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To enter a formula using an array constant, follow these steps:

1. Select a range of cells the size you need to contain the result. In Figure 12-35, the 
argument to the INT function contains three groups (separated by semicolons) of 
three values (separated by commas), which produces a three-row, three-column 
range.

2. Enter an equal sign to begin the formula and, optionally, a function name and 
opening parenthesis.

3. Type the array argument enclosed in braces to indicate that the enclosed values 
make up an array constant. If you entered a function, type its closing parenthesis.

4. Press Ctrl+Shift+Enter. The resulting array formula contains two sets of curly braces—
one set encloses the array constant, and the other encloses the entire array formula.

When entering array constants, remember that commas between array elements place 
those elements in separate columns, and semicolons between array elements place those 
elements in separate rows.

Understanding array expansion
When you use arrays as arguments in a formula, all your arrays should have the same 
dimensions. If the dimensions of your array arguments or array ranges do not match, 
Excel often expands the arguments for you. For example, to multiply all the values in 
cells A1:B5 by 10, you can use either of the following array formulas: { =A1:B5*10} or 
{ ={ 1,2;3,4;5,6;7,8;9,10}*10}.

Note that neither of these two formulas are balanced; ten values are on the left side of 
the multiplication operator, but only one is on the right. Excel expands the second argu-
ment to match the size and shape of the first. In the preceding example, the first formula 
is equivalent to { =A1:B5*{ 10,10;10,10;10,10;10,10;10,10} }, and the second is equivalent to 
{ ={ 1,2;3,4;5,6;7,8;9,10}*{ 10,10;10,10;10,10;10,10;10,10} }.

When you work with two or more sets of multivalue arrays, each set must have the same 
number of rows as the argument with the greatest number of rows, and each must have the 
same number of columns as the argument with the greatest number of columns.

Linking workbooks
Creating dynamic links between workbooks using external reference formulas provides a 
number of advantages. For example, you could break a large, complex company budget 
model into more manageable departmental models. Then you could link all the depart-
mental workbooks (supporting workbooks) to a master budget workbook (a dependent 
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workbook). In addition to creating more manageable and flexible models, linked work-
books can save recalculation time and memory.

The following sections discuss some special considerations you should be aware of when 
working with workbooks linked by external reference formulas. For more information about 
external references, see “Creating references to other worksheets in the same workbook” 
and “Creating references to worksheets in other workbooks,” both of which appear earlier 
in this chapter.

Saving linked workbooks
When you create a set of linked workbooks, you should save the supporting workbooks 
before you save the dependent workbooks. For example, suppose you created and saved 
a workbook named Actual that details your company’s actual (as opposed to budgeted) 
expenditures. Now suppose you have another active workbook in which you are model-
ing budgeted expenditures, as yet unsaved and still named Book1. Then you create linking 
formulas in Actual that depend on totals in your budget workbook (Book1, still unsaved). If 
you save Book1 as Budget while the Actual workbook is still open, all references to Book1 
in the Actual workbook change automatically to Budget. For example, if Actual contains the 
reference =[Book1]Sheet1!$A$1, the reference changes to ='[Budget.xlsx]Sheet1'!$A$1.

Great, but what if that doesn’t happen? If you try to close the dependent Actual workbook 
before you save the supporting Book1 (Budget) workbook, you see the “Save Actual with 
references to unsaved documents?” warning. Suppose you ignore it and click OK to save 
and close the workbook. When you then save Book1 as Budget, Excel doesn’t update the 
references to Book1 in the Actual workbook because it isn’t open; the formulas continue to 
reference Book1.

When you reopen Actual, Excel displays the security warning in Figure 12-36, alerting you 
that links are present that cannot be updated (because Book1 does not exist). Click the Edit 
Links button to display the dialog box shown in Figure 12-37.

Excel is, of course, unable to find Book1. You need to click the Change Source button to 
locate the Actual workbook so that Excel can reestablish the links.

Figure 12-36 If an external link cannot be found, Excel requires your intervention.
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Figure 12-37 Use the Edit Links dialog box to manage all your external links.

Opening a dependent workbook
When you save a workbook that contains dependent formulas, Excel stores the most recent 
results of those formulas. If you open and edit the supporting workbook after closing the 
dependent workbook, the values of edited cells in the supporting workbook might be dif-
ferent. When you open the dependent workbook again, the workbook contains the old 
values of the external references in the dependent formulas, and Excel displays a security 
warning, alerting you that automatic links are present. If you click the Update button, Excel 
searches for the supporting workbook. If it finds the workbook, Excel does not open it, but 
reads the supporting values and updates the dependent formulas in the dependent work-
book. However, If Excel can’t find the supporting workbook, it displays the error message 
shown in Figure 12-36, because the file referred to in the formula (Book1) no longer exists. 
Click the Edit Links button to display the dialog box shown in Figure 12-37.

Editing links
You can open supporting workbooks, as well as specify different supporting workbooks, 
when you click the Edit Links button, located in the Connections group on the Data tab on 
the ribbon. When you do so, you’ll see a dialog box like the one shown in Figure 12-37. 
Here is some helpful information about using the Edit Links dialog box:

 ● An A in the Update column indicates a link that is updated automatically.

 ● An M in the Update column indicates a manual link that isn’t updated until you click 
Update Values.

 ● Click Open Source to open the supporting workbook.

 ● Click Change Source to select a different supporting workbook.
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 ● Click Break Link to convert all existing external references in formulas to their current 
values. You can’t undo this action, so proceed with caution.

 ● Click Update Values to fetch the latest figures from the supporting workbook without 
having to open it.

 ● You can link objects and documents created in other applications, such as Word, to 
Excel worksheets and charts. When you do so, the Type column displays the applica-
tion name and the object type.

Clicking the Startup Prompt button displays the Startup Prompt dialog box shown in Figure 
12-38. You can use this dialog box to specify how links are handled whenever the work-
book is opened.

Figure 12-38 The Startup Prompt dialog box lets you customize the startup behavior of external 
links.

Ordinarily, Excel displays a security alert when you open a workbook containing linking for-
mulas, which individual Excel users can choose to suppress on their computers. If you prefer 
to suppress the security alert for the current workbook, you can do so by selecting either 
Don’t Display The Alert And Don’t Update Automatic Links or Don’t Display The Alert And 
Update Links in the Startup Prompt dialog box.

Note
To change the default behavior of disabling automatic links, click the File tab, Options, 
Advanced category, and then in the General section clear the Ask To Update Automatic 
Links option .

Copying, cutting, and pasting in linked workbooks
You can use relative or absolute references to cells in other workbooks as you do in a single 
workbook. Relative and absolute references to cells in supporting workbooks respond to 
the Copy, Cut, and Paste commands and buttons in much the same way as do references to 
cells in the same workbook.
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For example, suppose you type the formula =[Form2.xlsx]Sheet1!F1 in cell A1 on Sheet1 
of Form1 and then use Copy and Paste to copy this formula to cell B1. The formula in cell 
B1 becomes =[Form2.xlsx]Sheet1!G1. The original formula changes when you copy it to cell 
B1 because the reference to cell F1 is relative. However, if the formula in cell A1 of Form1 
contained an absolute reference, such as =[Form2.xlsx]Sheet1!$F$1, the reference in the 
copied formula would not change.

Copying and pasting between workbooks

When you copy a dependent formula from one workbook to another and that formula 
includes a relative reference to a third workbook, Excel adjusts the reference to reflect the 
new position of the formula on the worksheet grid. For example, suppose that cell A1 in 
Form1 contains the formula =[Form2.xlsx]Sheet1!A1. If you copy and paste that formula 
into cell B5 in Form3, the result is the formula =[Form2.xlsx]Sheet1!B5. Excel adjusts the 
formula to reflect its new relative position. If, on the other hand, you copy a formula that 
contains an absolute reference to another workbook, the formula remains the same after 
you paste.

Even if you copy a dependent formula to the workbook to which the formula refers, it’s 
still a dependent formula. For example, if you copy the formula =[Form2.xlsx]Sheet1!$A$1 
from cell A1 of Form1 to cell A3 on Sheet1 of Form2, the resulting formula is essentially the 
same, except that the book reference isn’t necessary because the formula is in the same 
workbook. As a result, the formula becomes =Sheet1!$A$1.

Cutting and pasting between workbooks

Excel does not adjust the relative references in a formula when you cut it from one work-
book and paste it in another, as it does when you copy a formula. For example, suppose 
that cell A1 on Sheet1 of Form1 contains the formula =[Form2.xlsx]Sheet1!A1. If you cut 
rather than copy that formula and paste it into cell B5 of Form3, the references do not 
change.

Creating conditional tests
A conditional test formula compares two numbers, functions, formulas, labels, or logical 
values. You can use conditional tests to flag values that fall outside a given threshold, for 
example. You can use simple mathematical and logical operators to construct logical for-
mulas, or you can use an assortment of built-in functions. For information about using con-
ditional test functions, see “Understanding logical functions” in Chapter 14.

You might also be able to satisfy some of your conditional curiosities by using the conditional 
formatting feature in Excel . For details, see “Formatting conditionally” in Chapter 9 .
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Each of the following formulas performs a rudimentary conditional test:

=A1>A2 
=5–3<5*2 
=AVERAGE(B1:B6)=SUM(6,7,8) 
=C2="Female" 
=COUNT(A1:A10)=COUNT(B1:B10) 
=LEN(A1)=10

Every conditional test must include at least one logical operator, which defines the relation-
ship between elements of the conditional test. For example, in the conditional test A1>A2, 
the greater than (>) logical operator compares the values in cells A1 and A2. Table 12-4 lists 
the six logical operators.

TABLE 12-4 Logical operators

Operator Definition

= Equal to
> Greater than
< Less than
> = Greater than or equal to
< = Less than or equal to
< > Not equal to

The result of a conditional test is either the logical value TRUE (1) or the logical value FALSE 
(0). For example, the conditional test =A1=10 returns TRUE if the value in A1 equals 10 or 
FALSE if A1 contains any other value.

Using conditional functions
Often, you need to total some, but not all, numbers in a range or count items that conform 
to specific criteria. You can easily construct these kinds of conditional formulas by using the 
SUMIF, SUMIFS, COUNTIF, and COUNTIFS functions.

Versions of Excel prior to the 2010 release included the Conditional Sum Wizard, an add-in 
that helped construct the necessary array formulas using the SUM and IF functions. The 
formula visible in the formula bar of the background worksheet in Figure 12-39 shows just 
such a legacy formula that was originally created by the wizard. This approach, and this 
formula, still works just fine, in case you still have some of these wizard-generated models 
in your workbooks. The Conditional Sum Wizard is history in 2013, but there is a somewhat 
easier method of arriving at the same result. The worksheet in the foreground of Figure 
12-39 shows a similar task accomplished with SUMIF functions.

For details on these functions, see “The SUMIF, SUMIFS, and COUNTIF functions” and “Under-
standing logical functions,” both of which are in Chapter 14 .
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Figure 12-39 Conditional sum formulas are easily created using the SUMIF function.

You’ll find the NorthwindTransactions.xlsx file with the other examples on the companion 
website.

You can use the SUMIF function to collect a total of items in a range that match a given cri-
terion. In Figure 12-39, the salesperson’s name is used as the criterion to collect sales totals 
(of course, correct spelling and punctuation is key). If you want to be even more selective, 
you can use the SUMIFS function, which allows you to specify up to 127 separate sets of 
criteria. Figure 12-40 shows a SUMIFS function in the formula bar that uses two criteria: 
salesperson and location. For each criterion, there are two arguments in the formula: one 
defines the range of cells containing the values from which you want to gather totals, and 
the other specifies the criterion identifying values you want to include.

As you might imagine, the COUNTIF and COUNTIFS functions operate similarly to their 
SUM-family brethren, but instead of adding values together, they count instances. For 
example, Figure 12-41 shows a worksheet displaying the number of times each salesperson 
worked at each store location. The result cells in the Worked At Location area each contain 
a COUNTIFS function that looks at both the salesperson and the location, and they return 
not a total but a tally of the number of times this combination occurs.
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CAUTION!
If a label in the column of criteria includes an invisible space character at the end of 
the text string, Excel excludes it from the total, even if all the instances are otherwise 
identical .

Figure 12-40 You can use the SUMIFS function to specify up to 127 sets of criteria.

Figure 12-41 With the COUNTIFS function, you can use multiple criteria to tally the number of 
times the specified condition occurs.
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Using lookup functions
You can create formulas using the INDEX and MATCH functions that pinpoint specific val-
ues in tables of data. Typically, a lookup formula includes two MATCH functions: one to 
identify a row, and one to indentify a column. The INDEX function takes these values and 
returns the contents of the cell at the specified location.

Versions of Excel prior to the 2010 release included the Lookup Wizard, an add-in that 
helps to construct the necessary formulas using the INDEX and MATCH functions. These 
formulas still work perfectly, in case you still have some of these wizard-generated models 
in your workbooks.

For details about the INDEX and MATCH functions, see “Understanding lookup and reference 
functions” in Chapter 14 .

As you can see in the formula bar in Figure 12-42, there are two MATCH functions at work 
within the INDEX function; the first locates the row, and the second locates the column. 
They do so using the values in cells P5 and Q5, respectively, containing column and row cri-
teria you specify. The INDEX function then takes these criteria and returns the value found 
at the intersection of the designated row and column.

Figure 12-42 Locate values in tables using the INDEX and MATCH functions.

You’ll find the Lookup Functions.xlsx file with the other examples on the companion 
website.

In the previous three figures, you’ll notice a mixture of relative and absolute references in the 
formulas . (A row number or column letter preceded by a dollar sign is an absolute reference .) 
These are generally used to allow the copying of formulas to other locations while maintain-
ing the proper relationships . For details, see “Understanding relative, absolute, and mixed 
references” back near the beginning of this chapter .
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CHAPTER 13

Using functions

WorkSheet funCtionS are special tools that perform complex calculations quickly and 
easily. They work like the special keys on sophisticated calculators that compute 
square roots, logarithms, and statistical evaluations—except Microsoft Excel 

has hundreds of these special functions. Some functions, such as SIN and FACT, are the 
equivalent of lengthy mathematical formulas you would otherwise have to create by hand. 
Other functions, such as IF and VLOOKUP, can’t be otherwise duplicated by formulas. When 
none of the built-in functions is quite what you need, you can create custom functions, as 
explained in Chapter 29, “Creating custom functions.”

Using the built-in function reference in Excel
While preparing this book, we had to make some tough choices. Fully describing each of 
the hundreds of worksheet functions would fill an entire book—or two, perhaps. To provide 
the greatest benefit, we had to decide which functions to focus on and which to mention 
only briefly. Admittedly, we tend to devote more ink to financial, information, and lookup 
functions than we do to engineering or trigonometric functions. We think this makes sense 
for the majority of our readers. If you need more information about functions that we do 
not cover in great detail, Excel offers several built-in resources:

 ● The Help system The Excel Help system includes a detailed description of each 
worksheet function. Just press F1 or click a question-mark icon to display the Excel 
Help window, and then type a function name in the Search text box to find all the rel-
evant Help topics. You can also type Excel functions in the Search box and then click 
either the Excel Functions (By Category) or Excel Functions (Alphabetical) Help topic. 
For example, clicking Excel Functions (By Category) displays the information shown in 
Figure 13-1.

For more information, see “Using the Help system” in Chapter 2, “Exploring Excel 
fundamentals .”
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