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Weks B 2020-10-31; #:52 H: 2021-01-25; W% i H H1: 2021-12-08; * #{E1EH
R H AR 4 (HIEAES: 11971040 AT 11871010) #BhIH

WE AXEH#ENSHERDARZETNER i FRER o) EEER  WELZR
FERAPETHRECIESLRWEM L RE—MFHNEAXZETINER: BHEANER. EXH
& T A0 AL & A ACE 4 (volume weighted average price, VWAP) S8 BT, & 3 o A 918
MR TEBNERTE LR HE. ZAER S R E b B s B A TN, FUHE E
RIF, RAREEREGEEERENRARER, HHREMEMLTRAER, AT RAEE Fo 181
A Z 8., ZEAEAERNEEE L RART, BEABRAERENHEEURAR S R RKAEKE
FEAM®H.

E8E HAXZERIN VWAP %e AL FE BWHED
MSC (2020) £FHZ  60G25, 62M20, 62P05

1 3l

AL 5y A A BT 358 G A 4G Shas S5 (R R 2 —, LRSS G s T« A& 3
SRS AT 37 SR S AE N I B EE T 45 B 0 H N AE 5 B G540 I 78 S ) 28 G 2 ) v Tl 6 38 30 1
P (QnSCmk (1)) Jah B E B (Wsgmk [2]) BERS S (WisCik [3]) Aaml g = dal#r (e
R [4]) 7 IA T Z RN, Rl e 22 I 8l 1t RS & SR AN SRR AE 5 77 T S 32 i s B A
SFI (volume weighted average price, VWAP) K VWAP 5%, & L& T M sEH NG
Fay, SR R P AR T H N AS S B TN HE R S (2 WOCHR [3]).

H N 22 52 5 T (R 70 LB KRBT 2 i s, — o BB H N A8 &) B N4, 5114, Orchel 1)
12 SR LI T H P A 5 & Tuhas 1 (F K IACAZ (long short-term memory, LSTM) W
%% . CFFE A (support vector regression, SVR) I H [F])H (autoregressive, AR) #i%!; Huptas (") F|

il
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FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

St H WA ) s 45 H R S TS, (] Bayes H [BIHZAF A& (autoregressive conditional
volume, ACV) BB HEAT NG, 73— RRAD MR G, %7795 H N 2L 5 &7 5 73 AN R R
SET AT, MR R BT A A A AT . Lo £ B Fdeiz IR A A FRHEAR
L5y, ARG E MR (capital asset pricing model, CAPM) 4818 F T X B 2252 5 & i 40 i 5
HL; Bialkowski 45 31 41381 CAPM JEAEXS H N AE 5 S @A, K H WAZ 5 853 il i — AN el B g
ONFL IR F- W (1T 373 1 43 FO R 4% FORE IR B 70 2 F; Brownlees %5 91 5] NFRFIR ZEMLAY (multiplicative
error model, MEM), ¥ H W32 5 & A H R« H P EBHE < H YRR o e 43 iR 25 2 B
Humphery 10 {8 B R 52 Q2R 1 B RY ) S8 “sha VWAP J57k K38 5y & 50 i [ S0 43 Fi i 22
Til; Satish &5 B [FE K R 4628 &) &7 51 2[RI T AN [R] BRI A 5 & P FIE AE AN &, 4 T 3 A4
TRIME, FRiEId AT G — DRSS B T B TIAA; Chen 55 121 SR ISR 2 ZE A5 B F 5 4
X, f#F Kalman JEU AL 1S HUMBEHT H; Markov 25 18] £F %6 B 22T 37 AN [ 15 T —Se B BX
R & AR AR SRR IR L B E N B — Bt AR PR A AL FEE ST IR K
Jiik.

FET 3 PRI o fif 2H & AR AT H WA 5y S5 R 70 S Tl i i SRS (N ANASE AR | SRARASI AL AN
IR (2 0LSCHk [3,9,11)) 7EH ETHIZ YR 300 FEEUGH /- MBI SHESS |, TR
L. SRR TN AR B i, HAERS B 2T M VWAP JZ T BRI . (B AR o s 1) Z ok
Beomn, FRA A 17 AR R B8 T HWA H BIAR AR R, SESHHEERA M.
T 18 LR U o3 T 3ha& T, AnAnEE R A s 7 T HO REAS B SR A K,
JEE AT 5 G o) 25k SR 7 B A T S BOFIE S IR . oy R LA ASE B3 B A I, R ) SR
X, A B AE AT by 2 TRV A B R TN AR, (HAE VWAP SRBE 2 1 R IANE L TI0 1R= Z2 5
K. X —ERE 3 FPBIALAE S5 SR A 8 SEIE 25 5 25 B — SEAH OSSR o i 43 i i R dee 17— 2L

FET UL ESSES TSR, X 3 P i) B AR S AT T XS LA, R A AL S =
HHE AR P RAEVE R A, BN R B i AR, 38— Rl R A XA R A6 5L 5 = A
s o i N R — B BRI (B A2 2/ (BRI v 7 41) FiE —iF AR R B A 5 & (BRI 9t
W] 7 1)), I8 o A2 A 3RSt 2 E ARy E P S RS A T PR R S BA R 23 B R 510, 56838 B 310 4 )
BN AT B 5, FRAERB rh 5] N R R 3N RS 4 e A1 B R B R AR, BE SR AL
(1) 5 0 2 T 8 B () TN 25 SR AT 416 3RS e A AL

W5 AR SO R S AR Y B A TR 300 FRESGER A AR AT SSUERT AR, R IZARYAEAL B
R VWAP JZ 1 0 P 5 R 35 Befe e Hi Bk BE viE (1) 1 SR 3348, I BAERS B BAR T A A
A FRARAARARY ARG FE AN B DTN 2808 WA (0 e AR AR A | (H AR 18 B FE R fRs 2R AR
e T, HLREGE SIS Tl

PBRT-FRATE 17, T 18 N T 5 AT B N 28 2 aS M A TR b BRI H N2 S
PRI 2 TSR A H S G ERIRR (WISCHR [14,15) &), IEIATBTA, TR H o gl &
PEIEATAS Gy B T B9, SR P DA A B AR AL (AL 22 (2 SR [3,9]). i, SR AT A Y iR
RBHTO A, 250 06 8 HINAE 5 s i N Re 8l P2 ThsafE I ARe e 284k, JRAZ A e 52 0]
V428 5 853 R T S O BRVRE IR AR B 0 43, K1 /INBR S 118124 T P9 52 5 B 00 DR T 3500 40 0 S i AR AL
H IR A 101 Y432 5 o RN T S A 28 5 AT AR AL ) &4 R A R A AT I A, ok
AR RO B B P AR N A AR 25 L @A R R MBS R 2 3 50 (el 2.

AL IR SCERAN R ZARAE T (1) 558 5 55 50 EHs 7 o 0 i) FIORE [ 79 A 4 255 ] 65 183X
FERT DA 23 0l SR BCEE 0 1 A5 I, 4 v 00 25 28, 2 38 xof 5T P 77 1 7 470 7 00 A T AR A 2 A
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REREE B B E W11

I 24 P52 25 (R L ke okt — D i TR (2) AEREER AR SN B R AR sl M T BABON R bl 2
Hm I sh BN, SR P AERA 1, SRR 36 B SO 13X — 55 (3) BREX A SRR SEIE AT,
S E T B R 3 A S BT B il AL A TR R BEAT T R SR SIAIE AT LA, LA
U ARSI AR AR PEA G, S5l AR B 1 1) Ay B2 Xof LA ) R I AT R AL 43 B

AR T WA AR ZHI T 28 2 37 WL M A AT ELBOI AR R | SRR R A 7 A I A A
B 55 3 IAEXS 3 AR IR IR AN SUE HEAT B R Al b 3R R AN AR Y AT B SR AT R 22 LU AT
FESS 4 711, ASCEERI AR 300 H8 B8 A 0 A B R InAn . Sy g LA AT ) i s A
BEAT SRR G, J45 A AR R KON SRS RAEAT 0 5 U 28 5 W EEAT B AR AR B, FERREUR
T 7359 2% S A5 RIS TR) 5 2 H PN A2 5 e DX 1) (4 B A B KN KRS A2 Bl e R R R BIL K 52, 64 e
JE T EE RSN A5 A VLA AT AL AR g oA 56 6 EEAT B A

2 ETo#AEEEN 3 MARXZEMNRE

AN 3 AL T4 25 5 BT F PO S MR, S 3 FISERL (0 L 46 LA €3, 7E k%
19 1 952 55 B SRt AR R FL AT 10, 26 3UR R I LB, 5 IR HL A
e e e )

RIS T FUES, BRETRES T K, K (922 501) SRS 00 XI5 1
BU AR N = IT. 4 vy B0 j RUEREESR ¢ KA i BN SRD, Vi, F0R% § RIESH ¢ K
FESNRAT E1 BRI BB T o) = i/ Vi TR SOESRE ¢ KA & PRI ZE ) Bt 24
TESMRAT Bt I HLE

2.1 fnFNFRAEY

AN A28 Bialkowski 55 B 52 H BIATBLRL, Z A MRE U, 2% CAPM AR, 5IA—1 A gk
K7, #58 G= (Ftgl) J2 50 23 fif R A L0 4 R 4 ARS: () F0, TR < Fn s Al
BAKTF, Bialkowski %5 Bl W oy, ; AU FRIR:
Trig =X Foi+epij=cuij+ e, (2.1)
EEP Ft,i y‘j T (T < J) é&l_‘:’ﬂ%, %%Xﬂ@?ﬂﬂ’&;@%, Aj e R" ﬁ%%%&ﬁ, y\ﬁﬁ Ctij = A;—Ft’i ﬁ
ﬁ%é§;§%ﬁ§},eth BT A AR
R, % (2.1) U5 N
X =FA+e, (2.2)
;H\:EP X = (Xl, ey XJ) S RNXJ, Xj = (ILL]’, A 7IT7]J‘)T; e = (61, ey BJ) € RNXJ, e; = (6171,]‘, ceey
6T717j)—r; A= (}\17 . ,)\J) S RTXJ, F = (Fl, . ,_F]\])—r e RNxr,
Bialkowski 45 B 1 26 F SCHR [21) B9 3E BSOS THEMS TH A LR 0, BARANT M A AR, Ak
Wy FA BMSTHEIL N FA, FEGEEIN RF IS FA®(, 6, §) BEIFRHBIITE] 6, ;.
X AFEE A T, Bialkowski 25 B R 787 1 RHI D7 LR sh384E, AP

!

R 1

Critlj = 7 E Ct—k,it+1,5- (2.3)
k=1

1) ASCREER ¢+ 1 KR5S 1 BRI BN ¢ RE 1 WL HEN T — NP
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FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

X Tl AR 4 (T, Bialkowski %5 B 23 BRI T H [H1E# 3)°F) (autoregressive moving average,
ARMA)(1,1) F1EREAIBME H [F1 )T (self-exciting threshold autoregressive, SETAR) MR

€45 = V1€ii—1,j T V2 + €45, (2.4)
i = (P11€1,i-1,5 + 012)1(€ri—1,5) + (P21€1i—1,5 + P22)[1 — L(€r,i—1,5)] + €1, (2.5)

E

2.2 FEFHER

AN Brownlees 55 ) $2 HH BB AL ZAB R RE S, BINIRBURAZEA (MEM) (1) /8
MUEAZ 5y By o H RS 0y HNREIARS o« HINFERIAR: p AR ZETT ¢ MIAR, BRI «ofe
R AL,

HFIZBE AR B —UE SR, J = 1, MR 5 TR, DL, 1056 ¢ R« TR 5 &, WA
TR

Vi = N Difbt,iCt,is (2.6)
HARZEIN ¢, ; NAEGIMAT [H] 53 A BEHLAS 79 H.
E(eri | Frio1) =1, Var(e; | Frio1) = 02, (2.7)

R F o B < 2, ZRTERTERPIAFEE, ¥R Fo=Fir

3 MRS BB 43 40 R B
=" + B 1 + alVu), (2.8)
¢z aveos(5252) i (253 a5
e = o) + B i1+ ol o) (2.10)
Skt o, WERRARRIEIL FLIEA 5, o) = D30T e - LS e o) ERONERAERCE 1S
ik ¥ vt(‘j) = = e

BEAh, A AR H a7 (2.8) ATH WAREIE (2.10) H I NET X et 1 8 B XS AR

n = aé") + ﬁin)ntq + agn)vin)l + 7577)%(:?)’ (2.11)
e = o + B o1 + ool 40031, (2.12)

/\[:I],

Ut i — Ut,i
IZ L= I00) vty = =Ty,

ry RANER ¢ R %, T o B U7 e 3
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AL PLEAAT VA, v BRI P9 IR E B0IE3K, TiE 73 A e B g 2
ITZHUAN T, RISCER [9] R X7 (generalized method of moments, GMM) XA 8 4t 47
BAAbT

ASOHRAESCHR [22], FEFCLCIEMISRAE T, 45 7 RS AR IFEAT 1 fliih, BARGR™5 LA A 3R,

2.3 RERHIER

AN GH Satish 5 1 FEH A RIS 2R (G SR I RUR A B R T R A 4
HAS IR (R TR, % 5 )R BT 43 PO A 2 R A & AT i — 20 Ak, 25 e TN, DR AR IR “ /il
MALAE Y

FAE AN S Bp—iE S5, AN § FFR. Satish 25 M & —AN N B (A28 ¢ KR5S 0 B
FRA—ANFE, 20 B0 2480 R 2 BT 2 8 S R 1 R A — B B AR 148 2 L EAT T, 25
3 AN [ (1 TR0 25

B ANTRINME H & ST IR R S E 4

1 &
by = I, ;vt—l,i; (2.13)

Hort Ly AZH, ATARYE SEPr i ZHER, SR ikt AT e,
B ATEF ] ARMA FBUREE T AT R [ — I B 52 5 i 45

pP1 q1
b7 =By + Z Bive—ji+ Eri+ Z'Y;gtfk,i' (2.14)
j=1 k=1
F=ATIE FFEAH ARMA BORUEEE T AT SRR A A 5 B8 45
P2 g2
0 = B85 + Z Biveioj +Eri+ Z’Y?ét,i—k- (2.15)
Jj=1 k=1

RETMEI R T (2.16) 45 -

by = avy ; + boF, + ¢o}, (2.16)
b of 3 07, F0 03 RRTIA vy KIAFTRINE, T2 a. b A1 & B PL A4 ] R
1 &
anrcl I, Z |a’ﬁtl,i7l + bﬁt%ifl + C@E’,Fl — Vi1
” =1
(2.17)

st.a+b+c=1,
a,b,c >0,

RH Ly NS AT URYE SEP i SR BUE .
3 FEBKENRE

3.1 INF1. FTARFNS BARALEB AT

X BTN 3 PR, F TR 300 RO REHRHEAT T SR B (RRS ILEE 4.3 /VHY),
RBUAE 3 AR F Ry T B AR B B (R A AR Y AR T AR 2R 0 ol 2R vy, I8 S
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FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

18, MELLBNASAL; 7 AR AT 18 SR R bR, o) Bt BRI, ARTTZARALAE VWAP Sl J2 1 1) il
MR ZEBOR. HT LA B2 RN, X SRR RN 3 A AU A R BEAT T A BRI X L.
T Jex TR, K (2.6) IR (2.8) AT (2.10) A

I
1
ne = Ozén) + 5£n)77t—1 + agn)jnt—l Z; Et—1,5, (3.1)
=
() ), . (), ) 3.2
Hti = Qg + B Mei—1 +0q e i—1€¢i—1- ( . )

WIHT TR, FFBAUE T 3 AN T A Rt B aURIA, 1/ A B )7 R 5INPT L. 25
W 3 RSB 26 IO ) ARMA 8Ly H B 77101 ARMA 8L RIS FH 1) 3
ANF P F AT 23 A0 ot H R RS H P9 R A AN H P R R R B b, BRI H Py A
S P ACBEAR ), T TR 32 BEOGE H Ta) A oy A E PR A o RS X ). S T AT b, o Rk
R E AR ARMA(1, 1) BE(T 2047

Ne = By + Bimi—1 + i +V1Er—1., (3.3)
e = B3+ Bipieio1 + i + Viério1. (3.4)

XFEE (3.1) A (3.3), ZRAET (3.1) HIEE =TUNR AL AR ZE TR, H R % WU AT R Z2 17 244,
117 (3.3) BRATMIRZSNERIIN T HHIRZI. 35 AHIE (3.1) HBLIRE SEEM KL, SARZED
LA, (3.3) MIRZE U A RS, HAN AR AN B 2ERT (3.1) S SR, SR 5] ik
ZE AR AR T HER A EER . (3.2) M (3.4) MZERBA MU HraEs R

BEAN, FEA T i b, TR TR S @RI, TR AR R, AR F ZE R AT B A
DEAL, ERLI X - 5533 P52 1) S SRAT ol ) 2R B AR AR Y B v AR T B T P A1 % B
xR, B SN IR R, AR, TSR

3.2 HEENNGE: IS RRREERK TN

LSS 3.1 NI, SRAEARL T RO AR | 3 A A B R RIE T H T 5 e AU R A
R, SEPR EARYEES 4.2 /AN s B, Dyl H IR H A B3 ARRHIE, FE R R a6 7 21 AT
I3RS L SRR A 7 B R S AT IR XL, SR R AR R RT DU I 46 e 51 9 i
NPEAYEE: [F—B AR HRZE S8 {v,, t = 1,2,..., T}, BT A5 [F— H A F B
IS8 {0 =1,2,..., 1}, BRZANEFH; FEA IS5 18 R B b TS A 7 22 ). 2
JEIE G NINARERLZS K A 3K 850 e 513 PR, AR BE 2 145 5.

N5 5 S8 1 s il o By — g SR ERNE, WSS 4.2 /NI SIE B b T S vt 7>
Bty DUE X —af. Gl B i, SRR R RGN 5 T R AR X0 A R RS SR AR TR AR 0
BJ7 3, MEM iR 22 45 R AR B R SR AR TT DU e Bodle SR AR VRS . TR AR B S 1) <z i o o P DA 85
3, X AR NI R S OB TR A S <R (R Esh R, DIt A @ b,
FEJRA ARMA(1, 1) SRR ZE 70 5L BAT R R s s i) R K, I fRIAR IR (0T 2 D = i 3l
FR A,

FAUS ALY, R Ik Akt — 208 R 22, Tl 45 5 el
M
b= Y md}" (3.5)
m=1
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gy, Horh M OAFPAIEH . ARSCEEEE 3 A8, Y RIE I 4 DR
Fe 31— fe i [ Fp 41, Tt e B S vp A 20 f) )y s sh a8, 3 e H N R r I ARGR 81, e 52
GEAEHNK U B

o= — Y v (3.6)

FPol s HAMER, B { .. 4 21-121 Ve-1,is 7 Zle Uiy 7 22-121 Vegt,is---p (RN {01, B,
Veqr,...}). P EESBHER T, g s aEiES. WE o7, b

’(715 = OZgD) + ﬁ](_ﬁ)@tfl —+ Oég,v)f(’li)tfl)gt (37)

gy, Hd (&) NMALEEHLIAE RS, I B EE | Fio1) = i, Var(é | Fio1) = 62
FeAI =2 7, fige H A AR A4, BUIE of,

vy = a(()v) + ﬁ§v)vt,i—1 + Oégv)g(vt,i—l)gt,i (3.8)

gy, Horh {&} NMSZBENAZ B, I Hil 2 E(é | Fio1) = fi, Var(é | Fi1) = 62
FES R P SN DU 81, HOIAIR S B A SEER 2y ¢ a5 LR, TRONAE of, HAFEERT 1Y
P s BE S

1 &
'[)fsl,i == In Z Ct—1i- (3.9)
k=1

2L EJLATE G, 1% F BT AL

| Ls M
almir;M . Z Z am Oy — Vgi—i
""" I=1 ' m=1
M
s.t. Z am =1, (3.10)
m=1
a; 2 0.
RALIISE SRR Y (3.5) A2 5 ETNME.
N RAAE S (3.7) F(3.8) BIMbTHITEE. AR ERE, AR RGN
Yn = @0 + B1yn—1 + 1 f(Yn—1)€n, (3.11)

Herp (e} NMOLBENLAE B, I HIH L E(e, | Foo) = p, Var(e, | Fooq) = o

AICKAH GMM A5 THFIR KA TH (maximum likelihood estimate, MLE) X &3t T4k, 7&
BE b, ANESRIRZDUN F M o H B B A T30 5, i H GMM. SRk F 518
90 BN 1 BIBE; I8 H MLE J7iESKRERE, WAKT B AT 3.

EAHEE GMM it 4

~ Ye — 0 — PrYe—1 _

t ) (3.12)
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FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

DRI {a,} RMETH.
WALL ¢, Gy NRT Fooy TREETTR M FHE. 4 g = Goly, g BRBEFH. H3C
Wk [22], 10 @ = (o, B, 1) T, Gy I ROER Gy th (3.13) 4t

I

Gi=0 [‘ alfét_l)"al?zytl_l)"ci] ' 1)
Jidin)

s 1 Yi-1 plls

= [_Oflf(yt—l)’_alf(yt—ly_al} o 1
AH AR SR AR R

T
Z (3.15)

Bt 5 T AR SR 45 P A THE SRS EL. y, BIASTHE g0 Wi R g

’ﬂ \

9t = Go + B1ys—1 + d1 f(ye—1) (3.16)

TR RFE MLE J5i%. %H@T%%ﬁﬂﬁifﬁﬁﬁﬁﬁﬁ MRz oA e, AR Gamma 534
Weibull 73 A MU BOE RS A AE iR Z B A fBcise. 3 280 A i3 s (3.17)(3.19) 45 i

1\6%
(eﬁ) 91 1 79/31’

.ol ply _
02 / o 0;—1 7195
fo(z;03,62) = 9’;<92> e X, x>0, (3.18)
X \UX
3 3 1 *7(1”_62)2
2(63)2
f3 (a:,@u,ﬂa) \/%93 0= x>0. (3.19)
B R T AR S Hb THE:
N
h'lFi(’LUt;Oé0,0él,ﬁl, Zlnfl y]7 a 1= 17273' (320)
ye IAETHE g AT BAT RoR:
A1
Uy = &o + 51% 1+ f(ye— 1)01 ) (3.21)
B
N . A N A 1
Gt = 6o + Prye—1 + éa f(ye—1)03T (1 + 92>7 (3.22)
k
gr = Go + Brye—1 + &1f(yt—1)éiv (3.23)

AN, Gamma 347 « Weibull 49 A A% BUE &S0
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4 SCEREY

AR SZIE 3 BT R 300 FRECEGE, RS 2016 4E 1 H 4 HE 2018 4F 12 H 28 H, H.
REW AR 2016 45 1 H 4 HA 2016 4F 1 H 7 BN 5 HEHE, AT 5 H RN 16 AME
B X [a], BEANIF R IX T BE N 15 20, BIBRJE L 11664 S50, HdE KIS T Wind 245 FE.

TERARSUE R, T 75 B4 (R I ik FH LAt 48 200 S I 0t 50008 0 I T i P58 R0 X i) P A AN T AR
VBRI oL T R, 9 BRI T Wind B .

SEAE A, FHE AR R e BSOS AIE 70 i o gl T AR SR v 1 4 838 5 B TR 21 K B SR s 5{E .
4.1 IREIRE

T VWAP SRS T H 22 5 B E S H 2 —, FIEASGRIUE 5 A VWAP SIS FANE
T P A 2.

22 by B JE T R 22 B B AOHEAR 2, 10N e AXHE ELFIRE 2, 108 ey, ZIRHFIR 2, i
A €ysp; Brownlees % 00 BT IR ZE, 1N €y, VWAP H0EJZ 0% 22 R G35 A0 i bl 2z,
TEH eYWAP: IR HEBIR %, 10N eymal. BRZEXNNRERMT (HIEER MK § Tir):

Ut — Ut

o+

T T
1 1
eNSE . = 7 Y (VWAP, — VWAP,) E <§ W iPri — E We,ipt, ) :
4.2 RS

B 129 300 FREN RGP A1 . HRMEFPFIATH WKy (a6 515 HEME RS2 1) B Ta]
Feal . AT LR 2, RGP 50A — E SRR S, 10 H N R AR IEAT IREETE, (Hia S AR 2R

= ég— % ! | M )
ot WWWMWW = 3 L“‘M“\W VWM ki M WP h »»J»wﬂ M

- HE

B ]
()

Bl 1 AR 300 IR EIFTIE 1. (a) RIEFS; (b) HEMERS; (c) BAKS
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FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

KRR )T .

FPE LR H P B TR AR DL P (R RIS 320 vya/T, T 2(b)) FFEIH PR
W FA) (B 2(c)). R 2 #, HNAEIS T 20H U 804, HWRAR S =R U B, T
Bl 2(a) AT 2(c), H PEAEREIHRR A (0 B PR R R A L H N Reor 33— Db T (A RFE. NG
WE, PR 300 FRELHT B AH R EREL (autocorrelation function, ACF) EFIAKE 3. MWK 3 & H, (1)
JR A6 PP 51 B A 3 030 B I VERAAE, 350 W 500 e 9 HAT — 2 1 S T A 44 (2) HIME A1) ACF
P ) S T B 0%, A SR T R I AR AR, i B I 3B 51 2 B R S (3) [RIEE, H e 1
ACF BB/ HORE T AV EA R SRR, (4) £XREHAN RS S, B ANAERE B8
(1) ACF FEANF o A, e — @2 T o R IRHE. B 4 25t 7 H . AER A 53 1) i
EIAH R PR AL (partial autocorrelation function, PACF) &, A] LA i H PACF B 2L — & M#ER:
fiE, R H RS AR 72— e R R ARMA BB HE A5

LA B A, JATU YR 300 B H N A2 5 ] LA Dy H S aesr - H N A IR #1
H W AR s 3 MR

4 12
o3 10
= =8
i 2 L IRIY i ¢ -
: ; ANANE IR aEnEnEn
: 0
I (7] FEAR AL
(a) (b)
0.6
0.5
= 04
03 ‘
0.2 ‘
0.1

2 PR 300 EHEEEHEFFIE IL (a) HAKS; (b) BREAMSY; (c) BRIEAHARS

0.64 0.6
0.4 e 044
2, S 02 “ “
e L i | EEE
0.0 Lt L N |, 0.0 S
T T T T T
0 10 20 30 40 0 5 10 15 20 25
i JE B i JE B
(a) (b)
0.4: 0.3 1
& ool 1 i g ol
< 00 ‘\“ “\ “HH“I‘ \‘H :‘1017 ‘
SO H“ ‘ : ! —oad_ TTTTTTITE |
0 10 20 30 40 0 10 20 20 40
it Je A i Je A
(c) (d)

3 PR 300 EHBIER ACF [E. (a) RIEFS); (b) BIEFS; () BAS; (d) BRIEEHAR S
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,,,,,*,T,1,ﬂ‘,ﬂ‘,,|,,r,,r,,r,f,;,J(,J,J,,,“,4,,|,,|,+,,,L,,,1,+,4,,,,-,,,,-,,‘,,I,,,,L,L,,,,,J,,,,,
T T T T T
0 10 20 30 40

i Ele
4 PR 300 EEEHHEHRNIEAKSH PACF

4.3 fnF0, SRS BAUER SIS

4.3.1 jfnFNFRA

INAREREIE e 22 RAUETR A8 5y B A ICE 0 AR AR B (S W 2.1 /1), 8 T 5 HA AR R AT 0t
EE, [RIAREIE TP 300 48 BB AT SEIE, RN 51N H BT A B vh 4R 8Oz 1w A fa e (BIEZRSs
PRERUE . HhNRER . GDAREE . EIIE 50 $RECHIHHHIE 800 $E41) HidE. HEAKIET Wind #09 FE.

INABLRL o (¥ A 30 5 R4 A ARMA BT SETAR REASEAT A 1. B F Sebr i As— e 2AT
ARMA B, A30H ARMA BRSOV FIH R A auto.arima pRAEZE ) B AR 31T (au-
toregressive integrated moving average, ARIMA) AR A FIEFAL. X} SETAR #8446 KH setar
R, BRI, 280 m = 2. BT Bialkowski 25 B I 45 R AR 1) F2 5108 A2 0 1) 2 Bk
ATTRIN, ASCR PRI R EI3EAT 125 8.

XT2H r € {1,2,3,4,5,6}, Bialkowski 55 B RUIFHUIFTLEE, ASCRA T 95 288%. th TR R
PR, BEALAA A R BUEFI r = 5 SR, i B AT R R 21 R SLIRENIE M THRE,
FR RN SRR B R ZE G I b2 (R, AR 1.

MEER &, AT RN AR S A IE A, ZHEIRERENA )0, FITIIZCERTL T
21 R LIRBIE, HJESCRUET, €80, THIR—BRZNAK, HH 5 HADRZE K BERAR;
VWAP Z BB RH ARIMA BRI #4F, (HS5 S50 r AIRKKR.

K 5 gt 7AERAT ARIMA BT TSI T, S50 - XIRZREE RN (1 B iRZEN M
W eY: K ey B expgpt PRI eemg: 2K eape T TRIE; expp s 20). fEANAITRRA i AL ARIMA
TR BEATA T, BR ey JUTBCA RS, HORRZKBIES L » FIEIMEI I TGS,
(BB » IR — SR A AR

® 1 r =5 RMAREALLRERERNIRETINIEL

_ R G VWAP ZH
R ey b eNISE licing e Y eR/A\éVEA v
21 RPTSLEsIIE  2.11E-4  0.29 0.14 0.17 0.07 0.27
W FH, ARIMA  1.33% 1.72% 4.16% 0.00% -0.22%  —0.80%
MW FF], SETAR  14.53%  20.39%  715.64%  —2.37% 10.56%  148.38%
M FS), ARIMA  1.46%  2.18% 4.76% 0.00% —0.02% —1.27%
BEF T4, SETAR  27.83%  32.99% 1055.81% —0.15% 13.51%  321.04%
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0.4 3 0.5 30
0.35 . 0.45 S
- 04
3
02 0.35 20
0.25 0.3
= =
% 0. \/\ 1.5 fg 0.25 15
o K oo
=015 —— = 02 10
-\. 1 0.15 ————
01 0.5 0.1 5
0.05 N T 005 \
0 0 0 0
1 3 4 5 6 1 3 4 5 6
T T

(a) (b)
5 IR 300 IEHEMIEN ACF El. (a) ARIMA &3, HEFEF; (b) ARIMA #3, #5555

INARE YA A B AR P R IUAE, 22 5 B VWAP P2 R TSR 5 oK 8 25 R g SR
YA, BEEZH r BRI R IZ D 0%, B BN 3] — @ RE )5, KOs R R,
FLBE » 9K, TSR 1] K e .

4.3.2 EFHIREA

KT AR R SIIE, A SC = A R B 75 T 5 A TR STIR (9], ZEAN I AR PR SRR R 25
PRSI, RART 500 REVEHE TS E, B2 E00 A THE S B4 S X R 25 4 E3AT14E
18 IR P ORe S SO R AR B 5 925 mh SRS ESON SR D3RR R N5 SR D9 380 19 75 %, 14 o T A f ks )
Ak, SCHR [9] JE ST, BA DL 1 30 25T,

R 28 TAIMANAEXS FRANI ((2.8)-(2.10)) AIFRM R ZAT LA MER Y (AR B 1B Y, TR 3 45
H T IINAERFREBLSE ((2.11)-(2.12)) FFTIIR 22 AH LE BEAERE T R AR 515 7.

M 2 HRTEUE Y, EA2 5 &2 10, oI MR AR s i X TRl (R SR IS A BEAR, /e VWAP JZ 1,
SR A TRV 0 28 P R 22 22 KO e, e R AR ) BRI A B, e 18R R A 5 2%, J40J L
MG S HSAE 2 A7 AR B2 B2 7, (EFIE AR DU S B S I 281 DA B SR, ASOx
PR LEREA SRR BT TRIR, 45 RESNR 4 M 5.

MR 4 AT ULE Y, AR SR O3RN M N 3 A SR TR R R AR ), SRR TR X A A AP
R TIN5 2 AR5 3 SR VR Bl BB R TN R 7 K P A1

PLBER 3 A 5, LESR Dyl AIAR BN 2 pa R B AR (R AR Al U107 30R , IMANARXS IR B A B S5 AN I
ARG PR L PN AR A 2, X8 I AR SRR B 58 T BE AR 3547 WS (1 AR R R

BRI, AV SEETT VA Brownlees 4 10 i HI 77 245 HH RO TN wR 22 58 /N, HLAE RGN 3807 7%
25 TR ZEAE 3 Fh 5P 8.

® 2 AIAEMTRYNAFRREFUER (£HXIE)

Lo R VWAP JZ i
i ey 24 CMISE licing e;/bWAP eM%VSP
21 K7 g sh¥E 1.64 0.27 0.13 0.17 1.00 3.83
et} 143649 1.42E+9 1.77E+20 —0.61% —6.19%  282.01%
B vspuil —34.13%  11.55%  7823.36%  0.01% —41.17%  —72.87%
SE R INER 31.61% 745%  7818.30%  0.05% —43.86% —75.08%
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REREE B B E W11

T RASCEARM AT AT 21 KA . A S AR TR R FEASEAT NSRS RIS AL, IR T —
RIEATIN. D5 REA AR B S HUsh AR XA, FRIO9F BT, 4R W 6.

FESRFISCHR [9] BRI IR, MR B 2 S BUMEE M 55, IINRZ ML T EH L ES,
1713 R FH SR O 3 AR B0 3807 4245 21 ) T 28 R A 8 HAE T A Fiabm L S8l 1 D SR sh 44, wEHiX
PRITER N BCR BT S 53— 5, RETEN LG BIRM ef)0,, W2 SHMZ S EZ 1
IREAEMCRE R LA TSR, TRIER T el TFARERENAGEE. FEHNERL
iy 6 J2 T TN R RAR EE S TN — € 38T, (HAE VWAP JZE T BTN AR S i T R, JAiT A
st T VWAP SRS 2 5500 H A58 5 s 2 H A SZ By i 5 L, 58 5 & 10 R 75 10 F i 22 2

® 3 MAEMFRBNAFRERTNER (£HR(X(E)

_ T oA VWAP JZ [
i ey €ib eMsE €Slicing e NSE
21 R RN IE 1.64 0.27 0.13 0.17 1.00 3.83
et} 2.36E+9 1.51E+9  5.60E+9  0.02% —24.21%  —23.06%
S Eyspi] 35.79%  30.45%  7828.49%  0.06% —37.20% —69.88%
SRR INEL 34.03% 7.91%  7839.20%  0.15% —40.24%  —170.89%
F 4 AMNIERFR A FRFURBITUNEER (BEAIM)
_ T o eEm VWAP 2T
e ev €ib eMSE €Slicing e NSE
21 R LERSNBME 1.52 0.28 0.13 0.17 1.52 6.57
Rig 1049.27%  1110.00%  2728.84  —0.52% —29.73%  —1.31%
SR IE —28.00% —31.15% —54.99% —0.03% —59.14% —87.01%
SR Ik —29.74%  —33.94% —57.95%  0.00% —60.03%  —87.23%
F= 5 MAIENFRYEAIERFURBTUNEE R (FEARI)
Lo R VWAP JZ1H
}Ei ey ey ey [ eVWAP eV WAP
v ab MSE Slicing ab MSE
21 R LR ENHIME 1.52 0.28 0.13 0.17 1.52 6.57
Rig —28.02% —38.83% —65.41%  0.13% —46.57%  —78.32%
SRl I —27.05% —29.44% —53.11%  0.02% —53.83% —84.00%
FERE AR —36.73% —36.73% —60.12%  0.10% —53.98% —83.89%
F 6 FIMANIEXFRBLBIEAR B LB STUNLE R
_ oA VWAP JZHi
R v €ib eMsE €Slicing e NSE
21 R RRIE 1.68 0.28 0.14 0.17 1.03 3.94
Breuil 5.22E+77 249E+77 1.19E+158 —0.93% —293.22%  —49194.63%
S gyspil —31.67% —35.15%  —56.85%  —0.11% —44.24% —80.40%
ySEl I —33.85%  —38.23%  —61.94%  —0.11% —45.56% —81.53%
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FHBR I 2 BRI, i {6 L L 56 1230 S

4.3.3 DRERLRE

XFTEE 2.3 /AN RIEE 1AM THE, SRR F AR 21 R SRR BhIME, B EHER B AL
gEIR. X 2 A3 AMETHE, AT AR ARMA BAEE T 5 RETIME NN, DA 7511
ARMA BEAGEEHT 5 ANH N G2 NRIAME. KH 30 RIFINE T R4

H T JE SR RSB R, 22l H S S 8O & U 2480 (RIS B A shas ).
RERFHEYE, 0 R A auto.arima BERE ARMA B8 AL T B AL TH2
OV T — A2 () TN 25 SR PR b 7 R A FRAR AT FE H Hesse H R TGI2: 3R I 1) 1) R, 44 J5 — Fh AR o428
il Hesse HiFE Ji%.

T & LR 7, SBAEAL G B E T R L R R 4, T/ VWAP JE R ZE. X3
TRAAR I FE A SRR IR/ AS ST R 2 EL RIS SR ) 1) R SEOK T VWAP JZE T T R 2. A
TR TR G T, BhA PN AR B 3l Tl i i 22 55 /N, T & B 455161 Hesse FE R 45 SR 520 A K.

ST E, BRI ARG AE VWAP JZ [ T RCR A ARG, (HER S8 Z R MR LT, H
FH T TN FE AT, SEBR A A AT R A A0 R

ZRE 3 MBI SRS R, AR Z 4 » BRI AE VWAP JZ T R I REFE 32, (HFE 2 38 N
[1)3z S B AL 1S PN 2 A28 B TR AE RS ) B R L & VWAP R HR MR, HIHEREE
WAL 1T RGeS S HOEAT BARAG T, Fo EREEIRIAT UG, BRI, S e =, o il AR
BAAE AL Gy £ T PR IR, 38 B PE AR T A B /MR, (HAE VWAP JZ T TR ZE 50K

4.4 BEPEEEEHISSERL

AN GERATR R S S AL A TN OR,, B 1A e 5 SR E I 28, HIME RIS 80
ZRMRAC I FE RO 21 K A RS RIIZRSEURON 32 AR, B 2 K. X TR sl sk 5 (),
AN R IR BRI (B AN R OB« IRBR L 17 HR R B K ek £

R84 f(x) =« REFIMER, ATEUR MERIIMEDY 0 19 GMM fliit4h, R a2 5
RJZMAN VWAP JZ BT 1 8L TN ECR; A e AR, T R AE 22 5 B R TR
& TR, B4 VWAP RHAAIRAKIRTE. GMM i (945 5R 5 EIIERCE R &), 5 BME LIS,
WA ASRAFEE MLE 757 S AF I ROR (B (A 2, T PR v 22 2> L 2% B 22 57

ROGH f(z) = o+ a FAITINER, BMEDY 0 #9 GMM AliiH 45 REIAFE T A L. M
flx) =z BT, f(z) = o+ o fEJREREENAR A ILA_ BTN 1 8RS, H N RCRAEAL 5 8 )= T

xR T DBRUCERTNER
=] VWAP Efi

R ev b eNISE €Slicing EX}YV AP e?\//l\évEA v

21 RS ¥E 1.76 0.29 0.14 0.17 1.07 4.12
AT —10.95% —12.27% —24.23%  0.19% 3.73%  5.27%
BTN, F5H] Hesse FEFFE  —10.94% —12.27% —24.22%  0.18% 3.72%  5.26%
A —10.37% —11.58% —23.59%  0.19% 3.95%  5.93%
FEATM, F5H] Hesse FEFE  —10.31% —11.53% —23.32%  0.19% 3.98%  5.95%
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iR, (07E VWAP ST 0 R AT B3, SRR R B VWAP J2 BB
O L

%10 %t f(z) = Vo BEEOBIIAES, GMM (R IF BB EHOBE, MLE 77 Bl 45 5

% 11 FIHORA IKERH f(2) = 22 + az FIRBEREL f(2) = o BHECARAEIILE R, -6
Woibull 4450, TR T Gamma BT B, Btk o TS0,

LK, R AR BN R 5 R M IR — RO R, MO T4, SR
AR BT R AP

WS G5 5, 7 TUNGE SRR SE RORIR T, RS0 30 75 e (e 5 S B O e, 76
A2 5 RA VWAP R EAE] AT, BT GMM i i 0 B SO R T S M, Bk
(PRI IR T MLE 7754 i %5

* 8 FEEERETNER (f(x) = =)

_ o EE VWAP JZ i
R ey e eMISE eglicing GXQNAP EM%VEAP
21 K7L E 1.76 0.29 0.14 0.17 1.07 4.12

GMM ¥J{EN 0 1.34E4+48  6.46E+47 3.27E+98 —584.95% —631.78%  —5702.26%

GMM ¥ N 1 —6.73%  —10.78%  —21.88% 0.14% 0.00% —5.32%

MLE Gamma —2.68%  —11.21%  —22.70% 0.00% —0.13% —0.59%

MLE Weibull —3.05%  —11.85%  —23.72% 0.00% —0.39% ~1.10%

MLE X #UERS —3.12%  —11.04%  —22.15% 0.00% —0.35% —2.20%

DREARACER (B —10.95%  —12.21%  —24.23% 0.19% 3.73% 5.27%

R 9 FECEHERFTUNER (f(x) =z + a)
T o EJEH VWAP 2

HE ey 24 eNISE eglicing EXbWAP e?\ld\évékp

21 K7 g sh¥ME 1.76 0.29 0.14 0.17 1.07 4.12
GMM #EN 1 —6.30% —10.12% —20.44%  0.16% 0.90%  3.67%
MLE Gamma —1.95% —13.19% —29.84%  0.01% 1.05%  2.47%
MLE Weibull —1.57% —12.53% —26.86%  0.01% 0.94%  2.51%
MLE X% 1E 2% —2.22% —11.69% —25.94%  0.01% 0.70%  2.28%

* 10 FEEKRHERTNGER (f(x) = =)

T o EH VWAP Ef

gi v v v v VWAP VWAP

Ev €ab eMSE €Slicing €ab eMSE

21 R R 5ME 1.76 0.29 0.14 0.17 1.07 4.12
GMM ¥JH N 1 —6.72% —10.91% —22.15%  0.14% 0.36%  —4.80%
MLE Gamma —2.60% —11.07% —22.32% —0.00% —0.23% —0.91%
MLE Weibull —2.58% —11.15% —22.47%  0.00% —0.26% —1.19%
MLE X% E 2 —3.06% —11.59% —23.93%  0.00% —0.42% —1.89%
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* 11 FEEEHIERTUNGR (RiR%)

_ ] VWAP JZ T
& ey b eNISE €Slicing e e
MLE Gamma f(x) = 22 + az —-3.70% —12.77%  —25.47%  0.00% —-0.55% —247%
MLE XHIER f(z) =22 +ax  —3.67% —12.54% —25.40%  0.00% —0.46% —1.69%
MLE Gamma f(z) = e® —4.06% —13.13%  —26.24%  0.00% -0.43% —2.92%
MLE X #IER f(z) = e® 113.52%  29.52%  9496.19%  0.67% 10.55%  21.34%

FER AR AR R 25 () A FE BN ER 4 DS AR AT 30 e, IE IR ISR AN ST 56 &
RANBEOxT =y e s A Je g™ R At AT 04 (S W3R 12 A1 13). AT LA 1) A i s S A0S AN IR 73
ISR Lo i K ) P B8R AT S 25 52T I 2 368, 28 5 & )= T FBOR A BT AR, VWAP
J2 T TN R A5 2 52T

X R R AR ey R SRR ZE S TR AT 0 M. 7R BV A, MIA A0 A TN R Kt
21 R, BT S EEAER) 21 R P1 S Rsh BB S5 SRR i m— 51 1320 o PR RS 82 7 T3 i
BUE (B ay,07) FERALNEA G TP S L.

et 14 WTLUE H, 3 N 81 B T IS Rk i A, 1T L2k e A (R I L 2 v,

* 12 FMESRERT REATUER (R1SIEZ, 600030.SH)

2 5 R 1 VWAP JZ
Ei v v v v VWAP VWAP
Ev €ab EMSE €Slicing €ab EMSE
SRR 21 R LERINBIME 0.03 0.72 1.08 0.17 0.02 1.43E+3
MLE Gamma —11.28%  —29.37% —5251% —0.19% —13.50% —28.03%
MLE Weibull —10.14%  —28.81% —52.04% —0.09% —7.38%  —14.60%
MLE X EZ —11.01%  —27.53%  —47.62% —0.14% —14.50%  —27.91%
NS 21 RITRESNIIME  4.44E—4 0.74 1.21 0.17 0.02 1.44E-3
MLE Gamma -8.83%  —23.36%  95.36%  —0.09% —14.97  —29.11%
MLE Weibull 1249.45%  2485.37%  3.09E+6  0.31% —19.46%  —32.75%
MLE X EZ —11.83%  —27.70% —47.86% —0.15% -17.99%  —35.72%

#* 13 BEREmIRRE R REATUNER (FM*FE, 600519.SH)

_ T oA VWAP JZHi

S ey e eMSE e‘S’licing e;/t}iv AP 5\1\%\% Y

JRAEBANRE 21 RITSRENME  10.93 0.60 0.81 0.17 0.55 0.97
MLE Gamma —5.34% —21.21% —39.01%  0.00% —0.48%  —1.34%
MLE Weibull —6.11%  —22.03% —40.80% —0.00% —1.75%  —4.95%
MLE %} IE —6.06% —21.88% —40.35%  0.00% —2.07%  —4.96%

TR 21 RFIhEshME  2.42E—4 0.60 0.80 0.17 0.55 0.97
MLE Gamma 8.72% —5.16% 145.19 0.16% —16.52%  —29.43%
MLE Weibull 387.53%  827.98%  3.50E+5  0.40% —24.08%  —46.65%
MLE % $E % 516.03%  767.83%  15792.50  0.81% —20.35%  —40.33%
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* 14 BEEERTNRENSH (f(z) = z)

e R o AL
Cv €ab EMSE CSlicing €ab EMSE

21 R 7SR sh¥ME 1.76 0.29 0.14 0.17 1.07 4.12 -
GMM HISEFS]  41.81%  52.76%  145.54%  1.92% 34.68%  12.94% 1.96%
BER 1 BT - - - - - - 98.04%
AR 32.06%  10.45%  17.36%  17.00% 37.34%  23.29% 0.00%
MLE H¥MEFH]  259.54% 242.35%  580.94%  1.92% 34.68%  12.94% 0.31%
Gamma Tt 19 7 %1 - - - - - - 99.79%
NG 2.56%  237.96% 562.48%  12.06% 87.13%  91.75% 0.17%
MLE HME 7%  218.30% 197.18%  433.23%  1.92% 34.68%  12.94% 0.96%
Weibull 14 ] 3 371 - - - - - - 98.93%
IFFH 249.94%  232.74%  557.49%  6.71% 122.63%  293.33% 0.11%
MLE H¥MEFH]  135.43%  109.92%  222.73%  1.92% 34.68%  12.94% 3.03%
MHIES B FS - - - - - - 95.68%
MIAFEF] 209.01%  186.08% 395.61%  3.41% 85.22%  159.57% 1.29%

XU B AR SR T N 25 R B S Uy, H SRR 5 T ik Bl B ey, T
N1 P 81 I i e (K AR SR B, P RIS 17 Py AR 1 U R R (Rl BE K, Rl 3
TR E ARG 550 5N R SR S PR ROREAY, TRt U B0 B 7 SR s A, WA 5 A —
SEREE AT DLBR IR HE A S PP 70068 N2 RS 70 o RO A2 #8873, AT o8 8 A ) 000 28 SR8 b R 2 SR B 47

LREAR 15-18 WA, SR BB IF AN A 2 B [ 3 S T 45 2R A2 H S E P SR I R
FRe A, B SE RAE VWAP J2 1 — BRI . (5 B T2 0 Fe 21 B TN 45 3R — A KASSE, E2 5

RBIZHEANRED K, R FE AL S 82 m iR 2= BTt

MR 12 A 13 T LA HY, — R Al e A 2 ) N A SRAR B HE AR AE B AN R S BT $h R
TSRy R BB B (O G AR AEAE By & 2 T A — € TR, {BAE VWAP Z 1A $2 7T

* 15 FECEHRETUNIREN T (PIEIES, 600030.SH)

o e e Tl
€y €ab °MSE €Slicing €ab EMSE

21 RS sh¥E 0.03 0.72 1.08 0.17 0.02 1.43E—3 -
MLE H¥MEFH]  57.91%  14.84%  580.94%  1.46% —6.12%  —16.29% 4.80%
Gamma 1 751 - - - - - - 85.45%
HEFFH] 328.92 45051  1.43E+5  25.52% —26.73%  —56.96% 9.75%
MLE HMEFS]  67.85%  25.54% —21.71%  1.46% —6.12%  —16.29% 3.07%
Weibull 18 1n) 7741 - - - - - - 96.71%
MIAFFEF 21622 30490 2.34E+5  24.28% —26.73% —60.11%  2.17%
MLE H¥MEFH]  39.11% —4.91% —50.08%  1.46% —6.12%  —16.29%  10.06%
WHIES BT - - - - - - 79.18%
PEFFH] 22389 29957  2.09E+5  21.47% —23.77% —54.96%  10.76%
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< 16 FEPEMEEITUNIRES M (FIEIES, 600030.SH)

e . TR e Tl
Cv €ab eMSE €Slicing €ab eMSE
21 RS sh ¥ 4.44E—4 0.74 1.21 0.17 0.02 1.44E—3 -
MLE HISMEFS]  38.95%  —6.62%  —48.93%  1.46% —6.17%  —16.33% 11.28%
Gamma 1 17 7 771 - - - - - - 38.55%
ZAEE ] 1.61E+6 2.00E+5 5.46E+12  60.46% —24.74%  —56.53% 11.35%
ALY —0.02%  —0.07%  —0.24%  —0.01% —0.05%  —0.17% 38.82%
MLE H¥MEFH]  1312.48%  778.63%  15038.31  1.46% —6.17%  —1.63% 0.62%
Weibull GAENE] - - - - - - 4.28%
MNIAFEH 1.59E+6 1.99E4+6 5.54E+12  66.77% —24.70%  —56.52%  90.73%
AFLER —0.02%  —0.07% = —0.24%  —0.01% —0.05%  —0.17% 4.37%
MLE HSMEFS  33.01%  —9.97%  —56.74%  1.46% —6.17%  —16.33% 14.36%
MNEOER WA - - - - - - 35.94%
ZNEE ] 1.41E+6 1.67E+6 3.32E+12  60.75% —24.79%  —56.65% 13.75%
A I —0.02%  —0.07%  —0.24%  —0.01% —0.05%  —0.17% 35.95%
#* 17 EEIEERFTURZES T (RMFE, 600519.SH)
e T e T
Cv €ab eMSE €Slicing €ab eMSE
21 R 7SR sh¥E 10.93 0.60 0.81 0.17 0.55 0.97 -
MLE HISMERFS]  100.11%  48.89%  3.38% 2.23% —6.35%  —29.43% 0.63%
Gamma a2l - - - - - - 99.22%
WIEFH 114.33%  65.49%  21.83%  24.15% 159.75%  558.08% 0.14%
MLE H¥MEFH]  71.81%  21.15% —24.18%  2.23% —6.35%  —29.43% 0.96%
Weibull 155 1] 72 371 - - - - - - 98.93%
WNIEFH 111.50%  63.67%  19.48%  44.01% 310.42% 13.18 0.11%
MLE H¥MEFY]  4785%  2.62%  —35.62%  2.23% —6.34%  —29.44% 5.15%
WHIES BT - - - - - - 94.22%
YhIn] 75 105.44% 57.67%  11.36%  13.90% 206.82%  717.60% 0.63%

xR 15-18 T UUA B, — MR S sh B R 17 1 510 0124 o R AsOK, H H A 7 B R 7 571
PR 5y 52 2 1 K TN 28 R 2 S B0 PO 4 PSR, AT T A A A P T R 22 A LU A R A AE 52 5

HIZHEED.

S HUR IS B 2570413 B ¥ FR R 2 i S S AR 6] oo (5 TE S AR TN 45 SR mT LUK B, — IR ALY

FINAE—ERESE L] S R 7 PP F1AE 5E By 2 T T R 2 g B R

LRE AR 14-18 WAL, JR BB LR G AXSEAYAE VWAP 2 [ W AR A5 A R L, H Tk
DUACTT LAV 52 5 5 JZ T AT VWAP JZ T 0 TR 22, A5 AR i 8 A 3R 22 A ik v A TR A 7 A SR T )
AHRTE. I PP F1 45 A TRINR ZE A AL 5y 2 1 PR R IR G I S on AT AT DA AR e 81 v B — e 1 EE

Bl EFR, A gt P 45 2R PR, A SO P — B R AT IR AT AL
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% 18 FEIPEERFTURZEN T (RMFE, 600519.SH)
Loy VWAP JZTH

o T

21 RS ¥ME 2.42E—4 0.60 0.80 0.17 0.55 0.97 -
MLE H¥MEFS] 5.90% 8.15% —38.25%  2.22% —6.35% —29.43%  10.27%
Gamma 1 7] 5 471 - - - - - - 34.31%
MNEFH]  3.03E+6 3.18E+6 1.14E+13  60.46% 30.49%  22.80% 21.06%
ANFLER 0.01% 0.04% 0.05% 0.00% —0.01%  0.12% 34.36%
MLE HIMEFS  101.05%  51.39% 4.33% 2.23% —6.35%  —29.43% 0.86%
Weibull A ElE2 ] - - - - - - 12.30%
MIAFS]  3.61E+6 3.79E4+6 1.49E+13  86.91% 30.76%  23.37% 74.54%
NI 0.01% 0.04% 0.05% 0.00% —0.01%  0.12% 12.30%
MLE HBMEFS  69.66%  15.68%  —33.06%  2.23% —6.35% —29.43% 2.29%
WHEIER  #ETE - - - - - - 10.02%
HYmFH 293E+6  3.15E4+6 1.12E+13  77.77% 30.76%  23.37% 77.67%
NI 0.01% 0.04% 0.05% 0.00% —0.01%  0.12% 10.02%

5 MR

AT 4 H AR O A 2 T PO A A A 96 DG IE S A e sh AR R 75 BA )32 3 Ik R A R il
MR, 9T XL, ASCHI AN SRR IR AT TARSS. AN RAESPERIRTEE T, WA
TEULRA, HR ) 2 BOM A 1 B SICUE AR 36 38 70 AR R]. XEINATRR R B B ARIMA. JEAS TR () 45 R AT e
7, X SR A e HURE R AR AR A AMR 2 J 7R, 0 2 R BB I B A5 ANz Hesse FEFE (045
RN, R & MLE J7ER UAME TE.

IR, AT AE I HEE Y 21 R SRS EL TN R 22 A B0, SR A% B 0 A 4t A8 R R AR R S HE 1Y
REI N 73 B,

5.1 (EHEEREERE

TRBUZ AR AR PEAR S6 T2 B8 R AN T T, — 23 TP IR 300 Fa 80, 5 520 3e it (A i EE AN AL
Dy X I, PSSR 5 R Rt =AM EAE 50 fa 8l Ak 800 fe S AR KA
IR B AN X B, 5 S R BRI RO T T, B T 45 2R e 15 B A .

5.1.1 BJE)EE NSRRI

A/NIER R BRI NIPR 300 FRECEYE, TS FE N 2005 45 4 H 8 HE 2015 4F 12 A 31 H,
X TR IR 15 08, B RIR Resset gt . BB I hat R AR 19, BT IR B J 3L
i UE 7 A BRI, 2% 18 B0 E s v] SRAT P RO ) AR, AR SO ARG, TR B2 55 i (1 BB 2w H
TINGSEIREL.

MR 19 AT DL HY ) FRARUASE Y f1 T 00 25k SR e T ) 255 P 86 K 1 T B, 3k R K A F [) — S 80k A7
DUAFAE— € ), (B3 0 S H00 SR T ELAE H R A Rm ER. Rl s i B EAE &) &

1761



FAGFFAE: H A A5 ST ) 5 B s A R FLSIAIE W 7T

JETHA VWAP 56 B HIZRIL, B R Weibull 4347 AU 4E S 73 A (1 5000 38R AH E o fRAeAL
B TN BORA AR KIETE. AR, Jm) I S AS ARE AE B4 e 1) AT 2 R T 28R

5.1.2 XEHKE R EMRIE

A/NTERETE 300 FEECEHE, XK ER 5 240 AT 30 20Bh A6 25 F 40 0 W2 20 F1 21, 5 4
BhECE R RS 2016 4E 2 H 1 HE 2019 £ 1 H 30 H, 30 /%0 Bda I [0 B S 558 4 150 I,
PRV Wind B . 35T FIRERI R, AN AR5 R I FIAR R,

ATLAE H, A R R Ra g R BT SR AR TR A0 S5 S50 U8 R R o Ak B AT R A v () 5 LU T
R RN AAE VWAP Helg E 1R AR A — @ 38t AN MLE J7 4 50 A

* 19 FIEKERNREBERIEER

_ oA VWAP JZ

R R T

21 K7 s sh ¥ ME 0.02 5.08 1298.93 0.17 1.87 12.82
TR (500 K) 6.57%  —12.88% —32.14%  1.68% —19.49% —29.01%
TR (1000 K) —0.16%  —13.54% —31.99%  2.67% —24.44%  —47.90%
FeUEI (1500 K) 6.37% —8.54%  —23.36%  2.00% —15.15%  —30.02%
SRR AR R —11.19% —19.86% —33.44%  0.04% 1.20% —3.98%
RN (Gamma)  —1.48%  —2.63%  —2.15%  0.02% —0.43%  —1.88%
AR (Weibull)  —1.42%  —6.26%  —10.40%  0.00% —6.52%  —12.54%
R ERE G HTR) -5 13%  —5.79%  —11.86%  —0.05% —10.63%  —23.20%

20 XEHKER 5 HHEfafE g R

_ oA VWAP JZ
S ey e eMSE e\S,licing e:t}NAP e?\/A\éVEAP
21 K7 SR sh ¥ ME 0.62 0.31 0.17 0.08 1.14 4.21

AR —35.38% —39.07% —63.68% —0.19% —73.67% —94.78%

I fRAR AL AR Y -10.06% —11.81% —23.93%  0.12% 3.91% 7.99%

R HBR (Gamma) — —3.18%  —12.74% —26.08% —0.02% —2.76%  —5.88%
AT AR (Weibull)  —4.19%  —14.37% —28.94% —0.04% —5.54%  —13.52%
R R HEA)  —4.60%  —14.35%  —28.37T%  —0.05% —7.15%  —18.57%

& 21 XEKER 30 SHREMHRIEER

_ oA VWAP JZH

S ey 24 CNISE Slicing e AP e?\//[\évg r

21 K7L shE 3.35 0.27 0.12 0.25 1.02 3.68
Fe e —21.95% —24.68% —46.16%  0.17% —39.37%  —70.92%

IR AR —11.19% —12.39% —24.01%  0.33% 4.40% 3.64%
R AR (Gamma)  —2.32%  —10.31% —20.84%  0.00% 0.11%  —0.24%
SRR BAERL (Weibull) —2.22%  —10.42% —21.26%  0.00% 0.36% 0.86%
RN EEA R EA)  —278%  —10.89%  —22.05%  0.00% —0.18%  —0.91%

1762



REREE B B E W11

KE, RBOER A4 1 LG RCR T

5.1.3 K/NENXIZHIFREMERIE

A/NFIFIF A 50 FEECEEE I HAIE 800 FEAUEE 737l AR 28 JRURE IO /IS B XU B30 o) 4545
RUHAT R B PEAR TG (45 5 W36 22 A1 23). JNAIRE B ¥ 5 5 S2AE A 36 05404 T+

A DAE Y, IR R LR KA XA S b LR DR 3. FRARARR 2R o o /N 2 XU S50 1) ) 2 S L
FasE, A HBUKKZSR. LB R AR B AR 2, (H LS 5 5 2 1 10 T 20 SR AE K45 R
Kol LRE . Rk sh AR AR /N KU Bl 1 S AR B R RR AR I TR, 8 R4 KU $dis 1
T _L AR XA e 3

5.2 MREBEHMREMEEE

AN JE THI PRI R A PR 36 32 BB SN I 3N 28 T B Sl ATAT ML AR A GRS 2R S0 280 SR () s . A8
SR IG R ES FE Y8 2016 4 1 H 4 HE 2018 4F 12 H 28 H, XA 15 0%h, PIIERT. {558
A5 TR DR o B e i o T RS ) AR SR X AIE 50 1482 B AR A NI 558 33 4, TR e K
I 5 o Tk & 16 (601138.SH) _IFARAT (601229.SH). =75% (601360.SH) A1245 B FEfE (603259.SH)
4 RS, Bl BRIET Wind HflE .

#* 22 EiE 50 TSR

Lo R VWAP JZfi
R ev b ENISE Slicing e AP EYA%VS v
21 R SRR sh¥E 0.68 0.38 0.26 0.17 1.02 3.58

IR (R, r = 5) -0.44%  —0.73%  —1.84%  0.00% —0.07% 0.23%
INAEAL (B [A), » = 5) 1.46% —2.68%  —5.66%  0.00% —0.01%  0.44%
TR —32.51% —37.15% —63.03%  0.08% —59.55%  —89.42%

I R AR A —12.00% —14.15% —28.44%  0.27% 5.97% 13.87%
R (Gamma) — —5.66%  —17.52% —36.91% —0.02% —4.79%  —14.33%
BB (Weibull)  —6.28%  —18.54% —35.42%  —0.06% —7.14%  —19.34%
R AT R HER)  —6.80%  —19.29%  —36.45%  —0.06% —6.81%  —21.30%

= 23 FhiF 800 WIFREMIRIGER

_ oA VWAP JZH

S ey e eMSE e\S]licing e;/giv AP e?\//[\évg r

21 K7L shE 2.57 0.25 0.10 0.17 1.05 4.37
TR (A, » = 5) 0.35% 0.12% 0.33% 0.00% 0.37% 0.38%
AR (1A, - = 5) 2.94% 4.77% 9.65% 0.00% —0.70%  —1.28%
PR —25.89% —30.19% —52.64%  0.04% —57.80% —84.98%

IR AR —10.83% —11.78% —22.07%  0.13% 3.08% 1.85%
BB AR (Gamma)  —1.91%  —8.68%  —18.52%  0.00% 0.05% —0.10%
SRR BAERL (Weibull) —2.24%  —9.27%  —19.62%  0.00% -0.21%  —0.97%
R ) —254%  —9.41%  —19.60%  0.00% —0.10%  —1.52%
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5.2.1 NIRRT

SR AN A 10 77 22 B DARSHELVE N A D 2 i i B 48 A, 76 IR 50 BRA3 I HRode B s 0 A 0 3l
LRI (600606.SH) FIEA K& SN 4R B ERAT (600036.SH) 1E A% EE0 5, 45 51 L3 24 A1 25. Ak
X IOFARSE AL B 28 1 P AR 1) r = 40 (1S TE.

M 24 A1 25 Hn] DUE Y, INFIRSE B B3 A T s 0 b i sl B Gk i . o FRARAL AR B AE s A% D
HIE (SRR ERRI TSI S (FBRRAT), BXm R R B SCER <L 5 &=
THI AR ) VR B 3E, (B7E VWAP JZTH IR IAS B 7 s VR B AR ARSI AN J 3555 Sl A AL 7E 1
JEEE BRI LR, RAER (O T AR AR IR B T R s sh s AL (B BB TS R K 1 5
By ALY =) 3 B A AL AE 5 N I B T 2R B AR BRI 2 7, BRI AE AN A& B0 S THI 35
HA R,

5.2.2 R HERIVRBEMERE
FACUHh, AN SO A 5 B ¥ 5 Z2 B ARSELA R D058 B B sh I T s 4 b, AE BAIE 50 o0 I i B s

L HEWAM TN G (600519.SH) FMKAL 5 B ah i E 2 e (601186.SH) ENE RN R, 458,
F 26 M1 27, HIAEAL [RIFEIEEL » = 40 IFZEIR.

& 24 FHITER (600606.SH) HIFRERIEHIGER

_ A oy R VWAP JZfi
21 R R E 0.02 0.77 1.31 0.17 0.01 5.76E—4
INAEEAL (GhIA), » = 40) 0.00% —0.01%  —0.02%  0.00% 0.00% 0.00%
INAERY (K1a], r = 40) 0.00% -0.01%  —0.01%  0.00% 0.00% 0.00%
PR —26.34%  —35.48% —60.59%  0.41% —42.68%  —80.17%
DRI RY —11.55% —24.49% —47.85%  0.74% 0.06% 1.71%
R HIBR (Gamma) — —12.40%  —29.47%  —52.64%  —0.04% -12.27%  —23.08%
AR (Weibull)  —11.87%  —30.40% —54.75%  —0.06% —13.78%  —25.16%
RN R HEA)  —14.79%  —30.28%  —54.12%  0.00% —19.24%  —40.59%

% 25 1BERIT (600036.SH) HIFRMIEHINER

_ A oy &R VWAP JZ[fi

S ey e eMSE eghdng G:SVAP e¥&¥§P
21 R SLIRz A 0.01 0.65 0.93 0.17 0.02 2.48E—4
JIFIREEY (YA, r = 40) 2.76% 3.79% 8.94%  —0.28% 5.84% 37.72%
IR (B, » =40) —-0.10%  0.10% 0.04%  —0.01% 1.11% 4.86%
TR AY —28.36% —41.11% —64.80%  0.19% —53.64% —88.52%

I fRAR AL AR Y —5.76%  —14.83% —32.06%  0.31% 1.35% 9.70%
FEEERA (Gamma) — —7.28%  —22.79% —45.04% —0.16% -10.31% —26.04%
RSB EER (Weibull)  —8.12%  —23.20% —44.70% —0.11% —11.00%  —15.53%
R R EA)  —10.39%  —23.91%  —45.16%  —0.16% —13.16%  —20.27%
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& 26 JMFE (600519.SH) HIFREIEKIGER

] VWAP JZTH
21 R HENBME 10.93 0.60 0.81 0.17 0.55 0.97
DIAEERY (A, - = 40) 0.09% 0.14% 0.37%  0.00% 0.04% 0.38%
AR (B, = 40) —0.03%  —0.04%  —0.05%  0.00% —0.01% 0.10%
Fe ALY —23.34%  —40.99% —73.70%  0.48% —52.75%  —79.78%
I FRARALAR R —3.50%  —9.91% —20.61% 0.28% -1.39%  —8.13%
AR (Gamma)  —5.34%  —21.21% —39.01%  0.00% —0.48%  —1.34%
SO AR (Weibull)  —6.11%  —22.03%  —40.80%  0.00% —1.75%  —4.95%
RN HEA)  —6.06%  —21.88%  —40.35%  0.00% —2.07%  —4.96%
% 27 hES%E (601186.SH) HIFREMEKIGER
_ R ] VWAP JZ
R P P
21 K7 s sh¥E 0.02 0.78 1.31 0.17 0.02 1.01E-3
INAERY (h1A], r = 40) 0.14% 0.33% 0.86% 0.00% 0.04% 0.04%
IAIRSRY (B, » = 40)  —0.03% 0.81% 0.11% 0.00% 0.00% —0.04%
FeFAE Y —25.10% —35.29% —58.712% —0.05% —48.52%  —81.97%
I fRATA AR T —-9.26%  —33.67% —43.05%  0.68% 10.18% 10.18%
R HIBR (Gamma) — —10.88%  —28.52% —51.65% —0.18% -15.52% —30.61%
AR (Weibull) — —9.57%  —28.46% —52.14%  —0.16% -12.13%  —20.04%
R ERR G HERS)  —14.34%  —20.74%  —53.05%  —0.17% —18.43%  —37.70%

M 26 A1 27 FRATCLUR DL, AH LSRN 7 51, AR 2 5 - A 17 e 1) BEAT 0000 (BRI 0
b, HAN A R WAL RE S P7 SRS AR 2. AR B SE ] w5 B BB AN . FE ST
BRI, 2 AU RS TR A 2 T ) T ROR B A i T P SRR sh B T o [ Bk g g ) 1, 3L
SRR 5 BIR WA ERIRTE. BARSRAET | 7 0 (AR 7R A =3 S Sl AR 2 1) T R A B
BOAERE, HHARX v 28 S B e sl (1 K HEAT 0N S B ALY, T Jm A e sh A A [ I AR 52 2 B sl ) Ko df
RILRAF. PITAEXT AR SZ 5y i A FEHO O AC 2 b, JR) AR sh AR B A — 5 AR

5.2.3 AREITAAREMHERE

BT A FEAT A F A B3 Gy T TR AR BOR 22 5, DRI AS /N1 ZE 1T PR /N9 (0 2 Aty e B B A
1k (600028.SH) F{FIEZF (600030.SH) — ) GHL (600703.SH) YEAKM7E. L5A 1T P /NI BTt B 14
JB, A SCIR B AN BT e F AR 247l L3 A 3 Y 9 . AT Gl s J LA B, 3% 28-30 4AHY 3
AN By T 5

AT LN S G, AL J5 0 S0 A5 SR AR SO0 Fia 5 0 00 25 A i, (H A
JE (P U 35 RAE AL By A VWAP AN J2 132 AR e BH SR b Iy SL VR B 3508 U2 (1) Tl 35 2R — B
e, (H HLAE A0 X A] 0 P I 280 SR AR T 304 ) B4, 0F T B UROR B E s, H2h W i Tt 4 22
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* 28 FEAKL (600028.SH) HIFREIEKIGER

A oy R VWAP S
21 R SR BME 0.04 0.76 1.39 0.17 0.05 9.81E—5
JNAIRETY (1A, » = 40) -0.01%  —0.04%  —0.12%  0.00% 0.02% 0.13%
AR (B, = 40) —0.02%  —0.05%  —0.09%  0.00% 0.03% 0.12%
FeFAR Y —27.46% —38.20% —66.81%  0.34% —47.68% —84.11%
R RY -756% —18.12% —38.96%  0.55% 4.56% 9.54%
R EIBR (Gamma) — —8.39%  —26.25%  —50.69%  —0.08% —6.92%  —8.78%
TR AR (Weibull)  —8.62%  —28.34%  —55.13%  —0.09% —-8.62%  —12.61%
BRI CHES)  —971%  —26.52%  —51.28%  —0.07% ~14.99% —43.21%

% 29 P{EiEH (600030.SH) HIFRMRIEHIGER

_ o EEE VWAP JZ i

S ey e eMSE e\S]licing GXQNAP e?\//I\éVEAP
21 K7 R sh¥E 0.03 0.72 1.08 0.17 0.02 1.43E-3
IRFETS (A, r =40)  —0.04%  —0.13%  —0.11%  0.00% -0.01%  —0.06%
DUANELRY (B, -~ = 40) 0.00% 0.25% 0.00% 0.00% —0.01%  —0.04%
FeR R —23.45% —35.68% —61.25%  0.08% —61.54%  —85.44%
SMERA AR —9.13%  —20.82% —41.02%  0.57% 1.80% 3.03%
R AR (Gamma) — —10.88% —28.52% —51.65% —0.18% —15.52%  —30.61%
A AR (Weibull)  —9.57%  —28.46% —52.14% —0.16% —12.13%  —20.04%
RN R HEA)  —14.34%  —29.74%  —53.05%  —0.17% —18.43%  —37.70%

% 30 =&H (600703.SH) MIFaf40IfER

_ Lo R VWAP JZ i
B ey 24 eNISE e‘S’licing CXQN AP ek?évﬁ Y
21 R LwRshIMHE - 0.65 0.91 0.17 0.03 -
JOFIEERY (YA, » = 40) 0.01% 0.00% -0.02%  0.00% —0.01% 0.00%
AR (A, =40) —0.01%  0.02% 0.03% 0.00% 0.00% 0.00%
AR —27.78%  —43.23% —71.85%  0.03% —56.51% —85.15%
I R AR Y —5.36%  —13.02% —27.70%  0.32% 1.04% 3.99%
AR (Gamma) — —6.45%  —25.33% —45.85% —0.14% ~17.69%  —36.22%
R (Weibull) — —9.17%  —25.56% —45.38%  —0.19% —20.40%  —40.85%
R AT ) —8.66%  —23.04% —43.12% —0.17% -16.88% —35.14%

I MRS B TR ORI AR A Pl 22 5, (ELSVARTTD 35, A EE D SRR B, 7 AU AL BT 2R
RO TR 5 8= H UL,

Joy Bl e AR PR PRI OR BE A B AR A — 5 22 57, (EDN BT AN B PN S 18 2 52 & B2 T
7& VWAP JR 0 — M RESME 1 SR sh M. JR) i i sh R A e 58 5 42 J2 T PR 28 R AN 2 B I AL SR
ZRZ, HAERELA R EIE REE R AR A 25 I 25 2.
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A local volatility model for intraday volume prediction and its
empirical study

Yixuan Ji, Ziyi Xu & Xue Cheng

Abstract Based on clarifying the theoretical points of three intraday trading volume forecasting models, the
additive model, the product model and the decomposition-optimization model, and conducting the empirical
tests using intraday volume data from China stock market, a new intraday trading volume prediction model, the
so-called local volatility model was proposed. In terms of transaction volume forecasting and VWAP (volume
weighted average price) strategy, the local volatility model is more stable than the historical average estimation.
Compared to its fast calculation speed and compatibleness with dynamic forecasting, it has satisfactory prediction
accuracy. Its robustness lies between the product model and the decomposition-optimization model, which is
better than the production model. Moreover, the model excels at large-cap data and the data with high frequency
and low transaction volume fluctuation.

Keywords intraday volume prediction, VWAP strategy, decomposition-combination technique, local
volatility
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