CS1044Projea 4 Spring 99

Event-controlled Iteration, Dedsions, Functions, Numerical Accuracy

This programming assgnment uses many of the ideas presented in sedions 3 through 7 of the murse notes, so you are
advised to read those notes carefully as well asthe following program spedfication.

The Program Spedfication: Installment Loan Payments

You are planning to barow a cetain amourt of money, cdled the principal. Asan example, let's sy the principa is
$10000.00. Youwill repay thisloan by making monthly payments urtil the remaining kalanceis zero.

Of course, it’s never that simple. Your lender will charge you a catain amourt of interest, spedfied as an annual interest
rate. The monthly interest rate isfound by dvidingthe annual interest rate by 12 Let’'s say the annual interest rate is
18%, then the monthly interest rate would be 1.50%.

Call the anount of money you still owe the lender the balance. At the end d ead month, the monthly interest rate is
applied to the balance to cdculate the finance targe for that month, which is added to the balance. (Yes, it would be
preferableif your payment were deducted first, but you dorit make the rules here.) Continuing ou example, at the end
of the first month the finance darge would be 1.50% of $10,000, which is $15000; that makes the balance you owe
$10,15000.

Now, about your monthly payment. You will plan to make a certain minimum payment each month, based on the
personal budget you're planning. Let's say you plan to pay at least $150each month. Thelender will also spedfy a
minimum amount due each month; thisis usually based on a flat percentage of the airrent loan balance Let’'s say that for
your lender, the minimum amount due will be 3% of the loan balance Then in our example, the minimum payment due
at the end of the first month would be 3% of $10,150.00, which is $30450. When the minimum amount dueislarger
than your planned minimum payment, you will pay the minimum amount due; otherwise, you will make your planned
minimum payment. So, in our example, you would make a payment of $30450.

Thereis one spedal case, that of the last payment. Usually, when the time comes to make the last payment, the balance
on your loan will be smaller than your planned minimum payment. Of course, in that case, you'll just pay the amount of
the loan balance, reducing the balanceto $0.00.

Input file description and sample:

Your program must read its input from afile named | oan. dat a — use of another input file name will generally result
in ascore of zero. Theinput filewill consist of five lines of data, each preceded by an appropriate label as iown in the
examplethat follows. The datalines, in order, will spedfy:

Theinitial balanceof the loan, a positivereal (dedmal) number.

The annual interest rate, a positive real number.

The percentage used to determine the minimum amount due, a positive real number.

The amount of your planned minimum payment, a positi ve real number.

The step size you will use when printing your output table (explained in the output sedion), a positive integer.

Each input line will be terminated by a newline dharacter. Note that each label endswith a colon ', foll owed by
whitespace, and then the spedfied value; that implies a simple way to get rid of the labels.

Y ou may assume that al theinput values will belogically corred (no negative or missng values, for instance), and that
they will be given in the spedfied order.
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Hereisan exampleinput file;

Princi pal : 10000. 00
Annual rate: 0.18
M ni num paynent rate: 0. 03
Pl anned paynent: 150. 00
Step si ze: 12

What to Calculate:

Your program must output a table showing all the payments you must make in order to pay off thisloan. Thetable format
is own in the output sedion below. In particular, for each month, you must calculate the finance darge, the minimum
payment due, the actual payment you will make, and the resulting balance

Your program must deted when the last payment is made, and then print the total finance darge and the total amount
paid, as siown below. All dollar amounts must be printed with predsion two.
Output description and sample:

Your program must write its output data to a file named paynment s. out — use of any other output fil e name will
result in a score of zero. A sample output fil e produced from the sample input file above is srown below:

Programmer: Donald Allison
Loan Paynent Cal cul ation

Initial Balance: 10000.00

Annual Rate: 0.18
Mont h Fi nance M ni mum  Actual New
Char ge Due Paynent Bal ance

36 86. 98 176. 57 176.57  5709. 02

48 72.14 146. 44 150.00 4731. 28

60 56. 91 115. 52 150.00  3700. 62

72 38. 69 78. 55 150. 00  2468. 34

84 16. 92 34. 35 150. 00 995.01

92 0. 09 0.18 5. 96 0. 00
Tot al 6835. 34 16835. 34

Asusual, thefirst line of your output should identify you by name, as siown. The seand line should include the title
“Loan Payment Calculation” only. The third line should be blank. The fourth and fifth lines $would spedfy the initial
loan balance and the annual interest rate to two dedmal places, labeled predsely as siown abowve. The sixth line should
be blank, foll owed by the spedfied column labels and arow of delimiters to mark the top of the table.
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Next your output file will contain atable, with lines of output indicating the result of sdeded monthly payments. You
will print the payment information for the first six months (every loan will require at least that many payments), and then
print the payment information for every k-th month, where k isthe step size given in theinput file. In the example abowe,
k = 12, soyou print every 12" payment. Note that you count steps sarting from the first month, not the sixth.

In all li kelihood, the final loan payment will not be "hit" by the step size. Y ou must print the information for the last
payment (and only print it once).

Print a blank line after the sixth payment line, and again before the last payment line. There should be no ather blank
linesin your table.

After thetable, your output file will display thetotal of all the finance darges and thetotal of all the monthly payments.
Of courseg, if everything isright, theinitial balance plus the total finance darge should equal the total amount paid.

You are not required to use the exact horizontal spacing shown in the example abowe, but your output must satisfy the
foll owing requirements:

= You must use the spedfied header and column labels, and print arow of delimiters before and after the table
bady, as shown.

* You must arrange your output in neatly aligned columns, with a labd identifying the mntents of each
column. Use spaces, not tabs to align your outpuit.

= Youmust use the same ordering of the wlumns as sown here, and print all dollar amounts with predsion
two.

= Youmust print a newline at the end of each line.

Programming Standards:

You'll be expeded to observe good programming/documentation standards. All the discussgonsin classabout formatting,
structure, and commenting your code should be foll owed.

Documentation:

= Your header comment must describe what your program does.

= Youmust include a comment explaining the purpose of every variable or named constant you use in your
program.

= You must use meaningful identifier names that suggest the meaning or purpose of the mnstant, variable,
function, etc.

= Preceale every major block of your code with a comment explaining its purpose.

= Precale every function you write with a header comment, explaining in one sentencewhat the function does.

=  Youmust useindentation and blank linesto make wntrol structures like loops and if-el se statements more
readable.

= Usenamed constants instead of variables where appropriate.

= Useat least onebool variable appropriately in this program.

= Usedoubl e variablesfor all monetary amounts.

= Writeand use at least two user-defined functions, not counting mai n( ) or thefunction RoundToCent s( )
given later in this gedfication. One (avoid function) should read in the input fil e and the other (a double
returning function) should calcul ate the actual monthly payment.

= Provideavalid C++ prototype for each function you write, excluding mai n( ) of course. The function
mai n() must be thefirst function defined in your source mdefile.
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Incremental Development:

You'll find that it’s easier and faster to produce a working program by practicing incremental development. In other
words, don't try to solve the entire problem at once First, develop your design. When the time cmes to implement your
design, do it pieceby piece Here'sasugoested implementation strategy for this projed:

= Firgt, write the mde necessary to read the entireinput fil e, and write out what you' re reading (and nothing
else) to the output file.

=  Sewmnd, add the wde to compute the monthly finance darge, and cal culate an output table assuming you
make your planned minimum payment each month. Thiswon't give the @rred results srown abowe, but you
can hand-ched your first five or six linesto be sure you're computing the finance darge and balance
correaly. At thispoint, just print out all the monthly payments.

= Third, add the mde to compute the minimum amount due each month, and print a table showing those
values.

= Fourth, add the cmdeto seled the wrred monthly payment, between the minimum due and your planned
payment. At this point, you should have the output table substantially corred. The only remaining issue
with thetable is to be sure you're handling the very last payment amount corredly.

= Fifth, straighten out the last payment if you don't haveit right already.

= Sixth, add running totals for the finance darge and the total amount paid, and print those val ues.

Now, at this point your dollar amounts sould be dose to, but probably not equal to, the ones siown in the output sample
abowe.

Why Aren't the M onetary Amounts Exactly Right?

That is due to numerical roundoff isues. WEl discussthisin class but the smple explanation isthat your computer will
storetoo many dedmal places for your dollar amounts.

For example, in the second line of the output table abowve, the finance darge would actually work out to be
0.015 * 984550 = 147.6825

Of course, the lender wouldn't carry the finance darge out to that many dedmal places. In our case, welll assume that the
lender will round off each monetary amount to the nearest cent (and .005will round upto .01). So the finance darge will
be 147.68in thiscase. Similarly, when the minimum amount dueis calculated (using the rounded finance darge) we get

0.03 * (984550 + 147.68) = 2997954

which the lender would round to 299.80 as shown. The question now is: how can you make your program round to the
nearest cent? One approach that works well enough for our purposesis described bel ow.

Consider the foll owing code fragment:
doubl e x = 147. 6825;

X = int(100.0 * (x + .005)) / 100.0;

Asaiming x is gored exactly in hardware, the multi pli cation should yield 1476875. Thei nt () isan example of a
C++ typecast operator —this one truncates the value within parenthesesto ani nt , soit should yield 14768 Dividing
that value by the doubl e constant 100.0 should then yield the doubl e value 147.68, which is what we want.
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Thiswon't aways produce exactly corred results (because the value of X won't always be stored exactly in hardware), but
it should be sufficiently accurate for our purpose in this program. To make the use of thisidea more modular, we should
wrap it upin afunction, something like:

NNy
/1 RoundToCents( ) takes a double value and returns its value, truncated to
/1 two decimal places (nore or |ess).

doubl e RoundToCent s(doubl e Anpunt)

{
}

Now, the recculation of x above culd be accomplished by the statement: x = RoundToCent s(X) ;

return int(100.0 * (Amount + .005))/100.0; // round to nearest cent

The resultsin the given output fil e were oltained by using this function to round each computed monetary amount before
using it in another calculation or printing it.

Testing:

Obvioudly, you should be cetain that your program produces the output given above when you use the given inptt file.
However, verifying that your program produces corred results on a single test case does not congtitute a satisfactory
testing regimen.

At minimum, you should test your program on all the posted input/output examples given along with this gedfication.
The same program that will be used to test your solution generated those input/output examples. Y ou could make up and
try additional input files as well; of course, you'll have to determine by hand what the @rred output would be.
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