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OPTIMAL DYNAMIC CONTRACT DESIGN
BASED ON ESG AND KNIGHTIAN UNCERTAINTY

ABSTRACT

In the context of the dual carbon objective, the ESG investment concept has
received widespread attention and will inevitably affect the optimal principal-agent
contract. Meanwhile, considering the complexity of the real world, human behavior is
also affected by the fluctuation of investor's emotion and the incompleteness of
information acquisition, and the contracting parties interact with each other with
imprecise information about the environment they are in. Based on this, we constructs
a continuous-time principal-agent model with ambiguity-aversion based on ESG and
Knightian uncertainty, which seeks to solve the information imprecision problem
prevalent in real life, and is of great practical significance to the study of
principal-agent problems in the context of dual-carbon. We focus on analyzing the
impact of corporate ESG ratings on the optimal principal-agent contract. Firstly,
assuming that both the ambiguity averse principal and the agent are risk neutral, the
firm output process with Knightian uncertainty ESG ratings is constructed. Secondly,
dynamic equations for the continuation value of the agent and the expected return of
the principal are modeled. Then, under the condition of incentive compatibility, the
HIJB equation that satisfies the principal's expected return maximization is derived
using the dynamic programming principle with the agent's continuation value as the
state variable. Finally, different levels of ESG ratings are set up through numerical
simulations to analyse the impact of different degrees of greenness of the firm on the
optimal contract. The study shows that in the optimal principal-agent contract
considering the ESG rating of the firm, the Knightian uncertainty of the ESG rating
has a significant impact on the optimal contract of our principal-agent. As ESG rating

Knightian uncertainty increases, firms tend to move towards greener production and

I



TR R A 18 5

operations, which inevitably comes at the expense of profits, and agents need to put in
extra effort for the green development of the firm, i.e. the agent's effort cost will
increase, and the firm's agency cost will also increase, and the principal's maximum
expected return keeps decreasing. At the same time, as the principal is ambiguity
averse, he will gradually lose patience in the process of increasing uncertainty in ESG
ratings and choose to shorten the agent's trial period, and the agent will choose the
enterprise to develop in a greener direction as she can enter the overcompensation
zone as soon as possible.

Then, we study the principal-agent model of the firm's output process with
Knightian uncertainty on the basis of existing models. With the warming of the
climate, the environment gradually deteriorates, natural disasters occur frequently, and
environment-related issues have received widespread attention. Enterprises have
begun to realize that making ESG green technology investment is the key to
sustainable development, and turn their investment perspective to ESG green
technology investment. However, this kind of ESG green technology investment is
generally characterized by a long-term nature, which usually requires the
establishment of a long-term cooperative relationship between the principal and the
agent, which will inevitably affect the optimal principal-agent contract. It is found that
the reduction in the degree of Knightian uncertainty of ESG green technology
investment can reduce risk, increase market opportunities, and improve market
recognition, thus helping the principal to realize the desired increase in profit.
Moreover, investing in green technology can also enhance the social reputation of the
enterprise and meet the expectations of investors and stakeholders for sustainable
development, which in the long run helps to realize the sustainable growth objectives
of the enterprise. At the same time, ESG green technology investments can also
increase agent returns by, for example, improving market position and generating
economic returns.

Again, we extend the optimal dynamic contract with Knightian uncertainty for
ESG ratings. The inconsistency of the rating criteria of different rating agencies can

lead to the uncertainty of ESG ratings. The Knightian uncertainty of ESG ratings can
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also pose a challenge to the formation of optimal principal-agent contracts, making it
impossible for agents to accurately assess the cost of the agent's efforts, which may
lead to misspecified contracts, and consequently, affecting the effectiveness and
efficiency of the contracts. Ultimately, it is found that ESG rating Knightian
uncertainty can make agents with low seniority have bottom loafing behavior, while
agents with high seniority will have lower effort motivation.
Finally, we summarize and outlook the full paper and suggest shortcomings as
well as possible subsequent research.
Xu Yue (Applied Finance)
Supervised by Fei Weiyin
KEY WORDS: ESG rating; ESG green technology investments; Misspecified
contracts; Principal-agent model; Ambiguity; Dynamic programming principle ;

Girsanov’s theorem
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1E ESG VFRAMIE R T, TR G0 2R A 20725 FKk) i 21 A0 ik
AT, HAREE N IEZE W HE T HZRFE NI RE Jw) Bridh 2 1 HIB 75 F2:

rJW) = ma>1x rgln u+J' WHYW, +6,+1g)+ —J”(W)Wt (2.22)
N T AEZARAREE XU R S R4k, Hoil 54N
JO)=0, JW)=-1, J'W)=0 (2.23)

Ak, Xtw <wHde, =0, WoiEJ W) =05
s, AR SEZEAME IR

AW, = (YW, + 0, + Ag"W,))dt —dc, +y, édB,“ (2.24)
Lw S>wl, TAENRMEREAITW)=JW) =W, -W), BN
W, - W) ARER N, ZATARER L) DACER N HE Sl W JE 48
EBH: 3w, <w iy, Hde,=0.
H(2.10)x 1] 15

00y = g i B[ %, | @29
RENFEEEAE
AW, = (W, + 6, + Ag" (W ))dt — de, +7dB, (2.26)

KIS A, 75

J(W)=max min E** U’ e_r(u_t)qu}

v.izy g €lg.gl

(2.27)
t+dt
=max min E“ [j TEGX e ITW, )]
v.izy g €lg.g] t
X
JW, i) =JW,)+dJ (W) (2.28)
¥(2.28)= kN2, &
J(W)=max min E,* [It+d[e”("’t)qu +e (I +dI(W))] (2.29)
v.2y ge€lg.g] t
SN S T e, 15
(¢ =1)J(W,) = max min E“<[e" j e dX +dI(W)] (2.30)
w2y g €lg.gl
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HFEAN, 5
dI(V,) = J' (W, )W, + " )dW,d,
2.31)
— WG, + 6, + 28, —de, +7dB,1+5.J" 0¥,
¥ dsw,) ik N2 (2.30), 13
(& -1)J(W,) = nmx1nm,E”g&”I e Ndx,
/2y g€lg.gl
+{<W,>[<yw, +0,+g)di ~de, +dB) 232
UMY
PIAE R dr, H dr—0, 15
rJ(W))=max min pu+J' W)yW,+0,+1g,) +5 J"(W)l,z/,2
v.izy g €lg.gl (2-33)
R,
<OW=w’
JWH 2.34
( ﬂZQWSWO (234)
gy =BT (235)
g =8 e < :

N T IHE L), 2L Szydlowski F1 YoonP R PR N ZH0ACEE in) /& ) ¢ AL
RRARIL %M, 15

JO)=0, JW)=-1, J'W)=0 (2.36)
uEEE

AT i 2.2 v g™ B E R PR G0 T fidE - Avramov 51O RN ESG
PPN Z (B AFAE R4 5, RIS R — KAt AT ESG Wk, ARNEL H
MV A ECRZRE, bl ESG PR BA A€ M. Ik EIR ESG PP %M
(¥, (H2 BT PPRI A E M ZFE N A BRI IROE, B ASERIEIL TG
V) ESG W, ICEFEANAEBRINE I P -G L ESG RN g° .
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BT W) < OBF, ZHE AR b8 5 AN S A 5 384 I i sk 2>, B
RIENERSS Ty, ZEFE N R 7 BEAMEAREE N (055 7 T3 A0 R AR, G SR
PREBSALZAE NE BTG TG NI 324, BRI Ty A s KR A H
PR IR KA, S AR5 71 AN % ESG W IRISE , WK 1% T T ESG
We =g, RICANIBKEK. BT W) >0, REAMIESEEAR, Wik
MR AR . EXFIEN T, REAELIMS ), AR RS, T
AL PR 2 AR I A RSB K T AME AR N85 7 AR HE BRI A, MR B NS
ERETw AAERMTUH KSR, SIREE T ESG Wilke =g, BN
B/

Wi A2 HIB 7 F2(2.22) R L4541 (2.23) I ME— M ek 5 T () ZI i T Bl AE 291K
A TR NI AR R 1 e 322, It R I TR NS W,
WELE, EFEENFHEENELT, 2/ Ed BEAMERIAMEA 2 o 3

MBFENIME T w8, Blw >wO i, B RESEREANSHE
g, =%, MVREAMSE S AELR, W RENRAE . 2R e =7,
PREENHESEANME W, IR EOR, A TAMERIENRIES ), BERERATFE
L E R AMA BB . mH, BFy, T REKE, FMzRLGES
AR e PR B - S5 e, AR N S T I 588 R R BRD I I AR N PR B S 8%
TIRANT 0, +Ag , W BB S AR ARG = B, ROAREE AR I 5
FMEI, WYL, RIS R K U LSS ) AR M. Shes, AR
HEN PR RESEAN B PR 2/ T 0 BN A 5, B — EAR A ik 38 A v P S 45
B, MRPTRESF T B AME X I8, X5 Gabaix Al Landier[38]3C F 1 11
CEO 4 % a8 T 1) o R AH — 25

T, W, <O, BRSNS A G A, E U SR

GUIIBUR LA s KT, RAC AR el Bk, REAIRS 7R &
R, (E R SRS EAR R, B S BB s oum L, Abakag rlk

22



TR R A 18 5

i A, WHURARIEA S TAMEA R XK. ERyuntt, 7Emg+, REAR
HIHZ > 0, Atk AR R MR AR R . 5 ORI PE R T AR L, AREE
T3 . e PR 1) 75 AT H BE R 5% 7

A EAMEE RIS AS 2 (1 DX It LA [R) — e AR 32 oy, R G FRAT ] AR 2R A i
TR, A, —2E R P S SIARE A A SR AR, BR
FEMIC T — MR E R, SECRHWRIEAR . —DMEEAART LS
RN AR AT LRI 8% R 3 30 FEAMEE X I, AF2 8 T ) T e LU A B 1t
s ol AR, MR TTREME . i — ANMER IS ATF LRI A T4z
ARRES, (H—fekul, T R b2 B BEAME X . X —EF
(D P R A 1 3 SV S5, R B R 4 3 N Bk il M IX I P 2
TR SR ) 22 BN 3838 Tk FEE M DX Al P el P P R 2 TG, DR HAAL TR M A 12
R, EESWME. X5 Szydlowski A1 YoonB I 5T 45 184 — 5.

H5 Szydlowski Al YoonP ) ZEHEARH L AR F 2, A SCRIE RIS T
ESG V4 A Knight AN € PEXT T e ZEFE AR 322 1 s mm L o

2.3 BERIUKRZFF R

ATTIE MATLAB 34347 BUE AL, 5 ST ESG A E X T
BARFFCARH LA . UL (2.14) F1 (2.22) KA, FIFH MATLAB 244
HEAT BUE AN, SRR H AR B 3 L0 5644 AR R AE S (i N 24T N\ B B IR 23 i Bk
A, HEEAFEN ESG PFRAH IR, T A FE ESG 1F4% Knight A €
SHR AL IR, ERUER AR F S r R, S AEFELFRE X
) FFE RS

FEATRR 2.2 HEA B, AT g=0, HnpEndlk ESG 4 Knight A€
RENSEUE, nilK, BRMAFRAMEREEBE, S mlin Taak
J&. EHL ESG P4 Knight AMfEREEZE{Eg =07 g,=08. g, =09, #HAT
BUEREL, w,« w, « wy 2> B2 ESG 1F4% Knight NfiEfLE S8 {l g, =0.7.g, =08+
2, =09 F, TFCNEBEATHAUC RS I X RACEE A IR LA B 55, tWFRAFRFT
IN:iE 5o =L G

23



TR R A 18 5

23.1 FIEABEREMARIEAZELEMERN LR

AT ZUE 5 ESG YR Knight AN &2 M6 T e ZHTARER 8240 1 i
F AT BANA [ ESG P14 Knight A EREESH{H g, =07 g,=08. g, =09
BEATHUEA, B 2-1 AR L TR E M E R th 2k, Hor
8 =8> &=8& & =&

WEEIE 2-1, AR EIBEE il ESG 14 Knight NHiE K, ZITA

RAF AW 28 J FARER NIEZEANME W 2 18] 2k R R AT A R B ds - K 2-1 &
2-1 A<

— g1 = 0.7

.
0 05

K 2-1 RAEN BRI BE AN SE S AL AL

G, TR A SR FIA G AN E ESG PEZ% Knight ANAf € FE 1 2 18]

KFRo WMR2-1 R, w=1447. w,=1240 . w, =0.9514 HIX N ESG FHA
e fEE g =07 g,=08. g, =09 RICAM AN S, CLETIE AN N
I RIS J(w) =3.09  J(w,) =224+ J(w) =142, S5EE 2-1 FFK 2-1, A
KMHg, >z, >g B, Jw)>JT(w,)>J(wy) .

BEH ESG PRI E R LAWK, 24T A\ I B2 Whe o 18 onoekl 222 ik 22 HL &
W TR, Mg, =090, BICATII AR, EAIER. RIS, &
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xe I TREE ESG P Knight AN6fE REEE AN, b Bifa T2pth kg, (R 2
B A R B R L, BRSO K R SR — i 4 i, A
A2 TE, XS R RAT AR R A AR AT 0, RFE N KT
Wl s AW T RE. BRIk, AT 2-1 AR, BEFE ESG PRI AR IR &
PRI N BRI A 1 R B

R 2-1 ZAE N HOR TG BE A SE S (A2 b A < Sl

ESG ANiff s 12 i GON &I BINERWEE T (W)
g,=0.70 1.45 3.09
g, =0.80 1.24 2.24
g,=0.90 0.95 1.42

FU AT BRI 35 255 R ) ESG 114% Knight SR 2RI 2
WIS R. EE 21 K21, g, 55, >8 M, w>w>w. B, Hi% ESG

TER Knight AFEREE N, ZHE ARSI EWGES RN 218 . HR G,
AT ORI, ESG P4 Knight ANHAE FEE IARWG K, BTN &350
R EWEAREE NI L, FEEFE NG AN P, & B A
RIS RR s 2E 78 o 256 58 =0 B IR 1 Jod PR M DX BRI AMEAS S X 88k, ] DA
HBE7E ESG P-4 Knight AN s F2 (1 3G I, AR B8 PR AR ik N 300 FEE A M2 [X
11— EAREE BN BIRE BEAME DX, Al 2345 B AE X — X3, AR /MR 2558 [3] 2
AMEA R XIS, X TR AR . Bk, AHARZAEAE, 5 EA
A ER R JERRFERT, AREEA Sl Tk sAE H ARG SEIRRI T R JE.
B ESG W4 Knight ANH & FEBEIINTR 22 5 BIZFEN [ B KA BRI o RS
FR, AREAMR T aR e K RE

A SCHAE AL 45 B 5 Szydlowski A1 Yoon”!, Sannikov A1 Demarzol32 3 i
ZHCARERALRAL, (H R ARSI AT A AE T 1 B A ) ESG WK, XL
SHEASIE B ESG W Knight AR 8 FE X e L 32 L0018 (52
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2.4 KEING

ARFEHIT T ESG PHHEA Knight AN E BB RA BT 4 7540
M2 E = g Wi ek A DRI TT [ RS Hle 2 DURIAE — 38 23 R AR S
RAEAF ML I AN, AN EN TS R AT M ASN A 25 77, BIAR
BNRIB AR 20, Bk 5] &K ESG W4 Knight AN E PE 20 ZFEAREE )
B L IRL KT o

B, BORRFEAAREE AR KB ik, e AR ARG (RIRFEA
RAERIE T OLHIIEE YRR 2L, B RE AL R 5| N\ ESG PF4 Knight
AHENE, MRS ESG PP Knight AR E BI4L ™~ i . Fk, HafQs
NBISESEAE AN ZFET5 S IR s, I 53 10 B3 D0 324 Py A2 RO AR 2 5%
o B3, E QBRI T, DA NESMME IR &, MHEhE
R J B HE T i R AR N B et e KAL I HIB 52 Bedm, Rt 4% )
AN HIB Ji R FoR A N oo T Re 38 B AU SRt e L 3R 20 3¢
TR A NSELE M EMBE NI B R &R, IR E AR ESG PFGUKT,
T ANE ) ESG PR Knight AN PERE O S LSRRI, A2 B AR DL A S
fitl b 45 5 20 B 7 SR B 4 UM ORI TE (K40 5% S MR

WEFUR L, #7584k ESG PRI LRI L), ESG $4 Knight
AN E VE 2 AT B ATAREE (K e L 3L AR A W] AL . BE%E ESG W4
Knight AN EFE RGN, Al i g 328 7= 2278 w1 S ek AR T R R R
R b LAY — B 2 R, [FR AR ZON 1 A b st R SR AT
WOMOZETT, BB ST A, VAR A BEZ 890, RFEARIHK
I R AW R B 1 T RAT AR BEEN, £ ESG PPE Knight A ERE
JEREIMA R T, 2B WR LG, SR NR U, (R AR
RIS as /R ZERE, SRS, AREEN BRI AT DURRBE TS FEAME X3S, ek feAl
R IETT IR R, SRR R BRI RRIT AR R o, (HARRE AT
m, EABT ALK R, NAREE, stk e, SERE AN
b2z 1B I A N K, R AN B A iR S5 . BN R TR PE, 4
Wkt R e, RARMIRHEAE S TUERIRIL, b m iR U, AT
CAMedt £ SIS A e, ERER S REF A B R, AR Koz &
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H AT AL, AR ()0 75 5 2 8 A BRiZ sh Z i, 7 ESG H A 1F4% Knight
AHE N TF RN BNAS FLL o AR IS SR (AN 52 T e P A R A B R AN
T, XA AT DU G-Ai Wis sh i, 45Tk, FRATTAT BARI F 82 sk e
R A B BB U T AL T ESG SR AR A Knight A€ S B iR R 3048
L) BT )
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% 3 & ESG ZEHARFEREB Knight FHHEH

R MENTSRY

BEE TRARR, AECEHTEAL, BRRFEHR, GG RN R ESZE 7T
ZRUE. A ITIR RR BT ESG SR BRI BT/ PP EL R KOG 8, KR %
ML ) ESG SR BRI R o (HAR XA ESG SR R BB — CE A KM A%
fib, EH T ERFEANARENZ A EAE R R, XA AT e 2 R
F R MBFEABREL . FATEE T ESG O AR R BT Knight AHiE N HA
R RO R SR I (8] Ze DAY, 0 fr 4l ESG Zr o R BN e 4B X
BRARF . e, BRRFEAACENAZE MRS T, e AR A BRI ROE,
T ESG R iR BT Knight ARHE R4k i FE . H, MEAEA
RE SN AN TN IR e B TTRE . 355, AR 2 WU AR B A 261 T
PAACEE N SE SR RS AR B, R Sh 25 M s A S o a2 38 AW R Wit B
RACH HIB J7 12 . fi ) il BUE A E A [F ) ESG SR BOR BB Knight AN
SERERL, il ESG gt iR B BT Knight ANHRE X e L 220 (15200

3.1 EARRR
3.1.1 FHEHhE

BATI T — A BN E AT )8 I [a] 2 2E HEPR ). AAFNZZRFE A
TG, NHAE S, SR Bot R RIS, T SO 72 R Bk T
BN 1. R F={A}, . EMEEEQ 7 P) EAFALEbRUEAR B8 3h
B={B}.,. IARIARTYPMIMIIESIKT R () - @ Ol EFRRFf
NIRRT Ma, B0 I, FoRRENSEARMIE Sy, FER 2 R
Wi 2a BN, FRMREAZLTES N, ENZGRINETAE. Bkl
PP X ={X, ), R

dX, =(u+nladt+cdB, X,=0 (3.1)
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Horb, x, RARENAERS (8] £ > 0 B INES 0= o w AFEARERE AAT HE 85 01
UL R ZAEANAE ESG SO AR TPl as. 1 AL [A] ESG SR EAR
TR E, 7N ESG SREHE AR Z BN H . n1 o DB fF AN

AR BS TIH0IE DLR BALIN [R] ESG 2R B RBBE e i R A0 et . BT
ESG SRt R T o 2 BA A ENE, ESG SRR BT RERS 7 K 2 D 7™

HRAHE R . ESG SRR ™ 12 n AL B T3EE BURAAATAT 9
S RANTEVE, N 1 78, A URE n e [m,m] HEWE ml >0, Frh m,m
R CHE . MBI AMEE = H R X R, GRS B EE N 1SS iR
PATH A~ Fom i X AR, BONEER A B R BOEELER, WL 7
FRG. DA ME—R5RAE, X EREIR S B A RIIR —8, s =2
RIS TP 0 dK, AR, Hoh, K ={K,}_, T
dK, =(0+681)dt+dZ, K,=0 (3.2)

XH, ORI AR . TR FEREAT BESG SOOI, IR
LKA OB EFTE SRR . BEAT S OHERIT RS, X EH kAR
M ECAS 3G N . FATHEIX 5 RI3EAT ESG ¢ B ARFE B 72 A i A 61 ke

s Hp S RBGOFEARBREAR ., {Z, )2 2 Q0 A P) {2 L AR s
. ZMILT B, KAEKMIMEH Z AR —3% B 2 = #7, MRS
TRE(3.2) A ME—oE
3.1.2 MEE
H TR AL V31T ESG S R T ki = ik zs, RIEA
XAl 77 R e B AROR DR, T Ak 7 HE AT DA — 21 5 S 7 R
P1E— B RS R FRL X0 22 AR R M K 5 . /£ Chen A1 Epsteint!oJf#) F il
b, BRATTRE T A 9 FE AR R OT AT Girsanov 58 FE R ) i 1 B8 BE 1 7V .
AN —ANBENLEFE m={m,}.,, WRm & A PEF TN, Fa e, I
Hig m<m <m, AR m NOTHEFN, HHAM BRIBFETH mES. R
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XEH, WAL me 77 FRmm e 795 F o

%7 Sannikovl'3), FRA1IE L Girsanov & H F R CH AR [E S ik . F
AT L@ dP 1 dP | = & (a,m) A1 P-8t & (a,m) TH5E P o P-8 & (a,m) BN GG
E

(o) (o}

éﬂam)—wp{Jig—ﬁlﬂdB 2L[£i—ﬂli}d% (3.3)

BRI, FERE P R AT Rz 5)
dB"" :I(U%Mdﬁd& (3.4)
KRG ATARGE.1), LA™ it S Rk
dX, = (u+mDadt + cdB™", X, =0 (3-5)
DAE, FAL Szydlowski 1 Yoon7l, FRATIZA HiTH R M EE por T —4EAT BHIZ 5]
(B, Z,) Kyt~ 51 3.
51 31 WHRB,Z) 2@, £ p) LW 4ifmHES, WA B".Z) %
©, #p"y LY\ Bizsh, H B flz, RN P R ARSI .
Hi 512 3.1 A 15
E“"[a,dK,| 5 ]=a,(0+51)dt (3.6)
Horp por[ 1R PY" NHOHEEME . HL, FRATAT DAY dK, BRAE I ] ¢ B SR
HIBS JIEATL, #5(0+61) PR NP IZE I AT P R AE 5 55 71 ESG
OB B AT E N AN H MR A0 o AR NI #5555 17K F
a, I, RINWEARNAK )., KBNS % 0+ 51 (5Em . Bk, A
FIA TR 0 + ST T AN IS Y RRAS
3.1.3 RIEA[E]RR
WEEI T, ZFEAFRE AT RA T NE LR LR B
MNFIARER S AT DL 2 i b (7 A, (0 AN B CRIIE S5 ) Fl sk
DL AR S o BRIk, ARG SL) IR 25055 18 25 A R 1] 8
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FHN RIS IR T — (33020 . [T I BT T 5220, MR
PIE, ZEAT A IR S RN ¢, = [ de, %78 I8 12 de, 2 0. (LI IE 4
Spear 1 Wangl WA ARk 7 2, 254 10N 7E 2 BURRE SR BRI 1A 47 (8 25 45 K 5
ST Z4T N TE I FERORMIR Y , ZH0 AR S AR B AR R, S22 1E . AL
TUNHRE: A REA MBS R RRT, 9 T HMERIARS S, BIEA
FIRAR R T BT DAAEARER A RIS J10 0 SR AR 1, EPZE4T LA AR (2
FURAG . HMTFR PR 7 e A AR AR R AR 1), 7T VRS2 240 Bl 8 P T
P77 TR B HLL AR (a,0) R o SR, ¢ JRATIELRINT . JRATH T 26 VF R 1K)
RN A o KT, AR HFFE T X ORI E 5 ),
LRRTAE, BARME. LT, RIS A OIS, S )5
b A RARE IR SS 77 A0SR de, 2 0 J T RELN O R FHE . [ 3
VB b, ARIBRIA L, (AR AT .

PV BEZHE ARV AR KRR . (EAREE A ELZEAE A S AT
I EIUN AR > r o Ma, =105, A NZSHE AT T AR BN A 58
K. hEacAmeM, Hr>00, RHANELENER

w,

E“" [ [fe7de, ~a,dk,)| ;{X’K} (3.7)

3.2 =Y
32.1 RIBARSMERETS

[ A 24T AR B R, et 25 PR 2 S B O E P F P A 1 32
Yo, SRR ME (DR L2 M T AT A0 O A . T TS 2
#1449, RIENMISIRS S o SHEES A a M, Bk P =P

AR R, ZoHE N\ FIAREE A KO UK 1 o ZS4E A SRR 1 72 A
FoUcas, ISR EEN. i, ZHEAERURMAA LA F IR s 2

J, =supinf E*" [ jo e (dX, - dc,)} (3.8)

aeAd meM
AR MBS S d = {a ),y € Z7° M TWBERL G = {{d,.c) .0 .7)
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E AN e r s L A
Wy (et.m(@)) = Wy (@.m()) (3.9)
ETTO) S
W, (c,m(a)) >0, (3.10)
KT B L WA SO, AR RS T, A IES:
PRI . 8 ARSI, JOF) MR TEAE T BT %
cOW,) HHERE S 3 a(W,) R AL ABIALIIBUSIFNE . %40) Szydlowski Al Yoon(2)
i 15 B A .
GBI THEER N aed, ERTTmeM , TERE —BHERHLT,

PRI IS 1 A B I . AFTE A SRR T o R Ry = (y)
PR\ JAE St 35 75 T -
dW, = (W, + 0+ S1)dt — dc, +y, dB*" (3.11)

@+51)
BRILZ SN, S AR Y, 2

WERA: RIEALE ¢ N ZIRSURE A Y, B Elliotd O HER 3.2, F-ATHT LIAS 3]
dY, = e (de, —a (0 + SI)dt) +d(e "' W,) (3.12)

HRAR ElliottCSEHE 4.3, A -Y, ==Y, - [ ey ,dB’" , 1l
dY, =e "y, dB"" (3.13)

B (3.12)F1(3.13)BESL AT 7,

dY =e 7y dB " = e (dc, —a’ (0 +51)dt) +d(e"' W)

(3.14)
=e"(dc,—a (0+S8D)dt)—ye "W dt+e " dW,

HAi Wiz s
B" :l(X[—_“[(y+mt1)atds),0St<oo (3.15)
G 0

¥ (3.15)H N (3.14)H B 15
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dW, = (yW, +a’ (0 + 51))dt —dc, +y,dB* ™"

. (3.16)
=YW +a (0+6D)dt —dc, +y,—(dX, —(u+mlI)a,dt)
o

+m, [

X 0+81> T, ACEA LR, HILAE WA 2

0'(94-5[)
v, 2> Lt ml (3.17)

RIRTEA SR RF RS NG, 8ok a =175, 13300 2 B

Aty 2= o WRBELNIELLANE dW, = oW, + 0+ SDdt — de, +y,dB,""

IEEE,

R, IRIE RSN 2 AT L 7 K, DURMEH o o 1] R A
PO, B U A T IR SR S BUR, DUR RSN 25 . JRATTRT DU AR v,
R NARER A (5 MU S (PPS) |, BeE T ARFE OGBS 72t 2
o 1 ORI o 49058 3 A 0+61 K T 5 B4 48 00 $15k Dy b, B

[ e s 6+061 . .
9+51>ﬂ:11 v i ﬁ%ﬁ@ﬁl-éwﬁzaﬁu@ﬁy/,<az+m1), B, ARERA B Bk
0'(04-51)

Bt b SMACER AR B I =y, > i, aly,.g)=1; &KW,

H+ml

a(V/;ag;) = 0 o
3.2.2 ESG &AL BZWEE A Knight N HEM THISRMIEY

7 FIRBEME AT, AT BRI AMERE T () 3 2 1) HIB 72
Z5AL) SannikoviBIF 8 HIB 5 REARSE M i JLEG, a] LIS J () A& V1 eR B 45
Wo BMTLIRIA LI ESG S RS s sl AR &, 5 2 B 25
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rJ(W,) = max rr[nn u+ml+J W)YyW, ++60+061)+— J"(W)t//t (3.18)
v, 2y me[m,n]

N T AEZFCAEXOT MR ok Ak, H 248

JO0)=0, JW)=—-1, J'W)=0 (3.19)

MNERAR G BIMEIT m=m, FHEAEGMIUUKE

VisV="u il (3.20)
AN, W <wWHde, =0, W' T W°)=0KrH.
G, ARHEN R IE SE OB IR
dW, =(yW, + 0 +51)dt — dc, +y,dB"" (3.21)

MW, >WE, BIENZRMERECHIW,) =JW)-W, - W), BHASLHLA
W, - W) AR, ZHCARER 2L AR N AE SN W 14k
EBH: ZJw, <Wi, Hde, =0,
H (3.7)
J(W)=max min E”’[ j "(“‘”qu} (3.22)

v, 2y me[m,m]

RENELAHME
dW, =(yW, +0+61)dt —dc, + ydB,"" (3.23)
KHEBh SRR, 5

J(W,)=max min E*" Ut e_r(u_t)qu}

v, 2y me[m,m)
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AR UUMEARIEAA AT 37
4.1 FBIREEZATRIEANTEENE

AT —PDEBHPRFEN, BT R DeMarzo A1 Sannikol321 3 Hr (1)
JEFE, 7 DeMarzo F1 SannikovP23CHyr, AEZRAE NN, R RZFE N5
EARBNE IR P, A EEARE NS S sA 2, BEIN 32050 2
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LI I BAT N AR AR A 8 1 (322, AREE WA TN (B
A RE S E G SE QAT W, o BRI NLENE PO TPk 32y, [

St L SRE SN B AN R T W, . e R g

V.= E* { [ere e, -aak )| 4.1)

t

Hpra={a}  FRMRILEE.
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PRSI X E, RATH a = REREFCNAEN ZI t FrEsRi%5 77,
Xl BE AR RSP S5 7] a, A AAREE SRR, ZFE AAAREE A £ B4

FEFRERER A A . AR RS, it miE ax, 15
dX, = odB, (4.3)
A7, ZHENTER R HId R, R B RBEN IR AT %Sy, T
BRI H IR dX, 3B 1E
dX, = pdt + odB, (4.4)
HATiZ H Girsanov & BEHEAT I BEAR 4, K dB, 1 dB; W RAE—iE, Rl
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X} dB, M dB; Z A Z R BB S o AL FEmmins, 72 3¢ +de %1,
PR T pdr o ARV R ER X, - X, o AEENFITE AT DIZ B SRR

Bl

1y _x (4.6)

t+dt — g
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t+dt

-B

dt =

IMZFEANFFAFE BN, ey aseiliffmizsi

i
(e}

t+dt

B

t+dt

W, BRI REACT B RS54 B, — B, B, FFREAH R 4 322
BRI, fE AT v, AR S E i A2 oy
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Rk, W RACEE AAE A N R AR e et tist, W SESE U B w, TS T
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