Function Notation

(Also available in Pyret)

Students learn to read function notation and evaluate expressions using function definitions, tables,
and graphs.

Lesson Goals Students will be able to:

e Identify the value that applying a function (e.g. - f(3)) produces from

symbolic definitions, tables, or graphs.

Student-Facing e Let’s learn how to find the value of an expression such as f(3), from a table,
Lesson Goals a graph or a symbolic definiton.

Prerequisites e Simple Data Types

e Contracts

e Functions Make Life Easier!

e Defining Values

Materials This lesson is unplugged and does not require a computer.

e PDF of all Handouts and Page

(o]

Matching Examples and Definitions (Math)

Function Notation - Substitution

(o]

(o]

Function Notation - Graphs

[e]

Function Notation - Tables

e Lesson Slides

e Printable Lesson Plan (a PDF of this web page)

Supplemental e Additional Printable Pages for Scaffolding and Practice

Materials o Matching Examples & Function Definitions (Math) (Desmos)

Glossary
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apply :: use agiven function on some inputs

coordinate plane :: agrid formed by a pair of intersecting horizontal and vertical number lines
evaluate :: perform the computation in an expression, producing an answer

function :: arelation from a set of inputs to a set of possible outputs, where each input is related to
exactly one output

function notation :: astandard way to denote functions, beginning with a function name, such as f or
gt, the variable(s) the function takes in, such as x or size, and a definition of what the function does
using a formula in terms of the variable. For example, f(x) = x + 1 takes in a number and adds 1.

line :: aninfinite collection of points forming a straight one-dimensional figure having no thickness
and extending infinitely in both directions

substitute :: replace avariable with a value or expression and evaluate or simplify the resulting
expression

variable :: aname or symbol that stands for some value or expression, often a value or expression

that changes



Function Notation (Definitions) 15 minutes

Overview

Students connect their understanding of function definitions in WeScheme to function definitions in

math.

Launch

We've seen how functions like gt can be defined, and then applied to a number to create a green
triangle. And once gt is defined, we can use it with many different numbers to create many different

triangles - all without having to write out "solid", "green" ,etc.
But how does this function work?

When we apply a function to some inputs, we substitute those inputs for the variables in the definition.
In the example below, the inputs are substituted for the variable size inthe body of the gt function.

(define (gt size) (triangle size "solid" "green"))

Apply the Function Substitute the Input(s) Compute the Answer
(gt 10) (triangle 10 "solid" "green")
(gt 20) (triangle 20 "solid" "green")
(gt 30) (triangle 30 "solid" "green")
(gt 40) (triangle 40 "solid" "green")
(gt 50) (triangle 50 "solid" "green")

Let’s take a look at a function that works with Numbers:

(define (f x) (+ x 8))



Apply the Function Substitute the Input(s) Compute the Answer

fQ0) (+ 10 8) 18
f(20) (+ 20 8) 28
f(30) (+ 30 8) 38
f(40) (+ 40 8) 48
f(50) (+ 50 8) 58

Once again, the input is substituted for the variable.

You've already seen that WeScheme looks a little different from traditional math, even if it behaves
the same way.

Math books use something called Function Notation to define functions. Here's a side-by-side

comparison of the same function, in our programming language and in function notation:

Defining Functions in WeScheme Defining Functions in Function Notation
(define (f x) (+ x 8)) fx)=x+8

P ¢ What do these forms have in common?

A o Both forms show the name of the function, as well as the names of the variables. They also

show what the function does with those variables.

e How are these forms different from one another?

o In Pyret, we use a colon instead of an equals sign. In Pyret, we see fun at the beginning and
end at the end.

In math - just as in programming - we compute the value of the expression for any specific input by
substituting numbers for the variable(s) used in the definition, just as we did with gt .

fxX)=x+8



Apply the Function Substitute the Input(s) Compute the Answer

f(10) 10+8 18

f(20) 20+ 8 28

f(30) 30+8 38

£(40) 40 + 8 48

f(50) 50+8 58
Investigate

j e Turnto Matching Examples and Definitions (Math)
ﬁ'{ﬁ' o Start by looking at each table and highlighting what is changing from the first row to the

following rows.

e Then, match each table to the function that defines it.

You may also want to have students complete Matching Examples & Function Definitions (Math)

(Desmos)

j e Turn to Function Notation - Substitution.
1

% For more challenging function notation evaluation exercises direct students to Function Notation

Challenge.
Synthesize

F You can think of f(3) as a question.

s e What questioniis it asking you to evaluate?

o Whatis the value of x + 8 when xis 3?

e What is another way you can ask it?

o Whatis3 + 8?
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Function Notation (Graphs) 15 minutes

Overview

Students will learn to connect function definitions to Graphs.

Launch

ﬁZ] e If f(x)=x - 5,what s the value of f(7),and why?
i o 2.Because if we substitute 7 for xweget 7 — 5 = 2
e Whatis the value of f(8)?
o 3.Because if we substitute 8 for x weget8 — 5 =2
e Whatis the value of f(9)?

o 4

For each of these inputs, we have an output. If we graph each input-output pair on the coordinate

plane, we can "see" the function as a line on a graph.

Let’s take a look at the graph of f(x) = x - 5.

10

—

j e How could we have determined that f(7) = 2 from looking at the graph, if we hadn’t
ﬂ/ﬂ- started with the function definition?



o We could have looked for a point whose y-coordinate was 2. This would lead us to the point
(7, 2), which tells us that the output of the function when x is 7 is 2.

e Fromlooking at the graph, what is the value of f(3)?
o -2
e What other values on this graph could we describe using function notation?
o Answers will vary. For example: f(0) = =5or f{0.5) = —4.5
Even if we can’t see the definition of a function, we can reason about it just by looking at the graph!

Let’s look at the graph below, which shows only a few points on the line drawn by a function:

From looking at the graph, what is the value of f(-2)?

il

o 4

What is the value of f(1)?
o 2

What is the value of f(3)?

o Thereisn’t one! It's undefined.

What other values on this graph could we describe using function notation?

o Answers will vary. For example, f(—1) = 4 or f(2) = 4



Optional: Piecewise Functions

When evaluating an expression for a piecewise function, points on the
graph marked with hollow circles are boundary points, but not part of
the solution set, so we ignore them and focus on the solid points. For

example, on the graph below, when evaluating f(2), we ignore the

hollow point at (2, 4) and focus on the solid point at (2,3), so f(2) = 3.

e What s the value of f(0)in the graph above?
o 3

Investigate

j e Complete Function Notation - Graphs.
fa

e Optional: If you're ready for a challenge (piecewise functions!), try out Function Notation -
Piecewise Graphs.

Synthesize

e Canyou think of any values that it would be difficult to determine from one of these graphs?

o It would be hard to be precise for many of the points on the graphs that curve. For example, f{4)on the

second graph would have to be a decimal value and it’s hard to know exactly what the decimal should
be without a function definition to evaluate...
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Function Notation (Tables) 15 minutes

Overview

Students will learn to connect function definitions to input-output Tables.

Launch

ﬁZ] o Let’s take alook at a table of input-output pairs that satisfy the function f(x) = x — 5, and
-

think about how could we have determined the value of f(7) from looking at the table.

o We would just look for 7 in the x-column and see that the value beside it is 2.

e Looking at the table, what is the value of f(-10)?

o -15
X -10 -5 5 7 13
y -15 -10 0 2 8
Investigate

j Complete Function Notation - Tables.
=

Synthesize

e What did you Notice?

e What did you Wonder?

o Afew of the tables did not represent functions. Which ones?

o The last one in the top row, the last one in the middle row and the 3rd one in the bottom row.

o Howdid the fact that those tables weren’t functions impact our ability to describe a value using
function notation?

o When x appeared more than once in the table and was associated with different outputs, it wasn’t
clear what number the expression should evaluate to.
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