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UNDERSTANDING
MAPPINGS AND
FUNCTIONS IN
MATHEMATICS

Mathematics  often
feels like a language of
its  own,  with  its  own
grammar,  syntax,  and
vocabulary.  At  the
heart of this language
lies  a  fundamental
concept  that  connects
almost every branch of
the subject: the idea of
a  mapping,  and  its
m o r e  s t r u c t u r e d
counterpart, a function.
While these terms are
s o m e t i m e s  u s e d
interchangeably  in
everyday conversation,

in the precise world of
mathematics,  they
describe  a  specific  and
powerful  relationship
between  two  sets  of
objects.  Whether  you
a r e  b a l a n c i n g  a
checkbook, analyzing a
t r e n d  i n  d a t a ,  o r
solv ing  a  complex
calculus  problem,  you
are likely relying on the
principles  of  mapping
and  functions.  This
article  will  demystify
these  core  ideas ,
exploring  what  they
are,  how  they  differ,
and  why  they  are  so
e s s e n t i a l .
Understanding  these
concepts  is  not  just
abou t  pass ing  an
e x a m ;  i t  i s  a b o u t
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unlocking a new way of
thinking logically about
re lat ionsh ips  and
patterns  in  the  world
around us.

What is a
Mapping
in
Mathema
tics?
At  i t s  s imp les t ,  a
mapping is a rule or a
correspondence  that
connects the elements
o f  o n e  s e t  t o  t h e
elements  of  another
set.  Think  of  it  as  a
c o n n e c t i o n  o r  a n
assignment.  We  call
the  first  set  the
d o m a i n  a n d  t h e
s e c o n d  s e t  t h e
codomain. A mapping
takes  each  element
from  the  domain  and

pairs  it  with  exactly
one  element  in  the
codomain. This pairing
is  what  we  ca l l  an
"image." If we have an
e l e m e n t  x  i n  t h e
d o m a i n ,  i t s
corresponding image in
the codomain is  often
denoted as f(x).
A helpful  analogy is a
vending  machine.  The
domain  is  the  set  of
buttons you can press
(A1, A2, B1, etc.). The
codomain is the set of
all possible snacks and
dr inks  i n s ide  the
machine. The mapping
i s  t h e  m a c h i n e ' s
internal  mechanism
that  connects  each
button  to  a  specific
product.  When  you
press  a  button  (an
e l e m e n t  o f  t h e
domain),  you  always
get  one  specific
product  (its  image  in
the  codomain).  This
satisfies  the  basic  rule
o f  a  m a p p i n g .
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Visualizing  this  as  a
"map"  connect ing
points from one set to
another  is  a  powerful
w a y  t o  g r a s p  t h e
concept.

KEY COMPONENTS
OF A MAPPING

To  fully  understand  a
mapping, you must be
able to identify its core
parts:

Domain: The
complete set of
all possible input
values. In our
vending
machine, this is
the collection of
all buttons.
Codomain: The
set that contains
all possible
output values. In
the vending
machine, this is
the full inventory
of products.
Image (or
Range): This is a

subset of the
codomain. It
consists of only
those elements
that are actually
"mapped to" by
some element of
the domain. Not
every product in
the machine may
be selected by a
button. The
products that are
actually
connected to a
button form the
image or range.

For  example,  consider
a  mapping  where  the
domain  is  the  set  of
students in a class, and
the codomain is the set
of  all  possible  grades
(A,  B,  C,  D,  F) .  The
mapping  assigns  each
student  their  final
grade.  The  image  of
this mapping would be
t h e  a c t u a l  s e t  o f
g rades  g i ven  ou t
(perhaps only A, B, and
C  were  awarded) .
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M a p p i n g  c a n  b e
visualized  using  arrow
diagrams,  where  an
arrow  points  from  an
element in the domain
to  i ts  image  in  the
codomain.  This  simple
v isua l  too l  makes
abstract  relationships
concrete.

Defining
a
Function:
A Special
Kind of
Mapping
Every  function  is  a
mapping, but not every
mapping is considered
a  f u n c t i o n  i n  t h e
strictest  mathematical
s e n s e ?  T h i s  i s  a
c o m m o n  p o i n t  o f

confusion. In reality, in
modern  mathematics,
the  term "function"  is
almost  always  defined
us ing  the  s t r ic ter
definition  of  a
mapping. A function is
a  relation  between  a
set of inputs and a set
of  permitted  outputs
with the property that
each input is related to
exactly  one  output.
This  is  precisely  the
definition of a mapping
we just discussed.
However ,  the  key
distinction  lies  in  the
"well-defined"  nature
of  a  function.  For  a
r e l a t i o n  t o  b e  a
function, each element
of  the  domain  must
map  to  one  and  only
one  element  of  the
c o d o m a i n .  T h e r e
c a n n o t  b e  a n y
a m b i g u i t y .  I f  a n
element in the domain
cou ld  map  t o  two
different  outputs,  the
r e l a t i o n  i s  n o t  a
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function.  This  "one-to-
one  or  many-to-one"
rule  is  the  essential
test.

THE VERTICAL LINE
TEST

The most common way
to determine if a graph
represents a function is
the vertical line test.
If  you  can  draw  any
ver t i ca l  l i ne  tha t
crosses  the  graph  at
more  than  one  point,
then  the  graph  does
n o t  r e p r e s e n t  a
f u n c t i o n .  T h i s  i s
because a single input
(represented by the x-
coord inate  on  the
vertical  line)  would
have  more  than  one
o u t p u t  ( t h e  y -
coordinates  where the
l ine  intersects  the
g raph ) .  A  c l a s s i c
example  of  this  is  a
c i r c l e .  D raw ing  a
vertical  line  through
the middle  of  a  circle
will  intersect it  at two

points ,  meaning  a
circle is not a function.
Conversely, a parabola
opening  upwards  or
downwards  always
passes the vertical line
t e s t ,  m a k i n g  i t  a
function.

Types of
Mappings
and
Functions
Not  a l l  mapp ings
behave the same way.
M a t h e m a t i c i a n s
categorize them based
on how the elements of
t h e  d o m a i n  a n d
codomain  are  paired.
These  ca tegor ies
provide deeper insight
into  the  structure  of
the relationship.
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ONE-TO-ONE
(INJECTIVE)

MAPPINGS

A  mapping  is  called
injective  or  one-to-
one if every element in
t h e  c o d o m a i n  i s
mapped to by at most
one  element  in  the
d o m a i n .  I n  o t h e r
words, no two different
inputs  produce  the
same output.  Think of
a mapping from a set
o f  peop le  to  the i r
fingerprints.  Each
person  has  a  unique
fingerprint,  so  the
mapping is one-to-one.
The horizontal line test
is  used  to  check  if  a
function is injective: if
any  horizontal  l ine
drawn  on  the  graph
touches it at more than
one point, the function
i s  n o t  i n j e c t i v e .
Functions  that  are
strictly  increasing  or
strictly decreasing, like
f(x)  =  x³,  are  classic

examples  of  injective
functions.

ONTO (SURJECTIVE)
MAPPINGS

A  mapping  is  called
surjective  or  onto  if
every  element  in  the
codomain is the image
of at least one element
in the domain. In other
words ,  t he  r ange
(image) is equal to the
entire  codomain.  No
e l e m e n t  i n  t h e
codomain  is  left  out.
Think  of  a  mapping
from a group of people
to seats in  a room. If
every seat is occupied
by at least one person,
the mapping is onto. A
f u n c t i o n  t h a t  i s
surjective  "covers"  its
entire  codomain.  For
example,  the  function
f ( x )  =  x  f rom  rea l
n u m b e r s  t o  r e a l
numbers  is  surjective
because  every  real
number  is  an  output.
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BIJECTIVE
MAPPINGS

The most powerful and
well-behaved  type  of
mapping  is  bijective.
A mapping is bijective
if  it  is  both  injective
(one - to -one )  and
surjective  (onto).  This
c reates  a  per fec t
pairing  between  the
d o m a i n  a n d  t h e
c o d o m a i n .  E v e r y
element in the domain
maps  t o  a  un ique
e l e m e n t  i n  t h e
codomain,  and  every
e l e m e n t  i n  t h e
codomain is mapped to
by exactly one element
in the domain. Bijective
functions  are  special
because they have an
inverse function. If you
c a n  r e v e r s e  t h e
direction of the arrows
a n d  s t i l l  h a v e  a
function,  the  original
function was bijective.
The function f(x) = 2x
from  real  numbers  to

rea l  numbers  i s  a
bi ject ion.  I t`s  the
m a t h e m a t i c a l
equivalent of a perfect,
one-to-one  match
between  two  sets.

Represen
ting
Mappings
and
Functions
Mathematicians  use
several  notations  to
represent  mappings
and  functions,  each
with  its  own  purpose.
The  most  common  is
function notation:  f:  A
→  B.  This  is  read  as
"function f maps set A
to  set  B . "  Then  we
define the specific rule,
such as f(x) = x² + 1.
This  tells  us  that  for
any  input  x  from  the
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domain,  we square  it,
add  one,  and  that  is
the  output .  Arrow
d i a g r a m s  a r e
extremely  helpful  for
small,  finite  sets.  They
v isua l ly  show  the
re la t ionsh ip  w i th
arrows, making it easy
to see if a mapping is
one-to-one  or  onto.
Graphs on a coordinate
plane  are  the  most
c o m m o n  w a y  t o
represent  functions
w i t h  n u m e r i c a l
domains.  By  plotting
points  (x ,  f(x)),  we
create a visual picture
o f  t h e  f u n c t i o n ' s
behavior .  F inal ly ,
ordered pairs, such as
(1, 2), (2, 4), (3, 6), can
represent a function by
listing each input with
i ts  corresponding
output.

Common

Examples
of
Functions
in Real
Life
T h e  c o n c e p t  o f  a
funct ion  i s  not  an
abstract idea locked in
a  textbook.  I t  i s  a
fundamental  part  of
how  we  model  and
understand the world.

Cost of a Taxi
Ride: The total
cost is a function
of the distance
traveled. You
input a distance
(domain), and
the function (a
specific pricing
rule) produces a
cost (codomain).
Temperature
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Conversion:
Converting
Celsius to
Fahrenheit is a
function. The rule
is F = (C × 9/5)
+ 32. This is a
perfect example
of a mapping
where one input
yields exactly
one output.
The Area of a
Circle: The area
is a function of
its radius. The
rule is A(r) = πr².
A larger radius
always maps to a
larger area.
Your Location
at a Given
Time: If you are
a runner on a
straight track,
your position is a
function of the
time elapsed. For
every moment in
time, you are at
exactly one
location.

These  examples  show
that  whenever  you
h a v e  a  c l e a r ,
predictable  rule  that
turns  an  input  into  a
single output,  you are
dealing with a function.
This predictable nature
i s  w h a t  m a k e s
functions so useful for
science,  engineering,
and  economics.

Why the
Distinctio
n
Matters:
Beyond
the
Basics
You might ask, "Why is
it so important to know
if  a  relationship  is  a
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func t ion  o r  jus t  a
general mapping?" The
answer  l ies  in  the
p r o p e r t i e s  t h a t
functions  possess.
F u n c t i o n s  a r e
predictable.  Because
each input has a single
output, we can perform
operations  on  them
with  confidence.  We
can  add,  subtract,
multiply,  and  divide
funct ions.  We  can
compose  one  function
with  another.  We  can
find  their  derivatives
a n d  i n t e g r a l s  i n
c a l c u l u s .  T h e s e
o p e r a t i o n s  a r e
foundational  to  higher
mathematics.  Without
the strict definition of a
funct ion,  calculus
would  collapse.
M o r e o v e r ,
u n d e r s t a n d i n g
injectivity,  surjectivity,
and  bijectivity  allows
mathematicians  to
understand the nature
of  the  relationship.  Is

t h e  m a p p i n g
reversible?  A  bijective
f u n c t i o n  h a s  a n
inverse,  which  allows
u s  t o  " u n d o "  t h e
mapping.  If  you  know
t h e  o u t p u t  o f  a
bijective  function,  you
can  always  find  the
un ique  input  that
produced  it.  This  is
c r i t i c a l  i n
cryptography,  coding
theory, and many other
fields.  The  simple  idea
of  "one  input ,  one
output" is the bedrock
upon  which  vast  and
powerful  mathematical
structures  are  built.  It
is  a  testament  to  the
power  of  clear  and
precise  definitions  in
creating  a  logical  and
consistent  system  of
knowledge.

Conclusio
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n
Mapping and functions
are  the  fundamental
building  blocks  for
e x p r e s s i n g
r e l a t i o n s h i p s  i n
mathematics.  While
the  broad  idea  of  a
m a p p i n g  s i m p l y
connects  elements  of
one set to another, the
precise,  well-defined
nature  of  a  function
ensures  predictability
and  consistency.  By
understanding  the
concepts  of  domain,
codomain,  and  range,
and  by  being  able  to
classify  a  function  as
injective, surjective, or
bijective,  you  gain  a
powerful  toolkit  for

analyzing the world in
a structured way. This
i s  n o t  m e r e l y  a n
academic  exercise.
From the simple act of
converting  currencies
t o  t h e  c o m p l e x
algorithms  that  power
search  engines,  the
logic  of  functions  is
woven  into  the  very
fabric of our daily lives.
Mastering this concept
provides  a  crucia l
foundation  for  anyone
looking to explore the
logical  and  beautiful
l a n g u a g e  o f
mathematics,  opening
the  door  to  deeper
understanding  and
discovery  in  science,
t e c h n o l o g y ,  a n d
beyond.


