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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:

e AVERAGE calculates the average of a set of numbers.

e 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).

e MIN and MAX calculate the minimum and maximum of a set of values.

e PRODUCT multiplies its arguments.

e SUBTOTAL calculates the sum (or other values) of a range of cells, ignoring other
SUBTOTAL functions, so avoiding potential double-counting of values.

e SUM adds up a set of numbers.

e 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 Chl.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:

e The creation of subtotals in a large list of data that is sorted into categories.

e 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.).

e 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 Chl.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 Chl.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:
e 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

e 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:

e 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
SUMIEFS 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).

e 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 Chl.Core.xIsx (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 Chl.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 Chl.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 Chl.Core.xIsx (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:

e 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



Building Blocks: Selected Excel Functions and Tools

Figure 1.6

/:‘i&/\,l RS chi.Carexls: - Microsoft Excel - mx
—=' | bome | mset  Pagelapowt  Formulas  Data  Rewew  View  Developer  Adddns - = x
' 1 3| 8= B B
® s A w| | [E = |F | s - E ﬁ | S dncect = ||| 2 zr )
<a 3 Delete - || 3]~
Paste B I -8 A-||= = =iEEE ZE-| $ - % |4 20 Conditional Formst  Cel | ., __ Sortd Find &
= ! 0-|B-[&- A FE & b | matiing - o Tobie - Sties - | [EXFomat« || 2+ Fier= saects
Cllpbaard = Fanit (] Zllignmert (] Mumber (F] Styles Cells Editing
a1 3 & &
B G ] F G H I J 'i
Cugte=er ng.  Dale Amgunl & Concalenated criteria | Formula in column H
T3t Jan 724 =CONCATENATE(3,03)
s Jan 2320
= Fas 172
ciss Fen 1252
csTe Fen 2200 L)
cazs ar 1252 Ugar
A% iar 5000 Langestlar
728 Har 4500 [—
c28 sl 25 Usiari
cast Aprd 2753 Germany2an
csas Tay Z7es|
Iz June 2 7ED|
C43 Juty 157
cr2s gzt 1357 =
33338500 )
Amaunt £ Farmuln in column E Amgunt £ [Farmula in colimn J
SR BRI ESIE B0 ERIES E) e FinEE AR E AR
=SUMF{B52:B515, ESHESIE}
-SLUFBEIENS B2 E3TES 1S
R EE3ESE 523 ERNES 1S
u
W4 k¥ PRODUCT - SUBTOTAL . SUMPRODUCT - AND - SUMIF] | SUMIF2 -~ SLIMIF3 - TR ML
=

Figure 1.7

Dy [l - - s Chi.Corexls: - Microsoft Excel - A x
il .

— Home Insert Page Layout Farmulas Dtz Review  Viaw Dieveloger adilns - = ox

LI s A w| | [E = |F | s - E i | ESlpets || 2s ﬁr

o . Siey = = Fﬁ | 3k e - 3! r““&

'2ste -A-|%-A- |= = =[iEE = - vl onditional Formet  Cell | . ~_ Sort& Find

= 7 (B e o- A SE=(FEHE= D | b 2% Formatling = a: Table - Styles - | (EAFemal= | 22 Filter - Select -
Clipboard = Fant £ Alignment 2] Number o styles cells Editing

*

: E F G H 1 K L 'i
2 Cantrivulin 1 unigue records

3 4 0.2

4 Leadan 5 0.21)

] France 1 2 0.50]

[ us 1 3 .23

7 Leasion 1 5 0.20]

g us 3 0.33]

3 Lesdon § 0.29]
10 Lendon S 0.29]
1 us 3 0.33)
12 |zermany 1 : 0.2
137 |France 1 H .50
14 Jueeson 1 5 0.20]
16 Germany 1 4 0.25]
16 |Germany 1 4 0.2¢| =
1T |Towal 1 A= of unigue records fur Location
18
19
20
21
27
]
a9
25
26
27
28
29
30
Sl
32
33
M
H o4 b M PRODUCT - SUBTOTAL - SUMPRODUCT  AND - SUMIFL - GUMIF2 | SUMIF3 - 1RR1 - JHI[ m

=




8 Financial Modelling in Practice

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

e LN calculates the natural logarithm of a number (and EXP the exponential).

e 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.)

e 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 Chl.Core.xIsx (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).
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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 Chl.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 Chl.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.
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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 Chl.Core.xIsx (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 Chl.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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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:

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

e Filter and Advanced Filter options, which present or extract a filtered data set whose
elements meet specific criteria.
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e 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 DSTDEYV (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.
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The file Chl.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 Chl.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 Chl.Data.xIsx (Table worksheet) (Figure 1.15) shows an example, once again
using the SUBTOTAL function on the filtered data.
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Example: Advanced Filtering

Potential disadvantages of the standard Filter approach include that the criteria used to
filter the data set are embedded within the drop-down menus and are not explicit. Also,
more complex criteria can be difficult or impossible to set up. The Advanced Filter
(Data/AdvancedFilter or Data/Filter/AdvancedFilter in Excel 2003) can overcome these
limitations, as there is an explicit criteria range, and it also allows those records that meet
the criteria to be extracted to a separate area. Any named ranges that may have been set up
can be accessed (for example, when completing the List range box) by pressing F3.
The file Chl.Data.xlsx (AdvFilter worksheet) (Figure 1.16) shows an example.

Example: PivotTables

PivotTables can be used to produce cross-tabulation reports which summarise aspects of
a database by category. The data range should be selected (including the field names)
before using Insert/PivotTables (Data/PivotTables in Excel 2003), and then following the
step-through menu (“wizard”), which is essentially self-explanatory. Row and column labels
(including multiple labels to create subcategories) can be placed on the PivotTable by
dragging from the field list, or right-clicking on the fields. The PivotTable Tools (displayed
when clicking on the table) can be used to change aspects of the table, such as the Field
Settings (which determine whether, for example, the sum or the average of the relevant
entry is to be displayed), as well as using the Refresh button if the values in the data set
change. Labels can be removed by clicking on them in the Field List or dragging them
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back from the labels area of the Field List window. A PivotTable can be deleted using
the PivotTable Tools by choosing Select/Entire PivotTable and then clearing the contents.
PivotCharts can also be produced and are essentially self-explanatory once one is familiar
with PivotTables.

The file Chl.Data.xlsx (PivotTable worksheet) (Figure 1.17) shows an example.

STATISTICAL FUNCTIONS

Statistical functions are often required to conduct analysis of historic data (for example, to
calibrate model inputs) and to analyse the results of models (such as simulation models,
where the output is typically a large data set). Basic arithmetic operations can be conducted
with functions such as AVERAGE, COUNT, MIN and MAX described earlier.

Certain statistical functions relate to the variability found in data sets, such as:

e CORREL calculates the correlation coefficient between two data sets.

e COVAR calculates the covariance of two data sets (the extent to which the data sets
co-vary, such as large values in one set occurring generally when large values in the
other occur).

e SLOPE calculates the slope of the linear regression line of two data sets.

e STDEYV calculates the standard deviation of a population based on a sample. Similarly,
VAR calculates the variance (i.e. the square of the standard deviation). STDEVP and
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VARP calculate the same figures assuming that the data provided is the whole population
rather than a sample, hence requiring no correction for biases introduced by samples.

Functions that provide further statistical measures about a data set include:

e KURT calculates the coefficient of excess kurtosis (i.e. the figure is adjusted by subtract-
ing 3, so that a Normal distribution would have a KURT of zero). The meaning of this
is discussed in Chapter 4.

e SKEW calculates the coefficient of skewness; its meaning is also discussed in Chapter 4.

Functions that provide measures of the order of points within the data set include:

e LARGE and SMALL show the value of a point with a certain rank in the data set (e.g.
the kth largest or smallest value).
e RANK calculates the rank (i.e. ordered position) of a data point within its data set.

When implementing simulation techniques (see Chapter 6), other frequently required
functions include:

e NORMSINY calculates the inverse cumulative Normal distribution, i.e. requires a prob-
ability as an input and calculates the value from a standard Normal distribution that
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is associated with this (cumulative) probability. NORMINYV can be used where the
distribution is to have a specified mean and standard deviation (rather than the stan-
dard O and 1). Similarly, LOGINV calculates the inverse of a cumulative Lognormal
distribution.

e RAND generates a random number uniformly distributed on [0, 1]. The combination
NORMSINV(RAND()) will therefore generate a sample from a standard Normal
distribution.

e FREQUENCY is an array function (see later) that can be used to find the number of
occurrences of data set that lie within a range, and is useful when analysing historic data
and simulation results.

Example: Measuring Volatility using STDEV

The standard deviation of an asset’s returns (or price changes) is a measure of its volatility.

The file Ch1.Stats.xIsx (Vol worksheet) (Figure 1.18) uses daily data for the Dow Jones
index in 2007 to calculate the logarithm of the daily ratios of the index (using the LN
function, as described earlier). The STDEYV function is then applied to calculate the volatility
of daily returns (and an annual rate is calculated by scaling by the square root of the number
of trading days in the year).
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Example: Correlation, Covariance, and  using CORREL, COVAR, SLOPE

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

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

e 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.

e 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 (8) 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:

B, = cov(rs, r'm) __ Psm0sOm _ Psm0s
’ cov(rm, Fm) OmOm Om

Here, rg and r, denote the return on the asset and market respectively, psy the correlation
coefficient between the returns, and o and o, 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 Chl.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 $ 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.xIsx (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
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(when ordered in ascending order). The CORREL function is applied to both sets of data.
There is a slight difference in the correlation coefficients calculated by the two methods.
(Note that Excel also has a function PEARSON, which is equivalent to CORREL.)

Example: Automatic Sorting of Data using LARGE

The LARGE function can be used to automate the sorting of a data set into ascending or
descending order. An advantage over the use of Data/Sort is that the sorted list is lived-
linked to the data set and so will update automatically if it changes (e.g. as new daily data
comes in).

The file Ch1.Stats.xIsx (SortLARGE worksheet) (Figure 1.21) shows an example in which
a data set is sorted by applying LARGE, where a set of integers from 1 upwards is used in
order to place the points in descending order. As covered in the next section, to find the date
on which any of these specific returns occurred, Lookup functions (such as the combination
of INDEX with MATCH or VLOOKUP if the data set were re-ordered appropriately) can
be used.

LOOKUP AND REFERENCE FUNCTIONS

Many Excel users have only a cursory awareness of Lookup and Reference functions.
However a good knowledge of them is arguably one of the single most important capabilities
required to construct intermediate and advanced models.



Building Blocks: Selected Excel Functions and Tools 21

AddIns

:J | | Seamgert -
= - R
-8 8| | Conditional Farmat  Cell | .,
I R sting - as Table - Styles - || ] Farmat -
#
J K L I H K
":]
12 1
= -
i Linear Regression of Raw Data Linear Regression of Ranked Data
+
i
> >
A 10.0 * B
b -
32 5 2
33 0o 10,0 20,0 00 40,0 50,0 s0.0 o z z L B 2 12
W 4 b W] Vol - CorelsBeta | RankCorrel .~ SotlARGE 0 1 i »
2 [0 @ 200% (=) bl -
B} ookCraft Formattad. ., Wierascft Exzel - Chl... R TS

Figure 1.20

Some frequently used examples are:

e MATCH finds the relative position of a specified value in an array.

e HLOOKUP (VLOOKUP) searches the top row (left column) of a table for a specified
value and finds the column in that row (row in that column) that contains that value. It
then provides the value that is at a specified row (column) within the table.

e INDEX looks up the value in a specified row and column of a matrix. The function also
exists in a reference form, where it returns a reference to specified cells rather than to
the value of a cell.

e OFFSET provides the value in a cell that is a specified number of rows and columns
from a specified reference cell or range. It can also be used to return the values in a range
of cells (rather than an individual cell) that is a specified number of rows and columns
from a certain reference cell or range.

e CHOOSE uses one of a set of values according to some key, and can be used where the
arguments are in a non-contiguous range. In some cases, the function can provide more
flexibility than the other Lookup functions.

e INDIRECT returns the reference specified by a text string.

There are other functions that may on occasion be useful, such as COLUMN (or ROW) to
find the column (row) number of the given reference, and COLUMNS or (ROWS) to find
the number of columns (rows) of a reference range.
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The following provides some simple examples of uses of these functions. In many cases,
there is not a unique way to achieve a particular purpose, so that alternative formulations
with different functions may exist.

Example: Finding Equivalent Values using MATCH

The file Chl.Lookup.xIsx (Match worksheet) (Figure 1.22) uses the earlier hypothesised
development of the US and Chinese economies, and aims to find the first year in which the
GDP of China will be larger than that of the US. (For ease of presentation the example uses
conditional formatting as discussed in Chapter 2 to colour the cells when this is the case.)

The MATCH function is applied to the range containing the results of the GDP com-
parison, to find the relevant position in the range. (Depending on whether the logical test
is set to return TRUE/FALSE or 1/0, the argument used in the MATCH function would
need to be changed appropriately.) In this example, the GDP of China would be larger than
that of the US for the first time in Year 11. Note that the MATCH function has an optional
argument, which is the type of match required, with zero representing an exact match (see
Excel Help or F1 on the function for more details).

Example: Volume Discounts using HLOOKUP

The file Chl.Lookup.xlsx (HLOOKUP worksheet) (Figure 1.23) uses the HLOOKUP func-
tion to find, for a specified quantity of a product purchased, the discount that applies
according to some schedule. Note that the last parameter of the function is set to TRUE



Building Blocks: Selected Excel Functions and Tools 23

oo s ChiLookup.ds - Microsaft Excel = x
3
— | Home | Inset  Pagelayout  Formulas  Dalta  Review  View  Developer  Adddns @ - = X
= . = oo | f e E_” J=lnset~ || X ~ ﬂl?
] 2 = [General . | 7 £
o rial A A =T enera Er _)ﬁ _j{ 2% petets - j 7 }}
Paste B I O-|5-|[8 - (5 - % o[ Ag) condi ol || o Sartd Find &
- F = - = R Form Table * Styles = | ol Farmat = || (27 Filter~ Select~
phoa a . Humber - styles Cells Editing
Al - S [¥]
a .
T
TRUE
11|=maTeHTRUE DRI 0
1] =MATCH(1. D2 R12.0 1
3
27
3
30
il E |
32
33 |
ax
W4 bW MATCH - HLOOKUP - WLOOKUP - INDEX({MATCH) 2DLookup 2DLookupWiz - WICV - OFFSET1 < INDEXZ . OFFSETZ .- Dyi ¥ m »
Ready 3 [ [0 E| agoss (=) 9 (I
@ € ¥ | G Cionment...  BoolOraitFon, | H) Bocke (8 chiteompoe, B0 POCOE ToIEIS @ (sl e (g snem |

Figure 1.22

(or 1), so that the closest match in ascending order is found (rather than an exact match);
this is necessary here, as the volume discounts must apply to all intermediate points in the
table, i.e. the discount that applies to a quantity of 7 should be the same as that which
applies to any number from 5 to (just less than) 10.

Example: Currency Conversion I-using VLOOKUP

The items in a multi-currency database can be converted into a common currency by looking
up the appropriate exchange-rate for each item.

The file Chl.Lookup.xlsx (VLOOKUP worksheet) (Figure 1.24) shows how the
VLOOKUP can be used to find the appropriate row for each currency, and then to pick out
the value of the exchange rate, which is then used as an input to a regular Excel formula to
convert the local currency amount to the sterling equivalent. The application of this function

assumes that the data is arranged vertically, and that the left column contains the currency
names.

Example: Currency Conversion II-using INDEX(MATCH)

One of the constraints on using the H- and VLOOKUP functions is that the contiguous
range in which the data is to be looked up must be arranged so that the top row (or left
column) contains the items to be searched. On occasion this can be inconvenient, and a
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more flexible approach to the same problem can be implemented using a combination of
the INDEX and MATCH functions.

The file Chl.Lookup.xlsx INDEX(MATCH) worksheet) (Figure 1.25) shows the currency
conversion example used above, but as the lookup field is in the right-hand column, the
VLOOKUP function cannot be used. Instead, the MATCH function is used to determine
the correct row to lookup the value and the INDEX function used to lookup the exchange
rate. (The example shows this procedure performed step-by-step and also using a compound
formula. As described in Chapter 2, a robust way to build the compound formulae (where
desired) is to create the step-by-step process and paste a copy of the MATCH function from
within the Formula Bar in place of the reference to that cell within the INDEX formula.)

Example: Two-Dimensional Look-Up using INDEX(MATCH)

The INDEX(MATCH) combination can also be used to perform a two-dimensional lookup.
For example, a volume discount may also be product-specific.

The file Chl.Lookup.xlsx (2DLookup worksheet) (Figure 1.26) shows the use of the
MATCH function to lookup the relevant row and column number, which are then used
as arguments of the INDEX function to calculate the discount that applies according both
to the product and volume purchased. In this case an exact MATCH is required when
determining the row number (match type = 0), but a less-than-or-equal match is necessary
for the column number (match type = 1).
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In the (2DLookupWiz worksheet) a similar result can be generated in an essentially
automated way by the use of the Lookup wizard. This is an add-in that can be loaded
under Office/Excel Options/Add-ins (or Tools/Add-ins in Excel 2003), with the menu then
appearing under Formulas/Solutions (or Tools in Excel 2003). The use of the wizard is
essentially self-explanatory once it is loaded, and is also similar to the use of the Conditional
Sum Wizard that is discussed later in this chapter.

Example: Variance—Covariance Matrices using H- and VLOOKUP

When considering a portfolio of assets with given weights and assumed expected returns,
volatilities (standard deviations) and correlations of returns, the portfolio’s expected return
can be calculated using the SUMPRODUCT function (as shown earlier). However, the
calculation of the portfolio’s standard deviation (as the square root of its variance) requires
matrix multiplication involving the vector of portfolio weights (w) and the variance-—
covariance matrix (VCV):

Variance of portfolio = wVCV w'
The implementation of such matrix multiplication is discussed later in this chapter (using

the MMULT function). Here we assume that a correlation matrix has been calculated (either
using the earlier method using CORREL, or—as shown later—using the OFFSET or other
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Figure 1.25

Lookup functions to create a formula that can be copied to all cells of the correlation
matrix), and are concerned with the calculation of the VCV matrix.
The elements of the VCV matrix are given by:

VCVU = p,'jO'iO'j

where p;; represents the correlation coefficient between the return of assets i and j, and o;
the standard deviation of asset i.

The file Chl.Lookup.xIsx (VCV worksheet) (Figure 1.27) shows the use of HLOOKUP
(VLOOKUP could be used if the standard deviation data were arranged in a column) to
create a formula in one cell of the variance—covariance matrix that can be copied to all
other cells in the matrix. Especially for large matrices such an approach would be much
less time-consuming than one using standard cell references, as such formulae would need
to be set up individually for each cell in the matrix in accordance with the required data
sets that need to be referenced.

Example: Time Axis as a Variable using OFFSET or INDEX

Lookup functions can also be used to create situations in which the time-axis of a model
is variable, at least in a discrete sense (for example, that each column represents a year, but
precisely which year it represents is flexible or can be determined by the user). For example,
if the time-line of part of a project is altered (e.g. due to a delay) then it would generally
be very cumbersome to change the formula links in the model, especially where different
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variables or parts of a model may have their own separate time-lines. Example applications
include:

e The modelling of revenues (or profit or cash flow) that may arise from a portfolio of
projects (e.g. in drug development) when the expected launch date of each project may
need to be updated as more information becomes available.

e The base case cost for a project where parts of the project could be delayed by different
amounts.

e The calculation of a depreciation schedule for a book of assets purchased at different
times, where the depreciation profile of each asset may be different.

e The cash repayment profile for a portfolio of bonds or other commitments where one
initially set up such a portfolio (in terms of the timing of the repayment of individual
elements) so that it is optimised in some way (e.g. the maximum repayment is held below
some level or is matched as closely as possible with cash inflow profile of the business).
In this case one would wish to create a model in which the repayment timing on each
element of the portfolio can be varied.

The file Chl.Lookup.xlsx (OFFSET1 worksheet) (Figure 1.28) shows the use of the
OFFSET function to translate a generic schedule of bond repayments after the year of issue
of each into a specific schedule once the issue date is decided. One can then experiment
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Figure 1.27

with the issue date (and the other input variables) to select a suitable repayment profile.
Note that this could also be implemented using the INDEX function. The screen shot for
the INDEX2 worksheet should be indentical to that for the OFFSET1 worksheet.

Example: Transposing References using OFFSET

The file Chl.Lookup.xlsx (OFFSET2 worksheet) (Figure 1.29) shows an example of the
use of the OFFSET function to transpose data or formula references.

Example: Flexible Ranges using INDEX, OFFSET and INDIRECT

The OFFSET, INDEX and INDIRECT functions can each be used to create formulae that
refer to ranges that are flexible (i.e. whose size varies and automatically adjusts).

The OFFSET function can be used to return the values in a range (rather than just the
contents of an individual cell). The optional height and width arguments of the function can
be used to specify the size of the output range (where these optional arguments are omitted,
the size of the output range is assumed to be the same as that of the reference range, which
in the examples above was only a single cell, but in general need not be).

The INDEX function exists in a reference form, in other words it returns a reference to
specified cells rather than the value of a cell. When used in this form, the range referred to
by the function will generally be directly used as a range argument in another function.
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Figure 1.28

The INDIRECT function has a cell reference as its argument and returns the value that
is in that cell.

The file Chl.Lookup.xlsx (DynRanges worksheet) (Figure 1.30) shows the use of each of
these to create a formula that calculates the moving average of points in a data set, where
the look-back period for the calculation can be varied by the user (i.e. the number of points
used in the calculations is flexible).

Example: Flexible Correlation Matrix using OFFSET

Another example of the use of OFFSET in a form where it returns an array (directly as an
argument of a formula) is for the calculation of correlation matrices. For anything but a small
number of assets, this would be a much quicker way of calculating the correlation matrix
than using individual entries of the CORREL function, as the range arguments would need
to be changed from cell to cell within the matrix.

The file Chl.Lookup.xlsx (OFFSET3Correl worksheet) (Figure 1.31) shows an example.

TEXT FUNCTIONS

Excel’s TEXT functions can be useful not only in their own right but also to allow manip-
ulation of numerical fields by first turning them into text, operating on the text fields and
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turning the text back into a numerical field. A selected list of some of these functions
includes:

LEN counts the length of a string.

MID refers to text in the middle of a text string.

REPLACE replaces a portion of text, starting at a specified place.

SEARCH determines the starting position of a text fragment within a string; similarly,
FIND finds the position of one text string within another.

TEXT formats a numerical value and converts it to text.

e VALUE converts a text string that “looks like” a value to an actual value.

Example: Manipulating Data I using TEXT, MID and VALUE

Occasionally one may need to take a set of multi-digit numbers and split each one into
individual digits. For example, a sequence of digits such as 100100001 may represent
whether an individual borrower was up-to-date or not with repayments of a loan or mortgage,
where every digit represents the position at the end of a given month. It may be required to
analyse the aggregate monthly position of a portfolio of borrowers, requiring each individual
digit to be present in a separate cell.

The file Chl.Text.xIsx (SplitNo worksheet) (Figure 1.32) shows the use of the TEXT
function to convert each number into text, from which each relevant digit can be extracted
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as a text field (using the MID function), before converting this text field into a value (using
the VALUE function).

Example: Manipulating Data II using SEARCH, MID and VALUE

Sometimes one may be required to extract a value that is embedded within a text field.

The file Chl.Text.xlsx (DataSet]l worksheet) (Figure 1.33) shows an example where it is
desired to know the total time spent on a set of customer projects for various customers,
where this data is contained within the corresponding text field. The key part of solving
such a problem is to identify a commonality that defines the position of the relevant field;
in this case it is that the field is directly after the first bracket. The SEARCH function is
used to find the position of the bracket (FIND could also be used), following which the
MID function extracts the text field that immediately follows the bracket. The VALUE
function is used to convert this text field to data, allowing the total number of days to be
calculated.

Example: Updating Text Labels and Graph Titles using TEXT

When producing charts whose titles or legends contain numbers (perhaps themselves calcu-
lated from a data set in the model), it can be useful if these fields update automatically if
the numbers or data set change. This is especially true if several graphs of different cases
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or sensitivities are required, as it will help to avoid confusion about which graph shows
which scenario. This is a two-step process. The first step involves creating the desired title
and labels as Excel formulae which update as the data changes (using the TEXT function).
The second step involves linking these formulae to the chart labels and title.

The file Chl.Text.xIsx (GraphLabels worksheet) (Figure 1.34) shows an example. The
creation of the updating labels is achieved with the use of the TEXT function, such as:

=“USA (“&TEXT(C5,0.0%”’)&” p.a. growth)”

As a formula, the expression must of course begin with an equals (=) sign, with the first part
of the expression being made into a text label by enclosing it in inverted commas, which
is then joined to the rest of the formula using &. The TEXT function has a first argument
which refers to the cell containing the number to be updated, and a second argument which
defines the format to be used (another frequent format is to use “0.0” to show a numerical
field with one decimal point, or “0” to show no decimal places, as used for the chart
title). Some spaces may need to be added at appropriate places within the text fields, e.g.
immediately after an opening inverted comma or before a closing one.

The linking of the series names from a chart to the updating cells can be done when edit-
ing the data source of the chart. For chart titles, one must edit the title field typing = within
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the Excel Formula Bar, point to the cell containing the required title, and press
RETURN.

INFORMATION FUNCTIONS

Excel has a number of Information functions, many of which return TRUE (1 if used within
a formula) or FALSE (0 if used within a formula) according to whether some condition
holds. These can be used in many ways, including:

e Writing comments within numerical formulae. A formula can be multiplied by ISTEXT
with a comment as its argument (e.g. =105*ISTEXT(“data from 2007”’) will evaluate to
105). ISNUMBER could also be used in this context, where the corresponding formula
is added rather than multiplied, as the presence of the text comment would result in this
formula evaluating to zero.

e General error checking (including in VBA code). ISERROR can be used to check for any
error value (#N/A, #VALUE!, #REF!, #DIV/0!, #NUM!, #NAME?, or #NULL!). The
function IFERROR (in Excel 2007) returns the value of an expression or an alternative
value when the base value returns an error. ISERR checks for any error value except
#N/A (value not available), and ISNA checks specifically for the #N/A error.

e Providing other information about the content, position or format of a cell, using functions
such as CELL and TYPE.



34 Financial Modelling in Practice

Do) 2 - 5 ChlTextads: - Microsaft Excel . = x
| ame Insert Page Layaut Fommulas Data Review View Develaper Add-Ins B - T X
= - == | |25 Genera = ::l A 3
G i3 5 A A == | |&  Genemal 5] - ZJ’ Jlj
Paste B I - -l A == EEE - - s | g | Cconditians s Sort & Find &
- F g-o 4 £ | [ o 2 armatting = as Tab 27 Fifter— Select~
ipboard Font : Allgnmert ] Mumaer Editing
A - £ 7
€ D E F G H 3 L M
SEARL 1o Days as Teal v Davs
il 1
11
71 1
12 H
"z E
£l E
il 1
B2 E
51 1 =|
] "z E
24
25
o6
o7
2B
28
30
3 L
i
g .
W 4 » M| Spithlo | Datasetl - Graphlzbel 3 1 I
Rency 23] = O M) doose (=) o

EL s e e

Figure 1.33

Example: Summing a Range using IFERROR

IFERROR is a Logical function in Excel 2007. It can be used to check for errors, returning
a base value when the value of an expression is not an error, and an alternative value in
the case of an error. An example is where one wishes to sum a range, but where some
elements in the range result from a Lookup function, which in some cases may return
an error, and where in such cases a value of zero is desired to be used for that value
in the range. (In Excel 2003, similar functionality can be achieved by using ISERROR
embedded within an IF statement, but this required a more complex and cumbersome
format.)

The file Chl.Info.xlxs (IFERROR worksheet) (Figure 1.35) shows an example where it is
desired to form the sum of a subset of the values in the data set, where the subset is defined
according to the labels (country names) that the user will define. The INDEX(MATCH)
combination (see earlier) is used to search for the relevant values. In the first part of the
example no error-check is made, whereas in the second part, IFERROR is used to perform
an error-check (so that if no country label is defined in the cells of the range, a zero value
is returned and the sum can still be formed).

Example: Updating Labels using CELL

The CELL function provides information about the position, content or format of a cell. Its
arguments include the information type that is sought (such as the address, column or row
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number of a cell or its values) and a reference that specifies the cell for which information

is desired. It can be used in a variety of ways, such as:

e To provide an updating label for a variable (so that, for example, its description refers to

the data range that is being used in the formula for that variable).

e To show the cell in a workbook that was most recently changed, by using it in the form

CELL(*““address™), i.e. without a reference argument.

The file Chl.Info.xlxs (CELL worksheet) (Figure 1.36) shows an example.

ARRAY FUNCTIONS, FORMULAE AND MATRIX

CALCULATIONS

The use of array formulae is in some circumstances both powerful and unavoidable.
Examples include matrix multiplication and transposition, and formulae to count the fre-

quency of the occurrence of a set of points within a set of values.

Array formulae return arrays as their output, and must be entered in Excel using CTRL+
SHIFT+ENTER (rather than the usual ENTER). Some array functions extend over mul-
tiple cells, in which case the entire range must first be highlighted and the formula entered
in the Formula Bar or by selecting the function using the Formulas menu before entering

with CTRL4-SHIFT+ENTER.
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Despite their potential power, there are several disadvantages with using array functions
and formulae. First, their use can slow down the calculation of a workbook. Second, a failure
to enter the formula correctly (e.g. by using just ENTER) could result in a value appearing
in the cell, but one that is incorrect, so that inadvertent errors may arise (in contrast to when
a #VALUE error message appears). Third, many users are not familiar with them, which
may result in the model being harder for others to understand or interpret, or where the
user may accidentally edit a formula and return ENTER, leading to an error message or an
incorrect value (if the ranges with array formula are not protected).

Example: SUMPRODUCT using SUM as an Array Formula

The file Chl.Array.xlsx (SUMPasArray worksheet) (Figure 1.37) shows a basic example for
illustrative purposes in which the SUM function is used to create an array function which
produces a result that is the same as the SUMPRODUCT function. In this case the function
is created by selecting the first range, using the times symbol, selecting the second range
and entering using CTRL+4-SHIFT+ENTER.

Example: Histogram of Returns using FREQUENCY

FREQUENCY is a Statistical function that counts the number of times that points within
a data set lie within each of a set of predefined ranges (or bins). It can be used to create
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the data to produce a histogram of the data set. In practice, the choice of the definition of
the width of the bins will be important; if the bin size is too wide the histogram will not
be sufficiently detailed, whereas for narrow bin widths the histogram will look fragmented
and multi-moded.

When using the FREQUENCY function, the entire range that is to contain the function
must be selected (this range must be one cell larger than the bin range because there could
be data points larger than the upper value of the largest bin), and the function must be typed
within the Formula Bar or by selecting the function using the Formulas menu (rather than
by direct typing in the first cell of the range, for example). On pressing CTRL+SHIFT+
ENTER the function will show the number of data points in the set that lie between the
lower bin value and the upper bin value. Once this function is entered the relative frequency
of each bin can be calculated.

The file Chl.Array.xlsx (FREQ worksheet) (Figure 1.38) shows an example where the
average daily movement of the Dow Jones index for the period under consideration (2007) is
0.02% with a standard deviation of 0.92%. The bin size is set to 0.25%, starting at —3.00%.
As mentioned above, the range in which the function is entered is one cell larger than the
range containing the bins, to account for the data points that are larger than the maximum
bin value.
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Example: Capex and Depreciation Schedules using TRANSPOSE

The TRANSPOSE function can be used to turn a row of entries into column format. For
example, if a capital expenditure (capex) profile has been defined or determined over time,
and a depreciation policy has been set, then one may wish to calculate the depreciation
charge by year.

The file Chl.Array.xlsx (Transpose worksheet) (Figure 1.39) shows an example. The year
numbers and the capex amounts in the rows are transposed to columns (cells B12 through
B21 and C12 through C21). A depreciation policy has then been applied, in this case using
the VDB (Financial) function.

Example: Cost Allocation using TRANSPOSE

The file Chl.Array.xlsx (CostAllocEx1 worksheet) (Figure 1.40) shows the use of array
formulae to allocate the projected costs of a set of central overhead departments to business
units, based on an allocation matrix and the TRANSPOSE formula. That is, each year the
costs allocated to each business unit is the sum of the product of the range containing the
indirect costs with the percentages from the allocation matrix. The layout of the allocation
matrix requires that the percentages are transposed using TRANSPOSE in order for the
SUMPRODUCT function to be used.

The file Chl.Array.xlsx (CostAllocEx2&3 worksheet) (Figure 1.41) shows that if the
allocation matrix had been initially set up in a way that was structurally transposed, then
the use of TRANSPOSE and the array formula would not be necessary. The section of
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Figure 1.38

the worksheet titled Example 2 uses a formula that can be copied to all relevant cells
within a row but needs to be edited separately when copying downwards. The section
titled Example 3 uses the INDEX/MATCH combination (using the reference form of the
INDEX function) to create a single formula that can be copied from one cell to the entire
range.

Each of the three approaches has its advantages and disadvantages. The third avoids the
use of array functions and presents the general formula that can be copied. On the other
hand, the second example is generally the easiest to understand and may be preferable in
situations where there are only a few business units or allocation objects (as in this example),
so that the number of individual edits of the formulae is manageable. (Of course, in situations
where the allocation matrix is predefined in the format of Example 1, the TRANSPOSE
function could be applied as an array function to the whole matrix in order to turn it into
the format of Examples 2 and 3.)

Example: Matrix Multiplication using MMULT and TRANSPOSE

Matrix multiplication can be achieved with the array function MMULT. Other matrix func-
tions include MDETERM and MINVERSE, which calculate the determinant and inverse
of a matrix respectively. As mentioned earlier, the calculation of the portfolio’s variance
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Figure 1.39

requires matrix multiplication involving the vector of portfolio weights (w) and the variance-
covariance matrix (VCV):

Variance of portfolio = wVCVuw'

The file Chl.Array.xlsx (MatrixManip worksheet) (Figure 1.42) shows an example. The
variance—covariance matrix is calculated using the HLOOKUP function from the volatil-
ity of each asset and the matrix of correlations (as described earlier in the section on
Lookup functions). The variance of the portfolio is calculated using the TRANSPOSE
function and the MMULT function, with the standard deviation being the square root of the
variance.

GOALSEEK AND SOLVER

Example: Required Growth Rate using GoalSeek

GoalSeek (under Data/What If Analysis or under Tools in Excel 2003) can be used to find
the value of a single input cell that will result in a single model output having a desired
value. This can be used to calibrate a model or reset the input in some way.
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Figure 1.40

When using GoalSeek (and Solver) it is often more transparent and flexible to set up an
output calculation with the objective of setting this equal to zero. For example:

e Where it is desired to find the input value so that a calculated quantity is equal to a fixed
number, then the difference between this calculation and the fixed number can be set as
an output that should be zero.

e Where it is desired that two calculated quantities be equal, then the difference between
them can be calculated as an output, with the aim making this equal to zero.

The file Ch1.GS&Solver.xlsx (GS1 worksheet) (Figure 1.43) of shows an example using the
earlier US and Chinese GDP forecast, where it is desired to find the growth rate required so
that Chinese GDP would exceed that of the US for the first time in Year 8. The GoalSeek
menu is essentially self-explanatory, and results in a periodic growth rate of about 13.6%.

Example: Implied Volatility using GoalSeek

GoalSeek can also be used to find the implied volatility of a European option, i.e. the
volatility required in the Black—Scholes (BS) formula so that the observed market price is
equal to the option value according to the formula.

The file Ch1.GS&Solver.xIsx (GS2 worksheet) (Figure 1.44) calculates the BS value of
a European option under assumptions about the key parameters and variables (the formula
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is described in more detail in Chapters 2 and 5). GoalSeek is used to find the volatility so
that the calculated option value is equal to the observed market price of 5; this gives an
implied volatility of around 22% p.a.

Example: Portfolio Optimisation using Solver

The Solver add-in provides more extensive capability than GoalSeek, in that multiple inputs
may be varied in order to achieve some result for the output, and constraints may be imposed.
Solver is found under the Analysis group on the Data tab (under Tools in Excel 2003). If
Solver (or the Analysis group) is not displayed it can be installed (and uninstalled) using
the Manage tool for add-ins under Office/Excel Options/Add-ins (or Tools/Add-ins in
Excel 2003).

The file Ch1.GS&Solver.xlsx (Solver worksheet) (Figure 1.45) shows an example whose
objective is to find the mix of assets that maximise the return on the portfolio for a given
level of the risk. The Excel array formulae covered earlier are used to implement the required
matrix multiplications. Solver has been run several times, using a range of target values
for the standard deviation (in Chapter 6, a similar example is used where the process of
running Solver several times is automated using VBA). Two separate runs of Solver were
used, one where the weights for each asset were constrained to be non-negative and another
where the weights were not constrained. The constraints for the weights were set up by
creating a cell that calculates the minimum of the weights and constraining that value to
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be non-zero. (An explicit individual constraint for each weight could also have been set
up. The Solver/Options menu could have been invoked, as this allows the limiting of the
solution search to non-negative values; in this case some further adaptation of the model or
the constraint would be necessary to ensure that the weight of asset A was also considered
and did not become negative.) The results show that an unconstrained situation allows for
larger returns in some cases, corresponding to short-selling of the respective assets.

THE ANALYSIS TOOLPAK AND OTHER ADD-INS

The following gives an introduction to key aspects of some of the add-ins that are included
with Excel 2007, including the Analysis ToolPak (which provides statistical tools, and
which in Excel 2003 also provides some additional worksheet functions that are directly
included in Excel 2007), the Conditional Sum Wizard (which helps to create formulae that
adds values based on a condition or set of conditions) and Solver (which finds a combination
of inputs that lead to the output having some value, with constraints). Other add-ins included
with Excel 2007 that are not covered further here are the Lookup Wizard (an example was
provided earlier in the section on Lookup functions), Euro Currency Tools (which allows
conversions between legacy currencies in the Euro-area and related topics), and tools for
VBA programmers (the Analysis ToolPak-VBA and the Internet Assistant VBA).
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Figure 1.43

As mentioned earlier, add-ins can be installed (and uninstalled) using the Manage tool
for add-ins under Office/Excel Options/Add-ins (or Tools/Add-ins in Excel 2003). Once
loaded the add-ins may appear in several places in Excel (Solver and the Analysis Tool-
Pak appear under Data/Analysis, the Conditional Sum Wizard appears under Formu-
las/Solutions and so on. In Excel 2003, they appear under Tools).

The Analysis ToolPak

The Analysis ToolPak provides statistical tools to enhance the capabilities of Excel. In
Excel 2003, the add-in contains some functions that are directly included as worksheet
functions in Excel 2007 (and are accessible without the add-in being loaded). Some of the
most relevant for financial modelling include:

XNPYV calculates the net present value of non-equally spaced cash flows.

e XIRR calculates the internal rate-of-return of non-equally spaced cash flows.

e YEARFRAC calculates the fraction of the year corresponding to the number of days
between two dates.

e YIELD calculates the yield on a bond or security that pays constant periodic interest.

The add-in is relatively straightforward to use providing one is familiar with the underly-
ing statistical procedures. Most of these (e.g. analysis of variance, F-tests, t-tests, Fourier
analysis, and so on) are beyond the scope of this text. For the purposes here, the most
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directly relevant include the calculation of correlation coefficients (or covariances) and the
calculation of multiple regression coefficients and related statistics. An example of the use
of the Correlation option is provided below.

Example: Correlation Matrices Revisited

The Correlation tool within the Analysis ToolPak is especially useful to create correlation
matrices for large sets of data, and provides an alternative to the earlier methods shown
(which consisted of either manually setting up the formula for each element of the matrix
or using Lookup functions to create a general formula that can be copied to all matrix
elements.) One advantage of the use of the Data Analysis tool is to avoid the potential
complexities of using the Lookup functions. On the other hand a disadvantage of this
approach is that the correlation matrix is not live-linked and so needs to be updated if the
data changes.

The file Chl.OtherTools.xlsx (DataAnalysisCorr worksheet) (Figure 1.46) shows an
example.

Example: Complex Conditional Sums using the Conditional Sum Wizard

The Conditional Sum Wizard can in some circumstances provide a more appropriate
alternative to the use of Database functions, PivotTables, or the SUMIF function. (As
mentioned earlier Excel 2007 also has a SUMIFS function in which a range is summed
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according to multiple criteria being met, and this can also be used in this context; an example
is also shown.)

The wizard can be used to generate formulae with multiple embedded conditions in an
automated way. The formula generated is an array function, therefore if it is edited or
modified it will need to be entered using CTRL+SHIFT+ENTER (see earlier).

The step-by-step wizard is essentially self-explanatory. When on step three, the option
copy the formula and conditional values can be chosen to ensure that the formula gen-
erated during step four refers to the value of particular conditions (which will be placed
in separate individual cells); in this way, the formula is easier to adapt, copy and modify
so that different conditional values can be tested, i.e. that multiple database queries can be
set up. Note that if a different query is required (such as requiring three conditions to be
satisfied instead of two), then it is generally easier to re-run the wizard than to try to adapt
the formula directly. However, where the number of conditions to be satisfied is unchanged,
then often a direct adaptation of the formula is easy to achieve (e.g. adapting a base formula
which tests for two conditions so that two different conditions are satisfied).

The file Chl.OtherTools.xIsx (CondSum worksheet) (Figure 1.47) shows an example
of the result of applying the wizard in this way. The results are compared with the use of
the DSUM formula shown earlier and with the use of the SUMIFS function. Note that the
formula can be copied to different cells so that different criteria can be created, whereas
the use of the DSUM function would require a new criteria range for each application of
the function.
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SELECTED EXCEL SHORT-CUTS

Many Excel operations can be performed quickly using keyboard short-cuts. On occasion,
an excessive use of short-cuts may lead to a lack of robustness in the modelling process,
with too much focus placed on the rapid building of the model, rather than on the modelling
itself. It is perhaps to be recommended that the individual modeller should therefore develop
a good familiarity with those short-cuts that will be most relevant, but not to be unduly

concerned with knowledge of the full range of possible short-cuts.

Some core short-cuts and related tools that the author uses regularly include:

e CTRL+C to copy a cell, CTRL+V to paste, CTRL+X to cut, and CTRL+Z to undo.
e CTRL+1 to display the Format Cells menu.

Format Painter (on the Home tab) to format one cell as another. Double-clicking on
the icon will ensure that it remains active so that it can be applied to multiple ranges in
sequence (and clicking the icon again will deactivate it).

F4 to implement absolute cell references when editing a formula in the Formula bar
(e.g. place a $ before a row reference); repeated pressing of the key will cycle through
all possible row and column combinations.

CTRL+SHIFT+ARROW to select the range from the current cell to end of range in
the direction of the arrow (CTRL+ARROW to move to the end of current region in the
direction of the arrow without selecting the intermediate cells).

o CTRL+ENTER to enter the same value in all cells of an already selected range.

e F1 (help); F2 (editing formulae); F7 (check spelling); Ctrl+F (find).
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F3 to paste a list of all named ranges (includes those whose scope is the workbook and the
particular worksheet, but not those whose scope is only another worksheet; see Chapter 2
for more information).

F5 to go to a cell or range; particularly useful if there are named ranges in the worksheet,
and also using the Special option to find formulae, constants, etc.; see Chapter 2 for more
information.

e Home to move to column A; CTRL-+Home to move to cell Al.
e Use of the AutoSum icon (on status toolbar) to check sums, averages, count, etc., and

hence readily perform extra cross-checks to the model.

In Excel 2007, the KeyTips (ToolTips) can be displayed by pressing ALT. This shows
the letters that may be typed to directly access the menu. For example, ALT followed by
M (for Formulas) and then H (Show Formulas) will display the formulae (equivalent
to CTRL+9).



