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A Stock Investment Trading System Based on Markov Chain

Author: YE Xiang-Shen
Tutor: XIA Li
WANG Xing-Jian

Abstract

The stock market always goes with high risks because of its fluctuating and uncertain
characteristics. In order to provide the reference for users' rational investment, we hope to
develop a new stock investment trading system. The system can not only analyze the situation
of stocks, but also complete the program trading on the automated trading platform according
to real-time market data.

In this paper, a stochastic optimization algorithm based on Markov chains was proposed.
The stock price was decomposed into Markov sequence by time series to establish the
Markov chain model. With the help of stochastic optimization algorithms based on policy
iteration, a rolling optimization of portfolio was achieved. Eventually, a set of investment
strategies based on state feedback can be determined. An empirical study on the Chinese
A-Share Market was used, whose results show that higher efficiency and return of investment
can be achieved under the new model and algorithms.

Meanwhile, a new type of stock investment trading system was designed. According to
real-time stock market data, the system can complete the program trading on the automated
trading platform intelligently. In addition, the system is user-friendly and easy to operate, with
flexible design patterns and stable performance.

An explorative method was proposed, in which a Markov chain model of stocks portfolio
was constructed through historical data. On the basic of instantaneity and accuracy, policy
iteration made the computation efficiency greatly improved. Since random factors were taken

into consideration, the method provided investors with more opportunities and higher income.

Key word: Markov chain, Stochastic optimization, Portfolio, Stock Trading Systems
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T B G RIS 5 W FH B SERR P B e, ANMERT LI ERBE B 1) I 1) 25
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e/ b B2 T R A 22 B 3R (38 3T % o

R, ERENNENE AN RE . H 1975 FERSR, B SEd =K E
RS PNEZ (e eI NEIR

HAA R E K — BRI B IS 5 R G IR, WILA IR A 55 St v
RIEE L, IRBEENBIER O, AR R, AR B 35 S
. TR SRR b SCEE T AL 5 U B DA S, ik AR e RN AR S T 32 Bt
BHATHENA S, DMERIAL 5 KIS L 55 . Bt — BRI B3 5 R 40 S s
FPAAZ 5y SR (e, B4 BN JLAS B IR

(1) Ik E A ) MG LA R AL Jy db i, BARRIAZ 5 i A 225 R LR sh k. 25 &,
RERBEHATHARZ S 2 TT1R5E 5554,

) BATZ SR BT R, OB A S S kTR, R AT St

A6, S I 75 R B T S 25 P8 AR N2 AR A2 1 RE BRSO BRI B K5 464
B KSR RAU B ROEEE T HIRE . R SRR LR BRI 5 R R L
B PR G e g

(3) EXAZ G RGHATIEN, B H@ER AT, £5EW%IRE, KA,
FHERZAE 5 R GEHAT SR 70T JFAESE B ANt S 84T BRER R B, PRAERAAL Y
AR

143 HERREKRC)E

A TR B i) A M R ARG DR AN T T

1. T /R KL E

FEAR Z W0 J7 vk, R S 7R AT R BE U7 vk @ BT FE ik >, o 2R i
(2002) @1, 7E#R (2005) POV g 7 F o R R SR 0ot BRI S AT I B AL, (R IR
U OB B A SO AT A 7T, AN RE A S e B ) T AR Y

TERE TN RN AG AL S, 385 P 38ME  J7 2 S50 b i AP AR SRR S Hi K
SN RS AR A T Z S, A T L SR TR A, A S SRR R
(Markowitz)#5 % 41 £ B AT IE J P IR 7 ik MBI, BEWLAS SR RIRE AR B 2 3
Tiley, WURZNEFEHLAZZ IR0, PR RO FE 4% 5t H & s K. IR, RS
REHEGMATHEAEREE IR I, R TTRAE, MAESER#REY, BTG
AR, 75 BRI SC PR G N $E B 07 AT B o AT g ST I SRR BT A A Y L R ] R A



T

(e L BB ES IR A S B g M (i ) % 10 71

PR G 2 IR BT B AL SR O 1 7 B R A R

2. J SR S Kl (3R AT A Ak 2

AR 52 T 370 ) ST B R A2 B R B A 0 R GEHEAT SN RE e A 58 5 (R A, AT
UnAe] ANEIAT [ 19X 2% i 553 (A e R R IO 4 11, KBS @ M it 4 1, R a7 il A AR
38 P R OFREAT A I A TH SR AN AL B R AR Y B

HIERIA R GRS EAE I, Mz PERERRE . Atk T B AR
PEVE N 6, SO BRAE 23 R OCIE R B R S R 4t

1.5 BNXHBEAE

WICE =N A TIREE 5. BHRE S EWNAMEFOIRG, FFAE SRR 78 7% i
AT ATRABIE T H bR B TE A A BP0 D% B 1 i

5 R R A R A RBERRE R (B AT, AR R AR RE . By IR AT R LA
Ly 7R R RSO R AT R EE R AR o

B = AR A AR SO TR i AR L TR A T S AR R BE R BE LR AL S, BRI
TGRS, SRR REEBR ar, UAVE REFRAR 1R B DL A 2L T SR g 1A
PACTIERI BT

SV HIE N TR S Rt BTSRRI FAT IR AR S A AR
girgiit . hEeR B Tt DL S werHE A R G s

FhE RIS RGN LI G BOR R, FEARAE 7 S8 A sei Bl 2 AT 1 S8k
T, KOREER 7RI T st , AMTAREIL 3 1 S /R W] R BE A AL 5%
IRIAT S5 e

eyl AT aan TN 8 N o NV S



ey 1t BUAT S A R K 22 BB (38 XT) -

2 DRARIRBIKLEARTE

2.1 GI/REIKiHIE

BE R R A BRI FEERYR T AR 7 BHIIE e (R SRR 1. SRR B AE 23 BT A 1R S B 1)
AR, AR R AR h B ) — D e IRANBENL AR R (BRBENLIA D) A%
1, BARA I FATHEINE THHARR S, (HIEAH AR E 75 AEAH EALH], X
LSS VW FT RS BB S e /N, AT AS B AT 78 1) 1) B BEAR AL, O FE A 2 Rt 5
HF oA & AR RO BT RGeS M ELIS, SRS R AL R R A, R RV
BRI FUNER AR R FERXMIEOL T, BN AR B RAE B M LS 1 HF
F7E 1929 4 i Kolmogrov 355 T 1S Al J5, BEVLEIEERAS R 7 R,
HRZIMRE . BEE AT IR EARBORBER AN, & O ZNHE T R Haf
SEIVEZ AT, R 7T AN gt e S A K 4 O

FERENLE R b, S/RTERIERE R — 2R A E B A RS RN,
2 FEH U FEE S T LR e R A — NS, BB SRR, BRI
WAELZFT PRI R, JCHAETR . TRINSETT R R 2%, F B AR S e X S
DA GE v T AS I SE S AR B Al R T v R IR BT R T AR B A
Y. ARENL. MR OKBRIERS . RARRA &SR, DR RS R 5 IS F
TS AT EYE, AATEVE PR — MR . T IRA TR B — N A S
Tt ) o 7R AT R A

EX2.11 BN (X (1), te T}, #XTSEEREN AN ZIL, 1=1,2,n
t <t <<t H:

P{X (1)) <% I X (t) =%, X (t,) = %, X (t,) = X, |
=P{X(t,) <%, | X (t,,) =X, @.1)

MUFRBEHLE AR (X (1), t e T AT /R it RE, AR Rt R, HA ARQRLFR

@ﬁ RO EAT S 2K R B R
FAFEATREE S A RQRDEN T
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ey L FTER S MR K F Bl g 3 (38 32) %12 7

F(Xn;tn | Xp5 Xgtee Xt b, tn—l) = F(Xn;tn |Xn—1;tn—1) (2.2)
R B R, BN T
f (Xt X0 X Xttt ) = £ (Xt [ Xt y) (2.3)

NT SR BASE A A REGTE R ZIMIRAS, REIINT/RA K. ML RER
A Dy R AT RIEFR IR, 244858 X (1), X (4),+ X (4, s X (4, ) (KI5 20 A R Ak
X (t,,) CEME, Ti57EL, , DA X (t) BB . IR YRR, 2l FRm ok
KATAGELERREIGR: #a)iEy, WROEH N RRR SR, AT Rz
FERIARRAT Ay, A FRATTFNE & A I 58 CHEPRAS I B £ prs) —F¢; ZadiEd
ZHI P IR RESR B A BT TN AT AT AP S S
EN2.12  HERATRSRE (X (M), teT}), KMFME:
p(s,tix,y) = P{X(t) <y| X(s) =x| (2.4)

“H

PR Ey R ] KRR MR . SR AR {X (1), te T} o X (t) RIEUE x FROPIRE
X (t) = x FoR i FRAEI Z0 AL TR xR PIT A BB ) 4 A
S={x:X(t)=x,teT} (2.5)
FRAPIRAS 5 1A] 6
LR A KRR 7328 5 — MBI AZ 1K 70 2KE — 4, PIHRSHUEET HUIRES 28 E 1
B EGE S 2R N5R 2.1 s, ASCH EEBE R B S S /R W] K
& 2.1 DuRATRIS 5K

SHAET - »

RASZE 1 S Sl K
B BB T R AT Sk e BT IR T S
e 4 BB BT R AT S LSBT R AT S

2.2 G/REIkiE

K BENLS AR T B T I AR R O, SR AT KRR M — AN, Box
i I H e g 21— € 1 S - BESE P I BCEE T 32 (RR B LL R TSN I 28 AR
Ik, B2 SR TR e 8 S 3R AT 3R & B3 2 R IR e sh g A K
BTGB 7 5 5% 3 B BURFRHIE S T 7 N5 2 W AN B, 51 3 e RHEAT IR A I 3508
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(e L BB ES IR A S B g M (i ) % 13 70

FEBL T T B O AT R R IIRE T R, ORISR FEIE SR T 37 R R R 8 A e A R A L
IS o XS TR BE 1 5 A S 2R W] RBE VAR R AT RN AN B, b 1R BRI E
EREIIE| SR

LRl RGN RE A — A0 30, W TSI AR Fe R B ) — R i
B AL TR B SE 560 PR (0 At 50 e A B R SR 4 T o SR T A AN 7
LA 3 S BRI AT A AL RS o A SCORE N 2K AT RBE TN
PR B 552 17 S AN S I B 3R AT 0 A A AR P

221 S/RAIKREHIENX

RE ) S ST B2 BN /R ol KOS RO B S S IR, AR 12
W FC B S B S IR ) KA
EX2.21  W{X(n),n=012-} ABHLFS, REFEHNS={0,1,2, -} WHxS
EEAREBRK fony <ny <-o<np<m BLEG i e i €S SR AR TE:
P{X (M) =ip, | X (n) =iy, X (0y) =i, X () =1, |
=P{X(m+k)=i, |X(n,)=i,} (2.6)
AL, WRR{X (n),n=0,1,2, -} NEESE L /R KR8, RS /R RS IR .
EX2.22 W{X(n),n=012-} NL/RATKEE, RETMENS={0,1,2, -} W
AT
p; (Mk)=P{X (m+k)=j| X (m)=i} (2.7)
AT KA FRAEE (X (n),n=0,1,2,+-} 7E m B ZI K SRR o
k AR B S R AR 2 m s b RS T, Btk 25 (B K ANBfr
IF1E]D JEAETOIRES j AR . R, k=104
p;(M1)=P{X (m+1)=j|X(m)=i} (2.8)
WA— R, IR
EMN2.2.3  FREFE:

Poo (M, K)  Po(M,K) === Py, (M, k) ==

P(m, k) =(pij(m,k))(i, jes)= plo(tn’k) pll(r;n’k) pln(fn’k) (2.9)

Po(MmK) p,(mk) - p,(mk) -



L

e/ JE A AR K 3 B IR I (8 X2) # 14 7

NEIRATREE{X(n),n=0,12,} FERS ZI m (I k BEREFERE . — DAL E P(m, 1) AR

R
MR E L, BRE:
p;(M,K)=>0; > py(m,k) =1 (2.10)

N
X224 FHEIRATREE{X(n),n=012} FREREHEBMER p,(m,k) 5mTxK,
Bl
pi(m k) =P{X(m+k)=j|X(m)=i}=p;(k)
p;(m,1) =P{X(m+1) = j|X(m)=i}=p, (1) (2.11)
JEAL, TFR{X (n),n=0,1,2,-} HFFIRG /R0 REE, fRIFRFF IR FBE .
FEUR IR AT KA K DR RS AR, DN
P(m,k) = P(k) = (p;(k)).i, j€S (2.12)

—DRRS IR, R ERE, 1008
P(Mm,1) =P() = (p,().i,jeS (2.13)

Fe U T IR AT R R B N R
0<p;(k) <1, py(k) =1 (2.14)

IR R S M Has AT pLel, o DU B M T B i, Bit=1,2,3,, fEA
(Rl A AE Zy I TR) s SR BT AR BRPIRAS ] LR BEL AR Bk, IF B — AR IR #A
BN, ZMEIRIPIREME . BESR N —MoRAS R 21 5 — MRS, 72X
el ied, FAERIRSERIBER, HOVIRESEBER . WRREHEEME RS Bl
FRBAPIRESZAAT R, A X MBS IR W B O 18] I BEHLAR # R gl e, PO IR
AR, HEEER A L A Q2.1) %R R, HZBEHUE RNk SR R EE . 2125
FRAT, ZoRn BRI P{X(t,) < x,} A5 n -1 ZIRHRESH K, 115 H T ZIPIRES
TR

222 S/RAIKREERIMER

MM22.1  FRRERAREE{X(n),n=0,12,} HPRAFE R p, (k) #5232 -



L

e/ b B2 T R A 22 B 3R (38 3T % 15 7

] JR B 8F 1 2 77 F2 (Chapman-Kolmogrov 7%, Bl C-K J5F2):

Pij (k + I) = z pir(k) Py (I) (2.15)
SRR R 5 AT ~
P(k +1) = P(k)P(l) (2.16)

C-K JIAR4R L T i P e MR 1 R IO e R i R ik K
WeR222 PR RATREE (X (n),n =0,1,2,} (I n S MR AN S T — b s
FEFERI N, A
P(n)=P™ (2.17)
AR, FER SR AT REER n DR A) B — DR E
SEN2.25  HEFREIRATREE (X (n),n=0,1,2,}, FRILAEYILAIS Z] HIMESE A7 -
p,=P{X(0)=i},ieS (2.18)

B X (0) MR A3 N3 IR T AR T KREBERIIE6 43, ek 0<pi(k) <LieS, 3 pi(k) =1
SEN2.2.6  HEFIRGIRATREE (X (n),n=0,1,2,}, FRILLEn I ZIFIRESR 57 :
p,(n)=P{X(n)=i},ieS (2.19)

BI X () (R 430715 A 55 IR T AR AT R B it 497, Ferp 0<pi(k) <LieS, 3 pi(k) =1
i,jeS
VeRR2.2.3 4t An I BA M RS LR i, LI A«
p;(n)= z p; p; (N) (2.20)
VERR2.2.4 UK TY SR T R A A PR 4 23 A T T 06 2 A 5 1 M 2 5 4
BT, Hi

= Z Pi Pii, (n) Pi, (n, - nl)'"pik,lik (. —n4) (2.21)

Frbt PX () =iy, X (M) = p,eee, X () = i 930 20 T AR TT SR K BB 4
56V T AR T A, RS R O SR — MR E B A, BHE B A
K, WABTRRAA G, RS R TG B . H3RA 6 SRR
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e/ b B A K K 2 B g 3 (38 32) = 16

T, OREERE . A SR A RSN 54, BEEREA RS
N NP py(n) 20— oo W AIARER VSRR BB R . — ok, BEARER @R
FAE, MRS, jER, KESERAEE, 2n780 KK, KREEUR )T j IR
JUFAKI T IR I AL AL E o B XA ot 1) S 7R v RBEAR Y B 3 i 1

EX2.2.7  HEFFIRE RO REE (X (n),n=0,1,2,}, WEMF—VIRE jes,
FEAES 1 TE ORI IR

lim p;(n)=7,>0,i,j S (2.22)

DU b 7R T R BRI 1

#r;>0,jeS B x(j)=1, WH{r, jeSAHFRL/RATREE{X(n),n=012,}

jeS
IR PR A, R A, 1L:
=4z, jeS} (2.23)
FEX2.28 LHEFNEL/RATREE{X(),n=012,}, #IFE{v,, je SHREWIL T
B %A

(1) v,20,jeS (2.24)

(2> Yv(j)=1 (2.25)
jesS

(3) v;=>vp; (2.26)

jeS
JUIAR ey 7R ) R PRSI BCRAT PR, FR{;, j e S} NIE By R A RBE AT A2 o A o

Horp PR & SRR RN 2 A TR § RO AR AR
PeBR2.2.5 315 IR B R T A R R A AT A A

223 S/RAIKREERR A

Iy /R Al RBE B AE L B U P IR AR H T2, 3RATTA] DUR S 7R) n] R EE AR S i
AT AT TN . s b, O TR R a] REEEIG N TIRE L S i, AT R 456
fedrgik () &, BEATRES D, @LEXN s A, RAME, RERE. ]
TR R R ER TN . AT SRR TP T T d, R EER.

LR AT R EEHEARAETH AL B BOR . AR BT Sy It e T 12 R . 1999
SEZE OIS BN Petri 95 Th /R A) SREE HUNE IS A WL A AR kB0, 2001 42 R 254
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(e L BB ES IR A S B g M (i ) % 17 7

G TEHCRE S /R AR HAR 45 5 Db BN BE R S5 M AR it 3R T R GRS 2R
G BB AR,

Iy 7R AT RBE BV AE R A U 1 ML L UG 1 AR K AR 32E i - 2001 4 BR8] 3p S it v
BOE SR By /R m] RBERTY, AR08 1 2 R A ZE OB i T w1 R AT 1 A
BRI 0t 5 L4 A PR A A T R A B FR R AL AR« SR R A T
I CEI NS i VALE

BeAh, fEBEMRRE . AFYR RE I SN SRR L KA TS GUIRZS T AN
JRUSE A LR K SO SRR 272 N FH 5 5 T [ 9 A8 AT W RS AR 3 R I S 2K Rl R
HEHIRA S H OB S  T A I IME R

2.3 BIRAIRRERIIE

IR AT RS FE RO 5 IRk 5 #2 (Markov Decision Processes, f#icy MDP,
WAIRAE B /R AT R R SRRI L SR RAE M R G ZAEH SRR e B RN
. BENLEARIEHIECE BN RRD . HEBENERI T — KBS R% )T 7
REAAC ) By /R ] RS A S 7RG A2, 1 Hd2habliz %
AN FIRE RIS, E R T RENL R G i s .

Ly R R R AT FEWT TR AL By /R T R B BEAL e BE DR SR ) e P i A BB ALy B RS 1]
RRTE I AL — R (I ECE RS 2] (RROATRER ZD S B, RsRE R
P WS B B R GEHPIRES AT LU B0 AN R SR ade B — R SR, TS HR SR 40 TR SR i
RKe—TUAHM AR (B 28 FHAE) IF B RGE N — N2 T fPRES . RAAET
— IR Z PR EBENLA . FERXASE B ORSE ALE, DR EOU SR R G AT AL T IR
S HEFEH R R, R RIZAPIR P — BT T 2. RS BEAT RS H 1
RfE RGMIBATET MR FROHERD AR . 4 G/Rn] K FEMBENLT 51 sk
MIGE & AT 7 Ty /R ] KA BEHLT BT vk 55 1) A0,

LR RS 182 — L N T AR R B — T TR % 28, | 20 42 50
44X Bellman 1 Shapley () TAEFF 1 5k A e e s 1 B 72 ) S B4, 20 14 60 4F
£ Howard H1 Blackwell £ A1) TAE N 5 /R Al KRR SFOS AL B € [ BAREERL, IS T IR
A R G AR E A — NS R A ), R . EAANEIT T X MDP (#1253 IR
HHAF T FHIECR .
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(e L BB ES IR A S B g M (i ) 18 70

MRIEWT FOR RIS R ZHUR AR, By IR W] R IR RE T] L P = A i B AR A 7
TR HICH 1) ) PR SRR | SRS [ B PR SRS AR AN~ 1) [ HR SRR A o 7 LAl E IR AR S
o I A FRE T RS B FR 7 RS TR . 2 HARE S B & R AN 2R S A5 — &
SR . FEIE,  FRATI AT B 21 B SO 18] 2K T R pR SRS R R A

231 DIRAIRRFRIIZNHTZ

R AEIN % A0 =012, b WLEE R G X, ), T4 TR ) K e i A o dg g AR
BH 18] /R AT R R AN AR SO R AR, B
[S,Ai), p; (@), f(i,),d,V,i, j e S,ac A)} (2.27)

(1 S A—AF%d, 2{X,) IR kAR RS S, B iE RGH0R
A, EALURERSE. TAEREIENT . RIS, |k Sk
R, RGO EBRA 2109 S = (1,2, S} I TR ATHREE X = (X, X, o)«
(2) MRGIEERA T €S, HI—MTEhae AG) FFER TR, Al ERLR
S IR, RANTAIN A=UJAD EHTE IR TRl

() ATENREIRE MR, URGEANZ] fin b TIRE T, RRBITEha T,
M4 FRGAEN+ LI Z b TORES j MBEE D py(a), W2 py(a)=0 H D p,(a)=1,
i,jeS,aeAfl). P={p;(a).i,jeS|HIEREMREFHAMERE, &5 RGERZ]min LA
AT P s T6 o8 (RPRAE BRI R, M B ERZImn X (B EAR .,

(4) HRGETRE A RAER al, REEZNBIRER CRIED By
f(i,a), ¥ f BRI (BitERE) 3.

(5) V R HENI R H, 7R U o B e e — AN SR PR R R

MELEfE CRTELE H, MDP 77 52 AR SR FRPRES RIS d i, BN

h, = (i, 89,18, i, 4,a, 4,i,),n =0 (2.28)

n-1'*n-1'"n

Horri, e S Ma, e A(i,) 73 MR TE RN Z1] i t WS R ) R S8 P AL PR S FER IR AT 3l
t=012n-1, i,eSERRG UATFAIIRE . Frh NRGEHIn (RIE n AN %)
5D BH—API S, AT NH, .

SEMN2.3.1  wd NS B AMKE (B, Bd:S—> A dNda=d(i). wH
SHFE—ANRESieS, AXRAIFIERE ) e AG)» MIFRd Aafe s il, =R
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e/ b B2 T R A 22 B 3R (38 3T % 19 7

YR REL PORREINE AL D ={d : S —> A},

d P TIERA T I REUNATE, R FR A T 5k mE d , PR AR MR A B
P(d)={p;(d()).i,jeS}, WMBEEH f(i,d(i))

EX2.32 Wrp=(dy,dy, = d,,-) NFEME S RHER, Hd, e D RxRBZInikH
SR R AL WTMHn%ﬁ%%m%

X233 Hp=(dy,d,+d ), WHd =d,n=012-, BIEEZInTK, WK
B = (do,dy, o, d, ,++) B P PR K

EX2.34 o= (dd. ¢, ) NEEPLHENE, g =g (o|h,) RAEL E N S h, IS
T XAE AQ,) BRI A, B

¢, (A(i,) [h) =1 (2.29)

¢,(AGi,) |h,) FoRIZIn 7E 752 h, T REUTZ) a (5. HugAAkid A, FRA MDP [
M 2 1] o

YT @=(4,n>0)e DU g (o|h,) NBWAAT, EINH, 2 AG,) e L -

#.(d,(h,)h,)=1,(h,eH, ,n>0) (2.30)

WK ¢ = (dg,dy, ==, d,, =) i PE SR B o

EX2.35 WHEA(e|h)=¢(e]i),(h eH n>0), LHEHLEEEARER, N
PR R BEALT AR S0

EX2.36 WHEA(|h)=¢(e]i),(h eH n>0), LHEHEEEEARER, N
PR 7 ALY RSN

EX23.7 WH g (e|h)=g(e]i),(h,eH ,n>0), RKPASHZInEERR, MK~
HBEHLF- A2 5 o

AR D0 o 5 R AR BEAT R 3, B R AT R PR SR AR R AL DU R LN A 2
B A IRBY B IR SR . ) O PQpR SRAR AL | 47 R do DA M U T PRl AR

S AR ) QPR SR . N ) B [ R AR | R AR R A JU) ) P R ARS8
YHE U] T PG R SRR A

AR UR I = I TU I S T U B (R e SR, R R Rt R GeAT A A 1 B R W] K

HEAE A SRS P, IV ] A 2 g A
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V=nd=ym{%§fux“dog»}=nwd (2.31)

~i(2.31) Hb r RoRFESHER R E, » MR 1 A4, XS NS, ©50%
RETHK . D/RAI KRBT FER H bR R 2076 AT Sns oh P RE fe i SRS d *
232 LS/RAIRRREIERNF

A2 LTI, DR RRR SRR Qe R oy — TTH A 148, T
HRAEHEWH U, CeBm T — MBS R T R I GIEARA. &
FICHS [ 2 G o SRR TR | SRS [A] ) PR R SRS TR AN~ 1) IR HEAR A, QRS 22 1) AT BR AN
TR AT ARG . Wias e ol AR RS B A AR A S 0. BRI
SR HIAFAENE S ME— 1 PR O e B8] 7 ENE BRI, MM AYIEAE — KA
RGN AIERITTIE, SRR IEATE, BRI, ZMERINEATIR A TS5 45,
o I R A SV O TAE B — BLAEHAT, B S AT i B o 75 0 [ A AR
RUFFBER AW T RIS, AW (G 3 AR AL e 57, A b i) S S 26 AR AR S IR 2%

BEE BRIG R HE 58, SR AT R R SRR Al B ) 2 BV 2 AN A . 5
IRAT RARFIRERT TCHIN R A I IZRENLEN A R GE, (EIR 2 QU AERZ AR R G0 B
EXEATIEAT SRR AL ], By DAAE I e Qs L By R AT Rk SRR A [ 2 S B
HEAEM . B/RAIRRRIS FEAEAF B, Wt U M 4E iz, HEBA RS, mlSETE AL,
IKPEERE R E B, SN 28 S U AT V2 RN A o U0 2K ] R SRS A A
VHD 258 e 0 ST 7 A7 S e L AP, K R A P A E R g R, 5 A
SCHR[A0][41] ik ss Y 7 ¥ 2 SR ] RS AR N B 7o L+ 248k, Hy/RmR
PR AR ARV 2 TR DA G Al 0 U S AT o e i 1 A,



ey 1t BUAT S A R K 22 BB (38 XT) % 2 5

3 ETO/RAIREMRENMHEE

3.1 BB HEA LT FERE
311 KREHRFEHADD

B MG R, WA IR R e & B BCes i b AR 587, M
M e (Return) ek, AU (Risk) /ol AL VR 24 B A B AL 4 A
EHE TIRK . WA REM S, BRERETHRHG T2 D RECE L
5 HIREE RS A 5 FoREAT B . WS, RN E
) —N B ZORYR . WiAE 2004 £ 9 H 30 H, BEAR PRI A B ey B 5 A5 2 (MSCI
ACWD FIRERIE T E M 1 19 1237, Hf LR R AR 2 R E S
37y, 2 DAL e SR AE Y BIE R T3 ) 255

KERIIER T RPN NMHI B H G A 1. A e S g AT % Bt A
B CARBARHBER KU, SN et Wty 1 3B P R N 1) AR5 4 5 BEAR )
RK SRR, KZHARTH SR HWE A O A K A BRI, BRH
AT HAB T M NAER R, AN S AT AL I S A E B R o % B B A
HRAMMEENE. W20 #H28 50 FACLRER (Markowitz) & X A m I 7
UEFF R H A R 58 B OB ZLE, IRl 7 — D E AR BT A & R fRIEAE
JRIR 580 7 22 T L Bt ) 2 A A A 1 R 2 T L,

312 fEGIRREEHENRBSERG R

G MR AN iR T B AE DU R AN R Ak B 5E, FERTTUIREE % 1 A2 sl A
I, JEEHSME TEFRRE RN RS SRFE SR R, SN AS AE A
TS, TR R BENLI S E AR M, S D REX (Markowitz)
AR RET IRk, B2, ISR RFEFAEE T2 RIS, R
BENLAZ BRI, S R R AL A i AT R, MG R A S I TE
FERRERI B IIN, BT ®AZ, MK EES, BT mmoinet, &ERE
KBRS I B 7 SEBEAT I o A0l ST BRI RE U2 I Oy 22 e Bt i it
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FE e ZMRAMBEEA MR AN ESET A B, B R RBEN U R AT @A, R BE
LR AT ], s FH R T2 BB, A st H & ket 26
o BRSSO REN LI A SR ARG 2 AT BE 4L P AR AR BLOR B T — I 2 ) 45
TR, WRSEIIRIL (R ), ERRRB S AR R, &0 7 s A &
IR K o ARSCERNGHE N —Frp, DL ERAE A B =58 b7 2 =1 77 50 Eicdfs A S i $ois Sy
FEA, BEATSEAE T, S LU BRI 7T A TS b 15t B T AR BB 45 B8 A 5 BE A LR AR A 1
Ly R AT RAE B AL T2 i Al AT S B

313 HEFREBFEN

B, FATE W MR
(1) BEHRET A2 AR X AT BUA. #oS 5By R, iE
FFE AT E B 2 PR, SR E RN ] 2R A
(2) JRZEM M AE S — H ik ik LA S s 2 1) DR/ RER AT — H I Wi 25 DTAR G,
ifi5id £ HEkVE R RAK, FIGI 294715 7T 28 AN T
(3) B EMAR A —FICIRAS § 223 AR 5] (bt (] (D BR Bk 3 73— FIOIRAS | MRS, SR
i T AL RIS 20 58 A TE K
(4) ISTRIR AR A2 B A, AR B B
M (2) A, Yig,iy,-i i €S, A
P{X(m+1)=i,|X(0)=iy, X (1) =i, X (m)=i,}
=P{X(m+1)=i,, | X (m)=i,} (3.1)
or, BNZBENLE AR {X (n),n=0,1,2, -} NBEHSHL/R v KEE, HEA DKM,
HBB (3) I, ZE/RAREE{X(n),n=0,12,} FPREHEBME p, (m,Kk) 55T
FERS ZIm ok, R
p;i(m,k) =P{X(m+k)=j| X(m)=i}=p;(k)
pi(M1) =P{X(Mm+1)=jIX(m)=i}=p;(1) (3.2)
AL, BIZE R AT REE X (n),n=0,1,2,-+} HAFFIRYE, RWFFH R0 REE.
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FE A A BRI 26 AE TR, BATTRT LUK B2 IR 2 VR I 55 By R T RBEIEAT Ab 2,
FHs I 2 A AR AT AN AE (2R RBEN L AR () —FhRe R 5, R S 30D
KR, ARG SREIR I IS T I A BEA RN & (R — MBI BUE % O
B (58D, MfE RSN IER —AN5A R, BeRTEg e b i E i A 7
WL 7> A P4

FERIS BT (CREETT) S, i =12, m RSt 2058 i A KUK 57 i
(A, FCRM N B s BE AL A 5 7 F21.

dS! =u/S/dt +S! > oldW,, j=1,2,--m (33)

j=1

Horpm RR BT =N Ul > > 0,00 e Rul NET TN KU 95 72 7E I 8] ¢ 1) T
IR, ol A A RS 5= T S A A €32 3058 j AN R ZEWS, (j =1,2,+++,m)
ST 22, W, R EARMAT g 2

PO BT H AL ZIt i R RS BB A Z, , PTELE R AR T R m A XU
g, I BT ORE % 09 8 L B U e[0,1),i=1,2,m ,  H 2
U +ul++ul =1, FRU = (uj,u?,-, u") Nt ZIMR B H G T 5. FRE R TEHE
e A={(ug,u5,..., M e, 3y =1} e

=1
Zt i=1 t
B AL 1S
Ztl_Zt N iStil_Sti
+ =) U~ (3.5)
Z, Zl: ‘g

é\M=ZZ—_Z Mfi=%/\“ﬁ%ﬂﬂﬁ: o R T = 4 LI 265, T
t t

Bemt A il K n] LIRS N

= UM MF =0,t=12, (3.6)
i=1

B £ I 245 9 A5 UL 2 49 55 T -1 I 221 R IR B8 7 58 55 I ZR AR X I ) BB S i R 3
B
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FPRES, WIARGEARNARS KB rT A€, T AE I 2% BRGS0 . RS RhFH A elcR
MR URES BRI 18] P 91 O S /R AT RBE, W AT He e A MR, AR n I 22 RS T
N+ 1 2 AR o I A B B 7R ) RBE (0 5 Y2 R 2 R 00 ) ) S A AR, X
MBAE, SRS AN S S ML AR, RS AE S BRI T (0 3.1.3 N iR
ST 1B 2 A1 I 55 T R ) R AT 40 3,

3.21 BEFIRSHIEEL

1B A A IR 3 26 M2 PR AEIX ] (a,b] 9, BP M, e (a,b],t =1,2,+, KL IX [A] n 45
55, HidEAFXER N F—AREi1 €S, S={,2,...,n}, WtHZIMZFTAERPIRES 2 X
jﬁXpﬂJeS,VMf%}+9iEU—Dﬁ+EiEUﬂOAMﬁ,H%E—WZM=LZ"HWWE
M HAT LURIR R I ZIRPIRES X SRR, RS2 0E (B FTAIRESIESD iR S .

TESZBRR R, B — MR I 248 B AL RS X SR T — B 243 %
FRU,,,, BHTIZEBED R, SR FRU,, SHRETXR, H5 e ZIFR
BEX AR, BT LLHUX) KRBV, EmE—EZI0 85 5 ZU((X,) R 5tz
RPRAS X AR, TS TG H b FRAT A DAk ) R Ay T 4R A [EDIR A o I8 1 42

w7 %, Moz £ 6 0~ — A B OE K OB O, & X
d ={U(X,)= (U (X)) UM (X)) [U(X,), X, €S REAHTES T BEAS 8 I X e 15258 4
AL E R TN A

i3 PA_E I TRIACRZS IR B L, st 4l e il R A AR AT A 1R 2 — AN 55 2K
FIOREE, N RARS S A0 AR R AT R AR P €I 2 APIRES X, LS BT S IR
SHAEIEP .

322 HARBREMRSEBEENTE

XFFARES AL TR P, 25 58 I Iy S e PR S [ S 1 i SR AE 52 B AT S0 1
A, ARSCRA T S8R ORGSR R o AR I S e ) AT M i) E LERAT B
FIE LT DA RN ZIE AR T SRR R MY . R, ARG ENRTRAS
Eigd T, TANXEE) I HANZIMEHRASWREMS, IFRMENARE X, X8



L

e/ b B2 T R A 22 B 3R (38 3T s 25 7

WEZE T RGEWFEAREAS, K8 Path(T) ={X,, X, X, }e
RGG Rk MFTAIERAT A X B X, R, R ARGRE T — Kk SIREHR,
k=1, MHRZA—DREHER RLEETHRHRE PRERER) « W FaRKA
T FIFEARRSAE, REBILRAET T -1IR—PIREHE . WRE—PIREHERITRIT,
AR — PREFHRIRBOERE C = {c;.i, je S}, Hrho FordriRE i HBEMRE j 19K
#.
SR, B ARG HAGE —RAEH MR P ={py.i, jeS), Hrp, %
NHURE TR RPRE | M.
Py =C; /Zn:cij (3.7)
E@jﬁﬁﬁéﬁ%ﬁﬁ%mﬂ%%ﬁﬁk,%%T%~%ﬁ%%%ﬂf%%ﬁ
Jio XA n FORES AT LG R LR REE, 2 7= (m, 7,7, ) NEB MR P
By R AT REERP AR (A7) 108, Tz 39 2 T T RO R 3~ A g e
rP=rHnre=1, He=(1-"1) (3.8)
RATR (7)) &2 THREHE RN S W8 ET, MRSV 2T
fFRA, RELE WK, BEHAELTHHREIER i AeE, Fik
FRATT AT LA PR T B4 B 55 2 AR AT R B IR B 28 20 A

3.3 fLILIERESEAR
R I 1) AL O By R A REERR A, EAIRINKT , P AR KD, 2f
AFEIREA R, WA R LRI 2R X, FEE— MR Y. e

f(X,U (X)), X, €S,U(X,)eA (3.9)
S8 XAE AT ZPIRE 9 X, BIEOLT . N — I 2145 5 H AU ad R IHEEE

f(XwU(XJ)szd{&Jx{a+b_ax(xt—%lu (3.10)

n

IERZ =R SRSl RS OE
1

n :;Z: f (X, U(X,)) (3.11)
T RELRAFEARAR RS, REHIYT 3R A e SON:

n:Ewg:pg%Eﬁ(xiuxJ):Zﬁﬁﬁaua»:nf (3.12)
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B 55 2 B 4 B AH & (KPR s 2 d oAk, OLAR Tl R 5 SO F-H— A
BAR IRV d - CEIAEAR[RDRAS T RCR A TR ) o 643
d =arg(maxn) (3.13)
d

PRI, ] 0 70 SR R A DAy B o SRR 31— AN e B B0 SRS, A TR K P
AL 7 2Rk B A KA o T B /R A R P R ep, pl T 3w 23 (K CH | AG) | 380R A -
AT, JEA [ I AG) | ASHEISD, 3SR AR T SR RS LR BB RE T AN
AIAT, WAt U T3 2 R I TVE RO AR /N il A PTAT . DG R BB m R B
117 SRS 35 A A A X (1 — B0
3.4 REGAREE
341 HKFE

SRR I A R B A R B, L M RS — RIS N AT, &
AR B 74— A R G R I A 1 sems o G R (K SN AR 0E, 7EHR S — AN
UF NSRS Z S, ATRLp TR A sems, 5 ST — A AP SR, B R A AN ST Y
AE, HREFRARLARd >, WK 3.1 PR,

3.1 Fmis AR BRI

342 TEgEH

Xt SR K B AT BR A DL AL 1], A7 A B U SR A — e ME— o O 1 IR R IR,
i E SN SR AR ARG PR A RIS, g, AR d MIRETRTERE S
9() = AF, 5B IR SAZELL, BRSO IR IR D I
M 7 (R oTEk, R M-
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(A 1 3R 25 0 R A 5 3R 3 (38 ) % 7 7
g ()=E{Y [ (X=n)1X, =i]| (3.14)
Rl R G PERE A A RFEARBR AR T B R H k. R AR
(1-P)g+ne=f (3.15)

IR TTRE, ERIRANE—, AR RO 22— H . BI2R g 2 2 3((3.15)
I, WXHMER—NHHc, g+cetBZ2EMM. TR NAKXGBI)HEE DI E:
g(i) = f () -7+ p(il)g(i) (3.16)

ZOTREEATEREN S S R PR ARHITTIR 9(i) , 55 T & 72 AT 21 1)
KBk f (1) —n, BT ARSI A" stk 8 @l S rg =7
W fit IERAG AT DAASE 2 30(3.15) U fi e — o AEIX MM LU T, A X(B.15)HJE AT LLAR A

(1-P+er)g="f (3.17)

<

Hhzr NizZEm FHRESME (7)) mE, mT (1-P+er) MAFMEME K
(L1 A, 1A R A2 |4 1<Li=1,2,+.S, REEBMRIELE P R AEE B, ik
U—P+Mﬁﬁﬁﬁ“—?wﬂ4%%ﬁﬁﬁ%lf,uH}A}MKMﬂLNS,ﬁﬁﬁ
"SRR S TR A

g=(1-P+ex) f (3.18)

gh G A (3.8) I A, FAAAT & 7 bR HRRESH MR P S THRAMEE 1 1%
fEmE. RERGED EBKME, REHEL TSRS MRS AN EE, 1
N, BHARQR.20)BRATAT LIAH B A PIUER ZI A T AR 2, R 555 /R ]
REEMPRNETT B MR A0 M0 o, IS G R R EL T LRSS P IHEH R 4%
frvERES g .

343 MEESARN

SRS IEARTTIL I S A AR I R W B M AT DL AR GeAE A SR T I PR RS, $R3—
ANBEFEIENE, WU SRIGAEAE, N CPIIRED PEREZE 7 2 R4 X(3.19) 7T L
A DRI L.

BBs Ay d , FsRmovh, diafa ik, BAaXE@Is)E SRR ZES A

;f—ndzn“UP“—ngd+(f“—fﬂ] (3.19)
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2. p"(i1i)g" ()= max{z P (ili)g’(J):ae A(i)} (3.20)

XFEUAE SRS d (OZEAE B T — A EAUNS h, WORIEAR, R T 2T SR AR
PALTE

R IEAHZ DR A RIAN3.19), AR EREERESE. N T H#H
SEWTAE RGERIUEAL, 20 RGHERNE T AT N, UM 2237 EAEREIRE T
FIPERESS o« QAT SR, S /R Al RIRFGEAE T, PERES T DLE I K AR 7 R sifili vt
CHDAREAR B2 200 1531, anl&l 3.2 Fros Bl 9 s as AR LA A2

a=d(X,) d CEEHD
d(X)

Pl: SRERGIEAR

A A
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XI
P* =d(e| X,)

s X,

\ 4

PE: JHIA /72
KA AR

Jee e

K 3.2 BT H AU AL HE B
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35 MIEZL&IT
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PUsking d » AEFER A G BRI oK T IX EEENLEAL Ir) i, TR 3¢
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R EEAE 5y X J LR DIRE, ATy B . BRI ZRGEATE . Bl B,
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LG SRR, REETE AR R, N TR E AR B, ]
WRAE B 5 7 RANE A I P L D RE W AL
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