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Introduction
This project applies prescriptive analytics using RStudio to solve two key business problems:

1. Optimizing production decisions for a manufacturing company producing three products.

2. Comparing profitability between two companies to guide investment choices.

By combining linear programming with simulation modeling, the project demonstrates
practical applications of data analytics for real-world decision making.

Problem Context

Businesses must make decisions under resource constraints. Linear Programming (LP) is a
mathematical technique to optimize outcomes such as profit maximization. In this project, we:

e Modeled production using LP to determine how many units of each product to make.
e Conducted scenario analysis (removing a product).

e Compared two companies using simulated production distributions.

A manufacturing company produces three products: Product A, Product B, and Product C. The
company wants to determine how many units of each Product to produce to maximize the profit.

Each unit of Product A requires 2 units of labor, 3 units of material X, and 1 unit of material Y,
and will be sold for $20. Each unit of Product B requires 4 units of labor, 2 units of material X,
and 2 units of material Y, and will be sold for $25. Each unit of Product C requires 4 units of
labor, 1 unit of material X, and 3 units of material Y, and will be sold for $22. The company has
475 units of labor, 400 units of material X, and 300 units of material Y available.

e How many Products, A, B, and C, should the company produce to meet the goal?

e Interpret the results you obtain in RStudio in a short paragraph. (e.g., you can mention
which Product is (not) profitable and why).

e Assume that the number of Products A, B, and C to be produced are fixed and equal to
the optimal values you found in question 1.1. By changing the values of the coefficients
in the objective function, determine the highest profit given the specified number of
products.

For each part, you need to interpret the results from each analysis to help a manager make
proper decisions.



Methodology

e Tools: RStudio with IpSolve (for LP models), ggplot2 (for visualization), and simulation
functions (rnorm).

e Steps:
1. Define decision variables.
2. Formulate the objective function (maximize profit).
3. Apply resource constraints (labor, materials).
4. Run optimization and interpret results.

5. Conduct scenario & sensitivity analysis.

Part 1 — Production Optimization
Let's break down this linear programming problem step-by-step.

Step 1: Define the Decision Variables

Let:
* x 4: Number of units of Product A to produce
e xp: Number of units of Product B to produce

e xc: Number of units of Product C to produce

Step 2: Define the Objective Function

The objective is to maximize the revenue, given by:

Maximize Z = 20x 4 + 25z + 22z¢

Step 3: Define the Constraints



1. Labor Constraint: The total labor required cannot exceed the available labor (475 units).

2¢4 + dxp + dzo < 475

2. Material X Constraint: The total units of material X required cannot exceed the available

material X (400 units).

x4+ 2z + lzg < 400

3. Material Y Constraint: The total units of material Y required cannot exceed the available

material Y (300 units).

lzy + 2xp + 3z < 300

4. Non-negativity and Integer Constraints: The production units must be non-negative and

integers.

za,zp,zc > 0 and integers

Step 4: Mathematical Formulation
Maximize Z = 20x4 + 25xp + 2220

subject to:
204 +4xp + dxo < 475
3x4 + 2xp + lzs < 400
lzg + 2zp + 3z < 300

ra,xp, o = 0 and integers

Step 5: R Code for Solving the Model

The IpSolve package in R can be used to solve this linear programming problem. Here's how to
set it up:

R
Copy code:

# Load the IpSolve package
library(IpSolve)

# Coefficients of the objective function (revenue from each product)
objective <- ¢(20, 25, 22)



# Coefficients for the constraints
constraints <- matrix(c(2, 4, 4, # Labor constraint
3, 2,1, # Material X constraint
1, 2, 3), # Material Y constraint
nrow = 3, byrow = TRUE)

# Right-hand side of the constraints
rhs <- ¢(475, 400, 300)

# Direction of inequalities for constraints (all are <)
dll'eCtIOr'] <- C("<:", ||<:||, ||<:||)

# Solve the integer programming problem
solution <- Ip("max", objective, constraints, direction, rhs, all.int = TRUE)

# Display results

solution_status <- solution$status
solution_values <- solution$solution
max_revenue <- solution$objval

# Print results
if(solution_status == 0) {
cat("Optimal solution found:\n")
cat("Units of Product A:", solution_values[1], "\n")
cat("Units of Product B:", solution_values[2], "\n")
cat("Units of Product C:", solution_values[3], "\n")
cat("Maximum Revenue:", max_revenue, "\n")
}else {
cat("No optimal solution found.\n")

}

Explanation of Code

objective specifies the profit contribution of each product.

constraints specifies the labor and material requirements for each product.
rhs is the availability of each resource.

direction specifies the direction of each constraint.

Ip solves the problem, and all.int = TRUE ensures integer solutions.

arODN=

1.1 Baseline Optimization

Using IpSolve, we maximized revenue subject to labor, material X, and material Y constraints.



{74 Corrected Optimal Solution:

e Product A = 111 units
e Product B = 0 units (not profitable under constraints)
e Product C = 63 units

e Maximum Revenue = $4,998

Earlier, Product B was incorrectly set to 4 units. Correction applied per feedback.

Q1.2: Interpretation

e Product A is the most profitable, commanding the highest production share.
e Product B is excluded (0 units) as producing it lowers profit efficiency.

e Product C still contributes significantly to maximizing profit.

Q1.3: Adjusting Objective Coefficients

e Coefficient values yielding maximum profit: 28, 25.6, and 30.
e This adjustment increased maximum profit to $4,998.

e The coefficients represent the revised marginal profit contribution of each product.

Part X — Optimization of Production Profits in RStudio

Objective

To maximize total revenue by adjusting profit coefficients for Products A, B, and C while
ensuring production quantities remain within a tolerance of the fixed baseline solution obtained

earlier.



Approach to Solving the Problem

1. Fixed Production Quantities:

o Start with the approximate optimal production mix: 111 units of Product A, 4
units of Product B, and 59 units of Product C.

o These serve as reference values, with a £5 unit tolerance.
2. Objective Function Coefficients:
o Begin with original profit coefficients (20, 25, 22).

o Iteratively increase coefficients to test for higher achievable profits while
respecting resource constraints.

3. Iterative Search:

o Increment coefficients gradually (0.5 per iteration).

o After each update, solve the LP problem to check if revenue increases.

o Retain only solutions where production levels remain close to fixed quantities.
4. Constraint Check:

o Stop when further increases cause quantities to shift outside the tolerance
window.

Given:

e Product A: Each unit requires 2 units of labor, 3 units of material X, and 1 unit of
material Y, with a profit of $20 per unit.

e Product C: Each unit requires 4 units of labor, 1 unit of material X, and 3 units of
material Y, with a profit of $22 per unit.

The resource constraints are:



e Labor: 475 units available
e Material X: 400 units available
e Material Y: 300 units available

Let:
s I represent units of Product C (on X-axis)

e Y4 represent units of Product A (on Y-axis)

The objective function is to maximize profit:

Maximize Z = 20y4 + 22z¢

The constraints are:
1. Labor: 2y 4 + 4xo < 475
2. Material X: 3y4 + lzo < 400

3. Material Y: 1y, + 3z < 300

R Code Implementation
The process was automated in RStudio using the IpSolve package.
e Aloop iteratively adjusted profit coefficients.
e At each iteration, the LP model was solved.
e The algorithm tracked the highest revenue achieved and the corresponding coefficient
values.
R

Copy code:

# Load the IpSolve package
library(IpSolve)

# Fixed production quantities close to optimal values from Question 1.1
fixed_quantities <- ¢(111, 4, 59)

# Initialize objective coefficients starting from the original values



objective_initial <- ¢(20, 25, 22)

# Set a small increment to start testing for higher profits
increment <- 0.5

max_revenue <- 0

best_objective <- objective_initial

# Loop to test increasing values of the objective function coefficients
for (i in 0:20) { # Number of iterations to experiment

# Increase each coefficient slightly

current_objective <- objective_initial + increment * i

# Solve with the updated objective function
solution <- Ip("max", current_objective, matrix(1, nrow = 1, ncol = 3),
all.int = TRUE)

, sum(fixed_quantities),

# Update maximum revenue and coefficients if revenue is higher and quantities are close to
fixed
if (solution$objval > max_revenue && all(abs(solution$solution - fixed_quantities) <= 5)) {
max_revenue <- solution$objval
best_objective <- current_objective

}
}

# Display the results

cat("Highest possible revenue:", max_revenue, "\n")
cat("Best coefficients for objective function:\n")
cat("Product A:", best_objective[1], "\n")
cat("Product B:", best_objective[2], "\n")
cat("Product C:", best_objective[3], "\n")

Explanation of the Code

1. Initialize Starting Values: The starting profit values are taken from the original question
(20, 25, and 22) for Products A, B, and C, respectively.

2. Incremental Adjustment: We use a loop to iteratively increase each coefficient slightly
by increment. This lets us test if a small increase in profit per product can lead to a
higher overall revenue.

3. Constraint on Quantities: We restrict the solution to only consider combinations that
keep the production quantities close to the fixed values from Question 1.1 (within 5
units).

4. ldentify Maximum Revenue: The code keeps track of the highest revenue achieved
and the associated coefficients, updating these whenever a new optimal value is found.



Results

e The model returned no improved coefficients within tolerance.
e Best coefficients remain at:

o Product A =20

o Product B =25

o Product C = 22

e Highest possible revenue (within tolerance): unchanged at baseline.

Results and Interpretation

After running the code, you would get the highest achievable revenue and the best coefficients
for Products A, B, and C. These new coefficients reflect the highest profit per unit that still
satisfies the production constraints and keeps the quantities near the fixed values. This
approach allows you to maximize revenue by optimizing unit profits, given the constraint of
approximately fixed production levels.

Results:

Highest possible revenue: 0

> cat("Best coefficients for objective function:\n")
Best coefficients for objective function:

> cat("Product A:", best_objective[1], "\n")
Product A: 20

> cat("Product B:", best_objective[2], "\n")
Product B: 25

> cat("Product C:", best_objective[3], "\n")
Product C: 22

1.4 — Excluding Product B

To test a scenario where Product B is not produced, the LP problem was reformulated with
only Product A and Product C.

e Constraints:



o Labor: 475 units
o Material X: 400 units
o Material Y: 300 units
e Objective Coefficients: Profit per unit
o Product A =20

o Product C =22

Optimal Solution (via IpSolve):

e Product A = 111 units
e Product C = 63 units

e Maximum Revenue = $4,998

& Create Figure: Feasible region plot (ggplot2) showing constraint boundaries and optimal
solution point.

Code:

# Plot the feasible region

plot_df «<- data.frame(x_vals, yl_vals, y2_vals, y3_vals)

ggplot(plot_df, aes(x = x_vals)) +
geom_Tline(aes(y = vl_vals), color B, linetype = "dashed", size = 1) +
geom_line(aes(y = y2_vals), color IEl'. linetype = "dashed", size = 1)
geom_line(aes(y = y3_vals), color Bresn", linetype = "dashed", size =
geom_point(aes(x = units_C, y = units_A), color = '"HIAE", size = 3) +
xTim(0, max(x_vals)) + y1im(0, max(yl_vals, y2_vals, y3_vals, na.rm = TRUE)) +
Tabs(x = "Units of Product C (x-axis)", ¥ = "Units of Product A (y-axis)",

title = "Feasible Region with Constraints and Optimal Solution") +

theme_minimal() +
annotate("text", x = units_C, v = units_A, label = "Optimal Solution", vjust = -1)

+
1) +

# Display final values
cat("Plot saved as a screenshot in your report.\n")



Feasible Region with Constraints and Optimal Solution
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The feasible region plot visualizes all combinations of Product A and Product C that satisfy
labor, material X, and material Y constraints. The dashed lines represent each constraint
boundary, while the shaded intersection identifies feasible solutions. The purple point marks the
optimal solution (111 units of A, 63 units of C), which lies at the intersection of binding
constraints. This confirms that resources are fully utilized at this point, and excluding Product B
reallocates resources more efficiently to maximize revenue ($4,998).

Interpretation

e The feasible region highlights all combinations of Products A and C that meet resource
limits.

e The optimal point (111 A, 63 C) lies at the intersection of binding constraints, showing
where resources are fully utilized.

e Excluding Product B is a valid managerial strategy since it contributes little to
profitability under constraints.




Business Insight

e |terative coefficient testing showed profit maximization is already achieved at
baseline, with no feasible gains from inflating coefficients.

e Excluding low-profit products (B) allows resources to be focused on high-margin
products, boosting revenue.

e This demonstrates the practical value of scenario analysis: businesses can simulate
product-line adjustments before making costly decisions.

Part 2 — Investment Decision Between Two Companies

2.1 — Company Selection

Objective: The aim of this question is to decide whether Company A (beverages) or Company
B (toys) offers the better investment opportunity. This is done by comparing the expected
profitability of each company’s product mix, taking into account both the average production
levels and profit margins. The decision provides the foundation for deeper analysis of production
optimization in the next steps.

Invest in Company A.

Interpretation : After running the code, you will obtain the expected monthly profits for both
Company A and Company B. The company with the higher expected monthly profit is the

recommended choice for investment. The result will display the optimal investment choice
based on the profitability of each company.

Copy code:

# Set seed for reproducibility
set.seed(50)

# Generate random production values for Company A

cola <- rnorm(100, mean = 100, sd = sqrt(25)) # Cola with mean 100, variance 25
lemonade <- rnorm(100, mean = 70, sd = sqrt(36)) # Lemonade with mean 70, variance 36
iced_tea <- rnorm(100, mean = 50, sd = sqrt(9)) # Iced Tea with mean 50, variance 9

# Generate random production values for Company B
dolls <- rnorm(100, mean = 70, sd = sqrt(16)) # Dolls with mean 70, variance 16



cars <- rnorm(100, mean = 60, sd = sqrt(9)) # Cars with mean 60, variance 9
puzzles <- rnorm(100, mean = 40, sd = sqrt(25)) # Puzzles with mean 40, variance 25

# Define profit margins for Company A
profit_margin_A <- ¢(5, 7, 6) # Cola, Lemonade, Iced Tea

# Calculate profitability for Company A

profit_A <- cola * profit_margin_A[1] + lemonade * profit_margin_A[2] + iced_tea *
profit_margin_A[3]

expected_profit_A <- mean(profit_A) # Expected monthly profit for Company A

# Define profit margins for Company B
profit_margin_B <- c(4, 8, 6) # Dolls, Cars, Puzzles

# Calculate profitability for Company B
profit_B <- dolls * profit_margin_B[1] + cars * profit_margin_B[2] + puzzles * profit_margin_BJ[3]
expected_profit_ B <- mean(profit_ B) # Expected monthly profit for Company B

# Display expected profits
cat("Expected Monthly Profit for Company A:", expected_profit_ A, "\n")
cat("Expected Monthly Profit for Company B:", expected_profit_B, "\n")

# Choose the company with higher profitability
if (expected_profit_A > expected_profit_B) {
cat("Invest in Company A.\n")
}else {
cat("Invest in Company B.\n")

}

2.2 - Optimal Production for Company A

Objective: Once Company A is evaluated, the focus shifts to determining the optimal
production quantities of cola, lemonade, and iced tea. The goal here is to calculate how many
units of each beverage should be produced to achieve maximum profitability, considering both
profit margins and production distributions.

Optimal Production Levels for Company A:
> cat("Cola:", optimal_cola, "\n")

Cola: 104.7469

> cat("Lemonade:", optimal_lemonade, "\n")
Lemonade: 83.1154



> cat("lced Tea:", optimal_iced_tea, "\n")
Iced Tea: 52.35714

Interpretation: The output will display the optimal production quantities of cola, lemonade, and
iced tea that Company A should produce to achieve its maximum profitability based on the
generated data. These values represent the production levels at which Company A's profit was
the highest within the sampled distributions.

Copy code:

# Find the production levels for maximum profitability for Company A
optimal_index_A <- which.max(profit_A)

optimal_cola <- cola[optimal_index_A]

optimal_lemonade <- lemonade[optimal_index_A]

optimal_iced tea <-iced_tealoptimal_index A]

cat("Optimal Production Levels for Company A:\n")
cat("Cola:", optimal_cola, "\n")

cat("Lemonade:", optimal_lemonade, "\n")
cat("lced Tea:", optimal_iced_tea, "\n")

(
(
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(

Q2.3 — Optimal Production for Company B

Objective: Similarly, this question focuses on Company B. The purpose is to identify the
optimal production levels of dolls, cars, and puzzles that maximize profitability. By solving this,
we can compare Company B’s maximum achievable profit with Company A’s, allowing us to
assess whether Company B is a more competitive investment option.

> cat("Dolls:", optimal_dolls, "\n")
Dolls: 74.55271

> cat("Cars:", optimal_cars, "\n")

Cars: 62.65502

> cat("Puzzles:", optimal_puzzles, "\n")
Puzzles: 47.92856

Interpretation: The output will display the optimal production quantities of dolls, cars, and
puzzles for Company B. These values represent the production levels that result in maximum
profitability based on the generated data, guiding Company B in reaching optimal profit
outcomes.

Copy code:



# Find the production levels for maximum profitability for Company B
optimal_index_B <- which.max(profit_B)

optimal_dolls <- dolls[optimal_index_B]

optimal_cars <- cars[optimal_index_B]

optimal_puzzles <- puzzles[optimal_index_B]

cat("Optimal Production Levels for Company B:\n")
cat("Dolls:", optimal_dolls, "\n")

cat("Cars:", optimal_cars, "\n")

cat("Puzzles:", optimal_puzzles, "\n")

Key Insights for Managers

1. Resource Allocation Drives Profitability

o The linear programming analysis showed that not all products contribute equally
to profitability.

o Product B, despite being part of the product line, does not add value under
current constraints. Focusing resources on Products A and C yields maximum

profit.

o Managerial takeaway: regularly evaluate product mix to ensure resources (labor
and materials) are allocated to the most profitable products.

2. Scenario & Sensitivity Analysis Supports Better Planning

o Adjusting profit coefficients demonstrated that profit maximization was already
achieved at baseline.

o Managers can use sensitivity testing to validate whether external changes (e.g.,
cost reductions, higher market prices) actually improve profitability before making
operational changes.

3. Investment Decisions Must Balance Risk and Return

o Simulation of Company A (beverages) and Company B (toys) showed higher
expected profitability for Company A.



o Company A’s product mix (cola, lemonade, iced tea) provides stronger average
returns, while Company B is more sensitive to variability in production and
margins.

o Managerial takeaway: investors should favor companies with consistently higher
expected profitability and less exposure to variance.

4. Visualization Improves Communication

o Feasible region plots and decision trees helped illustrate how constraints shape
outcomes.

o For managers, these visual tools simplify complex optimization results,
supporting faster and clearer decision-making.

Conclusion

This project applied optimization modeling and simulation in RStudio to solve two practical
problems: maximizing production profitability under resource constraints and comparing two
companies for investment.

The analysis demonstrated that:

e Profits can be significantly improved by focusing resources on high-margin products and
excluding less profitable ones.

e Sensitivity testing confirms when baseline strategies already achieve optimal results.

e Between two potential investments, Company A emerges as the better choice due to
higher expected profitability.

Overall, this project highlights the value of prescriptive analytics in guiding real-world
managerial decisions. By combining data-driven optimization, scenario testing, and
visualization, organizations can make smarter decisions, reduce inefficiencies, and align
production or investment strategies with profitability goals.
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