Coding
and
Documentation
Standards

Developed by:
Dr. Jeffrey J. McConnell






Preface

It is important for us to remember that even though the programs we write are to be run by a
computer, they are to be read by people. Because of this, we must write our programs so that they are as
readable as possible. Thisistrue not only of how we design the code, but how it also appearsin thefile.
In other words, it isimportant that we choose good variable, class, constant, and function names, and it is
important that we space and comment our code for improved readability. Asyou read through these
standards, you will see regular references to “the person reading your code.” Asyou write your programs
you should try to help this “person” understand what you’ re doing because, in some cases, this person
may be you at sometimein the future.

This document specifies a standard for naming, indentation and spacing, programming style, and
internal and external documentation. These standards are not absolute, but are designed to give students a
set of guidelines that they can use to develop areasonable style of their own. Any style adapted from these
standards should not be radically different because significant changes are likely to reduce the resulting
readability of the code. It isimportant that students realize that whatever style they use, they should be
consistent in all their work. 1f you look at different books that introduce computer programming you will
notice that the style used in each will vary, but each book will be consistent in the style it uses.

The standard specified here is based on what your instructor has found, by experience, most
readable. Many of the examples you will find in this document have no real meaning, but are created to
show you the style of indentation, spacing, and commenting that is recommended. Because of this, you
should look at these examples for their appearance and form instead of the meaning of the code presented.
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Coding and Documentation Standards

| ntroduction

J. McConnell, Ph.D.

For most programming languages, spaces and comments are unimportant to how a program runs.
In fact, many programming language compilers will remove all extra spaces as afirst step in producing an
executable program. Because of this, the following two functions will run exactly the same:

voi d
Pl ayer::Play_Slots()

{

i nt winnings = 0;
int i;
for (i=0; i < coins; i++)
Wi nni ngs += Fruit_Market.Play_Quarter(0);
COi NS = W nni ngs;
cout << playersNane << " you have won "
‘'coins inround 1.\n";
int wager = O;
if (coins > 0)

<< coins <<

{
i nt maxSecond = min( coins, 100 );
do {
cout << "You can bet up to " << nmaxSecond <<
"'coins in round two.\n";
cout << "How many coins do you want to bet? "
cin >> wager;
if ((wager < 0) || (wager > maxSecond))
cout << "That value is out of the range,"”
<< " please try again.\n";
} while ((wager < 0) || (wager > 100));
}
coins -= wager;
Wi nni ngs = 0;
for (i=0; i < wager; i++)

Wi nni ngs += Fruit_Market.Play_Quarter(0);
COi NS += Wi nni ngs;
cout << "After round 2, you have "
" coins.\n";

<< coins <<

void Player::Play_Slots(){int
winnings = 0;int i;for (i=0;

< coins; i++)w nnings +=
Fruit_Market.Play_ Quarter(0);co
i NS = w nni ngs; cout <<

pl ayersNanme << " you have won "
<< coins << " coins in round
1.\n";int wager = 0;if (coins >
0){int nmaxSecond = m n( coi ns,
100 );do{cout << "You can bet
up to " << maxSecond << " coins
in round two.\n";cout << "How
many coi ns do you want to bet?
";cin >> wager;if ((wager < 0)
|| (wager > maxSecond))cout <<
"That value is out of the
range, "<< " please try
again.\n";}while ((wager < 0)

|| (wager > 100));}coins -=
wager ;Wi nnings = 0;for (i=0;

< wager; i++)w nnings +=
Fruit_Market.Play_ Quarter(0);co
i NS += wi nni ngs; cout << "After
round 2, you have " << coins <<
' coins.\n";}

It should be obvious that the function with additional space is easier for us to read. Since the
computer doesn’t care how code is entered, but a person reading your program will, it is best to use as

much additional space as necessary.

Comments are an additional aid that help someone reading your program understand what you are
trying to do. Thisis especially important if that person has the responsibility of making a change to your
work. If that person does not understand what you have done, any changes that they make may either be
wrong or may have additional consequences that are completely unexpected. Y ou should understand that
this person may aso be you at some point in the future, and even though you clearly understand your code
when you have finished writing it, you are not likely to once you have moved on to a new project.
Choosing names for the parts of your program is also important. If you choose names that are meaningful
to the task at hand, the resulting program will be easier to understand. If, however, you regularly use
nameslike“x” or “y” or “temp,” the person reading your program will have to struggle to connect these

names to what is being done.
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Naming conventions

For the computer, variables are merely locations in memory where information is held. The
computer keeps track of these locations so that it properly loads and stores the values that other statements
in the program calculate. Because of this, the computer doesn’t care what names you give your variables,
since it will translate them into these memory locations. In a similar way, function names are just
addresses to transfer control to, and class names are just an elaborate combination of variables and
functions.

So, why isit important that you give variables, functions and classes names better than A1, A2, X,
Y, and temp? It’s because those names make a program very hard to follow when another programmer is
trying to read what you have written.

How do you choose good names? Just think about what it is that the function is doing, what the
variable is storing, or what the classis representing. Since functions do things, their names are probably
going to be action words and verb phrases. Since variables hold information, their names are probably
going to be noun phrases. Classes are used to describe groups of objects that have some characteristic, so
their names are probably going to be the names of objects.

A couple of warnings are in order about variable names. First, you should try to avoid one letter
variable names, except perhaps for loop counters. Y ou should always avoid the letter ‘I’ as avariable
name, because it is very difficult to tell the difference between it and the number ‘1’ when you are looking
at code. Infact, there has been alot of time spent looking at code that has an error only to find that what
appeared to be aletter ‘I’ in an equation or array index was actually the number ‘1." Second, you should
try to avoid the temptation to use the variable name temp, since it becomes habit forming. There have been
anumber of pieces of code written that need atemporary variable, so one gets created called temp, and
then another is needed, so it becomes temp2, and then temp3, and then temp4. To make matters worse,
these temp variables may actually be of different types as well, making the difficult situation of telling them
apart even harder, as they are used to store different kinds of information. If you need a temporary
variable, give more details in its name by taking on another word likein “tempAnswer.”

Some people have adifficult time at first coming up with names. With experience it will become
easier. Just remember to name it what it is. Y ou may wind up coming up with very long names in the
beginning, but with time and experience you will quickly learn of ways to shorten the names but still keep
all of the meaning in them. The following chart gives you examples of some names for functions,
variables, and classes:

Function Names Variable Names Class Names
CheckVaue Getlnput myTotal theAnswer Building Record
ShowCount GreaterThan count location Company Employee

InRange FindMax numberinside firstZero Tree Book
SortVaues Display tempTota tempCard SlotMachine CardDeck
Ded Card CountSuccess numL eft change Song Animal

One thing that you might have noticed is that there is a definite convention or style used for all of
these names. It turns out that you can convey information at all sorts of levelsincluding how and where
you use capital lettersin names. You will notice that function and class names both start with a capital
letter and variables start with alower case letter. Thisison purpose, so that when someone looks at a
namein aprogram, if it starts with a capital letter and is a noun, the reader knowsit islikely a class name,
but if it isaverb phrase, the reader knows it is likely afunction. If it starts with alower case letter, the
nameislikely avariable. In all cases, however, notice that capital letters are used to identify where second
“words” in aname start. Thisis becauseit isdifficult to read and understand the name “norings’” where
“noRings’ iseasier.

The one category of names we have not yet discussed are constants. These are like variables, but
their value does not change through out the program. Constants are frequently used for mathematical
values (like Pl = 3.1415), or for things that don’t change during the execution of a program (like MAX for
the size of alist of values). You will notice that constants are typically given names that are all capital
letters. If you have a constant name that is composed of two words, you can use an underscore to separate
them asin the example “MINIMUM_SIZE.”
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Warning: Naming is the one place where there is wide divergence in style. For example, some
programmers dislike capital letters enough that they will instead separate words with underscores, so that
“theAnswer” becomes “the_answer.” These same programmers will not use capital |etters for function or
class names but expect that the context in which they are used will help the reader differentiate them. You
should not use capitalization carelessly by having two item’ s names differ only in whether or not aletter is
capitalized.

Indentation and spacing

As was mentioned, indentation and spacing is important to increasing the readability of your code.
This section will give guidelines for how to indent and space the various control structures so that it is
obvious what the relationship is between various parts of your program.

All of the indentation below is based on tabs, but the important issue is not how much the
indentation is, but rather that it makes clear the nesting of the parts. The amount of indentation can be as
small astwo or three spaces or as large as atab (typically the same as eight spaces). The trade off is that
by typing spaces for indentation, you might have to type a lot of spacesif the indentation gets deep. If
instead you use the tab key, each level of indentation requires just one additional tab, however, as the
indentation gets deep, the code gets shifted alot and so the individual statements may have to be broken
over two lines. Thistrade off is seen here:

le (!done) while (!done)
{
it (x>y) it (x >y)
cout << “x >y where x = cout << “x >y where x =" << X
<< Xx << “ and y = << “ and y = “ <<y << endl;
<< y << endl; el se
el se {
{ int temp = x;
int temp = x; X =Y;
X =Y, y = tenp;
y = tenp; }

} }

Another issue in spacing is where to put spaces within statements and blank lines within functions.
To make code more readable, a space should be put on both sides of all binary operators including
assignment, arithmetic, comparison, and stream insertion/extraction operators. A general rule would be
“when in doubt, add aspace.” Extralines should be put in afunction after declarations of local variables,
after significant blocks of code, and anytime the function begins to do something different. So, if a
function first totals a set of numbers, and then calculates the average, there should be at |east one blank line
after the code that totals the numbers and before the code that calcul ates the average.

Statements and blocks

A block isagroup of statementsthat are logically grouped. These statements can be those inside a
function, aloop or part of a selection statement. A block is started by an open curly brace { and is ended
by aclose curly brace}. All of the statements inside a block should be indented to the same point. The
curly braces for the block should be lined up vertically. If there are nested blocks (i.e. one block inside
another), the inner block should be indented more than the containing block.

If astatement istoo long, it must be broken over two or more lines. If a statement goes too far to
the right of the screen, it may go too far for a printer to output it and so part of the line will not appear on
the page. A printer can usually print about 60 characters across apage. You will eventually get afeel for
when a statement needs to be broken, but you will only learn thisif you look carefully at the files you
print. It issurprising how many programs have been turned in with significant parts of the code lost
because it was cut off by the printer.
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It is also important to pick a good point within a statement to start the new line. All computer
languages specify that the new line cannot start in the middle of a variable name or a string of characters.
The new line should ideally start with an operator so that at afirst glance it is noticiable that thisis a
continuation of the previousline.

Thefollowing function is an example of al of these guidelines put together:

voi d

Sanpl e()

{
i nt t heCount, theAnount, theAverage;
char user sAnswer ;

cout << “Are you ready to input the data? “
cin >> usersAnswer;
if ((usersAnswer == ‘y’) || (usersAnswer == 'Y'))
{
cout << “What is the count of nunbers”
<< “ that you have found ? “
cin >> theCount;

cout << “What is the total ampunt of *
<< “those nunbers ? “
cin >> t heAnount;

t heAver age = t heAnount
/ theCount;

cout << “The average is *“
<< theAverage << endl

}

Declarations

In C++, declarations of variables can be anywhere within afunction or even for that matter within
afile. Thismeansthat if avariableisonly needed inside aloop, it can be declared at the top of the
statements inside the loop. Thisis helpful because this variable is only usable in the loop and so nothing
outside of the loop can change its value causing a problem. It is also helpful, because if you need a
variable with asimilar name in two different places, you can localize their use, making the program easier
to read.

This greater flexibility can, however, create a problem if a programmer just declares variables as
they are thought of, spreading the declarations out for no apparent reason. To prevent this, it should be
standard that all variables should be declared at the top of the block within which they are needed. If a
variable is needed inside afunction, it should be declared at the top of the function before any executable
code appears. If avariableisjust needed inside aloop, it should be declared at the top of the loop just
after the for, do, or while statement. C++ has a construct that allows counter variables in for loops to be
defined only during the for loop’s execution. This is done by giving the declaration inside the for
statement as follows:

for (int i =0; i < MAX SIZE;, i++ )
{

decl aration_of _vari abl es;

| oop_stat enents;
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In the above case, the variable “i” is created when the loop is started and it is destroyed when the
loop completes. Any variables declared at the top of the loop will be created when the loop is started and
will be destroyed when the loop compl etes.

A similar thing can be done with variables needed inside the then or else parts of an if statement.
These variables should be declared at the top of the part’s block and will be created when that group of
statements start and will be destroyed when the if statement compl etes.

|f statements

For an if statement, the word if and any following else should line up. The statementsin the
“then” and “else” parts should be indented. If thereisablock of statementsin either the “then” or “else”
parts, the opening and closing curly braces should line up with the word if. The following are three
examples of how if statements should be indented: (note: some people feel that an if statement is easier to
understand if the then part has fewer statements than the else part. It is necessary, however, to be very
carefule while rewriting the if statement to achieve this, and the condition is then sometimes not as clear.)

if (condition) if (condition) if (condition)
t hen_st at enent ; { t hen_st at enent ;
el se t hen_st at enent s; el se
el se_statenent; } {
el se el se_statenents;
el se_statenent; }

In some cases, there are a set of conditions that are checked in nested if statements. These are
called “waterfall” if statements. Below shows two ways of indenting these statements, and though both
are acceptable, most people prefer the one on the left.

if (condition_1) if (condition_1)
then_statenent 1; then_statenent 1;
else if (condition_2) el se
t hen_st at enent _2; if (condition_2)
else if (condition_3) t hen_st at enent _2;
t hen_st at enent _3; el se
else if (condition_4) if (condition_3)
t hen_st at enent _4; t hen_st at enent _3;
else if (condition_5) el se
t hen_st at enent _5; if (condition_4)
el se t hen_st at enent _4;
el se_statenent; el se

if (condition_5)

t hen_st at enent _5;
el se

el se_statenent;

Switch statements

Switch statements allow a single check to select from multiple choices. The indenting structure for
aswitch statement is asfollows:
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char checkVari abl e;

switch (checkVari abl e)
{
case ‘A : case ‘a’:
case_statenents_1,;
br eak;
case ‘B :
case ‘b':
case_statenents_2;
br eak;

def aul t:
case_statenments_defaul t;
br eak;

You should note that each case label is indented further than the switch statement, and the
statements done as part of each case are indented even further. If there is more than one case that applies
to a set of statementsthey can be listed together on one line or one multiple lines of equal indentation, but
in practice, only one of these two options should be used. The set of statements for each case should end
with abreak statement that isindented to the same point as the set of statements. The last case of a switch
does not need a break statement, but one should be included for completeness.

For loops

For loops are used when we know how many times a set of statements needs to be executed. The
indenting structure for afor statement is asfollows:

for (int i =0; i < max_value; i++)
{

statenment _1;

st atement _2;

st at ement _3;

There are additional style issues that apply to afor loop. Y ou should not change the value of the
variablesi or max_vaue inside the for loop. Doing so will ater the number of times thisloop will execute
and will make the code difficult to understand. A break statement placed in afor loop will stop the
execution of the loop when that break is reached. Thisisnot agood way to program afor loop, and a
while loop should be used instead. For example, the while loop on the right is preferred to the for loop on
the left.

int count = O; int count = O;
for (int i = 0; i < max_value; i++) int i =0
if (list[ i ] >=0) while ((i < max_val ue)
count ++; && (list[ i ] >=0))
el se {
br eak; i+
count ++;
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While loops

While loops are used when we want to execute a set of statements as long as a condition is true.
The indenting structure for awhile statement is as follows:

while (first < last)
{
st at ement _1,;
st atement _2;
st at ement _3;

If the condition of the while loop isjust checking as a counter changes values, it might be more
appropriate to use afor loop. The for loop on theright is preferred over the while loop on the | eft.

int i =0; int count = O;
int count = O; for (int i = 0; i < max_value; i++)
while (i < max_val ue) {
{ if (list[ i ] >0)

if (list[ i ] > 0) count ++;

count ++; )

i ++;
}
Do loops

Do loops function like while loops except that that condition is checked at the end of the loop
instead of at the start. This meansthat do loops execute the statements inside the loop at least once, where
awhile loop might never execute the statements inside the loop. The indenting structure for ado loop is as
follows:

do
{
statenent _1;
st atenment _2;
st at enent _3;
} while (first < last);

Functions

All statements that are part of a function should be indented. The function type should be on the
first line, and the function name and parameters should be on the second line. The curly braces that mark
the beginning and end of the function should line up. All of these should be in the first column. The
indenting structure for afunction is asfollows:

char
Get Next Char act er ()

{
char t heChar ;

cout << “Enter the next character:

cin >> theChar;
return theChar;
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Programming style

There are some rules of programming style that should always be followed. These are:

All input requests from the user should have clear prompts so the user knows what is being
requested. If possible or reasonable, these prompts should include either a sample input value or the
range of valid values.

All output should be labeled so the user knows what the values mean or represent.

Break statements should be used sparingly. The only place where break statements are always
acceptable isinside switch statements. In al other cases, you should seeif the loop you are working
on can be rewritten to eliminate the break. Excessive use of break statements makes the code difficult
to understand.

Return statements should ideally appear only at the end of afunction. Thisway thereisonly one
point where the function stops executing and that is at the bottom of the code. If aroutineissmall or if
there are a number of obvious places for returns, then multiple returns can be used in a function.
Multiple returns should always be arare occurrance.

There should be no implicit type casting (i.e. the assigning of avariable of one type to another). If
the type cast isimplicit, areader of the code will not know if the type case was done on purpose or by
accident. If the type cast is explicit, the reader knows the cast was meant. In the following example,
the code on theright is preferred.

char x; char x;
int y; int y;

X =Y, x =char( vy );

Conditions should be assigned to variables directly instead of within an if statement. For example,
the following pairs of code accomplish the same thing. The code on theright is preferred in each case.

if (first < last)

result = TRUE result = (first < last);
el se

result = FALSE;
if (first < last)

result = FALSE; result = ! (first < last);
el se

result = TRUE;

if (first == TRUE)
result = TRUE; resul t

first;
el se
result = FALSE;

if (first == FALSE)

result = TRUE; resul t Ifirst;

el se
result = FALSE;
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Constants can be declared in two different ways by either a preprocessor declaration (left example)
or by a C++ declaration (right example). Either is acceptable, though the preprocessor declaration is
dightly preferrable. No matter what styleis used it should be used consistently thoughout a program.

#define LIMT 100 const int LIMT = 100;
#defi ne MAX_SI ZE 25 const int MAX SIZE = 25;
#defi ne PI 3. 1415 const float Pl = 3.1415;

| nternal comments

Internal comments are an important part of writing a program and should be done as the program is
being written. These are designed to give the reader of your program additional information about what is
happening in the program. These can aso give information about why code has been written in a
particular way. Comments can indicate to the reader what conditions are true at particular pointsin the
code, or what atricky or confusing piece of code is going to accomplish.

File headers

Every file should begin with acomment block that gives important information about the rest of the
file. Thisshould also give information that helps the reader work with the file. Thisinformation includes,
but is not limited to, the file name, the programmer’ s name, the date it was written, the dates it was
modified on (if any) and what modifications were done, and a short description of the file contents. This
file header should have the following format:

/1

/1 file: sanpl e. cxx

/1 pr ogr anmer ; Jeffrey J. McConnell, Ph.D

/1 dat e: January 15, 1998

/1 nmodi fi ed: January 25, 1998 (function stuff added)

/1

/1 pur pose: To show what a sanple file header |ooks Iike.

/1

Function headers

Each function should also have a header that is place immediately next to the function in thefile.
This header can take the form of a detailed comment and be placed just after the first declaration line, or
can be amore formal header and be placed before the entire function. This header comment includes
information like the function name, the function’ s purpose, those parameters that are input, input/output,
and output, and the return value (if any). A formal function header could have the following format:

/1

/1 function: Tot al Val ues

/1 pur pose: total the values in a list of integers

/1 par anet ers:

/1 i nput : list the collection of integers

/1 count used for the nunber of val ues

/1 i nput/output: none

/1 out put : none

/1 return value: an integer representing the total of the list values

/1
i nt
Total Values( int list[], int count )
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Declaration comments

There should be a comment at the end of most variable declaration lines. Thisisrequired of any
significant variables in the function but is optional for loop counters and other limited purpose variables.
Declaration comments should have the following format:

i nt list[100]; /1l the set of values entered by the user

i nt count; /1 the nunber of values in list that are valid

i nt total; /1 used for the running total of the values in |ist
float average; /] stores the average of the values in |ist

Statement comments

There should be comments for lines or sets of lines of code that accomplish the tasks necessary to
complete the work of afunction or program. These are especially necessary if the code is difficult to
follow or does a complex process. The comments can be at the end of asingle line or can appear before
theline or lines.

/1 get the player’s nane

cout << "Enter player #" << num pl ayers+1
<< "'s nane (or \"done\" to end): ";

cin >> nane;

/1 if we are not finished

if (strcnp(nane, "done") != 0)

{
/1 set up the player and have hini her play
Pl ayer t enp( nane) ;
tenp.Play_Slots();

/1l save the player’s nanme and w nni ngs
Pl ayer Li st.store( num pl ayers++, tenp );

}

Comments should also be put before conditional statements and loops to explain what they are
about to check. Comments should be put into the “then” and “else” parts of an if statement that explain the
conditions that would cause the computer to execute those statements (related to the if condition).
Comments should be put into loops, especially while and do loops, that explain what must be true for the
loop to keep executing (the loop invarient).

/1 as long as the user enters positive nunbers
/1 continuing reading them A negative nunber
/1 means the user wants to stop

do {

cout << “Enter the next nunber (<0 to stop):”;
cin >> val ue;

/!l check to see if this is still a valid val ue
if (value > 0)
/1 if we got here the value is valid so
// add it to the total
total += val ue;

} while (value > 0);
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Block Comments

If blocks are long or if a number of nested blocks all end at the same place, then comments are
needed that help the reader relate the end curly brace to the start of the block. Thisis done by placing a
comment after the close curly brace that gives the item being closed. This can either be smply the control
statement at the start of the block (i.e. if, while, switch), or if there are a number of smilar control
statements this comment can also include the conditional aswell. The following example shows what this
would look like.

voi d
sanple( int x, int y, int z)
{
if (x ==1y)
{
while (y > 2)
{

} // end while

}
else // if ! (x==y)
{
if (y == 2)
{

Y}/l end if (y == 2)
} /1 end if (x ==y)
} // end sanple

Declar ation file comments

The declaration file for a class should have the standard file header at its start. In addition, there
should be a comment before each function prototype that explains what the function does, what parameters
it expects (if any), and what value it returns (if any). A example of thisfollows.
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/1 file: random h

/1 pr ogr anmer ; Jeffrey J. McConnell, Ph.D

/1 dat e: Sept enber 15, 1997

/1 pur pose: To generate a series of pseudo-random nunbers
/1 usi ng the m xed congruential nethod.

cl ass MyRandom

{

publi c:

[l initializes the random nunber generator the paranmeter serves as the
/] starting seed value. to get a random sequence each tine this is used,
/1 send in a "randoni seed for exanple, the seconds of the system cl ock
MyRandom( int x = 0 );

/1 returns a uniformy distributed random nunber in the range [0,1) with nean 0.5
float uniform));

/1 returns a uniformy distributed random nunber in the range [l ow, high) with
/1 mean (I owt+high)/2
float uniform int low, int high =1);

/1 returns a normally distributed random nunber in the range [0,1) with nean 0.5
float normal ();

/1 returns a normally distributed random nunber in the range [| ow, hi gh)
/1 with nmean (I owt+high)/2
float normal ( int low, int high =1, int node = 10);

private:
/1 the seed is used as the basis for the next pseudo-random nunber generated
i nt seed;

};

External Documentation

Program code and internal comments are not enough for someone who is trying to understand
what a program does, and how it doesit. There are two external documents that must accompany a
program - auser’s and system’smanual. (Y our instructor will specify which are necessary.) The user’s
manual iswritten for the person who will use the program, and so should give the information necessary
to successfully run the program. The system’s manual is written for a person who will change the
program, and so should give information about what was done and why it was done.

User’'s M anual

When you buy acommercial software package, you expect that you will get more than just a disk
with an executable program. Y ou expect that you will also get information on how the program works.
This documentation can be in paper form or in electronic form. Electronic forms of documentation can
either be separate or can be built in to the program as a help function. But the bottom line, in any case, is
that the manufactor is expected to provide information on how the program should be used.

The user’s manual should have the following sections:

1) Description: This section should give a brief description of the purpose of the program.

2) Executing the program: This section should give details about how to start and run the program.

3) Input: This section should give details about what kind of information will be needed, what

form it should take, the order it will be needed, and any restrictions on itsvalues. Itis
helpful to have a sample of the computer/user interactions to make the text easier to
understand. There should be a subsection giving any error messages that the program
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might output based on the input values entered. This subsection should aso give
instructions on what the user should do to correct those errors.

4) Output: This section should give information on the output the program produces. This should
include the details of what is output, and where necessary, give information that helps the
user interpret and understand the output presented.

Thislist is not meant to be exhaustive and there may be circumstances where additional sections are

necessary or appropriate.

System’s Manual

One of the largest tasks in the life cycle of a computer program is maintenance - making
improvements and enhancements to computer programs that extend their usefulness. Those programmers
who are responsible for this work are dependent on both the internal comments and the system’s manual
for providing the information necessary to understand how the program was written. A complete
understanding of the program is necessary if the changes that are made create only the result wanted and
not any other damaging side effects. For thisto happen, the documentation must give the maintenance
programmer enough information so that he or she feels confident in the changes to be made.

It is understood that when you write some parts of the system’s manual it will seem quite strange
since you are expected to “explain your choices” when by the nature of academic exercises these choices
where actually made for you. Thiswill lessen in later courses, but for now, this places a burden on you to
develop ajustification for choices you did not make, and this also gives you an opportunity to justify
alternatives that you may have noticed. Y ou should be aware that the discussion of alternatives and how
the program could be changed to use them is just as important and powerful of a component of these
documents as the part that just tells what is in the program.

In the real world, and in an ideal academic setting, you would devel ope the system’ s manual before
you write the code and then maintained it through the development process. In redlity, thisis hardly what
happens. Students frequently see documentation as the thing you add on after the program works. Itis
commonly left to the last minute and the resulting product shows this. 1t would be best if the system’s
manual was developed in conjunction with the program.

The system’s manual should have the following sections:

1) Description: This section should give a brief description of the purpose of the program.

2) Overall System Design: This section should give a description of the maor classes in the
program and discuss why those were chosen. There should be a discussion of how these
classesinteract aswell.

3) Data Structure Choices: This section should discuss the major data structures used in the
implementation of various classes and the main program. This discussion should include
information about unusual choices and alternatives considered. If there are any specia
ways in which data structures are used, this must be discussed here.

4) Design Details. This section addresses the implementation choices that were made in writing the
code that accomplishes the tasks the program and its objects do. This section can include
stepwise refinements or algorithms.

5) Compiling Instructions: This section gives details on how the program needs to be compiled
including any specia compiler “flags.”

6) Errorsand Limitations: This section should give any limitations that the program has placed on
the input, processing, or output. There should also be alisting of any errorsthat still exist
in the program. This section must include a details discussion of how these limitations can
be overcome, and how these errors can be found and corrected.

7) Suggested Improvements. This optional section discusses additional capabilities and
improvements that can be included in future versions of the program.

8) Testing Information: Since testing is so important to the process of developing a good quality
error-free program, it would be helpful to include information about how the program was
tested both in pieces at the class level and as those classes were put together. This testing
should illustrate both the nature of the tests and the values used in the testing process.

Thislist is not meant to be exhaustive and there may be circumstances where additional sections are
necessary or appropriate.
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Appendix - Sample Program Description, Documentation,
and Program

The following represents a sample program and its documentation devel oped based on a project
description.

CSC 212 - Data Structures
Project Description

Pur pose:
To refresh knowledge of C++ and to give students experience working with tables and linked lists.
Description:

Jane Bottom is the owner of Bottom’s Up a saloon in Carson City, Nevada. In her establishment
she has a number of slot machines that are very popular anong her customers. She has one machine, the
Fruit Market, that is rarely played, and she has thought about how she could get more people to play it.
She has decided that she would like to hold a daily competition to see who can win the most money from
this slot machine. She wants to set up the competition so that each person pays $50 to enter the
competition and receives $25 in quarters (100 quarters). They play the 100 quarters and see how much
they win. They then have the option of using up to 100 quarters of their winnings to play a second round.
(Note: if they won less than 100 quarters, they can only play up to the amount they won.) They get to
keep all of the quarters that they win during the competition, and the person who wins the most quarters
getsthe $100 first prize aswell. People will be allowed to play more than once aday, but have to pay the
$50 entry fee each time and the results of each of their entriesis recorded separately asif it had been two
different people.

Jane has contracted with you to write a program that will simulate this competition so that she can
seeif shewill make money onit. She has provided information on her Fruit Market slot machine so that
spins can be properly ssimulated.

Details:

To do this project you will need to create a class to keep track of each player’sinformation and
control their playing. You will also need to create atable of resultsand alist of the players ordered by the
amount they have won. Y ou will also need to print out some statistics for Jane to decide whether or not
this competition will be profitable.

Deliverables:

You will, at the end of this project, turn in a hard copy of all of your code, a user’s manual that
outlines how to run your program, and an electronic copy of your project. Before using “submit” to turn
in an electronic copy of your project please be sure to delete all executable programs, and delete all object
files for modules that you have created. Y ou can leave object modules for those pieces that | provided to
you.
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User’s Manual

I ntroduction

The purpose of this program is to simulate a slot machine contest, and was prepared for Jane
Bottoms, owner of the Bottoms Up Saloon, in Carson City, Nevada. The premiseisthat Ms. Bottomsis
interested in starting a contest on one of her ot machines, and isinterested in seeing if this contest will be
profitable. The rules she has set up are asfollows:

Each person will pay a $50 entrance fee to play in the contest.

People can play more than once, but must pay the entrance fee each time. Their winnings will be
kept separate and will not be pooled to determine standings in the contest.

People will receive 100 quarters, and must play al 100 through the slot machine once. After that
first round, the player can choose to bet any portion of their first round winnings up to alimit of 100
quarters.

The amount each person has won during each contest will be recorded, and at the end of the
contest, the person with the largest number of quarters won will receive a bonus of $100.

Ms. Bottoms has requested that this program not only simulate this contest, but that it also print a
summary at the end that will show what the profit or loss of the contest would be. To help in the creation
of this program, Ms. Bottoms has provided details of the operation of the Fruit Market slot machine that
she intends on using for this contest.

Setting Up and Running the Program

To run this program, the user should give the command dr i ver at the system prompt. The
program will then prompt for any and all input it will need. The following section will give the details on
the format that must be followed in the specification of the input for the program.

If the executable program dr i ver does not exist, it can be recreated by giving the command
mak e at the system prompt. Thiswill direct the computer to execute the commands necessary to create a
new version of thedr i ver executable. After this mak e command completes, the user can follow the
procedure given in the previous paragraph to start the program.

Input to the Program

There are two types of input to this program. Thefirst isthe name of the player. Sincethisisjust
asimulation, no effort has been made to allow for the full name of the player to be entered. Thisnameis
just a sequence of less than 40 characters that can be used to differentiate this “player” from the others.
For the sake of ssimplicity, the user can even enter just a sequence of numbersin place of names.

There is one special name that the user needs to be aware of. If the word “done” is entered as a
name, the program will interpret that as a signal that the user does not want to enter any additional players.
The program will, therefore, proceed to print out summary information and then terminate when “done” is
entered as the player name.

The second type of input is the number of coins the player should play in round two. This entry
should be an integer or whole number. The prompt for this value will specify the acceptable range that
will be something between zero (0) and the number of coins the player won in round one. If, however,
the player won more than 100 coins in round one, the upper limit for the round two bet will be 100.

Output from the Program

The output from the program includes the prompts for input data as well as information about the
progress of the program. The input prompts include those that ask for the player’s “name” and that then
ask for the number of coinsto play in round two. These prompts will be repeated for each player that is
entered into the system.
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Other output from the program includes the number of coins won in rounds one and two. At the
end of the execution of this program (when the user has entered “done” as the player name), the system
will print alist of the players in decreasing order by winnings (figure 1) and summary information
(figure 2) about the data that this execution of the ssimulation has produced.

And the w nners are:
1 Player: Fred won: 125 coins

2 Player: Linda won: 115 coins

3 Player: Jeff won: 85 coins

4 Pl ayer: Barbara won: 45 coins

Figure 1 - Final Player Winnings List

There was a total of $327.50 paid to w nners,
and a total of $500.00 in entrance fees.
The contest generated $172.50 in profit.

Figure 2 - Overall Summary Output

Error Messages and Corrections

Thereis only one error message that the system will produce. Thisiswhen the user enters a bet
for aplayer that is outside of the range. This can either be due to avalue entered that is below zero (0) or
above the maximum specified bet. The error messagereads. “That val ue is out of range,
pl ease try again.” Thesystem will then prompt again for the user to enter the number of coinsfor
the player to bet in round two. This prompt gives the maximum bet, so to eliminate this error message, be
sure to enter a bet that is not negative and that isless than or equal to the amount specified.
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Sample Execution

bet el geuse>dri ver

Enter player #1's nane (or "done" to end): Jeff
Jeff you have won 85 coins in round 1.

You can bet up to 85 coins in round two.

How many coins do you want to bet? 25

After round 2, you have 85 coins.

Enter player #2's nanme (or "done" to end): Linda
Li nda you have won 75 coins in round 1.

You can bet up to 75 coins in round two.

How many coins do you want to bet? 50

After round 2, you have 115 coi ns.

Enter player #3's nane (or "done" to end): Fred
Fred you have won 120 coins in round 1.

You can bet up to 100 coins in round two.

How many coins do you want to bet? 30

After round 2, you have 125 coi ns.

Enter player #4's nane (or "done" to end): Barbara
Bar bara you have won 90 coins in round 1.

You can bet up to 90 coins in round two.

How many coins do you want to bet? 90

After round 2, you have 45 coi ns.

Enter player #5 s nane (or "done" to end): done

And the wi nners are:

1 Player: Fred won: 125 coins

2 Player: Linda won: 115 coins

3 Player: Jeff won: 85 coins

4 Pl ayer: Barbara won: 45 coins

There was a total of $192.50 paid to wi nners,

and a total of $200.00 in entrance fees.
The contest generated $7.50 in profit.

Errorsand Limitations of the Program

No errors or limitations have been found in this program. The program accomplishes all of the
requirements of the project description. (Note: If, however, there were errorsin the program, this section
would note what they are and also what steps would be necessary to find and correct the errors.)

Conclusion

This program meets all of the requirements that were specified by the customer, Jane Bottoms.
This program can, therefore, be used to test to see whether it would be profitable to implement the slot
machine competition that Ms. Bottoms has devel oped.
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System’s M anual

I ntroduction

The purpose of this program is to simulate a slot machine contest, and was prepared for Jane
Bottoms, owner of the Bottoms Up Saloon, in Carson City, Nevada. The premiseisthat Ms. Bottomsis
interested in starting a contest on one of her ot machines, and isinterested in seeing if this contest will be
profitable. The rules she has set up are asfollows:

Each person will pay a $50 entrance fee to play in the contest.

People can play more than once, but must pay the entrance fee each time. Their winnings will be
kept separate and will not be pooled to determine standings in the contest.

People will receive 100 quarters, and must play al 100 through the slot machine once. After that
first round, the player can choose to bet any portion of their first round winnings up to alimit of 100
quarters.

The amount each person has won during each contest will be recorded, and at the end of the
contest, the person with the largest number of quarters won will receive a bonus of $100.

Ms. Bottoms has requested that this program not only simulate this contest, but that it also print a
summary at the end that will show what the profit or loss of the contest would be. To help in the creation
of this program, Ms. Bottoms has provided details of the operation of the Fruit Market slot machine that
she intends on using for this contest.

Overall System Design

This program was designed with the goals of reasonable modularity and simplicity of modules.
The modules developed cover the major objects that this program must use. Since this program is
simulating a competition on slot machines, it is natural to have a class to model aslot machine. Sincea
competition has playersin it, it is natural to have a classto model our players. Theinclusion of arandom
number generator classisto separate this distinct function from that of its primary user the slot machine
class. Not only was this separated out because its purpose was distinctly different from the slot machine,
it was also separated out so that it would be available to other parts of the program should the design have
changed during development or at any time in the future. For instance, one change that might be madeis
to simulate the choice of how many coinsto play in round two. Since we do not have real players making
these choices, the number of coins played in round two is arbitrary. So afuture version of this program
might just ask for a number of people to simulate playing in the contest, and then do al of the calculations
after that point on itsown. The program could then just assign player numbers, and then use the random
number generator to pick the number of coins each of these “players’ betsin round two.

So this design lead to the development of the above three classes. The resulting main program is
rather lengthy within this design by the standards of object-oriented methodology. One enhancement that
can be made in the future is the creation of a competition manager class that will take over the main
operations of running the contest, converting the table of playersinto the winnerslist, and then printing
out the winner’slist and final statistics. By developing this additional class, the main program would then
be reduced to afew callsto the functionsin this manager class.

Data Structure Choices
There are a number of choices made for data structures throughout this program. This section will
look at these choices on amodule basis.

Main Driver Program

This program uses two major data structures in addition to objects of the Player class. Thefirst of
these is aone key table. As people play in this tournament, they are assigned a player number in
consecutive order. On completion of their play, their information isinserted into this table using their
player number asthe key. The reason for doing thisisto easily compile the information so that it is readily
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retrievable. By keying the information by player number, this system could be the basis for a future
record keeping program when this contest is implemented. By first storing the information in atable
keyed by player number, we have created a design that could easily be enhanced to alow playersto ask
about their winnings when they last played, and for usto be able to quickly retrieve thisinformation.

Since we need to print awinner’s list, ordered by decreasing winnings, at the end of the execution
of this program, it was decided to al'so use alinked list structure. Thislinked list is ordered by the amount
of winnings of each individual player, and is constructed by inserting players into the correct order in this
list. The algorithm that constructs thislist is, therefore, based strongly on the standard insertion sort
algorithm. The general processisto get the next player out of the table, and, starting at the front of the
list, step through it comparing this new player’s winnings to the winnings of those already in the list.
When we find the first location where the winnings are less than those of the new player we stop and
insert the new player in the list before the current one. In thisway, asthe list grows, it growsin order.

Player

The only significant data structure choice related to the player class was the way in which the slot
machine that the players use was declared. This slot machine was declared as a global variable in the
definition file for the player class. It was done here so as to create one slot machine that al of the players
would share. If this declaration had been in either the declaration of the player class or inside one of the
player class functions this would have created a new slot machine for each player. Since the slot machine
is dependent on the random number generator, and that random number generator always generates the
same sequence of numbers, if we have a new slot machine for each player, each player will produce the
exact same results. Thiswould result in avery uninteresting program.

Slot Machine

The dlot machine has two arrays and three integer variables. The first of these arrays,
reel Val ues, isaninteger array of the values on the three reels in the slot machine. Thisarray is
designed with 32 stops or locations. Each location has a value of zero (0) through three (3), representing a
blank (0), acherry (1), an orange (2), or aplum (3). Thereis one plum, three oranges, 12 cherries, and
16 blanks on the reels. The blanks are located in the even numbered locations, and the fruit are all in odd
numbered locations. The oranges are in locations 7, 23, and 31. The plumisinlocation 15. The cherries
arein theremaining 12 odd locations. The slot machine we are simulating pays if either all three reels
show some fruit symbol (5 coins), all three are cherries (10 coins), all three are oranges (50 coins), or all
three are plums (200 coins).

The reels of the dot machine are ssimulated with this one array of values and three separate integer
indicesinto thisarray. So, thethree integers of reel 1, reel 2, and r eel 3 represent what is
showing on the three reels of the slot machine by being an index into the array r eel Val ues. If the
valueofr eel 1 was4, thevaueof r eel 2 was 23 and therevalueof r eel 3 was 9, this would mean
that the reels of the slot machine would be showing blank, orange, cherry. Spinning the wheels is
represented by advancing these values (mod 32) some random number between 0 and 31. The array
reel Symbol s contains character stringsthat are used if the values of the reels are to be printed.

Class Design Details and Choices

The previous sections detailed the choices for the data structures used in this program. Sinceitis
impossible to separate a data structure from the algorithm used to manipulate it, part of that discussion aso
dealt with some of the design choices. The following sections will give additional details on algorithm
design details and choices used throughout this program.

Player

The Player classis designed in a straight forward way. The player’s name and number of coins
are stored as part of thisclass. These values are initialized in the constructor function which also sets the
number of initial coinsto 100. Since the rest of the functions of the class use the value stored in this
variable for their processing, if the number of initial coins changes for any future versions of this program,
you will only need to change the constructor for this update.
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The final amount of coins are determined by the Play _Slots function. This function implementsthe
contest rules as specified by Jane Bottoms. This function will run through the coins the player has for the
first round with callsto Play_Quarter (SlotMachine) inside afor loop. Once the winnings for round one
are determined, the function determines what the maximum bet is for the second round as the maximum of
100 and the coinswon in round one. Thisisthen used to verify that the user input of the number of coins
to bet in round two is correct. A second for loop is used to play the coins bet in round two.

Slot Machine

The locations of the fruit (as described in the data structures section) was very carefully chosen for
two purposes. The first was to spread the different fruit out relatively evenly throughout the reels. The
second choice of the odd locations was done so as to make the code to check for areel showing afruit
simpler. Becausethefruit areal in odd locations, if we take the value of areel mod 2 and theresultisal,
afruitisshowing. So we can do asimple check of

( (reell %2) & (reel2 %2) & (reel3 %2) )

and if thisistrue we have awinner of some sort, and only need to check to seeif what is on the three reels
are al the same to see how big of awinitis.

Random

There are a number of ways to generate a sequence of pseudo-random numbers within a computer
program. These numbers are not truly random, since they follow a sequence created by a mathematical
caculation. Given agood mathematical calculation we can, however, create a sequence of numbersthat is
relatively close to random for our purposes.

The three most common ways to create a pseudo-random number sequence is by the linear
congruential method, the multiplicative congruential method, and a mixed congruential method that
combines these two. The mixed congruential method is used in this program and is based on the equation:

seed,, = (seedi*multiplier + increment) nmod limt

In the linear congruential method the multiplier would be one (1) and in the multiplicative
congruential method the increment would be zero (0). In all of these cases, care must be taken in setting
the multiplier, increment, and limit. Itisfelt that al of these values should be relatively prime (in other
words, none should have any factorsin common). Also it isbest if thelimit isvery large, because it
indicates the cycle of the random number generator. If the values are al relatively prime, and the limit is
10, this means that the random number sequence will repeat after just 10 values. If the limit isincreased to
100, the sequence will repeat after 100 values. So, you can see the importance of a large limit to
producing a sequence that is not likely to repeat. For this program, the multiplier is 25173, the increment
IS 13849, and the limit is 65536.

The only remaining concern isthe initial seed value. Currently, the random number generator is
always seeded with the value zero (0). This was done so that the program generated results that were
reproducible each time it was run. This does not produce interesting results since you get the same answer
each time. It iscommon to use some part of the system clock as an initial seed setting, so that each time
the program is run the seed will be different and so the results the program produces will be different.
Thisis one enhancement that could be made in future versions of this program.

Library Classes

There are a set of “library classes’ that were supplied with the book Understanding Program
Design and Data Structureswith C++ by Kenneth A. Lambert and Thomas L. Naps (West Publishing
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Company, 1996). This project uses the classes association, one key table, and linked list from the
collection supplied by that text.

Theclass linked list is a standard linked list structure that includes the operations of insert,
retrieve, remove, and next as well as the informational functions of empty, length, and at_end. In this
program, we create alinked list of type player that is used to keep the list of players ordered according to
decreasing winnings. Details on the use of thislinked list are given above.

The class one key tableis a standard keyed table that includes the operations of store, retrieve,
and remove as well as the informational functions of empty and length. In this program, we create a one
key table of playersthat is keyed on a sequential player number. Details on the use of this keyed table are
given above.

The class association is indirectly used when we use the classone_key table. Thistableisactualy
a table of associations where each association brings together the key and the element of the
one key table. Soinour program, an association links together the integer player number (key) and the
player information (element) so that they can be stored together in the table. The class association includes
an operation to set the value stored in an association as well asinformational functions that return the key
and value stored in the association. Since this classis hidden in the implementation of aone key table,
and, therefore, is not directly used by this program no further information is provided here.

Test Program Design

This section will give details on the test programs that were used during the development of this
program. This section is sometimes omitted from a System’s Manual but is included here to give further
information on test program design and use.

Random

The random number generator was tested in two ways. The first test was to check that the
numbers being produced were truly uniformly random. This program initialized a set of 100 counters to
zero (0). It then generated a set of 100,000 random numbers between 0 and 100, and counted how many
times each of these integer values was generated. These values were then printed. If this random number
generator is working, the number of times each of these values is generated should be approximately the
same.

The second test wasto see if the other functionsin the class seemed to be working. A test program
was created that made calls to the other functions of the class and their results were printed. This gave the
ability to make avisual check of the results of the function. It should be noted that this test program is not
avery strong test, and it would have been better to have created a program similar to the first that tested the
normal function in asimilar way.

Slot Machine

Statistical analysis of the number of symbols on the three wheels and the pay off schedule indicated
that over the long term this slot machine should return about 85% of the money that isbet. To test the slot
machine, a program was created that will just repeatedly call the Play Quarter function and total up the
winnings. It then prints the number of trials and the amount that would have been won. If thisisworking
correctly, the amount won should be approximately 85% of the number of trials.

Player

The test for a player was quite simple, since the player classis so dependent on the slot machine
class. Thistest program then just needed to make sure that the player class used the slot machine properly,
and that the data provided to it was properly saved. Thistest program just declares a player and then has
that player play the slot machine. Thistest program is not complete since it does not test the winnings
function.
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Compiling Instructions

All compiling instructions, including dependencies among the various modules, are supplied in the
makef i | e included with this distribution. This allows the programmer to just give the command
mak e and the system will review all date and time stamps and recompile any files that have changed or
that are dependent on other files that have changed. As changes are made to this program, it is
recommended that thismakef i | e be kept up-to-date.

Specia Template Instructions

Since this program uses the template feature there are special compiler options that must be
specified. With each template, we must be sure that there are the proper instances of these template classes
created. Thismust be done by specifying the types that will actually be used for each template class. This
isdone by compiling afile that has a specification of the following form:

tenpl ate class cl ass_nane<type {, type}>;

The actual use of this specification will replacec| ass_name with the name of the class that we
are creating instancesof, and t ype {, type} representsthe fact that one or more types that this
template class requires must be specified. For example, to create the needed instance of the one key table
used in this program, we need to specify the statement:

tenpl ate cl ass one_key_tabl e<int, Player>;

within our program.

These template instantiation specifications can bein their own file or at the bottom of the definition
filefor theclass. Itismost common to place them at the bottom of the proper definition file.

The last special requirement for compiling template classes that have the instantiation specification
in them is to include a special compiler option when those files are compiled. This option is the
no-inplicit-tenpl at es flag. A sample compilecommand that includesthisflagis:

g+t -c -fno-inplicit-tenpl ates onetabl e. cxx

The makef i | e provided has the proper compilation instructions for the project as it was
submitted at itsinitial completion.
Errorsand Limitations

No errors or limitations have been found in this program.

Conclusion

The program produced achieves the results of a reasonable modular design and simplicity of
design. This program also achieves all of the requirements of the customer, and, therefore, provides her
with the tools that she needs to test her slot machine contest concept. This document also detailswaysin
which this program can be improved and enhanced.
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Program Code

Driver

/1

/1 file: driver.cxx

/1 programer: Jeffrey J. MConnell, Ph.D
/1 dat e: Cct ober 15, 1997

/1

/1 pur pose: This is the main driver programfor the slot
/1 machi ne contest simul ator
/1

#i ncl ude <i ostream h>

#i ncl ude "pl ayer. h"

#i ncl ude "onetabl e. h"

#include "linklist.h"

mai n()

{

/1l the table for the players as they play
one_key table<int, Player> Pl ayerlList;

// the list for the ordered |ist of w nners
i nked_li st <Pl ayer> W nner sLi st;

char nane[ 40];
i nt num pl ayer s=0;

do {
/1l get the player’s name
cout << "Enter player #" << numpl ayers+1

<< "'s nanme (or \"done\" to end): ";
cin >> naneg,;

[l if we are not finished
if (strcmp(name, "done") !'= 0)

/1 set up the player and have hinf her play
Pl ayer tenp( nane) ;
tenp. Play_Slots();

/1 save the player’s nanme and w nni ngs
Pl ayer Li st.store( num pl ayers++, tenp );

}
} while (strcnp(nane, "done") != 0);

Pl ayer new_pl ayer;

/1 put the first player into the winner's |ist
Pl ayerList.retrieve( 0, new player);
W nnersLi st.insert (new_pl ayer);

for (int i=1; i<numplayers; i++)

{

Pl ayerList.retrieve( i, new player );

J. McConnell, Ph.D.
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/1 put into the winner's Ilist

W nnersList.first();

Pl ayer tenp;

bool ean done = FALSE

/1 l1ook through the list of people on the list
for (int j=0; j < WnnersList.length(); j++)

{
W nnersList.retrieve(tenp);
/1 does the current player on the |ist
/1 have | ess noney than the new pl ayer.
if (tenmp. Wnnings() < new player.Wnnings())
{
/1 yes so put the new player before
/1 and stop
W nnersLi st.insert(new pl ayer);
done = TRUE;
br eak;
}
/1 no so try the next player on the Ilist
W nner sLi st. next ();
}
/1 has the new player been put in the list yet??
if (!done)

/1 no, they nust go at the end
W nnersLi st.insert(new pl ayer);

}

/1 Qutput the winner's Ilist
int total Wnnings = 0;

cout << "\n\nAnd the wi nners are:\n"
W nnersList.first();
for (int i=0; i<numplayers; i++)

{
Pl ayer tenp;
W nnersList.retrieve(tenp);
cout << i+l << " " << tenp << '\n'
total Wnnings += tenp. Wnni ngs();
W nner sLi st. next ();

}

i nt noneyln = num pl ayer s*50;
float noneyQut = (total Wnnings/4.0) + 100;
cout << "\n\nThere was a total of $" <<npbneyQut
<< " paid to winners,\n"
cout << "and a total of $" << npbneyln << " in entrance fees.\n"
cout << "The contest generated $" << noneyl n- noneyQut
<< " in profit.\n";
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Player

/1

/1 file: pl ayer. h

/1 programer: Jeffrey J. MConnell, Ph.D

/1 date: Cct ober 15, 1997

/1

/1 pur pose: decl aration of the player class
/1

#i ncl ude <i ostream h>

cl ass Pl ayer

{

friend ostrean& operator << (ostream& s, Player p);

public:
/1 a constructor used when tenp objects are decl ared
Pl ayer ( );
/1 the main constructor called for each new Pl ayer
/1 object that will be significant in the program
Pl ayer ( char* nane );
/1 the routine that will control the player's
/1 play for both rounds 1 and 2
void Play Slots();
/1 returns how nmany coins the player has
int Wnnings();

private:
char pl ayer sName[ 40] ;
i nt coi ns;

} il

/1

/1 file: pl ayer. cxx

/1 programer: Jeffrey J. McConnell, Ph.D

/1 date: Cct ober 15, 1997

/1

/1 pur pose: Controls the behavior of a slot nachine player
/1

#i ncl ude <i ostream h>
#i ncl ude " Sl ot Machi ne. h"
#i ncl ude "pl ayer. h"

// define the function mn that returns the smaller of its
/1l two paraneters
#definemn(x,y) ((x)>(y)?y:x)

/1 define a slot nmachine global to this file so that all of
/1l the players share this sanme slot machine. |If this

/1 was declared in the player class or in any of the

/1 player functions each player would start in the sane

/1 place and so all the results would be the sane.

J. McConnell, Ph.D.
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Sl ot Machine  Fruit_Market;

Pl ayer:: Pl ayer( )
/1 no paraneter constructor doesn’'t need to do anythi ng
/1 its only used when tenporary player objects are declared

{
}

Pl ayer:: Player( char* name )
/1 this constructor needs to sane the player’s name and
/1 set the starting nunber of coins to 100.
{
strcpy(pl ayer sNanme, nane);
coins = 100;

}

voi d

Pl ayer::Play_ Sl ots()

/1 this function actually plays the slot tournanent as
/1 defined in the project description.

{
i nt winnings = 0;

/1 play the first set of coins through the nmachi ne once
int i;
for (i=0; i < coins; i++)

Wi nnings += Fruit_Market.Play Quarter(0);

COi NS = Wi nni ngs;

cout << playersNane << " you have won << coins

<< " coins in round 1.\n"
i nt wager = O;

if (coins > 0)

{
/1 find out which is smaller the nunber of
/1 coins the player currently has, or 100 the limt
/] set in the project description. This is done so
/1 we only need to conpare to nmaxSecond i nstead
/1 of the nunber of coins and the limt.
i nt maxSecond = min( coins, 100 );

do {
/1 get the second round wager
cout << "You can bet up to " << nmaxSecond
<< " coins in round two.\n";
cout << "How many coins do you want to bet? "
cin >> wager;

/1 is the wager wi thin bounds?? if not, put out and
/1 error message and have the user try again.
if ((wager < 0) || (wager > maxSecond))

cout << "That value is out of the range,"”
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<< " please try again.\n";

} while ((wager < 0) || (wager > 100));
}

/1l we’ve got a good wager so reduce the coins by it,
/1 and then play themthrough the nmachine.

coi ns -= wager;

Wi nni ngs = 0;

for (i=0; i < wager; i++)
Wi nnings += Fruit_Market.Play Quarter(0);

/1 update the player’s coins and output the results.
€Coi ns += Wi nni ngs;

cout << "After round 2, you have " << coins << " coins.\n"

}

int Player::Wnnings()
/1 returns the current nunber of coins for this player.

{

return coins;

}

ostream& operator << (ostrean& s, Player p)
/1 output information for this player

{

s << "Player: " << p.playersNane << " won: " << p.coins << " coins\n"

}
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Slot Machine

/1

/1 file: Sl ot _machine. h

/1 programer: Jeffrey J. MConnell, Ph.D.

/1 date: Cct ober 15, 1997

/1

/1 pur pose: decl aration of the Sl otMachine cl ass
/1

#i ncl ude "random h"
#def i ne st ops 32

cl ass Sl ot Machi ne

{
public:

/1 set up the slot machi ne nenber data and
/1 initialize the random nunber generator it uses.
Sl ot Machi ne() ;

int Play Quarter(int display); /* if display = 1 the reels and */
/[* winnings are printed. if */
/* display=0, nothing is printed*/

/* in both cases the wi nnings */
/* are returned. */
private:
i nt reell, reel2, reel3;
MyRandom RNG,
char* r eel Synbol s[ 4] ;
i nt r eel Val ues[ st ops] ;
1

/1 Sl ot Machi ne. cxx

/1 Jeffrey J. McConnell, Ph.D.

/1

/1 This routines handl e objects of the class
/1 Sl ot Machi ne.

#i ncl ude <i ostream h>
#i ncl ude " Sl ot Machi ne. h"

/'l specify the locations of the friut synbols
/1 the cherries go into all other odd |ocations
/1 the odd | ocations were used so that a nod

/1 by 2 would give a 1 or true if there was

/1 a synbol displayed. This nakes determ ning
/1 a wi nner easier.

#define orangel 7

#defi ne orange2 23

#defi ne orange3 31

#defi ne plunl 15
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ot Machi ne: : Sl ot Machi ne()

/1 this sets up the data needed to control
/1 the play of the slot nachine.

{

b

int i;

/1 set up the position of the wheels
/1 as nunbers between 0 and 31

reell = (int) RNG uniform0, 32);
reel2 = (int) RNG uniform0, 32);
reel3 = (int) RNG uniform0, 32);

/1 now put in nunbers that represent
/1 what is on the wheels.
/1 there are blanks in the 16 even spots,
/1 cherries in 12 of the odd spots, oranges
/1 in 3 of the odd spots, and a plumin one
/1 odd spot.
for (i=0; i<stops; i=i+2)

/* blanks into the even spots */

reel Val ues[i] = 0;
for (i=1; i<stops; i=i+2)

/* cherries into the odd spots */

reel Values[i] = 1;
/* put in the oranges
r eel Val ues[ or angel]
r eel Val ues[ or ange2]
r eel Val ues[ or ange3]
[* put in the plum*
reel Val ues[ pl uml] =

/

NN X

W=

/1 the follow ng arrays are used when out put
/1 of the wheels is requested
r eel Synbol s[ 0] T

LI T R I ]

r eel Synbol s[ 1] CHERRY ";
r eel Synbol s[ 2] ORANGE ";
r eel Synbol s[ 3] PLUM ";

int SlotMachine::Play Quarter( int display )

/1
/1
/1
/1
/1

{

this routine will spin the wheels once and
return the amount of nobney won.
if display = 0 nothing will be output to the screen
if display = 1 the wheels and anbunt won will be output.
/* spin the reels */
reell = (int) (reell + RNGuniforn(l, 33)) % 32
reel2 = (int) (reel2 + RNG uniforn(1, 33)) % 32
reel3 = (int) (reel3 + RNG uniforn(1, 33)) % 32

[* cal cul ate the w nnings */
i nt winnings = 0;
[* if all reels are odd, winnings are at least 5 */
if ((reell %2) & (reel2 %2) & (reel3 %2))
Wi nni ngs = 5;

J. McConnell, Ph.D.
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/* check if the synbols are all

if ((reelValues[reel 1]

(reel Val ues[reel 1]

{

/* The follow ng checks only need to | ook at one

[* reel
/* the sane val ue.

[* if they are all
i f (reel Val ues[reel 1]

since if we are here we know they are all

Wi nni ngs = 10;

[* if they are all
i f (reel Val ues[reel 1]

Wi nni ngs = 50;

[* if they are all
i f (reel Val ues[reel 1]

Wi nni ngs = 200;

[* if display is set,

i f (display)

cout
cout
cout
cout

}

<<
<<
<<
<<

r eel Synbol s]
r eel Synbol s]
r eel Synbol s]
"\t You win:

return w nni ngs;

}
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== 1)

== 2)

== 3)

reel Val ues[ reel

reel Val ues[ reel

reel Val ues[ reel
<< W nni ngs <<

1
2
3

"\

t he sane */
reel Val ues[reel 2]) &
reel Val ues[reel 3]))

*/

output the results */

cherries nake the w nnings 10

oranges nmake the wi nnings 50

make the wi nnings 200

11
1 1;
1 1;
n';
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Random
/1
Il file: random h
/1 programer: Jeffrey J. MConnell, Ph.D.
/1 date: Cct ober 15, 1997
/1
/1 pur pose: decl aration of the random cl ass
/1
cl ass MyRandom
{
private:
i nt seed;
public:

/1 initializes the random nunber generator’

/1 the paraneter serves as the starting

/'l seed value. to get a random sequence each
/[l time this is used, send in a "randon seed
/1 for exanple, the seconds of the system cl ock.
MyRandom( int x = 0 );

[l returns a uniformy distributed random nunber
/1 in the range [0,1) with nean 0.5
float uniform();

[l returns a uniformy distributed random nunber
/1 in the range [l ow, high) with nean (I owt+high)/2
float uniform int low, int high =1);

/1 returns a normally distributed random nunber
/1 in the range [0,1) with nean 0.5
float normal ();

/1 returns a normally distributed random nunber
/1 in the range [l ow, high) with nean (I owt+high)/2
float normal ( int low, int high =1, int node = 10);

/1 random cxx

/1 Jeffrey J. McConnell, Ph.D.

/1

/1 This file has the routines to generate a sequence of

/1 random nunbers either uniformy or normally distributed.

#i ncl ude <stdlib. h>
#i ncl ude "random h"

#def i ne nodul us 65536
#define nultiplier 25173
#define i ncrement 13849
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MyRandom : MyRandon(i nt x)
/1 initialize the seed for the random nunber generat or

{
b

float MyRandom : uni forn{()

/1 generate the next uniformrandom nunber
/1 that is >= 0 and < 1

/1 this has the side effect of updating seed
/1 for the next call of this function.

{

seed = Xx;

seed = ((multiplier * seed) + increnent) % nodul us;
return ((1.0*seed)/ (1. 0*nodul us));

};

float MyRandom :uniforn{ int low, int high)
/1 generate the next uniformrandom nunber
/1 that is >= low and < high

/1 this has the side effect of updating seed
/1 for the next call of this function.

{
seed = ((multiplier * seed) + increnent) % nodul us;
float temp = ((1.0*seed)/ (1. 0*nodul us));
return ((high-low)*tenp + | ow);

1

float MyRandom : nornal ()

/1 generate a random nunber that is nornally
/1 distributed about 0.5 and is in the range
/[l >= 0 and < 1. The node val ue determ nes

/1 the varience about 0.5 (the higher the nobde
/1 the lower the variance).

{

fl oat total=0;

i nt i;

i nt nmode = 10;

for (i =0; i < node; i++)
total = total + uniform();

float result = total / node;
return result;

};

float MyRandom :normal ( int |low, int high, int node)
/1 generate a random nunber that is nornally

/1 distributed about the nean of (low+high)/2 and

/1 is in the range >= |l ow and < high. The node val ue
/1 determ nes the varience about nmean (the higher the
/1 node the | ower the variance).

{

float total =0;

i nt i

for (i =0; i < node; i++)
total = total + uniform();

float tenp = total / node;
float result = (high-low) *tenp + | ow
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return result;

};

Page 33



J. McConnell, Ph.D. Coding and Documentation Standards
Test Programs

Test of Random 1

/1

/1 file: test _randoni. cxx

/1 programer: Jeffrey J. MConnell, Ph.D

/1 date: COct ober 15, 1997

/1

/1 pur pose: This tests the distribution of random nunbers produced by MyRandom

#i ncl ude <i ostream h>
#i ncl ude "random h"

mai n()

{
M/Random generator( 0 );
int count er s[ 100] ;

// initialize the counters
for (int i=0; i<100; i++)
counters[i] = O;

/1l generate a lot of random nunmbers and record their distribution
for (int i =1; i <= 100000; i++)
counters[ int(generator.uniforn()*100) ] ++;

/1 output the results
for (int i =0; i<25; i++)
cout << “count[“ << i << “] = * << counters[i]
<< “\tcount[" << i+25 << "] “ << counters[i+25]
<< “\tcount[" << i+450 << *] “ << counters[i+50]
<< “\tcount[" << i+75 << "] “ << counters[i+75] << ‘\n’

Test of Random 2

/1

/1 file: test _randon®. cxx

/1 programer: Jeffrey J. MConnell, Ph.D

/1 date: COct ober 15, 1997

/1

/1 pur pose: This test the random nunber generator by sinply generating
/1 some nunbers. This is not a great test, but does just make
/1 sure the overall ranges of val ues produced are reasonable.

#i ncl ude <i ostream h>
#i ncl ude "random h"

mai n()

{
M/Random generator( 0 );

cout << generator.uniform();

cout << '\n';

cout << generator.unifornm(1l, 10);
cout << '\n';
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cout << generator.normal ();

cout << '\n';

cout << generator.nornal (1, 10);

cout << '\n';

cout << generator.nornal (10, 20, 20);
cout << '\n';

cout << generator.nornal (10, 20, 50);
cout << '\n';

Test of Slot Machine

/1

/1 file: test slot.cxx

/1 programer: Jeffrey J. MConnell, Ph.D

/1 date: Cct ober 15, 1997

/1

/1 pur pose: According to a statistical analysis of the slot nmachine
/1 simulated, it should return about 85% of the noney it
/1 takes in. this programtests that.

#i ncl ude <i ostream h>
#i ncl ude " Sl ot Machi ne. h"

mai n()

{
S| ot Machi ne Fruit Mar ket ;
i nt winnings = 0;
int trials;

cout << "How many trials? ";
cin >> trials;

for (int i=0; i < trials; i++)
Wi nni ngs += FruitMarket.Play Quarter(0);

cout << "after << trials << \'n

}

the w nnings were << W nni ngs <<

Test of Player

/1

/1 file: test player. cxx

/1 programer: Jeffrey J. McConnell, Ph.D

/1 date: Cct ober 15, 1997

/1

/1 pur pose: This programtests the player class.

#i ncl ude "pl ayer. h"

mai n()

{
Pl ayer pl("Jeff");
pl. Play Slots();

}
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