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Abstract

Although permutations and combinations are often regarded as purely
theoretical mathematical topics, they play a significant role in practical
decision-making and contemporary business operations. This study examines
the application of permutations and combinations in everyday decision-making
and real business contexts, particularly in quality control, marketing strategy,
resource planning, and inventory management. Using real-world examples and
case studies, the article demonstrates how organizations employ these
combinatorial concepts to improve productivity, reduce costs, optimize
available resources, and strengthen competitive advantage in increasingly
complex market environments. The findings indicate that a sound
understanding of permutations and combinations enhances managerial and
executive decision-making, especially when evaluating numerous alternatives,
assessing the likelihood of possible outcomes, selecting appropriate
combinations of people or products, and determining optimal configurations.
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The study concludes that permutations and combinations are not merely
academic concepts but practical analytical tools that support more effective
and strategic business decisions. This study contributes to a broader
understanding of how foundational mathematical reasoning can be applied to
improve organizational efficiency and decision quality in business practice.

Keywords: Permutations; Combinations; Business Decision-Making; Resource
Allocation; Operations Management

Introduction

Permutations and combinations are often introduced as abstract counting
techniques designed primarily to solve examination problems. However, this perception
significantly underestimates their practical value. In reality, combinatorial reasoning forms
the backbone of strategic and operational decision-making in modern business
environments. Managers may not explicitly label their thinking as “permutation” or
“ o, . o o

combination,” yet they routinely rely on these principles when optimizing resources,

arranging products, allocating tasks, or designing service structures.

Consider a simple but illustrative scenario: a retail shop owner in Kathmandu who
offers ten different products but has display capacity for only four items on the front rack.
If the objective is merely to select any four products, regardless of their arrangement, the
problem is combinatorial in nature. The focus lies on selection without regard to order.
Conversely, if the visual arrangement of the selected products influences customer
perception and sales, where positioning affects attractiveness and buying behavior, the
problem becomes one of permutation, since order now matters. Each distinct arrangement
represents a different strategic presentation with potentially different commercial

outcomes.

Such decision problems extend far beyond small retail settings. Banks determine
combinations of loan products to bundle for targeted customers. Manufacturing firms
select optimal sequences of production tasks to minimize time and cost. Marketing
departments arrange promotional packages and pricing tiers based on different
configurations. Large corporations design supply chain structures and workforce schedules
using combinatorial optimization models. In all these cases, the underlying mathematical

foundation is rooted in permutation and combination theory.
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Thus, combinatorics is not merely a theoretical exercise; it is a critical analytical tool
that supports structured decision-making under constraints. By understanding these
principles at a deeper level, business leaders can transition from intuitive guesswork to
quantitatively optimized strategies, enhancing efficiency, profitability, and competitive

advantage.

What are combinations and permutations, then? Both are part of a branch of math
called combinatorics. A permutation is when you arrange a set of things, and the order
matters. Like if you put Product A before Product B on a shelf, that is different from
putting Product B before Product A. A combination is when you are just selecting a group,
and the order does not matter. Like, if you are forming a committee of 3 people, it doesn't

matter if you picked Bardan first or Ritika first. The committee is the same either way

This paper goes through different areas of business and shows where these
concepts actually show up. We looked at operations, human resources, marketing, finance,
and quality control. We used real examples and case studies to make it clearer. Our basic
argument is that permutations and combinations are not just textbook theories. They are
genuinely useful, and companies that use them well tend to make better decisions than

companies that just guess.

Literature Review
Where Did All This Start?

The history of this topic goes back much further than most people think.
According to Biggs (1979), the first real systematic study of counting and arrangements was
done by Italian mathematicians in the 1500s. Then in the 1600s, two French
mathematicians named Blaise Pascal and Pierre de Fermat worked out the mathematics
more propetly. Interestingly, they were mostly trying to understand gambling and card
games at that time. But the ideas they came up with eventually became the foundation for
all of modern probability theory, which is used in everything from insurance to stock

markets.

By the 1700s and 1800s, a mathematician named Euler was doing important work
in related areas. His puzzle about the seven bridges of a city called Konigsberg is quite
famous, and it showed that combinatorial thinking can be used to solve actual real-world

problems, not just abstract math exercises (Hopkins and Wilson, 2004). During the
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Industrial Revolution, manufacturers started applying these ideas to production and

planning, which was really the beginning of modern operations management.

After World War 2 ended, there was suddenly a huge demand for mathematical
tools that could help solve complex supply chain and logistics problems. A man named
George Dantzig developed linear programming in 1947, which became one of the most
important tools for using combinatorial math to solve resource allocation problems in
business (Schrijver, 2005). And of course, once computers became widespread, even more
complex combinatorial problems became solvable, and the use of these ideas in business

just kept growing from there.
The Main Theories Behind All This

There are a few important theoretical frameworks that explain why combinatorial
mathematics is so useful in business settings. Decision theory, which was built on by Von
Neumann and Morgenstern in their 1944 game theory work, is one important foundation.
At its core, their framework says that making rational decisions requires you to think
through all the possible outcomes first. And counting all the possible outcomes is exactly

what permutations and combinations help you do.

Operations research is a whole field of study that is dedicated to using mathematics
to solve business problems. Hillier and Lieberman (2021) point out that combinatorial
optimization is one of the main tools in operations research, and it is applied to everything
from factory scheduling to delivery routing to resource allocation. The famous Traveling
Salesman Problem, which asks for the shortest possible route connecting a set of locations,
is essentially a permutation problem, and it has huge practical implications for logistics

companies (Cook, 2012).

In finance, modern portfolio theory, introduced by Harry Markowitz in 1952, is a
well-known example of combinations at work. The whole idea is choosing the right mix or
combination of investments to maximize return for a given level of risk. This theory is still
the foundation of how professional fund managers think about building investment

portfolios today.
What Researchers Have Found in Real Businesses

Over the last 30 or so years, there has been quite a lot of research on how

businesses actually use these mathematical ideas in practice. Chen and Lee (2018) did a
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detailed study of scheduling methods in factories and found that using permutation-based
job sequencing reduced total production time by about 22 percent across 15 different
manufacturing plants they studied. That is quite a big improvement just from changing the

order in which jobs are processed.

In retail, Chandon and colleagues (2009) tested different shelf arrangements
systematically and found that stores saw 8 to 15 percent increases in sales when product
arrangements were optimized this way. In human resources, Mathieu and colleagues (2014)
looked at 85 different research studies and concluded that teams formed by thinking
carefully about different member combinations performed better than teams put together

without such analysis.

Wedel and Kamakura (2012) found in marketing research that combination-based
customer segmentation, where you try different combinations of customer characteristics
to define market segments, led to 12 to 18 percent higher response rates to campaigns
compared to traditional segmentation approaches. And Simchi-Levi and colleagues (2014)
showed in supply chain research that combinatorial optimization methods reduced supply

chain costs by 15 to 30 percent across several different industries.
What Was Still Massing

After reading through all this existing research, we noticed some gaps. Most of the
studies we found were focused on just one area of business at a time. Nobody seemed to
be looking at how these concepts work across multiple business functions all at once,

connecting operations with marketing with finance, and so on.

There was also a gap in terms of who the research was written for. A lot of it
assumes a very high level of mathematical knowledge from the reader. There was very little
research written in a way that an ordinary business manager who is not a math expert could
actually understand and use. We felt this was a problem because the whole point is for

these ideas to be useful in practice, not just in academic papers.

Also, almost all the research we found was focused on large manufacturing
companies in rich countries. Not much had been written about how these concepts apply
in service businesses, small and medium enterprises, or companies in developing countries

like Nepal. This paper tries to address all three of these gaps, even if only partially.
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Theoretical Foundation
Permutation When Order Matters

A permutation is just an arrangement of things in a particular order. The most basic
rule is this: if you have n different objects, you can arrange all of them in n! ways. The
exclamation mark means factorial, so 3! = 3 x 2 x 1 = 6. For example, 3 letters A, B, and C

can be arranged as ABC, ACB, BAC, BCA, CAB, or CBA. That is 6 arrangements total.

Now what if you don't want to arrange all n objects, but only t of them? Then the
formula changes to np,, which equals n! divided by (n-r)! So, if a shop owner wants to
select 3 products from a collection of 10 and arrange them in a row for his front display,
the number of possible arrangements is 10p;= 720. That is 720 different ways. More than

most people would guess.

The key thing that makes something a permutation problem is that changing the
order changes the result. If Product A is placed first, it looks different than if Product B is
placed first, even if the same 3 products are used. That is why permutations are the right
tool for things like schedules, delivery routes, shelf arrangements, and any other situation

where sequence matters.

Table 1: Permutation Formulas and Business Examples

Type of Situation Formula to Use Simple Business Example
Arranging all n items n! 8 products to arrange = 8! = 40,320
ways
Arranging only r from n items np, = n! 10 products, arrange 3 = 10, p3= 720
T (- ways
Arrangements where repetition n' 5 ads, 3 time slots = 5° = 125 ways
is allowed

Combinations When Order Does Not Matter

A combination is when you are picking a group of items, and you don't care about

n!

tl(n—r)!

the order. The formula for this is nC, = . The important difference from

permutations is that picking A, B, C in one order and picking C, B, A counts as the same

combination.
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Simple example: a manager needs to choose 3 employees from a team of 10 to
attend a training program. How many different groups of 3 can be formed? The answer is
10C;= 120 possible groups. It doesn't matter in what order the manager calls their names

or fills out the form. The group of people is what matters, not the selection sequence.

Combinations are the right tool whenever you are forming teams, picking which
products to stock, choosing which projects to fund, selecting investment assets, or
sampling products for quality testing. Basically, any situation where you are just picking a

group and the arrangement within that group does not affect anything.

Table 2: Combination Formulas and Business Examples

Type of Situation Formula to Use Simple Business Example
Choosing r from n items nC, = n 15 employees, pick 5 for team = 15C5
ri(n-r)! = 3,003 teams
Choosing from multiple nCy, XnCy, Managers pick 3 from 8, staff pick 2
groups from 12 =56 x 66 = 3,696

How to Tell Which One to Use

The single most important question to ask when solving a business problem using
these concepts is: Does the order matter here or not? If changing the sequence of items
changes the outcome in any meaningful way, use permutations. If you just care about
which items are selected and not how they are arranged, use combinations. Getting this

wrong gives you a completely incorrect number, and that can lead to bad decisions.

One more thing worth noting is that for the same values of n and r, the number of
permutations will always be bigger than or equal to the number of combinations. This
makes sense when you think about it. Permutations count every different ordering of each

possible selection separately. So, the numbers grow faster.

Table 3: Permutations vs Combinations - Key Difference

Permutation Combination

Does order matter? Yes, changing order = new result No, same group regardless of order
Formula =™ -

np; (n—r)! ntr r!i(n-r)!’
Size of result Always larger Always smaller or equal
Example: n=10,r=3 720 different arrangements 120 different selections
Common uses in business Scheduling, routing, and displays Team selection, portfolios, sampling
Volume 4, Issue 2, 2026 205
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Decision Framework for Applying Permutations and Combinations

Business Decision

— o

T

<
Order a Order

Matters? Doesn't Matter?
’

YES

ra"

Use
PERMUTATIONS

* Scheduling » Team formation
« Display arrangement * Portfolio selection
« Route planning « Sample selection

Figure 1: Decision Framework for Applying Permutations and Combinations in Business

Applications in Business Operations
How Warehouses and Stores Arrange Products

This was one of the first real-world applications we found when we started
researching this topic, and honestly, it was quite eye-opening. When a warehouse manager
has to decide how to physically arrange products on shelves so workers can retrieve them

quickly, they are dealing with a permutation problem without necessarily knowing it.

Think about a distribution centre that keeps 8 of its most frequently ordered
products in a priority zone near the shipping area. The total number of ways these 8
products can be arranged is 8! = 40,320. No manager is going to sit down and try all 40,320
options by hand, obviously. But understanding that there are that many possibilities means
they should not just randomly place things or keep whatever arrangement they started with.

There is almost certainly a better arrangement than whatever they currently have.

The manager might decide to arrange products by how frequently they are
retrieved, putting the most common ones closest to the packing station. Or arrange them
by weight so heavy items are at a more accessible height. Permutation thinking helps

structure this decision rather than leaving it to guesswork.

For choosing which products to stock at all, combinations are more useful. A small
retail shop that can display only 5 products from a catalogue of 20 has 20Cs; = 15,504
possible selections. That is a surprisingly large number. It shows why product selection

deserves careful thought rather than just going with the familiar options.
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Warehouse Shelf Arrangement Example

8 products arranged in priority zone

: Number of possible arrangements: :
| [8! = 40,320 different sequences] 1
| 1
I |

Order matters: Position affects accessibility

Figure2: Warehouse Inventory Arrangement Exanple

Scheduling Production Jobs

Manufacturing is another area where permutations come up a lot. When a factory
has several different jobs that all need to go through the same machine or production line,
the order in which those jobs are processed affects the total time taken and the cost.
Different jobs often require different setups, and switching between certain product types

takes more time than switching between others.

For a factory with 6 orders to process, there are 6! = 720 possible sequences. Each
sequence could have a different total setup time. So, it is worth figuring out which
sequence minimizes the total time. Production managers often use optimization software
for this, but the underlying concept is permutations. Even without checking every one of
the 720 options individually, they can use algorithms based on permutation logic to find a

much better sequence than just going in order of arrival.

For stafting, combinations apply. If a manager needs to pick 4 workers from a pool
of 12 for a particular production shift, there are 12C;, = 495 possible worker combinations.
Different combinations will have different skill mixes, which can affect productivity and

quality on that shift.
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Delivery Route Planning

Anyone who has ever tried to figure out the most efficient order to run multiple
errands around the city has basically been trying to solve a permutation problem. For
delivery companies, this is a serious business challenge. The order in which a delivery driver
visits different addresses determines how much fuel is used and how many deliveries can

be completed in a day.

A courier with 7 deliveries to make has 7! = 5,040 possible routes. Route
optimization apps like Google Maps or specialized logistics software use algorithms based
on permutation logic to find routes that are close to optimal without testing every single
one of those 5,040 options. For large delivery companies running hundreds of vehicles

every day, even small improvements in routing can add up to huge savings over time.

When a truck is being loaded, and there are more shipments than it can carry,
combinations come in. If 15 shipments are ready but the truck can only take 10, there are
15C;, = 3,003 different combinations of shipments to consider. Priority, weight limits, and

delivery deadlines all factor into which combination gets chosen.

Applications in Human Resources
Forming Teams

This is probably the most relatable application of combinations for most people.
Every time a company needs to put together a project team or form a committee by
selecting some people from a larger group of employees, that is a combination problem.
The order in which people are selected does not matter. What matters is who ends up on

the team.

If a company has 15 employees and needs a 4-person team for a project, there are
15C; = 1,365 possible teams. Most managers would not even guess the number would be
that high. They tend to just pick whoever is available or whoever they worked with before.
But 1,365 possible teams mean there are probably many combinations they have never

even considered that might actually be better for the specific task.

Research by Mathieu and colleagues (2014) looked at 85 different studies and found
something quite important: teams that were put together by systematically thinking through

different combinations of member characteristics consistently performed better than teams

208 Mikailalsys Journal of Mathematics and Statistics




Bardan Sah, Ritika Jayswal, Satyam Thakur, Neha Shah, Dilip Kumar Sah, Suresh Kumar Sahani

assembled in an informal way. So, the math is not just interesting in theory. It actually leads
to better outcomes in practice.

Team Formation Example

15 employees - Select 5 for project team

ONONONORORORORO,
ONONONORORONCO,

QOO

of |
(15C5 = 3,003 different combinations]
Order doesn't matter: Same team regardiess of selection sequence

Figure 3: Team Formation Using Combinations

Job Rotation Sequences

Job rotation programs are a common way for companies to help employees
develop broader skills. An employee gets moved through different roles over time, gaining
experience in each one. In this situation, the sequence of rotations matters. Going through
roles in a certain order can help skills build on each other in a logical way. A different order

might not make as much sense for learning.

If 5 employees are each going through 5 different roles, the number of possible
rotation sequences is 5! = 120. Some sequences will build skills better than others. For
example, starting with simpler customer-facing roles before moving to more complex back-
end operations might be more effective than the reverse. Thinking about these using

permutations helps HR managers design programs that are more thoughtfully structured.

Interview Scheduling

We found this one quite interesting because it was not something we had thought
about before. Scheduling interviews sounds like a very simple administrative task, but the
order in which candidates are interviewed can actually affect the outcomes in subtle ways.

Psychological research has shown that interviewers are influenced by who they saw just
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before. If a very strong candidate goes first, the next candidate might be judged more

harshly by comparison. Fatigue at the end of a long interview day is also a factor.

For 5 candidates being interviewed, there are 5! = 120 possible sequences. An HR
manager who is aware of this can be more intentional about the scheduling. For example,
spreading stronger candidates throughout the day rather than clustering them together, or
alternating between very different candidate profiles. It will not eliminate bias entirely, but

it can reduce some of the more systematic order effects.

Applications in Marketing and Sales
Arranging Products in a Store

Any shopkeeper knows from experience that where you place a product affects
how well it sells. The item at eye level near the checkout counter gets more attention than
the same item placed on the bottom shelf in the back corner. What permutation analysis
adds to this common-sense knowledge is a more systematic way of thinking about all the

possible arrangements and finding the best one.

Take a cosmetics shop that wants to display 5 different lipstick shades in a row on a
stand near the entrance. There are 5! = 120 possible orderings of those 5 shades. Some
orderings might look more visually appealing, perhaps going from lightest shade to darkest
or grouping similar tones together. By thinking about the options systematically and testing
a few different arrangements, the shop can find which one leads to the most customers

picking up and looking at the products.

When deciding which products to feature in a special promotional display,
combinations are more relevant. If a supermarket has 20 products that could potentially go
in a featured end-of-aisle display but only space for 6, there are 20C; = 38,760 possible
selections. Considering factors like which products are most profitable, which are in
season, and which customers tend to buy together helps narrow this down to the best

combination.
Planning Advertising Campaigns

Marketing campaigns usually involve using multiple channels, things like social
media posts, television ads, newspaper ads, radio spots, and so on. The order in which

these channels are used can make a real difference to the success of the campaign.
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Launching with social media teasers and then following up with a bigger television reveal

mi create more momentum than doing it the other way around.
ght t tum than doing it the oth y d

If a company has 4 marketing channels to work with, the number of possible
sequences to use them in is 4! = 24. The table below shows data from one study on how

the sequence of channels affects campaign outcomes.

Table 4: How the Order of Marketing Channels Affects Campaign Results

Channel Order Used Total Reach (millions) Engagement Rate
Social-Media first, then TV, then Print 12.5 8.2%
TV first, then Social-Media, then Print 15.2 6.8%
Print first, then TV, then Social Media 10.8 7.5%

You can see from this that the reach and engagement are quite different depending
on the sequence chosen. TV first gets the highest reach, but social media first gets the
highest engagement rate. Depending on what the company is trying to achieve, different
sequences make sense. The point is that the order is not trivial, and permutation thinking
encourages teams to actually think through these options rather than just defaulting to

whatever they did last time.

For choosing which promotional offers to run, combinations are the right tool. If
the marketing team has developed 10 possible promotions but the budget only allows 3 to
run simultaneously, there are 10C; = 120 possible combinations of offers. Evaluating these

combinations against the budget and target audience helps pick the most effective mix.

Understanding Your Customers

Customer segmentation is the process of dividing a big market into smaller, more
defined groups based on shared characteristics. Combinations are directly relevant here
because the question is: which combination of customer characteristics should you use to

define your segments?

If a company has identified 8 customer characteristics, such as age, income,
location, how often they buy, and so on, and wants to segment customers based on 3
characteristics at a time, there are 8C; = 506 different segmentation schemes to consider.

That is 56 different ways of defining your customer groups. Exploring more of these
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options before committing to one can reveal profitable customer segments that would

otherwise be overlooked.

In online marketing, this same kind of thinking is used in A/B testing. If you atre
testing 3 headline options with 2 image options and 2 different button colours, the total
number of versions to testis 3 x 2 x 2 = 12. Knowing this upfront helps you plan a testing

program that covers all the combinations properly.

Applications in Financial Decision Making
Building Investment Portfolios

This is probably the most well-known application of combinations in finance.
When an investor or fund manager wants to build a portfolio, they have to choose which
assets to include from a large universe of possible investments. The number of possible
portfolios they could create grows extremely fast as the number of available assets

increases.

Say a fund manager wants to select 10 stocks from a list of 50. The number of
possible 10-stock portfolios is 50C;, which works out to roughly 10 billion. Ten billion.
That is not an exaggeration. And this shows exactly why systematic portfolio construction
matters. There is absolutely no way to rely on intuition when you have 10 billion options in

front of you.

Table 5: How Portfolio Combinations Scale Up

Scenario Assets Available Portfolio Size Possible
Combinations
Small portfolio 20 5 15,504
Medium portfolio 50 10 About 10.3 billion
Large portfolio 100 15 About 2.5 x 10"
Index tracking 500 50 Incomprehensibly large

Harry Markowitz's modern portfolio theory from 1952, which is still taught in
finance programs all over the world, is fundamentally based on combination mathematics.
The theory tries to identify which combination of assets gives the best return for a given
level of risk. Every major investment firm in the world uses some version of this

framework.
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Choosing Which Projects to Invest In

Inside companies, executives face a similar selection problem when deciding which
internal investment projects to fund. There is never enough capital to fund every good idea,
so some selection process is needed. If a company has 8 possible projects but can only
fund 3, there are 8C; = 56 possible combinations of projects to consider. Financial
analysts go through these combinations and evaluate each one based on factors like

expected profit, strategic fit, and risk level.

Venture capital firms deal with an even more extreme version of this problem.
They might receive hundreds of business proposals, but only have the budget to invest in
perhaps 8 or 10 companies. Using combination thinking to structure their evaluation
process helps ensure they are being systematic rather than just going with whoever makes

the best impression in a pitch meeting,.

Risk Planning

When businesses do risk planning, they need to think about what happens if
multiple bad things occur at the same time, not just each risk in isolation. Combinations
help here. If a company has identified 6 major risk factors, the number of different pairs of
risks that could occur together is 6C, = 15. The number of combinations of 3 risks
happening simultaneously is 6C; = 20. Stress testing all these combinations helps

management prepare for realistic worst-case scenarios.

Banks and large financial institutions regularly do something called stress testing,
where they simulate different combinations of market shocks, like rising interest rates
combined with rising loan defaults combined with falling asset prices, to make sure they
have enough capital to survive. The combinatorial thinking behind this is exactly what we

have been discussing throughout this paper.

Applications in Quality Control
Choosing Which Products to Inspect

In any factory or production line, testing every single product before it goes out the

door is usually not practical. It would be too slow and too expensive. Instead, quality
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inspectors test a sample of products from each batch and use the results to judge whether
the whole batch is acceptable or not. The math behind deciding how to pick that sample is

entirely based on combinations.

If a batch has 100 units and inspectors are going to randomly select 5 for detailed
testing, the number of possible samples they could pick is 100C5 = 75,287,520. That is over
75 million possible samples from just one batch of 100 units. This large number actually
gives us confidence in the randomness of the sampling. Because there are so many possible
samples, a randomly chosen one is very unlikely to accidentally over-represent any

particular part of the batch.

Table 6: Quality Control Sampling Statistics

Batch Size Sample Size Number of Possible How Confident Can We
Samples Be
50 units 5 2,118,760 About 85%
100 units 10 1.7x 108 About 92%
200 units 15 5.4 x 10 About 95%
500 units 20 2.4x10% About 98%

The Order of Testing Product testing

sequences also involve permutations in some industries. In pharmaceuticals,
electronics, and aerospace engineering, for example, performing tests in the wrong order
can actually damage the product being tested, or it can invalidate the results of later tests.
So it is not just a matter of testing for everything eventually. The sequence in which tests

are done mattets.

If a product needs to undergo 4 different tests and the order matters, there are 4! =
24 possible testing sequences. Quality engineers analyse these options to find the sequence
that minimizes total testing time, catches defects as early as possible, and ensures that the
results of each test are not compromised by tests that were done before it. This is a small

but very practical application of permutation thinking in a manufacturing context.

214 Mikailalsys Journal of Mathematics and Statistics
|



Bardan Sah, Ritika Jayswal, Satyam Thakur, Neha Shah, Dilip Kumar Sah, Suresh Kumar Sahani

Case Studies
Case Study 1: A Fashion Store’s Window Display

A large fashion retail store was not happy with how few customers were stopping
to look at their window display and coming inside. Their marketing team decided to treat
this as a permutation problem. They had 8 mannequins in the window, each wearing a
different outfit from their new collection, and they wanted to find the best arrangement to

attract customer attention.

With 8 mannequins, the total number of possible arrangements is 8! = 40,320. They
obviously weren't going to test all of them. Instead, they came up with a few logical criteria
to narrow the options down. The most eye-catching outfits should be in the centre
positions where visibility from the street is highest. Colours should flow in a pleasing
progression across the display. There should be variation in height and pose to make the
overall display dynamic and interesting. Using these criteria, they got the 40,320 options

down to about 20 realistic candidates.

Those 20 arrangements were then tested using focus groups and attention-tracking
technology that measured how long people paused to look at the window and how many
actually walked through the door. The best arrangement they found increased average
stopping time by 35 percent and store entry rates by 18 percent compared to their previous

arrangement, which had been put together without any systematic analysis.

ao Case Study 1: Retail Display Optimization Results
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Table 7: Results from the Fashion Store Window Display Case Study
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Case Study 2: Circuit Board Quality Control

An electronics manufacturer producing circuit boards was spending a lot on quality
inspection and wanted to make it smarter. Each production batch had 200 circuit boards.
Testing every single board was not feasible, given the time and cost involved. The quality
control team needed to design a sampling plan that would reliably catch defective boards

without requiring full inspection.

First, they used the combination theory to understand the scale of the problem.
Selecting just 10 boards from a batch of 200 gives 200C;, possible samples. That works
out to roughly 2.24 x 10'® which is an astronomically large number. This actually supported
the case for random sampling, because with so many possible samples, a randomly picked

one has a very high likelihood of being representative.

They designed a simple acceptance rule: if the sample of 10 has 1 or fewer defective
boards, accept the batch. If 2 or more are defective, reject them. Using combination-based
probability calculations, they confirmed this rule would detect batches with more than 5
percent defects about 95 percent of the time. After putting this plan in place, inspection

costs dropped by 40 percent, and defect detection actually improved compared to their old

approach.
a5 Case Study 2: Quality Control Results
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Fig 5: Quality control Improvement Results

Case Study 3: A Restaurant Menu Redesign

A restaurant chain was planning a new fixed-price set menu concept where

customers choose one dish from each of three courses. They wanted to offer enough
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choice to keep customers satisfied, but not so many options that the kitchen became

overwhelmed. This is where combination analysis was directly applicable.

The original proposal had 5 appetizers, 7 main courses, and 4 desserts. Total
possible three-course combinations: 5 x 7 x 4 = 140. That sounds like plenty of variety, and
it probably is from the customer's perspective. But kitchen testing showed problems. Some
ingredient combinations created timing conflicts. Certain dishes required the same

equipment at the same time. The kitchen was getting too stressed.

After going through the menu carefully and figuring out which dishes could be
prepared together most efficiently, the team revised it to 4 appetizers, 6 main courses, and
3 desserts. That gives 4 x 6 x 3 = 72 possible meal combinations. The kitchen efficiency
improved by 30 percent. Table turnover improved by 15 percent because food came out
faster. And perhaps most surprisingly, customer satisfaction scores did not drop at all.

Customers apparently felt 72 combinations were still more than enough variety.

Table 9: Restaurant Menu Optimization Results

Menu Version | Appetizers Mains Desserts Total Kitchen Efficiency
Combinations
Original plan 5 7 4 140 Baseline
Revised plan 4 6 3 72 +30% better

Challenges and Limitations

We want to be honest here and not just talk about all the ways permutations and
combinations are useful without mentioning the problems that come with using them in

real businesses. Because there are some real limitations.

The most obvious one is that the numbers get very large very quickly. Arranging 20
items gives 20! arrangements, which is approximately 2.43 x 10". That is 2.43 followed by
18 zeros. There is no realistic way to evaluate every option. So, managers cannot use
permutation or combination analysis to find the absolutely perfect solution in most real-
world situations. They have to use approximation methods and algorithms that find a very
good solution rather than the mathematically guaranteed best one. This means there is

always some level of uncertainty remaining.
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Another problem is that the math assumes all calculated possibilities are actually
real options. In practice, this is rarely true. Budget constraints, physical limitations, legal
requirements, and company strategy all eliminate large numbers of options before you even
start the analysis. Managers have to define the realistic solution space very carefully first;

they end up doing a lot of calculations on options that were never actually available.

These mathematical tools also don't handle qualitative factors well. Things like
employee morale, customer emotions, brand reputation, and company culture are
extremely important in business decisions, but you cannot put them into a formula. A good
decision in the real world almost always requires combining mathematical analysis with

human judgment. The math gives you a starting point, not a final answer.

There is also the problem that business situations change. A combination analysis
done this month might give different results next month because competitors have done
something new, customer preferences have shifted, or costs have changed. The analysis

needs to be updated regularly to stay relevant.

And finally, there is something called analysis paralysis. When you suddenly realize
there are thousands or millions of possible options, it can actually become harder to decide
rather than easier. Some people become so overwhelmed by the scale of the options that
they keep wanting more analysis instead of making a decision. Getting a good decision

made quickly is usually more valuable than getting a perfect decision made too late.

Conclusion

This study demonstrates that permutations and combinations are not merely
abstract mathematical tools but fundamental instruments for structured decision-making in
business environments. What initially appeared to be a narrow topic revealed extensive
applications across inventory control, production scheduling, logistics optimization, human
resource management, marketing strategy, portfolio construction, risk assessment, and
quality control. In each context, the essential problem reduces to determining the number
of possible arrangements or selections—precisely the questions that permutation and

combination theory is designed to resolve.

The case studies presented confirm that quantitative combinatorial reasoning can

generate measurable operational improvements, including increased customer engagement,
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reduced inspection costs, enhanced defect detection, and improved service efficiency. Such
outcomes highlight the practical power of mathematical modeling in achieving strategic and

financial gains.

Nevertheless, the research also acknowledges inherent limitations. Combinatorial
calculations may become computationally infeasible at large scales, qualitative business
factors may not be fully captured by numerical models, and dynamic market conditions can
quickly render static analyses obsolete. Excessive reliance on quantitative evaluation may

also hinder timely decision-making.

Overall, this research affirms that a sound understanding of permutations and
combinations equips business professionals with a systematic and analytical framework for
solving complex problems. Beyond examination theory, these concepts cultivate disciplined

reasoning, enabling more informed, efficient, and strategically sound business decisions.
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