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Building Blocks: Selected Excel

Functions and Tools

This chapter provides examples of the use of a selection of Excel functions. It is
not possible within the scope of this text to provide complete coverage of all Excel
functions; rather the focus is on those that are generally important in financial modelling
at the intermediate and advanced level. Readers may naturally refer to other texts on
Excel or to the Help menu within Excel (F1 short-cut) to learn more about the full
range of functions.

CORE FUNCTIONS FOR FINANCIAL MODELLING

This section summarises the basic functions required for many financial modelling applica-
tions. While many of these are essentially self-explanatory and are likely to be well known
to many readers, certain aspects of their use and features are worth highlighting.

Arithmetic Operations

The basic functions for arithmetical operations (classified in Excel within either the Math &
Trig or Statistical categories) include:

• AVERAGE calculates the average of a set of numbers.
• COUNT counts the number of cells that contain numbers (COUNTA counts the number

of non-empty cells, and so includes the counting of text fields).
• MIN and MAX calculate the minimum and maximum of a set of values.
• PRODUCT multiplies its arguments.
• SUBTOTAL calculates the sum (or other values) of a range of cells, ignoring other

SUBTOTAL functions, so avoiding potential double-counting of values.
• SUM adds up a set of numbers.
• SUMPRODUCT multiplies the corresponding elements of two ranges and forms their

sum.

Example: PRODUCT

Where the values in a contiguous range of cells are to be multiplied, the PRODUCT
function provides a smaller formula with easier updating than the alternative approach (in
which individual cell references are multiplied).

The file Ch1.Core.xlsx (PRODUCT worksheet) (Figure 1.1) shows an example in which
a range of cells containing probabilities is multiplied. It shows that there is a probability of
just less than 50% that a group of 23 people have birthdays on different days to each other.
That is, in a group of 23 people, it is more likely than not that at least two people share
a birthday.
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Figure 1.1

Example: SUBTOTAL

The SUBTOTAL function ignores other SUBTOTAL functions, and so avoids double-
counting when applied to a range that contains this function (unlike the SUM function,
which would lead either to double-counting or to a large set of cumbersome, inflexible and
error-prone formulae).

The function has an argument that allows different calculations to be performed on the
data set. For example, the sum of the range requires the use of the argument 9, whereas the
average and count require the value of 1 and 2 respectively (see the Help menu for the full
description).

Frequent uses of the function include:

• The creation of subtotals in a large list of data that is sorted into categories.
• In financial statement modelling, where a company’s total assets may be calculated from

the (subtotal) of its fixed and current assets, which may themselves each be calculated as
the subtotal of a more detailed breakdown (such as equipment, working capital, etc.).

• The analysis of sets of filtered data (see later), where the function ignores any hidden
rows that result from a list having been filtered (unlike SUM, COUNT).

The SUBTOTAL function can be entered either by direct insertion into a cell (by explicit
typing or insertion from the Math & Trig category), or by use of Data/Subtotal (Data/
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Figure 1.2

Subtotals in Excel 2003) when applied to a list or table of data. In the latter case the data
will usually have first been ordered or sorted in some way (perhaps through use of the
Data/Sort menu), so that the inserted subtotals are at the relevant break-points in the list.
This latter route will result in grouped data appearing.

The file Ch1.Core.xlsx (SUBTOTAL worksheet) (Figure 1.2) shows an example where
the function was entered by direct insertion (the arguments for the different types are also
shown for convenience).

Example: SUMPRODUCT

The file Ch1.Core.xlsx (SUMPRODUCT worksheet) (Figure 1.3) shows an example of the
SUMPRODUCT function in a simple portfolio analysis situation. It is used in order to
calculate the weighted average (i.e. expected) return of a portfolio that consists of assets
with given weights and expected returns.

Logical Operations

The basic logical functions include:

• AND checks if two conditions both hold, and returns TRUE or FALSE accordingly.
Similarly OR and NOT functions exist. These can be useful to avoid writing embedded
IF statements when checking multiple conditions.
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Figure 1.3

• IF checks whether a condition is true or not and returns a specified value in each case. Its
use is implicit in a direct comparison expression such as =F7>F6, which would evaluate
to either TRUE or FALSE (these are not text strings, but when used in any subsequent
formulae, are interpreted by Excel as 1 or 0 respectively). Therefore =50*(F7>F6) would
return either 50 or 0. Similarly, while one may write =IF(F7>F6,1,0), this would not be
the same as =IF(F7>F6,“TRUE”,“FALSE”), which returns text strings (and is therefore
generally inconvenient when the results of such expressions are to be used in further
numerical calculations).

Related functions include:

• SUMIF (classified in the Math & Trig category) adds the values of cells in a given
range according to whether a criterion is met in another range. Excel 2007 also has a
SUMIFS function in which a range is summed according to multiple criteria being met;
an example is shown later in this chapter. In addition, in some cases the use of Database
functions, PivotTables, or the Conditional Sum Wizard can provide more appropriate
alternatives (see later).

• COUNTIF (classified in the Statistical category) counts the number of cells that meet
a specified criterion. In Excel 2007, the AVERAGEIF function exists, as do AVER-
AGEIFS and COUNTIFS when multiple criteria are to be met.
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Figure 1.4

Example: AND

The file Ch1.Core.xlsx (AND worksheet) (Figure 1.4) shows the hypothesised development
of the gross domestic product (GDP) of the US and Chinese economies (indexed so that the
starting value of the US is 100), and demonstrates the use of AND to check whether two
conditions hold simultaneously. Various possibilities are shown, including a compound IF
statement, the AND function embedded within the IF statement, and the AND statement
applied to the result of checking individually whether each of the conditions is met. Note
that in the previous example, the AND function returns either TRUE or FALSE.

Example: SUMIF

The SUMIF function adds the values of the cells in a range according to whether a criterion
is met in another range.

The file Ch1.Core.xlsx (SUMIF1 worksheet) (Figure 1.5) shows its use to calculate the
total capital expenditure from Year 7 onwards in a 10-year forecast, as well as to lookup
the capital expenditure in Year 9 (this could also be achieved with a Lookup function,
described later).

The SUMIF function can be particularly useful in modelling applications where the values
of some model inputs are themselves derived from data sets.
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Figure 1.5

The file Ch1.Core.xlsx (SUMIF2 worksheet) (Figure 1.6) shows the use of the function to
perform simple database queries. It also shows how the concatenation of multiple database
fields (using & or the CONCATENATE function) can often be used to create a sum
according to the multiple criteria being met. This approach can sometimes be easier and more
flexible than the alternatives (which are discussed later, including the SUMIFS function,
the Conditional Sum Wizard, Database functions (which would require setting up many
criteria ranges with field headings for each), or PivotTables (where there would be no
live-link to the data set).

The file Ch1.Core.xlsx (SUMIF3 worksheet) (Figure 1.7) shows how the function may
be used to determine the number of unique records in a list.

Financial Calculations

Certain functions are frequently used in financial calculations (and are classified in either
the Financial or Math & Trig categories) including:

• IRR calculates the internal rate-of-return of equally spaced cash flows, and has a number
of applications, such as in project evaluation and yield analysis. (The XIRR function
can be used where the cash flows are not equally spaced, and the YIELD function for
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Figure 1.6

Figure 1.7
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bond-related applications; these functions are included in Excel 2007, but are part of the
Analysis ToolPak add-in in Excel 2003; see later.)

• LN calculates the natural logarithm of a number (and EXP the exponential).
• NPV calculates the net present value of equally spaced cash flows at a given discount

rate. (The XNPV function can be used when cash flows are not equally spaced; this
function is included in Excel 2007, but is part of the Analysis ToolPak add-in in Excel
2003; see later.)

• PMT calculates the constant level of repayment required on a loan (interest and principal)
with a fixed interest rate (similarly PPMT calculates the principal repayment component
only).

Example: IRR

The file Ch1.Core.xlsx (IRR1 worksheet) (Figure 1.8) uses the IRR function to calculate
the yield on a bond with an assumed current purchase price and a repayment schedule. The
YIELD function could also be used for such a calculation, and this is also shown. Of course
the IRR function can be used for any profile of periodic cash flows, whereas the YIELD
function is only applicable in the specific application of bond yields (as the periodic cash
flows are implicit from the face value, maturity and coupon frequency, and do not need to
be explicitly calculated).

Figure 1.8
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Figure 1.9

The internal rate-of-return is the discount rate that would result in the net present value
of the cash flows being equal to zero. It is well-known that its use as a measure of project
performance is inadequate. For example, when the cash flows of a project change sign
over time, there will be several values possible values for the internal rate-of-return. More
subtly, if a project may at any point be sold for its future net present value, then the internal
rate-of-return of the project depends on the date at which the project is sold. This means
that its use as a measure of performance or of project selection can be misleading.

The file Ch1.Core.xlsx (IRR2 worksheet) (Figure 1.9) demonstrates this (it also uses
the Data Table functionality described in Chapter 2 to test the sensitivity of the internal
rate-of-return to the date at which the project is sold).

Example: LN

The LN function is useful in many contexts, including the calculation of the growth rates
of asset values and the calculation of half-lives in maintenance modelling. If the value of a
process halves every T years, its value at the end of each year is equal to EXP(LN(0.5)/T)
of the value at the beginning of the year. Similarly, if an asset’s value grows continously
in time, then its future value will grow exponentially. When calculating asset returns, the
use of the LN function applied to the ratio of the ending to beginning values over a period
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of time will give the continuous time (constant compounding) growth rate:

Growth rate = LN(Ending/Starting)

One of the properties of this method of calculating growth rates is that the periodic growth
rates are additive, e.g. the LN of the ratio calculated from year end and beginning asset
values is equal to the sum of the changes of the LN of the ratio on a daily basis. When
considering very short periods (such as daily changes) it makes little difference to the
individual measurements whether the LN function is applied to the ratios of values or
whether the change is measured using the alternative formula:

Growth rate = Ending/Starting − 1

This latter formula is used in applications where the passage of time is considered to be a
discrete process, rather than a continuous one. Note that the additive property of the changes
is lost when this approach is used. However, the ending period asset value when using the
two approaches in a forecasting sense would be the same as long as each methodology is
used in a self-consistent way. That is, the calculation of an ending value when the input
change is assumed to be measured by the first formula would require use of the EXP
function, whereas for the second approach it would involve a multiplication of the starting
value by 1 plus the growth rate.

The file Ch1.Core.xlsx (LN worksheet) (Figure 1.10) shows the two calculation approaches
using a set of daily data for the Dow Jones index in 2007.

Figure 1.10
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Figure 1.11

Example: NPV

The use of the NPV function to calculate the discounted value of a set of cash flows is
essentially straightforward providing one is familiar with the concept of discounting. The
main area where mistakes are often made is to overlook that the function implicitly assumes
that the value in the first cell of the range is discounted for one period, the second value
for two periods, and so on.

The file Ch1.Core.xlsx (NPV worksheet) (Figure 1.11) shows an example in which the
cash outflow associated with an investment that is being made immediately would not require
discounting, and should be excluded as an argument of the NPV function (otherwise all
cash flows will be discounted by one period too many).

Example: PMT and PPMT

The PMT and PPMT functions can be useful to calculate respectively the total and the
principal component of the periodic repayments required on a loan (the interest payment
being the difference, but which can more easily be calculated directly from the interest rate
and loan balance).

The file Ch1.Core.xlsx (PMT worksheet) (Figure 1.12) shows the explicit calculations of
the repayments (split between interest and principal), where the required total repayment
level must be found by trial and error (or by using Excel’s GoalSeek or Solver described
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Figure 1.12

later). The results are compared with those that would result if the PMT and PPMT functions
were used directly. (In the example shown, the term of the loan is set to be equal to 13,
and hence a #NUM error is returned for periods beyond that. In this case, such an error has
no real consequence for the situation at hand. Nevertheless, the example also shows how
Excel 2007’s IFERROR function (see later for more details) can be used to reset the error
value to zero in such cases.)

When using these functions, frequent mistakes include having an interest rate that is
inconsistent with the periods used (e.g. monthly/annual), or overlooking that the sign of the
cash flows is negative (when repayments are required). Errors can be particularly hard to
spot if the functions are used in embedded formulae in non-annual models.

DATABASE FUNCTIONS, FEATURES AND PIVOT TABLES

The analysis of data sets is important in a number of modelling applications, such as the
calibration of model inputs, the assessment of important factors or drivers of behaviour in
a situation, as well as being generally important as a stand-alone application. This section
discusses a number of Excel’s tools in this area, including:

• Database functions, which return calculations of the values in a database that meet certain
criteria without explicitly extracting the relevant data points.

• Filter and Advanced Filter options, which present or extract a filtered data set whose
elements meet specific criteria.
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• PivotTables, which create summary reports by category and cross-tabulations.

Note that in some cases the SUMIF or SUMIFS functions (see earlier) or the Conditional
Sum Wizard (see later) can provide appropriate alternatives to the use of Database func-
tions. In addition, Excel has other tools to analyse data sets, including Statistical functions
and simple regression analysis, some of which are discussed in the next section.

Example: Database Queries using DSUM and other Database Functions

The Database functions (such as DAVERAGE, DCOUNT DCOUNTA DMIN, DMAX,
DSUM) calculate the relevant figure (average, count, etc.) of the numbers in a range that
meet specified criteria. Statistical quantities, such as the standard deviation of the data points
meeting the criteria, can also be calculated with DSTDEV (or DSTDEVP, when the sample
is intended to represent the whole population) and functions such as DVAR and DVARP
exist for calculating the variance.

When using Database functions, the field headings must be included in the definition
of the database and criteria ranges. The criteria range can consist of multiple contiguous
rows, where each row is equivalent to an OR condition (so that the presence of any blank
row within the criteria range would select all records); multiple criteria within a row are
equivalent to an AND condition, i.e. that all criteria within the row need to be met.

Figure 1.13
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The file Ch1.Data.xlsx (Functions worksheet) (Figure 1.13) shows an example of the use
of these functions (named ranges have been used for the database and criteria ranges; see
Chapter 2 for more information on their use).

Example: Filtering

A range of data can be filtered by selecting the range including field headers (the short-
cut CTRL+SHIFT+DOWN can be used), and applying the Data/Filter command (Data/
Filter/AutoFilter in Excel 2003). A drop-down list of potential filter criteria for each field
appears (in Excel 2007 these include the application of numerical or text filters); the drop-
down arrows can be removed by repeating this procedure. Statistical analysis of a filtered
list can be done with the SUBTOTAL function (see earlier). The use of SUM, COUNT,
etc., will pick up those hidden points that do not meet the criteria.

The file Ch1.Data.xlsx (Filter worksheet) (Figure 1.14) shows an example.

Example: Tables in Excel 2007

In Excel 2007, a range can also be turned into a Table by selecting it (including field
headers) and using Home/Format as Table (or Insert/Table); a Table can be converted
back to a range by clicking on the Table and using Table Tools/Convert to Range.

The file Ch1.Data.xlsx (Table worksheet) (Figure 1.15) shows an example, once again
using the SUBTOTAL function on the filtered data.

Figure 1.14
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Example: Correlation, Covariance, and β using CORREL, COVAR, SLOPE

The measurement and use of the correlation coefficient between the returns of assets arises
in many contexts, for example:

• The construction of an optimal portfolio of assets generally requires that the correlation
coefficient between them be estimated.

• The estimation of the cost-of-capital for a project using the Capital Asset Pricing Model
(see Chapter 3) involves the correlation coefficient either explicitly or implicitly.

• The use of correlated sampling is an important way to capture dependency relationships
between variables in simulation models (see Chapter 4).

In the context of cost-of-capital calculations, the beta (β) of a project (or of a particular
asset, such as a stock) can be expressed in several ways, including the covariance of the
stock’s returns with those of the market, or the correlation coefficient of the stock’s returns
with the market’s, scaled by the ratio of the standard deviation of returns:

βs = cov(rs, rm)

cov(rm, rm)
= ρsmσsσm

σmσm
= ρsmσs

σm

Here, rs and rm denote the return on the asset and market respectively, ρsm the correlation
coefficient between the returns, and σs and σm the standard deviation of the returns.

It is known from statistical theory that these expressions correspond to the slope of the
regression line (where the stock’s return is on the y-axis and the market’s return is on
the x-axis). The slope of such a line can be shown by creating a Scatter (or XY) chart,
right-clicking on one of the data points to Add Trendline, and under Options selecting
Display Equation on chart.

The file Ch1.Stats.xlsx (Correl&Beta worksheet) (Figure 1.19) shows an example. It
contains the monthly (logarithmic) returns for a five-year period of the S&P500 and a
NYSE-quoted company, Kennametal. The functions CORREL, COVAR, STDEVP and
SLOPE are used to calculate the statistics on correlation and volatility, and the β is cal-
culated by use of these methods, as well as being shown as the slope of the regression
line.

Example: Rank Correlation using RANK and CORREL

The classical measure of correlation discussed above is known as the Pearson Product
Moment (or linear) correlation. When using correlation in simulation techniques (and in
some other applications), the creation of correlation between random variables usually
requires a less stringent definition of correlation, and for this a rank correlation (Spearman
Rank correlation) is often used. Rank correlations are based on calculating the correlation
coefficient using a modified data set in which each data point is replaced by its position (or
rank) within its own set (i.e. the smallest value is given a rank of 1, and so on). Variables
that are 100% rank correlated will not necessarily form a linear relationship (i.e. will not in
general be 100% linearly correlated), but rather form a monotonic set. In this sense the use
of rank correlation allows for more flexibility in the creation and sampling of multivariate
distributions.

The file Ch1.Stats.xlsx (RankCorrel worksheet) (Figure 1.20) shows the use of the RANK
function to calculate a new data set derived from the position of each point within its own set




























































