Post Modern Portfolio Theory (PMPT)




Post Modern Portfolio Theory

Theory: Limitations of MPT

Assumption #1: 2= F£X=0| 21 E MELCH= 7Y > Lognormal Distribution
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Figure 5.2 Distribution of S&P 500 lognormal fit to monthly returns, 1992—96
Table 5.3 Skewness statistics for five years, 1992—96
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*This is the usual statistical measure of skewness (the third moment of the distribution). Zero 2000 e 500 agaregse EATE dlstrlbutlon QEL% (3 parameter I.l, o,T— extreme value)

Figure 53 Frequency of non-normal returns for major asset classes

skewness represents symmetry while positive and negative values indicate positive and negative
skewness, respectively.

Source: Tony Yiu, Rom & Ferguson, YIG
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Post Modern Portfolio Theory
Theory: Limitations of MPT

Assumption #2: risk = H &

L-O O

(variance, standard deviation) > MAR & Downside Risk (Downside Deviation)
MPT

PMPT

. “Risk=HEA"0

HS A2 2 71785t= MPTS| 8% B0 SOl 2= X 0| (A3 2 M 2{E > upside HEE
PMPTE& “MAR(Minimum Acceptable Return) Ol2{ 2 47| = HEH"S

HEH0| 2 Ao HEEIZE M E
2lA3 2 FOo|5tH MA| FXHX0|A &2|0/3t Downside Risk =&
Downside Risk= Downside Deviation & &2 =X
- MARZ 273l FXAtAt| 2|A3 Mz B AR

o
A BtY 7S (bull market: higher MAR, bear market: lower MAR)
Source: Rom & Ferguson, Investing.com, YIG
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Post Modern Portfolio Theory

Theory: Limitations of MPT

MIX|E | §1180| E: Sharpe ratio = Sortino ratio

MPT

Rp_Rf

Op

Sharpe Ratio =

where:
R, = return of portfolio
R = risk-free rate

o, = standard deviation of the portfolio’s excess return

Source: Investopedia, YIG
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PMPT

R, —ry¢

Sortino Ratio =
Od

where:
R, = Actual or expected portfolio return
rs = Risk-free rate

o4 = Standard deviation of the downside
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Post Modern Portfolio Theory

Implementation: Overview

6-step Implementation Process

Il
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>

1. ZE A & T (extreme val.) TtS17]| (optional)
2. LEZP| 29| lognormal function 75}7|

3. MAR MFH

4. Downside Deviation Tt5}7|

5. Sortino ratio T+5}7|

6. Sortino ratio maximizing optimization= S0l £|8 LEZZ|2 HlE ==

Source: YIG
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Post Modern Portfolio Theory

Implementation #1: ZEEZ|Q T4

Sl7] (optional)

Random Sampling: Bootstrap Procedure

Simulation for attaining t

5.62,1.62, -7.47, 5.6, -7.69, —1.02, 0.87, 4.57, 6.42, 3.08, 0.79, —0.49
0.76, 1.01, -12.4, -3.07, 1042, 5.12, 3.95, -0.3, 4.17, -2.36, 4.05, -5.15
2.97, 3.9, 0.37, 1.01, .98, -6.35, 2.69, 3.88, -5.26, -2.44

50 TIGER SYNTH ACE JapariNi TIGER CHINA KOSEF 10YK1 KBSTAR Cred TIGER SYNTH KODEX Gold | TIGER WTHFU KODEX INVEF KODEX USD F KODEX USD F KOSEF Enhan

132 102 091 0.96 0.97 0.97 078 135 076 118 11
1.35 1.03 0.96 092 0.99 0.99 1.05 155 0.84 123 0.98
1.01 112 108 1.07 1 1 13 158 072 1.05 0.88
168 1.31 078 0.99 0.99 1.02 X 109 068 1.26 104
0.87 118 0.9 0.89 1 X 149 096 112
1.29 176 il 0.98 101 0.95 116 83 117 0.94
14 183 1.05 0.88 1 108 0.99 104
12 143 0.81 0.99 099 105 114 0.89
15 11 1.02 091 0.97 13 .95 145 X 0.92 0.92
124 147 075 1.03 103 .03 118 X 118 109
113 1.07 0.86 0.99 .03 X 1.33 73 119 0.86

1.35 0.84 0.86 112 .05 X 128 1M 103
094 1.07 137 0.88 3 166 1.05 0.82
118 112 0.85 0.93 . 153 1.09 0.97
124 1.03 107 .93 . m X 099 (K]
116 0.97 075 106 8 114 1
092 159 0.81 .93 102 1 X 117 X 1.06 107
118 079 092 2 3 107 115

« Base data: 3 years, monthly returns data (37 H x| & =< &)
a

« HHOZ 127 & =& sampling > compound > HE A A=
OOl =&

« %l random sampling 2’82 0l 2] H (2,500 ) Bt=3} large sample
data &2
- (optional) A|Z{2tE QI8 SIAEDY =&

Source: Forsey, YIG

YIG Quant

1.02
1.02
1.02
1.01
1.01
1.01

Histogram of KODEX 200

200 A

1504
>
(%4
[
[}
>
o
£ 100
max
50 1
—4
T
0- T T T
0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50

KODEX 200

Sample data®| mean, stdev, min, max A4t
Min, max & meanZt § 7t7h-2 2 M7
S 22 mean2 282 EH 4 * stdev BFE 2| Ol > 1

Ex) mean = 12%, std = 8%, min = -15%, max = 70% — extreme value =
-15% - 4(8%) = -47%
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Post Modern Portfolio Theory

Implementation #2: ZEZ2[/2°2| lognormal function 9o

EZEZZ|2 mean, stdev, T 75}7|

Lognormal function &4

Review: Portfolio 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

» The portfolio weight for asset /: w, = valuoof allassetsin portfolio

* The portfolio return 7 in state s: r,(s) = w7 (s) + wyry (s) +-- -+ wyry (s)
S N
+ Expected return of a portfolio P: E(r,) = Zp(s)rp(s) or_B(r,) = EW,.E(I”,.)

« Variance of a two-asset portfolio P: 0; = w0 + wyo, +2w,w,Cov(r,,1;)
o1
2 20 222
Op =W,0, +WpO0p + 2WAWBpA.BUAO—B

—

L (/sftﬂA\;\;bV\
Portfolio t:

* Min = weighted combination of the min of all
assets in portfolio

+ Max = weighted combination of the max of
all assets in portfolio

Source: Forsey, YIG
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The three basic parameters estimated from the sample

Mean = sample mean
SD = sample standard deviation
T = extreme value computed as described above

Some auxiliary parameters

Dif = |Mean — 7|

()

w = In(Dif) — o2
1

T W o)
1
==

Formula for the lognormal curve f(x)

If the extreme value is a minimum and x is greater than the extreme value then

o

f@x) = -exp(B - (In(x — 7) — )

X—T

If the extreme value is a maximum and x is less than the extreme value then

o

f@x) = -exp(B - (In(r — x) — )

T—X
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Post Modern Portfolio Theory

Implementation #3, 4: MAR 4178, Downside Deviation T5t7|

MAR Selection Downside Deviation Calculation
MARS =M EXIXIO| 2|A3 M & S A|& Mak Hr A MAR
75 (bull market: higher MAR, bear market: lower MAR) Downside deviation = (MAR — x)* f (x) dx
—0
- EXX2A3 MSE: 22|19 42 DB GAPS
MAR XHEH Tt5 (SXH CHEF 5%)
60 - — lognormal func
19 Stat= 2folct 10,507,192,737 5.072
20 AlD|Lt 10,507,034,220 5.070 50 -+
21 %zl 10,504,347,799 5.043
40
« AE HY: 902 FOMC O|F, O|= 7|EF 2| 71214
7ts7’30| =0t %l 2t 40| A bearish TF A| & Of| &F > > 30
lower MAR
20
10 -
0 -

MAR — 5(yo 1.00 1.02 1.04 1.06 1.08 1.10 1.12
X

Source: Forsey, YIG
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Post Modern Portfolio Theory

Implementation #5, 6:Sortino ratio +9%t7|, Optimization

Sortino Ratio Optimization for DB GAPS

message: Optimization terminated successfully
success: True
status: 0
fun: -10.731924791734984
x: [-8.773e-10 1.885e-01 ... -8.302e-10 -8.668e-10] Number of iterations

nit: 9 performed by optimizer

Max Sortino Ratio

jac: [ 7.073e+00 4.126e+00 ... 8.578e+00 -1.411e+00]
nfev: 149

njev: 9
.77262712e-10 1.88495230e-01 5.18827967e-02 -9.38581817e-10
.81172030e-02 -1.04462193e—-09 -9.43660172e-10 -3.87800395e-10
.00000001e-01 -9.66323143e-10 1.13009544e-01 1.88495230e-01
.00000002e-01 -8.30186443e-10 -8.66802225e-10]

Optimal Portfolio Weight
[ ]

Source: YIG
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Post Modern Portfolio Theory
Implementation: Python

O Untitled (Workspace)

EXPLORER @ pmptpy X

Vv UNTITLED (WORKSPA.. [ B3 O @  Quant > PMPT > @ pmpt.py > @ main
v Quant

© MPT import pandas as pd

import itertools

import math

B 3yr_1mo.csv from scipy.optimize import minimize
B 3yr_3mo.csv from scipy import integrate

import sys

import os

import matplotlib.pyplot as plt

B corr.csv import numpy as np

B std.csv

Vv data

E 3yr_12mo.csv
B avg_rtn.csv

@ mpt_daily_auto.py
) GG ey os.chdir('/Users/heewon/Dev_Projects/Python/Quant/PMPT"')
» mpt_final.py

» mpt_weekly_auto.py def main():
» worksheet.py

> pandas_practice period = input("Enter analysis period ('total' / in months): ").lower()

while period != 'total':
3yr_1mo.csv try:
3yr_3mo.csv period = int(period)
except ValueError:
print(“Period input is invalid")
ELAESY period = input("Enter analysis period ('total' / in months): ").lower()
corr.csv continue
sampled_rtn.csv period = int(period)
break

3yr_12mo.csv

std.csv

@ asset_lognormal.py

» checkpt.py rtn_interval = int(input("Enter return interval of dataset (1 / 3 / 12): "))
® pmpt.py
@ tester.py

while rtn_interval not in [1, 3, 12]:
. . . print("Invalid return interval")

query_jiyunkim_senpai.py rtn_interval = int(input(“Enter return interval of dataset (1 / 3 / 12): "))
> Al_Algorithm_Course

> venv

port = ['KODEX 200',
'TIGER KOSDAQ150°',
'TIGER S&P500',
'TIGER SYNTH-EURO STOXX 50(H) ',
'ACE Japan Nikkei225(H)',
2 OUTLINE 'TIGER CHINA A300',
> TIMELINE 'KOSEF 1@YKTB',
X ®0A0 Wo o Ln 45, Col 32 Spaces:4 UTF-8 LF {§ Python 3.8.3 ('venv':venv) @ Golive [2

Source: YIG
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Post Modern Portfolio Theory

Insight

PMPT 22

1. ZEZE|R T +dE2 2 EE & MECL}E. (55| DB GAPS)

2. > 2t PMPTZF MPT CHH| Zt= edge?t 27 QUL

4. Lognormal2 £ ‘market scenario’?| =& X & L =off Ol AH

+2l &8 MUSIE lognormals & &= ULt

4.6 EXTENSION USING SCENARIOS

‘We know that next year’s returns are dependent on economic and market forces
that are changing. What can be done to include these changing conditions into
our model? We briefly describe one approach, based on market scenarios. The
idea is to divide past returns into a handful of groups based on the market
scenario existing when they were generated. We then use our bootstrap approach
to fit a lognormal curve to each asset for each scenario. Finally, we obtain a
probability model for next year’s return by using a mixture of these lognormal
models with weights chosen according to our beliefs about next year’s scenario.

Source: YIG
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