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2 GETTING STARTED WITH CHIDE

1 Introduction

Ch is an embeddable C/C++ interpreter. It is a superset oftl elasses in C++ and other high-level ex-
tensions. Possible uses for Ch include but are not limitectdes-platform scripting, shell programming,

2D/3D plotting, numerical computing, and embedded scrgptBecause Ch is interpretive, it allows C/C++
programs to be executed without compiling and linking. Itnere suitable for interactive classroom pre-
sentations in teaching and for students learning C and C+ith &dvanced numerical features, it can be
conveniently used for applications in engineering andrex@e This document presents a quick introduction
on how to use this C/C++ interpreter using ChIDE and Ch conthshuell.

2 Getting Started with ChIDE

An Integrated Development Environment (IDE) can be use@teldp C and C++ programs. It can typically
be used to edit programs with added features of automattexsyrighlighting and run the programs within
the IDE. ChIDE is an Integrated Development EnvironmentH)io edit, debug, and run C/Ch/C++ pro-
grams in Ch interpretively without compilation. ChIDE cdsacompile and link edited C/C++ programs
using C and C++ compilers of your choice such as Microsoft&istudio .NET. ChIDE is developed using
Embedded Ch.

ChIDE is available in Windows, Linux, and Mac OS X x86 for Cloféssional, Student, and Evaluation
Editions. ChIDE can be launched by running the progcdmide .

In Windows, ChIDE can also be conveniently launched by dealtking its icon shown in Figure 1 on
the desktop.

In Mac OS X x86, ChIDE can also be launched by clicking the sloown in Figure 1 in the Applications
folder. The icon can be dragged to the deskop menu as well.

In Linux, it can also be launched under the entry Programriogs in startup menu.

Text editing in ChIDE works similarly to most Macintosh or Mdiows editors such as Notepad with the
additional feature of automatic syntax styling. The uségriiace can be in one of 30 local languages such
as German, French, Chinese, and Korean. ChIDE can holdpteulkes in memory at one time but only
one le will be visible. By default, ChIDE allows up to 20 le® be in memory at once.

As an example, open a new document, and type

#include <stdio.h>

int main() {
printf("Hello, world\n");
return O;

}

in the text as shown in Figure 2 in the editing pane. The progrppears colored due to syntax highlighting.
For the classroom presentation, the font size of the displggrogram can be enlarged by clicking the
commandview | Change Font Size , and then make changes.
Save the document as a le namedllo.c  as shown in Figure 3. The programllo.c ,located in
CHHOME/demos/bin/hello.c can also be loaded usirigle | Open command. Her€ HHOME
the home directory for Ch. By default, the home directoryGbrin Windows isC:/Ch in the Cdrive.

<

Figure 1. A ChIDE icon on a desktop in Windows.
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1 hello.c |

1 -/* File: helle.c

2 Print 'Hello, world' on the screen. */

3 #include <stdio.h>

4

5 int main()

6 -1

T printf("Helle, world\n") ;

8 return 0;

9 b
< | 2
=8 co=3 INS (LF) 4

Figure 2. The program edited inside the editing pane in ChIDE
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Close Chrl+W
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Save a Capy... Ctrl+5Shift+P
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»
Export LI
Page Setup. ..
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Figure 3. Save the edited program in ChIDE.

Perform theRunor Tools | Run command as shown in Figure 4 to execute the prodrato.c
Instead of performing thRunor Tools | Run command, pressing function k&2 will also execute the
program.

There are four panes in ChIDE: the editing pane, debug pai®igdcommand pane, and output pane.
The debug pane is located either to the below of the editimg jp& on the right. Initially it is of zero size,
but it can be made larger by dragging the divider betweendtthe editing pane. The debug command pane
is located either to the below of the debug pane or on the.rigimilarly, the output pane is located either
to the below of the debug pane or on the right. The output pape the left of the debug command pane.
Initially the output pane is of zero size, but it can also baelarger by dragging the divider between it and
the debug pane. By default, the output from the program ectid into the output pane.

TheOptions | Vertical Split command can be used to move the debug pane to the right of
the editing pane, followed by the output pane and debug cordpane.

The same program hello.c in CHHOME/demos/bin/hello.c, neli@gHHOME is the home directory for
Ch such as C:/ Ch in Windows fo€:/Ch/demos/bin/hello.c , can also be loaded using
File | Open command.

When the prograrhello.c  is executed, the output pane will be made visible if it is nady visible
and will display

ch -u hello.c
Hello, world
Exit code: O

as shown in Figure 4. The rst blue line
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1hello.c |

1 -/* File: hello.c

Print 'Hello, world' on the screen. */
#include <stdio.h>

int main()
-
printf("Helle, world\n") ;
return 0;

(== w TS R O Y S P o

b

dl |

>ch -u ./hello.c
Hello, world
>Exit code: 0O

L[S

<| | »
[i=9 co=3 INS (LF)

N

Figure 4. Run the program inside the editing pane in ChIDEiasnautput.
ch -u hello.c

from ChIDE shows that it uses Ch to execute the proghatlo.c . The black line is the output from
running the Ch program. The last blue line is from ChIDE smmnihat the program has nished. This
line displays the exit code for the program. An exit code oh@i¢ates that the program is terminated
successfully by the statement

return O;
or
exit (0);

in the program. If a failure had occurred during the executibthe program or the program is terminated
with a non-zero value for a return or exit statement such as

return -10;
or
exit(-2);

the exit code would be -1.
ChIDE understands the error messages produced by Ch. Thiseadd a mistake to the program by
changing the line

printf("Hello, world\n");
to
printf("Hello, world\n";

Perform theRun or Tools | Run command for the modi ed program. The results should lookilsim
to those below
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1 hello.c |

1 -/* File: helle.c

2 Print 'Hello, world' on the screen. */
3 #include <stdio.h>
4
5 int main()
6 -
T printf {"Hello, world\n";
g return 0;
9 }
ol | i

=zh -u JShellooc

ERRCR: missing ™)'

ERRCR: syntax error before or at line 7 in file C:%Chhdemocs‘bin\hello.c
== printf ("Hello, worldin";
BUG: printf("Hello, worldin";<== ?7%

ERRJRE: cannot execute command 'C:iwChhdemosibinthello.c?

>Exit code: -1

4 I ]
Z

=7 co=28 INS (LF)

Figure 5. The error line in output from executing programidel
ERROR: missing )’

ERROR: syntax error before or at line 7 in file C:\ch\demos\b in\hello.c
==>- printf("Hello, world\n";
BUG: printf("Hello, world\n"; <== ?2??

ERROR: cannot execute command 'C:\ch\demos\bin\hello.c'

as shown in Figure 5. Because the program fails to execigeexit code -1 is displayed at the end of
the output pane as

Exit code: -1

If you double click the red colored error message in the dytame shown in Figure 5 with the left button
of your mouse, the line with incorrect syntax and the errossage in the output pane will be highlighted
with a yellow background as shown in Figure 6. The caret isedde this line and the pane is automatically
scrolled if needed to show the line. While it is easy to seere/fiee problem is in this simple case, with a
large le,theTools | Next Message command can be used to view each of the reported errors. Upon
performingTools | Next Message ,the rsterror message in the output pane and the appreyiie
in the editing pane are highlighted with a yellow backgraund

The output pane can be opened and closed by the comiiend | Output Pane . The contents
of the console window can be cleared by the commdielv | Clear Output Pane as shown in

Figure 7.
If command execution has failed and is taking too long to detep then the
Stop orTools | Stop Executing command, or function kel4, can be used to stop the program.

You may use commanBarse or Tools | Parse to just check the syntax error of the program
without executing it.

ChIDE can also execute programs that require the user's thpough such C functions asanf()
It can also handle command parameters. More informationtainoning C and C++ programs in Ch using
ChIDE can be obtained on-line by clicking ChIDE Help from thelp menu as shown in Figure 8.
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1 -/* File: helle.c

2 Print 'Hello, world' on the screen. */
3 #include <stdio.h>
4
5 int main()
6 -
T printf ("Hello, world\n";
g return 0;
9 }
ol | i

=zh -u JShellooc

ERRCR: missing ™)'

ERRCR: syntax error before or at line 7 in file C:%“Ch%demos‘bin\hello.c
== printf ("Hello, worldin";
BUG: printf("Hello, worldin";<== ?7%

ERRJRE: cannot execute command 'C:iwChhdemosibinthello.c?

>Exit code: -1

4 I ]
Z
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Figure 6. Finding the error line in output from executinggmam hello.c.

3 Debugging C/Ch/C++ Programs

The ChIDE has all capabilities available in a typical delerggr binary C programs. The debug interface
commands, such &tart andClear , are shown in Figure 9.

They are also available directly on the debug bar as showiguré 10. The applicable commands in
the debug bar at any point of debugging will be clickable. Mbtckable commands are dimmed.

The user can execute the program in the editing pane in thegdeinde by theStart command
or function key F5. The program will stop when a breakpoinhits The user can execute the program
line by line either by comman8tep or Next . The commandtep or function key F6 will step into a
function whereas the commaibtkext or function key F7 will step over the function to the next lim&uring
debugging, the commartdontinue can be invoked to continue the execution of the programt fillts a
breakpoint or the program ends.

Before program execution or during the debugging of an deelcprogram, new breakpoints can be
added to stop the program execution when they are hit. A pmakfor a line can be added by clicking
the left margin of the line as shown in Figure 10. To clear themkpoint, click the highlighted red mark
on the left margin of the line. Breakpoints in the debugger lba examined by clicking Breakpoints on
the debug pane selection bar above the debug pane as showuiie EOQ. The debug pane will display the
breakpoint number and its location for each breakpoint. @akpoint for the current line can also be added
by clicking the menu Break. It can also be deleted by clickimgmenu Clear. A breakpoint cannot be set
in a declaration statement; however, a breakpoint can bsatdeclaration statement with initialization
such as

int i = 10;
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EXhello.c - ChIDE _ ol x|

File Edit Search | View Tools Debug Options Language Buffers Help

D& E B &| & Change Font Size
| Wstart & Continie Vertical Split bar || 9=Parse » Run Soion |
1 hello.c
1 -/* File Toggle current fold
2 Prir Toggle all folds
3 #incluc >
4 Full Screen Fiz
b3 int maji" Tool Bar
6 -{ v Debug Bar
9 priv TabBar
8 rei ¥ Status Bar
: } Whitespace Zir|+Shift+3
End of Line Cirl+5hift+9
v Indentation Guldes
v Line Mumbers
v Margin
¥ Fold Margin
Drebug
w COutput Pane Fs
Drebiug Console Window L
Eeblg Comsole Window Always On Top
Claar Debug Command Pane Fio
Clear Debug Console Window
Parameters shift+Fs
q | i
>ch -u ./hello.c allc
ERROR: missing ") 7
ERROR: syntax error before or at line 7 in file C:hch\demosibinthello.c
== printf{"Hello, world\n";
BUG: printf{"Hello, world\n";<== 27?27
ERROR: cannot execute command 'C:\ch\democsibinyhello.o?
>Exit code: -1 -
< | _’IJ i
141 chars In 9 lines, Sel; O chars. 7

Figure 7. Clearing the contents in the output pane.
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Figure 8. Get on-line help on how to use ChIDE.
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1 -/* File: hello. Step (Sindlestep) Fé&
2 Print 'Helle MNext (Step over the next statement) F7
3 #include <stdiec Up (Movewup the call stack one function)
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5 int main() Break (Set a breakpoint at the selected line)
& -{ Clear (Clear a breakpoint at the selected line)
7 printf("Hel Display special varisbles in debug pare for Locals and Variables
8 return 0;
g |}
<| | >l
bello.c : 12/26/2008 - 3:33:37 FM | 4

Figure 9. Debug menus.
The program shall not be edited when it is being executed ahdgfjed. Otherwise, a warning message

Warning: Any changes made to the file during debugging will n ot
be reflected in the current debugging session

will be displayed. However, when a program is nished its@x#on, it can be edited. When a program is
edited by deleting or adding new code, the breakpoints séihéoprogram will be updated automatically.

Using debug commands inside the debug command pane, a biretagan also be set for functions and
controlling variables, which will be described later.

If the program execution has failed and is taking too longamplete, then the commarfbort can
be used to stop the program.

When a program is executed in the debug mode, the standant] ioptput, and error streams are
redirected in a separate Debug Console Window shown in &igar By default, the console window
always stays on the top of other windows. This default bedtagéan be turned off or on by the com-
mandView | Debug Console Window Always on Top . The console window can be opened
and closed by the commandew | Debug Console Window . The contents of the console win-
dow can be cleared by the commabdbug | Clear Debug Console Window as shown in Fig-
ure 7. The colors for background and text as well as the wiisdsiae and font size of the console window
can be changed by right clicking the ChIDE icon on the upp#rderner of the window and selecting
Properties menu to make changes. Note that for Windows Vista, you needrtdChIDE with the
administrative privilege to make such a change.

When a program is executed line by line by comma8tep or Next , names and their corresponding
values of variables in the current stack can be examineceideébug pane by clicking metuocals on the
debug pane selection bar. When control of the program execistinside a function, commaridcals
displays the values of local variables and arguments ofithetion. When control of the program execution
is not in a function of a script, commarhacals displays the values of global variables of the program. As
shown in Figure 12, when prografunc.c , available in the directory CHHOME/demos/bin, is executed
at line 9, highlighted by the color green, local integer &alesi andn are 1 and 10, whereas the arapf
double type contains 1, 2, 3, 4, and 5.

The user can change the function stack during debuggingnlgoUp to its calling function or move
Downto the called function so that the variables within its scopa be displayed in the debug pane or
accessed in the debug command pane. For example, whemglickimmandJp in Figure 12, the control
ow of the program moves to its calling function main() atéii5 as highlighted with the color green also
in Figure 13. The menu Down as shown in Figure 12 is not clitkaBut, the menu Down is clickable in

7
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1 hello.c |
1 -/* File: helle.c

2 Print 'Hello, world' on the screen. */
3 #include <stdio.h>
4
5 int main()
6 -1
T8 printf ("Hello, world\n");
a return 0;
9 }
«| | o

Locals | Variables | Stack | watch Breakpoints |
Breakpoint MNurmber | Breakpoint Location |

1 ChyIhidemosibinyhello.c: 7
debug>
4 | L2 | KN (R 2l
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Figure 10. Set a breakpoint.

SiDebug Console Window =lal x|

Hello, world il
-
< | AW

Figure 11. Debug Console Window for Input/Output in Debuggi

Figure 13 when the current stack is moved up. The debug pahésgtoint displays the name and value of
the variable , the only regular variable, in the calling function main().

CommandStack above the debug command displays function, member functioprogram name
and corresponding stack level in each stack. The curremimgrfunction has stack level 0, whereas level
n+1 is the function that has called a function with stacklleve

For example, as shown in Figure 14, function func() is catigéunction main(), which in turn is invoked
by program func.c located in the directory
C:\Ch\demos\bin\func.c

Names and their corresponding values of variables in atlkst@an be displayed by the command
Variables  on the debug pane selection bar as shown in Figure 15. Indbkis, ¢the program is stopped
at line 9. Names and values of local variables inside funstfonc() andmain() as well as global
variables are displayed in the debug pane. As one can sezebiele 9 is executed, the value of the global
variableg is 200.

When the command

Display special variables in debug pane for Locals and Varia bles
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Figure 12. Display names and values of local variables irctimeently called function.

in the debug menu shown in Figure 9 is clicked, names and yvalftispecial variables such asfunc___
will be displayed in the debug pane for commahdsals andVariables
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Figure 13. Display names and values of local variables irc#ting function.
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Figure 14. Display different stacks for the executing point

11
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Figure 15. Display names and values of all variables in attkst .

12
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Figure 16. Debug commands in the debug command pane.
4 Using Debug Commands Inside the Debug Command Pane

Many debug commands inside the debug command pane arebévallaing the debugging of a program.
A prompt

debug>

inside the debug command pane indicates that the debuggeady to accept debug commands. Type
the commandhelp , it will display all available commands as shown in Figure ITthe menu on the left
before a colon shows a command and the description on thieepighains the action taken for the command.
All commands in the debug bar are available in this intevactiebug command window. However, some
features are available only through the debug command pane.

The variables, expressions, and functions can be mangoulay commandsssign, call , and
print . The commandssign assigns a value to a variablsll invokes a function, angrint  prints
out the value of a variable or expression including funcidhis invalid to print an expression of void type
including a function with return type void. One can also jiyste an expression, the value of the expression
will be displayed. If the expression is a function with th&uraing type of void, only the function is called.
For example, commands

debug> assign i=2*10

13
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Figure 17. Using debug commands in the debug command pane.

debug> call func()
debug> print i

20

debug> 2*

40

debug>

assign the variable with the value of 10, call functiofunc() , and print out the value of the expression
2*i  when the variable is valid in its current scope. As another example, when gnogiunc.c is
executed and stopped at line 9 shown in Figure 17, the valueariablesa andi as well as expression
2*g can be obtained by typing corresponding commands in thegdetommand pane.

Commandstart  begins debugging a program. The optional arguments for ¢hner@andstart
andrun are processed and passed to the arguments for function)md&iof example, to run program
C:\Ch\demos\bin\commandarg.c shown in Figure 18, the debug command

debug> start -0 optionl -v option2 option3 option4

will assign the strings"C:\Ch\demos\bin\commandarg.c" , "-0" , "optionl" , "-v" |
"option2" ,"option3" ,and"option4"” to elementsargv[0] ,argv[l] ,argv[2] ,argv[3] |,
argv[4] ,argv[5] ,andargv[6] of the argumenargv of the main function

14
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Figure 18. A program for handling command parameters.
int main(int argc, char *argv[])

of the Ch scriptommandarg.c , respectively. An optional argument with space should lmosed within
two double quotation marks as shown below.

debug> start optl "opt2 with space" opt3

The program will stop when a breakpoint is hit. The command will execute the program without
debugging by ignoring breakpoints. Similar to commandserdiebug bar, the user can execute the program
line by line either by commanstep ornext . The commandtep will step into a function whereas or
the commanahext will step over the function to the next line. During the deding, the commandont
can be invoked to continue the execution of the programttiilits a breakpoint or the program ends. The
user can change the function stack during debugging. It campgo its calling function or move down to
the called function by the commandp anddown, respectively, so that the variables within its scope can
be accessed in the debug command pane. The function or pragames in all stacks are displayed by
the commandtack . Names and their corresponding values of variables in thecustack are displayed
by the commandocals . Commandvariables  displays names and values for all variables within its
scope in each stack.

The commandvatch adds an expression, including a single variable, into afigtatched expressions.
Watched expressions can be added before or during exeaitioprogram. An expression can be removed
from the list of the watched expressions by tamove expr command. The commanmdmove removes
all expressions in the watched list. For example, commamtisei debug command pane

debug> watch 2*g
debug> i

add expressiorz*g and variable i to a list of watched expressions as shown inrgid9. When the
program is stopped at a breakpoint or stepped into nexinséate the values of these watched expressions
can be viewed in the debug pane by clicking the comm&fagich on the debug pane selection bar as shown
in Figure 19.

Before the program execution or during the debugging of @ecued program, new breakpoints can be
added to stop the program execution. A breakpoint can be satsed on three speci cations: le name and
line number, function, and controlling variable. When agbmint is setup in a function, the program will
stop at its rst executable line of the function. When a biygaikt is setup for a variable, the program will
stop when the value of the variable changes. Each breakpamhave an optional conditional expression.
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4 USING DEBUG COMMANDS INSIDE THE DEBUG COMMAND PANE

Figure 19. Set watch expressions and variables inside tmggdeommand pane to display their values in
the debug pane.

When a breakpoint location is reached, the conditional esgion is evaluated if it exists. The breakpoint
is hit only if the expression is either true or has changedctvinieeds to be speci ed when the breakpoint
was added. By default, the breakpoint is hit only if the egpien is true. Commanstopat sets a
new breakpoint speci ed by a le name and line number in thesmguent arguments. The program breaks
execution when it reaches this location. Commatmpin sets a new breakpoint for a function. The
program breaks execution when it reaches the rst execaithid of the function. Commanstopvar

sets a new breakpoint for a controlling variable. The vagigbevaluated while the program is running. The
program breaks execution when the value of the variablegggan/Nhen each of these command is invoked,
a breakpoint is appended to the list of breakpoints. Theoopti conditional expression and triggering
method for each breakpoint are passed as the last two argeioethese commands. For example, the
syntaxes for setting a breakpoint in a le with a completehpad line number are as follows.

debug> stopat filename #
debug> stopat filename # condexpr
debug> stopat filename # condexpr condtrue

When a breakpoint location is reached, the optional exmmesondexpr is evaluated. If the argument
condtrue is true or missing, the breakpoint will be hit if the value the expression is true; otherwise,
the breakpoint will be hit if the value for the expression baanged. For example, the command

debug> stopat C:/Ch/demos/bin/func.c 6
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Figure 20. A Chicon on a desktop in Windows and Mac OS X x86.
sets a breakpoint in ldunc.c located at the directory C:/Ch/demos/bin at line 6. The caman

debug> stopat C:/Ch/demos/bin/func.c 6 i+j 1

sets a breakpoint in ldunc.c at line 6. When the breakpoint location in le func.c at linesareached,
the expressiom+j is evaluated and the breakpoint will be hit if the value for #xpressiornt+j s true.
The above command is the same as

debug> stopat C:/Ch/demos/bin/func.c 6 i+
The command
debug> stopat C:./Ch/demos/bin/func.c 6 i+j O

sets a breakpoint in ldunc.c atline 6. When the breakpoint location in le func.ch at liGés reached,
the expression+j is evaluated and the breakpoint will be hit if the value foe #xpression+j has
changed. On the other hand, commanbsarline , clearfunc , andclearvar  with proper argu-
ments remove a breakpoint of line, function, and variabpetin the list, respectively. Commatkar
removes all breakpoints in the debugger.

If the program execution has failed and is taking too longamplete, then the commaradort can
be used to stop the program.

The debug command pane can be cleared by clickihg the command
View | Clear Debug Command Pane as shown in Figure 7.

5 Getting Started with Ch Command Shell

Ch can be used as a command shell in which commands are pdcdske other commonly used shells
such as the MS-DOS shell, Bash-shell, or C-shell, commaadde executed in a Ch shell. Unlike these
conventional shells, expressions, statements, funcidodgrograms in C and C++ can be readily executed
in a Ch shell. Therefore, the Ch command shell is an idealtisoldor teaching and learning C/C++. An
instructor can use Ch interactively in classroom presemisiwith a laptop to quickly illustrate programming
features, especially when answering students' questlogarners can also quickly try out different features
of C/C++ without tedious compile/link/execute/debug egcl To assist beginners in learning, Ch has been
especially developed with many helpful warning and errossages when an error occurs. instead of cryptic
and arcane messages lgegmentation fautindbus erroror crashing.

A Ch shell can be launched by running the commahd In Windows and Mac OS X x86, a Ch
command shell can also be conveniently launched by clickieged-coloredCh icon, shown in Figure 20,
on the desktop or on the toolbar of the ChIDE.

Assume the user account is the administrator, after a ChisHalnched in Windows, by default, the
screen prompt of the shell window becomes

C./Documents and Settings/Administrator>

whereC:/Documents and Settings/Administrator is the user'shome directoryon the desk-
top as shown in Figure 21. The colors of the text and backgt@amwell as the window size and font
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Figure 21. A Ch command shell.

size of the shell window can be changed by right clicking thei€n at the upper left corner of the win-
dow, and select Properties menu to make changes. Note théfifdows Vista, you need to run ChIDE
with the administrative privilege to make such a change. dibplayed directoryC:/Documents and
Settings/Administrator is also called theurrent working directory If the user account is not the
administrator, the account name@ministratorshall be changed to the appropriate user account name. The
prompt indicates that the system is in a Ch shell and is readygdept the user's terminal keyboard input.
The default prompt in a Ch shell can be recon gured. If theuinfyped in is syntactically correct, it will
be executed successfully. Upon completion of the executiensystem prompt will appear again. If an
error occurs during the execution of the program or expoesshe Ch shell prints out the corresponding
error messages to assist the user in debugging the program.

All statements and expressions of C can be executed intaglycin a Ch command shell. For example,
the outputHello, world can be obtained by calling the functigmintf () interactively as shown below
and as seen in Figure 21.

C:/Documents and Settings/Administrator> printf("Hello , world")
Hello, world

In comparison with Figure 21, the last pron@i¥Documents and Settings/Administrator>

is omitted to save the space in the presentation of this dote that the semicolon at the end of a statement
in a C program is optional when the corresponding statenseexecuted in command mode. There is no
semicolon in calling the functioprintf in the above execution.

5.1 Portable Commands for Handling Files.

At the system prompt, not only C programs and statements, but also any other cosgr(@uch agpwd
for printing the current working directory) can be executkrthis scenario, Ch is used as a command shell
in the same manner as MS-DOS shell in Windows.

Commands can be executed in a Ch command shell or Ch prograene @&re hundreds of commands
along with their respective online documentation in theesys No one knows all of them. Every computer
wizard has a small set of working tools that are used all thne tiplus a vague idea of what else is out
there. In this section, we will describe how to use the mostroonly used commands, listed in Table 1,
for handling les through examples. It should be emphasiagdin that these commands running in the Ch
shell are portable across different platforms such as Wisdainux, or Mac OS X. Using these commands,

a user can effectively manipulate les on the system to rum@gmams.

Assume that Ch is installed @:/Ch in Windows, the default installation directory. The cutremrk-
ing directory isC:/Documents and Settings/Administrator , Which is also the user's home
directory. The application of portable commands for le dang can be illustrated by interactive execution
of commands in a Ch shell as shown below.

C:/Documents and Settings/Administrator> mkdir c99
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Table 1. Portable commands for handling les.

Command Usage Description
cd cd change to the home directory
cddir change to the directongir
cp cp lel le2 copy lel to le2
Is Is list contents in the working directory
mkdir mkdir dir create a new directorgir
pwd pwd print (display) the name of the working directory
rm rm le remove le
chmod chmod +xle change the mode ofe to make it executable
chide chide le.c launch ChIDE for editing and executinig.c

C:/Documents and Settings/Administrator> cd c99
C:/Documents and Settings/Administrator/c99> pwd
C:/Documents and Settings/Administrator/c99

C:/Documents and Settings/Administrator/c99> cp C:/Ch/d emos/bin/hello.c hello.c
C:/Documents and Settings/Administrator/c99> Is

hello.c

C:/Documents and Settings/Administrator/c99> chide hell o.c

As shown inUsagein Table 1, the commanohkdir takes one argument as a directory to be created. We
rst create a directory called99 using the command

mkdir c99

Then, we change to this new directd@y/Documents and Settings/Administrator/c99 us-
ing command

cd c99
Next, we display the current working directory with the coamd
pwd

A C programhello.c ~ shown in Figure 2 in the director@:/Ch/demos/bin is copied to the working
directory with the same le name using the command

cp C:/Ch/demos/bin/hello.c hello.c

Files in the current directory are listed using the command

Is
At this point, there is only one le hello.c in the directory
C:/Documents and Settings/Administrator/c99 . Itis recommended that you save all your

developed C programs in this directory so that you may easilhall programs later on. Finally, program
hello.c  islaunched by the command

chide hello.c

to be edited and executed in ChIDE as shown in Figure 2.
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5.2 Interactive Execution of Programs

It is very simple and easy to run C programs interactivelyhautt compilation in a Ch shell. For example,
assume tha€C:/Documents and Settings/Administrator/c99 is the current working direc-
tory as presented in the previous section. The prodraite.c  in this directory can be executed in Ch to
get the output oHello, world as shown below.

C:/Documents and Settings/Administrator/c99> hello.c
Hello, world

C:/Documents and Settings/Administrator/c99> _status
0

The exit code from executing a program in a Ch command shképs in the system variablestatus
Because the prograimello.c  has been executed successfully, the exit code is 0 as shoilie sbove
output when statusis typed in the command line.

In Unix, in order to readily use the C programello.c  as a command, the le has to be executable.
The commanahmod can change the mode of a le. The following command

chmod +x hello.c

will make the prograniello.c  executable so that it can run in a Ch command shell.

5.3 Setup Paths and Finding Commands in Ch

When a command is typed into a prompt of a command shell farudian, the command shell will search
for the command in prespeci ed directories. In a Ch shel, sistem variablepath of string type contains
the directories to be searched for the command. Each diyeisteeparated by a semicolon inside the string
_path. When a Ch command shell is launched, the system variphbté contains some default search paths.
For example, in Windows, the default search paths are

C:/Ch/bin;C:/Ch/sbin;C:/Ch/toolkit/bin;C:/Ch/toolki t/sbin;C:/WINDOWS;C:/WINDOWS/SYSTEM32;

The user can add new directories to the search paths for thenaad shell by using the string func-
tion stradd() in the startup le, which will be discussed in detail a litdater. This function adds argu-
ments of string type and returns it as a new string. For exeyrthe directoryC:/Documents and

Settings/Administrator/c99 is not in the search paths for a command. If you try to run @ogr
hello.c in this directory when the current working directory is
C:/Documents and Settings/Administrator , the Ch shell will not be able to nd this pro-

gram, as shown below, and give two error messages.

C./Documents and Settings/Administrator> hello.c
ERROR: variable 'hello.c’ not defined
ERROR: command 'hello.c' not found

When Ch is launched or a Ch program is executed, by defawlil] éxecute the startup lechrcin Unix
or _chrc in Windows in the user's home directory if the startup le gtd. In the remaining presentation, it
is assumed that Ch is used in Windows with a startup_derc in the user's home directory. This startup
le typically sets up the search paths for commands, fumdjdheader les, etc. In Windows, a startup le
_chrc with default setup is created in the user's home directomyndunstallation of Ch. However, there
is no startup le in a user's home directory in Unix by defaulthe system administrator may add such a
startup le in a user's home directory. However, the user eaecute Ch with the option -d as follows
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Figure 22. Open the local Ch initialization startup le fadigeng.
ch -d
to copy a sample startup le from the directo6HHOME /con g/ to the user's home directory if there is
no startup le in the home directory yet. Note th@aHHOME is not the stringCHHOME" | instead it

uses the le system path under which Ch is installed. For gptanby default, Ch is installed i@:/Ch in
Windows andusr/local/ch in Unix. In Windows, the command in a Ch shell below

C:/Documents and Settings/Administrator> ch -d

will create a startup le  _chrc in the user's home directory
C:/Documents and Settings/Administrator . This local Ch initialization startup lechrc
can be opened for editing the search paths by ChIDE editdiasrsin Figure 22.

To include the directoryC:/Documents and Settings/Administrator/c99 in the search

paths for a command, the following statement
_path = stradd(_path, "C:/Documents and Settings/Adminis trator/c99;");

needs to be added to the startup lehrc in the user's home directory so that the command hello.c in
this directory can be invoked regardless of what the curvemrking directory is. After the directory
C:/Documents and Settings/Administrator/c99 has been added to the search papliath,

you need to restart a Ch command shell. Then, you will be abéxécute the prograimello.c  in this
directory as shown below.

C./Documents and Settings/Administrator> hello.c
Hello, world
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Similar to_path for commands, the header les in Ch are searched in direxgt@peci ed in the system
variable_ipath. Each path is also delimited by a semicolon. For examplestdtement below

_ipath = stradd(_ipath, "C:/Documents and Setting/Admini strator/c99;");

adds the directonC:/Documents and Setting/Administrator/c99 to the search paths for
header les included by the preprocessing directivedude such as

#include <headerfile.h>
One can also add this directory to the search paths for fumdes by the statement
_fpath = stradd(_fpath, "C:/Documents and Setting/Admini strator/c99;");

A function le contains the function de nition.
In Unix, the search paths for commands by default do not @omite current working directory. To include the
current working directory in the search paths for a commé#érelfollowing statement

_path = stradd(_path, ".;");

needs to be added in startup le.chrc in the wusers home directory. Function call
stradd(_path, ".;") adds the current directory represented by ' to the systeanch pathspath.

5.4 Interactive Execution of Expressions and Statements

For simplicity, only the promp? in a Ch command shell will be displayed in the remaining pnéestéon. If a C
expression is typed in the command shell, it will be evalddig Ch and the result then will be displayed on the
screen. For example, if the expressior8*2 is typed in, the output will be 7 as shown:

> 1+3*2
7

Any valid C expression can be evaluated in a Ch shell. Thezefeh can be conveniently used as a calculator.
As another example, one can declare a variable at the prardpghan use the variable in the subsequent calcula-
tions as shown:

> int i

> sizeof(int)

4

>i=30

30

> printf("%x", i)
le

> printf("%b", i)
11110

> i = 0b11110
30

> i = Ox1E

30

>i=-2

-2

> printf("%b", i)
11111111111111111111111111111110
> printf("%32b", 2)

00000000000000000000000000000010
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In the above C statements, variablé declared as int type with 4 bytes. Then, the integer valu®8i is displayed
in decimal, hexadecimal, and binary numbers. The integmnagtants in different number systems can also be assigned
to variablei as seen above. Finally, the two's complement representafithe negative number2 is also displayed.
Characteristics for all other data types in C can also beeptesd interactively. Different format speci ers for the
families of input functiorfscanf() and output functioffprintf () using le streams opened by functidopen() can also
be tried out this way.

By default, a value of oat or double type is displayed withotar four digits after the decimal point, respectively.
For example,

> float f = 10

> 2%f

20.00

> double d = 10
>d

10.00000

All C operators can be used interactively as shown:

int i=0b100, j = 0b1001
i << 1

printf("%b", il|j)
1101

The concept of pointers and addresses of variables carubtdted as shown:

> int =10, *p
> &i
leddfo
>p =&
leddfO

> *p

10

>*p = 20
20

>

20

In this example, the variabfe of pointer to int points to the variable In the next example, the relation of arrays and
pointers is illustrated as follows:

> int a[5] = {10,20,30,40,50}, *p;
> a
1eb438

> &a[0]
1eb438

> a[l]

20

> *(at+l)
20

>p = atl
leb43c

> *p

20

> p[0]

20
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Expressiong[1], *(a+1), *p , andp[0] all refer to the same element. Multi-dimensional arraysaian be
handled interactively. The boundary of an array is checkegch to detect potential bugs. For example,

> int a[5] = {10,20,30,40,50}

> a[-1]

WARNING: subscript value -1 less than lower limit O
10

> a[5]

WARNING: subscript value 5 greater than upper limit 4
50

> char s[5]

> strcpy(s, "abc")

abc

> s

abc

> strepy(s, "ABCDE")

ERROR: string length s1 is less than s2 in strcpy(sl,s2)
ABCD

> s

ABCD

The allowed indices for arrag of 5 elements are from 0 to 4. Arraycan only hold 5 characters including a null
character. Ch can catch bugs in existing C code related tarthg boundary overrun such as these.
The alignment of a C structure or C++ class can also be exahaimehown:

> struct tag {int i; double d;} s
> s.i =20
20

20
0.0000
sizeof(s)

TR

>
A
.d
>
16

In this example, although the sizes of int and double are Banespectively, the size of structusavith two elds of
int and double types is 16, instead of 12, for the proper atignt.

5.5 Interactive Execution of Functions

A program can be divided into many separate les. Each lesists of many related functions, which can be acces-
sible to any part of a program. All functions in the C standéhries can be executed interactively and can be used

inside user de ned functions. For example, in the intekacéxecution:

> srand(time(NULL))

> rand()

4497

> rand()

11439

> double add(double a, double b) {double c; return a+b+sin(1 .5);}
> double c

> ¢ = add(10.0, 20)

30.9975
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/* File: addition.chf
A function file with file extension .chf */
int addition(int a, int b) {

int c;
c=a*+hb;
return c;
}
Program 1. Function leaddition.chf
The random number generator functimnd() is seeded with a time value srand(time(NULL) . Function

add() which calls type-generic mathematical functin() is de ned at the prompt and then used.

A le that contains more than one function de nition is uslyauf xed with .ch to identify itself as part of a Ch
program. One can create a function le in a Ch programmindgremwnent. Afunction le in Chis a le that contains
only one function de nition. The name of a function le ends.chf , such asaddition.chf . The names of the
function le and function de nition inside the function lanust be the same. The functions de ned using function
les are treated as if they were system built-in function<im.

Similar to_path for commands, a function is searched based on the searchipatte system variablépath for
function les. Each path is delimited by a semicolon. By défathe variablefpath contains the path#b/libc,
lib/libch, lib/libopt, andlibch/numeric in the home directory of Ch. If the system variablpath
is modi ed interactively in a Ch shell, it will be effectiventy for functions invoked in the current shell interactiyel
For running scripts, the setup of function search pathserctirrent shell will not be used and inherited in subshells.
In this case, the system variahfpath can be modi ed in startup le.chrc in Windows or.chrc in Unix at the user's
home directory.

For example, if a le namedaddition.chf contains the program shown in Program 1, the function
addition() will be treated as a system built-in function, which can bieedsto compute the sum+ bof two input
arguments a and h. Assume that the function le addition.chf is located at
C:/Documents and Settings/Administrator/c99/addition. chf , the directory
C:/Documents and Settings/Administrator/c99 should be added to the function search path in the
startup le.chrcin Unix or _fpath in Windows in the user's home directory with the followingigment.

_fpath=stradd(_fpath, "C:/Documents and Settings/Admin istrator/c99;");

Functionaddition() then can be used either interactively in command mode asrshelow,

>inti =9

> | = addition(3, i)

12
or inside programs. In Program 2, the functiaadition() is called without a function prototype in theain()
function so that the function prototype de ned inside thadtion le addition.chf will be invoked. The output

of Program 2 i = 5. If the search paths for function les have not been propselp, a warning message such as
WARNING: function ‘addition()' not defined

will be displayed, when the functicaddition() is called.

When a function is called interactively in a Ch shell, thedtion le will be loaded. If you modify a function
le after the function has been called, the subsequent dalthe command mode will still use the old version of
the function de nition that had been loaded. To invoke thedirex version of the new function le, you can either
remove the function de nition in the system using the comcheamvar followed by a function name. or start a new
Ch shell by typingch at the prompt. For example, the command

> remvar addition

removes the de nition for functiomddition (). The commandemvar can also be used to remove a declared
variable.
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/* File: program.c
Program uses function addition() in function file addition .chf */
#include <stdio.h>

/* This function prototype is optional when function additi on() in
file addition.chf is used in Ch */
int addition(int a, int b);

int main() {
inta =3, b =4, sum

sum = addition(a, b);
printf("sum = %d\n ", sum);
return O;

Program 2. Program using function kddition.chf
5.6 Interactive Execution of C++ Programming Features

Not only C programs can be executed in Ch, but also classesand C++ features are supported in Ch as shown
below for interactive execution of C++ code.

> int i

> cin >> |
10

> cout << i
10

> class tagc {private: int m_i; public: void set(int); int ge tiint &);}
> void tagc::set(int i) {m_i = 2*;}

> int tagc:get(int &i) {i++; return m_i;}

> tagc c

> c.set(20)

> c.get(i)

>

11

> sizeof(tagc)
4

The input and output can be handled usihg andcout in C++. The public methothgc::set() sets the private
membem.i , whereas the public methadgc::get() gets its value. The argument of methagc::get() is
passed by reference. The size of the ctags is 4 bytes which does not include the memory for member foneti

6 Interactive Execution of Binary Commands in the Output Pare

Binary commands can also be executed interactively ingideotitput pane as shown in Figure 23. In Figure 23,
commandpwd in the output pane prints the current working directory. @umandls lists les and directories in the
current working directory. Options of a command can alsorogigded. For example, the commalsctan invoked in
the form of

Is -F

to list directories with a forward slash at the end.
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Figure 23. Execute commands inside the output pane.

7 Compiling and Linking C/C++ Programs

ChIDE can also compile and link an edited C/C++ program ingtiing pane using C and C++ compilers. By
default, the ChIDE is con gured to use the latest Microsaiial Studio .NET installed in your Windows to compile
C and C++ programs. The environment variables and commandkéd Visual Studio compiler can be modi ed in
the individual startup con guration lechrc in the user's home directory, which can be opened for edamghown
in Figure 22. In Linux and Mac OS X x86, ChIDE uses compilers gnd g++ to compile C and C++ programs,
respectively. The default compiler can be changed by motjfthe C/Ch/C++ property lecpp.properties
which can be opened under the command Options.

The commandools | Compile  as shown in Figure 24 can be used to compile a program.

The output and error messages for compiling a C or C++ progirandisplayed in the output pane of the ChIDE.
In windows, compiling a program will create an object le tie extension .obj. The object le can be linked using
the commandools | Link to create an executable program. The executable in Windawdédnextension .exe.
If a Make le is available in the current directory, the comnadrools | Build will invoke the Make le to build
an application. The commariols | Go will execute the developed executable program.

8 Commonly Used Keyboard Commands in ChIDE

Keyboard commands in ChIDE mostly follow common Windows &K+ conventions. All move keys (arrows,
page up/down, home and end) allows to extend or reduce thanstselection when holding the Shift key, and the
rectangular selection when holding the Shift and Alt keysylboard equivalents of menu commands are listed in the
menus. Figure 2 shaws the most commonly used commands andahresponding keyboard commands.
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Figure 24. Compile a C/C++ program.

Table 2. Commonly used commands and their correpondingdeggicommands in ChiIDE

Command Keyboard Command
Help F1

Run C/Ch/C++ program in Ch F2

Find Next F3

Find Previous Shift+F3
Stop Executing C/Ch/C++ program F4
Start (Debug the program) F5
Step (Single step) F6

Next (Step over the next statement) F7
Close/Open Output Pane F8
Clear Output Pane F9
Clear Debug Command Pane F10
Close/Open Debug Console Window F11
Full screen F12
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