
Objective [1.11]-Notes  
 

Understand what the terms “increasing” and “decreasing” mean with regards to a relationship. In particular be clear on 
how a demand and supply relationships work. (i.e. are they increasing or decreasing, strictly or over only parts of the 
domain?) .  
 

We use the words “increasing” and “decreasing” in English incessantly.  Are there times when people use them 
incorrectly?  Not often as far as I can tell.   If I asked you if a function was increasing you might have a pretty good idea 
what I mean and answer that question correctly.   Still we better make sure everyone is very clear on how these words 
play out mathematically, because in math they are precise.    
 
Further we need to take a look at maybe THE most important business relationships, DEMAND and SUPPLY.  Why 
because DEMAND should be a decreasing function and SUPPLY should be a increasing one.   A knowledgeable 
foundation with these two functions is critical because in almost all business situations they have a direct correlation to 
revenue and thus to profit. 
 
So what is the definition of increasing and decreasing as relates to functions?   
 
INCREASING 
 
Here is one definition of an “increasing function” at  http://www.allwords.com/word-increasing+function.html  

“Any function of a real variable who value increases (or is constant) as the variable increases” 
 
How about the way a mathematician would say it? 
http://archives.math.utk.edu/visual.calculus/3/graphing.13/index.html  
“A function, f, is said to be increasing over an interval of its domain [a,b] if for all x,y in [a,b]  x<y implies that f(x)<f(y) 
This is actually the definition for “strictly” increasing.  
 
 If I put in   instead it becomes what math geeks call just plain “monotonic”   
http://en.wikipedia.org/wiki/Monotonic_function  
“A function, f, is said to be increasing over an interval of its domain *a,b+ if for  
all x,y in [a,b]  x y implies that f(x)  f(y) 
 
But how are you going to say this?  
 
How about  “As the input of a function goes up the output must go up or at least stay the same”   
That would cover the monotonic case above.  If you wanted “strictly” increasing you would have to say. 
 
“As the input of a function goes up the output always go up” 
 
So for decreasing it’s not hard to flip everything backwards 
 
DECREASING 
 
 “Any function of a real variable who value decreases (or is constant) as the variable increases” 
 “A function, f, is said to be decreasing over an interval of its domain [a,b] if for all x,y in [a,b]  x<y implies that f(x)>f(y) 
 “A function, f, is said to be decreasing over an interval of its domain [a,b] if for all x,y in [a,b]  x y implies that f(x)  f(y) 
 “As the input of a function goes up the output must go down or at least stay the same”   
“As the input of a function goes up the output always goes down” 
 
It’s a GOOD thing that we insisted back in objective 1.1 that the input and output to relationships be associated with 
ORDERED sets of numbers because we can’t compare the “size” of things in a set if we can’t determine the truth of 
statements like x>y   or f(x)>f(y).  Also, in case you forgot  -3<-2.  The “bigger” in absolute value a negative number is the 

http://www.allwords.com/word-increasing+function.html
http://archives.math.utk.edu/visual.calculus/3/graphing.13/index.html
http://en.wikipedia.org/wiki/Monotonic_function


“smaller” it is.   Or in other words, if you are heading the direction of negative infinity   that is the “down” or “lower” 
direction and if you are heading the direction of  that is the “up” or “higher” direction. 
 
So how do we determine if a given functional relationship is increasing or decreasing over an interval of the domain? 
There are a three ways to think about this.  One is numerically (ordered pairs=table), one is algebraically with a model 
function and the easiest is graphically with a Cartesian plot.  
 
 
DETERMINE NUMERICALLY 
 
If we are given some input-output (ordered) pairs of the function in a table say we can determine increasing or 
decreasing (with one caveat). 
 
Remember this relationship from Objective 1.5?  Is it increasing on the interval [0,12]  (1990-2002) 
 
Table: Average price of a Home 

Yes it is!  No matter which pair of inputs I choose.  For 
example 0<7 means H(0)<H(7) (150<200) is true!  Try it 
for ALL.   But here is the rub.  Is this ALL the data of the 
relationship between 0 and 12? Maybe not!  There is a 

possibility that H(2)>H(3) we don’t know for sure because we don’t have an ordered pair for an input of 2.  Remember 
the definition said for ALL x and y in [a,b].    So that is the caveat.  We can only say it is increasing for the ordered pairs 
given.  BTW the ordered pairs (data) here indicate a strictly increasing relationship.   
 
Do these ordered pairs (data) indicate an increasing relationship? 

Yes they do.  We could say it was monotonically 
increasing or just “increasing” but we could not say it was 
“strictly” increasing over the interval *0,12+ because of 
the output of 200 for both inputs 4 and 7. 

 
Do these ordered pairs (data) indicate an increasing relationship? 

No they do not. 7<10 means H(7)<H(10) (200<175) is 
false!  If just one pair of ordered pairs fails then the whole 
relationship is NOT increasing over [0,12].  It would be if 
we restricted the interval to [0,7]. 

 
I won’t go over examples for decreasing as they are similar but in “reverse”. 
 
DETERMINE ALGEBRAICALLY 
 
So what if someone gives you a function in functional notation instead of in a table.  How can you tell if it is increasing or 
decreasing on a given interval?  That can be a much tougher task especially without a calculator or without the aid of the 
dreaded “calculus”.    Linear functions are easy to tell though.  Say I have 
 

( )z T a ba d    

 
Then the sign of the value of the parameter b will determine whether the function is increasing or decreasing (don’t 
know what a parameter is, need to revisit objective 1.9).   If b>0 then the linear function is increasing. If b<0 then the 
linear function is decreasing.  Linear functions are ALWAYS STRICTLY increasing or decreasing with one exception.    
 

( ) 3 5z T a a    , decreasing 

( ) 5z T a a   , increasing 

t, Time (years, t=0 is 1990) 0 3 4 7 10 12 

P=H(t), Price $ (thousands) 150 170 175 200 290 330 

t, Time (years, t=0 is 1990) 0 3 4 7 10 12 

P=H(t), Price $ (thousands) 150 170 200 200 290 330 

t, Time (years, t=0 is 1990) 0 3 4 7 10 12 

P=H(t), Price $ (thousands) 150 170 175 200 175 330 



 

Here is the exception.  If b=0 you get a constant function such as ( ) 5z T a   and although it plots as a horizontal line 

on a Cartesian graph one does not think of it as a linear function in the sense of the “rule” we established in objective 
1.8.  It’s really a special case of a linear function. 
 
So what about the other three models we will use in this class (quadratic, exponential, logistic)?  Are they easy to decide 
on which intervals they are increasing or decreasing just from the algebra?  Turns out the exponential and logistic are 
easy and the quadratic is a little harder. 
 
Given                      ,  for all t,  if z >1 then H is increasing, if 0<z<1 then H is decreasing,  if z=1 then H is constant 

 

 Example:                                is increasing.    is decreasing 

------ 

 

Given                     ,  for all t, if  r  > 0 then A is increasing, if  r < 0 then A is decreasing,  if r=0 then A is constant 

 

Example:                                is increasing.    is decreasing 

------ 

 

Given                               , for all t,  if  c  > 0 then G is increasing, if  c< 0 then G is decreasing,  if c=0 then G is constant 

 

 

Example:                                is increasing.    is decreasing 

 

-------- 

 
Given                             , for all t,  if  r  >1 then G is increasing, if  0<r < 1 then G is decreasing,  if r=0 then G is constant

 
 

 
Example:                                          is increasing.    is decreasing 

 
 
So that just leaves the quadratic. 
 
How can we tell by just looking at the algebraic form when a quadratic is increasing or decreasing.  Consider this 
quadratic function(model).    
 

2( )H z az bz c     

 
Well you can’t unless you put it in the “vertex form”(objective 1.8).   Can you complete the square?  Do you know about 
linear transformations?  If you do you could come up with the vertex form and thus a formula for the ordered pair that is 
the vertex.  Since I am not giving you the secret let’s call the ordered pair of the vertex (h,k)   The vertex is the highest or 
lowest point of a quadratic.  How can you tell which it will be?  Simply check the sign of the parameter a. 
 

If a < 0 then the quadratic is increasing on the interval  ( , )h  and decreasing on ( , )h  , the vertex is the highest point 

If a > 0 then the quadratic is decreasing on the interval  ( , )h  and increasing on ( , )h  , the vertex is the lowest point 

 
note: if a=0 we no longer have a quadratic model, it’s linear! 
 
So all we need to know is how to calculate h .   Well can you do it yourself?  Come up with a formula in terms of a,b, and 
c above? 
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Well you give up???  It’s  
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 and decreasing on (3, )  So for  example:  if 

 
Ok, so that is the story of increasing and decreasing in the algebraic form.  How about graphically? 
 
 
DETERMINE GRAPHICALLY 
 
Well not much to say here because what is there to say.  It’s all about pictures.  The following page has an example 
which you allow you to double check that you “get” increasing and decreasing of a function in a Cartesian graph. 
 
So finally…a word about…. 
 
SUPPLY AND DEMAND 
 
Why all this attention to increasing and decreasing?  Well for one thing the ALL IMPORTANT demand function should be 
(monotonically) decreasing over the whole domain regardless of the model function associated with it.  What is a 
demand function you say?  Well I am not going to go over that here.  You need to read the textbook pages or the 
webpage(s) I suggested.  I am going to WARN you right now that people swap the input and output of this relationship.    
I and your book will say quantity demanded is a function of price, but many others including economists (in your econ 
classes!) will say price is a function of quantity demanded (http://en.wikipedia.org/wiki/Supply_and_demand).  So you 
have to live with the “confusion”.  The good news is that no matter which version you are forced to consider it makes 
sense that it will be a decreasing function.  Think for a moment. 
 
I and the book say:   If one raises the price of a product the demand for that product (quantity sold) should go down. 
 
Now you try explain it from the economists’ viewpoint.. …ah you discover that they basically are putting the input on the 
vertical axis against the rule established by Descartes.   Watch this video Supply and Demand and go to time 2:45.  The 
narrator talks as though the price is the input (says it first!!) and yet they put it on the FORBID “y-axis” (there is no y 
defined anywhere!).  If he had said properly input axis then according to Descartes he would have to put price on the 
horizontal axis.  You see economists do things their own way and you have to live with it! They see everything in the 
macro-economic viewpoint  I suppose! 
 
So can you think of a product that would do otherwise, have greater demand as the price when up?  No you can’t?   
That’s why they call this the “law of demand”.   It’s a little more complicated than this though.   Demand curves can 
transform (yes a linear transformation…again) in time thus changing the parameters (there is that word again!) of the 
relationship.    So maybe you should try the not required objective 1.12 on linear transformations?  If you do go through 
it you might just understand what your economics professor is talking about when he says the demand shifted.  He is 
not talking about one point, he is talking about the whole relationship shifting (the whole curve moving on a Cartesian 
plot)! 
 
So what about supply??   It is the partner to demand but from the manufactures or suppliers viewpoint as opposed to 
the consumer.  From their viewpoint as the price increases they would love to supply more because they make more 
revenue.  So supply functions by common sense should always be (monotonically) increasing. 
 
Ok, time to try some problems.  This time there are some book problems as well as a few additional problems 
 

2( ) 2 12 2H z z z   

http://en.wikipedia.org/wiki/Supply_and_demand
http://www.dailymotion.com/video/x871h9_real-world-economics-simple-supply_school

