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A Study on the Portfolio Performance Evaluation using
Actor-Critic Reinforcement Learning Algorithms
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{Abstract)

The Bank of Korea raised the benchmark interest rate by a quarter percentage
point to 1.75 percent per vear, and analysts predict that South Korea's policy rate will
reach 2.00 percent by the end of calendar year 2022. Furthermore, because market
volatility has been significantly increased by a variety of factors, including rising rates,
inflation, and market volatility, many investors have struggled to meet their financial
objectives or deliver returns. Banks and financial institutions are attempting to provide
Robo-Advisors to manage client portfolios without human intervention in this situation.
In this regard, determining the best hyper-parameter combination is becoming
increasingly important. This study compares some activation functions of the Deep
Deterministic Policy Gradient(DDPG) and Twin-delayed Deep Deterministic Policy
Gradient (TD3) Algorithms to choose a sequence of actions that maximizes long-term
reward. The DDPG and TD3 outperformed its benchmark index, according to the
results. One reason for this is that we need to understand the action probabilities in
order to choose an action and receive a reward, which we then compare to the state
value to determine an advantage. As interest in machine learning has grown and
research into deep reinforcement learning has become more active, finding an optimal
hyper-parameter combination for DDPG and TD3 has become increasingly important.
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Fig. 1 Structure of DDPG(Left) and TD3(Right)

o'=[¢".6%,6%] 2 DDPGOIA el A7)

SN | F71E Fdolehs]. E3E TD3oA AR

5= 549+ DDPGeF sUst 42 7
o 2|8 ARl AR s A (D] E g
T ys ok WY A 5= WAEE).

Yy, = r(st,jvathj)
+’Ym1ni:1_’2Q00',(S[+1,j7/j‘(sl+1‘j) +w) (5)
w ~ clip(N(0,0),— e, ¢)

o= DDPGY] ol 4 #H3E s
o hd=E oItk min,_,, Q& B
G AR Q- & U A2 ghe A

3t} T3 H3p Ao HE3Ksmoothing) 7

41 o

_—

e A80te] dE Y ol 228 A
Z2{(Clipped Random Noise) wE 7}3HHS].

TD3¢t DDPGe= AW HHlolE HAA®
Xolg BTk, DDPGE 4%, A3l Azt 28
(Time Step)ultt RE AlATo] X2 k5L

SRR TD3+= A Hulle]E(Delayed Update)
WAle ARSI ol A8 AWET dE
ARSI H3k AR YHlPlE SIS = e

Bl

w’o = =2 RXT o
Hpole), o]E B9 Q-¥4vt ebgElel the Al
Aellx] et T 249 U oR 8L
A 4 Qo dipHow Fabo] W gk &
AL 5 =S of X0 FHe HATHS)
3e 4% A4% 32 94 AEew

DDPG®}F -fAbstch T1eu TD39] 7%, Twin
Q-learning= 2-851%7] wlwof HE

—_
2
— o
o2
o

Fig. 1(22%) 53 #eld & glehl

L(GQ):LMZ {(qst,yat,]“ 60>_1/z>2] ©)

t



SR BiEe] AR ol ofd 7Rx] Zxulg
Has ZollA RelU, PRelU, GELU, SiLU 121l
Mish 243}t e DDPGE} TD3S Shsdich
dutd o s A5 updkEollA AMEE A

i
wo] A 4k A7) Zeo] Aol

flz) = activation(i:ciwi +b) @)
i=1

Table 12 & =FolA AMgH &4t &
UERALE Al 1RO =(Sigmoid)s BE olFAIAY
o] JHgkl disll 004 1 Ao]=2 HRRA|7|H, 1]

lodch
U ko] v ARAY v HolR= AL, 7%
7] & EAE A "ok olg o Aast Aol
At o FARE A4S 7R3 Sl BlAY
=0l RelUolth. &t} RelU% <QlEAlAwe]
degto] 0ol 7MHIAAY &7t =W oo

d

& gtel 00] ol dHuts 3PS 4 §lo] 3t
52 O ol 4 g He= Al RHsA =
ok o]l RelU9 @& sfidsh] ¢l SiLy,
Mish, PReLU, GELU7} AQt=|Sict. SiLU= &
ko]l dEEH Eeo] 0o Hol wlE Flol

sl Ao gl QeEE Sole g

™

tlo Rl oo

Table 1. Activation functions
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Table 2. Descriptive statistics

8 20199 Fot

ax,forx <0

PReLl fla) = z, forx =0

—_—

GELU &(x) :z% 1+erf(%)]
flz) =z0(x),where
SiLU o(z) 1

Mish flz)=zTanh(In(1+e"))

DJI DJT Return(%)
Mean 18374.52 0.000432
Median 17576.96 0.000565
Max. 28645.26 0.049846
Min. 10655.30 -0.055464
S.D. 4840.076 0.008704
Skewness 0.417034 -0.447421
Kurtosis -1.022344 4.208436
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Table 3. Performance of portfolio using DDPG and TD3

DDPG(a) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.284268 | 0.120950 2.129915
GELU 0.286857 | 0.115796 2.236857
PRelLU 0.263154 | 0.115727 2.077317
SiLU 0.28841 0.116959 2.226098
Mish 0.288553 0.121089 2.155133
DDPG(b) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.259065 | 0.120513 1.972577
GELU 0.276156 | 0.123264 2.040762
PReLU 0.285618 | 0.115596 2.232181
SiLU 0.295032 0.121652 2.186994
Mish 0.284784 | 0.122893 2.101438
DDPG(c) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.265013 0.124396 1.952746
GELU 0.263903 0.115221 2.091082
PReLU 0.281038 | 0.121465 2.100654
SiLU 0.279402 0.123173 2.062821
Mish 0.276505 0.120327 2.089866
DDPG(d) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.275177 | 0.117061 2.135955
GELU 0.299347 | 0.124757 2.162317
PReLU 0.243471 0.117882 1.908140
SiLU 0.283027 0.12044 2.130354
Mish 0.275258 | 0.117227 2.133653
TD3(a) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.261593 0.122194 1.963530
GELU 0.2708 0.117225 2.103805
PRelLU 0.273204 | 0.116189 2.137783
SiLU 0.276218 | 0.121943 2.061923
Mish 0.284734 | 0.123743 2.087537
TD3(b) Return Volatility | Sharpe Ratio
Benchmark | 0.228985 | 0.124887 1.720666
ReLU 0.290192 | 0.117197 2.233597
GELU 0.258218 | 0.120606 1.965561
PReLU 0.262992 0.118065 2.037404
SiLU 0.289158 | 0.121834 2.146543
Mish 0.280684 | 0.125809 2.030165
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Table 3. (Continued) 7 S S5 APFos ww g4t o
TD3(c) Return Volatility |Sharpe Ratio -, 50 HAY 2o} e AEEe 39 S
Benchmark | 0.228985 | 0.124887 | 1.720666 2e 7JA7|T o] sREeF £ Q= QlEl-=Y
Rl 0250175 | 0.00615 | DIS6 | gel weig 1Ak Bt e e 5
GELU | 0.287 0.1240 101767 o1l ol molsl s ZWL ol
PReLU | 0.260694 | 0.117432 | 2.032250 2% ek Tt s ke Aeld
SiLU 0.268757 | 0.120947 | 2.029419 olgf Zuj7ie] Zote] webs] 1 Axfof A
Mish 0.305001 | 0.123508 | 2.218129 o7} 9le 2= ¢l7] wiEo] KA ZujpHLE X
TD3(d) Return Volatility | Sharpe Ratio © A2 e S8 ol & ==
Benchmark | 0.228985 | 0.124887 | 1.720666 RelU, PRelU, GELU, SiLU 122l Mish &4}
L I
. . : RO =3l 2 238 A
PReLU | 0.273032 | 0.121067 | 2.055310 §FE S drs Ut 1 B Table
SiLU 0.287019 | 0.120384 | 2.157156 37 o] HE AFA A2 AEAE Ho
Mish 0.277593 | 0.117757 | 2.140135 o= o3 dju] Exjolo] WIS olm]stch

DDPG(a) TD3(a)

—RelU —PRelU —GELU —SILU —Mish — Benchmark —=e

DDPG(b) TD3(b)

—RelU —PRelU —GELU —SiLU —Mish — Benchmark —RelU —PRelU —GELU —SiLl —Mish —Benchmark

DDPG(c) TD3()

—RelU —PRelU —GELU —SILU —Mish —Benchmark

TD3(d)

—RelU —PRelU —GELU —SiLU —Mish —Benchmark —RelU —PRelU —GELU —SilU —Mish —Benchmark

Fig. 2 Cumulative Returns of DDPG(Left) and TD3(Right)
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