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ABSTRACT

This paper describes how a software code coverage analysis tool can be
used to aid software testing. The children’s card game, “Fish” was used
to illustrate the process. Although the program is simple, it serves to
show how code coverage analysis can be used for larger, more complex
programs. Each function of the “C” code program is carefully analyzed
to maximize code coverage. Test cases are developed to exercise the un-
executed code. The tool used for coverage analysis is VisionSoft,
published by the VisionSoft Corporation. The tool provides many code
and management features. The paper concentrates on the code coverage
capability of the tool.
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A program that has not been tested does not work. The ideal of
designing and/or verifying a program so that it works the first time is
unattainable for all but the most trivial programs. We should strive
toward that idea, but we should not be fooled into thinking that
testing is easy.

Bjarne Stroustrup, The C++ Programming Language

INTRODUCTION

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 pcodessdtest 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.

CODE COVERAGE, WHAT IT IS AND HOW IT WORKS

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 prgdarisoft, will be used.

From the code coverage metrics provided by VisionSoft, new test cases will be developed to help
maximize code coveragd/isionSoft 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 tiatonSoft 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. Aswe shall see, some codeis
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.
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Figure 1 Code Coverage using VisionSoft

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,
anew source fileis created. This new source file is then compiled in the normal manner. From there,
the object fileislinked if necessary and executed. Asthe application is executed, a database is generated
which can then be examined.
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Code Instrumentation

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 discussin greater detail in subsequent sections.

While an in-depth understanding of the code coverage tool is not essential, a basic understanding
isvery 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 isrequired. The following simple program will illustrate instrumentation.

Table 1 Original Source Code

#i ncl ude <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.

Table 2 Edge Instrumented Source Code

#i ncl ude <stdio. h>

#i ncl ude "vstest.h" /* inserted 02/24/97 08:32:48 AM */
#i ncl ude "vscheck. h" /* inserted 02/24/97 08:32:48 AM */
static char VSFAR VSfil eopt4096] ]="hello.vse,s,c,e, 0";

int main()

{VSP(2, 1, 6123L, &/Sfi | eopt 4096[ 0] ): {
printf("hello, world\n");
printf("hello, world\n");
printf("hello, world\n");

b}

Here again is the same code but in this case it is instrumented for both Edge and Statement
coverage.
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Table 3 Edge and Statement Instrumented Source Code

#i ncl ude <stdio. h>

#i ncl ude "vstest.h" /* inserted 02/19/97 11:38:40 AM */
#i ncl ude "vscheck. h" /* inserted 02/19/97 11:38:40 AM */
static char VSFAR VSfil eopt 4096 ]="hello.vse,s,c,e,b,|,0";
int main()

{VSP(2,1,622161893L, &VSfil eopt 4096[0]); {
VSB( 2, 2,622161893L) ; printf("hello, world\in");
VSB( 3, 2,622161893L) ; printf("hello, world\n");
VSB( 4, 2,622161893L) ; printf("hello, world\in");

b}

Thereis 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.

Coverage Types!

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

Satement 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 Coverages similar to branchcoverage except the clauses being analyzed are contained in
for and while statements.

Edge Coveragés aform 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 defaultplus 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 edgeand
statement coverageEdge coverage has the advantage of including both branchand 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 statementoverage for a more complete analysis.

1 Definitions described in this section are summarized from VisionSoft documentation.
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McCabe Complexity?

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 conputation is 1 + nunber of break statements
+ nunber of continue statenents
nunber of if statenents
nunber of while statenents
nunber of goto statenents
nunber of return statenents
nunber of case statenents
nunber of default statements
(number of function end statenments-1)

+ 4+ 4+ ++ o+

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.execstnts}

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

Object Size and Performance

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

* EdgeCoverage .......cccoovveevviveeesiennnennn, 20-50%

*  Scective Coverage ......ocevmnvnvennnenneennn. 20-100%
* Statement Coverage......ccocvierrieerienrinnnns 75-100%
® Branch Coverage.........ccoceeevvveveeiiennnennn. 10-30%
* LimitsCoverage......ccoooveevvieeieesiesneennn, 5-20%

®  Program Tracing .....cccccceeeevveveeieeseesneennn, 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.

-5-
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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.

GO FISH

The program to be used is our example is Fish, the childhood card game. Although the analysis
isrelatively ssimple, it provides an excellent illustration to show how a code coverage tool may be used in
areal 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 therules.

The instructions are summarized here.

This is the traditional children's card ganme "Go Fish". W each get seven
cards, and the rest of the deck is kept to be drawn fromlater. The
object of the gane is to collect "books", or all of the cards of a single

val ue. For exanple, getting four 2's would give you a "book of 2's

W take turns asking each other for cards, but you can't ask ne for a card

value if you don’t have one of themin your hand! |If | have any cards of
the value you ask for, | have to give themto you. As long as | have one

of the cards you ask for, you get to keep asking. |If you ask ne for a

card of which | don’t have any, then I'Il tell you to "Go Fish!" This

means that you draw a card fromthe deck. |If you draw the card you asked

me for, you get to keep asking nme for cards. |If not, it’s nmy turn and | ask
you for a card

Sonetinmes you get to ask first, sonetines | do. [1'Il tell you when it’'s
your turn to nmove, |’'Il draw cards fromthe deck for you, and I'Il tel

you what you have in your hand. (Don't worry, | don't |ook at your hand

when I'mtrying to decide what card to ask for, honest!)

Your i nput Can be a Car d narre (Il AII , " 2ll , " 3" , " 4II , " 5" , " 6ll , " 7" , " 8ll ,
9", "10", "J", "Q or "K') or the letter "p", or "quit". The letter "p"
makes ny game nuch snarter, and the line "quit" stops the game. Just
hitting the carriage return key displays how many cards | have in ny hand
how many are left in the deck, and which books |I’'ve gotten

Nornmal | y, the game stops when one of us runs out of cards, and the w nner
i s whoever has the nost books!

Good | uck!

RUN1

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 alow the user to see exactly

which lines of code were executed and which were not using color.

Table 4 Results of Run1
My CAishinish. e 021987 11:45:4 AM C Mg
Program Units Stadisties Complexity Functans [Edges =tabzments
Shomedmamy Ciishifish.c 430 seurce lines|Metric{normalized.value)[3 wnused. 13 used 80 of 198 edges executed (200 of 788 used. 0 excluded
380 statements |MeCabe(39%,113) COMPLETE 21%  INCOMPLETE 60% IMNCOMPLETE s9%
288 executables |Edges(37%,109)
GLOBAL area 71 source lines
& statements
ehiwinner 28 source lines |ketriefnormalized, value) a9 of 13 edges expeuted |21 of 28 used, 0 estelud ed
35 statements  |MeCabe(2/%.8) EXECUTED INCOMPLETE £9% COMPLETE J2%
28 executables |Edges(27%.8)
COmpmone 16 sourse lines |ketrie{normalized, value) 5 of 6 edges executed |12 of 13 used, 0 excluded
18 statements  |MeCabe(30%.4) EHECUTED COMPLETE B COMPLETE g2
13 executables |Edges(30%.4)
courtbooks 15 source lines |Metric{normalized.value) 8 of 7 edges executed |11 of 12 used. 0 excluded
16 statements  |MeCabe(d1%.5) EMECUTED COMPLETE 85% COMPLETE 91%
12 executables |Edges(d1%.5)
courtcards 9 souree lines  |kMetric{normalized.value) 0 of 3 edges executed |0 of 5 used. 0 excluded
7 statements ke Cabe(80%,3) MOT EXECUTED  (IMCOMPLETE 07 IMCOMPLETE 0%
5 executables  |Edges(en®,3)
drawsarnd #1 source lines |Metric{normalived.value) 8 of 8 edges executed 17 of 17 used. 0 excluded
2 statements  |MeCabe(29%.5) EXECUTED COMPLETE 108% COMPLETE 100%
17 executables |Edges(?0%.5)
gofish 15 source lines |Metric{normalized.value) d of 4 edges executed 11 of 11 used. 0 excluded
14 statements |MeCabe(35%.4) EXECUTED COMPLETE 100% COMPLETE 100%
11 executables [Fdges(38%.4)
goodmove 22 source lines |Metric{normalized.value) Z ol 2 edges executed 13 of 13 used, 0 excluded
18 statements |MeCabe(15%.2) EXECUTED COMPLETE 108% COMPLETE 100%
13 executables |Fdges{15%.2)
init 17 source lines |Metric{normalized.value) B of 10 edges executed |18 of 18 used. 0 excluded
24 statements  |MeCabe(37%.6) EXECUTED COMPLETE B0% COMPLETE 100%
16 executables |Edges{37%.6)
instructions 16 source lines |Metric{nermalized,value) 4 of 7 edges executed B of 13 used, 0 excluded
18 statements  |kcCabe(38%.5) EXECUTEDR INCOMPLETE 57% INCOMPLETE 61%
13 pxeculables |Fdges(38%.5)
main =0 source lines |Metric{normalized.value) 14 of 19 edges executed |33 of 41 used, 0 excluded
57 statements  |keCabe(d1%.17) ERECUTEDR COMPLETE 7% COMPLETE A%
a1 pxeculables |Fdges(387%.13)
nrandam 7 source lines  |Metrie{normalized.value) 1 of 1 edges executed 2 of 2 used, 0 excluded
4 statements ke Cabe(100%.2) ERECLUITELR COMPLETE 100%: COMPLETE 100%
2 executables  |Edges{100%.7)
printhand 18 source lines |Metric{normalized.value) 12 of 12 edges executed |19 of 19 used. 0 excluded
#3 statements  |hMeCabe(36%.7) EXECLUTEDR COMPLETE 1005 COMPLETE 1000,
18 executables |Edges(36%.7)
fori ntplayer 12 source lines |Metric{normalized,value) 3 of 3 edges executed B of 8 used, 0 excluded
11 statements  |kMeCabe(62%.5) ERECLITEDR COMPLETE 100%, COMPLETE 100,
B execulables  |Edges(d/%.d)
prormg e 37 source lines |Metrie{normalized,value) 0 of 30 edges exeeuted |0 of 35 used, 0 exeluded
48 statements  [MoCabe(55%.20) NOT EXKECUTEDR  INCOMPLETE 0% IMCOMPLETE 0%
36 executables |Edges(e5%.20)
usage % source lines  |Metrie{narmalized,value) 0 of 0 edges executed 0 of 3 used, 0 excluded
4 statements MeCabe(33%.1) NOT EXECUTED IMCOMPLETE 0%
3 executables  |Edges(33%.1)
LS Brmove 53 source lines |Metric{norinalized value) 14 of 24 edges executed |29 of 30 used, 0 excluded
54 statements  |MeCabe(38%.18) EMECUTER IMCOMPLETE S8% INCOMPLETE 58%
=i epyacutables |EdoesC85, 190

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.

Table 5 Results of Run 1 (Function Summary)

Item Function St at us Edges St at enent s
llcount cards Not Executed 0 (<70% 0 (<70%
2|pr onove Not Execut ed 0 (<70% 0 (<70%
3lusage Not Execut ed 0 (<70% 0 (<70%
4|chkwi nner Execut ed 69 (<70%
5li nstructions Execut ed 57 (<70% 61 (<70%
6luser move Execut ed 58 (<70% 58 (<70%

11|drawcard Execut ed 100% 100%
12|gofi sh Execut ed 100% 100%
13|goodnove Execut ed 100% 100%
14|nrandom Execut ed 100% 100%
15|pri nt hand Execut ed 100% 100%
16|pri nt pl ayer Execut ed 100% 100%

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

Table 6 Results of Run 1 (High Level Summary)

functions used 13 of 16 81
edges executed 90 of 149 (%) 60
statements used 200 of 288 (%) 69

NON-EXECUTED FUNCTIONS

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.

countcards function

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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Table 7 critical section of usermove function

if (buf[0] =="\n") {
(void)printf("% cards in my hand, % in the pool.\n",
count car ds(conphand), countcards(deck));
(void)printf("My books:");
(voi d) count books( conmphand) ;
conti nue;

}

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 aaar]dard da:k Of Cards (IIAII, Il2ll, II3II’ ll4|l’ ll5ll’ "6", II7II’ II8II,II9II’ "10"’ IIJII’ IIQII or IIKII). Thererore 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 acard.

countocards
00002 register int *hand;
=00003 |
ooood register int i, count;
oooos
=0000& for (count = 1 = 0; 1 < RANESZ; i++)
*00007 count += *hand++;
*00008 returnoocunt)
=00009
gooLo

Figure 2 countcards function

® AddTest Case

* |nput 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 devel oped.

promove function

The promove function was never caled, it appears only once in the compmove function.
i f (pronode)
| move = pronove();
el se {
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 computenater player®

5 This most likely means that the computer remembers what cards the user requested.

-9-
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register int I, max;

& 005 for (1 = 0 1 ¢ RAREE; ++1]

& [0 0E if (userasked[1] &

00T oomphard[1] > 1 oomphand[1] 5B |
s 0 0E userasked[1] = 0;

s D00s rebisrmd L)

ooaid |

ooaik if {nrapdomi{d} == L] |

«0D012 for [1 = D) ++1

oma13 1T [ocomphard[1l] &6 oomphand|[i] Y= CARRADE
*0001& pay = 1)

i1
sommphand | 1]

ik 1511
= 0032 T T o T
00033 for [1 ] 1
*0O034 askad[1] = O;

- 07 1 = DANEH:

4% WOTREARCHED *

Figure 3 promove function

® AddTest 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 wgritentire
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.

usage function

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

-10-
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File Wiew Search fiacs  MNotes  Windows  Help
*00001 usagel)

s00ooz o
00003 (void) fprintfistderr, "usage: fish [-plin");
*00004 exit(1);
*00005 1}
ooooe

Figure 4 usage function

® AddTest Case

® Error, thisfunction 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.®

EXECUTED, INCOMPLETE EDGES (< 70% COVERAGE)

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.

checkwinner function

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, aline 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, thisis a bad practice since altering the
code may inject other errors. The easiest way to force this portion of the code to be exercised isto 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.

-11-
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register int ob, L. ubg

|

¥
d
=

Figure 5 chkwinner function

®* AddTest Case
* Pay the game until you win, or use a debugger to force this state
* Pay the game until you tie, or use a debugger to force this state

® Using adebugger, 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, thisis 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.

instructions function

This function was partialy 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.

-12 -



Using A Software Test and Analysis Tool for Test Case Devel opment Richard Parry
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*0001E

SN

Figure 6 instructions functions

® AddTest 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.

usermove function

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.

Theif statement on line 13 needs to be true so that line 14 will be exercised. sfdiement 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 BUF3IZ

Theif 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 thecountcards 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 gnefessional mode . This will insure that the flag is set on line 26
and ultimately lines 27 and 28 will be executed.

Line 30 contains aif statement that checks to see if the user wishes to end the game. This is
done by typingquit.. Note that theuit 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. Asin 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.

e e F
nnonz |
Ji[i]i] k] redlEbar ink @6; |

aooone reJimkar char =&mpo
nnons cher buf2%];

o7

oooog
[Li]iERI]

sHnoay
nnoan
opnas
ooosp
ooo&i1
[T TE-
nooel
At

nops2 * WOTREACHED *

Figure 7 usermove function

® AddTest Case

Input astring 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 inputtiogjt

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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* Askfor acard you do not have (cheat)

EXECUTED COMPLETE EDGES (>70% COVERAGE)

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 exerciséd.

compmove function

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.

Figure 8 compmove function

* 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.corfripenove
function under analysis here is a third reason to insure that we add the professional mode to the list of
new test cases.

countbooks function

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 Actual ly 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 isimportant that we
ask for the score when the computer has no books. In other words, if the computer is holding at |east one
book of cards, this portion of the code will not be executed.

counthbooks
goooz int #*hand;
oooos
goood int i, oount;
ooons
goooe for (count = i = 0; 1 < RANESZ; i++)
ooonov if (hand[i] == CARDI) |
goooa ++oount ;
ooons PRC(1i);
ooo1o 1
00011 if (leoount)
00012 (vold)lprintf (" none'");
ooo13 (woild)putchar( o’ );
ooo14 return(ocount) ;
ooo1s
ooole

Figure 9 countbooks function

® AddTest 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.

init function

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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init

goooz |

oooo3 register int i, rank;

ooond

ooons for (1 = 0; 1 < RANEZ; ++1)

0oo0e deck[1] = CARDE;

gooow for (1 = 0; i <« HANDSIZE; ++i) {
=0000a while (!deck[rank = nrandom(RANEZ)]1);
oooos ++userhand[rank] ;

gooio ——deck[rank];

ooo11 1

goolrz for (1 = 0; i = HANDSIZE; ++i) {

00013 while (!deck[rank = nrandom(RANEZ)]1);
goold ++comphand[rank] ;

gooLs ——deck[rank];

Qoole 1

=00017 }

ooola

Figure 10 init function

® AddTest Case

® Using adebugger, force the value to the necessary random number

main function

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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* AddTest Case

ink oh, mowve]

B sy |
CEEE TR
ernﬁ:- = Lz
PRy
SmEs T
dafasie:
(poldnfprinty (sederr. “usage
mELLIL}

izl [-plvn®)3
|

I
#® ROTREACHED =7

Figure 11 main function

®  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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RESULTS OF ADDITIONS RUNS

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

Table 8 Summary of Test Cases Based on Code Coverage Analysis

Item Function Descri ption
1 countcards 1. Input ENTER key on keyboard, do not input a data value
2 promove 2. Select professional mode, hit “p” key on keyboard
3 usage 3. Error, this function can never be called
4 chkwinner 4. Play the game until you win, or use a debugger to force these
states
5. Play the game until you tie, or use a debugger to force these
state
6. Using a debugger force the value of the magic random number
5 instructions 7. When asked for instruction, respond with “y”
6 usermove 8. Input a string of character in excess of BUFSIZ (>1024)
9. Input ENTER key on keyboard, do not input a data value
10. Select professional mode, hit “p” key on keyboard
11. End a game prematurely by inputting quit
12. Provide the program with illegal input (not A, 2,3,4,5, etc.)
13. Using a debugger force the value of the magic random number
14. Ask for a card you do not have
7 compmove 15. Select professional mode, hit “p” key on keyboard
8 countbooks 16. Input ENTER at very beginning of game when computer has no
books
9 init 17. Using a debugger force the value of the magic random number
10 main 18. Start program from the command line as: fish -p
19. Start program from the command line as: fish -?
20. Start program from the command line as: fish -x (non p or ?
char)
11 drawcard * No additional test case necessary
12 gofish * No additional test case necessary
13 goodmove * No additional test case necessary
14 nrandom * No additional test case necessary
15 printhand * No additional test case necessary
16 printplayer * No additional test case necessary
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Test Cases for Run 2
20. Start program from the command line as: fish -x (non p or ? char)

Test Cases for Run 3
18. Start program from the command line as: fish -p
16. Input ENTER at very beginning of game when computer has no books
1. Input ENTER key on keyboard, do not input a data value
9. Input ENTER key on keyboard, do not input a data value
11. End a game prematurely by inputting quit

Test Cases for Run 4
2. Select professional mode, hit “p” key on keyboard
10. Select professional mode, hit “p” key on keyboard
15. Select professional mode, hit “p” key on keyboard
14. Ask for a card you do not have (cheat)

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

Test Cases for Run 5
7. When asked for instruction, respond with “y”
Test Cases for Run 6
4. Play the game until you win, or use a debugger to force these states

Test Cases for Run 7
19. Start program from the command line as: fish -?

Test Cases for Run 8
5. Play the game until you tie, or use a debugger to force these state

Difficult or Impossible Test Cases
6. Using a debugger force the value of the magic random number
13. Using a debugger force the value of the magic random number
17. Using a debugger force the value of the magic random number
3. Error, this function can never be called
8. Input a string of characters in excess of BUFSIZ (>1024)

Richard Parry

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.

Table 9 Summary of Test Cases Based on Code Coverage Analysis

Coverage\ Run # 1 2 3 4 5 6 7 8

functions unused 81 81 93 93 93 93 93 93
edges executed (%) 60 63 76 79 81 82 82 83
statements used (%) 69 71 82 86 87 88 88 89

-20-



Using A Software Test and Analysis Tool for Test Case Devel opment Richard Parry

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 #38, 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.

Table 10 Final Results (Function Summary)

[tem Function St at us Edges St at enent s
1llcount cards Execut ed 100% 100%
2|pr onmove Execut ed 40% 47%
3lusage Not Execut ed 0% 0%
4|chkwi nner Execut ed 84% 89%
5li nstructions Execut ed 85% 100%
6luser move Execut ed 87% 90%
7|compnove Execut ed 100% 100%
8|count books Execut ed 100% 100%
9linit Execut ed 90% 100%

10{mai n Execut ed 100% 100%
11|dr awcard Execut ed 100% 100%
12|gofi sh Execut ed 100% 100%
13|goodnove Execut ed 100% 100%
14|nrandom Execut ed 100% 100%
15|pri nt hand Execut ed 100% 100%
16|pri nt pl ayer Execut ed 100% 100%

There 1s no life today without software. Fortunately, really important
software has a reliability of 99.99999999 percent. At least, until it
doesn't.

Frank Lanza, Lockheed Martin, Executive Vice President
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CONCLUSION

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. Thereisno
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 atrivial matter. Infact, 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.

“How to test?” is a question that cannot be answered in general. “When
to test?” however, does have a general answer: As early and as often
as possible. Test strategies should be generated as part of the design
and implementation efforts or at least should be developed in parallel
with them. As soon as there is a running systems, testing should begin.
Postponing serious testing until “after the implementation is complete”
is a prescription for slipped schedules and/or flawed releases.

Bjarne Stroustrup, The C++ Programming Language
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APPENDIX A (SAMPLE GAME)

The following is the user/computer interaction that represented RUN 1 of the test cases described
in this paper.
[rparry@bura VSinstr]# fish
Wul d you like instructions (y or n)? n
You get to start.

Your hand is: 56 9 9 10 J Q
You ask ne for: 5

| say "GO FI SH "

You drew 6.

| ask you for: 2.

You say "GO FISH "

Your hand is: 56 6 9 9 10 J Q
You ask me for: 6

| say "GO FISH "

You drew 10.

| ask you for: 3.

You say "GO FISH"

Your hand is: 56 6 9 9 10 10 J Q
You ask ne for: 9

| have 2 9's.

You nmade a book of 9’s!

You get anot her guess!

Your hand is: 56 6 10 10 J Q + Book of 9
You ask nme for: 10

| say "GO FI SH "

You drew Q

| ask you for: 5.

You have 1 5.

| get another guess!

| ask you for: 8.

You say "GO FISH "

Your hand is: 6 6 10 10 J Q Q + Book of 9
You ask ne for: 10

| say "GO FI SH "

You drew 4.

| ask you for: Q

You have 2 Q@ s.

| get another guess!

| ask you for: K

You say "GO FISH "

| drew Q and made a book of Q@ s!

Your hand is: 4 6 6 10 10 J + Book of 9
You ask nme for: j

| say "GO FI SH "

You drew 3.

| ask you for: 2.

You say "GO FISH "

| drew 5 and made a book of 5's!

Your hand is: 3 4 6 6 10 10 J + Book of 9
You ask ne for: 3

| have 2 3’s.

You get anot her guess!

Your hand is: 3 33 46 6 10 10 J + Book of 9
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You ask ne for: 3
| say "GO FI SH "
You drew 4.

| ask you for: 8.
You say "GO FISH "

Your hand is: 3334466 10 10 J + Book of 9
You ask ne for: 4

| say "GO FI SH "

You drew 3 and nade a book of 3's!

| ask you for: K

You say "GO FISH "

Your hand is: 4 4 6 6 10 10 J + Books of 3 9
You ask ne for: 6

| say "GO FI SH "

You drew K.

| 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 ne for: 10

| say "GO FI SH "

You drew 7.

| ask you for: 2.

You say "GO FISH "

Your hand is: 4 46 6 7 10 10 J K + Books of 3 9
You ask me for: j

| say "GO FISH "

You drew J.

You drew t he guess!

You get to ask again!

Your hand is: 4 46 6 7 10 10 J J K + Books of 3 9
You ask ne for: k

| have 1 K

You get anot her guess!

Your hand is: 4 46 6 7 10 10 J J K K + Books of 3 9
You ask me for: j

| say "GO FISH "

You drew 7.

| ask you for: 8.

You say "GO FISH "

Your hand is: 4 46 6 77 10 10 J J K K + Books of 3 9

You ask nme for: 4

| say "GO FI SH "

You drew 2.

| ask you for: 10.
You have 2 10’s.

| get another guess!
| ask you for: A
You say "GO FI SH "

Your hand is: 2 446 67 7 JJ KK + Books of 39
You ask ne for: 6

| say "GO FI SH "

You drew A.

| ask you for: 2.

You have 1 2.

| made a book of 2's!

| get another guess!

| ask you for: 4.

You have 2 4's.
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| get another guess!

| ask you for: 8.

You say "GO FISH "

| drew 4 and nmade a book of 4’s!

Your hand is: A6 6 77 J J KK + Books of 3 9
You ask ne for: 7

| say "GO FISH "

You drew J.

| ask you for: 10.

You say "GO FISH "

Your hand is: A6 6 77 JJJ KK + Books of 3 9
You ask nme for: j

| say "GO FI SH "

You drew 10.

| ask you for: A

You have 1 A

| get another guess!

| ask you for: 6.

You have 2 6’s.

| get another guess!

| ask you for: 8.

You say "GO FISH "

| 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 nme for: k

| say "GO FI SH "

You drew A

| ask you for: 10.

You have 1 10.

| made a book of 10’s!
| get another guess!

| ask you for: A

You have 1 A

I made a book of A's!
| get another guess!

| ask you for: 8.

You say "GO FISH "

Your hand is: 77 J J J KK + Books of 3 9
You ask ne for: 7

| have 1 7.

You get anot her guess!

Your hand is: 77 7 J J J KK + Books of 3 9
You ask me for: j

| say "GO FI SH "

You drew J and nade a book of J’'s!

You drew t he guess!

You get to ask again!

Your hand is: 7 7 7 K K + Books of 3 9 J
You ask me for: k

| say "GO FI SH "

You drew 7 and nmade a book of 7's!
| ask you for: 8.

You say "GO FISH "

| drew the guess!

| get to ask again!

| ask you for: 8.

You say "GO FI SH "

| drew the guess!

| get to ask again!

| ask you for: 8.
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You say "GO FISH "

Your hand is: K K + Books of 37 91J
You ask ne for: k

| have 1 K.

You get anot her guess!

Your hand is: K K K + Books of 37 91J
You ask ne for: k

| say "GO FI SH "

You drew 8.

| ask you for: 8.

You have 1 8.

| made a book of 8’ s!

| don’t have any nore cards!

My books: A2 456 8 10 Q

Your books: 3 7 9 J

| have 8, you have 4.

I win!!!
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APPENDIX B (SOURCE CODE)

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.
Al'l rights reserved.

This code is derived fromsoftware contributed to Berkel ey by
Muf fy Barkocy.

Redi stribution and use in source and binary forms, with or without

nmodi fication, are pernmitted provided that the foll ow ng conditions

are met:

1. Redistributions of source code nust retain the above copyri ght
notice, this list of conditions and the follow ng disclainer.

2. Redistributions in binary formnust reproduce the above copyri ght
notice, this list of conditions and the follow ng disclaimer in the
docunentati on and/or other materials provided with the distribution.

3. Al advertising materials nmentioning features or use of this software
nmust di splay the foll ow ng acknow edgenent :

Thi s product includes software devel oped by the University of
California, Berkeley and its contributors.

4. Neither the nane of the University nor the nanes of its contributors
may be used to endorse or pronmote products derived fromthis software
wi t hout specific prior witten perm ssion.

THI S SOFTWARE | S PROVI DED BY THE REGENTS AND CONTRIBUTORS ‘*AS IS’ AND
ANY EXPRESS OR | MPLI ED WARRANTI ES, | NCLUDI NG BUT NOT LIMTED TO THE

I MPLI ED WARRANTI ES OF MERCHANTABI LI TY AND FI TNESS FOR A PARTI CULAR PURPCSE
ARE DI SCLAI MED. I N NO EVENT SHALL THE REGENTS OR CONTRI BUTORS BE LI ABLE
FOR ANY DI RECT, | NDI RECT, | NCI DENTAL, SPECI AL, EXEMPLARY, OR CONSEQUENTI AL
DANVAGES (I NCLUDI NG, BUT NOT LIMTED TO, PROCUREMENT COF SUBSTI TUTE GOCDS
OR SERVI CES; LOSS OF USE, DATA, OR PROFITS; OR BUSI NESS | NTERRUPTI ON)
HOWEVER CAUSED AND ON ANY THEORY OF LI ABILITY, WHETHER | N CONTRACT, STRICT
LI ABILITY, OR TORT (I NCLUDI NG NEGLI GENCE OR OTHERW SE) ARI SI NG I N ANY WAY
QUT OF THE USE OF THI 'S SOFTWARE, EVEN | F ADVI SED OF THE PGCSSI BILITY OF
SUCH DAMAGE.

EE I S I R N A S . B N N . N S SN I N N R

~

#i fndef Iint

char copyright[] =

"@#) Copyright (c) 1990 The Regents of the University of California.\n\
Al rights reserved.\n";

#endif /* not lint */

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

#i ncl ude <sys/types. h>
#i ncl ude <sys/errno. h>
#i nclude <fcntl. h>
#i ncl ude <stdio. h>
#i ncl ude <stdlib. h>
#i ncl ude <string. h>
#i ncl ude "pat hnanes. h"

#def i ne RANKS 13
#def i ne HANDSI ZE 7
#def i ne CARDS 4
#def i ne USER 1
#def i ne COVPUTER 0
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#def i ne OTHER( a) (1 - (a))

char *cards[] = {
wgr wgel w1t tJh Q@ "K', NULL,

1
#def i ne PRC( car d) (void)printf(" %", cards[card])
i nt pronode;

i nt asked[ RANKS], conphand[ RANKS], deck[ RANKS];
i nt userasked][ RANKS], userhand[ RANKS] ;

mai n(argc, argv)
int argc;
char **argv;

{
int ch, nove;
while ((ch = getopt(argc, argv, "p")) != EOF)
switch(ch) {
case 'p’:
pronode = 1;
br eak;
case '?':
defaul t:
(void)fprintf(stderr, "usage: fish [-p]\n");
exit(1);
}
srandon(time((tinme_t *)NULL));
instructions();
init();
if (nrandonm(2) == 1) {
print pl ayer (COVWPUTER) ;
(void)printf("get to start.\n");
goto istart;
}
print pl ayer (USER) ;
(void)printf("get to start.\n");
for (;;) {
nove = usernove();
if (!conphand[nove]) {
if (gofish(nmove, USER, userhand))
conti nue;
} else {
goodnove( USER, nove, userhand, conphand);
conti nue;
}
istart: for (;;) {
nove = conpnove();
if (luserhand[nove]) {
if (!gofish(nove, COWPUTER, conphand))
br eak;
} else
goodnove( COMPUTER, nove, conphand, userhand);
} }
/* NOTREACHED */
}

user nove()

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

(void)printf("\nYour hand is:");
pri nt hand( user hand);

for (;3) {

(void)printf("You ask me for: ");

(void)fflush(stdout);

if (fgets(buf, BUFSIZ, stdin) == NULL)
exit(0);

if (buf[0] =="\0")
conti nue;

if (buf[0] =="\n") {

(void)printf("% cards in ny hand, % in the pool.\n",

count car ds(conphand), countcards(deck));
(void)printf("My books:");
(voi d) count books( conphand) ;
conti nue;

}

buf[strlen(buf) - 1] = "\0";

if (!strcasecnp(buf, "p") && !pronode) {
pronode = 1;
(void)printf("Entering pro node.\n");
conti nue;

}

if (!strcasecnp(buf, "quit"))
exit(0);

for (p = cards; *p; ++p)
if (!strcasecnp(*p, buf))

br eak;
if (1*p) {
(void)printf("l don't understand!\n");
conti nue;
}
n =p - cards;
if (userhand[n]) {
userasked[n] = 1;
return(n);

}
if (nrandon(3) == 1)
(void)printf("You don't have any of those!l\n");
el se
(void)printf("You don't have any %’s!\n", cards[n]);
if (nrandon(4) == 1)
(void)printf("No cheating!\n");
(void)printf("Guess again.\n");

}
/* NOTREACHED */

}
conmpnove()
static int | nove;
i f (pronode)
| move = pronove();
el se {
do {
I move = (I move + 1) % RANKS;
} while (!conmphand[l nove] || conphand[|nove] == CARDS);
asked[ | move] = 1;
(void)printf("l ask you for: %.\n", cards[l|nove]);
return(l nove);
}
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pronove()
register int i, nmax;

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

}
if (nrandom(3) == 1) {
for (i = 0;; ++i)
if (conphand[i] && conphand[i] != CARDS) {
max = i;
br eak;

}
while (++i < RANKS)
if (conphand[i] != CARDS &&
conphand[i] > conphand[ max])
max = i;
ret urn( max) ;

}
if (nrandon{1024) == 0723) {
for (i = 0; i < RANKS; ++i)
if (userhand[i] && conphand[i])
return(i);

for (i = 0; i < RANKS; ++i)
if (conphand[i] && conphand[i] != CARDS &&
lasked[i])
return(i);
for (i = 0; i < RANKS; ++i)
asked[i] = O;

}
/* NOTREACHED */
}

drawcar d(pl ayer, hand)
int player;
i nt *hand;

int card;

whil e (deck[card = nrandom RANKS)] == 0)
++hand[ card] ;
--deck[card];
if (player == USER || hand[card] == CARDS) {
printpl ayer (pl ayer);
(void)printf("drew %", cards[card])
i f (hand[card] == CARDS) {
(void)printf(" and made a book of %’'s!\n",
cards[card]);
chkwi nner (pl ayer, hand);
} else
(void)printf(".\n");

return(card)

}

gofi sh(askedfor, player, hand)
int askedfor, player;
i nt *hand;

print pl ayer (OTHER( pl ayer))

(void)printf("say \"GO FISH \"\n")
i f (askedfor == drawcard(player, hand)) {
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print pl ayer (pl ayer);
(void)printf("drew the guess!\n");
print pl ayer (pl ayer);
(void)printf("get to ask again!\n");
return(l);

return(0);

}

goodnove(pl ayer, nove, hand, opphand)
int player, nove;
int *hand, *opphand;

{
print pl ayer (OTHER( pl ayer))
(void)printf("have % %%.\n",
opphand[ nove], cards[nove], opphand[nove] == 1 ? "": "'s")
hand[ nove] += opphand[ nove];
opphand[ nove] = O0;
i f (hand[nmove] == CARDS) {
print pl ayer (pl ayer);
(void)printf("made a book of 9%’s!\n", cards[nove]);
chkwi nner (pl ayer, hand);
}
chkwi nner (OTHER( pl ayer), opphand);
print pl ayer (pl ayer);
(void)printf("get another guess!\n")
}
chkwi nner (pl ayer, 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;
print pl ayer (pl ayer);
(void)printf("don’'t have any nore cards!\n")
(void)printf("My books:");
cb = count books(conphand);
(void)printf("Your books:");
ub = count books(userhand);
(void)printf("\nl have %, you have %.\n", cb, ub);
if (ub > cb) {
(void)printf("\nYou win!!i\n")
i f (nrandon{1024) == 0723)
(void)printf("Cheater, cheater, punpkin eater!\n")
} elseif (cb > ub) {
(void)printf("\nl win!!!\n")
i f (nrandon{1024) == 0723)
(void)printf("Hah! Stupid peasant!\n");
} else
(void)printf("\nTiel\n")
exit(0);
}
printplayer(pl ayer)
int player;
{

switch (player) {
case COWPUTER
(void)printf("l ");
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br eak;
case USER:
(void)printf("You ")
br eak;
}
}
pri nt hand( hand)
int *hand;
{
regi ster int book, i, j;
for (book =i = 0; i < RANKS; i++)
if (hand[i] < CARDS)
for (j = hand[i]; --] >= 0;)
PRC(i);
el se
++book;
i f (book) {
(void)printf(" + Book% of", book > 1 ? "s" : "");
for (i = 0; i < RANKS; i++)
if (hand[i] == CARDS)
PRC(i);
}
(void)putchar('\n");
}
count car ds( hand)
register int *hand,
{
register int i, count;
for (count =i = 0; i < RANKS; i++)
count += *hand++
return(count);
}
count books( 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) {
whil e (!deck[rank = nrandon( RANKS)]);
++user hand[ r ank] ;
--deck[rank];

}

for (i =0; i < HANDSIZE; ++i) {
whil e (!deck[rank = nrandon( RANKS)]);
++conphand[ r ank] ;
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--deck[ rank];

}
}
nrandon{ n)
int n;
{
| ong random();
return((int)randon() %n);
}
i nstructions()
{
int input;
char buf[1024];
(void)printf("Wuld you like instructions (y or n)? "
i nput = getchar();
while (getchar() !="\n");
if (input '="y")
return;
(void)sprintf(buf, "% %", PATH MORE, PATH | NSTR);
(void)systenbuf);
(void)printf("Ht return to continue...\n");
while ((input = getchar()) !'= ECF & input !=
}
usage()
(void)fprintf(stderr, "usage: fish [-p]\n");
exit(1);
}
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APPENDIX C

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

definitions.

Figure 12 VisionSoft VisionSoft Text

The following color codes |[rai-:= cianses

statement or clause:
Red

Green

Dark Blue

Black

Maroon

#%x%Text Displays
Text Being Entered
Find Text Highlight
Help Text

Notes Text

Program View Text
VisionPanel Cell Text
YisionPanel Column Headings
“isionPanel Row Mames
VisionPanel Title
Processing Log Text
#**x*#Test Conditions COlOI‘ Map
Excluded Statements
Clauses All Cowvered

describe the state of each

True Clauses

The Statements Covered

Statements Uncovered
*x£xOtatements

exec Even Btatement Display

limit |odd Statement Display

**#xText Printing

statement was not

uted or the if clause, for
clause, or while clause
was | never executed.

The clause was both true and
false during execution or the statement was executed.

The clause was only true during execution.

The clause was only false during execution.

The statement was not part of the coverage analysis. These are
usually data declaration statements or comments.

The clause has been excluded.
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