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Multi-objective Genetic Algorism Model for Determining an Optimal Capital
Structure of Privately-Financed Infrastructure Projects
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Yun, Sungmin - Han, Seung Heon - Kim, Du Yon

Abstract

Private financing is playing an increasing role in public infrastructure construction projects worldwide. However, private
investors/operators are exposed to the financia risk of low profitability due to the inaccurate estimation of facility demand,
operation income, maintenance costs, etc. From the operator’s perspective, a sound and thorough financia feasibility study is
required to establish the appropriate capital structure of a project. Operators tend to reduce the equity amount to minimize the
level of risk exposure, while creditors persist to raise it, in an attempt to secure a sufficient level of financial involvement from
the operators. Therefore, it is important for creditors and operators to reach an agreement for a balanced capital structure that
synthetically considers both profitability and repayment capacity. This paper presents an optimal capital structure model for
successful private infrastructure investment. This model finds the optimized point where the profitability is balanced with the
repayment capacity, with the use of the concept of utility function and multi-objective GA (Generic Algorithm)-based opti-
mization. A case study is presented to show the validity of the model and its verification. The research conclusions provide a
proper capital structure for privately-financed infrastructure projects through a proposed multi-objective model.

Keywords : infrastructure, private finance initiative, optimal capital structure, project financing, genetic algorithm
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=
O 7%=~ (Build-Transfer-Operate: BTO) Z2AE
o gt
@ ZIAES] AgxE-2 73| (Debt)t AHE(Equity)]
xHoR FAHI ARSI & dEEES o
(negative), +947I13te] &= AFETELS Y(positive)
ot}
® 3t S o] AThE dskERe] Aoz
ti=o] 7Fssitt
@ WA= (nonrecourse)olt AEH2 AT (limited
recourse)®] 54 tiET9] AF-Fel7IRke ARt
7} FYaict.
6 EX4gn8]E(Land Expropriation) 7]E-H]-&(BC)d|
F7pIgoR E3HE
® AF7IRE dFEE- ARl AFETH

K

A A7PEEn.

T AHIE] E e 7RI 9 4l
gt

© F NIRIEe & FAMIEClH. 7EF TS AR

A7 AREHE] Aers APAES ¥ B2 gaas
7A=Y, web A olAkeS AR (Equity
Level)e] g2 dE Zlold

5.2 LIS XpE7x £|& s =gl

2 =RAAME el AFe AF-H B ARE T
S Yehll= diaEzQl i Wi EY FApdd
FHIES AR Hlwsl] ARTERE HHFEIA. uiie
E2 AR ARFENAS el disEEQl A3
HhH, AP enlee AF-A AR A gAdS
HeRlle A3E0]7] wiio|t}.

£ AFere A IRRERIES HAsksh] Y8l uiFrd]
ES FHulgl AIFIEA Al AR FAPIEE-S &

r
o o 10 N, )y

il

T2 A 9 AA a8skre UlRee)E At
WPsuge] G833l il 22 TR (E 1 ¢
o2 ¥HHEL.
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Object Function : maximize (kUrr+ koUpscr) (9)
for k;+k,=1, 0<k;<1, 0<k,<1

2 AFeME oldt BAFE vEeE theA {344}
&a1E]E (Multi-objective Genetic Algorithm: MOGA)S- ©]
&5k AT HAS} AlEEolds AAEIt dRkdeR
e f-34 Larg]E(Simple Genetic Algorithm)ye &k 7)
o] BAZE W s HAsst 1eu W A AlAlY
HAs} FAES o] e HHES Al HHslele As
o g o3t tEd HRgt EAle HAstl tig
#F HA3 7T vk vE2g HEskE 7] 55
o] A, A WA F2] BN 7 FL EE
dalar, 7 WA 529 WA 7Y £ oE e

7Fssithe A2 Ak Aot o] H
slol] gk WReE HA7ls3] WS A Y] W
o] St} thez HAsE FAE g Hxo A garg
T2 Schaffer(1984)°1 2k o= 7fef E2d7} gl
T A FE siEe R vhro] 7 aidde] gk 3
Foll thell Ad=E Z=s sl 2 siddelA olE &2
st el Al & o, axpel Blole Ikl At
daelE FYsH sk WS AXE AT

Fonseca @ Fleming(1995)% th2] 2|3} EAol| tha}
o IHE HHAl ZAsl =& "X F, o]& ZAsIo
AL S vk WS ACHIATE Louis 2 Rawlins
(1993)= shte] EAFrE e EAIE 7 /i 540
o) sl olF THE HAHS| wAIR nHre] FHOEM
3 gaglEY dss MMAATIE HHE ARt
Srinivas % Deb(1994) BIE4] g4 (non-dominated sorting)
o sl HES BHS the, Hddlol] ARSsh= WS Al
eIt o5 WA BlEA ES Fopd ¥, o|=lAl
BEE A3 7= (dummy fitness)S w3}, o] 714
ol 7t dlee RS IR HE AAEE viHeitt
. Horn 5(1994y the2 H2s) 38 2t EAE A%
EUUE AdS ARk ol 71&Y EURE Ad7]
H FAH, s3le] 80l F & & shrt e &t
s dshd E EARle] st 2390 18] e
AFolle F a7t A= il FHE HHow duls=
ol

4T} FokllA] A Garg]Folvt v f-3Ak
duFS o83 HAF} A= F= F7]-HE HAS)
(Feng 5, 1997; Zheng & Ng, 2005; El-Rayes % Kandil,
20054 FAIAY FHAH3HLeu ¥ Yang, 1999; Elazouni %
Metwally, 2005), AFuiE 2Z|sh(Senouci R Eldin, 2004;
Hegazy ¥ Kassab, 2003), 7% &7 wix] 23 (Mawdedey,
2002) &l gt A7 2 o]FoiA gtk B A o
Jol He TIFEARAG S ARRTEE HA s flaire
Ao R HIAFAR] HAES HAE & 7 ook
shH, FESE 7 7EA] ool AR bE Ao HAYTE
HAE & ¢ de o] dasity. wEbA oA dAgE
teFet AP F 7 7HA oPde] B33l disl &
A3 & F e theE FAdaE|ES ol8ste] W

Aol A7 ARTES A Pk TEA FRA

Rt AE sk



G ZL Y3 AEH o)A Z2aHe Malab 7.09

Aztel7] 913 EAGTRA WETIE(RR)Y Hit

: gl
233715 H1& (DSCRY M2 T 2119] Fho| Wil o)

|
i) HeiMe g7l gt wgago] Fasitt
B Apede FAAFARAN =28 AFE g A
REE o83l HAH AEAERE AAs] skl A= o
E S 7R T S58EsEd g8l 5 Ao F59
T2 HEA7]7] S8l 7IHEEF(Utility Function) 7Hd-S
TRkt 7T &S oxbAAALe] AEel tiE B
(Risk Attitude)ell whebx] 918572 (Risk Taking), ¥18%
H4(Risk Neutral), $133]9)4 (Risk Averse) 1802 &
g Qo 7IE Al ofebd olefdt gl Fiel w
583+ 2Y¥(Exponential Function)®] FEiE ™
Aoz A#A|3L UrH(Clemen, 2001). ©|S ulgo = 7+
SARRERA ZIHEERE 285 % AHS A
[e]

& 2t

e o

N
) g
2%
ol
2

5.3.1 W g9 a8

@ IRRE NPV=0°] H= #oZ ARIS F8sh= o 2
o] 97E= WRRER HAs thE=E Qe AF3H
ofF & o|XEHTh= Aok 317 wWhitol (IRR2IRRmn),
ojRgHTE 24S wje] §8FS 09 F 33l IRRO] X
ZAE 275 E (IRRequired)™t 25 W &850 10]
He Ze= 75git

@ i8R el UiFGelES FYe IRR 7
Zoll s Ha& 719 IRRmn?ll 77k wiRT o
FIE ZTHETE 1L 58] Yoz AXY] W
Foll 93 73 (risk taking) A zH= Ao A
ojgit}.

® YPFT4(Risk Taking) WH-lE9] G852
BEIITES] Nk F 9 4 HEE & 18
3t Sl 293 (Exponentia Function)E- ©]-83
frEshd ot 2

712 Urs = a+B(L-€7)

ZAAZZA  IRR<IRRyin, Uirs=0,

IRR>IRReqireds; Uirr=1,

2

ol2 elsha WrolEe) LIS 4 (10 2ol
vehd = Sl
’e' RR_gl RRmin‘ _’el RR_gl RRrequired’
el RRrec||.|ired_eI RRmin

u,RR:o.sx( )+o.5 (10)

532 FAIFsHIE] S8

@ DSCRE A dFarles w3 ojo] thago] 4
el(delm ohRn Aokstr] wiZell DSCRuin®l
15]ofef shaL, 1 olstd 7% &85 022 3
(DSCRZJ-), DSCRO] D$Rrequired o]}\o]'?ﬂ_] 73_% ‘?‘iH}b}
o] T3] Arar Adele] E8gke 12 5
e},

$28% 1D - 20084 1H

@ o1 EAA] YA it AP eRlEe Y
g AR ElE STl disl] Ha 71E]]
DSCRyirl 77k w7} DSCReiured®] S v BT}
dukd oz 1 g8o] AX7| o] A 394 (risk
averse) AEFS 2 Ao= Holsi.

@ AFITHR B=E Hole Fapdrianlge] a8
Sk 3l 293 (Exponentiadl Function)S o83}

: Upscr= A1 - €°5F)
ZAAZ7 : DSCR<DSCRyin, Upscr=0,
DCR>DXRreqireds Upscr=1
o5 s PAII SRS EEUSAL o
2.

U 05 |le-DSCR_g PSCRrequired _|g-DSCR_ gD SCRmi] 105
DSCR e_DSCRrequired_e_DSCRmin

(11)

DOEAARI) HA ARTE AHS S A Theel
Ul BAle] BB Ak 3 WA SACPE Bk
she RIEAARIS) AR Amsk ANFAY A, 24
o e i wlelel 3 R 7bEe AN F
Al B Fol AR Wg B ANAAR XSS e
o8 FAHNFARZE 795t AFEEEA (Cashflow
Andysis)S AAJ8laL o2 ulEkoZ |RR, DSCR & A
A B ARE A3 Al WA gl $olA 4F
A AFA B Afgks 8288 Wk, F IE
e TVeAE AR F, HAAFE A BAgrE =59
oh. R HAEA oheA] A dargES Fele] o
2 BAZA spllA &89 wistE 523 Aot
E ARTES EESE RS A,

6. HEAETE @Yol X3} £

6.1 Z|MXE2Lx zHo| HE

B Al ARKSE RIZFEAARI S HA A2 2H
mdo] A8 gRIsh] ffsted, 2001l Al AHF
PHE TIEEAARR Oigh AllEAS AATEHTE At
AHIESS AAE] Yeirde slld IEEARIE L] ARIA
YA7F Ak ARAIEA 2 AFEARE A e Aps
S0l dasht ol A ARIAIAY] JgellA] tieH]
o &al= vl RIZIEE AlQto]7] wiEol] AFFAIAR] <1
TAFTTHE(F) FrAre] AAIFPRS niE e R ARE
Aol] Fast AR E FAste] 285l

HA B82S E=31] S8l dgslior ke 71
Tk AR AAFEG UE-S FaE sl HaURelE
(IRRyiny> 7.6%, S7URT2E (IRR equired)> 10.43%, 2~
A EE 7Fs RIS (DCRyin)S 1, 877 A3 7FaHE
(DCRequiredy 302 AASIGTE ARl vl&-2 A H
Aoae vEsl] Hi 20%0lH Aol 5097HA1E 1 e
2 3T =3, 2 7o) a8kl tigt TEAE ktke
=1, 0<ki<1, Ogk<10l4 A==, 2t 285 713
of W YT BAS 93 F2HoZ JIEFS k=k,=05
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2 71galgict. oleja 2ol AR 2 2L 9%
2ATE Ure TS 4 (129 2o

Uy = 0.5x U, g+ 0.5x Upger

IRR__0.0075| _|alRR_g0.1t
:O.5x{0.5x(|e eOUT JeRR—e 043*)+o.5}

01043 _0.075

le DSCR_g3 _|gDSCR_¢|

+O.5><{0.5><( )+0.5} (12)

e fA e ol8F NNTAAR AR
2 AZsmale Ugat gol T
- A
Maximize Ut=-(k;Ujrr+ koUpscr)
ki+ko=1, 0<kg<1, O<k<1
- &2 ;0 Subject to 0.2<e<0.5
IRR>IRRyin or NPV>0
Average DSCR>1.0
for i=1, 2, .., m

olgigt VEghoE AlEH oA AAIS AR 2
%), Ur=-0.85197= )7} 9 uj HH3|=2 27 |220]E(e)
o] 22.30%% =ZHU. o] g2 103] o]} AlEd|e]AdY]
HiHoz AAEHAJT olnf U0l ©]F= Matlab
GATOOLAIA 317} darg]s 71 Asbr]o] sl gt
ol A7) witol] Hig FAY A 18 F3k] 53
I A7) wiEolt.

o
o

6.2 RIZE B4 2 A2 24

Ao g ARFL N NPT BAe oS ALEH Al
PARE, s, oAE, 7HF0] T FARNTES tVie=E
Hx ALHAE 7Hgolvt =] tialel thE d8elA] vEl
g & Qe U2 FHE FHEAA A A, AR
VoA, AT A 5 F2 S Be HE F9E9]
ogA H3lE =TS vl - BAERE Yol B AtellA
© U, WEEY FAPIeHEe] a83E0 o
& 7RI ket ko fhell TS Wl w2 27 |RNRH]E-<]
H3lE EAE3

URrolE a83re] 7111 ki 10%elA] 90%71A]
HIAHS W ko] 30%elA] 90%7HAlE &80 Hoj7} |

r 4y

|

Best: -0.85197 Mean: -0.85163
-0.8

Fitness value

-0.86

10 20 30 40 50 60 70 80 90 100

g Generation

T2l 2. MOGAEZ 0|83 (x5 A}
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60%
2
E —a—1=10%
0% K1=20%
K1=30%
—*—«1=40%
—o—k1=50%
——«1=60%
Dol —1=70%
k1=80%
K1 =90% |
0%
020 025 0.0 035 0.40 0.45 0.5

e

a3 3. B840l 7R WE Ap|AHEu|ge| s

B A7IREREo] 223%= LA, 20%~30% ko]
oA Wsl} AFTHH 3 F=). ol WA= B Ay
FAPIEge] G835 ET WWRGCES G830 o3
ARTZ HH3p) 4 ¥ weths A4S 4 5 ok
G At IAIES] A5, Wl ERT Al dglEo)
HiAoZ vl Jash A=A Wl RelEe] ¥
slof| O Wiz Aoz FAEA.

o2 mEe] AR EEe weEt R A, HIEEY
A5, 7IE7HUE AdE A2 RS NS A
U)o} sfar, 7+ AURlL SlellA 4] AR
£S5 vl HESGH 2 AFerde RIZEAARIS] Al
2 Bl 7P 2 9FE PR 959y Wl o
AU S Bl 2ol mE HA AEARE St
A7 AR 8-S AFYEISIT)
TIZFEAAIAY] 299 Az lo] BlATH-§o]
U ARk AagS] WG 54 A vl @
35S Ak 7Y F83t gl wEba] QFYAR] AL
Fed TR FHE QEle] FRe A IFYE
Folgke A=A ZXE T3l AFFAIAR] 2d47del o
St g23s IARE BEsia ok 2y A B2 W
FEAA S E83E 33FAAKRI] 97 o% AA|
[7o] &) XA Z3r] wiel] A 95
AEo} 1A Fa s Agol) ueha] B At
ARIITPIARAS] IF=AIT A E TZEERAIG el tis)
1A AURILE 2Mdst] 7 AlUE|eelx] HA A}
ETEE B8 A AUR|es Al 9587 AL
AAGGA NN 2FE o) 2d58e] 100%d H-9t
70%Y A5 Vo= AAIRENA 18 90% FHAEY
o] BRSNS 9, 95U RT 7R v1E-S A
Aog AEdle A= vhre] A8t HAa 959
7RV} HIES dAIFCR Al Ave HAY 237
BA7IZE 153 71FEo R 53 G9E 90%ellA 10% 4 7
Al Ao AASIPYUHEE 3 Fx). i L95Y B4
< THES AUELE Bl A" AIRE Hlgel mE
ARAISRR] A B8F vislSole 3 49 2

HALPTHEZS THst FTY 0% E- A
AR gl W2 A g8 it A9E FAshH A
F9F0] o= SGFYe) T0%d Bg-, HAaLFrIRAG
o] glom ArIAEHIEL B HH3} mdlo] AAZAY

fr
fo

m

O [

Rt AE sk



H 3. 34 2Y5e BEE 03 AL

A3 70%
AHEe e 100% A2 £959) 90% H2:8-% A5 1ol
B QS o) 9 BAA HAIA 284
ALY BT 7= - 30d 153
1d ~ 54 : 90%
A9 RARe 7= - 90% 6 ~ 10 : 80%
119 ~ 153 : 70%

B 4. 242950 BES D28 A2 B4
ol 70%
AHEle. o859 100% A2 95 90% H2: $-954 H2-8:95) 1
Hgglsd LR A1 2]

7N (%) 22.30% 50.00% 20.00% 50.00%
A g8 0.8519 0.3641 0.5439 0.3801
U0l 5 (%) 10.43% 3.31% 9.02% 397%
R AL PRt S 1.938 1.993 1.683 2071

50%% ZAAgElomn o) wE 88 03641, ddEE= W
FolE2 1043%, FAP7FeHES 199302 LMY=
Aot o] w AAFF FA HALGFY B 21S A48
3P AP |AEEE-S 20%, 10| wE WA G488 0.5439
2 AR =5 458 e YR IES 9.02%,
FAFEFsHI S-S 168302 AFgE|o] FelEoy Hapt
sy BF vssle A9E Belnh 28y Ha 959
RS gAFo R H83k= A= AIAREHIE0] 50%C]
3 10 W §8o] 036412 UEREOH YH5olE st
71 75%2 ILAE HIRA] Fele s HA
ojuf FAPFEHIES] A5, 20712 FsEA AHEE
£, ol A IAHEHIEo] 50%d A9 At £l qlojA
FL vig- BT, IRBIAlE S AR AS 9]
Hoks ZE ov)sit.

ARHo R B AR A +95Yel 100%d 25, H
2 AZAEBE-L 22.30%2A] WEEEo U A dsit
SHIEO] BT HAGFNA AR, ol 95%0]
719gke] 70%0) WIRIA] B A= HASITYRgS 3
FHE 90%=E FAskE 7A-7ollv Wi-relEd FaPdet
SHIEo] AT AREL UeS AT ik A
A EA | EA g X9} o] BATTle] 15d0 = gt
e 1 HALFFURA vlgo] sdnith 1098 A 7
S, A7 IAERE-L eIl 500kA] B3 Aow ysh
3, FO)EE HALEQ 75% "o Z Ao} AF-A

ElgAdo] gl A} whlE)

-

~

4 =

B ATelE WAL A ARTE AYRDS
T3] i) BAxAL, AR} Qe 53 BRIl 0
AN ATA AFSS] W) mE ARPES) 5
o 7ie] WAE TeE BASAT. B A7E B
2ge ¥ v dewt wo,

A, WA B Aol glopd H2 Fad

2K
R
El
He
©
119“_',
o
%
Y
)
N
&
-
BN
2,
)
o
o%
:

A, 4 guEles E83te] A ARz Ao
3t 71Ee] HAH3) 7HS &8 A AEAH W
HES Agste] oy AR ARES T 17
HA ABFZE EZ3 oI5 fal AFF g3 A
55 883 E MBAA HHsgoEH oxaigate] ¥
hol] TASE HA ARTRE AHINEE S

upREke 2 A4 AldPdAlgS B B 288l F
ARTZEE EEIIHoM RIZE £47 Avg e B4
sle] o]ef A8 RIS

E Aol ARIEAS B8l A7 2l H&s) 2 4
o, AHEIIAE ] HA A REHIES A F kA ol A
ZAAHE 30%RT e 223%el AAE AL o] A}
= ARIAIEAR] iAol A 2g49le] R e m fAETH
W APRHEHIES t] g5ole 2o fAE F =
e AR A IARERIE-S W o RARlEe] Eolut
AR FTI8lAL AMIEFIAE HojRA] HARE & A}
golMe ARG HBF 7.7%2 U T Aol FAE
o2 AFFAEIAE JAelAE AR FHe g S8
=3 =Y 5 U "ok

ARSIZEARRS| tigh FIZREARAR S RITke] o) $k T3
T Fe] &84 Figle AR 58 Fsle A
2oz, Fofdhs AR 2] JEEAL wie- B3ts)

Bl pol

i

ol X

o}, olgfgt WIRFEAAIGS HT A=A GRE 3 1M
-F=-8]2~(BTL; Build-Transfer-Lease) W49 F37, 35
et Asef A9 7 T AT FARES A 74
alal BApAe] tdsts 918k =gEo] oFolA|aL Qiot.
w2 ATE BIA = HH AT 2PRde
WA S Tk = AMAIREATE ARAIE ALY, A
ME FHIsks DATE AT BFIAEE S-Sl
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