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Abstract

Abstract

With the development of information technology, more and more attention has
been paid to financial high-frequency data analysis. The autoregressive conditional
duration (ACD) model plays an important role in dealing with the positive time series
of financial high-frequency data. In the general case, the error of the duration model
is dense in the vicinity of 0, and presents an asymmetric heavy-tailed distribution, so
the distribution of the heavy-tailed shape is more and more used by the statisticians in
the ACD model. In fact, setting the exponential distribution, Weibull distribution and
generalized gamma distribution as an error distribution for ACD model has been able
to handle most of the high frequency data. However, there is a common disadvantage
of these models, that is, the fitting effect of the model error sequence is not very good,
and the estimation of the model parameters can only be quasi maximum likelihood
estimation. As the amount of data is increasing more and more, data structure becomes
more and more complex, so we still need to seek a new error distribution function which
is more flexible to fitting duration model.

It has been proved theoretically that the distribution of mixed Erlang distribution
is dense in the positive continuous type distribution and can be approximated by any
finite mixed Erlang distribution. Moreover, in estimating the ACD model, the sample
size is thousands of, which is entirely suitable for the use of mixed Erlang distribution.
We consider a data model in the insurance loss distribution widely used which is called
Mixed Erlang distribution( MER distribution) as a new error distribution model of
ACD, and learn the modeling idea that introducing latent variables to construct the
complete data log likelihood function in order to fitting calculation. In this paper,
on the basis of CMM-GEM algorithm, using extended algorithm from EM algorithm
which called ECM algorithm, thus using a new algorithm which called CMM-GECM
algorithm is performed for parameter fitting by using maximum likelihood estimation,
first to obtain the expectations of complete data log likelihood function in the E-step,
then in the CM-step the parameters set ¥ is divided into W cp, Varpr two sets of
parameters, and one fixed on another set of parameters for conditional maximum, next

calculate the log likelihood function of observed data for the standardized model, to

II



Abstract

determine whether they meet the stop condition, finally we get the results of fitting
parameters of MER-ACD model.

We use R software to design CMM-GECM algorithm, fitting MER-ACD model
respectively to simulated data and financial data, and compared with the Exponential
distribution, Weibull distribution and generalized Gamma distribution duration model,
to prove the effectiveness of the CMM-GECM algorithm, and the MER-ACD model is

superior to the existing ACD model in the financial high-frequency data analysis.

Key words: Financial high-frequency data; MER-ACD model; CMM-GECM algo-

rithm

11



B 2
RSCIIE I
BRI 11
hSCERE 1AY
YRR v
B — B 5IE 1
1.1 ACDERUGRELAR ... 1
1.2 MERSHBRHEXEZLREE .. 4
1.3 AXXEMERHEE .. 5
BT EBNE 6
2.1 ACD BB 6
2.2 MER-ACD #& ........ .. . 8
BT ZE CMM-GECM &8t &EE ... ... ... 11
3.1 ECM BEEBM . 11
3.2 MER-ACD ### CMM-GECM %S .. ... ... ... .. ... .. 13
ST ERUI 25
ERE SIS 33
51 BEREEE . . 33
5.2 MER-ACD#EHE& ... ... ... . 35
5 40
DIENCRR .. 41
BB 44

v



Contents

Chinese Abstract ...... ... ... ... ... ... ... ... ... ... . ... .. I
English Abstract ...... ... ... .. ... ... . ... ... 11
Chinese Contents ...... ... .. ... ... ... ... ... ... ... ... .... IV
English Contents . ...... ... .. .. .. .. .. ... ... .. ... ... ..... \%
1 Introduction ......... ... ... . . . .. ... ... ... 1
1.1 Overview of ACD model development .......... .. ........... 1
1.2 Overview of MER distribution and algorithm development ... ... 4
1.3 Article structure. . . . ... ... 5
2 The introduce of model ... ... ... ... .. .. ... ... .......... 6
2.1 ACD model . ... ... . . . . 6
2.2 MER-ACD model. ... ... ... .. ... . 8
3 CMM-GECM algorithm for parameter estimation ....... 11
3.1 The ECM algorithm . . .. ... .. ... ... ... ... .. ... .. ... ..... 11

3.2 The derivation of CMM-GECM algorithm apply to MER-ACD
model . ... 13
4 Simulation study ....... ... ... ... 25
5 Empirical analysis ....... ... ... ... ... ... ... 33
5.1 Data adjusted for diurnal effect ........... ... ... ... ... .. ... 33
5.2 MER-ACD model estimation . ............................ 35
6 Concluding remarks ..... ... ... ... .. ... ... .. ... ... 40
References ... ... ... ... . . . . . ... 41
Acknowledgements ... ... .. .. ... ... 44



1.1 ACD#&EZBL % R ifiiA

fEE BRI K BIHBRTHZ S RGN KREIZH, S LIS R+
2R (iRl Ag R I, FRAIAR 2 il s S ds . G hz &) 4k 2 [l (45
SR, T 25 T KRGS, B0k 5 P A8 s bke, SR
R B BEMK: WA BRI, WA G iEsh BTG, EE R EE .
AT TH T 432 5 AR 7T LU BRSNS I AC . Se I 2 AR B %, IR EExE 5
PREAE G R AR BB DR R SR A R B3 T AT 9 43 W 75 &l T 3% SO 45 # i 7
R E R, XS TR R (1],

N Z K ZE R B A Gy W [E) RF 22 AR {L, Engle 1 Russell 3 T % 3 F 1
(G)ARCH BRI B it, $RH T hraE& M B A FF 82 ] (Autoregressive Conditional
Duration, ACD) #5HY (2] KAk B 52 @505 7y B I A1 RF SRR AR, RIAC 5 i A it
R AT e 2 1 26 A I 15 21 (3] 6

NSRRI — D G, (ERP S o, W o, MRIASN L, $2H TSVDELAY, F—
ANBEHL R 5 77 3 BB T (5 S [4) . T Box-Cox ACD BN AEST AR Log-ACD #i
R, BRI AR RSO 0 1, AXEIACD (Log-ACD) #i#[5]. Log-ACD %3
B AR E], £ A THARRERRsE. FEi, £ EGARCH B A -, 32
Y B S PR AN A 93 5 ACD (EXPACD) #88Y, B F T 78 ks 427 452 241
MZhZS Lkt T TR ACD (TACD) HEBU R AELRPERIAY, AT FH R IR 5 4+ (1
Rt AL T R A R B 2 A P S A B (6] T b ACD AR Log-ACD #EAL%
R RN R L, R T AERFR-ACD B, Ak AT R A E SN, B
AT R B i A A A AE B, AR R AR MRS Kz (7). 7 B 4y
ACD (FIACD) #iRAEAGKAZME, Al T AL GRS RS (8] # K ACD
5 GARCH #7454, A ACD-GARCH #7Y, FREEi S5 A 52 I i 3 6 &
WANRFW, ANERAE ACD #A[9], H i Farid MR- R, = EFRs
SHERE A TH AT BE AR AR [10] KT TR BB # ACD  (MSACD) #i8Y, J& T
HURA /AL, 5 TACD BEAUMHEL, FRERPIHEA[11] « 8 FRXHEH T AGACD
BRY, R—JERn i BG R [12] o RS HIBEAY (4005 B LUK XU Bk 250 T2 IR ) 7 2 4%
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ACD R N RIER M AL, 5N EER AR, FZ2%-ACD (SEMI - ACD)
R, AT R A R X i LA S, SEMI-ACD N AEZRPE AR [13] &
FF@AIARERF ST 5, Bauwens S LR T JUNAS R I RFSE AR [14] . fifA]
XFEE T Bt AN £ ACD B SCHR DA R BE SR AR A, TACD ARAL, AL %14 22 3
B [15]) FNBEHLIE SRS A [16]. Ml 195 H, — DM FRIBRRRA — MRSt
FE/NFRREEI, TR R S VB A MR 2R oy AT I RR SR o A . T72, AT & iR
I XM ACD 8 Burr- (log) ACD #&AY,
AR ELACDE AL R
ACD(r,s):[2]

Py =w + Z TiTy—i t Z Bitv—;
i=1 Jj=1

LACDI1(r, s):[17]

Ing, =w-+ ZTi Ine,_; + ZBJ In éy—;
i=1 J=1

LACD2(r, s):[18]

In g, =w -+ Zﬂfvﬂ' + Zﬁ] In ¢,
=1 =1

BACD(r, s) :[19]
P =w+ i Ty, + i BidiL
i=1 =1
AMACD(x, t, s):[19]
Gy =w+ i Ti%Ty—i + i Pre€o—k + i BiInéy_;
i=1 k=1 j=1

ABACD(r, s):[19]

o =w+ Y Tillewmi — vl +ailee — D) + > Bl

i=1 j=1
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SNIACD(r, s, M):[19]

r t

Oy =w+ Z(Tifl + ¢)ev—i + Z Z (Ti—1 + Ck)l(ev,igs—k) + Z BiPuv—;
i=1 Jj=1

i=1 k=M

Hrr, 1, Z24hsss, Hrn=0

KT H B, H&5A EACD #ARA WACD #iR!, B854 F1 Weibull 43
MAERFE M. EACD BEBVECEE 5y 40 i, AH BT XU s EON B I [R] A2 44,k DAL
A . WACD A48 EACD 8 2 — ARS8, AR o B0 0 8 ek A, LAY
TA RGN, BASCHE . EX TR RS AR K R RFE ], WACD B4
Py BRI R, T & RS A B AR E AR . 24 R P VAR TEACD f
WACD LSRG THE B At vt,  BAEA #5014 [20],

A B B — M Burr 20 E 98 B3040, Burr G W NRIRS . FFE,
7 SUME 3 A AN TEARSHL, X ERAEAF0L 5 RO 07 18], X 26— Ak [ Y,
M —fALH) (Gaussian) GARCH #5484 D) J¢ 5 2 A48 -t-GARCH 584 (1) 1% Dy ) 2t 2%
ol, BAEEZEE L, Burr AT US43 AMUAT LG EACD 1 WACD #E 8!
LA R, ST DA HAb 2 Mo A, JCH B R4 2]

X Fq-Weibull-ACD #:7, & I o-Weibull 434 bt Weibull 43 1 E N E R, ¥
HAAEMSREIME®ENH L, 50— A2 8W 18 8-ACD BB HITH L. — K
HOLT, o FBE-ACD MEGRIEZE, EHSM& TR EFAE, q-Weibull-ACD 4%
oy AT E, i o488 ACD W B AR #4(10] . SBS-ACD (BS-ACD, BS-PE-
ACD, BS-t-ACD) #7 BAG R4 s %, HH BS-PE-ACD RIL&UF[21]. ¥
Jg-weibull-lACD (EW-ACD) #ERL, #1500 48 B2 BA K0 45 1 B A 1) s e 52 2 1
AR, ATHCE H I EACD, WACD, Log-ACD, J7 XA ACD, Burr-ACD %!
IR R YE. EW-ACD BRI T IR, EL T 2 AR s R 450, tHAEIR It
H S i LS R . (H BW 430 B B A EAEXE FR P 82 REE S 45 m,  H 24 EW-ACD
B RESHNTL B, G IEAEAE [22].

ACD BRI R R4, M B8 Tk R Bk e R I 30L& H v R <8 i v I s
HHESRT 2SS BIES MM ERETE, SRR HEEla2ZMmE
FFFEL NSRRI ACD B84 2 B ACD B85 GARCH #ERIGAHIME 23], % RA
GARCH (MGARCH) ##4[24], ARG IEA-TGARCH B8 [25], A EH fe
% B U HOL A 22 PR (VR & TR AR A S ACD AL B0 A, MR & B RA SR 1
A [ RS (MER-ACD) A,
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1.2 MER% T RMXFZEL RGA

BE B4 (Mixed Erlang distribution, MERZ;5 ) 1E PR 51 5k B s 22 A vp
BT Z N, HAER I DR 6 A5 BEAR AU S DR K 450 < Bt P A RAF AR . RIS
B R 2 ARG WA @A, SRUERE R EAR A, K E R E
IR AT 20 RIS IR B G, WA RS e B R EF R oAt ot, 1531 R
RS AT R H 3 T 20 AT BR B S B R R AT X, 45 DLTH B8RRI B2 [26] . X Sl R A
JR #4511 B AH R AR S EOR R & T B 0 A SR AE 1R 22 0 A 25 (A 2 A% 1), BT
AR AR AT H— RS JE B A 59 R A i s, Hazae kiR s, 68, &
B SRR KA AT B Ganmma WAZEE AT VEROR
AT VR A B B2 AT RS W 405 25 b IR 820041 [27] -

RETLHS ISR, £ 7 A A B LA & 0 . 7T HEM 8k
KAGTHA T FTEARZEH hyper-JE R 73247 (28] 3K P> 70 A1 2 [ A S 3 8270 AT % 8]
HIM A, HIX P A KRS MG RATELE S W . Tijms #i&E H 7 AHA A S
Bt ik, BRGSO s AR,  HA KR A 1) 8, T B )5
£ [29].

BEXIME SR ) copula BRE4E BRI AHARVE R @A BR 1l . B3t 0 A1 R BOR 2
J&£ 3 A eR BTG P U AR AT B VR BT BUE T SR R R, S T 2 oniR S R I,
M BIC #EN A E R AT 222614, ) EM Bkt AT G, AL B e 4E 4080 1)
AR [30]0 [FIAE D S R I 2R At ARG b 51 IR & JE R 7046 [31], K5 iISCAD 1E ik
$ BRG] NALSR B BT R SR ST BAAR [32], DA A I AR B VR A TR B [26], #BF
H EM B3 @Ak T 284t .

RGeS HTE R Zia H ML 53%, (EXTRETE A, 6 7145 R0 £ 4
BEANE, BTEESHEL, HSEILERNA R 1mEF e
SR T S ST R E A e P, DRl DU S fik v T LS S ek Y 480G 1 1)
(B DL 3y vk e ™ B B R B A L SR B R SR BER (MCMO) 5 )5 37 A i it
HEA, TRA TS ITNE (VB WWRER M, Mkt 7 VB-EM &,
ZEEMTH A R MCMC ZAZ, (HitEITENRG £ (33].

EM 532 24008 bR H i KAB /A Z BN, AT R ARSRRAS 3 i KM 5 [34] . EM
LR AH I EREG . — B A 3 B v X WIE 1) BB BURE, WA 1R 3%k B i
BESOE B, Tijms I BNEFEAIAE . H—8ER, BEARNER S, W
Hrad-hoc MR THIE RS H, AREA R E BHESE . Xk CMM CREHEAL
) BERIERIME, H GEM (7 XEM) By 20 EZNRIRS . 5k,
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R AL (ECM &35, M CMM-GECM 554 MER-ACD #5737 B4R
& B A5 [35]

1.3 AXEHEH

AL LER Z AR

H—F: MR ACD BAYTE SR s s N, B ACD 1AL KR e i AE, 48
J& R TR VR A T BA A AR N B A RS, FRAUA TR A E A A RIS Sk
(1) Fe IR o

I ME T ACD BB DR A B A S AR, JRRR A B A A
550 B AR SRR 4G, s 7 AR A B ARSI, IRE)E
B4 E 4R S2] (MER-ACD) F88Y, 3 5] Hi A0 K

8 =% AT EMER-ACDHL B 2 5 1) fie R ABLAR i i, Mi& T —Flor i &
#HECMM-GECM .32, N T MER-ACD #AIKSHHG, HIERRES R,

FUUE: K CMM-GECM 50 H TSI, 2572 MER-ACD #84., &k,
FVR A JE B o A 72 AR 3 B 1, R ACD A7 = A R 82 3 1 471 Jig 30 4T — 71 TR
&, HEESCR . HHRE AR . Weibull 204 T XU 4046 5 MER 234
AT B FNERFE IR G, X RBLEROR, 30 MER-ACD # A4 L R
P, 3R OMM-GECM #3210 A 2

o T N 4 Rl B S2 ) 4T MER-ACD ZEAE, JEA4 10 5 48 £ 0 A
Weibull 734 | AN 204 A0 MER 73 A 8 2644 B [R1ERFEE B 23 30 G, XL
PG RCR, BRI IE 2 DY SR &5 R, — P IRIE T MER-ACD BLALAE 73 4
SRl AR, LA SR A AT A ACD AR



F_E BRENE

EAREG, BRATEENFBRREIEH (MER) 4346 1E 9 B0 A6 1 444 8 85
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2.1 ACD &5

ACD FEAY 3 BN T AU e R T 3758 5 5, 28 B S ST 2 A
HELRAZ Byt (8] OIS TN TAI R CRRSED {a, } HAREIIF TR P81 JRATT {to, ta, .. by, ..}
NG, Rt <ty <--- <t, <oy Kt NYIIRR ZITE], 10 N
Ja— IR 1Al FFEEH @y = t, — tyo1s BIE {2y, 20, - g} NARSURIRIFR S, T A
IR . 2 ¢, AL EL LHIEEN, 8o — 1 RS 5 BIEH v IR 5 KN 18] 7
SRS, e

Oy = Elxy|zo_1, ..., 11] = Elay|Fy-i] (2-1)

Hrp, Foo %o — 1 IR AEHIERES.
FEAH) ACD HEAYE XN

Ty = ¢v5v (2_2)
Hob, Ble] =1, B {e,) WESLRAAGHRAECBERFS, B e, 5 F,_, £X.
1M ¢, AT FIEAERR
Gp=w+ > T+ Y Bidu; (2-3)
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(1) HEAMAEEERDE, BHERMN AR, (5900 — B HE N
L, MEE BRI 1R — AL E X IR —BERE N fx(x) BI040,
E(X)=A, MEXLY = X/A, WAY #HEMEEEN fy(y) = |A|- fx(Ay)H
S, E(Y)=1, RY Ak X tsdiib o fi, BARMIEAM T ACD 8
iF, F fy (y) 4340 % B SRR T

(2) BEHETHE AN ITEFER R, TEEER ACD(r, s) BLAH R
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NIRRT RE (RS SEOE BEERE 1, il H 2505 B N AR e
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=1 =1
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i=1 j=1

NHE E(e,) = 1 B MER-ACD(r, s) F7,,
X T 2R U K 5P R v RO R E S, FRAT T I R A e ) DLAS B 2R 40
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Ly — My =W + ZTixvfi + Z Bj(xvfj - nvfj)
i=1 j=1
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1— > (m+5)
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max(r,s)

BT RS, Fitw>0, S (n+6) <1, R FREELE.
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Xt T ACD AL H R e MK A0 il A 2 Mk $F, Qs A0 A, Weibull 73
Ay 730 M3 Aiss. EFAFKDAG, it OSECREAR, X ¢ KR A
[, M0 AS SO % PTG 2 A s R 45 VR S JE B A E NS e 190 A

2.2 MER-ACD {&#!
HRENLAEE Y IRMWJEEI A0, 188
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WY B AR E (pdD A
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Hrf, om NIEEE, 6> 0.
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