Validating TIP$TER
Can You Trust Its Math?
A Series of Tests

Introduction:
Validating TIP$TER involves not just checking the accuracy of its complex algorithms,
but also ensuring that the third party software it depends on – namely, Excel – properly senses its
inputs and calculates its outputs. This process is considerably more challenging than someone
not initiated to software development would expect.
Astute users probably remember that there were issues with how early versions of Excel
2007 calculated numbers around 65,535 and 65,356. See KB Article 943075. There are also
several floating-point issues, some inherent to digital processing, that can introduce error into
calculations. See KB Article 78113. Indeed, during the development of TIP$TER 2.0, a floating
point rounding error (see KB Article 214118) led to TIP$TER’s miscalculation of shortfall risk
for one unusual set of inputs. This particular bug has since been corrected. See TIP$TER Bug
Fix Report.
There may also be issues with random number generation. Before an appropriate hotfix
was released, Excel 2003’s random number generator sometimes produced negative numbers
when all numbers should have fallen between 0 and 1. See KB 834520. If you have an early
version of Excel 2003, but never downloaded the hotfix that was released Feb. 29, 2004, and you
run one of TIP$TER’s Monte Carlo simulation modes, it is possible (albeit not likely) that you
could encounter this error.
There is also the issue of how Excel senses spreadsheet input changes and performs
automatic calculations. In order to get TIP$TER to execute at an acceptable speed, TIP$TER’s
macros have to turn off Excel’s automatic calculation, event tracking, and screen updating
features. Unfortunately, it is very easy to forget to tell Excel to update the screen, or turn event
tracking back on, every time it is needed. Also, different versions and updates of Excel handle
calculations, event tracking, and screen updating features differently. See “Excel Calculation
Methods” In the early stages of TIP$TER’s development, its creator found that TIP$TER
sometimes produced different results depending on which version of Excel was installed. It is
believed that most, if not all, of these bugs have been worked out since that time.
Finally, there is also the strange issue of macro execution. Sometimes a macro that
produces no run-time errors on one machine will produce a run-time error on someone else’s
machine. Also, sometimes a macro will produce a run-time error only some of the times the
macro is executed. Prospercuity’s creator has not succeeded, in every case, to identify the cause
of these inconsistent and sometimes-difficult-to-reproduce macro execution errors. In ten
different macros where this behavior was observed – including some routines that update one or
more of TIP$TER’s charts or change the visible property of a checkbox or option box – “On
Error Resume Next” code was added.
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In short, bugs are inevitable. That’s not just the case with TIP$TER, but with any piece
of software you download. Therefore, if a TIP$TER output doesn’t look right, it is important to
take a second look. If you see odd behavior, please report it to Prospercuity.
If TIP$TER is not 100%-bug-free, why should anyone trust it at all? Because it has been
improved and made considerably less buggy over the past 12 months, and it clearly works for the
vast majority of realistic real-life inputs.
To validate TIP$TER, Prospercuity has developed a series of simple tests. You, too, can
run these tests to perform your own validation.

Baseline Calculation Validations
Test #1: The Simple Mortgage Formula Test
TIP$TER acts as if every annual addition to, and annual withdrawal from, the user’s
portfolio is made at the beginning of each year.
We know that one of TIP$TER’s most important calculations is the sustainable
retirement budget that a risk-free portfolio would support. For the very simplest of
circumstances, you don’t need TIP$TER to calculate this; instead, you can use Excel’s PMT()
formula.
Excel’s PMT() formula calculates the periodic loan payments that are due for a fixed-rate
loan.
Let’s construct a very simple situation: A 50-year old plans to invest a $1 million
portfolio into TIPS yielding 2% above inflation. He wants to know the maximum fixed amount
he can sustainably withdraw, at the beginning of each year, with inflation adjustments, over a 50year period.
To calculate this value using Excel’s PMT() function, you would write the following
equation into a spreadsheet cell:
=PMT(2%,50,1000000,0,1)
where 2% is the interest rate, 50 is the number of periods, $1 million in the principal, 0 is the
cash balance you want to attain at the end of the period, and 1 indicates that payments are due at
the beginning of the period.
Excel returns the following value: -$31,199
We can test the same thing in TIP$TER with the following set of inputs:
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We are reassured by the fact that TIP$TER returns the same value.
Test #2: Leave Some Behind for the Grandkids
Test #2 is identical to Test #1, except now the 50-year old wants to find out the annual
inflation-adjusted withdrawals his $1 million portfolio can sustainably support and still leave
$250,000 for the grandkids.
To calculate this value using Excel’s PMT() function, you would write the following
equation into a spreadsheet cell:
=PMT(2%,50,1000000,-250000,1)
where 2% is the interest rate, 50 is the number of periods, $1 million in the principal, -$250,000
is the negative of the cash balance you want to attain at the end of the period, and 1 indicates that
payments are due at the beginning of the period.
Excel returns the following value: -$28,301.38
We can test the same thing in TIP$TER with the following set of inputs:

Once again, TIP$TER returns the same value.
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Test #3: Social Security
Let’s go back to the inputs we had with Test #1, which reported a sustainable retirement
budget of $31,999.
Let’s see what would happen if our 50-year old were able to collect $20,000 a year in
Social Security – yes, even though she is only 50 years old.
We would expect that this would bump up the sustainable retirement budget by exactly
$20,000 – from $31,199 to $51,199. This is exactly what TIP$TER projects:

Test #4: Retire with nothing but Social Security, 20 years from now
Here’s another very simple test. If all our 50 year old has to retire on, 20 years from now,
is $20,000 in Social Security benefits, TIP$TER should report a “sustainable” retirement budget
of exactly $20,000. Which is precisely what TIP$TER reports.
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Simulation Calculation Validations
Test #5: 0% expected equity risk premium
Now it’s time to test the reasonableness of TIP$TER’s simulation outputs. We would
expect the median trial of a simulation of a 100% equity portfolio whose stocks had an expected
risk premium of 0% to yield variable retirement budgets (constrained by the default 100% bear
market and bull market budget constraints) that fluctuate about the sustainable retirement budget
that a 100% TIPS portfolio would yield.
Note: It is worth taking a little bit of time to understand how TIP$TER’s retirement budget
constraints work. See the TIP$TER User Manual or the online TIP$TER User Guide
So let’s configure the inputs:

Now, we’ll run the simulation. Indeed, the average retirement budget ($31,457) over the
entire simulation trial is very close to the $31,199 budget that would have been supported by an
all-TIPS portfolio.
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Test #6: same as #5, but with an aggressive absolute minimum retirement budget
Let’s run test #5 again, but with a targeted and absolute minimum retirement budget of
$35,000. We would expect such a constraint to result in a high failure rate.

Which is exactly what occurs. An exploratory simulation of TIP$TER under these
conditions yields a 40.7% shortfall risk.

Test #7: young couple instead of 50-year old single, but same period
When TIP$TER computes shortfall risk, TIP$TER incorporates longevity risk into its
calculation. TIP$TER also includes the risk of outliving the portfolio into the shortfall risk.
So let’s run Test #6 again, but with a hypothetical 20-year old couple. There is a 95%
chance that one of the two will live past age 70.
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Under these circumstances, we would expect the shortfall risk to go above 95%. Which,
as shown below, is exactly what occurs.

Test #8: same as Test #7, but couple expects to collect $35,000 in Social Security at age 70.
We know that a chunk of the 98.2% shortfall risk in Test #7 was due to the large
probability of one of the 20 year-olds living past the age of 70.
We want to zero out that portion of the shortfall risk. To do so, we will assume that the
investors will, at age 70, receive $35,000 in annual Social Security benefits – which is equal to
the investors’ targeted annual retirement budget.
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We run the simulation again. Sure enough, the shortfall risk drops to about 83%. This
value is lower – as expected – than the 98% we got in Test #7. It is also higher – as expected –
than the 41% shortfall risk we got for the older single person in Test #6.

In all three tests (#’s 6-8), simulations were run with a very aggressive (under the
circumstances) minimum retirement budget constraint. But in Test #6, the shortfall risk was
reduced by the relatively high probability of the person dying before running out of money.
Test #9: Testing a 2% expected equity risk premium
Let’s return the simple input assumptions used in Test #5. Only this time, we will
assume that the 50-year-old’s 100% stock portfolio will enjoy a 2% equity risk premium over
TIPS. And we will also use a normal return distribution instead of exploratory simulation.
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TIP$TER immediately projects an estimated median retirement budget of $44,760. This
is computed using the formulaic equivalent of the PMT() formula. Indeed, the following set of
inputs into the PMT formula yields exactly the same result:
=-PMT(4%,50,1000000,0,1)
= $44,759.81
where 4% is the total expected return on the investor’s portfolio (2% + 2% = 4%), 50 is the
number of periods, $1 million in the principal, 0 is the negative of the cash balance you want to
attain at the end of the period, and 1 indicates that payments are due at the beginning of the
period.
We would expect the average of the median retirement budgets (constrained only by the
default 100% bear market and bull market budget constraints) supported by a simulation of a
100% equity portfolio whose stocks had an expected return of 4% to come relatively close to the
$44,760 calculated above.
Below is a graph of the median retirement budgets for each year of the simulation. The
graph starts out at about $32,000 – as expected from use a conservative 100% “Min bull market
budget” constraint combined with a targeted retirement budget of $0 – and then grows from
there.
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Sure enough, the “Lifetime average of each year’s simulated median retirement budget”
is $46,278, just a little bit more than the original $44,760 projection.
Test #10: Like Test #9, but with a targeted annual retirement budget of $45,000
In test #9, we started with a targeted annual retirement budget of $0 paired with a “Min
bull market budget” constraint that forced each year’s retirement budget to at least equal the
amount that a risk-free portfolio could sustain.
In this test, we will test the same portfolio with the same inputs. But this time we will
use a “Targeted annual retirement budget” of $45,000, which is about equal to what a medianperforming portfolio (i.e., one that produced the expected 2% + 2% = 4% annualized return)
would support.

We expect the graph of median retirement budgets to flatten out.
simulation again.

So we run the

And sure enough, the median line does flatten out. It isn’t perfectly flat, because we still
have a conservative ceiling (a 100% max bear market budget). Overall, the retirement budget
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constraints are conservatively tilted. That is, on average, they favor spending slightly less than
the median amount the portfolio could sustain.
Test #11: Like Test #10, but lift the ceiling to 110%
There’s a trick that will force TIP$TER to always tie the retirement budget to the
estimated long-term budget that the portfolio, if it always delivered the median expected
performance, would support. The trick is to set the “Targeted annual retirement” budget to an
extremely high value, keep the “Absolute minimum retirement budget” at 0, and use a “Max bear
market budget” value of 100%.
We expect that if we perform this trick, the median blue line will flatten out even more.
Indeed, it does:

Test #12: Wealthy family
Now let’s test a portfolio of a married couple, aged 50, with $2 million in savings. The
husband, a commercial jet pilot for a major carrier, will retire in 5 years with an $80,000/year
pension. In addition, the couple expects to collect $30,000/year in Social Security benefits,
starting 20 years from now. So even without any savings at all, the couple will be collecting
$110,000 in retirement income starting 20 years from now.
The couple has the following retirement budget goals: $150,000/year target;
$125,000/year minimum; and leave $1 million to their kids. Even if their portfolio does
exceedingly well, they won’t spend more than $150,000/year.
They configure TIP$TER’s inputs as follows:
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We would expect a very low failure rate under these circumstances. We would also
expect – having set the “Min bull market budget” constraint to 0% – that the retirement budgets
TIP$TER models to never exceed $150,000.

Sure enough, TIP$TER produces results that make sense. The failure rate is low (2.9%).
The 95 percentile trial produces a constant stream of $150,000 retirement budgets. The 5
percentile trial never produces retirement budgets that dip below the absolute minimum
retirement budget of $125,000.
The primary difference between the trial outcomes is in the terminal size of the couple’s
estate. The 5 percentile result produces an expected final estate size (with longevity taken into
account) of just under $1 million.
The 95 percentile result, by contrast, produces an expected final estate size of more than
$3 million.
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Test #13: Richer Than Bill Gates
Prospercuity can’t promise that ridiculous numbers won’t break TIP$TER. But just for
fun, let’s test a $100 Billion portfolio. This would-be-Gates would like to spend $3 billion/year,
can’t live on anything less than $1 billion/year, and wants to leave behind $100 billion for his
foundation.
Here are the inputs:

TIP$TER’s main fault here is that the numbers are really small and hard to see for this
would-be Gates. But it’s nothing that a little money can’t fix! (You billionaires, are you
listening?)
Now, let’s run the simulation:
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Wow. Even the Y-axis units on the two charts are scaled for billions. If TIP$TER can
work for Bill Gates, it can probably work for you too.
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