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Introduction

This book contains Computer Science and InformaBoocessing course’s lessons held at the
School of Economics and Management of the Free ddsity of Bolzano Bozen. It contains only
the part of the course on Microsoft Excel finandiadctions.

This book is under continuous development, plealse & look at the version date.

Disclaimers

This book is designed for users already expert Mitrosoft Excel but completely new to financial
tools and functions. It often contains oversimpéfions of reality and every technical detail is
purposely omitted. Experts of finance will find gHbook useless and, for certain aspects, partially
wrong.

This book supposes that the user is using Engligitdgoft Windows XP operative system with
English Microsoft Excel 2003. However, most of theok is perfectly readable with other
Windows or Excel versions. However, if the useusing a different language, all the functions’
names will be different. This book uses the Europstinental form of dates: day/month/year.

Table of contents

INtrodUCHION ....oeeee e 1 2. Excel’s financial functions............. 6
Table of contentS........cooeveeeeiiiieieeieeenne, 1 2.1. Date and time.........ccovveeevveeeieeenen G...
1. FiNanNCe ..o, 1. 2.2. Cash floWS ...ouvenieee 8..
1.1. Money and time .........cc.ccceveeveeveeeeennnn. 1 2.3. LOANS.....oeeiieeee e 8
1.2. LOBNS ettt 4 2.4. BONAS.....oiiiiiiiiii e e 8
1.3. BONGS oo 5 [T (=) PR 9

1. Finance

This chapter presents a brief description of imgmartfinancial concepts, which are necessary to
understand the use and meaning of many financiadtiions. Users already expert in finance may
skip it entirely.

1.1. Money and time
To every investor time means money: an amount afenpaeceived in the future is lower than the

same amount received now, which is lower than #mesamount received in the past. This is due
to several reasons:

» the earlier the investor gets the money, the eaahd for a longer time he can use it,

» the later the investor receives the money, thedesfident he is to actually receive the money,
* money usually tends to reduce its real value vitie tdue to inflation.

1.1.1. Bank’s interest

To compensate the effect of time, every time soraese is using the investor’'s money, an interest
is usually paid. The typical bank’s interest is Bimple interestwhich is the amounCIi paid
yearly by a bank that is using the investor's amiafhmoney C. Therefore, after one year, the
amount become€ Eﬂ1+i). The next year, the interest paid is obviou€ly(1+i)[i and so on.
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After t years the amount becom&[{L+i)!; this is called_compound interestis the yearly
interest rate, a percentage which measures how moehyear of time is worth for the bank. In
Europe in 2007 this number ranges from 0% to 4%gmaling to the bank and to the customer.

If the money is kept for a shorter amount of tiie, formula can be generalized using a fractional
value oft (for example 0.3 for 4 months), or using a dailyaamonthly interest rate (exact values
are complex to calculate, however approximatedesaarei / 365 andi /12.

1.1.2. Present value
Investors use another, yet equivalent, systemie itato account the effect of time on money. If

money is received in the past, its present vadwevaluated multiplying it b3(1+i)t , Wheret is the
time in years passed from that event until now, amsl called discount rate, a rate which indicates
how much one year of time is worth (it can be takgoal to the inflation rate, for example, or to
the official central bank’s discount rate). Wheomay is received in the future, its present vatue i
evaluated dividing it byL+i)!.

Therefore the present value is a way to compare ftaws at different time, reducing the value of
money got in the future and increasing the valumohey got in the past. The same multiplications
are applied to money which must be paid, and haetbre a negative value: its absolute value is
increased when it must be paid in the past ancedsed when it must be paid in the future.

Using this approach, the bank’s “compound interegstem is perfectly equivalent to the “present
value” system, since the compound interest exacthgpensates the value’s reduction for receiving

our own money in the future, i.e. the present valfithe future cash flow o€ [ﬂl+i)t is exactly
C.

1.1.3. Cash flows

When several amounts of money are paid and recaitvddferent times, a cash flows taldan be
built with the first column containing the datestbé flows and the second column containing the
amount of money, with a negative sign when it islp&or example, receiving 108on the f'
January 2006, paying 5@on the ¥' July 2006 and paying 6@on the §' May 2007 produce the

following cash flows table:
Date Amount

1/1/2006| + 1000€
7/7/2006 - 500€
5/5/2007| - 600€

Using this table, and fixing a discount ratewe can evaluate the net present value Ni8\the

n C.
algebraic sum of the present values of the cash flows. Its generic tbanis Zﬁ where
=t (1+1)]

t; is the number of years from now to the date (theisg negative when the event is in the past

and positive when the event is in the future).

As it seems reasonable, the NPV changes accorditigetchosen discount rate. This table contains
various possible discount rates and the correspgnidPV of the previous table’s cash flows.

Version 1.1 (07/01/2008) Page 2 of 9



Financial Functions book Prof. Paolo Coletti

Discount NPV NPV by discount rate
rate
€80 -
8.0 % -21.8% <60
8.5 % -17.4% €40
9.0 % -12.9& €20
9.5 % - 8.5% > €0 - . . :
Z €204 g g 2 g
10.0 % -4.2% o 3 9 X
€ 40 -
10.5% +0.06& ceo.
11.0% +4.3% s
11.5% + 8.54& €100
12.0 % +12.7E discount rate

For approximately 10.5 % the NPV becomes zero:dlssount rate is called internal rate of return
IRR and it is the rate value for which the presentugsal of the positive cash flows exactly
compensate the negative ones. When the discoumtigathe IRR, the investment is perfectly
indifferent, i.e. the investor is neither gainingrnlosing money. The IRR means that this
investment is exactly equivalent to a bank compauatetest equal to IRR.

Since the IRR practically represents the costroétfor that investment, if it exists and is uniqite,
can be used as a tool to choose the best invesamentg several possibilities. If the first casiwflo
is negative, i.e. the investor has the money andtsvéo invest, the higher the IRR the better
(because it represents the interest rate the mvissteceiving). If the first cash flow is posiias

in our example, i.e. the investor needs money anbtbaking for a loan), the lower the better
(because it represents the interest rate the iowisspaying).

However, there are situations when the IRR doeserist or it is not unique: in these cases the
investor must look directly at the NPV graphs toa$e the best investment. Here two examples:

NPV by discount rate

Date Cash flow

€ 250 ~

€ 200 -

1/1/2006| + 1000€
€150 -

NPV

€100 -
7/7/2006| -500€

€50 -
€0 \ ‘
X S o X S N S c\° X S
o N < © [ee] N < © ©
5/5/2007| - 400€ = = = = =
discount rate
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Date  Cash flow NPV by discount rate
€80
€ 60
1/1/2006| + 1020€
€40 -
§ € 20 H -
N
7/7/2008| - 2000€ €0 : : : : :
2 S S g 8 S g S L S
¢ o © S 8 I g 8
-€ 20 A
€40 -
5/5/2012| + 1000€ ! N

1.2. Loans

When an investor receives a loan, the bank givesthe initial amount of money and every year
asks him for a part of the debt back, while thaltdiebt is increased by the interest the investor
must pay. This interest depends on the interestfpatd by the bank (according to Italian law, this
rate is called TANTasso Annuale Netto, net yearly rate). The lodntetés therefore built in this
way, supposing a debt of 1000010% TAN and a constant 408Q/early payment:

Date Cashflow Debt Comment
1/1/2006| + 10000€ | 10000€ | Loan is established
1/1/2007 11000€ Plus interest
1/1/2007| - 4000€ | 7000€ Payment
1/1/2008 7700€ Plus interest
1/1/2008| -4000€ | 3700€ Payment
1/1/2009 4070€ Plus interest
1/1/2009| - 4000€ 70€ Payment
1/1/2010 77€ Plus interest
1/1/2010 -77€ 0€ Payment

The debt column is obtained adding algebraicaley payment’s cash flow or, when an interest is
considered, multiplying the previous year’s valuge ¢1+TAN). The IRR of these cash flows
obviously is 10%.

If the loan has some extra expenses, usually diggmning or at the end, these must be considered
when evaluating which is the best loan (the oneciwhias a lower IRR). The resulting IRR is called
TAEG Tasso Annuale Effettivo Globale, yearly effectglebal rate, and according to Italian law it
must be written in every loan’s advertisement.

However, many banks prefer to have only constagmeats, disliking the last 7€ payment.
Finding the exact amount (3154.%)1 which pays back the 100@0loan with exactly four equal
payments and exactly a 10% TAN is a very complek tand requires a computer.
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Date  Cash flow Debt Comment
1/1/2006| + 10000€ | 10000€ | Loan is establisheg
1/1/2007 11000€ Plus interest
1/1/2007| - 3154.71€ | 7845.29%€ Payment
1/1/2008 8629.82¢ Plus interest
1/1/2008| - 3154.71€ | 5475.11€ Payment
1/1/2009 6022.62€ Plus interest
1/1/2009| - 3154.71€ | 2867.92¢€ Payment
1/1/2010 3154.71€ Plus interest
1/1/2010| - 3154.71€ 0€ Payment

1.3. Bonds

A bond is a loan made by a company or a nationaégonent, which receives money, pays back
regularly some money for a certain period of tilmred then pays back a final sum of money. Bonds
use a special terminology:

» issuer the company or national government which recetliesmoney;

» settlementthe act of paying the issuer, thus starting thed)

* buying the act of paying another owner of the bond aueiving his bond;

* maturityor redemptionthe act being paid back by the issuer; this atthguishes the bond;

» coupon the amount of money regularly received by thaess

» face or nominal valughe amount of bond owned; it is the amount usezhtculate the coupon
and in examples it is considered to be 100;

» coupon ratethe percentage of the face value which is paak lexery year;

» settlement/buy/maturity pricéhe money paid/paid/received for every 100 oéfaalue;

» currency the currency used for the coupon nominal value.

Coupon’s payment may be yearly, every 6 monthsiyetanonths, or quarterly. Bond can have a

zero couporrate, a variable coupaate usually linked to some economic indicatorgamable but

predetermined coupon rate, or a fixed couaiB.

For example, here are some bonds with th¥id@ne 2007 prices:

(O]
S i () (4] Q
| T | & 3 g 5 =
5 o £ 3 o >, c
Qo = Q= e = é‘ o
S O o e > = S =1
©) F= %) o0 < = o
7 = =
- .
Kfw Bankengruppe| o |15/6/2007 100.79| "t Yell 15/6/2010{100] 1*X€%: | 3 504|3.2204
w settled yearly
. 14 .
Landwirthschaftlichd & | 1 5/6/15007 99.98 | "OUYeY 15/6/2012{ 100, ™€ |5 250452694
Rentenbank D settled yearly
= ;
Republic of Brazil | > |24/1/2008 268 117 97| 24/1/2012|100 M€Y | 9.506|5.05%
w settled yearly
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— :
Banca Intesa | @ |16/4/2003 ag';?gg 101.19| 16/4/2010| 100 V%':ﬁ;e’
i o
Republic of ltaly | 51 30/5/5007 2€a4Y) 93 53| 30/5/2009100 28 | 0% |3.410
(CT2) w settled coupon
i x
Republic of ltaly | 5 115/7/5008 99.24 | "Y€l 15/10/2008100] 2% | 0% |3.06¢
(BOT) w settled coupon
Republic of ltaly | & /5/2002| &lready| 4, /5/2032 fixed,6 9 9
(BTP) 2 1/5/200 settled 120.4| 1/5/203 100?71V:r:¥hs 6% |[4.61

The price (settlement or buy, according whetherhkibed is already settled or not) of the bond
varies according to current market conditions &tidin and national banks’ discount rates), to
issuer’s reliability, to currency, to bond duratiand especially to the coupon rate.

If a bond is bought at a date which does not cdma@xactly with the settlement’s date or a
coupon’s date, the buyer must pay the seller aragdayment for the fraction of coupon matured
during the time from the previous coupon’s datthbuy date.

Its IRR can be easily determined writing the cdslwg$ table. For example, for the Republic of
Brazil's bond and a 100 face value it is:

2/6/2006 | - 117.97 initial payment
2/6/2006 - 3.36 previously matured coupadn
24/1/2007 + 9.5| coupon
24/1/2008 + 9.5 coupon
24/1/2009 + 9.5| coupon
24/1/2010 + 9.5| coupon
24/1/2011 + 9.5| coupon
24/1/2011f + 100| final maturity price

Obviously, writing the cash flows’ table using aother face value yields to the same IRR of
5.05%.

2. Excel’s financial functions

Microsoft Excel provides a lot of financial funati® to solve many numerical and dates’ problems
related to finance. In this section, the functiased to solve the previously presented problems are
described.

To correctly use these functions the user is sughos be already familiar with Microsoft Excel
and with the general formulas’ and functions’ udereover, some advanced functions require the
user to install the Analysis Tookpak from Excel'smas: Tools>» Add ins...—> Analysis ToolPak.

2.1. Date and time

Date and time functions are very useful when dgaliith dates, since they take correctly into
account every irregularity of the Gregorian calen@8, 30 and 31 days per month and leap years).
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2.1.1. Serial time format

Microsoft Excel uses the serial time format: itre® dates as numbers, starting frothJanuary
1900 which is day 1 and increasing by 1 for evay dfter. So ¥ January 1901 is day 366 and 3
July 2006 is day 38901. In this way, to obtainienber of days between two dates, it is enough to
make the subtraction of the two cells containingdates. On the other hand, to advance/go back of
200 days it is simply necessary to add/subtractt@@be date.

24/1/2007

29/4/2007
=A2-Al1 | =A1+200| =A1-200
For example, cell A3 returns 95 (provided that wiser tells Excel that this cell contains a number

and not a date), cell B3 returns™&ugust 2007 and cell C3 return 8uly 2006.

Time uses the same system, but it takes the freadtjwart of the day, starting from midnight which
is 0.0 and advancing of 1/24 every hour. For exam@l July 2006 at 6 a.m. is 38901.2%" duly
2006 at 11:30 p.m. is about 38902.979. Time caadued and subtracted exactly in the same way
as dates.

Two useful functions are provided to automaticaiyurn the current date (at midnight) and the
current time (of today)TODAY andNOW.

2.1.2. Automatic modifications to date and time

There are several functions to automatically extnaformation from a date. They aBCOND,
MINUTE, HOUR, DAY, MONTH, YEAR and their use is very straightforward. Moreovéme t
function WEEKDAY returns the number of day of the week startingnffSunday which is 1; to
force it to consider Sunday as day 7 and Mondagagsl, the second optional argument must be
put equal to 2.

To modify a date adding some days or a fractioa day, it is very simple to use the feature of the
serial time format as shown before. But to autooadlyy modify a date adding years, months or a
specific amount of hours, minutes and seconds, mgakisimple addition will not consider exactly
the time or may not consider months of differemigkls. Therefore Excel provides tiRATE and
TIME functions, which may be used in conjunction wikie tpreviously illustrated functions to
automatically and correctly modify a date. For epéen

24/11/2007 Correct Wrong

plus 3 monthg =DATE(YEAR(AL),MONTH(A1)+3DAY(A1)) | =A1+90
plus 10 years BATE(YEAR(A1)+10MONTH(A1),DAY(A1)) | =A1+365*10

Cells B2 and B3 return correctly 24/2/2008 and 24017, while cells C2 and C3 return wrongly
22/2/2008 and 21/11/2008. Note that, for cell BATE function does not return 24/14/2007 but
correctly understands that month 14 is Februath@hext year.
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2.2. Cash flows

The core functions to evaluate cash flows arediNBV andXIRR functions. These functions need
an array of cash flows and an array of dates, amliseount rate for theXNPV function, and
automatically evaluate the NPV and the IRR of thestment

02/06/2006| -117.97 =XNPV(3%;B1:B8:A1:A8)
02/06/2006| -3.36| | =XNPV(10%:;B1:B8;A1:A8)
24/01/2007| 9.5

24/01/2008 9.5 =XIRR(B1:B8;A1:A8)

24/01/2009 9.5
24/01/2010 9.5
24/01/2011 9.5
8 24/01/2011 100

In this example, cell D1 returns +9.79 (the NPVha8% discount rate), cell D2 -19.88 (the NPV
with 10% discount rate), and cell D4 5.05% (the I&Rhe cash flows).
The XIRR function returns th&NUM error when the investment has no IRR. Moreoveemimore

than one IRR is present, tb&RR function usually returns the one closer to zeooplitain another
IRR, the third optional argument of the functionsnhbe used.

~N | o o1 AT WDN

2.3. Loans

Excel provides functions to automatically evaluatehe quantities involved in a loan with constant
payments. They are:

* PMT, to obtain the yearly amount to be paid;

* RATE, to obtain the TAN of the loan;

* NPER, to obtain the duration in years of the loanh# tesult is not an integer, it means that the
payment is not exact and there will be an extra yeth a reduced payment;

» |PMT, to obtain, for a specific year, the amount ofuieed interest.

2.4. Bonds

To obtain the IRR of a bond (given its price) oe frice (given the desired IRR), the bond’s cash
flows table may be built and its IRR may be easdjculated, or its price may be found using the
Excel's menu Goal Seek. However, while this is veagy for zero coupon bonds which have only
two cash flows, it may become quite long for bondah many coupons (long duration or frequent
coupons) and it is complicated by the presencehefeixtra payment for the previously matured
coupon; for example, the BTP in the previous tdiale 63 cash flows.

To obtain automatically the IRR and the price alell coupon bonds, Excel provides tH&LD
andPRICE functions.

Buy date 02/06/2006 =YIELD(B1;B2;B3;B4;B5;B6)

L Two simplified functionsNPV andIRR which do not require the dates’ array, may be wgleeh cash flows’ dates are
exactly one each year. Moreover, the even more Idiatp function PV may be used to evaluate the NPV of an
investment with a series of yearly equal payments.

Version 1.1 (07/01/2008) Page 8 of 9



Financial Functions book Prof. Paolo Coletti

2 Maturity date 24/01/2011

X8 Coupon yearly rate 9.5% =PRICE(B1;B2;B3;12%;B5;B6)
4 Buy price 117.97

5 Maturity price 100

@ Coupons each year 1

For example, cell D1 returns 5.05% (the IRR of bloed) and cell D3 returns 91.35 (the price to

pay to get a 12% IRR).

Note that these functions always use the yearlypopuate, even when the coupon has a different
frequency. The different frequency is automaticatlken into account by the last mandatory

argument, which is respectively 1, 2, 3 and 4 fearly, six months’, quarterly and three months’

coupon. For example in the BTP case (a coupon e¥enpnths), even through every coupon is

approximately 3% of the face value, the functionsstibe used in this way:

1 Buy date 02/06/2004 YELD(B1;B2;B3;B4;B5;B6)
2 Maturity date 01/05/2031
X Coupon yearly ratg 6%0 =PRICE(B1;B2;B3;12%;B5;B6)
4 Buy price 120.4
5 Maturity price 100
M Coupons each yeay 2
Index
Analysis Tookpak; 6 compound interest; 2; 3 price; 5; 6; 8
bond; 5; 6; 8 simple interest; 1 PV; 8
BOT; 6 interest rate; 2; 3; 4 rate; 2; 4
BTP; 6; 8 internal rate of return; 3 RATE; 8
buying; 5 IPMT; 8 redemption; 5
cash flows; 2; 3; 4; 6; 8 IRR; 3; 4;5; 6; 8 SECOND; 7
cash flows table; 2; 6 issuer; 5; 6 serial time format; 7
coupon; 5; 6; 8 loan; 1; 3;4;5; 8 settlement; 5; 6
coupon rate; 5; 6 maturity; 5 TAEG,; 4
CTZ; 6 MINUTE; 7 TAN; 4; 8
currency; 5 MONTH; 7 TIME; 7
DATE; 7 net present value; 2 TODAY; 7
DAY; 7 nominal value; 5 variable coupon; 5
discount rate; 2; 3; 8 NOW; 7 WEEKDAY; 7
face value; 5; 6 NPER; 8 XIRR; 8
fixed coupon; 5 NPV; 2; 3; 8 XNPV; 8
HOUR; 7 PMT; 8 YEAR; 7
interest; 1; 4 present value; 2; 3 zero coupon; 5
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