
Objective [1.1]-Notes 
Determine if a “Relationship” is functional and  

could be represented/modeled by a mathematical function 

or…..getting started with this whole idea of mathematical modeling! 

“All things appear and disappear because of the concurrence of causes and conditions. Nothing ever exists 

entirely alone; everything is in relation to everything else.”  – Buddha 

Relationships abound!   Every time you make any decision there is a relationship behind it, a relationship that 

you hopefully understand at least intuitively, qualitatively if not quantitatively.   For example, is there a 

relationship between when you leave your home and if you make it to class or work on time?  Sure there is!  

What question(s) might you want to answer with regards to this relationship?   Let’s see….What is the latest 

you can leave and still make it school/work on time almost always?   What might you do to answer this 

question?  Many of us try to answer it empirically (i.e. “collect data”).  On our first day we would start with 

plenty enough time to get there, making note of our departure and arrival time.  We would then adjust our 

departure time accordingly.  We might find occasionally that we don’t arrive on time and so maybe we adjust 

our departure time earlier.   Maybe some of us would use a mathematical model for that first day, a 

mathematical model like Goggle Map.  Yes!  Google map’s driving time estimate is a mathematical model of 

several relationships!!  You might use that model initially and then supplement it with some of your own “data 

collection”.  Thus a mathematical model that someone has created can help you make reasonable 

predictions in the absence of your own data.  Your prediction using that model (Google Map) would allow you 

to decide to leave later on the first day than if you used the strictly empirical method. 

In Business we are definitely interested in making predictions that help guide our decisions, decisions that can 

make or break a company or business.  These decisions are usually bottom line driven (does my decision result 

in increased or decreased profit).  Rational decisions based on the bottom line (profit) MUST be made 

quantitatively.  Business decisions made only qualitatively rarely (can we say NEVER?) result in a sustainable 

(profitable) business.    

So if one is going to make quantitative business decisions one will need to identify the relationships 

involved and then determine to what extent they can modeled mathematically. 

In this course we will learn about only one kind of mathematical modeling, that is functional, algebraic 

modeling.   In other classes, such as Math 146 (Statistics), one can learn about stochastic models.  In advanced 

business modeling one can look at models that combine the two (e.g. “fuzzy systems”) or relationships with 

multiple inputs sets (multivariate), non-functional relationships, systems of relationships (i.e. systems of 

equations), and more!   

Does a business desperately need some quantitatively backed advice for business decision making???  If so it 

is likely that someone has developed or is (will be) developing a mathematical model to help them decide. 

  



So on to our “elementary” corner of the mathematical modeling world. 

Under what circumstances can you say that a relationship upon which you wish to base a decision can be modeled 

algebraically by a single simple mathematical function?   

Very likely it may not be clear to you right now what is meant by “algebraically” and “simple” but just hang in there, 

eventually ALL will become clear.  Further we are not trying to understand the details of modeling the relationship at 

this point just whether it could be modeled in this way or not. Lastly you may not have quite enough experience and 

knowledge to do a good job evaluating whether a relationship can be modeled, but you are here to learn how.   So  be 

patient.  It may take most of the course until you get good at this.  Still we have to start somewhere….so 

Refer now to the accompanying list of six properties (last page).   

How do evaluate a relationship for suitability to be modeled?   Where do we jump in?   Has your boss already told you 

the situation?  Has your boss told you the questions that need to be answered?  Has your boss defined the 

relationship(s) involved?  Good then you can proceed to evaluate whether “elementary” modeling is possible for those 

relationships.  In college courses the instructors will be your “boss” and you will be told the situation, the questions to 

be answered and possibly the relationships involved.  In the REAL world you are likely to have to come up with questions 

to be answered and the relationships that need to be modeled.  If you are brainstorming a new business then you would 

even have to think about the situation! 

So given a relationship here is the idea.   Determine if it has the first property on the sheet.  If it “passes” then you can 

move on to the next.   If a relationship satisfies the first three properties then it is a minimally qualified candidate for our 

kind of mathematical modeling.  If a relationship doesn’t possess either property 2 or 3 or both it may be an interesting 

relationship to study in branches of mathematics not covered in the course, or more likely it’s a relationship we would 

study in some part of the Humanities.  

Assuming 1-3 are met then consider property 4, can data (i.e.  a table of input/output pairs) be found or collected for 

this relationship.   You might have to do some research to determine if data already exist and if not at least it should 

seem possible, practical, and financially reasonable to collect data.  In this class it isn’t practical to go collecting data so 

if data don’t already exist or if we don’t allow ourselves to dream up some fictitious data we won’t be able to model 

that relationship algebraically during this quarter. 

Still if property 4 (data collectable) isn’t met one might still have an idea about how the relationship works and might 

even be able to describe it in English or with a crude Cartesian plot, but again if there is no data you won’t be able to 

model it algebraically and thus there can be no quantitative decision making. 

So how about property 5.  If you were to plot the data on a Cartesian graph (do you know how to make a Cartesian 

graph?) would it suggest a linear, quadratic, exponential or logistic mathematical function (you will need to know what 

these functions look like!)?  If not then “game’s over” it can’t be modeled by one of the functions available to us in this 

course.  On the other hand if we restrict the domain (the interval of inputs) enough all graphed data will seem linear.  

Can your business decision live within a small interval of inputs?   If so a linear model might work. 

Finally (property 6) just because a mathematical model function suggests itself doesn’t mean that a sufficiently good fit 

will happen.  One needs to actually do a regression with the model function to find its parameter values and confirm the 

“goodness of fit”. 

If a relationship satisfies all six properties it is ready and able to do quantitative predictions and thus aid us in 

quantitative business decision making.       Hmmmm…..lots of details!…I think we need an example don’t you!  



Example: (watch the accompanying video, refer to page of six properties) 

Situation:  You are the loan analyst at a large bank trying to provide guidelines to branch bank loan officers.  

Late payments on loans are becoming an issue.  Question?  What should the guideline be so that the bank’s 

delinquency rate will be below 10%   Relevant Relationship: Is there is a relationship between a FICO Credit 

Score and delinquency rate on a portfolio of loans?  Can the relationship be mathematically modeled with a 

simple function? (What is FICO and delinquency rate you ask? As a future loan analyst you should be able to 

find these definitions on the web, even though I have provided links at the class website) 

1.  Is there a clear input and output.  Seems so.   I give you a FICO score and you tell me the person’s 

delinquency rate.  In this relationship the reverse is pretty reasonable too.  I give you a delinquency rate you 

tell me a FICO score.   So we will have to choose.  I choose to have the FICO score be the input and 

delinquency rate to be the output. 

2.  Is the relationship functional?   Yes, for one FICO score (or a single interval of scores) there is one and only 

one delinquency rate. 

3.  Are both the input and output associated with a set of ordered numbers?  Yes, the delinquency rate is a 

set of ordered percentages from 0 to 100 and the FICO score is derived scale from 300-850 that measures 

credit worthiness. 

4.  Is there data available or can it be collected?  YES! I found this graphical representation of the data on the 

Internet.  It lumps together ordered intervals of the input FICO score but that’s ok.  A Cartesian graph (in this 

case with bars instead of points) is a way to represent a set of input/output data.  Note: input on horizontal 

axis, output on vertical!  Of course this data isn’t for your bank but it still may be useful nonetheless.

 

5.  Do the data suggest a mathematical model to fit the relationship?  To my eye sure!  Up to the 650-699 

FICO score bar it seems to be decreasing linearly.  If I wanted to include all the data an exponential model 

function might work (with a decaying rate) or maybe a quadratic model might fit (the left side of a quadratic).   

Note: In a Cartesian plot(of which this is an example)  Input is on the horizontal, Output is on the vertical! 

6.  Does one of the suggested models actually fit?    To do this I would actually have to do a regression and 

see.   I will have to choose a number for each FICO range in order to do this.  I could for example assign 525 for 

the interval 500-549.  We are going to learn do regression during the quarter so we’ll just have to wait on 

deciding whether a model actually fits.  In the video I actually do regression(s). 



Let’s summarize this whole notes 

We want to make sustainable, profitable business decisions thus we have difficult questions to answer.   We want to 

answer these questions with the aid of quantitatively based predictions!   

We can make quantitative predictions by understanding the relationships involved in our business.  In the best cases if 

those relationships possess a few properties we can model (fit) them with simple algebraic functions.   These simple,  

fitted, algebraic functions stand in place of the real business relationship.   

We then use these fitted functions to make quantitative predictions.  (How we actually use these functions to make 

predictions will be illuminated by other objectives). 

How about one last example to consider?   

Situation:  Your company is about to hit the market with a small electronic device, an automobile FM transmitter for 

iPods.  

Question: A what price should you initially set your product in order to maximize profit in the first quarter of the 

product rollout? 

Relationships: Several come to mind.  1) The relationship between price and market saturation (quantity sold) at that 

price (called a demand relationship).  2) The relationship between time and % market saturation at a fixed price.  3) The 

relationship between quantity sold and revenue.  4) The relationship between quantity produced and average cost to 

produce each unit.    

Could there be more relationships that will be needed?  How many of these above have or could have the six 

properties required for modeling?  How might those models(functions) be combined to answer the question? 

Well you get the picture.   Even a very typical situation with a CRITICAL but simple business question involves possibly a 

lot of work to get an answer in which you have confidence.  Unless of course you just want to “make something up” 

which I wouldn’t suggest if millions of investor dollars are at stake as well as your personal financial well-being.   In this 

course I hope the path/process to answer this kind of question will be illuminated, but it will probably take more than 

what you learn here to risk large sums of REAL money with a “prediction”.  Further you have to live with the FACT that 

in the REAL world there is NO “CORRECT” ANSWER to a question like this.  There are only answers in which we have 

the most confidence, the ones we have convinced ourselves are reasonable, likely to produce success and backed by 

as much quantitative analysis as was physically, temporally and financial possible to accomplish. 

A last note   

Some business relationships are a “given” when it comes to modeling.   It means they already have the six properties! 

These are usually the relationships we consider to be linear and the two parameters of the linear model/function are 

known or given.  Note: In a linear model you might know the parameters as slope and intercept!   

Let me give you the quintessential example.  Situation:  You have a new job,   Question: What will you get paid if you 

work 40 hours a week?  Relationship: Weekly pay is related to how many hours you work.    

Now this relationship satisfies properties 1-3.  We don’t need data (4,5) nor to do a regression (6) because we know the 

relationship is linear and the linear model parameter is given.  The parameter value we need is simply the hourly wage 

(the constant of the linear model is zero in this case).  



For this course… 

What six properties must a relationship have to be modeled algebraically? 

 

 

1.  The Relationship has clear input and output sets (identify which is which).   It may help to think of the 

input as something you can “control” or specify and the output is a consequence of the relationship 

and what input you specify.  In most relationships there is a natural input and output.  

 

 

2. The Relationship is functional.   1 element in the input set maps to 1 and only 1 element in the output 

set.  Passing this property means the relationship is functional.  If a relationship is indeed functional we 

call it a functional relationship and say typically just say function. 

 

 

3. The input and output sets have an identifiable one to one association with an ordered set of 

numbers (natural, whole, integers, rational) called a scale.  A scale has an interval of “acceptable” 

values (numbers) for the relationship.  This interval is referred as the domain for the input sets and 

range for the output sets.   Some sets can have a scale imposed for example we impose a scale when 

we say things like, “on a scale of 1-10…..” NOTE:  Relationships that fail to have property 2, but do have 

scales can sometimes be “forced” to be functional by restricting the domain or range or both. 

 

 

4. Data exist or could be collected (data is a set of mappings/ordered pairs).  Whether a data “could” be 

collected includes whether it is physically and financially practical to do so. 

 

 

5. The Data suggest some particular “simple” mathematical  function to model the “real” function .    In 

this course “simple” means a either a linear, quadratic, exponential, or logistic function.   A Cartesian 

plot of the data and a familiarity with these functions is crucial to your determination. 

 

 

6. A “good” fit can be made with at least one model function  (using regression or other fitting 

technique).  By good fit we mean can the parameters of the best fitting mathematical model function 

be found so the function plots “close enough” to the data (i.e. relationship) for the entire domain of 

interest. 


