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RESEARCH ON INFLUENCES OF ALGORITHMIC
TRADING ON MARKET MICROSTRUCTURE OF
CHINESE FINANCIAL MARKETS

ABSTRACT

This project studies the influences of algorithmic trading on market microstructure of
Chinese capital markets in depth based on a seires of significant restriction policy events that
happened in August and September, 2015. We employed special financial econometrical models
and time series analysis approaches especially designed for studying high-frequency data, and
analyzed the changes of characteristics of market microstructure based on the results generated
from the modeling process. Started with the restrictions on algorithmic traders' behavior in the
stock index futures' market, we first identified the details of the policy changes, the formations of
the active investors and the patterns of their behavior, the possible influences and the particular
models we should use for the scenario, then, based on the results of price changes models,
dynamic duration models and the analysis of realized volatilities, we proved that algorithmic
traders have positive influences on markets’ qualities, stability, effectiveness and function of price
discovering, after their departure, the stock futures market’s quality was deeply impaired and
more risks from abnormal price concussions were triggered in both stock index futures market
and stock market.

Key words: Stock Index Futures, Market Microstructure, Price Changes Model, ACD Model,

Algorithmic Trading
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pche,i € N FIULIMEL, SREE 3 i i AL ) B S0 AR iR i 2 Mo . A2 2 Bhd i A
SRR 4% A8 SR P F2 90 T 37 30U 254 (R R I R A A G T 3 3 — 77 B A8 5 O R R P
FEARIINAE AR REE . AU - ZER FH Y G B Hauseman 7E 1992 0 7158 5 #4114
Mk A8 A I 1 L1 BRI 2 AB A (Ordered Probit Model) A1 i1 McCulloch #1 Tsay 7£ 2000
IR ADS SR (AR FE 1 /2 Rydberg 1 Shephard 7E 2003 4E i Hi (1R L 5 48 &
BB T TGS RRA , [RIE I XA A% AR A 7 FULEAS [R] AR TR RUBE 2 R B 0 L SE B 8))
HREAT T WA IT . OPM I3 M 2R B ARl 3t B 5 I s AR A 2 PR 1A B A, R
FA Bt a5 A5 B B R — AN G A AR A I Al TS ARL, ] DAFE B B3 UOR T A 0 A%
AR AT REME FINE R (B WdSE . J7 25 JEBh IR A . i T3 mT DA — oW
(A AR B (R B B A AR B R R AT A T, FRATT AT LURVELEE tH SAIag 20 s 7 H N 1 i
BB RARAE R ARG DT T EARERAR . ADS M o s 2L & A 55—
FE TR AR A 18] 51, KA RS AR o 20 A0 & 2 B (A AR o El TR AL et 11
S5 AR 6 LU T M 2 AR B AR, ] DA 1 o R o 1) 2 A MR R A T T E R PO A0
Bl A AR 515, AR )5 AR AR FE IR AR A AT A5 TF, R LA R SREOE T
R AR S AR AT [E AL PR 45 8 . eAh, X6 O SEILI SN A 1 20 b7 BENS F5 B3R %3 35 A oW 2 i 7
it T S I BN I DURIRE R o BUORTE VT 58 O ST Bl 2 IR 0 — B R (R A A8 30 3 B AT 11,
B H A A AN R 20 R 9 B 1 AT 43 AT, A AT DL 2 B PEAS [ (R R TR RUBE R T 3 38
NTEOL, M — 5 AL SC T T B oW 45 K PR IR A A B

3.3.1 P Mt A AR Y

IBEIZE 5y G IR R AR A A R B TR DA T 37 835 A A BRI L DIt
WA SN T FR A B R B 7 ) B AR AR R BEE 1 0L 21 (00 1 AR AL AR 5 A s A2
P2 TRIRRI I AR 5 AT IS A T B 25 A AR A0 R 2R PR S R TN AS R AN A AR AL 73 SR R BOER
R B R AOUIUMEL ) 70 B IBFP MR AR AR B8 B 2 WL 2% PR ARS8 T S 21
MR ARIR R RIIE Do RARMIERBER ] ¢ BRSO Py FERUHAKE TR
TIPS AR BB ISR BN AR B, AT $R 00 DN ML 1y 2 Sk R R 32D AT B PR
AN pehy:= AP, =P;—P;_,i€N. W& pchi, 1E t; W %M@ EN
Xt = (e Xo X ,) " BITE ¢y WZIBEREIRIIME DR G, WAl RN Fy,_,

#
~
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o
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WEEP Xy, NTE tig BRI m DRBEARINE: MEREREMNSHE nx1 HE
WRTBEN B = (Br By r B)"e KRG IHRAAILRE pehy,i € N KBNS EMIR LT -

pCh;i = .BTxti_l + Eti (3-1)
Horboe, Nt WZIFRRZED, X T HKM AR, BAMRIK:

IE[Etithi_l] = ]E[Etilxti_l] =0
Var(etilj:ti_l) = Var(etilxti_l) = Jt'z

i (3_2)
Cov(eq, th) =0,fori#j

RN AR 2 B A WA AT 2 A F M M. b2, T oA &1
T ZE WA REE, SN T AR 7 ZE R BU K R T Wy, = (W, Wty oo Wity )T
HEIRFERE g, H o, = gWe,_ ). TEEMBHEETE w,_ Ml x,  —FTESHE
ti—q ISR A AR B ROINME D9 T @8BT8, AR ZT e, BBCNIRMIES 7317,
TR ZE A A -

Etilwti_llxti_l ~ N(Ol gz(wti_l)) (3-3)

TEXTRR B Ms i se b g, #E— e IR e b AR AT REEUE .
k NERELS, aTHEMETENERESMEEHNXEE—RER8 k& NME, A
{si,i =1, k}, BIUALAESE | DNXIERIBUEA Lo 8T RS s A S prin g 22 1k
TR,  pchy, 1 pehy, KIRRATHIEN:

pchy, =s; if @j_y <pchi, <a;,j =1,k (3-4)

H o eRj=1,k , HH —o=aqy<a; < <apq <ap=0 , EIESKFNED
A

P{pchy, = sj|x¢, Wy, .} =Plaj_; < BT Xe, €y S ajlxe Wi, )
(o j=1

3-5

%d)( ~BTx¢;_ 1y _ (p(a, 1—BTxe,_ R O (3-5)

l1—¢(—“’ ey j=k

Hrb o) NFRUHEIES AT BF A R 5 AR AR BT 3 1 7 B LA I S 50
B.aj,j =1,k VARGFMTTZEREL o, = g(We,_) TIISEL TEMERIRBIR G THE S T
i ?ﬂiﬂ‘]f‘ﬁix%i“é?’}[% 1, » 135 pchy, —s] 1., =1, &Y 0. B3
n KW, GEMBEAREWIE x= (x ,i=1,nm=1k), SEMH%E pch,,
MIMME pch = (pche,, pehy,, -+, pche )T F)TXTVE’JU%E@W&

L(pchlx) = X1 Xiea{ 1y, ;- log[P(z) — P(z — 1)}

0, j=0
z; = %, j=1,--m-1 (3-6)
O'ti
1, j=m
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ARG, FATA] DURGE AL S B0 65NN 2 (0 ELAE I ks Bk, T RERATORKF
AR I FAFMEARBEAT A, AR 73 A AN EEAA K 1T LUK T 377 1) 0 W A2 S £ SO0 = T AR
PEREAT 0T, IS AR AR SR 1 P2 AT FIBE R (AR B 2555, m] LUARBIL T 3752 5
MIEERTE . IR A IR RE S S ST B IR AR DL i stk R 324

3.3.2 ADS 8228l oy it

ADS # 7 S i McCulloch A Tsay 76 2000 2 HY, N FRNANMAE AR SN /0 AR, FRAl]
15 FH A AL 42 2 M\ Rydberg #1 Shephard 7£ 2003 4EHF 5% HIM k& AR 5 20 A A fi Ak g ke . 3235
I AE AR B RN 3 A5 B EN AL IR 43 SR X A M AR Ak 1 R 2 RN BN A R PR AT 404
BEZY BN TR A TR R — AN 7R 45 18 7 A5 1 H A AR B 5 1 2% AR M 2 1) e B 1)
ZH. TATRT LU 73 B B P2 0 A% A2 B 1 S T UMURR 8 B R A2 A, flan2h e B —OW
WA A YT R R AR IREZE . 7E b — AN L3RI AT A s 4k 8 1 3ok X =56 DL & i
— URE LIRAN AR A (VTR B A5 21 24 BT A% 78 PR i B AR 20 A 55, R4 AR 4k () Bh A e 1
HEAT S AU 2 THT 1R 3BT

BART S, 255 @ RS 5 8O0 58 5 Bl HUDR IR I v KA 46 328l pehy, W20 RS &R
A, Dy, St €N HISRBUE A

pChti = AtiDtiSti (3-7)

EE=A AR AR T Wz ArsR 20N, Kb RS, BT 5 sk
FExd i, BRI & A R R GRS E T, e BN IB 2B AT 5 Bl vl fe sl LARE, ik
WK TR © ARSI ZIBE NS © OO A2 5 S R B PRI 20, AT e L [R]—A i k
ML Sy o A2 S e FETR BRI W] b 158 5 S FEROR, IR 22 By 2 M) (A 18] B /T He e
B IaIRR, ¢ JAUAE RN (8], FESBAEAL 5y 2 I8 0 18] B8 KT Bt A (B Rg e, ¢y ATRRAAE
Gy AR I], RZE AT R BB IR R 2 N . A, AR RIS B ook E, W
1 WA AEE; Dy, NARERMKAS T ) —ood s, B1 Ak T B -1 08
ks TEEs S, NS ARBIIREE, HAAEMR RSN AR A BUE, B A, =1 I, H¥E
THT BRI RS DL T AT I, AR AN T MACE D, BOANFEIMERS, S, BIZRPFHER
DA WOE F; NBUEZERE ¢ KR, BIFE ¢ 2B M AR S B

P{pChti|Ti—1} = ]P{AtiDtiStJ?i—l}
= ]P{StilAti'Dti'Ti—l}P{Dti|At,~'Ti—1}]P){Ati|Ti—1} (3-8)

e B, FRATTGRE A0 il H 00 80 0V AT L ) 2% o A1 O E S 8

Ati ~ Bin(pi)' bi = P{Ati = 1}’
(D, + DA, = 1~ Bin(8), &; :=P{D, = 1|4, =1},
StilDti = 1'Ati =1 ~ g(/lu,i) + 1'
StilDti = _1'Ati =1 ~ g(ld,i) + 1

(3-9)

FEMMEARBNIN, Dy, BUEDY 1 A —1 TAS I8 B A0 AT
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AL LR 2R AR W] R N

) =T,

Si
ln(1—5i) =yTz, a1
Aui -
In(== A'u,i) SAYS
Agi
ln(l_Ll'di) = g wy,

Fob xe, 20, we, PWONFARBRERARE, A8 T F, THENEE By, 04,00 YN
BB E. T S, FRTIUERE, MR Ay, D, —FERMPI SRS, T
JRINZHECH 2 MU, B Plx=m} =21 - )™ m=012. g(A) FrHEIAJL
(404, B0 1 TR EUE A T2ET 1 [N, 9 T AHEA T 2H po 65 Aui Aas € [01],
AR AT T logistic ASHUE 774 31 N B HRE, 7EMIR A 58 e {6 A 20T LA
I 2R R

g b, BN pehy, W4 RBLF 3 %K.

(1) kgAZ, Bl A, =0, #FA8 1-p) »
(2) kg bt BIE A, =1 BT, Dy =1, BN pi6; o WriddRiE bRz R L
I ARE, FHSEN Ay
(3) s NEE, RIFE A, =1 BIZMETN, Dy, = -1, WEN p;(1-6) . IRIEHHE
U AR E, BATSEN Ag;o
AR TR TR R SR, AR RCE R R AR R 1 RRWES O AL, o
j =123 o XTSI FIIRMNIE pch = (pche,, pchy,, -, pche, )T IRRECH

L(pch|Fy) = Xiilog P{pch.|F;_1}
log P{pch,|Fi_1} = 11log(1 = p;) + 1,log(p;i8iAy,i(1 — A,)5 1) (3-11)
+13l0g(pi(1 = 8)Aq; (1 = 24,)57 1)

o 1,0 = 1,2,3 A RINXRET iR =R LI R R . S HONB, Y, 0 040
TEAUR IR SAEBT T, B T8 L o0 F 5 R TR
(D) =By + frdy,,

1-p;
i
G =vo+1iDe,
Awi (3-12)

1-8;

ln(l—/’lu,i) = 9u,0 + Hu,lsti_l
A
ln(_1—t/i1'd,i) =040+ 04,15¢_,

HATFERL T ADS k& 225l 70 il A R I A AN 25 8 — B Je T, SEAIEWIE TR WA AE 73 IBE AR
WIS A ARSI, FERR R A KRGO, B LRI LT 5680k, B — B e A
HOR OB, SHAB R o B 504 S BRI AR R A S 45 2R, AT USRI
RKEMEARNE L L SRR NSRS L IR TRE RO DL R R AR B FE 5 AR AR R R 1
FHRAEE .
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3.3.3 OB T

AR E B HIA B RO OB S BT it — R LR R AL B 7 i,
AT AR R OB H R, R bR G 7 B 5 Bt it 7 AL T A ) L S B B, i
3ot 43 M B 2 P B A A K 7 1 3738 3 A e A A8 Ao 7EH B P e A3
LN ZIE, A DUE I % F U283 AN T . B B 26 2 81
(ipi=1m) o B0 1y = log(Pus/Pisi) B P N i A5 AOHE, g6
B AHH, TR kSRR RES ¢ AL IR, X% 1 Bl
WHE 1, B re=Yime o B, BEARBGEREI ok = 1,2,-) H9%T R
Fiok = 1,2} MR HERGL T A1, A

Var (1| Fr-1) = Xiea V ar (ripl Fr-1) + 2 Xicj C ov (1 i, 75 | Fre—1) (3-13)
y‘jﬁ@@*ﬁ’ KQMF;‘Z& {Ti,k,i = 1,"',71} ?'*j i.i.d. ?ﬁ”y 1& IETi_k = U < 00, Var(ri_k) =
of <o H, WHN—NABERFG, fH:

Var(rg|Fr—1) = XV ar(ryg) = n-Var(ry) =n- o (3-14)

Horb o WA RS TR AL

N n >\2
Y 2im1(Mig—TR)® — _ 1gon
Op == .7 = Tk™= ;Zi=1 Tik (3-15)

TRE k MHMANESR o KMETHERA:

™ n =2
o" == i=1(Tik = Tx) (3-16)
B BT EOERET B A (H D BRI E T, e THE L A
FETRI I (] TA) g, SRR b3 A 1] R& AT LA B8 e B DA S BRAEAS [ B[R] 5 B2 55 7 AN I B P IR 3))
BFHE . ARREETT FRHMEHME A : B2, 1. 58, 1080, 20 7. 14080, 2 0.
54380, 10 Zrh. 20 43 BORT 30 43F. — T F R T AR VRS R i A 2 B, FE T 5.
10, 20, 30 Zrefitda iy [a) [a) R () C Se IR Bh 28 IR RR RS E . 200, IS | 4
AT . @8 A ERmFRic T A S RSOy B, B XSO B € SR E][E]

5, MBI T =0, HVAIERUE o2 = TR (r)? & T (r)?, AR ARG 4 B
BRI RN A SR BEE RO FERULAL b F6 AR5 ke RIS, @ vk Samion $keas
ARG T AR, n A SO AR . SRR IR R, TRE k RICEH
WA RV = Ty (rip)? » BIHCA RN 1] 60 B e 0 2 2 A F 7 il

T itk —2b R b RIS 7 P (0 RS A B B I — B ]
1 AP FROR AR S R PSR 5, BRI SR P O RS AE St 2 0, XL
WAL seo=In(Sy),t = 0, BT W1 R BEHUMSY 77 FE AR BEHLIT R (1928 (LR

dSt = ‘utdt + O-tde (3‘17)
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Horbr pe 00, t =20 3 HINRTIIR Fp,t =0 FTIRGE R PES E AR Z S RE, AW
K pedt o dW, S3HIFRN s, KRR BUB, T W, t 2 0 ubriEfipliasl, i
B dW, =€ ~ N(0,dt) , FIRAAEZEIN ZIKAEZE W, W](dt) = dt. HARBE, Xt
TR T HA R P A LA AT BAIE 2 &, AT W R B > 77 e

dSt = ﬂStdt + O'Stth,

ds, = dIn(S,) = (u—302)dt + odW,

A DUE LA A IS Bt — FRRe R B R AR XM oR SR B R B ANt B[] AR A
KA AP R 1 e W 90 CLSE R sh ), 3 B B BN b 7 A IR B R R B oy o
WPl E—-HAMARE S EIXIEE N [0,T] » W dt =T/n o [FERERT 8] A RE 1R 5
0=t; <ty <<ty <tpy =T, MWEEDXEFESHERGEER r =5, —s,, FRFTT
Ayr o, HAEEBEE n > o BHRMEZRIST X EAN ML FE {s,, ¢ = 0} TR X 1]
[0,T) FAREM kA%, WEREATHAFRBERE. BT dtdt =0,dtdW, =0 , Al
%‘:

T
lim » r? > [s,s](T) =f (ds;)?
n—oo = P 0

T

T T

OT 0 0
= f Jtz thth

0

T
- f o2 [W, W](dt)
0

T
= f of dt
0
(3-19)
INEITE SRR RIME PR, XHMER e>0 , B
lim P{IZ8,? - J, of dt| < e} =1 (3-20)

%ﬁ%&hmmdiﬂfzﬂqwt%%%Tﬁﬁﬁiﬁ%%ﬁhﬁ%ﬁ%ﬁ%ﬂjﬁ%

A BEALAR 52 51 AR BB B R 3l R R BON H B, IR B i L R AR I 8] X T8] [0, 7]
SN B ENER N oo BT H SRR, 7 T=1, MWXHUEERTT
Ay H SR BEBI R A THE

n ERR, H SRR RS N AT 2 (RO EESE R 3, SR T CAIESE
REREFA T Z A X E FER 287, R Boloas RS AR R,
e o e B ] ) O P 80 T A R Z2 il T 37 06 B i A2 5l Y L SB[ [X [
VPR AE, IRZER/IN e FLUL 176 AEATE TC IR 2 12 A SR 7 I T RO P e 4 P el DAASEA
WSS R i A 45 R B T A (RO R B2 o SRS 22 M 7 AN T RS AR (R BRAE I e — T
LS R i L ey Nl R = - S V-l A P e e S MR S R EPS P 3 6 | B =
W7 ZAEAR TR QLA R BT SOy i TSR A (RS IS IR AR, i
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z%ﬂjﬂéAﬁxéi
e WK 5 R N T 5

TR GIERG KNS AARFREAL Sy CHT 58748 5y AN A R B B AEIR ) X
AT SR RFE AR, BT A B AR R FEE 52 5 S (14 T 370 S ML 42 g M 75 S
BEAN, TR WORES e ik 2 T 5 5 R G Bt 3R Fe/ B DU R 5 Z {5 BAS
SR AT R RE R AR 26 5 R 3R . 2, TRV BT B0l R 2R 1 i 1] (8] B4 B2 /N 3]
—EREE R, HAHE I O ST Eh R S LR B B8] A W1 & 7. Zhang £ 2001
8 N TS IO A R e 7 BEAT AR M IR AN 18, DA IS 5 Bt et Bl 2 4 (14 5 %2
27 R8T 3 SO 5 R e 75 I, 8 I T ] B e =Rk 1) 3 73 I e+ S5 A W A (145 Z2 T AN 2 T
RIS 2 R B I TR AR 7o DAL, 208 P T B0 2 et v 35 20 A L SR BB sl 5 O I,
i BAE AN T I OS5 R I 7S T PR 00 T 45 2R AT BEHERR A A it

{EAF 4RI, AV X bn ) Gl B3 1) 7 i A v EOo I AN X OSSR sl R BEAT
HERR A AT, 175 X6 S IB Bh SR U ANE 500 A1 ) 70 B R IO T FE A A2
MR o W ] e g IC 0 g ) TR B R v B SER AN RS e LK o S b, ASUREAE X I A
B2 R BT 5 e AT S PPt R B T T SO0 5 A M P A A ) S 2B B, R A S Fief i 1 B
{10 R 1 2 110 328 ol 14 17 37 430 B8 3 ol o RAT DA P AR At 5x T 37 ol W 40 o W 7 I 18 2 R A
IR TARWI R AR T2, MR (E]#5 0 fr Cse e sl R, e i
ARSI 55, HRARRER T ELZ .

S BRATTRT LA 52 T I I 205 R 5 (A A (ELAC VR {0 I 2 A A i R 3R 22
B E A o Ferp— ] DLRRARG R A 1) 7R, W TRl — T HEE S I s 22 i 1] R g o
M TE o B 35 FRY B 8] F 81 o A P A () R 80 B3O 3 T 50 AR A T A2 A i s A 81 S
AL EL K ER/IMESE, SRR R 2 AR IBCTEY, SO TR R 19 2 A Sl s
FRPCPME . ATREE )2 e K IME RO 15

60

B 3-1 IF1509 7E 2015 4E 9 A 7 HETF AR A RIRRETE IR SHIE (BAL: )

3.4 AHAIREAL

AR AT XA AL B A iR RS AR o el T v R 5 B DA SR 1 < R 9
Yk AR A IR 5525 2 R AR S (BT, 0 A ST FRT R B B 0 D 5 — > #01 JBE S Bk Y T 37 (R T R A P
LLK T35 538 8 AT NI . ks 22 AIANSE o) AWM Z R 2 i SR K, B8 EI%
P AR (B B PR A 2 LR 2R, AR T SRR AU AR AR A, AR S 5 A, BROAFE
TR, BAEAZ 5 (5 Bl T EORIRBITCIRAREL, H A i3 L ioks 40 i Bt th ik &2
FOR. REIL, AT ARSI 5 5 A& B A AL S NS AL B R AE 5 )
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@) X FRary

NeTEEYS/ SHANGHAL JIAO TONG UNIVERSITY BEARX B3 & s SRR
ARV S T3S A R AR A 2 18] CR R Ag R b R G 58 = AN i (R 13 2. 2 TR)D 1R A
SR ERZ AR FIFE R, BRI AR, BRI ES. B0 EE,
BRI AR B AR T — B A B i 259 S 0 B 3, Sk B v B I SEAE A
BB, MO A AR ShAS R AT A BT ORI AR S R . TSI A AR L
P DA 055 AT NS, BT ATHOWE AR R A S5O A T 3 s 10 )

W F i AECHE A ) il AR, AW R R R D9 B R E R A R R
(Autoregressive Conditional Duration Model, ACD), 154 H1 Engle 1 Russell F- 1998 F-42 Hi .
ACD F AR F 2R AL T 46k 57 77 2245580 (Autoregressive Conditional Heteroskedasticity Model,
ARCH) [ AR AW AR SO IEAT A 0 BT . TEABATTIO I 70 38Rt |, 172 AXT ACD
BRI A AR BB e DA R X S R R R B 5088 0 s3EAT T — RV St fidE ), 12
T VR Z N A R A AR {f ) ACD RIS, 2235k T LR [ (A8 B AR (R %
HARIE SEBR1E BLEAT T 38 .

3.4.1 HEAr)iJH %

WIS, BATRIAR AL S A LB ABEh A 28 5 BN A% e sh S AL 2 2 1
FIAR e BARRIUGAE T RS AN 1] BT 358 5 SIS, — Dy T2 08 1R 7%
I RS, 53— J7 A XTI 50 PRI BLpy i XURS: (R R o b AT R BT FE A 2
AT SRR ARRE AN TN, 1SR 8 25 1) J) S s 2 At iy R A 2 R B R B BT %, T
AT fRRERE 7o BEAt, BESR ARERARA Bl ie, T NAZAEfE I A IR 22 15 LA Bk
Hefe KR iR o

duration
15
1

T
0 1000 2000 3000 4000 5000

Index

& 3-2 IF1509 7E 2015 4£ 9 B 7 B A8 2 sh A BA R 15 551

M 3-2 AT AR BT 205 W BT I M AR BB, TR B P A% A2 N TR
HO9 A AR PR A A R A SIS PP R R e, B S B T ik AR b — AN e NE B)
AL ZIRPR D, B SEARIC Z 18 I RRSIE AR ARt AT, RIS S X I AR 1L A
N K058 CBFXHE AT R 2, SRR TN AR 2, R
B MAEEM TSI, (KT 05 BERABITHREAEN . Wik B AW 51
dury,i €N, Hrh i NFRCHI I K ERIFE S, ¢ 90 LRI (a8, 72 ZIH) A
SEXN dury:= Aty = t; — ty » BVEBT RO R AT PRI ] F S A 1
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57 SHANGHALJAO TONG UNIVERS oS PG SO DA
B pehy, = P — Py (E T RMAARFD - RSN A & A 1) H X e Hoh
d(t) » fCH de, » BRSO E TR T AW ARKWITEEE, WAk HBRE AN
dur;:= dury /dy, - HIRPBRXKITEAHFLZHESE,  ARERH] 2 B e B & 77 ik kit
THERAE . BARTE, Rk d, AU

dti = exp(d,ti)'

d't,- = ﬁTfti»
B = (Bo,Bor. B)T
fr, = (ot filtd), -, fu ()" (3-21)

1, k=0
fit) ={ti—¢ k=1
e, k=2n

ME RIS AR EEZ LR U B, 8 7R, AREERA ¢ =0,n =2 HIfi
WBtE, BRI RN

log (dury,) = By + Pit; + Pot? (3-22)

BUHZRA IR 3-1, TS+ 2. A 3-3 dnl &8l 85 K A YIS [ Fr 47 58
TN 23R R R AR AR KRR BB 1 o 5 RSB LF- AT (1 2 si8isg o) Bt 2 2
BLH B B (I AR, AESHIERT ST, TR AR AR R AT UG I s S SYII 18 P 3 220 22
i HAS SR AR B 5 B R 81 DRI, xR R R SR U 8 i 10 22 00 LA 1 38 R A
INBEIR, (EMRREAR R (A2 BN I A BCRE HAR AT KRR BB REAE N« R A TREURE R H AR
O TE T FR BB

& 3-11F1500 £ 2015 £F 9 A 7 HRIM BRI A MRS 75 HERS AR G240

fiihE  bRdER tfE pfA
Bo 2.89E-01 2.42E-02 11.94 <2e-16
B, 1.15E-04 7.81E-06 14.78 <2e-16
B, -5.86E-09 5.04E-10 -11.64 <2e-16

10 12
1

|

aduration
6 8
Il !

4
I

2

0

T
0 1000 2000 3000 4000 5000

Index

& 3-3 IF1509 7£ 2015 4£ 9 A 7 H M T AR HER)E 751
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3.4.2 ACD H [RIJH 2% A SRR

ACD AU FRI XA 5707 ZH 8 (GARCH) ARSI AE SRR A Hr i i 255l A
SN 5y A 25 A A B AR o AR b SO i A8 2 250 BR A R0 S0 7 S e, i
I ABCE AT AR E A & e, = Eldury, |Fiq] AR dur, £3GR Fiop TH
FUWE, B2 dur, = pe, HT e, BOEN—MALF AR AETBENLAS & 51,
WL Ee,, =1 HIRMBRAET Ai /K534 (Standardized Weibull Distribution) sk fa 455 1

(Standardized Exponential Distribution) , 1153 1 Engle F1 Russell 7 1998 FiE4T T 412 .
BREGE €, MRMELTFR:

nu'ti = WTl‘lti,S + VTdurti,r;
w = (WO'Wli ""WS)T'
Yy = (YL)/Z"“'YT)T;

3-23
Kes = (1' ey He; o ""#ti_s)T' ( )
dur,, = (dury,dur_,--,dury,_)7,
= Eti =Wy + Z;:l W] lu'ti_j + Z;:l YJ durti_j

FRFXEy ACD(r,s) AL FTLURIIHYS GARCH(r,s) BEAAMMIZAL, (HRETE
72 Fl TR I 1 0 AT S PO M5, J5 28 D00 P T ik 2% 1 e 07 ZE M Bl A itk o 13— 2P b, ACD
B [ HES 7] 5 GARCHEE Y DA S ARMARE Y (P A TR TE AR R Aok . ESHIE M, BAiTe
A ANF o A RS A — IR T 40 AT, SRR I R o 45 SRR WA A AR HEAL IR 5 41 2R 40
AR SUM S A PR R RO AN %, R iz P bt A IR B0 AR 4T

BWE €, MAFRHERREM I, EIRFARENC Y EACD (Exponential ACD) Y,
U AR bR S5 A1 R o0 A, AR A WACD (Weibull ACD) FE7Y, 3550004 Rl — M4k
THIFAIR A B UEY], R4 IR BOE RIGHITRZEFF A ep,: = dury, — x,, N—k
Z A, W ey, = dury, — E[dury,|Fi_q] » RN SERG LI . #—2K ACD B
S5 N:

dury, —e;;, =wy+ Z;.n:alx(r's)(wj +y)) - dury,_ — Yi=1W; et;_;
{Wj =0,j>s

MR —HRiE ARMA R RRHR, eSS PRIBE R wo > 0, X757 (w; +7) < 1

MERBET, A

Edur,, = e 3-25
t; (1_Z;rialx(r,s) (W]'+Yj)) ( )
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IR 2R, AT B AR AN A A AL S ARVE MBS [ B 08 B2 25 T 7 O E5 MU RFALE - X+ EACD.
WACD. GACD R 75 Z2 73 A AN AR BOAUIR B B T, BARSEII BB A i
MR R s, A AT IR .

3.5 KE/NG

ARG T TR i 5 O W B ) <t B AR, A P Bl A AN AR B3t
SE BER A8 T s By e (R s NS AR D 1), LB R A% AR Bl B A A%
AN AN EAR, AR BE . SRR SHU T DL S R AN i LA
BEAT TAF RO FEAVEE R, DN JRSGE TN T B EERY, WIRE 1 g S B R 4
AN 525 -

kg A SRR AT AR S50 T A A2 A0 B 2 T B A I 0% AR AR , Bl an e & i i A2
BB BN ARFAE A% AL KA R S B AL . CSEBLsh 3 7 A n] AR B
AT A R RUE R i 32 sh 3 10225l AITA IR 2 7 3 ol 45 4 Mk 7 A0 AR R PE K2R 1L
SR AL B AP 513k AT H AL B AN S AR B [BARAL AT ARG T 14558 5 o A 1k
JR VAR AS B L« AR ISATHRAIE . B A2 AL SR AR A 7 T A RIS B o IE X s 5
K v 5 HE EE RPN 18] B R AR, BRATIAS UK T 32 oML 45 AL 5 P 26T 78 0 IR SR AN 3 Ao
A Rl (1 2 AR AR 587 9% 0 v B PR i b LA B AR 1) — Bk, AT BN 8
SE LR, B OB SR AR AL B R AN R AR B A S I B AR B AR SE
Bl AR AT ROTIER, BARE AT 10 B2l 7 SR SL R oA R IERABGE , (EAERE AT 2 1
THE 7V N B SRR o s, B T 3 TR PRI 1] (8] B T 550 0 CSe BBl R HUE BUR,
YL T AR A7 AE B RS AR B ) AR DR S RV 2% T LR IR0 A% AR B 22 5200 24 T AR 4% 22
2l ITHS— &R 20 10 E BT 220N T CSEBLEN R, 57 S Il AL e A iy SR ) B n 7 22— ke
RIORIG N 7 FeL I 18] (6 o PAY ) L SR BRI B 6

A CLSILMA TR, BB R 5 L EAT AL LA A AR 4980 T B
P LS T 507, FEDEE B BB TG AP B LR — %
BRI RIS, AR SRR TR (I, T B LR AR 0. 72
S I TR AR SO 2 6 P UM LA (B AESERI LR, RATU B
il R FF I 2 ISR AP AR YR, I EARXC R TE TR 7 e
CLSCTURN T, 200 EAR IR R Ty 23] A TSR, WA 10 5] Py 3
PRI T ST, TSI E R 0 0B 0 S R 1 0 4 030 2 5
S, T DL H RT3 O F S R

ERI A, 3T ANEBTR, SRR BRI SRIUAS, AL
SR R A Python Set. 764 TEH SR ARIERT N R £ FMM o, $62 7 %0 el
PR LR (R AP SRR B e BRSSP . B I AT S5 55
HEBFIE 3. B L ARSI LB
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SEAE Sy I T [ <Rl T A R AN 58 3 — R HED i, 32 B R XU AAT
1 Z 5T NRE AN T 3736 R RSN R AE AN B 2218 424 . M7 32 K A Dl _E AT A
HMAE W, f£ 2014 31 2015 F/F i S AR E ETHY, RN 558, 5 is R iE M)
PEACE G, R HAH —ERE RN E N RN SR ENS SMEN S 5FIEL K
REVKFESRE. f£ 2015 SFEPREE RMEERT L HAGE LAT@H BT R4
PR XS IZHT AR, T A sl B AU BB T I, SRS 2 R AW E N, B
W RN, A SREE G BORBEAT BB I BB A T M A M K AN b ZE K T 37 0 R AR Bl X
Bz, JCHRAEAAE R Z Bl A e 2 i R SE AR A sh 1, 43 g IR WIS AT AL, e
B BEAT 9 23 7 0 M O AN & BRI Bl o A URABUR Y m AR T 0 W 45 B 45 2R R
ARAAFE I, BATAN, FEL 5 ¥ EERMMNIATIAER], T EE B ELIA X
LN, B REROR, R S BLE 3 A BB mdm A2 B i . I b it
AT PR BRI BT ARG RE T2 s/ LA K, i UM EAS Ak 2 AL i
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4.1.1 BeariItelin ) Tne

FERANERTTIIR RS, IR ST A AR EERIAL, Ff B3 gl iy sk 2
T HRERE R RAT B R B R sl AR 1 P o SR B 5 20V D K IR SR H R B bR B B 7 etk
MIfiTAE b, A 5 T B SR T A 6 A S R AR - IR 132 ) 1 ) s AU B i 3 1)
RKAFLUF LA

(1) AR IIBE RES 25 1 BT RO AEE T 37 B A XURS: (K T B H1 - JHR A B 2 A2 1501 )
FERIRR )RR BT, B2 [FIRE 0 25 R 2R DL SCBRAR IR HOROC R s, ARATTi A
AR TT MAEAT SRR T — 2, I BB 2 2 B85 & 20203 H R 3 iU
AT YRS KB E AR AL 13T S R AEL AT XU 3 BRI AT 2T
B, fEMZ IR R RIS, #0835 m] DL (802 4 R RO SUIE & LB T S R 52 B ok
X i e 5 2 SkoRE T S B AR A 5 XU ) B e JIcA R I B IR A7 AE XS 5 T 37 B A 3 AN AT
I BEAR 2 S ST (M I ORMELF 110 5 A2 AN T B

(2) WARIILEANA ks A B RERD ATHE T, W USSR B2 F A TR AR SRR BL BT Tl 7 4k
BHTE . — MR BARIG T, E2 B0 R BRERITEZE T, 1
ks BN RENS R BLAE M AT AT @S T iin 2 58X 8 MG BN . b T
WG I AL B T3 3 2 [ XL B R A AE RN ER AL 5, P S Z TERR R A
REFF LAZERF .

(3) MR R B R H s T IR, 18 2 =X R /&, 15 et
E ML E N & B, I AT N RAE o A AR R R A58 2T DA
RS 5 B IREE T IS 5 hIF A ERA

4.1.2 sz 58 AR 73t

AN E Rl T 2 5 E AT 00T, AR SCR A TA N FE BRI 558 53 52 IR I 5
1RAE Gy K 32 BRI B 37 [F) 0] 77 370368 RGN PRI BE A 0 M B ist o Sl AE SBT3 R A RE 0 AT
M T AR 2 SR 0 AR B, BT AT KiE EERBAY)SLER, AR
WUEIEAL ) BRA KR IE 20 T it 7= e by, RS M ZE leAs . IRItE, #no . £/
B ASF SSRGS SR IE R X T B AR R GRS RE AR B, SR EBHE
TR ML 2R, BT BB R /N SRS 5 (T TRIERR 1l #5253 HL A
ST AN, TR DR 5 e 22 AT WA B, AR BRI B T S 5 RV B4,
HALCARE R DL BE T8, ICAR I B T 3 RO T S E N T TR AR N A v, LR 8058 3 ) i A B < e A
S5 LA R ER . 27 1, BATAN, B 6 g AR B 5L 74 2 RV BEG AR O 2t
FET AR BRI AT A b, e B 3 958 2 BR AR BSROG HOP S AN K, TR 73
BT TS SO S5 R PR AR AL SATT I % RS B BT NASA o I TR B et K Lolk
i~ RIS BT E PR FETI9S SRR HAZ SIS, HE 5y WUk LURORT T 37 (1 30 EE A )
WX SRR T I AR E A R E E A . R, BRI B R SRS S I L
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SR EE T, BRE S RZH, KON B A 12T B i BRI i s feoe HRUS: 2
AR, ARV SR LR RN 4 0 W] R 1 I SRS o B0 38 MR i ELAA AT s R 4% 8 XU L Ak
A LA MR JREE R AN DU R o Bl /R LB R 35 A& il R -4 13 v e 0 I 22 1% B b
RN R e IO 26, (RN I st A5 2 A B2 48 BOR X i R e B AR AU 31« DL R
HRUNE G AL ER, d iy s H & H e B B AR I FE R, RS2 48 Sk i
W Z AR RS o ASREAENT 7T rh AN AE 2015 4F 8 H JE A FH BB 22 (B VA R R AT I B A
S N ERE Z X308, BT 4RI H I KRR Nk, disgKER, Bitiiigx
DL, fa R ISR SR B [z BREERIZ AR EE T L, /RT3
WFHRER RIS, BT BRI Ts, R EREME LA 208 A s i ot =4
I R BB b i3 KU, 7R AR SR A L iR e e, HORSER . s b, R
Y5 2 AN FE G A FIRI B =5 BN A A AT A0 72 AL, A I8 T 3 A7 KR B M K S 0 R
AR AE I B T 3958 5 3538 A

A7, BN EAAS 5 0 A BB SRk R G S ke S8 5 A2
LHETWIRTY, ERIBHRTHNSE5ERIK, @/ TERE . B TARREEZ 00 X
ARG, #E—D5Ik T K& T H AT B T TREANANA, ERTETT
L5y MR AR, S B BRI T AR A B I B R TSRS 1Y), BN — AR RVEE R
X FIXE BT, T AR G EAR K, RS2 T ROK, 210 S0 ik i % kg,
LR R, K2 FREAL 5 NPT T SR A6, 5258 54, PLkskRR AT
REVR/ A 5y AR T 3y it

HAA IR, X T RHM/REERZET S, 4H X RFE XA S T2 B R ME
FIE B, HETHETERIT N, TR S LB R ST N E B 2R, iz
HAR Z AR RT3 43 2 A HE RINE R B R TR MR AL (FE 2 5 Ul B 4R 81 0 T 3%
PRI R 52 2] T BB IR, 55—/ N A ENRERIBR, (Eh & i
R HAZ 55 WA FE B AR5 7, M DL R VEAR T A B SRS i 1T 28 5, A TIEIE S5
WIHAT TGS . RN, S5 4 ok I B 7 UG ORI X 2 OR A Z 2 2% (1) IR i sl 52, T
A5 FH o] 7R 3 R A AL B TR WS 1 8 8 3 T AN & RS L ) 8 50 o3 e H i & 78 4 T 3 Hh g BUbR
HIFE =, [ A ) R AH PG IR AR B = 2 o Rk, 22 20T RV A0 2 SR (R P 0
TEXT AR BI04 By it AT BRI ), IEW B L S AT N LGRS, T2, TEXT LA T
i, ACSRITE EB R WL 36 R EAL WP /RIEERF 738 WA IRE, AR
BRI, HE— D, Vr2 BA R EIIAG B RS A T MY E R L TR
GNIERE, BT HBARREE R, 7520 PR 5. [FR, 35 XA
TR, MEUR BRI NS, HIEGEK E O e R AR A8 5 S 1) T 0 i SE 30 B2 4%
WLIIAZ 5 sk b, A7 Ok m) @ O S o X Lo AR %) B S B B2 T 3 SR BRI
AT IR BN A3 6], 51 R TS E A A% 8 2 AU o

FATNTy, AL I FIEAE 5 MR E BRI B th T H H Ry TR BB i h
BHREN ISR, HIREAZ G AT A T A ROE N 5 Je A 2 i, R FLAE 0 52 i a7 v ik
AT PR SR AB 5 AR BLBE T 37 h ) 22 S ST B3 AR 0, ARTTAOAAAE 1 SR REdR i i sh i
EIIPL T2 5C R AT DAGERE, DREFIITE T A TIRE . RIS, eh AR 2 28 5 B it
AT AR R B, HAETT Y B ROBRVEAT J SORIRE 8 (5 08 2 sl ML B AR, th T H A G
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Wik, Rz, MR GHTLESEES iy, WG HIHES D s m e Bk Fn, %
SRR A LS 2N SKSEIREEY R R G ARG . s R shiE 4z B RS,
FES KA SR 2 G R B[Rl A4S 08 3 R AR D Re e iR Sent, MK 2 5 0™ =
XTTELER M1 &, A ATTEE A B 17 37 rhont e XU (%) T2 2 380 f5 SR 2 eF B T 37 (0] IR 5
HEAT KR FE A R AN B, X T 3 BB R AN 3, FEHA N SBT3 2 X5 e 11
ST, RSN 2> BRARIN B2 17 1 R Sl It 4 v 22 B AR, XA ) AR A 0t T il i 1 1) R R
SERAFI

4.1.3 ARG 7 PR A BOR

FE20154£ 8 126 H5 9 7 H, g fmxt et 5258 5 iRkl 1 BRI VEER, X il
MEREZ B HIBAR IR B 2, SR PURIEEME TS RARH KT . BAmS, £
2015 ££ 8 /§ 26 H, SCHEFIHTAE AAN: I 300, i 50, HHIE 500 R HIEE &4 (Ja
M= KRG 2 REEAT 5058 5 FELF S, IF A% = KHIHR 520 H A TR
brdE. FEAVGEMIBITT T, FRICKHE et it A7 #£ 2015 4£ 9 7 7 H, FHXSEHEM
BRFIHE WA

(1) =ZKELIFEERBTE RN H IS BT 10 FHeHNITFEES
BRI BTN,

() = KRELIEEREFCIRIEESFREMN 30%HE 5 % 40%.

() = KRAL LS ER G TN £ A1) 0.0115%4H = 5] 0.23%.

(4)  FEINFERE RAE S K PR o

[FIREL, FRICCHE SN < B?. BT B IR AT LS 25 950058 5 8 R ] Aof
BT A IS ey, ARG P )OI EERNLAE 5 2L T s a1 R B AR PR 52 5
AN B ARRAT AT PR ISR PR At KA ) 3o 2 ML o BRI BN AT IR, SRR 5 B A
#H, CHRIREENE CATIEREEZ 555 . T HE B IEBGE R AR & e
EORVUSGH G T, DR YRS E I RE & T2 JE T80, RIERR 5
LA Sy PR AS [ 0 EEL PR A1) 5 B A3 P SR (10 St 2 2 PR 2 2 T B iy 3 v B B
PR BRI ZEBNE T 5 X5 5 AR (K4 i K i) T A2 5 A7 08, (EAS RN TR
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4.2 fZRIEZR

AR STIERF AT AR LY, FERE TS . ARIIRE. BRI SeiE T R 5.
4.2.1 HFFCRR R FD A TR) 7 R 358 B

SCUEWF FE I 32 ZE0F FE bR A IAR I B i3 2 A I E 0 5 &40, B T h & AT
REVEBEE . AEWT TSR BON B T I IO S MR PRI, B FEhR 9 i 3 B 52 5 i BRI
IC. IF A IH &4, $Rf70 51 9E 500 f58. )% 300 fHH0R Lk 50 5% 5 &4k
HIFRIBT S E N 2015 £F 8. 9 H, JeHZ 8 A MEI 9 A L), WRESEN— AL
iy T ARIE A A S B RS (0 — B RG LORIE IS G R, AR — R Y 2015 4F
09 H 18 HAZHIKI&Z0HE4T, 140 1F201509 fefi Tt &40,

BT A VR SR 90 O, W0 8 2 B R AR I T) S50 2015 4 8 F 26 H L J% 2015
9 H 7 H, SRBUSHA] SRS A F) 10 K EHEAE A BT A B . FHE A KRR
—NE—E, N8 A 19 HEI8 A 26 H, Ffh A KAEFM B RARMIK B NE
R, N8 H 26 HEIO H 7TH, FEBRAERM 10 KNE =mEE, N9H7HH9
H 16 H. &F4nmaEEiy8 H 19 HEI9 H 16 H, AL —AH RIS & 8, Sk
FUE L JBLE 23 T T S B0 85 W) SR A58 DA R S e b &5 SR [ 1 AT R AR Ak b o IR B R 2 5
HEit19H, #2588 H19H~21 H. 8 H24~28 H. 8 H31 H. 9 H1H~2H. 9
H7H~11H. 9H 14 H~16 H.

FERT Bt FE 78 vh A B, LB FUET X OIS 8] & o, JE B S A2 9 I I £ 5 4,
B2 By B SR B A i R4 20, BERS 78 20 S W HE T 303 AT AORFPE O ZE R R SR o LAk 5238 1)
Fe&, FEIS TRV ES P 32 0 & A58 S ok FE AN A B e R RO A2 81 H i o = 2R Y R g4k, 7E %
ANIFTALES o, BR25 l T S A B i R 58 2 T R BE R KW BE R LASE 52 5 Bt p) B B A R
FEASE, PRIATREIAE BT 7T e b HERR t T BR 2 5250 HII AR A 5 1R R s itk AR e .

422 FEIA TR

AR AFAER TR A, EEHR SRR 2 7E 8 A 26 HAM9 A 7 H G 1
XI55 5 JEH R X SRS 5y SRR FPAG RS 5 S5 U AE By B 08 B AR AT I R R
fil] o AS TR B 15 K e S (R AR 1) B 11 v (1 el A0 20 i R 88l 0 A o 3RATT 5
WA T3, B IR AR 8 By s AT T e A B, IRt A — & L E = A>T | i
MR REAT RS, R A ST R AR A ) — R BIARR, fi F eRl vEA A x H7pJi dt
AT BT, BB I 1] 7 A 45 SR 2 8] ) 22 ), T SO 2 T T 3R s P A A B RE
PeAVEAAT RN S AR A I 4518 o 1 B BT H R 0 M R B X O S5 A HEAT B A
PR XA M AL Bl 7 B MUK A% A2l A PP 51 AT I A% o B AR AT 73 A D5 AR X
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AT FEHSHATE A LT SO0 45 A6 RN 117 37 5 B A SR A U 45 R 5 R o ST
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TR 300 f% SEFREORT_LAIE 50 BSR4, = ANIRAR TS 2 B AAL 5 B 3R 0 AR AR AL
FIARAARAE, AT IR B R B AL AT 5 B8 B K IF1509 & Z/E AEBEHe T %, X
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Variance of Price Changes

Index

& 4-5 IF1509 £ £ H4- 5 D3 H A& s A lrEA 5 23840

R 4-1 IF1509 ZEEHA4H DM BT RBPEE 2 L4t

H 1 1 2 3 4 5 6 7

8 H 19 H 403% 7.11% 28.08% 34.17% 19.75% 4.21% 2.64%
8 H 20 H 5.26% 11.45% 23.31% 34.02% 16.75% 6.30%  2.92%
8 H21H 3.85% 7.22% 17.15% 43.77% 16.98% 7.36%  3.68%
8 H 24 H 3.46% 7.09% 18.79% 42.36% 18.45% 6.40%  3.46%
8 H 25 H 353% 7.31% 20.00% 39.01% 19.66% 7.28%  3.21%
8 H26H, HMA 468% 944% 17.90% 42.95% 15.75% 6.27%  3.02%
8 H27H 3.14% 6.66% 22.56% 35.24% 22.60% 6.47%  3.32%
8 H 28 H 3.00% 10.74% 15.29% 41.78% 15.05% 11.11% 3.02%
8 H31LH 3.71% 8.00% 17.97% 40.94% 17.98% 7.75%  3.65%
9 Ho1H 355% 6.31% 21.38% 38.26% 20.66% 6.36%  3.48%
9 H02H 3.15% 6.45% 14.26% 45.17% 17.22% 8.98%  4.77%
9OHO7TH, kB 263% 438% 9.81% 66.34% 9.99% 4.21% 2.62%
9 Ho08H 2.84% 5.29% 9.87% 62.82% 11.28% 5.00%  2.90%
9 H 09 H 3.11% 3.94% 12.53% 60.93% 12.55% 4.13% 2.81%
9 H 10 H 2.89% 5.35% 12.94% 58.30% 11.87% 5.44% 3.21%
9H 11 H 3.32% 5.66% 11.95% 57.99% 12.12% 5.68%  3.28%
9H 14 H 2.13% 4.04% 9.02% 65.92% 12.10% 4.30%  2.49%
9H 15 H 3.71% 5.60% 13.24% 58.42% 10.92% 5.00%  3.10%
9 H 16 H 241% 5.25% 13.69% 59.69% 12.30% 4.43%  2.23%
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SR U A MO T B, (R Rk R MR . M2% 4-1 e )
i, AR SR LL B AT, AL (338 4) BARKIEEERE AN,
[FI A R A N AR B Bl (RI4p3E 2, 3, 5, 6) HILLEIEHEIRD, A K A BRI
B (B3R 1, 7) LB SA BB R, RS T I B AR 2 5 o A WS A T %
HM AR LB A BTt e, T B RAS 7 A AatE, (HSEbr LAEM M AL B i
LG FRAREI[RIN, BORHIU R AAL LE B R AR A . s Bt AR B KA ik
BMEEINCR, MRE R 1M 7 FEFE B KA G SIS BEORIR A A2, [RIRERIPRHE T
M B RAJEERM RSN LB B R, [N, Hr&Zshf s ZHFE S A
9 BT, TAIENEAE B 2 A0 7.57 SR EISAE B 2RI 2747, TR, AREIAY, @
BIAE Sy A MRS IR D0 0 76 T 3 TIOUE 28 M PR K 2 Tl A, RV ERE AR B AR /AN R T 4
ks A2 ARG FEAIR, DA BRI A A% 2220 (1 i S L OS5 R AR AR Bl ) 2% 1 2 A1 AT (8]
Feoii R I M AR R R, BRI AR RS MKRAFAE, IR B ARFFAZ, HHA
UK AEBOREI R AL Sy, TR B HO A 3 XU M T 3 Bl AR R

BE— 3B I M SEI SEIEXUT5 0 ZE K o ] 4-6 &l I AE =N 1) B hoRe 52 A 22 Fr 91 B dfe
BERBATYEI SIERRAS RN, W LR MBI AR E A EF M B KA R RN
FR, HAEZJAR) 10 RAEORFFERGR AT b, VR 37 b S sl ik ARt o Al e ) 22
DA . WK 42 WE W, EFEME A RER, rERPAEL SEHA REEN, EFFB
KA, PEERNEME AJRR 0.7 24 e 2 i, T BOMEs = Bt A 8. it
—Bth, B RGN EZRMEEARTT 22, I 4T Rl R BIREA T Z2AE F4F B KR 18
INARHE W1, AR AN SE 5 i AR A A A AR AR H AR 0L, S ) S e o 8 11309 H PN 4
T IS AT R DL R AR .
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R 4-2 IF1509 2B & DR H LR A M ZRE A TR SGTHE

H 1 RAME B b Bl SEAME R
8 H19 H 0.2 0.2 0.4 0.5716 0.8 6.8
8 H20H 0.2 0.2 0.4 0.4735 0.6 4.2
8 H21H 0.2 0.2 0.4 0.493 0.6 5.8
8 H 24 H 0 0.2 0.4 0.5874 0.8 9.8
8 H25H 0 0.2 0.4 0.5784 0.8 11.2
8 26 H, HiffA 02 0.4 0.6 0.75 1 8.8
8 H27H 0.2 0.4 0.6 0.7493 1 7.8
8 H 28 H 0.2 0.2 0.6 0.6095 0.8 7.8
8 H3LH 0.2 0.4 0.6 0.7965 1 7.4
9HO0LH 0.2 0.4 0.8 0.8763 1.2 15.6
9 H02H 0.2 0.4 0.8 0.8596 1.2 9.6
9HO07TH, HfB 0.2 0.8 2.2 3.077 4.6 57.2
9 H 08 H 0.2 0.6 1.4 1.797 26 17.8
9 H 09 H 0.2 0.6 1.6 2052 3 13.2
9 H 10 H 0.2 0.6 1.4 1.631 2.4 9.8
9H 11 H 0.2 0.6 1.4 1599 2.4 9.2
9H 14 H 0.2 0.8 1.6 2282 3.2 17
9H 15 H 0.2 0.8 1.6 1.933 28 19
9 H 16 H 0.2 0.6 1.4 1.893 2.6 24.8

Variance of Spreads
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4.3.2 QSR B R AN HE BB 0 M

AN 3 AR A% AL B AT R AR RN 2 I8 52 5 i BR AR 300 e I B £ 2015
F 8. 9 W& ZBNFFY pehy,i € N HEATTEARRT ST, KB 7 AEBCERIRHIAT 5 =M ]
B USRS Eh AR R A T AR B A, SR T SRR 5 I R AT s s AL
MRS IBEFR I B T 370 ) S AR T REAN B AL XY EL RSN o Dy 1 B i M Ao v 52 5 808 1) 0 2
FFIE, ESCEE — RIVERAEXE (0.5 #0, 5 7, 10 #0, 20 0, 1 70%F, 2 7pf#, 5
B, 10 o BREE) SRTESHAS [F A I [] [RIRE R (1 SR BB AR R o AEHEAT HRAE, W]
DL 3 ¥ E A [ PR R 8RB 5 A X 1] o e 3k R A M SR R 4% 3 81 DA S 2L SE B
BN, AR A 1) R BON SO A R ML PS8 A T A [ P9 R A bR
THE I S BLB AN A BEAT P24 0] A — s RE L V8 B Tl 2 OO 2 R M 75 1) T8 - X T 1IF1509
HY), CSEIEB TR WK 4-3, Wb A R[] % 5 sl 2 LI 4-8.

F 4-3 IF1509 7FE B4 H DR F R R B FRS T M E e sl &

H 05/ 5% 108 208 1708 27208 528 10708 20 28 30 Bf

8 H19H 0488 0397 0429 0464 0424 0422 0428 0.448 0.461 0.529
8120H 0442 0389 0.393 039 0390 038 0422 0.378 0.291 0.267
8 H21 H 0499 0479 0495 0493 0512 0527 0541 0.559 0.540 0.449
8 H24H 0641 0660 0646 0643 0648 0597 0583 0.636 0.644 0.785
8 H25H 0.707 0740 0749 0.761 0.749 0727 0.687 0.652 0.685 0.768
8 H26H 0877 0875 0898 0904 0.884 0902 0953 1.017 0.972 0.846
8 H27H 0865 0860 0884 0928 0.895 0856 0.835 0.788 0.847 0.602
8 H28H 0626 0546 0535 0521 0506 0508 0.394 0.373 0.320 0.258
8 31 H 0.745 0537 0566 0592 0584 0595 0569 0.517 0.499 0.471
9H01H 0849 0691 0685 0727 0721 0758 0.819 0.753 0.715 0.758
9H02H 0827 0721 0756 0.775 0.724 0746 0735 0.603 0.668 0.722
9H07H 1804 0805 0743 0.758 0.788 0.758 0.787 0.712 0.697 0.634
9H08H 0902 0457 0406 0.383 0.406 0408 0.431 0.389 0.425 0.395
9H09H 0881 0458 0378 0372 038 0396 0.359 0.300 0.232 0.208
9H10H 0541 0316 0258 0242 0240 0243 0230 0.224 0.177 0.123
9H11H 0549 0323 0245 0214 0215 0219 0222 0.226 0.196 0.167
9H14H 1042 0512 0410 0.397 0452 0511 0561 0.593 0.629 0.583
9H15H 0.766 0408 0327 0319 0355 0384 0347 0.313 0.229 0.301

916 H 0804 0437 0376 0333 0347 0373 0445 0513 0.328 0.264
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FATNTy, FETIHTE G iE R L R KA, st KRR K[, T3 RS E MEIF e
1 BVBFE S SN AR I AR AE A% BB E R B S EBUHENRE TN
A ARV K 28 3 77 58 el SR FEE A A 1) e 55 XU, A 52 PR B J T 3 S T
BB AR E TEATTE 2 M R s X . ISR AL, fESE A M B KB )R, i
TROUL G R W 7 AN A% A2 1 PP 51 IR AR SR BT n » 1SR 1758 2 IS R iR 22 075 22 DA E )
J7 %2, 3E0.5 Y 18] 8] Y © Sl Eh FR MR LT, [R] A JH A e 18] 180 B 1 550 14 2L S B
EFRWABRIEE LT, X RAE R A RS H BARIZHT T R B R A
T EEET R 52 R HTHIE N 75 2R AR A B EARFFANAR L 1735758 57 G R
KM PEFEAR s AT BT A S e 25 PR R DL XA I s AR AR IR e B T i — B AR
e, HAREE P AR BRI B 2 SN2 ER I o 5 SR 8] (B R _E, CSEBlgah R H
PR A JE B T RO 2 BRI I Cal AR T 37 (R 8 e 56 48 DA SD U #5058 3 AN Ak e 2 ) 5
HLSTRMT IR BEARRE), (R JRIZHT ARSI E AR A RTHIACE, oADK, XK
DX T TH SRR BN R AR T 00 TSmO S F (5 B R T DLt S 1 T I B W 45 Ay e
M. AT RAE B X ETHS 0 CSe BB R AR E R I MBLS I E P81 ik
AL 5y B AL Gy Wy S pir £ DL ERZ 1, BT BRI, Rl &4k
A 5 AL B R B2 T RSN BEh %

AT DA OPM PP A 5 AR AR Xt i At A2 )y Py S BEAT AN 7, A5 04 H i
TN RS AL RIS AS AR o RO AL BB TR e 0o B 5 IR AR sh AT LAt o, 19 3RS 1
AR RTOULI 2 PR A4 22 TR KD L 5% 28 0 1A% AR A ) 2% P A 2 BEAT TOUI o AAASEZRE ) 25 g e B
G AR AR S IR O A AR Bl 2 8] [RIER J2 TR 6 2, FRATTRT LA Y I 2856 S8 0 B s A2 4L
SFAFBER AT 704, BB YGRBOZ BRSO a VE AR, DL HL 5 000 2
WA AZ SR RENR o LEAS I R B AR, ARG BRORE — R B iR A 5 s 22 Bl Al
BEAT AR, FEFAFRTE RIS A AR SR PR R A W AR, 32X =AM Y
PR i ARS8 70 AT 48— A
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e/ SHANGHAI JIAO TONG UNIVERSITY ﬁiiﬁgiqﬁﬁﬁmﬁﬁxm%*@ Hg?zurﬂﬁﬁgjﬁ

RGP P R LS T 0 R XA R S A B PR R S M R 5 0,
T BB CE AT 63, RSB SBRBE 7 TSR . B 3%
IS ctg,, i €N , BRIELE 1~7 20, B FARCOME A R0AS], TS K
N N N SN IR I SN 1N S SN 1 PN S
S R B A 0 X 6 93 44T S50 003 JE R EBUE P51 pehy, i €N —TF)
B M TR S AT, i PR A IEE 6 NN L7 R,
7 L4 R 53 A A B R S5 35 7 25 SR B, 70 PP R
XA IR SR R E UL, 0 SRR B O H B SEPR AL A MR R A B, S
BT TSRS R, BV Py PS8, T LR T 0 LS M
O FRATA, 0 X O RS B SIN A PSR A3 1 (2 B LR 05 SR AR AR 16 4
FRAF I, PEMRREAE BB YR SN R A pehe, i €N, RN FHRENAT
A5 i, G P RS R L o R R 7 SRR 7 AN 2280 0 05 SURIRZ A
ERATEE, & 1 RN

1, ctg:, ,=s;

4-1
0, otherwise (4-1)

Ctgl_j = {
20 R R R B A 65 5, BNt IF1509 & 20 @A F IR AR B 8 52 A

pCth‘ = ﬂTXti + eti
BTXti = 23’:2 Y1,jCtg1j + 217'=2 V2,j Ctgz,j (4-2)
+ 2]7'=2 )/3,]' Ctg3,j + 21221 Bl pChti_l + B3v0lti_1

Horb voly, | AEGE MG AR, X THRZED e, FIFMTTZRBOEN
W o TSN pehy, WXEAFIEE ;) =1,k — 1 A WGF A E A
PIEART I8 o FEAS LAY, JRATTRAE 2 B a4 HR = AN I [8) & 10047 70 BORE G 5 230 AT
G CGE—IRE AR A RERT—, B NRE S AB KA 10 K, 2= &
NEM B RAENE 10 KD .

R 4-4 IF1509 7£ =10 8 B 0O P Ak R LR 14 5y BME A THEE R

a 25 as Qy as (413

HmEEMAE  -1.626  -1.038  -0.303  0.749 1473 2.029
P iR 0.0320 0.0318 0.0318 0.0318 0.0319 0.0322
t 18 -50.78 -3258 951 2353 4616  63.10
oA E MG E  -2.087  -1.460 -0.757 0.330 1.026  1.652
P iR 0.0407 0.0405 0.0404 0.0404 0.0404 0.0406
t 18 -51.30 -36.10 -18.75 8.18 2538  40.70
HEREEMS I E 4453 -3.885  -3.261  -1.346  -0.710 -0.150
P iR 0.0579 0.0573 0.0571 0.0567 0.0566 0.0564

t {8 -76.95 -67.74 -57.11 -23.76 -1256 -2.66

% 31 1 3k 66 T
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2 4-5 IF1500 76 =/ 00 8 Wi ML SRR PO MR AR B S A o 45 R

V1,2 Y1,3 V1,4 Y15 Y16 Y1,7 V2,2
HB—mEEMSE -0.0936  -0.1105  -0.0399  0.0151 0.0467 -0.0697  -0.0961
FrifE iz 1.68E-02 1.86E-02 2.20E-02 2.70E-02 3.25E-02 4.10E-02 1.68E-02
t 8 -5.57 -5.95 -1.81 0.56 1.44 -1.70 -5.72
BOmAEE A -0.1099 -0.2459  -0.2864  -0.3242  -0.4228  -0.5763  -0.1072
FrifE iz 2.00E-02 2.23E-02 2.68E-02 3.25E-02 3.84E-02 4.82E-02 2.00E-02
t 8 -5.50 -11.01 -10.70 -9.98 -11.02 -11.97 -5.36
B=mEE A -0.3831  -0.7915  -1.2115  -1.6073  -2.0605  -2.4142  -0.2700
FrifE iz 0.030 0.031 0.034 0.040 0.048 0.059 0.031
t 18 -12.76 -25.37 -35.92 -40.36 -43.37 -41.14 -8.84

Y23 V2,4 V2,5 V2,6 V2,7 V3,2 V3,3
S—mAEE A -0.0474 01098 0.2306  0.2673  0.1681  -0.0620  -0.0156
FrifE iz 1.85E-02 2.20E-02 2.69E-02 3.24E-02 4.09E-02 1.49E-02 1.34E-02
t {8 -2.56 5.00 8.57 8.25 411 -4.16 -1.16
S M ESTHE -0.1674  -0.0331  0.1085  0.0614  -0.0281  -0.0066  -0.0181
FrifEiR 2.23E-02 2.68E-02 3.25E-02 3.83E-02 4.81E-02 1.75E-02 1.60E-02
t 4 -7.50 -1.24 3.34 1.60 -0.58 -0.38 -1.13
H=mAEE A -0.5695  -0.6677  -0.8105  -1.0507  -1.3102  -0.1993  -0.3491
PRz 0.032 0.034 0.040 0.048 0.059 0.028 0.025
t 4 -17.99 -19.61 -20.24 -21.97 -22.18 -7.12 -13.73

V34 V35 V36 Y37 B B2 B3
A E S 00775 01564  0.1563 01088  -0.0200  0.0166  0.0004
AR (R 1.30E-02 1.36E-02 1.57E-02 1.86E-02 2.04E-03 2.03E-03 4.89E-05
t{H 5.98 11.47 9.94 5.86 -9.78 8.16 9.08
HONEEAE 04172 02414 03021 0.2880  -0.0196  0.0137  -0.0002
AR (R 1.54E-02 160E-02 1.75E-02 2.03E-02 2.08E-03 2.08E-03 8.84E-05
t 1H 7.64 15.08 17.30 14.17 -9.45 6.58 -2.13
WA E AT 04273 -0.5009 -0.6625  -0.9430 -0.0136  -0.0113  0.0015
PRz 0.024 0.026 0.029 0.033 0.001 0.001 0.002
t 1H -18.13 -19.47 -22.71 -28.50 -14.68 -12.26 0.75

5 32 4L o66



SHANGHALJIAO TONG UNIVERSIT BERZ Z X &M AR SRR TR

BREMNRIMAZESL, KRS HINEEH K 5%/K-T TR BEN, JUHZLF 7 EHMER
fETHE t B, HTHEERE . ST EME R BB T LA, AT HIIX
AR REIEASR XS RN, (E5E = I 8] % A A v B XTI B Crprla) 5 AMXTRI AR ED T 4.6
A, RTH S MHE 0 3.6 /it IS THE XA, BiliFF B KA q, XS
MR LA s Hek, A THR DX R 2 BMEDEHT B, SRR S i T R 3.
BE—P L, (UL RSO = AN 1 B O AR AL B SR R A THEL, B A Aesh 72K
AT SR B A B AN T 20 A IR 4-6, HAE =N & P K7 SIME L& 4-9. [ 4-9
RN BRI 3RS ART F0E A RS B ATAIF M B UG B (H.

3R 4-6 IF1509 7E =M 1] B &8 22 30 20 B G TH R SRR BB T = 0 A

BiE T %
—EfEE R EE REREE R oREE RTNEE R EE
1 0.0419 0.0331 0.0276 2.86E-04 3.54E-04 1.81E-03
2 0.0830 0.0764 0.0506 4.73E-04 7.41E-04 1.55E-03
3 0.2092 0.1831 0.1163 8.84E-04 1.37E-03 2.91E-03
4 03931 0.4024 0.6117 1.01E-04 2.81E-04 7.07E-03
5 0.1787 0.1871 0.1176 9.46E-04 1.30E-03 3.02E-03
6 0.0628 0.0815 0.0490 3.38E-04 8.02E-04 1.48E-03
7 0.0313 0.0365 0.0272 1.86E-04 4.28E-04 1.77E-03

% 33 T 3k 66 I
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Probability

Probability
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Probability

& 4-9 1F1509 7£ =M Rl & & Mg A8 3 7 SRAE At T S AR R AE

MEEAFREREIIME T Z T LI, fEFF A A8 B RAEJR, MG EE
A RERIFANAR, (EEORARSN W] BEPE IR A B2 A, R AR R AT REME B35 T
UEAIME 2 —MVER =N 18] T, U5 AU AS A AL 25 A RERAE Dy ZEAH EURS 58 — I 18] B 7 25 (3T
JUHRAEEE = I A BRI & . DA RIXEHLR AN 4-9 rh U B HIH05 S6 A LR P FIAH AT
RS A RAEJE, T RREEE R R ECEA 7B, BT IR e 1k
BARARG, SRT LA T 37 B0 B et 25 LA B < RATLAA) R < 24 W) S5 B8 3 £ D JLE LB 1E 4T R B A
Feo R0 B kAR, MEEZHEZRES G, TSROk e TR R ALk,
IAS A FHEER, FENHE DRATF AL A BRI A R I, — ELMAR AR SO ME A2 1k, Bl
kAT Eh S, MARCMERER, HREE AR, AT B B 3 2l (R0 5 AT 1)
AR o BATEMAN, RS ZR)E, TaRaivErGE . S5 #H s
ERFEENARAAL BN, T EUIRS TiE, HEbs EREER SRS B .
Yy AT KA BT (5 2 TC 1% B I B b S R 38 B 7 A%, 10— ELRR R B 5@ R B Bl B
8] J& J5 A7 OB Ul T AR AL s B AR R i, ELACK AT BN KR BE (K A% A2 30,
TR HE 55 5 R AR R S e AR B ARG . AL R, TR AL 5 R IR B/, i
17PRS, I R A MR RE RE I BAE 8 , Ui B T I REMS AR A b S R A OB AL B R . A
P R 25 A 2R A 5 235 RO 81 R B G R AN L SEE B Bl 26T T A5 B ) 518 — 2

4.3.3 g2t or i ot

N T AP A AR B A AT A Y (TN . A3t — S R P b
AR BREG V7= B R L (AU . BRI ADS Wi Sh R, i
8 PR SR A ETURIRR 2 195 T A7 1 RO 1 4% A, WA S 45 L e T B 5 51
e Al S s B ST B0 55 5% 2 WA F A o BRI B A L AR = A 45 B
(BT LA B B3 SO A A AT . S F S 1 OIS pehe, , TS
HOMES pehe, = AgDySeyi €N o SHEBTICF S 415 R 2 508 2
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ePothiar;_,
A¢, ~ Bin(py), pi 1= P{A4,, = 1|4,_,} pi = T oPotBid,
1 eYotviDe;_,
G Dy + D04y, =1) ~ Bin(5y), 6;  :=P{Dy, = 1|Dy,_, Ar, = 1}, 6 = T3 oto b,
o OuuoH0uaSe,_,
(Sti|5ti_1:Dti =14 = 1) ~gu)+1, Ay =

1 + e '9u,0+'9u,1sti_1
efa0t0a15t;_,

SelSt;_Dey = =1L, A, =1) ~g(Aq) +1, Aai = 1 + P40%0a1St;_,

(4-3)

XA FAEE DT 2 5 B SIS S s AT i, A SRR 4-7.

£ 4-7 IF1509 ZE &4 DK ADS A THSH

Bo B1 Yo Y1 00 01 00 011
8 H19H 1179 0231 0.016 -0.429 1.374 -0.298 1.200 -0.253
8 H20H 1.157 0.210 -0.022 -0.222 0.904 -0.125 0.753 -0.143
8 H21H 1249 0.187 -0.036 -0.115 0.786 -0.143 0.771 -0.137
8 H24H 1646 0.138 -0.031 0.441 0974 -0.207 0.972 -0.218
8 H25H 1529 0.196 0.019 0.288 0.964 -0.168 0.889 -0.126
8 H26 H 1367 0.182 0.003 -0.038 0.817 -0.106 0.629 -0.104
8 H2rH 1514 0177 0.023 0.120 1.033 -0.130 1.089 -0.171
8 H28H 1374 0.144 -0.027 -0.186 0.623 -0.090 0.634 -0.085
8 H31H 1090 0.317 -0.021 -0.513 0.940 -0.248 0.903 -0.233
9HO0LH 1258 0.246 -0.079 -0.366 1.072 -0.234 1.106 -0.251
9H02H 1249 0.234 0.055 -0.268 0.636 -0.129 0.825 -0.186
9 H07H 0471 0389 0.000 -0.559 0.892 -0.329 0.874 -0.321
9 H08H 0348 0.460 0.081 -0.630 0.925 -0.344 0.815 -0.306
9H09H 0437 0421 0011 -0568 1.058 -0.368 1.019 -0.368
9 H10H 0438 0.402 -0.064 -0.508 0.820 -0.278 0.981 -0.337
9H 11 H 0521 0359 0.012 -0.567 0.853 -0.302 0.788 -0.264
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9H 14 H 049 0402 -0.076 -0.550 1.106 -0.417 0.913 -0.313
9H15H 0539 0372 -0.055 -0.547 0.841 -0.292 0.885 -0.342

916 H 0545 0.349 0.026 -0.583 1.186 -0.407 1.150 -0.415

FTA MG SHO7E 0.1% R /KF R 3. @i Ll EIE S EmT AR T R
FEAE oy BAR R DL R O A8 AL 2 AR, il TR A T e i i 5 1%, ISR AR e T
OPM I Wk 5 (L A5 714 408 B 0 B A S IR 1 S0 T AR SR AR A% [l e 1 L R i A
WEREZ TR R MG R . B AR Y-

Poi = P{Ati = 0|Atl-_1 = 0}

Pii = P{Ati = 1|Ati_1 =1}

Opi =P{Dy,=1|D;_ =k Ay, =1} (4-4)
Prji = P{Sti = k|5ti_1 =j,Dy =LA | = 1}
Okrji = ]P{Sti = k|5ti_1 =)Dy, =1L A, = 1}

THEL A A B DA S R L3R 4-8 AR 4-9.

# 4-8 IF1509 EEEM-E AMZE A WEK A, M D, MHRZFHFEER

UEME  po P1 8 6.4 &

8 H19H 0.235 0.804 0.398 0.609 0.504
8 H20H 0.239 0797 0.440 0.550 0.495
8 H?21H 0.223 0.808 0.462 0.520 0.491
8H?24H 0162 0.856 0.601 0.384 0.492
8H25H 0178 0.849 0.576 0.433 0.505
8 H26H 0.203 0.825 0.491 0.510 0.501
8H?27H 0180 0.844 0.536 0.476 0.506
8 H28H 0.202 0.820 0.447 0.540 0.493
8H31H 0252 0803 0.370 0.621 0.495
9HO01H 0221 0818 0.391 0.571 0.480
9 H02H 0.223 0815 0.447 0580 0.514
9 H07H 0384 0703 0.364 0.636 0.500
9 H08H 0414 0692 0.366 0.671 0.520
9H09H 0392 0702 0.364 0.641 0.503
9 H10H 0.392 0.698 0.361 0.609 0.484
9H11H 0373 0707 0.365 0.641 0.503
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9H 14 H 0.378 0.711 0.348 0.616 0.481
9H 15 H 0368 0.713 0.354 0.620 0.486
9H 16 H 0.367 0.710 0.364 0.648 0.507

#£ 4-9 IF1509 FE T F OHZEHTHHER S, MHERFFME

WEBER P31 P32 P33 031 032 033

8 H19 H 0.0670 0.1109 0.1431 0.0798 0.1229 0.1471
8 H20H 0.1025 0.1389 0.1470 0.1136 0.1442 0.1438
8 H21 H 01112 0.1433 0.1447 0.1123 0.1437 0.1443
8 H24 H 0.0971 0.1358 0.1478 0.0973 0.1358 0.1478
8 H25H 0.0979 0.1362 0.1477 0.1036 0.1396 0.1468
8 H26 H 0.1090 0.1423 0.1454 0.1221 0.1469 0.1398
8 H27H 0.0926 0.1328 0.1481 0.0883 0.1297 0.1481
8 H28H 01225 0.1470 0.1396 0.1218 0.1469 0.1400
8 H31H 0.0997 0.1373 0.1475 0.1026 0.1390 0.1470
9 H01H 0.089% 0.1306 0.1481 0.0870 0.1287 0.1480
9 H02H 01216 0.1468 0.1401 0.1084 0.1420 0.1456
9 H07H 01034 0.1394 0.1468 0.1047 0.1401 0.1465
9 H08H 01009 0.1380 0.1473 0.1091 0.1423 0.1454
9 H09 H 0.0907 0.1314 0.1481 0.0937 0.1335 0.1481
9 H10H 0.1087 0.1421 0.1455 0.0966 0.1354 0.1479
9H 11 H 0.1063 0.1410 0.1462 0.1111 0.1432 0.1447
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9H 14 H 0.0870 0.1287 0.1480 0.1018 0.1386 0.1471
9 H15H 0.1072 0.1414 0.1459 0.1039 0.1397 0.1467

9116 H 0.0808 0.1238 0.1473 0.0837 0.1261 0.1477

MEERIN,  po FEFMF B J5A BIEIGM, RITERT— MR A A B AT IR T
AT RE AR S DR AL BRI 3G, ISR AT AT RS U 2R R & . RIS
py EFME B JE AN, U AT WERRE AR T AR, U AT RS AT T R R AR AL,
PRI T SRR IR AR S SR A . IR, E 6y BN TRIIFERS,  6_ MARMZHT BT, B
2 A b — O B A% AT 1), 2R A AR ST A RS A OER B0, Se ki T e
A2 5y B TN RS (R R T G (R 08 5, U B 48 55 P T 3 O 5 AL e A DL R AN R sl ) B A SR
TMRE prj M oox; ARKRAEZATRAE T AFEEZ ARSI, a0 BRI S
BERIFAT AR, R MG TR P IIESAE B AT K. BB AEE S, FFF1
BEATHLE, AR IE AL BT, PR AI DO AR B AN RS AL AL, A S5 IR Sk tH — 4L
KA A& AAC IR BE A AN Z AT M AR AR L R SR R AN K

4.3.4 ZIEhARFIEAAL

ANE EHTTC 7 — R AP AT dur, i €N, BEALHT I HRE N
R 2 4% 5 A AN 2 5 2 A B 56 F AR BEAT T 7E, AR R B o0
Bra2 5 2 18] (Bt As s A 22 Bh 58 5 2 18D IR IEh A& RtE . FEACBE AR I, 25 3
T O R IR 75 AR, BRATTR ] e EL AN A AL AL RMEL (¥ 7 ORI BRI A ks 225l (0.2
TRlRNEAL, B EN 2 AL, RIS A S AP 1 RETE 20 I AR S LN
R, JFHRIL T B PN BRI R 0T HAR, A A T eR B & 75120
BEAT BRI ER, HEERT A (1 A5 AL 4-10, 785X 3 5 A YIS 8] 51 1wt 7 v
] ACF BRI BRI 7 9 AR SRR b B A e, A 7 A AR = A - A R
1 WACD BERUAI AT SCMN S 704 ) GACD AR AU FE IR A3 AR 12 25 I S J0) R IR AR B 0L 1
AR A NE, 32D iEid ACF B Bk 22 5 51 149 A SR A SRt S A 2 (1 A 23K
Pho fEAFAE D, FE B R4S AWM AR RAE 1 R G s A S s i 5 A
P, RIS 0LA (1) WACD RERL S5 447 i 2 A8 Ak
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& 4-10 IF1509 7E Bt #6 B #6585 Z IR B 2 J5 MR I A 2 sh A B 5 M2 ik B AR =S 19
MIET I AHF ]

X =ANNANE R AR AT RS S, KIVESEE A RIS PP AL ARG, Bk
2720 2] 30 Mr. fEFHAMF B KA S5, HAHRHESZ M, Hif5MEE] 40 a2 |G
BIfESME B Jo— A ANMEEE 20 H 7% B2 HFAM KK R H TN LA
) B D2 225 H00 B BR, BAHSCOR RINAZ T B 5k, T T s 22
S AIHAR G MBS K. B AR B 4-11. 3T BRI & 2= 058 B A A2 8l A0 7
H, ATHFRE AT IS ROR A, EHEETARMER AT /R M WACD(1,2) FIET T
XA 54 GACD(1,2) ARG+ BE NS . WESHSAMLEENE 4-10
MK 4-11. BRI EW T

dury, = pe€q,
te, = E[dury|Fi4], (4-5)
te, =+ aqdury_ + By, + Balty,,
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& 4-11 1IF1509 7E =ANFHE & 5 AR5 B R 3

F 4-10 1F1509 7E =ANF B} 6 & T IR s A B 5] WACD (L)ALl TS5

I ) e S A bRdER tfE p E

%—WAE o  0.00240 0.0016 1.49  1.35E-01
a; 002350 0.0026 8.90 < 2.22E-16
B, 041558 0.1221 3.40 6.65E-04
B, 055885 0.1203 4.65 3.39E-06

B OoWAEE o 0 0.01422 0.0057 251  1.22E-02
a, 002236 0.0039 579 7.07E-09
B, 039846 0.1847 2.16 3.10E-02
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B SED S

IS SHANGHALJIA0 ToNG UNIVERSITY B35 5 3 SR AN S BN 5
B, 056609 0.1822 3.11 1.90E-03

=A% » 006340 0.0050 12.76 < 2.00E-16
a; 0.10105 0.0051 19.95 < 2.00E-16
B, 0.83126 0.0507 16.41 < 2.00E-16

B, 0.02359 0.0460 0.51 6.08E-01

& 4-11 IF1509 7£ =/NF i B & F M2 Sh AP 51 GACD(L, 2B &1+ 5%

i ) ZH e MRt p fE
¥WAE o 0.07886 0.0214 3.68  2.32E-04
a; 0.02849 0.0043 6.68 2.45E-11
B, 0.60472 0.1466 4.12 3.72E-05
B, 029399 0.1483 1.98 4.75E-02
¥ NAIE o 0.04001 0.0163 246  1.40E-02
a; 0.01452 0.0036 4.00 6.40E-05
B, 042721 0.2351 1.82 6.92E-02
B, 052096 0.2299 2.27 2.35E-02
$=mEE o 010204 0.0072 14.22 2.22E-16
a; 0.08371 0.0046 1827 2.22E-16
B, 0.82852 0.0556 14.91 2.22E-16
B, 0.00823 0.0499 0.17 8.69E-01

£ 4-12 IF1509 =T A & hET ACD BB & S8 B AR SRR

RN A FEAME
—WEE 09979 11568 1.0934
% A E 0.9869 1.0866 1.0804
FEIFAIE 09623 1.4347  1.3495
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Series m1$epsilon Series m2$epsilon Series m3$epsilon
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____________________________________________________

& 4-12 IF1509 fE =/ TR & 1 ACD AR = H AR B3

B PR E RN B RR R, 1] LUK BB RR G #u 0L & 1 A% 223 AU 26 1S 22 A0
MR R, BHKKRCTHMER, WK 4-12. BSEONME BN EIEF L 1, SR
B F AL IO T B A% A AL AP 9 A AR IR R, i3t 2D v SR R 2 Y 3T 2R 4
AREAIE 33, IR AR B KRR T2 A0 30, ERALE 1% R4+
KILT alpha RZECKKIEN, VEHT T AR5 HE 5 6 B AH G PE AR R

LR A ETHE, FEIRE BR 1A 223 A0 8.2 0 H R OF A3 2 T AN BB A1 19
A2 ACD B, RIEBHE 0T 5 Z IRRI A B A5, Ok A2 sh A0 i E A et
(1 558 LA SO AT R BE 3G I, IS — B JE T 2 Bt oA B g n, Ui B 13 SR (X
A& A Z AR5 AT B SRR, Sk 1 3G 5 R A AR AL SR TR o [N AR A 381K
AR, R T A i ERRE S A AR AL AR B AR [ SEBR ARSI B R 5
IR AN AZ T R NG 2, BRI AP EAE S B KA R A AR K LT,
& RUNE T A 2 T U S/ M R AR B X T8]_EIZAT I A% A2 2 53— AT LA
Sk, EBCRM AR AL A SR BEAR KT, 55 = I 18] T R SRR ER — 58 Ik ) 7 PR 289 F)
REAMAL Gy (A E R AILEC A, B 1A —5E Eel A% A2 shille FEROR, XA |20
& RAH— 2

4.4 RREIEMAHBMEEIE L

AT 2 o 3R O T SR I DR AE B T I RO 5 A 1 SIZIE S AT APF 9 1100 5 SRR T 4 SR 1) e
AT TERR ST IR T, AN TR 5 B B 14 5 20 048 B0 43 IR BITRIE 72 R0 48 50 23
PR AR B B AE FAR R A S = AN BT 2 3OW 2548 B AR A 22 50 o B T TR R SR A 5
FEIRTAE 2015 4 8. 9 H AW T b S A B AR B K IF1509 A 40T, H
FRIEI R R 300 I S 45, MUA IR MBI T 37 1) 08 RN T+, 8 535 R P 300 PR AUt ik »
FEGESR. BB T RS RS VMREL. RO, IF G4 RshEis
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X 73 3 B, 8 2 B8 B ] R IR R A e B B AR B BB, BRAT T — P AR Ui S
P v B AR R B R R AT 7T, R T — B 73 AR a0 e th 52 BT 73 e R ABL R 5 o
VLB T BT 2RI M 3 5 8 e s PR A A BR 1) £ Rl 7 BB TR A o

FEXS ERAT I IBT FE R, KRBT — S T mishE AR TF RIS, A
B il 5 S R AL, Fl4n, 600016 FEA:HRAT 55 600000 Vi A ARAT, HLIEATIMEEONR
B VERLLS (AR, H AN RS 2 BRI, 58 50 ARG 78 5 BRI R VR A3 IO BE BRI o
FERIRRZ B B R, KBRS ML TR R B, s fe e tERER. R
PRGN R AR B BRGNS B R o 3 I AT 7R DL LS LR B0 A AR P 48
FAGRE R 5 R (M 22 B 25 A B AR AE S A TR AR, RIS o 4 s A2 3l 39 e B4
WACD (1, )R AT A5 R AR L EE M fE S0 B R R BB AR, AR K 2 B Kt o
0.01 fY5 35 ME/KF R 238 B 51 B AR SRR AR Y T 7 U S BT O T L 31— i 5 AR B 1Y
SHCERTIEIN, BI— R 5 i A SME 2 5 A B 25 W A R sk A g o [,
IR A 45 RS 0 2T R AR A raoin, AN S S 80— R 1 ks 22 sh SR Ak i
THRA S BEAR A 5 i BRBE (R AR o X AN AR Bl 51 A5 PP W 3 (B AR S, AR RIS
SHEAT AR BFAF BRI WG L fE5H0F B KR, BRI 5 5m EEWT FAIR,
ks AN A BEAASE N, (E KR P2 A7 A% 2 3 A 3 BE AR SR A, TR R R B s AR K
BV BUVE 2 R KR BE A AR B, IR AE AR I B i 7 vh S 2

2 4-13 600016 FAERATAE =TI H) & IR 2SI A BAF 1) WACD(L, 1) R 23

i} ) 8 WAEE R tE pfA

¥NAE o 021800 0.0533 4.09  4.34E-05
a 008628 0.0142 6.09 1.15E-09
B 0.81661 0.0327 24.98 2.22E-16
w

iy i 0.31763 0.1075 295 3.13E-03
a 006199 0.0162 3.83 1.28E-04
B 0.81428 0.0503 16.19 2.22E-16
EENAE o 174868 0.3678 4.75  1.99E-06
a 010929 0.0325 3.36 7.70E-04

0.30112 0.1269 237 1.77E-02

K 4-14 600016 RAEHFTHE =T EHHET WACD BRI &SEGHEMMARHERME

o i) AR RME FEARIE
B E  0.9028891 2.24482  2.36136
S5 IIEIE  0.876265  2.566988 2.776472
SE=ITIEIE 04104111 2965927 3.256702
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# 4-15 600000 i R BT =NT0 B & o R AR5 WACD (L, )R EHHS3

NG ZH WEMHE WER tE pfE
B—NEE o 0.24105 0.0692 3.48 4.93E-04

a 006291 0.0155 4.05 5.08E-05
B 0.84029 0.0347 24.23 2.22E-16
B OMEE o 023235 0.0853 272  6.46E-03
a 0.04668 0.0152 3.07 2.13E-03
B 0.85600 0.0412 20.79 2.22E-16
BENAE o 062335 01530 4.07  4.60E-05
a 015278 0.0317 4.82 1.45E-06

0.57149 0.0822 6.95 3.59E-12
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(T TE
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mEE
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Index I
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MBI R 2, AR, FEBHRIITE 5 2 R n, Z AT P st & 1 XUk
AT IR AR, JEHGR AR 5y & (M B3 AN R & RS B IR B B — AR,
01 B 368 o R ARA i #5 % AL  FRP PR AL S 0 e i < MR A0 58 2 HEAT R BRAT N ) L
HRAT R A T RN, WEGR BT8Ry, BRI 2 Sk AR 12
B, AMUPOHIBT I DI REE & 1 AR A RN, SRk AR N T B BLTid.
bk, 2 BRI BT A BT K AN BEAR (et A At AT T A P AR 9T B ko b &R G bk
WL, AEAER A A B SR BB A 5 B, IR AR T it AT BB AR I L. E
VLSRR IR )5, AR AL BRI B AR o BB TR RE 0 22 52 BURE R o AR e SE T S BEAT 1 7T
UL RIAS R AT M AR B8 R o IR AR R o B EE AP AN R, il s T AT M AN s ATl
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B RO Htsh 78 70 AR, E'&Zlii%%ﬂiiﬂlﬁﬁ“,\ﬁﬂk#%Dﬁﬁi%ﬂﬁﬁ}ff’ﬂﬁi&ﬁ‘]#ﬁﬁ%ﬂﬁ
Xt H AL Gy BAR BT IR NN, BT SAESE 5y BB (AR HG 2, 18] 4-15
FIF 4-16 43 HIE7N T 48 F WACD(L, L) B 284 A 35 5 M 56 R A 52 1 A %ﬁrﬁﬁ’ﬂm‘%}”i
ENRAFHEARAEL, [FIAE AT CURELAS AN AR IR 25 PHRE SR AESE IR (RIS S 0 A AR SO AR A R 2 1
% S w5 NS K WA v v S N i B v i
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ndex

&l 4-15 600027 4 v B FRrE e 16 HA 5232 5 2 R B /G 7 B & 223 7 RAE Kl TH R AR

K 4-16 600027 4 B H FRAE =TI 6] & P I AR Sh A 751 WACD (L )RR G2 5

B} ) 2 ZH PAME Rt pfE

%A%  » 06685 0.3003 223 2.60E-02
0.1271 0.0435 292 3.45E-03
0.6131 0.1414 434 1.45E-05
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FEWAE o 2.2800 0.1000 22.81 2.22E-16
a 01978 0.0684 2.89 3.84E-03
g 0.0000 NA NA NA

FEWAE o 06371 02306 2.76 5.73E-03
a 01236 0.0432 286 4.20E-03

0.6633 0.0966 6.87 6.55E-12
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MR ILER, [N ISR T Rl 7 s ARGl MR LR T3z 98 LUK Wit A &%
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preprocessors.R

H#it## Stocks #HHHH
### Main Preprocessors for Stocks
#' Get the window grand datalist for Stocks
#' @description Windows settings are the same as which of “FMM:get_window™,
#' requirements of models: $price & $tsec required by RV analysis; $ctgs &
#' $pch & $vol required by OPM; $ADS required by ADS models; $pch & $tsec
#' required by ACD models
#' @param product
#' @param monthl the previous month, format "201508"
#' @param month2 the following month, format "201509"
#' @return Store the window data in ~./data” folder
get_stock_window <- function(product = "600016", month1="201508", month2="201509
") A
daysl <- c('19', '20', '21', '24', '25', '26', '27', '28', '31")
days2 <- c('e1', '@2', 'e7', 'es', 'e9', '10', '11', '14")
datalist <- 1list()
for (i in 1:length(days1)) {
file_path <- get_extdata_path(product, monthl, daysi[i])
df <- read.table(file_path, header=F, sep=" ")
df <- df[,1:5]
df$date <- paste(monthl, daysl[i], sep = '")
names(df) <- c("tsec", "price", "pch", "vol", "dvol", "date")
datalist[[length(datalist)+1]] <- df
} # august
for (i in 1:length(days2)) {
file_path <- get_extdata_path(product, month2, days2[i])
df <- read.table(file_path, header=F, sep=" ")
# 1i.e. './inst/extdata/600016_201508/600016 20150819.txt"’
df <- df[,1:5]
df$date <- paste(month2, days2[i], sep = '")
names(df) <- c("tsec", "price", "pch", "vol", "dvol", "date")

datalist[[length(datalist)+1]] <- df
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} # september
for (i in 1:length(datalist)) {
df <- datalist[[i]]
df <- add_pch(df)
df <- adj_lunch(df)
row.names(df) <- l:nrow(df)
# plot(dfg$tsec,type="L") # check the time indexes
df$ctgs <- as.integer(df$pch/0.01) + 4
df$ctgs[dfPctgs < 1] <- 1
df$ctgs[dfPctgs > 7] <- 7
df$ctgs <- as.factor(dffctgs)
df <- add_ADS(df)
# assign(paste(code,1,sep="_"), df)
# no need for assigning the names after assembling dfs into a Llist
datalist[[i]] <- df
} # reformatting the grand window datalist
target_name <- paste("./data/",
paste(product, "win", sep = "_"),
".RData", sep = "")
save(datalist, file = target_name)

# store the stock datalist in "./data’ folder, ready for the models

HHH STF ##HH

### Main Prepocessors for Stock Index Futures

#' Gets the window grand datalist for Index Futures, after FMM::prebatch

#' @description Windows settings: previous: 08 - 19 20 21 24 25 26; middle: 08 -
#' 2728 31 ; 09 - 1 2; after: 09 - 7 8 9 10 11 14. The function first runs

! “FMM: :prebatch” to get the raw "~ .RData” files in ~./data-raw™ and trim

them, then assembles data of corresponding dates and makes a grand datalist

of the target window.

®HOWH OB W

@param product

#' @param monthl the previous month, format "201508"

#' @param month2 the following month, format "2015609"

#' @return Nothing but put the window data in ~./data” folder

get_window <- function(product="IF1509", month1="201508", month2="201509") {

source_namel <- paste("./data/",

paste(product, monthl, sep = "_"),
".RData", sep = "")

source_name2 <- paste("./data/",
paste(product, month2, sep = "_"),

".RData", sep = "")
target_name <- paste("./data/",

paste(product, "win", sep = "_"),
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".RData", sep = "")
# Define the names
prebatch(product, monthl)
prebatch(product, month2)
load(source_namel); I0908 <- datalist
load(source_name2); I0909 <- datalist
# Get the trimmed data (stored in ~./data/" ) in the environment awaiting
win@9 <- list(I0908[[6]],I0908[[7]],I0908[[8]],I0908[[2]],I0908[[10]],
10908[[11]],I0908[[12]],I0908[[13]],I0908[[14]],I0909[[1]],I0909
(0211,
10909[[3]],I0909[[4]],10909[[5]],I0909[[6]],I0909[[7]],I0909[[8]],
10909[[9]],I0909[[10]])
datalist <- win@9
save(datalist, file = target_name)

# save the new window data in the °./data’

' Gets the monthly trimmed datalist from ~./txt™ in ~./inst/extdata” to
“./RData” in ~./data’
' @description This is the MOTHER FUNCTIONS of trimming raw .txt files and

getting them in the ~./data” folder. In the first part, we get the UTF-8

encoded .txt files into °./data-raw/" and store them as ~.RData  files with

raw grand datalists, then we trim the datalists in ./data-raw/" and get

them in "./data/ , after that, the data is ready for the models. The

function “FMM::prebatch™ could also be called by “FMM::get window™ inorder

to first get the raw data trimmed and form the grand datalists for the

R T T T T I e

event windows.
prebatch <- function(product, month) {
# Default wd: .../FMM
# test AFTER clearing the ./data and ./data-raw folders
# Change the name here
fetch_data(product, month) # ONLY RUN ONCE to get the raw .RData saved in ./dat
a-raw
#i## What follows is the trimming process for files in ./data-raw
source_name <- paste("./data-raw/",
paste(product, month, sep = "_"),
".RData", sep = '")
load(source_name) # get the datalist
datalist <- reformat_list(datalist) # ftime, $bids, $asks required
datalist <- trim_hnt_list(datalist) # ftsec
datalist <- adj_lunch_list(datalist) # $tsec
datalist <- reorder_list(datalist)
datalist <- add_pch_list(datalist) # $price + $pch
datalist <- add_pchctgs_list(datalist) # $pch + fctgs
datalist <- add_ADS_list(datalist) # $pch $ctgs + $A D $S

2% 52 U 4k 66



3 £
vgh“’au .m&‘*\é

BN Towa RS Bk 5 SRS RIS

# datalist <- add_duration_Llist(datalist)

target_name <- paste("./data/",

paste(product, month, sep = " "),
".RData", sep = '")
save(datalist, file = target_name) # ./data
str(datalist[[1]])
View(datalist[[1]])

# Check the outputs
# NAMESPACE export all: exportPattern("~[[:alpha:]]+")
return(datalist)
}
#' Fetches data from external folder before data cleaning
#' @description Fetch raw \code{.txt} data stored in \code{./inst/extdata} and
#' store \code{.RData} file in \code{./data-raw}
#' @param product the name of the target product
#' @param month the month of the data
#' @return the List consists of dataframes for data in every trading day
#' @examples
#' datalist <- fetch_data("IC1509", "201509")
#' datalist[[1]]
fetch_data <- function(product, month) {
folder <- paste('./inst/extdata/’,
paste(product, month, sep = " "),
sep = '")
file_names <- dir(folder)
datalist «<- list()
for (i in 1:1length(file_names)) {
file path <- paste(folder, file_names[i], sep = '/")
raw_input <- read.table(file_path, header = TRUE, sep = ',")
name <- strsplit(file_names[i], ".txt")[[1]]1[1]
datalist[[length(datalist)+1]] <- data.frame(raw_input[,c(2,3,4,5,7,8,13:2
2D
assign(name, datalist[[length(datalist)]])

}
save(datalist,
file = paste("./data-raw/",
paste(product, month, sep = "_"),
".RData", sep = '"))
return(datalist)
}

#' Reformats the dataframe
#' @description Reformats the raw dataframes read from \code{.txt} files. The
#' reformatting process includes renaming, splitting the \code{$time} column

#' into formatted \code{$date}, \code{$hour}, \code{$min} and \code{$sec},
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#' generating raw \code{$tsec} and \code{$spread}, which are representing
#' "total seconds" and "bid-ask spread”. Then returns the reordered dataframe.
#' @param df the dataframe to be reformatted.
#' @return the reformatted dataframe, the \code{$bid} and \code{ask} columns
#' are removed.
#' @example
#' df <- reformat(datalist[[1]])
reformat <- function(df) {
colnames(df) <- c("code", "time", "price", "position",
"dvol", "vol",
"bid1", "bid2", "bid3", "bid4", "bid5",
"ask1l", "ask2", "ask3", "ask4", "ask5")
df$time <- as.character(df$time)
df$date <- as.Date(substring(df$time, 1, 10), "%Y-%m-%d")
df$hour <- as.numeric(substring(df$time, 12, 13))
df$min <- as.numeric(substring(df$time, 15, 16))
df$sec <- as.numeric(substring(df$time, 18, 21))
df$tsec <- dffhour*3600 + df$min*60 + df$sec
bid_df <- data.frame(df$bidl, df$bid2, df$bid3, df$bid4, df$bids)
ask_df <- data.frame(df$askl, dffask2, df$ask3, dffask4, dffask5)
hi_bid <- get_m_series(bid_df, max) # in case of first bid-ask data missing
lo_ask <- get_m_series(ask_df, min)
hi_bid[hi_bid==0] <- lo_ask[hi_bid==0]
lo_ask[lo_ask==0] <- hi_bid[lo_ask==0]
df$spread <- lo_ask - hi_bid
df <- df[, ¢(17:21,3:6,22)] # remove code, time, bid, ask
return(df)

#it### Assistants #it#it#

### Auxiliary functions for main prepocessors

### if any functions seem to vague in preps. pls check here

#' Gets the path of a particular raw data file in ~./inst/extdata/" folder

get_extdata_path <- function(product, month, day) {
folder_name <- paste(product, month, sep="_") # 600016 201508
file_name <- paste(paste(folder_name, day, sep=""), ".txt", sep="")
folder_path <- paste('./inst/extdata', folder_name, sep='/")
file_path <- paste(folder_path, file_name, sep='/")
# ./inst/extdata/600016 201508/600016 20150819. txt
return(file_path)

}

#' Gets Max or Min series

#' @description Returns a series consists of max(min) of each row of the

#'  dataframe.

&
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#' @param df the dataframe base on which the series will be calculated.
#' @param func the function for choosing the element in a single row of the
#'  dataframe.
#' @return the series
get_m_series <- function(df, func) {
series <- c(l:nrow(df))
for (i in 1:nrow(df)) {
series[i] <- func(df[i,])
}
return(series)
}
#' Transfers time string to total seconds
#' @description Transfers the time string to total seconds starting midnight.
#' Will be used for supporting \code{FMM::trim_hnt()} and
#'  \code{FMM: :trim.lunch()}.
#' @param char_time time string, i.e. "15:00".
#' @return time in total seconds starting midnight.
#' @example
#' timestmp <- time_in_sec("15:00") # 54000
time_in_sec <- function(char_time) {
hour_in_sec <- as.numeric(strsplit(char_time, ":")[[1]][1]) * 3600
min_in_sec <- as.numeric(strsplit(char_time, ":")[[1]1[2]) * 60

return (hour_in_sec + min_in_sec)

##H#H#HH Trim Timespans #it#HH
#' Trims the heads and tails
#' @description Trims the heads and tails of a dataframe. Add no column. This
#'  function should not be called after \code{FMM::adj Lunch()}.
#' @param df the dataframe to be trimmed, with column \code{$tsec}.
#' @return the trimmed dataframe without info before 9:15 and after 15:00.
trim_hnt <- function(df) {
start_stmp <- time_in_sec("9:15") + 3 # get rid of the starting abnomalies
end_stmp <- time_in_sec("15:00")
return(df[ (df$tsec > start_stmp) & (df$tsec <= end_stmp),])
}
#' Adjusts the time 1in seconds according to the lunch break
#' @description Adjust the \code{$tsec} according to the Lunch break. This
#'  function should be called after \code{FMM::trim_hnt}
#' @param df the dataframe to be trimmed, with column \code{$tsec} after \code{F
MM: :trim_hnt}.
#' @return the trimmed dataframe with adjusted \code{$tsec}.
adj_lunch <- function(df) {

# required: $tsec after trim_hnt
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lunch_stmp <- time_in_sec("11:30") + 10 # get rid of the Lagged abnomal trades
lunch_time <- time_in_sec("1:30")

# get the index for data requiring adjustment

tmpindex <- c(1l:dim(df)[1])[df$tsec>lunch_stmp]

adj_lunch <- df$tsec[tmpindex]-lunch_time

# catenate the adjusted Lower part and the original upperpart

df$tsec <- c(df$tsec[-tmpindex],adj_lunch)

# rearrange the dataframe's columns

# df <- df[,c(1,2,3,4,5,13,6,7,8,9,10,11,12)]

return(df)

##### Add Columns #i#H#H#H#
#' Adds Price Changes
#' @description Generates the differentiated seiries of the price for futher
#' uses.
#' @param df the dataframe with trimmed price (after \code{FMM::trim_hnt()} and
#' \code{FMM: :adjust_Lunch()}), the dataframe should be from the \code{./data}
#'  folder.
#' @return the dataframe with new column \code{$pch}.
add_pch <- function(df) {
pch <- numeric(length(df$price))
pch[2:1ength(pch)] <- diff(df$price)
df$pch <- pch
return(df)
}
#' Adds Price Changes' Categories
#' @description Generates the categories for price changes to support the
#' ordered probit model.
" @param df the dataframe with \code{$pch}.

@param num the number of categories, default 7.

@param cut the percentile of price changes which should be 1ignored as
" abnormal values, default 1%, the function will cut the head 1% and tail 1%

r

before generating the ranges for categorizing. Note that the OLD VERSION of

H oW OWH O® OB W

r

categorizing was based on \code{rg <- range(df$pch); ctgs <- seq(rg[1],
#' rg[2], (rg[2]-rg[1])/7)}.
#' @return the dataframe with \code{$ctgs}, factors
add_pchctgs <- function(df, num = 7, cut = 0.01) {
qt <- quantile(df$pch, probs = seq(9, 1, cut))
start <- qt[2]; end <- gt[length(qt)-1]
ctgs <- seq(start, end, (end-start)/7)
df$ctgs <- ifelse(df$pch <= ctgs[2], 1,

ifelse(df$pch <= ctgs[3], 2,

ifelse(df$pch <= ctgs[4], 3,
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ifelse(df$pch <= ctgs[5], 4,
ifelse(df$pch <= ctgs[6], 5,
ifelse(df$pch <= ctgs[7], 6, 7))))))
df$ctgs <- as.factor(df$ctgs)
return(df)
}
#' Adds ADS Columns for ADS Model
#' @description Adds ADS columns to the original dataframe to support the ADS mo
del.
#' A: 1f there is a price change
#' D: the direction of the change if there has any
#' S: the amplitude of the price change described by categories' absolute valu
e
#' @param df the dataframe with \code{$pch} and \code{$ctgs}.
#' @return the dataframe with \code{$A}, \code{$D} and \code{$S}
add_ADS <-function(df) {
df$A <- ifelse(df$pch == 0, 0, 1)
df$D <- ifelse(df$pch > 0, 1, ifelse(df$pch < 0, -1, 9))
df$S <- abs(as.numeric(df$ctgs)-4)
return(df)
}
#' Adds Duration for Duration Models
#' @description Adds durations to support the duration models.
#' @param df the original dataframe with adjusted \code{$tsec}.
#' @return the dataframe with \code{$duration}
add_duration <-
function(df) {
datasize <- dim(df)[1]
duration <- numeric(datasize)
duration[3:datasize] <- diff(df$tsec[-1])
df$duration <- duration
return(df)
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##### Var Preparations #i##i#

#' Preparation for ADS Models

#' @description Returns the grand List VARS consists of several dataframe of
#' variables supporting the ADS model, \code{$A}, \code{$D}, \code{$S}

#' @param df the dataframe from \code{datalist} in \code{./data} folder

#' @return the grand List VARS

prepare_ads <- function(df) {

# ADS have been added by add_ADS()

size <- nrow(df)

A <- df$A; D <- df$D; S <- df$s

vars <- data.frame(1:(size-1)) # df for raw vars

vars$Al <- A[2:size]

vars$A2 <- A[l:size-1]

vars$Dl <- D[2:size]

vars$D2 <- D[1l:size-1]

vars$S1l <- S[2:size]

vars$S2 <- S[1l:size-1]

dl <- vars$D1[vars$Al==1]

d2 <- vars$D2[vars$Al==1]

dl <- (dil+abs(dl))/2 # transfer di1 to binary

d <- data.frame(dl, d2)

sl <- vars$Si[vars$Dl==1]

s2 <- vars$S2[vars$Dl==1]

ssl <- sl1[s1!=0]

ss2 <- s2[sl1l!=0] # eliminate the zeros of s1

# the process above means that we only care about big pches

s <- data.frame(ssl, ss2)

nsl <- vars$Si[vars$Dl==-1]

ns2 <- vars$S2[vars$Dl==-1]

nssl <- nsl[nsl!=0]

nss2 <- ns2[nsl!=0]

ns <- data.frame(nssl, nss2)

# s and ns cannot be passed into FMM::geo_size, since during the
previous categorizing process, we regard some small changes
as "unchanged", so when we use the condition "D1==1", there
are still some s are 0, which is not permitted in the geo_size

function. 2 ways to solve this, 1st, use glm to fit the model,

H OB OB W

2nd, generate new s and ns arrays.
VARS <- list(vars=vars, d=d, s=s, ns=ns)

return(VARS)
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#' Preparation for Ordered Probit Model
#' @description Returns the dataframe consists of stand-by variables,
#' \code{$ctgs}, \code{$pch}, \code{$vol} and \code{g$dvol} are required
#' @param df the dataframe from \code{datalist} in \code{./data} folder
#' @return the dataframe of variables for OPM
prepare_opm <- function(df) {
size <- nrow(df)
opm_var <- data.frame(l:(size-3))
opm_var$ctgs <- dffctgs[4:size]
opm_var$ctgsl <- dffctgs[3:(size-1)]
opm_var$ctgs2 <- dffctgs[2:(size-2)]
opm_var$ctgs3 <- dffctgs[1:(size-3)]
opm_var$cpl <- df$pch[3:(size-1)]/0.2
opm_var$cp2 <- df$pch[2:(size-2)]/0.2
opm_var$cp3 <- df$pch[1:(size-3)]/0.2
# Llag 1 volume, Lag 2 volume
opm_var$dvoll <- df$dvol[3:(size-1)] # Lag 1 dollar volume
opm_var$dvol2 <- df$dvol[2:(size-2)] # Lag 2 dollar volume
opm_var$voll <- df$vol[3:(size-1)] # Lag 1 dollar volume
opm_var$vol2 <- df$vol[2:(size-2)] # Lag 2 dollar volume
opm_var$spreadl <- df$spread[3:(size-1)] # Lag 1 spread
opm_var$spread2 <- df$spread[2:(size-2)] # Lag 1 spread
return(opm_var[-1])
}
#' Preparation for Duration Models
#' @description Returns the durations
#' @param df the dataframe from \code{datalist} in \code{./data} folder
#' @return the series of durations
prepare_duration <- function(df, threshold = 1) {
size <- nrow(df)
df$bpch <- ifelse(abs(df$pch) > threshold * 0.2, df$pch, 9)
# eliminate the small changes
pchsec <- df$tsec[df$bpch!=0]
duration <- diff(pchsec)
duration <- ifelse(duration < 20 * mean(duration), duration,
c(0, duration[1:(length(duration)-1)1))
duration <- duration[duration > 0.5]
# smooth out the abnomalities (very high values and small ones: © & ©.5)
return(duration)
}
#' Preparation for Duration Models (with Day Patterns' Elimination)
#' @description Returns the durations with time index to support the DPE
#' @param df the dataframe from \code{datalist} in \code{./data} folder

#' @return the df with the serie of durations and the original $tsec
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prepare_adj_duration <- function(df, threshold = 1, unit = 0.2) {

size <- nrow(df)

df$bpch <- ifelse(abs(df$pch) > threshold * unit, df$pch, 9)

pchsec <- df$tsec[df$bpch!=0]
duration <- diff(pchsec)

duration <- ifelse(duration < 20 * mean(duration), duration,
c(0, duration[1:(length(duration)-1)]))
pchsec <- pchsec[1:1length(pchsec)-1] - 33300

pchsec <- pchsec[duration > 0.5]
duration <- duration[duration > 0.5]
adj_vars <- cbind(pchsec, pchsec”2)
m <- Im(log(duration)~adj_vars)

fit <- m$fitted.values

adj_duration <-duration/exp(fit)

return(adj_duration)

#it### Realized Volatility #HHf##

#' Generates the dataframe of Realized Volatility

#' @description Returns the RV df from the grand datalist imported from

#' \code{./data}.

#' @param list the datalist, consists of data, each elements is the product's

#' data of a trading day

#' @param sec_scales the vector of scales in seconds

#' @param min_scales the vector of scales in minutes

#' @param N the number of groups required

get_rv_df <- function(list, sec_scales, min_scales, N) {

scales <- c(0, sec_scales, min_scales)

rv_df <- data.frame(rep(9,length(scales)))

for (i in 1:N) {
df <- list[[i]]

rvs <- get_rvs(df, sec_scales, min_scales) # get a RV vector for the df

rv_df <- cbind(rv_df, rvs)
}
names <- "interval"

for (i in 1:N)

names <- append(names, as.character(list[[i]][1,1]))

colnames(rv_df) <- names
rv_df$interval <- scales

return(rv_df)

}

#' Generates the Realized Volatility Vector

#' @description Returns the RV vector of a dataframe (one day data of a

#' product). The vector contains RVs calculated in different scales
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#' @param df the original dataframe
#' @param sec_scales the scale vector in seconds
#' @param min_scales the scale vector in minutes
#' @return the RV vector
get_rvs <- function(df, sec_scales, min_scales) {
rvs <- as.vector(get_rv(df$price))
for (j in sec_scales)
rvs <- append(rvs, get_rv(reintv_sec(df, j, min)))
for (k in min_scales)
rvs <- append(rvs, get_rv(reintv_min(df, k, min)))
return(rvs)
}
#' Calculates the Realized Volatility
#' @description Calculates the realized volatility based on the price series.
#' Calculates trade by trade volatility when the \code{df$price} is passed in
#' directly. (0.5 sec intv)
#' @param prices price series
#' @return the annual volatility of the log return
get_rv <- function(prices) {
# to get the Log return of price series
rtn <- diff(log(prices))
return(sqrt(sum(rtn ~ 2) * 252))

#it### Resetting Intervals #i#H##
#' Generates the price vector by a prescribed scale in seconds
reintv_sec <- function(df, intv = 10, func = max, lag = 0) {
start_stmp <- time_in_sec("9:15")
end_stmp <- time_in_sec("15:00")
lunch_time <- time_in_sec("1:30")
time_index <- seq(start_stmp, end_stmp - lunch_time, intv)
# coresponding to tsec(adjusted)
intv_num <- (end_stmp - start_stmp - lunch_time)/intv
# total number of intervals
price <- df$price; adjtsec <- df$tsec
prices <- NULL # initialize the price vector
idx <- 1
while (idx <= intv_num) { # check every interval
boolidx <- ((adjtsec >= time_index[idx]) & (adjtsec < time_index[idx+1]))
if (all(!boolidx)) { # all false - no price matched in this interval
prices <- append(prices, prices[length(prices)])
} else {
price_vector <- price[boolidx]

if (!lag) { # if no lag was passed in, we use the customized function
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intv_price <- func(price_vector)

} else { # if we set a Lag

intv_price <- price_vector[lag] # Lag should not be greater than Length(p.

}

prices <- append(prices, intv_price)

}
idx <- idx + 1
}

return(prices)

}

#' Generates the price vector by a prescribed scale in minutes

reintv_min <- function(df, intv = 1, func

intv <- intv * 60

return(reintv_sec(df, intv, func))

plotting.R

#' Fitted Probabilities Plotting

#' @description Generates the graph for fitted probabilities
#' @param fp_df RAW Fitted Probability Data Frame

plot_fp <- function(fp) {

zero_index <- floor(dim(fp)[2]/2) + 1 # for those cases with 5 categories

unchanged <- fp[,zero_index]

decline <- apply(fp[,1:zero_index-1], 1, sum)
rise <- apply(fp[, (zero_index+1):dim(fp)[2]], 1, sum)

fp <- data.frame(rise = rise,

unchanged = unchanged,

decline = decline,

key = 1:nrow(fp))

fp_m <- reshape2::melt(fp, id = 4)

names(fp_m) <- c("Index", "Categories", "Fitted Probability")

f <- ggplot2::ggplot(fp_m, ggplot2::aes(Index, probabilities))

f <- £ + ggplot2::geom_col(ggplot2::aes(fill = Categories), position = "fill")
f <- £ + ggplot2::scale_fill_manual(values=c("#333333", "#FFFFFF", "#333333"))
# Color combinations: c("#CC3366", "#FFFFFF", "#339999"); c("#66FF99", "#FFFFFF",

"#FF3366")
return(f)

}
plot_fp_all <- function(fp) {
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fp <- data.frame(fp, key = 1l:nrow(fp))
names(fp) <- c('huge down', 'mid down', 'small down', 'unchanged', 'small rise’',
'mid rise', 'huge rise', 'key')
fp <- fp[c('huge rise', 'mid rise', 'small rise', 'unchanged', 'small down', 'mid
down', "huge down', 'key')]
fp_m <- reshape2::melt(fp, id = 8)
names(fp_m) <- c("Index", "Categories", "Probability")
f <- ggplot2::ggplot(fp_m, ggplot2::aes(Index, Probability))
f <- £ + ggplot2::geom_col(ggplot2::aes(fill = Categories), position = "fill")
# f <- f+
ggplot2::scale_fill _manual (values=c('#660000', '#CC00OO', '#FF3366"', '#FFFFFF', '#9
9FF99', '#009933 ', '#003300") )
f<- f+
ggplot2::scale_fill_manual(values=c( '#000000", '#666666", '#999999", '#FFFFFF', '#9
99999"', '#666666 ', '#000000"'))
}
#' Multiple plot function
#' @description ggplot objects can be passed in ..., or to plotlist (as a list
#' of ggplot objects). If the Layout is something like matrix(c(1,2,3,3),
#' nrow=2, byrow=TRUE), then plot 1 will go in the upper Lleft, 2 will go 1in
#'  the upper right, and 3 will go all the way across the bottom.
#' @param cols Number of columns in Llayout
#' @param Layout A matrix specifying the Layout. If present, 'cols' is ignored.
multiplot <- function(..., plotlist=NULL, file, cols=1, layout=NULL) {
library(grid)
# Make a List from the ... arguments and plotlist
plots <- c(list(...), plotlist)
numPlots = length(plots)
# If Llayout is NULL, then use 'cols' to determine Layout
if (is.null(layout)) {
# Make the panel
# ncol: Number of columns of plots
# nrow: Number of rows needed, calculated from # of cols
layout <- matrix(seq(1l, cols * ceiling(numPlots/cols)),

ncol = cols, nrow = ceiling(numPlots/cols))

}

if (numPlots == 1) {
print(plots[[1]])

} else {

# Set up the page

grid.newpage()

pushViewport(viewport(layout = grid.layout(nrow(layout), ncol(layout))))
# Make each plot, in the correct Llocation

for (i in 1:numPlots) {
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# Get the 1,3j matrix positions of the regions that contain this subplot

matchidx <- as.data.frame(which(layout == i, arr.ind = TRUE))
print(plots[[i]], vp = viewport(layout.pos.row = matchidx$row,

layout.pos.col = matchidx$col))

fetch_stocks.py

import pandas as pd

import tushare as ts

import sys # check sys.path

from dateutil.parser import parse

import os

def reformat_time(dataFrame, column):
for i in range(len(dataFrame)):
tmp = parse(dataFrame.ix[i, column])
dataFrame.ix[i, column] = tmp.hour * 3600 + tmp.minute * 60 + tmp.second
dataReturn = dataFrame.sort_values(by = column)

return dataReturn

def main():
codes = ['601318', '600036', '601166', '600016', '601328', '600000', '601288',
'600300"', '600837"', '601398']# weighted, financial
dates = ['2015-08-19', '2015-08-20', '2015-08-21', '2015-08-24', '2015-08-25',
'2015-08-26"', '2015-08-27', '2015-08-28', '2015-08-31', '2015-09-01', '2015-09-
02', '2015-09-07', '2015-09-08', '2015-09-09', '2015-09-10', '2015-09-11', '2015
-09-14"]
for i in range(len(codes)):
for j in range(len(dates)):
df = ts.get_tick_data(codes[i], date = dates[j])
df = reformat_time(df, 'time') # get the raw data

file_name_raw = '_'.join([codes[i], ''.join([dates[j][©:4], dates[j][5:
71, dates[j1[8:11)]) # 661699 20150820

file_name = ''.join([file_name_raw, '.txt'])

folder_name = '_'.join([codes[i], ''.join([dates[j][©:4],dates[]j][5:

71D
folder_path = '/'.join(['..", 'inst', 'extdata', folder_name])
file_path = '/'.join([folder_path, file_name])
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# ../inst/extdata/601099_201508/601099_20150820. txt

if not os.path.exists(folder_path):
os.mkdir(folder_path)

df.to_csv(file_path, encoding = 'utf-8', header=None, index=None, sep=" "',
mode="a")
return
if _name__ == "_main__":
main()

test.R (partial)

library(FMM)
load("../data/IF1509_win.RData")

ctgs_table <- data.frame()
for (i in 1:length(datalist)) {

ctgs_table <- rbind(ctgs_table,table(datalist[[i]]$ctgs))
}

colnames(ctgs_table) <- c('1", ‘2", '3', '4', '5', '6', '7")

table2 <- ctgs_table
for (i in 1:nrow(ctgs_table)) {
table2[i,] <- ctgs_table[i,]/sum(ctgs_table[i,])

vars <- vector() # variances of price changes
for (i in 1:length(datalist))

vars <- c(vars, round(var(datalist[[i]]$pch), 4))
spread_vars <- vector() # variances of price changes
for (i in 1:length(datalist))

spread_vars <- c(spread_vars, round(var(datalist[[i]]$spread), 4))

spreads_before <- vector()
for (i in 1:6) {
spreads_before <- c(spreads_before, datalist[[i]]$spread)
} # assemble the spreads before the event
# resampling
res_num <- 5000 # number of selected data

res_before <- spreads_before[seq(l, length(spreads_before), length.out = res_nu

m)]
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par(mfrow = c(3,1))

plot(res_before,

xlab = 'Resampled Index',
ylab = 'Spread, before the event A',
ylim = ¢(0,15), type='1")

sec_scales <- c(5, 10, 20); min_scales <- c¢(1, 2, 5, 19, 20, 30)

rv_df <- get_rv_df(datalist, sec_scales, min_scales, length(datalist))

# plot_rv_df(rv_df) # not implemented yet

rv_df[,c("2015-08-19","2015-08-20","2015-08-21", "2015-08-24", "2015-08-25",
"2015-09-07","2015-09-08","2015-09-09", "2015-09-10", "2015-09-11") ]

before <- data.frame()
for (i in 1:6) {
df <- datalist[[i]]
df <- df[,c("ctgs","pch","vol","dvol")]
before <- rbind(before, df)
}
middle <- data.frame()
for (i in 7:11) {
df <- datalist[[i]]
df <- df[,c("ctgs","pch","vol","dvol")]
middle <- rbind(middle, df)
}
after <- data.frame()
for (i in 12:19) {
df <- datalist[[i]]
df <- df[,c("ctgs","pch","vol","dvol")]
after <- rbind(after, df)
}
vars <- prepare_opm(before)
opm <- MASS::polr(vars$ctgs ~ vars$ctgsl + vars$ctgs2 + vars$ctgs3
+ vars$cpl + vars$cp2 + vars$vol2, method="probit") # SIFs
summary (opm)
raw_probs <- opm$fitted.values
probs <- raw_probs[seq(1l,dim(raw_probs)[1],1),][1:7000, ]
plotl <- plot_fp(probs)
fplotl <- plot_fp_all(probs)
multiplot(fplotl, fplot2, fplot3, cols = 1)

before <- data.frame()
for (i in 1:6) {
df <- datalist[[i]]
df <- df[,c("A","D","S")]
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before <- rbind(before, df)

before <- vector()

for (i in 1:6) {
df <- datalist[[i]]
# duration <- prepare_adj_duration(df, threshold = 2, unit = 0.2) # for SIFs
duration <- prepare_adj_duration(df, threshold = 2, unit = ©.01) # for stocks
before <- c(before, duration)

}

acf(before,ylim = c(-0.01, 0.2))

plot(before, type='1l"', xlab = "Time Index", ylab = "Adjusted and Trimmed Duratio

.

ml <- fit_acd(before, order=c(1,1), cond.dist="weibull") # try other distributio

ns

sum(m$estimates[2:3]); m$estimates[1]/(1-sum(m$estimates[2:3])); mean(before)

# IF 0.9979265, 1.156822, 1.093395

acf(m$epsilon, ylim = c(-90.05, 1)); Box.test(m$epsilon, lag=10, type='Ljung"')
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RESEARCH ON INFLUENCES OF ALGORITHMIC
TRADING ON MARKET MICROSTRUCTURE OF
CHINESE FINANCIAL MARKETS

This project studies the influence of algorithmic traders on market microstructure of Chinese
capital markets in depth based on a series of significant events that happened in August and
September, 2015. We employed a series of financial econometrical models and time series analysis
approaches especially designed for studying high-frequency data, and analyzed the changes of
characteristics of market microstructure after the policy changes based on the results generated
from the modeling process.

The quantitative trading and algorithmic trading techniques have developed rapidly and
globally since decades ago. The computer based trading strategy development and the order
execution system could help investors to perform more effective market research and discovery of
underpriced assets and arbitrage opportunities. The highly frequent trading also help markets to be
more effective and sensitive to new information appeared in the macro context and investors’ new
expectation towards the future. In China, an increasing amount of financial institutions, including
hedge funds, asset management firms and investment banks, have started to use algorithmic
trading to ensure the execution and lower the transaction costs and market impact as few as
possible. Easy to find that Chinese markets have experienced significant changes these years,
including growing market volatility and trading volumes. Undoubtfully, the rise of algorithmic
traders has contributed a lot to this. However, investors and the market supervisors have always
had contentions about the roles and the effects of algorithmic trading in the markets. We need to
fully understand the influences and the changes brought about by those high-frequency traders to
make sure that the markets could keep healthy and stable.

In this project, our purpose is to answer the following questions based on the results from
modeling and analyzing the real-world data: Does the algorithmic trading generate more volatility
and risk of unexpected price changes? Did the restriction policy work when the supervisors
wanted to gain back the stability of the markets? What would happen after the algorithmic traders
leave the stock index futures market? What influences did the departure of algorithmic traders
have on the stock market?

Started with the strict restrictions on algorithmic traders in the stock index futures market, we
first identified the details of the policy changes, the formation of the active investors and the
patterns of their behaviors, the possible influences and the model we should use for the special
scenario. We think that those quantitative traders using the alpha arbitrage strategy were those who
were greatly affected by the policy changes and had the most significant influences on the markets,
since the beta arbitragers were already left months ago due to the very high forward discounts in
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the stock index futures market. Those alpha arbitragers usually build their own portfolio with high
excess return rate and use the stock index futures to hedge out the market’s systematic risks to
gain the riskless and stable excess return, so even under the pressure of forward discounts they
still have chances to gain profit. However, due to the policy changes, which were mainly about
trading volumes and frequency, they no long had approaches to operate normally and then had to
quit.

Since those arbitragers, mainly guantitative hedge funds and asset management firms, were
the major power in the markets and they participated in the markets very frequently based on the
computer-based order execution system, we believe that their departure would have negative
influences on the stability and the effectiveness of the markets; their absence would increase the
transaction costs, the partial vibration of prices, and decrease the volatility. Except for the possible
damage on the basic functions of the futures market, restrictions on them would very much likely
force them to leave the stock market as well, which would further decrease the volatility and the
stability of the stock market, bring about more pressure on the stock prices and cause extra
vibration risks of prices.

To gain a clearer perspective on the variation of the market microstructure before and after
the policy changes, we employed several quantitative econometrical models to analyze the
underlying patterns hidden behind the high-frequency trading data of the major stock index futures
contracts and selected representative stocks. For stock index futures market, we studied three main
stock index futures contracts and show one as an example in this project. For stock market, we
studied dozens of stocks with huge market cap and show several weighted and unweighted stocks
in finance and energy industry to illustrate the point that the influences were market-wide instead
of just weighted stocks. For price changes series, we used the Ordered Probit Model to obtain the
estimated conditional probabilities of possible price changes of underlying prices in each half
second, and found that the prices had more severe partial vibrations after the target event; we also
used the ADS decomposition model to estimate the particular conditional probabilities of the price
changes series, and we discovered more clustering effects and reversion effects of prices,
indicating that when there’re some new information appeared, the prices would experience more
vibrations and intense changes. Besides, based on the calculated realized volatilities in different
time scales, we found that after the event, the volatilities in seconds had increased a lot, showing
stronger microstructure noises and higher autocorrelation in small scales. Based on the results, we
concluded that the algorithmic traders have positive influences on markets qualities, stability,
effectiveness and the development of the pricing function, after their departure, the stock futures
market quality was deeply impaired and more risks from abnormal price concussions were
triggered in both stock index futures market and stock market. Majority of weighted stocks and
unweighted stocks were effected similarly as the stock index futures contracts after the departure
of the algorithmic traders.

What's different from the previous research in this project is that we took advantage of the
macro event and used the models to study the highly representative financial products. Hence, we
obtained the changes of characteristics in micro perspective representing the whole market. The
events had very strong impact on the investors within a very short period, so we could control the
variables effectively. Based on the conclusions of this project, investors would have better
comprehensions on algorithmic traders' roles in the markets and the influences of their frequent
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trading on markets with respect to market microstructure, and the market supervisors could make
the proper policies to maintain the stable evolvement of the financial markets.



