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(57) Abstract

A computer interface (10) is provided for communication between a first computer environment (14) and a second compu-
ter environment (16). The interface (10) includes an input (50) for receiving information from the first computer environment (14)
and an output for communicating information to the second computer environment (16). Information received from the first com-
puter environment (14) is stored in a memory for analysis. A plurality of predetermined rules are provided for translating infor-
mation stored in the memory to a form compatible with the second computer environment (16). A loop routine is employed for
sequentially testing whether a specific rule from the predetermined set of rules should be implemented. The loop routine includes
a mechanism for identifying a subset of rules, from the predetermined set, which are to be executed in response to the received
information. Each rule has associated with it an area of sensitivity, and a mechanism is provided to account for overlapping areas
of sensitivity for different rules. The area of sensitivity for a specific rule is flagged when information received from the first com-
puter environment (14) impacts upon that area of sensitivity.
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INTERFACE SYSTEM FOR COUPLING
TWO COMPUTER ENVIRONMENTS

A portion- of the disclosure of this patent
document contains material which is subject to copyright
protection. The copyright owner has no objection to the
facsimile reproduction by any one of the patent disclosure,
as it appears in the Patent and Trademark Office patent
files or records, but otherwise reserves all copyright
rights whatsoever.

FIELD OF THE INVENTION

The present invention relates generally to an

interface between a first computer environment and a second
computer environment, and more specifically, to a system
for logically translating information received from a first
computer for use on a second computer.

BACKGROUND OF THE INVENTION

Since most mainframe computers are text-oriented,
mainframe computer operators have communicated information
(i.e. data and commands) to and from the mainframe computer
through relatively unsophisticated cathode ray tube ("CRT")
terminals. Such CRT terminals are connected either
directly to the mainframe computer, or are connected
remotely through a telephonic or other data transmission
link. Through these "dumb" terminals, operators commonly
send commands and other arguments to the mainframe through
a command line displayed on the terminal. In most
mainframe computer environments, more than one of these
unsophisticated terminals can be  connected for
communication to the mainframe.
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This form of communication between a mainframe
computer and its operators suffers from a number of
disadvantages. Primarily, due to the limited capabilities
of the terminal (i.e. low resolution) and slow rate of
information transmission, information received from the
mainframe and displayed on the dumb terminal often appears
in a cryptic format. Although certain software packages,
such as Microsoft Corporation’s Windows 3.0, include some
rudimentary graphics, only characters and numerics are
communicated to the program work area while the graphics
appear‘as periphery.

The mainframe computer also dictates the format
and type of information communicated to the operator.
Thus, this type of user interface is not very "user
friendly". ©Nor, due to the lack of software and hardware
provided on the terminal, does the user have the option of
customizing the user interface (i.e. the appearance of the
display scfeen) to a visually or otherwise desirable
format. 7

Moreover, in such a cdmputef system, each
mainframe computer andrits associated CRT terminals are
stand-alone entities. As such, the user interface of one
mainframe computer can differ markedly from that of another
mainframe computer. This results in a multiplicity of
differing computer environments, each for a separate
mainframe computer. As a consequence, a computer operator
must learn multiple user interfaces in order to be
proficient on various mainframe computers running different
software packages. What is lacking is a generic or
universal interface that can be used with many different
mainframe computers.

7 A universal interface would allow an operator to
communicate with a host of mainframe computers, each
running separate programs, without haVing to use or learn
a separate user interface for each computer. Additionally,

‘a universal user interface will allow the operator to
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customize the graphical appearance of data received at his
or her display.

With a universal computer interface, the prior
dumb CRT terminals can be replaced by personal computers
running interface software or using a hardware interface
card. By employing a personal computer, the operator can
benefit from the software and hardware included in such a
device to make the user interface more user friendly. 1In
addition, the operator can combine communication to and
from a mainframe computer with other hardware or software
applications accessible on the personal computer. Such a
universal interface would also increase the power and
performance of the personal computer by allowing easy
access to a remote mainframe computer.

SUMMARY OF THE INVENTION

In view of the above, a computer interface is
provided, which has an input device capable of receiving
information from a first computer environment. Information
received from the first computer environment is stored in
a memory to be accessed by the interface. Included in the
interface are a plurality of predetermined rules. Each
rule is employed to logically translate information stored
in the memory to a format compatible with a second computer
environment. The interface includes a program containing
a loop routine for selectively testing each of the
predetermined rules, in response to the received
information, to determine if any rule should be
implemented. An output is provided for communicating the
translated information to the second computer environment.

In a preferred embodiment of the invention, the
loop routine is cycled to test for any rules necessary to
be implemented and initiate the subroutines accompanying
selected rules. In this embodiment, information received
by the interface is stored in memory in the form of a

virtual screen in the manner in which the information would
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be displayed on a CRT terminal. In the preferred
embodiment, the first computer environment comprises a
mainframe computer and the second compﬁter environment
comprises a personal computer. -

In another aspect of the invention, a flagging
routine is provided to optimize the loop routine.
Accofding to the invention, the flagging routine is
provided for selectihg a subset of rules from the
predetermined set of rules which are to be implemented in
response to the received information. In a preferred
embodiment of the invention, the = interface tests
predetermined areas of sensitivity associated with each of
the predetermined rules. Information received from the
first computer environment is analyzed for its relation to
any of the predetermined areas of sensitivity. If the
information received requires any one of these rules to be
implemented, its associated area of sensitivity is marked
through the flagging routine. In the preferred embodiment,
a count routine is also provided to account for overlapping
areas of sensitivity for different rules.

These and other features and adVantages of the
invention will be further understood upon consideration of
the following detailed description of the presently
preferred embodiments of +the invention, taken in
conjunction with the appended drawings.

BRIEF DESCRIPTION OF THE ‘DRAWINGS

FIG. 1 is a block diagram of one presently
preferred embodiment 6f the computer interface of the
invention; , ,

FIG. 2 is a flowchart of the routines performed
by the computer interface of FIG. 1, where FIG. 2(a) shows
the initialization of the interface and the loop routine,
and FIG. 2(b) shows the communication routines performed at
the front end of the interface;
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FIG. 3 1is a hardware representation of the
preferred computer interface of the invention;

FIG. 4 illustrates the manner in which incoming
data is stored and flagged in the preferred interface shown
in FIG. 3, where FIG. 4(a) shows the correspondence between
the virtual screen and flag screen, and FIG. 4(b)
illustrates the areas of sensitivity associated with the
various rules of the ‘invention;

FIG. 5 illustrates the correspondence between the
rules, the flag screen and the count screen of the
preferred embodiment of the invention;

FIG. 6 illustrates a mechanism for accounting for
the overlapping areas of sensitivity shown in FIG. 5; and

FIG. 7 graphically illustrates the flow of data
in the preferred computer interface of the invention and

the loop routine for scanning the rules.

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS
Referring to FIG. 1, what is shown is a block
diagram of one presently preferred embodiment of the
computer interface of the invention, generally designated
at 10. As shown in FIG. 1, an input/output ("I/O") link 12

is provided to connect a first computer 14 with a second

computer 16. In most embodiments, the operating
environment of the first computer 14 is not compatible with
that of the second computer 16. Alternatively, the

graphical user interface of the second computer 16 may
advantageously differ from the user interface of the first
computer 14. Interposed between the remote computer 14 and
the second computer 16, therefore, is the computer
interface 18 of the invention.

As shown in FIG. 1, the computer interface 18
includes an input 20 to receive information from the first
computer 14, and an output 22 to communicate translated
information to the second computer 16 for display. 1In the
preferred embodiment of FIG. 1, the first computer 14
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comprises a mainframe com'putér and the second computer 16
comprises a personal computer or the like.

As those skilled in the art will appreciate, the
computer interface 18 of the invention can be configured in
many different computer environments without departing from
the spirit and scope of the invention. For example, the
second computer 16 can comprise a smart CRT terminal
including resident hardware and software. The computer
interface 18 can be additionally configured to facilitate
communication between two mainframe computers, or to
‘facilitate communication over a cdmputer network such as a
local area network. The computer interface 18 can, of
course, be configured to communicate with another computer
interface 18, or even between differing logical computer
environments. - 7

Included in FIG. 1, is a visual representation of
the primary features of the computer interface 18.
commands and characters received at the input 20 of the
computer interface 18 are communicated to, and stored in,
a memory 24. As will be discussed in greater detail below,
the commands and characters received are stored in a manner
representative'of their appearance on a display terminal
coupled to the first computer 14.  In the computer
interface 18, the commands and characters received from the
first computer 14 are not immediately displayed on any
display device connected to the interface 18. Instead, the
commands and characters stored in the memory 24 are first
translated to a format compatible with the second computer
16. The ultimate format of the displayed information is
dictated either by user preference or therrequirements of
the second computer environment. ' :

-Information stored in the memory 24 is thus
stored in the form of a “virtual" screen. With a virtual
screen, the computer interfaée 18 tests and analyzes the
stored commands and characters, Vand translates this
information into a format compatible with the second
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information is appropriately translated, it is communicated
to the second computer 16 (i.e. to be displayed to the
operator).

A visual representation of the "rule" analysis
program employed with the computer interface 18 is also
shown in FIG. 1. As illustrated, a selecting function is
provided to selectively analyze the commands and characters
appearing on the virtual screen stored in the memory 24.
This selecting function comprises a loop routine in the
-preferred embodiment of the invention, and is graphically
represented by the selector 26 shown in FIG. 1.

According to the loop routine, each location of
the virtual screen stored in the memory 24 is analyzed to
determine whether any information "displayed" in that
section of the virtual screen needs to be translated. As
further defined below, the determination of whether to
translate any information stored in the memory 24 involves
the execution of various rules preprogrammed into the
computer interface 18. Implementing a rule involves both
checking for the rule’s applicability, and if applicable,
performing the actions associated with that rule to
translate the stored information for compatibility with the
second computer environment.

In the preferred embodiment of the computer
interface 18, a rule is defined as a logical unit of
operation and any given rule may operate on information
received and stored in the memory 24 in the form of the
virtual screen. Conversely, each unit of information
stored in the memory 24 can affect or implicate one or more
rules provided in the computer interface 18. Thus, the
computer interface 18 employs the predetermined set of
rules to logically translate information received from one
computer environment to a format compatible with a second
computer environment.

As those skilled in the art will appreciate, a
specific set of rules is not provided with the computer
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interface 18. Since the computer interface 18 is generic
and universal to all computer envirpnments,' a specific set
of rules, which are tailored to a specific application of
the interface, must be developed for each such —application
of the interface. Each predetermined set of rules is thus
developed by the operator or programmer of a specific
compﬁter to tailor the computer interface 18 to that
- specific computer environment. Accordingly, a tool kit is
preferably provided with the computer interface 18 to allow
brogrammers or operators to deve'lop' such rules for the
particular computers connected to thé computer interface
18. 7 7

Although defined as a logical unit of operation,
a rule itself can involve many subtasks. In fact, a rule
may initiate a subroutine to perform whatever operations
are necessary to logically and physically translate the
received information into a format compatible with the
second computer environment. Thus, each rule is tailored
to the particular needs of the computer environment and
application programs to which the computer interface 18 is
attached. |

The computer interface 18, therefore, includes a
facility to receive information communicated from the first
computer 14. Information received at the input 20 is
preferably coupled to a terminal emulation program included
in the computer interface 18. Information received by the
computer interface 18 is first directed to the terminal
emulation program. The terminal emulator converts the
received information to a format compatible with the
interface, and then redirects the received information to
the virtual screen stored in 'me'mory 24. As already
mentioned, the information received by the terminal
emulator is not displayed on any actual display screen in
its received format. ,

The -computer interface 18 next. checks the
predetermined set of rules to determine” if and how to
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respond to the received information. The rules themselves
perform the logical translation necessary to communicate
the received information to the second computer
environment. As described below, an optimization technique
is employed in a preferred embodiment of the interface so
that all rules are not always checked for every sequence of
received information. Finally, the information translated
by the respective rules is communicated to the second
computer 16.

The computer interface 18 preferably also
includes modules for hardware support and system
optimization. In one alternate embodiment, hardware
support modules are provided to receive input from either
a mouse or an audio source. Thus, such modules facilitate
support for devices not readily available on the first
computer 14.

The preferred embodiment of the computer
interface 18 also includes optimization techniques to
reduce the amount of signal traffic over the I/0 link 12.
By limiting such traffic to and from the first computer 14
to essential data, the transaction bandwidth over the I/0O
link 12 is reduced to a minimum, thereby either reducing
costs or allowing for additional applications (i.e. via
additional rules) to be implemented on the computer
interface 18, or speeding up the appearance of the first
computer 14.

Referring to FIG. 2, a flow chart of the routines
performed in one presently preferred embodiment of the
computer interface 18 is provided. As shown in FIG. 2(a),
after start-up of the computer interface 18, the proper
environment of the interface is set at step 30. This
environment primarily includes initializing the terminal
emulator for communication to the particular first computer
environment. Connections are established to the first
computer 14 and a log-in process is initiated at step 32.
After the computer interface 18 has been initialized, the
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interface enters the loop routine at step 34. As mentioned
above, the loop routine is provided in the interface to
ranalyze which rules need to be implemented in response to
information received from the first computer 14. Each rule
is associated with an “action® 736, where each action
performs the logical translation necessary to convert the
information stored in the memory 24 to a format compatible
with the second computer environment.

The flow chart shown in FIG. 2(b) illustrates the
communication tasks performed at the front end of the
computer interface 18. At step 40, characters are received
at the input 20 coupled to the first computer 14. These
character sequences are analyzed at step 42 andrultimately
communicated through the terminal emulator described above
to the memory 24. At step 46, a response is provided to
the first computer 14 as a result of rule implementation,
or the result of incorporating other sources of information
(i.e. from a mouse or audio input) to be communicated to
the first computer 14. Finally, a log-off routine is
provided at step 48 and the proper environment of the
interface is restored upon exiting communication with the
first computer 14.

A hardware representation of a preferred

embodiment of the computer interface 18 is provided in FIG.
3. Information received from the fifst computer 14 is
communicated over the I/O 1link 12 to a programmable
terminal driver or terminal emulator 50. The terminal
emulatqr‘soris employed to configure a personal computer to
appear as a specific dumb terminal to the first computer 14
in ‘a manner ‘generally' known in the art. Information
received by the terminal emulator 50 is then stored in the
form of a virtual screen 52 in a section of
readable/wtitable.memory. As described below, data is then
transferred to a second memory-resident screen, or "flag"

screen 54, which is employed to optimize the performance of
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the loop routine by reducing the subset of rules required
to translate the received sequence of characters.

The flag screen 54 is employed in connection with
a flagging routine to reduce the necessity for checking
each and every rule in the predetermined set of rules in
response to each sequence of characters received from the
first computer 14. The loop routine scans the virtual
screen 52 to determine if any rule needs to be implemented.
Each rule, as it 1is checked by the 1loop routine, is
preferably associated with a specific portion of the
virtual screen 52. The flagging routine reduces the number
of rules the loop routine must check by identifying only
the various portions of the virtual screen 52 impacted by
the received character sequence.

Referring to FIG. 4(a), incoming data 60 received
from the terminal emulator 50 is stored in its appropriate
location on the virtual screen 52. In response to the
incoming data 60, a "flag" 62 is set on the flag screen 54
in an area corresponding to the placement of the incoming
data 60 on the virtual screen 52. The flag screen 54 thus
comprises a shadow screen for the virtual screen 52, and
all the flags 62 of the flag screen 54 are initially
cleared on reset of the computer interface 18. Since only
certain areas of a display screen are affected at any given
time by the incoming data 60, the flagging routine
optimizes the loop routine to check only those areas
currently implicated.

As shown in FIG. 4(b), each rule 64 is preferably
associated with a specific area of sensitivity 66 on the
flag screen 54. Constraining each rule to a specific area
of sensitivity 66 1is practicable since information
displayed on a CRT terminal is usually associated with
specific areas of the terminal screen in light of the
function or purpose of that information. Since each rule
64 is preferably responsive to information that would be
displayed in a specific area on a display screen, the



WO 93/21584 , ’ PCT/US93/03258

- 12 =

flagging routine greatly increases the efficiency of the
computer interface 18. By employing the flagging routine,
only rules 64 associated with flégged areas of sensitivity
66 need be checked, rather than scanning the entire virtual
screen 52 and implementing all of the rules 64. The areas
of sensitivity 66 are thus preprogrammed along with the
develdpment of each rule 64, and each area of sensitivity
66 can take any shape or configuration desired.

- Since areas of sensitivity 66 can have such
random shapes, there exists the possibility that some areas
of sensitivity 66 may overlap. The fiagging routine takes
into account the overlapping nature of the areas of
sensitivity 66 and allows for prioritization of areas of
sensitivity 66 that are to be analyzed first. Other
methods for optimizing the looprroutine can be employed,
but are less preferred than the flagging routine. 1In one

“alternate embodiment, an area of the display screen can be

copied to mempry'and compared periodically to determine
whether it has changed. In a second alternate embodiment,
a flag can be assigned to each pixel of a display screen,
but such a solution would not allow for overlapping areas
of sensitivity 66.

In order to facilitate overlapping areas of
sensitivity 72, the flagging routine is implemented with
yet another virtual—type screen stored in memory.
Referring to FIG.VS, a count screen 70, having a one-to-one
correspondence with the flag screen 54, and thus the
virtual screen 52, is included in the computer interface
18. The count screen 70 is employed to account for
overlapping areas of sensitivity 72 and includes flags 68
of its own, as described below. '

' According to the flagging routine, as incoming
data 60 is stored in the virtual screen 52, flags 62
associated with those locations are set in the flag screen
54. By defining each count screen flag 68 as an integer,
the flags 62 of the flag screen 54 can also be set to

o

iy
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integer values to indicate the number of dependent rules,
as shown in FIG. 5. The flags 62 on the flag screen 54 are
thus set to values from corresponding flags 68 appearing on
the count screen 70. On reset of the computer interface
18, these count screen flags 68 are also cleared to all
zero values (FIG. 6). For overlapping areas of sensitivity
72, therefore, the integer value of each count screen flag
68 reflects the number of rules associated with that
specific area of sensitivity 66 affected by the incoming
sequence of characters.

The flagging routine thus cooperates with the
loop routine to check only those rules whose associated
areas of sensitivity 66 were touched by the incoming data
60. Unless the flags 62 appearing on the flag screen 54
for a specific rule 64 are greater than zero, that rule 64
need not be implemented. Conversely, a specific rule 64 is
determined to be implemented by detecting a non-zero value
in its area of sensitivity 66 appearing on the flag screen
54. After implementation of each of these rules 64, the
flags 62 appearing in that rule’s area of sensitivity 66
are decremented by one. The loop routine thus proceeds
implementing rules until all of the flags 62 on the flag
screen 54 are returned to their zero values.

The flagging routine thus reduces the number of
rules 64 performed per cycle of the loop routine to those
rules 64 associated with regions of the virtual screen 52
that have changed in response to incoming data 60. The
flagging routine increases the speed and efficiency of the
computer interface 18 by reducing the mean time between
rule implementation. Without such speed and efficiency,
the computer interface 18 may otherwise be too slow to
perform, or even allow for, certain programs executing on
the first computer 14 (FIG. 1).

According to one preferred embodiment of the
invention shown in FIG. 7, the loop routine executes in a
cyclical fashion generally returning to Rule No. 1 upon
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completion of each cycle of the lbop. In another preferred
embodiment, the looping routine can provide for branching
or Jjumping to critical rules. However, even in this
alternate embodiment, all rules 64 identified by the
flagging routine are performed before completing the loop.
Thus, when programming rules 64 for use with the computer
interface 18 it may be advantageous to place any important
or system critical rules toward the beginning of the
predetermined set of rules. A reset feature is also
provided in an alternate,émbodiment where, ﬁpon reset, each
and every rule is performed and the entire display screen
is re-painted. A copy of a preferred program for use in
the computer interface 18, including the loop routine and
flagging routine, is provided in the appéndix.

The computer interface 18 thus provides a fast
and efficient system for communication between one computer
environment, such as a mainframe computer, and another
computer environment, such as .a programmable computer,
which are otherwise ihcompatible. In such a system,
specific rules are developed for logical translation of
information received from the first computer environment to
‘a format compatible with the second computer environment.
The rules themselves are developed by the programmer or
operator, but execute through a loop routine included in
the computer interface 18. A flagging routine is also
provided to increase the efficiency of the computer
interface 18 by performing only those rules affected by
recent data transferred from the first computer
environment. _

The invention may be embodied in other forms than
those specifically disclosed herein without departing from
its spirit or essential characteristics. The described
embodiments are to be considered in all respects only as
illustrative and not restrictive, and the scope of the
invention is commensurate with the appended claims rather

than the foregoing description}
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I CLAIM:

1. A computer interface comprising:

an input for receiving information from a first
computer environment;

first means for storing said received
information;

| means for checking a predetermined set of rules,

said rules for selectively logically translating the stored
information to information for use in a second computer
environment; and

an output for cémmunicating a signal
representative of the translated information.

2. The computer interface defined in Claim 1,
wherein the means for checking the predetermined set of
rules comprises a loop routine that tests each rule in a
predetermined sequence to ascertain if said rule should be
implemented.

3. The computer interface defined in Claim 2,
wherein the means for checking further comprises means for
retrieving from said means for storing information
associated with a first rule if said first rule is

determined to be implemented.

4. The computer interface defined in Claim 1,
wherein each rule comprises a subroutine of operations

necessary to translate said stored information.

5. The computer interface defined in Claim 1,
wherein said means for storing stores said received
information in a form representative of the manner said
received information appears on a display screen.
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6. The computer interface defined in Claim 1,
wherein said signal representative of the translated

information is communicated to a personal computer.

7. The computer interface defined in Claim 1,
wherein said 'signal representative of the translated
information is communicated to said second computer
environment. ' 7

8. The computer interface defined in Claim 1,
wherein said input is coupled to a mainframe computer.

© 9. The computer interface defined in Claim 1,
wherein said input is operative to receive information from
a mouse.

10. The computer interface defined in Claim 1,
wherein said input is operative to receive information from
an audio source.

11. The computer interface defined in claim 1,
wherein said input is coupled to a local area network.

12. The computer interface defined in Claim 1,
further comprising means for identifying a subset of rules
from the predetermined set of rules to be implemented in
response to said received information, wherein said means
for identifying tests predetermined areas of sensitivity
associated with said subset of rules.

13. The computer interface defined in Claim 12,
wherein said means for identifying a subset of rules
further comprises means for flagging rules determined to be
implemented from the pfedetermined sét of rules.

r
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14. The computer interface defined in Claim 13,
further comprising second means for storing a represen-
tation of the areas of sensitivity of said flagged rules.

15. The computer interface defined in Claim 14,
wherein a signal indicative of received information
associated with a first area of sensitivity is stored in
said second means for storing.

16. The computer interface defined in Claim 12,
further comprising counting means for identifying received
information associated with overlapping areas of
sensitivity.

17. A computer interface comprising:

an input for receiving information from a first
computer environment;

a memory for storing said received information;

a plurality of predetermined rules, said rules
for 1logically translating the stored information to
information for use in a second computer environment;

a loop routine for selectively testing said
plurality of rules to determine if any of said rules should
be implemented; and

an output for communicating a signal
representative of the translated information.

18. The computer interface defined in Claim 17,
wherein the 1loop routine further comprises means for
retrieving from said memory information associated with a
first rule if said first rule is determined to be imple-
mented.

19. The computer interface defined in Claim 17,
wherein each rule comprises a subroutine of operations

necessary to translate said stored information.
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20. The computer interface defined in Claim 17,
wherein said memory stores said received information in a
form representative of the manner said received information

appears on a display screen.

7 '21. The computer interface defined in Claim 17,
wherein said signal representative of the translated
information is communicated to said second computer
environment. 7

22. The computer interface defined in Claim 17,
further comprising means for identifying a subset of rules
from the plurality of rules to be implemented in response
to said received information, wherein said means for
identifying tests predetermined areas of sensitivity
associated with said subset of rules.

23. The computer interface defined in Claim 22,
wherein said means for identifying a subset of rules
further comprises means for flagging rules determined to be
implemented from the plurality,of rules.

- 24, The computer interface defined in Claim 23,
further comprising means for storing a representation of
the areas of sensitivity of said flagged rules.

25. The computer interface defined in Claim 24[

wherein a signal indicative of received information
associated with a first area of sensitivity is stored in

said means for storing.

26. The computer interface defined in Claim 25,
further comprising counting means for identifying received
information associated with overlapping areas of
sensitivity. '

1]
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