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Abstract

Abstract

In recent decades, the rapid development of the financial industry in the process, the
operational risk events show high characteristics. Operational risk arises at the
beginning of the development of the banking industry , but the relevant theoretical and
empirical research is the last few decades. With the increasing impact of the loss of
domestic operational risk, financial institutions are increasingly aware of the
seriousness of operational risk, but the related research is not much, mostly stay in the
policy discussion level, the risk perception and analysis are more emotional. In the
empirical study of operational risk , Most of the related researches at home and abroad
use the method proposed by the Basel III to estimate the operational risk capital, The
rare event simulation method has a great advantage in the estimation of operational risk
loss, and more and more simulation algorithms are applied to the estimation of risk loss.
In this paper, we mainly focus on the occurrence of risk events with extremely low
probability but great loss. We hope to estimate the tail risk probability of the operational
risk through rare event simulation. For the severity of losses with thick tails, the
traditional exponential measure under the importance sampling algorithm can not be
implemented, but the mixed distribution method can avoid the problem that the variance
of estimating is not convergent and easy to implement. Based on the variance
minimization, the auxiliary sampling distribution is determined by the cross entropy
criterion, and the auxiliary sampling distribution parameters are solved iteratively using
the EM algorithm in the classical statistical algorithm. In order to analyze the effect of
these variables and verify the stability of the algorithm, we also set these variables in
the update iteration of the parameters. The results show that the thresholds of the loss
degree and the number of events have an influence on the auxiliary sampling
distribution. In this paper, we give the estimation under the cross-entropy of other
algorithms, and compare the simulation results. Finally, we estimate the tail probability
of the total loss distribution according to the actual loss data. The results show that this

algorithm outperforms other cross- Entropy algorithm.

Key words: rare event importance sampling operational risk
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i SRR ADLAE < R &5Usk P o2 P 2 2 v 845 P KIS 38 240 FR) Al D 1 A 34
B E AU 5T o PR RIBAE MR & OBt e rh, 25 & BB i I vE xS
A WARRMER R AT ORI RE B E R . £4% (2012) BT T ARAAS
A7 ZE R ) B SR A TR LR, R B IR VR AT e A, A AT A
8% 2% (1175 ZHE AR 2 — I B ZVE SRR SE Ok . £ (2012) BT
AL Black-Scholes 22 ZURIMEMTARI ,  FE IR RE Oy i R B R K 3 22 duli
JHRET UK, R IRISBONRE AR XA, WikE (2014) ZEFAT A0
FC, B X SR SRR IR A VERCBE AT B2 T 0 € Oy fr) i, 36 o 7 22 Pk el S
— P ZE AR BCR 2 AT, R TR R . 1R, RAE, SR
e (2015) WEIT 1 RV ARAT 537 e B T I IAURS: DL S A5 A RS o X B8 7
FERL bR AT A e TR S A A, BT B8 P i R AT TR A AR e Dy e 4 3 ) L 1Y
IR AT, A ) AR ORI AT B R A . B (2015) X RS
P A A AT MR IR S o0 A, ACEE R HIRE U ik L 31 XRS5 7 4H 5 1 R
SR rR s JE I I PR AR AR iR G FBURT: 2 1) A2 e BT A OORE A 18], A XM (0 HORE
AR, BRFF IR S 1, BRI S, SRR A
AR T ok 2 KR T

L AT ] P O3 484 XIS A R 01 A A5 1102 7 B 1) S5 R 2 A4
B SO B UL SRR R BRI (MCMC) 557775 AR, SR X
P MV ARAT IR R B BEAT 0 A A, A DU MCMC 53 XRS5 % 7 A X
SR AT T, S5 R AR WY BRAR XS X B PR 453 5% o3 A7 AR AT SCRR AEL 2 A7
(GEV) 70Aiie X%, fEIREG, XKML AR EEA T,y 1 R XU 7
A AR B ROV B Z i, € 2L T Gibbs SiliFE K DU MCMC 532K
Xt POT BRI S HREAT fliih, gk 7 i TAEAEE A 2 S BN THR Z 88 K
. ZFEER AR (2014) O 1 (G SR MV ARAT MO A B AT XURS: M2 vE 2% R B A
FERUR AL (LDAD Tk PR SR RO B R A et T E, @il
TR A 70 A H R AL IR IR AT AR A AT, A T HAER O (A
BRI R SR IR B I, TR Bootstrap BEAT AR AR
P, EaHE, EEE, PRIEZLSE4S5 A Bootstrap FHIFERT 451 A4 B 1) LDA #EAT fil
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it FRE, %, W18, THZEME LDA HiERISEnt L, KAkl N L,
Iy By BO MBS 10 R A AT AT &, S 80T LB Gibbs SRR S 2, [
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EEXTARER SR 0B AR 5T, 1R AME FH A I —Fh 7 N T ZE iR R VRTS,
HA 1S CATEESNRS T T IZ RN (biondinietal., 2004; Lietal., 2007;
Mooretal) . S.Juneja Al P.Shahabuddin (2005) #4411 Fibh 145 EAEFERA
WHIE K VaR. {5 FRE XU IR H] . Blanchet, J.Glynn,P.Liu 7E]J
F SRR [ R R AT IR R Gk, R T R R0 R S
Kt HRA TR, FRNEIEY 7 5ok e 4.

V22 FAR I 7 ZE 0/ INH AR AR 7 Dy 1) S P TE &% Fh 53, 4n 22 R0 (R SR 5 =
B I7iE (Yevick, 2002) , H/RA] REEZFRFRZ (MCMC) Jji% (Secondini,
Forestieri, 2005) FI5EAAWERAE. 7EIXLE VRTs 73, AbATISE A pi 2 S0
e EHIEN . FEAT L, R VER B UE SR S X A AR A
Ahamed, T.P.IBorkar (2004) %5 A5 5 /KRR BE REALIT AL 3K F o B 1 2 22
VST 10, AR RS T VR 1) B B A IE I QORI A0 A . 2 EE S
FEEIERIEHE, TR T HARTE, B (D R T G, B
B LURE B BTG TR 22 (D &R 7 VRl T SR R e S, T
RIS PERDN s Gl B ZE VR b IS RO R, O B & R T
VEAEBUE AL — 3B 20 5 B A R S HORES 2 () i L X . Fsk b, &
TEVE R (103 B A B4 TT DL B Bl AN [F) 7 vE (R P 4H LL#R (biondini, Kath,
2005; Lima, 2005) RI3&iF. Henk A.P. Blom, G.J.(Bert)Bakker Fll aroslav
Krystul (2009) ¥ #% B = {1 B30 7 vE B B s sh S8 i@ g il b, R 2 &
(splitting) [ 7 VMR RAX AN 1) 8, e S LI U e, [RIRT AL T TIPS CRLF3C
HRG) HERIRESEB G )2 BEHLR A 54t Kong, Liu, Wong #2HH
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TP 5456 Beyesian BOUE BRSO I &, IR P8ISR R 2
B (SMC) IIJNER T KR BN A IE 2 . Krystul, Blom UESE T IPS J7EdE
WO AT HOS AR, (F R 2 B BB HOIRES K 22 (128 e iU F2 i 206 R
M. AT fEHREAEIR, Krystul, Blom ¥ IPS § @ 2V A IPS kAR, 78 bL A
F, HAPBlom, JKrystul I G.J.Bakker 7£ K75 FIBEHLIE S &SR F 5
MC J7 B R s S % . F.Cadini, D.Avram (2012) FEFHZ ML # T
SS-NN (Neural Network-based SS ) /732, fifRAEAEH FEBHL (SS) I il 45 R
s VE I K i AL, James Beck (2015) WX iS4 (1K 7 Wk EAT 1 M,
I LR T EE AL, TR, MC, MCMC &R 710 ik o LU 3&E
Jul#. Hong-Shuang Li, Yuan-Zhuo Ma, Zijun Cao (2014) % A&1EWIST T #E
AR AT, R B — BT T VR A U 2 4 BELAR B S 1 T B ) R
PHT CTFEBL (GSS) MJ5E, R Gi— 1 8] 1~ 52 R M4 Re 8 [5 B Ad
PTG AR R U DX I SR A R R ). ZEUCAEAR B, Arul (2015) H7EERE
RO ELME R ) AR A G le ok, @3 9]k A R M 2R R B AR A Ry
AR, fARPT B 5 AR HE LUSRAR I 17 2

VT Se A BE A et VA FENLEE S P S AR R JE BB AR A AR
W 51 3R AF G SRV SR AR AR A A B A . Asmussen, P.Kroese (2003) F4A
A8 FH A8 AR JEH PR 0 Sk 3 A A1 TS M b A 9 SR P A B e KA B0 SR A
B S H, [R5 T o A0 IR IR B8 FE A0 A 2K 43 A7 1 LR RS A
Olivier Cappe, Arndal Douc % (2008) 7E/AFRMERER T Ak, $EHT —
Fofr i S PR A AR 25 R I SE T b AR AL AR & 0 A S 4, iR AR b AR
R T 28 XA BRE e R 5 A e 000 4 Wb v

A2 57715 (Biondini 2005, Rubinstein, Kroese 2004) {E L JLAFE CL4
WEBAREANAE R BARAS SR JTVEAR it — N 7 ZZ RN R, TR L1
DUN, AU INER T 4G R, B E A R S ISR R
P AR A

i 0 AL T B IRV 7 T (Y P, 9 3 38 SR P AR G AT SR A AR
Monte Carlo B3R 52HL . Annalisa Fl Claudio v T MRARAT (4R AR XK, 2644
4t (P A AL {8 Monte Carlo YR SRIAR 2k 43 A7 AU G (1 ARSI BE - i e 6
B R0 B SR W B, %o 40 AT 1A R AR R SR R BOE &S A A EAT H



RSB TESRERREERT

A A R IR AB B HEAT I, A0 A5 A D e B 1 R 45 SR 2 B 11 90 A
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Sachin K Manglaa, Pradeep Kumarb 25 (2014) 7ERF Skt N E R BE R 3
TR, T bl Fe e e B A XU R 3 S B g, A MC AUl T4 3R
A 45125 43 4 . Shubharthi Barua, Xiaodan Gao %57% & FIBEHLIL FE (1 5h &S HFE
A JE BB )R S, i DU P BT RO RO, e HOAE FH AR B, 21 AR (b BA K%
ARG AR RIS R SEHN SIS KRG A RN, Y T AP TE B [R]85 XU
RS, AE DU37 R0 2% (R R il B Bevh T 3l RGO ARAZ AL B X R X
2 P A2 A A

1.3 B4

W —3 b, EEW ARG T

55 % SR B BT IR IR B A R AR AR R, R 2 A
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VR S A 1 IR AR L P IR T I A 2 5 £ 43 A R B O o
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ARSCAT REAFAELL R = A0 2

(D

(2)

(3)

R A SCE RN = F A AT, 45 R BN O F A HO T )
SAE A R B S, AT BRI TR O AT (RN 2 8 A R
FRISZIR, AN SCLE YT B i KA SR o 453 2 B (A 4 R A R N
Bl An ZHA R R R, A2 Wi e AR A B (148 (0 Al
AR R .

R SCHRAR B BATVR I, FEAT IRBRAE ARS8 4000 A AR A T
BUAE S AT 18 F S R I 0 A RS R A T I 5, (B AER ) 2
e S X 4 A ol 5 0 A ) 8 B AR P AT A B — o A B E VR
RIIEZS 73 A, AR50 — 55 A28 — S ADLOR B E X Al v 2 i 23 A
AR SRS KI5 X B0 Aw A el Bl o A o

BEXTIRAE RS, K200 H A X A e Al 5, — s e
BB KA E ,  AHIE 235 KU 8 T A SOt JE A A g S I, £
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F-E R FTRUMBHR BRI

REELERNTZHERE, IS AR RY RN I el 7 RERN
TAE, (HRBEEZORIARR S, M IE B E SRR, fEBRAT XU
s, A G b IR 2500 A BE R RN 0 AT (R BE L ANE 5 BILAE B A AU 1) A RS ALE
T B AR REERMNE R e s 7 —BHIAR (McNeil, Frey,
2015) , FRBRFLAEIT G 75 ZEAN T O3t 5838 AR BT 1 25K

2.1 BREFFTEHY
2.1.1 B FEFRUNA

SRR P (Monte Carlo, MC) A Jii bR U & UL R Jy Bk At A A1
Bk, MEETHSENLR S R A AL O B AL B AT BUE T . AR R Y
JTEAE Z R — ORI R POk, BN 2 g1k 1T 9 . B
RO KENMAME, BV, EEROR, SCH ARG OR L KU PP AL 5 T
MC [ Bl 2 252 th T SOP L 50 J5E K $ T EAS R ] 12 52 R I ) A A R AT 22
YA RE. AR IR 2 B RS 0 Mg, SREEARI JEidoR I, Bl
R I AU LK) TR AR R SN BT R MC [ BB AORiE 72

2.1.2 R ESEEDR

SR Vb BB AR BRAE Y MC R B RERAR . ) 7 7 A
SRS R, p=p(X > 0, MBI, FRIEH MC kBB
S5 X R N MO, X, BEERAE TN

~MC
p

1 N
- Nzl X, > ¢} M)
Ho RS A KRTEms, R AMMINar 8, BATHEL 1X, = gt

A EN « (1 - )N AEEHL FTUR TR o, N BE L85 KA 7] A3 —
ANEF B TE o BRATDR B AL THE I 25 1 PR HE R] LUR B AR IR Z SR bR ok
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e, = \/m JE(Q{X, > ¢}) (Asmussen Fil Binswanger, 1997) . 4
p > O, FRAEM) MC Al v A X 52 22 7 R -

M IRAT T BAE — 5 BB AT T AR AT A T, XA A R S
(B BT HUE 590, X~lognormal(0,1), ZAF Attt J9a = E(X|X = ). #7
AEM) MC it B g

e Zhx+1{X 2 ¢}
X = o
Xy oo, X GBI X A REALAHIUR N AFEA . AU Rl T
LA N AMARAE XS 2SR BEATLEL

(2)

2RI () aRiFE HERE MC 1]
30K DL E ISP IR B UK

4ﬁ‘ﬁi’31ﬁzc = Z:il lAlc[i]/B G 7 Var(ac) = zle(ﬁcm — ;C)Z/B o
Sopa, N § B L 1= 1, B B2 () = u, -

uo WPHUESNI T, FEHIAZE X ERIE o N &M SRR E A

wto /2 1— G)[t - G]
S 1-0[t]

O) NIRHEIEZAS T bR AL t = (log(c) —w)/o, FTUASRAEN BER AR (3) A
Tt

u = E(X|X = c) =e 3)

EX|X = c) = o2, 1= Ollog(® 1]
- "~ 1-0[log(0)]
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