S LEZEZ|Q 0|2 modern portfolio theory, MPTS 32| D22 =0]| 2|5l A A5}
=

| O|2CE, XS BAEXISI0] REZL|RE e/ £|H E4HEX MEL RS

ZaAZ 4 Qlk= 02
ZEEZZ|R0[22| 70| =T EXAIE 2 FXRe| | AHEFIENM ne{s= 4
ot Pl 22 Brdlt 2o 2 Hold = QIO XEZL|QE Y E AR
o] oA =711l ZR7t Ot 2HH 2410] ZAehs Sdff 0|52 ¢a & ULt 2
C}.

75

g3

- LE|HRIEX} : 0] 7HE0= FAMAE /el gels 7K1 e, 7tz
5

nHel FAo2 LYE ZEEZL|RQ9| V[t E E(R,) 2 ?[&l(Etho22 LSt &
EEZLQ2 7|t E(PR)=] WE(R), where Y w, =1
i=1 i=1

ZEED|QR BLHRI™ risk) : V(PR)=D wV(R)+ D, ww,cov(R,.R,)

i=1 i#j
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https://ko.wikipedia.org/w/index.php?title=%EC%83%81%EA%B4%80%EA%B3%84%EC%88%98&action=edit&redlink=1

S JPHCH R 9I30| e BEER|Qs K| %S REES|QE X|HEIC 0|2
5t xlHiglz|2 Sol M2 X|bfE 4 gls BEZR|QS0| X3S S2H=AIM0lR)D
st

_V@®-V(©)

TR R =t A £UE, v(r)=t A|-HQ| 7}X|, v(0)=0 AHEH(EERH)2| 7}

V(t) S SR AIFOIA & 2 Ql=X| o0 w2t B, 2EE

I

V(0)=00|FHA BE 12 V(t)>0°| KA Z=XHSHK| S0t A2t RIS Reletk| &
1 0|es AE £ Q= el EXSHK| L=Lt (XS LTl M Zlo|2t i

(27)¢] A4t A 75)
22 XpAE(RHAH, $100, T A|EH|A $110) : A0)=100, A#)=110

¥ S(t)=$120,p=0.2

Pl Krat A1 5(0)=$80 -
Pl ARk =4 50)=$80 4 SD=560p=08

(LEZg]9 1) 10,000$ 7FA] T F4] 1003, AP 2052 Attty 514},
ZI17F Q23 -> R(r)= 200+ 4000 = 4,200, p=0.2
=
T

717t LH2| ™ -> R(t)=200! 2000="! 1,800, p=0.8

L
L
=
£
R
i
=
el
Kl
S
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JHEE 7[c 2 = 4,200%0.2+(-1,800)*0.8 = -$600

24F:(4,200+120)2*0.2 + (-1,800+120)2*0.8 = $5,760,000

(ZEET]2 2) 10,0008 71A| 2L B A AchH 1005

7|

CH 2] - $1,000, 24t : $0

A Mportfolio.csv

(Barrick, BCE, BMO, MDS, P-C, RIM) 1 £2lZE(=(&F7H0{MIZ=7H/(2

M) 1%
Chg ZEEZL|R9| 7|t #ei81 24E Tt

E(PR)=1 WE(R), V(PR,)= D wV(R)+ P, cov(R,.R)

i=1 i=1 i#]

Portfolio Barrick BCE BMO MDS Petro—Can RIM
I 1/6 1/6 1/6 1/6 1/6 1/6
I 1/12 1/12 1/12 3/12 3/12 3/12
11 3/12 3/12 3/12 1/12 1/12 1/12
I\Y 1/12 3/12 1/12 3/12 1/12 3/12
\Y 3/12 1/12 3/12 1/12 3/12 1/12

> R=as.matrix(read.csv("portfolio.csv")) #read data into matrix
> dim(R) # matrix dimension

[1] 72 ©

> one=as.matrix(rep(1,72)) #all element=1 column vactor

> dim(t(one)) #t-transpose

[1] 172
> (1/72)*t(one)¥%*¥%R #mean vector
Barrick BCE BMO MDS Petro.Can RIM

[1,] ©0.0084475 -0.003171389 0.01027403 0.003191667 0.01553403 0.03112944

==
=T

71)

> cov(R)
Barrick BCE BMO MDS
Barrick 5.856831e-03 -1.584102e-04 2.417847e-04 0.0013731053
BCE -1.584102e-04 2.536531e-03 6.519278e-05 0.0005997942
BMO 2.417847e-04 6.519278e-05 2.016895e-03 0.0004096999
MDS 1.373105e-03 5.997942e-04 4.09699%e-04 0.0068809250
Petro.Can 1.934113e-03 2.443166e-04 -2.739006e-04 0.0015499161
RIM 4.814946e-05 2.550559e-03 7.581760e-04 0.0022449750
gty gAEu S http://wolfpack.hnu.ac.kr 3 Page
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AT 71k &8 ZEEZQ
M=matrix(c(t(E)%*%solve(S)%*%E,t(one)%*%solve(S)%*%E, >B
t(E)%*%solve(S)%*%one,t(one)%*%solve(S)%*%one), GE GM McDonalds Motorola
nrow=2,byrow=T) -111.6 -26.4 100.8 37.3
M2=2*solve(M) > A
b=0.5*(M2[1,11*t(E)%*%solve(S)+(M2[2,11)%*%t(one)%*%solve(S)) #b  GE GM McDonalds Motorola
a=0.5*(M2[1,2]*t(E)%*%solve(S)+(M2[2,21) %*%t(one)%*%solve(S)) #a  0.911 0.17 -0.076 -0.01
a%*%S%*%t(a) #contant
2*a%*%S%*%t(b) #uv >#contant 0.003369275
b%*%S%*%t(b) #uv"2 >#uv -0.5184201
a+0.001%*%b #MVP with 1% expected revenue >#uv*2  86.11112
REZEQ 74
« k70| KfAtof| B4 BEXfE o~ QLS Zf Xpte| 7S X| ©F0] 10| £|[ =5 7145t LHE
k
2 RRtel lE2 ROIEFSHH P=l wR, | w =1
i=1
- E|Of 9 24 fEES YEE LEEL|QE F¥st= A0 5H
Notation
Kl
1% i=1,2,...,n (REAC| JH2R), KpAE: k. - K BIE] | K
Kn
M, Oy On O,
IH_I— H—-llE-I 7|EH_)IK_Q!§ E(/_C)ZHZ o, %“E_Al_l— ECIjEE:| COV(/_€)=Z= Oy On O
un O-nl O-nZ O-)m
L ow, $
ApoE 018 R, AR IIER] w - F o,
. - # &
fw &
CHEZZQ 1 v=] wK (V=w'k) H3 7St (feasible) ZEZ2|L Y w, =1
(w'1=1)
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HABAH YY) TEZT Q (Minimum Variance Portfolio) 4

1I! "1
1™

minw'! w subject to w'l=1 => By Lagrange Multiplier Method, w,,, =
Xpeke HH( )2 H0|H= = 7=t 22 7|t

2t
7
S(Rr ) #E2 SELRIE(s)E 0[8stH ELf.

1

N
o
4
19
I
kS

o
Ok
HI
rz
I

Qrof Rrete| ZioH £=2]0] S0|H ZEZ2|2 72| 2|0|7t @iz

ds=na.omit(read.csv("ZEZ2|2.csv")) GE GM McDonalds Motorola
names(ds) [1,1 0.574 0.096 0.226 0.101
K=as.matrix(ds)

oneO=as.matrix(rep(1,nrow(ds))) 57%, 9.6%, 22.6%, 10.1%
E=t((1/nrow(ds))%*%(t(one0)%*%K)) #expected revenue

S=cov(K) #covariance matrix 2|9 7I=X|7F MVPY

one=as.matrix(rep(1,nrow(S)))
W=(1/sum(t(one)%*%solve(S)))%*%(t(one)%*%solve(S))
#Minimum Variance Portfolio

ER=W%*%t(E) #expected revenue
VR=sart(W%*%S%*%t(W)) #variance of revenue

> W=(1/sum(t(one2)%*%solve(S)))%*%(t(one2)%*%solve(S)) |2t 20| EXtotH

> E%*%t(W) 7|ch 42182 0.3%0|1( U,)
[1,] 0.003010181

> sqrt(W%*%S%*%t(W))
[1,] 0.05088227

FH

ZHKQIE) 5%0ICt. (67)

0.57
£ ABANQIE) I1ER|= w,,, = 02'2966 —(1)
10.1

o
ot
)
o
El
)
Y
gl
kI
4
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Yolo| Akt EZ2[R)0] Bl Arttofl B3l 7|t == 0] =10 HEEHIHR)7t &
2 4% olie A2 B| W A2 L M[SHEFL St

Yol|o| ZEZ2|QEL} KAt ZEZZ| 7 QITHH Y ZEZZ(Q
U REANEUISE ZEER R E & o =

S7|chM isoyxpected lines

D= M3 JhsE ZES2|Q Tt
S7|ch glofl s 2E mEE?|
st Aol

b

ES

minw'! w subject to w'1=1w'

2w=/,y's*+1,1's",
By Lagrange MultiplierO Method, # ; & o &= = AlS 88510
% 1 (:ZM 100 \ (
$ /2 é 1

http://wolfpack.hnu.ac.kr
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, , 0911 _111.69
b=(1/2)*(M (L)% 1S + M [2,1]%1'S™) 0.176 2646
iy s BTl g076 T 100,84
a=(1/2)*(M™[1,21% '™ + M7 [2,21%1'S™) 0. :
: 200103 3731

(2)

« A1 (1)9] 7}=2]= Minimum Variance PortfolioZ2 &4 Y& 7F=x]o|th, (7] A= 71452 73 gl2)

A Q9 AFAE Agele] ko AA A 918 AFH I BZ AFATL g, o Felet IS S A 4
o2 1% Yo x gt

ESE:
0911 ~111.69 021
0.176 ~26.46 —0.08 _ o
Wy = +0.01% = - HEA7} gHolBR A5 E REST 0 S 7
=ML 0,076 100.84 0.93 N M
-0.0103 37.31 0.36
A 4= gt} - feasible 314 -2
gheF 7t 420l 8-S 0.6%2 oHH, w',,, =(0.24,0.017,0.528,0.214) ~ (4)
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Feasible Portfolio

MVL: (y-F = u,, x5 0,)2
efficient set (S22 EXtM) :
EX & ZEEZ2|Q9])
MMM ZEZEZ(QE

2N IE e el

efficient setOf| M= 7|CH2=

oM 2 2=0f
T-oHof EI
LEZZQE FYSIT)

2{0| 7ot RR(EEHAN T 715 #ICt

o
S
2 P
,/7>>
© o
8 —7'/‘/
(=] » ’4(‘
© ‘,/’
g !
= )
: // 52 7Ps 37
<
o . .
S
S é' feasible portfolio
~N
84 -
o N
N
S -
S T T T T T T
0.050 0.055 0.060 0.065 0.070 0.075 0.080

uv0=0.006
sqrt(0.0033-0.518*uv0+86.1*uv0**2)

EZFHINQIE) = 0.057 (5.7%), 7|ch%

ot
ol
)
1o
El
)
=
il
=
>
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- M ZEEZEZ|Q9| 7|t E(R,,,)=wER,)+(1-w)R, ~ (7)
M EEZZ|Q9| EAb: V(R,,)=WV(R,)=w 2 ~ (5)

2B 2

12
E(RNMF.UVW=RF+W(E(R/)—Rf):RF+w/ ”“(E(F%) Re)= RF+ ”*“”(/Jv Re)

V

LME) ZEZ2|0 My g W R,

el

(OflAl) F=XF Xtetel 7|cH4=2|E 0.006(y, ), EEHX} 0.057(0,)0| 12 2 At
04

%(R,)et 5l

MY LEZ2|RQ 1, =0.004+0003515, ~ (6)

=22 0
==
A

A

A
T 1

uv=seq(0,0.01,0.001); sv=sqrt(0.0033-0.518*uv+86.1*uv**2) Mnew=0.00417 (HlAHAZ, 27) E(Rpew)

plOt(UV"‘SV,type="|") w=0.091 (olé-IXl'AI‘ 7|_7<i|)
abline(a=0.004,b=0.002/0.057) o <

- AIERRLE] TFER| = 9.1%0[ 12 22
XS] 7HSX[= 90.7%0] L.

0.000 0002 0004 0006 0.008 0010

- RO TIEX7H 2 0[R=

0.050 0.055 0.060 0.065 0.070 0.075

ERRHMVL ZEZ2|R M &, 9 11)2] THE R w, R&EXHH2 g, )0 (1-w)
IIEX|E = BREZR|Q THGIICID ok MES ZEZ2|Q0| o2

o]

T
0.080

doigte A g u S http://wolfpack.hnu.ac.kr
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SIBHEETRN0| 5O} 518% (4212 0.417%LIE) 21 &xtit £4} IHE7|7} L2

-

AR FRAHXAC| ZIEXE FEITt AR 7SR w=0.091, FPIAR
=Xl (1-w)=0.907
- 12482 ?fg Artt=2| 71EX|= (1)1(2)7F 25 71E R[0Tt

0.091* (0.24,0.017,0.528,0.214)
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