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(57) Le programme nformatique (28) de systeme
d’informations géographiques ARC/INFO® (SIG)

supporte les fils multiples des opérations en modes de
ligne de commande (TTY) et d'interface utilisateur
oraphique (IUG). Une opération en mode TTY situce
hicrarchiquement au sommet d'un fil permet de
commander le programme (28) a partir d’un clavier (20)
par 'intermeédiaire d’'un eémulateur (26) de terminal,
alors qu’une opération en mode IUG situce
hi¢rarchiquement au sommet d'un fil permet de
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(57) The ARC/INFO® geographic information

system (GIS) computer program (28) supports multiple
threads of command line (TTY) and graphic user
interface (GUI) operations. A TTY operation at the top
of a thread enables the program (28) to be controlled
from a keyboard (20) through a terminal emulator (26),
whereas a GUI operation at the top of a thread enables
the program (28) to be controlled by a mouse (22) using
a window display (24). Switching from TTY to GUI

control of the program (28) in 1its stand-alone form
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commander le programme (28) avec une souris (22) a
I’aide d’un affichage a fenétre (24). La commutation de
mode TTY en mode IUG du programme (28) sous sa
forme autonome necessite une commande a partir du
flux d’entrée, alors que la commutation inverse
necessite un declenchement manuel par la souris (22) ou
le clavier (20). Une unit¢ de controle (44) selon
I"1nvention permet normalement d’activer le mode IUG
par '1mnsertion d une opération en mode IUG fictive (50)
comprenant une fenétre fictive faisant office d’artefact
hi€rarchiquement priontaire sur une opération en
mode TTY (46) dans un fi1l (48). En réponse a un
mode TTY déclenché par le clavier (20) ou un
programme utilisateur, I'unit¢ de controle (44) supprime
la fenétre fictive, ce qui supprime ¢galement
"opération en mode IUG fictive (50) du f1l (48) et
active le mode TTY déclenche par le clavier (20).
L unit¢ de contrdle (44) envoie ensuite le mode au
programme (28) et ré-insere 1’operation en mode UG
fictive (50) en position hi€rarchique superieure a
I"opération en mode TTY (46) dans le 11l (48) de maniere
a activer le mode IUG suivant.
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requires a command from its mput stream, whereas
switching from GUI to TTY control requires a manual
trigger from the mouse (22) or keyboard (20). A
controller (44) of the invention normally enables GUI
control by inserting a dummy GUI operation (50)
including a dummy window as an artifact on top
of a TTY operation (46) 1n a thread (48). In response to
a TTY command from tire keyboard (20) or a user
program, the controller (44) deletes the dummy

window, causing the dummy GUI operation (50) to be

deleted from the thread (48) and enabling TTY control
from the keyboard (20). The controller (44) then
feeds the command to the program (28), and inserts the
dummy GUI operation (50) back on top of the TTY

operation (46) i the thread (48) to enable subsequent
GUI control.
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(57) Abstract

The ARC/INFO® geographic information system (GIS) computer program (28) supports muitiple threads of command line (TTY) and
graphic user interface (GUI) operations. A TTY operation at the top of a thread enables the program (28) to be controlled from a keyboard
(20) through a terminal emulator (26), whereas a GUI operation at the top of a thread enables the program (28) to be controlled by a mouse
(22) usmg a window display (24). Switching from TTY to GUI control of the program (28) in its stand-alone form requires a command
from its input stream, whereas switching from GUI to TTY control requires a manual trigger from the mouse (22) or keyboard (20). A
controller (44) of the invention normally enables GUI control by inserting a dummy GUI operation (50) including a dummy window as an
artifact on top of a TTY operation (46) in a thread (48). In response to a TTY command from the keyboard (20) or a user program, the
controller (44) deletes the dummy window, causing the dummy GUI operation (50) to be deleted from the thread (48) and enabling TTY
control from the keyboard (20). The controller (44) then feeds the command to the program (28), and inserts the dummy GUI operation
(50) back on top of the TTY operation (46) in the thread (48) to enable subsequent GUI control.
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‘Automatic switching between graphic user interface control
and command line control

BACKGROUND OF THE INVENTION

Field of the Invention

The present invention generally relates to the art of

computers, and more specifically to a controller for the
ARC/INFO® geographic information system (GIS) and similar

computer software programs which enables command line (TTY)
control using a keyboard and graphic user interface (GUI)

control using a mouse or keyboard without manual switching

by the user.

Description of the Related Art
ARC/ INFO?® is a mapping and geographic information sys-

tem (GIS) computer software program which is commerically
available from Environmental Systems Research Institute
(ESRI), Inc. of Redlands, CA. ARC/INFO is used to compose
and present maps overlaid with geographic and other infor-

mation in the forms of alphanumeric characters and 1icons.

A comprehensive introduction to ARC/INFO is presented in a
promotional brochure entitled "ARC/ INFO®: GIs Today and

Tomorrow", ESRI WHITE PAPER SERIES, Environmental Research

Institute, Inc., Sept. 1992.
ARC/INFO is provided with a graphic user interface

SUBSTITUTE SHEET (RULE 26)
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(GUI) and a toolkit which enables custom windows and menus
to be created by the user for semi-automated execution of
speclfic applications using a mouse or other pointing de-

vice, or a keyboard.
The general configuration of ARC/INFO® in its stand-

alone form as installed for use in a general purpose com-

puter is illustrated in FIG. 1. A computer system 10 1in-
cludes a computer 12 which preferably runs under the UNIX®

operating system in a standard X-windows environment, al-
though the invention 1s not so limited. The computer 12
includes a keyboard 20, mouse 22 and video display monitor
24 .

The computer system 10 further includes a program
software system 16, which includes a conventional X-server
18 for controlling input, output and display operations for
the keyboard 20, mouse 22 and monitor 24.

The software system 16 further includes a terminal
emulator 26 for processing command line (TTY) inputs from
the keyboard 20 under control of the X-server 18 and feed-
ing them to the ARC/INFO system program which is designated
as 28. The X-server 18 directs graphic control (GUI) 1in-
puts from the mouse 22 and keyboard 20 to the program 28,
and feeds display outputs from the program 28 to the moni-
tor 24.

Although the system 10 including ARC/INFO in its
stand-alone form enables both TTY control using the Kkey-
board 20 and GUI control using the mouse 22, 1t must be
manually switched back and forth between these two modes of
control. Switching from TTY to GUI control requlires manu-
ally issuing a command from the keyboard 20, whereas
switching from GUI to TTY control requires manually click-
ing on a display icon using the mouse 22 or a pressing a

key on the keyboard 20.

This is major problem in an application in which a

user program periodically generates data for display by the

SUBSTITUTE SHEET (RULE 26)
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system 28 on the monitor 24. Although the user program can
automatically apply the data to the TTY control input, it
is necessary for the user to manually switch from GUI to
TTY control to enable the program to update the display.

Especially in an application in which the user must
make rapid decisions based on the information displayed by
the system 10, requiring the user to manually perform such
a low level task as manually updating the monitor display
is unacceptable.

The reason that the ARC/INFO program 28 in its stand-
alone form requires manual switching between TTY and GUI
control is illustrated in FIGs. 2a to 2c¢. The ARC/INFO
program 28 supports multiple threads of control operations,
as indicated at 30, 32 and 34. Each thread 30, 32 and 34
can have a stack of suspended operations (TTY interpreters,
GUI windows or menus) in it. ARC/INFO threads are similar
to UNIX processes in that the UNIX operating system
schedules processes while ARC/INFO schedules threads.

Each thread 30, 32 and 34 can also include ARC/INFO

macro language (AML) operations. The AML operations launch
specific tasks or functions in the system 28 which can be
customized using the ARC/INFO toolkit.

In FIG. 2a, the threads 30, 32 and 34 all have CGUI
operations at their tops which do not have any precedence
over each other, and are assigned a priority of "0O". The
order in which these operations are scheduled is determined
by the scheduler in the ARC/INFO program 28 and input
received from the mouse 22 and keyboard 20.

FIG. 2b illustrates an AML operation at the top of the
thread 30, and GUI operations at the tops of the threads 32
and 34. An AML operation takes precedence over a GUI
operation and is assigned a priority of w1, The AML
operation in the thread 30 will therefore be scheduled
ahead of the GUI operations in the threads 32 and 34. The
GUI operations.will not be scheduled until all threads are

VIRV N ettty e A Sl AR 7 1 ST A Lirn e 3 3 ) by e L3
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in the context of a GUI operation.

FIG. 2c 1llustrates an AML operation at the top of the
thread 30, a TTY operation at the top of the thread 32 and
a GUI operation at the top of the thread 34. A TTY opera-
tion takes precedence over both AML and GUI operations, and
1s assigned a priority of "2". The TTY operation in the
thread 32 will therefore be scheduled ahead of the AML op-
eration i1n the thread 30, which in turn is ahead of the GUI
operation in the thread 34.

If a TTY operation 1s at the top of a thread, it will
be scheduled and will not relingquish control to any other
thread until it returns (is popped off the thread and re-
turns to the operation that called it), or suspends itself
by pushing a GUI operation on top of itself on its own
thread. Thus, while a TTY operation is at the top of a
thread, no GUI or AML operations on the tops of any other

threads will be scheduled.
If the ARC/INFO system 28 is under control of a GUI

operation at the top of a thread, switching to TTY control
must be triggered by a manual input that causes a TTY oper-

ation to become the current operation at the top of some
thread.

SUMMARY OF THE INVENTION

The ARC/INFO® geographic information system (GIS) and

similar computer programs support multiple threads of com-
mand line (TTY) and graphic user interface (GUI) opera-
tions. A TTY operation at the top of a thread enables
ARC/INFO to be controlled with an input stream of commands
from a keyboard or user program, whereas a GUI operation at
the top of a thread enables ARC/INFO to be controlled by a

mouse or keyboard using a window display.
Switching from TTY to GUI control of ARC/INFO in its

stand-alone form requires a command from 1ts input stream,

whereas switching from GUI to TTY control requires a manual

SUBSTITUTE SHEET (RULE 26)
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trigger from the mouse or keyboard.

An ARC/INFO controller embodying the present invention
allows power users to converse with ARC/INFO in its native
language via the TTY interface without sacrificing the
avajilability of the friendlier GUI interface. The control-
ler also allows procedural (computer driven) interaction
with the ARC/INFO program from a separate user program.
The ARC/INFO program thereby appears responsive to both TTY
and GUI inputs simultaneously.

The present controller normally enables GUI control.
This is done by pushing a dummy GUI operation (which has a
dummny window as an artifact) on top of the TTY operation

listening to the controller.

In response to a TTY command from the keyboard or a
user program, the controller deletes the dummy window,
causing the GUI operation to return control to the calling
TTY operation (waking it up), feeds the command to ARC/INFO
and pushes the dummy GUI operation back on the thread to
enable subsequent GUI control.

ARC/INFO is switched automatically from GUI control to
TTY control in response to a TTY command, eliminating the
necessity of manual switching in the stand-alone version of
ARC/INFO. This is especially advantageous in that the
display can be automatically updated by TTY commands from
a user program, relieving the user from the unacceptable
requirement of manually updating the display.

Although specifically designed for the ARC/INFO®
system, the present invention is also applicable for
enabling both TTY and GUI control of other program systems
which support multiple threads of operations and in which

a TTY operation on top of a thread takes precedence over
GUI operations on the tops of other threads.
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Another aspect of this invention is as follows:

In a computer system including a computer and a main program
which support multiple threads of operations and in which a TTY operation
at the top of any thread supersedes GUI operations at the tops of all other
threads, said main program inserting a TTY control operation at the top of a
first thread; a program controller for enabling command line (TTY) and
graphic user interface (GUI) control of said main program, characterized by
comprising;:

a setup unit for inserting a dummy GUI operation on top of said TTY
control operation in said first thread to cause said main program to be
normally controlled by a GUI control operation in a second thread; and
a wake-up unit for, in response to a TTY control command, removing said
dummy GUI operation from said first thread to cause said main program to
be controlled by said TTY control operation, feeding said TTY control
command to said main program, and inserting said dummy GUI operation
on top of said TTY control operation in said first thread to cause said main
program to be subsequently controlled by said GUI control operation in said
second thread.

These and other features and advantages of the present invention will
be apparent to those skilled in the art from the following detailed description,
taken together with the
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accompanying drawings, 1n which like reference numerals

refer to like parts.

DESCRIPTION OF THE DRAWINGS
FIG. 1 is a block diagram of a computer system 1ncor-

porating the ARC/INFO® computer software program 1in 1ts

stand-alone form;

FIGs. 2a to 2c are diagrams illustrating the operation
scheduling environment in the ARC/INFO program;

FIG. 3 is a block diagram of a computer system 1ncor-
porating the ARC/INFO computer software program and an
ARC/INFO controller embodying the present invention;

FIGs. 4a to 4c are diagrams 1illustrating the basic
operating principles of the present controller;

FIG. 5 is a system context data flow diagram illus-
trating part of the software system of FIG. 3;

FIG. 6 is a data flow diagram i1llustrating the present
controller;

FIG. 7 is a data flow diagram illustrating data trans-
formation as performed by the controller;

FIG. 8 1s a structure chart illustrating the control-
ler and a relevant section of the ARC/INFO program;

FIG. 9 1s a flowchart illustrating a MAIN routine of
the controller;

FIG. 10 i1s a flowchart 1illustrating a READ STANDARD
INPUT subroutine of the controller;

FIG. 11 is a flowchart 1illustrating a WAKE-UP subrou-
tine of the controller; and

FIG. 12 is a flowchart illustrating a PUT TO SLEEP

subroutine of the controller.

DETAILED DESCRIPTION OF THE INVENTION

FIG. 3 illustrates a computer system 40 embodying the
present invention, 1including elements which are common to

the prior art system 10 and are designated by the same

SUBSTITUTE SHEET (RULE 26)
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reference numerals. The computer system 40 differs from
the computer system 10 in that a program software system 42
includes an ARC/INFO controller (AIC) 44 which is connected
between the terminal emulator 26 and the ARC/INFO system
28. The controller 44 also communicates with the X-server
18.

The basic operating principle of the invention is
{l1lustrated in FIGs. 4a to 4c. The ARC/INFO program 28
creates a TTY operation 46 connected to the program's
standard input and standard output as the single operation
in the initial thread 48. The controller 44 then pushes a
dummy GUI operation 50 on top of the TTY operation 46 in
the thread 48. An artifact of the dummy GUI operation 50
is a dummy menu or window. The content of the dummy window
is not important since it will not be accessed. '

The TTY operation 46 is not considered by the schedul-
er since the dummy GUI operation 50 has suspended it. This
enables the ARC/INFO system 28 to be normally controlled by
GUI operations on the tops of any other threads.

In response to a TTY command from the keyboard 20
through the terminal emulator 26, or from an auxiliary user
program, the controller 44 deletes the dummy window and
thereby pops the dummy GUI operation 50, returning control
to the TTY operation 46 as illustrated in FIG. 4b. Since
the operation 46 is at the top of the thread 48, it will
take precedence over and be scheduled by the ARC/INFO
system 28 ahead of GUI and AML operations on the tops of
any other threads. This enables a TTY command from the
terminal emulator 26 or user program to be fed or relayed
to the system 28.

As illustrated in FIG. 4c, after the TTY command has
been successfully fed from the terminal emulator 26 or user
program to the ARC/INFO system 28, the controller 44 pushes
the GUI operation 50 back on top of the TTY operation 46 in
the thread 48 to cause the dummy window to be recreated and
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to restore control to the GUI operations in the other
threads.

Tt will be noted that an auxiliary user program OX
process can cause a TTY command to be applied to the system
28 in response to any event which can be detected by the
user progranm.

A system context data flow diagram of part of the
system 42 which includes the ARC/INFO program 28 and the
ARC/INFO controller 44 is 1illustrated in FIG. 5. The
system 42 is provided with two TTY data streams; a standard
input "stdin" and a standard output "stdout". With the
Unix operating system it is simple to redirect stdin and
stdout to the terminal emulator 26 or to a file or user
program.

The system 42 is most easily verified when stdin and
stdout are connected to a terminal cr a terminal emulator.
Typing in ARC/INFO commands at the terminal and verifying
the results on the terminal and ARC/INFO display is done in
the same manner as using ARC/INFO directly.

The system 42 is most useful when stdin is connected
to stdout of another process. This is easy to do using
standard UNIX shells. The other process can use any UNIX
event to trigger output and thereby trigger the ARC/INFO
program 28.

A data flow diagram of the ARC/INFO controller 44 is
illustrated in FIG. 6. The controller 44 spawns the
ARC/INFO program 28 as a child process and glues its stdin
and stdout to "childwrite" and "childRead" respectively
which can be a pty/tty pair or a set of pipes.

In addition to scheduling the ARC/INFO system 28, the
controller 44 simply passes its stdin through its child-
Write to the stdin of the ARC/INFO program 28. It also
takes the stdout of the ARC/INFO program 28 through its
childRead and passes it along to its stdout. Both the

ARC/INFO program 28 and the ARC/INFO controller 44 create

—
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independent "Display" connections to the X-server 18.

The ARC/INFO controller 44 performs the readsStdin
transform when there is data available on its stdin streanm.
This transform is done in three steps as illustrated in

5 FIG. 7.

1. Wake up the ARC/INFO child (get the attention of
the ARC/INFO program 28 directed to its stdin). This must
be done before relaying the stdin stream to childWrite.
The method of getting the ARC/INFO program 28 to wake up is

10 by sending a "Delete Window" message to the X-server 18
using the standard X window manager protocols. The window
that the "Delete Window" message is directed to is the
artifact window of the dummy GUI operation 50 which is
blocking the underlying TTY operation 46. Deleting the

15 window causes the GUI operation 50 to complete and return
control to the TTY operation 46 which will read ARC/INFO's
stdin.

2. Relay stdin to childawrite. The TTY operation 46
of the ARC/INFO program 28 will interpret all commands

20  relayed.

3. Put the ARC/INFO child to sleep (direct the
attention of the ARC/INFO program 28 away from its stdin).
This is accomplished by sending the program 28 a command
for interpretation which will push the dummy GUI operation

25 50 on top of the TTY operation 46 in the thread 48 such
that the operation 50 will not complete until its associat-
ed artifact window is deleted. '

After performing the above three steps, the system 42
is in its normal state in which it is controlled by GUI

30 operations in threads other than the thread 48. 1If another
readstdin event is detected, the above three steps will be
repeated to enable the ARC/INFO program 28 to receive and
interpret the incoming TTY command. |

A structure chart of the ARC/INFO controller 44 is

35 jllustrated in FIG. 8, in combination with an XtMainLoop
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10

routine 28a which is the main routine of the ARC/INFO
program 28. The controller 44 includes a readStdin
subroutine 60 which is called by XtMainloop 28a 1in accor-
dance with callback parameters set up by a main routine 62.
The readstdin subroutine 60 calls a wakeUp subroutine 64
and a putToSleep subroutine 66.

The construction and operation of the ARC/INFO
controller 44 will be described with reference to the
flowcharts of FIGs. 9 to 12. 2As illustrated in FIG. 9, the
main routine 60 sets up system operation by creating a
communication link to the X-server 18 and creating the
ARC/INFO child process with TTY links to its stdin and
stdout. The readsStdin subroutine 60 is registered so that
it will be called back from within XtMainLoop 28a upon the
event that there is something to read from the stdin of the
ARC/INFO controller 44.

The MAIN routine 60 then calls the putToSleep subrou-
tine 66 which inserts the dummy GUI operation 50 on top of
the TTY operation 46 in the thread 48. This causes the
system 42 to be controlled by GUI commands at the tops of
other threads.

In response to a TTY command from the terminal
emulator 26 or from an auxiliary user program (such as to
update the display on the monitor 24 with new data), the
associated event is detected by XtMainLoop 28a which calls
the readstdin subroutine. 60. As illustrated in FIG. 10,
the readstdin subroutine 60 calls the wakeUp subroutine 64
which sends a command to the X-server 18 to delete the
dummy window associated with the dummy GUI operation 50.

Control is then returned to the TTY command 46 which
is scheduled on a priority basis to cause the ARC/INFO
program 28 to direct attention to its stdin and stdout.

The readStdin subroutine 60 then causes the TTY
command to be relayed from the terminal emulator 26 or user
program through childWrite to the stdin of the ARC/INFO
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program 28. Upon completion of this operation, the
readstdin subroutine 60 calls the putToSleep subroutine 66
to push the dummy GUI operation 50 back on top of the TTY
operation 46 in the thread 48. This causes subsequent
control to return to the GUI operations at the tops of the
other threads. The readStdin subroutine 66 then returns to
XtMainLoop 28a.

The wakeUp subroutine 64 is illustrated in FIG. 1l1.
The subroutine 64 sends a command to the ARC/INFO program
28, which in turn sends a command to the X-server 18 to
delete the dummy window. The subroutine 64 then repeatedly
polls the X-server 18 to determine if the dummy window is
still present. When the information returned to the
subroutine 64 from the X-server 18 indicates that the dummy
window is no longer present, the subroutine 64 returns to
the readstdin subroutine 60.

The putToSleep subroutine 66 is illustrated in FIG.
l2. The subroutine 66 sends a command to the ARC/INFO
program 28 to push the dummy GUI operation 50 on top of the
TTY operation 46 in the thread 48. The subroutine 66 then
repeatedly polls the X-server 18 to determine if the
associated dummy window is present. When the information
returned to the subroutine 66 from the X-server 18 indi-
cates that the dummy window is present, the subroutine 66
returns to the readstdin subroutine 60.

While an illustrative embodiment of the invention has
been shown and described, numerous variations and alternate
embodiments will occur to those skilled in the art, without
departing from the spirit and scope of the invention.
Accordingly, it is intended that the present invention not
be limited solely to the specifically described illustra-
tive embodiment. Various modifications are contemplated
and can be made without departing from the spirit and scope
of the invention as defined by the appended claims.
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THE EMBODIMENTS OF THE INVENTION IN WHICH AN EXCLUSIVE
PROPERTY OR PRIVILEGE IS CLAIMED ARE DEFINED AS FOLLOWS:

1. In a computer system including a computer and a main program
which support multiple threads of operations and in which a TTY operation
at the top of any thread supersedes GUI operations at the tops of all other
threads, said main program inserting a TTY control operation at the top of a
first thread; a program controller for enabling command line (TTY) and
graphic user interface (GUI) control of said main program, characterized by
comprising:

a setup unit for inserting a dummy GUI operation on top of said TTY
control operation in said first thread to cause said main program to be
normally controlled by a GUI control operation in a second thread; and

a wake-up unit for, in response to a TTY control command, removing
said dummy GUI operation from said first thread to cause said main program
to be controlled by said TTY control operation, feeding said TTY control
command to said main program, and inserting said dummy GUI operation
on top of said TTY control operation in said first thread to cause said main

program to be subsequently controlled by said GUI control operation in said
second thread.

2. A program controller as in Claim 1, in which said main program is
Arc/Info®.

3. A program controller as in Claim 1, in which said dummy GUI

operation comprises a dummy window as an artifact.

4. A program controller as in Claim 1, in which:

said computer comprises a display controller for inserting and deleting
windows for display; and

said wake-up unit removes said dummy GUI operation from said first

thread by sending a command to the display controller to delete said dummy

window.
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J. A program controller as in Claim 1, in which:
said wake-up unit inserts said dummy GUI operation on top of said
TTY control operation in said first thread by sending a command to said

main program to create said dummy GUI operation.

6. A program controller as in Claim 5, in which said program is
Arc/Info®.

7. A program controller as in Claim 1, in which said TTY control
operation comprises a standard input and a standard output for said

program.

8. A program controller as in Claim 1, further comprising a terminal

emulator for generating said TTY control command.

9. A program controller as in Claim 1, in which said TTY control

command is generated by an auxiliary program.

10. A program controller as in Claim 9, in which:
said main program generates graphic data; and
said auxiliary program generates said TTY control command for

updating said graphic data.
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