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June 4, 1996, all systems are go here in Kourou, French Guiana.
T minus five … four … three … two … one!
We have ignition and lift off.  At 10 seconds into the flight the rocket is 4 miles down range.  It’s

20 seconds after launch, the rocket is down range 12 miles.  At 30 seconds into the flight all systems are
nominal.  At 39 seconds into the flight, there is a brilliant flash, and then silence …

That flash of light in the sky was a $7 billion dollar software defect.  The rocket was an Ariane 5,
manufactured by the European Space Agency over a 10 year period.  The Ariane 5 was intended to give
Europe overwhelming supremacy in the commercial space business, but 39 seconds into the flight that
hope ended.  A later in-depth analysis showed that a small computer program tried to stuff a 64-bit value
into the space intended to fit a 16-bit value.  The result of that error ended in a ball of flames.

Unfortunately, many other errors like this have occurred with equally disastrous results.  As we
put computers in more and more applications, the likelihood of disasters are likely to increase if
something is not done.

In the not to distant past, software development was a simple two step process, code and test with
emphasis on the former, rather than the latter.  However, the proliferation of software into critical
applications that span life critical safety systems to multi-billion dollar control systems has changed the
way software development is performed.  Various methodologies have been developed with more
emphasis on every aspect of the software development process, extending from requirements to
deployment, with particular attention given to testing.  However, just as software is as much an art as it is
a science, the same can be said for testing.  Fortunately, powerful test tools are now available to aid the
software developer at the unit test level.  But even with these tools, the test engineer must carefully use
these tools as an aid, not as a panacea.

In this paper we will use a commercial software coverage tool, to analyze a simple program to
gain a better understanding of how software coverage tools work and how they can be used to develop
test cases that help insure maximum code coverage.

&2'(�&29(5$*(��:+$7�,7�,6�$1'�+2:�,7�:25.6

In this section we will gain a better understanding of code coverage tools; how they operate, and
what they can do to aid the programmer.  Most importantly, how they can be used to aid the software test
engineer in developing test cases.  Toward that end, a specific product, VisionSoft, will be used.

From the code coverage metrics provided by VisionSoft, new test cases will be developed to help
maximize code coverage. VisionSoft provides error detection by providing information about what
portions of the code were not exercised during unit level testing.  This allows the programmer to test new
code before moving to the next generation of code.  This is important since testing small portions of code
is easier than checking large sections.  This ability has the additional benefit of saving the programmer
from re-testing code that has not changed since all of the tested code is “brought forward” to the new
version of the application.  It is important to note that VisionSoft works on the source code rather than the
object code.  We will see in the next section exactly how this is done.  However, this is an important
feature in many applications since it allows the user to use her/her favorite compiler, debugger, and any
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other tools without affecting the manner in which the coverage tool works.  As we shall see, some code is
difficult to exercise.  In these cases setting breakpoints with a debugger will allow the tester to force hard
to exercise code to be executed without affecting the accuracy of the test.

)LJXUH���&RGH�&RYHUDJH�XVLQJ�9LVLRQ6RIW

Figure 1 shows a high level view of the code coverage process.  It begins with instrumenting the
original source code, a simple process which takes just moments.  Once the code has been instrumented,
a new source file is created.  This new source file is then compiled in the normal manner.  From there,
the object file is linked if necessary and executed.  As the application is executed, a database is generated
which can then be examined.
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&RGH�,QVWUXPHQWDWLRQ

The process of preparing the source code so that it can generate metrics is called instrumenting.
During the instrumentation process, additional code is added to insure that the database generated
provides the desired information.  For example, a user may wish to ascertain merely that functions are
executed, loosely speaking this is called edge coverage.   The tool provides for many types of coverage
which we will discuss in greater detail in subsequent sections.

While an in-depth understanding of the code coverage tool is not essential, a basic understanding
is very important.  In fact, if the user wishes to gain the most from the tool, a thorough understanding is
required.  The application and the platform under which code coverage will be executed will determine,
in-part, how much expertise is required.  The following simple program will illustrate instrumentation.

7DEOH���2ULJLQDO�6RXUFH�&RGH

#include <stdio.h>

int main()

{
  printf("hello, world\n");
  printf("hello, world\n");
  printf("hello, world\n");
}

When the source code is instrumented, additional statements, sometimes called probes, are added
that will determine if the portion of the code which the probe has tagged is covered.  These additional
statements will create a database that will eventually be used by the coverage tool to ascertain if the code
segment was executed.  These additional lines of code will clearly affect the size and speed at which the
code operates.  In real-time embedded systems where there are often time and size constraints, the user
will have to judiciously select the type of coverage.  If speed is critical, the user may select individual
statement types to be instrumented to reduce instrumentation overhead.

The new instrumented code is shown below.  The instrumentation type was set for edge
coverage.  The code below shows additional keywords that are specific to the coverage tool used in this
paper.  Note that two additional header files are declared which define the proprietary commands used to
instrument the code.  There are also two additional “C” files that are compiled along with the newly
instrumented code.

7DEOH���(GJH�,QVWUXPHQWHG�6RXUFH�&RGH

#include <stdio.h>

#include "vstest.h"    /* inserted 02/24/97 08:32:48 AM */
#include "vscheck.h"    /* inserted 02/24/97 08:32:48 AM */
static char VSFAR VSfileopt4096[ ]="hello.vse,s,c,e,o";
int main()

{VSP(2,1,6123L,&VSfileopt4096[0]); {
  printf("hello, world\n");
  printf("hello, world\n");
  printf("hello, world\n");
} }

Here again is the same code but in this case it is instrumented for both Edge and Statement
coverage.
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7DEOH���(GJH�DQG�6WDWHPHQW�,QVWUXPHQWHG�6RXUFH�&RGH

#include <stdio.h>

#include "vstest.h"    /* inserted 02/19/97 11:38:40 AM */
#include "vscheck.h"    /* inserted 02/19/97 11:38:40 AM */
static char VSFAR VSfileopt4096[ ]="hello.vse,s,c,e,b,l,o";
int main()

{VSP(2,1,622161893L,&VSfileopt4096[0]); {
  VSB(2,2,622161893L);printf("hello, world\n");
  VSB(3,2,622161893L);printf("hello, world\n");
  VSB(4,2,622161893L);printf("hello, world\n");
} }

There is more to the instrumentation process, however, this brief discussion is sufficient to allow
us to proceed and for the reader to appreciate the results of the analysis and how it is generated.

&RYHUDJH�7\SHV�

VisionSoft supports statement, selective, edge, branch, and limits test coverage.  The analysis is
accomplished by instrumenting the original program as described in the previous section.  As the
program executes, the coverage data is collected in an execution database which is eventually read by the
VisionSoft application and displayed for the developer to analyze.

Statement Coverage is a tabulation of the statements in an application, a file or function that has
been executed at least once.  As program execution proceeds, only the first occurrence of a statement
executing is recorded to limit database size and because in code coverage analysis we are interested in
knowing only that the line was executed, not how many times.  However, results are accumulated if the
program executes multiple times.

Selective Coverage is a tabulation of a subset of statements in an application, a file or function
that has been executed at least once. The user selects the statement types to be analyzed.  This coverage
is often used to limit the size of the resulting instrumentation code and to reduce degradation in execution
speed that instrumentation normally causes.

Branch Coverage refers to the analysis of the clauses within an if statement. Each if statement
may contain one or more clauses. If clauses are or’ed during execution to determine whether the if
statement is true or false.

Limits Coverage is similar to branch coverage except the clauses being analyzed are contained in
for and while statements.

Edge Coverage is a form of selective coverage in which the statements that change the program
instruction sequence are monitored. The statement types monitored are if, goto, return, switch, case, for,
while and default plus the if clauses, for and while limits. This coverage is patterned after and extends the
McCabe complexity metric.

For our analysis of the application program discussed in this paper, we will use both edge and
statement coverage.  Edge coverage has the advantage of including both branch and limits analysis.  In
addition, since we are not limited by either size or speed and our intention is to exercise all the code, we
add statement coverage for a more complete analysis.

������������������������������������������������
1 Definitions described in this section are summarized from VisionSoft documentation.
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0F&DEH�&RPSOH[LW\�

McCabe complexity is a count of all the edge statements in an application file or function.  The
edge statements are counted and the analysis performed according to the following formula:

The computation is 1 + number of break statements
+ number of continue statements
+ number of if statements
+ number of while statements
+ number of goto statements
+ number of return statements
+ number of case statements
+ number of default statements
+ (number of function end statements-1)

Normalized McCabe complexity extends standard McCabe analysis and provides a percentage
based complexity calculation relative to the size of a given file or function according to the following
formula:

100 * {MCCABE( ) / st.execstmts}

Where st.execstmts is the number of executable statements in an application, file or function.

2EMHFW�6L]H�DQG�3HUIRUPDQFH

One may be tempted to instrument code for all available coverage types.  However, the coverage
type needs to be weighed against other factors since the instrumentation process affects both size and
performance.  In other words, there is a cost that one pays for instrumenting code.  Below is an estimate
of how the object size changes based on the coverage type.3

• Edge Coverage ......................................20-50%

• Selective Coverage ...............................20-100%

• Statement Coverage ............................... 75-100%

• Branch Coverage.................................... 10-30%

• Limits Coverage..................................... 5-20%

• Program Tracing .................................... 75-100%

Reduced execution speed is another price that one pays to instrument code.  The performance
impact of the instrumentation varies in three ways.4

• First, the performance impact is one conditional “if” statement per instrumentation call plus a

file open occurs every 20 seconds to look for an activation message.

• Second, the type of analysis and the statements, functions and files instrumented will cause

variations.  However, for every function called that is instrumented, at least one disk read and

possibly one write will be needed if new analysis results were generated while the function is

executed.

������������������������������������������������
2 Explanation and equations provided from VisionSoft documentation.
3 List taken from VisionSoft documentation.
4 The list of three performance considerations summarized from the VisionSoft manual.
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• Third, the instrumentation options object size and performance affect the overhead.  The object

size optimization will minimize the number of instrumentation calls within a function and

reduce the CPU time but not the disk read/writes.  Performance optimization means that new

analysis results generated while a function executes will only be written to disk when the

function is exited.

*2�),6+

The program to be used is our example is Fish, the childhood card game.  Although the analysis
is relatively simple, it provides an excellent illustration to show how a code coverage tool may be used in
a real world software development project.  One of the strongest features of the program is its ability to
provide the software tester with a clearly defined list of areas that need to be studied .

A complete understanding of the game is not necessary for an appreciation of the test tool,
however, the remainder of this paper assumes a nodding knowledge of the game and some of the rules.
The instructions are summarized here.
This is the traditional children’s card game "Go Fish".  We each get seven
cards, and the rest of the deck is kept to be drawn from later.  The
object of the game is to collect "books", or all of the cards of a single
value.  For example, getting four 2’s would give you a "book of 2’s".

We take turns asking each other for cards, but you can’t ask me for a card
value if you don’t have one of them in your hand!  If I have any cards of
the value you ask for, I have to give them to you.  As long as I have one
of the cards you ask for, you get to keep asking.  If you ask me for a
card of which I don’t have any, then I’ll tell you to "Go Fish!"  This
means that you draw a card from the deck.  If you draw the card you asked
me for, you get to keep asking me for cards.  If not, it’s my turn and I ask
you for a card.

Sometimes you get to ask first, sometimes I do.  I’ll tell you when it’s
your turn to move, I’ll draw cards from the deck for you, and I’ll tell
you what you have in your hand.  (Don’t worry, I don’t look at your hand
when I’m trying to decide what card to ask for, honest!)

Your input can be a card name ("A", "2", "3", "4", "5", "6", "7", "8",
"9", "10", "J", "Q" or "K") or the letter "p", or "quit".  The letter "p"
makes my game much smarter, and the line "quit" stops the game.  Just
hitting the carriage return key displays how many cards I have in my hand,
how many are left in the deck, and which books I’ve gotten.

Normally, the game stops when one of us runs out of cards, and the winner
is whoever has the most books!

Good luck!

581��

Before we begin the analysis we must first state our goal.  The instrument type will be
determined by our requirements and/or restrictions (e.g., size and speed).  As we have previously
mentioned, we wish to maximize edge and statement coverage and have instrumented the code to meet
this requirement.

After compilation we execute the program to provide a baseline test case.  During the first run no
adversarial testing is performed.  By this we mean that no attempt shall be made to “break” the code or
use illegal moves.  The purpose is not to win or lose, but to provide input within the normal range of a
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standard deck of cards.  The interaction for this first run between the user and the computer program is
included in the appendix.

Table 4 shows the metrics provided by VisionSoft.  Note the use of color to indicate the functions
that are not covered.  As we will see in subsequent sections, the tool will allow the user to see exactly
which lines of code were executed and which were not using color.

7DEOH���5HVXOWV�RI�5XQ��

Table 5 summarizes the results of the first run.  An examination indicates that the coverage
results can be broken into four categories.  The first category contains functions 1, 2, and 3.  These
functions were not executed with the result that none of the edges or statements were exercised.  These
are the critical portions that need to be analyzed first.  The second group consisting of 4, 5, and 6, are
functions that were executed, but the number of edges exercised fell below 70% which is the standard
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used by VisionSoft as a threshold to make a determination as to whether the code has been adequately
covered.  The third group contains functions 7, 8, 9, and 10.  These were executed and considered
complete since more than 70% of the edges were executed.  Nevertheless, this code should be studied to
ascertain if additional test cases can be developed to increase this even more.  The fourth category is
comprised of functions that were executed completely.  No examination of these six functions will be
performed.

7DEOH���5HVXOWV�RI�5XQ����)XQFWLRQ�6XPPDU\�

Item Function Status Edges Statements

1 countcards Not Executed 0 (<70%) 0 (<70%)

2 promove Not Executed 0 (<70%) 0 (<70%)

3 usage Not Executed 0 (<70%) 0 (<70%)

4 chkwinner Executed 69 (<70%) 72 (>70%)

5 instructions Executed 57 (<70%) 61 (<70%)

6 usermove Executed 58 (<70%) 58 (<70%)

7 compmove Executed 83 (>70%) 92 (>70%)

8 countbooks Executed 85 (>70%) 91 (>70%)

9 init Executed 80 (>70%) 100 (>70%)

10 main Executed 73 (>70%) 80 (>70%)

11 drawcard Executed 100% 100%

12 gofish Executed 100% 100%

13 goodmove Executed 100% 100%

14 nrandom Executed 100% 100%

15 printhand Executed 100% 100%

16 printplayer Executed 100% 100%

VisionSoft provides detailed individual metrics for each of the functions.  A summary of all the
functions can be stated succinctly as shown in Table 6.

7DEOH���5HVXOWV�RI�5XQ����+LJK�/HYHO�6XPPDU\�

IXQFWLRQV�XVHG����RI��� ��
HGJHV�H[HFXWHG����RI�������� ��
VWDWHPHQWV�XVHG�����RI��������� ��

121�(;(&87('�)81&7,216

This section of the paper discusses the three functions that were never called during the
execution of the program.  A careful analysis of why these functions were not called is important since
they may contain defective code.

FRXQWFDUGV�IXQFWLRQ

The countcards function was never called.  An analysis of the code shows that this function
appears twice, both times within the usermove function.  Therefore to force the program to exercise this
portion of the code an examination of the calling routine is necessary.
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7DEOH���FULWLFDO�VHFWLRQ�RI�XVHUPRYH�IXQFWLRQ

if (buf[0] == ’\n’) {
(void)printf("%d cards in my hand, %d in the pool.\n",
    countcards(comphand), countcards(deck));
(void)printf("My books:");
(void)countbooks(comphand);
continue;

}

The code shows that the function countcards will be called if we input a null string.  In other
words, during the initial non-adversarial test no attempt was made to input values other than those found
in a standard deck of cards ("A", "2", "3", "4", "5", "6", "7", "8","9", "10", "J", "Q" or "K").  Therefore to
test the additional code we need to input a null string or in this case, just hit the ENTER key when asked
to select a card.

)LJXUH���FRXQWFDUGV�IXQFWLRQ

• Add Test Case

• Input ENTER key on keyboard, do not input a data value
It is worthwhile to note that the next time we play the game and input ENTER, this only assures

that the function will be called, it does not assure us that all the edges and statements will be covered.
For this reason, subsequent test cases may need to be developed.

SURPRYH�IXQFWLRQ

The promove function was never called, it appears only once in the compmove  function.
if (promode)

lmove = promove();
else {

In order for the promove function to be called we need to enter the professional mode (promode).
An examination of the instructions and/or code shows that the user must input “p” to enter the
professional mode which makes the computer a smarter player.5

������������������������������������������������
5 This most likely means that the computer remembers what cards the user requested.
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)LJXUH���SURPRYH�IXQFWLRQ

• Add Test Case

• Select professional mode, hit “p” key on keyboard
Note that when we go to the professional mode, the likelihood of the user winning is decreased,

which also means that some other portion of the code may not be executed.   So while the promove
function will be called during the new test run, other lines may be skipped.  For this reason, it is
important to keep a running total of what portions of the code have been exercised.  Fortunately, the tool
keeps a running total.  Therefore, in subsequent runs, we may actually test less code, but as long as new
lines of code are tested, the coverage metric will continue to rise.

XVDJH�IXQFWLRQ

The usage function was also never called.  A grep of the source file shows that the function
never appears.  The word usage appears three times, however, twice are in normal use of the word
(standard English usage), and once for the declaration of the function.
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)LJXUH���XVDJH�IXQFWLRQ

• Add Test Case

• Error, this function can never be called!
This appears to be a software defect.  An examination of the code indicates the function was

meant to be called when an input error is detected.  There is no way to force this code to be executed
other than using a debugger.  A visual examination indicates the function is innocuous, nevertheless it
should be removed.6

(;(&87('��,1&203/(7(�('*(6��������&29(5$*(�

Unlike complete functions that were never called, discussed in the previous section, here we turn
our attention now to three functions that were partially executed. VisionSoft considers code that has less
than 70% code coverage to be insufficiently tested, therefore an analysis of these functions is important.

FKHFNZLQQHU�IXQFWLRQ

The checkwinner function was called with 9 of 13 edges (69%) executed.  This function is called
to determine a winner.  There is always a winner (or tie) so it should be obvious that the function is
always called.  However, depending on who won will determine what portion of the code is executed.
Unfortunately, winning is easier said than done, especially if the program is placed in the professional
mode.  In addition, a line by line analysis of the program shows that a random number determines some
paths.  In the event the value is equal to that specified by the if statement, a computer response will be
provided to the user.  To force this code to be exercised, the software tester can change the code so that
the value is fixed to assure the code will be executed.  However, this is a bad practice since altering the
code may inject other errors. The easiest way to force this portion of the code to be exercised is to use a
debugger.  A debugger enables the tester to force the value of the random variable so that the desired
code segment is executed.

������������������������������������������������
6To prove that the code was unnecessary, the function was removed from the source code was compiled againg,  with no errors
occured.
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)LJXUH���FKNZLQQHU�IXQFWLRQ

• Add Test Case

• Play the game until you win, or use a debugger to force this state

• Play the game until you tie, or use a debugger to force this state

• Using a debugger, force the value of the desired random number
This section provides the reader with the beginnings of an understanding of just how difficult

testing can be.  After all, this is not a real-time, object oriented, animation application, and yet we are
faced with developing many new test cases to insure all paths are taken.

LQVWUXFWLRQV�IXQFWLRQ

This function was partially exercised.  Specifically, the metric shows that 4 of 7 edges were
executed giving a 57% edge coverage metric.  The portion of code that was not exercised is due to the
user response “n” given when asked for instructions.  Asking for instructions needs to be added to the list
of new test cases.
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)LJXUH���LQVWUXFWLRQV�IXQFWLRQV

• Add Test Case

• When asked for instruction, respond with “y”
This example and a few others show that some code coverage metrics can be increased easily.

However, again, we are fortunate to be using a very simple program.

XVHUPRYH�IXQFWLRQ

The usermove function like others discussed in this section was incompletely executed.
Specifically, 14 of 24 edges were exercised giving 58% edge coverage.  This code segment is a little
larger than previous code segments and several test cases need to be developed to increase the metric
above the acceptable 70% level.

The if statement on line 13 needs to be true so that line 14 will be exercised.  The if statement is
checking the buffer size of the input given by the user.  Normally the user provides a single character to
represent the selection of a playing card.  However, there is nothing preventing the user from giving a
character string in excess of BUFSIZ7.

The if statement on line 15 was also not exercised and therefore the body of the statement.  This
if statement is checking for a null input, specifically no input or only the ENTER key.  We have
previously discussed the need to provide a test case with a NULL input when we discussed the need to
call the countcards function.  So in this case, by inputting a NULL, we will be testing the un-executed
function, but also the additional lines of code before and after the function call located on line 20.

The section of code beginning on line 26 also shows what we already know from a previous
function analysis, we need to enter the professional mode .  This will insure that the flag is set on line 26
and ultimately lines 27 and 28 will be executed.

Line 30 contains an if statement that checks to see if the user wishes to end the game.  This is
done by typing quit..  Note that the quit command must be selected before the game ends, since the game
will automatically terminate when there is a winner or tie.  Therefore a new test case needs to be
developed in which the user requests to quit the game early.

All good programs must check for both valid and invalid input.  In the first run of the program,
there were no illegal responses with the result that the code on line 36, which checks for illegal input,

������������������������������������������������
7 This variable is operating system dependent.
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was not exercised.  These lines can be easily executed by providing the program with characters outside
the accepted range.

Lastly, there are several lines of code starting on line 44 that were not executed.  This occurred
since the random number generated was not equal to the required value.  As in the previous cases where a
random number prevented code from being exercised, a debugger should be used to exercise the code.

During Run 1, the user did not cheat (asking for cards he/she does not have).  Therefore the code
that checks for cheating was not executed and needs to be added as a new test case.

)LJXUH���XVHUPRYH�IXQFWLRQ

• Add Test Case

• Input a string of character in excess of BUFSIZ (>1024)

• Input ENTER key on keyboard, do not input a data value

• Select professional mode, hit “p” key on keyboard

• End a game prematurely by inputting quit

• Provide the program with illegal input (not A, 2,3,4,5, etc.)

• Using a debugger force the value of the magic random number
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• Ask for a card you do not have (cheat)

(;(&87('�&203/(7(�('*(6��!����&29(5$*(�

This section contains four functions which where executed and show greater than 70% edge
coverage.  However, this “complete” threshold is somewhat arbitrary and depends on the criticality of the
code.  Clearly if this code were being used to control an airplane or used in a nuclear reactor, every line
would be required to be exercised.8

FRPSPRYH�IXQFWLRQ

The compmove function is called when it is the computer’s turn to move.  As one might expect,
most of the code is covered.  Of the 6 edges, 5 are exercised giving an 83% code coverage metric.  A
quick glance at the code shows that in order for lines 5 and 6 to be executed, we must be in the
professional mode, which we already knew from the analysis of a previous function.

)LJXUH���FRPSPRYH�IXQFWLRQ

• Add Test Case

• Select professional mode, hit “p” key on keyboard
This portion of the code provides an example that shows the interdependence of code.  We have

shown that  other functions and/or statements were not executed due to a single path taken by the
program when not in the professional mode.  Specifically, the non-professional mode prevented the
promove function from being called and a small code segment in another function.  The compmove
function under analysis here is a third reason to insure that we add the professional mode to the list of
new test cases.

FRXQWERRNV�IXQFWLRQ

The countbooks function was almost completely tested, 6 of 7 edges were exercised giving 86%
coverage.  The code beginning on line 11 was not executed since the user never asked for the score.
When the score or number of books is requested, the code shown on lines 11 and 12 will be executed.

������������������������������������������������
8 Actually if this code were used in a airplane or nuclear reactor, a great deal more than 100% coverage would be required.
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This test case has been addressed elsewhere, all we need to do is input ENTER (a null input) and the
computer will execute the uncovered code and respond with the score.  However, it is important that we
ask for the score when the computer has no books.  In other words, if the computer is holding at least one
book of cards, this portion of the code will not be executed.

)LJXUH���FRXQWERRNV�IXQFWLRQ

• Add Test Case

• Hit ENTER at very beginning of game when computer has no books
This example serves to point out again the difficulty in selecting test cases.  We have found that

we must input ENTER, but we also need to carefully specify when we do it.  For line 12 to be exercised,
it is imperative that it be done when the computer is not holding any books.  If we execute the test case
late in the game, the computer will likely have obtained at least one book of cards, with the result that the
line will never be exercised.

LQLW�IXQFWLRQ

The init function has 80% edge coverage, 8 of the 10 edges were exercised.  The while statement
is false based on a random number.  To insure the statement is exercised, a debugger should be used to
force the value to the necessary value.
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)LJXUH����LQLW�IXQFWLRQ

• Add Test Case

• Using a debugger, force the value to the necessary random number

PDLQ�IXQFWLRQ

The last function that should be examined is the main function.  The while statement was
evaluated to be false and therefore the switch statement along with all the cases were not executed.
Specifically, there are three test cases that need to be added.  Each of the new test cases requires that a
Unix style command line argument be passed to the program.  The arguments are: “p”, “?”, and any “non
p” or “non ?” character.
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)LJXUH����PDLQ�IXQFWLRQ

• Add Test Case

• Start program from the command line as: fish -p

• Start program from the command line as: fish -?

• Start program from the command line as: fish -x (non p or ? char)
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5(68/76�2)�$'',7,216�5816

In this section we run the program again with the new test cases summarized in Table 8.

7DEOH���6XPPDU\�RI�7HVW�&DVHV�%DVHG�RQ�&RGH�&RYHUDJH�$QDO\VLV

Item Function Description

� FRXQWFDUGV ��� ,QSXW�(17(5�NH\�RQ�NH\ERDUG��GR�QRW�LQSXW�D�GDWD�YDOXH
� SURPRYH ��� 6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
� XVDJH ��� (UURU��WKLV�IXQFWLRQ�FDQ�QHYHU�EH�FDOOHG
� FKNZLQQHU ��� 3OD\�WKH�JDPH�XQWLO�\RX�ZLQ��RU�XVH�D�GHEXJJHU�WR�IRUFH�WKHVH

VWDWHV
��� 3OD\�WKH�JDPH�XQWLO�\RX�WLH��RU�XVH�D�GHEXJJHU�WR�IRUFH�WKHVH

VWDWH
��� 8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU

� LQVWUXFWLRQV ��� :KHQ�DVNHG�IRU�LQVWUXFWLRQ��UHVSRQG�ZLWK�§\¨
� XVHUPRYH ��� ,QSXW�D�VWULQJ�RI�FKDUDFWHU�LQ�H[FHVV�RI�%8)6,=��!�����

��� ,QSXW�(17(5�NH\�RQ�NH\ERDUG��GR�QRW�LQSXW�D�GDWD�YDOXH
���� 6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
���� (QG�D�JDPH�SUHPDWXUHO\�E\�LQSXWWLQJ�TXLW
���� 3URYLGH�WKH�SURJUDP�ZLWK�LOOHJDO�LQSXW��QRW�$�����������HWF��
���� 8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU
���� $VN�IRU�D�FDUG�\RX�GR�QRW�KDYH

� FRPSPRYH ���� 6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
� FRXQWERRNV ���� ,QSXW�(17(5�DW�YHU\�EHJLQQLQJ�RI�JDPH�ZKHQ�FRPSXWHU�KDV�QR

ERRNV
� LQLW ���� 8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU
�� PDLQ ���� 6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��S

���� 6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��"
���� 6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��[��QRQ�S�RU�"

FKDU�
�� GUDZFDUG • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
�� JRILVK • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
�� JRRGPRYH • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
�� QUDQGRP • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
�� SULQWKDQG • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
�� SULQWSOD\HU • 1R�DGGLWLRQDO�WHVW�FDVH�QHFHVVDU\
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7HVW�&DVHV�IRU�5XQ��
����6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��[��QRQ�S�RU�"�FKDU�

7HVW�&DVHV�IRU�5XQ��
����6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��S
����,QSXW�(17(5�DW�YHU\�EHJLQQLQJ�RI�JDPH�ZKHQ�FRPSXWHU�KDV�QR�ERRNV
���,QSXW�(17(5�NH\�RQ�NH\ERDUG��GR�QRW�LQSXW�D�GDWD�YDOXH
���,QSXW�(17(5�NH\�RQ�NH\ERDUG��GR�QRW�LQSXW�D�GDWD�YDOXH
����(QG�D�JDPH�SUHPDWXUHO\�E\�LQSXWWLQJ�TXLW

7HVW�&DVHV�IRU�5XQ��
���6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
����6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
����6HOHFW�SURIHVVLRQDO�PRGH��KLW�§S¨�NH\�RQ�NH\ERDUG
����$VN�IRU�D�FDUG�\RX�GR�QRW�KDYH��FKHDW�
����3URYLGH�WKH�SURJUDP�ZLWK�LOOHJDO�LQSXW��QRW�$�����������HWF��

7HVW�&DVHV�IRU�5XQ��
���:KHQ�DVNHG�IRU�LQVWUXFWLRQ��UHVSRQG�ZLWK�§\¨

7HVW�&DVHV�IRU�5XQ��
���3OD\�WKH�JDPH�XQWLO�\RX�ZLQ��RU�XVH�D�GHEXJJHU�WR�IRUFH�WKHVH�VWDWHV

7HVW�&DVHV�IRU�5XQ��
����6WDUW�SURJUDP�IURP�WKH�FRPPDQG�OLQH�DV��ILVK��"

7HVW�&DVHV�IRU�5XQ��
���3OD\�WKH�JDPH�XQWLO�\RX�WLH��RU�XVH�D�GHEXJJHU�WR�IRUFH�WKHVH�VWDWH

'LIILFXOW�RU�,PSRVVLEOH�7HVW�&DVHV
���8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU
����8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU
����8VLQJ�D�GHEXJJHU�IRUFH�WKH�YDOXH�RI�WKH�PDJLF�UDQGRP�QXPEHU
���(UURU��WKLV�IXQFWLRQ�FDQ�QHYHU�EH�FDOOHG
���,QSXW�D�VWULQJ�RI�FKDUDFWHUV�LQ�H[FHVV�RI�%8)6,=��!�����

The result of the new test cases is summarized in Table 9.  The function, edge and statement
coverage has been increased to 93%, 83%, and 89% respectively.

7DEOH���6XPPDU\�RI�7HVW�&DVHV�%DVHG�RQ�&RGH�&RYHUDJH�$QDO\VLV

&RYHUDJH?�5XQ�� � � � � � � � �
IXQFWLRQV�XQXVHG �� �� �� �� �� �� �� ��
HGJHV�H[HFXWHG���� �� �� �� �� �� �� �� ��
VWDWHPHQWV�XVHG���� �� �� �� �� �� �� �� ��
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Figure 10 shows the detailed individual function metrics.  Note that all functions except the
usage and promove functions were exercised to greater than 70%.  In fact, omitting these two functions,
the lowest coverage metric is 84%.  The usage function cannot be executed and should be removed.  To
increase coverage for the promove function requires the use of a debugger to force specific random
numbers.

Test case #8, which required a character string in excess of BUFSIZ to be input was not
performed successfully.  The program checks for input greater than BUFSIZ which is system dependent.
For example, on a Linux OS BUFSIZ is 1024.  When a string greater than 1024 was provided, a
segmentation fault occurred.  On a Sun Solaris OS, a string greater than 256 caused the process to freeze
requiring a “kill” to stop the process.  This test case was useful, but it did not increase code coverage.

7DEOH����)LQDO�5HVXOWV��)XQFWLRQ�6XPPDU\�

Item Function Status Edges Statements

1 countcards Executed 100% 100%

2 promove Executed 40% 47%

3 usage Not Executed 0% 0%

4 chkwinner Executed 84% 89%

5 instructions Executed 85% 100%

6 usermove Executed 87% 90%

7 compmove Executed 100% 100%

8 countbooks Executed 100% 100%

9 init Executed 90% 100%

10 main Executed 100% 100%

11 drawcard Executed 100% 100%

12 gofish Executed 100% 100%

13 goodmove Executed 100% 100%

14 nrandom Executed 100% 100%

15 printhand Executed 100% 100%

16 printplayer Executed 100% 100%

7KHUH� LV�QR� OLIH� WRGD\�ZLWKRXW�VRIWZDUH�� �)RUWXQDWHO\�� UHDOO\� LPSRUWDQW
VRIWZDUH� KDV� D� UHOLDELOLW\� RI� ������������ SHUFHQW�� � $W� OHDVW�� XQWLO� LW
GRHVQªW�

)UDQN�/DQ]D��/RFNKHHG�0DUWLQ���([HFXWLYH�9LFH�3UHVLGHQW
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Like it or not, software is everywhere.  Software is no longer limited to the computer on our
desktops.  Computers are under the hood of our cars, in the wristwatches we wear, in our homes in the
bread maker, dishwasher, and clothes dryer.  They are in the cellular phones we communicate with, in the
stereo system we listen to, and in the ubiquitous remote TV controller.  Software is in the thermostat we
use to set our comfort level, in the security system we rely on to protect our homes and lives.  There is no
getting away from software.

As computers begin to be used in more life safety applications such as fire alarm and  security
systems, the need to test the reliability of the software becomes more important.  Unfortunately, testing
software is not a trivial matter.  In fact, it is downright hard, and in most cases impossible to test all paths
and possibilities.

Intel® Corporation learned just how costly a software error can be when it sold defective
Pentium processors.  The European Space Agency learned how expensive a simple, almost insignificant
error can be when it lost a $7 billion Ariane 5 rocket and uninsured satellites costing another $500
million.  AT&T learned how a single source line error can cause millions of people to loose telephone
service which can translate to loss of life due to the inability to commute in emergencies.

Fortunately, organizations are beginning to place more emphasis on code testing.  Testing from
simple code reviews, peer reviews, to more in-depth analysis using modern software coverage tools such
as the one described in this paper.  However, the tools are not a panacea, they merely show what was
executed.  The programmer must be very careful to request the correct type of test and then carefully
study the information provided to develop new test cases.  This is not an easy task as this paper has
illustrated using a simple program.  Like writing code, software testing is  time consuming, albeit
necessary and well worth the effort.

�§+RZ�WR�WHVW"¨�LV�D�TXHVWLRQ�WKDW�FDQQRW�EH�DQVZHUHG�LQ�JHQHUDO���§:KHQ
WR�WHVW"¨�KRZHYHU��GRHV�KDYH�D�JHQHUDO�DQVZHU���$V�HDUO\�DQG�DV�RIWHQ
DV�SRVVLEOH�� �7HVW�VWUDWHJLHV�VKRXOG�EH�JHQHUDWHG�DV�SDUW�RI�WKH�GHVLJQ
DQG� LPSOHPHQWDWLRQ� HIIRUWV� RU�DW� OHDVW� VKRXOG�EH�GHYHORSHG� LQ�SDUDOOHO
ZLWK�WKHP���$V�VRRQ�DV�WKHUH�LV�D�UXQQLQJ�V\VWHPV��WHVWLQJ�VKRXOG�EHJLQ�
3RVWSRQLQJ�VHULRXV� WHVWLQJ�XQWLO� §DIWHU� WKH� LPSOHPHQWDWLRQ� LV� FRPSOHWH¨
LV�D�SUHVFULSWLRQ�IRU�VOLSSHG�VFKHGXOHV�DQG�RU�IODZHG�UHOHDVHV�

%MDUQH�6WURXVWUXS��7KH�&���3URJUDPPLQJ�/DQJXDJH
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%RUHQVWHLQ��1DWKDQLHO�6���§3URJUDPPLQJ�DV�LI�3HRSOH�0DWWHUHG�¨�3ULQFHWRQ�8QLYHUVLW\�3UHVV�
(ZLQJ��1�-�������

%ULOO��$ODQ�(���§7HFKQLTXHV�RI�('3�3URMHFWV�0DQDJHPHQW�¨�3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1�-�

'H0DUFR��7RP��§&RQWUROOLQJ�6RIWZDUH�3URMHFWV�¨�<RXUGRQ�3UHVV��3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV�
1�-�

0DJXLUH��6WHYH��§:ULWLQJ�6ROLG�&RGH�¨�0LFURVRIW�3UHVV��5HGPRQG��:$��������

0F&RQQHOO��6WHYH��§&RGH�&RPSOHWH�¨�0LFURVRIW�3UHVV��5HGPRQG��:$��������

0F&RQQHOO��6WHYH��§5DSLG�'HYHORSPHQW�¨�0LFURVRIW�3UHVV��5HGPRQG��:$��������

6WURXVWUXS��%MDUQH��§7KH�&���3URJUDPPLQJ�/DQJXDJH�¨�$GGLVRQ�:HVOH\�3XEOLVKLQJ�&RPSDQ\�
5HDGLQJ��0$��������

:LOVRQ��5RGQH\�&���§8QL[�7HVW�7RROV�	�%HQFKPDUNV�¨�3UHQWLFH�+DOO��(QJOHZRRG�&OLIIV��1�-����""
�7%'��

<RXUGRQ��(GZDUG��§'HFOLQH�DQG�)DOO�RI�WKH�$PHULFDQ�3URJUDPPHU�¨�3UHQWLFH�+DOO��(QJOHZRRG
&OLIIV��1�-�������

VisionSoft Web Site:
http://www.vsonline.com

%,2*5$3+<
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The following is the user/computer interaction that represented RUN 1 of the test cases described
in this paper.
[rparry@abura VSinstr]# fish
Would you like instructions (y or n)? n
You get to start.

Your hand is: 5 6 9 9 10 J Q
You ask me for: 5
I say "GO FISH!"
You drew 6.
I ask you for: 2.
You say "GO FISH!"

Your hand is: 5 6 6 9 9 10 J Q
You ask me for: 6
I say "GO FISH!"
You drew 10.
I ask you for: 3.
You say "GO FISH!"

Your hand is: 5 6 6 9 9 10 10 J Q
You ask me for: 9
I have 2 9’s.
You made a book of 9’s!
You get another guess!

Your hand is: 5 6 6 10 10 J Q + Book of 9
You ask me for: 10
I say "GO FISH!"
You drew Q.
I ask you for: 5.
You have 1 5.
I get another guess!
I ask you for: 8.
You say "GO FISH!"

Your hand is: 6 6 10 10 J Q Q + Book of 9
You ask me for: 10
I say "GO FISH!"
You drew 4.
I ask you for: Q.
You have 2 Q’s.
I get another guess!
I ask you for: K.
You say "GO FISH!"
I drew Q and made a book of Q’s!

Your hand is: 4 6 6 10 10 J + Book of 9
You ask me for: j
I say "GO FISH!"
You drew 3.
I ask you for: 2.
You say "GO FISH!"
I drew 5 and made a book of 5’s!

Your hand is: 3 4 6 6 10 10 J + Book of 9
You ask me for: 3
I have 2 3’s.
You get another guess!

Your hand is: 3 3 3 4 6 6 10 10 J + Book of 9
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You ask me for: 3
I say "GO FISH!"
You drew 4.
I ask you for: 8.
You say "GO FISH!"

Your hand is: 3 3 3 4 4 6 6 10 10 J + Book of 9
You ask me for: 4
I say "GO FISH!"
You drew 3 and made a book of 3’s!
I ask you for: K.
You say "GO FISH!"

Your hand is: 4 4 6 6 10 10 J + Books of 3 9
You ask me for: 6
I say "GO FISH!"
You drew K.
I ask you for: A.
You say "GO FISH!"

Your hand is: 4 4 6 6 10 10 J K + Books of 3 9
You ask me for: 10
I say "GO FISH!"
You drew 7.
I ask you for: 2.
You say "GO FISH!"

Your hand is: 4 4 6 6 7 10 10 J K + Books of 3 9
You ask me for: j
I say "GO FISH!"
You drew J.
You drew the guess!
You get to ask again!

Your hand is: 4 4 6 6 7 10 10 J J K + Books of 3 9
You ask me for: k
I have 1 K.
You get another guess!

Your hand is: 4 4 6 6 7 10 10 J J K K + Books of 3 9
You ask me for: j
I say "GO FISH!"
You drew 7.
I ask you for: 8.
You say "GO FISH!"

Your hand is: 4 4 6 6 7 7 10 10 J J K K + Books of 3 9
You ask me for: 4
I say "GO FISH!"
You drew 2.
I ask you for: 10.
You have 2 10’s.
I get another guess!
I ask you for: A.
You say "GO FISH!"

Your hand is: 2 4 4 6 6 7 7 J J K K + Books of 3 9
You ask me for: 6
I say "GO FISH!"
You drew A.
I ask you for: 2.
You have 1 2.
I made a book of 2’s!
I get another guess!
I ask you for: 4.
You have 2 4’s.
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I get another guess!
I ask you for: 8.
You say "GO FISH!"
I drew 4 and made a book of 4’s!

Your hand is: A 6 6 7 7 J J K K + Books of 3 9
You ask me for: 7
I say "GO FISH!"
You drew J.
I ask you for: 10.
You say "GO FISH!"

Your hand is: A 6 6 7 7 J J J K K + Books of 3 9
You ask me for: j
I say "GO FISH!"
You drew 10.
I ask you for: A.
You have 1 A.
I get another guess!
I ask you for: 6.
You have 2 6’s.
I get another guess!
I ask you for: 8.
You say "GO FISH!"
I drew 6 and made a book of 6’s!

Your hand is: 7 7 10 J J J K K + Books of 3 9
You ask me for: k
I say "GO FISH!"
You drew A.
I ask you for: 10.
You have 1 10.
I made a book of 10’s!
I get another guess!
I ask you for: A.
You have 1 A.
I made a book of A’s!
I get another guess!
I ask you for: 8.
You say "GO FISH!"

Your hand is: 7 7 J J J K K + Books of 3 9
You ask me for: 7
I have 1 7.
You get another guess!

Your hand is: 7 7 7 J J J K K + Books of 3 9
You ask me for: j
I say "GO FISH!"
You drew J and made a book of J’s!
You drew the guess!
You get to ask again!

Your hand is: 7 7 7 K K + Books of 3 9 J
You ask me for: k
I say "GO FISH!"
You drew 7 and made a book of 7’s!
I ask you for: 8.
You say "GO FISH!"
I drew the guess!
I get to ask again!
I ask you for: 8.
You say "GO FISH!"
I drew the guess!
I get to ask again!
I ask you for: 8.
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You say "GO FISH!"

Your hand is: K K + Books of 3 7 9 J
You ask me for: k
I have 1 K.
You get another guess!

Your hand is: K K K + Books of 3 7 9 J
You ask me for: k
I say "GO FISH!"
You drew 8.
I ask you for: 8.
You have 1 8.
I made a book of 8’s!
I don’t have any more cards!
My books: A 2 4 5 6 8 10 Q
Your books: 3 7 9 J

I have 8, you have 4.

I win!!!
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The following is the source code for the program used in this paper.  It is available at:
ftp://sunsite.unc.edu/pub/Linux/games/bsd-games-src.1.3.tar.gz.
/*-
 * Copyright (c) 1990 The Regents of the University of California.
 * All rights reserved.
 *
 * This code is derived from software contributed to Berkeley by
 * Muffy Barkocy.
 *
 * Redistribution and use in source and binary forms, with or without
 * modification, are permitted provided that the following conditions
 * are met:
 * 1. Redistributions of source code must retain the above copyright
 *    notice, this list of conditions and the following disclaimer.
 * 2. Redistributions in binary form must reproduce the above copyright
 *    notice, this list of conditions and the following disclaimer in the
 *    documentation and/or other materials provided with the distribution.
 * 3. All advertising materials mentioning features or use of this software
 *    must display the following acknowledgement:
 * This product includes software developed by the University of
 * California, Berkeley and its contributors.
 * 4. Neither the name of the University nor the names of its contributors
 *    may be used to endorse or promote products derived from this software
 *    without specific prior written permission.
 *
 * THIS SOFTWARE IS PROVIDED BY THE REGENTS AND CONTRIBUTORS ‘‘AS IS’’ AND
 * ANY EXPRESS OR IMPLIED WARRANTIES, INCLUDING, BUT NOT LIMITED TO, THE
 * IMPLIED WARRANTIES OF MERCHANTABILITY AND FITNESS FOR A PARTICULAR PURPOSE
 * ARE DISCLAIMED.  IN NO EVENT SHALL THE REGENTS OR CONTRIBUTORS BE LIABLE
 * FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL, EXEMPLARY, OR CONSEQUENTIAL
 * DAMAGES (INCLUDING, BUT NOT LIMITED TO, PROCUREMENT OF SUBSTITUTE GOODS
 * OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS INTERRUPTION)
 * HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CONTRACT, STRICT
 * LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR OTHERWISE) ARISING IN ANY WAY
 * OUT OF THE USE OF THIS SOFTWARE, EVEN IF ADVISED OF THE POSSIBILITY OF
 * SUCH DAMAGE.
 */

#ifndef lint
char copyright[] =
"@(#) Copyright (c) 1990 The Regents of the University of California.\n\
 All rights reserved.\n";
#endif /* not lint */

#ifndef lint
static char sccsid[] = "@(#)fish.c 5.4 (Berkeley) 1/18/91";
#endif /* not lint */

#include <sys/types.h>
#include <sys/errno.h>
#include <fcntl.h>
#include <stdio.h>
#include <stdlib.h>
#include <string.h>
#include "pathnames.h"

#define RANKS 13
#define HANDSIZE 7
#define CARDS 4

#define USER 1
#define COMPUTER 0
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#define OTHER(a) (1 - (a))

char *cards[] = {
"A", "2", "3", "4", "5", "6", "7",
"8", "9", "10", "J", "Q", "K", NULL,

};
#define PRC(card) (void)printf(" %s", cards[card])

int promode;
int asked[RANKS], comphand[RANKS], deck[RANKS];
int userasked[RANKS], userhand[RANKS];

main(argc, argv)
int argc;
char **argv;

{
int ch, move;

while ((ch = getopt(argc, argv, "p")) != EOF)
switch(ch) {
case ’p’:

promode = 1;
break;

case ’?’:
default:

(void)fprintf(stderr, "usage: fish [-p]\n");
exit(1);

}

srandom(time((time_t *)NULL));
instructions();
init();

if (nrandom(2) == 1) {
printplayer(COMPUTER);
(void)printf("get to start.\n");
goto istart;

}
printplayer(USER);
(void)printf("get to start.\n");

for (;;) {
move = usermove();
if (!comphand[move]) {

if (gofish(move, USER, userhand))
continue;

} else {
goodmove(USER, move, userhand, comphand);
continue;

}

istart: for (;;) {
move = compmove();
if (!userhand[move]) {

if (!gofish(move, COMPUTER, comphand))
break;

} else
goodmove(COMPUTER, move, comphand, userhand);

}
}
/* NOTREACHED */

}

usermove()
{

register int n;
register char **p;
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char buf[256];

(void)printf("\nYour hand is:");
printhand(userhand);

for (;;) {
(void)printf("You ask me for: ");
(void)fflush(stdout);
if (fgets(buf, BUFSIZ, stdin) == NULL)

exit(0);
if (buf[0] == ’\0’)

continue;
if (buf[0] == ’\n’) {

(void)printf("%d cards in my hand, %d in the pool.\n",
    countcards(comphand), countcards(deck));
(void)printf("My books:");
(void)countbooks(comphand);
continue;

}
buf[strlen(buf) - 1] = ’\0’;
if (!strcasecmp(buf, "p") && !promode) {

promode = 1;
(void)printf("Entering pro mode.\n");
continue;

}
if (!strcasecmp(buf, "quit"))

exit(0);
for (p = cards; *p; ++p)

if (!strcasecmp(*p, buf))
break;

if (!*p) {
(void)printf("I don’t understand!\n");
continue;

}
n = p - cards;
if (userhand[n]) {

userasked[n] = 1;
return(n);

}
if (nrandom(3) == 1)

(void)printf("You don’t have any of those!\n");
else

(void)printf("You don’t have any %s’s!\n", cards[n]);
if (nrandom(4) == 1)

(void)printf("No cheating!\n");
(void)printf("Guess again.\n");

}
/* NOTREACHED */

}

compmove()
{

static int lmove;

if (promode)
lmove = promove();

else {
do {

lmove = (lmove + 1) % RANKS;
} while (!comphand[lmove] || comphand[lmove] == CARDS);

}
asked[lmove] = 1;

(void)printf("I ask you for: %s.\n", cards[lmove]);
return(lmove);

}
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promove()
{

register int i, max;

for (i = 0; i < RANKS; ++i)
if (userasked[i] &&
    comphand[i] > 0 && comphand[i] < CARDS) {

userasked[i] = 0;
return(i);

}
if (nrandom(3) == 1) {

for (i = 0;; ++i)
if (comphand[i] && comphand[i] != CARDS) {

max = i;
break;

}
while (++i < RANKS)

if (comphand[i] != CARDS &&
    comphand[i] > comphand[max])

max = i;
return(max);

}
if (nrandom(1024) == 0723) {

for (i = 0; i < RANKS; ++i)
if (userhand[i] && comphand[i])

return(i);
}
for (;;) {

for (i = 0; i < RANKS; ++i)
if (comphand[i] && comphand[i] != CARDS &&
    !asked[i])

return(i);
for (i = 0; i < RANKS; ++i)

asked[i] = 0;
}
/* NOTREACHED */

}

drawcard(player, hand)
int player;
int *hand;

{
int card;

while (deck[card = nrandom(RANKS)] == 0);
++hand[card];
--deck[card];
if (player == USER || hand[card] == CARDS) {

printplayer(player);
(void)printf("drew %s", cards[card]);
if (hand[card] == CARDS) {

(void)printf(" and made a book of %s’s!\n",
     cards[card]);
chkwinner(player, hand);

} else
(void)printf(".\n");

}
return(card);

}

gofish(askedfor, player, hand)
int askedfor, player;
int *hand;

{
printplayer(OTHER(player));
(void)printf("say \"GO FISH!\"\n");
if (askedfor == drawcard(player, hand)) {
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printplayer(player);
(void)printf("drew the guess!\n");
printplayer(player);
(void)printf("get to ask again!\n");
return(1);

}
return(0);

}

goodmove(player, move, hand, opphand)
int player, move;
int *hand, *opphand;

{
printplayer(OTHER(player));
(void)printf("have %d %s%s.\n",
    opphand[move], cards[move], opphand[move] == 1 ? "": "’s");

hand[move] += opphand[move];
opphand[move] = 0;

if (hand[move] == CARDS) {
printplayer(player);
(void)printf("made a book of %s’s!\n", cards[move]);
chkwinner(player, hand);

}

chkwinner(OTHER(player), opphand);

printplayer(player);
(void)printf("get another guess!\n");

}

chkwinner(player, hand)
int player;
register int *hand;

{
register int cb, i, ub;

for (i = 0; i < RANKS; ++i)
if (hand[i] > 0 && hand[i] < CARDS)

return;
printplayer(player);
(void)printf("don’t have any more cards!\n");
(void)printf("My books:");
cb = countbooks(comphand);
(void)printf("Your books:");
ub = countbooks(userhand);
(void)printf("\nI have %d, you have %d.\n", cb, ub);
if (ub > cb) {

(void)printf("\nYou win!!!\n");
if (nrandom(1024) == 0723)

(void)printf("Cheater, cheater, pumpkin eater!\n");
} else if (cb > ub) {

(void)printf("\nI win!!!\n");
if (nrandom(1024) == 0723)

(void)printf("Hah!  Stupid peasant!\n");
} else

(void)printf("\nTie!\n");
exit(0);

}

printplayer(player)
int player;

{
switch (player) {
case COMPUTER:

(void)printf("I ");



Using A Software Test and Analysis Tool for Test Case Development Richard Parry

- 33 -

break;
case USER:

(void)printf("You ");
break;

}
}

printhand(hand)
int *hand;

{
register int book, i, j;

for (book = i = 0; i < RANKS; i++)
if (hand[i] < CARDS)

for (j = hand[i]; --j >= 0;)
PRC(i);

else
++book;

if (book) {
(void)printf(" + Book%s of", book > 1 ? "s" : "");
for (i = 0; i < RANKS; i++)

if (hand[i] == CARDS)
PRC(i);

}
(void)putchar(’\n’);

}

countcards(hand)
register int *hand;

{
register int i, count;

for (count = i = 0; i < RANKS; i++)
count += *hand++;

return(count);
}

countbooks(hand)
int *hand;

{
int i, count;

for (count = i = 0; i < RANKS; i++)
if (hand[i] == CARDS) {

++count;
PRC(i);

}
if (!count)

(void)printf(" none");
(void)putchar(’\n’);
return(count);

}

init()
{

register int i, rank;

for (i = 0; i < RANKS; ++i)
deck[i] = CARDS;

for (i = 0; i < HANDSIZE; ++i) {
while (!deck[rank = nrandom(RANKS)]);
++userhand[rank];
--deck[rank];

}
for (i = 0; i < HANDSIZE; ++i) {

while (!deck[rank = nrandom(RANKS)]);
++comphand[rank];
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--deck[rank];
}

}

nrandom(n)
int n;

{
long random();

return((int)random() % n);
}

instructions()
{

int input;
char buf[1024];

(void)printf("Would you like instructions (y or n)? ");
input = getchar();
while (getchar() != ’\n’);
if (input != ’y’)

return;

(void)sprintf(buf, "%s %s", _PATH_MORE, _PATH_INSTR);
(void)system(buf);
(void)printf("Hit return to continue...\n");
while ((input = getchar()) != EOF && input != ’\n’);

}

usage()
{

(void)fprintf(stderr, "usage: fish [-p]\n");
exit(1);

}
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Visionsoft uses color to enhance communication and readability.  The following is list of color
definitions.

)LJXUH����9LVLRQ6RIW &RORU�0DS

The following color codes describe the state of each
statement or clause:
5HG 7KH VWDWHPHQW�ZDV�QRW

H[HF XWHG�RU�WKH�LI�FODXVH��IRU
OLPLW FODXVH��RU�ZKLOH�FODXVH
ZDV QHYHU�H[HFXWHG�

*UHHQ 7KH FODXVH�ZDV�ERWK�WUXH�DQG
IDOVH�GXULQJ�H[HFXWLRQ�RU�WKH�VWDWHPHQW�ZDV�H[HFXWHG�

'DUN�%OXH 7KH�FODXVH�ZDV�RQO\�WUXH�GXULQJ�H[HFXWLRQ�
/LJKW�%OXH 7KH�FODXVH�ZDV�RQO\�IDOVH�GXULQJ�H[HFXWLRQ�
%ODFN 7KH�VWDWHPHQW�ZDV�QRW�SDUW�RI�WKH�FRYHUDJH�DQDO\VLV���7KHVH�DUH

XVXDOO\�GDWD�GHFODUDWLRQ�VWDWHPHQWV�RU�FRPPHQWV�
0DURRQ 7KH�FODXVH�KDV�EHHQ�H[FOXGHG�


