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1 BE

Conditional Value at Risk (CVaR) &, ®RITE TR HWSNE VA ZHRETH D, EH. H—
DYV RZERIH U THEHAENS, L LiEFE, #EY R 7 ZRBEOKERFRZEZ R L7 CVaR D
ZEBIGRPME SN T VS, avadld, IhsDRF#ELZET VLT 2 ETERRY —LTH
%, RFERTIZ. a2 I EHOWLEMAAE CVaR (CCVaR) ZRFRNCEHE T 2 FIEZ BT %,

2 BliFEoaR»

EFT. TAFATR a2 7DEREZRT. ¢:[0,1] = [0,00] %&#fEs 2B 3 2 MBI
e(1) =0 BXL p(0) =0 Zilil-T DL T2, ZOMBIE o1 :[0,00] — [0,1] 1 o~ 1(0) =1
B o (o0) =0 %iliF-F LT 5,

CDOLE KL A>2DTNAFATFTRA A 2T IFRDESITEFRINS,

Clur,... ug) = ¢~ (p(ur) + -+ ¢(ua)),
ZOEFRE o) B [0,00) TROEKRTHMATH LGB B 1D, ThbH,

k
(_1)k;wy€¢_l(u) >0, fork=1,2,......

HIEIDRRSE [1] TiE. ZEEBARZ ML X = (X1, Xo) DHEIC Copula-based Conditional Value
at Risk (CCVaR) ZEFE L7, X = (X1, X2) 2. FRDMHELK H(z,y) = P(X; <2, X2 <y) B
KOS Fx,(z) = P(X; <2) (j =1,2) 2827 VX ART L ETF 2,

E& 1 BEUKE 5 (0 < B < 1) 1kBF 5 Copula-based Conditional Value at Risk (CCVaRg(X))
F. XD XS ICERSIND,

AEG D () + (1= N FE Y (0))dC (u,0)
CCVM&%X)zJﬁM = T MXn#ﬁ ,

CITO<KASITHD, Ug BRDRD K SITERT %o
Up := {(u,v) | C(u,v) = B}.

/., A2 T CHTAFRATR a2 ThHhaHE. 2D CCVaRk ZitE T 27008 b2
ZT—\AI./fCo

(1)

3 BRITADILR
FADOHE L, BFIRDEBRERITB2ULEDS VR LR VAVICHET A2 Th b, EFl 2E
ZEBE, ROXIHIICFERTEDZZLICERET S,

CCVaRs(X) = BC [NFLY Uy,
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ZZTAN=(\1-X)Thh, E°[]i1datas C o TApEINHEICHET 2 HHETH
%, ZZ T, CCVaR DERZRD &K S ICHAIINRT %,

E&E 2 BHKE 5 (0 < B <1)iZBF 5 Copula-based Conditional Value at Risk (CCVaRg(X))

3. RDXSITEFRSINS,

S fu;@(/\lF)((_ll)(ul) Fo A AF D (1g))dC (s - ug)
f...fu[(jd)dC(UI,...7Ud) ’

CZTO0< N <1WER=r7xVFHNO i HEHOVRVERDOEAZRL, i=1,...,d IZHNLT
YU N =1 BMET O T2, U ERD XS ICERT 3.

CCVaRj(X) = (2)

U = {(ur,...,ua) | Clu, ..., uq) > B}.

4 PUEFERER
IR DEFR 2 OMXOFEIF A 2 70 EIC Lo TEHELVWEEZ NS, KH#ETIE, HEHE
D7NFATZ + AL 2T DRI 0L DDBEREZIERL, CCVaR 2L —F > 2l LT
BoNd I 2RT, T WO OBER] & TS 21T 5, REIZ, TOV R ZHERICHET 2
DT DICH S Z e DT E B 7 70 —F IOV THHIEFHDOI D 12idR 3,
BENXM
[1] Molina Barreto, A. M., & Ishimura, N. Remarks on a copula - based conditional value
at risk for the portfolio problem. Intelligent Systems in Accounting, Finance and Man-
agement, Vol. 30(3)(2023), pp. 150 — 170.
[2] AM. £V FNL— b, At EZ, 2023, Value at Risk OHR5R & Z DIGH: R3EMEFT, 3-17
p-
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1 BiE

AEETIEX, Hao Ni et al [1] I & % Signature % 7= EPEMMRSEFEZ £ T % GAN (Sig-
Wasserstein GAN) O®EE LT, 7T —% LT, K774 V7 4 @D Signature Z
THEVIFEZIERL. WL O DOBUEERAERICOVWTERE S 5. EROWG TIXEEERITZ
BWARTT 4 )T 4 BRI L CEESEERE TRz HOHERZ HVW A2 REY D 505, A%
T3 Malliavin-Mancino 12 X 2 #EE % ([2],[3]) 2o THEET 2. £/, ET AT —REI—FT v
FF-ZD2fEEE L -2y TR LTHAL, ZRENDERIZOWVTHREZITS. A%
&, ALE RS GZafERYE) L OHFEETDH 5.

SENW
[1] Hao Ni, Lukasz Szpruch, Marc Sabate-Vidales Baoren Xiao, Magnus Wiese, Shujian Liao,
Sig-Wasserstein GANS for Time Series Generation, in ICAIF ’21: Proceedings of the
Second ACM International Conference on Al in Finance Article No.: 28, Pages 1-8 (2022)
[2] Malliavin, P.,Mancino, M.E., ourier series method for measure- ment of multivariate
volatilities. Finance and Stochastics 4,(2002), 49-61.
[3] Malliavin, P., Mancino, M.E., A Fourier transform method for nonparametric estimation

of multivariate volatility. Annals of statisics No.4 (2009).
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1 BE

S.Ross [1] &, ®2REZEL Z & TEMRD N TOIRE(MME (state price) 2EITATRE (Recover)
TH5Irhmliz, ZHUL EFRETE 2 2 & 22k, SRlIRAERE it 2 & iR To NMEHRY
D% BFEDMIED N TEITLTE S ~ calibration TEZ L WS AJREMERR LD EHR DL
MTE D, EFE, P.Carr & J.Yu[2] [ PIREMIEZELBTELTH 2 0 S IED HWVWHW % market
price of risk 2% calibration RIEETH 5 Z & R L7z, AREETIEZ D DRI /203 2 R0E
ZIERIOTO D D L HifE3 5 Z & T, Akahoriet al [3] @ TBBET V) DESNZ L RRL, £
MW ETVAEDHTIRE ZDRECOWTHRE T 5. ARG ERIERERE, AP GLan
fEKR), Hoang Vu K (#V 7 4 V=7 R¥EY ¥V XAN—NFK) L OHEFERFFLICHED L,

SENW
[1] S. Ross, The recovery theorem, The Journal of Finance 70 (2015) 615-648.
[2] P. Carr and J-M. YU, Risk, Return, and Ross Recovery, The Journal of Derivatives 20
(2012), 38-59.
[3] J. Akahori, Y. Hishida, J. Teichmann, T. Tsuchiya, A heat kernel approach to interest
rate models, JJIAM 31 (2014), 419-439

AASSHEEER 2024 4E 2 H#HTRE (2024-09-14/16) Copyright (C) 2024 —&HEHIEA A AR



F3-5-4

[WF25ER2 OS] BEE T 7 A F > A (3)

BELSTM Za—JI)Lxy b7—20%FBW-HE 225 DFH

YANG Yanbo!, ZH F15h 2
VKRR AT %A VAT 4 T a— b, 2 BB TR~ 2 7 L T¥R

e-mail : k yasuda@hosei.ac.jp

1 BE

ARFHHETIX, B E D Long Short Term Memory (LSTM) =2 —Z 1%y bV —27 % kL
LEREET AV ZHWTHE 225 OB HOKMED Tl ZilA 5. KR T — X %2 T35 2 85
BHOFERE LT LSTM BAMTH 2 MENZHMEINT VS, £, ZORDIHEREL LT LSTM
WO FEELHAGDELREGET VO ZARERINTVWS. REHTIHESET VL
LT, %3 LSTM Z Empirical Mode Decomposition (EMD) %&bt 7-E€7 /L (EMD-LSTM)
Rz 4 X%EMZ BETHE L7z Complete Ensemble Empirical Mode Decomposition with
Adaptive Noise (CEEMDAN) Z&b¥7€7 /L (CEEMDAN-LSTM) 2% 2 %. EMD %, 1998
1T Huang et al. [1] 12 & o TRRSNLRRIIT — XD RGTIET, HKEEEZHWTITTHbR
VORI D S, ZDOLOIFERLKERI T — 2D e EbhTws. EMD-LSTM
% CEEMDAN-LSTM 7 &' &2 W72 RiER5 7 — 2 O PRNGEE, ST — X RS TR HVLR
X510 TWVS. KIFRTEFTRNRL R0 TWDE T — XU OERD T — 2 b HNTTHl%
A s, BEOT =20 FER T — X 2FEIRT 27D EH T (PCA) ZHWT, And
T—2DiER%E T 5. EMD & LSTM IZ PCA ¥ CHAGOELETNICKR S &, JEiTHEE LT
Srijiranon et al. [2] 23H 2D R SN 5. AR#EHTIE, TASDETAEZHWTHR 225 OFHDHK
EOFHIE L, E7TUICX 2 TRKEEOHEEZITS.
2 EFI

F3, EMD IZOWTHHIZHRTE L. EMD X, JtD 7 — R &2 HEE D Intrinsic Mode Function
(IMF) 2 BERIEBICORT 20 HIETH 5. IMF X, RO 2 &2 THEBTH 3.
BIR, B (3] K b5lH

o EEDMED L BLADBIELVWHAEDS 1 THS. T2bb, FULOWIMERELTD

MRAE 2 F57 72 75200,
o ERDRLNTHBNT, MAMEZKE SN TAEHR 2 MU ME 2 5 SN TR O FIIENFETDH 5.

2(t) 27 —%, IMF;(t) % i ®EHO IMF (i =1,2,..,n), r(t) 2BRESL T2, EMD i3,

o) = 3 IMEL(8) + (1)

EWVWolfRIck S, IMF OF LWEEHEFIX B REE2SR LTI V. ZORMROFHHL

LT, IMF; Rr REBRITRTT—XRZIDLORETEZehBHIFonsd. CEEMDAN X, #H,

T—ZRIZIEH A %A TEMD 2175 /1ETH 5 (FEL K 1X, Torres et al. [4] RE%ESR).
K2, RFBHETHWBETFTNLOMEZ B2,

1) PHNRO T —Z DM FHNCRILOEEZ SN WL DD TF—ZEHWS. Hnsd7F—X
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1. BETAVTRD b BREEDHE

ETN MAE RMSE  MAPE R?
CP-LSTM 25.85764  33.68400 0.00589  0.99446
CEEMDAN-LSTM 29.60383 38.86866 0.00674  0.99258
LSTM 42.55073 55.47839 0.00972 0.98544
Gradient Boosting Regression | 44.24533 58.34926 0.01014  0.98343

FTARTUIHN LT PCA ZHWTERDB LUOEFEERE KD, BRHFEELRD 5. BHEFHS
B H BKEL LI 2 ETOFERDBERAT 2. 22T, FHNGOT -2 oHEH
WEIKENWT—XEHRHAT 22T 5.

2) PR RD T — 2123 LT CEEMDAN 12 & b % IMF; B X UOERESERD 3.

3) 2) TRDZHIMF,; BLXUERESL 1) TRHASN LT —22&HETLSTM ZHWT, %
IMF; B XUERESOTFHNEEZRD 5.

4) 3) TRD1%& IMF,; BLUOEREBSOTFHELZELADES Z 2 TTHNRT - XD TiHlfEL
35.

3 BEXRERE LUVHRER

THNGIZHAEE 225 OB HOKMET, AV 7 —2HAMIZ 20134 1 A 4 H2 5 2024 4 4 A 30
HOHRXRT—X2THs. 2OMOT -2 LT, FUHHOWKE #E &E Z2Z0E %, (EE
RO ZE(CAE, MBELREHVWTWS. Z2TiE, FTHlOEEE LT, itz (MAR),
ZIRPEFEE (RMSE), SR oc—t > MR (MAPE), IRERE (R?) o 4 BEEHW2
PCA ZHW-FER, BETERN 99% 2B 2008 4 TR TH o270, Z 2 CIRMHEE
WEZRKD, KEVWADDFT—X e UTHAE, #E, &FE KEZHRHAT2. £, #ECHLT
CEEMDAN THf#% L, Riffioe 7 A THLNLTIEEZ AV TRD SN -ZEEOMIE 1 D
CP-LSTM DT TH 3. Fiz, OV O DEFILTRDZFERDEHLETE L IHH LTV

BENW

[1] N. E. Huang, Z. Shen, S. R. Long, M. C. Wu, H. H. Shih, Q. Zheng, N.-C. Yen, C. C. Tung
and H. H. Liu, The empirical mode decomposition and the Hilbert spectrum for nonlinear
and non-stationary time series analysis, in: Proc. of the Royal Society of London. Series
A: Mathematical physical and engineering science, Vol. 454(1971), pp. 903-995, 1998.

[2] K. Srijiranon, Y. Lertratanakham and T. Tanantong, A hybrid framework using PCA,
EMD and LSTM methods for stock market price prediction with sentiment analysis,
Applied Sciences, 12, (2022), 10823.

(3] BER—, HPRA, BBNE— RO F2— MY 7L, in: 5 22 AESLHES Y RI 7 L
FCEE, pp. 135-140, 2007.

[4] M. E. Torres, M. A. Colominas, G. Schlotthauer and P. Flandrin, A complete ensemble
empirical mode decomposition with adaptive noise, in: 2011 IEEE International Confer-
ence on Acoustics, Speech and Signal Processing (ICASSP), pp. 414474147, 2011.
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