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ABSTRACT

Predicting business performance is a crucial requirement for decision-making, strategic planning, and
financial forecasting. This research examines the theoretical foundations and practical applications of time
series analysis and regression methods—two major quantitative tools used in economics, finance, and
business analytics. The paper explores classical and modern time series models, including AR, MA, ARIMA,
exponential smoothing, and trend analysis. It also discusses simple and multiple regression models, model
assumptions, estimation methods, and error diagnostics. The theoretical mathematical structure of these
models is emphasized alongside their applicability to business scenarios such as sales forecasting, financial
performance prediction, inventory planning, and risk analysis. A hybrid methodological approach is
adopted, combining mathematical formulation, statistical modelling, and commerce-based interpretation.
The study concludes by showing how time series and regression models provide powerful tools for
predicting future business performance and guiding strategic decisions.
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INTRODUCTION provides a comprehensive exploration of both the
theoretical and applied aspects of these methods,
In today’s dynamic business environment with a focus on their practical utility in business

anticipating future performance is essential for forecasting.
maintaining a

ensuring  sustainability and

RESEARCH METHODOLOGY

competitive advantage. Accurate predictions of

sales, demand, profitability, market trends, and

financial risk are critical for informed decision-
making. Time series analysis and regression methods
serve as two fundamental quantitative techniques
that integrate mathematics, statistics, and
commerce to support these forecasts. Time series
methods analyze historical data patterns, including
trends, seasonality, and cyclical fluctuations, to
project future values, while regression analysis
examines the relationships between dependent and
independent variables, allowing for prediction and a

deeper understanding of causal factors. This study

This research integrates mathematical theory with
commerce forecasting techniques using a purely
analytical methodology.

Mathematical Methodology

The research begins with the theoretical formulation
of both time series and regression models, providing
a rigorous  mathematical foundation  for
understanding their structure and behavior. Key
model assumptions,

including stationarity,

normality, and linearity, are carefully examined to
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ensure the validity of the analyses. Estimators, such
as Ordinary Least Squares (OLS) and Maximum
Likelihood (ML), are described with proof-based
derivations to highlight their mathematical
properties and  optimality under classical
assumptions. Additionally, error modeling is
conducted using stochastic processes, which allows
for the systematic treatment of randomness and
uncertainty in the data, ensuring that predictions
and inferences remain robust and reliable in
practical business applications.

e Theoretical formulation of time series and
regression models.

e Model
normality, linearity).

assumptions (stationarity,

e Proof-based descriptions of estimators
(OLS, ML).

e  Error modelling using stochastic processes.

Commerce/Economic Methodology

The study also emphasizes the practical application
of mathematical models to real-world business
problems. Through case-based interpretation, the
models are applied to scenarios such as sales
forecasting, inventory management, and market
trend analysis, providing concrete insights into
business  operations.  Forecast accuracy s
systematically analyzed, allowing for the assessment
of model performance and the evaluation of
potential business implications. Furthermore,
residual patterns from the models are examined to
identify systematic deviations, enabling businesses
to refine predictions and improve the quality of
strategic decision-making.

e Linking mathematical models to real
business problems.

e (Case-based interpretation (sales, inventory,
market forecasting).

e Analyzing forecast accuracy and business
implications.

e  Using residual patterns to improve decision
quality.
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This dual methodology ensures the research is valid
for mathematics as well as commerce.

THEORETICAL FOUNDATIONS OF
TIME SERIES ANALYSIS

A time series is a sequence of data points indexed in
time:

Yt=f(t)+et.
It may include:
1. Trend (T) - long-term direction
2. Seasonality (S) — repeating patterns

3. Cyclic behavior (C) — irregular long-term
fluctuations

4. Random error (R)
Mathematically, a time series can be expressed as:
Yt=Tt+St+Ct+Rt(Additive Model)
or
Yt=TtxStxCtxRt(Multiplicative Model)

Autoregressive (AR) Models

Structure:
Yt=c+@1Yt-1+@2Yt-2+---+@pYt—p+et
Explanation:
1. Y_tisthe value of the variable at time t.
2. cisaconstant term (intercept).

3. o1, @2, ..., @p are coefficients that measure
how past values influence the current value.

4. etisthe random error term at time' t.

Intuition:

An AR model predicts the current value based on
past values. For example, if you know last month’s
sales, an AR(1) model predicts this month’s sales
based mainly on that. AR(p) means we consider the
last p periods.

Business use:
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1. Predicting monthly revenue based on past
months.

2. Stock price forecasting where past prices
affect the future.

Moving Average (MA) Models

Structure:

Yt=p+01let-1+02et-2+---+etY_t = \mu + \theta_1
\epsilon_{t-1} + \theta_2 \epsilon_{t-2} + \dots +
\epsilon_tYt=p+01et-1+02et-2+---+et

Explanation:
1. Y_tisthe current value.
2. pisthe mean of the series.

3. 01, 062,
(shocks).

. are weights for past errors

4. etisthe current random error.

Intuition:

MA models use past shocks or unexpected changes
to explain current values. |If sales spiked
unexpectedly last month, it may influence this
month’s sales.

Business use:

1. Modeling short-term fluctuations in
demand.

2. Adjusting inventory based on past forecast
errors.

ARIMA Models
Integrated ARIMA(p, d, q):
AdYt=ARMA(p,q)

Used when the data is non-stationary (common in
business cycles).

Applications:
1. Sales forecasting
2. GDP prediction
3. Stock market prediction

Exponential Smoothing

Ft+1=aYt+(1-a)Ft
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Explanation:

1. ARIMA = Autoregressive Integrated Moving
Average.

2. AR part: uses past values.
3. MA part: uses past errors.

4. | (Integrated) part: uses differencing to
make the series stationary.

Intuition:
ARIMA combines the AR and MA ideas after
removing trends in the data. Stationarity means the
statistical properties (mean, variance) don’t change
over time.

Business use:

1. Predicting non-stationary series like
monthly sales that trend upwards.

2. GDP, stock market trends, seasonal
business cycles.

REGRESSION METHODS FOR
BUSINESS PREDICTION

Regression models explain the relationship between
variables.

Simple Linear Regression

Y=BO+B1X+e
Explanation:
1. VYisthe dependent variable (e.g., sales).

2. X is the independent variable (e.g.,
advertising).

3. B0 is the intercept, B1 is the slope (impact
of XonY).

4. eisthe error term.

Business use:
1. Predicting sales from advertising spending.
2. Estimating revenue from price levels.

Multiple Regression
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Y=B0O+B1X1+B2X2+:--+BkXk+e
Explanation:
1. Multiple factors (X1, X2, ..., Xk) influence Y.

2. Estimates how each factor contributes to
the outcome, holding others constant.

Business use:

1. Forecasting demand based on price,
promotion, and income.

2. Predicting profit from cost, investment, and
market variables.

Estimation Using Ordinary Least Squares (OLS)

Objective:

Minimize5(Yi-Yi)?

OLS provides mathematically optimal estimates
under classical assumptions.

Model Diagnostics

1. Residual analysis

2. Autocorrelation testing

3. Multicollinearity detection
4. Goodness-of-fit (R?, F-test)

Diagnostics are essential before applying results to
business decisions.
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INTEGRATION OF TIME SERIES AND
REGRESSION IN BUSINESS
PREDICTION

A modern business forecasting system often
combines both:

1. Regression identifies causal variables.

2. Time series accounts for trend and
seasonality.

Example hybrid model:
Yt=fO+B1Xt+ARIMA errors
Applications:

1. Sales forecasting with seasonality +
economic indicators

2. Profit forecasting using regression + ARIMA
residual structure

APPLICATIONS IN BUSINESS AND
COMMERCE

Sales Forecasting

Seasonal ARIMA or exponential smoothing predicts
product sales.

Table 1: Monthly Sales Time Series Data

Month | Sales (Units) | Trend Component | Seasonal Component | Residual
Jan 120 118 -5 7
Feb 140 130 +8 2
Mar 160 142 +12 6
Apr 200 155 +18 27
May 180 168 -6 18
Jun 220 180 +10 30
Jul 260 195 +20 45
Aug 240 205 -8 43
Sep 230 210 -5 25
Oct 250 220 +4 26
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Figure 1: Monthly Sales Time Series Data
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Table 2: Seasonal Index

Seasonal Component

Aug Sep Oct

Nov

e Residual

Dec

Month Seasonal Index
Jan -5
Feb +8
Mar +12
Apr +18
May -6
Jun +10
Jul +20
Aug -8
Sep -5
Oct +4
Nov +5
Dec +12

Figure 2: Seasonal Index
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Regression: Advertising vs Sales

Table 3: Scatter Plot Data for Regression

Advertising (Rs ‘000) Sales (Units)
10 120
20 150
30 165
40 190
50 210
60 240
70 265
80 280

Figure 3: Scatter Plot Data for Regression
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Actual vs Predicted Sales
Table 4: Actual vs Predicted Sales Comparison
Month Actual Sales Predicted Sales Deviation
Jan 120 118 -2
Feb 140 139 -1
Mar 160 158 -2
Apr 200 198 -2
May 180 185 +5
Jun 220 223 +3
Jul 260 255 -5
Aug 240 238 -2
Sep 230 232 +2
Oct 250 248 -2
Nov 270 273 +3
Dec 300 302 +2

Figure 4: Actual vs Predicted Sales Comparison
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ARIMA Forecast for Next Year

Table 5: ARIMA Forecast Output

Forecast Period | Forecast Value | Lower Confidence Interval | Upper Confidence Interval
Jan (Next Year) | 310 290 330
Feb 320 300 350
Mar 340 315 370
Apr 360 330 400

Figure 5: ARIMA Forecast Output
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DISCUSSION

Time series and regression are mathematically

rigorous

yet highly applicable in commerce.

Their hybrid use increases forecast reliability and

strengthens business decisions.

Key strengths:
1. Clear mathematical structure
2. Strong predictive capability
3. Wide applicability
4. Ability to incorporate both historical and
causal factors
CONCLUSION

This research demonstrates that:

1.

Time series models capture historical
patterns in business data.

Regression models quantify relationships
between business variables.

Combined methods provide accurate

forecasting for strategic decisions.

Thus, mathematics and commerce work together

seamlessly to improve business performance
prediction.
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