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Abstract : The information-based approach asset pricing model by
Brody-Hughston-Macrina is constructed based on the dividends
information that can be accessed by investors at recent time in a
financial market. Brody-Hughston-Macrina modeled the asset pricing
at recent time for case of the cash flows value paying a single
dividend at the certain time. The model is given by the expectation of
the upcoming dividends conditional at the market information
filtration under the risk neutral probability measure. The market
information filtration is contained by the recent information flows
that represent sum of the two of information i.e. the true information
of dividends and the noise information in the financial market.
Brody-Hughston-Macrina also constructed a model from setting that
is a limited-liability asset that pays no interim dividends and is sold
off at time fixed for the certain value. In this model, the recent
information flows represent the sum of the market factor information
and the noise information. Then this model is called a Black-Scholes
Model from an Information-Based Perspective. Brody-Hughston-
Macrina did imprecision in using of Gaussian Integrals to obtain the
final result of the Black-Scholes Model from an Information-Based
Perspective. This paper explains an imprecision for using of
Gaussian Integrals in deriving the final result of the Black-Sholes
Model from an Informative-Perspective, so it is found a different
final model from the final model by Brody-Hughston-Macrina.

Keywords: The Information-Based Approach Asset Pricing,
Dividend, the Information Flows Model, Gaussian
Integrals, The Black-Scholes Model from an

Information-Based Perspective.

I.  INTRODUCTION

An approach of the asset pricing model is built by Brody,
Hughston, and Macrina. They constructed the asset pricing
model based on the type of the accessible information in
financial market. Further, this model is called an information-
based asset pricing model by Brody-Hughston-Macrina or this
model is usually called the BHM Model or the BHM
approach. According to the BHM approach, asset price
dynamics are modeled under the assumption that market
participants do not have access to the information about the
actual value of the relevant market variables. In the other
words, it is known that the market participants acknowledge is
only partial noisy information about the associated market
factors. There are the two asset pricing models that are built by
Brody-Hughston-Macrina. The two asset pricing models are
built under the associated information of market factor,
circulating in the financial market.

For the first model, Brody-Hughston-Macrina modeled
the recent asset pricing is given by the expectation of the
upcoming dividends conditional at the market information
filtration under the risk neutral probability measure. The
market information filtration is contained by the recent
information flows. Brody-Hughston-Macrina modeled the
recent information flows as sum of the two terms that is the
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true information about paying of dividends at years ago and a
standard Brownian Bridge process that represents the pure
noise information. This Brownian Bridge process is not
adapted to the market filtration and it can not be accessed to
market participants which reflects the fact that market
participants can not perceive the true information without the
noise in the financial market until the dividend is paid.

For the second model, Brody-Hughston-Macrina make
the Black Scholes model set up from an information-based
perspective that derived from the first model as above. The
model set up is a limited-liability asset that pays no interim
dividends and it is sold off at time fixed for the certain value.
In this model, the recent information flows is modeled as sum
of the true information about the associated market factors and
the Brownian Bridge process that represents the pure noise
information. From the first model by Brody-Hughston-
Macrina and using of Gaussian Integrals then is obtained a
Black Scholes Model from an Information-Based Perspective.

We find an imprecision for using of Gaussian Integrals
in deriving of the final model of The Black-Scholes Model
from Information-Based Perspective, so we find the different
final model from the final model by Brody-Hughston-Macrina.
This paper makes an effort to refer an imprecision of using of
Gaussian Integrals successively.

II. ANINFORMATION-BASED ASSET PRICING
MODEL BY BRODY-HUGHSTON-MACRINA

An Information-Based Asset Pricing Model represents once of
model that is first proposed by Brody-Hughston-Macrina in
Brody, et. al [3]. Further, it is called the BHM model or the
BHM approach. This Model is formulated as follows; the asset
price is given by the expectation of the upcoming dividends
conditional at the market information filtration under the risk
neutral probability measure. The market information filtration
is contained by the recent information flows. For case, cash
flows are the payout of the associated dividends of equity then
is obtained the explisit model for the asset pricing S; :

S = PrED1[F] (1)

that means S; is the value of cash flows at time t, 0 <t <T
from asset that payout single dividend Dy at time T . In
equation (1) as above, P represents the discount factors that
it is to be equal to ™™ with r is the interest rates. Then Q is
the risk neutral probability, and F, is the market information
filtration.

Modelling the infornation flows based on assuming that
the information available in market about dividends is
contained by the process {}¢<<r defining with :

¢i=0otDr+ fir 2

{&} is called the market information process. This process is
compossed from the two parts that is tDr standing as the true
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information about dividends, it grows in magnitude as t
increases and the proses {Pir}o<<r 1S a standard Brownian
Bridge on interval [0, T]. Thus {B«} is Gaussian, Bor = O,
Brr = 0, mean of random variable B = 0 dan
cov(Bsr,Bir) = s(T —t)/T, for s<t.

The market filtration {F,} is assumed to be equal to the
filtration generated by the market information process {&} that
is F; = o({&}o<s<t). Hence, dividend Dy is Fp — measurable
but not F,-measurable for t < T, so that the value Dt is known
at time T but is not known earlier. The incomplete information
model as above is developed by Brody et al. [3] at first.

If random variable Dr to be equal to x having
continuous distribution then,

ES[Drlé] = [y xm(x) dx 3)
where m(x) represents the conditional probability density
function for the random variable Dy :

(x)= + QDr <xg) @)

By using of the Bayes formula, 7,(x) is expressed in Brody et
al. [3], Brody et al. [4], Brody et al. [5], Caliskan,N [6], and
Macrina,A [11] as follows

(x) = p(X)pl()ZItI;T x) 5)
where p(x) represents the priori probability density function
for Dy which assumed as an initial condition. (&) and
p(§|Dr = x) denotes the probability density function and the
probability density function for the random variable §&;
conditional Dy = x.

The probability density function for the random variable
& can be expressed as follows

p(&) = [ p(&IDr = x)p(x)dx

= [ p(&IDr = 0p(x)dx (6)

So m,(x) in equation (5) is held

p)p(§i|Dr=x)
== 7
() Iy p(&IDT=x)p(x)dx )
If B¢ is a random variable for every 0<t<T, the conditional
probability density function for a random variable & with
Dt = x is the probability density with mean otx dan variance
t(T-t)/T

_l (¢ — otx)®

2 t(T—1)

pEIDr =% = —— ==
vam [ T
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D (&— ot)2 T g III. ABLACK SCHOLES MODEL FROM AN

p(&IDr =) = [ exn (- 9527) ®) INFORMATION-BASED PERSPECTIVE
o ) ) ) Brody-Hughston-Macrina also make the model setting
Substitution p(§;|Dy = x) into the Bayes formula is obtained : a5 follows; a limited-liability asset that pays no interim
, dividends and that at time T is sold off for the value St. St is

®© exof ~Go®)T log-normally distributed and is of the form
( ) p 2m(T p X 24(T-t)
WX = = - otx)?
57p00 Jrmr xp(—“Srn ) % Sr=Syexp(rT -3 v2 T + vVT Xq) (12)
009 ( (& o)’ ) where Sy, r, v are given constants and Xt is a standard
_ \JZM(T Y 2Ty normally distributed random variable. The corresponding
Fetr T . . .
m Iy PG exp( tZt(Tt 5 ) information process is given by

o) T §i=otXy + Pir (13)

The price proses {S;}o«<r is obtained from :

Jy PG exp(—%) dx
2 S, = Par EXM(X)F) (14)
3 20X§HT— 2T
p(x) cxp<— 21(Tt-t)) eXp(icx tzt(T'it;( ) h Kot inf X filtrati . . h
= > T and the market information filtration F; is contained by the
Jy° pGexp( - ) exp(22RT_ 0T g, market information flows
0 24(T-t) 24(T-t)
ZUXE‘tT— o2x2t2T ft = o-tXT + ﬁtT (15)
p(x) exp| - it ) &P W)
2 §T— o2x22T So for t<T, the equation S; results :
( 24(T- t)) p(X)EXp = t;t(Tit;( ) dx au o rest
Si= P [, Ar(x) mr(x) dx (16)
p(®) exp(.r_ ox&— —o x t)) ©) -®
G P(X)EXP(TL X~ Eﬁzxzt)) dx Where by the Bayes formula is obtained . (x) as follows
So EQ[D;|¢,] is obtained as follows p(x) exp[— axft——o X t)]
T () = — (17)
5 f 00 PX) cxp[ o'x{t——o' X t)] dx
p(x) cxp(% <6x§t—%c th))
E°[Dy¢] = f() = 2 dx For this problem St plays the role of the single cash flow
Jo POOCXP( ("Xin ° th)) dx Ar(x) for X =x.
So it is obtained the equation S, as follows
2
f(;oxp(X) exp(% <cx§‘-%c xzt)> dx ) e oxty- Lot
= - (10) S, = Py [, So exp (1T~ 2 V2T + wTx) = p(x)ef[[ ((axff—az 23)]] -~
f(?P(x)exp(% <Gx§(%€ th)> dx o PRSP
Finally, the final result is obtained the formula of the 12,50 Cxp(rT_%VzTJr VT x)p(x) Cxp[% ngt_%azxzt)] dx
information-based asset pricing model by Brody-Hughston- S = P pos T T o
Macrina,that is JZeop(®) e"p[r_.t(”xft_E” X t)] dx

/—\

t<5x§‘-<sx >x

ffp(x)exp(%( -c xzt)>

f ©x (X) ex
0 *P P I mp(x)exp(w/_ X) exp| —Uftx = —o‘ 2tx ] dx

S¢= Py

11 = I
(11) Sy = Pir Sq exp (rT 5V T) ™ o0 exp[—os‘tx T T—oztxZ] dx

1 fwoa p(x) exp[Lo‘ﬁ)HV\/_x -2 lo'ztle dx
S¢ = Pt Sp exp (rT -3 VZT)

J 2P0 exp|rmoix— —Tioztx | ax
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© T _1 T 22
Jooop(x) exp[(T%tf{ﬁvﬁ)x 2 TS0t ]dx
T
T

1
S;= PgS T- = V2T
t (T D9 EXp (r 2 v ) J’f"w P exp[%agtx,% 4

(18)

aztxz] dx
Because Xt is assumed the standard normally distributed then
p(x) = exp( ) 19)

to follow the Gaussian Integrals in Straub [17] and Macrina, A
[11], that is

Xp (— % X ) exp(ax bxz) dx =

1 0 1 a2
ﬁf—we \/2b+ exp(g 2b+1) (20)

then S, is obtained as follows :

1T
f_w 2ﬂexp( 1x2) exp[(—tr{tﬂu/—) X—5 ﬁo'ztxz] dx
T

_1x2 L 1T 22
Lw 2nexp( X )exp[_l_r(aftx 2 T 0 ]dx

S, = P S, exp (rT - % VZT)

S, = Py Sy exp (rT 1 T) mf exp(- xz) exp[ —U'Et?’V\/—)X*— —a tx ]d

@n

2 T S
ﬁf_ exp(- x)exp[ (oéx ZItaLx]d

The equation (21) is done partly. By wusing of Gaussian
integrals is obtained the result of the equation (21) in its parts
that is the integrals in the numerator in the expression of the
equation (21) as above can be worked out explicitly as follows

“ E T 1T
7= e 5 ) exp [(Fo6 +WT)x— 3 = 0%6?] dx

T 2
1 1 (—_tnft+vﬁ)
S S S i )
2(; ﬁd’zt> +1 (E i t)+
where a:%a§t+vx/T, b:% % ot

and the integrals in denominator in the expression of the
equation (21) as above can be also worked out explicitly as
follows

1 oo 1 T 1T
Ef—w exp(- 5 x%) exp [;ag‘tx - o?tx?| dx

T-t
T 2
1 G
-1 exp|l -l 23)
2(% %azt)+ 1 <2 2(% TTt Zt)+ 1
where a=—g¢&, , b=+ — g%t
2 Tt

Further, it is referred step by step in details to obtain the final
result in the equation (21). The steps are referred clearly as
follows
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S, = P Syexp (rT - % v2T>

1 (%‘Tgt”ﬁ)z 1 (%Uft)z >

S;= P Sy exp(rT— % VZT) exp (E Z(%%u’zt)Jrl -3 2(1 %Jzt)+1

(o) - (os))

2%0 WTE + (V\/T)2 - (%UEL)Z)>

1
S, = Py Sy exp (rT -3 vZT) exp(
- 12 11 (T e
S, = Py Syexp (rT— 3V T) exp (2 T‘—Itcz+1((T'lU€") +

Sc=Ps Sy exp(rT— %vZT)exp< crZH(Z—GV\/_s‘t‘F v ))

Si = P Spexp (rT - % vZT) exp (2 o (Z—GV\/_ S+ Vv ))

where T

_ T
CED)

T
1 o wWT 11
S, = PtTSOeXp(rT-Ev )exp(02 — &t s 02T+1V2T>

1,2 1_1 2
ft- vT+202H1vT>

) —0 wWT
o2t+ 1) T+ o2t+1 ft)
—c wWT
o2t+1 ft)

T
1 o*t 5 TowT >
t

T
S; = P Sy exp(T )exp (

o2t+1

S = Py Sy exp (rT - —(1 -

_ 1(o%t+1 1 2
S = PtTSOexp(rT—E( - ) T+

o2t+1 o2t+1

2 o2t 1 o2t+1

S = Py Sy exp (rT

T
t—o wT
ot 5 T-t )

2 o2t 1 t(o21+ 1)

S, = P Spexp (rT

2
Sc= PoSyep(iT- 12T+ 2V g)  4)

2 o21+1 t(o2t+ 1)
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We obtain the final result for a Black Scholes model
from an information based perspective in equation (24) from
the model set up by Brody-Hughston-Macrina, and the
equation (24) refer the different final model from the final
model by Brody-Hughston-Macrina in Macrina,A [11] in
equation (6.16), page 80 as follows

_ l 2 _1 wWT otwT
S, = P Sy exp (rT— SV T pro

2 o021+ 1

&) (25

An imprecision is found in using of Gaussian Integrals
to get the final result of a Black-Scholes Model from
Information-based Perspective by Brody-Hughston-Macrina.
We find an imprecision in the deriving step of Gaussian
Integrals. Our result of analysis, an imprecision of using of
Gaussian Integrals is in the fifth row in arrangements of our
deriving steps of S; in details as above. Precisely, Brody-
Hughston-Macrina do an imprecision in the analysis of algebra
trick of completing the square, that is referred in the fifth row
in arrengements of our deriving steps of S; in details as above .

This paper also explains to refer that the term structure
both the final model in the equation (24) and in the equation
(25). Tts result is that the equation (24) has the term structure
to be equal to the term structure of a Black Scholes model
under the risk neutral probabilities in Ross, S.M.[9] and
Higham,D.J.[8].

IV. CONCLUSION

This paper presented the two information-based asset
pricing models by Brody-Hughston-Macrina. The two models
are built based on the recent information flows circulating in
the financial market. The first model involve the upcoming
dividends and the recent information flows formed from sum
of the two terms that is the true information about the
upcoming dividends and the noise information represented the
Brownian Bridge process.

The second model, Brody-Hughston-Macrina
constructed a Black Scholes model from an information-based
perspective with a certain model set up. The recent
information flows model involve the market factor. The recent
information flows are also formed from sum of the two terms,
that is the true information about the market factors and the
noise information represented the Brownian Bridge process.

By the similar model set up for the second model, we
find the different model from the derived model by Brody-
Hughston-Macrina. This difference is referred by an
imprecision of using of Gaussian Integrals. Further research,
we will do and extend the model in the equation (24) for
option and the binomial model.
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