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Z8H 3= FARd Y. ZEEY = BARRARE B0 523 &2 wE Qe

jug

o)1, BARERE] 7ig-2 E R E(Duchin and Levy, 2009: Tu and Zhou, 2011)D
9} Ao Am]ojESHHIY AL AR1(1596), Markowitz, 1991, 1999; Rubinstein, 200
VA E AF=lE edE F8FATIHE Foll g 7FAolth. Markowitz(1952)= H1¥
I 0] AN EAEAO] mEhH AR Bl HHSHoptimization
function)g AXFOEA] ddf ZEE]Q o]29] Fa7 I AT, 1 F=2=2
19919 ZAAS}H wilidS wiolket. 7t AQRRE 23l S0l g disl 7 2
FO1& A s 52 Frolxl =000 tigf 7MY 2R TS AEE XEEL] 09| A
Eoll it FAMISS 2G5t &, M a i e REEZL o= A3 59
ZH9] Aefol 2 YA 24 REZE| Qo). of7|A], HA3Iglro] JEHSES
HLEEZLQE Hoks F4E9 vl Tt digt 7Ioi4e], REHAL g E o]

37HAleltt. o240, mE7|7te] dHRIEo] Folnt, YT HRolA A]ul

o s AT A or ZIHRt. 58 2okl Fama(1970, 1991)= #4714 <&

D 24 9 A 2FE0A A EE Al FEOE irojet 4R d2 EXof|, 4HE9] I
2 ARdoll, JE)3 YR 4HEe] 42 dFo= HFdlel = WEoRE BAEAS] S
AAET. &, 5L7F ZEEZTQ W) gt BAREAL] sidgiitt

2) Rubinstein(2002, p. 1041)= #lUA9] AdRlo| 2&E HAE Ql8ste] AR 7id
< AN HYA Q19 diAke thEat Zoh AR dsH 1S ¢ gioi gy
ventures are not in one bottom trusted). W AL 3t 3o BFE AAY Bo BE
2ol B2 oW Nor to one place, nor is my whole estate). W=k Algo] & ot
9] 2ol AR Lo Upon the fortune of this present year.).
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= &S 2] Dol ARl aed A7HdS ARSIt Brinson, Hood and
Beebower(1986, 1991)= tl= 717 HEMYA A A58 3t AAbA e s o]
UTHL QIS offths 43 3, 1715 HE AJahHBle] 90% ol/do] AHiHiEs
o] ofsto] HrgHth= 454 SAE AN &, 759 $24e 4%
o}, 3HH, o202 7|7t AHpEo] Foi7l AR 7Sk Markowitz(1952)
9] Mok 2, FAoAE AEeR{E Z2hs YYWSE o8 S| gk, 1
HEE AR YW QR Bt
RO EA dEeR7] FFFE H4T AR e, 1™, 7EAT=S JH35t
7t AR Q70 wie- Yzt A4 $AE AAISIATE Michaud(1989)+=
PSR @570 it 2 Qlo] Aol Argsl= B A= ZEE

2o Exjo] wie AT bR HRE ATHEE AL ALSYT Best and
L AL B} ol A4 REE2] 97} THRAES FoA BE F4150] BEE FA]

£ d7e dEis 250 i 2zl T 24
SRRlro] AR ool 270 JFES Hoh 2 Tes 8 dlow VERith
a1 el et AEATe BaTel 24T HasRienT A4
He 4 ZEZFQE tjioz FHARA XEZFQ(GMVP: global minimum
variance portfolio)2} 4 ZEEZ|Q(TP: tangency portfolio)7} Utk FAEA I
EZT|ee 99 Hase] S-S USAVIES HIFAEe] FAMIS S 270k,
A ZEZR| 2= FAGHARL IR ) Hete] Z4grE A =S 45
=9 FAHIES 243t A9 2ase] Bl QoA ZEEZT L fde 74

NEo] EERAN} THFIE 19 JBBAZ 2 3, 918 Haske] BAPSE

b

-
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ot T1E]al FAVIIE Hrjete] EAfgl] JlojM EEERQ FANE ZEZEL
7IHEDFAEATR) T REE Q. EFHAHZLIH) ofs) 2=t FA-9%
Friste] 2Rk ZEZEL RS SO w2 T de FHE B2
e HEEAE ZHs FAES B Aok, O AR olf FAE Bt B2 &4
HI5E viEshs Aol Atk 2=, vE7IRe] deiis QR HA3lekee] s

dJzeie 7Idek] oldtks 2 Fstact. ST, BASKN: WARRE ol gste]
TEAGTD)) Bt $-83 HRE ATY 5 9] vhiol, FEAKATF)Y] 57
2 24A% NS A o Stke 22 A4sigih Elon, Gruber and
Spitzer(2006) °Fd BEH AN QAFSH: AL IARBERE vl F45
82 o284 Qirks Zolx| Bl AL ISShen] BARES S84 et

= 7o) obde AAshaL, Ay o W AXSAT JuuEe
SR 4:0] Aol A Aol 2L WEAY)E EEZe|0 S Tkt 2% 24
olc}. St EEET]Q THFAS 110] ARAEL c|ZHFo] OJESH Y]
ghrel, BEEAIN: G, FAFALS 7o) Al thet S4A0]7] whEe] mE 34
Sol vhet JeAE ASsHe AL AR ofgt FANRREE A& o]

.

T

AR A88 7o) AR =k
E YRS Bofl 24 TEEZD Q9] EAIY /S Hdth 7|&A-E0] UL
A TEZTQ EAAL AAZHC=Z A5 Michaud(1989), Best and Grauer(1991),
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A
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Jorion(1992) 52 YW,z HEATYH(SC: sample correlation matrix)& °1-&-5}¢
A}, & At 71EAoA ARk A E RS Al 7R E ERRith A, A
Jo] 3715 2Ask= F4ursaoltt Elton and Gruber(1973), Elton, Guber and
Ulrich(1979)= AZ0=® XEEQ FFAS 119 JHE 27|15 278 9+
S3H(CC: constant correlation matrix)2] FHHS 1513 Elton, Gruber and
Spitzer(2006) AHIH] A3 E ] B o835 Y WRQ e Halst
A, o] FHELE REEHQ A4S 1 A E S AR el wet 245t
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2ol 2 AJBBAZ 27] thizo] HABRIS0] Yeiuis Asrgel vt ol F45
& S o] F]sohgo] B 4= ek, wheo] FEAo] A ghs FA1E 1o v

HTBAES 2] 20l HASFGLE oS FAIS0] HFE 1O FANIFS sk 7

TS et o7 S8 A7 HelE RojE o AR 4 Qs 38Rl &
Jof| sig3tt. Chan, Karceski and Lakonishok(1999)+= Sharpe(1963)2] ©A(A)

82I%%, Fama & French(1993)2] 389158, J&]11 th9] Q1o & A thalln
Y 5olM 4 558219 Qs K factor loading) 2K E AAYPAES 4513
. tj3zoz T QoA E(MC: market correlation matrix)2F 38 A1 H
(FF3C: Fama-French 3-factor correlation matrix)°] |- 8%t} o] FHHHS T=Q
Q159 &gk WG AT E S o8R0 BA =2 T8 2 FAE0] tie &R
HI% 7|11 9] FAREE 7AdsiSict. A, A Bt 20k AR E S 71 Bt
A EE ol8ok= oIty HEATEL TEEDQ FAIEC] #HE e A
HE 33kole vEEoke AR E o], 35890 Riet JHE S SA1E HE
TS o 0K Aol Ledoit and Wolf(2003, 2004)°] ofsto] 19t
shrinkageH-2 & 714 A3 o] 234 JEE 715H+ of= Aolvh 19k o]
71 A= ARTEEO) et = SRAIE Y FHQFE A= B4 2] 84

T 011, AR 7AlE FAEY 3500 tigt 2gvls IS 3ithd) &, ARt &
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ol W=t B84 At =2 7Rl 7S Al w2 S Hidie] Aol R she A

s
E ZA3I) ol52 YA E(CC, Ledoit and Wolf, 2003)7 ©d. 821415

PBEre9] A1 BRESZC 0o v]usle] 9918 LT A5 FAS

=
£ Aol At AEE A2 V&AMt 2ol B E

i

ACFE & /A, ARFRRIEF WARE & 1/AE) 59 Tl 05= FE3iich
(King, 1966; Roll and Ross, 1980; Trzcinka, 1986; Brown, 1989; Connor and
Korajezyk, 1993 5). FAARZRE FE5= 38052 A9E #& F7]9 &
< WAL 320 BARQIe] 7P 2 Al AR89 4/dE Z=tHEom, Jung,
Kaizoji and Kim, 2009 5). APgolA AEl= F452 453 slete] A< Hst
o =HAY 4= gl7] Wizol A8 Ql $4e S5H 0w ARt 9], AET 71Tt
o 450 ;e AFRRIY] 384 7= B435] 57k ARl ERlEtHEom,
Park, Kim and Kaizoji, 2015 5). W&t A8 I F7]of A gle] e

:
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3) Ledoit and Wolf(2004, p. 115)= =89 ¥20| shrinkage 7ISXE A&Eshe= 84
IS FAFCRE AR, T3 =84 Igof| gt T2 I3 FT(matlab m-file)&
Wolfe] Edo]X|(http://www.econ.uzh.ch/faculty/wolf. html)o] LEAAZ Z7HsHL
Qlth. B AqtolA AAISH AZIFYol|A shrinkage Rl BEE BES JEo] AlF
3t QEAAE th2Hlo} o] 8519
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A Al RS EAOA ARE FASE o83ttt AEdt AE el 4w
2 Eom and Park(2018)2] -5 what HIARASTIE(NCO) 2 Bl ide] thafst A
TP E O] S o8It} PFHWHS9] oS R0 WE JFHE SRIsh] Hote,

of iRt HEE
ol

: T
= U2 APEAES 2=t AR, 2 ZEEE Q0 digt diEA] BludR] 547
ZEZT| Q0] ANgt vlWEAS 3t} &, DeMiguel, Garlappi, and Uppal(2009),
Duchin and Levy(2009), Tu and Zhou(2011) 9] 7|291=2 AT $xo|
Al 2A ZEEYQ(IAEAF REET| Q)9 42903} 9J9lo] 53U NS ZEEHQ9| &
¥} f19of] Blasto] F-5slths SAE AXISIT. mabA F29kro] whet 2Awit 2
EET|eot fA XEELQ R IS, 442 f19 Y oAkl 5471 ZEES]
L9} 77N ZEET] Q00 vlw WS jit). =4, AFA W04 AFHA 9] Hat
of| W2 AS AT /g FRIRt. Tt APPAIRe] HekE 11Est] fiste] AF
717k 19909 785H 20179 68714 27'd9] 4717+ At 24 LEET Q9
AR FAZIE A8 #18] vl FAIREe] dolg 371E(1087H4] shel71zh= A7gst
AL, 67HEBA7IA sH7IRDE 1270827714 3H171IXDe]l HisiA = 43t 58S
YT ZF sk IrE EATE 4 AT A5 AR olA 4] A7 (market
capitalization) 7= 02 49| 200709] F41& gt 3l ZEEDQ 445419
FARE 712402 507& Ak, 11 AR 10071714] Erfigtt. ol FAskeko
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1. ASAH|
- =2o=

1. Xz o 7]t

2 A= 19909 785E 20179 6¥9] 7|3t ol AN T REA
oA A & A HRAE BE FASS ZRE 111470 7NEFAIES 40 o-83ith
dEE FA7HE 9 o EALR o]Q] FAMI S0l Lt FedoRe(EaRAS
A 3649),4 FLRRJAAHEZF Fama-French 32 JAAFHAZRARMRE), 71
AR A(SMB), 7HAZ= W JHML)EF ] S50l a3t APg=rEdt 719+
W, AR-A7HA] 59 SARE: @7 ol8Rttt. A AF571710l UoiA 7 IR
Ut} o] Attt she7 Ik 2AsR 2R ZEEDQ /A5 titt &4t
HIS= Ao A7 AR FARISS AR R 2-85k= nE BAPIRtes
T2 FHz vl FARIRES 7€0]al, FAIZE Dol 371EolH, AT 1270
ook, &, s5H717H] 7I7Hdol= 157ldoltt. 3Hp1717ke] 7IRtelEs2 mi=l FA7|Tto]
HAAA =g A wizel [Al HS7ItelA & 1087HA19] sel7Izte] Qiet5)
2 A= A Aol A e AR 7€ 12719 Aol M e F LRt 5F
A7 AAE A8 7 sheIIZtelM AEEE 452 thEY] 248 TS

oftt qitt. A, =4 ARl Wt Alxe] Sshe F4E SA 12

4) AN AP HEE & 91T AR AE CDO1DFHE 7IEesE F
AEAEe AHEAYT fA=euAde] A HXEe FFE RARE s HE
(2008)9] 4= FHESAES AHEAT ASET FYH] FFS Y= SAE
AASHA] 3ot §8 =A3A A AGHEr -89S AFT AEE(2012) AFolME
BIRFESEBR64Y) CDO1Y) 7] F3E AHEAZE AS52ad ov = =
ol WEA Eiiths AL AFotrt §HH, 23doA tiEgEY AEr]Eo Z3kE
CDEE7l 22 S8/8(CMA) E=%doll o=t AR wsht obd 233H9] JAd3Hs
Halo| FEsHA ®slohs FEdg@del gRlg] wet 20109 2¥ COFIX(cost of
fund index)Z WAEY|% st webd 2 A= FnGuideolA A7|7H] AARE Als-
Sk BERMISERG4AY)S FHAFYER AY ARSIt

5) £ dolld At 7i7tols B teat gt dlE E01, viEl BRIk 3702 A9l
A AR K717 IEA717E 1989.07~1990.068] 127883 Ex1717F 1990.07~1990.099)
INER G, F HA SRR AZIZE 1989.10~1990.099] 127083 FAP|7E
1990.10~1990.129] 37}€o|tt. 5Let 7I7tols Hi5oll oJsto] mix]at 108HA] oF7 17>
TA7I1ZE 2016.04~2017.032] 1270€x F=x717F 2017.04~2017.062] 37K€o]ot.
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Y AR 7k Sl B4, 7t szt BE Ak JRE 2 FAEC]
717tellA Z4 578 ol B<tell 0°] ohd 9fu] Q= THARIRE 2 F
AES AERith YA, vl5(-)9] APg7HAISE ()] ARTIAE Zhe FAEoIT) vt
Ao, ro] BE 2AE WESHe FAEL FA AS7ITM0lA 24 34470004 Zf
5397191 Welell YL, ofE 415 SOl FATIE AAY A7) 71808 e g
ZH= 49] 200709] FAIETHS B0l o] 831t ARZIX7E 52 2007 FAEL 7
A 8 BA titi 4159 A universe) 4 & 5= ek

a=)

2, A3

2 dojM= A, AddE 99, Aledlold AAY =8 E-E 11ds] &
7ietc}. HA, 2ASIeEE AVNSH}. Markowitz(1952)9] 2| &sksk= 98} 429] A}
YollA o] 22 Y& R R YA HASire] AYHs= 7Y
(E(R))), #2820, o)), FLBL(p, )ol1, AIppe FFAE st FAE

(w;, wy)ole}. A LEZS| Q= F2gpo] t} 24 ZEES] (GMVP) FHAl
ZEZZA(TP)E 22tk A1) Y HL9E Sz =8 ZEETRS &
oM 7P A2 e e ZEZ U} HAEA REETQ0[HH0

2 A #asto, = Z D wwooip; W

AL B(R,) = Y B(R) = K (k=234
ji=1
AE2: Yw, = 1.0
j=1

AIFAI3: w; 20

6) HAaEA XEED| QL= YWl FEAN] JPHZ o83t =94 A& FAof st
APAog JLAAFAES] —,—Z]-H]ZE 2 4 9cHMerton, 1972; Fabozzi, et al,
2007). &3 Ak FA0A HA ERlE= AL 7Idiole FAMIS d%E nIAAl
orr} stw o]t A Ao ,@ X}HIZO Sl oigt 274 SAlH| HA &
o 2 ﬂ—_r’”— Sufjol] et AdxAS SASH | fste] Markowitz9] ¥R At HAG

TERE LA ZEETRE A B o83t
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2(2)9] A ZEZ=| 0= FAVIY FielE SR med A ZEZS| Q0.

- _ _ E(Rp) - Rf
SAY A Aot g, = — L @
p
AR Y jw, =
j=1
Xﬂcﬂf@vz W =0
Sjo] Aol & 4= Qlizo], 2 Qi 2 EEZe|oo] FFL uld & Qs el
AloFalE otsHA] 9kal, £3], AR 28-S Jrefsto] FHl(short-sale, w;=0)E 1€
3 greth
cheo®, ATHIEY FUPNES At AuaEe] 2PTEe BEATSY
(SO= Z3f F 97HIolth. & Aol ZZskelro] AFAE /hAdS Asl ATt 4

TFEL2 AFA 19 /4 AA HAPFARIEEINC) oIt vt A3 P2 tha
I 2k A5A HEsRREr ASIEC] ol8EE BEAJTAE(SO), Elton and
Gruber(1973), Elton, et al.(1979) 5ol 25 Alte AHIHFA(CO), Chan, et
al.(1999) 5ol °lsl &84 Sharpe(1963)2] T QJMIAFIHMC)F Fama and
French(1993)9] 383V A(FF3C)0lt}. 12|l Hlt2ake HE /P E (SO +
3 AJHEBLEINC, CC, MC, FF3CO)RH2] 715785 ATAZ(hNC, shCC, shMC,
shFF3C) o83t Ledoit and Wolf(2003, 2004)9] shrinkage A3 Zolct. zF Al
FEE AR FPYHS =20 AHBAZ (Appendix Aol 15| Afeich o
H, 7] AP EE FolA DL VSEFEMO) T BIARPSEFENC) 2] Bl 2

REZETQE F4oks T4 HHE Be 4L X9t
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Yot ol HAMITEL R guade] X3 S5 FoI4 Al
ST AASIL Ulx] BE S42 21 geriolt. tebd T 7K AugEel
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Ao g, AlEFold A0 ditt W82 Aidt. Aol A= ASaol
23k ZTEEQ At T A9 7Rset FARHTHN=200)0014 n=507]2] F4]
= FARIR deoto] ZEZE QS /JRith REED| Q9| sA: HEAFESTHY =
Hcombination, ¢{N))el <leh 10071412 Tet. &, 74 SYePIRINN R Mot
50709] 4108 HgH, A4S FEEA] = 1007149 ZEEDQE o]83itt. 81
1007HA] ZEEZ]Q 2122 ol-8slo] 2Asleho] el 7glelxt #EHAL 11
2|3l 97HA] AU E A2k ARESHL, olE of8ste] AR TEET| QL JH ZE
71 2.9] APl FAH|SS 212t ARt ol =gt B2 108714] sH¢1717tel| tist
of ghE AdEch A=, ZF sll717tollAl 1,800 BHESE AlEE01A(=100%9%2)
= B9 HSEAE ARESE]| whzell, AA|7IZHel thHet 194,400%19] AlEEolA
(=1,800x 108) RItt. ol2fet AlE ol AAl= ASZEH2 A=de =RIct 3,
Y 2H7 A A f18 2 Aol IRt A dSF B471E 3F
5] aJlgith 9 B4 floliAe 2 i3 ARE gho] Besith 244 =
= 4R ARt ZAER] e ANE(R,) =Ry, Elo,) :0,7,t+1)°]—1—i,
A 2F= Aol AR
o} webA YR 27 44
070 HASANE AR 2 AT T, F 7HA 29 Aelge g ST Aolgt
2 YHAAFAF] AlHHRMSE: root mean squared error)o] tfsle] B35}, =&
oA B5HA] &= HA | HAHMSE: mean squared error)2] 9-o|= Az o A}
o7} = ZHE FRIFTE?) Y70, EEHADO Q5= JQHE oF 447
£ ol&3to] eIt o7 7= 279 MRl(range)9F #hvalues)2] 27HA & L&

ﬁ
&
S
>~
BUR

i

7) BaAELA] AEHRMSE)N g HA(MSE)E T2 4os ARl &,

RMSE, = 1/12 )? ;]LME——E|T £
A&

o171, T% gt %koh_ Fi= ﬂx‘ﬁ ol

8) & 7= s 7dien _-}i%—l?ix}-/] dEge] wE By vlug Aol 2ot
SHA| ket AR AEAe AJERE AN /e S Markowitz A3k
o A% A8Y /Mle FARBRE A°] dEelw T, 01—‘: dlEnge] Aol TA
o], E%—EHHA dgEAe AdSLFE Eedeith —“& e RS s AAR
dEet A971E Sl *]E?ﬂ]OWOﬂH ot A dsewes AA-ol8sl bEel,

3 |



Stk 3, R0 Yol EEZe| 0 THFASGON) SN 05S 2H 3419 44
olt}. =, FHFAE FoIA Ha 17] FAl0A Hrf 257 FA7A] 078 2 F4l0]
SAE ST A AT 17, 570, 1070, 25709 47K 498 mad S4), o8
o 3 9FE ZHe 7 24150 S0l3t EEARIT Ledoit and Wolf(2003)= 52t
AL W U4 50} EEHAC] PAte] 07 Lo o S, £ AT
Jorion(1992)e] Z73le] 2k FAk5e] WA7 IR At Solut 915o] Farold Al
SRl %, 7 APEE AEE 5007} §19S ol851] o] Het Ana He] 44
ofe}. TAZRINA AHEElE 4013} SIS 717t0] AXA] ke 107H1E ol ket
2h 2t sl 17tolA] 7 AA71e] OJstel At 0.5 WU 25 BH107HA)
o oJsto] 4:0]uh IEWARE 217} 407H1] A-9o0] thste] A Tk Sh, FAlg) =
Zof ofgt A Bao| Mol Yitdo B sk Ju|o) A3k EAls] 99, 2 519
717014 A2 AEATHE(1,800) B4 Seba ATHASI5%, 519159 A2tk 10

rr

. A=Zut

1. SAMSIOM £X ZEZ3|Q Mu} H|

rhe
i)
=
2
rr
ok
>

A(j —JZ—HEF(E(RN) :Rj_tJrl, E(int) :Uj7t+1)q] tq‘a' CQQ%—)FQJ oﬂé

577t fle 45 ASEHE (Table Dol AXRITE Hi= Hlu XEET L (5A71%

—_

AZQ.Fo] ot S AFHoZ T & Qrt.

9) YW AfIEQ.Fo] gt Wizt B49] vREAY Sl o33t Zrh 7 shR)7IZiolA
5070 A2 A ZEEF QO] FEHA Y= 1007H] ZEEQ X9 47 o
sto] Z-8517] fiol, ZF sk7IZolA =93t mEHRl ZHo] 4,000H(=40%100)9] 2
e AkEsith JE|3 mjE B2 370l digh § oRpI717 1087FA|0)7] wiEe,
oF A7 Yot AEE 49 Rl BEHEA QR4 ot AFZAI= 47
432,000%¥1(=4,000x 108)°11L, 9714 g gt 27k & ZEZe| Qo] oigt
7,776,000:(=432,000x 9% 2)9] AlEH0]4-E 3l

10) £ A7 =29 AHTAR FAAE AAH o= A58 BusH] gt A%

Afs R4 Biuskes ASANED A" AE/MES Bt AX ke SAE Ho|x,
dHog Zo|7} Qict. &, EEo| BuE AISEI= FHXH|9 EXjofiof 9n] = F
FE 97 etk



H=8AT H31# M3

ZEED R, 7RIS ZEER| )9 7] FHE FATE H4 2EET(FaE
AP ZEEDQ, HA REZEQ) 70| tigt o3 Ad, FAMTHARLAGIA), HS
SPYE(H)9t BAFFAY (N9 ASETE ARG ZEER]Q 74 S tid

SApE0] BAFEA AEoL HEE A5 AR theo] A%4S Yart

_ & nz; = 1 w; > 0

NZ j;nz] {nzj ,w; =0 (3)
n2

HI= Y u? 4

Al3)Y] AR SR = ZEET L Y 5745 FollA] 00] ofd 9n Sl £+
8l (non-zero weights, w, > )& 2K 5410] 3212, %8 Fhe JA4E wurh 4 1
AR ZEEHQE Uttt olE 501, 50719] 408 FAHE ZEEH Q9 o
Al NZ=502 H5HA &4t B4 ZEET| oty U7 ZEED L} 77 X
EEYQE AMdZoR HsH #AREARE REER|Qoth FAH|SS e S
(n2)°] tste], FARRISY] HEH Y53} 7= 442 slHEA|(Herfindahl index,
1S 0}83) ZYFILk oIS Bol, Yt EESTI QL —of WAjo7] g, 507)
o] 2402 T4E TESe| 0l #=0.029] ZS ZHer) mebA] 2 gk ke Aon
REEYRE oks 4= 5 45 =0l H5E FAPRISE viIEtt A& vt
3, AL G 2he B9 TS 2 A iR FRHISE 9RlEith <
DO A2 = v ZEEYQ, A TEETQ HA ZTEEYQF JLEsto] 4F
w2

WA, (Table 1)9] ¥l XEEZ] Q9] HFAulo|tt. 5U7I5 ZEZI = 7TH7IE
REEY Q0] H|wsto] 2012 AT 9IF2 F2 ol &, 5YHE ZEEY Q9
AP TR| ST 7HA7 S REER Q. Wt w2 ¢h2 ERlt of= f9a 4~
TYNS ZEEY QUL 7S ZEET] Q0] H|Wsto] S-sith= S ofn|gitt. o]
o O] 7RsS A v At 5Y7s ZEEY L} TRV REEY = A
Ao g RHsH #A4F FARE ZEE Qolrh. FAM|S i Alold U7k ZEE



WA 7RV ZEET QT SUIS XEZ 0] Hwsto] 8H ol w2 #E A=
AoM 2780] Ald. 2= 7RIV ZEZE| o= HEHE FAMIS vl 7|5k
AT} FARHolA L7 ZEET] Q0] H|wsto] E5oH.
ThEO =, (Table 1)9] XaiAt ZEZ ] Qo tfgt AFAT}olt). AEA ZEET]
= 597 ZEZD Q0] vlaste] W2 ol W2 S et AJHPEY] 4
S SO, B IERYE S o8t At XEZL| 0 ThE ALl vlaLst
o] HH) ot F+)2 FAVIIHALAIIARR)E 2H0, T3 2 e w2 24t
FAAHEE A 7414 4523 ZRlst vt Zrt

jﬁ

(Table 1) Performance of Optimal Portfolio in 3-month Holding Period

Return Risk Sharpe ngﬂndahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0193¢ 0.0140* 3.10° 0.0200
W (1.65) (12.67) 2.72) 0.00) 2000
0.0169 0.0183* 1.49° 0.1654*
W (1.53) (11.46) (1.93) (40.87) °0.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0076 0.0055% -3.56b 0.1519%
S 1.17) (10.15) C214) (25.32) 18.32
-0.0131° 0.0054° -5.68° 0.1834*
cC (-2.35) (10.66) (-3.60) (20.05) 17.27
shrinkage -0.0096 0.0053% -4.59° 0.1610% 18.38
CC (-1.58) (10.19) (-2.78) (24.18) '
-0.0058 0.0058* -2.17 0.1199*
Me (-0.79) (10.12) (-1.22) (24.76) 2295
shrinkage -0.0075 0.0055% -3.47° 0.1442* 19.76
MC (-1.13) (10.07) (-2.02) (24.36) ’
-0.0055 0.0055* -2.96° 0.1324*
£3C -0.82) (10.17) (-1.69) (24.54) 21.07
shrinkage -0.0076 0.0054" -3.56° 0.1463* 1937
F3C (-1.16) (10.09) (-2.09) (24.34) ‘
0.0053 0.0105% 1.59 0.0256*
NC 0.54) (11.79) (1.30) (79.56) 4989
shrinkage -0.0073 0.0056% -3.15°¢ 0.1290° 22.65

NC (-1.09) (10.10) (-1.87) (22.55)
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Panel C: Tangency portfolio (TP)
0.4020* 0.0232% 28.61% 0.2963%

S¢ (18.68) 9.90) (14.62) (21.47) 7:33
0.4405° 0.0258° 26.32° 0.3122°
cc (16.80) (10.98) (15.07) (22.29) 676
shrinkage 0.4182* 0.0240* 28.06* 0.3034* 7.09
cC (17.99) (10.35) (14.71) (22.03) '
0.3884° 0.0215° 29.62° 0.2607°
Me (18.87) (10.306) (14.50) (19.62) 8.67
shrinkage 0.4007* 0.0229* 28.99% 0.2888* 7,64
MC (18.66) (9.90) (14.52) (20.80) :
0.3961° 0.0221° 29.24° 0.2753°
B3¢ (18.57) (10.22) (14.57) (20.45) 8.06
shrinkage 0.4016 0.0230° 28.91° 0.2913¢ 754
F3C (18.62) (9.88) (14.53) (20.98) ’
0.2111° 0.0137* 23.08" 0.1020°
NC (25.54) (11.18) (15.98) ©.79) 28.84
shrinkage 0.3829° 0.0213* 30.01° 0.2592¢ 870
NC (18.62) (9.80) (14.50) (19.50) )

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.

A, SAARIE S Aol Urix] Apada o] Aamit e Ze|oo 5
71 mEEE| Q0] ATNE wakt 4wt EEe ok Mo 209 4ol
2R, 9170 271 EWNE RESTQ 7l0] 38~41% S0 Bjslth. 2

REZT| oL o} 9] BARAHE} e B, 53 B F40] wEH SApE
o] HfEe B9l Zolt}. &, HEZe]Q 1 507 TAFAES F014 00] obd EApuIE(H
22> 002 2 24 S BFHOR 17-237) 2011, B3] FAPIEE 2= 24
5 3ol 2% F2450] BEH FAH|E0 U5 Jrl U RESe Qo] vl
slo] 7ul~ou o4} k. A=, 9% Haste] BaRke: DAL o) e 9IS 2
W FAS0] #EE FAHIES Rl wet DeMiguel et al.2000)9) 743} Zel, 5
Qs mESel BT A5E XEE0S 2k B4, HAARIANC =
o] 4kt XEE 00} EA/VE HESE 00) ATE Hwdht). AR mESe)e
L QH(19] ZEBe|Q F0]g Hol3, 1 T7je FU/KE EEE Q0 ulT] 28%%E
oft}. T, $8 A7) BUNE LB Qo] ulmslo] B3} 75% S5oltt. ol
AR REZE)Q 0] BASAAES S 7|9lskt EEET| 0 U 5070] TS

by



AH ZEZ2|Q0| JiM: M2 METAT HMuy By

Fol4 00] ohd BAIFS 2 74 SACKEN> 0 BRHOR oF 507 ol1,
Relg 2 FAS FolH B 7450] HEE SA|FY] 50t HEE vl e

2] 20f| vlwsto] oF 1,380 E3fsict. A=

Foln, 4 B4 £AbE 5N REE
AP AREERE T2 AR REZL| 0= SUVE XEET] Q0] H|1oto]
o o8]y} ko Srolo 2 H|w.9-0j0] Wy} of@R|ut, |7 REET|Q KTk ¢
H} o)Al oA S het ZEZE] Qo[th. &, DeMiguel et al.(2009)2] S thas 4
o5t}

et 2 (Table 1)9] H4l ZEZT Q0] et AFAT otk P4 ZEZFQE

YRS ZEER Q0 7TRVS ZEED Q] BlWS w2 o w2 fES A
o, R S SolA, v ES o8t A REEY = HE A
e Fo] vwste] vl 2 FARFe] FAMIEE HRlth A4 ASEATE SRlst
A o E 3, BAR SR E S ARt YA AR R E o] A ZEET
29} FU7s ZEET Q0] AIE vlwdtt, fA ZEET Q9] 9 A7= FY7
FEZ Q0] B|wsto] 1.581~1.98 &al, 4] Z7]= 20u]~238 =, HH, HA =
EET = 9Y AFAE0N e B5E FARISS st &, ZEET R Y 50
N H4FAE SN 14%~18%2] FAET FAHISS 2L, H&o] wijitd F45 W
oAM= HFH AFS Frrt ok EA, BAPSIIE R E O P REET RS} 5
W7ts ZEEYRO] AHE Hwatt FAH ZEEL Q= 50719 FFAE SolA
57%9] FAE0 FARISS Bttt o= tE JUFEETEHY JAH ZEEZF
H| w5to] vl9- 22 BARRAPY Lo} W2 HIHE H5S =5 YEidth HA ZEET
Q= FUNS ZEZ2 Q0] Blasto] 919 27]= 0.998 ol AR, 429 271= 114
ol =t HEH e ARdoIN AFLIR|E vl sk, FA ZEET o= TS
A 77N REET Q0| Hlisto] 7.741~9.68 w2 g2 2=t SVIEAE HAS
UFE2RE YA ZEZF = YIS ZEET Q0] Hlwsto] W ey &2
0l-& zh=t}, 2= FA ZEET] Q= DeMiguel et al.(2009)9] 343} 22| 3} 9]
Ao A FL7S ZEE QHT} H|-S-9{0] Slrt.
oJA], & A+t (Table 1)ollA ER1H 8 AFAT2] sflof tigt Al=d ALE ¢

J

o,
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Sto] AlAH o= ERIgt. AFAIE 7t stj|TolA] TEE XEEDQ HHE9
HEE w3t (Figure 1), ZEEHQ FAEA Frot 53t 4 7o) TAE gRlgt
(Figure 2), ZEEHQ FAREA} Jro} BAVIT} 7He] BAE &RIgt (Figure 3)°&
THEst] AAE. 1HS HAEA XEEDQ, A REEYR, 5U7E ZEEYQ,
J23 77 REED QF S HARITH

(Figure 1) Performance Distribution of Optimal Portfolio in the Whole Period
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Note: Figures show performance distribution for global minimum variance portfolio in
figures a, b, & ¢ and tangency portfolio in figures d, e, & f, along with equal-weighted
and value-weighted portfolios, using box-plot method. X-axis is divided by
equal-weighted portfolio, value-weighted portfolio, and optimal portfolio according
to estimation method of 9-type correlation matrix.

A, (Figure 1) 4| A571719] 10871A] ste7IZtolA 242 e ZEZS
9, A, ZAFFAF o] it £22 B]1-E box-plotdHE gk Hlalst
™A, Haiit ZEETE TS B 7THIS ZEEE| Q0] vlalste] W2
o, W fd, 1A W2 EARAE RS 2=t vAPIEEE =R E Y FAaEL
EET s e AU vl 2 9, &2 A9, 1R1 w2 2AERAEES

Ztet A4 ZEER| e SIS 2 VAV ZEER| Q0 Blust] w2
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=4, (Figure 2)= ZEE|Q JF240] FARH|F| tigh ZAbeAl Hreet HEH
A58 A 7] PAE AR =S olgsto] vlwsigitt. oA & 24t FAjE ZEE
Z| o= FAFAEC] e BARA e #olof shal, TS| HE FAEC UF
H AF8= Rolok 5] o] YAl= 18] 28% shdolnt. Hitl= 2 #4F FALE
A il BE FAE0] wEE ZEEL Q= IH| 9F o] YXsHA "k 1y
A, APdAc s S BAF BAME 5U71S ZEETLY TS ZEETRE O
Yo] 7HY Q2%0] X3} FU/NS REZT Q= FAFAE U vl8] £4}
H$2 E0F HHgsly] figol 7FY w2 BARAEES 7P 2 A5 EE H
ot 7RIS ZEEF] Q0] BANIF 1S5} e U7 ZEET] Q0| vlusto] b
% =t FUEAE, 7TRVIS ZEER] Q0] BANIF A5 e thi2e] et
HEED Q0 HAMPIRY 2R E 9 4 ZEZLHY £& FFoth ol T=F
AR AEs F4E S, BE difR F41E50] b 7241500 vlaste] vl =

2 ARHEE 2k A0l 7108 wekA TRV REER] s ThgRt Al

1 ZEZL| s AL ZEETL Y FFAEC] Bt FAIFe) U e
=7b e ErhE S YT 287t ke A AR S, BAP S EE R
o] Fagit ZEZL| Q0L HA REZ| 0= tE JUFLe| vliste] w2 BARRAL
ot 2 AFE =g Bk 59, vAEERT Y| LRt ZEE
off thet BARRAIRE ASohe FU7HE ZEES| Q9 e fARI. 2=, HIAR IR
E2RE a3 24 2EEL 09 Blu-oe Hoh & A FAbE REEQE T4
ke Aol 71913t
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(Figure 2) Relationship between Degree of Diversification and Level of
Concentration
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A, (Figure 3y RESe|9 F4F42| Exul5o] tfg BAEA Yot 22
IR 749] PAS AREE o] §5to] vlmSet. TN A3t Hehs

o] BAgrar maY Y4 RESC| oL STt RO 9% ulg] 9x/sk, 9
3 Haslo] BHRRRE £2E AR FESor ofga o] SRt 1

oI, HAEA XES ok A EEZ?) Q0] Hliolo] £ BUEAFEE 7170]
wet 199] @2z YAlshe Aol Y, e TS 77le] wret 1xle] ol
o PAISRE AL BolT), w2 YN RESor AR BES 0] vl@slo]

SIS F1o] wel 1910) 9iEo] KB, e BAkER JEg o] wet
99) Qo] QIX|sHe A4S It MAATYYS o) £EE HARy R
glot 5U/1E HESe| o SAE 9AI0] 9L, THE ATEe] vmsle] & 54
ke 78 o] gAIsi. YA REBe| 0L SUNE RESH 0o HEsl] B
EAIE 243, A BAEA FEl WAe Lol Jagdo] vlamsto] ol

E2 FAHSY BARAEEE dent 2, s R a2 24 ZE
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(Figure 3) Relationship between Degree of Diversification and Investment
Performance
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(Eom and Park, 2017; Eom, 2017). £, £ A= ASHA #islo] o3t a4 &
T2 &M 52T o4 A =3tk AR, REET Q9 n]F FAI] Aol
A, &, 371D e] FAI7S o711 € 1271€ 2 A71slsloint. ASdvhe =22
A|ABA 2 (Appendix B: Table 1)¥} (Appendix B: Table 2)°l| AIAgIt}E E4), ZE
E9 9] T4 AE SV &, 5070 419 =4S 10071 S7HFE. A
SAT= =59] AHTAZ (Appendix B: Table 3ol AAgIct A4 Aol <t
A5EIE dA o oA wEE ASEuel =R g

iz

g

4=

B Ho|A B 2% utet 24 HEEe] 0.0] Qjuls J]ei4ole) X
950 gt MRS 2A3E ASATIE (Table 2)0] AN}, gke] AZATONA] H]x
o] 214 EEZe|or} the AuugRrEel 24 ZeBe oo v
3ol 420, 919, BAHEAL o] M-I ZH=rhe SAZ AT olA), HlzS
9l0) ke oA MR R £5E X4 XeBe] o} o Jugdo) v
w3te] ule7 |k A4 o050l ish Bt AL WAES 2R of5E RARI,
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ax mES20 W ML yuww mayy TR

o570 et wzkwe] 2717} AAE] Atk AL & 4 Atk FAY AZATE hew)
2ok 3, oF W9t Z710) Het A oRv) M FEEQ Solat
H)AL gakEo] 27k & EEEe TARAS Fo4, Ha 17414 ) 257
(G0%Z 20 RE 2 34 S} Z710] Wet 27 FEZ Q0| 4ol 9130
digt AiztE 271 E71T Qs vldiola BEEA 9 7o) 3 xeEao
ol mlAI Jee Wlmatw, FIojse] oo ojgt aFelo] BEWA 9.570] o3t %
gt Ar} skl Y 0 R HARA FEE oo n)A: FRHTE P4 ®
E22] 00 nlAi Jeeo] BEHos Itk B4, AYY U 214 ¥e2g
Qo] tiigt W7k Hlaolt Y4 oRo) dislo] HAATERNE w2 A7
RmEET| 97} hE el vlwstel Tige T71 e 2}, oS Sof, oRMep}
7] 17] A9, BEWA 050 tig M ARIYERIE 0] Har HEE
2o the o] vlisto] oo tigt WIZiEL 16%-39% Helol T, gl
it MRS 6%~19% Belol Ut WA EEET 0o QoA Fltjse] (EEEEA) @

)l

ol Higt BAPIRRE S 9= ve AR 490l Hlasto] 2o et vz
T 54%~64% (24%~46%) Hjolal, HIslof gt M= 41%~54% (25%~30%) ¥
Qoltt. ESE LFHY7E FURME AR vAAISER R T E2E XA TEEY

Q1= BhE Aol vlaste] e @R Higt vid=rt Atk dlE 501, 27
A7F g2 2570 (50%)R0 B9l EEEAF 2700 tigt BA S HEE =T E Q]
At ZEER| Q= OE AL Bluste] o] gt W EE 34%~54% Wl
AL, A gt U= 26%~40% ol k. HA ZEEZ] 0] flojA 7di4=9]
(EZEAD) 2700 et HAPFRREE L] B9 the duP L] 3¢l Hlasto] 4=
of HiR WS 56%~63% (22%~26%) HelaL, 1ol et WAEE 29%~38%
(3%~06%) Wl A=, B IAIYE =T E Y| 23 ZEZL| = tE UYL
vl sto] Y oS50 tieh W=} 217 miZof B]x-e-pjef .
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(Table 2) Sensitivity Test by Effect of Input Error on Optimal Portfolio: RMSE

GMVP Tangency portfolio
Risk error Return error Risk error
Return Risk Return Risk Return Risk

Panel A: error range by 1 stock in the portfolio

FEATHA, SC 0.003190 0.000407 0.034187 0.001115 0.002739 0.000226
AZAH/TA, CC 0.003563 0.000618 0.034604 0.001157 0.002659 0.000239
shrinkage CC 0.003481 0.000518 0.034364 0.001121 0.002910 0.000227
AAEA, MC - 0.001456  0.000185 0.028914 0.000885 0.001495 0.000194
shrinkage MC 0.002940 0.000354 0.032990 0.001049 0.002604 0.000216
399144 F3C  0.002453 0.000274 0.033325 0.001076 0.002317 0.000199
shrinkage F3C ~ 0.003012 0.000379 0.034050 0.001117 0.002653 0.000222
vAAEA, NC - 0.000573 0.000035 0.018590 0.000474 0.000693 0.000059
shrinkage NC 0.002733  .000296 0.032551 0.001001 0.002263 0.000205

Panel B: error range by 5 stocks (10%) in the portfolio

FEATSA, SC 0.009316 0.001029 0.087856 0.002201 0.007376 0.002027
gAZATTA, CC 0.011699 0.001818 0.096478 0.002765 0.009361 0.002238
shrinkage CC 0.010690 0.001318 0.090213 0.002343 0.008217 0.002140
AAEA, MC - 0.006097 0.000556 0.081256 0.002315 0.006452 0.001826
shrinkage MC 0.008872 0.000942 0.086603 0.002181 0.007297 0.001995
38914, F3C  0.007677 0.000756 0.086396 0.002267 0.007273 0.001831
shrinkage F3C  0.008910 0.000968 0.087772 0.002210 0.007438 0.001991
HIAAFS A, NC  0.002231  0.000173 0.057238 0.001062 0.002875 0.000415
shrinkage NC 0.008304 0.000857 0.084023 0.001971 0.006410 0.001731

Panel C: error range by 10 stocks (20%) in the portfolio

HEEATEA, SC 0.011373 0.001548 0.129992 0.003559 0.013102 0.003458
YAATA, CC 0.015444 0.002427 0.143545 0.004391 0.015182 0.003602
shrinkage CC 0.012807 0.001785 0.133936 0.003761 0.014301 0.003528
AAAFTEA, MC - 0.009208  0.000923 0.122506  0.003741 0.012214 0.003172
shrinkage MC 0.011111 0.001440 0.128692 0.003612 0.012890 0.003385
3894##A, F3C  0.009762 0.001193 0.128255 0.003752 0.012815 0.003353
shrinkage F3C ~ 0.011039 0.001464 0.129876 0.003624 0.013128 0.003412
HIAIAAMEA NC - 0.004130 0.000448 0.084303 0.001600 0.005637 0.000928
shrinkage NC 0.011028 0.001443 0.124404 0.003323 0.011586 0.003019

Panel D: error range by 25 stocks (50%) in the portfolio

FEATA, SC 0.022957 0.004480 0.232134 0.004907 0.140595 0.834732
AZAT/BA, CC  0.031225 0.005710 0.254617 0.006507 0.169558 1.217873
shrinkage CC 0.024660 0.004800 0.240336 0.005406 0.152382 1.003033
AAEREA, MC - 0.019238  0.003661 0.225481 0.005195 0.140524 0.806088
shrinkage MC 0.022519 0.004477 0.231460 0.005005 0.142762 0.873395
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3894 A, F3C  0.020803 0.004057 0.231255 0.005266 0.147074 0.921719
shrinkage F3C  0.022572 0.004513 0.232375 0.005064 0.144354 0.900939
HIAAREEA, NC 0.010475 0.001459 0.142201 0.001876 0.036492 0.035623
shrinkage NC 0.022424 0.004403 0.221299 0.004210 0.123922 0.640636

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.

oA (Table 204 BIH 28 A52T| sjo] chet Al Ang Sste] A2
Aoz Aeeldtch, AFATHE 7 SH9IKiolA T HaRak e e oo det 1l
A= ASATC] B4 v|wE SIS (Figure 4y, Z} ol9)7|7to|lA 2k JAH ZEE

22 v wZE o1t (Figure 5y ZF

A
2
Ato] WAIEL 7P AL U 2715 ZHe JuE 24ue Glsks Aol

Hr M
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Note: Figures show results for sensitivity test from input error by return (figures a & c) and
risk (figures b & d) measured by RMSE. This is the case from effect for 25 stocks in a
portfolio, which have input error of expected return and standard deviation. In
figures, X-axis indicates 9-type optimal portfolios and Y-axis indicates RMSE.
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Appendices

Appendix A: 3438 YIS

A, 2§ EopllA HHAHo g AREsH= HEAATPH(SC: sample correlation)>
Ao, )T EEHAH0,, 0))E °ol85to] thae] 402 ARE3ith

1

g

isJ

"0

A, APgaR19] 443 AAT ABEFE(NC: non-market correlation) random
matrix theory(RMT)HH O ERE AFQQ1Y) £4& 2= 7P & 1L7A1Y] 42 Al
ATOBA ARETITEID &, 45005 AP EY] 104 Ex=, AAGAET Fite]
HORITHA(TIRF, 2414 N—oo, AIA| QAR O] L—00 O, Q= L/NZE %), TAX &
golA 52 A E IRA(0)Y SEDEG(Pyy (V) e AR 0 R that Zo|
HtiSengupta and Mitra, 1999). =,

@ VOB X)(A—AM)
2T A

A2 B2k Q) Ao &ok= RA] YW < ), = MPNE Aot TPt
PO o IRA(WME Holus IR+ 71297 King, 1966, Brown, 1989;
Eom et al., 2009; Eom et al., 2015 S)ojA4] &EI=]9i50] F5L219 FAAA ui=

B, 7P 2 Ak = D) APERR1S 4S8 Zhar. mEbA AeR1e] £/d0] A

N

11) & Aol AHst RMTH T 3 44 EARERE IFX|e TFHES 085
o £48 EABI= WHS FAEEA(PCA)T SVD(singular value decomposition)7}
At 37EA] L IHRet IRHEE ol 8dlit= 35S 2EATE Aok F4a 4
EEA zolE E: PCAMH2 &8 HoF9 @2 71&d+E(King, 1966; Roll
and Ross, 1980; Brown, 1989 5)°llA ol8=H, AZARl, A4aql 59 £ &4
2 HHsks 8AeAEY AAEARE ABdsket] F-8okal, SVDRHHS 7|EAT
(Klwibergen and Paap, 2006 5)°llA A1EH 2219 &4 BAISH WEFAE A|AE
s Aokt -85, RMTHHEES 71&A7Plerou et al., 2002; Eom 2017:
Eom and Park, 2018)0]A] Al'HE QRlo] &4& BAISH Ay EE Adst=rl -85}
oh. mEbA & A= Markowitz9] A3 QAR ABPHo] 84S T 71
j2o] RMTHES dAtabgoll A o]-g3itt.
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{Appendix B table 1) Performance of Optimal Portfolio in 6-month Holding Period

Return Risk Sharpe ngfindahl Nonl—zero
Index index weights
Panel A: Comparative portfolio
0.0192 0.0228* 2.26¢ 0.0200
EW (1.51) (7.54) (1.90) (0.00) 2000
0.0144 0.0282*% 1.12 0.1473*
W (1.29) (7.65) (1.32) (26.80) °0-00
Panel B: Global minimum variance portfolio (GMVP)
0.0005 0.0097¢ -0.71 0.1271%
sc 0.06) ©.12) (-0.54) (18.49) 19.57
-0.0037 0.0097¢ -2.23¢ 0.1517¢
cc -0.53) 8.14) (-1.91) (13.30) 19.58
shrinkage -0.0005 0.0092% -1.31 0.1326" 20.08
cC (-0.07) (8.14) (-1.00) (17.13) ’
0.0033 0.0101* 0.14 0.1021%

Me 0.38) 8.16) 0.10) (16.32) 23.58
shrinkage 0.0007 0.0096* -0.63 0.1198* 20.99
MC (0.08) (8.05) (-0.46) (17.29) ’

0.0030 0.0096% -0.12 0.1107¢
F3C 0.37) 8.12) (-0.08) (16.75) 2214
shrinkage 0.0007 0.0095% -0.65 0.1214* 2058
F3C (0.09) (8.06) (-0.48) (17.38) ’
0.0104 0.0178* 1.92 0.0240*

Ne 0.97) (7.53) (1.48) (70.70) 4989
shrinkage 0.0015 0.0098° -0.32 0.1065% 2401
NC 0.19) (8.08) (-0.24) (16.15) ’

Panel C: Tangency portfolio, (TP)
0.2904* 0.0354* 19.49* 0.3157¢
S¢ (12.62) ®821) (10.18) (13.96) 6.87
0.3114* 0.0394* 17.90% 0.3371*
cc (12.03) .79 (10.49) (14.49) 627
shrinkage 0.2986° 0.0366° 19.09% 0.3238* 6.62
CcC (12.27) (8.38) (10.26) (14.39) ’
0.28462 0.0341° 19.897 0.2786*

Mc (12.99) (8.10) (10.15) (13.10) 798
shrinkage 0.2916° 0.0353° 19.68% 0.3070* 712
MC (12.76) (8.24) (10.16) (13.70) '
0.2832% 0.0342* 19.70% 0.2921*%

F3C (12.82) (8.06) (10.21) (13.40) 750
shrinkage 0.2888* 0.0350* 19.62° 0.3092% 7.06
F3C (12.62) (8.16) (10.17) (13.73) '
0.1567¢ 0.0223% 16.34% 0.1116%

NC (17.40) (7.63) (10.92) 629 2861
shrinkage '0.2838% 0.0332% 20.39% 0.2765% 8.23
NC (12.52) (8.15) (10.08) (12.71) )

Note: The t-statistics in parenthesis are presented as ‘a’, b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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(Appendix B table 2) Performance of Optimal Portfolio in 12-month Holding Period

Return Risk Sharpe Heﬁindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0131 0.0358% 2.05 0.0200
EW 0.96) (5.25) (1.45) (0.00) 2000
0.0078 0.0400? 0.9732 0.1418*
VW 0.69 (5.84) (1.04) 21.77) °0.00
Panel B: Global minimum variance portfolio (GMVP)
0.0056 0.0154* -0.21 0.1134*
S 0.52) (5.63) -0.11) (13.94) 19.67
0.0008 0.0146* -1.39 0.1325%
cc (0.08) (5.97) (-1.00) (9.03) 2036
shrinkage 0.0045 0.0144* -0.59 0.1160% 20.59
CC (0.43) (5.78) (-0.34) (12.65) '
0.0076 0.0158* 0.31 0.0910%

Me 0.66) (5.47) 0.15) (12.05) 2390
shrinkage 0.0057 0.0152¢ -0.12 0.1067% 21.30
MC 0.53) (5.59) (-0.06) (12.77) ’

0.0077 0.0151% 0.19 0.0991*%
£3C 0.69) (5.47) 0,10 (12.65) 2234
shrinkage 0.0057 0.0151* -0.16 0.1084* 20.89
F3C 0.53) (5.57) (-0.08) (12.93) ‘
0.0071 0.0254* 1.56 0.0235%

NC 0.57) (5.90) (1.16) (56.94) 4976
shrinkage 0.0054 0.0156° -0.09 0.0958* 2422
NC (0.50) (5.60) (-0.05) (11.54) ’

Panel C: Tangency portfolio, (TP)
0.2040* 0.0583 14.73° 0.3528%
s (10.78) (5.67) 6.64) 9.34) 6.08
0.2168* 0.0637* 13.65% 0.3827¢
cc (10.11) 6.14) 6.75) 9.59) 554
shrinkage 0.2091° 0.0599° 14.45° 0.3629% 5.82
cC (10.57) (5.84) 6.71) (9.58) ‘
0.1985% 0.0552% 15.07¢ 0.3151°
Me (10.97) (5.48) 6.58) (8.22) 722
shrinkage 0.2032° 0.0575% 14.87% 0.3435* 6.35
MC (10.80) (5.63) 6.61) 9.10) '
0.2014* 0.0566% 14.94° 0.3304%

F3C (10.89) (5.58) 6.61) 8.64) 6.74
shrinkage 0.2037* 0.0578* 14.82?2 0.3468* 6.27
F3C (10.78) (5.65) 6.63) 9.17) '
0.1164* 0.0363% 12.59% 0.1420*

NE (13.61) 4.26) 6.97) (3.52) 2680
shrinkage 0.1959° 0.0537° 15.38° 0.3115* 732
NC (10.78) (5.40) (6.55) (8.24) )

Note: The t-statistics in parenthesis are presented as ‘a’, ‘b, and ‘c’, representing
significance levels of 1%, 5%, and 10%, respectively.
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{Appendix B table 3) Performance of Optimal Portfolio Constructed with 100 Stocks

Return Risk Sharpe ngfindahl Nonfzero
index index weight
Panel A: Comparative portfolio
0.0195° 0.0129° 3.63° 0.0100
EW (1.66) (12.37) (2.94) 0.00) 100.00
0.0176 0.0166° 1.79b 0.1168°
W (1.61) (11.32) (2.05) (38.91) 100.00
Panel B: Global minimum variance portfolio (GMVP)
-0.0096 0.0042° -5.97° 0.1310°
S¢ (-1.56) 9.24) (-2.58) (17.97) 23.97
-0.0152° 0.0040° -8.81° 0.1792°
e (-2.92) (10.11) (-4.13) (14.64) 19.29
shrinkage -0.0118b 0.0039* -7.45° 0.1443? 23.06
CC (-2.07) (9.24) (-3.09) (17.21) ’
-0.0061 0.0045% -3.28 0.0960°
Me (-0.88) (9.45) (-1.40) (18.48) 32.66
shrinkage -0.0096 0.0042% -6.00 0.1242* 25.96
MC (-1.55) (9.17) (-2.53) (17.49) ’
-0.0072 0.0041% -5.04° 0.1086°
F3C (-1.18) 9.39) (-2.08) (17.91) 28.96
shrinkage -0.0096 0.0041% -6.117 0.1256* 25.49
F3C (-1.57) 9.18) (-2.58) (17.47) ‘
0.0052 0.0100° 1.67 0.0132°
NC (0.54) (11.45) (1.32) 61.74) 9.57
shrinkage -0.0096 0.0043* -5.62b 0.1152% 28,58
NC (-1.55) (9.22) (-2.44) (16.80) )
Panel C: Tangency portfolio, (TP)
0.4413° 0.0182° 39.03° 0.2263°
SC (18.39) (10.02) (14.79) (18.31) 10.17
0.5070° 0.0223° 34.42° 0.2510°
cc (15.95) (10.73) (15.26) (18.80) 8.97
shrinkage 0.4663* 0.0193% 37.97° 0.2346° 0.68
cc (17.44) (10.24) (14.89) (18.78) :
0.4237* 0.0168° 40.63 0.1908°
MC (18.72) (10.19) (14.56) (16.72) 12.66
shrinkage 0.4410° 0.0180* 39.49° 0.2202° 10.62
MC (18.43) (10.04) (14.71) (17.70) '
0.4335* 0.0174° 40.16° 0.2051%

F3C (18.35) 9.97) (14.65) (17.42) BS%
shrinkage 0.4413* 0.0180* 39.45% 0.22222 10.49
F3C (18.39) (9.99) (14.70) (17.82) ‘
0.2137° 0.0115° 27.42° 0.0550°

NG (24.86) (11.35) (16.65) (5.48) 56.46
shrinkage 0.4259° 0.0170* 40.62° 0.2008* 11.87
NC (18.46) (9.87) (14.58) (17.08) :

Note: The t-statistics in parenthesis are presented as ‘a’
significance levels of 1%, 5%, and 10%, respectively.

‘b, and ‘c, representing
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{(Appendix C figure 1) Relationship between Market Situations and Level of
Sensitivity from Input Error during the Whole Period
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Note: Figures show results for sensitivity test on the influence of input errors measured by
absolute values of difference between true and false values during the whole period, in
perspectives of sample correlation (SC, ‘O’ red in color) and non-market correlation
(NC, ‘T blue in color). Input error is the case of 10 stocks in a portfolio, which have
input error of expected return and standard deviation. The figures (a) and (b) are the
effect of standard deviation error on the return and risk of GMVP, and figures (c)~(f)
for the effect of input errors of each return and standard deviation on the return and
risk TP. X-axis indicates the portfolio holding period of 3-month. In the Y-axis, the
left sides indicate market volatility by monthly standard deviation (bar graph), and the
right sides for the absolute values of the difference between true and false values (line
graph). Figures highlight the 2-type market crash of 1997.12 Korean FX crisis
(1997.10~1998.10, yellow in color) and 2008.09 US credit crisis(2008.7~2009.7, yellow
in color).
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Abstract

This study empirically investigates the practical applicability of Markowitz
(1952) optimization function through correlation matrixes among stocks in the
Korean stock market. The proposed method is a correlation matrix that
removes the property of a market factor included in the sample correlation
matrix, that is, the non-market correlation matrix. For comparison with the
previous studies, the correlation matrixes that is known in the optimal
portfolio are utilized, along with equal-weighted and value-weighted
portfolios. According to the results, the optimal portfolio from the non-market
correlation matrix may construct better diversified portfolio, and then,
achieve lower risk and higher performance compared to other correlation
matrixes. In comparison by the perspective of prediction error from expected
return and standard deviation of returns, moreover, the optimal portfolio from
the non-market correlation matrix has much lower magnitude of sensitivity
from prediction error of input variables than those from the other correlation
matrixes. These results show the evidence supporting that the non-market
correlation matrix has a comparative benefit for improving the practical
applicability of the optimal function as well as for effectively reducing the

influence of prediction error from input variables.

% Key words: Optimization, Optimal Portfolio, Correlation Matrix; Certainty

Condition, Uncertainty Conditions, Sensitivity Test



