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A Study on Asset Allocation Using
Proximal Policy Optimization
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{Abstract)

Recently, deep reinforcement learning has been applied to a variety of industries,
such as games, robotics, autonomous vehicles, and data cooling systems. An algorithm
called reinforcement learning allows for automated asset allocation without the
requirement for ongoing monitoring. It is free to choose its own policies. The purpose
of this paper is to carry out an empirical analysis of the performance of asset
allocation strategies. Among the strategies considered were the conventional
Mean-Variance Optimization (MVO) and the Proximal Policy Optimization (PPO).
According to the findings, the PPO outperformed both its benchmark index and the
MVO. This paper demonstrates how dynamic asset allocation can benefit from the
development of a reinforcement learning algorithm.
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Table. 1 Descriptive Statistics

DJI DJI Return(%)
Mean 20577.68 0.000470
Median 18134.21 0.000655
Max. 36488.63 0.113650
Min. 10655.30 -0.129265
S.D. 6637.568 0.010786
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Table 2. Performance of Asset Allocation

FHojEHlo|Ro]  uke  ALS. Kol g}

Return | Volatilty | Sporee | MDD [231124]. o]t A% ZolA ATAGS EI

Index | 0.2090 | 0.1242 | 1.5966 | -0.0661 7IASRE 71Nk Apikte] AfHIA Al 919 Al
MVO | 0.0763 | 0.1022 | 0.7712 | -0.0661 A 71dE0] 95 AAYAL ok 8 2%
PPO | 0.2120 | 0.1202 | 1.6604 | -0.0687 AL olTA T} vldgolE 7uke] 2 Ay

A TEHE S QR Hero] T AE T

olt}. olet Ho] gty 2GAUIAE 4

cumulacive e A L P e o B N EC R i

S BRI gl

TARESAE, MRS 24 gk olH

R LT PR SR I T

0] AXWA BT AEee] 4 e
=8 Aow dElcis),

R Boodpolds AE djEe] b Wedew

Fig. 1 Cumulative Returns of MVO and PPO AREERE ol nkE 9 xo] Hot-EAE Aot}

rd



9 AA 2SS L8 A RS AYE vl o Fedt Al - w8 B, AW 2Ea AlRA
- BATORN SEA JRAZE vl & 4 9l ol A ARV 2 59 Fesow s At
o &, viEfze A ZEEYR olES HY wiRelAe S8l ofwel AL, ofF AE
ohaL A 8%t TEET R VISAE AERl] #4003 HESRA SR FA QYRS ofge] d
e 2R oH EAE AR SRR Qlch A3Rks dloldETE A& o AA| A
vpE ] Fab-At 2ol 22 U, & ¥ o S8Ae HeE gnlEdA sk, FA
A9l SRS Hof il ik ey AAR A folEe]| it Z|dAE AsAl BAE S ks
A HIE HASEE flide AFA] 4 &8 divte] A 9 & 4 S Aol

o] Eaditt olo] s ofloldET; A&A & ol &% 9 7] Ead o] Badt
S e S AR o] STk SRl o ARE uiE ARA7F 7L e B4 l9lel®

Mt e Y ¢ eA VIS Ba-wA o ARRE AWM AR 8ol HAl A8l
HAoks L8%t AME wiEd vl ZASkTh IPgollA oRekdt Alokxzie] EARITH26). L F
& A7 8 24 Ak v o oA 22 T2k HlT FE= fol s¥ske =
A, -t HAsiel 29 G 229} 7] A9 Blspo] w2l Aeulg 2 Aokl mEA
S =206l ol AAl ARt 8l ol Tk, T
e HARA 2E|AL vl Aol wE eSS 3L
QIS Hol ik ofefdt Avk: 53] 4 A e A9t Basht
o

A iR R4S U At ¥ 5 gk

=, 7Pks oleldEE A 89| HStE n|
n-l-
2] AL olol 4143] e Aol 91E 7 e
£ 9 FoE 119 HH dES =53 dle 2ol
o} o]= <lef Auky olo|HME= 9 7|3E [1] D. Ahn, and S. Park, “Linear programming
L8] SAPRBPHAE HEAL ZEAA7| I A models using a Dantzig type risk for portfolio
2 &4 T8 WS 2 9l Aok optimization,” The Korean Journal of applied
Statistics, vol. 35, no. 2, pp.229-250, (2022).
= L9 AW HAS &89 A Ho
=, 29 9 HAHEE At AR vl [2] W. Yoo, and Y. Choi, “A Study on the
AREZAG7E QIEIAQ} Ht-FAE A9l K o Improvement of Strategic Asset Allocation
=2 H£XE 7|EL ol 29 AR HA3} Using Global Investor's Reference Portfolio,”
oHE]-F2|e By sjutow Bkl wie] Ezt Korea Finance Association Conference, pp.
214-324, (2019).
35 Hyg =2 Hg] & HARS dby AL
e SR A AE & B HAL oS [3] J. Hahn, S. Pak, and H E Young
SH 7HeE BIILE So] o]ols AAFE] wlZo “Bvaluating the Empirical Performance of
o] e skHA|Z sFo] ooty et Risk-based Portfolio Strategies in the Korean
=rH25] Stock Market,” The Korean Journal of applied

s e Statistics, vol. 45, no. 2, pp.247-284, (2016).
7S Thast 2L jEe] ©8x 3 L
doteles 8 At vhee] 8ol Hid [4] B. Michael, and R. Grauer, “On the Sensitivity

A IRl stete AAlR AME HiES 28 of  Mean-Variance-Efficient ~ Portfolios  to
s, ATE Yrls 47 g8 dojrt oleks Changes in Asset Means: Some Analytical and




A GESIE| =2

(5]

(6]

(7]

(8]

%]

[10]

[11]

[12]

H25H 4=

T

Computational Results,” Review of Financial
Studies, vol. 4, pp.315-342, (1991).

M. h. Choi, and J. Sung, “Why should
Government Alleviate the Current Regulation
of Defined Contribution Pension Asset Management
in Korea?,” Journal of The Korean Data
Analysis Society, vol. 13, no. 5, pp.2629-2642,
(2011).

I. Choi, and K. Ha, “A Study on a Method
for Portfolio Construction using Dynamic
Multi-Factor Model and Black-Litterman-Herold
Model,” Journal of The Korean Data Analysis
Society, vol. 13, no. 5, pp.2599-2613, (2011).
A. Harman, v. d. L. Epco, S. Kej, and K.
Petr, “Dynamic Asset Allocation,” Colonial
First State Global Asset Management
Multi-Asset Solutions Research Papers, no. 7,
New York, (2017).

J. Bouchaud, M Potters, and J. Aguilar,
“Missing Information and Asset Allocation,”
Science & Finance (CFM) working paper
archive 500045, Science & Finance, Capital
Fund Management, (1997).

Y. Kim, H. Kim, and S. Kim, “Application of
Tracking Signal to the Markowitz Portfolio
Selection Model to Improve Stock Selection
Ability by Overcoming Estimation Error,” Journal
of the Korean Operations Research and
Management Science Society, vol. 41, no. 3,
pp-1-21, (2016).

W. J. Fan, Y. Liao, and M. Mincheva, “Large
Covariance Estimation by Thresholding Principal
Orthogonal Complements,” Journal of the Royal
Statistical ~ Society. Series B (Statistical
Methodology), vol. 75, no. 4, pp.603-680, (2013).
E. Pantaleo, M. Tumminello, F. Lillo, and R.
Mantegna, “When do improved covariance
matrix estimators enhance portfolio optimization?
An empirical comparative study of nine
estimators,” Quantitative Finance, vol. 11, pp.
1067-1080, (2011).

T. T. Cai, W. Liu, and X. Luo, “A Constrained
L1 Minimization Approach to Sparse Precision

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

Matrix Estimation,” Journal of the American
Statistical Association, vol. 106, pp.591-607,
(2011).

T. Millington, and M. Niranjan, “Robust
Portfolio Risk  Minimization Using the
Graphical Lasso,” International Conference on
Neural Information Processing, pp.863-872,
(2019).

J. Kim, J. Heo, H. Lim, D. Kwon, and Y.
Han, “Blockchain Based Financial Portfolio
Management Using A3C,” KIPS Transactions
on Computer and Communication Systems, vol.
8, no. 1, pp.17-28, (2019).

S. Yoon, and S. Lee, “Stock Portfolio
Construction and Trading Simulation Using
Reinforcement  Learning,” Management &
Information Systems Review, vol. 40, no. 4,
pp-185-203, (2021).

K. Cho, S. Lee, and J. Kim, “An Empirical
Study on the Risk Diversification Effect of
REITs,” Korean Journal of Construction
Engineering and Management, vol. 14, no. 1,
pp-23-31, (2013).

I. Song, “Using Decision Making Model for
Asset Allocation,” Asset Management Review,
vol. 7, no. 2, pp.46-64, (2019).

W. Lee, “Performance Evaluation of Portfolio
using a Deep Q-Networks,” Journal of Next-
generation Convergence Information Services
Technology, vol. 10, no. 4, pp.459-470, (2021).
D. Lee, and M. Kwon, “Combating Stop-and-
Go Wave Problem at a Ring Road Using
Deep Reinforcement Leaming Based Autonomous
Vehicles,” The Journal of Korean Institute of
Communications and Information Sciences, vol.
46, no. 10, pp.1667-1682, (2021).

H. Chae, D. Lee, S. Park, H. Choi and H.
Park, “Time-varying Proportional Navigation
Guidance using Deep Reinforcement Learning,”
Journal of the Korea Institute of Military
Science and Technology, vol. 23, no. 4, pp.
399-406, (2020).

Graesser, L. and Keng, W. L. : Foundations of



Deep Reinforcement Learning: Theory and
Practice in Python.Ist Ed., Addison-Wesley
Professional. Press, Boston, (2019).

[22] W. S. Lee, “A Study on the Portfolio
Performance  Evaluation wusing  Actor-Critic
Reinforcement Learning Algorithms,” Journal of
The Korean Society of Industry Convergence,
vol. 25, no. 3, pp.467-476, (2022).

[23] Koscom Newsroom, “https://newsroom.koscom.
co.kr/27881”

[24] Hankyung Magazine, “https://magazine.hankyung.
com/business/article/202201058897b”

[25] W. S. Lee, “A Study on Portfolio based on a
Deep Deterministic Policy Gradient,” Journal of
Next-generation Convergence Information Services
Technology, vol. 11, no. 3, pp.287-298, (2022).

[26] J. Lee, Y. Lee, and Y. Cho, ‘“Performance
analysis of sector index portfolios using the
GOP model,” Journal of the Korean Data
Analysis Society, vol. 24, no. 2, pp.823-841,
(2022).

(4= 2022.07.11. 73 2022.08.07. AREA: 2022.08.10.)




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


