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Modern Portfolio Theory
Introduction to MPT

Source: Wikipedia, YIG

Harry Markowitz “ 5/ 2/ 2"

“Portfolio Selection” by H. Markowitz (1952)
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Modern Portfolio Theory
Diversification and Risk Reduction

25%
Small

g Mid-Cap
c Stocks
® 15% [ L
g S&P 500
< g
8 10%F  Corporate ¢ o
5 Bonds World 8.5% historical excess return
= ¢ Portfolio [~ of S&P 500 over TBills
T 5%

L Treasury o

Bills
OO/ | | | | | | | | J

|
0O% 5% 10% 15% 20% 25% 30% 35% 40% 45% 50%
Historical Volatility (standard deviation)

- AP HE BT MSN(risk)2 BAE Yol MBEAS I (MSAH0| £ AMUSE BF 980 £3)

Source: Investment Theory, YIG

YIG 4



Modern Portfolio Theory
Diversification and Risk Reduction
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Modern Portfolio Theory
Portfolio’s Expected Return and Variance

Notations: N assets, S possible states, p(s) denotes the probability
of state s, ri(s) denotes asset /'s return in state s

valueof asset1

The portfollo Welght for asset /: w; = value of all assets in portfolio

The portfolio return rp in state s: 7,(s) = wr(s) + w,r, (5) + -+ wyry ()

S N
Expected return of a portfolio P: E(r,) = Ep(s)rp(s) or E(r,) = ZW,-E(I’,-)

Variance of a two-asset portfolio P: 0; = w0, + w0, +2w,w,Cov(r,,ry)
or

- N W D 552 2
OP - WAOA 23 WBOB + WAWBIOA.BOAOB

Source: Investment Theory, YIG




Modern Portfolio Theory
Portfolio’s Expected Return and Variance

* Notations: N assets, S possible states, p(s) denotes the probability
of state s, ri(s) denotes asset /s return in state s

value of asseti

. : : Pt
Tbesporticlioswelghit for-asset [ value of allassets in portfolio

+ The portfolio return rp in state s: 7,(s) = wir () + wyr, (8) + -+ wyry (s)
S N
+ Expected return of a portfolio P: E(r,) = Ep(s)rp(s) or E(rp)= ZW,E(I;)

« Variance of a two-asset portfolio P: 0; = w0, + w;0; +2w,w,Cov(r,, 1)
or

2 07,20 2 0 "
O, =W,0, + W0, +2W W0, 0,0,

Example: Portfolio(P) comprised of A(30%) and B(70%)

A : E(ry) =15%, o04=25%

B: E(rg) =7%, op=14%

E(rp) = 30% * 15% + 70% x 7% = 9.40% Correlation between A and B

0%p = 0.32%0.25% + 0.7 % 0.14* + 2 x 0.3 x 0.7 * p, p * 0.25 x 0.14

Source: Investment Theory, YIG




Modern Portfolio Theory

Portfolio’s Expected Return and Variance: Effect of Correlation

Case1: perfect positive correlation

Case 1: pus =1

Weight | Weight = Weight

Expected Standard

20.00 ~

18.00

A B Sum Return | Dewvation
. . a0 1) 750
A :E(ry) = 15%,0,4 = 25% —5 1.30 1.00 4.60 10.70 16.00 Stock A
. (e \ _ M0 ~ 140 0.20 1.20 1.00 5.40 11.80
B : E(rp) = 7%, 0p = 14% 0.10 1.10 1.00 6.20 12.90 14.00 1
0.00 1.00 1.00 7.00 14.00
0.10 0.90 1.00 7.80 15.10 € 12004
=]
0.20 0.80 1.00 8.60 16.20 B
0.30 0.70 1.00 9.40 17.30 S 4000
Q
0.36 0.64 1.00 9.87 17.95 5
0.40 0.60 1.00 10.20 18.40 3
00 - Stock B
0.46 0.54 1.00 1067 | 19.05 g oo oc
0.56 0.44 1.00 11.47 20.15
0.66 0.34 1.00 12.27 21.25 6.001
0.76 0.24 1.00 13.07 22.35
0.86 0.14 1.00 13.87 23.45 4001
0.96 0.04 1.00 14.67 24.55
1.00 0.00 1.00 15.00 25.00 2.00 -
1.06 0.06 1.00 15.47 25.65
1.16 0.16 1.00 16.27 26.75 0.00 , , . . . |
1.26 -0.26 1.00 17.07 27.85 0.00 5.00 10.00 15.00 20.00 25.00 30.00
1.30 -0.30 1.00 17.40 28.30 Standard deviation
ol Sl o (@] i Snl
o AEEATE1Q B (I 2ol Akt
3] ol st for. L = S
- A2} BO| 7}Z H=0| 23| dX|ghZ 20| > MY A E =1
it I A = el AO|=2 Ccsl =
- ZEZZ|0| HEZH0| SII5HH 7|+ F £t S
Source: Investment Theory, YIG
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Modern Portfolio Theory
Portfolio’s Expected Return and Variance: Effect of Correlation

20.00

Case 2 Pup = 0 Case2: No correlation
Weight = Weight Weight ' Expected Standard 18.00 4
A - F(/‘{) = ]5”&0—i = 25% A B Sum Return | Dewvation
1 3 -0.30 1.30 1.00 4.60 19.68 16.00 Stock A
B :E(rg) = 7%,0p = 14% -0.20 1.20 1.00 5.40 17.53 7
-0.10 1.10 1.00 6.20 15.60 5
0.00 1.00 1.00 700 | 14.00 dedires 1oy
0.10 0.90 1.00 7.80 12.85 ‘
0.20 0.80 1.00 8.60 12.27 j 12.00 1
0.30 0.70 1.00 9.40 12.34 !
0.36 0.64 1.00 9.87 12.69 | 10.00
0.40 0.60 1.00 10.20 13.06 ;
0.46 0.54 1.00 10.67 13.75 F a0
0.56 0.44 1.00 11.47 15.28 !
0.66 0.34 1.00 12.27 17.15
0.76 0.24 1.00 13.07 | 19.27 6.00 Stock
0.86 0.14 1.00 13.87 21.56
0.96 0.04 1.00 14.67 23.98 4.00
1.00 0.00 1.00 15.00 25.00
1.06 -0.06 1.00 15.47 26.49 2.00 1
1.16 -0.16 1.00 16.27 29.06
1.26 -0.26 1.00 17.07 31.68 0.00 ‘ ' ' ' '
1.30 -0.30 1.00 17.40 3277 0.00 5.00 10.00 15.00 20.00 25.00 30.00

Standard Deviation

« A2 BO| 7t4 #HE0| MZ OfF Agdo| 9ZS 2|0 > A, BO| 7t40| &1 20| W0 YatE I{EHO| gi=
« REZ2|Q0| HEN LAt J|ti$AUE B RE I3 22 EA.

Source: Investment Theory, YIG
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Modern Portfolio Theory
Portfolio’s Expected Return and Variance: Effect of Correlation

18.00 4
Case 3 Oup = —q Case3: perfect negative correlation
Weight = Weight = Weight Expected Standard 16.00 -
A F(u) — ]5“‘,‘0—'4 = 25% A B Sum Return | Deviation . W
7 -0.30 1.30 1.00 4.60 25.70 14.00 4 g\c
B :E(rg) = 7%,0p5 = 14% 0.20 1.20 1.00 540 21.80 N
-0.10 1.10 1.00 6.20 17.90
0.00 1.00 1.00 7.00 14.00 12.00 4 /
0.10 0.90 1.00 7.80 10.10 -
0.20 0.80 1.00 8.60 6.20 §
0.30 0.70 1.00 9.40 2.30 . @ 10.00 4
0.36 0.64 1.00 9.87 0.00 \/lﬁk -&u 3
0.40 0.60 1.00 10.20 1.60 °
0.46 0.54 1.00 10.67 3.90 g 8004 Stock B
0.56 0.44 1.00 11.47 7.80 lﬁ
0.66 0.34 1.00 12.27 11.70 6.00
0.76 0.24 1.00 13.07 15.60
0.86 0.14 1.00 13.87 19.50
0.96 0.04 1.00 14.67 23.40 4.00
1.00 0.00 1.00 15.00 25.00
1.06 -0.06 1.00 156.47 27.30
1.16 -0.16 1.00 16.27 31.20 2.00 -
1.26 -0.26 1.00 17.07 35.10
1.30 -0.30 1.00 17.40 36.70 0.00

0.00 5.00 10.00 15.00 20.00 25.00 30.00

Standard deviation

o
8| BtTiE2 oo > A2l 74Z0] 2281 BO| 722 Ho .

- ZEZZR0| Had Al J|ti=E S/t 25 7tstt #240| EXSt= AE @0 0risk ZEEZ|2 5 75.

Source: Investment Theory, YIG

40.00

YIG 10




Modern Portfolio Theory
Minimum Variance Frontier (MVF)

20.00 - : Weight | Weight | Weight Expected Standard

A B Sum Return  Dewviation
18.00 - -0.30 1.30 1.00 4.60 10.70
-0.20 1.20 1.00 5.40 11.80
16.00 - Stock A -0.10 1.10 1.00 6.20 12.90
0.00 1.00 1.00 7.00 14.00
14.00 - 0.10 0.90 1.00 7.80 15.10
0.20 0.80 1.00 8.60 16.20
g 12.00 0.30 0.70 1.00 9.40 17.30
° 0.36 0.64 1.00 9.87 17.95
% 10.00 0.40 0.60 1.00 10.20 18.40
g 0.46 0.54 1.00 10.67 19.05
2 o0l 0.56 0.44 1.00 11.47 20.15
w 0.66 0.34 1.00 (12521 21.25
6.00 - 0.76 0.24 1.00 13.07 22.35
Stock B 0.86 0.14 1.00 13.87 23.45
4.00 0.96 0.04 1.00 14.67 24.55
1.00 0.00 1.00 15.00 25.00
200 - 1.06 -0.06 1.00 15.47 25.65
1.16 -0.16 1.00 16.27 26.75
0.00 , ‘ ' ' ‘ , ‘ | 1.26 -0.26 1.00 17.07 27.85
0.00 5.00 10.00 15.00 20.00 25.00 30.00 35.00 40.00 1.30 -0.30 1.00 17.40 28.30

Standard deviation

« MVF: 714 XpAO| ZRHO| ShAdsh &
- EMIIFAES J|FOR KA HEXM
« -1<p<1 O|7| [[H—E—Oﬂ B E MVFE

= XpARO] MRt A 7t S 4Z diversification2 22 E 2= benefit0| 7 A,

Source: Investment Theory, YIG
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Modern Portfolio Theory

Minimum Variance Frontier (MVF): Three-Asset Portfolio

MSFT KO DIS
E(rp) = wyE(ry) + wgE(1rg) + w-E (1,
T 505 057 0.85 (rp) 1 E (1) sE (rg) cE(re)
il 601 | 394 | 509 0%p = w2,0%4 + wgolp+ w202,
Correlation | MSFT 0.38 0.36 +2WaWgPpap0a0p + 2WgWePp cOgOct 2WaW(e P4 c0a0¢
KO 0.37
2.50
MSFT
2.00 A
1.50 -
MVF of Three Stocks:
S No Short Sale \ ’
< 1.00 - v
0.50 A
000 T T T T T T
0.00 1.00 2.00 3.00 4.00 5.00 6.00 7.00

Source: Investment Theory, YIG

Standard deviation
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Modern Portfolio Theory
Minimum Variance Frontier (MVF): All Risky Assets

Seviear baber & v'\s‘u»\ as1ek)

VE

doer, Wit wwe koucls

S

(iven 4
w7

o A0 A 2E risky assetS 2 A E ZEEE| 22| MVFE£ ‘Global MVP'E 7|E2 2 A QI hyperbola.
« MVFE£ Global MVP’ 7| & ATHo| 2|8 MVPES H2 ‘Efficient MVF' 7} &,
7

1 =
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Source: Investment Theory, YIG
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Modern Portfolio Theory
Separation Property

J. Tobin (1958)

* Risky asset1} ‘Risk-free asset’'S SA|0f|

Sl ZEEZ| =7

H
ot
ot

Hel
|m
M
n

Q M™E 2-stepl £ 7t5:

« 1) Risky asset2t 2 1 d & =X

I E £2|2(Optimal Risky Portfolio) =&

« 2) Optimal Risky Portfolio2} risk-free asset 252}

H|ES MH (FXHXQ| risk aversion 7|

James Tobin “2 L&

Source: Wikipedia, YIG
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Modern Portfolio Theory
Separation Property: Step 1

CALT
o) ‘ 2t TS X|Lt= HH(caL)e S4:
Q,(,;)ml Algahon Uns-
i) o wf A b & E(ry) — 15
(C‘A(La_) E(Tp) :rf‘l‘ o * Op
&) !

l
(% Y

{ | M \/f
] '
& Sharpe Ratio of T
6 4 G’( 0,

« Optimal Risky Portfolio= O C|0{|?

+ Risky asset@ 2 & R E XAEM ZEZDZQMVP)E MVFRO| S > 0| 5 XX ZEEZ|Q=?

« Remember: %|F Z EE2|2 £ Optimal Risky Portfolio®t risk-free asset2 2 T+ > &, MVP & risk-free assetd} Z=8}0| 715 £
Z10] Optimal Risky Portfolio.

0
o

« Optimal Risky Portfolio = risk-free assetdt MVPE X|Lt= ZM(CAL) T 7|27|7t 7t& 7tut2 22 BtEE MVP > © M
I E = 2| 2(Tangent Portfolio).

« > 8| 'H 2 Sharpe Ratio?t 75 2 ZEEZ|R

i

e g s €.

Source: Investment Theory, YIG
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Modern Portfolio Theory
Separation Property: Step 2

) AL

gr)=w/ |-
AN~ .

(57

A tblio on (ALt
hWas  sawaL 3\"4(“' raxs

MVE

2P ¢

+ Optimal Risky Portfolio =% % Optimal Risky Portfolio, risk-free asset 2fZt2| H|& M.
s D> CAL;? U= F- M-,
o TO| 7725 I AHLQ| H|S 0| BOHE - risk aversion0| =2 FXXLO| A &gt

X'—- T

Source: Investment Theory, YIG
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Application to DB GAPS
DB GAPS

O SAHs 2 A ETF

e

=LA 2
S 2fxHA
IRERY

Inverse

BlAIE Fx
e
St

rok

5] =L
=]

* ETF 432 28At: KODEX(&H&AH428), TIGER(DIZHOAIRI2-8), KBSTAR(KBAM28), KOSEF(7| &AL

KOSPI
KOSDAQ
S&P 500
STOXX 50
Nikkei 225
CSI1300
=i 10
SYIARRY
SH2RHA

=1
(==}

WTI

KOSPI Short
US Long

US Short
MMF

Cash

KODEX 200

TIGER ZAEH50

TIGER 0|=S&P5004E(H)
TIGER REAEIA50(EH H)
ACE Y= Nikkei225(H)
TIGER Xt0|LFCSI300

KOSEF 214104

KBSTAR &7|&5|Atxf""
TIGER E7| %150 L (&4, H)
KODEX ZEME(H)

TIGER 21gMEEnhanced(H)
KODEX QIH{A

KOSEF O|2&2{M2

KOSEF O|=g2{QItHAMS
KOSEF Et7|x2

g

ok

KOSPI 200

KOSDAQ 150

S&P 500 Future Index

EURO STOXX 50 Index

Nikkei 225 index

CSI300 index

KOBI 21xH 10H(TR)

KOBI Credit Index

Markit iBoxx USD 50| E 0-5Y
S&P GSCI Gold Index(TR)

S&P GSCI Crude Oil Enhanced
KOSPI 200 ME X[

0= M=K

0|2 =g MEX

MK THLIOEY X|2(E42)

** KBSTAR QSR EH3 : Ha]7|5Y BOH|S0| BHE40E 25101 XZ7|EU0| S22 X2
*** KOSPI Short HIZHQ| 48t ZLIFA HYH|F S 7|F22 5HH Z[CH 20%E 2 + SIS

Source: DB GAPS, YIG
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Application to DB GAPS

Excel Implementation

&2 LI T4 S =4 LA S A& R Inverse FX B
ks KOSPI KOSDAQ  S&P500  STOXX50 Nikkei225 CSI300 T 108 LTI SHRAMA 2 Wl KOSPI Short USLong  USShort  MMF
2023/05/28 0.00341804 -0.0026657 0.00251388 -0.0009924 0.00357398 0.00692595 -0.0021781 -0.0008631 0 -0.0035447 -0.0281518 -0.0032967 -0.0010453 0.00167879 0
2023/06/04 0.00233816 0.02296687 0.00257043 -0.0159713 0.00796439 -0.0016094 0.01251992 0.00240451 0.00371747 0.02232855 -0.0213033 -0.0033482 -0.0153364 0.01453326 0.00092444
2023/06/11 0.00973979 0.02733653 0.00081119 0 -0.0004552 -0.012419 -0.0028495 0.00057636 -0.0036825 0.01032566 -0.0249066 -0.0101237 -0.0126939 0.01268616 0.00063199
2023/06/18 0.00115925 -0.0050161 0.02470007 0.0151117 0.03847024 0.02362637 -0.0057942 -4.81E-05 0.00244898 -0.0007877 0.01827676 -0.0011274 -0.0118153 0.01196953 0.00048579
2023/06/25 -0.0133896 -0.0218795 -0.0101799 -0.0219426 -0.0199737 -0.0210811 -0.0015457 -0.000192 -0.0040833 -0.0209569 -0.0319285 0.01233184 0.0190442 -0.0194595 0.00063119
2023/07/02 -0.0030823 -0.0109449 0.01071071 0.01649621  0.017048 0.01603982 -0.0075198 -0.0013483 0.00451189 -0.0100563 0.00522193 0.00221976 0.0105671 -0.0099174 0.0004852
2023/07/16 0.04874379 0.05189547 0.02749552 0.04008084 0.00797812 0.00438116 0.01377753 0.00429869 0.01554192 0.01733172 0.0447205 -0.0475676 -0.0316233 0.03031974 0.00101794
2023/07/23 -0.0096486 0.07660021 0.00825483 -0.005829 0.00478142 0.00945495 0.00222384 0.00014428 -0.0056497 0.00793966 0.02689487 0.01131222 0.01339609 -0.0133618 0.00072632
2023/07/30 0.0017336 0.03281853 0.0051104 0.00617284 0.00022442 0.03625209 -0.0030329 0.00024048 -0.002826 0.00039573 0.02488152 -0.0033708 -0.0035791 0.00432666 4.84E-05

Source: Quantiwise, YIG

YIG 18




Application to DB GAPS
Excel Implementation

KOSPI KOSDAQ  S&P500  STOXX50  Nikkei225 CSI 300 M 108  SLTIAK SHIMH WTI KOSPI Short US Long USShort  MMF
Return 0.41% 1.71% 0.72% 0.33% 0.60% 0.62% 0.06% 0.05% 0.10% 0.23% 0.14% -0.43% -0.33% 0.33% 0.05%
STDV 0.01701633 0.03093974 0.01142159 0.01765991 0.01482176 0.01669462 0.00717208 0.00165179 0.00616358 0.012777954 0.02702055 0.01666732 0.01525418 0.01492347 0.00037094
TUFEA S 2| F=4] ke L S 2 xH 2 XY Inverse FX k=S
corr KOSPI KOSDAQ  S&P500  STOXX50  Nikkei225  CSI 300 X108 REIAM SHAKH & WTI KOSPI Short US Long USShort  MMF
KOSPI 1 0.37509997 0.64523933 0.77813555 0.16941301 0.03591579 0.59461682 0.79906403 0.82917987 0.575406105 0.47153268 -0.998355 -0.8584868 0.85241585 0.37530811
KOSDAQ 0 1 0.33054057 0.22955381 -0.0033857  0.18501 0.52605877 0.53333092 0.0714787 0.703894491 0.5871367 -0.3470446 -0.3144812 0.30837691 0.40931701
S&P 500 0 0 1 0.86858501 0.78504069 0.53243446 0.21407693 0.43519407 0.71241198 0.397215648 0.78010315 -0.6286805 -0.6147167 0.61857018 0.32121549
STOXX 50 0 0 0 1 0.53737059 0.46857858 0.11096064 0.37849815 0.76255734 0.248004698 0.73928694 -0.7720435 -0.5915471 0.59940876 0.12201292
Nikkei 225 0 0 0 0 1 0.60273054 -0.1468759 -0.0055863 0.39021826 0.244450077 0.43840059 -0.1599811 -0.3767796 0.39163922 0.07108787
Cs1300 0 0 0 0 0 1 -0.2670908 -0.1567375 0.11537358 0.050546922 0.64167475 -0.040645 -0.1195328 0.14547159 -0.3729591
A 104 0 0 0 0 0 0 1 0.90932173 0.55240717 0.742972572 0.20787658 -0.586537 -0.5794163 0.55433671 0.62871157
25| ALY 0 0 0 0 0 0 0 1 0.67132508 0.758523544 0.37812346 -0.7975001 -0.7860214 0.76493184 0.67087059
S 2 xH & 0 0 0 0 0 0 0 0 1 0.400268562 0.44721112 -0.8318037 -0.7011828 0.69231026 0.41553428
=2 0 0 0 0 0 0 0 0 0 1 0.30125771 -0.5659002 -0.7598659 0.75367577 0.48594175
wTI 0 0 0 0 0 0 0 0 0 0 1 -0.4525881 -0.3219078 0.32369298 0.16960708
KOSPI Short 0 0 0 0 0 0 0 0 0 0 0 1 0.86556877 -0.8600166 -0.3643142
US Long 0 0 0 0 0 0 0 0 0 0 0 0 1 -0.9992849 -0.3346835
US Short 0 0 0 0 0 0 0 0 0 0 0 0 0 1 0.30734706
MMF 0 0 0 0 0 0 0 0 0 0 0 0 0 0 1
Weight
KOSPI KOSDAQ  S&P 500 STOXX50  Nikkei225 CSI 300 I 108 LAY SHeIME 2 WTI KOSPI Short ' US Long US Short MMF
0 0.18596643 0.2 0 0.2 0 0 0.15 0.05 0.05 0 0 0.15403357 0 0
STDV KOSPI KOSDAQ  S&P500  STOXX50  Nikkei225 CSI 300 X108  LTIAM SHAKH WTI KOSPI Short  US Long USShort  MMF
KOSPI X 0 0 0 0 0 0 0 0 0 0 0 0 0 0
KOSDAQ X 8.6889E-06 0 -1.155E-07 0 0 1.5206E-06 2.5349E-07 5.17512E-06 0 0 -8.503E-06 0 0
S&P 500 X 0 1.0632E-05 0 0 4.9263E-07 1.003E-06 1.15943E-06 0 0 -6.599E-06 0 0
STOXX 50 X 0 0 0 0 0 0 0 0 0 0 0
Nikkei 225 X 0 0 -8.206E-09 7.1297E-07 9.25936E-07 0 0 -5.249E-06 0 0
Cs1300 X 0 0 0 0 0 0 0 0 0
=X 104 X 0 0 0 0 0 0 0 0
25| ALKY X 1.0252E-07 2.40147E-07 0 0 -9.152E-07 0 0
S 2 xH & X 1.57622E-07 0 0 -1.015E-06 0 0
= X 0 0 -2.281E-06 0 0
WTI X 0 0 0 0
KOSPI Short X 0 0 0
US Long X 0 0
US Short X 0
MMF X
6.3778E-06
Source: YIG
YIG 19




Application to DB GAPS
Excel Implementation

Constraints
KOSPI KOSDAQ  S&P500  STOXX50  Nikkei225  CSI300 if10d  SEZ|ARKY SHMA wrTl KOSPI Short ' US Long USShort  MMF G
T 0.4 0.2 0.2 0.2 0.2 0.2 0.5 0.4 0.4 0.15 0.15 0.2 0.2 0.2 0.49 =
B 0 0 0 0 0 0 0 0 0.05 0 0 0 0 0 0 0.01
T 0.4 0.4 0.6 0.2 0.2
B 0.1 0.1 0.2 0.05
ZLYZFA| Bl 2| Al LR A R SAXEXY Inverse FX sHa Weight Standard Expected Sharpe
KOSPI KOSDAQ  S&P500  STOXX50  Nikkei225  CSI300 I 108  SEIALM sHelMAH F wTI KOSPI Short ' US Long USShort  MMF Sum Deviation  Return Ratio
0.000%  18.597%  20.000% 0.000%  20.000% 0.000% 0.000%  15.000% 5.000% 5.000% 0.000% 0.000%  15.403% 0.000% 0.000% 99% 0.00771844 0.555%  0.654572747
¥ 0.185966426 40.000% r 0.2 0.05 " 0.154033574 0.698% max expected return
std 0 3.3106E-05 5.2181E-06 0 8.7874E-06 0 0 6.139E-08 9.4974E-08 4.0819E-07 0 0 5.5209E-06 0 0 5.3197€-05 0.143% lost return
rtn 0.00% 0.32% 0.14% 0.00% 0.12% 0.00% 0.00% 0.01% 0.00% 0.01% 0.00% 0.00% -0.05% 0.00% 0.00% 0.55%
Source: YIG
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estment Group




Application to DB GAPS
Python Implementation

2 mpt_2.py X

MPT > mpt_2.py > @ main
lass MPT:
def __init__ (self, period, port, rf):
self.period = period
self.port = port
self.rf = rf

percent_change(self, arr)
first_val = arr.iloc[0]
last_val = arr.iloc[-1]

return last_val / first_val - 1

f df_setup(self):

df_list = list()

for ticker in self.port:
data = yf.download(ticker, group_by="Ticker", period=str(self.period)+'mo")
data['Ticker'] = ticker
df_list.append(data)

df = pd.concat(df_list)

‘e \

PROBLEMS OUTPUT DEBUG CONSOLE TERMINAL + v

Enter analysis period(mo): 2 Python
Enter risk-free rate: 0.000495125 Python
message: Optimization terminated successfully
success: True
status: @
fun: -0.654572204141003
x: [ 4.213e-16 1.856e-01 ... 3.863e-16 1.391e-04]
nit: 6
jac: [ 1.753e-02 -5.477e-02 ... 4.801e-02 -5.151e-02]
nfev: 96
njev: 6
.21253407e-16 1.85631594e-01 2.00000000e-01 —6.96757067e-16
.00000000e-01 -6.20814164e-16 3.22860697e-16 1.50000000e—01
.00000000e-02 5.00000000e-02 5.62293058e-16 —2.37459071e-16
.54229320e-01 3.86290300e-16 1.39086522e-04]
(venv) heewon@Gary Quant % I

X ®0AO0 Ln 86, Col 39 Spaces:4 UTF-8 LF {§ Python 3.8.3 (‘venv:venv) ® Golive & [

Source: YIG
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Application to DB GAPS
Model in Action

rpgaols | Asusos  ERCHEERE
6
5 ofxfoft

LEHAOIS: 4.472%

4
JF

2

1

0

HolB(%)
w

OldDart OfxfoFxt B ES DwWyYI YIGIHYHE
ey (20230717 |7 (ct91:% 20
= CE] NAV P

5 YIGIHYEE 10,382,145,193 3.821

1 OldDart 10,524,322,347 5.243

2 OfF2tof2} 10,447,155,272 4.472

3 = 10,409,070,338 4.091

4 DWYI 10,385,117,837 3.851 Eacy E—
5 YIGIHEAE 10,382,145,193 3.821 -

Source: YIG
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