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INTRODUCTION TO
INTRODUCTORY
COMBINATORICS
PROBLEMS

Combinatorics  is  often
described as the art of
count ing  w i thout
actually counting. It  is
a  b r a n c h  o f
mathematics that deals
with  the  enumeration,
combinat ion ,  and
a r r a n g e m e n t  o f
e lements  in  se ts ,
following specific rules.
Fo r  s tuden t s  and
enthusiasts  stepping
into  this  field,  tackling
i n t r o d u c t o r y

c o m b i n a t o r i c s
p r o b l e m s  i s  t h e
g a t e w a y  t o
u n d e r s t a n d i n g
probabi l i ty,  graph
theory,  and  discrete
mathematics.  These
problems  may  seem
deceptively  simple  at
first  –  after  all,  how
hard can counting be?
–  but  they  quick ly
reveal  the  need  for
structured thinking and
precise  reasoning.
W h e t h e r  y o u  a r e
p r e p a r i n g  f o r
competitions,  studying
for  a  math  exam,  or
s imp ly  look ing  to
sharpen  your  logical
skills,  mastering these
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foundational  problems
is  essential.  In  this
article, we will explore
the  core  principles
behind  introductory
c o m b i n a t o r i c s
problems, walk through
classic  examples,  and
provide  strategies  to
s o l v e  t h e m  w i t h
confidence.
T h e  b e a u t y  o f
combinatorics lies in its
pract ical i ty.  From
d e t e r m i n i n g  t h e
number  of  possible
p a s s w o r d s  t o
calculating  lottery
o d d s ,  c o u n t i n g
p rob lems  appea r
everywhere. The key is
to  break  down  each
s c e n a r i o  i n t o
manageable  steps,
a p p l y  t h e  r i g h t
principle,  and  avoid
common  pitfalls  such
as overcounting. Let us
b e g i n  w i t h  t h e
fundamental  building
blocks  that  form  the
backbone  of  every

i n t r o d u c t o r y
combinatorics problem.

THE
FUNDAMENTAL
PRINCIPLES OF
COUNTING

Before  div ing  into
complex formulas, it is
crucial  to  understand
two  basic  rules:  the
m u l t i p l i c a t i o n
principle  (also  called
the  rule  of  product)
and  the  addit ion
principle  ( ru le  of
sum).  These principles
are the foundation for
nearly  all  introductory
c o m b i n a t o r i c s
problems.

The
Multiplica
tion
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Principle
I f  a  t a s k  c a n  b e
performed in m  ways,
and after that, another
task can be performed
in n ways, then the two
tasks together  can be
performed  in  m  ×  n
ways.  This  principle
extends to any number
of sequential tasks. For
example, if you have 3
shirts and 4 pants, the
number  of  different
outfits  you can wear  is
3  ×  4  =  1 2 .  T h e
multiplication  principle
is  used  when  choices
a r e  m a d e
consecutively and each
step is independent.

The
Addition

Principle
If a task can be done in
m  ways  or  another
task in n ways, and the
two tasks are mutually
exclus ive  (cannot
h a p p e n
simultaneously),  then
the  total  number  of
ways  is  m  +  n .  For
example,  if  you  can
trave l  to  a  c i ty  by
either 3 different buses
or  4  different  trains,
the  total  number  of
travel options is 3 + 4
=  7 .  The  add i t i on
principle is used when
c h o i c e s  a r e
alternatives.
Many  introductory
c o m b i n a t o r i c s
prob lems  requ i re
c o m b i n i n g  b o t h
p r i n c i p l e s .  F o r
instance:  "How  many
ways can you choose a
meal  i f  there  are  2
appetizers,  3  main
c o u r s e s ,  a n d  2
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desserts,  or  you  can
skip the appetizer and
just choose a main and
dessert?"  This  blends
a d d i t i o n  a n d
m u l t i p l i c a t i o n .
Recognizing  when  to
a d d  a n d  w h e n  t o
multiply is  a skill  that
develops with practice.

PERMUTATIONS:
ARRANGEMENTS
THAT MATTER

A  permutation  is  an
ordered  arrangement
of  items.  The order is
crucial.  For  example,
the  arrangement  of
letters  in  a  word (like
"ABC"  vs  "CBA")  are
different  permutations.
I n t r o d u c t o r y
c o m b i n a t o r i c s
problems  often  ask:
"How many  ways  can
you arrange n  distinct
objects?" The answer is
n factorial, denoted as
n! = n × (n-1) × ... × 1.

Permutati
ons of All
Objects
If  you  have 5  distinct
books,  the  number  of
ways to arrange them
on a shelf is 5! = 120.
T h i s  i s  a
s t r a i g h t f o r w a r d
application.  However,
prob lems  become
more interesting when
you are arranging only
a subset of items. For
example:  "How  many
3-letter  words  can  be
formed from the letters
A,  B,  C,  D,  E  without
repetition?"  Here,  we
need  the  number  of
permutat ions  of  5
i tems  taken  3  at  a
time, written as P(5,3)
= 5! / (5-3)! = 5×4×3
= 60.
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Permutati
ons with
Repetitio

n
When  repetit ion  is
a l l o w e d ,  t h e
multiplication  principle
applies  directly.  If  we
form  3-letter  words
from  the  letters  A-E
with repetition allowed,
then for each of the 3
positions  there  are  5
choices,  giving  5³  =
1 2 5  w o r d s .  M a n y
i n t r o d u c t o r y
c o m b i n a t o r i c s
problems  explicitly
s t a t e  w h e t h e r
repetition is allowed or
not, so careful reading
is essential.

COMBINATIONS:
SELECTIONS

WITHOUT ORDER

A  combination  is  a
select ion  of  i tems
where  the  order  does
n o t  m a t t e r .  F o r
example,  choosing  3
m e m b e r s  f r o m  a
committee of 10 – the
group  {Alice,  Bob,
Carol} is the same as
{Bob,  Carol,  Alice}.
The number of ways to
choose r items from n
distinct  items is  given
b y  t h e  b i n o m i a l
coefficient: C(n, r) = n!
/ (r! (n-r)!).

Classic
Combinat
ion
Problem
"How many  ways  can
you  select  a  4-person
team from a group of
12?" Answer: C(12,4) =
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1 2 !  /  ( 4 ! × 8 ! )  =
(12×11×10×9)/(4×3×
2×1) = 495. This is a
typical  example  of  an
i n t r o d u c t o r y
combinatorics  problem
t h a t  r e q u i r e s
distinguishing between
permutations  (where
order  matters)  and
combinations  (where
o r d e r  d o e s  n o t ) .
Students often confuse
the two, so practice is
vital.

Combinat
ions with
Repetitio
n
A more advanced twist
is  when  repetition  is
a l l o w e d  i n  a
comb ina t ion .  Fo r
instance:  "How  many
ways  can  you  buy  3
donuts  from  a  shop

that sells 5 varieties?"
Since  the  order  of
se lect ion  doesn ' t
matter  and  you  can
pick  multiple  of  the
same  type,  this  uses
the  "stars  and  bars"
formula:  C(n+r-1,  r)
where n is the number
of  types  and  r  is  the
number  chosen.  Here,
C(5+3-1, 3) = C(7,3) =
35. While slightly more
a d v a n c e d ,  m a n y
i n t r o d u c t o r y
combinatorics  problem
sets  include  this  to
build  intuition.

COMMON TYPES
OF INTRODUCTORY
COMBINATORICS
PROBLEMS

To  become  proficient,
it  helps  to  recognize
recurring  patterns.
Below  are  severa l
categories  you  will
frequently  encounter.
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Arrangem
ents of
Objects
with
Restrictio

ns
T h e s e  p r o b l e m s
involve  conditions  like
" A  a n d  B  m u s t  s i t
together" or "C cannot
be  first."  The  typical
approach is to treat a
restricted  group  as  a
s ing le  ob ject .  For
example:  "How  many
ways can 5 people sit
in  a  row if  two  specific
people insist on sitting
next  to  each  other?"
Treat  that  pair  as  a
single unit, giving 4! =
24  arrangements  for
the  units,  and  then
multiply  by 2!  for  the

internal  order  of  the
pair, so 24 × 2 = 48.

Selection
s with
Condition
s
Sometimes we need to
count  subsets  that
satisfy  certain criteria.
For  example:  "From a
group of 6 men and 4
women,  how  many
ways  can  we  form  a
committee  of  5  that
includes  at  least  2
women?"  This  often
r e q u i r e s  u s i n g
c o m p l e m e n t a r y
counting  or  breaking
into cases (2 women, 3
women,  4  women).
S u m m i n g  t h e
c o m b i n a t i o n s :
(C (4,2)×C (6,3))  +
(C (4,3)×C (6,2))  +
(C(4,4)×C(6,1)).
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Counting
Paths on
a Grid
A  c l a s s i c  v i s u a l
problem:  "How  many
paths from one corner
o f  a  g r i d  t o  t h e
o p p o s i t e  c o r n e r ,
moving only right and
up?"  This  reduces  to
combinations.  For  a
3 × 3  g r i d  ( 3  r i g h t
m o v e s  a n d  3  u p
moves), the number of
paths is the number of
sequences of 6 moves
with  3  Rs  and  3  Us,
which  is  C(6,3)  =  20.
These  problems  help
bridge  combinatorics
and  geometry.

Pigeonhol

e
Principle
Problems
While not about exact
c o u n t i n g ,  t h e
pigeonhole principle is
a  p o w e r f u l
combinatorial  tool
o f ten  i n t roduced
a l o n g s i d e  b a s i c
counting.  A  typical
problem:  "If  you  have
10 pairs of socks in a
drawer,  how  many
socks must you take to
guarantee  a  matching
pair?"  The  answer  is
11.  Although  simple,
such  problems  train
you  to  think  about
worst-case scenarios, a
crucial  skill  for  more
a d v a n c e d
combinatorics.

COMMON PITFALLS
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AND HOW TO
AVOID THEM

Even  exper ienced
so lvers  can  make
m i s t a k e s  w i t h
i n t r o d u c t o r y
c o m b i n a t o r i c s
problems.  Here  are  a
few  frequent  errors
and  tips  to  sidestep
them.

Overcounting
or
undercounting:
Always ask: Does
the order
matter? Are
items distinct? A
systematic
approach using
formulas reduces
risk.
Misapplying
the addition
principle:
Ensure cases are
mutually
exclusive. If they
overlap, use
inclusion-
exclusion or

carefully
enumerate.
Forgetting
about
repetitions:
Read the
problem
statement twice.
Does it say
"without
replacement" or
"distinct"?
Incorrect
factorial
handling:
Remember that
0! = 1. This is
crucial for
formulas like C(n,
n) = 1.
Assuming
symmetry: Not
all objects are
equal. For
example, the
number of ways
to arrange the
letters in
"MISSISSIPPI"
requires dividing
by factorials of
repeated letters.



10

10 Introductory Combinatorics
Problems

2026-06-27

T o  s o l i d i f y  y o u r
understanding,  work
th rough  p rac t i ce
problems methodically.
Start with simple ones,
then gradually increase
complexity.  Explaining
your  reasoning  aloud
can  also  help  catch
errors.

REAL-WORLD
APPLICATIONS OF
COMBINATORICS

I n t r o d u c t o r y
c o m b i n a t o r i c s
problems  may  seem
abstract, but they have
t a n g i b l e  u s e s .
Cryptographers  count
the number of possible
k e y s  t o  e n s u r e
security.  Geneticists
calculate  the  number
o f  p o s s i b l e  g e n e
combinations.  Event
p l a n n e r s  u s e
p e r m u t a t i o n s  t o
schedule  speakers.
Even  game  designers
rely on combinations to
balance  character

abil it ies.  Learning
t h e s e  c o u n t i n g
techniques equips you
with  a  mental  toolkit
t h a t  e x t e n d s  f a r
b e y o n d  t h e  m a t h
classroom.  The  more
you practice, the more
y o u  w i l l  n o t i c e
combinatorial  patterns
in everyday life – from
menu options to sports
brackets.

CONCLUSION

I n t r o d u c t o r y
c o m b i n a t o r i c s
problems  are  both
c h a l l e n g i n g  a n d
r e w a r d i n g .  B y
m a s t e r i n g  t h e
fundamental  principles
of  multiplication  and
a d d i t i o n ,
understanding  the
difference  between
permutat ions  and
combinations,  and
practicing  with  varied
problem types, you can
b u i l d  a  s t r o n g
foundation.  Remember
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that the key is not just
memorizing  formulas,
but  developing  the
ab i l i ty  to  model  a
counting  situation
accurately.  As  you
solve  more  problems,
y o u  w i l l  g a i n
confidence  in  handling
r e s t r i c t i o n s ,
r e p e t i t i o n s ,  a n d
complex  conditions.
W h e t h e r  y o u  a r e

solving for pure fun or
f o r  p r a c t i c a l
a p p l i c a t i o n s ,
c o m b i n a t o r i c s
s h a r p e n s  l o g i c a l
thinking  and  opens
d o o r s  t o  d e e p e r
mathematics.  So  pick
up  a  penc i l ,  s ta r t
counting,  and  enjoy
the  journey  into  the
world  of  structured
enumeration.


