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Introduction

Formulas are the true engines of Excel. Employing various Excel functions, formulas
enable Excel analysts to create aggregated reporting, complex calculation engines,
clever dashboard models, and much more. Indeed, Excel analysts become more
productive as their proficiency with Excel functions and formulas improves.

But building proficiency with Excel functions and formulas takes time. Given that
Excel contains more than 400 functions, you could spend months, even years, learning
which functions are best for certain tasks and which functions can be combined with
others functions.

Unfortunately, many analysts don’t have the luxury of taking a few weeks’ time-out to
learn all they need to know about Excel functions and formulas. The scenarios and
issues they face require solutions now.

This i1s where 101 Ready-to-Use Excel Formulas comes in. This book approaches
Excel formulas with the assumption that “learning” comes with accomplishing core
tasks. Instead of offering the usual general overview of Excel formula writing, this

book provides 101 of the most commonly used, real-world Excel formulas.

For each formula covered, we outline a common problem that needs to be solved and
provide the actual Excel formula to solve the problem, along with detailed
explanations of how the formula works. This approach lets you use this book as a
handy reference for finding a formula that solves a common problem.

After reading about a given formula, you should be able to

e Immediately implement the needed Excel formula
e Understand how the formula works
e Reuse the formula in other workbooks



What You Need to Know

To get the most out of this book, you need to have established certain skills before
diving in. The ideal candidate for this book has experience working with data in Excel
along with familiarity with the basic concepts of data analysis such as working with
tables, aggregating data, performing calculations, and creating charts.



What You Need to Have

You need the following to be able to download and use the examples highlighted in
this book:

e A licensed copy of Excel 2010 or Excel 2013
¢ An Internet connection in order to download the sample files



Ahashare.com
How This Book Is Organized

We’ve grouped this book into nine chapters that are chock-full of tips, techniques, and
formulas dedicated to a particular topic.

Chapter 1: Introducing Excel Formulas

Chapter 1 serves as an introduction to Excel formulas, giving you an understanding of
how Excel formulas work and some of the ground rules for working with formulas.

Chapter 2: Common Mathematical Operations

In Chapter 2, you gain insight into some of the fundamental mathematical operations
every Excel analyst should know. The formulas found here serve as the foundation for
all kinds of advanced data analysis.

Chapter 3: Manipulating Text with Formulas

Chapter 3 focuses on the transformation and shaping of text strings. In this chapter, you
explore some of the common text transformation exercises an Excel analyst performs,
and in the process, you get a feel for many of the text-based functions Excel has to
offer.

Chapter 4: Working with Dates and Times

Chapter 4 gives you a solid understanding of how Excel handles time-based data.
Through the prism of the most commonly used date formulas, you discover how to
more effectively utilize the dates and times within your data sets.

Chapter S: Performing Conditional Analysis

In Chapter 5, you take a look at a wide array of conditional analysis formulas that add
flexibility to your analytical processes. With the formulas found here, you’ll be able to
save time, organize your analytical processes, and enhance your data-crunching
power.

Chapter 6: Using Lookup Formulas

Chapter 6 focuses on Excel’s powerful, sometimes intimidating, Lookup formula. The
formulas demonstrated in this chapter provide the foundation you need to add depth
and power to your Excel data models.

Chapter 7: Common Business and Financial Formulas
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Chapter 7 demonstrates a host of business and financial formulas that leverage Excel’s
flexible spreadsheet environment to create key business and financial metrics used in
virtually every industry.

Chapter 8: Common Statistical Analysis

Chapter 8 takes you beyond simple mathematical operation and into the realm of
statistical analysis. With the help of the formulas found here, you quickly get up to
speed on fundamental statistical concepts, even if you’ve never taken a course in
statistics.

Chapter 9: Using Formulas with Conditional Formatting

Chapter 9 rounds out the book’s 101 formulas with a look at how you can leverage
formulas to enhance conditional formatting. Here, you take in a few examples of how
integrating your own custom formulas can help add a visual layer to your data
analysis.



Conventions in This Book

We present menu command sequences in this book by using an arrow (=) between
commands. For example, File=Open means go to the File menu, click it, and select
Open on the list that appears.

Formulas usually appear on a separate line in monospace font, like so:
~AVERAGE(A1:A3)

Excel function names appear in uppercase and other formula elements are all
lowercase. Text that we tell you to type appears in bold.

What the icons mean

-
T4

Tp 'We use Tip icons to indicate a pointer that you should file away for
future reference. Tips usually make your life easier.

o= The Note icon indicates some thing that you should pay special attention
to.

Em?f;zf This icon refers you to related or additional material found in the book.

=
caution We use Caution icons to flag an issue that can cause you trouble.



About the Sample Files

Each chapter in this book has an associated sample file with a separate tab for each
formula outlined in this book. These sample files give you the ability to see the
formula working, as well as the ability to copy the formula for your own use
elsewhere.

You can download the sample files from the Wiley website at the following URL:
www.wiley.com/go/101excelformula



http://www.wiley.com/go/101excelformula

Chapter 1: Introducing Excel Formulas

Microsoft Excel is, at its core, a calculation engine. Like a calculator, it accepts a
question (such as 2+2) and gives you an answer. When you’re working with a
calculator, these questions are called mathematical operations. In Excel, you call these
formulas.

Excel allows you to use formulas to perform not only mathematical operations but also
a myriad of other complex actions, such as parsing textual values, searching for certain
values in a range of data, performing recursive calculations, and much more.

To leverage the full power of Excel formulas, you need to understand how Excel
formulas work as well as some of the ground rules for working with formulas. The
goal of this chapter, therefore, is for you to get acquainted with the fundamentals of
using Excel formulas.

=y
%y

Tp  Feel free to skip over this chapter if you already have a solid
understanding of formula mechanics and want to get right into real-world
examples, which start in Chapter 2.

= ,

Note  You can download the files for all the formulas at
www.wiley.com/go/101excelformula.
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Creating and Editing Excel Formulas

An Excel spreadsheet is simply a collection of cells that you can use to enter data.
Each cell is given a name based on its position in the spreadsheet. The top-lefimost
cell 1s called cell Al. It’s the cell located in column A, row 1. When you enter a value
in cell Al (for example, the number 5), that cell’s value becomes 5. If you enter the
number 10 in cell B1, that cell’s value becomes 10. You can use then use these values
in a formula.

For instance, you can click cell C1 and begin typing =A1+B1, as shown in Figure 1-1.
Note how you can see your formula in both the cell you’re typing in and the Formula
Bar above the column headings.

Formula Bar
|
C1 il ; S =A1+81
A B C
ifs 110 I=1+8 |
5  MM——
|
Cells

Figure 1-1: Entering a basic formula.

After you press the Enter key on your keyboard, Excel recognizes what you’re asking
and performs the calculation that gives you the result of 15 (5+10 = 15).

The reason Excel recognizes that you were entering a formula and not just another
value is the equal sign (=). Entering the equal sign followed by other values tells
Excel that you’re starting a formula. In this example, we used what are known as cell
references (A1l and B1). These cell references are just one of the types of values that
you can use in your formulas.

Excel formulas accept the following types of values:

e Constants: You can use hard-coded numbers directly in a formula. For example,
you can enter =5+10 directly into a cell to get the answer 15.

e Operators: These include symbols that perform addition (+), symbols that
perform multiplication (*), symbols that compare values (>), and symbols that
join values together (&). For example, entering =15>10 into a cell returns TRUE
as the result because 15 is indeed greater than 10.

o Cell references: These include any value that points back to a single cell or
range of cells. As you’ve already seen, entering =A1+B1 in a cell tells Excel to



use the values in those two cells in the formula.

e Text strings: Any text string can be used as an argument in a formula as long as
it’s wrapped in quotation marks. For example, entering =“Microsoft”&”Excel”
in any cell results in the joined text Microsoft Excel.

Methods for entering formulas

You have several ways to actually enter a formula into a cell:

e Enter the formula directly into a cell: Simply click a cell, begin typing your
formula, and then press the Enter key on your keyboard.

e Enter the formula into the Formula Bar: Click inside the Formula Bar found
above the column headers, type your formula, and then press the Enter key on
your keyboard.

e Enter the formula using the mouse: If your formula involves cell references,
you can use the mouse to help reduce the amount of typing you need to do. For
instance, instead of typing =A1+B1, you can type the equal symbol, use your
mouse to click cell Al, type the plus symbol, use the mouse to click cell B1, and
then press the Enter key.

e Enter the formula using the arrow keys: If your formula involves cell
references, you can use the arrow keys on your keyboard to help reduce the
amount of typing you need to do. For instance, instead of typing =A1+B1, you can
type the equal symbol, use the arrow keys on your keyboard to move the cursor to
cell Al, type the plus (+) symbol, use the arrow keys on your keyboard to move
the cursor to cell B1, and then press the Enter key.

Editing a formula

If you find that you need to edit a formula, you can do so in three ways:

e Edit directly in the Formula Bar: Select the cell that contains your formula, go
up to the Formula Bar, and start editing the formula there.

e Double-click the formula cell: You can edit the formula directly in the cell it’s
in by double-clicking the cell. Double-clicking the cell gets you into Edit mode,
where you can edit the formula as needed.

e Press F2: Select the cell that contains your formula and then press F2 on your



keyboard to get into Edit mode. As stated previously, you can then edit the
formula as needed.



Using Formula Operators

As mentioned earlier in this chapter, you can use symbols known as operators to
define the operation your formula will accomplish. Some of these operators are
mathematical operators that simply add, subtract, and multiply. Other operators allow
you to perform more complex actions such as comparing values. For example, you can
determine whether an employee has met his or her quota by using a comparison
operator to see if actual sales are greater than or equal to a predetermined quota.

Table 1-1 lists the operators you can use in your Excel formulas.

Table 1-1: Operators for Excel Formulas

Operator What It Does
+ The plus symbol adds two or more numeric values.

- The hyphen symbol subtracts two or more numeric values.

/ The forward slash symbol divides two or more numeric values.
multiplies
* The asterisk symbol divides two or more numeric values.

The percent symbol indicates a numeric percent. Entering a percent sign after a whole number divides

(1)
% the number by 100 and formats the cell as a percentage.

& The ampersand symbol is used to join or concatenate two or more textual values.

A The carat symbol is used as an exponentiation operator.
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= The equal symbol is used to evaluate whether one value is equal to another value

> The greater-than symbol is used to evaluate whether one value is greater than another value.

< The less-than symbol is used to evaluate whether one value is less than another value.

The greater-than symbol used in conjunction with the equal symbol evaluates whether one value is

>=
greater than or equal to another value.
- The less-than symbol used in conjunction with the equal symbol evaluates whether one value is less than
B or equal to another value.
- The less-than symbol used in conjunction with the greater-than symbol evaluates whether one value is

not equal to another value.

Understanding the order of operator precedence

It’s important to understand that when you create a formula with several operators,
Excel evaluates and performs the calculation in a specific order. For instance, Excel
always performs multiplication before addition. This order is called the order of
operator precedence. You can force Excel to override the built-in operator
precedence by using parentheses to specify which operation to evaluate first.

Consider this basic example. The correct answer to (2+3)*4 is 20. However, if you
leave off the parentheses, as in 2+3*4, Excel performs the calculation like this: 3*4 =
12 + 2 = 14. Excel’s default order of operator precedence mandates that Excel
perform multiplication before addition. Entering 2+3*4 gives you the wrong answer.
Because Excel evaluates and performs all calculations in parentheses first, placing
2+3 inside parentheses ensures the correct answer.

The order of operations for Excel is as follows:

e Evaluate items in parentheses.
e Evaluate ranges (:).



e Evaluate intersections (spaces).

e Evaluate unions (,).

e Perform negation (-).

e Convert percentages (%).

e Perform exponentiation (*).

e Perform multiplication (*) and division (/), which are of equal precedence.
e Perform addition (+) and subtraction (-), which are of equal precedence.

e Evaluate text operators (&).

e Perform comparisons (=, <>, <=, >=).

Note Operations that are equal in precedence are performed left to right.

Here is another widely demonstrated example. If you enter 1072, which represents the
exponent 10 to the 2nd power as a formula, Excel returns 100 as the answer. If you
enter -1072, you would expect -100 to be the result. Instead, Excel returns 100 yet
again. The reason is that Excel performs negation before exponentiation, meaning that
Excel is converting 10 to -10 before the exponentiation, effectively calculating -10*-
10, which indeed equals 100. Using parentheses in the formula -(1072) ensures that
Excel calculates the exponent before negating the answer, giving you -100.

Remembering the order of operations and using parentheses where appropriate will
ensure that you avoid miscalculating your data.

Using nested parentheses

It’s a best practice to use parentheses whenever you can in formulas, even if the use of
parentheses seem to be superfluous. The liberal use of parentheses can not only help
you avoid calculation errors but also help you better understand what the formula is
doing.

You can even nest parentheses in formulas. Nesting means putting parentheses inside
of other parentheses. When a formula contains nested parentheses, Excel evaluates the
most deeply nested operations first and works its way out. The following formula uses
nested parentheses:

=((A1*B1)HCI1*D1))*E1
This formula has three sets of parentheses. Excel will evaluate the two nested sets of

parentheses first, then will add those two results together. The added result will then
be multiplied by the value in E1.



Note Every open parenthesis must have a matching close parenthesis. You
can imagine that when you start adding lots of parentheses to your formula,
determining which open parenthesis has a matching close parenthesis can get
difficult. For its part, Excel offers some help by color coding the parentheses
while you’re in Edit mode. Matching open and close parentheses will have
the same color.



Relative versus Absolute Cell References

Imagine that you go to C1 and enter the formula =A1+B1. Your human eyes will define
that as the value in A1 added to the value in B1. However, Excel, doesn’t see it that
way. Because you entered the formula in cell C1, Excel reads the formula like this:
Take the value in the cell two spaces to the left and add it to the value in the cell one
space to the left.

If you copy the formula =A1+B1 from cell C1 and paste it into cell D1, the formula in
D1 will seem different to you. You will see =B1+C1. But to Excel, the formula is
exactly the same: Take the value in the cell two spaces to the left and add it to the
value in the cell one space to the left.

By default, Excel considers every cell reference used in a formula as a relative
reference. That is, it takes no heed of actual column row coordinates. Instead, it
evaluates the cell references in terms of where they are relative to the cell the formula
resides in.

This behavior is by design and works in situations in which you need the cell
references to be adjusted when you copy the formula and paste it to other cells. For
instance, the formula shown in cell C1 (see Figure 1-2) was copied and pasted down
to the rows below. Note how Excel helps by automatically adjusting the cell
references to match each row.

A B C
|.= & I
=AZHEZ
=h3+E3
=Ad+B4
=AS+RS
=AGHEE
=ATHET
=AS+BE
=ASHES

[5
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3
4 20
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25
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33
2 40
9 45
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Figure 1-2: Relative references come in handy when you need to apply the same
operation to values in different rows.

Tote When you copy and paste a formula, Excel automatically adjusts the
cell references. However, if you cut and paste a formula, Excel assumes that
you want to keep the same cell references and does not adjust them.

If you want to ensure that Excel does not adjust cell references when a formula is
copied, you can lock the references down by turning them into absolute references.
You turn them into absolute references by adding a dollar symbol ($) before the
column and row reference. For instance, you can enter =$A$1+$B$1 to add the value



in A1l to the value of BI.

By adding the dollar symbol to any cell reference and making that reference absolute,
you can copy the formula anywhere else on the spreadsheet, and the formula will
always point to Al and B1.

Excel gives you the flexibility to make any part of your cell reference absolute. That
1s, you can specify that only the column part of your cell reference should be locked
but the row part can adjust. Alternatively, you can specify that only the row part of
your cell reference should be locked but the column part can adjust.

These different types of absolute references are commonly called Absolute, Row
Absolute, and Column Absolute, and here’s how they work:

e Absolute: When the formula is copied, the cell reference does not adjust at all.
Example: $A$1

e Row Absolute: When the formula is copied, the column part adjusts but the row
part stays locked. Example: A$1

e Column Absolute: When the formula is copied, the column part stays locked but
the row part adjusts. Example: $A1

P
K| ibf

T Instead of manually entering the dollar symbols, you can easily toggle
between the possible reference styles by highlighting the cell reference in
your formula and pressing the F4 key.



Using External Cell References

You may find that you have data in one workbook that you want to reference in a
formula within another workbook. In such a situation, you can create a link between
the workbooks using an external cell reference. An external cell reference is nothing
more than a cell reference that resides in an outside workbook. The benefit of using an
external cell reference is that when the data in the outside workbook changes, Excel
automatically updates the value returned by the external cell reference.

Creating an external cell reference is relatively easy. Open both workbooks (the
workbook that you’re currently working in and the outside workbook). While entering
a formula in the workbook you’re currently working in, click the cell that you want to
reference in the outside workbook.

As you can see in Figure 1-3, you’ll immediately be able to tell that the cell reference
1s an external reference due to the full file path and sheet name prefixing the cell
reference.

]:'C ADocuments\[MyExternalWarkbook. xlsx)Sheet 115451

Figure 1-3: An example of an external cell reference.
All external cell references have the same component parts, as follows:

'File Path] Workbook Name]Sheet Name'!Cell Reference

Here’s a breakdown of these parts:

e File Path: This part of the cell reference points to the drive and directory in
which the workbook is located.

e Workbook Name: This part of the cell reference points to the name of the
workbook. This part is always enclosed in brackets ([ ]) and always includes the
file extension (.xlsx, .xls, .xslm, and so on).

e Sheet Name: This part of the cell reference points to the name of the sheet in
which the referenced cell resides.

e Cell Reference: This part of the cell reference points to the actual cell that is
being referenced.



Formula Calculation Modes

By default, Excel is set to recalculate automatically. If you change any of the cells
referenced in a particular formula, Excel automatically recalculates that formula so
that it returns a correct result based on the changes in its cell references. Also, if the
formula that it recalculates is used as a cell reference in other formulas, every formula
that 1s dependent on the newly recalculated formula is also recalculated.

You can imagine that as your spreadsheet grows and gets populated with interweaving
formulas, Excel will be constantly recalculating. You may even find that when
working with worksheets that contain many complex formulas, Excel slows
dramatically as it tries to keep up with all the recalculating it needs to do.

In these cases, you can choose to set Excel’s calculation mode to Manual. You can do
this by clicking the Formulas tab in the Excel Ribbon and selecting Calculation
Options=Manual.

While working in Manual calculation mode, none of your formulas will recalculate
until you trigger the calculation yourself. You have several ways to trigger a
recalculation:

e Click the Calculate Now command on the Formulas tab to recalculate all
formulas 1n the entire workbook.

e Click the Calculate Sheet command on the Formulas tab to recalculate only the
formulas on the currently active sheet.

e Click the Calculate link on the status bar to recalculate the entire workbook.
e Press F9 to recalculate all formulas in the entire workbook.
e Press Shift+F9 to recalculate only the formulas on the currently active sheet.



Leveraging Excel Functions

Functions are essentially canned formulas that Excel provides as a way to accomplish
common tasks. Some Excel functions perform simple calculations, saving you from
having to enter the formula yourself. Other functions perform complex actions that
would be impossible to perform with simple formulas alone.

As you go through the chapters in this book, you explore many of the most useful Excel
functions. For now, you start with a basic understanding of the role Excel functions
play in your formulas.

Why to use Excel functions

One of the key benefits of using Excel functions is that they help simplify your
formulas. For example, if you wanted to get the average of the values in cell Al, A2,
and A3, you could enter this formula:

=(A1+A2+A3)/3

This particular formula isn’t too bad, but what if you had to get the average of 100
values? How cumbersome would that formula be to create and manage?

Luckily, Excel has an AVERAGE function. With the AVERAGE function, you can
simply enter this formula:
—AVERAGE(A1:A3)

If you had to get the average of 100 values, you could simply expand the range:
=AVERAGE(A 1:A100)

Another key benefit of using functions is that they help you accomplish tasks that
would be impossible with standard formulas. For instance, imagine that you wanted a
couple of formulas that would automatically return the largest and smallest numbers in
a range of cells. Sure, if your range was small enough, you could eyeball the largest
and smallest numbers. But that’s hardly automated.

There is no nonfunction-driven formula you could possibly enter that would
automatically return the largest or smallest number in a range.

Excel’s MAX and MIN functions, however, make short work of this task. The MAX
function returns the largest number, whereas the MIN function returns the smallest.

=MAX(A 1:A100)
=MIN(A1:A100)

Functions can also help save time by helping you automate tasks that would take you
hours to accomplish manually. For example, say that you needed to extract the first 10



characters of a customer number. How long do you think it would take you to go
through a table of 1,000 records and get a list of customer numbers that contains only
the first 10 characters?

The LEFT function can help here by pulling out the left 10 characters:
=LEFT(A1,10)

You can simply enter this formula for the first row of your table and then copy it down
to as many rows you need.

Understanding function arguments

Most of the functions found in Excel require some input or information in order to
calculate correctly. For example, to use the AVERAGE function, you need to give it a
range of numbers to average.

—AVERAGE(A 1:A100)
Any input you give to a function is called an argument.
The basic construct of a function is:

Function Name(argumentl, argument?2,...)

To use a function, you enter its name, open parenthesis, the needed arguments, and then
the close parenthesis. The number of arguments needed varies from function to
function.

Using functions with no arguments
Some functions, such as the NOW() function, don’t require any arguments. To get the
current date and time, you can simply enter a formula like this:

~NOW()

Note that even though no arguments are required, you still need to include the open and
close parentheses.

Using functions with one or more required arguments

Some functions require one or more arguments. The LARGE function, for instance,
returns the nth largest number in a range of cells. This function requires two
arguments: a cell reference to a range of numeric values and a rank number. To get the
third largest value in range A1l through A100, you can enter:

=LARGE(A1:A100,3)

Note that each argument is separated by a comma. This is true regardless of how many
arguments you enter. Each argument must be separated by a comma.



Using functions with both required and optional arguments

Many Excel functions, such as the NETWORKDAYS function, allow for optional
arguments in addition to the required arguments. The NETWORKDAY'S function
returns the number of workdays (days excluding weekends) between a given start date
and end data.

To use the NETWORKDAYS function, you need to provide, at minimum, the start and
end dates. These are the required arguments.

The following formula gives you the answer 260, meaning that there are 260 workdays
between January 1, 2014, and December 31, 2014:

=NETWORKDAY S("1/1/2014", "12/31/2014")

The NETWORKDAYS function also allows for an optional argument that lets you
pass a range containing a list of holiday dates. The function treats each date in the
optional range as a nonworkday, effectively returning a different result (255 workdays
between January 1, 2014, and December 31, 2014, taking into account holiday dates).

=NETWORKDAYS("1/1/2014", "12/31/2014", A1:A5)

Don’t be too concerned with completely understanding the NETWORKDAYS
function. The take-away here is that when a function has required and optional
arguments, you can elect to use the function with just the required arguments, or you
can take advantage of the function’s additional utility by providing the optional

arguments.
Finding out which arguments are needed for a given function

An easy way to discover the arguments needed for a given function is to begin typing
that function into a cell. Click a cell, enter the equal sign, enter the function name, and
then enter an open parenthesis. Recognizing that you are entering a function, Excel
activates a tooltip (see Figure 1-4) that shows you all the arguments for the function.
Any argument that is shown in brackets ([ ]) is an optional argument. All others shown
without the brackets are required arguments.

A E c [#] E F
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i 113084 l.'{,"]]j']ﬂlﬁl:NET'\'.‘DR!’.DA‘rSI

slart_date, end dpie [haoldsyi]

Figure 1-4: The function tooltip is a handy way to find out the required and optional
arguments for a function.



Getting Help from the Insert Function Wizard

If you find that you’re stuck on which function to use, or aren’t sure of the syntax
needed for a particular function, you can use Excel’s Insert Function feature.

Place your cursor in the cell you want to enter a function in and click the Insert
Function command, found on the Formulas tab. Alternatively, you can press Shift+F3
to call up the Insert Function dialog box, shown in Figure 1-5. The idea here is to find
the function you need and double-click it.

Imsart Function [ ¥ o]

Search for a fundtion:

e
Type 8 brief description of what you want to do and then | | G0 J
click Go =

Qrselect 3 gategony: | Most Recently Used :]

Select a funclion:

e -
WORKDAY
VLOQELIF B
WORKDAY.INTL
SUM
AVERAGE
LIF =
ACOS{numb-er)
Rieturns the arccosine of a number, in radians in the range 0 to P, The
arccosine is the angle whose cosine is Humber.

Help on this funchion [ ok |[ cance |

Figure 1-5: The Insert Function dialog box.

If you’re not sure which function you need, you can use the search field at the top of
the dialog box to find the most appropriate function based on a keyword. Simply enter
one or more keywords and click the Go button. The list of functions will change to
display those that best match your search criteria. For example, entering the search
term “loan payment” results in functions that perform loan calculations.

If you need to use a function that you’ve recently implemented, you can skip the search
feature and simply select “Most Recently Used” from the category drop-down box.
The list of functions changes to display those you’ve recently utilized.

You can also use the category drop-down box to select a category of functions. For
instance, selecting “Statistical” from the category drop-down box displays all the
statistical functions.

When you find the function that you want to use, double-click it to activate the
Function Arguments dialog box (see Figure 1-6). This dialog box serves as a kind of
wizard, guiding you through the arguments needed for the selected function.



Function Arguments lﬁl ;i Iﬁ

METWOREDAYS
Start_date || =
End_date I
Holidays || |

Returns the number of whole workdays between two dates,
Holidays is an optional set of one or more serial date numbers to exclude from

the workmg calendar, such as state and federal hﬂliﬂﬂi‘i and l1|:-al-ng
halidays.,

Formula résul =

i
Help on this fundion | Cancel

Figure 1-6: The Function Arguments dialog box guides you through creating your
Excel functions.

For each required argument, enter an appropriate value or cell reference in the
respective input boxes. Note that the required arguments are always listed first and
shown in bold type. Do the same thing for any optional argument that you want to
utilize.

Click the OK button to apply your newly configured function to your target cell.



Understanding Formula Errors

It’s not always smooth sailing when you’re working with formulas. Sometimes a
formula returns an error value instead of the value you were expecting. Excel helps
you identify what the problem may be by returning one of seven error values: #DIV/0!,
#N/A, #NAME?, #NULL!, #NUM!, #REF!, and #VALUE!, explained in the following
list:

e #DIV/0!: This error value means that the formula is attempting to divide a value
by zero. There is mathematically no way to divide a number by zero. You will
also see this error if the formula is trying to divide a value by an empty cell.

e #N/A: This error value means that the formula cannot return a legitimate result.
You would typically see this error when you use an inappropriate argument in a
function. You will also see this error when a lookup function does not return a
match.

o #NAME?: This error value means Excel doesn't recognize a name you used in a
formula as a valid object. This error could be a result of a misspelled function, a
misspelled sheet name, a mistyped cell reference, or some other syntax error.

e #NULL!: This error value means the formula uses an intersection of two ranges
that don’t intersect.

e #NUM!: This error value means there is a problem with a number in your
formula; typically an invalid argument in a math or trig function. For example,
you entered a negative number where a positive number was expected.

e #REF!: This error value means that your formula contains an invalid cell
reference. This is typically caused by deleting a row or column to which the
formula refers. This could also mean that the formula uses a cell reference that
doesn’t exist (A2000000, for instance).

e #VALUE: This error value means that your formula uses the wrong data type for
the operation it’s trying to do. For example, this formula will return a #VALUE
error (=100+"dog”).



Using Named Ranges in Formulas

A named range 1s nothing more than a cell or range of cells that has been given a
friendly, descriptive name. Naming your ranges allows you use easily recognizable
names in your formulas instead of cell addresses. For instance, say that you have line-
item sales in cells A1:A25 and you have a percent tax in cell B1. You could calculate
a total sale amount with tax using this formula:

=SUM(A 1:A25)*(1+B1)

Now imagine that you gave your ranges descriptive names, calling cells A1:25
Sale Items, and calling cell B1 Tax Percent. You could then calculate the total sale
amount with tax by using this formula:

=SUM(Sales_Items)*(1+Tax Percent)
Immediately, you can see how much easier it is to understand what is going on in the

formula. The formula is easier not only to read but also to explain to others who aren’t
familiar with the workbook.

Another benefit to naming these ranges is that creating new formulas with these named
ranges becomes easier because you can simply use the easily remembered descriptive
name instead of trying to remember that line-item sales live in cells A1:A25.

Creating a named range

Follow these steps to create a named range:

1. Select the cell or range of cells you want to name.

2. Choose Define Name from the Formulas tab. This activates the New Name dialog
box, shown in Figure 1-7.
3. Inthe Name input box, enter a friendly, descriptive name for your range.

4. In the Scope drop-down box, select whether you want your named range to be
available for use throughout the workbook or just on a specific sheet.

5. Press the OK button to create your named range.
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Figure 1-7: The New Name dialog box.

Keep these rules and best practices in mind when choosing a name for your range:

You cannot use spaces in range names. Use an underscore to emulate a space
instead (for example, Sales Items).

Range names must begin with a letter or an underscore.

Range names cannot be the same as cell addresses. For instance, you cannot name
your range Q1 because Excel already has a cell Q1.

You can use any single letter as a range name except for R and C. These are
reserved in Excel for the R1C1 reference style.

You cannot use operator symbols (+, —, *, /, <, >, &) in range names. The only
symbols valid in range names are the period (.), question mark (?), underscore
(), and backslash (\) symbols, as long as they are not used as the first character
of the name.

Avoid using names that Excel uses internally, for example, Print Area. Although
Excel allows this name, using it can cause name conflict errors in the workbook.
Other names to avoid are Auto Activate, Auto Close, Auto Deactivate,
Auto Open, Consolidate Area, Criteria, Data Form, Database, Extract,
FilterDatabase, Print Titles, Recorder, and Sheet Title.

The maximum length for a range name 1s 255 characters. That being said, you
should avoid very long range names in general. Remember that the purpose of a
range name is to provide a meaningful, easy-to-remember name that you can
easily type into a formula.

Working with the Name Box

The Name Box, found to the left of the Formula Bar, offers a couple of handy features
for working with named ranges. You can click the drop-down selector in the Name



Box to see all the named ranges in your workbook (see Figure 1-8). Clicking any of
the named ranges in the list automatically selects that range.
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Figure 1-8: Use the Name Box to view and navigate to any named range within the

workbook.

The Name Box also serves as a faster way to create a named range. To create a named
range with the Name Box, first select the cell or range you want to name. Next, enter a
valid name directly into the Name Box. Press the Enter key to create the name.

W

Tp  The Name Box is resizable. If you have a name that is too long for the
Name Box, simply move your mouse cursor over the right edge of the Name
Box until it turns into a horizontal arrow. When your cursor becomes a
horizontal arrow, click and drag to widen the Name Box.



Chapter 2: Common Mathematical Operations

Most Excel analysts working in the corporate world are asked to perform
mathematical operations that provide insight into key operational metrics. Calculations
such as percent of totals, variance to budget, and running totals are the cornerstone of

any basic business analysis. In this chapter, you explore 12 mathematical operations
commonly used in the world of business analytics.

i-\."J“_J;l
Note  YOu can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 1: Calculating Percent of Goal

When someone asks you to calculate a percent of goal, she is simply saying to
compare actual performance to a stated goal. The math involved in this calculation is
simple: Divide the goal by the actual. This gives you a percentage value that
represents how much of the goal has been achieved. For instance, if your goal is to
sell 100 widgets, and you sell 80, your percent of goal is 80 percent (80/100).

Vo= Percent of Goal can also be referred to as percent of budget or percent
of forecast; it all means the same thing.

In Figure 2-1, you see a list of regions with a column for goals and a column for
actuals. Note that the formula in cell ES simply divides the value in the Actual column
by the value in the Goal column.

=D5/C5

A B & D E

!R_cgil:u'- |Goal iactual | Percent of Goal
North  15509,283| 3553,8871=D5/¢5 |
South 54583,519 5511,115 106%
East 640,603 606,603 95%

West 5320,312 5382753 119%

o o= 3w B W by e

Figure 2-1: Calculating the percent of goal.

How it works

There isn’t much to this formula. You’re simply using cell references to divide one
value by another. You just enter the formula one time in the first row (cell ES in this
case) and then copy that formula down to every other row in your table.

Alternative: Using a common goal

If you need to compare actuals to a common goal, you can set up a model like the one
shown in Figure 2-2. In this model, each region does not have its own goal. Instead,
you’re comparing the values in the Actual column to a single goal found in cell B3.

=C6/$B$3
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6| Nerth | $552,887|=ce/5852
7 South £511,115 T3%
8 East S506,603 8%
9 Wiest £382.753 55%

Figure 2-2: Calculating the percent of goal using a common goal.

Note that the cell reference to common goal 1s entered as an absolute reference
($B$3). Using the dollar symbols locks the reference to the goal in place, ensuring that
the cell reference pointing to your common goal does not adjust as you copy the
formula down.

Cosshet See Chapter 1 for more information on absolute and relative cell
references.



Formula 2: Calculating Percent Variance

A variance 1s an indicator of the difference between one number and another. To
understand this, imagine that you sold 120 widgets one day, and on the next day, you
sold 150. The difference in sales in actual terms is easy to see; you sold 30 more
widgets. Subtracting 120 widgets from 150 widgets gives you a unit variance of +30.

So what is a percent variance? This is essentially the percentage difference between
the benchmark number (120) and the new number (150). You calculate the percent
variance by subtracting the benchmark number from the new number and then dividing
that result by the benchmark number. In this example, the calculation looks like this:
(150-120)/120 = 25%. The Percent variance tells you that you sold 25 percent more
widgets than yesterday.

Figure 2-3 demonstrates how to translate this into a formula. The formula in E4
calculates the percent variance between current year sales and previous year sales.

—=(D4-C4)/C4
£ E C ] E

1

2 T

3 i_Rf-giani___fli_gr_H_’Eri_ i i:ﬂ-_[gﬂg_q;iiﬁprcmst Variance)
4 Marth | 55:!9.333-_ 5553.33_]"5' ={D4-C4) /A !
] South 5483519 5511,115 &%
(] East 5540,603 606,603 5%
7 West 5300,312 5382,753 19%

Figure 2-3: Calculating the percent variance between current year sales and previous
year sales.
How it works

The one thing to note about this formula is the use of parentheses. By default, Excel’s
order of operations states that division must be done before subtraction. But if you let
that happen, you would get an erroneous result. Wrapping the first part of the formula
in parentheses ensures that Excel performs the subtraction before the division.

You can simply enter the formula one time in the first row (cell E4 in this case) and
then copy that formula down to every other row in your table.

wossRef See Chapter 1 for more information on the order of operator
precedence.

Alternative: Simplified percent variance calculation

An alternative formula for calculating percent variance is to simply divide the current



year sales by the previous year sales and then subtract 1. Because Excel performs
division operations before subtraction, you don’t have to use parentheses with this
alternative formula.

=D4/C4-1



Formula 3: Calculating Percent Variance with

Negative Values

In the previous section, “Formula 2: Calculating Percent Variance,” you discovered
how to calculate a percent variance. That formula works beautifully in most cases.
However, when the benchmark value is a negative value, the formula breaks down.

For example, imagine that you’re starting a business and expect to take a loss the first
year. So you give yourself a budget of negative $10,000. Now imagine that after your
first year, you actually made money, earning $12,000. Calculating the percent variance
between your actual revenue and budgeted revenue would give you -220%. You can
try it on a calculator. 12,000 minus -10,000 divided by -10,000 equals -220%.

How can you say that your percent variance is -220% when you clearly made money?
Well, the problem is that when your benchmark value is a negative number, the math
inverts the results, causing numbers to look wacky. This is a real problem in the
corporate world where budgets can often be negative values.

The fix is to leverage the ABS function to negate the negative benchmark value:
=(C4-B4)/ABS(B4)

Figure 2-4 uses this formula in cell E4, illustrating the different results you get when
using the standard percent variance formula and the improved percent variance
formula.

A E c D E

“Standard Percent | Improved Percent

| El:u;l_g_i‘:t HActual
-10,000 12,000 -220% 2300%

Yariance | Varkance
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Figure 2-4: Using the ABS function gives you an accurate percent variance when
dealing with negative values.

How it works

Excel’s ABS function returns the absolute value for any number you pass to it.
Entering =ABS(-100) into cell Al would return 100. The ABS function essentially
makes any number a non-negative number. Using ABS in this formula negates the
effect of the negative benchmark (the negative 10,000 budget in the example) and
returns the correct percent variance.

o= You can safely use this formula for all your percent variance needs; it



works with any combination of positive and negative numbers.



Formula 4: Calculating a Percent Distribution

Percent distribution is a measure of how a metric (such as total revenue) is distributed
among the component parts that make up the total. As you can see in Figure 2-5, the
calculation is relatively simple. You divide each component part by the total. This
example has a cell that contains Total revenue (cell C9). You then divide each
region’s revenue by the total to get a percent distribution for each region.

A g [ o
i

(Region  [Revenue  |Percent of Total |

Morth | 57.626|=C3/5C59 l
South 53,387 15%
East 41,695 9%
Weest 56,457 3%

S\ﬂm"dﬁ‘-“llmh}

N —
Total |_ 51‘3.16?_:

Figure 2-5: Calculating a percent distribution of revenue across regions.

How it works

This formula doesn’t have a lot to it. You’re simply using cell references to divide
each component value by the total. The one thing to note is that the cell reference to the
Total is entered as an absolute reference ($C$9). Using the dollar symbols locks the
reference in place, ensuring that the cell reference pointing to Total does not adjust as
you copy the formula down.

tossRef See Chapter 1 for more information on absolute and relative cell
references.

Alternative: Percent distribution without a dedicated
Total cell

You don’t have to dedicate a separate cell to an actual Total value. You can simply
calculate Total on the fly within the percent distribution formula. Figure 2-6
demonstrates how you can use the SUM function in place of a cell dedicated to
holding a Total. The SUM function adds together any numbers you pass to it.

Again, note the use of absolute references in the SUM function. Using absolute
references ensures that the SUM range stays locked as you copy the formula down:

=C3/SUM($C$3:$C$6)
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Figure 2-6: Calculating percent distribution with the SUM function.



Formula 5: Calculating a Running Total

Some organizations like to see a running total as a mechanism to analyze the changes
in a metric as a period of time progresses. Figure 2-7 illustrates a running total of units
sold for January through December. The formula used in cell D3 is copied down for
each month:

=SUM($C$3:C3)

A B C 1]
1
2 _Units Sold Running Total
5 ey | misowsesen ]
4 February 63 141
5 Manch 38 175
(] Apnil 17 196
7 ey 54 280
4 Jur 63 ELE]
a July 32 E¥ L]
10 August Fiil 395
11 September 58 493
12 October 63 556
13 Novemiber T 631
14 December 75 06

Figure 2-7: Calculating a running total.

How it works

In this formula, you use the SUM function to add all the units from cell C3 to the
current row. The trick to this formula is the absolute reference ($C$3). Placing an
absolute reference in the reference for the first value of the year locks that value down.
Locking the value down ensures that as the formula 1s copied down, the SUM function
always captures and adds the units from the very first value to the value on the current
row.

.\
4

Cosshet See Chapter 1 for more information on absolute and relative cell
references.



Formula 6: Applying a Percent Increase or
Decrease to Values

A common task for an Excel analyst is to apply a percentage increase or decrease to a
given number. For instance, when applying a price increase to a product, you would
typically raise the original price by a certain percent. When giving a customer a
discount, you would decrease that customer’s rate by a certain percent.

Figure 2-8 illustrates how to apply a percent increase and decrease using a simple
formula. In cell ES, you apply a 10 percent price increase to Product A. In Cell E9,
you give a 20 percent discount to Customer A.

A B C 7] E

Product A | 100 i 10% |=C5*[1+D5)

[Cost per Service] Percent Discount| Discounted Cost

Customer A | w0 | 0% I=c9(1-05)

A 03 el G e Be b R

Figure 2-8: Applying a percent increase and decrease using a simple formula.

How it works

To increase a number by a percentage amount, multiply the original amount by 1+ the
percent of increase. In the example in Figure 2-8, Product A is getting a 10 percent
increase. So you first add 1 to the 10 percent, which gives you 110 percent. You then
multiply the original price of 100 by 110 percent. This calculates to the new price of
110.

To decrease a number by a percentage amount, multiply the original amount by 1- the
percent of increase. In the example in Figure 2-8, Customer A is getting a 20 percent
discount. So you first subtract 20 percent from 1, which gives you 80 percent. You
then multiply the original 1,000 cost per service by 80 percent. This calculates to the
new rate of 800.

Note the use of parentheses in the formulas. By default, Excel’s order of operations
states that multiplication must be done before addition or subtraction. But if you let
that happen, you would get an erroneous result. Wrapping the second part of the
formula in parentheses ensures that Excel performs the multiplication last.

Y
]

Cosshef See Chapter 1 for more information on the order of operator



precedence.



Formula 7: Dealing with Divide-by-Zero Errors

In mathematics, division by zero is impossible. One way to understand why it’s
impossible is to consider what happens when you divide a number by another.

Division is really nothing more than fancy subtraction. For example, 10 divided by 2
1s the same as starting with 10 and continuously subtracting 2 as many times as needed
to get to zero. In this case, you would need to continuously subtract 2 five times.

e 10-2=28
o 8-2=6
o 6-2=4
o 4-2=2
o 2-2=0
So, 10/2 =5.

Now if you tried to do this with 10 divided by 0, you would never get anywhere,
because 10-0 is 10 all day long. You’d be sitting there subtracting 0 until your
calculator dies.

e 10-0=10
e 10-0=10
e 10-0=10
e 10-0=10
o ....Infinity

Mathematicians call the result you get when dividing any number by zero “undefined.”
Software like Excel simply gives you an error when you try to divide by zero. In
Excel, when you divide a number by zero, you get the #DIV/0! error.

You can avoid this by telling Excel to skip the calculation if your denominator is a
zero. Figure 2-9 illustrates how to do this by wrapping the division operation in
Excel’s IF function.

=IF(C4=0, 0, D4/C4)



A E C [¢) E

2 [Budget [Actual [Percent to Budget]
3 Jirm L 0 00 1007
4| Tim [ ol 100l=F(cas0, 0, bajca)]
5 Kim 300 350 117%

Figure 2-9: Using the IF function to avoid a division-by-zero error.

How it works

The IF function requires three arguments: the condition; what to do if the condition is
true; and what to do if the condition is false.

The condition argument in this example is the budget in C4 is equal to zero (C4=0).
Condition arguments must be structured to return TRUE or FALSE, and that usually
means that there is a comparison operation (like an equal sign or greater-than sign).

If the condition argument returns TRUE, the second argument of the IF function is
returned to the cell. The second argument is 0, meaning that you simply want a zero
displayed if the budget number in cell C4 is a zero.

IF the condition argument is not zero, the third argument takes effect. In the third
argument, you tell Excel to perform the division calculation (D4/C4).

So this formula basically says that if C4 equals 0, then return a 0, or else return the
result of D4/C4.



Formula 8: Basic Rounding of Numbers

Often, your customers want to look at clean, round numbers. Inundating a user with
decimal values and unnecessary digits for the sake of precision can actually make your
reports harder to read. For this reason, you may want to consider using Excel’s
rounding functions.

Figure 2-10 illustrates how the number 9.45 is affected by the use of the ROUND,
ROUNDUP, and ROUNDDOWN functions.

A B C

4

2 :f_qc_ll_'l_l._l_i«g __51;'-!"'".'!'.[. =
3 SR 5E.45,0) *
4 =ROUND{%8.45,1) M5
5 SROUMND(5a,45,-1) %0
& =ROUND{%4.45,-2) 1ea
v AGUNDDOWN| 54,250 i
B

=ROUNDUP93.45,0] a5

Figure 2-10: Rounding numbers using formulas.

How it works

Excel’s ROUND function is used to round a given number to a specified number of
digits. The ROUND function takes two arguments: the original value and the number of
digits to round to.

Entering a 0 as the second argument tells Excel to remove all decimal places and
round the integer portion of the number based on the first decimal place. For instance,
this formula rounds to 94:

=ROUND(94.45,0)

Entering a 1 as the second argument tells Excel to round to one decimal based on the
value of the second decimal place. For example, this formula rounds to 94.5:

=ROUND(94.45,1)

You can also enter a negative number as the second argument, telling Excel to round
based on values to the left of the decimal point. The following formula, for example,
returns 90:

=ROUND(94.45,-1)

You can force rounding in a particular direction using the ROUNDUP or
ROUNDDOWN functions.

This ROUNDDOWN formula rounds 94.45 down to 94:
=ROUNDDOWN(94.45,0)



This ROUNDUP formula rounds 94.45 up to 95:
—ROUNDUP(94.45,0)



Formula 9: Rounding to the Nearest Penny

In some industries, it is common practice to round a dollar amount to the nearest
penny. Figure 2-11 demonstrates how rounding a dollar amount up or down to the
nearest penny can affect the resulting number.

A B < o
1 - — . . .
Round up to Round Donaim to
2 [Dollar Amount | NearestPenny [the Heatest Penmy|
3 5 24243 53425 S:M

5 =CEILING[B3,0.00] =FLOOR(BE3.0.01)

Figure 2-11: Rounding to the nearest penny.

How it works
You can round to the nearest penny by using the CEILING or FLOOR functions.

The CEILING function rounds a number up to the nearest multiple of significance that
you pass to it. This utility comes in handy when you need to override the standard
rounding protocol with your own business rules. For instance, you can force Excel to
round 123.222 to 124 by using the CEILING function with a significance of 1.

=CEILING(123.222,1)
So entering a .01 as the significance tells the CEILING function to round to the nearest
penny.
If you wanted to round to the nearest nickel, you could use .05 as the significance. For
instance, the following formula returns 123.15:

=CEILING(123.11,.05)

The FLOOR function works the same way except that it forces a rounding down to the
nearest significance. The following example function rounds 123.19 down to the
nearest nickel, giving 123.15 as the result:

=FLOOR(123.19..05)



Formula 10: Rounding to Significant Digits

In some financial reports, figures are presented in significant digits. The idea is that
when you’re dealing with numbers in the millions, you don’t need to inundate a report
with superfluous numbers for the sake of showing precision down to the tens,
hundreds, and thousands places.

For instance, instead of showing the number 883,788, you could choose to round the
number to one significant digit. This would mean displaying the same number as
900,000. Rounding 883,788 to two significant digits would show the number as
880,000.

In essence, you’re deeming that a particular number’s place is significant enough to
show. The rest of the number can be replaced with zeros. You might feel as though
doing this could introduce problems, but when you’re dealing with large enough
numbers, any number below a certain significance is inconsequential.

Figure 2-12 demonstrates how you can implement a formula that rounds numbers to a
given number of significant digits.

'y E C D E

1 —_— S
2 \Significant Digits |
3 | 1 |
4 E.Ea\‘f'.”!!'-l!thi:fi '5i3|1i1i|:an1 I}igil:'s. | i
5 | | 505,390  |=ROUND|{BS,LEN[INT{ABS(BS]])*-1+5853] |

& ~o00,942 900,000

7 591,007 600,000

8 491,235 500,000

a9 883,788 900,000

10 952 687 1,000,000

i1 {33260 - 300,000

Figure 2-12: Rounding numbers to 1 significant digit.

How it works

You use Excel’s ROUND function to round a given number to a specified number of
digits. The ROUND function takes two arguments: the original value and the number of
digits to round to.

Entering a negative number as the second argument tells Excel to round based on
significant digits to the left of the decimal point. The following formula, for example,
returns 9500:

—ROUND(9489,-2)
Changing the significant digits argument to -3 returns a value of 9000.
=ROUND(B14,-3)



This works great, but what if you have numbers on differing scales? That is, what if
some of your numbers are millions while others are hundreds of thousands? If you
wanted to show them all with 1 significant digit, you would need to build a different
ROUND function for each number to account for the differing significant digits
argument that you would need for each type of number.

To help solve this issue, you can replace your hard-coded significant digits argument
with a formula that calculates what that number should be.

Imagine that your number is -2330.45. You can use this formula as the significant
digits argument in your ROUND function:

LEN(INT(ABS(-2330.45)))*-1+2

This formula first wraps your number in the ABS function, effectively removing any
negative symbol that may exist. It then wraps that result in the INT function, stripping
out any decimals that may exist. It then wraps that result in the LEN function to get a
measure of how many characters are in the number without any decimals or negation
symbols.

In this example, this part of the formula results in the number 4. If you take the number
-2330.45 and strip away the decimals and negative symbol, you have four characters
left.

This number is then multiplied by -1 to make it a negative number, and then added to
the number of significant digits you are looking for. In this example, that calculation
looks like this: 4*-1+2 = -2.

Again, this formula will be used as the second argument for your ROUND function.
Enter this formula into Excel and round the number to 2300 (2 significant digits):
=ROUND(-2330.45, LEN(INT(ABS(-2330.45)))*-1+2)

You can then replace this formula with cell references that point to the source number
and cell that holds the number of desired significant digits. This what you see in
Figure 2-12, shown previously.

=ROUND(B5,LEN(INT(ABS(B5)))*-1+$E$3)



Formula 11: Counting Values in a Range

Excel provides several functions to count the values in a range: COUNT, COUNTA,
and COUNTBLANK. Each of these functions provides a different method of counting
based on whether the values in your range are numbers, numbers and text, or blank.

Figure 2-13 illustrates the different kinds of counting you can perform. In row 12, the
COUNT function is counting only exams where students have passed. In column H, the
COUNTA function is counting all the exams taken by a student. In column I, the
COUNTBLANK function is counting only those exams that have not yet been taken.

A B [ 5] E ¥ (=3 H
T
Math English | S¢ience | History | |ExamsTaken  [Exams

k] | | |By Each Student IFii'm.linint-r

[ — 1 1
4| [swoents | eail | [ 1 2 2|
5 [Student2z | 2 | 1 1 | 3 1
& [Studentd | 1 1 1 3 1
7. [Studentd | Fail | 1 Fail | 2 2 .
8| |Studemts | 1 1 1 | el | 4 o |
g ....................................... —
10 | How many students passed each exam,
1t Path Fnﬂ!i\h Art :Hi'\.lnr',-
12 | 2 I 3 l 4 I 1 I

Figure 2-13: A demonstration of counting cells.

How it works

The COUNT function counts only numeric values in a given range. It requires only a
single argument in which you pass a range of cells. For example, this formula counts
only those cells in range C4:C8 that contain a numeric value:

=COUNT(C4:C8)

The COUNTA function counts any cell that is not blank. You can use this function
when you’re counting cells that contain any combination of numbers and text. It
requires only a single argument in which you pass a range of cells. For instance, this
formula counts all the nonblank cells in range C4:F4:

=COUNTA(C4:F4)

The COUNTBLANK function counts only the blank cells in a given range. It requires
only a single argument in which you pass a range of cells. For instance, this formula
counts all the blank cells in range C4:F4:

=COUNTBLANK(C4:F4)



Formula 12: Creating a Conversion Table

You may work at a company where you need to know how many cubic yards can be

covered by a gallon of material, or how many cups are needed to fill an Imperial
Gallon.

You can use Excel’s CONVERT function to produce a conversion table containing
every possible type of conversion that you need for a set of measures. Figure 12-14
illustrates a conversion table created using nothing but Excel’s CONVERT function.

With this table, you can get a quick view of the conversions from one unit of measure
to another. You can see that it takes 48 teaspoons to make a cup, 2.4 cups to make an
English pint, and so on.

(= o E F G H 1
1
- - B a5
z . __E_I..'_.'EEQQI.__E.T.]'b'ln"a.pwniFIuil:I ounce | Cup
g : . ad | LS | ths | ez | wp
1 [Faipoon |5t sCOMVERTILSCAFSIN] 033 | ody | 002
5 [Tablespaon ths) 3.00 | 100 | ose | o008
& | Fluld ounce oF .00 200 100 0.13
T |Cup cupl -‘.R;jﬁ 1 _1:3&': l H;’b | i(;()“
g | 5. pint us_pt| 96.00 | 3200 | 1600 | 200
o | LK. pint uk_pt 115,29 az | 192 | 240
10 lawat 4 19200 | sa00 | 3200 | 400
| mpedalownt kgl m0ss | s | ssas | as
i [Gallongal  gall _T65.00 | 25600 | 1as00 | R6.00 |

Figure 2-14: Creating a unit-of-measure conversion table.

How it works

The CONVERT function requires three arguments: a number value, the unit you’re
converting from, and the unit you’re converting to. For instance, to convert 100 miles
into kilometers, you can enter this formula to get the answer 160.93:

=CONVERT(100,"mi", "km")
You can use the following formula to convert 100 gallons into liters. This gives you
the result 378.54:

=CONVERT(100,"gal", "I")
Notice the conversion codes for each unit of measure. These codes are very specific

and must be entered in exactly the way Excel expects to see them. Entering a

CONVERT formula using “gallon” or “GAL” instead of the expected “gal” returns an
error.

Luckily, Excel provides a tooltip as you start entering your CONVERT function,
letting you pick the correct unit codes from a list.



You can refer to Excel’s Help files on the CONVERT function to get a list of valid
unit-of-measure conversion codes.

When you have the codes you are interested in, you can enter them in a matrix-style
table like the one you see in Figure 12-14. In the top-leftmost cell in your matrix, enter
a formula that points to the appropriate conversion code for the matrix row and matrix
column.

Be sure to include the absolute references necessary to lock the references to the
conversion codes. For the codes located in the matrix row, lock the column reference.
For the codes located in the matrix column, lock the row reference.

=CONVERT(1,E4,F$3)

At this point, you can simply copy your formula across the entire matrix.



Chapter 3: Manipulating Text with Formulas

Often, the work you do with Excel involves not only calculating numbers but also
transforming and shaping data to fit your data models. Many of these activities include
manipulating text strings. This chapter highlights some of the common text
transformation exercises that an Excel analyst performs, and in the process gives you a
sense of some of the text-based functions Excel has to offer.

=)

Fime You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 13: Joining Text Strings

One of the more basic text manipulation actions you can perform is joining text strings
together. In the example shown in Figure 3-1, you create a full-name column by joining
together first and last names.

A [ C [+]
1 - - - “ -
2 1 FirstName |  LastName IFull Name
3 I Guy lGilbent | =838~ "8C3
& hIC-QI'\.;ln 13';'5-1:.';1 L.(ﬂ'.'m Brown
5 Robera Tarmburello Roberta Tamburallo
[i] Rob Walters Rob Walters
T Thierry Alexander Thierry Alexander
8 Dawid Bradley David Bradley
4 Jolynn Dobney Jolynn Dobney
jli] Ruth Elerbrock Ruth Ellerbrock
11 Doris Hartwig Dorig Hartwig
12 John Campbell John Campbell

Figure 3-1: Joining first and last names.

How it works

This example illustrates the use of the ampersand (&) operator. The ampersand
operator tells Excel to concatenate values with one another. As you can see in Figure
3-1, you can join cell values with text of your own. In this example, you join the
values in cells B3 and C3, separated by a space (created by entering a space in
quotes).

ﬁej Excel also provides a CONCATENATE function that joins values
without the need for the ampersand. In this example, you could enter
=CONCATENATE(B3," ",C3). Frankly, it’s better to skip this function and
simply use the ampersands. This function is more processing intensive and
requires using more keystrokes.



Formula 14: Setting Text to Sentence Case

Excel provides three useful functions to change the text to upper-, lower-, or proper
case. As you can see inrows 6, 7, and 8 illustrated in Figure 3-2, these functions
require nothing more than a pointer to the text you want converted. As you might guess,
the UPPER function converts text to all uppercase, the LOWER function converts text
to all lowercase, and the PROPER function converts text to title case (the first letter of
every word is capitalized).

What Excel lacks is a function to convert text to sentence case (only the first letter of
the first word is capitalized). But as you can see in Figure 3-2, you can use the
following formula to force text into sentence case:

=UPPER(LEFT(C4,1)) & LOWER(RIGHT(C4,LEN(C4)-1))

A B <

Thie QUECK Browen FOX JUMPS over the lary DOG.

[zuprER(ce) | THE QUICK BROWN FOX JUMPS OVER THE LAZY DOG.
:r= lUWE'HlE':. ﬂ]_ I:hl’.- Guitk brdwn foa jumps dwied the Liky dog.
|=PROPER[LE) | The Quick Brown Fox Jumps Over The Lacy Dog.

A D o Oh A e e B e

; .I.!PPIR[I}FTﬂl:'-'l-,:l]EI&I-:'H'.'FH(HI{iHT;f._'-'I-_I,} r<'[|:-1:|'. L]] :Thur: guick brgwm fox jumps ever the lagy dog.

=
L=

Figure 3-2: Converting text into uppercase, lowercase, proper case, and sentence
case.

How it works

If you take a look at this formula closely, you can see that it’s made up of two parts
that are joined by the ampersand.

The first part uses Excel’s LEFT function:
UPPER(LEFT(C4,1))

The LEFT function allows you to extract a given number of characters from the left of
a given text string. The LEFT function requires two arguments: the text string you are
evaluating and the number of characters you need extracted from the left of the text
string. In this example, you extract the left 1 character from the text in cell C4. You
then make it uppercase by wrapping it in the UPPER function.

The second part is a bit trickier. Here, you use the Excel RIGHT function:
LOWER(RIGHT(C4,LEN(C4)-1))

Like the LEFT function, the RIGHT function requires two arguments: the text you are
evaluating, and the number of characters you need extracted from the right of the text
string. In this case, however, you can’t just give the RIGHT function a hard-coded



number for the second argument. You have to calculate that number by subtracting 1
from the entire length of the text string. You subtract 1 to account for the first character
that 1s already uppercase thanks to the first part of the formula.

You use the LEN function to get the entire length of the text string. You subtract 1 from
that, which gives you the number of characters needed for the RIGHT function.

You can finally pass the formula you’ve created so far to the LOWER function to make
everything but the first character lowercase.

Joining the two parts together gives results in sentence case:
—UPPER(LEFT(C4,1)) & LOWER(RIGHT(C4,LEN(C4)-1))



Formula 15: Removing Spaces from a Text
String

If you pull data in from external databases and legacy systems, you will no doubt
encounter text that contains extra spaces. Sometimes these extra spaces are found at the
beginning of the text, whereas at other times, they show up at the end.

Extra spaces are generally evil because they can cause problems in lookup formulas,
charting, column sizing, and printing.

Figure 3-3 illustrates how you can remove superfluous spaces by using the TRIM
function.

{Original Text | Trimmed Text |
ABCD ABCD
& BCD ABCD
JAlan  jones Alan jones
| lagch l=TRim{a7] |

O N e W RS

Figure 3-3: Removing excess spaces from text.

How it works

The TRIM function is relatively straightforward. Simply give it some text and it
removes all spaces from the text except for single spaces between words.

As with other functions, you can nest the TRIM function in other functions to clean up
your text while applying some other manipulation. For instance, the following function
trims the text in cell A1 and converts it to uppercase all in one step:

=UPPER(TRIM(A1))

h‘_ﬁ
Note The TRIM function was designed to trim only the ASCII space

character from text. The ASCII space character has a code value of 32. The
Unicode character set, however, has an additional space character called the
nonbreaking space character. This character is commonly used in web pages
and has the Unicode value of 160.

The TRIM function is designed to handle only CHAR(32) space characters.
It cannot, by itself, handle CHAR(160) space characters. To handle this kind
of space, you need to use the SUBSTITUTE function to find CHAR(160)
space characters and replace them with CHAR(32) space characters so that
the TRIM function can fix them. You can accomplish this task all at one time



with the following formula:
=TRIM(SUBSTITUTE(A4,CHAR(160),CHAR(32)))

For a detailed look at the SUBSTITUTE function, see Formula 18:
Substituting Text Strings.



Formula 16: Extract Parts of a Text String

One of the most important techniques for manipulating text in Excel is the capability to
extract specific portions of text. Using Excel’s LEFT, RIGHT, and MID functions, you

can perform tasks such as:

e Convert nine-digit postal codes into five-digit postal codes
e Extract phone numbers without the area code
e Extract parts of employee or job codes for use somewhere else

Figure 3-4 demonstrates how using the LEFT, RIGHT, and MID functions can help
easily accomplish these tasks.

A B C

1
Comegrt those 9- digit postal codes inte

2 _5-dhigit p«:-;'..:ltuﬂ-:-:..
3 fip | Tip I
4 m0sG-2u3 | 0056 =LEFT[A4,5)
5 TE023-57T4 TEOXL =LEFT{AS.5)
[

Extract the phone numbsr
7 without the arga cade.
- Phanie | Phane
5 | ([ 214)8%7-TH5 | BBT-THGS =RIGMT[AS.8)
10 ([ M03)654-2180 654-F180 =RIGHT[A10,8)
11

Extract the Sth character

i ) _ofeach Job Code. )
13 sobCode | Job Level ]
14 214001 | 4 =MID{A14.4,1)
15 5542075 | 2 =MID[AL5.4,1)
16 1113543 | 3 =MID[A16.4,1)

Figure 3-4: Using the LEFT, RIGHT, and MID functions.

How it works

The LEFT function allows you to extract a given number of characters from the left of
a given text string. The LEFT function requires two arguments: the text string you are
evaluating and the number of characters you need extracted from the left of the text
string. In the example, you extract the left five characters from the value in Cell A4.

=LEFT(A4,5)

The RIGHT function allows you to extract a given number of characters from the right
of a given text string. The RIGHT function requires two arguments: the text string you
are evaluating and the number of characters you need extracted from the right of the
text string. In the example, you extract the right eight characters from the value in Cell
AO9.

—RIGHT(A9,8)



The MID function allows you to extract a given number of characters from the middle
of a given text string. The MID function requires three arguments: the text string you
are evaluating; the character position in the text string from where to start extracting;
and the number of characters you need extracted. In the example, you start at the fourth
character in the text string and extract one character.

=MID(A14/4,1)



Formula 17: Finding a Particular Character in a
Text String

Excel’s LEFT, RIGHT, and MID functions work great for extracting text, but only if
you know the exact position of the characters you are targeting. What do you do when
you don’t know exactly where to start the extraction? For example, if you had the
following list of Product codes, how would you go about extracting all the text after
the hyphen?

o PRT-432
e COPR-6758
e SVCCALL-58574

The LEFT function wouldn’t work because you need the right few characters. The
RIGHT function alone won’t work because you need to tell it exactly how many
characters to extract from the right of the text string. Any number you give will pull
either too many or too few characters from the text. The MID function alone won’t
work because you need to tell it exactly where in the text to start extracting. Again, any
number you give will pull either too many or too few characters from the text.

The reality is that you often will need to the find specific characters in order to get the
appropriate starting position for extraction.

This 1s where Excel’s FIND function comes in handy. With the FIND function, you can
get the position number of a particular character and use that character position in
other operations.

In the example shown in Figure 3-5, you use the FIND function in conjunction with the
MID function to extract the middle numbers from a list of product codes. As you can
see from the formula, you find the position of the hyphen and use that position number
to feed the MID function.

=MID(B3,FIND("-",B3)+1,2)

A B C

:F'l'mlur.t Code E{'Jl.‘ll.‘le'l.thl." Mumbers
I_!:"-.':P.-Aﬁ-snlall E =MID{E FIND["-",B1]+1,2)
PW-18-Medium 15
PY-19-Large 13
OW5-22-Medium 2

CWTPr-a4- L,a:"se <

0 =~ O Uy e (W hd =

Figure 3-5: Using the FIND function to extract data based on the position of the



hyphen.

How it works

The FIND function has two required arguments. The first argument is the text you want
to find. The second argument is the text you want to search. By default, the FIND
function returns the position number of the character you are trying to find. If the text
you are searching contains more than one of your search characters, the FIND function
returns the position number of the first encounter.

For instance, the following formula searches for a hyphen in the text string “PWR-16-
Small”. The result will be a number 4, because the first hyphen it encounters is the
fourth character in the text string.

=FIND("-","PWR-16-Small")

You can use the FIND function as an argument in a MID function to extract a set
number of characters after the position number returned by the FIND function.

Entering this formula in a cell will give you the two numbers after the first hyphen
found in the text. Note the +1 in the formula. Including +1 ensures that you move over
one character to get to the text after the hyphen.

=MID("PWR-16-Small", FIND("-","PWR-16-Small")+1, 2)

Alternative: Finding the second instance of a character

By default, the FIND function returns the position number of the first instance of the
character you are searching for. If you want the position number of the second
instance, you can use the optional Start Num argument. This argument lets you specify
the character position in the text string to start the search.

For example, the following formula returns the position number of the second hyphen
because you tell the FIND function to start searching at position 5 (after the first
hyphen).

=FIND("-","PWR-16-Small", 5)

To use this formula dynamically (that is, without knowing where to start the search)
you can nest a FIND function as the Start Num argument in another FIND function.
You can enter this formula into Excel to get the position number of the second hyphen.

=FIND("-","P WR-16-Small", FIND("-","PWR-16-Small")+1)

Figure 3-6 demonstrates a real-world example of this concept. Here, you extract the
size attribute from the product code by finding the second instance of the hyphen and
using that position number as the starting point in the MID function. The formula
shown in cell C3 is as follows:



=MID(B3,FIND("-",B3,FIND("-",B3)+1)+1,10000)

This formula tells Excel to find the position number of the second hyphen, move over
one character, and then extract the next 10,000 characters. Of course, there aren’t

10,000 characters, but using a large number like that ensures that everything after the
second hyphen is pulled.

A B c
1 "
Z ;P_n:_rd_-.n;_t_l:ode_ | Extract the Sire Designation
: [pWe-6-small | =MID(S, FINDI™.". &, FIND) ™", 57 +1+1,10000)
4 F-18-Medium Medium
5 P 19-Large Large
& CWs-22-Madium Medium
7 CWTP-44-Large Large
&

Figure 3-6: Nesting the FIND function to extract everything after the second hyphen.



Formula 18: Substituting Text Strings

In some situations, it’s helpful to substitute some text with other text. One such case is
when you encounter the annoying apostrophe S (’S) quirk that you get with the
PROPER function. To see what we mean, enter this formula into Excel:

=PROPER("STAR'S COFFEE")

This formula 1s meant to convert the given text into title case (where the first letter of
every word is capitalized). The actual result of the formula is the following;

e Star'S Coffee

Note how the PROPER function capitalizes the S after the apostrophe. Annoying, to
say the least.

However, with a little help from the Excel’s SUBSTITUTE function, you can avoid
this annoyance. Figure 3-7 shows the fix using the following formula:

=SUBSTITUTE(PROPER(SUBSTITUTE(B4,"","qzx")),"qzx","")

E4 ol | - fe =FUBSTITUTE|PROPER[SUBSTITUTE B, ™™, “gae” . qex™,"")

A ] < D E F G H

:rn.r;'g.ls.u':a_,- !R..-d-hniur.l Case [Botter Proper case |
STARS COFFEE StariCotles T abf
DONALDS Daanald's Dranabd's

MICHAEL'S BELI Michaels Deli Michael's Dy

WA e W R e

7

Figure 3-7: Fixing the apostrophe S issue with the SUBSTITUTE function.

How it works

The formula uses the SUBSTITUTE function, which requires three arguments: the
target text; the old text you want replaced; and the new text to use as the replacement.

As you look at the full formula, note that it uses two SUBSTITUTE functions. This

formula 1s actually two formulas (one nested in the other). The first formula is the part
that reads

PROPER(SUBSTITUTE(B4,"","qzx"))

In this part, you use the SUBSTITUTE function to replace the apostrophe (°) with qzx.
This may seem like a crazy thing to do, but there 1s some method here. Essentially, the
PROPER function capitalizes any letter coming directly after a symbol. You trick the
PROPER function by substituting the apostrophe with a benign set of letters that are
unlikely to be strung together in the original text.



The second formula actually wraps the first. This formula substitutes the benign qzx
with an apostrophe.

=SUBSTITUTE(PROPER(SUBSTITUTE(B4,"","qzx")),"qzx","")

So the entire formula replaces the apostrophe with qzx, performs the PROPER
function, and then reverts the qzx back to an apostrophe.



Formula 19: Counting Specific Characters in a
Cell

A useful trick is to be able to count the number of times a specific character exists in a
text string. The technique for doing this in Excel is a bit clever. To figure out, for
example, how many times the letter s appears in the word Mississippi, you can count
them by hand, of course, but systematically, you can follow these general steps:

1. Measure the character length of the word Mississippi (11 characters).
2. Measure the character length after removing every letter s (6 characters).
3. Subtract the adjusted length from the original length.

You can then accurately conclude that the number of times the letter s appears in the
word Mississippi is four.

A real-world use for this technique of counting specific characters is to calculate a
word count in Excel. Figure 3-8 shows the following formula being used to count the
number of words entered in cell B4:

=LEN(B4)-LEN(SUBSTITUTE(B4," ","))+1

A [ €

I::l"'. Wiord Count

-
| The Cuick Brown Fox
4

Jlamgs Ower Thie Lacy Dof. | =UEN{B8)-LEN{SUBSTITUTE[BS.™ ", " })=1 l

5

Figure 3-8: Calculating the number of words in a cell.

How it works

This formula essentially follows the steps mentioned earlier in this section. The

formula uses the LEN function to first measure the length of the text in cell B4:
LEN(B4)

It then uses the SUBSTITUTE function to remove the spaces from the text:
SUBSTITUTE(B4," ",")

Wrapping that SUBSTITUTE function in a LEN function gives you the length of the
text without the spaces. Note that you have to add one to that answer to account for the
fact that the last word doesn’t have an associated space.

LEN(SUB STITUTE(B4,H II,IIV'))+1



Subtracting the original length with the adjusted length gives you the word count.
~LEN(B4)-LEN(SUBSTITUTE(B4," ","))+1



Formula 20: Adding a Line Break within a
Formula

When creating charts in Excel, it’s sometimes useful to force line breaks for the
purpose of composing better visualizations. Take the chart shown in Figure 3-9, for
example. Here, the X-axis labels in the chart include the data value in addition to the
sales rep. This setup works well when you don’t want to inundate your chart with data
labels.

Units Sold

200
1000
200
B0
400
200

: Milce Mary Ethan Emma fva Mia

843 573 858 890 B0 a24

Figure 3-9: The X-axis labels in this chart include a line break and a reference to the
data values.

The secret to this trick is to use the CHAR() function in a formula that makes up your
chart labels (see Figure 3-10).

A B C

1

2 Units Sold_
2 [mike  |=soBcHar(10)&ca | a3
4 Mary Marys73 573
5 [Ethan Ethan35e 858
& [Emma Emmags0 £80
7 ava Avasd? 802
8 _h.-'lia Miagsd S84

Figure 3-10: Using the CHAR() function to force a line break between sales rep name
and data value.

How it works

Every character in Excel has an associated ANSI character code. The ANSI character
code is a Windows system code set that defines the characters you see on your screen.
The ANSI character set consists of 255 characters, numbered from 1 to 255. The
uppercase letter A 1s character number 97. The number 9 is character 57.



Even nonprinting characters have codes. The code for a space is 32. The code for a
line break is 10.

You can call up any character in a formula by using the CHAR() function. The
example shown in Figure 3-10 calls up the line break character and joins it with the
values in cells A3 and C3:

=A3 & CHAR(10) & C3
The cell itself doesn’t show the line break unless you have wrap text applied. But

even if you don’t, any chart using this kind of formula will display the data returned by
the formula with the line breaks.



Formula 21: Cleaning Strange Characters from
Text Fields

When you import data from an external data source such as text files or web feeds,
strange characters may come in with your data. Instead of trying to clean these
manually, you can use Excel’s CLEAN function (see Figure 3-11).

B C

E!nre' - Ef‘l.‘:ll'ln:'d Tt
[Detroit (Store PISEERE __ |<TRIM(CLEAN|B3))
Detroit {Store REENEE  Detroit {Store A2}
Detroit (Store B3)I00EE Detroit (Store £3)
Charlote (Store §1)E50SY  Charlote (Store #1)
Charlotte (Store FEEEEEE  Charlotte (Stone 03]
Charlotte (Store A3} BEREE Charlotte (Store #3)

Figure 3-11: Cleaning data with the CLEAN function.

o BN o B R b e

How it works

The CLEAN function removes nonprintable characters from any text you pass to it.
You can wrap the CLEAN function within the TRIM function to remove unprintable
characters and excess spaces at the same time.

=TRIM(CLEAN(B3))



Formula 22: Padding Numbers with Zeros

In many cases, the work you do in Excel ends up in other database systems within the
organization you’re involved with. Those database systems often have field-length
requirements that mandate a certain number of characters. A common technique for
ensuring that a field 1s made up of a set number of characters is to pad data with zeros.

Padding data with zeros is a relatively easy concept to apply. Essentially, if you have
a Customer ID field that must be 10 characters long, for example, you need to add
enough zeros to fulfill that requirement. So Customer ID 5381656 would need to be
padded with three zeros, making that ID 5381565000.

Cell C4 shown in Figure 3-12 uses this formula to pad the Customer IDs with zeros:
=LEFT(B4&'"0000000000", 10)

A B L=

[ L‘lr-.:-.'lll_'!sr_li:l_1:I".|.|t'ln 10 characters
Ei 533165_5{: =UEFT] B8 "0000000000", 10)
232 2330000000

23 2300000000
0 ZH00000000
2036 203000000
5365 SHES000000
£ BOOOOCO000

11 FAST 745000000
12 2903 FO0R000000
i3 E13T 613 OO0

TR R R R YR

B

Figure 3-12: Padding Customer IDs to 10 characters.

How it works

The formula shown in Figure 3-12 first joins the value in cell B4 and a text string
comprising of 10 zeros, effectively creating a new text string that guarantees a
Customer ID composed of 10 zeros.

You then use the LEFT function to extract the left 10 characters of that new text string.
The result will be a Customer ID with a minimum of 10 characters.

-
4

Er;::rs-ﬁef For more details on the LEFT function, see Formula 16: Extract Parts
of a Text String.



Formula 23: Formatting the Numbers in a Text
String

It’s not uncommon to have reporting that joins text with numbers. For example, you
may be required to show a line in your report that summarizes a salesperson’s results,
like this:

John Hutchison: $5,000
The problem is that when you join numbers in a text string, the number formatting does
not follow. Take a look at Figure 3-13 as an example. Note how the numbers in the

joined strings (column E) do not adopt the formatting from the source cells (column
O).

A g C o E

i

2 li_R!'j._'t 1HW4_"H1|D a thr- v andl Reveaue .-l
3| iGilbert | %6820 | =B3&": "&C3 |
4 Brown 55,205 Brown; 5205

5 Tamburello 5246 Tamburelbo: 246

3 Walters 57,136 Walters: 7136

7 Alexander 52,521 Alexander; 2521

8 Bradley 48,225 Bradley: 8225

9 Dobney 55,630 Dobney: 5630

10 Ellerbrock 57,5 Ellerbrock: 7354

11 Hartwig S5 676 Hartwig: 65676

12 Camphbell 55,716 Campbell: 5716

Figure 3-13: Numbers joined with text do not inherently adopt number formatting.

To solve this problem, you have to wrap the cell reference for your number value in
the TEXT function. Using the TEXT function, you can apply the needed formatting on
the fly. The formula shown in Figure 3-14 resolves the issue:

=B3&": "&TEXT(C3, "$0,000")

A B C n} E

1 —

2 Igrl_!-:p _.l_:!ﬂ‘].':llll'rl.l_l.':' : |Rep and Revenue

2 IGilbert |  $es0] | sei&r:"sTEXT(C3,"50,0007)|
4 Brovwn 55,205 Brown; 55,205
5 Tamburello 5246 Tamburello: 50,245
] Walkers 57,135 Walters: 57,136
T Alexander 52,521 Mlexander: 52,911
8 Bradley 58,215 Bradley: $8,225
9 Dobney 45,630 Dobney: 55,630
10 Ellerbrock 57,594 Ellerbrock: 57,954
11 Hartwig 56,676 Hartwig: 56,676
12 Campbell 55,716 Campbell: 55,716

Figure 3-14: Using the TEXT function allows you to format numbers joined with text.

How it works

The TEXT function requires two arguments: a value, and a valid Excel format. You



can apply any formatting you want to a number as long as it’s a format that Excel
recognizes.

For example, you can enter this formula into Excel to display $99:
—TEXT(99.21,"S# ###")

You can enter this formula into Excel to display 9921%:
=TEXT(99.21,"0%")

You can enter this formula into Excel to display 99.2:
—TEXT(99.21,"0.0")

An easy way to get the syntax for a particular number format is to look at the Number
Format dialog box. To see that dialog box and get the syntax, follow these steps:

1. Right-click any cell and select Format Cell.
2. On the Number format tab, select the formatting you need.

3. Select Custom from the Category list on the left of the Number Format dialog
box.

4. Copy the syntax found in the Type input box.

Alternative: Using the DOLLAR function

If the number value you’re joining with text is a dollar figure, you can use the simpler
DOLLAR function. This function applies the regional currency format to the given text.

The DOLLAR function has two basic arguments: the number value and the number of
decimals you want to display.

=B3&": "& DOLLAR(C3,0)



Chapter 4: Working with Dates and Times

In Excel, every possible date starting from January 1, 1900, is stored as a serial
number. For example, January 1, 1900, is stored as 1; January 2, 1900, is stored as 2;
and so on. This system of storing dates as serial numbers, commonly called the 7900
system, 1s the default date system for all Microsoft Office applications.

To work with times, Excel simply extends the date serial system to decimal fractions
of'a 24-hour day, with each time value being represented by a number between 0 and
1. Together, the date serial number and time fraction make up a date and time. For
instance, the serial number 1.5 represents January 1, 1900, 12 p.m. The serial number
2.75 represents January 2, 1900, 6 p.m.

The fact that, beneath the covers, dates and times are nothing more than a numbering
system opens the door for all kinds of cool formula-driven analyses. This chapter
walks you through some of these cool analyses. Along the way, you pick up a few
techniques that will help you create your own formulas.

.Eri_me You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 24: Getting the Current Date and Time
Instead of typing the current date and time, you can use one of two Excel functions.
The TODAY function returns the current date.

=TODAY(()

The NOW() function returns the current date along with the current time.
=NOW()

How it works

Both the TODAY and NOW functions return date serial numbers that represent the
current system date and time. The TODAY function assumes 12 p.m. as the time,
whereas the NOW function returns the actual time.

It’s important to note that both of these functions automatically recalculate each time
you change or open your workbook, so don’t use these functions as a timestamp of
record.

N
%

Tp  If you want to quickly enter a static date that doesn’t change, press
Ctrl+; (semicolon) on your keyboard. Pressing Ctrl+; inserts a static date in
the active cell.

You can use the TODAY function as part of a text string by wrapping it in the TEXT
function with some date formatting. The following formula returns today’s date in
Month Day, Year format.

="Today is "& TEXT(TODAY (),"mmmm d, yyyy")

cosshet For more details on using the TEXT function, see Formula 23:
Formatting the Numbers in a Text String, in Chapter 3.



Formula 25: Calculating Age

One of the easiest ways to calculate the age of anything is to use Excel’s DATEDIF
function. This mysterious function doesn’t appear in Excel’s Help files, but it has been
around since Excel 2000. This function makes calculating any kind of date
comparisons a breeze.

To calculate a person’s age using the DATEDIF function, you can enter a formula like
this:
=DATEDIF("5/16/1972",TODAY(),"y")

You can, of course, reference a cell that contains a date:
=DATEDIF(B4TODAY(),"y")

How it works

The DATEDIF function calculates the number of days, months, or years between two
dates. It requires three arguments: a start date, an end date, and a time unit.

The time units are defined by a series of codes, which are listed in Table 4-1.

Table 4-1: DATEDIF Time Unit Codes

Code What It Returns

ne "

y The number of complete years in the period.

"m" The number of complete months in the period.

"d"  The number of days in the period.

The difference between the days in start_date and end date. The months and years of the dates are

Hm n R
ignored.

The difference between the months in start date and end date. The days and years of the dates are



"

ym

"

ignored.

"yd" The difference between the days of start date and end date. The years of the dates are ignored.

Using these time codes, you can easily calculate the number of years, months, and days

between two dates. If someone was born on May 16, 1972, you could find that

person’s age in year, months and days using these respective formulas:
=DATEDIF("5/16/1972", TODAY(),"y")

=DATEDIF("5/16/1972", TODAY(),"m")
=DATEDIF("5/16/1972".,TODAY(),"d")



Formula 26: Calculating the Number of Days
between Two Dates

One of the most common date calculations performed in the corporate world is
figuring the number of days between two dates. Project management teams use it to
measure performance against a milestone; HR departments use it to measure time to
fill a requisition; and finance departments use it to track receivables aging.

Luckily, it’s one of the easiest calculations to perform thanks to the handy DATEDIF
function.

Figure 4-1 demonstrates an example report that uses the DATEDIF function to
calculate the number of days outstanding for a set of invoices.

A B C D
1
2 — -
3 1 Invoice Date | Days Outstanding
4 | 15-A:£_1j[ =DATEDIF|C2, TODAY| ), "d™)
5 0a-May-14 7
G 0d-hay-14 7
7 28-Mar-14 44
a X2-Apr-14 19
9 31-Mar-14 dl

Figure 4-1: Calculating the number of days between today and invoice date.

How it works

Looking at Figure 4-1, you see that the formula in cell D4 is
=DATEDIF(C4,TODAY/(),"d")
This formula uses the DATEDIF function with the time code “d” (the number of days

in the given period). The formula tells Excel to return the number of days based on the
start date (C4) and the end date (TODAY).

nn?ﬁff For more detail on the DATEDIF function, see Formula 25: Calculating
Age.



Formula 27: Calculating the Number of
Workdays between Two Dates

Often when reporting on the elapsed number of days between a start date and end date,
counting the weekends in the final number of days is not appropriate. Operations are
typically shut down on the weekends, so you would want to avoid counting those days.

You can use Excel’s NETWORKDAY'S function to calculate the number of days
between a start date and end date excluding weekends.

As you can see in Figure 4-2, the NETWORKDAY'S function is used in Cell E4 to
calculate the number of workdays between 1/1/2014 and 12/31/2014.

E4 . It NETWORKDAYS BA,CS)

A B c D E
1

[startoate [endoate | et work Days
a /12004 12/31/2004 [ 261 I
5

Figure 4-2: Calculating the number of workdays between two dates.

How it works

This formula 1s fairly straightforward. The NETWORKDAYS function has two
required arguments: a start date and an end date. If your start date is in cell B4 and
your end date 1s in cell C4, this formula returns the number of workdays (excluding
Saturdays and Sundays):

=NETWORKDAYS(B4,C4)

Alternative: Using NETWORKDAYS.INTL

The one drawback to using the NETWORKDAY'S function is that it defaults to
excluding Saturdays and Sundays. But what if you work in a region where the
weekends are actually Fridays and Saturdays? Or worst yet, what if your weekends
include only Sundays?

Excel has you covered with the NETWORKDAYS.INTL. In addition to the required
start and end dates, this function has an optional third argument: a weekend code. The
weekend code allows you to specify which days to exclude as a weekend day.

As you enter the NETWORKDAYS.INTL function, Excel activates a tooltip as soon
as you go into the third argument (see Figure 4-3). Simply select the appropriate
weekend code and press Enter.



=METWORKDAYS.INTL{C4,D4,)

5] E F G H
| 1 - Saturday, Sundey -
il 2 « Sunday, Monday
e N T - e i
b : = P , "
13/31/2014 _NEW L35 . wWednesday, Thuisday
| =46 - Thuesday, Friday G

| =37 - Friday, Saturday
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| 812 - Monday anby g

| 13 - Tue sciay ondy
| B4 14 - Wednesday anly
.__uhs = Thursday anly ¥

Figure 4-3: The NETWORKDAY.INTL allows you to specify which days to exclude
as weekend days.




Formula 28: Generate a List of Business Days
Excluding Holidays

When creating dashboards and reports in Excel, it’s often useful to have a helper table
that contains a list of dates that represent business days (that is, dates that are not
weekends or holidays). This kind of a helper table can assist in calculations like
revenue per business day, units per business day, and so on.

One of the easiest ways to generate a list of business days is to use the
WORKDAY.INTL function.

Start with a spreadsheet that contains the last date of the previous year and a list of
your organization’s holidays. As you can see in Figure 4-4, your list of holidays
should be formatted dates.

A E C [+

1

2 Sr—
5 | 13/31/2012 [Holidays ]
4 1/1/2013
5 /2172013
= 3/29/3012
= 3/31/2013
7 5/31/2013
a 7faf2013
10 9/1/2013
i 10/14/2013
12 1280013
3 12/24/3012
14 122572012
= 12/31/2013

Figure 4-4: The last date of the previous year and a list of holidays.

In the cell beneath the last date of the previous year, enter this formula:
=WORKDAY .INTL(B3,1,1,$D$4:$D$15)

At this point, you can copy the formula down to create as many business days as you
need (see Figure 4-5).

& B C o

1

z L) - —

s| | 12/31/2012 [ Inotidays ]
8| | =WORKDAY.INTL(23,1,1,5053 gl 11/ 2013
3 132013 12/ 2013

& 1/4/2013 3f29/2003

7 1/7/1013 3f31/1013

g 1/8/ 2013 53142003

a 19/ 2013 Tfafa0n3

10 1110/2013 971,/ 2013
11 1/11/2013 10/14/2003|
12 114/ 2013 13/28/ 2013

13 17152013 12f24/3013

14 17162013 12/35/2013|
15 1/17/2013 12/31/2013|




Figure 4-5: Creating a list of business days.

How it works

The WORKDAY.INTL function returns a workday date based on the number of days
you tell it to increment. This function has two required arguments and two optional

arguments:

e Start Date (required): This argument is the date to start from.

e Days (required): This argument is the number of days from the start date you
want to increment.

e Weekends (optional): By default, the WORKDAY.INTL function excludes
Saturdays and Sundays, but this third argument allows you to specify which days
to exclude as a weekend day. As you enter the WORKDAYS.INTL function,
Excel activates an interactive tooltip from which you can select the appropriate
weekend code.

e Holidays (optional): This argument allows you to give Excel a list of dates to
exclude in addition to the weekend days.

In this example formula, you tell Excel to start from 12/31/2012 and increment up 1 to
give you the next business day after the start date. For the optional arguments, you
specify that you need to exclude Saturdays and Sundays, along with the holidays listed
in cells $D$4:$DS15.

=WORKDAY.INTL(B3,1,1,$D$4:$D§15)

Be sure to lock down the range for your list of holidays with absolute references so
that 1t remains locked as you copy your formula down.



Formula 29: Extracting Parts of a Date

The capability to pick out a specific aspect of a date is often very helpful. For
example, you may need to filter all records that have order dates within a certain
month, or all employees that have time allocated to Saturdays. In such situations, you
would need to pull out the month and workday number from the formatted dates.

Excel provides a simple set of functions to parse dates out into their component parts.
These functions are:

e YEAR: Extracts the year from a given date

MONTH: Extracts the month from a given date

DAY: Extracts the month day number from a given date
WEEKDAY: Returns the weekday number for a given date
WEEKNUM: Returns the week number for a given date

Figure 4-6 demonstrates the use of these functions to parse the date in cell C3 into its
component parts.

A B C

[ sfiefams|

=vear(ca)[ 2005 |
MONTH]CH] 5
=DAY[C3] 16
SWEEKDAY(C3] 7
WEEKNUM[C3) 0

L BRI LR R

5

Figure 4-6: Extracting the parts of a date.

How it works
These functions are fairly straightforward.

The YEAR function returns a four-digit number that corresponds to the year of a
specified date. This formula returns 2015:

=YEAR("5/16/2015")

The MONTH function returns a number between 1 and 12 that corresponds to the
month of a specified date. This formula returns 5:

—MONTH("5/16/2015")
The DAY function returns a number between 1 and 31 that corresponds to the day of



the month represented in a specified date. This formula returns 16:
=DAY("5/16/2015")

The WEEKDAY function returns a number from 1 to 7 that corresponds to the day of
the week (Sunday through Saturday) on which the given date falls. If the date falls on a
Sunday, the number 1 is returned. If the date falls on a Monday, the number 2 is
returned, and so on. The following formula returns 7 because 5/16/2015 falls on a
Saturday:

=WEEKDAY("5/16/2015")

This function actually has an optional return_type argument that lets you specify which
day of the week defines the start of the week. By default, the WEEKDAY function
defines the start of the week as Sunday. As you enter the WEEKDAY function, Excel
activates a tooltip through which you can select a different return_type code.

You can adjust the formula so that the return values 1 through 7 represent Monday
through Sunday. In the following case, the formula using a 1 as the optional argument
tells Excel that the week starts on Monday and ends on Sunday. Because May 16,
2015, falls on a Saturday, the formula returns the number 6.

=WEEKDAY("5/16/2015", 1)

The WEEKNUM function returns the week number within which the specified date
falls. This formula returns 20 because 5/16/2015 falls within week number 20 in
2015.

=WEEKNUM("5/16/2015")



Formula 30: Calculating the Number of Years
and Months between Dates

Sometimes you need to be able to determine the amount of time between dates in years
and months. For example, you can determine that the amount of time elapsed between
November 23, 1960, and May 13, 2014, is 53 years and five months.

The formula that you use to find out the time between two dates in years and months
uses a text string with two DATEDIF functions.

Cell C4 shown in Figure 4-7 contains the following formula:
~DATEDIF(A4,B4,"Y") & " Years, " & DATEDIF(A4,B4,"YM") & " Months"

=DATEDIF[A4,B4,7Y") & " Years, " & DATEDIF[AL,BA,“YM"] & = Months®

A B C ]

1
2
E -':::.url ".It!.' :F|1|.1 Date  |Numbar of Years and Montht ]
4 I 11/23/1960  5f13/2014 |53 Years, 5 Months
10/25/1944 57133014 69 Years, 6 Months
A7 14f1920 5133014 94 Years, 0 Moaths
8/28/1940 5132014 73 Years, & Mosths
Bf5/1987 5/13f2014 26 Years, 3 Months
8/24/1382 5f13f3014 31 Years, B Months
10| 3/17/1958 5/13/2014 55 Years, I Months

WS

11 40671961 571372014 53 Years, 1 Mosnths
12| 6f5/1944 5/13f2014 6% Years, 11 Maonths
13| 3/15/1930 5/13/2014 84 Years, 1 Months
14 3/x193 5f13/2014 92 Years, 7 Months
15 5/10/195%3 571372014 &1 Years, O Months

Figure 4-7: Showing the years and months between dates.

How it works

You accomplish this task by using two DATEDIF functions joined in a text string with
the ampersand (&) operator.

The first DATEDIF function calculates the number of years between the start and end
dates by passing the year time unit (“Y”):

DATEDIF(A4,B4,"Y")
The second DATEDIF function uses the “YM” time unit to calculate the number of
months, ignoring the year portion of the date:

DATEDIF(A4,B4,"YM")
Finally, you join these two functions with some text of your own to let users know
which number represents years and which represents months:

=DATEDIF(A4,B4,"Y") & " Years, " & DATEDIF(A4,B4,"YM") & " Months"



[m:flif For more details on the DATEDIF function, see Formula 25:
Calculating Age.



Formula 31: Converting Dates to Julian Date
Formats

Julian dates are often used in manufacturing environments as a timestamp and quick
reference for a batch number. This type of date coding allows retailers, consumers,
and service agents to identify when a product was made, and thus the age of the
product. Julian dates are also used in programming, the military, and astronomy.

Different industries have their own variations on Julian dates, but the most commonly
used variation is made up of two parts: a two-digit number representing the year, and
the number of elapsed days in the year. For example, the Julian date for 1/1/1960
would be 601. The Julian date for 12/31/2014 would be 14365.

Excel has no built-in function to convert a standard date to Julian date, but Figure 4-8
illustrates how you can use the following formula to accomplish the task.

=RIGHT(YEAR(A4).2)& A4-DATE(YEAR(A4),1,0)

& B

1

2 |standard Date | tullan Date |
a| mm]."-'I_.;'-'I.-E".Q.pl.;.é'RIGHTU’EAH-;.M.:..?!RA,I-DATE('FE-ARIA—‘.:.].IJ; |
5 | 1025138 24759

& 40141520 oajine]

7 B 28/ 1940 40341

& &8/5/1587 ST

o B/24/1982 E2216

0 31711959 5976

11 47611961 6196

12 65154 23157

12 115/1930 2074

14 5 T8 2000 VK]

15 sf10/2014 14130

Figure 4-8: Converting standard dates into Julian dates.

How it works
This formula 1s really two formulas joined as a text string using the ampersand (&).

The first formula uses the RIGHT function to extract the right two digits of the year
number. Note that you use the YEAR function to pull out the year portion from the
actual date.

=RIGHT(YEAR(A4)2)

l:m::ﬁff For more detail on the RIGHT function, see Formula 16: Extract Parts
of a Text String, in Chapter 3.

The second formula is a bit trickier. For this one, you have to find out how many days



have elapsed since the beginning of the year. To do so, you first need to subtract the
target date from the last day of the previous year:

A4-DATE(YEAR(A4),1,0)
Note the use of the DATE function.
The DATE function allows you to build a date on the fly using three arguments: the
year, the month, and the day. The year can be any whole number from 1900 to 9999.
The month and date can be any positive or negative number.
For example, this formula would return the date serial number for December 1, 2013:
=DATE(2013, 12, 1)
In the Julian date formula in this example, you use a zero as the day argument. When
you use 0 as the day argument, you tell Excel that you want the day before the first day

of the given month. So, for instance, entering the following formula into a blank cell
will return December 31, 1959:

=DATE(1960,1,0)

Joining the two formulas together with an ampersand builds a Julian date made up of
the first two characters of the year and the number of elapsed days:

=RIGHT(YEAR(A4)2)& A4-DATE(YEAR(A4),1,0)



Formula 32: Calculating the Percent of Year

Completed and Remaining

When you’re building Excel reports and dashboards, you’ll often find it beneficial to
calculate the percent of the year that has elapsed and what percent remains. You can
use these percentages in other calculations or simply as a notification for your
audience.

Figure 4-9 shows a sample of this concept. As you can see in the Formula Bar, the
formula uses the YEARFRAC function.

87 il th fo | =YEARFRAC(B3.C3)

LA B <
1
2 Start Date | End Date i
3 1/1/2014 5/13/2014
4
5 - _—
& Pentof this Year Complete | Pent of this Year Left !
7] | 37% | 53%

Figure 4-9: Calculating the percent of the year completed.

How it works

The YEARFRAC function simply requires a start date and an end date. When it has
those two variables, it calculates the fraction of the year representing the number of
days between the start date and end date:

=YEARFRAC(B3,C3)

To get the percent of the year that remains, as shown in cell C7 of Figure 4-9, simply
subtract 1 from the YEARFRAC formula:

~1-YEARFRAC(B3,C3)



Formula 33: Returning the Last Date of a Given
Month

A common need when working with dates is to dynamically calculate the last date in a
given month. Of course, although the last day for most months is fixed, the last day for
February varies depending on whether the given year is a leap year. You’ll be able to
spot the leap years in the results you produce from the formula.

Figure 4-10 shows how to get the last date in February for each year given in order to
see which years are leap years.

A B c
i — —_— —— — — -
z ._!'il‘_ﬂ_!:l_.l.::l af I:-qu:nrl..!.a:_\lll1E Last Day of Febmary
3 '_ iii__-‘_JSlEﬂJ ! =DATE[YEAR B3, MONTH! B2 =1,0) l
4 2112000 {29/ 3000
-] 21172001 228/ 3001
& 2172002 228 002
T 2112003 2283003
& 12004 s T ]
9 005 283005
10 2172006 228/ 2005
11 007 2280007
12 212008 229 2008
13 2112009 2283000
14 117000 228/ 3010
15 Hifa01 22872011
16 2f1f2012 22932

Figure 4-10: Calculating the last day of each month.

As you look at Figure 4-10, keep in mind that you can use the formula to get the last
day of any month, not just February.

How it works

The DATE function allows you to build a date on the fly using three arguments: the

year, the month, and the day. The year can be any whole number from 1900 to 9999.

The month and day can be any positive or negative number.

For example, this formula returns the date serial number for December 1, 2013:
=DATE(2013, 12, 1)

When you use 0 as the day argument, you tell Excel that you want the day before the

first day of the month. For instance, entering the following formula into a blank cell
returns February 29, 2000:

=DATE(2000,3,0)

In this example, instead of hard-coding the year and month, you use the YEAR function
to get the desired year and the MONTH function to get the desired month. You add 1 to



the month so that you go into the next month. This way, when you use 0 as the day, you
get the last day of the month that you’re actually interested in.

=DATE(YEAR(B3),MONTH(B3)+1,0)

t:m?fﬁff For more detail on the YEAR and MONTH function, see Formula 29:
Extracting Parts of a Date.

Alternative: Using the EOMONTH function

The EOMONTH function is an easy alternative to using the DATE function. With the
EOMONTH function, you can get the last date of any future or past month. All you
need is two arguments: a start date and the number of months in the future or past.
For example, this formula returns the last day of April, 2015:

=EOMONTH("1/1/2015", 3)

Specifying a negative number of months returns a date in the past. So, for example, the
following formula returns the last day of October, 2015:

=EOMONTH("1/1/2015", -3)

Specifying a zero as the number of months returns the last day of the month in which
the given date falls. The following formula returns the last day of January, 2015:

=EOMONTH("1/1/2015", 0)



Formula 34: Calculating the Calendar Quarter
for a Date

Believe it or not, Excel has no built-in function to calculate quarter numbers. If you
need to calculate which calendar quarter a specific date falls in, you have to create
your own formula.

Figure 4-11 demonstrates the following formula, which you use for calculating
calendar quarters:

=ROUNDUP(MONTH(B3)/3,0)

A B C

[oate  Icalendar quarter
| 1/1/2013] =ROUNDUP| MONTH[B2)./3,0] 1
/212013 1
32203
3f31/2013
5/21/2013
7013
4 8/1/2013
10 10/14/2013
11 11/28/2012
12 12/24/3013
13 12/25/ 2013 4
14 12/31/2013 3

C IR B ST IS R

IR T N s

Figure 4-11: Calculating calendar quarters.

How it works

The secret to this formula is simple math. Here, you’re dividing the month number for
the given month by 3 and then rounding that number up to the nearest integer.

For 1instance, say that you’re calculating which quarter August falls into. Because
August is the eighth month of the year, you can divide 8 by 3. That would give you the
answer 2.66. Round that number up and you get 3. August therefore is in the third
quarter of the calendar year.

The formula in Figure 4-11 does the same thing. You use the MONTH function to
extract the month number from the given date, and you use the ROUNDUP function to
force the rounding up.

b
&

ngﬁir For more detail on the YEAR and MONTH function, see Formula 29:
Extracting Parts of a Date. For more detail on the ROUNDUP function, see

Formula 8: Basic Rounding of Numbers, in Chapter 2.



Formula 35: Calculating the Fiscal Quarter for
a Date

Many of us work in organizations for which the fiscal year does not start in January.
Instead, it starts in October, or April, or any other month. In these organizations, the
fiscal quarter can’t be calculated in the same way as a calendar quarter is.

Figure 4-12 demonstrates a clever formula for converting a date into a fiscal quarter
using the CHOOSE function. In this example, you calculate the fiscal quarters when
the fiscal year starts in April. The formula you see in the Formula Bar is as follows:

=CHOOSE(MONTH(B3),4,4.4,1,1,1,2,22,3.3,3)

3  [EE L =CHOOSE[MONTH{B),4,4,4,1,1,1,2,2,2,3,3,3)
A B c o
1
Fiscal Quanter
Zz __Dal;p i (Fiscal Year Starts im Apeil]
3| 1/1/2003 4
4 121/ 303 4
5 329 5042 4
6 3313013 4
7 5/31/2013 3
] L E 2
] 9/1f 2013 r]
10 10/24/3083 3
11 11/28/2013 3
1 12/2a 2003 3
13 12252003 3
14 P LWL ] 2

Figure 4-12: Calculating fiscal quarters.

How it works

The CHOOSE function returns an answer from a list of choices based on a position
number. If you were to enter the formula =CHOOSE(2, “Gold”, “Silver”, “Bronze”,
“Coupon”) you would get Silver because ‘Silver’ is the second choice in your list of
choices. Replace the 2 with a 4, and you would get ‘Coupon’ — the fourth choice.

The CHOOSE function’s first argument is a required index number. This argument is a
number from 1 to as many choices you list in the next set of arguments. Index number
determines which of the next arguments is returned.

The next 254 arguments (only the first one 1s required) define your choices and
determine what is returned when an index number is provided. If the index number is
1, the first choice is returned. If the index number is 3, the third choice 1s returned.

The 1dea here 1s to use the CHOOSE function to pass a date to a list of quarter
numbers.

=CHOOSE(MONTH(B3),4,4.4,1,1,1,2,22,3.3,3)



The formula shown in cell C3 (see Figure 4-12) tells Excel to use the Month number
for the given date and select a quarter that corresponds to that number. In this case,
because the month is January, Excel returns the first choice (January is the first month).
The first choice happens to be a 4. January is in the fourth fiscal quarter.

Say that your company’s fiscal year starts in October instead of April. You can easily
compensate for this fact by simply adjusting your list of choices to correlate with your
fiscal year’s start month. Notice how the tenth choice in the following formula is a 1.
This would mean that October falls in the first fiscal quarter.

=CHOOSE(MONTH(B3).2,2.2,33,3,444,1,1,1)



Formula 36: Returning a Fiscal Month from a
Date

In some organizations, the operationally recognized months don’t start on the 1st and
end on the 30th or 31st. Instead, they have specific days marking the beginning and end
of a month. For instance, you may work in an organization in which each fiscal month
starts on the 21st and ends on the 20th of the next month.

In such an organization, it’s important to be able to translate a standard date into that
organization’s own fiscal months.

Figure 4-13 demonstrates a formula for converting a date into a fiscal month using the
EOMONTH function in conjunction with the TEXT function. In this example, you
calculate the fiscal month that starts on the 21st and ends on the 20th of the next month.
The formula that appears in the Formula Bar is the following:

=TEXT(EOMONTH(B3-20,1),"mmm")

A E C
L
Fiscal Month
{3%arts on the 215t and ends on the 20th of the Next
z = I:ut_r_ar Wonth)]
3 | ufama =TEXT{EOMONTH|B3-20,1),"ramm” ) |
4 17172013 Jan
5 /21 203 Feb
L3 A0 2013 Mar
7 Hilfmnz Apr
g 4/21f2013 way
L] &l ams Jun

G 21f 013 Jul
TN 303 Aug

'-\.I-I-I'E

Figure 4-13: Calculating fiscal months.

How it works

In this formula, you first take the date (shown in cell B3 in Figure 4-13) and go back
20 days by subtracting 20. Then you use that new date in the EOMONTH function to
get the last day of the next month.

EOMONTH(B3-20,1)

You then wrap the resulting value in a TEXT function in order to format the resulting
date serial number into a three-letter month name.

..\
b

un?{fif For more detail on the EOMONTH function, see Formula 33:
Returning the Last Date of a Given Month. For more detail on the TEXT
function, see Formula 23: Formatting the Numbers in a Text String, in



Chapter 3.



Formula 37: Calculate the Date of the Nth
Weekday of the Month

Many analytical processes rely on knowing the dates of specific events. For example,
if payroll processing occurs the second Friday of every month, it’s beneficial to know
which dates in the year represent the second Friday of each month.

Using the date functions covered thus far in this chapter, you can build dynamic date
tables that automatically provide you with the key dates you need.

Figure 4-14 illustrates such a table. In this table, formulas calculate the Nth weekday
for each month listed. The idea is to fill in the years and months you need and then tell
it what number occurrence of each weekday you are looking for. In this example, cell
B2 shows that you are looking for the second occurrence of each weekday.

A E s 1] E F G H I
Mth

1 RO AnCe
2 2
3
4 1 z 3 4 5 & 7

Nth Sun of |Mth Mon of | Nith Tues of | Nth Wed of | Nth Thurof | Nth Friof | Mth Sat of
S5 IYEAR [MONTH thi Month | the Month | the Month | the PMonth | the BMonth | the Moath | the Moanth
6 20a4 1 133014 | 11372004 | 1142014 | 1/8/2004 | /92014 | 171002014 | 1102004
7| 2008 2 Hafxna | 20102008 | 31102014 | 2/12/3014 | 201303014 | 3142014 | 3/8/2014
B | 2004 3 3f9/2014 | 31002004 | 37112014 | 3/12/2004 | 3132014 | 371472014 | 3/8/2014
9| 214 4 4132004 | 471402004 | 47872004 | 4793014 | 4/10/2014 | 471172014 | 471272024
10 2014 £ 51143014 | /1272014 | 57132014 | 571472014 | 5/8f2014 | Sf9/a014 | 51012014
11| 2004 6 6/8f2004 | 6/%7201d | 611072014 | 6/10/2004 | 6/12/2004 | 6/13/2014 | 61472014
12| 2004 7 7/1xfa004 | 7/1afa0aa | 7/efaaa | 7fe/p004 | 71002004 | 7713 2014 | 7/12/3014
12| X4 g 21102014 | 8112004 | 871202014 | 87132004 | 8714720404 | 8842014 gfa/2014
14| 2014 k) S/1a/2014 | 9/8/2014 | 9/9/2004 | 9/10/2014 | 9/11/2004 | 9/1272014 | 9/13/2014
15| 2014 10 10/12/3004 | 10/13/2004 | 10/142018 | 10/5/2014 | 10/9/2004 | 10/10/2014 | 10/11,/2014
16| 204 11 11972014 | 11/10/2014 | 117132004 | 11/12/2014 | 11/33/2014 | 11/14/2014 | 11/8/2014
1?. 2014 12 120142084 | 12/8/2004 | 127902004 | 121072004 | 12/11/2004 | 12012 2004 | 1271372014

Figure 4-14: A dynamic date table calculating the Nth occurrence of each weekday.

How it works

Cell C6 (see Figure 4-14) contains the following formula:

~DATE($A6,8B6,1)+C$4-WEEKDAY (DATE($A6,8B6,1))+H($B$2-
(C$4>=WEEKDAY (DATE(SA6,8B6,1))))*7

This formula applies some basic math to calculate which date within the month should
be returned given a specific week number and occurrence.

To use this table, simply enter the Years and Months you are targeting starting in
columns A6 and B6. Then adjust the occurrence number you need in cell B2.

So, if you are looking for the first Monday of each month, enter a 1 in cell B2 and look



in the Monday column. If you are looking for the third Thursday of each month, enter a
3 in cell B2 and look in the Thursday column.



Formula 38: Calculate the Date of the Last
Weekday of the Month

You can leverage the functions covered in this chapter thus far to build a dynamic date
table that automatically provides you with the last instance of a given weekday. For
instance, Figure 4-15 illustrates a table that calculates the last Sunday, Monday,
Tuesday, and so on for each month listed.

A B C o E E G H I
1
2 7 & 5 4 3 2 1
Last Sun Last Mon Last Tues | LastWed | Last Thurs Last Fri Last Sat
of the of the of the of the of the of the of the
3 YEAR MONTH|  Manth Maonth Panth Maiith Menth pAonth Manth
4 H0a4 o 10262004 | 3027/2004 | 1/2800014 | 12902014 | 173002014 | 173002004 | 1/25/2004
5 2014 2 Hexfa0id | 3faafx0nd | 2/35 0004 | 20062004 | 2fa7f2014 | 2fsiaia | 2/EyfH004
6 2014 3 3/30/2004 | 33170004 | 3/25/2014 | 3/26f2014 | 3/27/2014 | 3/28/0014 | 3/H/014
7 4 4 42772084 | 4/28/2004 | 4/29/2014 | 47302014 | 4242014 | 4F25/3004 | 4/26/2014
8 2034 5 5/25/2004 | 5/26/2004 | 5/27/2014 | 5/28/2014 | 5/29/2014 | 5/30/2044 | 5/31/2014
9 2014 & &20/2014 | 6/30/20048 | &/23/2014 | &/25/2018 | £/26/2014 | 6272014 | &/28/2014
0 2014 7 Tiarf01a | vfaafana | Aaafa01a | TO30f2008 | 7312014 | V/is/a014 | 7 E6S 2014
11| 2014 g gfz1fa014 | Bf2s/3004 | 8/26/2004 | 8/27 /2014 | 87282014 | &/79/2014 | 8/30/2014
12 214 o 0282084 | 9/29/3004 | 9/30/2014 | 902472004 | 9252004 | 9F26/2004 | 972772014
13 2014 10 | 10/26/2014 | 1027/ 2004 | 1028/ 2004 | 104292014 | 10/30/2014 | 10/31/ 2004 | 10/25/ 3014
14| 20la 11 | 11/30/2014 | 11/24/5014 | 11/25/ 2004 | 11/26/2014 | 11/27/2014 | 1125/ 3014 | 10/ 59/ 004
15| 2014 12 | 12/28/2014 | 12/29/2014 | 12/30/2004 | 12/31/2004 | 12/25/2014 | 12/26/ 2014 | 12/27/ 2014

Figure 4-15: A dynamic date table calculating the last weekday in each month.

How it works
Cell C4 (refer to Figure 4-15) contains the following formula:
=DATE($A4,$B4+1,1)- WEEKDAY (DATE($A4,$B4+1,C$2))

This formula applies some basic math to calculate which date within the month should
be returned given a specific year, month, and week number.

To use this table, simply enter the Years and Months you are targeting starting in
columns A4 and B4.

The 1dea is to use this table in your Excel data models as a place you can link to or
simply copy from in order to get the dates you need.



Formula 39: Extracting Parts of a Time

In some situations, you need to be able to pick out a specific part of a time. Excel
provides a simple set of functions to parse times out into their component parts. These
functions are

e HOUR: Extracts the hour portion of a given time value
e MINUTE: Extracts the minute portion of a given time value
e SECOND: Extracts the second portion of a given time value

Figure 4-16 demonstrates the use of these functions to parse the time in cell C3 into its
component time parts.

& B C

i G527 AN

=HEI'.J§|.|E3:|; &
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Figure 4-16: Extract the parts of a time.

How it works
These functions are fairly straightforward.

The HOUR function returns a number between 0 and 23 corresponding to the hour of a
given time. The following formula returns 6:
=HOUR("6:15:27 AM")

The MINUTE function returns a number between 0 and 59 corresponding to the
minutes of a given time. This formula returns 15:

=MINUTE("6:1527 AM")

The SECOND function returns a number between 0 and 59 corresponding to the
seconds of a given time. This formula returns 27:

=SECOND("6:15:227 AM")



Formula 40: Calculating Elapsed Time

One of the more common calculations done with time values involves calculating
elapsed time — that is, the number of hours and minutes between a start time and an
end time.

The table in Figure 4-17 shows a list of start and end times along with calculated
elapsed times. Looking at Figure 4-17, you can see that the formula in Cell D4 is

=IF(C4< B4, 1 + C4 - B4, C4 - B4)

A B C D

1
2
3 .E.‘_a_l_q_\_r_‘l_ Time i;]j_ﬂ__?imc 1 .E:iapsed Minutes:Seconds
4 | 85750 AM|  10004:30 AM|=IF(C4< B4, 1 + 04 - B4, C4 - B4) |
5 3520 FM 43323 FM 2348
3 S.28:35 AM AZ14236 FM 750
T 3.10:38 PM 5058 AM 1840
8 23322 PM 20148 PM e
9 84235 AM 1121831 AM 233
10 1120024 Al S2EAT AM 2218
11 5553 PM 20517 PM 2208
12 JAI16 PM 103608 AM 1212
13 124154 PM 121837 PM 035
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Figure 4-17: Calculating elapsed time.

How it works

To get the elapsed time between a start and end time, all you need to do is subtract the
end time from the beginning time. However, there is a catch. If the end time 1s less than
the start time, you have to assume that the clock has been running for a full 24-hour
period, effectively looping back the clock.

For such cases, you have to add a 1 to the time to represent a full day. Addinga 1
ensures that you don’t have negative elapsed times.

In the elapsed time formula, you use an IF function to check whether the end time is
less than the beginning time. If it is, you add a 1 to the simple subtraction. If it’s not,
you just perform the subtraction:

—IF(C4< B4, 1 + C4 - B4, C4 - B4)

crﬁ;a-ﬁef For more detail on the IF function, see Formula 44: Check to See
Whether a Simple Condition Is Met, in Chapter 5.




Formula 41: Rounding Time Values

It’s often necessary to round time to a particular increment. For instance, if you’re a
consultant, you may always want to round times up to the next 15-minute increment or
down to 30-minute increments.

Figure 4-18 demonstrates how you can round to 15- and 30-minute increments.

The Formula in cell E4 1s

~ROUNDUP(C4*24/0.25,0)%(0.25/24)

The formula in cell F4 1s
=ROUNDDOWN(C4*24/0.5,0)%(0.5/24)

A B L= [+] E E
H
z

Elapsed Round Up to Rownd Dowm to

£ Start Tirme End Tima Minutes:Seconds | Nearest 15 Minutes | Neanest 30 minutes
i Ba9:92 AM 0056 AM 114 1015 1000
5 105831 AM 10:18:55 AM i 1030 1000
& 92337 AM 1:48-26 Pht &34 1400 13,30
T B3%16 AN 20022 PM a0 16:45 162
&

Figure 4-18: Rounding a time value to 15- and 30-minute increments.

How it works

You can round a time value to the nearest hour by multiplying the time by 24, passing
that value to the ROUNDUP function, and then dividing the result by 24. For instance,
the following formula returns 7:00:00:

=ROUNDUP("6:15:27 "*24,0)/24

To round up to 15-minute increments, you simply divide 24 by .25 (a quarter). The
following formula returns 6:30:00:

=ROUNDUP("6:15:27 "*24/0.25,0)*(0.25/24)

To round down to 30-minute increments, divide 24 by .5 (a half). The following
formula returns 6:00:00:

=ROUNDDOWN("6:15:27 "*24/0.5,0)*(0.5/24)

Ett;;s-Hef For more detail on the ROUNDDOWN and ROUNDUP functions, see
Formula 8: Basic Rounding of Numbers, in Chapter 2.



Formula 42: Converting Decimal Hours,
Minutes, or Seconds to a Time

It’s not uncommon to import data from an external data source in which the times are
recorded in decimal hours. For example, for the representation of one hour and 30
minutes, you see 1.5 instead of the standard 1:30.

You can easily convert to the standard representation by dividing the decimal hour by
24 and then formatting the result as a time.

Figure 4-19 shows some example decimal hours and the converted times.

A B c

[Decimal wours | Hours:Minutes |

[ 11.50]=53/24
TR 13:45 |
18.25 18:15
11.35 131
1145 1n27
1560 15:36
18.36 1821
Lok 1833
21.8% 2149
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Figure 4-19: Converting decimal hours to hours and minutes.

How it works

Dividing the decimal hour by 24 results in a decimal that Excel recognizes as a time
value.

To convert decimal minutes into times, divide the number by 1440. The following
formula returns 1:04 (one hour and four minutes).
=64.51/1440

To convert decimal seconds into times, divide the number by 86400. The following
formula returns 0:06 (six minutes):

=390.45/86400



Formula 43: Adding Hours, Minutes, or
Seconds to a Time

Because time values are nothing more than a decimal extension of the date serial
numbering system, you can add two time values together to get a cumulative time
value. In some cases, you may want to add a set number of hours and minutes to an
existing time value. In these situations, you can use the TIME function.

Cell D4 in Figure 4-20 contains this formula:
=C4+TIME(5,30,0)

In this example, you add 5 hours and 30 minutes to all the times in the list.

& E = D
1
2
3 ._.jt;'ur!:_]_i_r!'l:*-_.-. End Gme H workbng 5 howrs an d 30 minutes
| [soaszrml =C 4+ TIME(S, 30,8
5 TaazoaEm 81303 P
& 12:30014 PM 6200414 P
7 BORI5E AM 1:28:53 P
4 112355 Al 50356 P
a s:g8:10 gue PEVTTY

Figure 4-20: Adding a set number of hours and minutes to an existing time value.

How it works

The TIME function allows you to build a time value on the fly using three arguments:
hour, minute, and second.

For example, the following formula returns the time value 2:30:30 p.m.:
~TIME(14,30,30)

To add a certain number of hours to an existing time value, simply use the TIME
function to build a new time value and then add them together. The following formula
adds 30 minutes to the existing time, resulting in a time value of 3:00 p.m.

—2:30:00 PM" + TIME(0, 30, 0)



Chapter 5: Performing Conditional Analysis

Excel provides several worksheet functions for performing conditional analysis, and
in this chapter, we show you how to use some of those functions. Conditional analysis
means performing different actions depending on whether a condition is met.

=)

Hure You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 44: Check to See Whether a Simple
Condition Is Met

A condition is a value or expression that returns TRUE or FALSE. Based on the value
of the condition, a formula can branch into two separate calculations. That is, when the
condition returns TRUE, one value or expression is evaluated while the other is
ignored. A FALSE condition reverses the flow of the formula, and the first value or
expression is ignored and the other evaluated.

Figure 5-1 displays a list of states and six monthly gas prices. For each price, say that
you want to determine whether that state’s price in that month is above or below
average for all the states for the same month. For higher-than-average prices, you
report “High,” and for lower than average, “Low”. A grid below the data is used to
report the results.

~IF(C3>AVERAGE(C$3:C$11),”High”.”Low”)

C14 = B | =IF|CI2AVERAGE(CS3:CSLL), "High®,"Low")
A B C r] E F G H 1

1

2 State Aug-13 Sep-13 Oct-13 Nowv-13 Dec-13 lan-14
3 California 1.919 3.989 3.829 3.641 3,642 3.666
4 Colerade 3.569 3.582 3.410 3.231 3.122 3.138
5 Florida 3.614 3.558 3388 3377 3,516 3.486
& Massachusetts 3.761 3.703 33518 3413 3.520 3527
7 Minnesota 3.577 3.540 1318 3.143 3113 3172
8 Mew York 3.933 3.87% 3,700 3.633 3,736 3734
3 Chio 3.542 3.512 3317 3.231 3,281 3.336
10 Taxas 3.50% 3.383 3180 3104 3171 3.187
11 Washington 3.555 3.767 3.567 1373 3,348 3.366

12
13

14 Californla IHIEh lh‘.|3h High High HLE‘h H‘E:"'

15 Colorado Low Lo Lo Low Lowe Low
16 Flarida Low Loviar Lo High High High
17 Massachusetts High High High High High High
18 Minnesota Low Lo Lo Low Lowe Low
149 My York HIEh ngh Hl_gh HI_E_!'.\ HLgh Hr_s_h
20 Ghio Low Lo Low Low Laws Low
21 Texas Low Lo Lowi Low Lowe Low
a2 Washington High High High High Loww Lowe

3

Figure 5-1: Monthly gas prices by state.

How it works

The IF function is the most basic conditional analysis function in Excel. It has three
arguments: the condition; what to do if the condition is true; and what to do if the
condition is false.

The condition argument in this example is C3>AVERAGE(C$3:C$11). Condition
arguments must be structured to return TRUE or FALSE, and that usually means that



there is a comparison operation (like an equal sign or greater-than sign) or another
worksheet function that returns TRUE or FALSE (such as ISERR or ISBLANK). In
this example, the condition has a greater-than sign and compares the value in C3 to the
average of all the values in C3:C11.

____:Jq-i,zgé"

Tip  In this formula, the reference to C3 is relative to both columns and rows
and will change as the formula is copied to different cells. The C$3:C$11
reference is relative to columns but absolute to rows. This reference will
change as it is copied to different columns, but not to different rows.

~7 : : :
tossRef See Chapter 1 for more information on absolute and relative cell
references.

If the condition argument returns TRUE, the second argument of the IF function is
returned to the cell. The second argument is “High” and because the value in C3 is
indeed larger than the average, cell C14 shows the word “High”.

Cell C15 compares the value in C4 to the average. Because it is lower, the condition
argument returns FALSE and the third argument is returned. Cell C15 shows “Low”,
the third argument of the IF function.



Formula 45: Checking for Multiple Conditions

Simple conditions like the one shown in Formula 44 can be strung together. This is
known as nesting functions. The value if true and value if false arguments can
contain simple conditions of their own. This allows you test more than one condition
where subsequent conditions are dependent on the first one.

Figure 5-2 shows a spreadsheet with two user input fields for the type of automobile
and a property of that automobile type. The properties are listed in two ranges below
the user input fields. For this example, when the user selects the type and property, you
want a formula to report whether the user has identified a coupe, a sedan, a pickup, or
an SUYV, as follows:

=IF(E2="Car" IF(E3="2-door","Coupe","Sedan"),IF(E3="Has Bed","Pickup","SUV"))

How it works

With some conditional analysis, the result of the first condition causes the second
condition to change. In this case, if the first condition is Car, the second condition is 2-
door or 4-door. But if the first condition is Truck, the second condition changes to
either Has Bed or No Bed. The data validation in cell E3 in Figure 5-2 changes to
allow only the appropriate choices based on the first condition. See the “Conditional
data validation™ sidebar in this chapter for instructions on how to create the data
validation in cell E3.

As mentioned previously, Excel provides the IF function to perform conditional
analyses. You can also nest IF functions — that is, use another IF function as an
argument to the first [F function — when you need to check more than one condition. In
this example, the first IF checks the value of E2. Rather than return a value if TRUE,
the second argument is another IF formula that checks the value of cell E3. Similarly,
the third argument doesn’t simply return a value of FALSE, but contains a third IF
function that also evaluates cell E3.

B | =IF{E2="Car",IF(E3="2-door”,"Coupe®,"Sedan”), IF{E3="Has Bed","Pickup"”,“sUv=}]
o E F G H 1 | X

Auto Type: Trugk Which nutn:iP;Lkun !

Auto Property: [Has Bed

Car
2-door
- door

Truck
Has Bed
Mo Bed




Figure 5-2: A model for selecting an automobile.

In Figure 5-2, the user has selected “Truck”. The first IF returns FALSE because E2
doesn’t equal “Car” and the FALSE argument is evaluated. In that argument, E3 is
seen to be equal to “Has Bed” and the TRUE condition (“Pickup™) is returned. If the
user had selected “No Bed”, the FALSE condition (“SUV”’) would have been the
result.

tote In Excel versions prior to 2007, you can only nest functions up to seven
levels deep. Starting in Excel 2007, that limit was increased to 64 levels. As
you can imagine, even seven levels can be hard to read and maintain. If you
need more than three or four levels, it’s good idea to investigate other
methods.



o/ Conditional data validation

The user input fields in Figure 5-2 are actually data validation lists. The user can
make selections from a drop-down box rather than typing in the values. The Data
Validation in cell E3 uses an interesting technique with an INDIRECT function to
change its list depending on the value in E2.

The worksheet contains two named ranges. The range named Car points to E6:E7
and the range named Truck points to E10:E11. The names are identical to choices
in the E2 Data Validation list. The following figure shows the Data Validation
dialog box for cell E3. The Source is an INDIRECT function with E2 as the

argument.

Data Validation | T

Settngs || Input Message ' Ereor Alert
Wabdaban aritena
Al
List x| ] bgrore ark
T [ et deapdonn

Sonroe:
=INDIRECTIES) %)

iy e chandes b ol other ool with. e e Seltings

| e ad I

The INDIRECT function takes a text argument that it resolves into a cell
reference. In this case, because E2 is “Truck”, the formula becomes
=INDIRECT(“Truck™). Because Truck is a named range, INDIRECT returns a
reference to E10:E11 and the values in those cells become the choices. If E2
contained “Car”, INDIRECT would return E6:E7 and those values would
become the choices.

One problem with this type of conditional data validation is that when the value
in E2 1s changed, the value in E3 does not change. The choices in E3 change, but
the user still has to select from the available choices or your formulas may return
inaccurate results.

Alternative 1: Looking up values

When you have too many nested IF functions, your formulas can become long and hard
to manage. Figure 5-3 shows a slightly different setup to the auto selecting model.
Instead of hardcoding the results in nested IF functions, the results are entered into the
cells next to their properties; for example, “Sedan” is entered in the cell next to “4-
door”.



The new formula is
~IF(E2="Car",VLOOKUP(E3,E6:F7,2,FALSE),VLOOKUP(E3,E10F11,2FALSE))
You can use this formula to return the automobile type. The IF condition is the same,

but now a TRUE result looks up the proper value in E6:E7 and a FALSE result looks
itup in E10:F11. You can learn more about VLOOKUP in Chapter 6.

Fe | =IF[E2="Car", VLOOKUP{E3,EGFT,2, FALSE), VLOOKUP{ES, E10:F11,2, FALSE])

D E F G H I ]
Auto Type: Car Which Auto: |Seu:ian !

Auto Property: [4-doer

Car
2-door  Coupe
4-door  Sedan

Truck
Has Bed Pickup
MNoBed SUV

Figure 5-3: A different auto selector model.



Formula 46: Check Whether Conditionl AND
Condition2 Are Met

In addition to nesting conditional functions, such functions can be evaluated together
inside an AND function. This 1s useful when two or more conditions need to be
evaluated at the same time to determine where the formula should branch.

Figure 5-4 shows a listing of inventory items, their quantities, and the discount that
applies when they are sold. The inventory items are structured with three sections
divided by hyphens. The first section is the department; the second section determines
whether the item is a part, a subassembly, or a final assembly; and the third condition
1s a unique four-digit number. For this example, you want to assign a discount of 10
percent to only those items that are in department 202 and are final assemblies. All
other items have no discount.

=IF(AND(LEFT(B33)="202"MID(B3,5,3)="FIN"),0.1,0)

How it works

The IF function returns 10 percent if TRUE and 0 percent if FALSE. For the condition
argument (the first argument), you need an expression that returns TRUE if both the
first section of the item number is 202 and the second section is FIN. Excel provides
the AND function to accomplish this task. The AND function takes up to 255 logical
arguments separated by commas. Logical arguments are expressions that return either
TRUE or FALSE. For this example, you use only two logical arguments.

The first logical argument, LEFT(B3,3)="202", returns TRUE if the first three
characters of B3 are equal to 202. The second logical argument, MID(B3,5,3)="“FIN”,
returns TRUE if the three digits starting at the fifth position are equal to FIN.

m?fﬁff See Chapter 3 for more about text manipulation functions.



B | =IF{AND{LEFT{B3,3)="202", MID{B3,5,3) ="FIn"), 10%, 0%)
A B [ D E F

1

. Inventory ttem Quantity Discount
3 M2-PRT-3013 6 I D%E
4 201-FIN-1452 1] %
5 202-FIMN-8206 1z 10%
G 201-FIN-B238 T 0%
7 10Z-FIM-EEE2 16 0%
8 H02-PRT-5587 a7 0%
3 H0E-FiIM-4614 a7 0%
10 J01-PRT-2478 25 0%
11 202-SUB-1955 14 05
12 H01-5UB-3641 &7 %
13 202-FIM- 9069 40 105
14 H02-PRT-T337 61 0%
15 201-5UB-3124 o 0%
16 J03-5UB-4369 16 0%
7 202-FIN-G2TZ T4 10%
18 103-5U8-3972 a5 0%
19 ME-PRT-3235 24 0%
20 H01-5U8-1022 ag %
21 203-FIM-3507 17 0%
12 203-5U8-8304 31 0%
23

24

Figure 5-4: An inventory listing.

With the AND function, all logical arguments must return TRUE for the entire function
to return TRUE. If even one of the logical arguments returns FALSE, the AND function
returns FALSE. Table 5-1 shows the results of the AND function with two logical
arguments.

Table 5-1: A Truth Table for the AND Function

First Logical Argument Second Logical Argument Result of AND function

TRUE TRUE TRUE
TRUE FALSE FALSE
FALSE TRUE FALSE

FALSE FALSE FALSE



In cell D3, the first logical condition returns TRUE because the first three characters
of the item number are “202”. The second logical condition returns FALSE because
the middle section of the item number 1s “PRT”, not “FIN”. According to Table 5-1, a
TRUE and a FALSE condition returns FALSE and 0 percent is the result. Cell D5, on
the other hand, returns TRUE because both logical conditions return TRUE.

Alternative 1: Referring to logical conditions in cells

The AND function in Figure 5-4 includes two logical conditions that evaluate to
TRUE or FALSE. The arguments to AND can also reference cells as long as those
cells evaluate to TRUE or FALSE. When building a formula with the AND function, it
can be useful to break out the logical conditions into their own cells. In Figure 5-5, the
inventory listing is modified to show two extra columns. These columns can be
inspected to determine why a particular item does or does not get the discount.

B | =IFANDDI,EI), 105,05

A B (= 1] E F G
1
2 Inventory em Quantity isDept0? sFinalassembly Discount
3 202-PRT-2013 M TRUE FALSE
El 201-FIN-1452 -] FALSE TRUE 0%
5 202-FIN-GI06 1 TRUE TRUE 10%
& 200-FIN-5238 i | FALSE TRUE 0%
7 203-FIN-GBET 16  FALSE TRUE 0%
3 202-PRT-9587 87  TRUE FALSE 0%
9 203-FIN-3614 97  FALSE TRUE 0%
10 201-FRT- 2475 25  FALSE FALSE 0%
i1 202-5UB-1935 14 TRUE FALSE 0%
12 201-5UB-8641 &7 FALSE FALSE %
13 202-FIN-S069 40  TRUE TRUE 10%
14 202-PRT- 7937 &l TRUE FALSE 0%
15 201-5UB-3124 70 FALSE FALSE 0%
16 203-5UB-43659 16  FALSE FALSE 0%
17 202-FIN-B273 74 TRUE TRUE 1056
15 203-5UB-3972 85  FALSE FALSE 0%
19 203-PRT-3335 83 FALSE FALSE 0%
20 201-5U8-1022 48  FALSE FaLSE 0%
21 203-FIN-3507 17  FALSE TRUE 0%
22 203-5UB-5304 31 FALSE FALSE 0%
i3
24

Figure 5-5: A modified inventory listing.

With these modifications, the result doesn’t change, but the formula becomes
=IF(AND(D3,E3),10%,0%)



Formula 47: Check Whether Conditionl OR
Condition2 Is Met

In Formula 46, you apply a discount to certain products based on their item number. In
this example, you expand the number of products eligible for the discount. As before,
only final assembly products get the discount, but the departments will be expanded to
include both departments 202 and 203. Figure 5-6 shows the inventory list and the
new discount schedule.

=IF(AND(OR(LEFT(B3,3)="202",LEFT(B3,3)="203"),MID(B3,5,3)="FIN"),10%,0%)

£ | =IF[ANDPCR{LEFT{83,3)=" 202" LEFT[ B9, 3]="203"], MrD[ B9, 5,.3)="FIN"), 105,05}
A B C 5 E F G M
1
2 Irverbony tem Quantity Difoount
1 200-PRT-3013 76 %
4 200-FiMN-1452 5% %
5 200-Fird-8206 iz 0%
] 200-FIMN-§218 e re ]
T 200-Fikg-gaE2 16 15
8 202-PRT-9557 &7 e
4 203-FiN-4614 a7 [_1e5]
10 200-PRT-2478 25 %
i1 202-2UB- 1955 14 {17 3
12 200-5UB-8641 &7 %
13 203 FiIN-9060 40 105
14 202 PRT-T937 61 o
1% 200-2UB-3124 el %
16 203-5UB-2369 16 o
17 203 FIN-GXTY T 15 1
15 203-5UB-3972 &% %
] 203.PRT-3135 &4 [rs
) 200-5UB-1022 ag o
Fal 203.FiN-3307 1 105
rrd 203-SUB-8304 | o

Figure 5-6: A revised discount scheme.

How it works

You expand the conditional argument to the IF function to account for the changes in
the discount scheme. The AND function is restrictive because all the arguments must
be TRUE for AND to return TRUE. Conversely, the OR function is inclusive. With
OR, if any one of the arguments is TRUE, the entire function returns TRUE. In this
example, you nest an OR function inside the AND function, making it one of the
arguments. Table 5-2 shows a truth table for how these nested functions work.

Nete A truth table is a table used in logic that breaks a large Boolean (True
or False) result into its Boolean components. Each row of the table is
evaluated independently of the other rows. Truth tables are useful in
simplifying complex Boolean results and identifying patterns.



Table 5-2: A Truth Table for an OR Function Nested in an AND Function

OR logical 1 OR logical 2 OR result AND logical 2 Final result
TRUE TRUE TRUE TRUE TRUE

TRUE FALSE TRUE TRUE TRUE

FALSE TRUE TRUE TRUE TRUE

FALSE FALSE FALSE TRUE FALSE
TR TRUE | TRUE FALSE FALSE
TRUE FALSE TRUE FALSE FALSE
FALSE TRUE TRUE FALSE FALSE
FALSE FALSE FALSE FALSE FALSE

Cell D9 in Figure 5-6 shows a previously undiscounted product that receives a

discount under the new scheme. The OR section,

OR(LEFT(B9,3)=*202",LEFT(B9,3)=*203"), returns TRUE because one of its

arguments returns TRUE.




Formula 48: Sum All Values That Meet a
Certain Condition

Simple conditional functions like IF generally work on only one value or cell at a
time. Excel provides some different conditional functions for aggregating data, such as
summing,

Figure 5-7 shows a listing of accounts with positive and negative values. You want to
sum all the negative balances, which you will later compare to the sum of all the
positive balances to ensure that they are equal. Excel provides the SUMIF function to
sum values based on a condition.

=SUMIF(C3:C12,"<0")

How it works

SUMIF takes each value in C3:C12 and compares it to the condition (the second
argument in the function). If the value is less than zero, it meets the condition and is
included in the sum. If it is zero or greater, the value is ignored. Text values and blank
cells are also ignored. For the example in Figure 5-7, cell C3 is evaluated first.
Because it is greater than zero, it is ignored. Next, cell C4 is evaluated. It meets the
condition of being less than zero, so it is added to the total. This process continues for
each cell. When it's complete, cells C4, C7, C8, C9, and C11 are included in the sum
and the others are not.

S | SSUBAIF[CEC12, a0

A B Lo ul
2 Actount Balance
3 1510 Equipment 5843 00
4 1540 Accumalated Depreciation [3.502.00)
5 1690 Land 5.613.00
& 1915 Othar Assgld E,653.00
T 1330 Wages Payable [6.937.00)
& 2420 Currerit Portion of Long-term Debt [6.826.00)
) 2840 Deposits from Customens {3.700.00)
10 5500 Cost of Goods Sold, Other T3.00
11 5300 Purchase Relurns and Allowances [a,443,00)
12 6300 Charitable Contributions Expense T.223.00
13
14 Negative Balances
15 Positive Balanies 3LAZ5.00
T

Figure 5-7: Sum values less than zero.

The second argument of SUMIF, the condition to be met, has quotation marks around
it. Because this example uses a less-than sign, you have to create a string that
represents the expression.

The SUMIF function has an optional third argument called the sum range. So far,
you’ve applied the condition to the very numbers that you’re summing. By using the



third argument, you can sum a range of numbers but apply your conditions to a
different range. Figure 5-8 shows a listing of regions and their associated sales. To
sum the sales for the East region, use the formula =SUMIF(B2:B11,“East”,C2:C11).

S =SUMIF(BRBLLEast™,CRC11)
iy B C 0

£ South 2,714, Tab 31
I South 1.434,320.83

4 North 1,333.511.70
5 East 22943078
] East 3,154,066.47
7T South 1,264 430064
4 North 4,674,142
? East 0,654 25
10 South 2,407,181.24
il South 1,738, 54075
12

13 Sum on the East
14

Figure 5-8: List of regions and sales values.

Alternative 1: Summing greater than zero

Figure 5-8, shown previously, also shows the total of all the positive balances. The
formula for that calculation 1s =SUMIF(C3:C12,>0""). Note that the only difference
between this formula and the previous example formula is the expression string.
Instead of “<0” as the second argument, this formula has “>0". See the “Constructing
criteria in SUMIE” sidebar in this chapter for more examples of expression strings.

You don't have to include zero in the calculation because you're summing, and zero
never changes a sum. If, however, you were interested in summing numbers greater or
less than 1,000, you couldn't simply use “<1000” and “>1000" as your second
arguments because you would never include anything that was exactly 1,000. When
you use a greater-than or less-than nonzero number in a SUMIF, make the greater-than
number a greater than or equal to, such as “>=1000", or make the less-than number a
less than or equal to, such as “<=1000". Don't use the equal sign for both, just one.
This approach ensures that you include any numbers that are exactly 1,000 in one or
the other calculation, but not both.




‘=’ Constructing criteria in SUMIF
The second argument of SUMIF is named criteria. There are also criteria
arguments in COUNTIF, SUMIFS, COUNTIFS, AVERAGEIF, and
AVERAGEIFS. All these arguments follow the same rules.

In general, the criteria argument is an expression that evaluates to TRUE or
FALSE, which means that it includes a comparison operator such as equals (=),
not equal (<>), or greater than (>). The exception is that you can omit the equals
operator when you’re doing an exact match. Non-equal comparisons include less
than (<), less than or equal to (<=), greater than (>), greater than or equal to (>=),
and not equal to (<>).

Constructing a good criteria argument can be a little tricky, but if you follow a
few simple rules, explained in the following table, you’ll get it right every time:

To Set a
Condition ...

Equal to a
number or cell
reference

Equal to a
string

Non-equal
comparison to
a number

Non-equal
comparison to
a string

... Follow These
Rules

Don’t use an equal
sign or any double
quotation marks.

Don’t use an equal
sign, but put the string
in quotation marks.

Put both the operator
and the number in
double quotation
marks.

Put both the operator
and the string in
double quotation
marks.

For Example

=SUMIF(A1:A10,3)

=SUMIF(A1:A10,”book”)

=SUMIF(A1:A10,”>=50")

=SUMIF(A1:A10,”<>Payroll”)



Put the operator in

Non-qual double quotation

comparison marks and

to a cell concatenate the =SUMIF(A1:A10,"<’&C1)
reference or cell reference or

formula

formula with the
ampersand (&).

You can use the TODAY function (to get the current date), or most other
functions, in the second argument. The following figure shows a listing of dates
and values. To sum a range of numbers that correspond to today, use the formula
=SUMIF(B3:B11,TODAY(),C3:C11). To sum only those values that correspond
to today or earlier, concatenate the less-than-or-equal-to sign to the function, such
as =SUMIF(B3:B11,"<="&TODAY(),C3:C11).

fo | =SUMIF(B3:B11, TODAY(),C3:C11)
A B c )

Date Value
af1fa014 i
204 0
21372014 30
292014 a0
2f5/2014 50
2f1f2014 ]
2fa/2m4 70

10 2f5/2014 a0

11 210/2014 a0

12

13 Sum today | 1 IIJI

14 Surn today and prior 360
15

15

There are two wildcard characters that you can use in the condition argument to
SUMIF. The question mark (?) represents any single character, and the asterisk
(*) represents zero, one, or any number of characters. The formula
=SUMIF(B2:B11,"?0*",C2:C11) sums all the values in C2:C11 that correspond
to the values in B2:B11 where the second character is a lowercase "o". If you
apply that formula to the data in Figure 5-9, you get the sum for sales in both the
North and South regions because both have a lowercase "o" as the second letter
and East does not.

OF = O A d Wk P

o




Formula 49: Sum All Values That Meet Two or

More Conditions

The limitation of SUMIF shown in Formula 48 is that it works with only one
condition. In Excel 2010 and later versions, you can use the SUMIFS function when
more than one condition 1s needed.

Figure 5-9 shows a partial listing of countries and their gross domestic product (GDP)
from 2000 to 2009. You want to total Brazil's GDP from 2003 to 2006. You use the
Excel SUMIFS worksheet function to sum values when two or more conditions must
be met, such as Country and Year in this example.

=SUMIFS(D3:D212,B3:B212,G3,C3:C212,">="&G4,C3:C212,"<="&G5)

How it works

SUMIFS arguments start with the range that contains the value you want to sum. The
remaining arguments are in pairs that follow the pattern criteria_range, criteria.
Because of the way the arguments are laid out, SUMIFS will always have an odd
number of arguments. The first criteria pair is required; without at least one condition,
SUMIFS would be no different than SUM. The remaining pairs of conditions, up to
126 of them, are optional.

In this example, each cell in D3:D212 is added to the total only if the corresponding
values in B3:B212 and C3:C212 meet their respective conditions. The condition for
B3:B212 is that it matches whatever is in cell G3. There are two year conditions
because you need to define the first year and last year of your year range. The first
year is in cell G4 and the last year is in cell G5. Those two cells are concatenated
with greater-than-or-equal-to and less-than-or-equal-to, respectively, to create the
year conditions. Only if all three conditions are true is the value included in the total.



S | =SUMIFS{DRDILLEBHBALGICRCILL, " r="BG4, CI02, "e="RG5)

A B c () E F 7]
1
2 Country imar G
3 Australia 00 393 594 Country Brazil
4 Australia ool ATT.HOT S%aen Year 2003
5 mustralia 02 413676 End Year 2006
[ Australia 03 539,162
¥ Australia 003 B B0E Tatal GDP
8 Autralia frin Tin T Wsing SUMPRODUCT 31587415
9 Australia b TIT. 933
10 Australia ik e, 260
11 Ausiralia 08 L0G1.261
13 Australla 003 993,349
13 Befgium 2000 33339
14 Babgium Had1 FEr R
15 Befgium g 55689
15 Belgium 03 31285
g Beigium o T, L
15 Belgium e ] ITE00E
19 Belgium Jraen 1) 400,337
20 Bibgium X 4560, 280
il Betgium 08 S0, M55
2 Batgium Fiiis] 474,580
3 Brazil 2000 T34
4 Brgzhl 01 554,185
r=3 Brazil 2 506,043
i3 Baranill ok} 552,383
27 Braril 0 553,734
13 Barail 005 B3E, 043
re ) Bracil 006 LG9, 255
30 Braczil oy 1,386 B
1 Brazil oo 1,653,538
2 Braril o] 1,622,311
13 Canads oo TIRASL

Figure 5-9: Calculating the gross domestic product of a selected country between two
years.

Alternative: SUMPRODUCT

The SUMIFS function was introduced in Excel 2010. Prior to that version of Excel,
the best way to sum values with two or more conditions was to use SUMPRODUCT.
For this application, the SUMPRODUCT function needs only one argument, but it's a
big one. The SUMPRODUCT equivalent of this section’s example is
=SUMPRODUCT((B3:B212=G3)*(C3:C212>=G4)*(C3:C212<=G5)*(D3:D212)).
This formula uses a pairing of ranges and conditions similar to the pairing of
arguments in SUMIFS. Each set of parentheses (except the last one) contains a range, a
comparison operator, and a comparison value. The last set of parentheses simply
contains the range to sum. Excel evaluates each set of parentheses as an array. See the
“SUMPRODUCT and arrays” sidebar in this chapter to learn how Excel combines
arrays using SUMPRODUCT. Unlike SUMIFS, the parentheses aren't required to be in
any order. The range to sum could be the first set or somewhere in the middle and the
result would be the same.




o) SUMPRODUCT and arrays

The SUMPRODUCT function operates on arrays. Arrays are simply lists of
values. In SUMPRODUCT, each value in the array is compared to the right
value. For instance, in the example for “Alternative: SUMPRODUCT” for
Formula 49, each value in B3:B212 is checked to see whether it equals the value
in G3; that 1s, does the country equal Brazil? When the comparison is made, the
result is another array that contains a TRUE or FALSE for every item in the
original array. The array B3:B212 has 210 elements (individual pieces of data
that make up an array are known as elements). When the comparison is complete,
the resulting array will also have 210 elements. Most of them will be FALSE, but
the 10 of them that were Brazil will be TRUE.

The four sets of parentheses turn into four arrays, and those arrays get multiplied
together. The multiplication produces one array with 210 elements. Here's the
magic of arrays: When a TRUE 1s multiplied times something else, it acts like the
number 1. When a FALSE is multiplied by something else, it acts like the number
zero. That means that if any FALSEs are in a particular element of the four
arrays, the resulting array will contain zero for that element because anything
times zero is zero. If, however, each of a particular element is TRUE, the element
in the resulting array will be equal to whatever that particular element is in
D3:D212. The first three 1s will all be multiplied together with the element for
column D.

In Figure 5-9, shown previously, row 10 shows the GDP for Australia in 2007
(row 10 is the eighth element of the arrays). When SUMPRODUCT gets to the
eighth element, it will evaluate that element against its condition and the resulting
calculation will be FALSE * TRUE * FALSE * 945,364 (not Brazil * greater
than 2003 * not less than 2006 * the values array), which will further evaluate to
0*1*0*945,364. Because there are FALSE elements, and FALSE elements
act like a zero, the resulting calculation, when all the eighth elements of all four
arrays are multiplied together, will be zero.

Row 28 tells a different story. All the elements that come from that row will be 1
because Brazil is in the first array, 2005 is greater than 2003, and 2005 is less
than 2006. The calculation for that element ends up like 1 * 1 * 1 * 882,043. Row
28 and all the other rows that contain no FALSE elements are summed up and
returned by SUMPRODUCT. The SUMPRODUCT function is not as easy to
grasp nor does it calculate as quickly as SUMIFS, but when you understand how
arrays multiply together, you'll find SUMPRODUCT to be quite handy.




Formula 50: Sum Values That Fall between a
Given Date Range

One way that you can use SUMIF with two or more conditions is to add or subtract
multiple SUMIF calculations. If the two conditions operate on the same range, this is
an effective way to use multiple conditions. When you want to test different ranges, the
formulas get tricky because you have to make sure that you don’t double count values.

Figure 5-10 shows a list of dates and amounts. You want to find the sum of the values
that are between June 23 and June 29, inclusive. The starting and ending dates will be
put in cells F4 and F5, respectively.

=SUMIF(B3:B20,"<="&F5,C3:C20)-SUMIF(B3:B20,"<"&F4,C3:C20)

How it works

This technique subtracts one SUMIF from another to get the desired result. The first
SUMIF, SUMIF(B3:B20,"<="&F5,C3:C20), returns the sum of the values that are less
than or equal to the date in F5, which is June 29 in this example. The conditional
argument is the less-than-or-equal-to operator concatenated to the cell reference F5. If
that was the whole formula, the result would be 5,962.33. However, you want only
values that are also greater than or equal to June 23. You therefore want to exclude
values that are less than June 23. The second SUMIF achieves that goal. Sum
everything less than or equal to the later date and subtract everything less than the
earlier date to get the sum of values between the two dates.

Jo | =SUMIF(B3B, =" BFS,CRO20)-SUMIF[B3:B20, "< BF4,C3:C20)
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Figure 5-10: Summing values that are between two dates.

Alternative 1: SUMIFS



If you're using Excel version 2010 or greater, you can use the SUMIFS function to
achieve the same result as the preceding formula. You may even find SUMIFS to be
more intuitive than the subtraction technique. The formula
=SUMIFS(C3:C20,B3:B20,"<="&F5,B3:B20,">="&F4) sums the values in C3:C20
that correspond to the values in B3:B20 that meet the criteria pairs. The first criteria
pair is identical to the first SUMIF criteria, "<="&F5. The second criteria pair limits
the dates to greater than or equal to the start date.

Alternative 2: SUMPRODUCT

You can use the SUMPRODUCT function in place of SUMIF. The formula
=SUMPRODUCT((B3:B20<=F5)*(B3:B20>=F4)*(C3:C20)) returns the same result
as SUMIF. See Formula 49 for a detailed explanation of how SUMPRODUCT uses
arrays.



Formula 51: Get a Count of Values That Meet a

Certain Condition

Summing values isn’t the only aggregation you can do in Excel. As with SUMIF and
SUMIFS, Excel provides functions for conditionally counting values in a range.

Figure 5-11 shows a partial listing of countries and their gross domestic product
(GDP) from 2000 to 2009. For this example, you want to know how many times the
GDP was greater than or equal to 1 million. The criteria to be applied will be in cell
G3.

=COUNTIF(D3:D212,G3)

How it works

The COUNTIF function works very similarly to the SUMIF function from Formula 48.
The obvious difference, as the name suggests, is that it counts entries that meet the
criteria rather than sums them. Another difference is that the formula uses no optional
third argument as the SUMIF formula does. With SUMIF, you can sum a range that's
different from the range to which the criterion is applied. With COUNTIF, however,
doing that wouldn't make sense because counting a different range would get the same
result.

The formula in this example uses a slightly different technique to construct the criteria
argument. The string concatenation occurs all in cell G3 rather than in the function's
second argument. If you had used the same approach as SUMIF in Formula 48, the
second argument would look like ">=1000000" or ">="&G3 rather than just pointing
to G3. You may also note that the formula in G3, =">="&10"6, uses the exponent
operator, or caret (%), to calculate 1 million. Representing large numbers using the
caret can help reduce errors caused by miscounting the number of zeros that you typed.
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Figure 5-11: Count the number of country and year combinations whose gross
domestic product meets a specified criterion.

Alternative: SUMPRODUCT

You can also use SUMPRODUCT to count conditionally. Formula 49 discusses how
you can use SUMPRODUCT in place of SUMIFS to sum conditionally. It's the same
for COUNTIF, with a few minor changes. The formula =SUMPRODUCT(--
(D3:D212>1076)) returns 96 just as COUNTIF did.

You may have noticed that double negative in the function's argument. In Formula 49,
we discussed how multiplying TRUE makes it act like a 1 and multiplying FALSE
makes it act like zero. This example, however, uses only one condition,
D3:D212>1076, so you have nothing to multiply, and the TRUEs and FALSEs never
get converted to 1s and 0s. The double negative performs a mathematical operation on
the array, forcing the conversion, but since it's doubled up, it doesn't have any effect
on the result. The TRUESs are converted to -1 with the first negation and converted
back to 1 with the second. The FALSEs are converted to zero simply because some
math is being done, but negation has no effect on zero so it stays the same throughout.



Formula 52: Get a Count of Values That Meet

Two or More Conditions

The SUMIF function has 1its COUNTIF cousin. Of course, Microsoft couldn’t
introduce SUMIFS for summing multiple conditions without also introducing
COUNTIEFS to count them. Microsoft did just that in Excel 2010.

Figure 5-12 contains a list of Alpine Skiing medalists from the 1972 Winter Olympics.
For this example, you would like to know how many silver medalists have an 6 in
their name. The letter you're looking for is typed in cell I3, and the type of medal is in
cell 14. (See the “Finding the code for a nonstandard character” sidebar for how to
obtain the 6 character and other nonstandard characters.)

=COUNTIFS(C3:C20,"*"&I3&"*" F3:F20,14)
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Figure 5-12: The letter 6 shows up the names of the1972 alpine skiing Olympic silver
medalists three times.

How it works

The criteria_range and criteria arguments come in pairs, just as in SUMIFS. Whereas
SUMIFS will always have an odd number of arguments, COUNTIFS will always have
an equal number.

The first criteria_range argument is the list of athlete's names in C3:C20. The matching
criteria argument, "*" & I3 & "*", surrounds whatever is in I3 with asterisks. Asterisks
are wildcard characters in COUNTIFS that stand for zero, one, or more characters of
any kind. By including an asterisk both before and after the character, you ask Excel to
count all the names that include that character anywhere within the name. That is, you
don't care whether there are zero, one, or more characters before ¢ and you don't care



whether there are zero, one, or more characters after 6 — as long as that character is
in there somewhere.

The second criteria_range, criteria argument pair counts those entries in F3:F20 that
are SILVER (the value typed into 14). Only those rows in which both the first argument
pair and second argument pair match (only rows in which the athlete's name contains 6
and the medal won was silver) are counted. In this example, Gustav Thoni won the
silver in the Men's Slalom and Annemarie Moser-Proll placed in both the Women's
Downhill and the Women's Giant Slalom, for a count of three.




-/ Finding the code for a nonstandard character

For the example in Formula 52, you can type the 6 character into cell I3 by
holding down the Alt key and typing 0246 on the numeric keyboard. Don't try to
type those numbers on the number keys across the top of your keyboard because it
won't work. The number 246 is the ASCII code that represents 6. Every character
in this chapter has an ASCII code. When typing the ASCII code to enter a
character, be sure to type four digits. If the code is fewer than four digits, type
zeros before the number to make it four digits.

In the range H8:112 in Figure 5-12, you can see a small table of characters and
their codes. In cell H8, the formula =MID($C$8,ROW(),1) returns the eighth
character from the name in cell C8. (The eighth character was chosen somewhat
haphazardly. It was somewhere before the character you’re looking for but not
too far away.) You copy that formula down a few rows until the character you
want to inspect shows up. The character you want is in H10. The dollar signs in
$C$8 anchor that cell reference so that it doesn't change as the formula is copied.
The ROW() function without an argument returns the row of whatever cells it's
in. As the formula 1s copied down, ROW() returns 8, 9, 10, and so on.

Cell I8 has the formula =CODE(HS8). The CODE worksheet function returns the
ASCII code for the letter that's passed in. In this example, you can see that a

capital 7'is ASCII code 84, a lowercase i is ASCII code 105, and ¢ 1s ASCII
code 246. Armed with that knowledge, you can hold down the Alt key and type
the code to use that character anywhere you want.

Alternative: SUMPRODUCT

The COUNTIFS worksheet function was introduced in Excel 2010. If you're using an
earlier version, you can use SUMPRODUCT to get the same result. The formula
=SUMPRODUCT((NOT(ISERR(FIND(I3,C3:C20))))*(F3:F20=I4)) will also return
the proper count, although it's a little tougher to read. In Formula 49, you see how
SUMPRODUCT multiplies arrays of TRUEs and FALSEs to sum based on conditions.
For the example in this section, SUMPRODUCT does the same thing. Everything to the
left of the asterisk will turn into an array of 18 TRUEs and FALSEs, and everything to
the right will do the same. When a TRUE is used in a mathematical operation, it acts
like the number one and FALSE acts like zero. Whenever a FALSE is in either the first
or second array, the result will be zero. If both the first and second array contain 1, the
formula multiplies 1 * 1 to get a 1 in the final array. The result of multiplying those
two arrays together is an 18-element array of 1s and 0s. When SUMPRODUCT adds
up the 1s, it effectively counts the rows where both conditions are met.



The second array, F3:F20=I4, is pretty straightforward. Each cell in F3:F20 1s
compared to 14 and a TRUE or a FALSE is included in that array. The first array is a
little more complicated than the first. You know that the result needs to be a bunch of
TRUEs and FALSEs, so you need to come up with an expression that returns TRUE or
FALSE. The FIND function returns the position of a string in another string. For
example, FIND("6","Thoni") returns 3 because "0" is the third letter in the name
"Thoni". If FIND can't find the letter, it returns an error.

The ISERR function returns either TRUE or FALSE depending on whether the
expression is any error except #N/A!. Using ISERR gets you close to your goal
because it returns TRUE or FALSE. The problem is that it returns the wrong one. It
returns TRUE 1f FIND can't find 6 in the name, but you want it to return TRUE when it
does find it. The NOT function comes to the rescue. The NOT function takes a TRUE
or a FALSE and turns into the other one. If 6 is in the name, FIND returns a number
(like the number 10 when it looks at Roland Thoni). Then, ISERR(10) returns FALSE
because 10 isn't an error, it's a number. Finally, NOT(FALSE) returns TRUE.



Formula 53: Get the Average of All Numbers
That Meet a Certain Condition

After summing and counting, taking an average of a range of numbers is the next most
common aggregator. The average, also known as the arithmetic mean, is the sum of the
numbers divided by the count of the numbers.

As in the example for Formula 52, Figure 5-13 shows medalists’ results from the 1972
Winter Olympics. For this example, you want to determine the average result, but only
for skiers from Switzerland. The country code is entered in cell 13 so that it can be
easily changed to a different country.

=AVERAGEIF(D3:D20,13,E3:E20)

How it works

Excel provides the AVERAGEIF function to accomplish just what you want. Like its
cousin the SUMIF function, AVERAGEIF has a criteria_range and a criteria argument.
The final argument is the range to average. In this example, each cell in E3:E20 is
either included in or excluded from the average, depending on whether the
corresponding cell in D3:D20 meets the criteria.

o

note Tf no rows meet the criteria in AVERAGEIF, the function returns the
#DIV/0! error.

Alternative

The AVERAGEIF function simply adds up the average range for all rows that meet
the criteria and then divides by the number of rows. This same result can be had by
using the SUMIF function divided by the COUNTIF function. Using the list from
Figure 5-13, the formula =SUMIF(D3:D20,13,E3:E20)/COUNTIF(D3:D20,13) can
also be used to find the conditional average.
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Figure 5-13: Averaging results based on a country.



Formula 54: Get the Average of All Numbers
That Meet Two or More Conditions

In Excel 2010, Microsoft introduced AVERAGEIFS along with SUMIFS and
COUNTIEFS to allow you to average a range of numbers based on more than one
condition.

Continuing the analysis of skiing times as an example (see Formulas 52 and 53),
Figure 5-14 shows some results of the 1972 Winter Olympics. In this case, you want
to determine the average time based on more than one condition. The country, gender,
and medal are entered into cell 13:I5. You want to average only those results that meet
all three criteria:

=AVERAGEIFS(E3:E20,D3:D20,13,B3:B20,"*"&14,F3:F20,I5)

How it works

The AVERAGEIFS function is structured very similarly to the SUMIFS function. The
first argument is the range to average and is followed by up to 127 pairs of
criteria_range/criteria arguments. The three criteria pairs are

e D3:D20,13, which includes only those rows where the country code is SUI

e B3:B20,"*"&I4, which includes only those rows where the event name ends with
the word “Women”

e F3:F20,I5, which includes only those rows where the medal is GOLD

When all three conditions are met, the time in the Result column is averaged.
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Figure 5-14: Averaging on three conditions.

Alternative

You can replace the AVERAGEIFS function with SUMIFS and COUNTIFS. Doing so
1s useful if you’re using a version of Excel prior to 2010, when AVERAGEIFS was
introduced. The formula
=SUMIFS(E3:E20,D3:D20,13,B3:B20,"*"&I14,F3:F20,15)/COUNTIFS(D3:D20,13,B3:
returns the same result as AVERAGEIFS. Notice how similar the arguments in
SUMIFS and COUNTIFS are to those in AVERAGIFS. If it’s available,
AVERAGEIFS is the preferred method because any changes to the criteria have to be
made in only one place.



Chapter 6: Using Lookup Formulas

Finding data in a list or table is central to many Excel formulas. Excel provides
several functions to assist in looking up data vertically, horizontally, from left to right,
and from right to left. By nesting some of these functions, you can write a formula that
looks up the correct data even after the layout of your table changes.

-?J-m You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 55: Looking Up an Exact Value Based
on a Left Lookup Column

Many tables are arranged so that the key piece of data, the data that makes a certain
row unique, is in the far-left column. Although Excel has many lookup functions,
VLOOKUP was designed for just that situation. Figure 6-1 shows a table of
employees. You want to fill out a simplified paystub form by pulling the information
from this table when an employee’s ID is selected.
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Figure 6-1: A table of employee information.

The user will select an employee ID from a data validation list in cell L3. From that
piece of data, the employee’s name, address, and other information will be pulled into
the form. The formulas for the paystub form in Figure 6-2 are shown here:

Employee Name: =VLOOKUP($L$3,$B$3:51$12,2,FALSE)
Pay: =VLOOKUP($L$3,$B$3:$1$12,5,FALSE)/VLOOKUP($L$3,$B$3:$1$12,4,FALSE)

Taxes: =(M7-08-09)*VLOOKUP ($L$3,$B$3:$1$12,6, FALSE)

Insurance: =VLOOKUP($L$3,$B$3:51$12,7,FALSE)
Retirement: =M7*VLOOKUP(SL$3,$B$3:$1$12,8,FALSE)
Total: =SUM(07:010)
Net Pay: =M7-011
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Employee 1ID] Employee Name Check # Het Pay
319 Elizabeth Marshall 164 795,599
Employes Address
530 Dodge Street Anytown, Lisa 12345
Pay Deductions
1,390.38 |Tanes 151.68
Insurance 30,00
Retirement 41.71
Total 55339

Figure 6-2: A simplified paystub form.



How it works

The formula to retrieve the employee’s name uses the VLOOKUP function. VLOOKUP
takes four arguments: lookup value, lookup range, column, and match. VLOOKUP
searches down the first column of the lookup range until it finds the lookup value.
When the lookup value is found, VLOOKUP returns the value in the column identified
by the column argument. In this case, the column argument is 2, and VLOOKUP returns
the employee’s name from the second column.

ﬁ”&f All of the VLOOKUP functions in this example have FALSE as the final
argument. A FALSE in the match argument tells VLOOKUP to return a
value only if it finds an exact match. If it doesn’t find an exact match,
VLOOKUP returns N/A#. Formula 60, later in this chapter, shows an
example of using TRUE to get an approximate match.

The other formulas also use VLOOKUP with a few twists. The address and insurance
formulas work just like the employee name formula, but they pull from a different
column. The pay formula uses two VLOOKUPs; one divided by the other. The
employee’s annual pay is pulled from the fifth column and is divided by the frequency
from the fourth column, resulting in the pay for one paystub.

The retirement formula pulls the percentage from the eighth column and multiplies that
by the gross pay to calculate the deduction. Finally, the taxes formula deducts both
insurance and retirement from gross pay and multiplies that by the tax rate, found with
VLOOKUP pulling from the sixth column.

Of course, payroll calculations are a little more complex than this, but when you
understand how VLOOKUP works, you can build ever more complex models.



Formula 56: Looking Up an Exact Value Based
on Any Lookup Column

Unlike the table used in Formula 55, not all tables have the value you want to look up
in the leftmost column. Fortunately, Excel provides some functions for returning values
that are to the left of the value you’re looking up.

Figure 6-3 shows a list of cities and states where the stores are. You want to return the
city and store number when the user selects the state from a drop-down box.

City: =INDEX(B3:D25MATCH(G4,C3:C25,FALSE),1)
Store: <INDEX(B3:D25MATCH(G4,C3:C25,FALSE) 3)

&5 - Jo | cINDEX[BI-035, MATCH[G4,03:C25, FALSE) 1]
8 C ] E F G

1
- ity state  Store
X Chandler ¥ a3
i Glendale A 4369 State: MM
5 Fort Colling o 4508 City:
& Gainesville FL &5 Store: | 2608 1
7 Pisgria IL &273
B Indianagalis ™ 9384 LOOKUPCity: | Manchester |
% Lafayeite LA 5654 LOOKUP Store: | 3608
10 Grand Rapids Nl 3972
11 St Louis MO ERIG
12 Billings T 3331
12 Ralu:sh NC 3335
14 Manchaster MNH 2608
15 Elizabeth M 4122
15 albuguerqgue NN 10r2
17 Taleds OH &L
18 Tulsa QK B547
13 Portland QR 3507
i) Erie P FEF.
21 Providence Rl 4543
2 Clarksville ™ B304
X Carrollion ™ MTE
a4 Tacoma WA L EE]
5 Graen Bay Wi 1701
24

Figure 6-3: A list of stores with their city and state.

How it works

The INDEX function returns the value from a particular row and column of a range. In
this case, you pass it your table of stores, a row argument in the form of a MATCH
function, and a column number. For the City formula, you want the first column, so the
column argument is 1. For the Store formula, you want the third column, so the column
argument is 3.

Unless the range you use starts in A1, the row and column won’t match the row and
column in the spreadsheet. They relate to the top, left cell in the range, not the

spreadsheet as a whole. A formula like =INDEX(G2:P10,2,2) would return H3. The
cell H3 is in the second row and the second column of the range G2:P10.



ip  The second argument of the MATCH function can be only a range that

is one row tall or one column wide. If you send it a range that’s a rectangle,
MATCH returns the #N/A error.

To get the correct row, you use a MATCH function. The MATCH function returns the
position in the list where the lookup value 1s found. It has three arguments:

e Lookup value: The value you want to find.
e Lookup array: The single column or single row to look in.
e Match type: For exact matches only, set this argument to FALSE or 0.

The value you want to match is the state in cell G4, and you’re looking for it in the
range C3:C25, the list of states. MATCH looks down the range until it finds "NH". It
finds it in the 12th position, so 12 is used by INDEX as the row argument.

With MATCH computed, INDEX now has all it needs to return the right value. It goes
to the 12th row of the range and either gets the value from the first column (for City) or
the third column (for Store #).

—

Note If you pass INDEX a row number that is more rows than is in the range
or a column number that is more columns, INDEX returns the #REF! error.

Alternative: The LOOKUP function

Although VLOOKUP is the most popular lookup function, the combination of INDEX
and MATCH is a close second. A lesser-used alternative is the LOOKUP function.
LOOKUP takes these three arguments:

e Lookup value: The value you want to find
e Lookup vector: The single column or single row to look in
e Results vector: The single column or single row to return from

The following formulas are for finding the City and Store # from Figure 6-3:

City: =LOOKUP(G4,C3:C25,B3:B25)
Store: =LOOKUP(G4,C3:C25,D3:D25)

The first two arguments of LOOKUP are identical to the first two arguments of



MATCH. In fact, LOOKUP works similarly to MATCH in that it finds the position of
the lookup value in the lookup vector. Rather than returning that position, however, it
returns the value in the same position within the results vector.

To find the city, LOOKUP calculates that "NH" is in the 12th position of the lookup
vector (C3:C25) and returns the value in the 12th position of the results vector
(B3:B25).



Formula 57: Looking Up Values Horizontally

If the data is structured in such a way that your lookup value is in the top row rather
than the first column and you want to look down the rows for data rather than across
the columns, Excel has a function just for you.

Figure 6-4 shows a table of cities and their temperatures. The user will select a city
from a drop-down box, and you want to return the temperate to the cell just below it.

=HLOOKUP(C5,C2:L3,2,FALSE)

- £ | aMUDORURCSC L2 S RLSE)

City Chongging %o Psuly  Ksthmaendy Causbiuncy Libon Mumbsl  Hoslss  [dmoaton  Ansdyr (1951
Tamg = T 2% %5 L2 T £ 2] 12 i1 x5

Yom City: | Canablania
Vo e
:

O | 5 |

¥

Figure 6-4: A table of cities and temperatures.

How it works

The HLOOKUP function has the same arguments as VLOOKUP. The H in HLOOKUP
stands for horizontal, and the V in VLOOKUP stands for vertical. Instead of looking
down the first column for the lookup value argument, HLOOKUP looks across the
first row. When 1t finds a match, it returns the value from the second row of the
matching column.

Alternative

HLOOKUP and VLOOKUP are very similar functions. Just as you can substitute a

combination of INDEX and MATCH for VLOOKUP, so can you for HLOOKUP.
=INDEX(C2:L3,2MATCH(C5,C2:L2FALSE))

In this case, the row argument of INDEX is hardcoded to “2”, and the MATCH

function feeds the column argument. MATCH can look at single rows of values as
well as single columns. As before, it returns the position of the matched item.



Formula 58: Hiding Errors Returned by

Lookup Functions

So far, you’ve used FALSE for the last argument of your lookup functions so that you
return only exact matches. When you force a lookup function to return an exact match
but 1t can’t find one, it returns the #N/A error.

The #N/A error is useful in Excel models because it alerts you when a match couldn’t
be found. But you may be using all or a portion of your model for reporting, and #N/A
errors are ugly. Excel has functions to see those errors and return something different.

ek ¥ S| SAUODRUP{CY,SP5R56511, 2 FALSE]
A, B L= [+] E F 1]

1
) Company CEQ Salary Name 2012 Salary
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] Chenlerg Enengy Inc Charif Souki L A John H. Hamemsngrén 51,744,599
& Cradit Accoptance Covp Brait A, Rpberts L LT Lirslie Mgorves 62,157,006
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Figure 6-5: A report of CEO salaries.

Figure 6-5 shows a list of companies and CEOs. The other list shows CEOs and
salaries. A VLOOKUP function is used to combine the two tables. But you obviously
don’t have salary information for all of the CEOs, and you have a lot of #N/A errors.

=VLOOKUP(C3,$F$3:3G$11,2,FALSE)

In Figure 6-6, the formula has been changed to use the [IFERROR function to return a
blank if no information is available. The IFERROR function is known as an error
trapping function because it recognizes, or traps, errors and provides a way for you to
handle them other than simply allowing them to propagate through your formula.
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Figure 6-6: A cleaner report.

=IFERROR(VLOOKUP(C3$F$3:8G$11,2,FALSE),")

How it works

The IFERROR function accepts a value or formula for its first argument and an
alternative return value for its second argument. When the first argument returns an
error, the second argument is returned. When the first argument is not an error, the
results of the first argument are returned.

In this example, you’ve made your alternative return value an empty string (two double
quotation marks with nothing between them). That keeps the report nice and clean. But
you could return anything you want, such as “No info” or 0.

I,

Tp The IFERROR checks for every error that Excel can return, including
#N/A, #DIV/0!, and #VALUE. You can’t restrict which errors IFERROR
catches or ignores and that can hide errors that you otherwise would not
want to hide.

Excel provides three other error-trapping functions: ISERROR returns
TRUE if its argument returns any error; ISERR returns TRUE if its
argument returns any error except #N/A; ISNA returns TRUE if its
argument returns #N/A and returns FALSE for anything else include other
errors.

All these error-trapping functions return either TRUE or FALSE and are
most commonly used with an IF function.



Alternative: The ISNA Function

IFERROR was introduced in Excel 2010. In older versions, you can use the ISNA
function to check for errors.

~IF(ISNA(VLOOKUP(C3$F$3:8G$11,2,FALSE))," VLOOKUP(C3,$F$3:$G$11,2,FALSE))

The ISNA function returns TRUE if its argument returns the #N/A error and returns
FALSE ifit doesn’t. The IF function checks for the error, returns an empty string if it’s
there, or returns the value of the VLOOKUP if it’s not.

The downside to using ISNA is that you have to include the formula twice: once inside
ISNA and once for the third argument of the IF function. This means that Excel has to
calculate the same formula twice, and if you have a calculation-intensive workbook, it
will be even slower.



Formula 59: Finding the Closest Match from a
List of Banded Values

The VLOOKUP, HLOOKUP, and MATCH functions allow the data to be sorted in any
order when you want an exact match. You set each of their final arguments to FALSE
to force an exact match or to return an error.

These functions also work on sorted data for the times you want only an approximate
match. Figure 6-7 shows a method for calculating income tax withholding. The
withholding table doesn’t have every possible value, but it has bands of values. You
first determine which band the employee’s pay falls in, and then you use the
information on that row to compute the withholding:

=VLOOKUP(D15,B3:E10,3,TRUE)+(D15-
VLOOKUP(D15,B3:E10,1, TRUE))*VLOOKUP(D15,B3:E10.4,TRUE)

A B C e}
1
2 Wages over But not over Base amount Percentage
3 35 . 0.0%
4 315 1,03 - 10.0%
5 L0323 3,163 83,50 15.0%
6 3,183 6,050 350,80 25.0%
7 5,050 9,050 1,112.56 18.0%
a8 5,050 15,904 155,56 33.0%
2 15,906 17,5915 4,215.03 35,05
10 17,925 4,911.65 39,6%
11
12 Bi-weekly wage: 2,307.69
13 withholding allowances: 2
14 Allowance: 303.80
15 wage less allowance: 2,003.89
16 withholding amount: 216.93 |
17
18

Figure 6-7: Computing income tax withholding.

How it works

The formula uses three VLOOKUP functions to get three pieces of data from the table.
The final argument for each VLOOKUP formula is TRUE, indicating you want only an
approximate match.

To get a correct result when using a final argument of TRUE, the data in the lookup
column (column B in Figure 6-7) must be sorted lowest to highest. VLOOKUP looks
down the first column and stops when the next value is higher than the lookup value. In
that way, it finds the largest value that 1s not larger than the lookup value.

caution Finding an approximate match with a lookup function does not find the



closest match. Rather, it finds the largest match that’s not larger than the
lookup value even if the next highest value is closer to the lookup value.

If the data in the lookup column isn’t sorted highest to lowest, you may not
get an error, but you will likely get an incorrect result. The lookup functions
use a binary search to find an approximate match. A binary search basically
starts in the middle of the lookup column and determines whether the match
will be in the first half or the second half of the values. Then it splits that half
in the middle and looks either forward or backward depending on the middle
value. That process is repeated until the result is found.

You can see with a binary search that unsorted values could cause the lookup
function to choose the wrong half to look in and return bad data.

In the example in Figure 6-7, VLOOKUP stops at row 5 because 1,023 is the largest
value in the list that’s not larger than the lookup value of 2,003.89. The three sections
of the formula work as follows:

e The first VLOOKUP returns the base amount in the third column, or 69.80.
e The second VLOOKUP subtracts the “Wages over” amount (from the first
column) from the total wages.

e The last VLOOKUP returns the percentage in the fourth column. This percentage
1s multiplied by the excess wages, and the result is added to the base amount.

When all three VLOOKUP functions are evaluated, the formula computes, as shown
here:

=69.80 + (2,003.89 - 1,023.00) * 15.0%

s The method the lookup functions use to find an approximate match is
much faster than an exact match. For an exact match, the function has to
look at every single value in the lookup column. If you know your data will
always be sorted lowest to highest and will always contain an exact match,
you can decrease calculation time by setting the last argument to TRUE. An
approximate match lookup will always find an exact match if it exists and if
the data is sorted.

Alternative: INDEX and MATCH
As with all of your lookup formulas, the INDEX and MATCH combination can be



substituted. As do VLOOKUP and HLOOKUP, MATCH has a final argument to find
approximate matches. MATCH has the added advantage of being able to work with
data that is sorted highest to lowest.

Figure 6-8 shows the same withholding table as Figure 6-7 except that the data is
sorted in descending order. The VLOOKUP based formula from Figure 6-7 returns
#N/A, as shown in cell D16 on Figure 6-8. This is because VLOOKUP looks at the
middle of the lookup column, determines that it is higher than the lookup value, and
then looks only at values before the middle value. Because your data is sorted
descending, no values before the middle value are lower than the lookup value.

The INDEX and MATCH formula in cell D18 of Figure 6-8 returns the correct result
and is shown here:

=INDEX(B3:E10,MATCH(D15,B3:B10,-1)+1,3)+D15-INDEX(B3:E10,MATCH(D15,B3:B10-
1)+1,1))*INDEX(B3:E10,MATCH(D15,B3:B10,-1)+1,4)
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17,925 &, 921,68 39.6%
15,906 17,925 4,215.03 35.0%
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Figure 6-8: Calculating withholding using INDEX and MATCH.
The final argument of MATCH can be —1, 0, or 1.

e —1 is used for data that is sorted highest to lowest. It finds the smallest value in
the lookup column that is larger than the lookup value. There is not an equivalent
method using VLOOKUP or HLOOKUP.

e 0 is used for unsorted data to find the exact match. It is equivalent to setting the
final argument of VLOOKUP or HLOOKUP to FALSE.

e 1 is used for data that is sorted lowest to highest. It finds the largest value in the
lookup column that is smaller than the lookup value. It is equivalent to setting the
final argument of VLOOKUP or HLOOKUP to TRUE.



Because MATCH with a final argument of —1 finds a value that is larger than the
lookup value, the formula adds 1 to the result to get the proper row.



Formula 60: Looking Up Values from Multiple
Tables

Sometimes the data you want to look up can come from more than one table, depending
on a choice that the user makes. In Figure 6-9, a withholding calculation similar to
Formula 59 is shown. The difference is that the user can select whether the employee
1s single or married. If the user chooses Single, the data is looked up in the Single
Person table; if the user chooses Married, the data is looked up in the Married Person
table.

L3G - I
A B o D E F

1

2 Married peiion

3 _Wages over But not owver Base amount Percentage
4 - 325 - 0.0%
5 EFL 1,023 : 10.0%
G 1023 3163 69,80 15.0%
T 3,163 6,050 3%0.80 25.0%
i G, 050 G050 111255 28.0%
9 9,050 15,906 1,952.56 13.0%
10 15,906 17,925 4,215.03 15005
11 17,925 4,521.68 9.6%
12
12 Sl person
14 Wages over But not over Base amount Percentage
15 - &ar - 00
18 ar 436 - 10,05
17 436 1,506 34.90 15.0%
18 1.506 3,523 14540 25.00%
18 3,523 T.254 6965 28005
0 T.254 15667 1.744.33 33.0%
21 15,667 15,731 4, 520.62 35.0%
2 15,7121 4,543.02 T
23
4
5 Married or $|nglr_': S'.ng]e
26 Bi-wnkly wage: 403845
27 Withholding allowanoes: 3
5 Allowance: 455,70
] ‘Wage less allowance: 358276
30 Withholdingamount: | 716.38 |
31 :

”

Figure 6-9: Computing income tax withholding from two tables.

In Excel, you can use named ranges and the INDIRECT function to direct your lookup
to the appropriate table. Before you can write the formula, you need to name two
ranges: Married for the Married Person table and Single for the Single Person table.
Follow these steps to create the named ranges:

1. Select the range B4:E11.
2. Click the Define Name button found on the Formulas tab on the Ribbon. The New



Name dialog box shown in Figure 6-10 is displayed.

Change the Name text box to Married.

Click OK.

Select the range B15:E22.

Click the Define Name button found on the Formulas tab on the Ribbon.
Change the Name text box to Single.

Click OK.

©® NNk Ww

Mew Narme 1L t" ﬂl
[dame: Masried

Bt ook =]

Copmment:

Befers to: | wggisgqsesit

Figure 6-10: The New Name dialog box.

There is a data validation drop-down box in cell D25 in Figure 6-9. The drop-down
box contains the terms Married and Single, which are identical to the names you just
created. You use the value in D25 to determine which table to look 1n, so the values
must be identical.

Here’s the revised formula for computing the withholding;

=VLOOKUP(D29,INDIRECT(D25),3,TRUE)+HD29-
VLOOKUP(D29,INDIRECT(D25),1,TRUE))*VLOOKUP(D29,INDIRECT(D25).4,TRUE)

How it works

The formula in this example is strikingly similar to Formula 59. The only difference is
that you use an INDIRECT function in place of the table’s location.

INDIRECT takes an argument named ref text. The ref text argument is a text
representation of a cell reference or a named range. In Figure 6-9, cell D25 contains
the text Single. INDIRECT attempts to convert that into a cell or range reference. If
ref text is not a valid range reference (as in this case), INDIRECT checks the named

ranges to see whether a match exists. Had you not already created a range named
Single, INDIRECT would return the #REF! error.

INDIRECT has a second optional argument named al. The al argument is TRUE if
ref textis inthe Al style of cell references and FALSE if ref text is in the R1C1 style
of cell references. For named ranges, al can be either TRUE or FALSE, and



INDIRECT will return the correct range.
(41Y
caution INDIRECT can also return ranges from other worksheets or even other

workbooks. However, if it references another workbook, that workbook
must be open. INDIRECT doesn’t work on closed workbooks.



Formula 61: Looking Up a Value Based on a
Two-Way Matrix

A two-way matrix 1s a rectangular range of cells. That is, it’s a range with more than
one row and more than one column. In other formulas, you’ve used the INDEX and
MATCH combination as an alternative to some of the lookup functions. However,
INDEX and MATCH were made for two-way matrixes.

Figure 6-11 shows a table of sales figures by region and year. Each row represents a
region and each column represents a year. You want the user to select a region and a
year and return the sales figure at the intersection of that row and column.

=INDEX(C4:F9MATCH(C13,B4:B9,FALSE),MATCH(C14,C3:F3,FALSE))

15 - S| SINDEX{CA:F9, MATCH{CLS,B4:B9, FALSE] MATCH|C14,03:F3, FALSE])
A B (= ] E F G

1

z Aegional Sales Report

3 Region 2000 2011 2 2013 Total

4 Sousth 1,525,017 1,504,678 1,227,847 LOI%616 5277158

5 mortheast 2,704,337 2,135,564 1,418,782 716,535 6,965,118

& Nadth 3,563,687 4831836 4805431 3,716,674 16,527,678

7 West 4,489,700 2,651,064 796,330 898,601 10,835,605

g Mid-Atlantic 2,167,319 1,357,850 776,850 3,024,543 7226551

] Canada 1,861,239 3S5TEIS0 4,069,363 LATS 0L 10,584,209

10 Total 16,311,159 15,568,322  13,087.639  13,850.769 57915415

11

12

12 Regian: Maorth

14 Year: 2001

15 Salas:

16

Figure 6-11: Sales data by region and year.

How it works

By now, you’re no doubt familiar with INDEX and MATCH. Unlike other formulas,
you’re using two MATCH functions within the INDEX function. The second MATCH
function returns the column argument of INDEX as opposed to hardcoding a column
number.

Recall that MATCH returns the position in a list of the matched value. In Figure 6-11,
the North region is matched, so MATCH returns 3 because it’s the third item in the

list. That becomes the row argument for INDEX. The year 2011 is matched across the
header row, and because 2011 is the second item, MATCH returns 2. INDEX then
takes the 2 and 3 returned by the MATCH functions to return the proper value.

Alternative: Using default values for MATCH

To add a twist to your sales lookup formula, you change the formula to allow the user



to select only a region, only a year, or neither. If one of the selections is omitted, you
assume that the user wants the total. If neither is selected, you return the total for the
whole table.

=INDEX(C4:G10,JFERROR(MATCH(C13,B4:B10,FALSE),COUNTA(B4:B10)),JFERROR(MATCH(C14,

The overall structure of the formula is the same, but a few details have changed. The
range for INDEX now includes row 10 and column G. Each MATCH function’s range
1s also extended. Finally, both MATCH functions are surrounded by an IFERROR
function that will return the Total row or column.

The alternative value for IFERROR is a COUNTA function. COUNTA counts both
numbers and text and, in effect, returns the position of the last row or column in your
range. You could have hardcoded those values, but if you happen to insert a row or
column, COUNTA adjusts to always return the last one.

Figure 6-12 shows the same sales table, but the user has left the Year input blank.
Because the column headers have no blanks, MATCH returns #N/A. When it
encounters that error, IFERROR passes control to the value if error argument, and the
last column is passed to INDEX.

c15s  ~ J= | =INDEX[C4:G10,IFERROR[MATCH[C13, BA:B10, FALSE), COUNTAIB4:B10)),
IFERROR{MATCH{CIS,C3:63, FALSE), COUNTAIC2:G3)))

a B C D E F G
1
3 Region 20100 011 01z 2013 Total
a South 1525007 L304678 1227847 1019616 5,277,158
5 Northeast 2,704,237 2035564 1,411,782 716,535 6965118
& Kerth 1561687 4441885 4805431 37165674 16527678
T West 4,455,700 2,651 064 To6, 330 2,595,601 10,835,655
g Mid-Atlantic 2,067,319 1,357,850 TIEE50  R0M4542 7,326,561
3 Canada 1,861,239 3,573,280 4,069,389 1475301 10,984,308
10 Total TU16.311,185 | 15,865,373 13087625 ' 12331389 S7915.419
11
12
13 RE,EI{}"! Mid-Atlantic |
13 Year:
15 Sales:
16
17

Figure 6-12: Returning totals from the sales data.



Formula 62: Finding a Value Based on Multiple

Criteria

Figure 6-13 shows a table of departmental budgets. When the user selects a region and
department, you want a formula to return the budget. You can’t use VLOOKUP for this
formula, because it accepts only one lookup value. You need two lookup values
because the regions and departments appear multiple times.
o) _—
tossRef See Chapter S for a discussion of how SUMPRODUCT uses arrays.

You can use the SUMPRODUCT function to get the row that contains both lookup
values.

=SUMPRODUCT(($B$3:$B$45=H5)*($C$3:5C$45=H6)*($E$3:SE$45))

H7 = B e PR DT SRS S S o [ 5C53: 50545 s HG) " SE 5 5E545)]

A B Lo |1} £ F G H
1
] _ Region E-partimait Managed Busdpet
3 S Atlansic LegM Jer Palmer 4,406, 018
a Cargsdy Lezyl Audingy Wathington 2564 1685
L] Motk Legisties Laenanthae allen i) 535 Region: Louth
] Wid=atlantic Customer Servioe Kathenine Michoks 534,004 Drparirnaent: Antounting
¥ Paclec Morthavest Guality Asssrance Didreied Gordion E 115,596 Budiget:
8 Mid=Atlantic Operaticnal Liltian Hari 2,549,401 Manager: | Brooke Balley |
9 Slid-Atlankic Sales Clalee Peterson 237,246
10 East Img ALy HERRGS Poetor 3,043,499
i Wod-irlantic Servioes Wieh o Gomes LG ThG
13 oaAE AgouAting Brodbi Bl bing ST 8T
13 hbid-athantic Inturane Laryla Gogsen FEALE T
14 North Salos Alex Cox 350133
1% Motk Busirgss Dewelopmant e Mills 3,693, T35
15 Soith Basiness Developmant Iaa Chanes 933,133
17 Paciler Momail Servioes e am bboarg 2,500,312
18 Soink Crudlity Assuaraeee Evehm Burns 1,850,933
i hed-Atlansic Butimeds Dinvelopmant Mk Black 34, 171
0 Pacilec Morthviet Customen Servio Wyatt Harmis A48T, F8

Figure 6-13: A table of departmental budgets.

How it works

SUMPRODUCT compares every cell in a range with a value and returns an array of
TRUEs and FALSEs depending on the result. When multiplied with another array,
TRUE becomes 1, and FALSE becomes 0. The third parenthetical section in your
SUMPRODUCT function does not contain a comparison, because that range contains
the value you want to return.

If either the Region comparison or the Department comparison is FALSE, the total for
that line will be 0. A FALSE result is converted to 0, and anything times 0 is 0. If both
Region and Department match, both comparisons return 1. The two 1s (ones) are
multiplied with the corresponding row in column E, and that’s the value returned.



In the example shown in Figure 6-13, when SUMPRODUCT gets to row 12, it
multiplies 1 * 1 * 697,697. That number is summed with the other rows, all of which
are 0 because they contain at least one FALSE. The resulting SUM is the value

697,697.

Alternative: Returning text with SUMPRODUCT

SUMPRODUCT works this way only when you want to return a number. If you want
to return text, all the text values would be treated as 0, and SUMPRODUCT would
always return 0.

However, you can pair SUMPRODUCT with the INDEX and ROW functions to return
text. If you want to return the manager’s name, for example, you could use this
formula:

—INDEX(D:D,SUMPRODUCT(($B$3:3B$45=H5)*($C$3:3C$45=H6)*(ROW(SE$S3:SE$45))),1)

Instead of including the values from column E, the ROW function is used to include the
row numbers in the array. SUMPRODUCT now computes 1 * 1 * 12 when it gets to
row 12. The 12 is then used for the row argument in INDEX against the entire column
D:D. Because the ROW function returns the row in the worksheet and not the row in
your table, INDEX uses the whole column as its range.



Formula 63: Finding the Last Value in a Column

Figure 6-14 shows an unsorted list of invoices. You want to find the last invoice in the
list. A simple way to find the last item in the column is to use the INDEX function and
count the items in the list to determine the last row.

=INDEX(B:B,COUNTA(B:B)+1)
F5 ¥ Jo | =IMDE BB, COUNTA{B:E)+1)
A B C [+] E F G
2 Imvoice #_Nem Count  Amount
3 lea'.rr;?' i r 53 :,};‘;.:3
4 IN23T4 L& 0,56 Last nvwodoe Last Amount
3 NG 4 302610 |!!'i{-553 | 332608
& 14305 145 483594
T IN1477 24 963.46
g INESS2 a7 M3
£ ENELES 00 23X
Hal IN1451 4] 397050
11 INI40E 135 3,313
12 ING51E 75 3360
13
id

Figure 6-14: A list of invoices.

How it works

The INDEX function when used on a single column needs only a row argument. The
third argument indicating the column isn’t necessary. COUNTA is used to count the
non-blank cells in column B. That count is increased by 1 because you have a blank
cell in the first row. The INDEX function returns the 12th row of column B.
Gaution COUNTA counts numbers, text, dates, and anything except blanks. If
your data contains blank rows, COUNTA won’t return the desired result.

Alternative: Finding the last number using LOOKUP

INDEX and COUNTA are great for finding values when the range doesn’t contain any
blank cells. If you have blanks and the values you’re searching for are numbers, you
can use LOOKUP and a really large number. The formula in cell G5 of Figure 6-14
uses this technique.

=LOOKUP(9.99E+307,D:D)
The lookup value is the largest number Excel can handle (just under 1 with 308 zeroes

behind it). Because LOOKUP won’t find a value that large, it stops at the last value it
does find, and that’s the value returned.



)

Tp A number like 9.99E+307 is written in exponential notation. The
number before the E has one number to the left of the decimal and two to
the right. The number after the E is how many places to move the decimal
point to show the number in regular notation (307 in this case). A positive
number means to move the decimal to the right, and a negative number
means to move it left. A number like 4.32E-02 is equivalent to 0.0432.

This LOOKUP method has the additional advantage of returning the last number even
if the range has text, blanks, or errors.



Formula 64: Look Up the Nth Instance of a

Criterion

One of the limitations of VLOOKUP and other lookup functions is that they find only
the first occurrence of a matching value in a list. To find the second, third, or
subsequent occurrence, you have to use an array formula.

Figure 6-15 shows a list of salespeople and sale amounts. Next to this list is a filtered
list showing sales for only one salesperson. To create this list with formulas, you can’t
just use a VLOOKUP, because that will find only the first occurrence. You need to
find all the occurrences and list them individually.

The following formula uses a number of functions, including INDEX, SMALL, and
ROW. The SMALL function finds the nth smallest row that matches the name, and that
row 1is used in INDEX to return the amount on that row.

=IF(LEN(E3)>0,INDEX ($C$1:5C$26,SMALL(IF(($B$3:3B$26=E3),ROW($B$3:3B$26),"),ROW()-
2) , 1 ),m l)

F3 = S [=IF{LENLES) =0, INDEX[ 505150506,
SRAALL{IF[[SRSE:S8520=E 1), ROV SBS1:SRE36), ™" RO -2 ). 1), "1}
B C ] E F o] H
1
Fl _Name  Sale Amount Sales for: ICarlax
3 Carlos T1.TE Carlas
4 Payten TX.ET Carlas 136.41
3 Rachel 79,54 Carlos 23359
& Payton g4, 70 Carlos 2 Wk
7 Payton 24433 Carlos G334
B A 12447 Carlat 54164
9 Rachiel TERAS
10 Payton 439,01
11 Ardnew 199.1%
12 Rachisl 63177
13 Carlos 136.41
14 Catlos 133.59
1% Andngw 133.56
15 Arndniw g93.97
17 Catles 6614
13 Rachel BANTE
19 Andoevw 478,51
a0 Payton 234.5%
b | Ardiigw 13830
22 Rachel 414,50
23 Payton 08,75
24 Calos 503,38
pat Rachel 45754
i) Carlos B384

Figure 6-15: A list of sales.

The formula in column E is a bit simpler. It lists the salesperson’s name a number of
times equal to the times the name appears in the main list. It uses COUNTIF to
determine how many times the name appears.

~IF(COUNTIF($B$3:3B$26,$F$2)>ROW()-3,$F$2,")

Both the formulas in column E and column D are copied down a sufficient number of



times to show all the occurrences.

How it works

The formula in column E repeats the name in F2 if the count of that name is greater
than ROW()-3. For cell E3, ROW()-3 returns 0, and “Carlos” is in the main list more
than zero times, so the name is shown. In cell E9, however, ROW()-3 returns 6.
Carlos’s name appears only six times, so the count of his name is not greater than
ROW()-3. In that case, an empty string (two double quotes) is returned.

The formula in column D is an array formula, and you enter it by holding down
Ctrl+Shift and then pressing Enter. The formula starts by checking to see whether there
1s a name in column E. If there isn’t, an empty string is returned. If there is a name, an
INDEX function is used to return the value of the nth instance of the name.




‘=’ Array formulas
Array formulas are special formulas that work on an array of numbers. For non—
array formulas, you enter the formula and press Enter. For array formulas, you
enter the formula and press Ctrl+Shift+Enter. (Hold down Ctrl and Shift and
press Enter.)

When entered as an array formula, Excel puts curly braces, { }, around the
formula. Don’t type these braces yourself — it doesn’t work that way.

SUMPRODUCT works like an array formula, but you enter it the normal way.
SUMPRODUCT only sums the resulting array. If you want to perform an
operation on an array other than summing, such as SMALL, MAX, AVERAGE,
and so on, use an array formula with the appropriate function.

The row argument to INDEX uses the SMALL function. SMALL accepts an array (an
array of rows and empty strings in this case) for its first argument and a number
indicating the nth smallest value. A 2 in the second argument, for example, would find
the second smallest number. For the second argument, you use ROW()-2. Because the
data starts in row 3, the formula in row 3 returns the first smallest number, the formula
in row 4 returns the second smallest number, and so on.

The SMALL function ignores strings and deals only with numbers. You use an IF
statement to return the row number when B3:B26 matches the name. If it doesn’t
match, an empty string is returned, which SMALL simply ignores. When IF is
evaluated for Carlos, the array sent to SMALL looks like this:

{3;"”;"";"”; l"l;"H;"";H";"H;"H; 13; 14;"";""; 17;"";""; "";"H;"H;"";24; "";26}

That’s an array with 24 elements. When Carlos is matched, the row is returned, and
SMALL will find the nth smallest row. For the formula in cell F5, SMALL returns 14
(the third smallest number in the array) and INDEX returns the value in row 14
(233.59).



Formula 65: Performing a Case-Sensitive
Lookup

VLOOKUP and the other lookup functions don’t care about capitalization when
matching values. Using VLOOKUP to match "Bob" and "bob" will return the same
result. When case matters, you use Excel’s EXACT function.

Figure 6-16 shows a list of computer ID numbers and the last date someone logged in
to that computer. The IDs in row 4 and row 11 are identical except for the case of the
two letters in the middle. You want to perform a case-sensitive lookup of the computer
ID.

Figure 6-16 also shows the results of two formulas. One uses VLOOKUP, and the
other uses EXACT. Although you’ve selected the computer ID fromrow 11 in cell F4,
VLOOKUP returns the result from row 4. The EXACT formula returns the correct
result and is shown here:

=INDEX(C1:C12,SUMPRODUCT((EXACT(B3:B12,F4))*(ROW(B3:B12))),1)

QO%EE05aBS5T BG4
CO93443E467 &1 3014

s~ e | =INDEX|CLC12, SUMPRODUCT]|EXACT(B3B12, F4) " [ROW(E3-B12]}).1]
i A B c o E F G
1
2 s lastiogin
3 0010B5TyYEED §/13/2014
4 BOTEEI4EELLS  S/6/M14 I O0366240F11d
5 00180597916 8/29/2014 VLOOKUPR: 862014
& 0089113nT313 &f34/3004 EXACT:
7
2
9

0021987RLEES 814 /2014
QROL151aU08s B4 2014
00366E24aFL19 820/2014
12 GOZIBLOALO4S &/25/ 2014
12

=5

Figure 6-16: A list of computer IDs and login dates.

How it works

By now you’re familiar with using SUMPRODUCT and ROW to feed INDEX with a
row number. This formula uses the EXACT function inside SUMPRODUCT. EXACT
takes two arguments and returns TRUE if they are exactly the same (including
capitalization).

When EXACT is used in SUMPRODUCT or an array formula, you can compare a
range of text values to another value and get back an array of TRUEs and FALSEs. In
this case, EXACT returns TRUE only when it compares B11 to F4. That TRUE value
1s converted to a 1 when multiplied by the array of ROW values, and SUMPRODUCT
returns 11. All of the other EXACT results are FALSE and return 0.



The result of SUMPRODUCT, 11, is used as the row argument to INDEX, which
returns the value from the 11th row in the range C1:C12.



Formula 66: Letting the User Select How to
Aggregate Data

Excel’s CHOOSE function is a great way to have different formulas in the same cell
and let the user select which formula to use. Figure 6-17 shows a list of sales and
three ways to aggregate them. The user can select which aggregator to use by selecting
from a drop-down box in cell G7.

=CHOOSE(MATCH(G7,G3:G5,FALSE),SUM(D3:D17),COUNT(D3:D17),AVERAGE(D3:D17))

Gy v fe | RCHOOSE(MATCHIGT, G365, FALSE], SUM{D3:017), COUNT(D3: DLT) AVERAGE|D3:D17]]
a = D E £ & H I
1
3 _Date  Tickets Sale Amount Aggregates
: sfifza an 1768 Sun
S 30 EL 4541 Count
172004 325 653,09 AErEg
] sfiymne s12 17355
7 sfalmme ss6 136,42 Solect an aggregite; [Average
3 B8 3004 TS 285.4%8
3 shifoe 33 3.0 The Average is:
10 #2800 4040 599,24 1
11 sl 439 44,32 sublotal: | aoss3 ]
12 sNymne 8 253,34
13 s aL4 .2
14 s1a/20m4  an 196.67
15 &fa/zon 72 471,73
16 LIRS T O id G29.04
17 &f30/3004 3480 G25.12

Figure 6-17: Changing the aggregate from the drop-down box in cell G7.

How it works

The CHOOSE function’s first argument is named index num, and it determines which
of the next arguments 1is returned. It can be a number between 1 and the number of
arguments in the function up to 254. The next 254 arguments (only the first one is
required) determines what 1s returned by CHOOSE. If index nums 1, the second
argument is returned; if index num is 2, the third argument 1s returned; and so on.

The arguments after index num are the three ways the user can aggregate the sales
data, namely SUM, COUNT, and AVERAGE. The index num argument is provided by
a MATCH function that returns 1, 2, or 3 depending on where the user’s choice (G7)
falls in the list of aggregates (G3:GS5).

If the user selects Sum, MATCH returns 1 and second argument (SUM) is returned. If
the user selects Count, MATCH returns 2, and the third argument (COUNT) is
returned. In Figure 6-17, the user selected Average, MATCH returned 3, and the fourth
argument (AVERAGE) is returned.

Alternative



Another way to use CHOOSE and MATCH is in combination with the SUBTOTAL
function. SUBTOTAL has a number of built-in aggregates that can be applied to a
range. For example, if the first argument of SUBTOTAL is 9, the range is summed; if
the first argument 1s 2, the range is counted; and if the first argument 1s 1, the range is
averaged.

=SUBTOTAL(CHOOSE(MATCH(G7,G3:G5,FALSE),9,2,1),D3:D17)

Inside the SUBTOTAL, you can use CHOOSE and MATCH to return the SUBTOTAL
aggregate to use. This is more restrictive than simply putting the formula in the

CHOOSE function’s arguments because you’re limited to the aggregates allowed by
SUBTOTAL.



Chapter 7: Common Business and Financial
Formulas

Spreadsheets got their start in the accounting and finance departments back when it
was all done with paper and pencil. And even though Excel has grown far beyond a
simple electronic ledger sheet, that ledger sheet is still a required tool in business. In
this chapter, you look at some formulas commonly used in accounting, finance, and
other areas of businesses.

ﬁ?rre You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 67: Calculating Gross Profit Margin
and Gross Profit Margin Percent

Gross margin is the money left over after subtracting cost of goods sold from revenue.
It’s the amount of sales that the business uses to cover overhead and other indirect
costs. To compute the gross margin, simply subtract cost of goods sold from revenues.
For gross margin percent, divide the gross margin by revenue.

Figure 7-1 shows the financial statements of a manufacturing company. Gross margin
appears in cell C5 and gross margin percent appears in cell DS.

Gross Margin: =C3-C4
Gross Margin Percent: =C5/$C$3

C5 - S| =2C3-CA
Al A 8 C o E F G
1
2 Faii ) 2z
3 Revenue 555,656 100% 565675 100%
4 Costof Goods Sold 41,454 4% 4r852 %
5 Gross Margin I 14,007 ! 26% 15,023 1T
&
7 Research Development 1046 4% 2A66 A%
Selling, General, and
g Administrative Expenses 6,528 11% 5,404 10
9
10 Operating Margin 5628 10% 5,153 14%
11
12 Intergst Expense 445 1% a4F 1%
12 Other Incorme and Expense 1,368 2% 3157 5%
14
15 Net Prafit 53,795 e 55,459 B
15
17

Figure 7-1: A financial statement for a manufacturing company.

How it works

The gross margin formula simply subtracts cell C4 from cell C3. The gross margin
percent divides C5 by C3, but note that the C3 reference 1s absolute because it has
dollar signs. Making the reference absolute allows you to copy the formula to other
lines on the income statement to see the percentage of revenue, a common analysis
performed on income statements.

Alternative: Calculating Markup

Markup is often confused with gross margin percent, but they are different. Markup is
the percentage added to costs to arrive at a selling price. Figure 7-2 shows the sale of
a single product, the markup applied, and the gross margin realized when sold.



C4 - S| =(C3/C2)-1
& B c o E

z Cost of product 46500 465,00
X Selling price 514.00 621.52
5

] Revenug 614,00 633,52
o Cest of Goods Sold 455,00 465,00
g Grasd Margin 140,00 28882
5 Gross Margin Percent 4% Ere, )
10

13

Figure 7-2: Markup and gross margin percent from a single product.

The markup is computed by dividing the selling price by the cost and subtracting 1:
=(C3/C2)-1

By marking up the cost of the product 32 percent, you achieve a 24 percent gross
margin. If you want to mark up a product to get a 32 percent margin (as shown in
column E of Figure 7-2), use the following formula:

=1/(1-E9)-1

Using this formula, you would need to mark up this product 47 percent if you wanted
your income statement to show a 32 percent gross margin.



Formula 68: Calculating EBIT and EBITDA

Earnings before interest and taxes (EBIT) and earnings before interest, taxes,
depreciation, and amortization (EBITDA) are common calculations for evaluating the

results of a business. Both are computed by adding back certain expenses to earnings,
also known as net profit.

Figure 7-3 shows an income statement and the results of the EBIT and EBITDA
calculations below it.

EBIT: =C18+VLOOKUP ("Interest Expense",$B$2:3C$18,2,FALSE)+VLOOKUP("Income Tax
Expense",$B$2:$C$18,2,FALSE)

EBITDA: =C20+VLOOKUP("Depreciation Expense"$B$2:3C$18.2,FALSE)+VLOOKUP("Amortization
Expense",$B$2:$C$18,2,FALSE)

How it works

The EBIT formula starts with net loss in C18 and uses two VLOOKUP functions to
find Interest Expense and Income Tax Expense from the income statement. For
EBITDA, the formula starts with the result of the EBIT calculation and uses the same
VLOOKUP technique to add back Depreciation Expense and Amortization Expense.

You benefit from using VLOOKUP rather than simply using the cell references to those
expenses. If the lines on the income statement are moved around, the EBIT and
EBITDA formulas don’t need to be changed.

b
]

un?if See Chapter 6 for more on the VLOOKUP function.

[ ] = 5| sC1E#VLOOKUR Inferest Expense ™, 585250518, 2 FALSE ]+
WLOOEUR| “Incomip Tax Expense ™, 585150518, 2, FALSE])
A B C (] £ F G
Rwrile E5. 4%
Cost of Goosds Sold 34T
Grods NArgin 05

Siling Expenies

- RCER- LU R L PO N

Administrathve Exponises p & TR
Daprociation Expdnds T.id
] Amdrt raticn Expidriid ___E'.d-i-l_
10 Tedal Operating Expenses 17502
11
12 Ciparating Incoms 815
HE ]
14 Dl Exponsas (5]
15 Ietenesl Expanie 5115
16 Imgoene Tax Exparse 3115
LE U
13 Mt B (Lods) IEI.«!-E-;_:
1%
Fat) EBHT I 7 54T !
n EBITDA 17,731

Figure 7-3: An income statement with EBIT and EBITDA calculations.



Formula 69: Calculating Cost of Goods Sold

The term cost of goods sold refers to the amount you paid for all the goods you sold. It
1s a critical component to calculating gross margin, as demonstrated in Formula 67. If
you use a perpetual inventory system, you calculate cost of goods sold for every sale
made. For simpler systems, however, you can calculate it based on a physical
inventory at the end of the accounting period.

Figure 7-4 shows how to calculate the cost of goods sold with only the beginning and
ending inventory counts and the total of all the inventory purchased in the period.

Goods Available for Sale: =SUM(C2:C3)
Cost of Goods Sold: =C4-C5

=] ¥ 5| =Ca-c5
A B L= ]

Beginning Inventony 1,735,642.25%
Purchasis EAL IR TT
Goods Available for Sale 1,878 T8.02
Ending Irventany 1.011.903.23

Cost of Goads Sald Tk B9 79

= - BRI R TR N

8

Figure 7-4: Calculating cost of goods sold.

How it works

The goods available for sale is beginning inventory plus all the purchases made. It is
an intermediate calculation that shows what your ending inventory would be 1f you
didn’t sell anything,

The cost of goods sold calculation simply subtracts ending inventory from the goods
available for sale. If you had the goods at the start of the period or you bought them
during the period but you don’t have them at the end of the period, they must have been
sold.



Formula 70: Calculating Return on Assets

Return on assets (ROA) is a measure of how efficiently a business is using its assets to
generate income. For example, a company with higher ROA can generate the same
profit as one with a lower ROA using fewer or cheaper assets.

To compute ROA, divide the profits for a period of time by the average of the
beginning and ending total assets. Figure 7-5 shows a simple balance sheet and
income statement and the resulting ROA.

=G15/AVERAGE(C12:D12)
Gl = B | =G1S/AVERAGE(CI2:D12)
A& (1] iC i} E F G H
1
2 Balanee Shedat Incame Stalement
3 Cash 51,186 5104 Reverue 555,655
4 Atounts Retdivable 3 504 3,026 Lot of Goods Sold ___43_.15'_.&__
5 Inventorias 8,355 7651 Gross Margin 14,202
[ Total Currgént Afsets 13,425 10,801
7 Research & Development 2046
8 Property and Equipment 4,340 4,516 56 & A Enpondes G518
9 Other Assels 578 ix2
10 Total Long-term Assels a.858 4,838 Operating Margin LR
11
12 Total Assels 518,323 515,639 Interest Expense 465
13 Other ingome and Expense 1,368
14 Acoounts Payable 5160 52,644
15 Agcrued Expenses 1,334 1431 Net Profit 53,795
16 Motes Payable Cumrent 785 Thl
17 Total Current LEabilities 3 7T 4,835
15 [Return on Assets [zl
19 Notes Payable Long Term ___!d?.'r ﬂﬂ::_ |R|~I urnon Fquih_f | 40.1 :’.";_-
20 Total Liabilities 5,969 BO30
21
22 Common SLock 453 453
23 Additional Pald-in Capétal 4,562 4,562
24 Retained Earnings 6,339 2,544
i3 Total Equity 1.3 fa5
5 [
a7 Total Liabilities and Equity 518,323 515,633
8

Figure 7-5: A return on assets calculation.

How it works

The numerator is simply the net profit from the income statement. The denominator
uses the AVERAGE function to find the average total assets for the period.

Alternative: Calculating return on equity

Another common profitability measure is return on equity (ROE). An investor may use
ROE to determine whether her investment in the business 1s being put to good use. As
does ROA, ROE divides net profit by the average of a balance sheet item over the
same period. ROE, however, uses average Total Equity rather than average Total
Assets. The formula to calculate ROE from Figure 7-5 is as follows:



=G15/AVERAGE(C25:D25)



Formula 71: Calculating Break Even

A business may want to determine how much revenue it will need to achieve a net
profit of exactly $0. This revenue result is called break even. To determine it, the
business estimates its fixed expenses as well as the percentage of each of its variable
expenses. Using those numbers, it can back into a revenue amount that results in break
even.

Figure 7-6 shows a break-even calculation. Column C shows either an “F” for a fixed
expense or a percentage for an expense that varies as revenue changes. For example,
research and development will be spent according to a budget and doesn’t change if
revenue increases or decreases. On the other hand, if the business pays a commission,

the selling expenses will rise and fall with revenues.

The calculations to determine break even (those numbers where column C is blank)
are as follows:

Operating Margin: =SUM(D15:D18)

Margin Net of Variable Expenses: =SUM(D10:D13)

Gross Margin: =SUM(D7:D8)
Revenue: =ROUND(D8/(1-SUM(C4:C7)),0)

The two variable expenses shown in Figure 7-6, Cost of Goods Sold and Selling
Expenses, are calculated by multiplying the revenue figure by the percentage. The
formulas from Figure 7-6 are as follows:

Cost of Goods Sold: =ROUND(D3*C4,0)
Selling Expenses: =ROUND(D3*C7,0)

D v £ =ROUND{DE/[1-SUNM[CA:CT)),0)
& B C D E

1
2z Income Statement
3 Revinase I 516,935 !
4 Cost of Goods Sold a0k 6.7
5 Grgss Margin 10,161
G
7 Selling Expenses B% 1,355
8 Margin Met of Variable Expenses 8,806
)
10 Research & Development F 2,046
11 Ganeral & Admin Expenses F 4,927
12
12 Operating Margin 1,833
14
15 Interest Expense F 465
16 Other iIncome and Expense F 1,368
17 P
18 Met Profit F &0
15
20

Figure 7-6: A break-even calculation.



How it works

To build the break-even model in Figure 7-6, follow these steps:

. Enter 0 into cell D18 to indicate zero net profit.

2. Enter the fixed expense amounts in column D next to their labels in column B.

. Enter the percentage the company pays in commission in cell C7 (8% in this
example).

. Enter a percentage equal to 1 minus the expected gross margin in cell C4. In this
example, the company expects a 60 percent gross margin percent, so you enter
40% in C4.

. In cell D13, enter the formula for Operating Margin shown previously. The
Operating Margin must be the sum of Interest Expense and Other Income and
Expense. As shown in Figure 7-6, if you estimate Interest Expense to be $465 and
Other Income and Expense to be $1,368, Operating Margin must be $1,833 for
Net Profit to be zero.

. In cell D8, enter the formula for Margin Net of Variable Expenses shown
previously. This calculation is Operating Margin plus the fixed operating
expenses. It will drive the revenue calculation.

. In cell D7, enter the formula for Selling Expenses shown previously. You haven’t
entered the revenue formula yet, so this will be zero for now. After revenue is
entered, however, the cell will show the correct value.

. Enter the formula for Cost of Goods Sold in cell D4. As with the Selling
Expenses formula, this formula will return zero until revenue is computed.

. Finally, enter the formula for Revenue in cell D3. The Revenue calculation
divides Margin Net of Variable Expenses by 1 minus the sum of the variable
percentages. In Figure 7-6, the two variable expenses will be 48 percent (40
percent plus 8 percent) of revenue. Subtracting 48 percent from 100 percent
leaves 52 percent, which is divided into the Margin Net of Variable Expenses to
get Revenue.

If this company makes a 60 percent gross margin, pays 8 percent in commissions, and
has estimated the fixed expenses accurately, it needs to sell $16,935 to break even.



Formula 72: Calculating Customer Churn

Customer churn is the measure of how many customers you lose in a given period. It’s
an important metric to track for subscription-based businesses, although it’s
applicable to other revenue models as well. If your growth rate (the rate at which you
are adding new customers) is higher than your churn rate, your customer base is
growing. If not, you’re losing customers faster than you can add them, and something
needs to change.

Figure 7-7 shows a churn calculation for a company with recurring monthly revenue.
You need to know the number of customers at the beginning and end of the month and
the number of new customers in that month.

Subscribers lost: =C2+C3-C4
Churn rate: =C6/C2

cr = Jo | =0sfcz
A B C

Subseribers at beginning of month: 4,11%
M Subseribani: B4
Subderibirs ot end of month: ER

Subscribers losh: 335

Churm rate: I 5.71%

o R T S ]

Figure 7-7: Calculating the churn rate.

How it works

To determine the number of customers lost during the month, the number of new
customers is added to the number of customers at the beginning of the month. Then the
number of customers at the end of the month is subtracted from that total. Finally, the
number of customers lost during the month is divided by the number of customers at
the beginning of the month to get the churn rate.

In this example, the business has a churn rate of 9.21 percent. It is adding more
customers than it is losing, so that churn rate may not be seen as a problem. However,
if the churn rate is higher than expectation, the company may want to investigate why
it’s losing customers and change its pricing, product features, or some other aspect of
its business.

Alternative: Annual churn rate

If a business has monthly recurring revenue, it means that customers sign up and pay
for one month at a time. For those companies, 1t makes sense to calculate the churn rate
on a monthly basis. Any new customers during the month will not churn in the same
month because they’ve already paid for the month.



A typical magazine, however, signs up subscribers for an annual subscription. A
meaningful churn rate calculation for that business would therefore be an annual churn
rate. If a business wants to calculate a churn rate for a longer period than its recurring
revenue model, such as calculating an annual churn for a business with monthly
subscribers, the formula changes slightly. Figure 7-8 shows an annual churn rate
calculation.

Annual churn rate: =C6/AVERAGE(C2,C4)

c7 - £ | wCB/AVERAGE(CZ,CH)
A B C 4]

Subscribers at begs n:'.m;nfl,f-ar: 4.31%
Mty paberibet; 7415
Subscribert 8t end of year: 10,551

Lubderibars lodl: o]

Arngal chivem rate:

6 wnh (O WA e el B

Figure 7-8: Annual churn rate of monthly recurring revenue.

The number of lost subscribers is divided by the average of beginning and ending
subscribers. Because the period of the churn rate is different from the period of the
recurring revenue, some of those 7,415 new subscribers canceled their subscriptions
within the year, albeit in a later month than they first subscribed.



Formula 73: Calculating Average Customer
Lifetime Value

Customer Lifetime Value (CLV) is a calculation that estimates the gross margin
contributed by one customer over that customer’s life. The churn rate calculated in
Formula 72 is a component of CLV.

Figure 7-9 shows a calculation of CLV using the churn rate previously calculated. The
first step is to calculate the average gross margin per customer.
Gross margin: =F2-F3

Average customer margin: =F4/AVERAGE(C4,C10)
Customer Lifetime Value: =F6/C7

F7 - A
A B C (8] E F G

1

2 Subscribers at beginning of month; 4,215 Monthly revenue SE4,810
3 Bow subscribers: 614 Cost of goods sold 235430
4 Subscribers at end of month: 4,441 Gross Margin 338,885

-]

(3 Lubiiribors bodt: ags Awirage cuitomar margin 76.31

7 Churn rate: 9.21% Custamer Lifetime Value
g

a

Figure 7-9: Customer Lifetime Value calculation.

How it works
To calculate CLV, follow these steps:

1. Calculate the gross margin as demonstrated in Formula 67: revenue less cost ot
goods sold.

2. Calculate the average customer margin by dividing the gross margin by the
average number of customers for the month. Because the gross margin was earned
over the month, you have to divide by the average number of customers instead of
either the beginning or ending customer count.

3. Calculate the CLV by dividing the average customer margin by the churn rate.

In this example, each customer will contribute an estimated $828.97 over his or her
lifetime.



Formula 74: Calculating Employee Turnover

Employee turnover is a measure of how well an organization is hiring and retaining
talent. A high turnover rate indicates that the organization is not hiring the right people
or not retaining people, possibly due to inadequate benefits or below-average pay.
Separations commonly include both voluntary and involuntary terminations.

Figure 7-10 shows the employment changes of an organization over a 12-month
period. New hires are added to and separations are subtracted from the number of
employees at the beginning of the month to get the ending employee count.

Average monthly employment: =AVERAGE(F3:F14)

Separations: =SUM(E3:E14)
Employee Turnover: =F17/F16

F18 - I | =F17{F16

A B C D E F
1
2 Month Beg. Employess New Hires Separations End, Employees
3 lan 625 10 7 628
4 Feb 628 2 7 623
5 Mar 623 4 1 626
] Apr 626 7] 3 629
7 May 629 L] 1 633
8 Jun 633 5 2 636
9 Jul 636 2 5 633
10 Aug 633 3 5 631
11 Sep 631 2 [ 627
12 Oct 627 4 2 629
13 MNow 629 10 5 634
14 Dec 634 8 2 640
15
16 Average monthly employment 630,75
17 Separations 4,00
18 Employee Turnover I ?.29‘-‘5_'
15

Figure 7-10: Monthly employment changes over one year.

How it works

Employee turnover is simply the ratio of separations to average monthly employment.
The AVERAGE function is used to calculate the average ending count of employees
over the months. Separations are summed using SUM and are divided by the average
monthly employments.

The result can be compared to industry averages or companies in the same industry.
Different industries experience different turnover rates, so comparing them can lead to
poor decisions. You don’t have to calculate turnover for a 12-month period, but doing
so removes seasonal employment variations that can skew results.



Formula 75: Converting Interest Rates

Two common methods for quoting interest rates are the nominal rate and the effective
rate:

e Nominal rate: This is the stated rate and is usually paired with a compounding
period, for example, 3.75 percent APR compounded monthly. In this example,
3.75 percent is the nominal rate; APR is short for annual percentage rate, meaning
the rate is applied on an annual basis; and one month is the compounding period.

o Effective rate: This is the actual rate paid. If the nominal rate period is the same
as the compounding period, the nominal and effective rates are identical.
However, as is usually the case, when the interest compounds over a shorter
period than the nominal rate period, the effective rate will be higher than the
nominal rate.

Figure 7-11 shows 12 compounding periods in the middle of a 30-year loan. The
original loan was for $165,000, has a nominal rate of 3.75% APR compounded
monthly, and calls for 30 annual payments of $9,169.68 each.

E21 - S| =EFFECT(F20.12)
A 5 C D E E e

1

. Date Payment  Principle interest  Balance

3 152,150.7%
4 1/10/2015 - [475.47) 47347 15262720
3 2/10/2015 = [476.96) 476,96 153,104.16
& 3110/ 2015 - [a7845) 47845 15358261
7 410/ 2015 . [472.,95) 47895 154,062.56
a 5710/ 2015 * [451.45) 481.45 154,544.01
9 610/ 2015 - [452.95) 48295 15502696
10 711042015 . [424.46) 48446 15551142
11 8710/ 2015 - [#85.97) 43597 155997.39
12 9410/ 2015 . (48745 48749 156,484,88
13 1010/ 2015 - [489.02) 4585.02 156,971.30
14 11110/ 2015 - [450.54) 49054 15746444
15 12/10/2015 9,169.63 B.677.60 492.08 14878634
16

17 Total interest paid 580479
18 Effective Rate 3.815%
19

0 Givien Mominal Rate 3, 750%
21 Compute Effective Rate 3.815%
22

x Given Effective Rate 3815%
2 Compute Mominal Rate 3.750%

Figure 7-11: A partial amortization schedule to compute the effective rate.

For each period that the interest compounds but no payment is made, the balance goes
up by the amount of interest. When the payment is made, a little of it goes to the last



month’s interest and the rest of it reduces the principle.

Cell F17 sums all the interest compounded over the year and cell F18 divides it by the
beginning balance to get the effective rate. Fortunately, you don’t have to create a
whole amortization schedule to convert interest rates. Excel provides the EFFECT and
NOMINAL worksheet functions to do that job:

Effective Rate: =EFFECT(F20,12)
Nominal Rate: =NOMINAL(F23,12)

How it works

Both EFFECT and NOMINAL take two arguments: the rate to be converted and the
npery argument. The rate to be converted is the effective rate for NOMINAL and the
nominal rate for EFFECT. The npery argument is the number of compounding periods
in the nominal rate period. In this example, the nominal rate is annual because the term
APR was used. A year has 12 months, so your nominal rate has 12 compounding
periods. If, for example, you had a loan with an APR that compounded daily, the npery
argument would be 365.

Alternative: Computing effective rate with FV

The effective rate can also be computed with the FV function. With such a handy
function as EFFECT, you don’t need to resort to FV, but it can be instructive to
understand the relationship between EFFECT and FV.

=FV(3.75%/12,12,0,-1)-1

This formula computes the future value of'a $1 loan at 3.75 percent compounded
monthly for one year and then subtracts the original $1. If you were to take this loan,
you would pay back $1.03815 after the year was over. That means you’d owe an
additional $0.03815 more than you borrowed, or, effectively, 3.815 percent.



Formula 76: Creating a Loan Payment

Calculator

You can use the Excel PMT worksheet function to calculate your monthly payment on
a loan. You can hard-code the values, such as the loan amount and interest rate, into
the function’s arguments, but by entering those values in cells and using the cells as the
arguments, you can easily change the values to see how the payment changes.

Figure 7-12 shows a simple payment calculator. The user enters values in C2:C4 and
the payment is calculated in C6 with the following:

=PMT(C3/12,C4*12,C2,0,0)

6 - Je | =PMT{C3/12,C4%12,C2,0,0)
z A 4] =
amount Borrowed:; 215,000 |
Interest Rate: d.tzfﬁé_

Years 30

‘four monthly payment: [ [$1,042.00)

Sl |G| WA B W R

Figure 7-12: A simple loan payment calculator.

How it works
The PMT function takes three required arguments and one optional argument:

e rate (required): The rate argument is the annual nominal interest rate divided by
the number of compounding periods in a year. In this example, the interest
compounds monthly, so the interest rate in C3 is divided by 12.

e nper (required): The nper argument is the number of payments that will be made
over the life of the loan. Because your user input asks for years and the payments
are monthly, the number of years in C4 is multiplied by 12.

e pv (required): The pv argument, or present value, is the amount being borrowed.
Excel’s loan functions, of which PMT is one, work on a cash flow basis. When
you think about present value and payments as cash inflows and outflows, it’s
easier to understand when the value should be positive or negative. In this
example, the bank is loaning you $215,000, which is a cash inflow and thus
positive. The result of the PMT function is a negative because the payments will
be cash outflows.



ap?

o If you want the PMT function to return a positive value, you can change
the pv argument to a negative number. That’s like calculating the payment
from the bank’s perspective: The loan is a cash outflow and the payments
are cash inflows.

(44

cauton The most common mistake in financial formulas is a mismatch between
compounding periods and payment frequency. In this example, the rate is
divided by 12 to make it a monthly rate and the nper is multiplied by 12 to
make it a monthly payment. Both arguments are converted to monthly, so
they match and you get the correct result.

If you forgot to divide the rate by 12, Excel would think you were entering a
monthly rate, and the payment would be way too high. Similarly, if you
entered years for the nper and a monthly rate, Excel would think you were
paying only once a year.

Excel doesn’t really know whether you enter months, years, or days. It cares
only that the rate and nper match.

Alternative: Creating an amortization schedule

With the payment amount calculated, you can create an amortization schedule that
shows how much of each payment is principle and interest and what the loan balance
is after each payment. Figure 7-13 shows a portion of the amortization schedule.
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B | =ROUND{H10"5C53/12,2)

B C D E F G H
Amount Borrowed: . 215,000 .
interest Rate: [ -5.125?43_
Years 13

Your monthiy payment:

Pt N Pt Amt Pringiple Interest  Balance
215,000.00
1,603.83 EM.?.?I ?39.06! 214,135.23
1,603.83  867.74 TI608  213,267.49
1,603.83 8T0.72 73311 21238677
1,603.83 87372 7011 211,523.05
1,603.83 876.72 TI7.11 210,646.33
1,603.83 B79.73 72410 209,766.60
1,603.83 BEXLT6 721.07 208,883.34
1.603.83 B85 T715.04 207.998.05
1,603.583 B3R.84 71499 N7,109.21
10 1,603.83 89189 T11.54 206,217.32
11 1,603.83  £94.96 TOS.8F 20532236
12 1,603.83 E9E.03 TJ05.80 20442433
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Figure 7-13: A partial amortization schedule.

The columns of the amortization schedule are as follows:

Pmt No: The number of the payment being made. You enter 1 into D11. Then you
enter the formula=D11+1 into D12 and copy it down to D370. (Your
amortization schedule can handle 360 payments.)

Pmt Amt: The amount of the PMT calculation rounded to the nearest penny.
Although Excel can calculate a lot of decimal places, you can write a check only
for dollars and cents. This means that there will be a small balance at the end of
the loan. You enter the formula == ROUND($C$6,2) into E11 and fill it down
through E370.

Principle: The amount of each payment applied to the loan balance. You enter the
formula =E11-G11 into F11 and fill it down through F370.

Interest: The amount of each payment that is interest. The balance after the prior
payment is multiplied by the interest rate divided by 12. The total is rounded to
two decimal places. Enter the formula =ROUND(H10*$C$3/12,2) into G11 and
fill it down through G370.

Balance: The balance of the loan after the payment. Enter the formula =C2 in
H10 to represent the original amount of the loan. Starting in H11 and continuing
down to H370, the formula =H10-F11 reduces the balance by the principle
portion of the payment.



In the example shown previously in Figure 7-13, the number of years was entered as
15, compared to 30 in Figure 7-12. Reducing the length of the loan increases the
amount of the payment.

The final step 1s to hide rows beyond the loan term. You accomplish this task with
conditional formatting that changes the font color to white. A white font color against a
white background effectively hides the data. The formula for the conditional formatting
follows and is shown in Figure 7-14.

=$D12>$C$4*12
Edit Formatting Rule o ]
Gt o Role Tyoe:

b Formal ony cells that contain

I Farmal orly B of batton fanied valles
e Formal arly vakes $hat ang albrog & Balow snntd 55k
i | = Format oy uregue or duphcate vehues

[0 oo & Eovmad b determne: which oo b Remat

I
| b Formas ol colls Baged| o ther walses
|

£91 the Dt Desirpnan:
Fremal vahees wivre this fosanuls b brue:
SR RG4S )

Preveew: Formal...

' (e ) [ conce
.

Figure 7-14: Conditional formatting to hide rows.

This formula compares the payment number in column D to the number of years in C4

times 12. When the payment number is larger, the formula returns TRUE and the white
font color formatting is applied. When the payment number is less than or equal to the

total number of payments, no conditional formatting is applied.

o et See Chapter 9 for more information on conditional formatting.



Formula 77: Creating a Variable-Rate
Mortgage Amortization Schedule

In Formula 76, you create an amortization schedule for a loan with a fixed interest
rate. There are also loans for which the rate changes at times during the life of the
loan. Often these loans have an interest rate that’s tied to a published index, such as
the London Interbank Offered Rate (LIBOR), plus a fixed percentage. Those interest
rates are usually stated as “LIBOR plus 3%,” for example.

Figure 7-15 shows an amortization schedule for a loan with a variable interest rate.
We added a Rate column to the amortization schedule so that interest rate changes will
be obvious. A separate table is used to record when the rate changes.

The Rate column has the following formula to select the proper rate from the rate
table:

=VLOOKUP(D11,$K$11:$.$23 2, TRUE)

The Interest column formula changes to use the rate in column G rather than the rate in
C3:

=ROUND(I10*G11/12,2)

All other formulas are unchanged from the schedule created in Formula 76.

Gl - | SLOOKURMDLL, 5081 1-50523, 2 TRUE)
A g i 2] E F [ H ] } ¥ L 1
Amount Bodrawed: 215,000
Intenesk Rate: 4. 125%

Years 15

Your monthly payment:

R . T S PO TR

Pt Mo PmtAmt  Principle Rate Interedt  Balande Interest Changes
21500000 _Fmt HD.__NE‘E'HE

1,603.83 SIS-'I-.??I -"--52556! 739,06 214,135.23 1 4,115%

1,603.83 B67.74 4.125% 73609 21326749 10| 3.875%|

L0383 072 4.125% TINA1 | 21239677 58 | 40000

1.603.83 87372 4.135% TR0l 210,513.05

1,603.83 876,72 #.125% 72711 210,686,33

1,603.83 879.72 4.1255% TM.A0 209, 76660

L603.83 88276 4.125% 72107 2088853184

1,603.83 83579 4.125% T804 207,958,058

160383 BEE.54 #.125% T14.9% 20710921

10 1,603.83 93504 TETSH GER.TY 206,174.17

11 Le0383 P35.06 3ETER GRRTT 20523611

12 1603.83 105 38750 G6LT4 204,155.02

13 1,603.83 944,13 3.875% 659.70 203,350,859

14 1,603.83 4712 38755 656.65 20240171

5 13 L&03.63 950.23 3.575% 65360 143348
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Figure 7-15: A variable-rate amortization schedule.

How it works



The Rate column uses a VLOOKUP with a fourth argument of TRUE. The fourth
argument of TRUE requires that the rate table be sorted in ascending order. Then
VLOOKUP looks up the payment number in the rate table. It doesn’t require an exact
match but returns the row where the next payment number is larger than the lookup
value. For instance, when the lookup value is 16, VLOOKUP returns the second row
of the rate table because the payment number in the next row, 98, is larger than the
lookup value.

(o et See Chapter 6 for more examples of using VLOOKUP.

The interest rate column formula is very similar to the one used in Formula 76 except
that the absolute reference to $C$3 is replaced by a reference to column G (G11 for
the formula inrow 11).

Alternative: Using dates instead of payment numbers

The two amortization schedules for this section and the previous one use the payment
number to identify each payment. In reality, those payments are due on the same day of
the month. Using a payment number instead of a date, however, allows the
amortization schedule to be used for loans that start on any date. Figure 7-16 shows an
amortization schedule using dates.

o1z - £ | =DATE{YEAR[DA 1), MONTH|DL1) =1, DAY [ D1)]
A g c B E F G H I ] K L
Amgunt Borrowed: 215,000
Interest Rate: CB sy

Years L]

Your monihly payment:

& e B R e

4 PmtMe  PmtAmt Principle  Rabe  Enobtérést  Balande Intérest Changes
10 Z15,000,00 Prnd Mo, Mew Rate
1 171073015 1,603.83 86477 4.125% TIR06 21413523 11073015 41255
12 2f10f015] 1,603,583 6774 4.125% 73609 213.267AF W01 2015 35755
13 }10f015  1,603.83 BMN.72 4.125% 73311 239577 1 23] A.000%
14 AF10f015  1.603.83 §M.72 4.125% 730,11 2ML523.05

15 SM000s 1803.83 EMET2 408K MMl 1064633

o

6L10/3015 160383 ST 4.125% TML0 309,7E6.60
I0F00% 160383 SEITS 4.135% THLOT 0565184
8102015 1.603.83 80879 4.125% T804 HON9RE05

4

@

19 A0 3015 1,603.83 ZER.EL 4.125% Tiavd  MO7108.01
20 10/10/3015 1,603.83 935.04 1EMSR 66LTR 206,147
21 11/10/3015  1,601.83 938.06 1AM BARTF 521611
22 12f10/3015 1,603.83 341,09 1ETSN BT 204,295.02
23 17003016 1,603,583 984,13 JETSH 659.70  203,350.89
4 10/H016  1,603.83 34718 3.875% 65665 20240371
5 3I0f3006 1,603,583 950,23 3TN 653.60  I0LA53A43

Figure 7-16: A date-based amortization schedule.

To modify the schedule to show the dates, follow these steps:



. Enter the first payment date in cell D11.

. Enter the below formula in D12 and fill down.
=DATE(YEAR(D11),MONTH(D11)+1,DAY(D11))

. Change the Pmt No column in the rate table (cells K9:1.23) to the date the rate
changed.

. Change the formula in the conditional formatting to the following formula:
=$D12>=DATE(YEAR($D$11),MONTH($DS11)+($C$4*12),DAY ($DS11))



Formula 78: Calculating Depreciation

Excel provides a number of depreciation-related worksheet functions including DB,
DDB, SLN, and SYD. In this section, you look at calculating straight-line (SLN) and
variable-declining balance (VDB) depreciation.

Note The depreciation for the first and last year of an asset’s life is usually
different than for the middle year. A convention is employed so that a full
year’s depreciation is not taken for the first year. Common conventions are
half-year, mid-month, and mid-quarter. For the half-year convention, the
asset is assumed to have been purchased at the halfway point of the year;
consequently, one half of a normal year’s depreciation is recorded for that
year.

Figure 7-17 shows a depreciation schedule for five assets using the straight-line
method and a half-year convention. Columns B:E contain the following user-entered
data:

e Asset No.: A unique identifier for each asset. It’s not necessary for the schedule,
but 1s handy for keeping track of assets.

e Cost: The amount paid to put the asset in service. This amount includes the price
paid for the asset, any taxes associated with purchase, the cost to ship the asset to
its place of service, and any costs to install the asset so that it’s ready for use.
This amount is also known as basis or cost basis.

e Year Acquired: The year the asset was put into service. This year may be
different from the year the payment was made to purchase the asset. It determines
when depreciation starts.

e Useful Life: The number of years you estimate that the asset will provide
service.

The formula in F3:N7 is as follows:

=IF(OR(YEAR(F$2)
<$D3,YEAR(F$2)>$D3+$E3),0,SLN($C3,0,8E3))*IF(OR(YEAR(F$2)=$D3+S$E3,Y EAR(F$2)=$D3),0.5,1)
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Figure 7-17: A straight-line depreciation schedule.

How it works

The main part of this formula is SLN($C3,0,$E3). The SLN worksheet function
computes the straight-line depreciation for one period. It takes three arguments: cost,
salvage, and life. For simplicity, the salvage value for this example is set to zero,
meaning that the asset’s cost will be fully depreciated at the end of its useful life.

The SLN function is pretty simple. But this is a depreciation schedule, so you have
more work to do. The first IF function determines whether the date for that column (in
row 2) is within the asset’s useful life. If the year of the date in F2 is less than the year
acquired, the asset isn’t in service yet and the depreciation is zero. If F2 is greater
than the year acquired plus the useful life, the asset is already fully depreciated, and
the depreciation is zero. Both of these conditionals are wrapped in an OR function so
that if either is TRUE, the whole expression returns TRUE. If both are FALSE,
however, the SLN function is returned.

[l';‘!-ri-HEf See Chapter 5 for more examples of using IF with OR.

The second part of the formula is also an IF and OR combination. These conditional
statements determine whether the year in F2 is either the first year of depreciation or
the last year. If either is TRUE, the straight-line result is multiplied by 0.5,
representing the half-year convention employed here.

All the cell references in this formula are anchored so that the formula can be copied
down and to the right and so that the cell references change appropriately. References
to row 2 are anchored on the row so that you’re always evaluating the date in row 2.
References to the columns C:E are anchored on the columns so that Cost, Year
Acquired, and Useful Life stay the same as the formula is copied.

n
tossRef See Chapter 1 for more information on relative and absolute cell
references.

Alternative: Accelerated depreciation



The straight-line method depreciates an asset equally over all the years of its useful
life. Some organizations use an accelerated method, which is a method that
depreciates at a higher rate at the beginning of an asset’s life and a lower rate at the
end. The theory is that an asset loses more value when it is first put in service than in
its last year of operation.

Excel provides the DDB function (double-declining balance) for accelerated
depreciation. DDB computes what the straight-line method would be for the remaining
asset value and doubles it. The problem with DDB is that it doesn’t depreciate the
whole asset within the useful life. The depreciation amount gets smaller and smaller
but runs out of useful life before it gets to zero.

The most common application of accelerated depreciation is to start with a declining
balance method, and after the depreciation falls below the straight-line amount, the
method is switched to straight line for the remaining life of the asset. Fortunately,
Excel provides the VDB function, which has that logic built in. Figure 7-18 shows a
depreciation schedule using the VDB-based formula as follows:

=IF(OR(YEAR(F$2)

<$D3,YEAR(F$2)>$D3+$E3),0,VDB($C3,0,8E3*2,IF(YEAR(F$2)=$D3,0,[F(YEAR(F$2)=$D3+$E3,$E3*2-
1,(YEAR(F$2)-$D3)*2-1)),IF(YEAR(F$2)=$D3, 1 IF(Y EAR(F$2)=$D3+$E3,$E3*2,(YEAR(F$2)-

$D3)*2+1))))
F3 » Fo | mIF{ORIVEAR| FEI] SO YEAR P51 >S05+5E ] 0 VDR SCLOSEN LIF[YEAR|FE2) e50),0,
FFFEAR[FS wSD345ET SET" 2.1, [VEAR[FSE|S03) " 2 1)),
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Figure 7-18: An accelerated depreciation schedule.

You might have noticed that this formula is a little more complicated than the SLN
formula from the previous example. Don’t worry, we step through it piece by piece for
you. Here’s the first part:

=IF(OR(YEAR(F$2)<$D3,Y EAR(F$2)>$D3+$E3),0,VDB(...))))
This first part of the formula is identical to the SLN formula described previously in
this section. If the date in row 2 is not within the useful life, the depreciation is zero. If
it is, the VDB function is evaluated. Following is the VDB function from the IF

function’s third argument. There are placeholders for the starting period and ending
period arguments of VDB, which we explain later.

VDB($C3,0,$E3*2 starting_period,ending_period)
The first three arguments to VDB are the same as the SLN arguments: cost, salvage



value, and life. SLN returns the same value for every period so that you don’t have to
tell SLN which period to calculate. But VDB returns a different amount depending on
the period. The last two arguments of VDB tell it which period to compute. The life in
E3 is doubled, which we explain in the next section.

Starting_period: IF(YEAR(F$2)=$D3,0,IF(Y EAR(F$2)=$D3+$E3,$E3*2-1,(YEAR(F$2)-$D3)*2-1))

None of Excel’s depreciation functions takes into account the convention. That is,
Excel calculates depreciation as if you bought all your assets on the first day of the
year. That’s not very practical. In this section, you assume a half-year convention so
that only half of the depreciation is taken in the first and last years. To calculate
depreciation on a half-year convention using VDB, you have to trick Excel into
thinking that the asset has twice its useful life.

For an asset with a five-year useful life, the period for the first year goes from 0 to 1.
For the second year, the periods span 1-3. The third year spans periods 3—5. That
pattern continues until the last year, which spans 9—10 (10 is double the five-year
life). The starting period portion of the formula evaluates like this:

e Ifthe year to compute is the acquisition year, make the starting period zero.

e [f the year to compute is the last year, make the starting period the useful life
times two and subtract one.

e For all other years, subtract the acquisition year from the year to compute,
multiply by two, and subtract 1.

The ending period portion of the formula is similar to the starting period portion. For
the first year, the ending period argument is set to 1. For the last year, it ends at the
useful life times 2 minus 1. For the middle years, it does the same calculation except
that 1t adds 1 instead of subtracting.

By doubling the useful life, say from 7 periods to 14 periods for a seven-year asset,
you can introduce the half-year convention into a declining balance function like VDB.



Formula 79: Calculating Present Value

The time value of money (TVM) is an important concept in accounting and finance.
The 1dea is that a dollar today is worth less than the same dollar tomorrow. The
difference in the two values is the income you can create with that dollar. The income
may be interest from a savings account or the return on an investment.

Excel provides several functions for dealing with TVM, such as the PV function for
calculating the present value. In its simplest form, PV discounts a future value amount
by a discount rate to arrive at the present value. If I promise to pay you $10,000 one
year from now, how much would you take today instead of waiting? The following
formula and Figure 7-19 show how you would calculate that amount:

=PV(C4,3,0-C2)

s - fe | =PV(C8,C3,0,-C2)

Present Value | 5943396

A 33 C D E
1
2 Future value 10,000
3 Years 1
4 Discount Rate .00
5
&

Figure 7-19: A present value calculation.

How it works

The present value calculator in Figure 7-19 suggests that you would take $9,434 now
instead of $10,000 a year from now. If you took the $9,434 and were able to earn 6
percent over the next year, you would have $10,000 at the end of the year.

The PV function accepts five arguments:

e rate: Also known as the discount rate, the rate argument is the return you think
you could make on your money over the discount period. It is the biggest factor in
determining the present value and can also be the hardest to determine. If you’re
conservative, you might pick a lower rate — something you’re sure you can
achieve. If you were to use the money to pay off a loan with a fixed rate, the
discount rate would be easy to determine.

e nper: The nper is the period of time to discount the future value. In this example,
the nper is 1 year and is entered in cell C3. The rate and the period must be in the
same units. That is, if you enter an annual rate, nper must be expressed as years.
If you use a monthly rate, nper must be expressed as months.

e pmt: The pmt argument is the regular payments received over the discount



period. When there is only one payment, as in this example, that amount is the
future value and the payment amount is zero. The pmt must also the match the nper
argument. If your nper is 10 and you enter any nonzero pmt, PV assumes that
you’ll get that payment amount 10 times over the discount period. The next
example shows a present value calculation with payments.

fv: The future value amount is the amount you will receive at the end of the
discount period. Excel’s financial function works on a cash flow basis. That
means the future value and present value have opposite signs. For this example,
the future value was made negative so the formula result would return a positive
number.

type: The type argument can be 0 if the payments are received at the end of the
period or 1 if the payments are received at the beginning of the period. The type
argument has no effect on this example because the payment amount is zero. The
type argument can be omitted, in which case it is assumed to be 0.

Alternative: Calculating the present value of future
payments

Another use of PV is to calculate the present value of a series of equal future
payments. If, for example, you owe $5,000 of rent for an office over the next 10 years,
you can use PV to calculate how much you would be willing to pay to get out of the
lease. Figure 7-20 shows the present-value calculation for that scenario.

ETRE- W LT R TR TR

g
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10
11
12
13
14
15
15
17
18
19
i |

[ - Fo | =pvica.c 3,-C2,0,1)
A B c D E
Rent 5000
Years 10
Discount Rate 3.00%
Vear Rent PV
5,000 3,000
5,000 4,834
5,000 4,713
5,000 4,576

5000 4,447
5,000 4,313

wwqmmhwwmg

5000 4,187
5,000 4,065
5,000 3,347
10 53,000 3,812

43,931
s i ]

Figure 7-20: The present value of a series of future payments.

Here’s the PV formula used in Figure 7-20:



=PV(C4,C3,-C2,0,1)

If your landlord thought he could make 3 percent on the money, he may be willing to
accept $43,930 instead of ten $5,000 payments over the next 10 years. The type
argument is set to 1 in this example because rents are usually paid at the beginning of
the period.

When used on payments, the PV function actually takes the present value of each
payment individually and adds up all the results. Figure 7-20 shows the calculation
broken out by payment. The first payment’s present value 1s the same as the payment
amount because it’s due now. The Year 2 payment is due one year from now and is
discounted to $4,854. The last payment, due nine years from now, is discounted to
$3,832. All the present value calculations are added up. Fortunately, PV does all the
heavy lifting for you.



Formula 80: Calculating Net Present Value

The PV function from Formula 79 can calculate the present value of future cash flows
if all the cash flows are the same. But sometimes that’s not the case. The NPV (net
present value) function is the Excel solution to calculating the present value of uneven
future cash flows.

Suppose that someone wanted you to invest $30,000 in a new business. In exchange

for your investment, you would be entitled to an annual dividend over the next seven
years. The estimated amounts of those dividends are shown in the schedule in Figure
7-21. Further suppose that you would like to earn an 8 percent return on your money.

To determine whether this investment is worth your while, you can use the following
NPV function to calculate the net present value of that investment:

=NPV(C2,C5:.Cl11)
C13 - Je | =NPV(C2,C5:C11)
& B C D
1
7 Desired Return: 3.00%

Expected Future

a Date __ Cashflow _
5 12/31/ 2015 4,000
& 12/31/2016 4,760
7 123172017 5,663
8 12/31/2018 6,797

g 12/31 2009 7477
10 12/31/2020 8,235
11 12/31f2021 9,458

13 Met Present Valuwe: l 33.068 !

Figure 7-21: The net present value of expected future cash flows.

How it works

NPV discounts each cash flow separately based on the rate, just as PV value does.
Unlike PV, however, NPV accepts a range of future cash flows rather than just a single
payment amount. NPV doesn’t have an nper argument because the number of values in
the range determines the number of future cash flows.

Although the payments can be for different amounts, they are still assumed to be at
regular intervals (one year, in this example). Also, as with the other TVM functions in
this chapter, the rate period must be consistent with the payment period. In this
example, the 8 percent return you’d like is an annual return and the payments are
annual, so they match. If you were getting a quarterly dividend, you would have to
adjust the rate to a quarterly return.



The NPV for these cash flows calculates to $33,068. Because the required investment
to get those cash flows, $30,000, is less than the NPV (and assuming that the estimates
are correct), these would be good investments. In fact, this data shows that you would
make something more than the 8 percent return you wanted.

Alternative: Positive and negative cash flows

In the previous example, you were asked to make a large, up-front investment to get
future cash flows. Another scenario in which you can use NPV is when you make
smaller payments at the beginning of the investment period with the expectation of
future cash inflows at the end.

Instead of one $30,000 payment, assume that you would only have to invest $15,000
the first year, $10,000 the second year, and $5,000 the third year. The amount you’re
required to invest goes down as the business grows and is able to use its own profits
to grow. By year four, no more investment is required and the business is expected to
be profitable enough to start paying a dividend.

Figure 7-22 shows a schedule that you pay in to for the first three years and get money
back the last four. The NPV function is the same as before; just the inputs have
changed.

=NPV(C2,C5:C11)

In the first NPV example, the amount invested was not part of the calculation. You
simply took the result of the NPV function and compared it to the investment amount.
In this example, a portion of the investment is also in the future, so the invested
amounts are shown as negatives (cash outflows) and the eventual dividends are shown
as positive amounts (cash inflows).

Instead of comparing the result to an initial investment amount, this NPV calculation is
compared to zero. If the NPV is greater than zero, the series of cash flows returns
something greater than 8 percent. If it’s less than zero, the return is less than 8 percent.
Based on the data in Figure 7-22, it’s a good investment.



c13 pall S| =NPW{C2,C5:C11)
a A ] B [ e [ o
1
2 Desired Return; B.00%
3

Expected Future

4 Date Cash Flow
5 12/31/2015 (15,000)
& 12/31/ 1016 (20, 000)
7 12/34/2017 {5,000)
B 12/31/2018 T.000
] 12/31/2019 9,100
10 12/31/ 2020 11,830
11 12f321/ 021 15,142
12
13 Net Present Value:
14
i5

Figure 7-22: The net present value of both positive and negative cash flows.



Formula 81: Calculating an Internal Rate of
Return

In Formula 80, you calculate the net present value of future expected cash flows and
compare it to the initial investment amount. Because the net present value was greater
than the initial investment, you knew the rate of return would be greater than the
desired rate. But what is the actual rate of return?

You can use the Excel IRR function to calculate the internal rate of return of future
cash flows. IRR is very closely related to NPV. IRR computes the rate of return that
causes the NP of those same cash flows to be exactly zero.

For IRR, you have to structure the data a little differently. You have to have at least
one positive and one negative cash flow in the values range. If you have all positive
values, that means you invest nothing and only receive money. That would be a great
investment, but it’s not very realistic. Typically, the cash outflows are at the beginning
of the investment period and the cash inflows are at the end. But it’s not always that
way, as long as there is at least one inflow and one outflow.

Figure 7-23 shows the same dividend schedule as Formula 80, but you have to include
the initial investment for IRR to work. You add the first row to show the initial
$30,000 investment. The following IRR formula shows that the investment return is
10.53 percent.

=IRR(C3:C10,0.08)

€12 - Jr | sIRA{C3:C10,0008)

A B C [
1

Expected Future

: L Date ___ CashFlow _
3 T 12/31 2004 T (30,000)
4 13/31/201% 4,000
5 12/31/2016 4,760
6 120312017 5,664
7 12/31/3018 6,757
3 1213172019 7477
q 12312020 B.215
10 124312021 9,458
11
12 Internal Rate of Retwrn: I 1'3.533.&
13

Figure 7-23: The internal rate of return of a series of future cash flows.

How it works

The first argument for IRR is the range of cash flows. The second argument is a guess
of what the internal rate of return will be. If you don’t supply a guess, Excel uses 10
percent as the guess argument. IRR works by calculating the present value of each cash



flow based on the guessed rate. If the sum of those present value calculations is
greater than zero, it reduces the rate and tries again. Excel keeps iterating through rates
and summing present values until the sum is zero. When the present values sum to zero,
it returns that rate.

Alternative: Nonperiodic future cash flows

For both the NPV function in Formula 80 and the IRR function shown previously, the
future cash flows are assumed to be at regular intervals. That may not always be the
case, though. For cash flows at irregular intervals, Excel provides the XIRR function.

XIRR requires one more argument than IRR does: dates. IRR doesn’t need to know the
dates because it assumes that the cash flows are the same distance apart. Whether they
are one day or one year apart, IRR doesn’t care. The rate it returns will be consistent
with the cash flows. That is, if the cash flows are annual, the rate will be an annual
rate. If the cash flows are quarterly, the rate will be quarterly.

%W

Tp XIRR has a related function for calculating the net present value of
nonperiodic cash flows called XNPV. As does XIRR, XNPV requires a
matching range of dates.

Figure 7-24 shows a schedule of nonperiodic cash flows. On some days, the
investment loses money and requires a cash injection. On other days, the investment
makes money and returns it to the investor. Over all the cash flows, the investor makes
an annual return of 10.14 percent. The following formula uses XIRR to calculate the
return:

=XIRR(C3:C17,B3:B17,0.08)

Ccis - S| =NIRR{CI:CLT,BI:BLT,0.08)
A B C ]

Date Cash Flows

£ 610015 {6,723}
= BT/ 2015 {14,858)
5 162015 5,856
& 121202015 {4,171)
7

g2

1/21/ 2016 8,039

31042016 (12,284)
] 5/18/2016 13,860
10 7f23/2016 (12,3%4)
11 812612016 7,196
12 11/18/2016 14,907
13 1/9/3017 {8,636)
14 a8y 3,964
15 Af35/3017 [13,680)
16 HEFa 6,185
17 5202017 14,785

19 Internal Rate of Retumm: I m.sa%!




Figure 7-24: The internal rate of return of nonperiodic cash flows.

Internally, XIRR works much the same as IRR. It calculates the present value of each
cash flow individually, iterating through rates until the sum of the present values is
zero. It bases the present-value calculations on the number of days between the current
cash flow and the one just previous in date order. Then it annualizes the rate of return.



Chapter 8: Common Statistical Analyses

Excel is an excellent tool for performing statistical analysis, in part because of the
many statistical functions it provides. In this chapter, you look at formulas for
analyzing data, such as averages, buckets, and frequency distribution.

-?;m You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 82: Calculating a Weighted Average

You use a weighted average to average values where each value plays a larger or
smaller role in the whole set.

Figure 8-1 shows an investment portfolio. For each fund in the portfolio, the total
value of the investment and the return on that investment appear. You want to
determine the total return on the portfolio. A simple average won’t do because each
investment contributes a different amount to the whole portfolio. To determine the total
return, you can use the following formula:

=SUMPRODUCT((C3:C7/$C$8),D3:D7)

How it works

To compute the weighted average, the percentage that each investment contributes to
the total value of the portfolio is multiplied by that investment’s rate of return. The
SUMPRODUCT function is ideal for multiplying two sets of values and summing each
result. SUMPRODUCT takes up to 255 arguments separated by commas, but you need
only two arguments for this formula.

08 - B | SSUMPRODUCT((CHCTIS058).03:07)
A B c o] E
Investrment Valie Rate of Return
Robotlo Bond Fund 72,021.35 2.500%
Duff Small Cap Fund 25419.31 7.410%
Zif Walue fnvestor Fund A 47.440.65 4 4000

Sparkle Growth and Income Fund 139,806.15 10.120%
Weighted Average Return 423,655.02 | 6.202% |

1
2
3
4
5
6 Cogswell International Fund 88,967.56 5.100%
T
8
3

1
1

i O

Figure 8-1: An investment portfolio with rates of return.

The first argument takes each investment’s value and divides it by the total value. This
results in five percentages that represent the weight of each investment. For Roboto
Bond Fund, the weight is 17 percent and is computed by dividing 72,021.35 by
423,655,02. The second argument is the rates of return.

cosshet The dollar signs in the $C$8 reference cause that reference to be

absolute rather than relative. See Chapter 1 for a discussion of relative and
absolute cell references.

SUMPRODUCT multiplies each element of the first argument by the corresponding
element in the second argument. The element C3/C8 is multiplied by D3, the element



C4/C8 is multiplied by D4, and so on. When all five elements are multiplied,
SUMPRODUCT sums the five results.

If you used AVERAGE to find the simple average of the returns, you would get 5.906
percent. That’s lower than the weighted average because investments such as Sparkle
Growth and Income Fund had both a higher return than average and represent a larger
proportion of the portfolio.

Alternative

All the work that SUMPRODUCT does to compute the weighted average could be
done with simpler functions in adjacent cells. Figure 8-2 shows the same calculation,
but rather than using SUMPRODUCT in one cell, the calculation uses a different
process: Each investment’s weight is calculated in its own cell, the effect of the rate
on the whole 1s calculated, and those values are summed.

[ - £ =sunirzET

A B s o E F G
1
2 Irvestmaent Walue Rate of Risturn Wr‘i&hl Contribution
] Robate Band Fund 202135 25005 17% 0.475%
i Duff Srall Cap Fund 25,419.31 TA0% ] 0.445%
5 Ziff value Investor Fund & 97 AL065 4. A00% 23% 1.012%
6 Cogswell International Fund 28,967.56 5.100% 1% 1.071%
7 Sparkle Growth and Income Fund  139,806.15 10, 120% 33% 3. 3409
i Weighted Average Return 433,655.02 | sasewl
5 -
10
11

Figure 8-2: Expanding a weighted average calculation into adjacent cells.



Formula 83: Smoothing Data with Moving
Averages

You smooth data by eliminating or reducing the effects of data points that are
statistical anomalies. You can use a moving average to reduce the impact of unusually
high or low data points and therefore provide a clearer picture of the overall trend of
the data. A moving average works particularly well when the individual data points
are erratic.

Figure 8-3 shows a partial listing of golf scores. Anyone who plays the game knows
just how erratic scores can be from one round to the next. Figure 8-4 shows a graph of
the scores over time. Getting a sense of how this golfer’s game is changing is difficult
because of the steep peaks and valleys on the chart.

E3 - Fo | E{ROW Fe12, NAL )L AVERAGEOFESET(DY,-9,0,10,1)])
A B C D E F

|
rd Dt Course Seore Moving Avg
3 513/ 2013 Tiburon Goif Club 38
4 5/20/2013 Colbert Hills &8 L
5 5/277 3013 Colbert Hills B3 LLTES
] 633013 Colbert Hills 34 LT
T 6102013 Tiburon Golf Club 85 LAt
z 617/ 3013 Tiburan Golf Club &8 whfA
% 624/ 3013 Tiburon Getf Club &9 Nfa
10 172013 Iron Horse Gelf Club 31 LT
11 T8 2013 Tiburon Galf Club B4 LTS
12 715013 Tiburon Golf Club ar 3.1
13 222013 Tiburon Golf Club 97 9.0
14 T 2972013 Tiburon Golf Club 24 286
15 8153313 Iron Horse Golf Club 26 g8
15 8/12/2013 Tiburon Goll Club & 55,3
17 /1972013 Tiburon Golf Club ] EB8.7
15 87263013 Tiburon Golf Club a3 3.2
13 522013 Tiburon Golf Club 50 =3
i) 992013 Tiburon Galf Club ad 9.9
| 161113 Tiburon Golf Club g5 20,0
2 91233013 indizn Creek Golf Course 0 .3
23 43002013 Iron Horse Goll Club o 500
4 10/ 773013 indian Creek Golf Course a3 289
5 104142013 Bent Tree 30 0.3
6 102173013 Indian Creek Galf Course 160 914

Figure 8-3: A partial listing of golf scores.

You want to create a chart that shows how the scores are progressing by smoothing out
the highs and lows. To do this smoothing, you can calculate the moving average of the
scores and plot those values on the chart.

The following formula is used to create another data set containing the moving average
of the raw golf scores:

=IF(ROW()<12,NA(),AVERAGE(OFFSET(D3,-9,0,10,1)))
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Figure 8-4: A graph of raw golf scores over time.

How it works

This formula uses a number of Excel functions to accomplish the task. First, it uses an
IF function to return the #N/A error for the first few scores. The ROW function with
no argument returns the row of the current cells. You don’t want to start your moving
average calculation until you have enough data, so the formula returns #N/A for the
first nine rows.

Tp  Excel charts don’t show #N/A errors. When Excel encounters an #N/A
error, it simply does not plot the data on the chart, potentially leading to
breaks in lines or gaps in columns or bars. You use the NA function to return
the #N/A error when you want to include such blank areas on your charts.

For the later scores, the AVERAGE function 1s used to return the arithmetic mean of
the prior ten scores. AVERAGE takes up to 255 arguments, but because your values
are a contiguous range in this example, you need to supply only one.

You use the OFFSET function to return a particular range that’s offset from the starting
point. The arguments to OFFSET are

e reference: the cell where the OFFSET function starts.

e rows: The number of rows away from the starting cell where the returned range
starts. Negative numbers count up the spreadsheet while positive numbers count
down.

e cols: The number of columns from the starting cell. Negative numbers count to the



left and positive numbers count to the right.
e height: How many rows the returned range should have.
e width: How many columns the returned range should have.

%)

T The height and width arguments of OFFSET must be positive numbers.
If you make cell D12 the reference argument, that’s where OFFSET starts counting,
The -9 in the rows argument directs OFFSET to count up nine rows to D3. The zero in
the cols argument means that OFFSET stays in the same column. After the first two
arguments, OFFSET has computed that the start of the returned range will be D3.

The height argument is set to 10, meaning that your range is ten rows in height, or
D3:D12. The width argument of 1 keeps the range at one column wide. The result of
OFFSET, and what is passed into AVERAGE, is the range D3:D12. As the formula is
copied down, the prior ten scores are averaged.

o= The number of values to include in a moving average varies depending
on the data. You may want to show the previous 12 months, 5 years, or
another number that makes sense for your data.

In Figure 8-5, the moving average is added to the chart and the line for the raw scores
1s made lighter so that the average line stands out. Showing the average of the last 10
scores provides a clearer picture of where this golfer’s game is headed.
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Figure 8-5: The moving average is charted over the raw scores.



Formula 84: Applying Exponential Smoothing
to Volatile Data

A moving average, demonstrated in Formula 83, is a great way to smooth data. One
problem with moving averages, however, is that they give equal weight to each data
point in the set. In a six-week moving average, for example, each week’s value 1s
given 1/6 weight. With some data sets, more current data points deserve more weight.

Figure 8-6 shows the demand of a product over 26 weeks. The Demand column shows
the actual product sold. The Moving Average column attempts to predict the demand
based on a simple six-week moving average. The final column, whose formula
follows, uses exponential smoothing to give more weight to recent weeks than past
weeks:

=(C8*$HS$2)+(E8*(1-SH$2))

E9 ' Fo | =[CBTSHENHEBN1-5H52))
A =} G 2] E F G H
1
Moving  Exponential

2 Week  Demand  Average  Forecast alphas 0.30
3 ] alz a1z

4 2 634 41
5 k] 450 47s
& 4 1,326 632
T 5 1,465 £a0
i & 1589 1034
L T 1,780 L0773 I L2 E
10 g X510 1,301 53T
11 9 3464 1614 1,115
12 10 5,057 plir. ) 2,240
13 it 4,956 2643 3,085
S 1z 7087 ] R
15 13 10,985 &, 142 4,679
L] 14 14,830 3677 6,571
17 15 14,830 .10 5045
15 16 17,945 a6 10,783
] 17 17,406 11,772 1293
0 15 2T 6T 13.847 14,274
| 13 21,310 17.273 18,254
2 20 15,606 19,000 13,199
23 21 188H 19,745 19,3M

Figure 8-6: The demand of a product over 26 weeks.

How it works

The alpha value, shown in cell H2 on Figure 8-6, is the weight given to the most
recent data point, or 30 percent in this example. The remaining 70 percent weight is
applied to the rest of the data points. The second most recent is weighted 30 percent of
the remaining 70 percent (21 percent), the third most recent is weighted 30 percent of
70 percent of 70 percent (14.7 percent), and so on.

The prior week’s value is multiplied by the alpha value, and that result is added to the



remaining percentage multiplied by the prior forecast. The prior forecast already has
all the previous calculations built into it.

The further away a demand value gets, the less it impacts the exponential smoothing
forecast. In other words, last week’s number is more important than the week before
last. Figure 8-7 shows a chart of the demand, the moving average, and the exponential
forecast. Note how the exponential forecast responds to changes in demand more
quickly than the moving average.

=]

25,000

=] 3 L B an % w2

Figure 8-7: A chart comparing raw data, a simple moving average, and an exponential
forecast.



Formula 85: Getting the Largest or Smallest
Value

Two of the simplest properties of a data set are the largest and the smallest values,
also known as the maximum and minimum, respectively. You can use the maximum
and minimum to help you grasp the range of the data set.

Figure 8-8 shows the average low temperature by month for the city of Marietta,
Georgia. For this example, you want to determine which months have the highest and
lowest average temperature. The first formula will find the maximum average low
temperature.

=MAX(C3:C14)
The next formula will return the month that corresponds to the temperature found in the
previous formula.

=INDEX(B3:B14 MATCH(E5,C3:C14,FALSE),1)

ES - S | =MAN{CIC )
& -] C 1] E F q

1 _Month  Avg Low Teimp.
3 IAN 3
FEB 3 Max Min
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13 ROV 42
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Figure 8-8: Average low temperatures by month.

How it Works

Excel provides two functions for finding the largest and smallest values from a range:
MAX and MIN. Both formulas accept up to 255 arguments. Your data is in C3:C14
and that 1s the range passed into MAX and MIN. MAX returns 70, the largest value in
the range, and MIN returns 33, the smallest.

nnmir See Chapter 6 for more information on the MATCH and INDEX
functions.

To determine to which months those temperatures relate, you start with the INDEX
function. The range passed into INDEX is the list of months in B3:B14. The second



argument to INDEX is a MATCH function, which returns the position of the lookup
value in a list. When you match 70 to the list of temperatures, MATCH returns 7
because 70 is the seventh item in the list. INDEX uses that 7 to return the seventh row
of the list of months, or JUL. The same structure 1s used for MIN to return JAN, the
month with the smallest value.

Both MAX and MIN ignore any text in the range, but if there are errors in the range,
they return an error. If all of the values in the range are text, MAX and MIN return
Zero.



Formula 86: Getting the Nth Largest or

Smallest Value

The MIN and MAX functions used in Formula 85 are great for finding the largest and
smallest values. But sometimes you need to find the second largest or the fifth smallest
value.

For this example, Figure 8-9 shows the results of a bowling tournament. The bowlers
are sorted alphabetically by name, which makes seeing who the winners are difficult.
You want to 1dentify the first- through third-place bowlers and their scores. This
formula returns the third largest value from the list of scores:

=LARGE($C$3:3C$14,ROW(A3))

The formula to find the bowler’s name uses INDEX and MATCH, similarly to
Formula 85:

=INDEX($B$3:3B$14 MATCH(F5,8C$3:3C$14,FALSE),1)

FS - S| =LARGE[SCS3-5C514, ROWIAT))
A B C D E F 5 H

2 Bowler Score Position  Score Bowler
3 Aidam Knight 352 15t Place 388 Olnvia Dunn
i Alexa Lee 533 Ind Place 347 Hannah Weawer
5 Carlos White ] Ird Mace :Lll.'l!'l Murtay
& Erylan Hill 300
7 Hanrah Wedir 547
& latk Price a60
9 Jogiah Stone si
10 Jullian Murray S5
11 Justin Mitchell 396
12 Makayla SEmmons 07
12 Oliwia Dunn 585
14 “anesss lackson 354
15
16

Figure 8-9: The results of a bowling tournament.

How it works

The LARGE and SMALL functions are used to find the Nth largest and smallest values
in a list. As with the MAX function, you pass a range of values into LARGE. But
LARGE has another argument for the “N” in the Nth largest value.

“ﬁfr'ej If two values in the list have the same value, LARGE and SMALL
return the same value for the Nth value and the Nth + 1 value. So, for
example, if two competitors had a score of 588, =LARGE($C$3:5C$14,1)
and =LARGE($C$3:$C$14,2) both would return 588.



In cell F3, youuse ROW(A1) to determine N. The ROW function returns the row for
the cell passed to it — row 1 in this case. You could simply pass the number 1 to the
LARGE function, but by using ROW(AL1), you can copy this formula down to increase
the row. The Al reference is relative, and when the formula is copied to cell F4, it
becomes ROW(A?2). That returns 2 and the LARGE function in F4 then returns the
second-largest value.

.
toss-Ref See Chapter 1 for more information on absolute and relative cell
references.

The LARGE function is appropriate here because higher bowling scores are better. If,
instead, you had a list of race times, the SMALL function would be used because
lower times are better.

Alternative

Another way to determine the Nth largest or smallest number is the RANK function.
The RANK function takes three arguments: the number to be ranked; the list of all the
numbers; and the sort order. Figure 8-10 shows another result of a competition, but
this time, the lowest time 1s the winner. It also includes another column to rank each
result, and that formula is the following:

=RANK(C3,8C$3:5C$14,1)
D2 - K =RANK[CI,SC53:50514.1)
A B C o E E G H |
- Competior | Tine Bk cBoitel | ok | Diigebux
] Gianna Ruiz A5 1 1 15t PMlace 235 Gianna Ruiz
4 Jessica Powell 0:24:22 & Ind Place 0cil3s Alexandra Mitchell
5 Chage Ellic 0026 12 Jed Plate (=21:42 icaiakh Pelert
] Ayden Taylor m2Ts0 3
7 Addison West 3513 it}
E Alexandra Mitchell ;:21:38 2
9 Natalie Greene oraa bLi]
10 o Harper 02438 T
11 |saiah Peters 2142 3
12 Carlos Plerce 0356 g
13 Alexis Coleman 0:23:41 5
14 Jerermigh Dunn 2250 4
15
16
17

Figure 8-10: The results of a race.

To determine the rank of Gianna Ruiz, you pass into RANK the time in C3, the total
list of times in C3:C14, and the order. The order is 1 in this example because you
want the lowest number to have rank 1. If you wanted the highest number to be ranked
1, the final argument would be 0. (See the sidebar “The RANK function and ties” for
details on how this function works with tied values.)







J The RANK function and ties

When two or more values are a tie, RANK returns the same result for the tied
values. For the example in the “Alternative” section for Formula 86, if two
racers had a time of 20:35, RANK would return 1 for both. The next lowest time
would receive a rank of 3. None of the values would rank 2 because the tied
values take up both the 1 and 2 ranking.

Excel 2010 introduced two new functions for handling ties with ranking;
RANK.AVG and RANK.EQ. The RANK.EQ function mirrors the results of
RANK from prior versions. That is, the same value returns the same ranking. The
RANK.AVG function works differently. It returns the average ranking for all
values that match.

Assume that the data in Figure 8-10 shows four racers with a time of 21:38, the
second lowest time. RANK.AVG returns 1 for the best time and 3.5 for four
matching second-place times. Those four times occupy the ranks 2, 3, 4, and 5.
The average of those four rankings is 3.5.

In contrast to LARGE and SMALL, which return the actual values, RANK returns the
position of the value in the list if the list is sorted according to the last argument. To
get the actual values, you need to use INDEX and MATCH just as you did for the
names. The formula in cell G3 to return the time of the first-place competitor is as
follows:

=INDEX($C$3:3C$14 MATCH(ROW(A1),$D$3:3D$14,FALSE),1)



Formula 87: Calculating Mean, Median, and
Mode

When people refer to the “average,” they are usually referring to the arithmetic mean:
the sum of the values divided by the count of the values. You can calculate two other
averages in Excel: median and mode.

Figure 8-11 shows a list of 20 students and their grades on an assignment. You want to
analyze the grades by finding the mean, median, and mode and draw conclusions from
the results.

The three formulas that follow calculate the arithmetic mean, median, and mode for the
data shown in Figure 8-11:
=AVERAGE(C3:C22)

=MEDIAN(C3:C22)
~MODE(C3:C22)

How it works

You can see from Figure 8-11 that the mean 1s 85.1, the median is 90.5, and the mode
1s 93.0. The mean is computed using the AVERAGE function, which sums all the
values in the range and divides by the number of values. How the median and mode
compare to the average may provide some insights into the data.

The median 1s computed using the aptly named MEDIAN function. If all the grades are
listed in order, MEDIAN returns the value that’s right in the middle. Because you have
an even number of grades, no exact middle value exists. In that case, MEDIAN returns
the mean of the two values closest to the middle. Figure 8-12 shows that 90 and 91 are
the two grades closest to the middle.
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Figure 8-11: A list of students and grades.
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Figure 8-12: The grades listing sorted by grade.

A big difference between the AVERAGE and the MEDIAN indicates that the grades
are not evenly distributed through the population. In this case, there appears to be a
large gap between the higher-scoring students and the lower-scoring students. In other

cases, one unusually large or small number may just be what affects the AVERAGE
but not the MEDIAN.

The mode 1s calculated using the MODE function. MODE returns the grade that
appears most frequently. Figure 8-11 shows a count of each grade next to it. From this
you can see that 93 occurs four times — the most of any grade. If all the values appear
an equal number of times, MODE returns #N/A. If more than one grade appears the



same number of times, MODE returns the first one it finds.

Alternative

Excel 2010 introduced two new functions for calculating mode: MODE.SNGL and
MODE.MULT. MODE.SNGL works identically to MODE in that it returns the first
result if there is more than one. MODE.MULT, on the other hand, returns a vertical
array (down the column, not across the row) that includes all the results.

Figure 8-13 shows a list of numbers, and the list has two modes. Both 4 and 2 appear
twice in the list. Because MODE.MULT returns an array, you have to select a range
that’s large enough to hold all the values. In Figure 8-13, three cells were selected
even though MODE.MULT had only two values to return. When the range is larger
than the values, #N/A 1is returned in the extra cells.

You enter a formula using MODE.MULT by holding down the Ctrl and Alt keys and
pressing Enter. Excel surrounds the formula with curly braces ({}) to indicate that it
has been entered as an array formula.

=5} - Je | [=MODE MULT{S852:5857)]
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Figure 8-13: The MODE.MULT function returns a list of all the modes of a data set.



Formula 88: Bucketing Data into Percentiles

Separating data into buckets or bins provides insight into how each value compares to
the whole.

Figure 8-14 shows a partial list of employees who process a product and the number
of defects per 1,000 products that were identified by the Quality Assurance
department. For this example, you want to bucket this data into four bins to identify top
performers and those employees who may need more training. Excel provides the
QUARTILE function to calculate the demarcation line between each quartile. A
quartile is a bucket that holds 25 percent of the data.

The following formula is used in cell G3 in Figure 8-14 to find the highest quartile:
=QUARTILE($C$3:$C$32,5-ROW(A 1))
The QUARTILE function provides the demarcation lines. The formula in cell D3 in

Figure 8-14 identifies which quartile the value in cell C3 falls into. That formula is
then copied down for all of the values. That formula is as follows:

=MATCH(C3,$G$3:3G$6,-1)

Gl Jo | =OUARTILE|SCS3: 50532, 5-ROWHAL])
A -] € D E F G H

1

2 _ Employee Durfirct paer 1000 Oeartile

3 Adam fordan 47 1 Belaxbrmiem
4 Alex Cox 31 3 Tath percantile 4a%
5 Alexa Gonzalez 50 1 Hith percentile 31.0
& Alyssa Cook 41 ) Z5th percantilg 23.0
7 Amelia Rivera 30 3

8 Anna Garcia 3 3

3 avudney Cox 11 4

10 Chiloe Marshall 27 3

11 Eli Graen £ | 2

12 Eric Graena 48 1

13 Ewan Stone 17 d

14 Ewitlyr Hadnis 22 4

15 Gabrigl Webb 43 2

15 Gabriella Dawis 45 1

17 Gonesls Bailey 1 4

15 Habela Marshall 49 1

19 Jaden Hart 50 1

X Jeremiah Palmer 19 4

11 Josaph Morgan 17 a

P Katelyn Howard E 3

3 Kyla Washington 19 4

o Lauren &llan 47 1

25 Layia Gardner ar 1

5 Libliam Matthews a7 3

7 Madon Marchall 41 2
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33

Figure 8-14: Identifying quartiles for product defects.

How it works



The QUARTILE function takes a range of values and an integer representing which
quartile to return (the quart argument). Acceptable values for the quart argument are 0
for the minimum value, 1 for the 25th percentile, 2 for the 50th percentile, 3 for the
75th percentile, and 4 for the maximum values. If the quart argument is not in the range
0—4, QUARTILE returns an error. If the quart argument has a decimal, the value is
truncated and only the integer portion is used.

The quart argument in this example’s QUARTILE function uses the expression 5-
ROW(A1). This expression allows the quart argument to decrease by one as the
formula 1s copied down. For cell G3, the expression returns 4 for the maximum value
in the range. When the formula is copied down to G3, the A1l reference changes to A2
and the expression returns 5 minus 2, or 3, for the 75th percentile. See the sidebar
“The math behind QUARTILE” for more details about the QUARTILE function.




=) The math behind QUARTILE

The QUARTILE function applies a percentage to one less than the count of values
to find the two values that surround the demarcation line. Then it interpolates
between those two values to find the result.

Using the example for Formula 88, for the 75th percentile, QUARTILE computes
.75*(30-1) for the 30 values in Figure 8-14 to get 21.75. Then it sorts the data
from lowest to highest and counts down 21 rows from the lowest value. Because
the result of the first calculation is not a whole number, it interpolates between
the two values. In this case, counting down 21 rows finds the value 43, and the
next value 1s 45. The interpolation uses the decimal portion of 21.75 to find the
value that is 75 percent of the way between 42 and 45, or 43+((45-43)*.75).

Similarly for the 50th percentile, QUARTILE computes .5%(30-1) to get 14.5.
Counting down from the lowest values, the 50th percentile falls between the Alex
Cox’s 31 and Katelyn Howard’s 31. Because both values are the same, the
interpolation is easy and returns 31. Figure 8-15 shows the same employee and
defect data sorted with the demarcation lines identified.

Figure 8-15 shows where QUARTILE divides the sorted data. To find into which
quartile each value falls, the MATCH function is used against the range of QUARTILE

calculations. Because your quartile data is in descending order, the last argument of
MATCH is

-1 - Greater than

MATCH returns the position in the list in which the value 1s found, but stops when the
next value 1s less than the lookup value. When attempting to match the value 47,
MATCH sees that the second value (44.5) is less than the lookup value and stops at
the first position.



=k} T oo eMAATCM|CI, SES: 50 50,-1)
8 = (4]

1
2 tmployee  Defectsper 1000 Cuartlie
1 Evgn Sneoe 1
: JeEeph Mangan 17 4
5 Jareonish Paimer 19 4
& e Washington 13 £l
T WASES Fidarridi aa E
| Saivtisg| Chansid ¥ 1 | 4
g Evelyn Hadris 3 L]
1] Suzdngy Cox i1 4 3 - =
i ettt Bty m % T.25: 234{(23-23)".25)=23
12 Chiles Marshall 7 3
13 Lillian Matthews & ]
14 willigm Con T ]
15 Amplia Rheera p ] 1
15 Annd Garoly i) 3
i Al T 1] 1] . i o
" T - ] 14.50:314((31-31)".50)=31
15 EliGreen 34 2
a0 Saran GO 33 2
n Alyriis Coalk Al £
F ¥ Ao Marshall £ - |
23 Biathandel Griftin 4z 2
M Galeial Wakh i ] : T
i Eabetelia vl s i 21.75:434([45-43)".75)=44.5
5 Adam Jordan a7 1
25 Lbangn AR &7 1
o Layla Gardrss a7 1
fe) R ey ad 1
i Exabe il Marshall &3 1
3l Algea Gonzale: v 1
X Jadar Hart L v 1
11

Figure 8-15: Sorted data and demarcation lines.

Alternative

People debate about the best way to compute quartiles. Prior to Excel 2010, the
QUARTILE function, which uses the n%*(count-1) method, was the only function
available. Starting with Excel 2010, Excel added the QUARTILE.INC and
QUARTILE.EXC functions to provide another method. QUARTILE.INC works
exactly as QUARTILE does, but QUARTILE is still available for backward
compatibility. The QUARTILE.EXC function uses the n%*(count+1) method.

The QUARTILE.EXC function accepts only a quart argument of 1, 2, or 3. It does not
have the 0 or 4 option to return the maximum and minimum values. Figure 8-16 shows
the QUARTILE.EXC function applied to the data as well as the revised formula for
identifying the quartile of each value. The QUARTILE.EXC formula is as follows:

=QUARTILE.EXC($C$3:$C$324-ROW(A1))
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Figure 8-16: QUARTILE.EXC applied to the defects data.

Because QUARTILE.EXC does not have a quart argument for returning the maximum,
the values in the top quartile are checked to see whether they are greater than the 75th
percentile using the following formula:

=IF(C3>=$G$4,], MATCH(C3,8G$4:3GS$6,-1)+1)



Formula 89: Identifying Statistical Outliers with

an Interquartile Range

In Formula 88, you use the QUARTILE function to group data into buckets. Another
use of QUARTILE is to identify outliers, that is, values at the extreme ends of the data
set.

Figure 8-17 shows another set of employees and the number of defects per 1,000
products. This data set has a wider spread of values than the one for Formula 88. You
want to determine which employees are outside a reasonable range (outliers) for
further investigation. To identify outliers, this example uses a method called a
leveraged interquartile range. An interquartile range is simply the data that lies in the
middle 50 percent (between the 75th percentile and the 25th percentile). The
“leveraged” part means that you expand that middle range by a factor and establish
fences. Any data outside the fence is considered an outlier.

The formulas used in Figure 8-17 are as follows:

75th percentile: =QUARTILE.EXC($C$3:$C$22,3)
25th percentile: =QUARTILE.EXC($C$3:3C$22,1)
Interquartile Range: =G4-G5

Fence Factor: 1.5

Upper Fence: =G4+(G6*GS)

Lower Fence: =G5-(G6*G8)

Outliers: =IF(C3<8$G$10,"Low",IF(C3>$G$9,"High",""))
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Figure 8-17: Identifying outliers using a leveraged interquartile range.

How it works



You use the QUARTILE.EXC function to determine the 75th percentile and 25th
percentile using quant arguments of 3 and 1, respectively. The interquartile range is
the difference between these two.

In a non-leveraged interquartile range, you would simply subtract the interquartile
range from the 25th percentile to get a lower fence and add it to the 75th percentile to
get an upper fence. This method can result in too many outliers, however. By
multiplying the interquartile range by a factor (1.5 in this example), you expand the
fences to 1solate the truly extreme values. Figure 8-18 shows the same data sorted by
defects and the demarcation lines of the quartiles, the interquartile range, and the
upper and lower fences.

To determine the upper fence, you multiply the fence factor by the interquartile range
and add the result to the 75th percentile. The same result is subtracted from the 25th
percentile to establish the lower fence.

g

Tp  You may find that the fence factor of 1.5 excludes values that you
consider outliers or includes values that you consider normal. Nothing is
magic about 1.5. Simply adjust the factor up or down if it doesn’t fit your
data.

With your fences established, you use a nested IF formula to determine whether each
value is greater than the upper fence or less than the lower fence. The text “High” or
“Low” 1s returned by the nested IF formula for the outliers, and an empty string (*) is
returned for those that are inside the fences.
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Figure 8-18: Leveraged interquartile ranges expand the fences outward.



Formula 90: Creating a Frequency Distribution

Quartiles are a popular way to group data into bins, which is why Excel has a
dedicated QUARTILE function. Sometimes, however, you may want to group your
data into bins you define.

Figure 8-19 shows a partial list of 50 invoices and the total amount sold on each
invoice. For this example, you want to determine how commonly your customers make
purchases between $1 and $100, $101 and $200, and so on.

Excel’s FREQUENCY function will count all the invoices that fall within the bins you
define:

=FREQUENCY (C3:C52,F3:F12)

How it works

The FREQUENCY function is an array function. Using an array function means that
instead of pressing Enter to commit the formula, you must press Ctrl+Shift+Enter.
Excel will insert curly braces ({}) around the formula to indicate that it has been
array-entered.

FREQUENCY takes two arguments: a range of data to be grouped into bins and a
range of numbers that represent the highest amount for that bin. First, enter the bin
values in column F. Column E does not affect the formula; it’s just there to show the
lower bound of the bin.

G3 = Je | {=FREQUENCY|C3:C52,F2:F12)}
A B C D E F G H

1

2 Invoice 8 Total Sale Bins Frequency
3 IN12EE 263.66 - 104 I 4!
4 IN1388 273.37 100 200 2
5 IN1355 232.24 200 300 0
6 IN1518 725.03 300 400 3
7 INL793 969,66 400 500 2
8 IN1BGB0 264,595 500 500 ¥
9 INZ23S 204,54 &00 o0 3
10 IN2379 246.78 700 800 4
11 IN2TE2 202.64 B0 900 4
12 INIBET 376.77 S00 1,000 6
13 INZ9LT 243.42

14 IN3243 277.74

15 IN3321 689.93

16 IN34TG 795.39

17 IN3534 T16.55

18 IM3542 41.68

12 INADZ4 249.15

20 IN4139 631.67

21 INA154 982.17

Figure 8-19: Calculating the frequency with custom bins.



To enter FREQUENCY into column G, first select the range G3:G12. Although you’ll
be entering the formula into only G3, committing the formula with Ctrl+Shift+Enter
fills in the formula to the entire range selected.

The results of the FREQUENCY formula show that a large number of customers
purchase between $200 and $300 per visit.

Alternative

If you attempt to delete one of the cells in the FREQUENCY formula range, Excel will
tell you that you “cannot change part of an array.” Excel treats FREQUENCY, and all
array functions, as one unit. You can change the whole array, just not individual cells
within it. If you want to change the bins, you have to delete and reenter the array.

You can also use the COUNTIFS function to create a frequency distribution. Because
COUNTIEFS is not an array formula, using it makes changing the bins or expanding or
contracting the range easier. For the data in Figure 8-19, shown previously, the
COUNTIFS function is as follows:

=COUNTIFS($C$3:3C$52,">"& E3,$C$3:5C$52,"<="&F3)

Gn?fﬂzf See Chapter S for more information on the COUNTIFS function.

In contrast to FREQUENCY, COUNTIFS needs the lower bound of the bin (column
E). It counts all the values that are greater than the lower bound and less than or equal
to the upper bound. Rather than array-entering this formula, you can simply have it
copied down for as many bins as you’ve defined.



Formula 91: De-Seasonalize your Data before
Forecasting

Data that represents sales over one year or more typically contains seasonality. That
1s, sales in certain parts of a year are predictably higher or lower than average. An
important part of forecasting is accounting for the seasonality.

Figure 8-20 shows a chart of five years of monthly sales data. The chart also has a
linear trendline showing a steady increase in sales. Probably the most notable
information on the chart is the sharp increase in sales every late spring to early
summer. If you tried to forecast sales using the linear trendline, you would surely be
understaffed and out of inventory during the busy season.

Sales

b2

e T
jfﬁm!himgmlﬂx
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Figure 8-20: Five years of monthly sales data.

To properly forecast sales for the coming year, you need to de-seasonalize the
historical data, determine the trend of the de-seasonalized data, and re-seasonalize the
forecast.

Figure 8-21 shows a table of months and a seasonal factor for each month. The
seasonal factor shows how much sales in that month historically deviate from average
sales. The table shows that sales in January are typically about half (51.37 percent) of
average sales, whereas sales in April are more than double (217.24 percent) the
average. To calculate the seasonal factor, use the following formula:

=SUMPRODUCT((MONTH($B$3:$B$62)=G4)*($C$3:3C$62))/SUMPRODUCT(--
(MONTH($B$3:$B$62)=G4))/AVERAGE($C$3:3C$62)



G | H

Month Seasonal Factor
1 51.37%

2 66.77%

3 55.48%

4 217.24%

5 199.20%

[ 196.28%

7 64.20%

8 70.54%

9 76.31%
10 66.55%
11 72.24%
12 63.83%

Figure 8-21: A table of seasonal factors.

To complete the de-seasonalizing process, you add a new column to the historical
data. In this column, each month’s sales are divided by the sales factor for that month,
returning a de-seasonlized value. Figure 8-22 shows that if all months were equal,
January 2008 would have sales of about $13,500. The formula to convert the sales to
the seasonal factor is as follows:

=C3/VLOOKUP(MONTH(B3),$G$4:3H$15,2,FALSE)

Fo | =C3/VLOOKUP{MONTH{B3).5654:5H515,2, FALSE)
A B C D E i

Month Sales  De-seasonal
Jan-08  6,938.24 I 13,507.71 !
Feb-08 6,246.32 9,354.65
Mar-08 8,205,583 14,791.73
Apr-08 23,612.64 10,869.20
May-08  38.427.85 14,270, 70
Jun-08 22,472.73 11,349.36

Jul-08 754289 11,749.53

10 Aug-08 9,243,589 13,111.83

11 Sep-08 10,591.71 13,880.47

12 Oct-08  8,096.57 12,166.03

13 Nov-08  §,147.39 11,278,539

14 Dec-08  9,755.07  15,283.16

15 Jan-08 7.947.75 15,473.08

1E ol g 0 aga F) 14 953 K3
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Figure 8-22: Seasonal factors applied back to historical data.

How it works

The seasonal factor formula uses two SUMPRODUCT functions to calculate the
average sales for only the month in the cell to the left. The monthly average is then



divided by the average of all sales.

l:m?ﬁff See Chapter S for details on how SUMPRODUCT uses arrays.

The first SUMPRODUCT sums all the values in C3:C62 whose corresponding cell in
B3:B62 has a month equal to the number in G4. For the formula in H4, it sums all the
sales for all the Januarys.

The second SUMPRODUCT counts all the Januarys in B3:B62. Recall that
SUMPRODUCT returns an array of TRUEs and FALSEs. The double negative
converts those TRUEs and FALSEs to 1s and 0s. SUMPRODUCT sums all the 1s (the
TRUE values) to return a count of all the Januarys.

Dividing the first SUMPRODUCT by the second is dividing the sum of all January
sales by the count of all January sales and results in the average. This average is
divided by the average of all sales regardless of month to return the seasonal factor.

Finally, the sales for each month are divided by the seasonal factor. You use a
VLOOKUP function to get the seasonal factor from the table. The lookup value uses
the MONTH function to return the month’s number, and that is matched in the first
column of the table.



Formula 92: Create a Trendline Forecast

The main purpose of de-seasonalizing data is to create a forecast. The de-seasonalized
data you create in Formula 91 provides the information you need to create a forecast
for the next year.

Figure 8-23 shows the bottom of the sales data from Formula 91. Whereas the
historical data stopped at Dec-12, you want to forecast sales for 2013. The first step is
to use the FORECAST function to extend the de-seasonalized data for 12 more
months. The formula to forecast January is the following:

=FORECAST(B63,5D$3:3D$62,$B$3:$B$62)

How it works

The FORECAST function uses linear regression to predict the future value. It takes
three arguments named x, known y’s, and known x’s. The x argument is the month for
which you want to predict a value. The known_y’s are the de-seasonalized sales data
in column D. Finally, the known x’s are the months that relate to the sales data in
column B.

A B G D E F
1
| Maonth Sales  De-seasonal Re-seasonal
58 Awg-12 10.617.79 1505247
59 Sep-12 14,963.68 19.6059.55
50 Oct-12.  9,801.79 14,728.31
61 Mowv-12 11.733.87 16, 2d3.43
62 Dec-12  10,739.17 16, 824.54
63 Jan-13 I 19.081.03 ! 9.200.97
(] Feb-13 19 184.31 12.809.81
65 Mar-13 19,798 65 10, 706.08
55 Apr-13 19 40931 42,165.47
&7 Miry-13 19.523.65 3E,591.95
[ Jun-13 19 634 30 3531809
69 Jul-13 19 748 65 1267811
] .n'-‘r,;s-l?l. 19, 862.59 14,011.06
71 Sep-13 19,973.65  15,241.20
T Oct-13 20.087.599  13,368.69
] Mowv-13 20,198.65  14,591.03
74 Dec-13 10,312.59  12,965.55
Fis]
Fi ]

Figure 8-23: Forecasts based on de-seasonalized data.

After FORECAST has predicted values for all the months, you need to re-seasonalize
the data using the seasonal factors table from Figure 8-21 (refer to Formula 91). The
formula to re-seasonalize January is as follows:

=D63*VLOOKUP(MONTH(B63),$G$4:3HS$15,2,FALSE)

When you de-seasonalized the data, you divided by the seasonal factor. Here you do
just the opposite: You multiply by the seasonal factor. Because January 1s historically



53 percent of the average sales, the predicted value 1s multiplied by 53 percent to
become your January forecast. Figure 8-24 shows the newly forecasted data added to
the sales chart. By re-seasonalizing the data, you see the predictable second-quarter

sales spike.
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Figure 8-24: Newly forecasted data added to the end of the sales chart.




Chapter 9: Using Formulas with Conditional

Formatting

Conditional Formatting is the term given to the functionality with which Excel
dynamically changes the formatting of a value, cell, or range of cells based on a set of
conditions you define. Conditional formatting allows you to look at your Excel reports
and make split-second determinations on which values are “good” and which are
“bad,” all based on formatting.

In this chapter, you explore a few examples of how you can use the Conditional
Formatting feature in Excel in conjunction with formulas to add an extra layer of
visualizations to your analyses.

—

Note The Conditional Formatting feature is fairly robust and includes many
bells and whistles that we don’t cover here. To adhere to the spirit of this
book, we focus on the techniques for applying conditional formatting with
formulas.

=) ,

Note ' You can download the files for all the formulas at
www.wiley.com/go/101excelformula.



http://www.wiley.com/go/101excelformula

Formula 93: Highlight Cells That Meet Certain
Criteria

One of the more basic Conditional Formatting rules that you can create is the
highlighting of cells that meet some business criteria. This first example demonstrates
the formatting of cells that fall under a hard-coded value of 4000 (see Figure 9-1).

A B L=
! ——r — — -
F Linits Sobd |
3 :Jim!.'lry I 2661
4 February | 3504
s [March =021
6 pril 1001
7 ."1"'"" 4375
] {ne 2853
] [Tty 7655
10 :-l'i.l.-ls_!.l.‘-: } 3061
11 Septembes 2003
12 [october 5147
13 Moshermiser 4045
14 :':ll:'l;l"'l'l'ﬂ:l.i;l i 1701

i5

Figure 9-1: The cells in this table are conditionally formatted to show as shaded for
values under 4000.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells C3:C14 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. The New Formatting Rule dialog box opens, as shown in Figure 9-2.

2. In the list box at the top of the dialog box, click the Use a Formula to Determine
which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

3. In the formula input box, enter the formula shown here. Note that you are simply
referencing the first cell in the target range. You don’t need to reference the entire
range.

=C3<4000

aution Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (C3). If you click cell C3 instead of typing
the cell reference, Excel will automatically make your cell reference



absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this

formatting rule based on

each cell’s own value.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

5. Back in the New Formatting Rule dialog box, click the OK button to confirm your

formatting rule.

Mew Formatting Rube

Select a Rule Type:

:_ﬁ ﬁ

= Foamat all cells baged on their valees
= Foisasl anby cefls that canliin

o= Format gnly top or bottom ranked values

= Forsat onky vadiet thst sre sbove af below aversge
= Format gniy unigue or duplicate values

= Ute & formuls to deletmine which tells o fosmat

Edit the Rule Descnplion:
Format valaes wisene this fodmula is tues
= CHor 4000
Preview: AJBbCeYyIz

(o ]|

Format... |

[#]

Cancel |

Figure 9-2: Configure the New Formatting Rule dialog box to apply the needed formula rule.

I,

Tp  If you need to edit your conditional formatting rule, simply place

your cursor in any of the
then go to the Home tab

data cells within your formatted range and
and select Conditional Formatting= Manage

Rules, which opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 94: Highlight Cells Based on the Value

of Another Cell

In many cases, you will base the formatting rule for your cells on how they compare to
the value of another cell. Take the example illustrated in Figure 9-3. Here, the cells
are conditionally highlighted if their respective values fall below the Prior Year
Average shown in cell B3.

- - LY, B R TS R

L]

10
1%
12
13
14
15

A

B = D E
!Priur Year Average [Month | Units Sold

3500 {Ranuany 2661
|February 3804

[March 5021

il 1001

[May 4375

:jl.!!?u_E" 2859

'_I!..Ill_',l TES9

|August 061

|september 2003

October 5147

;ﬁ;ﬁéﬁ-jl:er 4045

December 1701

Figure 9-3: The cells in this table are conditionally formatted to show red for values
falling below the Prior Year Average.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells E3:C14 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-4.

In the list box at the top of the dialog box, click the Use a Formula to Determine

which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is

applied to that cell.

In the formula input box, enter the formula shown with this step. Note that you are
simply comparing your target cell (E3) with the value in the comparison cell
($B$3). As with standard formulas, you need to ensure that you use absolute
references so that each value in your range is compared to the appropriate

comparison cell.
=E3<$B$3



cauton Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (E3). If you click cell E3 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

5. Back in the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.

Mew Formiatting Rubs :_"3-: ﬁ

Select a Ride Type:

= Foamat 51 geils baged on Eheir valees
= Foamat anby cefls thst canisin

= Format only tog of bottom ranked valioes
= Formal onky vabiuet that sre sbove or Belew aversge
= Format onty unigue or duplicate values

= Uire o fermisls to deletmine which cells o fosmat

Edit the Rule Description:

Format values whene this fodmula S tue

]

=E3c§B53

Preview: AaBbCoyyZz Format.. |
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Figure 9-4: Configure the New Formatting Rule dialog box to apply the needed formula rule.

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 95: Highlight Values That Exist in
Listl but not List2

You may often be asked to compare two lists and pick out the values that are in one
list but not the other. Conditional formatting is an ideal way to present your findings.
Figure 9-5 illustrates a conditional formatting exercise that compares customers from
2013 and 2014, highlighting those customers in 2014 who are new customers (they
were not customers in 2013).

R R T SR

L

B c =] E F

2013 | . o .

| Customer_Name | Rewenu | I: u_-.lmn_;-_r_.*«!.um-} R
GEMNEAS Corp. 52,333.60 JAMSEA Corg, 5230434
JTAMSEA Corp, 52,324.36 JAMWILS Corp, 52,328.53
JANMWUS Conp. 52.328.53 JAYRA Cofp. S2.328.53
JAYKA Corp. £2,338.53 JUSDAN Corp. 53.601.56
MAKUTE Corp, 513100 MAKUTE Corp. 52,334,001
MOSUNC Corp. 52,311.70 MALEBD Corp. 5109945
MCUAMNT Conp. £2311.7 BAOSUNC Conp. SEIILTD
CYRADUL Corp., £2,311.50 NCUANT Corp, 52,311.79
RRCAR Corp. %2,315.14 ORADUL Corp, 5231150
RLFLLAN Canp. £2,332.94 PUNSKE Corp. S7.230.80
SMATHE Carp. £2,336.59 REBLIST Corp. £14,224.84
SOFANU Corp, 52,333.50 RACAR Corp, 52,315,14
SUMTUE Carp. %2,321.61 AULLAN Carp. 5233294
TULUES Corp. £2,311.96 RUTANS Corp. 17575
UDGUWU Corp.  52,328.58 SCHOUL Corp. 5593144

Figure 9-5: You can conditionally format the values that exist in one list but not the
other.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells E4:E28 in this example), click the

Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-6.

. In the list box at the top of the dialog box, click the Use a Formula to Determine

which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

. In the formula input box, enter the formula shown with this step. Note that you use

the COUNTIF function to evaluate whether the value in the target cell (E4) is
found in your comparison range ($B$4:$B$21). If the value is not found, the
COUNTITF function will return a 0, thus triggering the conditional formatting. As
with standard formulas, you need to ensure that you use absolute references so



that each value in your range is compared to the appropriate comparison cell.
=COUNTIF($B$4:$B$21,E4)=0

cauion Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (E4). If you click cell E4 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

Et:s-if;f For more details on the COUNTIF function, see Formula 51: Get a
Count of Values That Meet a Certain Condition, in Chapter 5.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

5. In the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.

Mew Formatting Rubs :_"5: ﬁ
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Figure 9-6: Configure the New Formatting Rule dialog box to apply the needed formula rule.

%)

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 96: Highlight Values That Exist in
List]l and List2

You may often need to compare two lists and pick out only the values that exist in both
lists. Conditional formatting is an ideal way to accomplish this task. Figure 9-7
illustrates a conditional formatting exercise that compares customers from 2013 and
2014, highlighting those customers in 2014 who are in both lists.
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[t Kame| Revenue | Customer_Name | Revenue
GHMNEAS Corp. 52, 533,60 JAMSEA Corp. 52,324.36
JAMISEA Conp. 52,304.36 JAMWUS Corpe £r 12852
MANWWUS Corp, 52, FXE.53 LAYRA Conp. X 2053
I Corp, 52,318.53 JUSDAN Corp. 53.500.56
MAKUTE Corp. S3,334.00 MAKUTE Corp. Sr30
MOSUNC Corp. 523110 MALERD Corp. L3000 45
NCUANT Corp, S3.X1L.T MOSUNC Carp, 531170
OEADHL Conp, 53,3150 NCUANT Comp, 33,3173
RECAR Corp. 53,315.14 QSADUL Corp. 53.311.50
RAULLAN Corp. G2, 33204 PLINSKE Corp. ST 22050
SWATHE Corp. 52, 116.59 REBUST Cavp. 14,224,548
FOFANU Corp, 52, 333,60 RRCAR Corp, L 3l5 04
SUMTU Corp. 53,320.61 RULLAN Corp. 5233054

Figure 9-7: You can conditionally format the values that exist in both lists.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells E4:E28 in this example), click the

Home tab of the Excel Ribbon, and select Conditional Formatting=New Rule.
This opens the New Formatting Rule dialog box shown in Figure 9-8.

. In the list box at the top of the dialog box, click the Use a Formula to Determine

which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

. In the formula input box, enter the formula shown with this step. Note that you use

the COUNTIF function to evaluate whether the value in the target cell (E4) is
found in your comparison range ($B$4:$B$21). If the value is found, the
COUNTTF function returns a number greater than 0, thus triggering the conditional
formatting. As with standard formulas, you need to ensure that you use absolute
references so that each value in your range is compared to the appropriate
comparison cell.

=COUNTIF($B$4:3B$21,E4)>0



cauton Note that in the formula, you exclude the absolute reference dollar
symbols (8$) for the target cell (E4). If you click cell E4 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

l:r?:sflif For more detail on the COUNTIF function, see Formula 51: Get a
Count of Values That Meet a Certain Condition, in Chapter 5.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting dialog Rule box.

5. Back in the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.

Mew Formatting Rulbe :_"5: ﬁ
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Figure 9-8: Configure the New Formatting Rule dialog box to apply the needed formula rule.

%)

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 97: Highlicht Weekend Dates

When working with timecards and scheduling, you often benefit from being able to
easily pinpoint any dates that fall on the weekends. The conditional formatting rule
illustrated in Figure 9-9 highlights all the weekend dates in the list of values.

A B

1

2 Highlight Weekends
3 1232012
4 12/28f 2003
5 9f26/2010
6 127812014
7 4/25/2010
& 11/7/2012
9 7/31/2014
10 11/24/3014
11 127282010
12 7/28(2011
13 12/17f2014
14 £/3/2014
15 5172011
16 4f2/2011
17 7/17/2009
13 8/12/2009

Figure 9-9: You can conditionally format any weekend dates in a list of dates.

How it works
To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells B3:B18 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New

Rule. This opens the New Formatting Rule dialog box shown in Figure 9-10.

2. In the list box at the top of the dialog box, click the Use a Formula to Determine
which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is

applied to that cell.

3. In the formula input box, enter the formula shown with this step. Note that you use
the WEEKDAY function to evaluate the weekday number of the target cell (B3).
If the target cell returns as weekday 1 or 7, it means the date in B3 is a weekend

date. In this case, the conditional formatting will be applied.
—OR(WEEKDAY (B3)=1,WEEKDAY (B3)=7)



aution Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (B3). If you click cell B3 instead of typing
the cell reference, Excel will automatically make your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

G?E;{;f For more detail on the WEEKDAY function, see Formula 29:
Extracting Parts of a Date, in Chapter 4.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

5. Back in the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.
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Figure 9-10: Configure the New Formatting Rule dialog box to apply the needed formula rule.
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Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 98: Highlight Days between Two Dates

Some analysis requires the identification of dates that fall within a certain time period.
Figure 9-11 demonstrates how you can apply conditional formatting that highlights
dates based on a start date and end date. As you adjust the start and end dates, the
conditional formatting adjusts with them.
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Figure 9-11: You can conditionally format dates that fall between a start and end date.

How it works

To build this basic formatting rule, follow these steps:

1.

Select the data cells in your target range (cells E3:E18 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-12.

. In the list box at the top of the dialog box, click the Use a Formula to Determine

which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

. In the formula input box, enter the formula shown with this step. Note that you use

the AND function to compare the date in your target cell (E3) to both the start and
end dates found in cells $B$3 and $CS$3, respectively. If the target cell falls
within the start and end dates, the formula will evaluate to TRUE, thus triggering
the conditional formatting.

=AND(E3>=$B$3,E3<=$C$3)

caution Note that in the formula, you exclude the absolute reference dollar



symbols ($) for the target cell (E3). If you click cell E3 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

En:.];i-Hef For more detail on the AND function, see Formula 46: Check
Whether Conditionl AND Condition2 Are Met, in Chapter 5.

4. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

5. Back in the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.
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Figure 9-12: Configure the New Formatting Rule dialog box to apply the needed formula rule.

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 99: Highlight Dates Based on Due Date

In many organizations, it’s important to call attention to dates that fall after a specified
time period. With conditional formatting, you can easily create a “past due” report
highlighting overdue items. The example shown in Figure 9-13 demonstrates a
scenario where the dates that are more than 90 days overdue are formatted in red.
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Figure 9-13: You can conditionally format dates based on due date.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells C4:C9 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-14.

2. In the list box at the top of the dialog box, click the Use a Formula to Determine
which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

3. In the formula input box, enter the formula shown here. In this formula, you
evaluate whether today’s date is greater than 90 days past the date in your target
cell (C4). If so, the conditional formatting will be applied.

=TODAY ()-C4>90

cation Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (C4). If you click cell C4 instead of typing
the cell reference, Excel will automatically make your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

4. Click the Format button. This opens the Format Cells dialog box, where you have



a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

. Back in the New Formatting Rule dialog box, click the OK button to confirm your

formatting rule.
i

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.
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Figure 9-14: Configure the New Formatting Rule dialog box to apply the needed formula rule.



Formula 100: Highlight Data Based on
Percentile Rank

A percentile rank indicates the standing of a particular data value relative to other data
values in a sample. Percentiles are most notably used in determining performance on
standardized tests. If a child scores in the 90th percentile on a standardized test, this
means that his or her score 1s higher than 90 percent of the other children taking the
test. Another way to look at it is to say that the child’s score is in the top 10 percent of
all the children taking the test.

Percentiles are often used in data analysis as a method of measuring a subject’s
performance in relation to the group as a whole — for instance, determining the
percentile ranking for each employee based on an annual revenue.

In Excel, you can easily get key percentile ranks using the PERCENTILE function.
This function requires two arguments: a range of data and the percentile score you
want to see.

In the example shown in Figure 9-15, the value in cell D7 is a result of the following
formula, which pulls the 75th percentile based on the data in range B3:B20:
=PERCENTILE($B$3:3B$20,0.75)

This formula tells you that any employee with revenue over $52,651 is in the top 75
percent of performers.

The value in cell D16 is a result of the following formula, which pulls the 25th
percentile based on the data in range B3:B20:

=PERCENTILE($B$3:$B$20,0.25)

This formula tells you that any employee with revenue below $24,656 is in the bottom
25 percent of performers.

Using these percentile markers, this example applies conditional formatting so that any
value in the 75th percentile will be colored green and any value in the 25th percentile
will be colored red.
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Figure 9-15: Using Excel’s PERCENTILE function to color code performance.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells B3:B20 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-16.

2. In the list box at the top of the dialog box, click the Use a Formula to Determine
which Cells to Format option. This selection evaluates values based on a formula
you specify. If a particular value evaluates to TRUE, the conditional formatting is
applied to that cell.

3. In the formula input box, enter the formula shown with this step. In this formula,
you evaluate whether the data in the target cell (B3) is within the 25th percentile.
If so, the conditional formatting will be applied.

=B3<=PERCENTILE($B$3:$B$20,0.25)

aution Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (B3). If you click cell B3 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.
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. Click the Format button. This opens the Format Cells dialog box, where you have

a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

. Back in the New Formatting Rule dialog box, click the OK button to confirm your

formatting rule.
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Figure 9-16: Configure the New Formatting Rule dialog box to apply the needed formula rule.

At this point, you should be in the Conditional Formatting Rules Manager dialog
box. Click the New Rule button.

This opens the New Formatting Rule dialog box shown in Figure 9-17. In the list
box at the top of the dialog box, click the Use a Formula to Determine which
Cells to Format option. This selection evaluates values based on a formula you
specify. If a particular value evaluates to TRUE, then the conditional formatting
1s applied to that cell.

In the formula input box, enter the formula shown here. In this formula, you’re
evaluating if the data in the target cell (B3) within the 75th percentile. If so, the
conditional formatting will be applied.

=B3>=PERCENTILE($B$3:$B$20,0.75)

. Click the Format button. This opens the Format Cells dialog box, where you have

a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

Back on the New Formatting Rule dialog box, click the OK button to confirm
your formatting rule.
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Figure 9-17: Configure the New Formatting Rule dialog box to apply the needed formula rule.
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Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule you want to edit and then click the Edit Rule button.



Formula 101: Highlight Statistical Outliers

When performing data analysis, you usually assume that your values cluster around
some central data point (a median). But sometimes a few of the values fall too far from
the central point. These values are called outliers (they lie outside the expected
range). Outliers can skew your statistical analyses, leading you to false or misleading
conclusions about your data.

You can use a few simple formulas and conditional formatting to highlight the outliers
in your data.

The first step in identifying outliers is to pinpoint the statistical center of the range. To
do this pinpointing, you start by finding the 1st and 3rd quartiles. A quartile is a
statistical division of a data set into four equal groups, with each group making up 25
percent of the data. The top 25 percent of a collection is considered to be the 1st
quartile, whereas the bottom 25 percent is considered the 4th quartile.

In Excel, you can easily get quartile values by using the QUARTILE function. This
function requires two arguments: a range of data and the quartile number you want.

In the example shown in Figure 9-18, the values in cells E3 and E4 are the 1st and 3rd
quartiles for the data in range B3:B20.

Taking these two quartiles, you can calculate the statistical 50 percent of the data set
by subtracting the 3rd quartile from the 1st quartile. This statistical 50 percent is
called the interquartile range (IQR). Figure 9-18 displays the IQR in cell ES.

Now the question is, how far from the middle 50 percent can a value sit and still be
considered a “reasonable” value? Statisticians generally agree that IQR*1.5 can be
used to establish a reasonable upper and lower fence:

e The lower fence is equal to the 1st quartile — IQR*1.5.
e The upper fence is equal to the 3rd quartile + IQR*1.5.

As you can see in Figure 9-18, cells E7 and ES8 calculate the final upper and lower
fences. Any value greater than the upper fence or less than the lower fence is
considered an outlier.

At this point, the conditional formatting rule is easy to implement.
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Figure 9-18: Highlighting outliers with conditional formatting.

?

toss ket For more detail on the quartile and interquartile ranges, see Formula
89: Identifying Statistical Outliers with an Interquartile Range, in Chapter 8.

How it works

To build this basic formatting rule, follow these steps:

1. Select the data cells in your target range (cells B3:B20 in this example), click the
Home tab of the Excel Ribbon, and then select Conditional Formatting=New
Rule. This opens the New Formatting Rule dialog box shown in Figure 9-19.
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Figure 9-19: Configure the New Formatting Rule dialog box to apply the needed formula rule.

2. In the list box at the top of the dialog box, click the Use a Formula to Determine
which Cells to Format option. This selection evaluates values based on a formula
that you specify. If a particular value evaluates to TRUE, the conditional



formatting is applied to that cell.

. In the formula input box, enter the formula shown here. Note that you use the OR

function to compare the value in your target cell (B3) to both the upper and lower

fences found in cells $E$7 and $ES$8, respectively. If the target cell is greater

than the upper fence or less than the lower fence, it’s considered an outlier and

thus will evaluate to TRUE, triggering the conditional formatting,
=OR(B3<$E$8,B3>$ES7)

cation Note that in the formula, you exclude the absolute reference dollar
symbols ($) for the target cell (B3). If you click cell B3 instead of typing
the cell reference, Excel automatically makes your cell reference
absolute. It’s important that you don’t include the absolute reference
dollar symbols in your target cell because you need Excel to apply this
formatting rule based on each cell’s own value.

. Click the Format button. This opens the Format Cells dialog box, where you have
a full set of options for formatting the font, border, and fill for your target cell.
After you have completed choosing your formatting options, click the OK button
to confirm your changes and return to the New Formatting Rule dialog box.

. Back in the New Formatting Rule dialog box, click the OK button to confirm your
formatting rule.

i :,-jt:s;

Tp  If you need to edit your conditional formatting rule, simply place
your cursor in any of the data cells within your formatted range and
then go to the Home tab and select Conditional Formatting= Manage
Rules. This opens the Conditional Formatting Rules Manager dialog
box. Click the rule that you want to edit then click the Edit Rule button.
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