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DO’VL t gw mrt M!SumProduct has been involved in several court cases

over the years (as independent experts, not defendants!) to explain to the judiciary several spreadsheet idiosyncrasies.
By far and away the most common issue revolves around the calculation of Internal Rates of Return and this month
— given it is reporting season for many companies around the globe — we thought we would share some of the more
pertinent points.

If you follow some of the tips in this newsletter, hopefully you may not be seeking our services in court in the

near future... : 5
Luam Bow{-wk, Managing Director, SumProduct '
[ %)

What is IRR?

The Internal Rate of Return (IRR) is the name given to the discount rate that makes the Net Present Value (NPV) of a range of cashflows zero. For
example, if I invest $100 now and receive $121 back in two years’ time this would give me an annual IRR of 10% since:

($100) + PV($121) = ($100) + $121 / (1 + 10%)>
= ($100) + $100
NPV =0
It is often used to calculate cost of capital hurdle rates, bond rates, discount rates implicit in leases and Compound Annual Growth Rates, amongst
other tasks.
Excel has two functions that estimate IRR:

¢ IRR(values,[guess]) returns the periodic IRR for a set of sequential cashflows occurring on a regular periodic basis. There must be at least
one positive and one negative value in the range. IRR will then cycle through an iterative technique (up to 20 times) to try and find an
answer which is accurate to within 0.00001%;

¢ XIRR(values,dates,[guess]) returns the annual IRR (assuming a 365 day year) for a set of cashflows which may neither be sequential nor
occur on a regular periodic basis. Again, there must be at least one positive and one negative value in the range. XIRR will then cycle though
a similar iterative technique (this time up to 100 times) to try and find an answer which is accurate to within 0.000001%.

o If the guess is not specified, Excel will assume that it is 10% (0.1) for both functions.

¢ Watch out with XIRR: in Excel 2003 and earlier versions it is found in the Analysis ToolPak (go to Tools -> Add Ins... or ALT + T + 1).
If the ToolPak has not been added in, using XIRR in a formula will give rise to the #NAME? error.

Both are fraught with problems in practice and we have an associated Excel file you can download that provides several documented examples.
However, before we discuss some of the problems with the functions, let’s compare and contrast with a simple example.

Example
IRR vs. XIRR

IRR llustration

Period 1 Period 2 Period 3 Period & Period & Period 7 Period &

IRR 1.64% " (350,000.00 2 $19
IRR 1.64% 8
IRR 1.64% " (350,000.00

XIRR Nustration

3T 18911 24/2112 2372113 19/4/13 2014116 7 181015 1811017
XIRR 2.77% ($50,000.00) $18750.00 $12412.00 $57.16 $1655.22 $19,450.66 - -
XIRR 0.00% - (850,000.00) $18,750.00 $12,412.00 $57.16 $1655.22 $19,450.66 -
XIRR 1.32%  ($50,000.00) - - $18750.00 $12412.00 $57.16 $165522  §19,45066

In the illustration above, we consider three slightly different cashflows. The first one has the old faithful “hockey stick” projections of an outflow
followed by five successive cash inflows. In our example, this would give us a periodic IRR of 1.64%. If the periods were months and we wished to
convert this to annual rate then, using the compounding formula, this would be:

(1+1.64%)%2 -1 = 21.54%.
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http://www.sumproduct.com/wp-content/uploads/2014/05/SP_Internal_Rates_of_Return_Summary_Examples.xls

The second example for IRR gives the same rate — which is correct. Start
dates for IRR are irrelevant: the only thing that matters is how long
after the initial cashflow subsequent flows occur.

Unfortunately, the third scenario is not right and demonstrates a
weakness in the IRR function. Here, the outflow still occurs in the first
period, but then there is a two month delay before the inflows are
received. Clearly, this will impact both the NPV and the IRR. The IRR is
unaffected however — because blanks are ignored by the IRR function.
To get Excel to calculate the IRR correctly here, zeroes should be
entered into the two blank cells.

The XIRR use the same three cashflow scenarios and calculates correctly
for the first and third scenarios. They demonstrate what happens when
cashflows are aperiodic. For example, in the first scenario, instead of an
annual IRR of 21.54% (as calculated above) we get 2.77%, reflecting the
irregular payment profile.

The second scenario should be different now too, as the timing of the
cashflows is different. The rate cited is 0.00%. This means that with no
discounting the NPV should be zero, i.e. the numbers should add up to
zero. They do not: the sum is actually $2,325.05 and there is a clue in
the number formatting as to what is going on here.

Regular readers will know that SumProduct always formats numbers

so that values that are precisely zero are represented by a dash (“-"),
whereas numbers that are approximately zero are shown as 0, or
similar. Here, the actual value (in scientific notation) is 2.98 E-09 (which
is 2.98 x 10”° or 0.00000000298). Watch out for this value with XIRR:

it occurs regularly and shows that Excel has been unable to calculate
the value correctly, which may call for a (better) guess to be used.
Microsoft claims that if the function cannot calculate a value within the
tolerable limit then #NUM! is supposed to be returned, but this is often
not the case:

1-Jan-13 1Feb13  1-Mar13 1-Apr-13  1-May-13 1-Jun-13  1-Jul13  1-Aug13  1-Sep13  1-Oct-13  1-Hov-13 XIRR IRR
Cashflow - Scenario 1 {3100 {5100 (3100 (5100 $100 5100 3100 (5100 (5100 (5100 20334% " 20286%
Cashflow - Scenario 2 (5100) (5100) (S100) (s100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 15215%  152.39%
Cashflow - Scenario 3 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 104.08%  104.23%
Cashflow - Scenario 4 (5100) (5100) (S100) ($100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 59.47%  59.55%
Cashflow - Scenario 5 (5100) (5100) (S100) (s100) ($100) ($100) (5100) (5100) (5100) (5100) (5100) 0.00% 0.00%
Cashflow - Scenario 6 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 17.55%  -17.57%
Cashflow - Scenario 7 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) S3178%  -31.82%
Cashflow - Scenario 8 (5100) (5100) (S100) (5100) (5100) ($100) (5100) (5100) (5100) (5100) (5100) 231.79% T #NUM
Cashflow - Scenario 9 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 0.00% " #NUM
Cashflow - Scenario 10 ($100) ($100) (5100) (5100) ($100) ($100) ($100) (5100) ($100) ($100) ($100) 0.00% " #OMIO!
Cashflow - Scenario 11 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ($100) 0.00% " #OWMIO
Cashflow - Scenario 12 (8100) (8100} (8100) ($100) ($100) (5100} (5100) (5100) (5100) (3100) ($100) 0.00% " #Dvi
Cashflow - Scenario 13 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (S100) (5100) (5100) ($100) 0.00% " #NUM
Cashflow - Scenario 14 ($100) ($100) ($100) ($100) ($100) (5100} ($100) (5100} ($100) ($100) ($100) 0.00% " #Dvi
Cashflow - Scenario 15 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ($100) (5100) 0.00% " #OWIO
Cashflow - Scenario 16 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 0.00% " #OWMIO
Cashflow - Scenario 17 ($100) ($100) ($100) ($100) (5100) (5100) (5100) (5100) (5100) ($100) ($100) 0.00% " #DwO
Cashflow - Scenario 18 ($100) (5100} ($100) ($100) ($100) ($100) ($100) (5100) ($100) (5100) ($100) #uM T ENUM
Cashflow - Scenario 19 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ToaNuM T sDVi
Cashflow - Scenario 20 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ($100) ToENUM T #DVI
Cashflow - Scenario 21 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ($100) T oEnuM T #DVIO
Cashflow - Scenario 22 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) ($100) (5100) (51,300.00) 7 #NUM " #NUM!
Cashflow - Scenario 23 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (51,400.00) © #NUM: " #NUME
Cashflow - Scenario 24 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (51.50000) © #NUM " #DAO
Cashflow - Scenario 25 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (S100) (S150000) © #NUM " #DIO

IRR and XIRR can give several erroneous results. In summary, never trust 2.98 E-09.

One of the reasons this second example has gone wrong here is because XIRR requires a non-zero first value (in fact there appears to be significant

anecdotal evidence to suggest it prefers a negative number).

First Cashflow Issues

As cited above, XIRR requires a non-zero first cashflow and that the first date in the series is the start date (further dates do not need to be in order

but are supposed to occur after the start date).

Consider the following example:

Dates
1MM3
11714
1MHM5
1MHME

XIRR

5,000
(355,000}
$10,000
$60,000

2.88023E-09

XIRR gives a value of 2.98 E-09 here, i.e. a wrong answer (whereas IRR gives 21.43%, which is correct). XIRR should work here, but it does not.
Negating all of the cashflows (which will not affect the IRR) makes no difference.

However, if the series is rearranged:

Dates
11114
1MM3
1H1116
1M15

XIRR

($25,000)
55,000

560,000

510,000

21.43%
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XIRR now gives the right answer (when it shouldn’t). Of course, IRR will not work as cashflows need to be in the correct order. There appears to be
little logic however:

Dates

11MHME 50,000
1MMS 310,000
1114 ($55,000)
1113 55,000
XIRR #MLIK:

Changing dates around to make things work is not recommended. One tip many professional modellers employ is to use a very small negative
number for the first period’s value, viz.

Dates

2112 (S0)
1113 &5,000
1114 (255,000}
1MMs F10,000
11Mne 280,000
XIRR 21.43%
KNPV u=ing XIRR 30
IRR 21.43%
KNPV uzing IRR 30

Here, a value of -0.000001 was used. The date 2 January 2012 was chosen so that all periods are of equal length (i.e. so IRR should equal XIRR). This
appears to work much of the time and hence is used by many in the modelling fraternity to overcome known XIRR issues. Unfortunately, the final
example in the Excel workbook (not shown here) blows this out of the water with a scenario which delivers 2.98 E-09 once more.

Date Recognition Problems

Aside from understanding the importance of ordering time series, dates present another problem. Many times when we analyse data we
download information from third party Management Information Systems. Often, this downloaded data provides dates in a text format. This may
cause problems for XIRR, viz.

Date Amt
2012 (%3,000)
613002012 31,000
302012 2500
12312012 £2,000
XIRR #SALUE

What’s gone wrong this time? Here, the dates have been downloaded as text strings and the XIRR function needs dates to be numerical. More
often than not, this can be readily solved by applying the DATEVALUE function to these dates, although on occasion more painful (manual)
approaches will have to be adopted. An example can be found in the associated Excel file.

More than One Solution

There can be more than one IRR. Every time a cashflow series changes sign (i.e. goes from positive to negative or vice versa) there is potentially
another solution. Consider the following:

Dates

1MA3 55,000
14 (%55,000)
1MM5 10,000
1HMHE 250,000
XIRR 970.86%
KNPV u=ing XIRR 50
IRR 21.43%
XNPVY using IRR 0
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NPV at various discount rates

20
15 +
10 A

NPV (5k)

(5]
(10)
(15]) -

500.0% 1,000.0%

Discount Rate [24)

Here, prompted by a guess in the XIRR function (albeit of the other solution 21.43%), XIRR and IRR return the two IRRs associated with this
cashflow scenario.

It is important to not only check that an IRR gives an NPV of zero but that it is also the correct one in the circumstances.

Checking IRRs

What is a simple method for checking an IRR is correct? Consider the following example:

1/01/2013 12:00 AM (2100}
2/04/2013 6:00 AW 35
2I0712013 12:00 PM 35
11042013 6:00 PM 35
140142014 12:00 AN 120
Duration 365
XIRR 37643173%
IRR 37.635129%
XNPV uzing XIRR 0.000000
XNPV uzing IRR 0.005455
Here, | have split the calendar year XIRR Rate
up into four equal parts (hence taking
into account the time of day). XIRR ¥IRR Rate 37 643173%
and IRR should give the same answer, Quarterly Rate 8.315016%
allowing for the fact that theoretically
the XIRR solution is calculated to Time 0 1 2 3 4
within 0.000001% whereas IRR is Cashfiows (100) s S s 120
‘only’ calculated to within 0.00001%. Discount Factor 1.000 0.923 0.852 0.787 0727
Unsurprisingly, testing the values using Present Value of Cashflows {100) 5 4 2 a7
XNPV(.rate,vaIues,dates) shows that NPV ~—[0.005%80)
XIRR gives a more accurate answer. e —_
Rubbish.
IRR Rate
Let’s calculate the implied NPV long
hand from first principles: - IRR Rate 37.635129%
Quarterty Rate 8.313434%
Time 0 1 2 3 4
Cashflows {100) 5 5 5 120
Dizcount Factor 1.000 0.923 0.852 0.787 0.727
Present Value of Cashflows (100) 5 4 4 &7
NPV 0.000000
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Notice that the IRR value actually gives the more accurate answer. This is because of the little known fact that XIRR always truncates dates and
assumes cashflows occur at midnight. You might think this immaterial, but | provide this example to show that XIRR is not always as accurate as
many think. Take care with XNPV: it follows a similar logic to XIRR and should not be used to verify XIRR values.

So What Would You Use Instead?

There are times when accuracy is paramount, e.g. bond issues involving large sums of money. Excel will only calculate XIRR on a maximum cycle
of 100 times. GOAL SEEK, on the other hand, can calculate on a cycle of up to 32,767 iterations (this may be changed in Excel Options, ALT + T + O)

with greater accuracy.

Therefore, when it is business critical, | always use GOAL SEEK to calculate IRRs. It is a very simple approach and uses the longhand checking

approach described above. For example:

B|C 1] E E G H J K L M N (o] P a R
41
42 Falling Back on GOAL SEEK
43
46 Rate Used -31.78%
47
43 1-Jan3 1-Feb-13  1-Mar13 1-Apr13  1-May-13 1-Jun13  1-Jul-13  1-Aug13 1-Sep13  1-Oct13  1-Nov-13  1-Dec-13
48 Days Since Start - 31 59 120 151 181 212 243 273 304 334
50
51 Cashflow - Scenario 7 (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) (5100) 5913
e
v
53 Discount Factor 1.000 1.033 1.064 1.099 1134 1171 1.209 1.248 1.290 133 1.375 1.41%
55 Present Value (5100) (5103) (5106) ($110) (5113) ($117) (s121) (5125) (5129) (5133) (5138) 5129
56
57 Het Present Value $0.000000

Here, an NPV calculation is constructed long hand with the discount rate an input in cell E46 (this is similar to an example in the attached Excel file).

Next, call up GOAL SEEK (ALT + T + G):

Goal Seek

Sek cell: |$F$5? FAz
To walue: |IZI |
By changing cell: | $E446 .

1 o]

Born to Excel? From left to right: Roger Govier, Colin Legg,
Liam Bastick, Boriana Petrova, Bill Manville, Katie Sullivan
(Microsoft), Frederic Le Guen, Wim Gielis, Catherine Monier,
Charles Williams, Henk Vlootman, Andy Pope, Ron de Bruin,
Ken Puls, Jan Karel Pieterse, Sam Radakowitz (Microsoft).
Missing presumed shopping (private joke): Bill Jelen.

The NPV (cell F57 here) can be set to zero by
GOAL SEEK by changing the rate in cell E46.
Once you have clicked ‘OK’ in the dialog box,
the algorithm will cycle through to a solution
where possible with the NPV displayed at the
same time to confirm that the value obtained is
indeed the IRR.

It may be a cumbersome method, but give me
reliability over elegance any day.

May saw the holding of the inaugural
Excel MVP Euro Summit in Amsterdam.
SumProduct’s very own Liam Bastick, in
between training in London and Kuala
Lumpur, was there to listen to hear
what some of the keenest Excel minds
in the world had to say. Key topics and
discussions included the benefits of using
Power Pivot and integrating third party
add-ins into the spreadsheet software.
More to follow in later news.

Indeed, SumProduct continue to forge
links with experts around the world
including a revised Power Pivot training
course co-developed with Excel Guru’s
Ken Puls. We think the t-shirts may
probably say it all...
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Upcoming SumProduct Training Courses

Hong Kong 10th-13th Jun 2014: Strategic Planning, Forecasting & Budgeting

Perth 21st-22nd Jul 2014: Financial Modelling Fundamentals

Melbourne 10th-11th Sep 2014: Financial Modelling Fundamentals

Kuala Lumpur 13th-17th Oct 2014: Accounting, Finance & Decision-Making

Kuala Lumpur 20th-22nd Oct 2014: Financial Modelling

Singapore 18th-21st Nov 2014: Strategic Planning, Forecasting & Budgetingg

Key Strokes

Each newsletter, we’d like to introduce you to several useful keystrokes you may or may not be aware of. This month we introduce
keystrokes potentially relevant to recalculating IRRs:

Keystroke What it does
ALT+T+G Activate Goal Seek
SHIFT + F3 Activate Function Wizard

CTRL + ALT + SHIFT + F9

Full recalculation rebuild

There are over 540 keyboard shortcuts in Excel. For a comprehensive list, please download our Excel file at
http://www.sumproduct.com/thought/keyboard-shortcuts.

Our Services

We have undertaken a vast array of
assignments over the years, including:

+ Business planning

+ Building three-way integrated
financial statement projections

- Independent expert reviews

- Key driver analysis

- Model reviews / audits for internal
and external purposes

- M&A work

- Model scoping

- Project finance

+ Real options analysis

- Refinancing / restructuring

+ Strategic modelling

- Valuations

+ Working capital management

If you require modelling assistance
of any kind, please do not hesitate to

contact us at contact@sumproduct.com.

Spread the Word

These newsletters are not intended
to be closely guarded secrets. Please
feel free to forward this newsletter to
anyone you think might be interested in
converting to “the SumProduct way”.

If you have received a forwarded
newsletter and would like to receive
future editions automatically, please

subscribe by completing our newsletter
registration process found at the foot of
anywww.sumproduct.com web page.

Any Questions?

If you have any tips, comments or queries

for future newsletters, we’d be delighted
to hear from you. Please drop us a line at
newsletter@sumproduct.com.

Training

SumProduct offers a wide range of
training courses, aimed at finance
professionals and budding Excel experts.
Courses include Excel Tricks & Tips,
Financial Modelling 101, Introduction to
Forecasting and M&A Modelling.

Su
[ m Finance and Mogey
roduct el

Check out our
more popular
courses in
our training
brochure:

Drop us a line at training@sumproduct.com
for a copy of the brochure or download

it directly from
http://www.sumproduct.com/training.

Registered Address: SumProduct Pty Ltd, Level 6, 486 St Klida Road, Melbourne VIC 3004
Melbourne Address: SumProduct Pty Ltd, Level 9, 440 Collins Street, Melbourne VIC 3000
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