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Background and
Objective of Stock
Price Modeling

Stock price modeling helps understand and predict price
behaviors in different market contexts. This project applies
Geometric Brownian Motion (GBM) and Ornstein-Uhlenbeck
(OU) processes to model stock prices of Intel and AMD, two
companies in the same industry, and Netflix, a company from a
different industry, for comparison. By contrasting similar and
different sectors, this analysis highlights how industry-specific
and broader market dynamics influence stock price
movements.
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¢ Load necessary libraries

library(dplyr)
# Step 1: Load and Align Data by Da

intc_data <- read.csv("intc.csv")
amd_data <- read.csv("amd.csv")
nflx data <- read.csv("nflx.csv")

¢ Convert dates to Date format :
intc_dataidate <- as.Date(intc_data®date, format = "&Y-Zm-%d") Correlation Heatmap of LGQ—HEtLHTIS

amd datajdate <- as.Date(amd dataf$date, format = "RY-Zm-%d")
nflx dataidate <- as.Date(nflx dataidate, format "Ry -Fm-Zd™)

# Merge datasets by date (inner join to keep common dates)
merged data <- merge(intc_data, amd data, by = "date", suffixes = c(" intc",
merged data <- merge(merged data, nflx data, by = "date")

_amd™})) MNetflix

are numeric .
merged data <- merged data[, c("date”, "close intc", "close amd", "close")] Correlation
names({merged data) <- c("date", "Intel”, "AMD", "HNetflix") C 1.0

# Step 2: Compute Log-Returns 0.5
log returns <- merged data *>%
mutate( 0.0
Intel = log(Intel / lag(Intel)),
AMD = log(AMD / lag(AMD)),
Netflix = log(MNetflix / lag(Netflix))
) Rrk

na.omit() # Remove rows with MNA values

# Step 3: Compute Correlation Coefficients
log returns_df <- log returns[, c("Intel”, "AMD", "Netflix")]
correlation matrix <- cor(log _returns_df)

# Print the correlation matrix
print{"Correlation Matrix:") AN Metflix
print{correlation _matrix)

[1] "EDI"'I"'E 1Eti|:'rl M-ﬂtr"i}':: " # Visualize Correlation Matrix as Heatmap

. correlation_heatmap <- as.data.frame(as.table(correlation_matrix))
IﬂtEl AMD I'-.lEt'Fll]:{ colnames(correlation_heatmap) <- c("Companyl”, "Company2", "Correlation")

IﬂtE']- 1.60e68088 &.4572235 8.2608562 ggplot(correlation_heatmap, aes(x = Companyl, y = Company2, fill = Correlation)) +
geom_tile(color = "-P"ite"} -
AMD El- 45?1235 1 -EEBEEEE 'El'- EEESEQE scale fill gradient2(low = "", high = mJ mid "", midpoint = @, limit = c(-1, 1),

NEt'F].i}': El. 25955‘3‘1 'El'. EEIEIEEQE -1 .EE‘BEEBE‘ labs(title = "Correlation Heatmap of Log-Returns", x s ¥ =

theme minimal()




# Filter the data to include only dates ftrom 2823
merged data 2823 <- merged data %»%
filter(date »= as.Date("2623-81-861"))

# Step 3: Plot the stock prices of Intel, AMD, and Netflix from 2623

= s M o ggplot(merged data_ 2823, aes(x = date)) +
StOCk Prlce Visuallzatlon' geom line(aes(y = Intel, color = "Intel™), size = 1) +

Intel, AMD, and Netflix geom line(aes(y = AMD, color = "AMD"), size = 1) +

geom line(aes(y = Netflix, color = "Netflix"), size = 1) +
2023 "'2024 labs(title = "Stock Prices of Intel, AMD, and MNetflix",
¥ = "Date”,
y = "Stock Prices (USD)") +
scale color manual(values = c("Intel” =
theme minimal() +
theme( legend.title = element_blank( )]

— II IFJ "NEt'Fli::q:" — IFI ::- :l +
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# Intel
# Step: Compute increments of log-prices for Intel

coppute log_increnents | Tunctiondete) | eetose, 1) Parameter: Estimatiqn for
Stock Price Modeling

return(log_inc)

log inc_intel <- compute log increments({intc_data)

# Step 3: Estimate parameters (mu and sigma) for Intel
compute parameters <- function(log inc)
mu_hat <- mean{log inc) # Mean of log-increments
sigma hat <- sd(log inc) # Standard deviation of log-increments

_} return(list(mu_hat = mu_hat, sigma hat = sigma hat)) "Intel Papameterﬂug " "
"Mu (Mean): 9.8085486958911760854"
"Sigma (5td Dev): 8.8338975448287733"

params_intel <- compute parameters(log inc_intel)

# Step 4: Print Intel results

print{"Intel Parameters:")

print(paste("Mu (Mean):", params_intel$mu hat))
print{paste(“Sigma (5td Dev):", params intelfsigma hat))

# Step: Compute increments of log-prices for AMD
log inc_amd <- compute log increments(amd_data) “"AMD Parameteprs-:"
tep 3: Estimate parameters (mu and sigma) for AMD "Mu {MEEH}: B.888345874576648041"

parﬂémf._:amd <- compute parameters(log inc_amd) HSigﬂ'IE I:Std DEIII.'I:I': 953?3535255111553“

# Step 4: Print AMD results
print(“AMD Parameters:™) i Step: Compute increments of log-prices for MNetflix

print(paste("Mu (Mean):", params_amdimu_hat)) ‘ og_inc nflx <- compute log increments{nflx data)
print({paste(”Sigma (5td Dev):", params_amd%sigma hat))

Estimate parameters (mu and sigma) for Netflix
params nflx <- compute parameters(log inc nflx)

"Mettlix Parameters:” F Step 4: Print Netflix results

"Mu (Mean): 8.88113557482138837" print("Netflix Parameters:”)

print(paste("Mu (Mean):", params_nflximu hat))

HSigﬂ]EI I:Std DEIII.'I:I': B.8355196838727573" rint(paste(”sigma (Std Dev):", params_nflx$sigma hat))




o
Simulating Ornstein-
# Intel
Uhlen be (OU) En’i%ggzadi?ESEEEZE;;tc_data, date »= as.Date("2823-82-81"))

# Step 2: Estimate OU Parameters for Intel
Process or Inte intc_inc <- diff(intc_data$close) # Increments for Intel

intc fit «<- glmilntc inc ~ head[lntc data$close, -1))

theta_hat_intc <- -intc fit$coefficients[2]|

mu_hat_intc <- intc_fitfcoefficients[1] / theta_hat_intc
sigma hat_intc <- sigma(intc_fit)

# Step 3: Simulate OU Process for Intel
set.seed(5536667 )
OU_intc <- numeric{nrow(intc_data))
OU intc[1] <- intc_data$close[1]
for (1 in 2:nrow(intc_data)) {
OU intc[i] <- OU_intc[i - 1] + theta hat _intc * (mu_hat _intc - OU intc[i - 1]) +

lines{as.Date(intc_datafdate), OU intc scaled, lwd = 2, col = "|skyblug[")

axis.Date(1, at = seq(min(intc_data%date), max(intc_datajdate), by = "3 months"),
~ format = "AY-%m")

Intel: Actual vs Simulated Sigma hat_intc * rnorm(1)
} -
B - —— Actual Intel # Step 4: Scale the simulated Intel prices so the maximum is within the actual price range
Simulated Intel max_intc_actual <- max(intc_data$close)
g - . max_intc_simulated <- max(0OU_intc)
Hﬂ scaling factor_intc <- max_intc actual / max_intc simulated
S - OU intc scaled <- OU_intc * scaling factor intc
@ M _ :
o w0 _| s # Step 5: Plot Intel Data
G ‘Wf par(mar = c(5, 5, 4, 18)) # Add space on the right for legend
o plot(as. Date(intc dataidatej, intc data$c1n5e type = "1", 1ty = 1, lwd =
@ col =° ", Xlab = "Time", ylab = "Price”, main = "Intel: Actual vs Simulated”, xaxt = "n")
Te)
ol
=
o

# Add legend outside on the right

2023-02 2023-08 2024-02 2024-08 legend("topright”, inset = c(-©.45, 8), xpd = TRUE, # Move legend outside
legend = c("Actual Intel”, "Simulated Intel”),

Time 1ty = 1, 1lwd = 2, col = c{'-", "lskyblug"))




lter data to start
data <- subset(amd data, date »= as.Date("2823-82-81"))

o o o
# Step 6: Estimate OU Parameters for AMD
amd inc <- diff({amd data$close) # Increments for AMD I u I r I o

amd_fit <- glm(amd_inc ~ head(amd data$close, -1))

theta hat amd <- -amd fitfcoefficients|[2]

mu_hat amd <- amd fitfcoefficients[1l] / theta hat_amd

sigma hat amd <- sigma(amd fit)

# Step 7: Simulate OU Process for AMD

Process ror AMD
OU_amd <- numeric({nrow(amd_data))

OU amd[1] <- amd data®close[1]
for (i1 in 2:nrow{amd_data)) {

OU amd[i] <- OU amd[i - 1] + theta hat amd * (mu_hat amd - OU amd[i - 1]) +
sigma_hat amd * rnorm(1l)

—

# Step 8: Plot AMD Data
par(mar = c{(5, 5, 5, 18)) # Add space on the right for legend
plot(as.Date(amd datajdate), amd data%close, type = "1, 1ty = 1, lwd = 2, AMD: Actual vs Simulated

col = "lorange”, xlab = "Time", ylab = "Price”, main = "AMD: Actual vs Simula

lines({as.Date(amd datatdate), OU amd, lwd = 2, col = " )

axis.Date(1l, at = seq({min(amd datafdate), max{amd_data%date), by = "3 months"),
format = "%‘I’—E‘ém"} B B Sl Actual AMD

—  Simulated AMD

# Add legend outside on the right
legend("topright", inset = c(-0.45, 8), xpd = TRUE, # Move legend outside
legend = c("Actual AMD", "Simulated AMD™),

" 1 LR

1ty = 1, lwd = 2, col = c{ﬂnranée . 1=!ﬂ 1)
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