














































































































































































> SET x, y, z 
TEST_C\x 3 = 5 
TEST_C\y = 100 
TEST_C\z = 4.200000 
> EXAMINE x, y, z 
TEST_C\x 5 
TEST_C\y = 100 
TEST_C\z = 3.140000 

3.14 

In the previous SET command, we changed the value of x from 3 to 5 and the value of z from 4. 2 
to 3.14. Since we did not enter a new value for y, DEBUG kept its old value of 100. 

If you specify a structured variable (Le., an array, record, structure, set, or union), DEBUG prints the 
current value of each element or field of that structured variable. Thus, you can use the interactive 
format to change all or part of a structured variable. For example, to change all three elements of a 
one-dimensional array of integers, we could enter the following: 

> SET einstein 
TEST_C\einstein[O] 
TEST_C\einstein[l] 
TEST_C\einstein[2] 

400 
300 
200 

5 
19 
99 

DEBUG supports many features for specifying a portion of an array. For details, see the "Arrays" list­
ing earlier in this encyclopedia. Note that you can specify array subscripts that refer to portions of 
memory outside the array. If you do that, DEBUG issues a warning that you have used out-of-bounds 
subscripts, but you can still set the contents of the locations referred to as though they were actually 
part of the array. (DEBUG does not, however, issue a warning in the case of single-element one­
dimensional arrays, because DEBUG assumes that you create such arrays only for the purpose of refer­
encing memory outside the array boundaries.) 

NOTE: Be careful with Pascal variant fields and C unions because the next field may ac­
tually occupy the same memory space as the previous field. 

Special Symbols in the Interactive Format 

When prompted for data, you can either enter a new value for the variable or you can do one of the 
following: 

<blank> If you enter a blank line, DEBUG leaves the old value of the variable unchanged. 

If you enter a comma, DEBUG skips to the next variable in the command list. This is 
useful for prematurely ending operations on an array or record variable. 

If you close the line with a semicolon, DEBUG completely terminates the SET com­
mand, even if you have given more variables on the command line list. This is useful for 
ending the SET operation without seeing the rest of the -variables. 

EXAMPLE OF INTERACTIVE FORMAT 

> SET i, j, CAMBRIDGE, table, k 
i = 1234 = 5678<RETURN> 
j = -1000 = <RETURN> 
CAMBRIDGE(l,l) 1 <RETURN> 
�C�~�I�B�R�I�D�G�E�(�1�,�2�)� = 2 = 0, <RETURN> 

table.nextp = 0012F4A4s = <RETURN> 
table. value = 1 = O<RETURN> 
table. hash = 457234 = O;<RETURN> 
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(Contents changed.) 
(Contents unchanged.) 
(Contents unchanged.) 
(Contents changed, and we end 
operations on the array CAMBRIDGE.) 

(Contents unchanged.) 
(Contents changed.) 
(Contents changed, and we end the 
entire SET command. Notice that DEBUG 
does not display the last field of "Table" or 
the variable "k".) 
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Variable Assignment To a Different Data Type 

If you assign the result of an expression to a program variable, the data type of the result generally 
must be valid for the target variable. DEBUG does cross assignments in the cases shown in Table 3-3. 
Note that this table applies to both the interactive and the assignment format. 

Table 3-3. Variable Cross Assignments 

A Variable of This Type Can Be Set Equal To a Value of These Types 

Character Any Character value. 
Any integer between -128 and +255. 

8-bit integer (This is the Any character value. 
C char type) Any integer between -128 and +255. 

16-bit integer Any 8-bit integer value. 
Any 16-bit integer value. 
Any 32-bit integer value between -32768 and 65535 inclusive. 

32-bit integer Any integer value. 
Any pointer. 

Real Any integer value. 
Any real value. 

Pointer Any pointer (need not be pointing to same base type). 
Any integer value. 

Logical or boolean Any logical or boolean value. 

Enumerated An enumerated value of the same type. 
Any integer value (DEBUG does not check the range). 

Note To FORTRAN Users 

If you enter a routine that has alternate entry points, DEBUG does not know which entry point you 
used. Therefore, DEBUG cannot determine which set of arguments is valid. The TB and ARGS com­
mands assume the primary entry point. If you try to access a different argument, your results will be 
invalid and addressing violations may occur. 
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SHELL -- Invokes a DOMAIN Shell or executes a Shell command. 

FORMAT 

SHeil a-shell-command;. .. a-shell;...command 

REQUIRED ARGUMENTS 

None. If you issue SHELL without an argument, the Shell prompt ($) appears in the 
DEBUG window pane. 

OPTIONAL ARGUMENTS 

a_shell_command A Shell command described in the DOMAIN System Command Reference. If 
you specify more than one Shell command, you must separate the different com­
mands with semicolons (;) and enclose the entire sequence of Shell commands in 
single or double-quotes. ( 

\ ......... _. 

DESCRIPTION 

Use SHELL to access Shell commands. You can issue the SHELL command with or without an argu­
ment. 

If you issue SHELL without an argument, the Shell prompt ($) appears in the DEBUG commands 
window pane. You respond to the Shell prompt by entering Shell commands, running programs, or 
doing anything you would normally do in a Shell. To return to your DEBUG session, simply type an 
End-of-File character (usually CTRL/Z). 

If you issue the SHELL command with an argument, the argument must be one or more Shell com­
mands. After the operating system executes these Shell commands, control returns to DEBUG and you 
can continue your debugging session. 

SHELL invokes the Shell in the debugger process, not in the target process. Thus process-sensitive 
Shell commands, such as LAS or LOPSTR, apply by default to the debugger process. Note that most 
of the process-sensitive commands permit you to specify the name of the process, so you can specify 
the process being debugged if you choose. For example, assuming that you want to check on 
process_27, you could enter the following command: 

> SHELL las -p process_27 

EXAMPLES 

> SHELL 
$ wd 
//fountains/aqua 
$ *** EOF *** 

> SHELL wd 
//fountains/aqua 

> SHELL "wd; ld a?*" 
//fountains/aqua 

appendix appendixb assembly 

3 entries listed. 

> 
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SIGNAL -- Simulates a fault. 

FORMAT 

SIGnal status 

REQUIRED ARGUMENTS 

None. If you do not specify an argument, DEBUG supplies the default status code. The 
default status code is a quit fault. 

OPTIONAL ARGUMENTS 

status 

DESCRIPTION 

The numeric status code for the fault to be simulated. By default, DEBUG as­
sumes that you are entering a decimal (base 10) integer. You can enter a number 
in a different base if you desire. (See the "Expressions" listing for details.) 

Use this command to simulate a particular fault at the current point of execution. DEBUG responds 
with its normal fault message and invokes the .. FA UL T _ACTION macro (if it is defined). If you con­
tinue execution with the GO -Cleanup command, DEBUG invokes program fault handling for the 
specified fault as described in the "Faults" listing. 

DEBUG signals an error if you issue this command while the target program is stopped for another 
fault. 

EXAMPLE 

> SIGNAL 16#00120026 (Simulates a floating-point overflow fault. 
Notice how we specified a hexadecimal status code 
by prefixing the number with 16#.) 
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Source Code Display -- Here, we detail the source code that DEBUG displays. (See also the 
"SOURCE" listing which appears next in this encyclopedia.) 

In Chapter 2 we described the DEBUG invocation options affecting the source code display. Here, we 
try to explain more fully what the source code display is by detailing the following topics: 

• Source file display characteristics 

• How DEBUG finds the right source file to display 

• How DEBUG finds DSEE files 

• Source file display with nonstandard fonts 

• Programs compiled with the -DB option 

• The" src_adjust and .. src_try_bak DEBUG variables 

Source File Display Characteristics 

The source display window pane contains source code and its associated line numbers. An arrow in 
the source display indicates your current position in the program. 

In general, the source file display is similar to a standard read window (as if you had read the source 
file with the Display Manager's READ key). Most Display Manager commands are available to you if 
you position the cursor in the source file window pane. You can scroll, search, and move around in 
the pad. The line numbers and arrow are in a separate window pane from the source text. DEBUG 
normally keeps these synchronized, but if you scroll the text, DEBUG does not automatically scroll the 
line numbers and arrows. You can use the Display Manager "=" command to determine the correct 
line number of any line in the display. 

You cannot edit the contents of the source display window pane. However, you can bring up the 
source code file as a separate window and edit it during your DEBUG session. The changes will not ap­
pear in the source display until DEBUG refreshes the source display (e.g., if you specify a SOURCE 
command) . When you make a change to your source code, the change is not reflected in the object 
code. Therefore, changing the source code while debugging can be somewhat misleading. 

You can use the ENVIRONMENT command or the SOURCE command to display any source code 
you want to see (as long as the file is available). See the "ENVIRONMENT" and" SOURCE" listings 
in this chapter for details. 

How DEBUG Finds the Right Source File to Display 

In most cases, DEBUG has no problem finding the appropriate source file to display. However, be­
tween the time you compile and debug the program, it is possible that you have modified the source 
file, moved it, or renamed it. If you've done any of these things, DEBUG may require some assistance 
in finding the proper file to display. DEBUG searches for the file in the following order: 

1. If you specify a file in a SOURCE command, DEBUG displays that file. 

2. If the pathname and time-stamp recorded in the object module match those of an existing file, 
then DEBUG displays that file. 

3. If you have set the debugger variable" src_try_bak to a non-zero value, DEBUG appends the C~ 
.BAK suffix to the compilation pathname. Then, if this file exists and its time-stamp matches 
the compilation file, DEBUG displays it. 
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4. If you have specified alternate search directories with the -SDIR option or SOURCE 
command, then DEBUG searches these directories for a file with the same name and the 
proper time-stamp. DEBUG searches the directories in the same order you defined them. If 
'src_try_bak is non-zero, DEBUG also checks the .BAK versions of the file. 

5. DEBUG next searches for the file in the working directory. 

6. If DEBUG cannot find a file with the proper time-stamp but can find one or more with the 
right name, then DEBUG displays the first such file it finds. DEBUG issues a warning message 
when it displays such a file. 

7. If all previous steps have failed, DEBUG displays the error message "SOURCE UNA V AIL­
ABLE." In this case, track down the file yourself and issue a SOURCE command to tell DE­
BUG of the file's location. 

How DEBUG Finds OSEE Files 

The preceding search procedure is extended for files managed by the DOMAIN Software Engineering 
Environment (DSEE) as follows: 

8. If a file encountered in the search is a DSEE element and the default version has the wrong 
time-stamp, then DEBUG looks for an alternate version with the proper time-stamp. 

When you compile a reserved file under DSEE, the source file name recorded in the object module is 
the DSEE library element name, not the actual name of the reserved copy. DEBUG therefore initially 
looks for the file in the DSEE library rather than the working directory. To enable DEBUG to find the 
proper file you must do one of the following: 

• Run DEBUG in a process created by DSEE's CREATE ENVIRONMENT command, so that all 
source file references are automatically redirected to the proper versions. (We recommend this 
method.) 

• Run DEBUG with the same working directory as that used by DSEE. DEBUG finds the file at 
step 5 of the procedure above. 

• Use the SOURCE command (or the -SDIR option) to direct DEBUG to search DSEE's work­
ing directory. 

Source File Display With Nonstandard Fonts 

If you use a standard font, DEBUG has no trouble drawing an arrow to indicate the current line num­
ber. However, if you invoke DEBUG in a Shell that is running a nonstandard font (Le., your own 
font), you must define the appropriate characters. To print an arrow, DEBUG prints hexadecimal 
characters 1E and 1F. Therefore, you must use the EDFONT program (described in the DOMAIN 
System Command Reference) to create definitions for these two ASCII values. 

You can create any characters you want for 1E and 1F. If you want to add the arrow pointer, define 
character 1E as a horizontal bar representing an arrow shaft ("-", for example). Then, define char­
acter 1F as a right-pointing arrowhead. 

Programs Compiled With the -DB Option 

If you compile a program with the -DB option, DEBUG reports 

SOURCE FILE UNKNOWN 

However, you can still use the source display feature by supplying the name of the file in a SOURCE 
command. See the" SOURCE" listing for details. 
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Note the difference between the preceding message and the following, which indicates that DEBUG 
knows the name of the source file, but is unable to find it. 

SOURCE FILE UNAVAILABLE 

The 'src_adjust DEBUG Variable 

DEBUG's default strategy for displaying the source location is: 

• If the line is already visible in the display, DEBUG moves the arrow to the line without scrolling 
the text. 

• If the line is not visible in the display, DEBUG scrolls the text to put the desired line at the top 
of the window pane. 

The' src_adjust DEBUG variable enables you to display a specified minimum number of lines above 
and below the target line. For example, if you enter: 

Break at: $MAIN\8 
> SET 'src_adjust 
> BREAKPOINT 15 
> GO 
Break at: $MAIN\15 

2 

the source window display begins with line 13 rather than with the target line 15. This variable is help­
ful when you want to view entire sections of code in context. 

If you set' src_adjust to a negative number, the variable is deactivated, and DEBUG displays source 
code lines in the default manner. 

The'src_try_bak DEBUG Variable 

If you invoke DEBUG for a program that you modified but didn't recompile, DEBUG issues the warn­
ing message: 

***Warning: Source file and object file have different "modified" dates 
20-Mar-1985 14:15:00 //WALDEN/POND/HENRY.FTN 
13-Mar-1985 14:49:31 in the object file. 

The preceding message indicates that DEBUG discovered that the current version of the source file 
contains a newer modified date than the one recorded in the object. Therefore, the object code you 
are about to debug does not contain the changes you made to the program. However, if the 
'src_try_bak debugger variable is activated, DEBUG prints the warning message and then attempts to 
display the .bak (backup) file. To activate the variable, just set it to any number greater than zero; for 
example: 

If you want 'src_try _bak to apply to the first source code file displayed, you have to use the -set 
command line option when you invoke DEBUG; for example: 

$ debug -set 'src_try_bak=1 -src henry.bin 
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SOURCE -- Specifies the source code file that DEBUG displays. 

FORMAT 

Zero or one from 
this column. 

SOurce compiled-file pathname 
-NONE 

You can abbreviate the SOURCE command to SO or SRC. 

REQUIRED ARGUMENTS 

None. If you specify SOURCE with no arguments, DEBUG displays the name of the 
current source file. 

OPTIONAL ARGUMENTS 

compiled-file 

pathname 

-NONE 

DESCRIPTION 

The name of a target program source file at the time it was compiled. You may 
enter either a full pathname or a partial pathname that is unique within your pro­
gram name. (A leafname is usually all that DEBUG requires.) 

The pathname of a file or a directory. 

A keyword that tells the debugger that no source file is available for the given or 
implied compiled-file. 

" 

In the "Source Code Display" listing we described how DEBUG displays the source code that you are 
debugging. Most of the time, DEBUG chooses the correct source code to display. However, in some 
cases, DEBUG chooses incorrectly. For these cases, you can use the SOURCE command to specify 
the correct source code for DEBUG to display. In fact, you can use the SOURCE command to display 
any file you desire (even source code from another program). 

SOURCE can take zero, one, or two arguments. With no arguments, the command shows the name of 
the current source file. If the file used for source display is different from the originally compiled file, 
both file names are shown. (Note that specifying SOURCE with no arguments produces results even if 
you specified -NSRC when you invoked DEBUG.) 

With one or two arguments, the interpretation of the command depends on whether compiled-file is 
present and on whether pathname resolves to a file or to a directory. There are five cases. 

Case 1: Compiled-file is Present, Path name is a File 

If you specify both a pathname and a compiled-file, and if pathname resolves to a filename, then path­
name specifies the file to be used for displaying source for the given compiled-file. For example, the 
following command tells DEBUG to use file old_ut il. pas (in the working directory) for source dis­
play of the file whose leaf name was util. pas when it was compiled: 

> SOURCE util.pas old_util.pas 
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Case 2: Compiled-file is not Present, Pathname is a File 

If you specify a pathname that resolves to a file, and you do not specify a compiled-file, then DEBUG 
displays the file stored at the pathname. For example, the following command causes DEBUG to dis­
play the contents of file old_util. pas stored in the working directory. 

> SOURCE old_util.pas 

This command works even if you compiled old_util. pas with -DB instead of -DBA or -DBS. 
However, it does not work if you compiled with -NDB. 

DEBUG records the association between the current routine and this source code; therefore, if you re­
turn to this routine, DEBUG redisplays this source code. 

If the current environment shifts from a routine with no symbol table (Le., compiled with -DB) to an­
other routine with no symbol table, DEBUG assumes that the two routines are in the same source file. 
If this is not the case, enter another SOURCE command to specify the correct file. 

Case 3: Compiled-file is Present, Path name is a Directory 

If you specify both a pathname and a compiled-file, and if the pathname resolves to a directory, then 
the command is equivalent to: 

> SOURCE compiled-file pathname/compiled-file 

For example, the following two commands are equivalent: 

> SOURCE util.pas archives 
> SOURCE util.pas archives/util.pas 

Case 4: Compiled-file is not Present, Path name is a Directory 

If you only specify one argument -- a directory -- then the pathname is added to the list of alternate 
directories to be searched for all source files. For example, suppose that directory archives is di­
rectly underneath the working directory. By issuing the following command: 

> SOURCE archives 

DEBUG searches . archi ves if it cannot find the source code in the working directory. 

Case 5: The -NONE Option 

The -NONE option used in place of a pathname specifies that no source file is available for the given 
or implied compiled-file. This is useful when the debugger displays the wrong source file and the right 
one is not available. DEBUG leaves the source display window pane blank. 
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Statement-ID -- This listing tells you what to provide when a command takes a statement-ID as 
an argument. 

FORMAT 

A statement-ID is not a command, but is an optional argument to many commands. It takes the fol­
lowing format: 

routine-name\/ine-ID+offset 

REQUIRED 

You must specify a routine-name, a line-ID, or both. 

OPTIONAL 

routine-name The name of the routine containing the statement. (See the "Routine-Names" 
listing for a description.) 

line-ID The line number of the statement in the program source file or the name of a la­
bel used in your source code. (We mean a "label" in the traditional program­
ming sense; that is, something that a gota statement jumps to.) If the label is nu­
meric, you must precede it by a pound sign # to distinguish it from a line number. 

offset An integer describing the position of the statement on the )ine. 

DESCRIPTION 

Several DEBUG commands require a statement-ID. A statement-ID identifies a particular statement 
in the source code. A statement-ID can take any of the following forms: 

1. A line-ID by itself; for example, 46 

2. A line-ID followed by an offset; for example, 46+2 

3. A routine-name by itself; for example, jersey\newark\kozinski \ 

4. A routine-name followed by a line-ID; for example, j ersey\newark\kozinski \46 

5. A routine-name followed by a line-ID followed by an offset; for example, 
jersey\newark\kozinski\46+2 

You can omit a routine-name (that is, you can use Forms 1 or 2) if the statement-ID is either: 

• a label in the current environment, that is, the current routine or any statically enclosing one. 

• a line-number in the current source file, that is, the source file containing the current routine. 

If you omit a line-ID, you must specify a routine-name by itself (Form 3). In this case, DEBUG inter­
prets the statement-ID as the first executable statement in the routine. 

Offset 

You can use an offset (Form 2 or 5) whenever you want; however, the only practical use of an offset is 
to distinguish between two or mare statements occupying the same line. In such a case, the first state-
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ment has an offset of zero (the default); the second has an offset of one, and so on. For instance, 
suppose line 50 contains two statements as shown below: 

(00050) a:= b; d:= a + 50; 

To distinguish between them, you can refer to the first statement as statement-ID 50 and the second 
statement as statement-ID 50+1. Notice that you cannot leave any blank spaces between the line-ID, 
the plus sign, and the offset. The plus .sign is mandatory (minus signs won't work). 

An unusual but legal use of offsets is to refer to statements on subsequent lines. For example, the fol­
lowing might be two statements in a compiler listing: 

(00100) IF (A = B) THEN c := d; 
(00101) i := i + 1; 

The statement-ID 100 refers to: 

IF (A = B) THEN 

The statement-ID 100+1 refers to: 

c := d; 

The statement-IDs 100+2 and 101 both refer to: 

i := i + 1; 

EXAMPLES 

The BREAKPOINT command takes an optional statement-ID as an argument. Here are several dif­
ferent ways to use statement-IDs: 

> BREAKPOINT 50 

> BREAKPOINT #50 

> BREAKPOINT math\12 

> BREAKPOINT math\ 

> BREAKPOINT loop 

Encyclopedia 

(Line 50 of the current file.) 

(The statement preceded by the program label 
named 50 in the current file.) 

(Line 12 in the file containing routine math.) 

(The first executable statement in routine math. 
Don't forget that a routine-name must end with 
a backslash.) 

(The line that begins with the program label 
named lOop.) 
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STCODE -- Displays the text of a system error code. 

FORMAT 

STCode expression 

REQUIRED ARGUMENT 

expression Any integer expression that evaluates to a legal status code. 

OPTIONAL ARGUMENTS 

None. 

DESCRIPTION 

You supply a numeric status code to STCODE; in return, it provides the error message associated with 
the number. 

An important difference exists between the DOMAIN Shell command STCODE and the DEBUG 
command STCODE. The Shell command expects a hexadecimal (base 16) value, but the DEBUG 
command expects a decimal (base 10) value. If you want to provide a hexadecimal value to the DE­
BUG STCODE command, you must precede it with 16# to indicate that the value is base 16. (See the 
" Expressions" listing for details on different bases.) 

EXAMPLE 

The following example shows a single status code in decimal first and then in hexadecimal: 

> PRINT status.all 
84279297 
> STeODE 84279297 
(steode) end of file (from library / read) 

> PRINT -HEX status.all 
05060001 
> STeODE 16#05060001 
(steode) end of file (from library / read) 

> STeODE status.all 
(steode) end of file (from library / read) 
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STEP -- Executes the next statement in the target program. 

FORMAT 

-Over 
STep -Until statement-ID 

REQUIRED ARGUMENTS 

None. If no arguments are given, the command advances the program to the next state­
ment and then halts the program. 

OPTIONAL ARGUMENTS 

-Over 

-Until 

DESCRIPTION 

Suppresses single-stepping through a routine about to be called. 

Single-steps the program from its current location up until statement-ID. 

Use the STEP command to advance the program counter through one or more statements. The STEP ('" 
command can optionally be followed by one of two arguments. The two arguments are mutually exc!u- __ " 
sive. We examine these options separately. 

The -Over Option 

Use STEP -Over to jump straight through a routine. DEBUG implements a STEP -Over command in 
two parts. First, it sets a temporary breakpoint at the statement immediately following the current 
statement. (In other words, it sets the breakpoint on the statement the routine will return to.) Sec­
ond, DEBUG internally issues the equivalent of a GO command, so that the program runs at full speed 
through the routine and then stops when the routine returns. 

To study this option, consider a program having the following line numbers: 

15 routine y 
16 first statement in routine y 

17 
18 
19 
20 end of routine y 

21 
22 routine x 
23 
24 
25 
26 
27 

a statement that calls routine y 

28 
29 
30 end of routine x 
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Now compare the following two transcript pads to understand how STEP works with and without 
-Over: 

STEP WITHOUT -OVER STEP WITH -OVER 

> STEP > STEP 
Stepped to: x\26 Stepped to: x\26 
> STEP > STEP -OVER 
Stepped to: y\16 Stepped to: x\27 
> STEP 
Stepped to: y\17 
> STEP 
Stepped to: y\18 
> STEP 
Stepped to: y\19 
> STEP 
Stepped to: y\20 
> STEP 
Stepped to: x\27 

Without -:Over the program breaks at every statement in the called routine, but with -Over the pro­
gram breaks at no statements in the called routine. Nevertheless, whether or not you use -Over, DE­
BUG does execute every statement in the called routine. In other words, the results will be the same, 
you'll just get there faster with -Over. 

The -Over option only has meaning when the program is stopped at a routine that contains a call to a 
procedure, function, or subroutine. If the statement does not contain one of those calls, a STEP 
-Over command works just the same as a STEP command. 

The -Over option does not suppress any breakpoints in the called routine. For example, if we had set 
a breakpoint at line 19 of routine y, the STEP -Over command would have stopped at line 19. Inter­
estingly, if you would then issue a GO command from line 19, DEBUG will halt at line 27 and report 
"Stepped to: x\27." 

NOTES: If you use STEP without -Over and if a called routine does not have available 
debugging information, then DEBUG will treat the command as a STEP 
-Over. 

DEBUG always steps over calls to DOMAIN system library routines. See Ap­
pendix C for information about installed libraries. 

The -Until Option 

Use the -Until option to single-step the program from the current statement to the statement you spec­
ify. STEP -Until is similar to the GO -Until command; the end results are the same. However, Go 
-Until is several thousand times faster (no exaggeration) than STEP -:Until. In fact, STEP -Until is so 
slow that you may be fooled into thinking that your program is hung. The obvious question, therefore, 
is "why use STEP -Until?" The not-so-obvious answer is that a GO -Until command cannot be used 
on read-only code (such as installed libraries), but a STEP -Until command can. 

If STEP Doesn't Seem To Work Properly 

You may not be able to use STEP to go past a FORTRAN READ or WRITE statement that contains an 
error and/or exit clause. A FORTRAN IOSTATUS parameter can also cause DEBUG to lose control. 
See Section 4.1.4 for details on both problems. 

STEP sometimes steps across more than one statement. Depending on compiler optimization, STEP 
may consider a "tight" loop like the following to be a single statement: 

DO 100, i = I, 9 
100 init(i)=" 
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Note that DEBUG will single-step the machine instructions that make up this loop. Single-stepping is 
several thousand times slower than full-speed execution. For a long loop, this slow-down may create 
the impression that DEBUG has hung. 

Similarly, you may compile other combinations of statements so that individual statements are not ac­
cessible. Use of the -DBA option minimizes such problems. (See Appendix C for a complete discus­
sion of compiler optimization and debugging.) 
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TB -- (Traceback) Displays the current call stack. 

FORMAT 

TB -Frames n -Args 

REQUIRED ARGUMENTS 

None. 

OPTIONAL ARGUMENTS 

-Frames Displays the n most recent calls only. 

-Args Displays routine arguments and shows their contents. 

DESCRIPTION 

Use the TB command to follow the chain of calls leading to the current routine. For instance, if you 
want to know what routine called the routine you are currently in, use the TB command. Note that 
the TB command has no long form; that is, you cannot invoke it by spelling out TRACEBACK. 

You can issue the TB command with no options, one option, or two options. With no options, the TB 
command displays all calls from the most recent to the least recent. If you specify the -Frames option, 
TB displays the n most recent calls only. Specifying the -Args option is something like specifying a 
combination TB command and ARGS command. In other words, DEBUG traces the names of the 
routines and the values of all arguments to those routines. 

EXAMPLES 

> TB 
Stopped at TEST_C\g\4 
Called from TEST_C\double_it\17 
Called from TEST_C\main\27 
Called from UNIX_$MAIN\190 
Called from <apollo_c_startup> 

> TB -Frames 2 
Stopped at TEST_C\g\4 
Called from TEST_C\double_it\17 

> TB -Frames 3 
Stopped at TEST_C\g\4 
Called from TEST_C\double_it\17 
Called from TEST_C\main\27 

> TB -Frames 2 -Args 
Stopped at TEST_C\g\4 
TEST_C\g\motion = 5.340000000000000 

Called from TEST_C\double_it\17 
TEST_C\double_it\multiplier = 2 
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(List the sequence of routine calling.) 

(List 
the current routine and 
the routine that called it.) 

(List 
the current routine and 
the routine that called it and 
the routine that called it.) 

(List 
the current routine and 
the names and values of its arguments and 

list the routine that called it and 
the names and values of its arguments.) 
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VA -- (Virtual Address) Displays the virtual address of a variable, routine, or program counter. 

FORMAT 

Zero or one of the 
following options. 

variable 1, ... , variableN 
-Routine routine-name 

REQUIRED ARGUMENTS 

None. If you specify VA without arguments, DEBUG displays the current symbolic loca­
tion and the virtual program counter (PC). 

OPTIONAL ARGUMENTS 

variable 

-Routine 

To find the address of program variable or debugger variable, specify its name. 
You can specify one or more variable names. 

To find the starting address of a particular routine, you can specify one of the fol­
lowing three formats: 

-Routine Displays the address of the current routine. 

-Routine routine-name Displays the address of the named routine. 

routine-name Displays the address of the named routine. 

c 

(See the "Routine-Name" listing for details on routine-names. Don't forget that 
a routine-name must end with a backslash \.) C" 

DESCRIPTION 

Use the VA command to determine the address of one or more variables or of one routine. You can 
use VA with or without arguments. 

If you specify a routine-name, the starting address shown is that of the first instruction in the routine's 
procedure section. 

It is not usually necessary to be concerned with memory addresses when you use DEBUG. However, 
the need to inspect raw storage may occasionally arise. The -VA command, combined with the ability 
to de-reference an absolute address as a pointer (see the "Pointer Variables" listing) provides a means 
of doing this. 

The VA command cannot be abbreviated to V, nor expanded to VIRTUAL. 

NOTE: You cannot mix routine-names and variables in the same VA command. Also, 
you cannot specify more than one routine-name in the same VA command. 
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EXAMPLES 

The following examples show some typical output of the VA command. 

> VA (Return the program counter.) 
Stopped at: TEST_C\main\19 
PC = 10030 
> VA r 
TEST_C\main\r 

(Return the address of variable r.) 
32-bit integer, local. VA = 9872EC 

> VA r, str (Return the address of two variables.) 
TEST_C\main\r = 32-bit integer, local. VA = 9872EC 
TEST_C\str = array (6 bytes) of 8-bit integer, static. VA = 1017C 
TEST_C\str[O] 8-bit integer, static. VA = 1017C ...... . . . . . . 

8-bit integer, static. VA = 10181 

> VA -Routine 
TEST_C\main\ VA 10024 

> VA -Routine f\ 
TEST_C\f\ VA = 10000 

> VA f\ 
TEST_C\f\ VA 10000 

(Return the address of the current routine.) 

(Return the address of routine f.) 

(Return the address of routine f.) 
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Variables -- Here, we explain how to specify program variables in commands that accept them 
as arguments. 

FORMAT 

"Variables" is not a command, but many DEBUG commands accept one or more variables as argu-
ments. A variable takes the following format in DEBUG: . 

routine-name\ variable-name 

REQUIRED 

variable-name Specify a variable of any data type. When debugging a FORTRAN or Pascal pro­
gram, DEBUG is case-insensitive to variable-names. But when debugging a C 
program, DEBUG is case-sensitive to variable-names. You should refer to the 
"Arrays" listing and the "Pointer Variables" listing for details on specifying vari­
ables of those data types. 

OPTIONAL 

routine-name Enter the name of the routine containing the variable. If you omit the 
routine-name, DEBUG searches the current routine first, followed by routines 
which statically enclose it, working outward. Don't forget that a routine-name 
can include an activation-number in order to distinguish between multiple 
activations of a recursive routine. See the "Routine-Name" listing for details. 

DESCRIPTION 

When a DEBUG command takes a program variable as an argument, you must specify a variable in the 
format shown at the top of the page. That is, there must at least be a variable-name, and there can op­
tionally be a routine-name and an activation-number. The variable-name can take any of the follow­
ing forms: 

• A simple identifier representing a simple or an aggregate variable (though aggregates are re­
stricted in some commands). 

• A variable name denoting an array (or C pointer) followed by a set of subscript expressions. A 
subscript can be any expression that evaluates to an integer. (If the source code was written in 
Pascal, the subscript can be any expression that evaluates to a value of the array index type.) 
DEBUG supports several means for specifying all or a portion of an array. See the" Arrays" 
listing for details. Here are some sample array variables: 

my_array[i,j] 
keys (current+l) 
name[*] 

• A variable name denoting a pointer (or Pascal file variable) followed by the de-referencing op­
erator ""'''. DEBUG does not support the standard C de-referencing operator "*". For exam­
ple: 

head_ptr'" 

• A variable name denoting a record, structure, or union, followed by the field selection operator 
" ." and a field name. For example, here are two sample variables: 
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status.all 
rec.code 
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DEBUG does support both the C and the Pascal de-referencing operators for pointers to struc­
tures and unions, namely "->" and ""'.". Here are some valid uses of pointer variables: 

headytr'" 
ptr_to_rec->priority 
ptr_to_rec .... priority 

Note that you can only apply subscripting, de-referencing, and selection to variable names, not to gen­
eral expressions. That is, DEBUG does not permit expressions such as (p+ 1) '" . 

FORTRAN Common Names 

You cannot use FORTRAN common names to reference variables. You must make a reference to a 
specific instance of the variable in a specific routine. 

EXAMPLES 

Here are a few samples of variables: 

vl 

tree_walk\4\v3 

tree_walk\-l\v4 

(A variable. v1 must be visible from the current environment. 
See the "Routine-name" listing for details on visibility.) 

(A routine-name and variable. v2 must be visible from 
from routine tree_walk.) 

(A routine-name, activation-number, and variable. v3 must 
be visible from routine tree_walk. The activation-number 4 
specifies the fourth activation of variable v3.) 

(A negative activation-number denotes an activation relative 
to the most recent one. Therefore, we are denoting the 
variable v4 in the next to most recent activation of the routine.) 
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# -- Adds a comment line to DEBUG. 

FORMAT 

# comment 

REQUIRED ARGUMENTS 

None. 

OPTIONAL ARGUMENTS 

comment Any comment that you want to enter into your debugging session. 

DESCRIPTION 

This command ignores any information that follows it. You cannot add comments on the same line as 
a valid command. 

Comment lines are most frequently placed in command files. Sometimes though, you might want to 
enter a comment from the keyboard in order to add it to a transcript. 

EXAMPLES 

The following examples show the valid and invalid use of the # command. 

> # THIS IS A VALID COMMENT. 
> B COREY\CAR\ # THIS IS AN INVALID COMMENT 
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Chapier 4 

With a few exceptions, DEBUG is not sensitive to the source language of the program being debugged. 
While this has the advantage of presenting a uniform user interface, it also means that the interface is not 
optimally tailored to any single language. For example, DEBUG's expression syntax borrows elements 
from Pascal, C, and FORTRAN, but is not identical to any of them. 

This chapter discusses some language-specific issues for users of each of the three languages supported by 
DEBUG. We describe the following topics: 

• Areas where DEBUG's behavior is sensitive to the source language. 

• Places where DEBUG's behavior differs from similar source language constructs. 

• DEBUG features specifically targeted to a single source language. 

Most of the material in this chapter is also covered in the encyclopedia section of the manual. The follow­
ing discussion highlights topics in a language-dependent setting and provides some expanded examples. 

4.1 Debugging FORTRAN Programs 
Here, we address the unique ways that DEBUG handles the following FORTRAN features: 

• Expressions 

• Statement numbers 

• Arrays declared with variable dimensions 

• Alternate entry points 

• I/O statements 

• Statement functions 
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4.1.1 FORTRAN Expressions 
DEBUG's rules for expression evaluation differ from FORTRAN's in the following areas: 

• All DEBUG operators have equal precedence; however, as in FORTRAN, you can use parenthe­
ses to guarantee a specific order of evaluation. 

• DEBUG does not support the following FORTRAN operators: 

** (exponentiation) 
.NOT . 
. XOR . 
. EQV . 
. NEQV. 

• DEBUG interprets two identifiers separated by a period as a record, structure, or union. There­
fore, if a DEBUG expression contains a dotted logical or relation operator (e.g., .LT.), then you 
must use blanks to separate the operator from any surrounding operands. If you don't, then DE­
BUG will probably confuse the operator for a record, structure, or union. For example, consider 
the right and wrong ways of using the dotted .GT. operator: 

X. GT. 0 (Wrong, DEBUG thinks this is a record named X instead 
of a . GT. operation.) 

X • GT. 0 (Right, DEBUG views this as a . GT. operation.) 

4.1.2 FORTRAN Statement Numbers 
You must prefix a statement number with "#" in order to distinguish it from a line number; for example: 

> BREAKPOINT #100 
> BREAKPOINT 100 

(Set a breakpoint at the statement preceded by the label 11100") 
(Set a breakpoint at program line number 100) 

4.1.3 FORTRAN Alternate Entry Points 
DEBUG has no information on alternate entry points. Therefore, to set a breakpoint on an alternate en­
try point, you must set it at the appropriate line of the main subroutine. If you enter a routine that has al­
ternate entry points, DEBUG does not know which entry point you used. Therefore, DEBUG cannot de­
termine which set of arguments is valid. The TB and ARGS commands assume the primary entry point. 
If you try to access a different argument, your results will be invalid and addressing violations may occur. 

4.1.4 FORTRAN 1/0 Statements 
READ, WRITE, and INQUIRE statements with an ERR, END, or lOST AT specifier can cause DEBUG to 
lose control if you attempt to STEP through the statement. In the case of IOSTAT this can occur even 
though no apparent transfer of control results when the statement is executed. 

To avoid loss of control, set breakpoints at the statements specified by ERR and/or END, and at the next 
sequential statement if there is an IOSTAT parameter. For example, suppose you are stepping through a 
program and the next statement is: 

READ (5, 100, END = 900, IOSTAT = RSTAT) X, Y, Z 

In this case, before doing the STEP you should set breakpoints at statement 900 and at the statement fol­
lowing the READ statement. 

4.1.5 FORTRAN Statement Functions 
You cannot use any of the following commands when the current run environment is a statement function: 

> BREAK -EXIT 
> GO -EXIT 
> GO -LOCATION 
> GO -RETURN 
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4.2 Debugging C Programs 
Here, we examine the unique ways that DEBUG handles the following C features: 

0 Case-sensitivity 

0 Expressions and operators 

0 Preprocessor symbols 

0 Characters and strings 

0 Integers 

0 Pointers 

fa Inner-block variables 

4.2.1 C Case-Sensitivity 
The C compiler is case-sensitive. That is, the compiler sees the following names as representing three dif­
ferent variables: 

ROBERTA 
roberta 
Roberta 

Because the C compiler is case-sensitive, when debugging a C program, DEBUG is, also case-sensitive to 
names. However, if you compile a C program with the -DB option, DEBUG will be case-insensitive to 
names. 

4.2.2 C Expressions and Operators 
DEBUG's rules for expression evaluation differ from C's in the following areas: 

o All DEBUG operators have equal precedence; however, as in C, you can use parentheses to guar­
antee a specific order of evaluation. 

CD DEBUG's arithmetic operators treat all long integer operands as signed long integers. 

o DEBUG uses a different format than C for establishi~g octal and hexadecimal constants. (See the 
"Expressions" listing of Chapter 3.) 

• DEBUG does not scale by the size of objects when doing pointer arithmetic. Hence if P is a 
pointer to an element of an array of long integers, the address of the next element is P+4, not 
P+1. 

• In DEBUG, you can only apply pointer de-referencing and subscripting to variables, not to arbi­
trary expressions. Expressions such as (p+4)" are not valid. 

• DEBUG does not support the C operators shown in Table 4-1. 

4-3 Language Specific Issues 



Table 4-1. C Operators Not Supported By DEBUG 

Operators Meaning 

++ increment 
-- decrement 
- bitwise not 
I logical not 
unary & address (see V A command) 
* pointer dereference (use Pascal" operator instead) 
,. 

bitwise xor 
&& logical and (DEBUG uses it as a bitwise and) 
II logical or (DEBUG uses it as a bitwise or) 
=, +=, -=, ... assignment operators (use DEBUG's SET command 

instead) 
? : conditional operator 
sizeof sizeof operator 
type casting type casting operators 

4.2.3 C Preprocessor Symbols 
If the source file contains "#line" directives, they are reflected in the debugging information for the af­
fected functions. DEBUG displays the source file specified by the #line directives and uses the specified 
logical line numbers rather than the physical line numbers of the file actually compiled. In order for this 
to work correctly, directives must not specify more than one source file and the logical line numbers 
should be in increasing order. 

Except for #line, DEBUG does not recognize symbols defined by preprocessor control lines. For example, 
if you specify 

#define end_flag 0 

the identifier end_flag is not passed to the debugger. 

4.2.4 C Characters and Character Strings 
To specify either a character constant or a string, surround the character(s) in single or double-quotes; 
for example: 

'A' 
"big" 
'thrill to be' 
"here, Johnny." 

NOTE: The escape sequence '\ddd' is not available. 

When you EXAMINE or PRINT a character variable, DEBUG displays its value as a character by de­
fault. If you want to view the variable's integer equivalent, use the -Decimal option. 

Assigning a String Constant to an Array Variable 

DEBUG does not automatically append an end-of-string byte (\0) when you specify a string constant. 
Therefore, when your program depends on a string terminating with a \0, you must append the \0 your­
self (with a SET command). For example, consider an array of char named animal. And suppose you 
want to change its value from "tiger" to "cat". Observe the following process: 
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> EXAMINE animal -decimal 
TEST_C\animal[O] 84 (t) 
TEST_C\animal[l] 105 (i) 
TEST_C\animal[2] 103 (g) 
TEST_C\animal[3] 101 (e) 
TEST_C\animal[4] 114 (r) 
TEST_C\animal[5] 0 (\0) 

> SET animal = "cat" (Change its name to "cat") 
> EXAMINE animal -decimal 
TEST_C\animal[O] 99 (c) 
TEST_C\animal[l] 97 (a) 
TEST_C\animal[2] 116 (t) 
TEST_C\animal[3] 32 (blank) 
TEST_C\animal[4] 32 (blank) 
TEST_C\animal[5] 32 (blank) 

> SET animal[3] = 0 (Terminate string with a \0.) 

It is generally poor debugging style to store a string with more characters than were allocated for the array 
variable because you run the risk of overwriting some other variable. Nevertheless, by using the -fn option 
of the SET command, DEBUG does permit you to store a large string into the space allocated for a small 
array; for example: 

> SET -fn animal = "Elephant" 

Your success in doing this will depend on how the compiler has allocated variable space. 

The Special int8 and byte Types 

If you use "char" as a type specifier for de-referencing an absolute address or debugger variable, "char" 
refers to the Pascal char type, which is not an integer. To refer to 8-bit integers, use the special DEBUG 
type specifiers "int8" or "byte" instead. For example: 

> PRINT 'p~char+1 

*** Error: Incompatible operands in the expression. 
> PRINT 'p~int8+1 

89 
> PRINT 'p~char 

X 

(Doesn't matter in this case ... ) > PRINT 'p~int8 

X (since DEBUG displays C chars in ASCII by default.) 

4.2.5 C Pointers 
You must de-reference C pointers with trailing ~ characters, rather than leading * characters. You can 
de-reference pointers to structures and unions with either the -> or the A. operator. Thus: 

In C Notation 

*intp 
structp->field 

In DEBUG Notation 

intp~ 

structp~.field or structp->field 

You can perform integer arithmetic on pointer variables; however, DEBUG does not scale the integer 
value by the size of the data type. You must do the scaling yourself. For example, consider the following 
C declarations: 

char *cp; 
int *ip; 

/* a 1 byte data type */ 
/* a 4 byte data type */ 
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You can perform pointer arithmetic as shown below: 

> EXAMINE CpA -A 
CpA = N 

> SET cp = cp + 1 

> EXAMINE CpA -A 
CpA = 0 

> EXAMINE ipA 
ipA = 1 

> SET ip ip + 4 

> EXAMINE ipA 
ipA = 2 

Pointers and Arrays 

(Adding 1 to get next char.) 

(Adding 4 to get next integer.) 

You can examine and subscript C pointer variables the same way that you examine and subscript C arrays. 
For example, consider the following declaration of str and strp: 

char str[10] = {"Bon jour"}, *strp = str; 

The following DEBUG session manipulates the array variable and the pointer variable: 

> PRINT strp 
0001011C 

(Returns the address stored in strp.) 

> VA str (The VA command is also helpful for finding addresses.) 
TEST_C\str = array (9 bytes) of 8-bit integer, static. VA = 1011C 
> PRINT strp A (De-reference strp. It returns the first char in str.) 
B 

> PRINT strA (You cannot refer to an array as if it were a pointer.) 
*** Error: Variable is not a pointer. 

> EXAMINE str[4:6] 
TEST_C\str[4] j 
TEST_C\str[5] = 0 

TEST_C\str[6] = u 
> EXAMINE strp[4:6] 
TEST_C\strp[4] j 
TEST_C\strp[5] = 0 

TEST_C\strp[6] = u 
> PRINT strp[*] 
Bon jour 

(You can EXAMINE a string directly ... ) 

( or you can EXAMINE it through its pointer.) 

(PRINT the entire string that strp paints to.) 

> SET strp = 16#0001011D (You can SET a pointer to point to a new address.) 

In the last example, we used an asterisk (*) to specify the entire range. You can only use the asterisk if 
the pointer points to a character array that ends with the \0 (null) terminator. 

4.2.6 C Inner Block Variables 
DEBUG supports a special naming convention (for C programs only) that allows you to access a variable 
declared in an inner block when that variable has the same name as an outer block variable. The naming 
convention takes the following format: 
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variable_name. number 

where number is the nth declaration (in textual order) of that variable name. For example, you can ac­
cess a variable named x (assuming that it has been defined in three different blocks) as: 

x.1 or x 
x.2 
x.3 

(The .1 modifier is optional.) 

Now consider the following program which consists of several different layers of blocks: 

struct faa {int q; float f;}; 
main( ) 
{ int i = 100; /* i.1 */ 

static struct faa abc = {4, -3.14}; /* abc.1 */ 
static.char s[] = "The first string"; /* s.l */ 
{ int i = -27; /* i.2 */ 

{ int i = 1234; /* i.3 */ 
static char s[] = "The second string"; /* s.2 */ 
static struct foo abc = {5,-2.1} /* abc.2 */ 

this_point: printf("GO to this point.\n"); 
} 

} 
} 

Consider the following DEBUG session on the previous source file. In it, we GO to thisyoint and 
perform the following operations: 

> EXAMINE i i.1 i.2 i.3 
TEST_C\main\i = 100 (Ifi" still refers to the outermost declaration.) 
TEST_C\main\i.1 100 
TEST_C\main\i.2 -27 
TEST_C\main\i.3 1234 

> EXAMINE abc.1 abc.2 
TEST_C\main\abc.1.q 4 
TEST_C\main\abc.1.f -3.140000 
TEST_C\main\abc.2.q 5 
TEST_C\main\abc.2.f -2.100000 

> PRINT s.l 
The first string 

> PRINT s.2 
The second string 

Note that the compiler allocates all variables of a routine, including inner block variables, at the start of 
the routine. These variables remain valid to DEBUG until the entire program exits. DEBUG references, 
unlike references within the program itself, do not depend on the'current position within the routine. Thus 
in the example, if the program stops in an inner block, i still refers to i . 1, the outermost declaration of 
i. 

4.3 Debugging Pascal Programs 
Debugging a Pascal program is rather straightforward. However, DEBUG's handling of expressions, sets, 
and WITH statements will seem different to Pascal programmers. 
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4.3.1 Pascal Expressions 
DEBUG's rules for expression evaluation differ from Pascal's in the following areas: 

• All DEBUG operators have equal precedence; however, as in Pascal, you can use parentheses to 
guarantee a specific order of evaluation. 

• Boolean constants must be entered in FORTRAN syntax, i.e., .TRUE. and .FALSE .. The terms 
TRUE and FALSE (no dots) will not produce the desired effect. 

• The division operators / and DIV are identical; both behave like DIV if both operators are inte­
gers. 

• The logical NOT operator is not implemented; however, unary minus "-" applied to a Boolean 
value has the same effect. 

• Type-checking is less rigorous. Pointers and integers can be freely mixed, as can pointers to dif­
ferent base types. 

• Subrange constraints, in particular those that imply unsigned integers, are ignored. 

4.3.2 Pascal Sets 
This section explains how to use Pascal sets (don't confuse Pascal sets with DEBUG's SET command). 
See also the "Expressions" listing in Chapter 3 for an explanation of set constants. 

In this section, we will use the following definitions to explore sets: 

TYPE 
eliot = (cruelest, month, spring, growth, melting, 

peaches, lilacs, rain, stirring, thomas, stearns); 
VAR 

april : SET OF eliot; 

Describing and Displaying Set Variables 

Use the DESCRIBE command to see the base type and number of members of a set variable. DEBUG is 
not capable of displaying the names of the members of an enumerated set type. For example: 

> DESCRIBE april 
APRIL = set of enumerated type (11 members), static. 

You can use EXAMINE or PRINT to display the value of a set variable. For instance: 

> EXAMINE april 
april = [MONTH,GROWTH,PEACHES,LILACS,RAIN] 

Resetting the Value of a Set Variable 

Use a SET command to change or initialize the value of a set variable. You must enclose the new value in 
square brackets. Each element of the new value must be a member of the set. 

> SET april = [peaches, lilacs, rain] 

To change it value to the null set, use square brackets with nothing inside them; for example: 

> SET april = [] 

Note that the interactive format of the SET command does not permit an entry to run across more than 
one line. (See the "SET" listing in Chapter 3.) Therefore, an attempt like the following causes an error: 

> SET april 
SETS\APRIL = [] = [cruelest, spring, growth, melting, peaches, lilacs, rain 
*** Error: Illegal character in the item. 
[CRUELEST, SPRING, GROWTH, MELTING, PEACHES, LILACS, RAIN 
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4.3.3 Pascal WITH Statements 

o DEBUG does not recognize abbreviated variable references inside WITH statements. 
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o 
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Appenab{ A 

This appendix answers some commonly asked questions about DEBUG. 

Q Why does my program behave differently under DEBUG than when running alone? 

A It is nearly impossible for a debugger to have no effect whatsoever on its target. There are several 
likely possibilities: 

G Programs with uninitialized variables may appear to behave consistently when run alone 
(though this is largely a matter of luck), but behave differently under DEBUG because the pro­
gram and/or variables are loaded at different addresses. To minimize changes to the environ­
ment of a program running under DEBUG, use both the -PROC and -NC options. 

• Values of uninitialized local variables allocated on the stack can also be affected by processing 
of breakpoint and single-step faults which occur when a program is being debugged. 

I) If a program generates an access violation when running stand-alone but does not generate the 
violation when being debugged, the program may be writing into a read-only section. DEBUG 
gives write access to such sections so that DEBUG can set breakpoints. You should be able to 
use the TB shell command (not under DEBUG) to locate the problem. Look especially for 
constants passed as arguments or accessed via pointers. 

Q How can I stop program execution when the value of a certain variable changes? 

A DEBUG does not provide data watchpoints as a built-in feature. However, breakpoint action lists 
can be useful here. Set breakpoints at points in the program where you wish to check the value of 
the variable. Specify an action list of the following form on each: 

-DO [IF ptr <> nil [GO]] 

This restarts execution if the desired stopping condition is not met. 

Q How can I navigate through a linked data structure? 

A The usual problem here is that you need a temporary pointer variable to walk through the structure, 
but you cannot declare a debugger variable with the correct pointer type. (Debugger variables only 
support pointers in the form of integers.) A useful trick is to temporarily "borrow" a program vari­
able of the correct type. You can use a debugger variable to save and restore the program variable's 
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value before resuming program execution. An example of this appears in the "JUMP" listing of 
Chapter 3. 

Q How can I debug a program that borrows the entire display (i.e., a graphics program 
running in borrow mode)? 

A By debugging remotely from a second node. Suppose, for example, that there are two nodes in your 
office, named nodel and node2. Use the following procedure to debug the program: 

1. From nodel , use the Shell command CRP (described in the DOMAIN System Command Refer­
ence) to create a remote process. For example: 

$ crp -on Ilnode2 -me 

2. Using nodel's keyboard, with the cursor in the remote process Shell, invoke DEBUG. Note that 
the debugger and target must both run on node2. Use the -nwp and -nsrc options when you in­
voke DEBUG; for example: 

$ debug graphics_program -nwp -nsrc 

DEBUG creates a debugging window, but does not divide the window into separate windowpanes. 

3. Debug your graphics program. The graphics will be displayed on node2. Obviously, this process 
is much more convenient if you can see node2 from nodel. 

In place of nodel, you can use a terminal connected to an SIO port. Assume that the terminal is 
connected to node2. In this case, follow these steps: 

1. Using the terminal's keyboard, invoke DEBUG. Use the -proc, -nwp, and -nsrc options when 
you invoke DEBUG; for example: 

$ debug graphics_program -proc Process_14 -nwp -nsrc 

2. On node2, invoke the program from the designated process (Process_14); for example: 

$ graphics_program 

. 3. Debug your graphics program. The graphics will be displayed on node2. 

Q Can I use Display Manager key definitions in the debugger? 

A Yes. For example, the following definition allows you to examine a variable by pointing at it in the 
source display and pressing M3 (mouse key 3): 

KD M3 \[-A-Za-zO-9_$]\; ar;dr; (Find and mark start of name.) 
I [-A-Za-zO-9_$]I;xc; (Find end of name; copy name.) 
ti;es'e ';xp;tr;en (Make EXATvIINE command.) 

KE 

Note, however, that there is no way to create key definitions that are local to DEBUG only. 
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You can use DEBUG to debug installed libraries. If you don't know what an installed library is, read the 
DOMAIN Binder and Librarian Reference. Some rather severe restrictions apply to debugging installed li­
braries, and this appendix details them. One general piece of advice: since there are so many restrictions 
in debugging installed libraries, you are probably better off avoiding the process. To avoid it, simply bind 
the routines into your object file and debug the object file. When the object file works properly, install 
the appropriate routines and rebind the object file without the installed routines. 

B.1 Controlling Program Flow 
Because the code in installed libraries is read-only, you cannot set an explicit or implied breakpoint in an 
installed library. Therefore, you cannot use any of the following commands: 

• Any BREAKPOINT command 

• GO -Until 

• GO -Exit 

• STEP -Over 

Thus, the only way to control program flow through an installed library is with one of the following two 
commands: 

• STEP 

• STEP -Until 

The STEP -Until command is useful for stepping through long sequences of code, although execution is 
several thousand times slower than setting a breakpoint and running at full speed. 

If you invoke DEBUG with the -SMAP option, DEBUG announces each new library when encountered 
(and prints a load map if the information is available.) 

B.1.1 The DEBUG Option -GLOB 
If you invoke DEBUG with the -GLOB option, you can debug routines stored in 
/lib/userlib. global. If you do not use the -GLOB option, DEBUG automatically steps over calls to 
such routines. 

DEBUG always steps over calls to system-defined global libraries. However, if the -GLOB option is set, it 
is preferable to use explicit STEP -OVER commands to step over calls to system routines. The reason is 
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that if DEBUG attempts to step into a system library, DEBUG processes the entire library and enters it 
into the DEBUG symbol tables before recognizing it as system code. In some cases DEBUG may not be 
able to distinguish between system and user code and will step into the library, leaving you stuck in system 
code with no debugging information. (If this happens, use a GO command to get out.) 

B.2 Variables and Breakpoints 
You can use PRINT, EXAMINE, and ARGS to display the values of variables just as you would for vari­
ables not in installed libraries. As usual, if you compiled the source code with the -DB or -NDB compiler 
options, you will not be able to examine the variables' values. 

You cannot set a breakpoint on a routine in a library that DEBUG has not seen yet. Therefore, the first 
entry to a library must be done by stepping into it, rather than by setting a breakpoint. In other words, 
step into the routine (with the STEP command) rather than jumping into it with the GO and BREAK­
POINT commands. 
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DEBUG permits you to debug optimized code. However, some of the optimizations performed by the 
compilers may cause unexpected or seemingly incorrect results during debugging. This section describes 
the symptoms of optimization-related problems and offers some advice on debugging optimized code. 

In general, you face the tradeoff illustrated by Figure C-1. In other words, the more the compiler opti­
mizes, the closer your code will be to the final production version of the program (assuming your produc­
tion code is optimized), but the harder it will be to debug. 

Easiest to 
debug 

Hardest to 
debug 

Compiler 
Optimization 

Switches 

-DBA 

-OPT 0 

-OPT 1 

-OPT 2 

-OPT 3 

-OPT 4 

Code least resembles 
production code 

Code most resembles 
production code. 

Figure C-1. To Optimize or Not To Optimize? 

Debugging is easiest if you switch off all optimization with the -DBA compilation option,. This option en­
su~es a direct correspondence between your source code and the object code produced. On the other 
hand, working with optimized code ensures that the code you debug is identical to production code com­
piled with -DB or -NDB options. This can increase your confidence in the correctness of the final result. 

For the remainder of this appendix, we examine the debugging effects at each optimization level. 

C.1 -DBA 
The -DBA option tells the compiler to prevent any optimizations that could interfere with debugging. The 
only optimizations allowed are those that take place within a single source statement. Since DEBUG oper­
ates at a source statement level of resolution, such optimizations do not affect debugging. 
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C.2 -OPT 0 
A Symptom -- You are stepping through a program and the source display unexpectedly jumps to an- C 

other statement. /' 

If you specify the -OPT 0 option, a compiler tries to perform cross-jumping (tail-merging) optimizations. 
That is, if the compiler detects two identical code sequences, it may replace one of them by a jump to the 
other. Therefore, a sequence of object code may correspond to two or more different source statements. 
DEBUG cannot represent this multiple correspondance, and arbitrarily relates the object code to one of 
the source statements .. Therefore, if the program stops at such a location, the reported source location 
may be incorrect. 

Cross-jumping optimization is done at the machine instruction level, rather than source statement level. 
For example, two calls to the same procedure with some, but not all, of the arguments identical can result 
in a cross-jump. If the program location following a cross-jump does not correspond to the start of a 
source statement, DEBUG reports the location as "between" two statements. 

A Symptom -- The ARGS or TB command returns inaccurate results. 

If a procedure has no executable statements (Le., it is a "stub" routine), the compiler optimizes it into a 
single instruction. You can set a breakpoint or step into such a routine. However, if you attempt to exam­
ine its arguments or do a traceback, DEBUG returns incorrect results. 

During program development it is sometimes useful to define stub routines for not-yet-written source 
code and then use the debugger to simulate the code's effects. You should compile such stubs with the 
-DBA option, so that DEBUG can access the routine's arguments. 

C.3 -OPT 1 
The -OPT 1 option can optimize in the following three ways: 

• Dead code elimination 

• Assignment merging 

• Common subexpression elimination 

We examine all three ways individually. 

C.3.1 Dead-Code Elimination 
A Symptom -- You use the GO -Location command to jump to a line of source code, but DEBUG tells 

you that the line does not exist. So, you double check your source code and, in fact, the 
line does exist. 

Dead-code elimination means that the compiler discovered a line of source code that had no affect on 
the program and so decided not to generate any object code for it. For example, if you initialize a vari­
able when you declare it, but you never use that initial value, then the compiler may decide to eliminate 
that initialization. Dead-code elimination has no effect on normal execution, but it does prevent you 
from using the GO -Location command to jump to the eliminated line of code. 

C.3.2 Assignment Merging 
A Symptom -- DEBUG claims that one or more record (or structure) initialization statements do not .ex-

ist, but you know they do. 

Multiple assignments to physically adjacent variables may be replaced by a block move that accomplishes 
several assignments in a single instruction. A common situation where this applies is initializing a record 
or struct. DEBUG may claim that some of the assignment statements do not exist (if you try to set a 
breakpoint on one for example), or appear to skip statements when single-stepping. 
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C.3.3. Common Subexpression Elimination 
A Symptom -- You use the SET command to change the value of a variable that's part of a subexpres­

sion, but after you restart the program (with GO or STEP), subsequent mathematical op­
erations behave as if the old value of the variable were still being used. 

A sub expression used in two places may be computed once, and its value saved for the second use. If you 
manually change the value of one of the variables involved, the expression will not be recomputed; hence 
the change may appear to have no effect. 

For example, consider the following two lines of Pascal code: 

q .- (x + y) * 4; 
z := (x + y) - 7; 

The subexpression (x + y) is common to both lines, so the compiler may decide to calculate it just once 
and save the result in a register for the second use. After all, it appears to the compiler that x and y do 
not change values between the first and second instructions. However, suppose you are using the debug­
ger and you are stopped somewhere between the first statement and the second statement. If you use the 
SET command to change the value of x or y, then this change can have no effect on z. 

C.4 -OPT 2 
A Symptom -- You use the SET command to change the value of a variable, but after you restart the 

program (with GO or STEP), subsequent mathematical operations behave as if the old 
value of the variable was still being used. The variable was initialized to a constant value. 

If the compiler can determine the value of a variable at compile time, it may replace the reference to the 
variable with a reference to a constant. If you use the SET command to change the variable's value, the 
change may have no effect. 

For example, consider the following Pascal code: 

CONST 
my_constant = 5; 

VAR 
x, q : integer; 

BEGIN 
x .- my_constant; 
q := x * 4; 

The compiler may decide to optimize x by viewing it as a constant. Therefore, the compiler will code the 
multiplication statement as q = 20. If you use the SET command to modify the value of x, the value of q 
will still be 20. 

c.s -OPT 3 
The -OPT 3 option can optimize code in the following four ways: 

• Putting local variables in registers. 

• Eliminating assignments to dead static variables. 

• Reordering instructions. 

• Removing loop invariant statements. 

We examine the four ways separately. 
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C.S.1 Putting Local Variables in Registers 
A Symptom -- When you examine a loop index variable, its value does not seem correct. 

Every variable in a program has an assigned memory location. However, local variables may be cached in 
machine registers for all or portions of their lifetime. In general, DEBUG knows approximately when a lo­
cal variable is in memory and when it is in a register. By" approximately", we mean that the compiler 
knows that the variable will be in a register from somewhere in source statement A to somewhere in source 
statement B, and this is not quite accurate enough to ensure that DEBUG will always access the correct lo­
cation. 

If a variable stored in a register is "dead" (i.e., its value is not used again), then its value will not be writ­
ten back to memory. If the variable was updated in the register, a stale value will thus be left in memory. 
For example, suppose that a loop index variable is assigned to a register during execution of the loop. Fur­
ther assume that the final value of the index variable is not used after exiting the loop. In this case, the 
program has no reason to write the register value back to memory. Now suppose that you use DEBUG to 
examine the variable after the loop ends. The correct value no longer exists because the value in main 
memory is stale and the register value has probably been overwritten. 

C.S.2 Eliminating Assignments to Dead Static Variables 
A Symptom -- When you examine a static variable, its value does not seem correct. 

The compiler eliminates assignments to dead variables. Therefore, the variable can be left with a stale 
value, similar to the case described in Section C.S .1. Assignment elimination produces a compiler warn­
ing since it usually indicates a program error. 

C.S.3 Reordering Instructions 
A Symptom -- The statement at line number x appears to get executed at line number x+n or line num­

ber x-no 

The compiler sometimes reorders machine instructions without regard to source statement boundaries. 
Therefore, the object code generated by a source statement may not necessarily directly follow the object 
code generated by the previous statement. Statement execution may not be complete even after the 
source display indicates that control has passed it. Conversely, some of the work of a statement may be 
done before control appears to reach it. 

C.S.4 Removing Loop Invariant Statements 
A Symptom -- You put a statement inside a loop, but the program appears to execute this statement be­

fore or after the loop. 

A loop invariant statement is a statement that does not affect any other statements in the loop. There­
fore, the compiler optimizes by moving it out of the loop. (After all, why calculate something 1000 times 
if it only has to be calculated once.) 

e.6 -OPT 4 
A Symptom -- When you examine a global variable used in a loop, its value does not seem correct. 

Optimization level 4 extends register caching (see Section C.S .1) to global variables used in loops. How­
ever, for such global variables, DEBUG is unaware of any possible caching, so DEBUG always displays the 
value stored in memory. (For local variables, DEBUG can display the value stored in memory or the 
value stored in a register.) What this all means is that DEBUG may display the wrong value of a variable. 
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C.7 Summary and Advice 
To close out this appendix, we offer the following advice: 

• Optimization-related problems are more likely to arise if you attempt to change the values of vari­
ables than if you only examine them. 

• Optimization levels 0-2 present· few debugging difficulties if you refrain from changing variable 
values (and in practice, problems are rare even if you do.) 

• Debugging at optimization levels 3 and 4 must be done with care. If DEBUG displays an unex­
pected value for a variable, you should consider the possibility of an optimization-related debug­
ger problem before assuming that you have found a bug in your program. 

II Optimization tends to affect procedure calls less than other kinds of code. Before making an ex­
ternal procedure call, the compiler must ensure that global variables and arguments passed by ref­
erence will be returned to memory. Therefore, procedure calls are often good choices for break­
point locations. 

• Programmers familiar with machine-level code will find expanded listings useful when debugging 
optimized code .. To get an expanded listing, simply use the -EXP option when you compile. Ex­
panded listings show explicitly how code has been reordered, and where variables are cached in 
registers. 

C-5 Debugging Optimized Code 



C~ 

c 



o 

o 

o 

o 

o 

The letter f means "and the following page"; the letters!! mean "and the following pages". Symbols are 
listed at the beginning of the index. Entries in color indicates procedural information. 

Symbols 

(breakpoint specifier) 1-3 
-> (PC specifier) 4-5 
" (pointer operator) 4-5f 

.. (Accent grave) 3-4 

+ (Addition operator) 3-34 
& (AND operator) 3-34f 
&& (AND operator) 3-34f 
\ (backslash) 3-53 
: (colon) 3-10 
/ (Division operator) 3-34f 
= (DM command) 3-64 
= (Equality operator) 3-34 
== (Equality operator) 3-34 
> (DEBUG prompt) 3-1 
> (Greater than operator) 3-34 
>= (Greater than or equal to 

operator) 3-34 
» (Right shift operator) 3-34 
< (Less than operator) 3-34 
« (Left shift operator) 3-34 
<= (Less than or equal to operator) 

3-34 
1 (OR operator) 3-34f 
1= (Inequality operator) 3-34 

... macro 3-46 

% (Modulo operator) 3-34 
* (Multiplication operator) 3-34 
* (Pointer operator) 4-5f 
""" (Negation operator) 3-34f 
I (OR operator) 3-34f 
II (OR operator) 3-34f 
# (Pound sign) 3-69f 

... (Predefined symbol) 3-20 

[ (Square bracket) 3-6 
- (Subtraction operator) 3-34f 
_ (Underscore) 3-2 
8-bit integer 3-61 

A 

Abbreviating DEBUG commands 
3-3, 3-19f 

Accent grave ( .. ) 3-4 
Access to DEBUG 2-H 
Access violation A-1 
Action-lists 3-2, 3-6f 

associated with breakpoints 
3-12f, A-1 

in IF commands 3-41 
in JUMP commands 3-41 
maximum length 3-6 
spreading across mUltiple lines 

3-2 
Activating debugger variables 3-15 ff 
Activation-number of routines 3-53, 

3-55f 
Active routines 3-8 
Addition operator 3-34 
Address 

of a variable 3-47f, 3-76f 
Adjusting the visible source lines 

3-66 
Alternate 

entry points 3-61, 4-2 
search directories 2-11, 3-65, 

3-67f 
Ambiguous references to 

routine-names 3-55 
.AND. (AND operator) 3-34f 
AND operator 3-34f 
ARGS command 1-2, 3-8f 

and alternate entry points 4-2 
and TB command 3-75 
in FORTRAN programs 3-8 
in installed libraries B-2 
.. max_qual 3-17 

optimization C-2 
Arguments 

Index-1 

of routines 3-8f, 3-75 
to DEBUG 2-3 



Arrays 
address range of 3-78 
displaying 3-50 
examining 3-30 
how to specify them 3-10f 
in C programs 4-6 
setting their values 3-58ff 

Arrow (-» indicator 1-3, 3-66 
ASCII values 

of expressions 3-49 
of variables 3-29 

Assignment format of SET 
command 3-58f 

Assignment merging C-2 
Asterisk (*) 3-10 
Asynchronous faults 3-36 

B 

.BAK version of source code 3-64f 
Beginning execution of program 

3-38f 
Binary values 

of expressions 3-49 
of variables 3-29 

Bitwise operators 3-35 
Blank lines 

printing them 3-50 
Block variables 4-6f 
Boolean 

constants 3-33 
operators 3-35 
Pascal constants 4-8 

Borrow mode graphics programs 
A-2 

Brackets [ ] 3-6 
BREAKPOINT command 3-12 

FORTRAN statement functions 
4-2 

installed libraries B-1 f 
tutorial 1-2 

Breakpoints 
activating after line is hit n times 

3-13 
effect of compiler options 2-lf 
conditional 3-13f, 3-38 
deleting 3-2lff 
in loops 3-13f 
list of current 3-43f 
-NC DEBUG option 2-4 
one-shot 3-38 
resuming execution from 1-2 

setting 1-2f, 3-2 
suppressing activation 3-13 
tracing 3-12 

Byte data type 4-5 

c 
C Language 4-3ff 

arrays 4-6 
byte data type 4-5 
case-sensitivity 3-4, 4-3 
casting 4-4 
characters 4-4 
expressions 4-3 
external routines 3-54 
inner block variables 4-6f 
int8 data type 4-5 
integer constants 
operators 4-3f 
pointers 4-5 f 
preprocessor symbols 4-4 
routine-names 3-53f 
sample DEBUG session 1-5 
static declarations 3-54 
strings 4-4 

Case-sensitivity 3-4 
Causing faults 3-36 
Chains of routine calling 3-75 
Changing a variable's value 3-58ff 
Characters 

constants 3-33, 3-61 
in C programs 4-4 

Child processes spawned by a 
program 2-7 

Cleaning-up after a fault 3-36, 
3-38, 3-63 

Colon (:) 3-10 
Command line 

DEBUG 2-3 
on-line help 3-40 
options 2-3ff 

Commands 
creating a string of 3-1 
packaging into a macro 3-45f 
Shell 3-62 

Comments in DEBUG 3-80 
Common subexpression elimination 

C-2f 
Comparison operators 3-34 
Compiler 

optimizations 2-lf, C'-lff 
options 2-1 f, C-1 ff 

Complex constants 3-33 
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Conditional 
breakpoints 3-13f, 3-38 

evaluation of DEBUG commands 
3-41 

Constants 

boolean 3-33 
character 3-33, 3-61 
complex 3-33 
floating-point 3-33 
integer 3-33 
logical 3-33 

Pascal set 3-34 
string 3-33 

Continuing program execution 
3-38f, 3-72ff 

Control characters 3-17 
Controlling program flow 1-1 
Copying the target program 2-4 
Correcting source code 1-2 

.. CR macro 3-45f 

Cross-jumping optimization C-2 

Cross-process debugging 2-5ff 
CTRL/Q 3-36 

CTRL/Z 3-62 

Current 
environment 3-26f 

position in program 1-3 
routine predefined symbol 3-20 

D 

Data types 
cross-assignments 3-61 

description of 3-24 
of debugger variables 3-15 

-DB compiler option 1-2 
effect on DEBUG 2-H, C-1 

case-sensitivity 4-3 
routine-names 3-55 

source code display 3-65f 
-DBA compiler option 1-2 

effect on DEBUG 2-1£, C-H 

vs. -DBS compiler option 2-2 
-DBS compiler option 1-2 

effect on DEBUG 2-H 

vs. -DBA compiler option 2-2 

\ddd 4-4 

Dead-code elimination C-2ff 

DEBUG 
effect of compiler options on 

optimization 2-H, C-Hf 
effect on target program A-1 
arguments to 2-3 
capabilities 1-1 ff 
command files 2-7f 
command line options 2-3ff 
commands 

abbreviating 3-19f 
packaging 3-45f 
programming with 3-42 
window pane 2-8ff 

cross-process debugging 2-5ff 
debugging child processes 

spawned by a program 2-7 
definitions 3-19 f 
entering commands 3-H 
exiting from 3-32, 3-51 
faults 3-36 
getting started with 3-1 
hangs 3-73 
helpful hints A-H 
how to invoke 2-3 
introduction 1-1 ff 
options 2-3 
overview 1-2, 3-2f 
preparing programs for 1-2, 2-H 
prompt (» 3-1 
results of optimization C-1£ 
running on a terminal A-2 
sample session 

C 1-5 
FORTRAN 1-4 
Pascal 1-6 

scripts 3-52 
startup files 3-2 
strategy 1-2 
tutorial 1-2f 
using 3-Hf 
what happens when you invoke 

2-3 
Debugger variables 3-15ff 

activating 3-15ff 
data types of 3-15 
list of current 3-44 
predefined 3-16ff 
setting their values 3-16, 2-8 
user-defined 3-15 

Debugging vs. optimizing 2-2 
Decimal values 
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of expressions 3-49f 
of variables 3-29f 



#define C preprocessor statement 
4-4 

DEFINE command 3-19f 
Defining keys in DEBUG A-2 
Definitions 3-19f 

deleting 3-2lff 
list of current 3-43f 

DELETE command 3-2lff 
Deleting 

breakpoints 3-2lff 
definitions 3-2lff 
macros 3-2lff 
source directories 3-2lff 

Dereferencing pointers 3-47f 
C 4-5f 

DESCRIBE command 3-24f 
Pascal sets 4-8 

Describing 
data type of variables 3-24f 

Direct graphics 
-NWP option 2-10 

Directories 
alternate 3-67f 
deleting from search list 3-2lff 
to search 2-11, 3-65, 3-67f 

Displaying 
a traceback of called routines 

3-75 
error codes 3-71 
source code 3-64ff 

effect of compiler options 2-lf 
values 

of expressions 3-49f 
of variables 3-29ff· 

DIV (Division operator) 3-34f 
Division operator 3-34f 
DOMAIN Software Engineering 

Environment (DSEE) files 3-65 
Double-precision values 

of expressions 3-49 
of variables 3-29 

DPAT utility 
effect of -NDB compiler option 

2-2 
DSEE (DOMAIN Software 

Engineering Environment) files 
3-65 

E 

Echoing DEBUG commands 3-52 

Eliminating 
common subexpressions C-2f 
dead code C-2ff 

Encyclopedia of DEBUG commands 
3-4ff 

Ending DEBUG session 3-32, 3-51 
Entering DEBUG commands 3-lf 
Entry points 3-61, 4-2 
ENVIRONMENT command 3-26ff 

source code display 3-64 
Environment 

examining 3-26ff 
setting 3-26ff 

.EO. (Equality operator) 3-34 
Equality operators 3-34 
Equals sign (DM command) 3-64 
Error· code 3-71 
Errors 

in source code 1-2, 3-64 
EXAMINE command 3-29ff 

block variables in C 4-7 
C characters 4-4 
in installed libraries B-2 

.. max_bad_chars 3-17 

'max_qual 3-17 
Pascal sets 4-8 
tutorial 1-2f 
vs. PRINT command 3-49 

Examining 
arrays 3-30 
expressions 3-49ff 
records 3-30 
structures 3-30 
unions 3-30 
variables 1-2 

effect of compiler options 2-lf 
Exclamation point (I) 1-3 
Execution of target program 3-38f 

single-stepping 3-72ff 
EXIT command 3-32 
Exiting DEBUG session 3-32, 3-51 
Expressions 3-33ff 

C 4-3 
converting data types 3-49f 
FORTRAN 4-2 
mixing data types 3-34f 
Pascal 4-8 
values of 3-49f 

External routines 3-54 
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FALSE 4-8 
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.FALSE.4-8 

.. Fault_action macro 3-46, 3-63 

Faults 3-36f 
causing 3-36 
exiting DEBUG session 3-51 
SIGNAL command 3-63 
simulating 3-63 

.. fault_status debugger variable 3-16 

FILE 
Pascal data type 3-2 

Files 
of DEBUG commands 3-52 
startup 2-3 

Finishing DEBUG session 3-32, 
3-51 

Floating-point 
constants 3-33 
values 

of expressions 3-49 
of variables 3-29 

Flow of program 
controlling 1-1 

Fonts 

source code display 3-65 
Formatting options 

in EXAMINE command 3-29 
FORTRAN 4-lf 

alternate entry points 3-61, 4-2 
ARGS command 3-8 
case sensitivity 3-4 
expressions 4-2 
INQUIRE statement 4-2 
I/O statements 4-2 
IOSTAT specifier 4-2 
labels 3-69f, 4-2 
line numbers 4-2 
operators 4-2 
pointers 3-48 
program 1-4 
READ statement 4-2 
routine-names 3-53 
sample DEBUG session 1-4 
statement functions 4-2 
statment numbers 4-2 
WRITE statement 4-2 

Frame 2-10 
Functions 

FORTRAN statement 4-2 
pointers to 3-47 

G 

.GE. (Greater than or equal to 
operator) 3-34, 4-2 

-GLOB option 2-11, B-lf 
GO command 3-38f 

faults 3-36 
FORTRAN statement functions 

4-2 
in a DEBUG command file 2-8 
in installed libraries B-lf 
in READ files 3-52 
optimization C-2 
tutorial 1-2 
within action-lists 3-6 

Graphics programs 
debugging in borrow mode A-2 
-NWP option 2-10 

Grouping DEBUG commands 3-6 
.GT. (Greater than operator) 3-34 

H 

Halting program execution 1-2, 
3-12ff 

with a fault 3-36 
Hanging DEBUG session 3-73 
HELP command 3-40 
Hexadecimal values 

of expressions 3-49 
of variables 3-29 

Hit count 3-13 
HPC utility 

effect of -NDB compiler option 
2-2 

IF command 3-41 
If/then/else 3-41 
IN (Set operator) 3-34 
Inner block variables 4-6f 
INQUIRE FORTRAN statement 4-2 
Installed libraries 

and STEP -Until command 3-73 
debugging B-lf 

Int8 data type 4-5 
Integer 

constants 3-33 
values 

of expressions 3-49f 
of variables 3-29f 

Interactive format of SET command 
3-58ff 
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INTERNAL declarations in Pascal 
3-54 

Introduction to DEBUG 1-1ff 
Invoking DEBUG 1-2, 2-3 

controlling source display 2-10f 
printing a section load map 2-11 
reading DEBUG commands 2-7f 
setting debugger variable values 

2-8 
setting window pane sizes 2-8ff 

I/O redirection 2-3 
I/O statements 4-2 
IOSTAT specifier 4-2 

J 

JUMP command 3-42 

K 

Key definitions in DEBUG A-2 

L 

Label 3-69f 
LAS Shell command 3-62 
.LE. (Less than or equal operator) 

3-34 
Left shift operator 3-34 
Legal characters in variables 3-4 
Lilacs 4-8 
Limiting display of an array 3-11 
#line C preprocessor statement 4-4 
Line numbers 3-69f 

effect of compiler options 2-H 
optimization C-4 

Lines 
spreading an action-li~t across 

multiple 3-2 
Linked lists A-1f 

walking with DEBUG commands 
3-42 

LIST command 3-43f 
Lists 

linked 3-42, A-1f 
Load map 2-11 
Local variables 

in registers C-3f 
Logical 

constants 3-33 
operators 3-34f 

Loop invariant statements C-3f 

Loops 
checking values in 3-13f 
of DEBUG commands 3-42 

LOPSTR Shell command 3-62 
.LT. (Less than operator) 3-34, 4-2 

M 

MACRO command 3-45f 
Macros 3-2, 3-45f 

deleting 3-21 
list of current 3-43f 

Map 
section load 2-11 

.. max_array_dim debugger variable 
3-10f, 3-24 

.. max_bad_chars debugger variable 
3-16f 

Maximum variable length 3-4 
.. max_qual debugger variable 3-16f, 

3-24, 3-31 
.. max_string_Ien debugger variable 

3-16 
.. max _ var _len debugger variable 

3-16ff, 3-24, 3-30f 
Merging assignments C-2 
MOD (Modulo operator) 3-34 
Modifying a variable's value 3-58ff 
Modulo operator 3-34 
Moving 

between commands in an 
action-list 3-42 

through a program 3-2, 3-72ff 
Multidimensional arrays 3-10 
MUltiple commands on one line 

3-69f 
Multiplication operator 3-34 

N 

-NC DEBUG option 2-4f 
-NDB compiler option 2-1ff, C-1 
.NE. (Inequality operator) 3-34 
Negation operator 3-34 
No copy option 2-4f 
Not equal operator 3-34 
NOT operator 3-34f 
-NSRC option 2-10 
Number of line 3-69f 
-NWP option 2-8, 2-10 

and -PROC 2-10 

Object module size 
reducing 2-2 
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Octal values 
of expressions 3-49 
of variables 3-29 

Offset from a line number 3-69f 
One-shot breakpoints 3-38f 
On-line 

examples 3-40 
help 3-40 

Operators 3-34f 
C 4-3f 
FORTRAN 4-2 
Pascal 4-8 
priority of 3-34 

-OPT compiler option C-Hf 
Optimization 

assignment merging C-2 
dead-code elimination C-2ff 
effect on debugging C-Hf 
reordering of line numbers C-4 
summary C-5 
vs. ease of debugging 2-2, C-1 

Options 
compiler 2-lf 
DEBUG command line 2-3ff 

OR operator 3-34f 
.OR. (OR operator) 3-34f 
Outer block variables 4-6f 
Overview of DEBUG features 3-2 

p 

Panes 2-8ff 
Parameters of a routine 3-8, 3-75 
Parent processes 2-3 
Pascal 4-7ff 

boolean constants 4-8 
case sensitivity 3-4 
expressions 4-8 
external routines 3-54 
FILE variables 3-2 
INTERNAL declarations 3-54 
operators 4-8 
routine-names 3-54f 
sample DEBUG session 1-6 
sets 3-25, 4-8 
type-checking 4-8 
UNIV _PTRs 3-47f 
WITH statement 4-9 

PC 3-77f 
pfm_$exit system call 3-51 
Piping I/O of the target program 2-3 

Pointers 3-47f 
arithmetic 4-5f 
C 4-5f 
FORTRAN 3-48 
VA command 3-76f 

Position in program 1-3 
Predefined 

debugger variables 3-16ff 
symbol for current routine 3-20 

Preparing programs for DEBUG 
1-2, 2-lf 

Preprocessor statements 4-4 
PRINT command 3-29 ff 

C characters 4-4 
in installed libraries B-2 
.. max_bad_chars 3-16f 

tutorial 1-2f 
vs. EXAMINE command 3-49f 

Printing 
error codes 3-71 
the value of a variable 1-2 

-PROC option 2-5ff 
advantages of 2-7 
and -NWP 2-10 
example of 2-5ff, A-2 

Procedures 
pointers to 3-47 

Process that DEBUG runs in 2-3, 
2-5ff 

Program 
controlling flow 1-1 3-2 
counter 1-3, 3-77f 
execution 

halting 3-12ff, 1-2 
faults 3-36f 
I/O window pane 2-8ff 

Programming with DEBUG 
commands 3-42 

QUIT command 3-51 
tutorial 1-3 

Q 

Quitting DEBUG session 3-32, 3-51 

R 

READ command 3-2, 3-52 
READ FORTRAN statement 4-2 
-READ option 2-7f, 3-2 
Real 
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Records 4-2 

describing 3-24f 
examining 3-30, 3-50 
setting their values 3-58ff 

Recursive 
macros 3-45 

routines 3-55 f 
Redirecting 1/0 of the target 

program 2-3 

Reducing 

object module size 2-2 

the length of variable names 
3-17f 

Registers 

compiler optimization C-3f 

Removing 
breakpoints 3-21ff 

definitions 3-2Hf 

macros 3-2Hf 
source directories 3-21ff 

Reordering instructions C-3f 

Resetting the value of a variable 
3-58ff 

Resizing window panes 2-8ff 
Restarting after a breakpoint 1-2f 

Resuming program execution 1-2f 
3-38f, 3-72ff 

Returning from a called routine 
3-38f 

Right shift operator 3-34 

Right window pane 2-10 

Routine-names 3-53ff 
abbreviating 3-19f 

in output 3-17 
effect of compiler options 2-H 

ambiguous references 3-55f 
as part of a statement-ID 3-69f 
as part of a variable name 3-78f 

Routines 
arguments 3-8f, 3-75 
fault-handling 3-36 
list of current 3-43f 

pointers to 3-47 

setting a breakpoint at the 
beginning of 3-12 

starting address of 3-76f 

traceback of calls 3-75 
visibility 3-27 

Run environment 3-26f 

s 
SDIR command 3-57 
-SDIR option 2-11 

and SOURCE command 2-11 
Search list 2-11, 3-65, 3-67f 
Search rules 2-11! 3-65, 3-67f 
Section load map 2-11 
SET command 3-58ff 

debugger variables 3-15 ff 
.. max_qual 3-17 
optimization C-3 
Pascal sets 4-8 
tutorial 1-3 

-SET option 2-8 
Sets in Pascal 4-8 

constants 3-34 
membership operator 3-34 

Setting 
breakpoints 1-2f 

effect of compiler options 2-H 
the value of program variables 

3-58ff 
the values of debugger variables 

2-8 
SHELL command 3-62 
SIGNAL command 3-36, 3-63 
SIGP Shell command 3-36 
Single-stepping through a program 

3-72ff 
-SMAP option 2-11, B-1 
Source code 

adjusting the visibility of 3-66 
.BAK version 3-64f 
C 1-5 
confusion C-2 
correcting 1-2 
display 3-64ff 

effect of compiler options 2-H 
environment 3-27 
options 2-10f 
suppressing 2-11, 3-67f 
window pane 2-8ff, 3-64 

FORTRAN 1-4 
Pascal 1-6 
reordering C-3f 
suppressing display 3-68 

SOURCE command 3-67f 
and -SDIR option 2-11 

Source directories 
deleting 3-2Hf 
list of current 3-44 

SOURCE FILE UNAVAILABLE 
error message 3-66 
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SOURCE FILE UNKNOWN error 
message 3-65 

SOURCE UNAVAILABLE error 
message 3-65 

Square brackets [] 3-6 

-SRC option 2-10 

.. src_adjust debugger variable 3-16, 
3-66 

-SRC_R option 2-10 

-SRC _ T option 2-10 

.. src_try_bak debugger variable 
3-16, 3-64ff 

Stack 

walking up and down 3-26 

Standard 110 redirection 2-3 

Starting 

after a breakpoint 1-2f 

DEBUG 2-3 

Startup files 2-3, 2-7, 3-2 

Startup_debug file 3-2 

Statement functions 4-2 

Statement-ID 3-69f 

Static declarations in C 3-54 

Status code 3-63, 3-71 

STCODE command 3-71 

STEP command 3-72ff 

faults 3-36 

FORTRAN 110 statements 4-2 

in a DEBUG command file 2-8 

in installed libraries B-lf 

in READ files 3-52 

tutorial 1-2 

within action-lists 3-6f 

Stepping 3-72f 

over a routine 3-72f 

Stop fault 3-36 

Stopping 

DEBUG session 3-32, 3-51 

program execution 1-2, 3-12ff 

with a fault 3-36 

Storing DEBUG commands in files 
3-S2 

Strategy 

debugging 1-2 

STREAM _ $ERRIN 2-10 

STREAM_ERROUT 2-10 

Strings 
abbreviating 3-19f 
C 4-4f 
constants 3-33 
of DEBUG commands 3-1 
printing 3-S0 

Structures 4-2 
describing 3-24f 
examining 3-30, 3-S0 
setting their values 3-S 8ff 

Subrange constants 4-8 
Subtraction operator 3-34 
Suppressing 

source code display 2-11 
window panes 2-10 

Syntax of commands 3-Sff 
on~line 3-40 

System calls 
testing for success 3-41 

System error code 3-71 

T 

Tail-merging optimization C-:-2 
Target program 2-3 

advancing through 3-38f 
borrow mode A-2 
controlling execution 3-38 
faults 3-36f 
hangs 3-73 
running in a nondefault process 

2-S 
stand-alone vs. debugged A-1 

TB command 3-7S 
alternate entry points 4-2 
optimization C-2 

TB utility 
effect of -NDB compiler option 

2-2 
Temporary breakpoint 3-39 
Terminal 

running DEBUG on A-2 
Top window pane 2-10 
Traceback 3-7S 

effect of -DB compiler option 
2-2 

Tracing 3-2, 3-12ff 
TRUE 4-8 
.TRUE.4-8 
Truncating unprintable characters 

3-16f 
Tutorial on DEBUG 1-2f 
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Type-checking 
Pascal 4-8 

Typedefs 
DESCRIBE command 3-24 

Types 3-24 

Underscore U 3-2 
Unions 4-2 

examining 3-30 

u 

setting their values 3-58ff 
UNIV _PTRs 3-47f 
Unprintable characters 3-16f 
Unsigned values 

of expressions 3-49 
of variables 3-29 

User environment 3-26f 
user_data/startup_debug file 2-3 
User-defined debugger variables 

3-15 
userlib.global installed library B-H 

VA command 3-76f 
Values 

v 

converting to different data types 
3-29, 3-49 

of expressions 3-49 
of routine arguments 3-75, 3-8 
of variables 3-29 

Variables 
effect of compiler options 2-H 
C arrays 4-6 
casting 3-29, 3-49 
changing their values 3-58ff 
converting 3-29, 3-49 
cross-assignments 3-61 
describing their data types 3-24f 

examining 1-2, 3-29ff 
halting when a value changes 

A-1 
how to use them in DEBUG 

3-78f 
in loops 3-13f 
legal characters in 3-4 
list of 3-43f 
local A-1 
maximum length 3-4 
names 

abbreviating 3-30f 
reducing their length 3-17f 

pointers 3-47 f 
C 4-5f 

setting their values 3-58ff 
unitialized A-1 

Variant fields 3-60 
Verbose help 3-40 
Virtual address 3-76f 

setting a breakpoint on 3-12 
Visibility 

of routines 3-27, 3-54 
of source code 3-66 

w 

Walking up and down the stack 
3-26 

Watchpoints A-1 
Window panes 1-2 

control 2-8ff 
default startup 2-3 
options 2-8ff 
source code display 2-10f, 3-64ff 
suppressing 2-8ff 

WITH statement 4-9 
-WPnn option 2-8ff 
WRITE FORTRAN statement 4-2 
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