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Abstract—Business risk managers and investors are always 

looking at how their investments are doing relative to the S&P 

500 index of stocks or the return on credit risk free investments. 

It is a way to have a confidence level or a reference point to gauge 

the return on their investments. We present a Portfolio 

Prediction Valuation Model that can be used to validate an 

equity portfolio. Such models try to do better than the stock 

indexes. In this paper the prediction model is used to look at a 

small financial portfolio to analyze the different instruments or 

assets that are in that portfolio and compare the return on these 

assets to the S&P 500 index return and the three-month, risk-free 

rate index of the Federal Reserve.  Key statistical elements are 

used to classify these assets according to their return from high 

to low.  Historical data are used and big data science technology 

leveraged for the implementation. Once the algorithm is trained, 

forecasting for a one-year horizon tests it. 

Keywords—prediction models, big data, artificial intelligence, 

machine learning, stock market, portfolio optimization. 

 

I. INTRODUCTION  

The Portfolio Prediction Valuation Model (PPVM) is 
composed of the following components: 

A. Portfolio Valuation 
B. Portfolio Optimization 
C. Portfolio Forecasting 
 

 These components can work together in our model to 
provide better forecast accuracy in the overall portfolio. 

 

A. Portfolio Valuation 

 For portfolio Valuation we will leverage the Capital Asset 
Pricing Model (CAPM) to estimate the value of the portfolio.  
We will look at how each asset in the portfolio is related to the 
S&P 500 Market Index. You can see the CAPM equation 
model in below. 

Rjt – Rft = j + j (Rmt – Rft) 
where 

Rjt = Return on jth company stock,  

Rmt = Return on S&P 500 Index,  

Rft = Three-month Treasury Bill Rate,   

Rjt – Rft =  j +  f (Rmt – Rft) 
B. Portfolio Optimization 

 We will use this equation for Portfolio Optimization. The 
expected return of the portfolio can be calculated by this 
equation below. 

E(Rport) = WA1 . RA1 + WA2 . RA2 +…+ Wi . Ri 

where 
E(Rport) = Expected Return on a portfolio 
WA1 = Weight of Asset 1 
RA1 = Return on Asset 1 
 
 We will use this equation for calculating the variance of the 
portfolio: 
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 Variance of a portfolio = Variance of A1 + Variance of A2 
+ Variance of A3 + Covariance of A1 and A2 + Covariance of 
A1 and A3 + Covariance of A2 and A3 + Covariance of Wi  and 
Ri. You can see the variance equation in below. 

𝑐𝑜𝑣𝑀𝑐𝐷,𝐹𝑜𝑟𝑑 = ∑
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𝑁

𝑁

𝑖=1

 

 

C. Portfolio Forecasting 

The Sharpe Ratio is the return measure of the portfolio 
adjusted for the risk incurred to generate that return. You can 
see sharp ratio below. 

𝑆𝑝𝑜𝑟𝑡 =  
𝐸(𝑅𝑝𝑜𝑟𝑡)

𝜎𝑝𝑜𝑟𝑡
 

Sport = Sharpe ratio of the portfolio 

port = Standard deviation of the portfolio 
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E(Rport) = Expected return of the portfolio 

The optimal portfolio can be achieved by optimizing the 
Sharpe ratio. You can see the optimized sharp ration equation 
in below. 

𝑀𝑎𝑥 𝑆𝑝𝑜𝑟𝑡 =  
𝐸(𝑅𝑝𝑜𝑟𝑡)

𝜎𝑝𝑜𝑟𝑡
 

Below is a snapshot of a portfolio with three assets, Asset 1, 
Asset 2, and Asset 3, compared to the S&P 500 Index.  Each 
asset’s equation calculation results are shown in the table. 

 

 

 

   Figure 1:  Portfolio Forecast 

 For forecasting we will use Geometric Brownian Motion 
(GBM) which is the keystone of the Monte Carlo simulation. 
We will use this equation in below. 

 

 

Figure 2: Geometric Brownian Motion equation 

  

We have done a Monte Carlo simulation with uncorrelated 
random normal trials and incorporate the correlation structure 
using the covariance matrix (Cholesky decomposed for 
computational simplicity). 
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Figure 3:  Monte Carlo Simulation 

 

II. MODEL BACKGROUND INFORMATION 

 

A. Name of Model / Methodology 

The name of our model is Portfolio Predictive Valuation 

Model (PPVM). It is a template of how to evaluate equities 

instruments (such as stocks). We leverage the Capital Asset 

Pricing Model (CAPM) to value the portfolio and use the 

Monte Carlo simulation to stress the portfolio. 

B. Process(es) Affected 

The model type is forecast.  It is a valuation model to 

forecast the return on equities instruments.  We will 

demonstrate it on a small portfolio of 12 assets in three 

different asset classes (healthcare, financial, and 

manufacturing). 

 

C. Executive Summary 

Methodology of our approach for PPVM is very simple. 

We use Yahoo finance historical data for each one of the 

assets that is in our portfolio. We follow the following steps: 

 

Step 1: We download the data for each instrument in Comma 

Value Separated (CVS) format. 

Step 3: We sort the data by date (from oldest to newest date). 

Step 4: We import the data to SAS (Enterprise Guide) tool. 

Step 5: We pull the data from Temporary storage to a 

permanent Storage. 

Step 6: We convert the date format and we calculate the return 

and add it in.  

Step 7: We calculate the return on each one of the instruments, 

the Market return.  

Step 8: We do the regression between Risk Free Return and 

the Market S&P Index.  

Step 9: We summarize our findings. 

 

D. Related Regulatory Policy Requirements 

We followed the SR 11-7 guidelines to develop, validate 

and implement this model. 

 

E. Model Inputs 

This sample portfolio that we use to illustrate our concepts 

is made of 12 assets. These assets are classified in three 

categories:  industrial, financial, and healthcare. The assets are 

randomly selected.  They are: 

 

 
 

Figure 4:  Example Portfolio 

 

For our calculations, we will use two variables for 

our comparison Rate of Return values: (1) the S&P Index for a 

Market return rate and (2) the 3-months Treasury Bill rate 

(TB3) for the Risk Free rate.  These two values give us the 

Risk Free Return on the Market based on the following 

equation: 

 

Risk Free Return on Market (RRM) = RM-TB3 

Risk Free Return on Asset (RR) = R – TB3 

R = Risk on Instrument 

TB3= Risk Free (3 month Treasury Bill rate) 

RM = Return on Market (SP500 Index rate of return) 

Risk Free Return on Market (RRM) = RM-TB3 

 

Using the Capital Asset Pricing Model (CAPM) 

equation, we illustrate the relationship between risk and 

return. You can see the CAPM equation in below. 

 

Rjt – Rft = j + j (Rmt – Rft) 
where 

Rjt = Return on jth company stock 
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Rmt = Return on S&P 500 Index 
Rft = Three-month Treasury Bill Rate 

Rjt – Rft =  j +  f (Rmt – Rft) 

An example of this model applied to the IBM stock 

in our example sample portfolio reveals this result:  

 

 
 

Figure 5: RRM result on one asset 

 

Since the intercept is not statistically significant, we 

can assume that the excess returns on IBM stock are equal to 

zero.  Since the Market risk shows a 1.00192 slope, we may 

conclude that the returns on IBM stock move closely with the 

market returns and hence have the same degree of risk as the 

overall market as illustrated by the SP500. 

 

F. Business Purpose of Model / Designed Coverage 

We use this model as a valuation tool for equities 

instruments/assets (such as stocks). 

 

G. Overrides / Adjustments to Model Output 

We do not plan any adjustments or overrides to the outputs of 

this model. 

 

The Model Lifecycle will follow an Agile Process where 

Model Development, Model Validation and Model 

Implementation are done in parallel. 

 

H. Model Tier Recommendation 

In the context of model development in a portfolio, it 

is best practice to look at the different tiers in all the models 

used in that portfolio.   

 

The classification of each tier is as follows:  

 

T1 – any model that has a materiality exposure greater than   

60% should be considered as T1 

T2 – any model that has a materiality exposure greater than 

40% and less than 60% is considered T2. 

T3 – any model with materiality exposure greater than 30% 

and less than 40% is considered T3. 

T4 – any model with materiality exposure less than 30% is 

considered T4. 

 

This materiality exposure shows the relative 

importance of our model in decision making in the portfolio as 

described in the Federal Reserve’s Supervisory Letter 11-7. 

Based on this classification system, we can classify 

our model as a T1 tier model, because it will provide the 

valuation for all the assets in this portfolio. 

 

I.  Legal/Compliance  

In this paper, we reviewed our model with all the co-

authors. We implement use of the three lines of defense of 

best practices of model risk management.  

 

The first line of defense:  operating management. 

The second line of defense: model validator. 

The third line of defense:  enterprise control group. 

 

J.  Model structure 

 

Here are the three components of this model. 

 

 

 

 

 

 

 

 

 

Figure 6:  PPVM components 

 

 

K.  Modeling Software Used 

We used SAS Enterprise Guide and MS Excel to 

create this model. 

 

L.  System Architecture 

 

 

 

 

  

 

 

 

Figure 7:  System Architecture 

 

 

M.  Running Environment  

This model does not need a database. It can run 

successfully in SAS environment. 

 

III. MODEL LIFE CYCLE 

In this assignment we follow an agile model life cycle 

process, summarized as Model Development, Model 

Validation and Model Implementation, that are all developed 

iteratively and in parallel. 

 

Portfolio Optimization 

Portfolio Valuation 

Portfolio Forecasting 

SAS 

Excel iPredict 
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IV. MODEL DEVELOPMENT/CONCEPTUAL SOUNDNESS 

 

In this section we look at the statistical soundness of this 
model by following the Supervisory Letter 11-7 guidelines. 

A. Capital Asset Market Pricing Model Equation: 

Our data was all drawn from Yahoo Finance. Our list of 

assets in our example portfolio is as follows: International 

Business Machine, General Electric, Apple, West Texas 

Intermediate oil (WTI), Adeptus Health Inc., Akers 

Biosciences Inc, Pfizer, Novartis, AstraZeneca, JPMorgan 

Chase, Citi Bank, and Bank Of America. 

 

We used the CAFM formula to analyze each asset. You 

can see the RPM equation in below. 

 

𝑅𝑗𝑡 − 𝑅𝑓𝑡 = ∝𝑗+ 𝛽𝑓 ( 𝑅𝑚𝑡 − 𝑅𝑓𝑡) 
 

Here is an example of our analysis of the IBM 

portfolio asset (common stock) with the SP500 Index.  DF is 

Density Factor. Pr is the Probability Value (P-value). 

 

 
 

Figure 8:  RRM of the IBM asset 

 

In the equation at Figure 8, 
j is a measure the 

excess returns of the 
tjj  company’s stock, and 

j  is a 

measure of the part of the risk that is correlated with the 

market.   

 

j   -0.41651 

j   1.00192 

 

Since the intercept is not statistically significant, we 

assume that the excess returns on IBM stock are equal to zero.  

Since the Market risk 
j  1.00192, we conclude that the 

returns on IBM stock move closely with the SP500 market 

returns and hence have the same degree of risk as the overall 

market. 

 

International Business Machine 

 

Here are the steps that we followed:  

Step 1: We download the data for each asset in CVS format 

from Yahoo Finance. 

You can see IBM data in our dataset (IBMData) 

Step 2: We convert the file to Excel Format 

You can see the file in our dataset (IBMData.xls) 

Step 3: We sort the data by date (From Oldest to newest date) 

The data is stored 

Step 4: We import the data to SAS 

See our SAS code below: 

 

libname w "C:/dev/data"; 

run; 

data w.IBMDATA2; 

set work.IBMDATA; 

R = 100*(close - lag(close)) /lag(close); 

run; 

 

Step 5: We Pull the data from Temporary storage to a 

permanent Storage 

 

data w.IBMDATA2; 

set work.IBMDATA; 

run; 

 

Step 6: We convert the date format and we calculate the return 

and add it in the file 

 

a) 

data w.IBMDATA2; 

  set w.IBMDATA2; 

 Date2=put(date, monyy7.);  

 run; 

 

b) 
data w.IBMDATA2; 

set work.IBMDATA; 

R = 100*(close - lag(close)) /lag(close); 

run; 

 

Step 7: We Calculate the return on the asset, the Market return 

and the Risk Free return 

a) Convert the date format of the SP500 Data 

 

Data w.SP500; 

  set w.SP500; 

 Date2=put(date, monyy7.);  

 run; 

 

 

b) Convert the date format for the Treasury Bill 

three Months 

 
 data w.TB3M; 

  set w.TB3M; 

 Date2=put(date, monyy7.);  

 run; 

 

c) We run this step to calculate Risk free Rate 

return(RR) and Market free rate Return (RRM) 
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data w.ReturnModelData;   

set w.ReturnRate; 

RR = R - TB3; 

RRM = RM - TB3; 

run; 

 

Step 8: We do the regression between Risk Free Return and 

the Market Return 

Here we run the regression: 

 
proc reg data=w.ReturnModelData;  

 model RR=RRM ; 

run; 

quit; 

proc print data=w.ReturnModelData 

(Obs=10); 

run; 

 

j   -0.41651 

j   1.00192 

 

This intercept is not statistically significant, so we 

assume that the excess returns on IBM stock are equal to zero.  

Since the Market risk 
j  1.00192, we conclude that the 

returns on IBM stock move closely with the market returns 

and hence have the same degree of risk as the overall market. 

We used the same approach for all the other assets. 

 

 

 
 

Figure 9: IBM regression results 

 

V. OUTCOMES ANALYSIS 

 

Asset Summary of the Portfolio 

 

To see the details regression analysis of remaining 

assets, please see Appendix A. Below is a summary table of 

the different assets that we have in the portfolio. We show the 

intercept and the slope of each one of the assets that we got 

from the previous calculations. 

 
Item Company 

Name 
Stock 

Symbol 
Classification 

j   
j   

1 International 
Business 
Machine 

IBM Manufacture  
and others 

-0.41651 1.00192 

2 General 
Electric 

GE Manufacture  
and others 

-0.09581 1.19870 

3 Apple AAPL Manufacture  1.20045 1.22078 

4 West Texas 
Intermediate 

(WTI) 

WTI Manufacture  
and others 

-0.20051 1.61774 

5 Adeptus 
Health Inc. 

ADPT HealthCare -7.69125 1.10596 

6 Akers 
Biosciences Inc 

AKER HealthCare -3.26463 1.36525 

7 Pfizer PFE HealthCare -0.96593 0.82206 

8 Novartis NVS HealthCare -0.89536 0.60301 

9 AstraZeneca AZN HealthCare -1.00104 0.64716 

10 JPMorgan 
Chase 

JPM Financial 0.82342 1.33812 

11 Citi Bank C Financial -2.77661 -
0.22078 

12 Bank Of 
America 

BAC Financial 0.66486 1.36669 

 
Figure 10:  Assets Summary Regression Results 

 

Conclusion 

VI. ONGOING MONITORING  

From an ongoing monitoring point of view we will 

monitor the behavior of this model to make sure it meets it 

expected result. This paper presents a mechanism to calculate 

the rate of return of different asset classes in an equity 

portfolio. We use j     > 1 as an indicator to select the assets 

that can perform better that than S&P 500. We look at the 

optimization table to see assets that have a better return on 

investment. We look at the result of the stress test to make our 

forecast. j     > 1 and the other two observations (asset 

optimization and stress test results) are our indicators for 

forecast factor.  By consolidating the three components of 

valuation, optimization and forecasting, we deliver a better 

prediction for forecasting. 
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