2EBEL ) iEnTE GLM
B Xgboost AABER T3 T e B B SR - 5 SAHRA ORI TR SR
i LB B A THIRIRE Y - FHEIGERGEANER 4.2 [IEBUEVEE R AUC
{H 68% - ¥ERESK (Accuracy) 68.6% - FiHfE=RE (Precision) 4.1% > 73953 (Recall)
67.6% -

K4 PRAHL AR 2 TR R

HEE AUC R =R (Acc) ¥R (Pre) |AFEIZ(Rec)

AdaBoost 67.3% 70.7% 3.9% 64.3%
Random Forest 67.8% 65.9% 4.1% 69.8%
Gradient Boosting 68.1% 69.8% 4.2% 66.2%
Xgboost 68.8% 68.1% 4.2% 70.1%
Average 68.0% 68.6% 4.1% 67.6%

BRI A R B

2 BRI PR T REMERREOIN b At i S

ANREFRUFR F R R (15 ) hn_- EA P A 28023 ) - #ESL 38 fEsts - fx
THAEEEIN > MARTE R — B TS RERANER 5 AIEEIEEISE S
By AUC B 71.6% » YERESR70.1% » FEHERS5.1% » BEET3.5% o

5 1 IRAIPTE S TR R

EEE AUC ¥ERER(Acc)  [KmERPre) | BRI (Rec)

AdaBoost 70.7% 72.1% 4.8% 69.2%
Random Forest 71.5% 67.3% 5.1% 76.4%
Gradient Boosting 71.9% 70.7% 5.0% 73.1%
Xgboost 72.4% 70.3% 5.3% 75.2%
Average 71.6% 70.1% 5.1% 73.5%

BRI AT EE

3. P B i A

PR TRAEAR YRS R - DL AUC ~ YERESR ~ FHfEsR fr EIRAE - A T IR
RIS, L TRRIZEREST » THAE AUC e B EREE A BT - SRR
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AUC 68.0% 71.6%
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#E%(Rec) 67.6% 73.5%
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