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The assets under management (AUM) of the Korean National Pension
Fund (NPF), which started from 530 billion won in 1988, reached 426.9
trillion won by the end of 2013. This is the fourth largest pension fund
in the wotld. Over 99% of the Korean NPF portfolio is comprised of
finance sector holdings and the NPF’s performance thus depends on the
management of financial sector investments. For many years, major
investment vehicles in the NPF portfolio have been domestic bonds,
domestic stocks, foreign bonds, and foreign stocks.

Recently, alternative investments have become important parts of
pension portfolio management. It is common to find alternative
investment products such as real estate, infrastructure, private equity,
commodities, and hedge funds in various sovereign pension portfolios.
As alternative asset classes have little correlation with traditional
investments, they help to diversify portfolio risk and also extend
portfolios’ efficient frontier. In consequence, the proportion of
alternative investments among global pension funds increased from
approximately 7% in 2003 to 17% in 2012. The Korean NPF has followed
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this trend. The amount and proportion of alternative investments in the NP portfolio steadily
increased to reach 40 trillion won and to account for 9.4% of the total portfolio as of the end
of 2013. However, few studies have been conducted on the management and performance of
alternative investments in Korea.

This study explores a way to construct the optimal alternative investment portfolio for the
Korean NPF using both the Markowitz mean-variance and Black-Litterman models. With six
asset classes, we use a proxy for the fund’s alternative investment portfolio to test which of the
two optimization models is more appropriate for improving portfolio performance. We also
construct an alternative investment portfolio with eight asset classes, adding commodity and
hedge funds, which are currently excluded from the Korean NPF portfolio, to examine whether
including these can enhance the portfolio’s efficiency.

The main results of this study are as follows. First, we construct the optimal alternative
investment portfolio with the Markowitz mean-variance model using the historical average
returns of various alternative investment assets as proxy for the equilibrium expected returns.
However, the model is extremely sensitive to changes in the input variables and often converges
to the corner solution, which allocates unreasonably high weights to one or two assets. This
reduces the advantages of portfolio diversification. Second, the Black-Litterman model has been
devised to improve these limitations of the mean-variance model. It combines the equilibrium
expected returns embedded in a market portfolio with managers’ views on its future asset
performance. The model alleviates the extreme asset allocation problem. Thus, we suggest that
the Black-Litterman model can be more approptiate so long as managers have market-
forecasting capabilities. Finally, we confirm that including commodity and hedge funds in the
Korean NPF alternative investment portfolio can improve its efficiency, as long as the fund has
appropriate market-forecasting capabilities and imposes reasonable portfolio weights restric-
tions in asset classes.

We consider the Black-Litterman model, which reflects managers’ views on future
performance, in preference to the mean-variance model. We provide new insights into asset
allocation methodology for the Korean NPF, which has mainly conducted asset allocation
using a Markowitz-type mean-variance model. Some of the current alternative investment
segment benchmarks used in the Korean NPF do not explain the variance and covariance of
their asset classes, and we propose new benchmarks to replace them. Considering the growing
prominence of the alternative investment portfolio in the Korean NPF, we suggest that

continuous research effort should be made in this area to further improve the performance of

the fund.

Keywords National Pension Fund, Alternative Investments, Asset Allocation, Mean—Variance
Model, Black—Litterman Model
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FEAE - RICI $=215
AR _ Credit Suisse -

A=A FolE

) Ul 54 wllx]ul= 0 KOSPI

3|9 = *‘ WXk : MSCI AC World Index(ex Korea, hedged—to—KRW)

NPI(NCREIF Property Index) : V= 25} 54 x4

IPD(Investment Property Databank) Europe : IPDQ] F+HAY 21354} H-54F 2|4

FTSE/NAREIT Global : FTSE®] ®]5*(North America) -5} %

EPRA(European Public Real Estate Association) : 3855432 &

RICI(Rogers International Commodity Index) : 242 A AEX|4
Zls - FAETE, 7t A AHdE VR RN 5

A3 AT ] ARS] Wik sl 52 X EEa(KOSPT A1) +2.5% =, 319
ARELL] WA wl=13= (] 4] WIRwlEL(MSCT A]47)+3% = A4 Eo] itk 2 ks 1
AF9] Wixupg9]| W} ‘KOSPI A|4+2.5% 2 ‘MSCI AC World Index(ex Korea, hedged
to KRW)+3%'Z =] 2L afje] Abe wix|nla 2 242F ARgsict

theo = sl s ek ) Q1zeke] AR Wix|nkaE B ) A GDP
APEEHCPI R AAElo] 9, df9] Q1zeh= "OBCD CPI+5% = Agslo] itk =] F-54te]

5, ekl A7 B A AES] W GDP g HE Aol 71vl)

B U] it FAEL B AR S A AT PR L A AR e T
Aga} SRR Zol ol Aud violl Afgeh] ghonz 1 tiRkow 7} B AR A A,
9) SEgte TIANEA MARKAS] ARARS WA BH(2012)0] B7E Fad 2

SRAR7IEE] AR TEZE Q. ESE AT - 249



ZABlo] AAF AoleH ik, B8-S, 2012). 12U} o) it ol Eahs whHo R
A3 FHo] QlojA AAl Bt FelEat vt A el glek ek B e
TEWEFTL S el Tk FEiolE Al T ] A8 HAE) AR
FO)ES Tl FEAE WXl ARSRIE10) ek s Q1) s el ST
Wz m=0]] whet = 2 GDP AHE+CPI 2 ‘OECD CPI+5% 'S 22+ ARg-ghh1l)

to 2 8 de] Faake] AlFARE #ix]ul A= [NPIX45% ] +[1PD Europex<30%]+
[(o}ro}dA GDP A%E+Inf) x15%) ] +[FTSE/NAREIT Globalx10%]' = A4 %o glth
ol M=AG S tEshs APEAIG NPI(W] = A3 FAE F-54F A1)l 46%9] 7315
Hofshal, FHA S-S tiEsk= AA197¢1 IPD Europe(IPD9] #-HA1S A3 FAF F-a4t
A1)l 30%2] 7FsAE Holgt Blo|t). Hgh ofpalo} XL n|=a) fed AT APdol|A] de
U F-s A7 EAIEHA] 7] wiieell, A4 GDP+CPI'9}F o] H3irolE FEfe]
WA k7 EQE AL, A P54 APl A ARRleks vl wkadste] A el 15%9]
TEEAIE Fofslt). Rk o) 2]zt e KAk IR ASE(FTSE/NAREIT Global
Index) ol %= 10%2] 7FA1E F-ofaioint. 2efuh =midse] sie] F-ait Wiamias= #od
FARRERE T AFES ARSI HomA 2t Aad Aok ARde] thiErhks A}
SISO W/, B, 2012). B8k NPIY IPD A5+ A=A 571 (interval) 7| 4o
S AAIE AR E gHEP] ofelE SIS SN b B A fEEE st
3 3](European Public Real Estate Association)?] al|9] F-54F E3X|=(He|7 |5 X)) =
AMgsle] olejet EAlE U AAskaa) gk

B B Aelxs A FRIAE oiAFAE iRl Suie] F-5ak Q1zel, AR 9]
AL ghe RIS el & dEARE AR EE AR oA FARE O R
Tkl WRke AFsaA} gt o5 918l AEARte] MiAula s A2 wA] AT
(Rogers International Commodity Index: RICD12)E, dXH=2] HIXn}T 2= Credit

FN

10) FRIAFe] 54t FAk= *‘%‘&vﬂkﬂl %EPEM FARN-SAMNE TR Sl 3

11) tv-44 GDPS’JrCPI ANBARAEES =ule] lzefe] wix|wla = AR-E 79 F-52k *} S TR tiAEAAk el
Hla) rolEe] WEA(EFnAk B “MO] AAe] ou R ¥EZEQ APhh-S g t&“ﬂ pENEC
At Hfﬂ»*ri% Tasl G s WAL b B} 21490 W (A3t ) S ARkl
Qlal, =) Qlszel= =) WiFeelzelE; 9] ¢1Zel= SPDR FTSE—Macquarie Global Infra A15-2 AM&-8l0] 0159
WHE5gS ARSIl

12) 2A2 A AEAFHRICD @Jollie T8, 55/ A At 2olel—Alze] CRB A5 S&P =Rl A5A(S&P
GSCD), TH<E=-UBS AEA15(DI-UBS CD), A9 A2 A4=(JOC) S0 9
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Suisse SAIF=A G FolEE ARSIt AEAbke] BMSl A2 =54 541~ (RICD =
7 2A42(Jim Rogers)7}F 1998356 Wh37a] & AEAR2A % 387 QA= T4 50
A3, HEEEE ANUA(44%), TE(34.9%), 23-E T55(14%), Fe4:(T%) 2= 77=0]
Ak =3k FFA=2] BMSI Credit Suisse A|HAEAG 420152 Credit Suisse”’} A
AA AAAES dPdoz AlEe diasel sixAE =gtk
20079 1956 20124 12974 U3t 28 ARE o]8ste] 3% tiAlFA} WA
0] 7|2 EAFS <F 4>} o] vpEhdt

<X 4> 7|zBAH
et et E 3¢ 3¢ &l <]
P2 QEme  Aw mEd Qwd aw

i 1.05% 0.55% 0.88%  —0.06% 0.60% 0.17% 0.35% 0.34%
AL 0.0786 0.0463 0.0647 0.0750 0.0520 0.0612 0.0667 0.0199

BEAF AR

Sls} o) 7jee) WARAS thalal Mg WARIE AV A AR R
44 MARIAE AQksls Ao & ATe] FEAL ohiu) 975 AaAsA Y)E 2
Fo] WAk} A P Ao} TEEe] 0 P4 B8517] olel FAFES Bel
Wslolr, el B relA Aok WAl AE) ofeld Al ey nrh
Agker oz wolm oleig ATAREd e AT Fad AR B =R FR8
717} 1 Aot

rO
o E

V. A5

71 WAARE (674e] Ao A LEZQ

FRATE PATAS] AL 2 F) % Shs] B, Qe L AR 67)
AP O 2 s ek, ol mhet ¥ AAle] FNAF/IFe] AFA EEE @5}
FARIA Tl Ak, S AL S clel, sjel ke, el FEA, sh9) Qe 5

A AT ZEBL THY AT+ 251



67 ARpto 2 FAE A XEZYQE TAS AlEdth

A7 E()& AEs] Sl 1831924150, 7859 A F4(X2)
2 AR (W, )S ARZE dasit olF flE AFIIATO)E 5.00%
7d8kar18) 20073 1€95E] 20124 129704 =p0d-2] thal 41 #lx]ek=(benchmark:
oJa} BM) o) EAIRE AME-alo] ARk Wikl Ee] 3t ()2 <3t 5>¢ Atk
of7)e) 2012 & 715 ATFER( W, ) E WHEEt] AbESE 7Ol E (1) <3
6>} o] vepdr}14)

< 5>

=]
==

EZYQ 7 ARt A3k Ee] SR E(E)

S gl s /lZel ) AR o] Fgat sfef qlzeh  afe) ARR

U] F-5AF 0.0061 0.0004 0.0006 0.0009 0.0006 0.0009
B 0.0004 0.0021 0.0008 0.0012 0.0007 0.0009
U] AR 0.0006 0.0008 0.0041 0.0033 0.0017 0.0030
ae] F-52k 0.0009 0.0012 0.0033 0.0055 0.0027 0.0042
3] Qlxzet 0.0006 0.0007 0.0017 0.0027 0.0027 0.0024
3] Ap 0.0009 0.0009 0.0030 0.0042 0.0024 0.0037

<¥ 6> YRR

AE7EA] @7kl E A G

(W) (I=XZW,,.,) FolE

U F-E54k 13.67% 0.71% 0.70%
=) ¢lza) 23.33% 0.58% 0.20%
U] ARRL 18.54% 1.18% 0.53%
Q] F-s4k 25.31% 1.56% —0.41%
dle] 1=} 7.76% 0.87% 0.26%
] Ale 11.39% 1.27% —0.18%

F) d@7IHe)E, IAEE FolES BF 23S

13) Idzorek(2005)2 ml= 522), vl A9, 224 22, 229 A 58 FAVdo = Back—Litterman 2848 2-83]0] XE
E2)9E IS & ATl T ES BESl] S18) ket sl )E 3072 AT 2y
AT THASS] v ANHA T2} XEEE 0 1) 91313]9) 48] sl X iIdge] XEE QS VFEoR
I AFE GFAsPE 5.0 W2 FAHEER o5 IRIdT EEZE Q] AIv|AFE AMES Fit)

14) ¥ Golx] 7dleelE-e FHHRE(3d W] il ®) S A3lshe 79, & 20588 nigo® st weh]
7, BT $9F 52 BF 93 2359 Eolnt
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RO R FARRES) AFATS M) S15) <E 4>9] BT FAEL NIFOR
obehst 2 AWS She AOE YA i AHEE 50% WD),

o A 11 o) RATARPE B ) ARk ) QlsZebiet 0.33%P ES SRS

o A% 2 : a9l OATAAL 3 Sh9] QUTebrk als] AR 0.44%P S8 015E

Q1o e o] A= A 2007 1€ellA] 2012 12971419 7131 52t =]tz
Z ) AVe] HATE olEo] T Qlzele] BART $:0)8-S it 0.33%P 85
om, 39 gAY Foll= all9] Q1zete] HAR FolEo] 9] Hogte] A 4]

E2 1t 0.44%P *3]51%1 7100 o]#f st HEAE ARt Ao|t}. Black—Litterman =.3°]
ARl AGA| (View) & AHESHE EEo|m2 A7t Ugo] Ae)2el AWAE AHshe
A% WHo] = & glont AFAR 21| wert Hold Aelv]el] AR AgAE F46
2 Av), A AYHE ARSI Fel7h gl AR BHEER oS ARES Aol

7] Ao AR FARE A P)L 6719] ARk 5 270 ARatell disl] g sl
2x6HR vEpdTh BEd Rk dielr A VIUelE(Q)e 2x19EE,
Sarde] FEat FH(Q)2 2x2PHR vepdth #&7|glrel gl flo] A Hgs

Hhedato] Akagh A AR 71 E(E(RIQ))S <3 7> YER 3l

I 0.65%
=] 12k 0.54%
)] AR 0.86%
9] -5k 1.18%
dle] 1=} 0.96%
9] Apm 0.94%

) AT kelRe AaelEel
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<3 8> Hf—4F 237} Black—Litterman F&ol| 23] A =71d57]5<] UiA]
HE LRI o] 7|l Ee] S o R 3 Wit o E
L AGAg 7l ES A7 ARSRte] AR ulE-S SISt FARITE AT A
FOIES 7IUo &S] H8AE AMESh=
Markowitz®] 7t —aAF B2 Sl ARl 115.77%, se]Qlzetell 102.65%2] FAhlso]
AeHaL, =l F-52%l 33.97%, = 1222}l 23.21%2] FARIEo] FolERlom, v
T 2Pt B S(-) o] BA|E(FulE EAM) o] Fof=gi). o]} o] Hit—FAk
Tgol] ofgh KA sl WS Vel ol il RlEAde] Bk ARl Bk 717t e
w= A A 2 7I0RelE S FRRe] gl whe ARkl et dhesh vl
Wzkwe] A7 wAste] XEZE . wiUATL & BES AREShE dldls @440
B7FseE GR1E = Qlrk. olol] vlal] 77|t Bl FARRke] AP A A
Ak 71il5=2 Eoll 2]3F Black—Litterman E3<] ARkt Av= Fx0]59] Al gl
789} FAMISS 5~30%= Alghet 75- i A H WRiEe] #AIE s ARE

m
B

T
St
Lo
N
;5
I
AL
i

o
_E
_1

_|>i
=
ofy

1o
N
=)
z0
rlr
o
:{o
B=)
o
o,
e

<¥ 8> AHTANF 2% 23

7 TR AF Qe A5 AR TS 5~30%2 AT
Ak Mean—Variance Black—Litterman =~ Mean—Variance  Black—Litterman
et 33.97% 13.67% 30.00% 14.30%
=] Q1) 23.21% 23.27% 24.71% 29.17%
=] AR 115.77% 18.60% 30.00% 11.74%
ale] FsAk =75.57% 25.31% 5.00% 9.79%
3] 1=t 102.65% 58.89% 5.29% 30.00%
3] AR —100.04% —39.74% 5.00% 5.00%
dl=iat 1.66% 0.87% 0.41% 0.80%
Ak 0.0046 0.0017 0.0018 0.0016
Sharpe(€¥7H 0.2452 0.2080 0.0953 0.2003
Sharpe(17H 0.8495 0.7205 0.3301 0.6940
F1 1) VIR 7 AR HHEARI(<3E 8> 30l 7 AP 20 B <3 6> JR)S wile] S XEET|Q0

zzkr%‘ S UeRICE o5 So] FAFe] Algh] gl 79 i —it BEge] uAlFAl LEED] Q9] 25l ES

[(33.97%)(0.0070)+(23.219%)>(0.0020)+(115. 77%>X(0 0053)+(—75.57%)<(—0.0041)+(102.65%)<(0.0026)+

(=100.04%)X(=0.0018)] = 1.66%= ARekek = Uk TG T4k UAfFAF ZEZ] Q. getEe] #4ks UeH, ‘Shape'=

2] (12)<} 7&% WHoR AES UAFAl ZEZE 0.9) ARZAGoltHH, Sharpe(¢17h) = Sharpe(B7Hx v/12).
2) ARZHIES: Aol glojA] TRl g 3 W] el ES ARSI
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<3E 8>0l|A 43t 2012 & 7] AP H AR 20131 A S HdE
AFAE 2058 wate] AkEd o dm(2013d V1) iATFAF FEEE] Q9] olE
<3E 9>9} o] yehdth o] R HAFA T e FAE 79-9] 20139 2
7% FARIE YEE 20=2A, F 7] FAARE iR 5 o= o] AR
2 AHE THOEAEA AEE 2] 91 Zlojth

<3 9> 20139 ¥ UAFAF X EZE QL] A

w3 FAHIE] A fle A AW FS 5~30%= Al
Ak Mean—Variance  Black—Litterman =~ Mean—Variance = Black—Litterman
2 AT —0.35% 4.70% 5.36% 6.21%
Eibit=s 6.44%

AN AT Ak gl 789 B AP FAISE HA 5%014 Hd 30%
Agshe 4915 B Black—Litterman 23o] Wyt —&4F Byl vjs) 973 s
UER oL, g71t Al =Rlds tiAlFAL REEE 0] 089 6.44%Cl= MIAA|
Z3l9iet. o] # Black—Litterman 23] FAMI#7} A SIAF<] ARt Axg
e IR FOES 70 R & Aie] Bt diA 1 A91S 2hs 5 qlvk =, S
APEZE =) Q1zetr et Gt 0.33%P(AH T 3.96%P) H& FUES 7I5E soR
o/t A 18 A HivbA] eekont, sfeiRlzelrt aje] ARt Ut 0.44%P
(St 5.28%P) o o153 7|28 AoR sk A 271 2013 0] 2] Qgkar ©3]H

el AR} o] QIZERE 57117 mitelvl( <3k 2>9] 2013 thAlFAt -8 =),
A= Black—Litterman 2g°] Avl= EEEQ viyA el el Aohdol 2#sl]
ol Black—Litterman &S ARRsl| Yallis= Aol ASAS Aarsk= Ao

DA olehs AL o] @ W AN T Aoty

2. 71 giARRE 2(671e] 2Rh o e FEEY Q] tidk AN AT

919] theet mRY HATA HlF A% AIN<E 8> 329 o) ol § 3 tATA HE

15) FAHIF AR 5%014 30%= 3 2k 71 SR tAlFARTEel d5E H4 3 HoHES AR Zlolth

OE
S

SRAR7IEE] AR TEZE Q. 7EeE AT - 255



P9 AIH<EE 9> )] Ve AT Slel thaat 22 F 7K S AR
A A, AgAE ole] wh} XEZT] Q] A3t drht et
A7 AE3T) o) <E 9> Bl $<3F 43S BIY Black—Litterman 23]
FAR] As wredgthe 548 7 e, olelgk TRkl o] Al 4
A& 787 Black—Litterman 5-8¢] A3} w71 @klskr] 913 Zlelth 5, Al
gk A= 9 o] A gAo] Black—Litterman oA dvht S8.8 21907415 €1
a17] Y3k Zoltk. F WA, BA7|7RS vl AaE AE5EHESE St o] oA 9ol
LRt 23 Adate] o) ArIiel] mhet GEkAlE AQ1A] b A1kl Adagle]

SoF7] 913k Alort. o] faf A7k FrEo] = 2007d0NA
2012\ 717 st #A 3 Aol ofgk AphiiES E3f 1 vhs 1] AdE AHSske
HRH o2 20108, 2011, 2012+ 39 =]9] A3E o s mEe] AnlE vlwsles i),

b
T
N
o
E
o
ol
=
2

[e}()

2.1 A Al o] whe ARkiEA v}

Black—Litterman B3-S Fx}21e] A1) tigh A2 S viedsicl= o] 7P &
ot} EE R Aol thgk Awdx]7} A&slar A E7} olok Black—Litterman 2ol
oJ gk Arhilito] #& ARE vreRd Alofrt ¢k Black—Litterman 53] xol tjgh
A= 50%E 60%, 70%, 80%= 27} 10%PH 7S 74-9-2] 2454l vlga} o] vlsol
wEt FARlE 899l 20139 = Ve FAMIRE e dah < 10>0th

<3 10> 9 AQ] A¥}E B, Aol tidt AE=r} 10%PY S7Fe w] vic} S AREe]
)52 718 wba =) Q1Zate)] njFe: 7haste] At 19] wkedarsto] S18IgiT) B
2| 7F 10%PH 5718 o) mpe} 39 Qlaete] nlee S7HIANE sfejabiie] v
FHaslo] A 29] wkdato] Z7IEISIL) R0 2 <3t 10> vd Be] A¥E 1, o]
ek AHE7F 10%PA 5718 o) v} o)d LEZE] 9.9] =015 o3lE3l. o] ok
M AFgzo] AP E ARSE A 27} AA R whle] AvE ERd 3] 7191ghk,

[
o

o|AF A7} FAED 735 el o AEEE ST e 23l AR AdE
sto18k 5= glt}. webA Black—Litterman 2.8-8 AM-817] SJalxl= Aol tigk 9435k
Ao s HAsok af] AldellSo] offf& Adedolr= el tid A =S By o
ot Bge ARgstolop & Zlojr.



<3 10> A% A% <ol W& Black—Litterman 239 4725 4l= A3
g A A AFE 3 wE AR A3
73 NEE 60% AF % 70% AF % 80%
AR BAlE  5~30%  FAF 5~30%  SA%F  5~30%
=) Ak 13.67% 14.90% 13.67% 15.64% 13.67% 16.14%
= Qlze) 21.77% 30.00% 19.17% 30.00% 17.02% 30.00%
) AL 20.10% 12.17% 22.17% 13.25% 24.86% 13.86%
ae] it 25.31% 7.93% 25.31% 6.11% 25.31% 5.00%
ale] olza} 69.70% 30.00% 80.96% 30.00% 92.81% 30.00%
o) A= —50.55% 5.00%  —61.81% 5.00%  —73.67% 5.00%
7152l E 0.89% 0.78% 0.93% 0.76% 1.00% 0.75%
FAab 0.0018 0.0016 0.0019 0.0015 0.0020 0.0015
Sharpe (43} 0.2107 0.1970 0.2159 0.1942 0.2237 0.1917
Sharpe($37F) 0.7299 0.6826 0.7479 0.6726 0.7751 0.6639
g B AW AFE ¢ & ohd XEZ Q9] F9E
73 AEE 60% AFE 70% AFE 80%
s A 5~30% Ak 5~30% A 5~30%
ooy 4.37% 6.16% 4.03% 6.11% 3.67% 6.09%
SAE 6.44%

2.2 BAIZE 8 ARbaR s}

d Ho2] ZRellA] 671 Ako = A
20073 19~2009d 12€(o]3} 20091

FEZ Q9] 015 BA7I7kS
1} 7)1 BM), 2008 19~2010 12€(¢)3} 201047
2 715 BM) 2.2 Lo Al 7719

ml

7)1 BM) 2 20094 1€~2011 12€(o]3} 2011
3k Back test 4S5 AAJgit)

<3 11> FA7I3F ¥ 72SAF 3 A8

gdd A 1 2007~200911(200991 & 7]5= BM) 7|2EA%H 2 2010 A=A

B T T RN
V3L 4] 2= .
BEU Qe A wEy quep A SeT R

3t 1.71% 0.56% 0.97% —0.96% 0.61% —0.46% 0.19% 0.24%
¥FEHEaE 01114 0.0474 0.0789 0.0910 0.0543 0.0675 0.0766 0.0239

=) AFARARE 5 D) AR ) QZElR ) 0.40%P B8 5oES 75 How

WL gy,
g N TAEAARE 5 5] QI ah] AT L0GKP & olikg /1% Aow
2 agan,

SieEy)Ee] oA T

\Jlﬂ

to

=2 AT 257



g B : 2008~20101d(20109 & 7] BM) 71254 2 2011d AHX]
et e En 3 <] <] a1 <]

e S A

BEAT EAE=

dd L16%  054%  0.71%  —030%  0.56% —0.37% —0.01%  0.20%
EFAA 01104 00423 00754 0.0942  0.0571 00737  0.0814  0.0244
ey o OAEARRE B s Regate] Sl AR 0.45%P 58 FolEE 715 Ao
L g,
aqmy o O WY SRl QLEEpE She) ARG 0.97%P 2 FelES V15T Ao
<]

N Ay,

g C @ 2009~20111d(20119d & 7] BM) 71254 2 2012 A4X]

e T
REab o Qmel Al BER dmy Aw

BEAT EAE=

Bt 0.38% 0.66% 1.74% 1.18% 0.60% 1.06% 1.11% 0.71%
XA 0.0085 0.0335 0.0605 0.0766 0.0489 0.0633 0.0592 0.0166
g T AEARRE S Qe S e 029%P w8 0lES J1%E Ao
S awan,
g N9 AT F a9l Sgie] sl ebict 058P 8 £l V1% Ao

= A3t

A7 IR 7|2 AR <3 11> VR Q)AL Al 183} v A= AR 15
7108 A ARAE Tdslon, Aol ik AlEeE 50%E gt

<3E 12> tAIFAF BMO 24713 HAFA]S Ak 23 3 ol FabAnE
LhERdTt 2009 2 715 HAFAL HISS AT A3 B olE 7IEo® ol =(2010) 0l
FAE A3 sg Al sid A2¢ AeElEle] dvk WA g Ale] ARl AdE
A A Algke] gl A9 s Tl 5 AA AR 5§l AR
A7} of 2] FogoA Ag) webA] Bl @407 Hgo] 7Fsd TS Aldkehs
A5 SH o7 A9E Ay & uf Black—Litterman K8 2] ARZR]E0] Hf—EAF 2
ARIHIE R A eRdth efu g Ale] ALhalEte] whet Tkl ohd = (20101) 9]
ARl 3d A2E A9 Q3] W —wt el ofgk AFkiEete] Black—Litterman
R 9 e 7T AoR U o) AW R AR M 271 A
2= whe] A9 vERd 3ol 7]R1g

1‘
12
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<3 12> FAPIRH A HAFANS A A9
s Al : 2007~2009(2009 2 715 BM) HAFAH|F &4
03 FAREe] Ag §le A5 FEAFE 5~30%2 Al
Ak Mean—Variance  Black—Litterman  Mean—Variance  Black—Litterman
=] F-s4t 37.84% 16.85% 30.00% 21.50%
= Qe —0.64% 22.25% 25.00% 30.00%
=] AP —161.50% 32.76% 30.00% 10.00%
3] F-sAk -1.70% 19.54% 5.00% 5.00%
3] <l 362.53% 165.02% 5.00% 30.00%
3l Q] AR —459.53% —156.43% 5.00% 5.00%
71dg=elE 6.11% 1.26% 0.50% 0.86%
=4k 0.0131 0.0025 0.0031 0.0024
Sharpe(<27H 0.5344 0.2509 0.0895 0.1768
Sharpe(37H 1.8511 0.8692 0.3100 0.6125
g A2 (20109) & ATA TEER S A
03 TR A gle A5 A FE 5~30%2 Ao
ARt Mean—Variance  Black—Litterman  Mean—Variance  Black—Litterman
2 AT —17.89% =3.72% 7.75% 5.81%
THAF 8.22%
g Bl : 2008~20101(20106 & 7] BM) HAFAH S A=23%
2y FAHF] Ag gle F5 FAHES 5~30%% AS
Ak Mean—Variance  Black—Litterman  Mean—Variance  Black—Litterman
S 54k 32.92% 18.53% 30.00% 17.88%
) Qe —43.88% 25.13% 25.00% 27.36%
=] AP 178.23% 16.95% 30.00% 13.97%
3] F-sAk 76.44% 21.71% 5.00% 14.26%
s 1zt 442.29% 30.86% 5.00% 21.53%
9] AR —586.00% -13.19% 5.00% 5.00%
71dg=elE 5.48% 1.37% 0.33% 1.35%
=4k 0.0137 0.0027 0.0030 0.0027
Sharpe(¥3H) 0.4677 0.2613 0.0602 0.2609
Sharpe(17H 1.6202 0.9053 0.2085 0.9039
g B2 1 od(2011d) T dAFA LEZE L AT}
my  FANFE AT Ak B FAFE 5~30%2 AT
A Mean—Variance ~ Black—Litterman =~ Mean—Variance  Black—Litterman
2 A+ 50.64% 11.92% 9.04% 10.94%
SAS 9.65%
FUAF7IFY] AFAF FEZE| Q. 75U AT - 259



g C1 : 2009~20113(20113 T 7|5 BM) HAFxH|5 &4

73 FAHIE] A fle A FAHES 5~30%2 A
ARt Mean—Variance  Black—Litterman Mean—Variance  Black—Litterman

E e 81.13% 9.93% 30.00% 9.93%
T Q= 9.06% 26.79% 25.00% 26.79%
) AR 23.48% 20.45% 30.00% 20.45%
o] F-54t —17.03% 19.09% 5.00% 19.09%
a9l Qlzatk —9.60% 12.63% 5.00% 12.63%
o] Apm 12.96% 11.11% 5.00% 11.11%
Z1dl5elE 0.34% 0.80% 0.71% 0.80%
Bk 0.0001 0.0016 0.0013 0.0016
Sharpe (43} 0.3039 0.1996 0.1949 0.1996
Sharpe(17h) 1.0526 0.6916 0.6751 0.6916

e C2 : od(20124) 2 tAIFA ZEZ S A3}

g FAHE] A e A5 A S 5~30%2 A
Ak Mean—Variance  Black—Litterman = Mean—Variance  Black—Litterman
2 AT 3.58% 4.88% 4.36% 4.88%
Eibit=s 4.85%

201137} 201239 thgk Akl 2 Back test FAMI T A0S A|AE s B ol
g Co] AL m FAMFS 5~30% HFE Asksl= 49S S0 2 A E o] Black—
Litterman E3¢l 2k 2Rrhallioto] H—FAk BBt} 9548k APIH|&-S 7P U=
Ao YeRtth B8k 201137} 201230 thek o d=e] x5} ¢4 Black—Litterman
3o ofgh zprhullietel] wheh TS 97 H Ak 23(9.04% 2 4.36%) Hrt
e A7H10.94% 2 4.88%)F 7HATE & WF ol A A wRldAE] A1 9.65%
2 4.85%HT} 2 AIE 7T AoR et o= 2009 2 71 BMYRE e
2010 = 715 BM 2011 2 715 BMellM= A7 13 209 29] Aebgo] a3 el
71Q1gk A 3 4= Atk olE Bof 20119 ' 71 BMS AR ed(2012) = il
FAARE 5 =) 1zt 5] Fs2kee) 0.29%P(A 3.48%P) & 188 715
Ao A8 wl(d% 1), A= 2012 =] 122k= 4 7.03% 12]al 1] sk
o 4.19%9] 155 AFESITE wegk a9 AT 5 B¢ Fsake] 39] QlehErt
0.58%P(91 6.96%P) & o155 7158 A o= Aials= v(dd 2), A= 2012

3] BEAbe o 6.339% a8)ar 3¢ ¢1Zel= A 3.98%9 FAUES AHE L

-

N
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A o= 9jo] As 3l = wf ARZRlE2] SHoA= 370 B Black—Litterman
5go)| o5k ARhilEte] 71 S ARIHIES YERRITE Begk b ael] thek AR
SHoM= A7 F895kgd 201039 et —AF o] Black—Litterman
RERT U Z3E ZPATERIAINE AEA|7F o) = G grelEolxd 2011, 20121d9]
9= Black—Litterman ®&¢] Bt} V& A3E 7EuS59)t age =z B odqte] Ay}

on
o
rir

3. 871e] ARt ® FAE LEZZL

i)

Hoevenaars, Molenaar, Schotman, and Steenkamp(2008)2 HExPtoz A
FEED Q0| At SARE 5 AR AR Aol Zlo] XEZTS]
895 SVt A7 ARE B siglal, 58] SRR AR gt g
Z APko = vEpstt) o Aol AAl widEe] tiAFAL FA e o] 9]l g Atk
S AHE ol 2 AR SRR EE Fokelo] & 87 ARk ® M3 tiAl Rt
FEZYSE At 19 ARk s e dA) s gAFA 2 E
Z] ol ZHo] A 7] wiizell 242 10%2] 7Rl F-olskaL, 715 67 thAlFA
Ak 247t 2012 2 71E ARTSA] (W, 9] 80%E Hofste] SELEET S s,
1 &jel vhE 2 oF Ay} st

<3 13> &7 ARtom M3 AR FEZE Q.0 AR A3E vkt V1S
67 Apko = M3 REET Q9 v AR FAHIFE Alg e A, A BrelE s
7150 &0 B8 = ARE-Sh= Markowitz®] 3 —iAk R3& o 3] 748 H Rizke
AL ARk gjled o Stk tRE-0% 71 wwIlE ] tiAlFA ol 323 3

AR SAEES oAl EEEY Qo UINA HEL REE S ks Ao

i

an}

—
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<¥ 13> A45ANZ 2% Az

& FAH|F A 9= HS FANFTS 5~30%% A3k
Ak Mean—Variance  Black—Litterman  Mean—Variance  Black—Litterman

] ek 87.55% 10.93% 30.00% 11.85%
U =g} 64.13% 18.21% 15.00% 21.56%
U] AR 234.38% 15.29% 30.00% 6.16%
3] FEak —192.27% 20.25% 5.00% 5.00%
g9l Qlzet 209.35% 56.91% 5.00% 30.00%
3je] ARR —85.26% —41.59% 5.00% 5.00%
FEAT —45.03% 10.00% 5.00% 5.00%
FAH= —-172.85% 10.00% 5.00% 15.42%
7ol E 3.50% 0.77% 0.38% 0.69%
At 0.0195 0.0015 0.0019 0.0013
Sharpe(47hH) 0.2507 0.1956 0.0884 0.1888
Sharpe($1%}) 0.8684 0.6777 0.3064 0.6540

ARZRIE-S FAH|50] Alglo] Q1= 79 0.8495(<3E 8> )M 0.8684(<3E 13> FH)E
ek, AeAR B ARdAlE Hol 2 ARk AEEE Skl F 870

Ao tAIFA EEEL 0T TASH: AL XEEQ ) £RAS PP Aow
CRERIERI0) Srefm BEAAE AR B Al e SRR e AAsow
A EESe|00] GRS PN £ O TPeAS HTEE A2 898 5

A em WA o5 Ak FA el FFshs Aol FAlt el Al uiAlshs A Bt

el Zoleh1D)

V.24 &

F: 5of Amelek AA A Wedell thed o Sl thiehom thAlFAlell tigh wilol

16) <3 8>3} < 1304 Txpilol ARE: = 35 A AR sl FEFe]00] AiEe sfefehe A0R
Ceatek olst o] Aol ARS8 7I1lel webifz Al Aplo] Flslol EEelee] gl ApsA
B8 41 Sleh el Al ARIS] p Sl Tl 8 ANe] PALE S 1 9] 1S P
AR ) i 4 AR B SRIT 2 gl ol

17) 87 Ao e e o0 theIne i 2 et el o) Ak 417 A2l 55 mhe A
S A A N 1o 4 58 A en) . A ) ) A2l e
o] ik A WAL Sl 7] Ao U Y A% AhunE Aelglon] M) 83 A ol b A
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AeHaL lan, =RIdTe] hAlFAL Ft TR B FApSo] HEs] ST kehs AdRe A
WAFAE AAA = 8ab7] g 84 A FEZYL 75 #3 A= vil¢-
FEEE otk ofof] & A= Iule] Fgak Q1Ee) B AR EAlE FAE SR

S YA A FEZT]) O FENRLS A 95ke] Markowitze] B —5AF 23 9

Black—Litterman R8-S AFEsto] AFEAS A5kl AF-AS(back—test)7FA] AA]

U By o]gste] AR BlES SUishiT = FEEY Q.Y FAM|TS AlEskal
7} Rgg sl 2 Avks vt o] gokdty AA, H-84 Markowitzo] vt —-Ak
Egol ule} 3 et o5 7o B AR ARGl AR BlE-S SIS
AFA LEEZY 0 FAR|SS 2kEet A, 574 Al FApuFo] HeEal i
ARrboll = gulte EA) o] Fojue= TAE) A B R Fholl wh Akl At
IS HA] vhp= RIZEES] AP AT mebA o] RS tiAFARRR RS o] A
APaltoll AR83E7] flalAl= AEgE TR A|ofo] A wofof & Zlo|th &, A
At 7| &S ARESle] TR TS AFEg A Black—Litterman 532 A1 A
2 FRHe N EAE ghskebiA EAlell miuA ] APEES wed e 5= qlolA
HAFAF ZEZE Q. wjuA7} A APl AR 1ol -85k Raeke Sj1e =
o Black—Litterman 532 X EZE|Q vjuAe] =34 o upe} Akt A3}
dolstAl ez tiAlFAL LEEL Q. viyAe= APEEe] S Alatshks 2ol
& RS A7) 19k Al 23do] wojok & Aotk mfjuA|o] Aabdre] Agrt
331 o)of] thdt AF| =7} 8w Black—Litterman X323k A¥E 7P uiARt
71 wiee] - 08le 7] RYRY 4d s Y & 5
ek Fa|F Algto] = Aol 7152 Markowitze] i —i4t 28 AA] 783
FRAT7 M AEH 0w F By bl nluste] 3
A, 2 Al xd= 71 il o] Al At divdel] SE3k4] gl

RN HAREE AR EEE 0] AYNA AR TEZY

SRAR7IEE] AR TEZE Q. ESE A7 - 263



78l 287|3e] A E Whddh= Black—Litterman 58-S A 483t A5
Ae s oM 5 Tl ATe] AR RS Ttz AL Bz 71
= HolA gJo)E At} B3k dA) mldwe] AT FE Hx|nkaEe] Ad
ofe] 7] ZAIE WA T e M2 HAmEE ARKE A 3 A5 93 583
714%=7F Sl
FRIATE] thAFAE ARhlEe] 5RlAg7]5e] Al mAlE T84S add i B}
B v 5478 Fell Ao ies Adsekar EAACk & a7

olefdt ArEs T FNATY] F8ANE Aud 5 VIS VIt

o Ao

_,d
focd
tlo
po)
9
=)
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