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ABSTRACT

This study explores the feasibility of a preventive overdue management strategy for public libraries by segmenting
user types and optimizing type-specific thresholds for an overdue prediction model based on machine learning.
Based on the actual borrowing data from adult users of a C public library (2,148 users, 75,377 transactions),
an overdue prediction model was trained with LightGBM. K-Prototypes clustering was then applied to segment
users into five distinct types, which showed clearly different overdue rates ranging from 5% to 25%. For each
segment, model performance was compared using a single optimal threshold versus segment-specific optimal
thresholds. Results showed substantial variation in recall (34.6%-94.2%) and F1-Scores (0.257-0.513) across
segments when a single optimal threshold was applied. In contrast, segment-specific thresholds kept recall above
75% for all segments and improved F1-Scores in most cases. One exception was the Senior Excellent segment,
where the low overdue rate limited predictive performance, indicating the need for a supplementary management
approach. These findings suggest that segment-specific prediction and management strategies can serve as an
alternative to standard overdue response practices in public libraries.
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B2 F1-ScoreE 37 1#sle] f3d SH14.1%), 71&338t - A3K83%) 02 Ll
AA TS EAslqITh U =4 Ropol] W2 thE HEE9] 2jol7) F
23 ek
(E 5 & A cte| HolH = HFY HE J|&E

H o T8 & 2 g Ag v &

. 2uH(0) 6307174 83.7%

semor wal(1) 123067 163%

il 7191(0) 495377 65.7%

e 71E(1) 25,8407 313%

- member 712(0) 7513274 99.7%

Hew-embe A1) 24571 03%

23H(8) 331374 44.0%

18] 2}3}(3) 10,6197 14.1%

71%3}8H(5) 6.26571 8.3%

AsH(1) 625071 8.3%

. JAH9) 473773 6.3%

- 211 7k8H(4) 42377 5.6%

10)(7) 37227 4.9%

Z3(2) 22647 30%

dl%(6) 992671 30%

£7(0) 19187 25%




(E 6)= = 71 &S] dHolele] &5y A REE Holu, overdue count(F2 &
71EEAE Btk overdue day(AALT) = A A 9N Ht 6314, FU3k 20, AR
TRl 002 9] o] &t A dubdst 120402 L7 o] §AplA A7 He=e A
F o) AR A AAALE (534 L) 7T EA H X E YERAT) avg visit_interval(H
gt} cumulative_overdue(+4 A 314 W) & ARESIS HRI7E 7.00~61 204 =
7+ 7.93, ¥FHAF 13.77) 9} avg_borrow_inter WA Fxste] o]& Wk WejA] o] &} et
val(H+ = F71, %+ 8.16, FFHAF17.00) o] o]FAYAS HojFr) o]yt o]gA} T
o] Jrth xFHAF F JEE o] & Wl tlole] We] 7|ed FA= 2t Wt g
o Azt IA dehde AE & 7 Atk Ao 2 ol §A EAE dEs] oHE=
return_duration(& & Whg 20%) 2 Ho ojnjatH, &5 sjel] wet 13 o] 8
1253€E U 717H14) ol uhgsle o) S AR,

Hol] dRkAQdS & 4 drk

(G T2 o842 &9 vlolE]e] A% »E’i—? 49 37 2A Hal
71=EAS Helth total borrow count(Z th
Z A5 Hd H09Y, TUF 12907 & 421 4 ¥4 W4 A4
T thE o] §A} W IA EolZEe T 240 HEE 4180 EAHSR

LI At FFHzt &k 25% =%k 75% FHuizk
tenure_days 2625.12 2573.99 0.00 881.00 1648.00 3448.00 | 10783.00
overdue_day 1.30 5.54 0.00 0.00 0.00 0.00 534.00

cumulative_overdue 793 13.77 0.00 0.00 2.00 10.00 120.00
avg_borrow_interval 8.16 17.00 0.00 1.94 4.00 8.20 613.00
daily_borrow_count 5.16 3.18 1.00 3.00 5.00 7.00 21.00

return_duration 12.53 7.74 0.00 8.00 13.00 14.00 548.00

C(E 7> O|EAt el HOJH =2 A" Hy 7[&8

W At IR | HEH 25% s 75% Hgk
tenure_days max 1761.77 209891 0.0 567.00 1028.00 1994.00 | 10788.00
total _borrow_count 35.09 65.48 1.0 4.00 12.00 36.00 911.00

overdue_count 6.31 11.84 0.0 0.00 2.00 7.00 120.00
avg_return_duration 14.50 10.39 0.0 10.71 13.16 15.33 192.67
avg_overdue_day 2.76 9.00 0.0 0.00 0.30 2.08 178.67
visit_count 11.02 17.28 1.0 2.00 5.00 13.00 214.00
avg_daily_borrow 2.96 197 1.0 154 2.33 3.83 15.00
avg_visit_interval 51.64 80.92 0.0 7.00 24.46 61.20 758.00
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Fol3 A0z Gl WSt o4} 1) b
olEf 9] W F 10715 e g 32149 7]
T2 A (F 8y 7o) H7le] WEE A
stsick

WA, avg_overdue_day+= A7 @AY o
Z ZAogt Fho] Al AP o] 8= 0ol
s el 3 Aol HEE AlFske |
= ddste] A Esith total borrow_count
9} visit_count= avg daily borrow <} R} F
EulE 20 yidtslo] A|eJei3ict avg return

o o) FEI} BF 23] AdEEHE e
2, 83 AA F He] flo] EAHER A
2312 %9kt) avg borrow_intervalS A
nhg A g sl AAAE 18 A3 (O
d 13 o] A<k AFaAAIT(r=0.067) 7}
VA S7dEo] 2 B4 ALl A AlLstch
ThE o= TRIEF 4] Al < QloEE

HEAGSH BYH AL

Sigal 4340 i ol B

l'N
©

o

L N R

ol g

I‘ll‘TlZi
ut

o

vy

duration- A (0~14%) 3 ARNTH(15 T AEF AAEIT
(E 8 78 A HO[EAl H4 MY sig
W4 W Ad HE 78 | Ao A Q] Ay
senior THZ R (0:guE 1:29) | o]R(0/1) 0
family 7 o500, 1:715) | ©17(0/1) 0
tenure_days_max 7H) A (HH7L) A&y @)
total_borrow_count Z UE A5 94 x 8 ¥4 (avg_daily_borrow)
overdue_count & A4 45 S 0
avg_return_duration it v 20 R x A/ AA AR T
avg_overdue_day At AL 943 x BY &9
visit_count T 35 R X Z8 W= (avg_daily_borrow)
avg_daily_borrow 13 g Ui 4¢ 943 0
avg_borrow_interval Bt dE F71(9) A&y x A WA FAY K Fa

Avg Interval x Return Duration
r=0.067, p=0.0000

200

,_.
o
o

Return Duration (days)
=
5]
o

v
=)

200 300

400
Avg Borrow Interval (days)

500

Al
=

(2! 1) avg_borrow_intervalzt

600

Hl

Avg Return Duration by Visit Interval Group

13.8d 14.1d

14 13.5d
12.3d

12
. 11.1d
p
810
c
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<
S
a
E
‘E' 6
&
o
2 4

2

0

~3 days 4~7 days 8-14days 15-30days 30+ days
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42.2 34 23 44
44 23 #8 4937 3 $AH A%

¢ K7} S71etel met A&
UERATE A 9] el A]
FElgh ARG A8 JHFEHA &
K=4 o|32= -117, -76,
-15E 7HaFo] $hkeliAl= A4S IR1E +
Fo] A9 K=2914 74 &2
740538) S B, K=394 52H0.355) 8+ 5,
ThA] K=50l14 HA3t 502 315(0.534) 3t
Ho|il o] gkutaiA| 7HAatqit
WS vEO 2 cost FaZEo] H]ﬂ—ﬂ
‘H7\]“ TZHK=4) 3 AFA HF7t 5
Adsl] K=2. 5, 65 4 +4 &
H]E’_ THE CE3ch

HW $HE E3F KoM 24 #3& 4

ol &zt AlEst B AA A oSl AT

T 327

G A, Kozt A% 940581 T
F M A% F WA 22 35S 1Y)
K=551¢] 2o]7} 24 elghet, =, 2 477

ol8zlo] | 93 3} o] & EAJLS | 1

HellA, 7 H
8] sk ofF
T FHA 94 A
59} K=69] HW~

el

%) Cal ]5‘( 9%, 16%)-
Fglo] =2

R ==

°Exﬂ A9 %%w

_>.:
ui
[N}
o
NS

o) 9l A7) BA, 2 o84 BA Ed U9 4% 04982 K=5(0534) Bt
Elbow Method (Cost) Silhouette Score
0534
w 0.525
110 G505 .498
100 R 0.475 1
" 457
‘Ug 0 % 0.450 4
= 3.9 B 0.425 4 04
e 632 0.400 4
60 56.6
0.375 4
49.1 o
* 0.350 4
2 3 4 5 6 7 2 3 4 5 6 &
(OE 2> =8 7o oE SAeret 42U(Silhouette) & 2| Hat



328 =EdAESEA A60d A3T 2026

(E 9> K-prototypes M2 &Y 7|=SA

=z bz = 3| TF = TE=

TR I || A | oa;ig 9% 4% ué A |51 3: e
0 73 | 019 | 1222 | 238 | 6612 | 670 | 108616 | 010 | 004

1 001 | 025 | 1315 | 306 | 5247 | 357 | 191437 | 099 | 002

K=5| 2 161 | 005 180 | osd | 3sa0 | 202 | 82071 | o2 | 100
3 156 | 021 | 1388 | 368 | 6706 | 315 | 803545 | o0s2 | 010

4 e 06 311 | 295 | 2006 | 211 | 109236 | 000 | 000

0 57 | 019 | 1160 | 233 | 6260 | 677 | 92980 | 010 | 004

1 001 | oz | 1354 | 310 | 5367 | 3ed | 1ssd1s | 100 | 002

el 2 149 | 005 179 | 057 | 393 | 195 | 1664 | 002 | 100
3 146 | 021 |12 | ass | eres | 320 | so1asd | 083 | 009
e | os 088 | 298 | 1877 | 200 | se7s3 | 000 | 000

5 10 [ o4 677 | 220 | aso1 | 258 | se6246 | 007 | 010

ol K=6229] F7} M&E3} o]k K=5
°Z dx 98 2o WE o]Lx £
3] AliEsie = Aokl wdste] K=55

M ofw rE

423 A EA B

(£ 100 7} o] &a 3 EA
golth 2t 32 A0 wet o
(General Heavy Reader), 71%3]
PN
T

ez o
r2 Mo
DR )
ofl of ol

A
(Family Overdue), 2% = $<3 (Senior
Excellent), 71715319 AA3 (Long-term
Family Overdue), &5t 3#53(General Standard)

o8 FEste] 243t

= A5tk A L)% overdue day @ return_

duration<

AHo|BE AQlsigitt. Sl 4

—‘—'T'

= MM E &

B Al d3> (F 12)¢F 2k

4.3.2 8<% 714
E 12 7)E AL 2
]_z_ 51_1:419]
o} nghtGBM

71"

o 77}

AA

huA

=0
oo =

L
T 8le

+ dlo]

298 o g5
Helth XGBoost
AN 91.2%, N3I%E

Hol o) 2 7e] 0% oS tiE AJAd) 4

PN LI
f’?zf‘r%l

4.3.3

oﬂz o)

"lv‘—EU

(% 14)F LightGBM =

g] ?J;”ﬂ-_o_ HasWo

ME T1ToMm=E

1%k

o o)A §

TEOE ‘/}E}‘iio‘jﬂ AUC-ROC=

o3 A3}

9o u}ow N%

H AA
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A A

M

CE 10y 23d

m
Mo

o -
AT | 24 | o18A | 9AE 3 B4
+ Yt =3 (General Heavy Reader)
- 7153819(100%), 185(4.0%) v&o] w2 dutk sfelsd F4
o | o | 199, | T 5 1 LOB6UR M L AT £91E AT 08T
7l - g9 O A5 67090 ol 23 F Y Be Ui O gu
- 13 A A5(12.229)E th 2o4 o) tEE AA)7F B bR, dAE
(190%)2 AA 48 = =7 $322 Yeid
+ 715389 949 (Family Overdue)
- 71E890(99.0%), 13Z(20%) n&2 Qut ARG 1S 24
1 291 5% | - AAE(25%) 0l +F T 7MY EIL, 74 94 AF(1315W) e F AR =
- 52 717K1914%) 0] AR GLol i A7} sk 0% A} ZAH ’\*Xﬂ”
7t 9o 99 +3
+ 7%% 953 (Senior Excellent)
- 2%3F w0l 1000%2 +4E 25 Ad $159 Nl F4
2 161 59 - AAE(5.0%), o AALF054Y), +4 A AF(184H) BF A4 23 5
K=5 Tl ek w18 A & e o &AE
- 3G thE A4 202908 A%S FHH0R YEshe o) Hd
- 58 7172 182042 WA Qg A9l olg olEE K IF
A7) 71539 AR F( Long term Family Overdue)
- 7}"‘§]°J 82.0%) 3 18=(100%)°] ¥=s+= T4
7]”"] 803 (¥ 22L1)E T 23 & Yo o} NYatgle] 4 o) 8xE
3 156 21% oi
-3 % A5(67.067), 4 AA B7(138849), Ht °4xﬂ°‘* 3689) 7k B 21
FEOZ 9 o] ojFy I UEF 2 H A dgt =& A4S HY
+ At 15 (General Standard)
- 7153193 18 Ze] glE oF MUY 4
- Az ok = 3= 7 2 24
1| 1o | 169 | T AR B 59%E AsE 7} v o
- 3G tiE B 21189 2500 HHoR i) Fof A FAHT 22 Hia
o4z IF
- 55 717 L0RYE unE 2 7IQIA Hge] B
@& 1) 0Z 2Y B HOlEM B MY B
W W A HE 78 | AR A9 AHr
senior THEZ F(0:Q4 1:391) | ©]2(0/1) 0
family 715319 507090, 1:715) | ©17(0/1) 0]
kdc_main KDC tl&7(0~9) HEy O
overdue_day A L5 a4y x & AlHelA Sl E7F JE
tenure_days M 5 A A A48 @)
cumulative_overdue T8 A 3¢ a4y O
borrow_interval & F71(Y) A&y @)
avg_borrow_interval Hi g F71(Y) SR o)
daily_borrow_count d gz = 45 S 0
return_duration & ¥ ubhd 209 &Y x & Aol BHel 71 AR
borrow_month & 4(1~12) ¥4y 0
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(E 12) O|2X RYY(K=5) st&/2S/ZJt HIOIH E4
o o & tolg A= dold | B2 dolg
ne %7 Ak A A& ° °
71&3]9 AAE 12,186 9,126 3,060 25% 1,332 1,752
A7) 7139 AAE 8,678 6,919 1,759 21% 874 909
dut g3 20,069 16,946 3,123 16% 2,244 3,100
duk g5 14,350 11,685 2,665 19% 1,692 2,009
¥ 959 5,108 4878 230 5% 526 548
(E 13) 0|5 24 g% 7|HY Ms Hlw(LAZL: 0.50)
g 71 A& AUC-ROC Ade F1-Score e pe
XGBoost 0912 0.791 0.274 0.421 0.549
LightGBM 0.923 0.793 0.276 0.424 0.550
LR 0.824 0.704 0.257 0.391 0.539
(G 14) O|2A FEYE(K=5) A A M3 Al M5 v
o = 718 AZH0.50) v HA AA0.61) T HA A/
e A¥E | F1-Score A& F1-Score A% AE& F1-Score
71&3]9 AAE 0.984 0.419 0.942 0.454 0.72 0.769 0.548
A7) 71&3)Y AAE 0.928 0.501 0.811 0.513 0.66 0.770 0.539
Jut ¥ 0.876 0.375 0.771 0.398 0.61 0.771 0.398
duk g5 0.923 0.464 0.768 0.501 0.61 0.768 0.501
I3ZF ¢4 0.615 0.302 0.346 0.257 0.37 0.769 0.237
ZAA "oy 4 0.923 0.424 0.818 0.452 0.61 0.818 0.452
N2 e B o) 7 43 A A ol Bl ArhHe R ol et A
W A dolgolA Fl-Score7} M =2 2 A = ek o]9f 2 A3 A ulo]
AARS AEsiy AEE Ve 2 AT g 712o2 T2 HA AAK06D) S 4Z
2] RIRHES 5% OO AR} @ A8 ARelE FARK FAITAT, o] A%
A GAES FASIES SF5th ol AFES TS A 718 ARS
718 AAR05) S LIS o AFES 2835w Blal F1-Score”} AF(0.452) 3=
o]l &} FIEE 615~ 984/«] HR ol A A=} B} Ao, FHE Aeolxe AdEY]
% VI 56 DT REUE R 01 )R DA v S0, S
L5 el A s o THE 589l A% 6% Bstel 4
Ao S AE(L5%)E H3l0 | e 3 e eeasie
= 732 9499 980 50%2 O 242 olofalt), o] Asks Y YA Ho
e Y P S
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T e AR  3ls5 Al F1-Score7} 02379014 01772 =

whd o] 82t fFE oS Bdlo] 75% o) Al skEretom, A 94 037914 0232
o] AeS FHeES YARS A5 2 2 vobd Rue] FY i EF 5ol Astd
H0.37~0.72), LT < AAT W 7} ZAo® siMer), v dn #Fe FIEE
A £33 F1-Score7t ©Y 4 AAZk & 85 Al F1-Score7} 0.39814 041302 4%
&8 745l Blsl i 0,094 FES =9l WdEe], FE 47F A3 §F Wl FE A
T AT oh 7P S dAlES B 1% Ao =2 Agode e 5o oFe]
T A 21 AhE 2As S8 A e zYrE Yehd o e HolErh
S e dAR0.37) 9] Aol 27

Q
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ne
jsicd
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)
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©
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BL
X
Fd
o
ol
o

441 91574 AE3E A A A S 5
: s H43) A3}
3 5= 9t} olulAe] o= RES A

o
o
(i
B

ol
F{F
g
RO
[
4
ofl
To
of
oSt
H
o

HolElZ St

HQl oS Y

(& 15+ AA volHZE 53 AAl dF Bdo @ HZ JAGE A&t AA B
T §94 H4 AR AL 2k 7FEOlY 71Eo R AT H7RE sho] Rl
THEE HolHE £2sto] e shad B A8 W7kt olE g WAl wlolH ]
o Ztz} A4 dAs 283 2H4E vl o] EEE AP, JF Sl EA
Aotk AL 5% o)ds Fush= 27l stAY Sl 2 gl = BT A 7 el
A F1-ScoreE W g 2 57 719 F 470 = 3% WA F23 21lo] k. & A
TR A, 71 7153 QAE, A FFEAB UE 7I5CE Sd dA 4
it o=, BT FR) oM A dolH S 2de] A HrielA AdE f3E AA
Sk Bdlo] £ Vi S RdEY =2 dZ A5 fake dolH el sk W
F1-ScoreE 7153kt 53] F& 571 4T A I 7 zpol o} HlolEf o] fFRE Q13 of
Hom AL 1T 39 A 73 N = A% 1ol =A8 UE oF HolHdNA

(E 15) 0|24 FHE(K=5)2 /g S5E oF ZEe| 45 H1

o 5 A "oy g5 24 34 deoly /N g5 2Y
Tr AA % A& F1-Score IAZL AdE F1-Score
71534 AAE 0.72 0.769 0548 048 0949 0.488
A7) 71539 A4 0.66 0.770 0.539 058 0.752 0521
Jut FZY 0.61 0.771 0.398 058 0.776 0413
dut g5 0.61 0.768 0501 058 0.788 0.466
IEZ 5y 0.37 0.769 0237 023 0.769 0177
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