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A Multi-Stage Optimization Model for the Location Selection and
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This study addresses the issue of low birth rates by optimizing the location selection and phased expansion of
national and public daycare centers. As government budgets for daycare center expansion decline while parental
benefit allocations increase, this study proposes reallocating a portion of the latter to support daycare expansion.
A two-stage mixed-integer linear programming model is developed for phased expansion from 2024 to 2027.
The first stage aims to maximize demand coverage, while the second stage minimizes travel distance while
meeting demand. This optimization approach enhances cost efficiency and improves accessibility, while
ensuring effective demand fulfillment through strategic daycare center expansion. Additionally, the study
provides Pareto optimal solutions and a web-based decision support system to assist policymakers in budget
allocation based on policy priorities. It is anticipated that the results will contribute to improving daycare center
supply chain management and providing solutions to mitigate the challenges of declining birth rates.

Keywords: Facility Location, Expansion Planning, Pareto Optimal Solution, Mixed-Integer Programming,
Decision Support System
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Table 1. Parental Salary Subsidy for 2023-2024 Years
[unit: billion KRW]

Year Parental benefit subsidy Increase amount
2023 16,214
12,673

2024 28,887

2 ATFNN = FEge Adw F7H4Y 475 39 o
Aol &3 A oito g Adhste Weks Adbst A &
th o] & o FAE A ol A Ao B2 ojdo] o5
T, ol AgE Hadtete HAY A AA Rl
MEFT ok A Ul 7F 30< &3 o= F83
ool A H&E Aste Weks ZAZT. o5 F 3
T3H oo IS A FRE HAst, TR
HE4F EA A 7] st gk

o Yo7}, 20249 5] 20273747 ] A7) A 9] FFY oo
A5 A S e, o] & GAZJOE TIPS FIUEE H
A YA AA Zd g Atdt AT g Aoz E=2019E
B1202397HA H 253 A=A 71 B e FAE8E S
23N ZEAE AAIAT ABA =0 2o AL T B

Fata o ] FFY o] Hol g v go| Yol g &A=
T odo]q YA AA o] F ottty Ao

T3 33 H ojdoly e YA AR A dAAL o] FAYE
13837] Y3 7171 APIE B85t AA =29g v

S
o
2
rl
N

TE AY AL S A Este], ior A4 YA H A3
£ F3y3tA 3} o & £, <Figure 1>014 XA AL E 7]
Z0 7 o]F AgE 86Im(ER F 280X uh, A4 222
o] &3k o]%F AgE 1,500m(E R o 2382 Z7}3t). whgt
A B AT AE AA 2SS Y o] AgE st
of, Bot FAH0 7FY ofHl Y YA HAAo] o] FojA =
5 g}

Total Distance 861m

Walking 12 min

Bicycle 3 min |
- /

Figure 1. Comparison of Straight and Actual Distance
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Table 2. Criteria for Selecting Areas Subject to Expansion of National and Public Daycare Centers

(a) Total Fertility Rate by Administrative

(b) The ratio of the number of daycare centers to the number of populations by

Region administrative district
Admipistrative Total Fertility Rate Admi.nist.rative Total National and public | Population ages (x/y) * 100
District (per woman) District daycare centers(x) 0-7(y)
Seoul 0.55 Seoul 4,431 1,836 380,441 1.17
Busan 0.66 Busan 1,447 319 141,398 1.02
Daegu 0.70 Daegu 1,079 284 109,388 0.99
Incheon 0.69 Incheon 1,652 340 149,677 1.10
Gwangju 0.71 Gwangju 878 159 72,750 1.21
Daejeon 0.79 Daejeon 916 123 71,408 1.28
Ulsan 0.81 Ulsan 612 102 57,115 1.07
Sejong 0.97 Sejong 314 134 32,131 0.98
Gyeonggi 0.77 Gyeonggi 8,903 1,463 730,351 1.22
Gangwon 0.89 Gangwon 847 158 67,821 1.25
Chungbuk 0.89 Chungbuk 921 142 76,408 1.21
Chungnam 0.84 Chungnam 1,421 212 105,397 1.35
Jeonbuk 0.78 Jeonbuk 944 137 73,632 1.28
Jeonnam 0.97 Jeonnam 952 209 79,122 1.20
Gyeongbuk 0.86 Gyeongbuk 1,310 199 110,701 1.18
Gyeongnam 0.80 Gyeongnam 1,904 325 151,462 1.26
Jeju 0.83 Jeju 423 45 37,366 1.13
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Figure 2. Total Fertility Rate by Administrative District
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Table 3. How to Convert to National and Public Daycare Centers

Candidate Site
Type

National and

How to switch to a national and public
daycare center

. Remodeling the unused classroom on the first
public elementary L .

hool floor and using it as a national daycare center
schoo

. L Utilizing the plaza and idle space in front of
Train station idle .
the station as a space where a daycare center
space )

can be installed

Private/home | Converting to a national or public daycare

daycare center center through free long-term lease

Apartments with
less than 500
households

Establishing a new daycare center in a small
apartment complex that lacks childcare
centers
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Figure 3. Estimating the Area for the New Railway Daycare
Center in Jochiwon Station
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Table 4. Budget Prediction for National and Public Daycare
Center Expansion
[unit: 100 million KRW]

Budget Year Subsidy for expansion of
classification national and public daycare centers
2019 26.39
Settlement of | 2020 29.25
accounts 2021 35.73
2022 25.08
2023 14.54
Original budget
2024 11.00
2025 9.23
Predictive subsidy| 2026 7.75
2027 6.51
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Table 5. Performance Evaluation of ARIMA Models for
2022-2024 Population Predictions

p d q AIC RMSE
2 2 1 51.31 715.86
2 2 2 52.79 781.97
3 2 1 56.97 1,286.65
3 2 2 58.09 1,643.99
2 2 0 54.14 2,133.92
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Figure 4. Number of Children by Year

2020
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Table 6. Results of Forecasting Number of Children Aged 0 to 7 in Sejong City

[unit: persons]

Year 2020 2021

2022 2023 2024 2025 2026 2027

Population aged 0-7 in Sejong City 36,281 35,964

35,174 32,563 30,228 29,398 29,502 29,743
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Table 7. Annual Parental Benefit Grant Budget

2024 2025 2026 2027
Demand (persons) 30,228 | 29,398 | 29,502 | 29,743
Ratio (%) - 33.16 | 33.28 | 33.55

Parental benefit subsidy
by year - 38.5 38.6 389
(100 million KRW)

37T AR FF =

(1) Problem Description

2 79N e T oldold] 52 AR HA dA A
4 298 ALe, 448 g 58402 a8
5 A *91 Z*EL“ s}aba, o Ak A of ol A A2 3
ahe Aol A7) B o,

ggato] A2 YAE 2

OHOHJ £ AT F Ade FRA
84 Agts AYsan. 734 od
A o] J3H-E 1= JERH, 5004 T w1 gk
S3A(E), AEYR), U7 o™
879 A J= A5k, 5004

Al‘
Mot 5
-l°"

T oF S F2 2o ool
g, 24 vl 8l 01]4 Aot B4 ¢a= td
= 0~7A oF59 AT FE ¢ 2 YERIT AT
F8A 3 AA AY 1,5 st F7tHH
1mﬂﬂﬂ@ﬂ%ﬂﬂﬁfﬁﬂ43
T2 4k B3, A H LS of
Q3 HEoR A FRA O AAT
| B4 L& a3t F 24 ¥E cost,
, BE FRACA ot & AAT + 9
, At el A 2A) 7 e $HAE A e
B A R B R Xﬂ‘—%% st
ol ofdolf & AT ¢ Y= &, T2
JJrQI VA= YR ©

N
12
=2
A
AN
ol <

[r

f

Al i

fo ol o
i “mo
o 3
. <

= 4y gu o
jusl

it

>

it 1

_O|L

rr

ol

b
ek
w

Z e

o

]
2

3% oo
f:oL.‘Q}ﬂ
1 o o
RN LU

ofy

ol
-

2z 9O rlo mh
o

1

)
)4 o ol
ﬂlJ b

22 mXoml oof rIr Pl i ak o Ho Hoox
ofj

to o 2 2 o

Ry

Bi %ohﬂ% PBY H&& pE 1T
ZH Ho & 7% g E

ot
e

A WeE O} 2 ok 5
F27 o] WA H o o] 5 epyni,
& e a4 Az A
yE F0A o) oj2lolHol

87 jof ojdlo] &
ol ool 9 &
kg yEste AQH W
|5 AE=AE YEl = o)A

Sy

ML R Fho] 1019 s F R Ao ofgo] o] HAH 1L, (0]
A A HA ¢ A S or g

<Table 8>%-E] <Table 10> & AT A AQFsl= T8 B
Aof] AL-8-8k sets, indices, parameters, decision variables& YE}
Wk & dAFdA e F 7 s Hluste] 53y ojdo]
A5 S 2230 A WA Zd e 7keA] &5 289
4 EH g 7)uke) R ojdo] £ FF Hujs}e} o]
el 435 3 W s dste HZ ) E =& oA
g ol 1este] HA S 2] wjid, AL
3 A e E HEste o @AY

i
B}

ol o
)
ol

¥0 O 2 ol

o 1o

> >

o i
e

A 2 T GA 2A HAEE st F
HA GAM = ojdo] F2E AU TS5t
A MAE AAsta, F WA g = wAE 0"
o w84 7o ALE Ha3teto Zd:“*" Mg
FA Rl Bo A4 A2 A
AAE glon, ditst £88 79 A 1L

4ol 9o,

2
NS
N

oo &

-

2 >

2

S
1
o -
+
o N2
o
2 L
N
ot l‘_\nl
ofyr Hl
fo ot

o o
2
r

- =
Y
J \
ol
)
re
td
i)

ot o o

N
g,
(o

2

ot g ol 2
)

o
-

o
o

=
o
ol

{ b
e
@ ot
o
-
ko
ki ofy
©
>
g rr o 2

E
©

ot ofy
ko
i TN
N
B O oy i
m ofk P

il
o
peed)
o
o
:OL_',
:
AN
ot o m O
N rlr o of
¥
4l
=

o
-
to
o o ot o

=2
-y o
il RO

ok
o

to
>
()
o

b > o S oo

Of
4n o
o
B~

>

ot

_O|L

rir

PO

o

oot > R X

Max wlZZlLJ U}sztul'“ (4)

1€1jE] 1elje

st x; < doy, ViEL jEJ %)
Exua“ <d, VjEJ (6)
in]aij < Cy,, Viel (7)

JEJS
Y costy, < TC+(PB - f3) ()

e
< dy ViELjES ©)
%EZ*, Viel jeJ (10)
y,€{0,1} viel (11)
EATT 4= ofdo] #& dAE Adslste A,
A8 $HA 71 AL E Hashitt 7teA o wet 8
53 o5 Ad H43 e #3 2 2HE7] Aol w, & F
BA i F8A j3te] Bt AYE AP, w, = 12 AA

gt

wy = |[|><|J|22tu (12)

iE1jEJT

wy =1



A

Table 8.

Multi-Stage Optimization Model for the Location Selection and Expansion of National and Public Daycare Centers

Sets and Indices
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Sets & Indices

i Candidate site for the establishment of a national and public daycare center
I Set of all candidate sites, {1, 2, -, [/|} =AUKURUE
j Demand area (residential area for population aged 0 to 7)
J Set of demand areas
A Subset of candidate sites: Apartments with less than 500 households
K Subset of candidate sites: Private/home daycare center
R Subset of candidate sites: Train station
E Subset of candidate sites: National and public elementary school
Table 9. Parameters
Parameters
a: Apartment with less than 500 households
t Type of candidate site i, t,E{a, k, r, e} k: Prleate/ho.me daycare center
) r: Train station
e: National and public elementary school
d; Number of population aged 0 to 7 in demand area j (number of people)
(&4 Maximum capacity of candidate site i (number of people)
R Maximum allowable linear distance between candidate ¢ and demand areas j (km)
D Purpose-based value obtained by solving the demand-maximizing model
2 Straight line distance between candidate i and demand sites j (km)
«;; | equal to 1 if ¢;; <R otherwise 0
Z Area of the candidate site 7 (m’)
f; Installation cost per area of candidate site ¢ (KRW)
cost, | Cost of installing daycare center in candidate site i (=Z, <f,) (KRW)
7C | Parental benefit support budget increase not included (KRW)
PB | Parent benefit support budget increase (KRW)
Jé] Percentage of the amount of money taken from parental benefits

Table 10. Decision Variables

Decision variables

Number of children in the demand area j allocated to the candidate site i

Y; Equal to 1 if a candidate site ¢ is installed, otherwise 0
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Table 11. Experimental Results of Basic Model with Z = 7,500

4148 23
Lo R %"% oldo|y] FF& A% 7|E a3}
F oA 2dS Hy E43HT AE 2 Intel(R) Core(TM)

i5-14600KF 3.50 GHz CPU, RAM 32.0GB E7 oA S A
o, MILP $H £+ IBM DOCPLEX S &&-319ith.

AEA Y 7EH Aoy F5& Ad F Ad 7Hs o4t
< A 200489 o2 AAHHAT o] 202413 AFA Y
T3H ofdolF] &35 o4k 119 Y, CAGR 7|HHo.2 o =3
2025~20273 712 &3 o2k 23489 ¢, 8= o ibo] F&8
FAEHRFA ALF Z7HA(PB) 1669 L9 Foltt,

Rugo AYF Z71Y(pPR)S the3 2o iAo g 4
ST 20249 A= FRFA Adw SN (PR & 1%
2,673 Yolm, AFA Q] 0~7A AT A= tin] oF 13%E
A g} s AT vl ol v A W B A, HFAY
Bugdo Y93 27N (PB)L oF 1669 Yo 4P =
T ojgolH &5 oxto 7 HFA Y ERFo AYF F7}
N pPB)9] AA oithe FE3HE AL v H o, wEkA
Brgd Adg F7HA(pPB)dA 7t E H&(3)s &85}
oq s x%q_] oq]/\].JJr ]o]] w}e i_]-i H}o].g xﬂo].-g;}_,_x} sh:}

<Table 11>3} <Table 12> F 29 S A3 A5 e}
Ao AgoAs 8249 d4t s 8 FRFo AY
= S7FA(PB)ANA 7HA & & (5) € 0F-H 1744 0.1 FA 2
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KR
T8, H2a8E A &,

o

T

E 249 7 g3l dsf) 58
AR FRA A)E, AA 0 a3 odo] 19Y i A
& A&t 7744 RS v u

B A A A4 W F kel 88 Ao AAl Az
RE& AA vlolH o whel GepAH, o] & AR 57| e HA
7t rQ MW 7V 7V b SRANA S A E AT
ol A AYE F HUUS 12 HYdt.

Maximum demand ) Number of . )
The sum of Average distance . . Installation cost Elapsed_time
B |value (The number . . candidate sites for .
Distance (km) per child (m) ) . (100 million KRW) (seconds)
of people) installation
0 1,105 1,847.75 1672.17 5 11.00 0.95
0.1 2,430 4,652.60 1914.65 14 27.20 0.21
0.2 3,255 6,367.63 1956.26 25 4420 0.27
0.3 3,782 6,954.74 1838.91 40 60.75 0.39
0.4 3,786 4,785.97 1264.12 52 71.36 0.52
0.5 3,821 3,810.99 997.38 63 93.98 2.12
0.6 3,821 3,167.20 828.89 73 110.52 3.79
0.7 3,821 2,794.10 731.25 81 127.18 1.40
0.8 3,821 2,527.24 661.41 91 143.69 1.51
0.9 3,821 2,317.45 606.50 102 160.39 1.57
1 3,821 2,146.59 561.79 113 176.69 2.42
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Table 12. Experimental Results of Two-stage Model with 2 = 7,500
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Maximum demand . Number of . )
5 |value (The number The sum of Average.dlstance candidate sites for Instal?at.lon cost Elapsed_time
Distance (km) per child (m) ) . (100 million KRW) (seconds)
of people) installation
0 1,167 3,215.73 2755.55 6 10.80 0.39
0.1 2,489 5,679.14 2281.70 13 27.40 0.32
0.2 3,292 7,013.11 2130.35 25 44.20 0.28
0.3 3,817 7,802.73 2044.21 39 60.80 0.68
0.4 3,832 5,558.82 1450.63 47 77.39 0.97
0.5 3,832 3,994.62 1042.44 61 93.97 0.70
0.6 3,832 3,264.04 851.78 70 110.60 3.63
0.7 3,832 2,871.03 749.22 82 127.20 3.05
0.8 3,832 2,578.81 672.97 95 143.71 2.88
0.9 3,832 2,365.08 617.19 106 160.22 4.10
1 3,832 2,194.32 572.63 116 176.96 2.83
_ max | min oM 2EE no g andos g AN At 21
r= 125 [ (16)
oA, 718 BEL2 R=7500, 3=07% B k129 27t &8
e uhd, T oA 29E 19A A o 0.14%, 29 A o A F
R=T75000.2 A4S ZE F8A7F Aad shte] FH 300271 2850 F3.14271 AHTh
AZRE WY rollol] AR StEE BAT ¢ Qlrt. e rHn
) o T 0B 2ZE X
e oz 44T 731‘ ET:_TPLE T—.?{‘r‘ %\471‘] . 4224wz
ofo] weh, & AFolM e qdd r #he A Eetd AP A
dPow, AZAHOR R=750008 B3} Y= TS 2 AFo|NE /R mdla} B =R A ﬂl‘ﬂ s T A
At EdS vlaste], 33 ojdolf & AY s A%
TR AN SN B 7|2 EAG F @A RDEF 5 md S AT <Table 13> F 29| A ﬁJJrE B 1 3}
g wet 2SS F e Tt sdd . FEA RSy 98 oy, 7|B ndo] »9 e Aol T oA nd 4 e
2 p7H04 015 A F23,8328)E FEHH, VIR RE S a7 AR 10/ FoR Yol SaF w2 A
p7H05 o] 5ol A (3,821 E BARTL ol F AR o)|2 7|2 02 A, X TRA J)4, AA HE :LaL o7
Qo AL HGORH YL FLEFZL YL LAY o) 19w B AY 5L A4S,
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Table 13. Comparison of the Basic and Two-stage Model Across Demand Range (2 = 1,500, 3 =10.7)

Demand range Maximum demand value |The sum of Distance| Average distance Installation cost Number of candidate

(The number of people) (km) per child (m) (100 million KRW) | sites for installation
3747 3,747 2,655.64 708.74 127.17 84
3748.9 3,748 2,659.89 709.68 127.17 83
3750.8 3,750 2,666.35 711.03 127.15 85
3752.7 3,752 2,680.69 714.47 127.20 84
3754.6 3,754 2,686.48 715.63 127.20 85
3756.5 3,756 2,692.69 716.90 127.20 86
3758.4 3,758 2,699.10 718.22 127.19 85
3760.3 3,760 2,716.14 722.38 127.14 85
3762.2 3,762 2,728.56 725.29 127.14 84
3764.1 3,764 2,747.14 729.84 127.17 85
3766 3,766 2,769.49 735.39 127.16 85

Table 14. Experimental Results of Two-stage Model with 2= 1,500

3 Maximum demand value The sum of Distance | Average distance per | Number of candidate | Installation cost
(The number of people) (km) child (m) sites for installation |(100 million KRW)
0 980 793.97 810.17 5 11.00
0.1 1,734 1,365.22 787.32 13 27.50
0.2 2,150 1,687.06 784.68 22 4420
0.3 2,506 2,020.47 806.25 32 60.55
0.4 2,828 2,264.79 800.84 42 77.25
0.5 3,095 2,623.13 847.54 55 93.97
0.6 3,309 2,973.48 898.60 68 110.45
0.7 3,371 2,821.80 837.08 79 127.10
0.8 3,371 2,739.98 812.80 93 143.77
0.9 3,371 2,733.54 810.90 98 150.57
1 3,371 2,733.54 810.90 98 150.57
Table 15. Experimental Results of Two-stage Model with 2= 1,500
Year 2024 2025 2026 2027
Demand (persons) 30,228 29,398 29,502 29,743
Ratio (%) - 33.16 33.28 33.55
Parental benefit i ar
e (123 jniuizu: SIS}Z\K g i 3835 386 389
National and public daycare 'Cf?nter expansion forecast subsidy 1 923 775 6.50
(100 million KRW)
" O()T‘ﬁlmzzdie}t{w) 1 47.73 46.35 45.40
o ¥ $5He YZHAT <Appendicool ARE 37k BH #0935 BAS EHHOE 2HF 5 QoH, B B
ANME F oA Zdo] 7| & RART O U AAE B A A Adete FHE EFHS S&5to] JAAR A 1 ¢
= 5 WA 2o ARl e A = AeE ol Aedfo met 8 4 £F4S =22 5 9l ol wat
T 2de 23, skl wel e S E HA 23 ofdolR #F AL F @A RS AEste 7
EFAS RS FoloH, o T TR FHEF )T A Ik AAZRAAESY F¥) wg} 1y SN 2k
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Figure 7. Selected Candidate Sites and Demand Sites

Figure 8. Web-based Decision Support System
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Figure A1. Pareto Optimal Solution Based on
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