MBA semester 1
Quantitative analysis for management decisions
UNIT 1
Introduction to Quantitative Techniques
Definition:

Quantitative Techniques (QT) refer to a set of mathematical, statistical, and scientific methods
used to analyze numerical data and make better business decisions.

They help managers solve business problems objectively by using measurable information
instead of guesswork.

QT is widely used in planning, forecasting, investment decisions, production management,
inventory control, marketing research, and financial analysis.

In simple words:
QT = Using numbers + formulas + data to take better decisions.

1. Planning: Planning means deciding in advance what to do, how to do it, when to do it, and
who will do it.

How QT helps in planning
QT provides numerical data, models, and analysis to plan business activities more effectively.
Examples

1.A company uses Linear Programming to decide the optimal combination of products to
maximize profit.

2.A bank uses queuing models to plan the number of counters needed to reduce customer
waiting time

2. Forecasting: Forecasting means estimating future events like sales, demand, price, or
production based on past data.



How QT helps in forecasting

Using methods like time series analysis, regression, and trend analysis, managers can predict
future values.

Examples
1.A retail store predicts next month’s sales using past 12-month sales data.
2.An airline forecasts future ticket demand based on seasonal trends and previous year traffic.

3. Investment Decisions (Capital Budgeting): Investment decisions involve choosing the best
project or asset to invest money in.

How QT helps in investment
QT uses techniques such as:
Net Present Value (NPV)
Internal Rate of Return (IRR)
Payback Period

Risk and return analysis
Examples

1.A company compares two projects using NPV and selects the one with the higher present
value.

2.An investor uses probability analysis to choose the best investment portfolio.

4. Production Management: This involves planning and controlling the production process to
achieve efficiency.

How QT is used
Linear Programming for optimal resource allocation
Scheduling models for deciding production time

Break-even analysis to determine production level



Examples
1.A factory uses LP to find the best use of raw materials, machinery hours, and labour.
2.A manufacturing unit uses PERT/CPM to schedule production activities to meet deadlines.

5. Inventory Control: Inventory control ensures that the business keeps just the right amount
of stock—not too much, not too little.

How QT helps

Using models like:

EOQ (Economic Order Quantity)

Reorder Level (ROL)

Safety Stock calculations

Examples

1.A company calculates EOQ to determine the most economical quantity of goods to order.
2.A pharmacy uses QT to maintain medicines without overstocking or stockouts.

6. Marketing Research: Marketing research involves understanding consumer behavior,
product pricing, market demand, etc.

How QT helps

Survey analysis

Market segmentation

Price-demand relationships

Sales forecasting

Examples

1.A company uses regression analysis to study how price changes affect demand.

2.A marketing team conducts a consumer survey and uses statistical tools to analyze
preferences.



7. Financial Analysis: Financial analysis studies financial performance, risk, profitability,
liquidity, etc.

How QT helps

Ratio analysis

Regression and variance analysis

Portfolio optimization

Trend analysis of financial statements

Examples

1.Using QT, a company analyzes profit trends over 5 years to make future plans.

2.A financial analyst uses correlation to study the relationship between market index and stock
prices.

Scope of Quantitative Techniques (QT)
1. Business Forecasting

Forecasting means predicting future values like sales, demand, price, profit, or production
using mathematical/statistical techniques.

Explanation

QT uses tools such as time series analysis, moving averages, and regression to study past data
and predict future trends.

This helps businesses plan production, staffing, budgeting, and inventory.
Example
A clothing store analyzes the last 2 years of monthly sales using a moving average.

If sales are increasing every festive season, the store forecasts higher demand for October—
November and orders more stock.

2. Inventory Management

Inventory management ensures that stock is always available at minimum cost.



Explanation

QT helps determine:

How much to order (EOQ — Economic Order Quantity)
When to order (Reorder Level)

How much safety stock to keep

Example

A company has high ordering cost and carrying cost. Using EOQ formula, it finds that ordering
400 units per order minimizes total cost.

This avoids excess inventory and reduces storage cost.

3. Production Planning & Control: Production planning ensures efficient use of raw materials,
machines, and labour.

Explanation

QT helps:

Allocate limited resources

Decide production schedule

Determine optimal output level

Minimize production cost or maximize profit

Techniques used: Linear Programming, PERT/CPM, Scheduling Models

Example
A factory has 100 labour hours and 150 machine hours.

It uses Linear Programming (LPP) to determine how many units of Product A and Product B to
produce to maximize profit without exceeding available resources.



4. Financial Management: Financial decisions involve investment, budgeting, cost control, and
risk reduction.

Explanation

QT supports:

Capital budgeting (NPV, IRR, Payback)

Risk analysis

Credit scoring

Break-even analysis

Example

A company has two investment projects: Project X and Project Y.
Using Net Present Value (NPV), it finds:

NPV of X = 50,000

NPV of Y =%32,000

Since X has a higher NPV, the company selects Project X.

5. Marketing Research: Marketing decisions include pricing, product launch, advertising, and
customer behavior.

Explanation

QT helps:

Analyze survey data

Study demand and price relationship
Identify market segments

Measure advertising effectiveness
Example

A company uses regression analysis to understand how price affects demand.



It finds:

“If price increases by 10, demand decreases by 15 units.”

This helps in setting the right price.

6. Quality Control: Ensuring products meet the required quality standards.

Explanation

Control charts

Sampling techniques

Statistical quality control (SQC)

These help detect defects early and maintain consistency.

Example

1.A biscuit factory checks the weight of 50 packets daily and plots them on a control chart.
2.1f the weight goes out of control limits, the manager adjusts the machine to avoid defects.

7. Human Resource Planning: HR planning ensures the right number of employees at the right
time.

Explanation

Estimate manpower requirements

Schedule staff

Reduce waiting time

Improve labour efficiency

Techniques: Queuing theory, forecasting, scheduling

Example

A hospital uses queuing models to determine the number of nurses needed during peak hours.

This reduces patient waiting time and improves service quality.



8. Operations Research (OR) & Decision Making: OR uses mathematical modelling to find the
best possible solution to business problems.

Explanation

Minimizing cost

Maximizing output

Optimal allocation of resources

Efficient logistics and scheduling

Techniques include:

LPP, Transportation, Assignment, Simulation, Game Theory
Example

A logistics company uses the transportation model to decide how many goods to send from
each warehouse to each store so that total transport cost is minimized.

Linear and non-linear functions in quantitative analysis

Quantitative analysis uses mathematical functions to model business situations. Two
commonly used types are Linear and Non-linear functions.

1. Linear functions

Meaning

A linear function shows a constant rate of change between two variables.
It forms a straight line when graphed.

General Form:
y=a + bx

« a=intercept (value of y when x = 0)
« b =slope or rate of change (constant)



Characteristics

« Graph s a straight line.

« Slope (b) is constant.

« Both variables move proportionately.
« Suitable for short-term prediction.

Business Examples

Example 1: Total Cost Function
TC=10,000+50Q

« Fixed cost =X10,000
« Variable cost = X50 per unit
« For each extra unit, cost increases by X50 (constant).

Simple Numerical Example
y=100+5x

Find y when x = 10:
y=100+5(10)
y=100+50
y=150

2. Non-linear functions

Meaning

A non-linear function does not change at a constant rate.
Graph is curved, not a straight line.

The relationship between variables may be:

« Increasing at an increasing rate
« Increasing at a decreasing rate
« Decreasing at a non-constant rate



General Forms

Includes many types:

1. Quadratic (Parabola) y=a+bx+cx?

2. Exponential y=ab*
3. Logarithmic y=a+blnx
4. Power Function y=ax”

Characteristics

« Rate of change 1s not constant.
« Graph is curved.
« Used when variables grow or decline non-proportionately.

Difference Between Linear and Non-Linear Functions:

Graph Straight line Curved line
rate of change Constant Not constant
formula y=a+bx Many types (quadratic, exponential, etc.)

Growth, learning curve, diminishing

Cost, revenue, forecasting
returns

“use in basis
 complexity Simple More complex

Business Applications of linear and non-linear functions
Linear function

A linear function shows a constant relationship between two business variables.
This means when one variable increases, the other increases (or decreases) at a fixed,
predictable rate.

Because of this, linear functions are easy for businesses to use in short-term planning.



Business Applications of Linear Functions

1. Cost estimation:
Businesses use linear functions to estimate total cost because variable cost per unit
usually remains constant.
2. Sales and revenue forecasting:
When price is constant, revenue increases proportionally with the number of units sold.
3. Profit planning:
Profit changes steadily as sales or production increases.
4. Budgeting and short-term forecasting:
Since the change 1s predictable, linear relationships help businesses plan short-term
financial goals.

Non-Linear Functions

A non-linear function shows a changing relationship between two variables.
The rate of change is not fixed; it may increase or decrease unevenly.
These functions describe more complex business situations.

Business Applications of Non-Linear Functions

1. Diminishing returns in production:
When a company adds more labour or machinery, output increases at first but eventually
starts increasing at a slower rate.

2. Demand curve behaviour:
When price changes, customer demand usually does not change in a straight line.
Sometimes demand drops slowly, and sometimes it drops sharply.

3. Business growth models:
Company profits, market size, and population usually grow at increasing or decreasing
rates, not in a straight line.

4. Learning and efficiency:
As workers gain experience, the time taken to produce a product decreases in a non-linear
pattern.

Limits of functions

Meaning

The limit of a function describes the expected value of something when the input moves closer
and closer to a particular point



Business Applications

1. Marginal analysis:
Limits help in understanding how cost or revenue changes when production changes by a
very small amount.

2. Forecasting:
Limits are used to understand how sales, costs, or prices behave as they approach certain
conditions or boundaries.

3. Optimisation:
Economists use limits to find maximum profit, minimum cost, and optimal production
levels.

4. Smooth behaviour analysis:
Limits help to check if a function behaves steadily near a particular point.

Continuous Functions

Meaning

A continuous function is one that has no breaks, gaps, or jumps in its graph.
It behaves smoothly.
You can draw the entire graph without lifting the pencil.

This means the value of the function changes gradually and predictably.

Business Uses

1. Smooth cost behaviour:
Businesses assume costs change smoothly with changes in production, making analysis
more accurate.

2. Continuous demand patterns:
Small changes in price usually cause small, smooth changes in demand.

3. Revenue and profit forecasting:
Continuous functions help create more realistic financial projections.

4. Decision-making models:
Optimization in business (maximizing profits, minimizing costs) usually requires
continuous functions because they behave predictably.
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Managerial Applications of Differentiation and Integration

Differentiation and integration are essential tools in managerial applications,
providing insights into the behavior of business functions and helping to make
informed decisions. Here are some key applications:

diffrentiaton applications
1. Profit Maximization

Differentiation helps businesses determine the level of output at which profit is
highest by comparing how revenue and cost change with each additional unit
produced.

2. Cost Control and Efficiency

It allows managers to understand how costs increase as production increases,
helping them identify the most efficient level of production.

3. Pricing Decisions

Differentiation helps firms study how quantity demanded changes when price
changes. This supports making smart pricing decisions.

4. Revenue Management

By analyzing the rate at which revenue changes with sales, managers can
determine the most beneficial sales level and identify when selling more becomes
less profitable.

5. Optimization in Operations

[t is used to find minimum cost or maximum output levels in areas like production,
transportation, and resource allocation.

6. Sensitivity and Risk Analysis

Differentiation shows how sensitive profit, cost, or revenue is to changes in
variables like price, demand, or expenses.

3
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Integration applications
1. Total Cost Estimation

Integration helps businesses calculate total production cost when they know how
cost increases gradually with each unit.

2. Total Revenue Calculation

When the change in revenue is known, integration helps determine the overall
revenue earned over a range of sales.

3. Inventory and Supply Chain Planning

Integration helps determine total inventory levels, total demand, and total
production over a period, which is critical for logistics and supply chain
management.

4. Market Analysis (Consumer and Producer Surplus)

Integration is used to measure the overall benefit consumers receive from
purchasing products and the benefit producers gain by selling above their
minimum acceptable price.

5. Financial Valuation

[t helps calculate the total value of income or cash flow received continuously over
time, which is useful in investment and budgeting decisions.

6. Productivity and Learning Curves

Integration helps determine total labor or production when workers become more
efficient over time.




Unit-3
PROGRESSIONS

Progression :

A progression (which is also known as a sequence) 1s nothing but a pattern of numbers. For
example, 3, 6, 9, 12, ... is a progression because there is a pattern observed where every number
here is obtained by adding 3 to its previous number. But this pattern doesn't need to be the same

in every progression.

The pattern of a progression depends on its type. Let us see the types of progressions along with

examples and their formulas.
What is the Definition of a Progression?

Progression is a list of numbers (or items) that exhibit a particular pattern. A progression is also
known as a sequence. In a progression, every term is obtained by applying a specific rule on its
previous term. In other words, every term of a progression is defined by a general term (or) n™

term, which is denoted by a..

For example, the n* term of a progression 3,5,7,9, ... is a, = 2n + 1. Substituting n = 1,2,3, ...

here, we get the 15, 2 3/ e terms. For example:

e Whenn=1, first term=2(1) + 1 =3.

e Whenn=2, secondterm=2(2)+ | =5.

e Whenn=3 thirdterm=23)+1=7
and so on.

Types of Progressions

There are mainly 3 types of progressions in math. They are:

e  Arithmetic Progression (AP)
e Geometric Progression (GP)

e Harmonic Progression (HP)



Each type of progression along with a simple definition and example is tabulated below.

Progression Definition Example

The differences between any two

Anthmetic . 1,4, 7 10,
consecutive numbers are all same.

Progression (AP)
The ratios of any two consecutive
Geometric 4, 16, 64,
numbers are all same.
Progression (GP) 256, ...
Harmonic The reciprocals of terms forman AP. | 1/2, 1/4,
Progression (HP) 1/6, ...

Arithmetic Progression

An arithmetic progression (AP) is a sequence of numbers in which each successive term is the sum
of its preceding term and a fixed number. This fixed number is called the common difference. For
example, 1, 4, 7, 10, ... is an AP as every number is obtained by adding a fixed number 3 to its

previous term.

e 2term=4=1+3=1"term+3
e 3%term=7=4+3=2"%term+3
e 4" term=10=7+3=3""term+3

and so on.

Arithmetic Progression Formulas

th

Let the first term of the progression be a, the common difference be d, and the n™ term be a,. Then,

the arithmetic progression formulas are given by:

e az=a+(n-1)d
° d=au'an-l

e Sum of the first n terms, S,= n/2(2a+(n-1)d) (or) Sy= n/2(a + I), where 1= the last term = T,.



Geometric Progression :

A geometric progression (GP) is a sequence of numbers in which each successive term

1s the product of its preceding term and a fixed number. This fixed number 1s called
the common ratio. For example, 4, 16, 64, 256, ... is a GP as every number is

obtained by multiplying a fixed number 4 to its previous term.

o 2" term= 16 = 4(4) =4(1" term)

o 3" term= 64 = 4(16) =4(2™ term)

o 4" term= 256 = 4(64) = 4(3" term)
and so on.

In general, a geometric progression looks like this:

Geometric Progression i cuemath

THE MATH EXPERT

o 1t Term

e 2" Term

e 39Term

eN"Term

Here,

e 'a'is the first term and

e 'r'is the common ratio (fixed number)



Geometric Progression Example

Consider an example of a geometric progression: 1, 4, 16, 64, ... Observe that 4/1 = 16/4 = 64/16

= .. =4. All the ratios are same. Hence it is a GP.

Geometric Progression Formulas

Let the first term of the progression be a, the common ratio be r, and the ™ term be a,. Then,

the geometric progression formulas are given by:

o gy=art !

¢ Sumofthe first 'n' terms, S, =a(r"- 1)/ (r- 1) whenr # 1 and S, = na whenr = 1.

e Sum of infinite geometric series, S, =a/ (1 -r) when |r] < 1 and S, diverges when |r| > 1.

Harmonic Progression

A harmonic progression is a sequence obtained by taking the reciprocal of the terms of an arithmetic
progression. The sequence of natural numbers 1s an arithmetic progression. So, taking reciprocals

of each term we get 1,1/2,1/3,1/4,... This is harmonic progression.

Harmonic Progression Example

When a ball is dropped, the initial height reached by the ball is 1/2 units and after the first impact,
the height attained by the ball is 1/4 units. After the second impact, the height attained by the ball
1s 1/6 units. After the third impact, the height attained by the ball is 1/8 units, and so on. Now the
sequence of heights formed by the ball 1s: 1/2, 1/4, 1/6, 1/8, ...

This sequence 1s a harmonic progression because the reciprocal of all the terms of this progression

form an arithmetic progression.

e Reciprocal of the sequence: 2. 4, 6, 8, ... — AP
e Hence, the sequence: 1/2, 1/4, 1/6, 1/8, ... — HP



Harmonic Progression Formulas

For a harmonic progression 1/a, 1/(a+d), 1/(a+2d), ...

e n"term a,=1/(a+(n-1)d

e Sum of the first nterms, S;=1/dIn|[ (2a+(2n-1)d]/(2a-d) |
Harmonic Progression Formulas

Sequence formula of n"term

_ 1
n~ a+(n-1)d

a

Series formula for the sum of n terms

: :1—:In

n

2a+ (2n-1)d ]
2a-c

Applications of Arithmetic Progression (AP)

e Finance: Calculating the total amount saved after adding a fixed amount of money each
month.

o Physics: Modeling linear phenomena like constant speed, such as the time intervals
between successive bus arrivals.

» Design and Aesthetics: Creating patterns in designs like rangoli, embroidery, or flower
arrangements, where rows increase or decrease by a constant number of items.

e Engineering: Calculating straight-line depreciation.

Applications of Geometric Progression (GP)

e Finance: Calculating compound interest or the value of investments that grow
exponentially.

« Biology: Modeling the exponential growth of populations like bacteria or the decay of
radioactive substances.

o Physics: Studying the decay ofradioactive materials.

« Economics: Analyzing trends of technological advancement that have an exponential

growth rate.

Applications of Harmonic Progression (HP)




e Physics: Used in wave motion and oscillation studies, such as calculating the frequency
of a harmonic series.
o Engineering: Calculating the effective resistance of resistors in parallel, where the

formula 1s

1/R=1/R1+1/R2+...1 / cap R equals 1 / cap R sub 1 plus 1 / cap R sub 2 plus point point

point
1/R=1/R1+1/R2+....

e Optics: Calculating the relationship between object distance, image distance,
and focal length of lenses and mirrors.
« Work Rate: Finding the combined time it takes for two people to complete a job together,

based on their individual times.

Annuity and present values

Theory of annuities and present values

1. Annuities — Basic Concept

An annuity is a sequence of equal payments made at regular, equally spaced time intervals.

Common examples include loan repayments, pension payments, rent, or savings deposits.

Types of annuities

1. Ordinary Annuity

o Payments are made at the end of each period.
2. Annuity Due

o Payments are made at the beginning of each period.
3. General Annuity

o Payment intervals and interest compounding periods may differ.

2. Present Value of an Annuity



The present value (PV) of an annuity is the value today of a series of future payments, discounted

using an interest rate.

The idea is that money received in the future 1s worth less than money received today because of

the time value of money.

PV of Ordinary Annuity (Theory)

The present value is found by discounting each periodic payment back to the present using
compound interest.
Since the payments are equal and equally spaced, the formula sums a geometric series of discounted

amounts.

3. Annuities in Progressions

An annuity does not have to consist of equal payments. The payments can follow a

progression, usually arithmetic or geometric.

A. Annuity in Arithmetic Progression (AP)

Payments increase or decrease by a constant amount, called the common difference.

» The sequence:

R, R+d, R+2d, ..., RH(n—-1)dR)\; R + d,\; R + 2d,\; \dots,\; R + (n-
1)dR,R+d,R+2d,....RH(n—1)d

¢ To find the present value, each term of the arithmetic series is discounted to the present.
o The PV formula combines the PV of a level annuity and an adjustment term for the

arithmetic increase/decrease.

B. Annuity in Geometric Progression (GP)

« Payments increase or decrease by a constant percentage, called the common
ratio.

¢ The sequence:



R, Rg, Rg2, ..., Rgn—IR,\; Rg,\; Rg"2,\; \dots,\; Rg"{n-1}R,Rg.Rg2.....Rgn—1

e The present value is obtained by discounting each term of the geometric progression.
e Because discounting also creates a geometric sequence, the PV formula uses the ratio

gl+Hi\frac{g} {1+1} 1 +ig.

Nature: Exponential growth or decline in payments.

Fundamental Concepts Behind Present Values

e Time Value of Money: A future sum is worth less today because money can earn interest.

e Discounting: The process of converting future cash flows to their equivalent today using
an interest rate.

o Compounding: The reverse process—growing present money to a future value.

e Series Summation: PV of an annuity relies on summing multiple discounted

values, often forming a geometric series.

Importance of Annuity PV Theory

Present values are used to:

e Price financial products (loans, bonds, insurance policies)
e Evaluate investment opportunities
e Calculate pensions and retirement plans

e Compare streams of cash flows occurring over time

Examples

Calculating the Present Value of an Annuity

The formula for the present value of an ordinary annuity is below. An ordinary annuity pays interest




at the end of a particular period, rather than at the beginning:

P=PMTxrl—((1+r)nl)

where:P=Present value of an annuity stream PMT=Dollar amount
of each annuity payment r=Interest rate (also known as discount

rate) n=Number of periods in which payments will be made

Real-World Example: Assessing Annuity Present Value

Assume a person has the opportunity to receive an ordinary annuity that pays
$50,000 per year for the next 25 years, with a 6% discount rate, or take a $650,000 lump-sum

payment. Which 1s the better option? Using the above formula, the present value of the annuity 1s:

Present value=$50,000x1—(1(1+0.06)25)0.06=$639,168Present value
=$50,000%0.061—((1+0.06)251) =$639,168

Given this information, the annuity is worth $10,832 less on a time-adjusted basis, so the person

would come out ahead by choosing the lump-sum payment over the annuity.
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1050 = F (R (10) +(1y-1)d)

1650 = 1ys +134

(r

1y

el

910 = Q14
d =10
qoth teym ago = a+19d
= 16+ 1Q xI0
= 104 190

p— =dJ00




|0

find Fvst tavee tevms of Ap.
Giiven that

4% dem oY - 434
gt Yerm g8 - g+

(iven tot of yh tem gth team 19 gy

At 3d + o+ Hd = 9y
20+10d = Qy
a+5d =18 —
Given 6% term = a6 = g4 g4
loh tevm = a%=g44d
Given pum OF ab and a'® i3 yy
Ot 8d + 0 + qd - yy
aa + ud = yy
0L+ 3 -2 —@

Now we %owe @ and @ equation

A+ & = 1§
A+ F4 =29
egs =) =
-dd =-1s
g

=

the um yt gt term is gy and Sum 026" oM § Uy then




’ — _—

now d=5 Wil subitute in equal O
| oYS d=1) — @

at+s5(9) =19
0% 95 =13
a= -13

; Heve a.=-13,d=5

‘, Fyst toms = o= -13

| econd term = atd: 1345 =-§

thivd teym = a4+ 9d = -13 +3(5) = -3

the fivgk thvee devms ol = 13, -8, -3

(neomentric Progvession — (Reciprocal. to AP)

’ O Oy OF™ . . .igs
¢ e
o o*  ad
(enevak form of Gp ;3 0., O, 03‘1: § s a’fn—]
hth leym 'm Gp = E‘Tn:(lvn_l
Y:_(}_'l_
a,
|i find the @™ and nth devm of the GP 5 S 3
. . -] L1' 9
Given that 2. S5 5 P
4 ove in Gip
Heve o =3 « y-a _ IlY
Y Q, B 5}3




-..§_ \ W~
o (')
-5 riu.\19
- ('a)

. B il
T Ly
-
5%
n-l

| which tewn oF te 6P 1S g, Vg , Y -- -

Given 2, 2], y

= :9—1-_-3:3_&_
=97 ¥ - “732*“‘)—5

COn = 128 n=9
" = oy

ek ACE

6y '
! h=
(,q s [@) /9‘]

1

eu = g(B*).

. 18 189




10

g O

Q.

|

| n-|
| () = —_—
| 3
i FER D
! nt\%”
3% deym 19 138

3. Tn o Gip e thivd term 15 v and 6% erm 9 192 find the

| \0“" eym 9

¥4 Jeym in &P = 4y ()en Yeymin GP = 1%

/

8% =00 5 By 6ty SV 199
ay” = gy _® av 2 =193 — @)
. 7
Divided @ by O - i;a, = ';%
¥ =l
! 33=a: ¥=g
. y-3 supihde n ® = av*- gy
= @ = ay
= () =pf ©
- =6
pow Find e 1o term
awo = oy
- 6@

G@la) = 30349 .




fnd e T value 8 that o, x+Q , X166 Qe consequent

teymng oF &GP
let Q= 5 Oy =X+ 03 =x+6

we Now Yk &2 - 03
Ay Qo

x4+ _ X+6

—
—

x X+
@Haf‘ = 2 (x+6)
274974 9.9 = XX

o 4 Yy =3¢+ 62

ay‘:ﬁ\l
= Q/,
JFnd Yy, 8 16 - - . wyite the again lhyee tevms of the
| Given &P
? 9 y
Giiven Q= 2 e X 'y
4 H’I
=2

The vequived & 15
0. A%y x>, 00 et oS | .
= Y, ux2, et uxa3, Lntzq, qxzs
= 4,8, UXYy, Yyxg uxle ,yx3g

= 4,%, 16,6y ,1a8, 2sé6




|

TE Q:l'y:m then find Ba2g In &P

Given ¥hak O=)
Y=V
Sn = O‘Q/n"')
n-|
1(33) 2 1)
Jg - |
- @7)™.)
Ja -|
58 )
va - |
102y -1
Ja - |
. 1038, Ja+
Va-1  Ja+!
1043 (Vg +1)
WJa)*. )2
= 103 (V2 +1)
Honmonic progvession

In O, O

85906 =

then - ‘ | _ __._ 1 ene in Hp

&l’allo.g an

* ﬁth tevm In AP = o+ Ln._qu
¥ nth devm in Hp - |

Oy - -- - On 0%e Haymonic progvesion

C+h-0)d




11, Ysls/2 ane in Hoowmonic pvogression ¥e find 99 term
Given %xies of havmonic ProgYession 1
\ Vo753 Gve in Hp Wen 1,3,8,3 ..

ave in  Aythwetic progvession

fygt tom =1
common diffevence (d)=ta2 - &
d= 3-)
d=9
™ Yevm of Avbhmelc p\fog've‘ssim
on = a¥(n-1)d.
agq = 0 +(93-9)d
=a+ 944
= 14+9%(Q)
=1+ 196
=193,

The qq™ tevm of  Homwmonic progvession % Yigt.

9| Tnsext y haymonic weans hetween o and Y/g We know that

R N

| | ! | e o
oo fa+d /(l‘l'ﬁd "a43d o+ Llclj o;gd

@
ave. 'n AP

then @, a4d, atad, 043d, atyd ,a+59 e in fp.

| Given that and Q150 Eﬁuen that

I ’/0.“ I/Q_ B (I, i

| ot+5q ug
U\Qn = =Yg a4 5d = ug

19 + 5_9\ =48]

e — e — - -




6
4= g,
d:=6
nd { -__l_“' “‘“‘"—' - l &
Yd. & | - | - -_l_ o
o ot 19+36)  1g+1a - /gy
L,“‘ {QYM = l = ] -

-1
at3d  B+36) g1y /ap

th fevm.- - _1
. a+yd &+ Y(6) ]g+gq /3()

. The fow hawnohic means e Vg, l

Rui fagr Vae |




QUanNt; totsve Am\vm ~fov r‘/\Qﬁ(}a-(mm’t Decigionz
UONIT- IV

VECTORS AND MATRICES

Tntvoduction @
a wectangular 0ws and eolumns.

Definition 2

*p matvie 5 o vectangular numbers arranged in
Yows and columns, and closed by [ 7.

*The hovizontat tines of numbers in @ matyixz are ca._ﬂgcl

ffzowS-
«The vertical lines of numbers in a matrix catled columns.

« The numbexs In & matviz Or inSide a matnx of numbers

e called elements (ox)entres.
R Ll T
s 8 4

mxh= (2 90ws; > columnsg)

M= Roew s 3 N =columng
£q: . . Ltaneous e wa tion.
Jdret us consider Setup of Simultan q

L+aYy+3z+5t = 0
axt2y 152 +%t =0
Zxt4yt 2% tot =0

$ T 2 3 B
A LB
B 2 6| co-efficient of vavrables .




iMhere matyiz i used 2-

Fff’:d_

Mathematice

Stakistice

computer Geiehce

Economice
Graphics

i
|
|
|
|
i

Funefone 2

1+ 70 ovganize data c|ear'l33

| 3 tomputer Science and AT :

‘ Matvix ave the bageg for

" D) image p-rocest;i"nj
) Machime |ea'rr‘f-nj
'; 3) Neusal Networke

Eyomp‘.e

Solving complex
Probleme.

pata. analﬂeifs
pvogramming , AT

Budget and cales
J}na\ﬂsi‘s.

20|80 objeck movements

Matvioc help present infosmation in vows and
|ccslcmmhs moLkWB last data ea59 hcmdie:

Q- 7o Solve mathematics pmblems'é

| Mabix make it casy to Solve limear equation and

| Pevform opevabions |ike ado\.‘a‘on,mufh‘pb‘ca’q'oh and imvest.




Z k) guaphics in games and apps
pusiness and economic 3
Matwix helps in decigion mak,'nj and amlaéiG,Cogh
Profit and twend.
Impovtance of Matwices (ov) adxramaﬂes s
7o Solve organizes and analysis data easily.
| 2) perfovm fast calewlations using computers.
2) 70 solve complex problems .
4) Decision- making and am(gcihj pvofits.
Limitations:
) Difficalt for last data
2 complex caleulations

2) only for numerical data
Types of mataix 3

l) Rocw matbvix?

If a matvix has enly one vow at "n" number
y 0

columns. '
€92 (5 ¢ 3]
2) column mat-ix 3

If a matvix has on\y ohe column at "“n" numbpey of

Yows.
Eq : !
9
%

2:) Null)zevo Makriox 2

Any matwie in which atl elemente are zerd.

3¢ [19)




4) Squarve Matrix 3
| Any matriz in which number of vows in itg 16 equal

40 numbeyr ¢f .columns:

E3:1'|'5
s 6 4
3 1 8

6) Rectangular Matrix:
A matvix with unequal number of sows and

columns -
Eq - Y 2 %
5 (433
'. {:-') f)r}“ﬁ(ipaf '_Dr‘asnol Natrix:

In a Squase matwiee the primeiple O‘fagnol s a line

of efements oy nurmbers that goes fvom the +top left comer,

+0 the bottom 'rt‘ght: coyner-

Eg : '\9' .
A2 56 A= %l,%,“i% are p-n‘-ncr'pq[ Dr‘agnal elements .
T 8.9\

) D;aﬁﬂof Matyic :
A Square mabix were all noﬂ_c{u‘aﬁnol elements aure

Zevo:

%2

o N C©

b 0
0 0
0 2

Q) wnit [jdent(tj Mat¥ir 3

Tn o Squave mataix 1f ot the diaﬁnol- eletents are

,eclu,CLf t0 one has nonh- d“aﬁnol elemente ave 61&(1‘ t0 Zero



q) Sealas Matrix s

In a Squave matiix weye all elements are non—d;a9na!

elements ave zerp and only d:‘agnol elements are equal to
each Other-

Eﬁ:.

Q@ O W
o n o
n oo

10) one's Matric:
in a Squave matvixz were all the -elemente ave

| 6qual to one.

E3= | | 1

") Tvace of Matyix -
In a &q_umre matrix, the Sum of d"aﬁm’l g.[e,mcn{s! rL—
16 denoted by TCAD.

b

P

Ej . & ‘.‘ ; £ = i,
A “5 _ 6___ Y(A)=14519,
4 g\ﬂ/ -rCA) = 15

12) ramspose of A matix s
In a Sclu.a-re mlrﬁ'x., ‘A e a Set to be trangpose
Of a matwix if we enter vows and eolumns:

3¢ 16 denoted by 'A"CO'O AY




e 'e- &5
57
(2 - 9 -7
s [2 =&
_-5 3 "'5 )

L

"

o *a. e i
L~—5+(-s) 315

= # -8
...-fo 6 |




¥ A= [2 -2 B='*1 -ﬂrmq AGT and BAT
.. ! iA" .
s3] o el
BBT- '-'}-Q » -3 & -
-1 X -1 9o O
E 3

=F0

5«9 ~%1% 1%
=10~3 20484 ~$-O

o o I
1% 26 =%

Bate fea=t] Py =1 8
< 2 Lp_ n 2
-1 o

-

(1442 92-2 ~-10-3
2°8-4 —4+4 2046

(U

L =" t\t0 -s106
= [-12 0 —1a
24 O 2¢
F & ~8
S i ™= A
k=T ] o S O Ehith Vef?Pj thae () (A7) "
92 S BJ 4 -2 -

B G1B)T= AT 4T (i) EBD" - SCBY

Eriven thak,

' 4 F . _
Ar_ . -
[152—} : !




pl=

ta™)' =

{@) ca+By

‘

A+B<

I

t

v 9
a4 s
T €

M
(D= A

Hence pvoved.

' 4 3
.5 %

-3
24 4

-2
6

e F

» -3 4 o0
4 -2 -}

4 + 4 ‘1‘—-1—()

S-2 8 -1

J

J




pl- [2
-1 3
9 4
2 | ,
BT 97_ ! =8 §
-3 ©o 4 =1 =
5. T

s [213%+10 19420
-4-0+¢ ~2t+0t(6

15 19
y 14
(aR)'=gl- AT

Hence pvoved

+3) Sﬂmmmric, NMatrits-

) ngmel:tic matyix 13 a Squoeie matvix that ic
equal to itp tvamspoese

He A=)

ao f2 S W )
[3 s g| P=4
4 £ @

A

2 > 4
2 5 6
4 6
N 94T sﬂmmthi:c makvisc

EX qmp\a&:

)if A= {

v
A e

= ‘ ‘e of not
a _} 15 Sﬁmrﬂﬁfﬂc |
S

O W




given that,
A= AT

T+is a sjmrnehn“c matnix

& . 5 ;
2) 9F A= qQ 2L s a gﬂmme{vﬂc Matrix oY neét
2

9,—-!"3
3 -8 O

e [B 2 2

g =) -2
3 -8 ©
A=4T LIt a sﬂmmch’i'x matet x
’5) if A= | 4. B
2 4 5
% b 8
Eiven tnat,
A= AT



hlelg
2 4 5
3 5 @

A=AT
“ Tt g @ Sjmmel:r?c matrix.

x ¥ &

T A= | 2 3 15 a ,S;jmmﬁiﬂc matvix then *and x
3 ¥ ¥

A= AT
Given that,

-1 & B
5 06
L 8
hT‘: Wy B D
5. B %
g & 9
[x=6
6) if A= B & i5 a Gummebyit matnx then -;Qnd X
~3 0 -2 Y
¥ B2 ©
A=AT
AT:. o ~2 = -
2 0 X
l -2 O
W —2
? Th&reFoj-e




14) r\lon~.53mme‘r'rfc Matrix 2
pat non—sﬂmmetﬁc Mabtvix {8 a Sc[udre £ not eqm(

to tvangpoce of Mmatnr
At al

EQ

9A:1g_3
C 4 o
T € 9

Heve Af AV

1 50,ik106 ﬂOﬂFSijtt[a'U‘Samm&{:'riC. mats X

AT: \ G +
92 4 §
z 2 9
D If p=[5 1 37]. \
. & & 75a59mmehucor not .
5 + 5
- Yiven that,
! &
! A:Ar
A¥= 8 &= D
¢ 8 |
| 2 = 85
i
thT

e Tk 16 not a Symmeh'ic ma ki X «

a IF < -1 2 B .
| { . 6}16 @ Symmebrix. matvix then aq a-bvitten
x %




'5) Skew ngme%ﬁc Mqt"[i'x ¢ —
A Skew Symmefﬂ'c matvix s a Squave maktyix were

1
are diagonal elements are zev0 "A" tvanspoce (4T= _A)

L}

Eg: A= [©

2 4
5 B 3
=43 0

Al-_A

Tt s o Skew S_tjmrne&vfc maktyx

ML -2 -:4~
9 (0} 3
4 » O

,304*
£ ®
A=
« [D B 2
,504—
s 4 O
5 i
&z B

e 3 B find x
b =3 ©
A=_A
= 0 0‘-1' G ° ...OL‘, b




1b) Ty;angutﬁm’ Matyix 2

P tviangle matvix s o Spectal matvix weve all the
elementc erthey above or below the main dp‘aﬁo nal aste main
efements ave Zevo.

Theve are two types im %vn‘a'nﬂwla'r matrix.
') uppex %ﬂ‘aﬂjMIQT Nataic
2) Jowey f:'rl‘a'rBulq-r M a tnie

) Upper Twian qular Makix :-

Al elements below the main di‘a:go-mal Qve Zero
Es e

R 3
0.5 4
0 H\2

N

vppey Taian 3 alar Matxie




L Oey Trfctﬂgda'f Ma bri ¢
A eleme:nks aboVe the mcu‘n d.‘q_jonaj ovle Zero.

!

ESE

- T @

0
i 5
2 9
Lower L‘n‘anﬂufar matwix

(% O-rthogcmal N atyie - . .

An 07{"'7090!’\61' matvixt ¢ a SC[U—GJ'B mabtyi e ewhose

YOowSs
and eolumng are oanoga'ncLI

AR =Q
Eg:ﬂ: 10

0 -

_ (1o ! 07 A" @
p.pl= EO ,] KO"‘\ >[o lr}
P’T: 1 (9}

£

p-AT=T | |
Pyoblems
|)\r‘€fi1£9 {hat A= [? —29] S mHﬂogoﬂd\ oY not:

B-at= 1




') SF A= {2 1 © & 0D
00 1] B= | 0 O GhOLU’ AB#BA
0 00 o ! 0
~ given that,
|
Ap= |10 ) O 00 0O
oo '{]'©F9
| o B GllE 1O
an= [OXOHYIdOND OROHINOTOK] Ox0+1% 0+ OXO
Ox0+ OX1+1X0 OXO+O¥XD+!¥X0 O¥O+0XOH X0
[OXO40OX1+0%x0 0¥0+0OxXOtO¥!1 0XO+0XOTOXO
pp - [0t1t0 O+0+0 oto+to
041040 04041 O+0+t0
lot0t0 0tot0 01010
AB: ! O O
51 ©
o0 !
gBaA=[06 ©0 O 6 | ©
v © o o'
0 | O 0 (o)

BA- [oxo10x0tox0 oxttoO%0+0%0D OXD+OX140X0™
txo+tox0+oY0 ¥t OX0+40X0O IXO+OX 40X O
OXO+iyps OXO OXI+IX0+OXx 6O  ©Ox0+1x140X0

o ] O
o 0 !

AR # 1A




=« (O] ©O40
oto0 |+0

= ! (o) e

*e TE S An Otﬂﬂogonr:d makr it

\ 1
—6iNn® cpse

yiven Hat
‘. Bin coso SimO
" ~Sin® Co0SO

AT - [cose —cin® |

gim®  (oeSé |

A-AT- cosp SN (e060 —gind
Sim® os® | |eime coso

—

- [cospxCoco+8iMBxSIN®  (ps0X-5iM0+ 8IhOXCOSO

-SINO X 050 cos 8XGIM®  ~ETOX-EiNe ¢ c0SeX O3B

g [ 1059'94- en'®d - S5'nOcoso t s'meoogae]
tsim-cogoﬂogg-smg Sin’®+ cos’®




v 2 -2
AT:_IB_ : 5 e
7 1

& - y [ 2 =%
e §=glvgle ¥ %

o [rexataxa ot taxe- 1y 49X 2+ 2%
3 [oxltax|doxa axah Xty X-2HEIT2
SAIX(F yxa4 -2 —ax2+ Xt Bty

-
-

g
)

of-

(t4yty 2t Q- —2444(-2)
348~y Hhrg —~RH 1240
=24-L —Htata Htbd

! (o
Tl 9 ©
LO




|10 o WX+ H1) I 14 -0
)

Tx1*\XFI I K1 1wy
- [Ty f4
2
&z (I & 4
-
¥l e b
=15 =

(1
—
0 -
g
I
"

! R s
| The cony wgate of matqoc is found bfj tak! ny the
complex conjugate of each element in matv'x.

| Tt s denoted by A"

1 EjsAr 2437 4
| ~I+28 5

E). & o5 LH—?
| —1-37 9
J

M) 6 :‘ngu_[cm Maty v

If the detesmimtes of matax s zero that the
matvie 't fg a}eno[-u[ b_‘j det (&)~ COUY? A1=6

S [5¢]

= 2X3-6X)
d.d*bc =0

=6-6
=0




Pvoblems

y A [57]

Hiven that,

)

det (Al =0
det (a)-ad-be

=6E) -2(%)
dekaozo

b s Lol -
e [i )_]

deLGU=O

det (A=ad-be

= 132 ~-8%|

=y

det [a1 = 1 (uxa) —bx6)- 2 (2xq -6%3) +3 (2¥6-12)
= 1036-36) —2.(18-12)+ 3 (12~ 1)
:OFOTO

=0



1\

| Nom-Simgulay Matvixt-
| TP the determmants of the matyix ig zero that
| the matxix /o known as non—.sinjulqr mat x-

It o c[eno%:ecj b_‘j ca) c;o
£9s
o [3, %] ad-be 4 0
= x5 -6y
=q.¢
det (4) - 3,

det (a) 40

DA = (:‘6 "T]
'

pet |Al=0

A= Blﬁ
h 2

P=2x2-SxYy
5 B-—'LO
= ~\4-

det (a)4e




o

2(2-12)-3(5-6)4 ! (20-4)
2(=16) 15 +1g+]¢

il

Lkl

" 20154 3y

= =351 %4

=
Dek IAI:F o)

20) Addition, of Matyiz -

Matvix addition i the Dpe;taf:l"na of add

hjj- Uk'ﬂj
WO matrices by a.ddr"nj the co'nrespondinj elements.
Note

The moatvices mugt have the Same ovder.

Theve fore yNumber Of aows <

. Y - N 1
EBA{L 5] o [1 :]

humber of columns

|

AR E L) 2y 1% 0
2= D 2 |
AtB= (143 24
242 ot
#1B= 1'% S
y 4
14 e 2 . _
GY2F A [3@ B*[;é C'[o %]4—“—1-14 AtB1e
9‘(5*6’(11]-?[5(’ [Ll]
3 4 * g .



IF A=[2 -1 g [ -2 5
o qjg[_g O} then verify thal (aB)'-B"AT
S 4

of
f

N
™

o U
> S
E—

Q_ -—
2 0
10 16

B'= [t =B 51

-2 o0 4

M

BT:- ‘2 {
- 3
2 4

—

BT‘AW: n=h o 2 |

2 4

. [Y¥2+E3x-D45 % 17<|+C-3x3)+5x4_]

:lh"@"*‘)* ALy x4 ex31+4a4XS

(243416 1-9494 1S 12
“tte a4 ]$> [+ 14

D GeyT

. -3 4 ©
SR 5[41*1]

= [-15 20 o
20 -to =S

1!




[ 1=5% 244
Kt & g~
L=}+o g -

-
-

A1

s ;1 > @8 = AT

ol

Hence proved
(i e
E§B=gj3 " ©
. =8 =
¥ =5 20 B
20 -10 -5

€. "= [-15 20

20 10
0 =

s (B’
7= 5 & ]
4 -2
fe) —IJ
= =3 4
4 -2
o *l)
= [«15 2p
20 -0
o -5

(58) = ¢ By

Hence porovegl.




1% |

(2B)" = {

5(B)'

'S 20
2060 -lO
g =5

B8Y = seny

Hence prov ecf.

:{"F !q_ ['Z"" ?'hjl B—rll

! 3 4j _ \:3
given dnat, -
CP’B)T: GT AT

GAE;): 8 =1 2 o
P 5 4—] = @
5 4

. (i:f’b'ﬂo

— 4019
| —9q420 -—21+04t16

- 'S &
12 4

then \fe‘rf% Lhat CAO)T-' p.AT




o [1 -3 s]
-L 0 &4

A= 2 )

=1 '5

2
BT‘AT" 1 — % s 2
{}2 o 4]. s
-

o

-4-049 -210+l6

'S 2
4 14

@B gl A

[zw-ﬂo I-q420

ne

Henece proved.

rf ()= p". AT

If‘A—[’?‘o 5:1
54-5} F

l



Iy

o) Subtvatifon oF Matriq 2

Mataye .Subft“ra.d.lm 'S a‘cme lay Sub{:mtfmﬂ erCSpOndt
‘e.lemen’c@. oF two mateices

| E95

0 {1 9 B:t)!lr
2 3 4 6.+ y

\

"




AtBte =

AtBte

%) &:[.

AR =

| 2
S

-

-

%) A

=

3
\

1B =

My

r'J.H'

1+ 642 21bt!
24 o V8T

[% q]
10 1S
6 32 |

! 2. 3

B

(14612 515ty
| 41215 3 24641

|
(23]
)|

.

|

Eagit:
Eaadh

%

o

e O

| 3 2 W

]

e

L

[ 2+Sth40
| Fra4ns

1

3oy

Hip=

%2 10
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cofackor of —r= N> [3, %]

=1 oty ]
=1(y)
=

cofackor of 3. ()™ ['z ’L—i

= C"‘)q['v-qj

= 1 (=)

.
co-fattorof | = (4)”5 (' DJ

- "




1

9\ |

cofaetor of | = C—')qw[' °1

g i
= (-1 [-2-0]
=1 (-2)

=2

co fackoy of o . C_'c)'B-H [O 1:]
Z

= 107 (0-4)
= 1[-6]
= =4
Co foutor of _, . C*I')'b.rq Ft -;;]

‘-C"Jﬁ['t'rl_']
= -3

Wfackor of 1. A 33131 o
, C ') Ei 3].

= 1(3t0)
=3
cofattory of 4. g = -
= ~% 4
b -3 3

5} A S

_ 2
0 3 -
- S |

i O il

cofaetor of 4. ¢y (3 fl]
5 0

=1(ots)

=S




cofattor of 1 = (.y't? [o ,,] '

2 0
=~ (o42)
= L
Co fartor of o - -1y [0 51
> s
= 1(0-6)
- 6
o fattor of 0 . , -z+1['r 2
' &) S ©0
= ~t{o-10]

Cofactp, Of 3 . C*!JHQ['* ?_]
s O

< r(o__q,)
= -y

c0-factor OF - . C—r)“g T
[+ -

R fz.o‘:ﬂ
==t01g) = -ig

o fatktoy Of 9 = C_og-n[, N
3 -1]

= Tl wg =y l]
o -

= <) GLP"O) ;L”

1933 {,; é}
= t(r12-0)

:[2_,

cofactoy of 4 b




v

i =% =k
(o factovr of 4 = [s
10 -4 -3
-3 4 1%

Adjoint of a matrix:-
“he adjoint of « Squave matvix in the twanspese of
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ank of a matrix ; e(a)

The vank of a matrix in the maximem num ber of
e Ou’l:j mdependent Rotws and Columns v the matyix. condrtrone
2Xad Nakic @
t- The determinant vafue 50, then the yank (s 1.

2 The determinant vatue & not €qeal to 0 then the vank 3 1.
2X3 Matrixe

- The determinant Value s 0,if ewe remove any rouw and

column ij?\reh Mabvix convert imte axs matvise then €(A)= 2.
- The determimant Value ‘¢ neot ¢quals to zero

the mabyie je s,

)5 4= [0 Jing tank

det (A= Co-0)
det = o
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rthen the rank of

e C(A)- |
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r)/%la)IP A:[, o]
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3 e w 5?ﬂjUIotT Matyix
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4) IF A- [s ¢
§ 9
bet A= (4s5-4g)

5.
det (M+o

It 16 q hOﬂ*Sihjcc(ar makyix
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Fe 1'g hoanmﬁa.faP ma kbrix

Bj elimina H]B

A= [y 3
o |
= +.—6 o

S5l 16 Nen -Sing wlas
ela)=s




A Matviz invergion nMethod

Y
l) '[fl.j— o S
'J)C‘Bj‘i’z = |
2xtY+2Z=9
Given that,
-ty -2 =0
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Co-fackpvof o- [ £ -15 €

-5 3

| QY
Ad;(A)= [6 -5
~15 g -
& -» ©

-\

47 = —— (adja)
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UNIT 5
GAME THEORY

Game theory is the study of strategic interactions where the outcome for each participant, or
"player," depends on the choices of all players. Its scope includes fields like economics, political
science, and biology, analyzing situations of both cooperation and conflict among rational
decision-makers. Its significance lies in providing a framework to model and predict behavior in
interdependent situations, leading to optimal decision-making strategies in areas from business to
international relations.

Meaning

Game theory studies strategic decision-making where an individual's outcome 1s a function of
their own choices and those of others.

It assumes players are rational, make choices to maximize their own outcomes, and consider how
others' strategies will affect them.

Key terms include "players" (individuals, companies, nations), "strategies" (actions they can
take), and "payoffs" (the rewards or outcomes).

Scope
Economics: Used to analyze price competition, market strategy, and the behavior of firms.

Political Science: Applies to international relations, helping nations decide when to cooperate or
compete.

Biology: Used to study evolutionary strategies and behavior in species.

Artificial Intelligence: Provides a formal structure for analyzing strategic interactions in multi-
agent systems.

Project Management: Helps understand differing motivations within a project team, such as a
manager's goal versus a worker's.

Other Applications: Can be applied to diverse situations like auctions, partnerships, and even
simple games like rock-paper-scissors.



Significance

Predictive Power: It offers a way to analyze and predict outcomes in complex, interdependent

situations.

Formal Language: It provides a common language and mathematical framework for structuring
and analyzing strategic scenarios.

Optimal Strategy: It helps individuals, companies, or nations find optimal strategies mn

competitive or cooperative situations.

Understanding Interdependence: It highlights the core concept that one's success often
depends on the choices of others, forcing a consideration of "what 1f" scenarios based on others'
thinking.

Foundation of Modern Analysis: Many modern economic models and fields like evolutionary
biology rely heavily on game theory to understand strategic behavior.

Characteristics
Players: The decision-makers in the game (individuals, companies, nations, etc.).
Strategies: The possible courses of action a player can take.

Payoffs: The outcomes or results (gains or losses) a player receives for each combination of

strategies chosen by all players.

Rationality: Players are assumed to be rational and want to maximize their own gains while

minimizing losses.
Theory
Interdependence: The core idea is that one player's actions have consequences for other players.

Rational Choice: Game theory provides a framework for choosing the best strategy by

considering what an opponent might do.
Classification: Games can be categorized based on different factors, such as:

Zero-sum vs. Non-zero-sum: In zero-sum games, one player's gain is another's loss, while non-

zero-sum allows for both to win or lose.

Cooperative vs. Non-cooperative: Players can either form binding agreements (cooperative) or
not (non-cooperative).

Sequential vs. Simultaneous: Players either move in a sequence, or at the same time.



Rules
Definition: A set of rules that defines the game and the constraints on player behavior.

Structure: The rules determine how actions are taken, the order of play, and the information available to

players at cach step.

Game Structure: Rules can be physical, ecological, or social and can sometimes be altered by powerful

actors or participants.

Business applications

Pricing: Businesses use game theory to model how changes in price by one company affect its
competitors and market share. A classic example is the "prisoner's dilemma," which shows how firms

might be tempted to lower prices, but if both do, they both end up with lower profits.

Advertising: Game theory can help analyze the cffectivencss of advertising by modeling the interactions
between advertisers and consumers, guiding businesses on how to create more impactful campaigns to

maximize their return on investment.

Competitive analysis: It is used to examine the competitive landscape of an industry by modeling

interactions among firms to understand competitor behavior and develop tactics to gain an advantage.

Strategic alliances: Businesses can use game theory to assess the pros and cons of forming alliances with

other firms by modeling how different alliance structures might influence market share and profitability.

Mergers and acquisitions: Game theory can analyze the strategic interactions between companies
involved in a merger or acquisition to help identify the most favorable outcomes and aid in decision-

making.

Key concepts in game theory for business
Rationality: The assumption that players (businesses) act to maximize their own rewards, such as profit.
Best response: The strategy that yields the highest payoff for a player, given the other players' strategies.

Nash equilibrium: A state where no player can improve their outcome by unilaterally changing their

strategy, assuming the other players' strategies remain the same.

Dominant strategy: A strategy that is the best choice for a player regardless of what the other players
do.
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