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AREEI7L AA 28879 90% oS Aot
77 & 8902 4#A Slch.(Brinson et al. 1986;
Ibbotson and Kaplan, 2000; 3&7 -94&d 2005)
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£ 133 ALM(Asset Liabilities Management)
714k ZpAHH| EHFH(ALM Base Asset Allocation,
Liability Driven Investment(LDI), Surplus Risk
Base Asset Allocation §)& 47| ¥ A&
FAHoE @dtstA =9= St

SHAYE oA 5] AR 9 2Re AY-+
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o T o9 $43 ARA7IEES A4
At Aol AR gon, Fho|go w
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2% 229 3PAE AZY. WA, FT AREZE
o &t At Z1diedES 7IHAY, AHtEE
FBRAE F435t, o]F 7|HeE 583 FAA
(efficient frontier)& =&3%th. SRFYET &
APAEE s FARY AFRAS g5t
384 BAA 9 b9 884 BAxY § 49

AT EY, 24 $980] B et 7MY
7]8kst ¥4l (James and Stein 1961)& AJZo2
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1964; Lintner 1965; Mossin 1965) ©]% 2] A=}
A4 Z2HEF(APT, Ross 1976), #3974+
(Fisher 1975), WAl & Black and Litterman
1990, 1992) & T3 WHE0l AtHol Hrh.
002 AR SHINE A58 BEHA
Qlo] VaR(Value at Risk, Mausser and Rosen
1998; Campbell et al. 2001; Artzner et al. 1999),
CVaR(Conditional VaR Rockafellar and Uryasev
2000), LPM(Lower Partial Moment, Fishburn
1977), Shortfall Risk(Leibowitz and Henriksson
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CPIZt:s Ex4AEF ol ¥ (Shortfall Risk)
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j=1
A4t 4 (asset-only) 9] AR F2 TRE Y= N
(Markowitz)9] Hv-EAR S v|Eoto], S e lej =1  w,z0forj=1..N
=

(Black-Litterman) 2%, A EEFZ([Resampling)
23 5 o9 2Fo] £Ag. o] RF2 BF

N A 4
A Tleolgst 98 % ANT Aol AR RS- 12,
i N AR A R (= 1,2, ., N)
AS Lefste] A Wil Fol 2 H= Bt o A O AN = 1,2, )
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(B 1) Xp2E HXoE 9 7t FYU

o] I AL 7| 4 Al AREERE WX utae} ZdeelE ARE HojRa ok FuiEAa o]
2utgE KOSPI®F KISEHdAISolH, dfjAa AP MSCI ACWI(UH)QF Merrill Lynch GBMI(H)o]t}.
SQ)x]4= Fe] UHSF Hi Yslol oigt dAoff2 sjelFAle AR (EsHAS), dffdS A (FAPE 9H
gt 7|l &2 WdEH building-block)H4] 02 FAshH, FAAL GDP}F CPl, ASHig=AEx 14
ot §9}54]2 OECD HA| =7k9] GDP, CPIE AR&stH, Bigd<relE KOSPI®H MSCI ACWIX|G=o] Ak vy
Folgoln}, AU RAFLQER)O] ATHEE 7HAIGE Feold, A FAfde FHHE;AES
ZrZy 2339 229t vl= T/Note 59 Fglolch. AT =x= 2 59 7F Hix|ut3el RdAES] Afo]

ot
Kpekat HIX[op= 7|ti2lS
=4 KOSPI GDP+CPI+Div
=UAE KISEHAEA 4 Rf+spread
ofj 2]l MSCI All Country Weighted Index(unhedged) GDP+CPI+Div
sflead Merrill Lynch Global Broad Market Index(hedged) Rf+spread
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B, UHEAE BSH SAARML F2] -7 SFER HOIot0] AtE KAl +o-f@FEE dFot=H st
EMSICt. =, HAHTA Xio| HIFES ALHIERHS Sof 2MHIESS TESH=H 02AZ0] UL 0|0 T2 A7|F0ME o
HEX0| CHoll HHX HISS 2Fols 42/t MM, STMMeE Y XoldS tiReH| 2ol MNFA AMHZS HQlotl
KHEES St
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YHrdES NG 7S ER A
£ A uie 28 7179 AAEAETL
Y g 5lt}.(Merton, 1980) DeMiguel et al.(2009)=
PA-FAR o] FUH|F FARGHT 9o A
G487 e, A4tol 2549 ALde
3,0007§€9] ;o] BastH, Z4ito] 507U A5l
+ 6,0007149 #Eo] Basirty HIset HE
AN o] R 3671¥ Ex= 607/1EY ARE
£ 259 P47 A9 E0jEA gonE HY9
EQHEAo] A1 7HsA4o] & o] fEo] AFF
o= 7|dFdEs 3AY F#5E0] oz
A A Z(forward looking)s &3 Z+ AH4HE 7dj4
&g F4ot= WS ANk Qlth £ AollA
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KOSPI¢ KISE R AA & HAntaz A4
T2 22 FAAFE 7HE Bo] E4HL
%+ MSCI ACWI(all country weighted index)&
Agste], ffEL S2Y HAAFA Merrill
Lynch GBMI(Global Broad Market Index)& AH&
gt} o] 4Rkl U A5 WAt et &g
Ade Adetiie Lottt fARAS B, Lt
A 02 Barclays GABI(Global Aggregate Bond
Index)E AHst, Hlolg Ao A7 £Asto
o]} A4 AW A7} FAFEE Merrill Lynch A4&
W7 Aot sfAate ] o= A A
7159 A& R asto] FARARE 93t HEA
k&5 Q& A3NA (unhedged) A4S AL,
A Ato] disf 317 (hedged)=lo] &= &
71E AFE AHge

N AdE FHLE FARAY L, HgEAR
ol At F53A 8 E(real GDP+CPD] #l
At F7HA 49 WgFAdES 7HEsH 7|t49
&2 4. o] 1, sf9l542 OECD #A|Y GDP
9} CPIE AHE3tt. A AAARS B4 8 HA]
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A 59 2t WAokas R Ea

I
29 93598 old Hol

AL Ay
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HojF1 9} B A4 200195E 201847t
2 18979 W FA T HAANG AFS BESHA
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(H 2) MUz 43

o] = Z4d A{He o7 Azl ARE HoFal o 200195 2018@7kA] =it suiAde
AL #)ES Foto] AI/EG/FAE A FUlFAe] 4%, HA7IzH18Y) 1 B EolA £0.2
HZHHo) oWl B HFOR Hofoln, BtolE+0.20 2RI B A, BdtAE-0.20 Nl F¢
SFA|Z ottt SUAAY e, d=d =339 Felof 1849 3+ Hat Zu|dE TRt 9§ djv] WAvi=
FEY] 2IPRER AIRS A (AE SUAd 9E - (3139 58 + ZEv|d(142bp) =3
FolE0] 1897t FxtolAl +0.50 oIHil 3%, Hekow HosiH, HadedE+0.50 20 AF A, BdrdE
-0.50 "Rl B¢ A= ot

=2 AlLiE|e MY A
Main 715 AU e 20019, 20044, 20124
Optimisticl FASS + AAET 20034, 20104
Optimistic2 242 + APt 20054, 20074, 20094, 20174
Pesimisticl FAGE + JEAFS 20024, 20149
Pesimistic2 FAoR= + ARt 20064, 20119, 20134, 20154, 20169
Fat-tail FAEZE + JHEEG 20084, 20184

ol S AuEleE S8A71% E2 Aoz A, AFE AU LY Vg4 E2 MainA]

FAA7g0] BFtE Ak 2ol delod] A4hE BEEAE Tedtel AgEt 7Y
GE e F AUILE 7q4AE P FENIE  £UE g B2ARY B2 Te3te] 4] v
FAPRL ANT Joltk WA, S8 A9, FHRMS 05EZRA), AAAAS FAL o

MainAUEI 2 GE Dol Aol wet 74088 9 49 1E2UA, Jugot Fugd 49 05E

E 3) MLIZIQE J[ti2lS R SERLME FYUY

o] = AUl 7HReEd FEAE S Yok S Hoisa Stk MainAlU=|E 7|2 AlUges
stof, Z|dieeE2 HgERpAoR 2oy, AR 57 AlUE s MainAlUE| 9] 74 gl AiEE
HEdE 1Elste] APgeitt. 7|E F Full2 Ad 5709 YESFAES ol&sto] AL Highe VIXAS7H
HEZIZE W HFHE] 16 o] FITE AR AESE AolH, Norm2 VIXAIS7E EEZZE W Htoie] -1
o - lo FE& o2 AEst Aot} A8 Ay 9] TEARS Full, High, Norm9] 3-84S 71X 71
Hst glolth

Main Optimistic1 ~ Optimistic2  Pesimisticl  Pesimistic2 Fat-tail
4] E(R) E(R)+0.5¢ E(R)+0.5¢ E(R)-0.5¢ E(R)-0.5¢ E(R)-2.00
71 A4 E(R) ER)+0.5¢ E(R)-1.00 ER)+1.00 E(R)-0.50 E(R)
TAE ey ER) ER+0.56 ERH056 ER-056 ER-050  E(R)-2.00
sl H E(R) E(R)+0.5¢ E(R)-1.00 E(R)+1.00 E(R)-0.5¢ E(R)
Full 100% - - 60% 30% -
il High - - - 40% 70% 100%
A
Norm - 100% 100% - - -




FRAE . &, 399 429 Far-tal AL}
99 MainALie e 14 g4 #4242
2BEUAE A TeoR FRANEY 49,

100% A-&stH, 384 Alutg e
Optimistic2& dHE L& ¥5/4d0] 2 Norm&
AR 100%  ARERTE. RAEAR AuEe
Pesimistic1¥} Pesimistic2e A& 02 WEA 0]
=2 HighZ#ARS: 45 wtgdste] F2ARIES &3
ste, S9A A% Fat-tail> Highd &4
100% Ar&-3teh.
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o drgt 2201514 AAE 5.0& BF H-Goo
A EH oA St B IE AAZ HS0|
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off AMtEEE F 4 5%01, Al 40%°]st=4t HlE
o] HEE A%Z AT

52 MAR2EHR HM7H X235 (20194 128) 46-64

Maz U= W E(R)— % WS w )

subject to W+ 1y=1

5% < w; < 40%

T\;__h W‘Ewli%L}\é%NX 1 ‘in17
wi= i A AR o] A

1,8 BE 4 Ro] 19] Nx 1 9]

o2 Ay T&H AAhEE o)
3lo] 9JAA A 2 F(decision model)o] wat HZ
ApihEgto] EEHTh QAEARF 2 34 Z ALt
g Qo AT ES At ¢ 184 Kot
ASE Yol WA, Z AU 7t S gE
< UASA Hote ALoE Minimax rule,
Maximax rule, Hurwitz rule, Minimum-regret
ruleg &9 HF A4l EASES £HE 4 St
Minimax rule Z A2 AJPS o A==
Ad$AE 712 HA9 +AET 15, 2A9
FE0] 7HE 2 ATS AHste WE &5
ExAZo|ct, vt 2, Maximax rule2 Z- A
ARRE o s E AE4dE 7R 1Y
E0| 71 =2 HFgE Mgk bl 34489

4 oz
7t A2 ARPZ 1 FEE AEFIE 7
ALY &L H1u5dE 7HEAE FoT
YH#FAdES AAteta, o] gho] 7MY & A
EAAZo|t}, wpA o2 Minimum-re-
gret rule ZF Ak ARFPS 4 == Maximum-
regret2 AAMSY], Maximum-regreto] 7} W&
© Ao}, “regret’o|d, st A=k
Fo 2 MelstA| et o Ao 721
e o U2 245 ot 208 459 734§

o &8 A2 BT JA5ET
FAETWE vEste] QAEAZ st A
A9k Minimum-regret rule2 ZE AU &
B3thes Aol EAotd, w9 2 FUER
gt o] Z 7|tE 4= QloWA FAl] W2 $ER



QIgH £AI2 Wojaf = Kot E3F QAHEA 0]
EAXNE ‘regret’ i F840] HA AAL Lo,
o|23 7|9tk Zr3ojZ JAAA Yol skt

el ® 7 AU 9 WASES QIAsk: A,
Minimum-regret optimization, Target-return
o & At EASES 5
4% 4 Aot Minimum-regret opt1mlzat1on—c
ZF AU Q9] IASIES QIAIGHA] ol AL ARSE=
Minimum-regret rules ®¥3t JAME A A o[},
Zt AuEee WASES 1wt 7|3H|G
(regret)o] a7} H& FAAY 2% = Aol
ghok, ’\]Urﬂi‘ﬁ PASES 2= A9, FHHY

M‘ﬂl = 3Yste WFeE 5‘414 X} H—ErJ |
Ao

optimization W&

/\]Ura]_gﬂﬂ 7]9431% 7}3117} ‘;}E}XM] 5]3} &
£0], #44 Avg ey 93 A 2 (Fat-tail)
Al 713]4]8o] 7] W&o Minimum-regret rule
H2RAo| HjBoto] £ 2¥ 7154 o] =}, apA|ut v
RBEES 1oHA HH, TAZEC] B2 FHHe
AUEle Hoes TAYGE] 2 7|12 AU
(Main)9] 7]3]H]-go] AHjHos A #EstA
o, o]& & &EHl gArEAo] 7Hse A
Minimum-regret optimization® &g 9 A

AL ofot gt

Min Zps opf s _RsT * W>2 (3)

s=1

subject to W - 14=1,
wp i AR A
5% < w; < 40%

g, s

1

A4d Mﬂl.sz«l € vt
E-E— Ho] 191 sx1¥HEY
F AR FARE vgoR T4E
Sx1 H*1E101u1
wel 7 949 w8 Ao et 24
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HEe o

pt sAGE 2 BT 9

Zge o
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R, & sAHE 7t AdESl S | 7|gd 4
Ve 7 w2 FAES Yulety, R,=Z Ex}ﬁ‘?ﬁk
HE AU o7t A | 7|dEHE $Ee
L]'El'lﬂ'}:_‘ S>< 1 ]ﬂ_}lE‘]O]E}' é’ Ropt,s 7RS X W—E—
Zk AU 20 FAAEE 7]3]H]§0on, 7]3]H|
&0 Al ‘32}*39—)(%& Zetstol 7H5Et 719]H]
€] a7t He FAATEE FHHFE LEd
EAAEE A HEo] LE2d FAKEE A
2 7FoHY, 25 A YRR F0] =2
o} T HMAZE Target-return optimizationZ oJd
Alue o7t BAsHHEE 7]go] SAfoF & £14
53} HH7t Havt HEE FARKS Adste it
AAAZo|t}, Target-return optimizationdZF
Minimum-regret optimizationZ ko] H|3} 7]
o] Ao & H|FS Focts AFoE RAHLS
9 A ekAlE ofget 2.

s
Min Zps (RST o W— Target return)® (4)

s=1

subject to W« 14=1

5% < w; < 40%

p

Target-return optimizationd 29| £ gk
Minimum-regret optimizationd g} H|%5}4]
o 7+ AuE et AdEYS o 7|3]H] LS H4s)
She Bl A28 BAQ BSOS AGT Ao
At ol ol HAALAEL s oiba
ARG thy FolA 20199 A ko 7414
02 A AWtES Uit
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CITX|E L KA TPy

B 4= 200195E 20199 7271419 HlojE
£ Aot AR AlEF ol g 7|de
g F42 3 AAEAAZE(real GDP), AH|Z}
E7H4(CPDe =23 AATAXA”I OECD
Ao B0 A A stRoH, KOSPISH MSCI ACWI
9 I ES F=FAH 4L MSCI A$7t0|ES
oA AstAtt.

b2 did AA 5709 6071€e] EEARE
a3ttt o & S0f, 201949 24 AAfES
201435 20189714 57 G07HE)Y AE5E €
goto] 7| d g FEAYE S FAT. FAR
At 71gioE 44 285 GDPY CPle A
WE(20189)9 AloH, g e AAAET
(2018.12.31.)9] HiZFAEolTt.

20194 XjAHIHE Mef ap

AL 7P AR 71E AFH ik

Mo

Hh g} Zol7h 917] wiiell, olshE 71 Hsh 20199
& A2 AR L2 AE AYetast gt W
A, 20199 MR A FEEE= A4 749
2 (B 4)9 7t

7]1820] H& Maind A4t 7|q¢dE2 24
FA)3 ol A7 6.07% 3.46%019, 3 A3}
AL 27 7.41%} 3.61%0]h. AAEE BEAHA}
£ FUF4 I Adol 47 10.71%3 2.01%01H,
fAFA T HAL 747 11.10%} 2.54%0°]ct. whet
A FAA AUE 29 Optimisticl19 FWFA] 1}
HFA] 714 YEL MainolA A4S 0.58F
HAE 7HARSE 11.43%9F 12.96%0]9, S A A7t
SH AL MainolA AAHE 0.5BFHAE 7}
AHsto] 4.46%9} 44.88%F A&ttt b S
Aut2] 221 Fat-tail®] 3¢, FWFAZ MainAlt
2 QoA 2BFHAE A7t -15.35%(=6.07%-2 X
10.71%)% 71q5AE2 AAs9oH, g9 gt
U FAOZ -1478%S 7|+ ER DS

H 4) ALY 7[i4UE (20194)
o] Ei 20194 AABHESIC] AFEE AUTE REAES At oEE BelF ek Aol Maing

Aysly

(ol lE=1

8 57p) Avelez s,
afo] Ak,

AUEl 2= Main AUe]e9] 7|dipego] AittE BEHEARE 2E

LA LA sHelFA] SH 2Rt

. J|chrAE 6.07% 3.46% 7.41% 3.61%
Meln BEHx} 10.71% 2.01% 11.10% 2.54%
Optimisticl 11.43% 4.46% 12.96% 4.88%
Optimistic2 11.43% 1.45% 12.96% 1.07%
Pesimisticl 0.71% 5.47% 1.87% 6.16%
Pesimistic2 0.71% 2.45% 1.87% 2.34%
Fat-tail -15.35% 3.46% -14.78% 3.61%
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o] B 20194 AAHAESIO] HGEs EE/KPE FEARY
olgsto] AXReHY. Highe VIXAl7F BEZ17F W o ohy

(E 5) BEIRHE SELRAE (20199)
dg BofFa ek Fulle 24 5/de] gEfolgs
lo oPdel ke dpgoR AEd ZolH, Norme

VIXAS7F #2717 W BtoiH] -10 - 1o S HFCE ARERE Zlojoh

Panel A) Full Panel B) High
IUFA IUHAE  SHelFA  SHRlAH IUFA DA SHeIFA SHRIRHA
S e 1.13% 54 2.54%
FUYRE  -0.04%  0.04% UYHE 0.07%  0.01%
o2 0.50% -0.07% 1.21% SfelA] 0.98%  0.04% 1.63%
A 0.01%  0.03% -0.07%  0.06% | AAMAE  0.24%  0.02%  0.03%  0.07%
Panel C) Norm
IUFA  IURHAE  SHelFA SHRIRA
4] 0.60%
ZHHE 0.00%  0.04%
fYF4 0.12%  -0.03%  0.70%
ARA  -0.01%  0.03% -0.03%  0.06%

o] = 20199 AHHERM] AEHE FEAES AUeeER
7R AgEle s AEH, ARE AYRles EE7IZPE SEAER Full, High, Norm((E 5 #i)2 715

(E 6) AUZIRE SEMAA (2019H)

o] AR,

o Qlth AlUE]l = Main®t ARHE 5
3

Panel A) Main Panel B) Optimistic1
LA IURHH  SHelFA]  SHelRiH TUFA LA SHelFAl SHRfxHA
54 1.13% U4 0.60%
SUHAE -0.04% 0.04% E Rk 0.00% 0.04%
ofj2]=2l 0.50% -0.07% 1.21% ol ]2 0.12%  -0.03% 0.70%
SlzfA 0.01% 0.03%  -0.07% 0.06% | si=H#A  -0.01% 0.03%  -0.03% 0.06%
Panel C) Optimistic1 Panel D) Pesimistic1
A LA oHlFAl SHLIRHR ZUFA U oAl SHelEA
SUWF4 0.60% U4 1.69%
U 0.00% 0.04% SUAA 0.01% 0.03%
Sl F4] 0.12%  -0.03% 0.70% Sl F=4] 0.69%  -0.02% 1.38%
sijfH  -0.01%  0.03% -0.03%  0.06% | HLHA  0.10%  0.02% -0.03%  0.07%
Panel E) Pesimistic2 Panel F) Fat-tail
LA IURHH  SHelFA]  SHelRiM TUFA LA SHelFAl  SHRfxHA
54 2.12% U4 2.54%
E Rk 0.04% 0.02% E Rkl 0.07% 0.01%
Sfj2]g=2l 0.84% 0.01% 1.51% ofj2jg=2l 0.98% 0.04% 1.63%
Sl 0.17% 0.02% 0.00% 0.07% | sH<l=Hd 0.24% 0.02% 0.03% 0.07%
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AN 17
Aol
o]gA =3t Full, High, Norm9 37} &
AUE| R 7152 Foisto, HF A6 Adt
o FRAIEL (& 6)3 2} 7|1E A eql
Main® 7%, FUFA19 F4bo] 1.13%21 ¥, 34
A A2 2.9l OptimisticlZ 2= 0.60%2 A3
o7 W2 &g Helr, v, £33 Ayges
FAA QFEY F7] o = A AAE Es5e
Bt Pesimisticl9 U4 B4R 1.69%%1
U Pesimistic2E 2.12%°|H, 223 Ay 2.9l
Fat-tailZ 2.54%°|t}. o8& ZFHAZ FHAls| HH,
15.94%% Main® 1.54] <ol
208 =29 AU Y 7hed e T4
FHZ o|goto] BEF7 H7t B H-A A

N

[
o

ACh

Hote E&3. ojf 9] YA YAL(A)= Teqt
9](2015)014 AAIgE 5.0& A3ttt 24 TR
A A Q)e] wheh AR B9 AR AlUE 29
ozt 7| E e FYE2 (& 7ol AASA. A&
€91, MainA| U2 2 & A4sto] ZAtES 33

$, AA MainAlUg 7t A@EHE 5.75%9] 9
Eo] 7|djgt}. ¥, Optimisticlo] AdH 3¢
10.69%7t 71H == 8, Fat-tailA| U227 Ad
e Y -11.69%9 9E0| 7|HqEA Hot. &,
MainA|UE| 2 & disto] AAHES F3% 44,
Al AU g Ha -11.69%A4 A
10.69%9] =<J&0°] 7|tj€c}. o4 Alvte 2.9 T4
SES YAGHA FEote AE, dAEFEE F
Minimax rule A4 E0] 2.46%% 7H £
Pesimisticl, Pesimistic2, Fat-tail AU 27} A
857 =9, Maximax rule2 Fi149E9|
14.32%% 7F& &2 Optimisticl, Optimistic27}
A=A "ot Hurwitz ruled] 44, FA4dE3d
A 59 7FE5AE 501 5002 H&3 FE,
7158 $£UE0] 2.01%((=50% x (-2.46%)+50% x
6.48%)% 7% &2 Pesimisticl, Pesimistic2, Fat-
tail AlUE 27t AHdn,

E 7) XLHIRHE0| M2 A3sUAE (2019H)

o X oPpAEoER FAME PE A AAAY 00 whE

FES HojFal Utk 20194 7IEelH 9
A

SHAFNE 5.0 HE3E Zolth.zt Ao $olE2 Apeld=t 49 At vlsol AdAE 2] 74

£ 7FEstol Ak,

oAt u3 AL 2 54
AlLtEe Main  Optimisic] Optimistic2 Pesimistic1 ~ Pesimisic2 ~ Fat—tail Min Max
Main 5.72%  10.69%  8.82%  2.61%  0.74% -11.69% -11.69%  10.69%
Optimisticl 6.87%  14.32%  13.48%  0.25%  -0.59% -21.84% -21.84%  14.32%
Optimistic2 6.87%  14.32%  13.48%  0.25%  -0.59% -21.84% -21.84%  14.32%
Pesimisticl 3.79%  6.48%  3.09%  4.49%  1.10%  -2.46%  -2.46%  6.48%
Pesimistic2 3.79% 6.48% 3.09% 4.49% 1.10% -2.46%  -2.46% 6.48%
Fat-tail 3.79%  6.48%  3.09%  4.49%  1.10%  -2.46%  -2.46%  6.48%
Max 6.87%  14.32%  13.48%  4.49%  1.10%  -2.46%
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I 8) XMHEXE| M2 7|3|H|2(Regret) (20191)

o] ¥ Ao E FARARF 73 A] A@AYE| 0] TE 7]5]H[&(regret)E HolFal Tk 20194 71
olyf AHIWAR(NE 5.02 A&7t Aol

OflAL A8 AlLf2e Maximum
Al2|2 Main  Optimisticl Optimistic2 Pesimistic1 Pesimistic2  Fat—tail Regret
Main 1.15% 3.63% 4.67% 1.88% 0.36% 9.24% 9.24%
Optimisticl 0.00% 0.00% 0.00% 4.24% 1.69%  1938%  19.38%
Optimistic2 0.00% 0.00% 0.00% 4.24% 1.69%  19.38%  19.38%
Pesimisticl 3.08% 7.84%  10.40% 0.00% 0.00% 0.00% 10.40%
Pesimistic2 3.08% 7.84%  10.40% 0.00% 0.00% 0.00% 10.40%
Fat-tail 3.08% 7.84%  10.40% 0.00% 0.00% 0.00%  10.40%

o/ Alvtg| gt Ad AluE o o 7|3]H]&
(regret) <& 8)°] Attt A& S0, MainAl
e o7t AdE A3E, FAAE wet 3.79%°0A
6.87%7H] &°] 7|qEth.(& 7)9 st Max
#1) &, Optimisticl& Afotl AAH|ES S
A%, MainA|ue| 2 Ad A Hi0E0] &5
o 2ol 71382 91O, Pesimisticl 4ot
At RS F8 BE JdedES 3.79%=
3.08%(=6.87%-3.79%)2] 7]3]4]-g-0] g3ttt of
A o AUt AE Al 29 o2
713]8]-8Z A4tsta, ol AlvE|ed Hd) 7]3]u]E
< AARGE Zo] (E 8)9 Maximum regret©]t}.
MainAlUE] & st AitelEs & 45, A48
Aure] oo wet Zd 9.24%(Fat-tailA| el 2 Ad
A<l 713 H]Go] TR A AlvE 9 TAY
G52 YA Xote A4S, dAHEATH F
Minimum-regret rule ©|23t 7|34 &-& 43}
Ste AC0E) ofF QAAAGHH wE Al
Main AlYg] 27} Htt.

w02 A4 At 29 HASES AA =
AS, AZAAE RS (& 9y AAISH T HA
AuE e SASES Y& ARt 7129
El= MainAlU#] & IHto] H= 55%5 A5
onj A3 Ayl e 10%% AAstAct. upAgt

rlo

o2 I AU 22 Fat-tail AUz Lo)E 5%2
HASES AQstgt. 7179 FRedEL 31
24 AAFoA Argote BEAA Y S E(real
GDP+CPD¥} th4=9] AFY/7|FollA AHgot= A4
7FAFA(CPI+e) 29 F 7HAE A& o5
asto] A EAEEY AU ) Y B4
H3& T&% ZAE Panel B AASH%T
Minimum-regret optimization® A%} MainAlY
2] 9] 26.21%, 333 A2+ 16.05%2 15.93%,
BAA AU o= 24 13.94%E HlEots 23t
7} UEbstth. Target-return optimization®] 4%,
EH5AE0| 2 Target(GDP+CP)E MainAlLh
2|28 344 Aug e o 11% &, 484 Alvt
2 Qo] oF 89%E Hiwol= AR UEfon, Bi
49 §0] Y2 Target(CPl+e)= Fat-tail AU E
Agste= A0 Yyt ol& 1ot} it
2|4 EAH|SE £&01H, Minimum-regret opti-
mizatione FHFAZ YA ZZ 21.49%
21.23%, sfAFA Aol 22k 29.55%<F 27.73%7}
vl & Hct. Target-return optimization 3=
AE R AR AU A A} fH A T
H 5ol &4 yeuH, Ex4dE0] ¥ Target
(CPI+a)?1 Sl AHAAA ] FARES] 40%7F
25 e AR Yedr

T A dizEes 2ewe o | O



(B 9) MUZ2|E HMSES QIX|ol= 42 N EXHIZ (20191)
o] = AU eE WAFTES AASR= AL, Minimum-regretdAlT} EXSE GAHI9 FASHE 49535t
Z3Ls HolF1 9ty 20199 71Eo|H I MAS()E 5.02 F-E3t Aot} Panel Ax AU HYSE
ol Panel B& AU EAdZo| dist & wjEH|FS HojF1 Ut} Panel Cx AlUELE 23 B4

HlE] G HE A4 HHEAFolt

Panel A) ALj2|@Y wiisis

Main Optimistic1  Optimistic2  Pesimistic1  Pesimistic2 Fat—tail
s 55% 10% 10% 10% 10% 5%
Panel B) XRMHIEHENE £ £XHIS
Main Optimistic1  Optimistic2  Pesimistic1  Pesimistic2 Fat-tail
Min-regret 26.21% 16.05% 15.93% 13.94% 13.94% 13.94%
Target(GDP+CPI) 7.35% 0.00% 3.52% 22.01% 66.77% 0.35%
Target(CPI+100bp) 0.00% 0.00% 0.00% 0.00% 0.00% 100.00%
Panel C) Xit2E =M £XHIZ
ILFA =LHxHZ SHelFA SHelxHH
Min-regret 21.49% 21.23% 29.55% 27.73%
Target(GDP+CPI) 7.72% 36.55% 17.72% 38.02%
Target(CPI+100bp) 5.00% 40.00% 15.00% 40.00%
2] AL 7|9 XAHEEO = Ao EUHF o2 FASHE Qtolw, Maing A

Aupeizt

GAFARAE H A iR AaE A7NAE
Z B4317] 93 2006935 2019974 A&
oldE eIt Ard JAARTAE A A4t
BHSE L&ty 3T HEHE A4 2E430x
S Al oA £9ES 4ok Aol 1
ANE (R 100 (E 119 AASIEH dE &
o Aol AAIRE JAEATAE 2 A ApiHeEH] 5]
20199 147H 797129 AA Wix|upo] AdS
&L 7H5ggote] AR AR Ad £FEoltt

(B 1002 g7 9015)014 AAS g2 49
JYALE 5.022 7HF AdolH, (FE 11)2
Idzorek(2005)° w2t YB3 YAFE 3.072 HE&
gt Ato|tt, JAEATA F SUHFEW)E BE

3) 2 g9 EE7|ZH2 2001H5E 2019E 7MKL, XHUHHIES 2lal

20|12 20065 E 7Hsottt.
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4 H-FAR Y] weh JARA RS B3
Zoltt. Avte| el IRSES QAAGHA] Zote H¢
£ Hurwicz rule?t Minimum-regret ruleg %&
ottt o] W, Hurwicz rules Y84 wet 24
FAER FH1LYEY HFZ 372 FHET ¢
(Hurwicz)® 1 ¥t 2 AL3 dHHurwicz2) & +
Eo149t} Minimax rule 71 B39 AU
(Fat-tail AlUE]2), Maximax rulex= 7} 3429l
AU 2 (Optimistic2)7F 4 A B E7] & A]
EFo]A0A Adetirt. o AlvteE o SRS ES
QA 3}= A 9= Minimum-regret optimization
9} Target-return optimization®] F7}A WAloz
AEH A sttt HEFAES I HoME AFT
uko} Zho] FEAAFERE HAAe H(Targetl)

E|M 5IHAS] CO[E{7F HQSEY| M0 XHMHHE AlE



(E 10) ABYUAE 2005 348 (RIFS/TAIR(A) 5.07P)
L il

o] = AAHEQT AeH9] JARAHA] g By ok WAk FA 570 HloEE o]-&stod
LIRS 95t &, AP AER AEE AAHEQIC R o]lF 1WS 28Tty 7Pgeitt. 182 ApihilE
2 5YH|S(Equal Weighted, EW)e} 712AIUE| L o} HAA IR Main)olth. HAPSES AX|oHA] Kohe

9+= Hurwicz rule¥} Minimum-regret rule®]t}. Hurwiczl< Minimax rule®] 30%, Maximax rule®] 70%2]
TSRS FoIgt AolH, Hurwicz2e= I WIHE H83t Aot} ¥ASES AAsk= 49= Minimum-regret
optimization(Min-Reg)®} Target-return optimization(Targetl, Target2)°]|tt. TargetlS ZESFAES BE
GDP%(real GDP+CPDE AA3t Zo|H, Target2+ AAZIAGAFTE(CPI+100bp)L&2 EESFAES HA3H
Aot} W2 1497 A= &9 degdoly, EEHAE Al £989 ZFHA ot AFZHIER 9
AxA AAA;o|H, S EFHAR e X0t

HMEX XpAh WMEES OIXISHX| Rals B wMSIES QIXIsls 29
=

EW Main Hurwicz1  Hurwicz2 Regret Min—-Reg  Target1 Target2
2006 5.12% 4.81% 4.66% 4.66% 4.81% 4.88% 4.81% 5.47%

2007 12.38% 6.85% 5.96% 5.96% 6.85% 8.48% 6.85% 5.96%
2008 -12.47%  -11.52% -11.52% 0.38% -11.52% -10.70%  -11.52% 0.38%
2009 20.26% 18.12% 18.12% 9.62% 18.12% 17.93% 18.12% 29.45%

2010 10.44% 8.55% 8.55% 7.13% 8.55% 8.45% 8.55% 8.55%
2011 -1.93% -2.16% -2.16% 2.79% -2.16% -1.54% -2.16% 2.79%
2012 6.49% 6.00% 5.84% 5.84% 6.00% 6.16% 6.00% 6.19%
2013 5.44% 4.15% 3.68% 3.68% 4.15% 4.42% 4.15% 8.25%
2014 4.24% 6.66% 6.64% 6.64% 6.66% 6.03% 6.66% 2.45%
2015 2.47% 2.18% 2.55% 2.55% 2.18% 2.41% 2.55% 2.55%
2016 4.13% 4.29% 3.41% 3.41% 4.29% 3.91% 5.02% 5.02%
2017 8.14% 9.59% 4.82% 4.82% 4.82% 7.64% 5.19% 4.82%
2018 -5.04% -9.82% -9.82% -0.94% -0.53% -6.47% -7.76% -0.94%

2019.7¢ 8.22% 11.14% 7.61% 7.61% 7.61% 9.31% 7.95% 7.61%
4 86.94% 71.35% 55.40% 86.33% 75.04% 76.10% 65.12%  129.60%

Bt 4.85% 4.20% 3.45% 4.58% 4.28% 4.35% 3.89% 6.32%
FEEA 7.85% 7.82% 7.42% 2.86% 6.54% 7.03% 7.22% 7.23%
ARH|E 0.62 0.54 0.47 1.60 0.65 0.62 0.54 0.87

o AN RA 2 AT BH(Target2) 2 #8332 F 7.8%9 WS A o4, Q&S
i QAA8}A] Foke A-ol= Hurwicz27F 1 ARt

(I 1002 7|22 AEF ol 27E AHEY, X A= 2.86%Y HEAS Ho|H, Regretk
Target27} 129.60%2 7H} & FH+IES HSA 6.54%% AEH BYPrt T2 WeAdZ B v
on Hurwiczl9] 55.40%2 7} #& $95& H, Maximax ruled] 70%9 7l&AE Ho3t
Bt A9 SHAA Y AFH )RR Hurwicz19 &AL 7.45%% AEH AR R



(E 11) AAZYUAE 2005 38 (I>S|TAIRN) 3.077F)

o] = AAHEQT Aeio] JARAYTAE ol FFS HojF gt Wik 2 570dQ] Hlo]EE o]-8stod
LRSS 95t § JREAAERE AYE AHEEQICR ol 1WS 28Ty 7Pgeitt. A8A e
WS EUHS(Equal Weighted, EW)2} 7| EAIUE] Q. of HAAHIEQK Main)olt}. TAYTES QX6 Hole

9+= Hurwicz rule¥} Minimum-regret rule®]t}. Hurwiczl< Minimax rule®] 30%, Maximax rule®] 70%2]
TSRS FoIgt AolH, Hurwicz2e= I WIHE H83t Aot} ¥ASES AAsk= 49= Minimum-regret
optimization(Min-Reg)®} Target-return optimization(Targetl, Target2)°]|tt. TargetlS ZESFAES BE
GDP%(real GDP+CPDE AA3t Zo|H, Target2+ AAZIAGAFTE(CPI+100bp)L&2 EESFAES HA3H
Aot} W2 1497 A= &9 degdoly, EEHAE Al £989 ZFHA ot AFZHIER 9
AxA AAA;o|H, S EFHAR e X0t

e HEX Rphs wyBES OIXKlGH| ot Z9 wyBES oKl 72
. EW Main Hurwicz1  Hurwicz2 Regret Min—-Reg  Target1 Target2
2006 5.12% 4.81% 4.66% 4.66% 5.40% 5.02% 4.76% 5.61%

2007 12.38% 6.85% 5.96% 5.96% 8.16% 8.79% 17.63% 5.96%
2008 -12.47%  -11.52% -15.89% 0.38% -2.85% -11.97%  -24.24% 0.38%
2009 20.26% 18.12% 20.16% 9.62% 9.62% 18.59% 29.45% 29.45%
2010 10.44% 8.55% 8.55% 7.13% 8.55% 8.29% 8.55% 8.55%

2011 -1.93% -2.16% -2.93% 2.79% 2.79% -1.78% -2.93% 2.79%
2012 6.49% 6.00% 5.84% 5.84% 5.84% 6.22% 6.22% 6.17%
2013 5.44% 4.15% 3.68% 3.68% 6.01% 4.91% 6.01% 8.25%
2014 4.24% 6.66% 6.64% 6.64% 6.64% 6.05% 6.64% 2.45%
2015 2.47% 2.18% 2.55% 2.55% 2.03% 2.37% 2.55% 2.55%
2016 4.13% 4.29% 3.41% 3.41% 3.41% 4.12% 5.02% 5.02%
2017 8.14% 9.59% 4.82% 4.82% 4.82% 7.83% 5.19% 4.82%
2018 -5.04% -9.82% -9.82% -0.94% -0.51% -6.47% -7.75% -0.94%

201974 8.22% 11.14% 7.61% 7.61% 7.61% 8.93% 7.85% 7.61%
A 86.94% 71.35% 49.08% 86.33% 91.94% 75.57% 72.36%  129.88%

=

Bt 4.85% 4.20% 3.23% 4.58% 4.82% 4.35% 4.64% 6.33%
HFEHAL 7.85% 7.82% 8.50% 2.86% 3.54% 7.35% 11.99% 7.23%
ARELH|E 0.62 0.54 0.38 1.60 1.36 0.59 0.39 0.88

B AR #EoIT HARES AR Frole  EALH, Target2k 0.87% AHE 252 23
EE qAZA RG] A5d AMMERGT FAE o old Ak HARHASRE 2 (R 1DA
7% #E& BT A ARl AmEE2 AF & FASH] Yehdt +9E SN Target27h
A A LR FO] 0.54~0.62 #&0IH, JAHEE M B2 £AES AFReH, Hurwicz10] 714
232 A8 Bl Huwiczle AYsHd A5 92 #9482 At Ad SHME TAEES
A AR ZH FARBIAY &2 AFZHlEo] e A Foke B¢ WEd0l #adhe Bee Bl
%o 59, Hurwicz2® 1.6022 7HE &2 #28 o, $ALES AT Frole 484 ARy
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I AR H5AES Bt 82 AAAE EF Targe29d A9 A8 A7t ALEHE A2
Hurwicz20] 7M¢ &< #<& Ho|9, Regret®¥  Uehdt

[ 4] 22 9 003

A2 39439 B4l Sl et 13 1 $AY ATTL GRE ARYEELY
o gstel B0l AFUL Yot AMLEAAA 2 AdAE L AAAY 240 2H0] B3oIA 93
o 4gaqlo] A%A Asbed B¢ vARCE, o AT ARHOR Oho ATFATL YA B

o]
At o] tiet W uHlst A7 R Aol RO dis) U9 AEe 7HA L ok A4k R
E’r. 019} #Hsto] 9] A1E0] £YHL Jov 23} FPAE ¥ da7Ie T ERAELS BA
2 AR 23 ALY s ECIde o 23S BE ALM 76 A ES HEst
O‘Eﬂr AY) A 230l F5olA Aok o47  Jlon, 1 9 ted AV[FES A6 He-EARE
U @ARoRE T BEF HjESH T FHAY  Fe 7INORE s5ta Qlnk o] & Nkdfele Wt R
EZ 23S Adste Ao] A 714 A8 3 Black-Litterman 2 30| &4s] =957 E
FFE WA Fxolh o & AtE oIt AU SEoU, AR ZIHE REgsioratths SHlA
Eli— 7Pgsto] ZpkeES $qety, JAEARY Aol x A SEIMESITE Ao FRY ©ol
& Agoto] HA9 EAXYS Aok Wt 2§ 243 HA 3 AHolth oo g 7|H4d &
Aol A&A EAstgi. qaiA = F2A oS (forward looking)el 7]%4sto]
1 243, b4 B4AEQ JAERREE ol§d  FAstn gloH, /dYEe ARHQ nEUAE
B, AEA A ERY ] A Ao A ARESH it 0|9k o] AtHiEE T st E

[e]

AEE AoE Ueyt TATES A 23 FALZ 71230l Fo| 2504 v, RRFYE,
7d% Minimax rule®] 70%2] 7}5215 FI3F Hurwicz SIEAPAE, HY AAhEeH Ada 22 AAF
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Using Decision Making Model for Asset Allocation

Inwook Song* (Korea Fund Ratings Co.)

Abstract

Past studies about asset allocation focus on allocation methodology or estimating expected
returns and expected risks. However, each pension fund has developed its own solution to solve
these issues. On the other hands, pension funds express more difficulties to make qualitative
decisions about target return, risk tolerance level, and optimal asset allocation choice. This
study examines whether using decision making model for asset allocation under various scenarios
can help pension funds in this domain and improve pension fund performances.

Our study found that, if we use conservative decision making model, risk adjusted performance
is improved compared to using traditional asset allocation model. When occurrence probability
is not recognized, the Sharpe ratio is improved under Minimum-regret rule(Regret) as wee as
under Hurwicz rule(Hurwicz2) with 70% weighted toward Minimax rule. When occurrence proba-
bility is recognized, the Sharpe ratio of Target-return optimization(Target2), which set real value
maintaining(CPI+100bp) level as the target rate, is also improved. This new method also meets
the management strategy of pension funds that pursue a stable and sustainable investment
performance. Although the use of decision making model is rather qualitative and arbitrary,
this kind of alternative approach can help advance the asset allocation process. Considering
the practical importance of the topic, we expect similar studies to follow and contribute to
the improvement of pension fund performances.
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