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§7.1 Riemann-Stieltjes#2 %

Definition (£ 3 7.1 Riemann #24%")

R (x) A2 XLA[0,1] X ] k&4 5218 8 £, # 1& 5%

T :0=th<thh<---<t, =1

F= mesh(7,) = maxi<j<n(tj — tji—1). % mesh(r,) — 0 &, 4= X T
& B9 IR ST AN o (B Lt <y < HAEER{AY; %

49)
= fly) () — 1)),
j=1

B, WASH 558 Ffadf o, #R LK, ARS A FA[0,1] X 18] £
g RiemannfR4>. it H




Riemann #2547 & K

# £(s)
f(y4)
f(ys)
f(y2)
f(yl) /
/
© t
ty to t3 t4 ts
Y1 Y2 Ys Y4 Ys

Figure 2.1.1 An illustration of a Riemann sum with partition (t;) and intermediate
partition (y:). The sum of the rectangular areas approzimates the area between the
graph of f(t) and the t-azis, i.e. Ots f(¢)dt.




Riemann #2547 & K

1

Figure 2.1.2 Two Riemann sums for the integral fol tdt; see Ezample 2.1.3. The
partition s given by t; = i/5, i = 0,...,5. The left (left figure) and the right
(right figure) end points of the intervals [(i — 1)/5,i/5] are taken as points y; of the
intermediate partition.
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Riemann #25M JR

Riemann 43 Jy — s ABLE, — 4700 B IR IR, T
& HEAVFIHE Fi4e F . 51{0,1] ERiemann T AR & 3 F £, f,

1. Riemann#r 489 &, SAEZF e, o0f
1 1 1
() + oh(D)dt = o / A(t)dt + e / H(t)dt.
0 0 0
2. Riemann#= s 24841 X 8] &9 & x5 Aa bk

1 a 1
/ f(t)dt:/ f(t)dt+/ f(t)dt,0 <a<1.
0 0 a
3. RiemannfRHp A2 AR5 2 XA AR5 LR B 4

s 1
/O F()dt = /0 F(£)ho.q (£)dt
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§7.1 Riemann-Stieltjes#2 %

Definition (5 3L 7.2 Riemann-Stieltjes#24")

T F(x)Aag(x) h & SAE[0,1] X 1] k88 52455 3, % /& 55

T:0=th<thh<---<t, =1
Fa mesh(7,) = maxi<j<n(tj — tj—1). % mesh(tp) — 0 &, dw R3¢t
FAFemon(himAti1 <y < HRET LY, % H 49)

S=: lim S, = lim 3" f() (e(t) — £(t-1)).

n—o00 ¢
Jj=1

B, WAHS A5 5% felf o, AKX, ARSHFX Tg£[0,1]K
18] _E & Riemann#2 4. ieH

1
G= /O F(£)dg(t).

Y. Chen £ R AT



§7.1 Riemann-Stieltjesfr % & 12 1%

£ A4 H Riemann- St|e|tjes7f"’\f0 dg(t) TAHa—/ N0 &
(S 1 e SURNAE e e

o HH fAeg e B — B AR #R N E 42
o RIXFRELL, gh H T £ B

supZ|g tj) — g(tj—1)| < oo,

Hoop 9 BR3P 8 o E T BT

DT 5 B() R B A TR A R £, Mk T 2 AR
5 Jo F(£)dB(t)?

Y. Chen £ R AT



§7.1 Riemann-Stieltjesfr % & 12 1%

Riemann- Stieltjesﬁ‘j/\f (t)dg(t) T 2 B4E AT e R AT AA
Az — BN fo t)ﬁ'/ﬁ:

Definition (& X # Rp% £)

B 72[0,1] X ] &G S2AR & Fhat 3 ANp > 05 2 & 1,

SUPZ |A(j) = h(tj-1)]P < oo,

;d‘-ﬂzé’aifﬁﬂmﬁﬁfrﬁéﬁ DB TERIF, FRhA A FpL £ p=1,
hE A RT £
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§7.1 Riemann-Stieltjesfr % & 12 1%

Riemann- Stleltjesﬁ"/\fo t)dg(t) 1+ 4 BH4E G427

Jo F VAT AASZ4Fi#% 2, Riemann- Stieltjes??"/\fo1 f(t)dg(t) K&
o K&K fAng £ B — & A AR A E 42 (£ K 18] LR B A 48 B 49 1
ELR)
o BAEFHKP>0fg>0Fp t4+qgt>1 BEFLHKRAH
FpL £, fi¥gh HRqE 2.
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§7.2 & #3422

Definition (/& 3L 7.2 ] % L4289 ltofr %)

e RRMEAEC = {C,t € [0, T]}iHL: FAaESH
Th:0=th<ti<---<th=T

o ANERGF{F_,i=1,2,- ,n}IENEEF
7{Z;,1 < i< n}, sFTAI, EZ? < oo, 1%

o [ Z 0=T
£ Zi, tii1<t<t,i=12...,n

WidA2C = {C;, t € [0, T]} H & £ 42,
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Figure 2.2.2 Two approzimations of a Brownian sample path by simple processes
C (dashed lines), given by (2.10).




§7.2 Ito's A4

Definition (% 3L 7.2 f ¥ it 42 #5ltofR %)

e RRAIEAEC = {C;, t € [0, T]} H B #idA42, € adltolEpLin

R
T n n
/ CedBs=> G, (B, — By ,) =) ZAB.
0 i=1 i=1
Kte1 <t < ty, ZER0, T]L, @FEFAZCHEMIRSZ XA
t T k—1
| catei= [ Clpag(e)dBe = Y 21801 )+ 2B,
0 0 i=1

A 1(C) = [y CsdBs.

HFE{ [ CodBs, } R —AFEF o (Fe,, k=0,...,n)i3kE %
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Figure 2.2.3 The Ité stochastic integral fot Cs dBs corresponding to the paths of C
and B given in Figure 2.2.2.
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§7.2 f S i3 A2 ltof 09 MR

o I;(C) = [; CsdBs R % FBrowniz #4 & Kok (Fr, t €
[0, T])#4 k.

e EI(C)=0.

o iHAE BN

2 t
(/ CdB) /ECszds,te[O,T].
0

o ARH I WEF % ey, oAel0, T Lo $ it
A CH

/ﬁqQ@H@Q@ﬁﬁg:q/¢Q@M&+Q/¢Q@MB
0 0 0

o Itofr 4 fEARAR X 18] #9 X 45 ¥ Ami: t € [0, T]

T t T
/ CsdBs :/ CsdBs +/ CsdB:s.
0 0 t
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§7.2|to$aé}
o [l I](t fo C2dB;

Definition (5 X 7.5 Ito #2%")
iXiE N AL Ciita #h

.
E/ C2dt < oo,
0

AR A C2(1)
)

i E/ 1C(s) — Co(s)Pdt = 0.
0

n—o0

M| — A& 649 FEALIEAE C(t) 89 1to #2sr & L H

§
/ C(t)dB(t) = ||m/ C(t)dB(%),
0 n—oo

H C(t):te0, T)] A—AiE T4
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§7.3 lto's /KX
Definition (3 X 7.5 Ito #2%")

RO=tg <ty <---<t,=T A At = maxy<j<p(tj — tj_1). Ito
Ry LA

T n
| x@awo = jim S X(5-1) (Wig) - W),
j=1

At—0

HEF X(t,w): [0, T] x Q - R 2—AviE g i 42

Proposition (t£ /& 7.4)

E [/OTX(t)dW(t)] =0

E [</OTX(t)dW(t))2] = /OTE [X2(t)] dt.
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§7.3 Ito's /- KX

Bl 7.4 (Ito #24) # A, £A1H

E [/OT W(t)dW(t)] =0

Fo

E [(/OT W(t)dW(t)>2] = /OTE [(W2(t)] dt

.
- / Var [W(2)] de
0

T
:/tdt
0

£ R AT



R

Fix T > 0. Let h be an adapted and square integrable process. Then the
Ito integral /(t fo ) as defined earlier has the following
properties:

@ (Continuity) Paths of /(t), as a function of t, are continuous.
Q (Adaptivity) /(t) is F(t)-measurable for all t.

© (Linearity) 1t6 integral of a linear combination is the linear
combination of 1t6 integrals.

@ (Martingale) It6 integral is a martingale.
Q (It6 isometry) E (/%(t)) = E (fOt h?(u) du) for all t > 0.

Q (Quadratic variation) [/, /](t) = fot h?(u) du for all t > 0.
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Compute

/; " W) dW(u)

Hint: Let n€ Z" and t; = %i, for i=0,1,2,...,n Consider the simple
process
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./O'T W (u) dW(u) = lim /;hn(u) dW(u)

n—o00

= nImei W(tf71)(W(ti) - W(tf*1)>

= nlem% (WZ(T) — Xn: (W(t,-) — W(t,1)>2>
= 5 (wA(r) — W, wi(7)

:%(Wz(T)—T).
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* F Browniz 3 89 1to-Doeblin 2> &,

Ito-Doeblin,» &,

Let f(t,x) be a C12 function and W be a Brownian motion. Then, for
every T >0,

i

£(T, W(T)) =F(0, W(0)) +/ (6 W() de

+/ch f(r, W(t)) dW(t) + %fOT fox (£, W(t)) dt;

1t6 integral

and in differential form
df(T. W(T)) =f(T, W(T))dT
+ (T, W(T))dW(T) + %fxx(T, W(T))dT.

£ R AT



% T Browniz 3 &9 1to-Doeblin /2 X,

TiE ]

Let M= {to.t1,t,...,t,} be a partition of [0, T]. Then
F(TW(T)) = £(0, W(0)) = 3 (F(t: W(E)) = F (-1, W(t-1)).
i=1
By Taylor's Theorem,
f (6. W(t;)) — f(tizr, W(ti—1))

=t (tic1, W(ti—1)) (6 — ti-
+ e (ti-1, W(fiq)) (W(t) — W(ti-1))
) 2

+%fn( (i = tiz1)
+ fo (ti—1, )(t, i—1) (W(t7) ti-1))

+§fxx(t, 1, W(tiza)) (W(t) — W(ti- 1)) + o(higher order).

£ R AT



* F Browniz 3 89 1to-Doeblin 2> &,

JERA 4

Since
n T
HrIlim th(t,,l, W(ti_1))(ti — tis1) = /0 f,(t, W(t)) dt
o
HI_Illlrl Zf(t, 1, W(tiz1)) (W(t) — W(ti— 1))7/0 f(t, W(t)) dW(t),
HI'IIIm Z ftt(tifl‘ W(t,’,l)) (t,' = t,‘,l) =0,
Iy Ozftx i—1 W(tiz1)) (t — tima) (W(t) = W(ti-1)) =0,

H#H@OZ@X ti_1, W(ti_1)) (W(t) — W(ti_1))’ :/(; foe (t, W(t)) dt

we have the [t6-Doeblin formula.

£ R AT



% T Browniz 3 &9 1to-Doeblin /2 X,

Ito-Doeblinz X47]-F

Let f(x) = 3x. Then

SWA(T) = F(W(T)) - £(W(0)

_ /fo(vv(r)) dW(t) + %foxx(W(t)) dt

—— ——
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* F Browniz 3 89 1to-Doeblin 2> &,

Ito-Doeblinz X 47]-F

Let s, r and o be positive constants, and (W(t))oo be a Brownian
motion. Define B

f(t, W(t) =s o=z aW(D)  for £ > 0,

Show that

it

f(t, W(t)) s+/(:rf(u, W(u)) du+/ o f(u, W(u)) dW(u).

0

£ R AT



* F Browniz 3 89 1to-Doeblin 2> &,

lto-Doeblin/ & 17 F
Consider f(t,x) = s el=27)tox ¢ (12, Since
fo(t,x) = (r—30%) f(t.x),
felb) =o f(E%), and EJB%) =v" (%),
the 1t5-Doeblin formula says
df (u. W(u))
= (30 f{o. W) du 0 (s, W(w)) W(1) + 5 0° F(u. W(w))

=i (uW(w) =6 (0. W(w) = (1 W())
= rf(u,W(u)) du+ o f(u, W(v)) dW(u).

Y. Chen £ R AT



§7.3 Ito's /- KX

Definition (& X7.5 lto if4%)
REALLAE X(t) AR A Ito iT4E, 4= R

X(t) = X(0) +/0 ,u(s)ds+/0 o(s)dW(s),

HF u(s) #o o(s) £F & LA
X(t) #9EE st 5 742 (SDE) £

dX(t) = p(t)dt + o(t)dW(t).

o eg. AMAMMEF dX(t) = pdt + odW(t)
o eg. JUTAMiEZH dX(t) = pX(t)dt + o X(t)dW(t)
o e.g. ¥ AT AX(t) = u(t, X(t))dt + o(t, X(t))dW(t)

Y. Chen £ RRRAL AT



#* T ltoit £2 64 [ HLAR 5

Itoid 42 &9 [ LA 5

Let X be an [t8 process where

rt

ot
X(t) = X(0) +/ g(v)du+ / h(u) dW(u)

0 Jo
and [ be an adapted process. Define the integral with respect to an [t6
process

ot

A%wﬁmw)t/%@ﬁ@ﬁM+/>m@m@dww)

0 J0

Itd process

£ R AT



* T ltoiL 42 &9 [ HLAR 2 Ito-Doeblin /A X,

Itoit A% &9 B4 LA 9 [to-Doeblin 2 X,

Let (¢, x) be a C1:2 function, W be a Brownian motion and X be an It6
process where

X(t):X(O)+/O‘ g(u)du+/0‘ h(u) dW (u).
Then for every T >0
f(T,X(T)) = f(0,X(0)) + /T fe(t, X(t)) dt
i /T £.(£, X(1)) dX () + %/fox(t,X(t))d[X,X](t)

T T
— £(0. X(0)) +/ ft(t,X(t))dt+/ £.(t, X(£))g(t) dt

+ /(;T (&, X(£))h(t) dW(t) + %/0 Fo (B X () AP (1) dt.

£ R AT



* T ltoi A2 69 Ko ALAR 5 lto-Doeblin > X,

[toid AZ g ALAL - G i - & 7

In differential form,
dX(T)=g(T)dT +h(T)dW(T)
and

df (T, X[ FY) = &{T-X(TdT

+ (T X(T) X(T) + 3l T.X(T)) JIX. XI(T)
— A(T.X(T)) AT + (T, X(T))g(T) dT

+ £ (T, X(T)h(T)dW(T) + %fXX(T,X(T))h2(T) dT.

£ R AT



* T ltoid #% &9 A ALAR 2~ 5

Let X and Y be Itd processes. Then for every T >0
X(T)Y(T) = X(0)Y(0)
ST T
+/ X(t)dY(t)+/ Y (£)adX(t)+ [X5 YI(T):
0 0

In particular,

T
X2(T) = X3(0) 4 2/ X(t)dX(t) + [X. XI(T).

In differential form,
d(X(T)Y(T)) = X(T)dY(T) + Y(T)dX(t) + dX(T) d¥(T)
and

d(XQ(T)> =2X(T)dX(T) + dX(T)dX(T)

£ R AT



% Fltoid A2 69 FE LA 9 E A 4

Using the It6-Doeblin formula for f(x) = x2, we have
T
X(T) :x2(0)+2/ X(£) aX(2) + [X, X)(T).
0
The integration by parts formula then follows from

X(TY(T) = 3((X(T)+ Y(T))? = X3(T) - YA(T)).

£ R AT



§7.3 Ito's /- KX

Theorem (& # 7.1 Ito X))

# )& Ito 342 dX(t) = g(t)dt + h(t)dW(t). &L f(t,x) #HE
fo o foc RIFELR). KAH

df(t, X(t))
= £(t, X(1))dt + (£, X(2))dX(t) +

[y

5 foc( £, X() [AX (1))
= f(t, X(t))dt + f(t, X(t))g(t)dt + %fxx(t, X(t))h?(t)dt

+1h(t, X(t))h(t)dW(t).

£k AT



§7.3 Ito's X

Theorem (32 7.2 lto 4 ii)

# /& Ito 1242 X(T) )+ [ g(t)dt + [ h(t)dW(t) Fod
F(t,x) %2 f, F7 f ;@f—jfra w

f(T,X(T))— f(0,X(0))

T T
— / ft(t,X(t))dt—F/ fi(t, X(t))dX(t)
0 0
.
45 | fale X)X

T T
_ / (8 X(£))dt + / (. X()g()de
0 0

+% /OT Foc(t, X (1)) W (t)dt + /OT fe(t, X(2))h(t)dW ().

Y. Chen £ R AT



§7.3 Ito's /- KX

lto /X893 2 F %
o IRAFRILIM S 7 A2 (SDE)

o KMMALE A 742 (SDE)
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§7.3 Ito's /- KX

#17.5 (Ito 2 K) £ W3(t) 4 SDE.
it Af(x) =x3, # lto X,

dW3(t) = df(W(t))
1

= E(W(O)AW(E) + 5l W(2) [AW(2)]

= 3W2(t)dW(t)+%6W(t)dt
= 3W2(t)dW(t) + 3W(t)dt.

£ R AT



§7.3 lto's A K
$17.6 (Ito X)) & & —x O EHKRENA

S(t) _ 5(0)e(u—02/2)t+0W(t)_

% S(t) % SDE.
g % f(x) = e F= X(t) = (u— 302)t + o W(t).
# lto A X,

dS(t) = S(0)df (X(t))
= 5(0) (fX(X(t))dX(t) + %fXX(X(t)) (dX(t))2>

= 5(0)eX(®) ((u - %az)dt + odW(t) + ;J2dt>
= pS(t)dt +oS(t)dW(t).

Y. Chen £ R AT



§7.3 Ito's /- KX

B 7.7 (Ito X)) KM dS(t) = pS(t)dt + oS(t)dW(t), BF S(t)

& H Ito AKX,
1 1

dinS(t) = %ds(t)—m[dﬂt)]z

= pdt + odW(t) 02S%(t)dt

- 252(1)
~ (- %02)dt +odW()

3t KAR D7 )

/OtdInS(s) _ /Ot(u—;o2)ds+/otadW(s)

InS(t) — In S(0) = (M—%02)t+o’W(t)

3 g,
S(t) = S(0 e(,u—%cr2)t+ch(t).

£ R AT



§7.3 Ito's /- KX

15] 7.8 (Ito »X) A X(0) KMty 742
(t) (a = BX(t))dt +odW(t), £ F a,B,0 ZEFE.

l lto A XA f(t,x) = Ptx, HMNA
d(e X(t)) = BePtX(t)dt + ePtdX(t)

= BePtX(t)dt + 7t (o — BX(t)) dt + ePtadW(t)
= aeltdt + oePtdW(t).
st A K ARG B

Bt _ — ' Bs ' pBs
e’ X(t) — X(0) a/o e ds—i—a/o e”*dW(s)
_ a8t ' Bs
B(e 1)+0/0 e”*dW(s).

X(t) = e PX(0) + 21— e )+ o / t e PE=)qw (s).
B 0

£ R AT



% T ltoid A% &9 K ALAR 55 Fn

Let h be a non-random function of time t and

/mﬁm@mm)

For each t > 0, the random variable

I(t) ~ N (0,/; h? () du) :

£ R AT



% T ltoid A% &9 K ALAR 55 Fn

Let v € R, and define

X(t) = —%/:(uh(s)f ds + /; wH(s) aV(s).

=u?Var(I(t)) =ul(t)

From the It6-Doeblin formula,
d (ex(f>) — uh(t) &X© dw(t),
ot
X _q 4 / u h(s) &X@ dW(s),
Jo

therefore,

E (exm) -1 = E (eul(t)) _ o3P Var(I())

£ R AT



2 SDE

Let W be a Brownian motion, and «, (3, 7 and ¢ be deterministic
functions. The linear stochastic differential equation

aX(t) = (a(t) + BEOX (D)) de + (1(e) + o()X(2)) dW(2)
has the solution

X(t) = el (B0)=32) dut [ ot aW(e) {X (0)

ot

+ [ el (Bw=302w) dv=fy o) W) <a(U) - Ar(U)U(U)) du

t
5 / i (Bv)~10%(v)) dv— [ o(v) dW(v)A{,(U) dW(u)} ,
0

£ R AT



% T ltoid A% &9 K ALAR 55 Fn

Consider solutions of the form X(t) = Xi(t) Xa(t) where
dXi(t) = B(t)Xu(t) dt + o(t)Xa(t) dW(t),
dXa(t) = a(t) dt + b(t) dW(t)

for some functions a(t) and b(t). Then

dX(t) = Xi(t) dXo(t) + Xa(t) dXi(t) + d[X1, X2](t)
=a(t)
::Q4n+aawu»&ay+mnxa»dt
+<Mﬂ%ﬁ)+dﬂx@0dwa)
=7(t)

Y. Chen £ R AT



% T ltoid A% &9 K ALAR 55 Fn

Since
oft) - (1)t ()
t)= ————= and b(t) = .
a(t) (1) and b(t) X (0
therefore,
Xo(t) = ol (B01=102) dot ot awiw
and

£ R AT



¥ fawE g adA

Let W be a Brownian motion, and «, 3 and ¢ be positive constants.
The stochastic differential equation

dR(t) = J.«g(a - R(t)) dt + o+/R(t) dW(t)

has the “solution”
ot
R(t) = e 'R(0) + a (1— &7 +ae—‘“/ e""\/R(u) dW(u),
Jo

and

E(R(t)) = a and Var(R(t)) — %

as t — o0.

£ R AT



Let f(t,x) = e’tx. Then
f(t,x) = BF(t,x), f(t,x) = e’ and £,(t,x)=0.
From the [t8-Doeblin formula,
df (t, R(t)) = fi(t, R(t)) dt + f(t. R(t)) dR(t),
d(e’'R(t)) = ape’tdt + o e’ t\/R(t) dW(t)

e’'R(t) = R(0) +a (e +0/ “/R(u) dW (u

£ R AT



¥ fawE g adA

Since

R(t)=e"'RO)+a(l-e ) +oe™” f/(: e’ \/R(u) dW(u).

[t6 integral

thus
E(R(t)) = ef“‘“R(O) +a (1 - ef‘gt)
and

lim E(R(t)) = a.

t—o0

Y. Chen £ R AT



A B

ot

Vw«Ru»E((UGﬁrw émvﬁﬂgdw«@)j

ot
— gl BtR </ GZHUR(U) du>
0

ot
029_25”/ ezﬂu]E(R(U)) i
J0

2_2(1 _ 2e—1t —Zﬁt) e R(O)Tj<e—8t _ e—Zdt)

and

im Var (R(t)) = 57

e 28
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Stratonovich#2 4~

Definition (2 3L Stratonovich#2%")

i{ﬂ%]&ﬁ)fml‘iﬁic = {Ct, t € [O, T]} »’€>L7'7 Ct - f(Bt). j:‘q:ff%;
KT #0695 %, Riemann-Stieltjesft 4 F=

n ti1+t
Sn = Z f(Byi)(Btj - Btj_1)7 Yi = %
i=1

% mesh(1,) — 0, EKA X34 7 MIR A, NARSALIE
# f(B)#yStratonovich# 4, T

.
/ f(Bs) o dBs.
0
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Figure 2.4.2 One sample path of the process fot B2dB; (lower curve) and of the
process fot B2 0 dB, (upper curve) for the same Brownian sample path.
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AT
T 1
/ BsodBs = EB%
0
Y f(By)AiB
i=1

= Y f(Bu_)AB+Y f'(Bi) (By — Biy ) AiB + -+
i=1 ]

i=1

= Y f(Bu)AiB+Y f'(Bi_,) (By — Bi_,)?
i=1 =1

+ Zfl(Bti—l)(Byi - Bti—1)(Bti - Byi) +
=1

= S0 430430 4.
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24, SMmsyrmm Aoy [ F(Bs)dBs, 5 #7 mKkH

.
z2 1
Sh %QA

G\ RA F IR A0, TAH T @eg 22

Theorem (& #2)

[ Ef3(Br)dt < oo, [ E[f'(B)]2dt < oo

T T 1 T ,
/ f(Bs)ost:/ f(Bs)st+/ £ (B.)ds
0 0 2 Jo
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Theorem (€ #2)

%tfoT Ef2(t, X;)dt < oo, HX; % —Itoil#£

T T
X, = Xo + / a(s, X,)ds + / b(s, X.)dB.
0 0

FR—TH L #nN XA

T T 1 [T
/ f(s,Xs)odBs = / f(t, Xs)dBs + 5 / b(s, Xs)fx (s, Xs)ds.
0 0 0

v
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Theorem (€ #2)
%%Xt /J”Itolifi

T T
X: = Xo +/ a(s,Xs)ds+/ b(s, Xs)dBs.
0 0
FARLT T #eos X 2 :
T T 1 (7T
/ f(s,Xs) o dBs —/ f(t,Xs)dBs + 2/ b(s, Xs)fx(s, Xs)ds.
0 0 0
i ALK, Bf=b, 0
T T
X7 = Xo + / 5(s, X:)ds + / b(s, X) o dBs,
0 0

H .
3(s, Xs) = a(s, Xs) — =b(t, Xe)ba(t, X).
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