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Abstract

Each computer program, no matter how carefully
designed, may contain code entry mistakes, errors in logic,
and/or anomalies that can result in unexpected outcome (also
known as bugs). In order to find and correct these problems,
a software tool known as a debugger can be utilized by a
programmer as an aid in isolating and correcting computer
programs. The purpose of this thesis is to design and create
such a tool for the AT&T UNIX-PC {1] that will allow the
user to function interactively within a window-oriented
environment. This new debugger will be referred to as GSD
(Graphic Symbolic Debugger). A study of prior art has been
made in order to learn various debugger implementation
techniques, their advantages and shortcomings, and to gain an
understanding of methods that may be wutilized within the

UNIX environment for such a tool to be effective.

l1: UNIX is a registered trademark of AT&T Informations
Systems
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1. Debugging Techniques

Debugging is a complicated activity in that, initially, only a
program's external symptoms are known. The programmer must construct
hypotheses about the nature of the problem and develop ways to test
them. A debugger is a tool that allows the programmer to observe the
internal behavior of a program at varying levels of abstraction,
from source 1level to machine language, in order to gain more
information to support new hypotheses that will ultimately lead to

the solution of the original problem, Cargill[l].

There exist several general classes of debugging methods; dump,
trace, monitor, symbolic, and source-level interactive debugging.
The following is a summary of these techniques, from simple to

complex, that are in use today.

* Dump: the most primitive form of debugging. Contents of memory
locations within a given address space at the time of the failure
are printed . The programmer must then manually sift through the
"wreckage" to ascertain the state of the machine (and hopefully the

cause of the problem) at the time of the failure.

* Monitor: a simple low-level debugging system that is often built
into small ROM-based operating systems, Small(2]. It usually
features with breakpoints, memory dumps, memory modifications, and

in newer versions, on-line assemblers/disassemblers.

¥ fTrace: a display of the dynamic activity of some aspect of the
program, Johnson[3]. This can be a side effect of normal program
execution or print statements that are deliberately placed within a

program to indicate the program state after some event(s). This



information may be used to isolate a fault (E.g. when a particular

variable exceeds a range).

* Symbolic Debugging: the first example of "High-Level" debugging
that allows the user to think in terms of source-level names and
constructs . Typically, source-level names are cross-referenced
between the executable code and the source document through use of a
symbol table that 1is created by the compiler or assembler. For
example, at some specified breakpoint the debugger can reference a
program’'s memory address back to the symbol table to show the
current value of a variable in the source document. Some symbolic
debuggers cannot contend with indirection and therefore cannot

display a structured item, Johnson and Kenney[4].

* Source-Level Interactive Debuggers: a high-level debugging
technique in which knowledge of the underlying architecture (e.g.
registers) of the machine is no longer needed . All debugging is
carried out against the source document itself. Program references
and structures are directly related by either line number and/or
symbolic name to the source document. The command-line interaction
is ,replaced with a multiple-window bit-mapped CRT display
environment, Johnson[3)], Johnson and Kenny[4], Cargill[5]. Included
on the display may be the source document, variables and structures,
program back-trace, pop-up menus, etc. User interface is provided
through both mouse and keyboard command entry. One clever approach
that has been devised is to draw data structure diagrams
automatically, Mateli and Radack[6]. The purpose is to create a
graphic representation of a structure based upon information that

may be obtained from the variable declarations and the current



values of its members. Yet another approach is to replace static
information displays with dynamic displays (animated) to show the

state of structures as they are updated, Moran[7].

Within the existing UNIX-PC are two options for debugging
tools; ADB ({1} and SDB [2), ADB is a general purpose command-line
oriented debugger that features attributes of the monitor debuggers.
Its primary use is to examine and modify memory or files and also
run UNIX programs. SDB, a symbol debugger, is an expanded version of
ADB for use with high level languages such as "C". SDB is
command-line oriented and can refer back to the source document as
in a source-level debugger. Both of these debuggers require a memory
dump ‘'core’' file [3) and the target object file [4) that has been
compiled to include additional debugging information 1[5)., This
compile time information consists of source reference line numbers
and additional symbol table information that will enable SDB to
relate absolute addresses to source line numbers or procedure
labels, perform stack traces with symbolic output, and many other

useful operations.

1: ADB(1l), in "AT&T UNIX System V User's Manual”, Vol. 11,
(1985-1986). AT&T
2: spB(l), in "AT&T UNIX System V User's Manual”, Vol. 11,

(1985-1986), AT&T

3: CORE(4), in "AT&T UNIX System V User's Manual", Vol. 1I,
(1985-1986), AT&T

4: A.0OUT(4), in “AT&T UNIX System V User's Manual", Vol.
11, (1985-1986), AT&T

$: CcC(1), in "AT&T UNIX System V User's Manual", Vol. 11,
(1985-1986), AT&T



2. Comparison of Available Debuggers

As stated previously. the UNIX-PC is supplied with the
command-line oriented debugger, SDB. A literature search has found
three commercially available window-oriented debuggers that have
features that are desirable to include; Dbxtool, Adams and
Munchnick[8], developed for Sunl!) Workstations , MacMeth, Wirth et
al[9], and DMDPII 2) | Before it 1is possible to design a
window-oriented interface to SDB, it is first necessary to examine
the features of the four named debuggers, determine which features
of SDB can be utilized in the windowing environment, and finally to
select those features that will be possible to implement in the

UNIX-PC environment.

The following is a summary of features found in SDB and the
commercially available window-oriented debuggers.

2.1 SDB

SDB is a command-line oriented symbolic debugger that is used

with C programs. It has the capabilities to:

* Print a stack trace.

* Print the value or address of a variable in a multitude of
different output formats.

* Modify the value of a variable.

L Examine source file documents, switch between files or

l1: Sun is a registered trademark of Sun Microsystems,
Mountain View, California, USA
2: DMDPI, in "AT&T 630 Terminal Software User's Guide",

AT&T



directories, and search through documents using a limited form of
regular expressions as found in ed f11.

* Print the value of machine registers and the current machine
language instruction.

* Print current machine language instruction(s).

* Run controlled execution of a program. This includes setting and
deleting breakpoints in a source file, single stepping through
source or machine language code line by line or to the nth step, or
until a variable or address has been reached n-times or a variable
has been modified.

* Execute a procedure with specified values for the argument list.

SDB is a very complete debugger in that it has capabilities
that allow the user to do practically everything imaginable in
examining, modifying, and running
a program in a command-line environment. Its primary drawback is
that, in 1its flexibility, the command structure can be very
confusing to operate. Also, as each debugger command is executed, it
produces only one piece of information, usually in a line by line
output that gets lost as it scrolls off of the screen. This makes
it difficult to construct the "bigger picture”" of where the
problem in a program might be and further reinforces the need to
place the maximum amount of useful information into multiple windows

where it is readily available to the user at all times.

| ED(1), in "AT&T UNIX System V User's Guide", Vol. 11,
(1985-1986), ATA&T



2.2 Dbxtool

As a window- and mouse-based interactive debugger for C,
Pascal, and FORTRAN, Dbxtool is designed to increase programmer
productivity by extending the facilities of the dbx [1) debugger.

The following is a brief list of Dbxtool features;

* The environment consists of five sub-windows: a status window, a
source window, a menu of command buttons, a command dialog window,
and a variable value display window. The status window displays the
file name and line number range of the code in the source window.
The source window displays the current locus of execution and can be
scrolled or searched via regular expressions. The button window
contains a menu of 6 commands that can be "constructed"” (see below)
from the mouse. The display values window contains values of
selected variables whenever execution of the debugger is suspended.
* The button window was chosen over pop-up menus because the vast
majority of debugging actions consist of six default commands. The
default form of the window uses very little screen space and does
not obstruct portions of the screen, as a pop-up menu would.
Commands are "constructed" by the selection of text and clicking a
command button (or entering a command from the keyboard). This
specifies a built-in function that takes the selection, as its
argument, and returns a string. The text portion is appended to the

string and then passed as a command to the underlying debugger.

1: DBX(1), in "UNIX Programmer's Manual, 4.2 Berkeley
System Distribution, Volume 1, Computer Science Div.,
Univ. of Ca., Berkeley. Ca. (August 1983)



* The user has the ability to control breakpoints. A source line
that has a breakpoint associated with it is marked with a special
icon. The conditions for a breakpoint are similar to what is found
in SDB.

* Dbxtool has the capability of running either single or
multiprocess programs in a controlled manner. Execution may proceed

normally, to a breakpoint, in a single step mode, or be halted.

Dbxtool is implemented as two processes; a window-based front
end and a slightly modified version of dbx, connected via a UNIX
pipe. Dbxtool invokes dbx with a special command line flag telling
it that it is running under Dbxtool. This division of 1labor has
several advantages, the most important one being that its own
maintenance is reduced as there is only one version of dbx subject
to changes. The design of Dbxtool is well thought out in terms of
features and wuser ergonomics and is clearly a good model to
influence any new debugger designs.

Can dbx, and consequently, Dbxtool be ported to the UNIX-PC ?
No, not easily. The Dbxtool interface is dependent on its CRT screen
environment and would have to be rewritten to utilize the screen
manager of the UNIX-PC. The author feels that such a project is too

ambitious for this thesis.

2.3 MacMeth

The MacMeth debugger was developed as part of a larger
software package for the MacMETH Modula-2 Language System for wuse
on the Apple Macintosh. It is tailored for the modular nature of the

Modula-2 programming language. Within the MacMETH environment the



user can edit, compile, and run Modula-2 programs . If a run time
error is encountered while working within the devel opment
environment, the debugger is automatically invoked at the point of

the error. Features of the MacMETH debugger are as follows:

* The debugging environment consists of five windows: a source
window, a procedure chain window, a module list window, and two
feature programmable windows named Data 1 and Data 2. The source
window contains the program source code (if it is available) and it
is initially positioned at the location of the run time error. The
module window contains a list of all loaded modules. The procedure
chain window indicates the reason for the program error and shows
the calling sequence of the active procedures. The default Data 1
window contains the variables of the last called procedure and the
default Data 2 window contains the variables of the module
containing that procedure.

* All windows may be scrolled, relocated, or zoomed in a manner that
is consistent with standard Macintosh software. Global commands are
accessible through pull-down menus at the top of the screen or
keyboard entry.

* Data variables in the Data 1 and Data 2 window show the type and
current value. If a display line shows a value of "*', it denotes
that the data type is complex (e.g. a record, array, etc.) and
further information may be obtained by clicking that 1line. These
structures or arrays may then be exploded and examined element by
element. For example, a linked list could be manually traversed and
analyzed. In addition, the top line of the window contains a display

of the path of pointers through which the present structure was



reached. This path can be retraced in reverse order by selecting a
previous component.

* By clicking a line in either the procedure chain or module list
window, the source window and data windows can be immediately

relocated to any active point in the running program.

The author has wused the MacMETH debugger in the Modula-2
environment and found it to be a very effective tool. The ability to
view simultaneously multiple pieces of pertinent debugging data as
well as access and follow data structure members represent a
significant improvement in debugger design and user productivity.

One shortcoming is that the debugger does not provide a means
to set breakpoints or to run a program in a controlled fashion.
Since breakpoint usage is not provided it is necessary to insert a
HALT instruction at the desired breakpoint in the source code,
recompile and rerun the program. When the HALT instruction is
encountered the program execution is suspended and the debugger is
invoked.

Could the MacMeth debugger be ported to the UNIX-PC ? No. This
debugger is specifically designed for the MacMeth Modula-2
development environment on a Apple Macintosh. There is no common
point in either the physical architecture of the Modula-2 language
or object file structure that will allow a reasonably simple

conversion to be made.

2.4 DMDPI
DMDPI is a window-oriented debugger in much the same sense as
Dbxtool or MacMeth. However, its operating environment is quite

different in that the debugger does not run within the host



computer. 1Instead, the debugger application is downloaded into an
intelligent terminal where it controls the user's windows and
monitors the program's operation. This is very similar to the
Cargill[S5] Blit (Bit-Blt bit mapped) Virtual Terminal running
joff, a debugger for C programs running on the Blit itself. Thus,
the terminal can be tailored to run any application by simply
downloading a graphics based program to it from the host system.

The DMDPI debugger is run on an AT&T 630 Terminal. This
terminal has a large very high resolution CRT screen with its own
68000 based on-board system. The DMDPI must be run on the terminal
under "layers" in order to initiate the debugging session. Layers
allows a number of UNIX system shells to be run in separate
rectangular areas of the screen, that in essence, behaves like
separate ASCII terminals. Each shell region operates asynchronously
thus giving the user the ability to create, move, reshape, delete,
and overlap many layers with a graphic mouse. The mouse controls the
way that the layers overlap, and selects the active layer to which
keyboard input may be directed. Any layer that is overlapped or
obscured remains active and may be written to at any time. Its
contents is visually restored when the layers are rearranged. By
giving the user the ability to function in this manner, multiprocess
programs may be debugged by initiating a separate debugger process
for each of the target processes that it runs.

The DMDPI debugger is similar in many ways to the other
debuggers sited earlier. Only some of the major differences will be
outlined.

* Window Organization: Because of "layers", DMDPI runs on a very

high resolution CRT screen with each instance of the debugging

10



process functioning as its own virtual terminal. Its windows are not
initialized to a specific fixed size or located in any particular
area on the screen as in the cases of Dbxtool or MacMeth (even
though these windows may be moved or reshaped). Upon creating an
instance of a DMDPI debugger process, the user defines the debugging
environment window by "dragging” the mouse icon to form the border
outline of the desired size. From then on, all of the activities for
that instance of the debugger is confined to the boundaries of that
window, including information windows and command menus.

* Command Menus: Dbxtool and MacMeth have mouse activated command
menus located in fixed areas of the screen. Dbxtool uses a center
screen button bar to build instructions, while in contrast MacMeth
uses pull-down menus located at the top of the screen in typical
Macintosh style. Because of the random location and sizes of the
DMDPI windows, variable size pop-up menus provide the only logical
means for command selection. When a mouse operation requests a
command menu, it appears at the location of the mouse icon within
its window and contains a item list that is appropriate for the
desired window. It is present as long as the mouse button is held
down. Because of the need to restrict all activities of an instance
of a debugger process within the boundaries of its window, a
command menu with many selection items may not be able to fit within
its process window. The solution is to size the menu as required and
scroll the selection items up or down by pressing the mouse icon
against the upper or lower boarders of the menu window. Furthermore,
if a selection item results in the creation of more decision levels
(limb of a tree), its item line will contain an "->" arrow. If the

mouse icon 1is pressed to the right of the arrow, a new pop-up

11



sub-menu will appear with the new level selection 1list. Thus,
command strings can be built by following a decision tree with the
mouse icon. When the mouse button is released, all of the selected
element(s) of the pop-up menu(s) are combined and executed. If a
command confirmation is required, the process window will indicate
its request by changing to a lower density. If user keyboard input
is required, a prompt for input is issued.

* Window Updating: Because each information window of DMDPI is
running as a separate process, it may be written to even if it 1is
partially or fully obscured.

* Display Variables: The display of the values of variables, if
requested, is divided between two windows, one for global and one
for local variables.

* Breakpoints: Breakpoints may be set or cleared at any place in the
source code window. A source line in which a breakpoint is set 1is
highlighted in reverse video. A list of all active breakpoints can
be requested to be displayed in a sub-window.

* Controlled Runtime Environment: Target program execution can be
controlled in a variety of modes including run to a line breakpoint,
single stepping, or run until a data variable condition is met. Any
time that a program is halted, all windows that are associated with
that process are updated to the status at the time of the halt. 1In
addition, a "running” window can be requested that displays the

process information associated with the target program.

DMDPI is a well designed debugger with every imaginable feature
present to aid in debugging both single and multiprocess target

programs. It provides tremendous flexibility by allowing the user to

12



request only the information sub-windows necessary for the debugging
task at any given time. The pop-up menus provide a convenient, quick
command entry device that guides the wuser through multilevel
decisions and 1is present only as needed to construct the command
string. This prevents dedicating valuable screen resources to a menu
area.

The author has only two objections to the operating features of
this debugger. The first, is that the item selection within a pop-up
menu is made on release of the mouse button. If the mouse button is
released prematurely, an undesirable command might be issued.
Secondly, it is possible to create so many windows on the screen at
the same time, that it becomes very easy to confuse one window's

operations with another.

13



3. The UNIX-PC Environment

Dbxtool, MacMeth, and DMDPI function within different
operating environments. Before the GSD debugger is presented, a
brief overview of its operating environment, the AT&T 7300 (3Bl)

UNIX-PC , will be made.

* The architecture of the basic UNIX-PC is built around a 10 MHz
Motorola 68010 CPU with a minimum 1/2 Mbyte of memory (expandable to
4 Mbytes) and a virtual address space of 4 Mbytes. Mass data storage
is provided by a fixed 10-67 Mbyte hard disk and a removable media
370 Kbyte 5 1/4" floppy disk. The CRT display is a monochrome 720
by 348 pixel (28 lines by 80 character) bit-mapped graphics monitor
for information display. User input is achieved through a mouse and
keyboard. The computer may connect to a telephone line via a built
in Bell 103/212 compatible modem. Additional I/0 devices may also be
connected through a parallel printer port and a DTE RS-232-C
serial port. A built in expansion bus allows option boards to
further expand memory, serial ports, and other useful features.

* The existing UNIX System V debuggers are command-line driven. Even
though they get the job done, the user interface may be compared
with working in a line editor vs a screen editor. A resource, such
as a debugger, can be enhanced through use of the Terminal Access
Method (TAM)I!1l graphics package to provide multiple windows for
various display operations and the user interface, similar to the

windowing debuggers described earlier.

1: TAM(3), in "AT&T UNIX System V User's Manual”, Vol. II,
(1985-1986), AT&T

14



* Debugging line number and symbol table information is provided
through the compiler when the -g option is invoked. This information
is well documented as the Common Object File Format (COFF)[1) and is
necessary in the development of a source-level debugger.

* When a program is terminated abnormally a core file is produced.
It contains user and system information at the time the program was
halted. Through this file it is possible to reference values to
symbols, perform stack traces, etc. Because the core file is totally
system dependent and may differ dramatically between operating
environments, there is no standardization as exists in the COFF
format file. However, there are several system header files that

describe portions of the overall makeup of the core file.

1: Common Object File Format, in "AT&T UNIX System \'
Programmer's Guide", (1985-1986), Chap 18, pg 1-67, AT&T

15



4. The GSD Debugger for the UNIX-PC

Having examined different debugging techniques, three
commercially available debuggers that are currently implemented on
other computer systems, and the environment of the proposed target
system, it is now appropriate to outline the features incorporated
in the design of the GSD debugger.

The development of the debugger followed a two-tiered design
approach. The €first phase was the implementation of SDB on the
UNIX-PC by porting it from the source code of the 3B2 system. The
second phase was the design and integration of the windowed-oriented
environment for controlling the debugger and viewing the results.

In developing the windowing environment there were several
issues that had to be considered. These were;

* Should the overall debugger be implemented as a single process or
should the debugger, and each window controller, be a separate
process? Since one of the goals is to present information in
multiple windows that relate to each other, each window must be
kept current to whatever change(s) were made within any other
window. In a single process debugger, it is easier to share global
information in the debugger with all of windows. However, in order
to update windows that are covered or in background, it is necessary
to bring any window to foreground (explicitly selected) before it
can be written to. This can result in a windows flashing on and off
creating an annoying effect. If the multiprocess approach is taken,
windows can be updated without being selected to the foreground
condition. The problems associated with the multiple process
approach is that the window processes cannot directly access the

global information available within the debugger as well as the

16



debugger not being able to directly update the window when
necessary. The solution was to have the debugger and window
processes communicate through interprocess queues. They not only
provide for information exchange but also allow the processes to
synchronize with each other by selective blocking on a queue until
specific information types are present. The multiple process
approach was the choice for GSD.

* What features of SDB can be implemented in a windowing
environment? Because SDB is a command line oriented debugger,
certain aspects of it do not lend itself well to a multi-window
environment. For example, when SDB outputs information to the user,
its output is created through a series of print statements that are
spread throughout the code. 1In order to collect and format the data
properly, it is necessary to track each output thread and buffer it
so that the information may be output as either a single print
statement if in the command-line mode, or to a window queue if in
the windowing mode. Other issues such as passing error messages to
the correct window or synchronizing input requests to data output
actions are also dealt with in a similar manner. To provide for this
information interchange, a special interface had to be created to
act as a gateway between SDB and the window processes.

* What limitations to a multi-window environment does the UNIX-PC
impose? The UNIX kernel allows for a maximum of ten windows at any
time. The debugger requires at minimum the use of four windows. 1If
the system window allocation is exceeded, the debugger cannot be
allowed to start. Since the CRT screen of the UNIX-PC is limited in
size, it is necessary to restrict the number of debugger windows

and the amount and types of information that they may contain at any

17



one time.
* Can the debugger be controlled in windowing mode without using a
mouse as a pointer device? All commands are designed to be
accessible through either the mouse or the keyboard. The only
exceptions to this is the relocate and resize patches of windows 1-3
as they must be manipulated via the mouse. Also, the windows do have
independent zoom capabilities. SDB style commands may be entered
directly from the keyboard, but command entry in this manner may not
always cause every window to be updated in the same way a function
key would.

Having examined the above implementation issues, the following
represents the design strategy for the multi-window debugger;
x Three bordered information windows: a source window, a
multipurpose items display window, and a variables window. Each of
these windows will have the appropriate TAM features, such as
scrolling arrows patches, relocate and resize patches, etc. Each
can be moved and resized independent of the other. A fourth full
screen borderless window is available for the controlled program run
mode.
* Below the windows is a general purpose status prompt line, a
command entry line for manual data input, and the function key
patches that are reconfigured for the different menu levels.

Figure 4.1 shows how a debugging scenario looks that

incorporates some of the best features of SDB, Dbxtool, MacMeth ,
and the DMDPI debugger.

The following sections contain summaries of the purpose for

each window.
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4.1 Source Window

The Source Window is used to display a source document with
line numbers relative to the beginning of the source document. This
window is initially positioned at a point where the program is
halted (by either a run time error or breakpoint) if the associated
core file is present. BAlong the window's top border is the window
title, the source file name, and the size of the source file.
Positioning within the window is accomplished by means of either
mouse or keyboard scrolling, entering a desired line number,
searching on a regular expression, or entering a new file or
function name. This window can also be updated through the Display
Items Window as in a manner that is described later. Also in this
window, line number or data breakpoints can be set, displayed, or
cleared. If a line breakpoint is set, the source line is marked at
the location of the actual breakpoint by highlighting it in reverse
video. The Display Items window is then updated to reflect the
current list of breakpoints.

4.2 Display Items Window

The Display Window is used for a variety of different status
and information displays such as the machine registers, stack trace,
breakpoint status, debugger memory map, process list, and a
function/file list. The machine register, stack trace, and
breakpoint status can be updated every time some event causes their
contents in SDB to change; such as setting a breakpoint in the
Source Window. The function/file list contains the names of all of
the program's functions and the name of their associated source
files. The function name list can be scrolled or searched by

function name or used as a cross reference to the Source Window. For
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example, if the mouse pointer is clicked on a line with a function
name, the Source Window will be updated to the beginning of that
selected function. The user can select the desired display option
and the window label will indicate the currently selected mode of
display.

4.3 Variables Window

The Variables Window is used to display the current values and
types of global variables. 1If local variables are declared in a
function that is "active" (currently residing on the stack), those
variables are displayed. Simple variables (int, char, 1long) will
have their value directly displayed. A '*' in place of a value
denotes a complex structure (derived) variable such as an array. 1If
the line containing the '*' 1is clicked by the mouse, its actual
structure is expanded and its elements displayed.

* Prompt Line (line 26) is used for command prompts, general
status, or error messages instead of a pop-up form window. This
results in faster message responses.

* Command Line (line 27) is used to input manual data when
requested by a higher level command. When the user is prompted to
manually input data, a cursor will appear on this line and data may
be entered typewriter style. Characters may be deleted by using the
Back Space key, and the entry operation terminated by the Return or
Enter key.-

* Function Keys (lines 27, 28) are used to generate high level
commands that are appropriate for the context of each window. Each
function key may be selected by either a mouse click or by pressing
one of the keys F1-F8. The meaning of each key is mapped to the key

patch that is associated with the currently active window and will

20



change with the selection of a new window or menu level.

Also, if a command selection process is tiered, the context of
the function keys is reconfigured with each successive command
selection.

Figure 4.1 is an example of a program that has been halted by
an error. The Source Window (the currently selected window)
indicates the current source file to be "try.c" and its length. The
prompt line indicates the nature of the fault and the function name,

source line number, and memory address when the fault occurred.

ifr

‘4

types.usign = -10;
: teststr[2].structchar[3] = 'g';
83: bufptr = "goodbye"”;
84: index = 10006;
85: printf("%s\n", charbuf[index]);
B6: tuostr.integ=43;
87: tuostr.newer.structint = 78;

88: testste[1].structint = 77;

["s] Variable Value
try.c | ||Local Variables for 'second()'

second try.c | |/input 44

anyfunc try.c regint 146

usat tey.c |, ||Ceststr *

funfunction try.c 4:? tuostr * 42}
(laigo try.c types *
|@@lldone try.c {;} higary ¥ {;5

’Core file 'core' Hemory Fault (11) at BxBOBee
|

o 8o b iise B seLecT | zaon

Figure 4.1 A 3 window debugging environment at the entry level.
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The Display Items Window shows a list of functions in the
source file set associated with the overall executable program. The
Variables Window contains the list of local variables in use at the
time of the program halt. The function key shows the command options

available for the currently selected window (Source Window).

try.c ¢ 157 lines

types.usign = -16;
teststr[2].structchar[3] = 'g';
- bufptr = "goodbye";
84: index = 10660;
85: printf("%s\n", charbuf[index]):
86: tuostr.integ=43;
8/: tuostr.newer.structint = 78;
88: teststr[1].structint = 77;

| Function:File ["s] Variahle Value

fFirst try.c |{Local Variables for 'second()'

second try.c Pinput 44
anyfunc try.c regint 146
usat try.c teststr *
funfunction try.c 42} tuostr * 42}
9igo try.c types *

al 1done try.c <;> higary # {;}
|
[ Al

G0T0: Enter Line Number :

115_
#4 SN e
EIORES 'NRFUNCTION 10 HAIN

Figure 4.2 Function Keys for "GOTO" Command of Source
Window.

In Figure 4.2, if the "GOTO" function key of Source Window is

selected, the labeling for the function keys will be altered to
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indicate the possible options, in the context of "GOTO WHAT ?", in
the source window. Now the selection can be made between the options
of line number, regular expression search, or a file or function
name. If the Line Number options is selected the user is prompted
for data input on the command line. Once the data is entered, the

source window will be updated if the request can be satisfied.

ovuite i Sun Sept 24, 8:30 pn (w)
[y Source file of try.c : 157 lines
[148: {
141: int listing[10];
142:
143: statvar = 43;
144: index = 2;
145: listing[index] = 0; {>
146: index = 8;
l_m: % ¥
B

I["s] Variable Value

try.c Local Variables for 'main()’
try.c [argc |

try.c largy ¥
try.c Plilisting *
try.c pSdiGlobal Variables

try.c PMlistaticint 13

try.c {qﬂ staticshort
|

DISPLAY BDISPLAY EDISPLAY EEDISPLAY DISPLAY IIIIIIII WINDOK IIIIIIIII
FUNCT's MSTACK TREMACH RECENEMBRKPTS § AP SELECT § Z0

Figure 4.3 The Display Items Window is selected.

Otherwise, the "GOTO" command can be terminated by pressing
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either the Exit or Return key without entering any leading
characters. The function key labels will now return to their "top
level” meanings.

In Figure 4.3, the function "main" is selected with the mouse.
The Source Window is positioned to the start of that function and
the Variables Window is automatically updated to reflect the state

of the variables for that function (if the function is located on

the stack).
< IDLE Sun Sept 24, 8:31 pn W]
[ Source file of try.c : 157 lines
148: {
141: int listing[10];
142:
First try.c 4:}
second try.c
anyfunc try.c {:}
usat try.c
fqnfunction try.c A
giggone E:;:g <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>