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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. AN INFORMATION-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 St  : 
 
                                St  =  PtTEℚ[DT|ℱt]                                 (1)  
                                             
that means St is the value of cash flows at time t, 0 ≤ t < T 
from asset that payout single dividend DT  at time T . In 
equation (1) as above, PtT  represents the discount factors that 
it is to be equal to e-r(T-t) with r is the interest rates. Then ℚ is 
the risk neutral probability, and ℱt 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 {ߦt}0≤t≤T  defining with : 
 tT                                         (2)ߚ + tDTߪ = tߦ                                   
                                                               
 is called the market information process. This process is {tߦ}
compossed from the two parts that is  tDT standing as the true 

information about dividends, it grows in magnitude as t 
increases  and the proses {βtT}0≤t≤T  is a standard Brownian 
Bridge on interval [0, T]. Thus {βtT} is Gaussian, β0T = 0,    
βTT = 0, mean  of  random variable βtT = 0 dan               
cov(βsT,βtT) = s(T – t)/T, for  s ≤ t. 
          The market filtration {ℱt} is assumed to be equal to the 
filtration generated by the market information process {ߦt} that 
is ℱt  = σ({ߦt}0≤s≤t).  Hence, dividend DT  is  ℱT – measurable 
but not ℱt-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  DT  to be equal to  x  having 
continuous distribution then, 
                                 EℚሾDT|ߦtሿ ൌ ׬  xߨtሺx) dxஶ଴                        (3) 
where ߨt(x) represents the conditional probability density 
function for the random variable DT : 
                                πtሺx) = d

dx
 ℚሺDT ൑ x|ξ୲)                           (4) 

 
By using of the Bayes formula, πtሺx) is expressed in Brody et 
al. [3], Brody et al. [4], Brody et al. [5], Caliskan,N [6], and 
Macrina,A [11] as follows 
                               πtሺx) = ୮ሺx)ρሺకt|DTୀxሻఘሺకtሻ                                     (5) 
 
where p(x) represents the priori probability density function 
for DT which assumed as an initial condition. (૆t) and      ߩ(૆t|DT = x) denotes the probability density function and the 
probability density function for the random variable ૆t  
conditional DT = x. 
         The probability density function for the random variable ૆t can be expressed as follows  
tሻߦሺߩ  ൌ ׬  ρሺߦt|DT ൌ xሻpሺxሻdxஶିஶ    

                        
                                 ൌ ׬  ρሺߦt|DT ൌ xሻpሺxሻdxஶ଴                   (6) 
 
So πtሺx)  in equation (5) is held  
                          πtሺx) = ୮ሺx)ρሺకt|DTୀxሻ׬ ρሺకt|DTୀxሻ୮ሺ୶ሻୢ୶ಮబ                                 (7) 

 
If ߚtT is a random variable for every 0≤t≤T, the conditional  
probability density function for a random variable ૆t with      
DT = x is the probability density with mean σtx dan variance 
t(T-t)/T  ߩሺߦt|D் ൌ x) = 

ටt(T-t)ߨ2√1
T

 exp ቌെ 12 ሺߦt െ  σtxሻଶ
t(T – t)

T

ቍ 
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t|D் ൌߦሺߩ        x)  =ට Tଶగt(T – t)
   exp ቀെ ሺకtି ஢୲୶ሻమ Tଶ୲ሺTି୲ሻ ቁ               (8) 

 
Substitution ߩሺߦt|D் ൌ x) into the Bayes formula is obtained :  
                                  

               πtሺx) = 
୮ሺx) ට T

2πt(T – t)
   exp൭ି൫ξt- σtx൯2

 T
2t(T-t)

൱ 

׬ ୮ሺ୶ሻ  ට Tమഏ౪ሺT – ౪ሻ   ୣ୶୮൬ିሺ഍౪ష ಚ౪౮ሻమ Tమ౪ሺTష౪ሻ ൰  ୢ୶ಮబ  

 

                      =  
୮ሺx) ට T

2πt(T – t)
   exp൭ି൫ξt- σtx൯2

 T
2t(T-t)

൱ 

ට Tమഏ౪ሺT – ౪ሻ ׬ ୮ሺ୶ሻ  ୣ୶୮൬ିሺ഍౪ష ಚ౪౮ሻమ Tమ౪ሺTష౪ሻ ൰  ୢ୶ಮబ  

 

                      = 
୮ሺx) exp൭ି൫ξt- σtx൯2

 T
2t(T-t)

൱ 

׬ ୮ሺ୶ሻ ୣ୶୮൬ିሺ഍౪ష ಚ౪౮ሻమ Tమ౪ሺTష౪ሻ ൰  ୢ୶ಮ
0

 

 

                      = 
୮ሺx) expቆ- 

഍౪మ
2t(T-t)

ቇ ୣ୶୮൬మಚ౮ಖttTష ಚమ౮మ౪మTమ౪ሺTష౪ሻ ൰ 
׬ ୮ሺ୶ሻexpቆ- 

഍౪మ
2t(T-t)

ቇ ୣ୶୮൬మಚ౮ಖttTష ಚమ౮మ౪మTమ౪ሺTష౪ሻ ൰  ୢ୶ಮ
0

  

 

                      =  
୮ሺx) expቆ- 

î౪మ
2t(T-t)

ቇ ୣ୶୮൬మಚ౮ಖttTష ಚమ౮మ౪మTమ౪ሺTష౪ሻ ൰ 
expቆ- 

഍౪మ
2t(T-t)

ቇ ׬ ୮ሺ୶ሻୣ୶୮൬మಚ౮ಖttTష ಚమ౮మ౪మTమ౪ሺTష౪ሻ ൰  ୢ୶ಮ
0

 

 

                     = 
୮ሺx) ୣ୶୮൬ TTష౪ ቀ஢୶ஞtି భమ஢మ୶మ୲ቁ൰ ׬ ୮ሺ୶ሻୣ୶୮൬ TTష౪ ቀ஢୶ஞtି భమ஢మ୶మ୲ቁ൰  ୢ୶ಮ

0
                       (9)  

                                                  
So  EℚሾDT|ߦtሿ  is obtained as follows 
                            

         EℚሾDT|ߦtሿ ൌ ׬  x
p(x) exp൭ T

T-t
 ቆσxξt- 

1
2σ

2
x2tቇ൱ 

׬ pሺxሻexp൭ T
T-t

 ቆσxξt- 
1
2σ

2
x2tቇ൱  dx∞

0

 dxஶ
0  

 

                         ൌ ׬ x p(x) exp൭ T
T-t

 ቆσxξt- 
1
2σ

2
x2tቇ൱ dx ಮ

0

׬ pሺxሻexp൭ T
T-t

 ቆσxξt- 
1
2σ

2
x2tቇ൱  dx∞

0

                 (10) 

 
Finally, the final result is obtained the formula of the 
information-based asset pricing model by Brody-Hughston-
Macrina,that is  
 

                   St ൌ  PtT

׬ x p(x) exp൭ T
T-t

 ቆσxξt- 
1
2σ

2
x2tቇ൱ dx ಮ

0

׬ pሺxሻexp൭ T
T-t

 ቆσxξt- 
1
2σ

2
x2tቇ൱  dx∞

0

                (11)                                                    

 

III. A BLACK SCHOLES MODEL FROM AN 
INFORMATION-BASED PERSPECTIVE 

         Brody-Hughston-Macrina also make the model  setting 
as follows; a limited-liability asset that pays no interim 
dividends and that at time T is sold off for the value ST. ST is 
log-normally distributed and is of the form  
 
                  ST = S0 exp(ݎT - ଵଶ ݒଶ T ൅   T XT)                 (12)√ݒ 
                                                
where S0, ݎ, ࢜ are given constants and XT is a standard 
normally distributed random variable.  The corresponding 
information process is given by  
 tT                                   (13)ߚ + t = σtXTߦ                                        
 
The price proses {St}0≤t≤T  is obtained from : 
 
                             St = PtT Eℚ(∆T(XT)|ℱt)                            (14) 
 
and the market information filtration ℱt is contained by the 
market information flows 
 tT                                   (15)ߚ + tXTߪ = tߦ                                       
 
So  for   t < T , the equation  St  results : 
                            St ൌ  PtT ׬ ∆Tሺx) πtTሺx) dxஶିஶ                       (16) 
 
Where  by the Bayes formula  is obtained  πtTሺx) as follows 
                   πtTሺx) = 

p(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨׬ p(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨ ୢ୶ಮషಮ                 (17) 

                    
For this problem ST plays the role of the single cash flow  ∆Tሺx) for  XT = x. 
So it is obtained the equation St  as follows 
    

 St ൌ  PtT ׬  S଴ exp ቀrT - ଵଶ νଶT ൅  ν√T xቁ ஶିஶ p(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨׬ p(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨ ୢ୶ಮషಮ  dx 

 
             

St ൌ  PtT ׬  Sబ expቀrT - భమ νమTା ஝√T xቁp(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨ ୢ୶ ಮషಮ ׬ p(x) exp൤ T
T - t

ቀఙxక౪ି భమ ఙమxమtቁ൨ ୢ୶ಮషಮ   
     
             

St ൌ  PtT S଴ exp ቀrT - ଵଶ νଶTቁ ׬ p(x)exp൫஝√T ୶൯ expቂ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమቃ ୢ୶ ಮషಮ ׬ p(x) expቂ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమቃ ୢ୶ಮషಮ  

 
             

St ൌ  PtT S଴ exp ቀrT - ଵଶ νଶTቁ ׬ p(x) expቂ T
T - t

ఙక౪୶ା஝√T ୶ ି భమ  T
T - t

 ఙమ୲xమቃ ୢ୶ ಮషಮ ׬ p(x) expቂ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమቃ ୢ୶ಮషಮ  
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 St ൌ  PtT S଴ exp ቀrT - ଵଶ νଶTቁ ׬ p(x) exp൤൬ T
T - t

ఙక౪ା஝√T൰୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ ಮషಮ׬ p(x) exp൤ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ಮషಮ           (18)                          

 
Because XT is assumed the standard normally distributed then  
 
                              p(x) = ଵ√ଶగ  exp(- ଵଶ xଶሻ                           (19) 
 
to follow the Gaussian Integrals in Straub [17] and Macrina, A 
[11], that is 
                ଵ√ଶగ ׬  exp ቀെ ଵଶ xଶቁ  exp൫ax - bxଶ൯ dx = ଵ√ଶb + 1

 exp ቀଵଶ aమ
2b + 1

ቁஶିஶ    (20)                          
 
then St is obtained as follows : 
 

   St ൌ  PtT S଴ exp ቀrT - ଵଶ νଶTቁ ׬ భ√మഏ exp(- భమ xమሻ exp൤൬ T
T - t

ఙక౪ା஝√T൰୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ ಮషಮ׬ భ√మഏ exp(- భమ xమሻ exp൤ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ಮషಮ   

 

     St ൌ PtT S଴ exp ቀrT - ଵଶ νଶTቁ భ√మಘ ׬  exp(- భమ xమሻ exp൤൬ T
T - t

ఙక౪ା஝√T൰୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ ಮషಮభ√మಘ ׬  exp(- భమ xమሻ exp൤ T
T - t

ఙక౪୶ି భమ  T
T - t

 ఙమ୲xమ൨ ୢ୶ಮషಮ        (21) 

 
The equation (21) is done partly.  By  using 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  
    
           ଵ√ଶ஠ ׬  exp(- ଵଶ xଶሻ exp ቂቀ T

T - t
୲ߦߪ ൅ ν√Tቁ x െ ଵଶ  T

T - t
ଶtxଶቃߪ   dx ஶିஶ   

 

       =  ଵටଶ൬భమ  T
T - t

 ఙమ୲൰ା ଵ  exp ൭ଵଶ  ቀ T
T - t

tା஝√Tቁమߦߪ
ଶቀభమ  T

T - t
 2tቁା ଵ൱                       (22)ߪ 

 
where  a = T

T - t
୲ߦߪ ൅ ν√T ,  b = ଵଶ T

T - t
                           2tߪ 

  
and the integrals in denominator in the expression of the 
equation (21) as above can be also worked out explicitly as 
follows  
 
 ଵ√ଶ஠ ׬  exp(- ଵଶ xଶሻ exp ቂ T

T - t
txߦߪ െ  ଵଶ  T

T - t
2txଶቃߪ   dxஶିஶ   

 

           =  ଵටଶቀభమ  T
T - t

2tቁା ଵߪ   exp ൭ଵଶ  ቀ T
T - t

tቁమߦߪ
ଶቀభమ  T

T - t
 2tቁା ଵ൱                    (23)ߪ 

 
where  a = T

T - t
୲ ,  b = ଵଶ Tߦߪ

T - t
             2tߪ 

  
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 
 

 St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ భටమ൬భమ  T
T - t

2t൰శ భ  exp൮భమ  ൬ߪ  T
T - t

tశಕ√T൰మߦߪ
మ൬భమ  T

T - t
2t൰శ భ൲ߪ 

భටమ൬భమ  T
T - t

2t൰శ భ  exp൮భమ  ൬ߪ  T
T - t

t൰మߦߪ
మ൬భమ  T

T - t
 2t൰శ భ൲ߪ 

 

            St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp൮భమ  ൬ T
T - t

tశಕ√T൰మߦߪ
మ൬భమ  T

T - t
2t൰శ భ൲ߪ 

exp൮భమ  ൬ T
T - t

t൰మߦߪ
మ൬భమ  T

T - t
    2t൰శ భ൲ߪ 

 

      St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ  exp ቌଵଶ  ൬ T
T - t

tା஝√T൰మߦߪ
ଶ൬భమ  T

T - t
2t൰ା ଵߪ   െ  ଵଶ  ൬ T

T - t
t൰మߦߪ

ଶ൬భమ  T
T - t

 2t൰ା ଵ ቍߪ 

 

  St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp ൭ଵଶ ଵ
tTTష౪ ஢మା ଵ ቆ൬ T

T - t
tߦߪ ൅ ν√T൰ଶ െ  ൬ T

T - t
 t൰ଶቇ൱ߦߪ

 
  St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp ൭ଵଶ  ଵ

tTTష౪ ஢మା ଵ ൬ቀ T
T - t

୲ቁଶߦߪ ൅ 2 T
T - t

σ ν√T ߦ୲ ൅  ൫ν√T൯ଶ െ ቀ T
T - t

 ୲ቁଶ൰൱ߦߪ

         

     St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp ൭ଵଶ ଵ
tTTష౪ ஢మା ଵ ቀ2 T

T - t
σ ν√T ߦ୲ ൅ νଶTቁ൱ 

 
  St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp ቆଵଶ ଵ ஢మதା ଵ ቀ2 T

T - t
σ ν√T ߦ୲ ൅ νଶTቁቇ, 

 
  where  τ ൌ  tT൫T - t൯ 
 

    St ൌ  PtT S0 exp ቀrT - ଵଶ νଶTቁ exp ቆ T
T - t

஢ ஝√T ஢మதା ଵ ୲ߦ  ൅ ଵଶ ଵ ஢మதା ଵ νଶTቇ 

 

       St ൌ  PtT S0 expሺrT ሻexp ቆ T
T - t

஢ ஝√T ஢మதା ଵ ୲- ଵଶ νଶTߦ  ൅  ଵଶ ଵ ஢మதା ଵ νଶTቇ 

 

    St ൌ  PtT S0 exp ቆrT - ଵଶ ቀ1 െ ଵ ஢మதା ଵቁ νଶT ൅ T
T - t

஢ ஝√T ஢మதା ଵ   tቇߦ 

 

  St ൌ  PtT S0 exp ቆrT - ଵଶ ቀ஢మதା ଵ ஢మதା ଵ െ  ଵ ஢మதା ଵቁ νଶT ൅  T
T - t

஢ ஝√T ஢మதା ଵ   tቇߦ 

 

           St ൌ  PtT S0 exp ቆrT - ଵଶ ஢మத ஢మதା ଵ νଶT ൅  T
T - t

஢ ஝√T ஢మதା ଵ    ୲ቇߦ 

 

          St ൌ  PtT S0 exp ቆrT - ଵଶ ஢మத ஢మதା ଵ νଶT ൅  ୲ T
T - t

஢ ஝√T୲ ሺ஢మதା ଵሻ ୲ቇߦ                              

 
   St ൌ  PtT S0 exp ቀrT - ଵଶ ஢మத ஢మதା ଵ νଶT ൅  ஢த ஝√T ୲ሺ஢మதା ଵሻ  ୲ቁ          (24)ߦ 
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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 
 

St ൌ  PtT S଴ exp ቀrT - ଵଶ νଶT െ ଵଶ ν√T σమτା ଵ ൅  στ ν√T ୲ሺσమτା ଵሻ ߦ୲ቁ    (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 St 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 St  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). Its 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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