PCT WORLD INTELLECTUAL PROPERTY ORGANIZATION
. Internationai Bureau

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT)

(1) International Patent Classification 4 : (11) International Publication Number: WO 88/ 08564
GOGF 3/00, 5/00, 13/18 AL | 43) International Publication Date: 3 November 1988 (03.11.88)

(21) International Application Number.: PCT/US88/01166| (81) Designated States: AT, AT (European patent), AU, BB,
BE (European patent), BG, BJ (OAPI patent), BR,

(22) International Filing Date: 12 April 1988 (12.04.88) CF (OAPI patent), CG (OAPI patent), CH, CH (Eu-
ropean patent), CM (OAPI patent), DE, DE (Euro-
pean patent), DK, FI, FR (European patent), GA

(31) Priority Application Number: 041,533 (OAPI patent), GB, GB (European patent), HU, IT
(European patent), JP, KP, KR, LK, LU, LU (Euro-
(32) Priority Date: 23 April 1987 (23.04.87) pean patent), MC, MG, ML (OAPI patent), MR (OA-
PI patent), MW, NL, NL (European patent), NO,

(33) Priority Country: Us RO, SD, SE, SE (European patent), SN (OAFI pa-
) tent), SU, TD (OAPI patent), TG (OAPI patent).

(71) Applicant: COMMODORE-AMIGA, INC. [US/US}; 'S
1200 Wilson Drive, West Chester, PA 19380 (US). Published

, 4 With international search report.
(72) Inventors: PREISS, Dieter ; Okestr. 2A, D-3175 Lei-
ferde (DE). ULLMANN, Frank-Thomas ; Huttenstr.
9, D-3300 Braunschweig (DE).

(74) Agents: GARRETT, Arthur, S. et al.; Finnegan, Hen-
derson, Farabow, Garrett & Dunner, 1775 K Street,
N.W., Washingtqn, DC 20006 (US).

(54) Title: A METHOD OF COMMUNICATING DATA BETWEEN THE CPU OF A HOST COMPUTER SYSTEM
AND THE CPU OF A CO-PROCESSOR COMPUTER SYSTEM

|}

50~ VDED 10 '
AMIGA : :
MONTTOR e V- -5
e o o O
43— PRINTER v 8068 =54
- WTERFACE . : '
%7 » w0 3
.| AMIGA _ PG PERATING .
36— ORTHT & VORK i R
BENCH B EXTENSION B
U .
© £ AMGA AMiGA e\
APELICATON) /“ppica AMIGA : APPLICATION 5
SOFTWARE SOFTWARE
38 2 3
0 % > YT g
U ~ J 10
66
(57) Abstract

. A method of communicating data between the central processing unit (“CPU") (12) of a host computer system (66)
and the CPU (54) of a co-processor computer system (70) is provided for allowing noncompatible application software to
be used by the host computer system. The method includes using a dual port random access memory (76) shared between
the CPUs (12, 54) of the two computer systems for interprocessor communication. '




FOR THE PURPOSES OF INFORMATION ONLY

Codes used to identify States party to the PCT on the front pages of pamphilets publishing international appli-
cations under the PCT.

AT Austria FR  France ’ ML Mali

AU  Australia GA  Gabon . MR Moeuritania
BB Barbados GB  United Kingdom MW Malawi

BE Belgium HY  Hungary NL ° Netherands
BG Bulgaria IT  Italy NO Norway

BJ Benin JP  Japan RO Romahnia

BR Brazil EP Demacratic People’s Republic SD Sudan -

CF  Central African Republic of Korea : SE Sweden

CG Congo KR Republic of Korea SN Senegal

CH Switzedand L  Liechtenstein . SU Soviet Union
CM Cameroon ‘LK  Sri Lanka ’ TD Chad

DE Germany, Federal Republic of EU Luxembourg TG Togo

DK Denmark MC Monaco - US United States of America
FI  Finland MG Madagascar

h



T T —
| WO 88/08564 PCT/US88/01166

A METHOD OF COMMUNICATING DATA
BETWEEN THE CPU OF A HOST COMPUTER SYSTEM
AND THE CPU OF A CO-PROCESSOR COMPUTER SYSTEM

BACKGROUND OF THE INVENTION
Field of the Invention

The present invention relates, in general, to
microprocessor controlled video games and personal computers
and, more particularly, to the communication between the cen-
tral processing unit ("CPU") of a host computer system and that
of a co-processor computer system to provide appllcatlon
software compatibility.

Description of Related Art
A large number of personal computers are available on

the market today. Typically, each of the personal computers is
restricted in its operation to application software de31gned
specifically for the particular computer system. Also typi-
cally, the library of available application software for one
particular computer system does not contain all of the programs
found in the libraries of application software of other com-
puter systems. When application software is not available for
a specific computer system, it would be most benéficial to be
able to utilize the different but noncompatible application of
another computer system. ' '
Furthermore, a specific computer system may have's£;
perlative processing speed, enhanced graphics, enhancaed sound,
and/or other high performance capabilities not available in the
computer system which enjoys a large or different library of
application software. In this situation, it would be useful if
the noncompatible application software could be used within the
computer system having the high performance capabilities so
that the better processing enhancements provided by the high
performance capabilities could be used with the noncompatible

-

software.
A specific example is illustrated by the Amiga com-

puter system design, manufactured, and marketed by Commodore
Business Machines, Inc. of West Chester, Pennsylvania. The
Amiga system is a low-cost, high performance computer with
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advanced graphics.feaﬁures, sound features, and high speed per-
formance. However, the Amiga system is not IBM-PC/XT ("PC")
compatible and, thus, cannot use the library of PC application
software which is readily available on the market.

As will become evident below, the disclosure focuses
‘on the Amiga computer and a method of making it PC compatible.

The invention disclosed -and claimed, however, is not limited to,

an Amiga/PC environment. That environment is merely presented

as a specific, preferred one for purposes of explanation.

The Amiga personal computer has a low-cost, high per- .

formance graphics and sound system for state of the art video
game and personal computer apblications. The-system includes
three custom integiated_circuits controlled by a Motorola 68000
‘_16-32/rbit microprocessdor as the CPU. These custom chips, des-
ignated Agnus, Dénise, and Paula, provide extraordinary color
graphics on a- standard TV or on a color video minotor with
arcade quality resolution and depth to display video games,
cartoons, low _resolution photographs and up to 80 characters of
text on the screen. Additionally, the sound circuits can '

duplicate complex wave forms on each of four channels, matching’

commercial synthesizers in quality. Furthermore, the Amiga
computer system has multitasking capability, that is, it can
perform more than one program at a time and is interrupt
driven. ’

- A detailed description 6f the hardware and operation
of the Amiga computer system is found in Ehé'fbllowing co-
pending application-Which are hereby incorporated by reference:

1. "Video Game and Personal Computer”, Serial
No. 756,910, filed July 19, 1985; .
2. "Display Generator Circuitry for Personal Com-

‘puter System®, Serial No. 886,796, filed July 18, 1986;

3. “beripheral Control Circuit for Personal Com-
puter", Serial No. 886,614, filed July 18, 1986; and
4. "Data Input Circuit With Digital'Phase Locked

Loop”, Serial No. 886,615, filed July 18, 1986.
Presently, the Amiga computer system is available as
the Amiga 1000 computer and the Amiga 2000 computer. . For the

purposes of this disclosure, the differences between the two
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Amiga computer systems are.not relevant, and reference will be
made to the Amiga 2000 computer system for simplicity. The
hardware of an Amiga 2000 is shown in block diagrammatic form
in Fig. 1. Fig. 2 shows in simplified block diagrammatic form
the similarities and differences between the hardware of the
Amiga 1000 computer system designated element 8 and the

Amiga 2000 computer system designated element 10, with respect
to data traffic. Specifically illustrated in Fig. 1 is the
Amiga computer system's hardware and buses, collectively desig-
nated as element 10. The hardware includes the Motorola 68000
CPU 12, the three custom chips (that is, Angus 14, Denise 16,
and Paula 18), and the 100 pin expansion Amiga bus slots 20.
Also shown are thé ports for the peripherals of computer
system 10 such as keyboard port 22, parallel port 24, serial
port 26, and video port 28. Additionally, an 86 pin local
expansion CPU bus slot 30 and associated data, address, and
control buses are illustrated.

The entire interrupt driven Amiga;computgr system 34
with its software is shown diagrammatically in Fig. 3. The
software includes the Kickstart and Workbench operation
system 36 and various available Amiga application software
packages 38, 40, 42, 44 to run on the multi-tasking system 34.
Also shown are keyboard 46, printer 48 and video monitor 50
connected to the appropriate ports 22, 24, and 28. \

Diagrammatically presented in Fig. 4 is a PC compati;
ble computer system 52 including PC hardware 53 with an
Intel 8088 CPU 54, PC operating system 56 (that is, BIOS'and
MS-DOS), and a selected PC application’software.package 58,
such as IBM's "Flight Simulator"” program. Since the PC system
itself is not multi-tasking, only one application program can
be run on that system at one time. Like the Amiga system, the
PC system is interrupt driven.  Also shown are varioﬁs periph-
erals for PC compatible system 52 such as keyboard 60,
printer 62, and video monitor 64.

A review of the information provided in the co-
pending applications and the figures discussed above provides a
person of ordinary skill in the art with sufficient information

‘on the Amiga computer system to understand the structure and
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oéeration of the system. Therefore, familiarity with that
detailed information will be presumed for the purposes of the
present discussion and&, thus, will not be reiterated here.
Likewise, familiarity with the hardware and operation of a PC
computer system is presumed. ‘ '

While the Amiga computer system has high performance
capabilities, including superlative graphics and high pro-
cessing speeds, it cannot, standing albne, run PC application
software. By extending the Amiga computer system to be compat-
ible with .PC application software, not only can additional pro-
grams be run on the Amiga computer sytsem, but also the high
per formance procegsing capability of the Amiga computer system
can enhance the PC application software.

" PFrom the above discussion, it is apparent that there
is a great need for a method for allowing application software
from a normally noncompatible computer system to be run in a
host computer system.. _

It is, thus, an object  6f the invention to provide a
method for allowing normally noncompatible application software
to be utilized by a host computer system.

Another object of the invention is to provide a meth-
od for high speed communication of data between the central CPU
of a host computer system and the CPU of a co-pfocessor com-
'puter system which processes application software which is not
compatible with the host computer system. '

Still another object of the invention is to provide a
method for providing data communication between a host computer
system and a_co—proéessor computer system in such a manner that
the communication p#ocess is transparent to the host computer
syétem user and to the co-processor computer system.

_ Still another object of the invention is to provide a
method of creating a PC environment in a co-processor computer
system to run PC application software for use in a host com-
puter system which is normally not BC compatible.

Other objects and features of the invention will fur-
ther become apparent with reference to the accoméanying draw-
ings and the detailed description of the invention or may be

learned by praétice of the invention.
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SUMMARY OF THE INVENTION
To achieve the foregoing objects and in accordance

with the purpose of the invention, as embodied and broadly
described herein, a method of communicating data between the
central processing unit (CPU) of a host compiter system and the
CPU of a co-processor computer system, the method using a dual
port memory connected to the data and address buses of the
CPUs, is provided. The method includes requesting in one of
the two computer system one of a plurality of functions to be
per formed; generating, using the requesting computer system,
parameter data representing the requested function; trans-
ferring, using the requesting computef system, the parameter
data to the dual port memory; storing the parameter data in the
dual port memory, issuing, using the requesting computer sys-
tem, an interrupt to the other one of the two computer systems,
the interrupt indicating to the oiher one of the two computer
systems the type of function requested, the parameter data in
the dual port memory based on the interrupt received to perform
the requested function. . ) 4
The method also includes the steps of issuing to the
requesting computer system at the completion of the requested
function, using the other one of the two computer systems, an
acknowledgement of the completed requested function and erasing
the stored data from the dual port memory using the other one

of the two computer systems.
The method further includes the step of processing

requests for access to the dual port memory made by the CPUs
one at a time on a first-come, first-serve basis. Addition-
ally, the method includes the step of translating the transfer
data issued by one of the two computer systems into a data
. format usuable by the other of the two computer systems before
the transfer data is stored’ in the dual port memory.
BRIEF DESCRIPTION OF THE DRAWINGS

The agcompanying drawings, which are incorporated in

and constitute a part of the specification, illustrate the
method of the invention, and, together with the description,

serve to explain the principals of the invention.
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Of the draw1ngs.

Fig. 1 1s a block dlagram of the hardware of the
Amiga 2000 computer;

Fig. 2 is a block diagram lllustratlng the differ-
ences and 51m11ar1t1es ‘between the data traffic in the hardware
of -the Amiga 1000 and Amiga 2000 ‘computers;

" Fig. 3 is a system dlagram of the Amiga 2000 computer
including its software:

Fig. 4 is a system diagram of a PC compatible com-
puter including software:

Fig. 5 is a system diagram helpful in explalnlng the
method of the invention;

Fig. 6.is another system diagram helpful in
explaining the method of the lpventlon;

Fig. 7 is the block diagram of Fig. 2 showing the PC
compatibility system in place;

Fig. 8 is a diagram show1ng the various portions of a'

" dual port RAM used in a preferred embodiment of the invention:;
and ° B . .

Fig. 9 is a block diagram of the details of the
interface hardware shown in Fig. 5.

Reference will now be made in detail to the present
preferred method of the invention. . 4

DESCRIPTION OF THE PREFERRED METHOD
Referring again to the drawings, wherein like refer-
'enged characters designate like or corresponding parts -

thr0ughout'the several drawings, there is shown in Fig. 5 an
overview of the sytem for enhancing a host computer system to
allow the host system to be compatible with PC application
software. In the preferred systém illustrated in Fig.. 5, the
- host computer system 66 includes the basic Amiga computer sys;
tem illustrated in Fig. 3, that is system 34. The enhancement
includes Amiga operating systém extension 68, co-processor com-
puter system 70, and interfacé hardware 72 which provides
' interprocessor communication between CPU 12 of the host system
(Motorola 68000) and CPU 54 of the co-processor system
(Intel 8088).
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Co-processor computer system 70 in Fig. 5 includes
hardware and software necessary to create a PC environment and
also includes PC application software to run in that environ-
ment. Specifically, co-processor computer system 70 is a PC-
type interrupt driven computer system with an 8088 CPU 54, RAM,
ROM, and support chips less peripherals and includes a PC oper-
ating system extension 74 discussed below. Monochrome and
color graphics adapters are also included in the co-processor
computer system. The remainder of the co-processor system is
emulated on the host system side of the interface hardware.
Specifically, to run a PC application program, the Amiga system
reconfigures the data being generated by input on keyboard 46
to appear as PC keyboardfdata for use by the PC system. The
Amiga system also emulates a PC printer port on its own paral-
lel port so that the PC system can use printer 48, and displays
the PC video output in both monochrome and color on video
monitor 50. )

To facilitate PC application software compatibility
in host computer system 66, interface hardware 72 is used
between the host computer system and the co-processor computer
system. The operating system extensions 68 and 74 manage and
use interface hardware 72 to allow rapid interprocesor communi-
cation between CPU 12 of the host computer system 66'and CPU - 54
of co-processor computer system 70. The main component of
interface hardware 72 is'a dual port random access memory 76
(DPRAM) connected to the dgta and address buses of the two
CPUs 12, 54. This memory is shared by both CPUs to accomplish
communication between the CPUs. Other memories, of course,
could be used as long as access can be made from more than one
port. Such a memory, for the purposes of this disclosure, is
called a dqual port memory. With the two operating system
extensions 68, 74, interface hardware 72 is controlled to make
the hardwafe appear transparent to the user of host computer
.system 66 and also transparent from the co-processor computer
system side of the interface hardware.

In opération, the entire system appears from the two

. CPUs as & single co-processing system illustrated in Fig. 6.

In this system, a task requested in either of the computer
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-systems 66, 70 can, of course, comﬁunicate directly with its
respeCtive operating systems 36, 56. Additionally, however,
any task requested in one operating system can communicate to
the operating- system of the other computer system and request
that the processing system perform the requested task. For
ekaﬁple; if a specific task is requested in the host computer's
operating system 36 requesting that PC operating system 56 exe-
cute a specific function, the operating system can communicate
with interface hardware 72 via operating system extension 68
and set up paremeter data in a specified are of the DPRAM of
the interface hardware to perform the fequested function.
Operating system 36 causes an'interrupt to be transmitted to
co-processor system 70 which interrupt indicates to the co-
processor system the type of function requested. The interrupt
driven co-proé¢essor computer system accepte the function re-
quest and performs the necessary program based on the interrupt
received to execute the function, including accessing the
parameter data in the DPRAM which is included in the interface
hardware 72. Upon the compleﬁion of the execution, co-
proceesor computer system 70 returns an acknowledgment through
its operating system extension 74 and interface hardware 72 to
provide an 1nterrupt to operatlng system 36. This .acknowl-
edgement notifies operating system 36 that the requested func-
tion has been completed. Slmllarly, from the co-processor com-
puter system side, a PC application program can run, for
example, output data to be displayed on a video monitor. As
dlscussed later, that data is then placed into the approprlate
DPRAM location, particularly into the video RAM portion fo the
DPRAM. That_actlon of the co-processor system causes an inter-
rupt to issue to the host computer system 66 which recognizes
it'as a video memory interrupt. 1In accordance with the 1ssued
1nterrupt the host system then accesses the appropriate loca-
tion in DPRAM 76 and processes the video memory into the host
computer system's video monitor 50.

The interface between host computer system 66 and co-
processor computer. system 70 provided by interface hardware 72
is interrupt driven. All functions in the computer systems are

requested by interrupts. Hardware in interface hardware 72
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automatically issues hardware interrupts to host CPU 12 or co-
processor computer’ system 70 or host computer system 66, re-
spectively. Furthermore, software applications can define new
classes of events which allow either of the computer systems to
use the facilities of the other} théreby creating an extended

multiprocessor environment. -
When data is to be exchanged between the two computer

systeﬁé,'ié is transmitted via DPRAM 76. By using interrupts
and a "lock byte" system discussed below to managa communica-
tions, both computer systems can operate completely independent
of each other without degradation of performance. .

In the preferred embodiment, predefined events occur-
ring in co-processor computer system 70 which generate hardware
interrupts to be acted upon by the host computer system can in-
clude requests by the co-processor computer system to access
the color video memory of DPRAM 76, access the mono-chrome
video portion of the DPRAM, access the mono CRT register,
accessor the color CRT register, access the line printer regis-
ter, access the serial data register, and read the keyboard
register. Predefined events from the host computer system
which force interrupts on the co-processor computer system, in
the preferred embodiment, can include accessing the keyboard
register, accessing the serial data register, and éccessing the
line printer register.

Conce;'ning custom software defined interrupt events,
they can be added to allow the programs on both sides of inter-
face hardware 72 to communicate in any way desired. This could.
include, for example, code execution by one of the CPU's,

_including full access to all system functions of each operating
system. The CPU of the co-processor computer system could, for
example, create a task in the host computer system's multi-
tasking environment and then instruct the task té execute host
computer system library calls. The host computer system, in
turn, can request software interrupts on the co-processor com-
puter system. p

i If the reason for an interrupt is not one of the
predefined events discussed above, the computer system which is

being called on to take action by the other computer system
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must be informed with information on the appropriate function
fo undertake. These non-predefiﬁed events or logical events
require the use of parameter blocks as discussed below.

- It should be notea-that in the above described opera-
tions, all function interrupts come in pairs, that is an ini-
tial interrupt when a function is requested by one of the CPUs
and an acknowledgment interrupt ffom the -other when the request
has been satisfied. Thus, each CPU can issue a function re-
quest and then continue with other processing until the re-
quested function is acknowledged. This allows completely
asynchronods operation of both systems. -

Interprocessor communication between CPU 12 of host
computer system 66 .and CPU 54 of co-processor computer
system 70 is facilitated by the DPRAM connected to the CPU
‘buses of the'CPUs in both the host and the co-processor com-
puter sfstems. The positioning of the DPRAM with respect to
the host computer system and the co-processor system is shown
in Fig. 7. Fig. 7 is identical to Fig. 2 with the exception
thaﬁlphe DPRAM 76 énd co-processor system-70 are connected into
host computer system 66 as PC compatibility system 78. Spec-if6
ically, DPRAM 76 is connected to both the Amiga bus and the CPU
bus of the co-processor'system. (Not all of the hardware of
co-processor system 70 is illustrated in Fig. 7.) '
In Fig. 8, details of DPRAM 76 are shown along with
its association of the host and co-processor computer systems
_and their CPU buses. As shown in Fig. 8, the Amiga bus in~
cludes 68000 address bus 80 and 68000 data bus 82, and the co-
processor bus includes the 8088 address bus 84 and 8088 data
bus 86. DPRAM 76, in the preferred embodiment, is a 128K byte
memory into which data is transferred from one of the computer
-systems,fbr use by the other of the computer systems.
" As also shown in Fig. 8, different portions of the
DPRAM are reserved-fcr specific uses. General purpose RAM
area 88 is a 64K byte area used as a general purpose buffer;
color video RAM 90 is a §2K byte area used for PC color video
memory; and monochrome wvideo RAM 92 is an 8K byte area for PC .
monochrome’ video memory. '

 SUBSTITWIE SHEET
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In DPRAM 76, a 16K byte area is designated as a
parameter RAM 94. Parameter RAM 94 provides two functions.
First, both the host computer 66 and the co-processor
computer 70 use one byte of parameter RAM 94 to assist the two
systems in successfully sharing the DPRAM. Specifically, the
byte is a "lock byte" used by either of the computer systems to
signal that a new portion of general purpose RAM 88 is being
alocated or freed. A check of this lock byte by one of the
computer systems indicates whether the other of the computer

| systems is allocating data to a portion of the memory or is
freeing a portion of the memory. If that is the case, the com-
puter attempting to allocate or free a portion of the memory
will wait until the other system is completed in its allocating
or freeing and has so indicated that completion by configuring
the lock byte to the "unused" status.

The second function of parameter RAM 94 is to hold
blocks of parameters set by one computer which the other com-
puter reads. For example, when host computer system 66 desires.
an action which is not one of the preferred events discussed '
above which automatically generates the appropriate hardware
interrupt, for example, the transfer of a block of data to co-
processor system 70, the transferring data is read into. and-
held by general purpose RAM 88 of DPRAM 76 until. that data is
read out of that address by co-processor system 70. Parameter
RAM 94 holds information necessary to pérform the transfer, fof
example, the length and location of the data to be transferred
and the desired destination of that data in the co-processor
system, which information has been set by the computer re-
questing the transfer, in this instance, host computer 66.

Also included in DPRAM 76 is a final 8K byte area
designated the I/O page RAM 96. It is used to perform various
‘services such as mapping certain address ranges on the host
computer system side of the interface hardware. On the co-
processor system side of the hardware the I/O page RAM area
contains a standard set of I/0 register locations for the co-
processor system that are used to control the serial and paral-

lel ports and the PC monochrome and color CRT controller.
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In the preferred system described herein concernlng
an Amiga computer system as host, computer system 66 and the co-
processor system 70 which creates a PC.environment for runing
PC.application software, two support chips are provided to
assist in the 1nterprocessor communlcatlon achieved through the
sharing of DPRAM 76. The details of those chips in interface
hardware 72 are shown in Fig. 9. The two chips, called data
"bus translator ("DBT") 98 and address bus translator ("aBT")
100, are shown in block dlagrammatlc form connected to the CPU
buses and control buses of both host computer system 66 and PC
compatlble co~processor computer system 70.

_ DBT 98 functions as a data bus transceiver for 68000
data bus 82 and for the 8088 data. bus 86 to interface those
data buses with DPRAM 76. More specifically, DBT 98 contains
data translator 102 which functions to interface the 68000
CPU 12 of the host computer system to -the DPRAM. Specifically,
data translator 102 prov1des three transfer mechanisms. First,
a word. transfer operation is prov1ded to realign bytes in.
accordance with individual processor requirements of the host
and co-processor systems. Host CPU 12 stores the most signifi-
cant byte at the low-order address while co-processor CPU 54
stores the most signficant byte at the high-order address.

Data translator 102 provides this word transfer mechanlsm to

To=

- make realignment" automatic whenever data is written across
interface hardware 72. Thus, this reallgnment places data in
one of the computer systems into a format usable by the other
system. _

Second ‘data translator 102 provides byte transfer
operations which transfer data stralght across the interface
hardware w1thout the byte swap which occurs in the word trans- .
fer operation described above. Third, data translator 102 also
‘provides a graphics transfer mechanism which is used to sepa-
rate PC graphlcs data into discrete bit planes required by the_~
host computer system. The graphics transfer mechanism substan-
tially reduces the amount of software overhead necessary to
display PC graphics on video monitor 50. A specific example of
the graphics transfer mechanism is illustrated and discused in
an article titled "The Commodore A2000" found at pages 84-98 of
the March 1987 issue of BYTE magazine.

- . SUBSTITUTE SHEET .
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Transceiver 104 of DBT 98 functions as a high-speed
data-transceiver. It is used to steer bidirectional data
transfers from the 8-bit 8088 data bus 86 to the 16-bit DPRAM
interface data bus 106. Auto config 108 of DBT 98 provides an
autoconfiguration protocol which is used to insure that periph-
eral boards are installed into the system at boot-up. Auto
config 108 automatically configures the co;proceSSOr system 70
into the host computer system 66 memory map during system boot.
Finally, control 110 of DBT 98 functions to provide control
signals for driving the various functions performed in DBT 98.
control 110 contains the base address comparator, address.
decoders, and other circuits which support the interfaée hard-

ware operation.
The second chip in interface hardware 72 is ABT 100.

It provides PC address translation, DPRAM arbitration, inter-
rupt'control~logic, and keyboard emulation. COncefning address
trahslation. ABT 100 translates co-processor system memory and
I/0 addresses into appropriate locations in the memory map of
DPRAM 76 shown in Fig. 8. Any I/0 request recognized by the
ABT 100 as being I/0 device emulated by the host computer
system 66 triggers the translation function. For example, if
host computer system 66 on the parallel port emulation and co-
processor éystem 70 attempts to write to the prinﬁer data port,
ABT 100 will generate the address for the printer data port's
location in DPRAM 76. ABT 100 also maps various CO=-processor
system memory requests into DPRAM 76, for example, video memory
accesses to monochrome video RAM 92 or color -video RAM 90 of
the DPRAM show in Fig. 8. .

Concerning the DPRAM arbitration, ABT 100 arbitrates
access requests to DPRAM 76 between host computer system 66 and
co-processor system 70. The two computer systems utilize inde-
pendently generated clocks, thus requiriné DPRAM requests to be
synchronized to prevent conflict. Normally, the requests are
serviced on a first-come, first-serve basis as discussed above.
ABT 100 also provides DPRAM timing signals and DPRAM refresh

. signals as necessary.

With respect to the interrupt control logical func-

tion of ABT 100, when either one of the computer systems places
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information in DPRAM 76 as a predefined event, ABT 100 gener-
ates an interrupt to the other one of the computer systems as

necessary. In the printer port example described above, an in-

terrupt to host computer system 66 w111 occur to inform that
system, by its reading of a register in ABT 100, that the
printer data has been updated so that the host computer
system 66 will take approprlate action on that data.

The last function of ABT 100 concerns keyboard emula-
tion.. Since the system described here uses keyboard 46 of the
_host system fo;_data input to the co-processor system 70, the
keyboard input from keyboard 46 must be translated into a key-
board equivalent for loading DPRAM 76 so that co-processor
system 70 can utilize the .information. Thus, another function
of ABT 100 is to serialize the keyboard data received from host
computer system 66 fof use in co-processor system 70. Specifi-
cally, the Amiga host system loads an ABT register with a byte
of keyboard data from keyboard 46. Thus, the ABT encodes the
data eerially for use by the co-processor system.

PC compatibility system 78 has been described in
association with Fig.'9 for the host computer system 34. The
system is connected to the CPU bus of the host computer system
and allows true PC displays to be intermixed with all the dis-
plays available on the host computer system itself. .The.PC
video»information can be displayed in standard windows of the
multi-tasking host computer system. Additionally, all PC v1deo
modes are supported, that is monochrome and color text and
color graphics, which can be displayed simultaneously in dif-
ferent windowe on host video monitor 50. . 4

In the system described above, the video portion of
the co-processor spstem memory is mapped directly into mono-
chrome video RAM 92 or color video RAM 90 of DPRAM 76. That
writing is a predetermined event and is performed by the co-
processor system BIOS screen I/0 routines. Thus; the co-~
processor system action causes the transmissiod of a hardware
generated 1nterrupt signal to the host computer system which
informs. that computer system that there has been activity in
the video memory portion, that is, portion 90 or 92 of
DPRAM 76['andAthe host system acts accordingly on that data. -
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Since this mapping is transparent to co-processor system 70, ,
the video display is-completely compatible both to applications
that use the ROM BIOS in the co-processor system and to appli-
cations that word directly with the with the video memory in

" that system. Meanwhile, software running on the host system 66
can use the video data mapped directly into DPRAM 76 to create
windows on Amiga video monitor 50 that emulate faithfully video
generated in co-processor system 70. By using two different
portions of the DPRAM for video memory, that is monochrome
"video RAM 92 and color video RAM 90f both monochrome and color
graphics can be emulated at the same time and shown on the
video monitor. 3

In addition to the video displaylenhancement provided
by the system, due to the interface hardware and supporting
software, the host system's keyboard 46 and serial and parallel
ports 24; 26 can be used by the PC co-processor system as dis-
cussed above. .

To further assist in explaining the method of the
presen£ invention, two specific examples of typical communica-
tions between the CPUs of the host and co-processor systems are
provided. They are given only for exposition and are not to be
taken as limiting the claimed invention.

In a first example, the method of communicating a
monochrome or color video display from co-processor system 70
to video monitof 50 on the Amiga host sysﬁem‘66 is discussed.
In this example, a PC "Flight Simulator" prégram is running on
the co-processor system which is to be displayed in the video
monitor on the host system. When the "Flight Simulator" pro-
gram outputs data to be read on a video monitor, the co-
processor system using its BIOS screen I/0 réutines as dis-
cussed above writes the information into the monochrome video
memory 92 or into color Qidep memory 90 of DPRAM 76 as deter-
mined by the specific output data.

The computer'system requesting the operation, that is
co-processor system 70, has therefore requested a function to
be performed and has transferred the data to the DPRAM. Since
the function desired by the requesting ‘computer is one of the

predefined events a hardware interrupt issues to the other one
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of the two computér systenms, that is, host computer-sy$tem 66
in this example. The interrupt indicates to the host computer
system the type of function requested, that is, a video memory .
request. At that time ﬁhe hoét'computer system acting on the
- informative interrupt accesses the data in the appropriate
video RAM portion of DPRAM 76 and acts on the data contained
therein. For example, the host system updates the PC video °
display shown on host computer system video monitor 50.° The _
host system, upon completion of the requested function, informs
" the reqﬁesting computer system (in this instance, co-processor
system 70) by way of acknowledgment that the requested function
has been completed. That acknowledgment initates the erasing
of the data temporarily stored on the DPRAM.

w

An example of the interprocessor communication using

. parameter RAM -94 of DPRAM 76 is as follows. In this example,

 the reduesting computer system is the host computer system )
which wishes to write a block of data into the specific pbrtion-
of the memory in co-processor system 70. Also in this in-

. stance, the specific function is a "peek/poke" memory function.
When theApéek/poke function is requested in host computer
system 66, the host computer system generates data representing
the requested function and, in this instance, ‘would request. ' . .
allocation of memory in parameﬁer RAM 94 and in general purpose.
RAM 88 of DPRAM 76. Then, the host system provides the data on
how the function is to be performed to DPRAM 76. - Specifically,
the data would includé the address in the co-processor system
t0 be writfen, how many bytes.of'data are to be transferred,
and where in the general purpose RAM the actual data is stored.
The actuéi data is then transferred from the host system into
the desighated portion of general purpose RAM 88. That data is
temporarily stored in the DPRAM.

At this time, the host system calls the peek/poke
ﬁemory fﬁﬁcéiqn and issues an interrupt to the interrupt driven
CO-processor system 70. When the interrupt is received by the
co—pfocessof system, that system will be informed that the host

' system desires the transfer of data .to the co-processor system;
and, therefore, the co-processor system takes action to examine
- parameter RAM 94 for data on the specific'function requested.
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Using that data, the co-processor system locates in and trans-
fers the data from general purpose RAM 88 to the designated
final location within the co-processor system. After that data
has been transferred, the co-processor generates and transfers

" an acknowledgment of completion to the host system. At that
time, the memory in DPRAM 76 allocated for the specific func-
tion is cleared so that the memory will be available for other
tasks.

In the above described system, a method is provided
to allow the high performance host computer system to utilize
PC application software as desired. Thus, the user of the host
system can enjoy the available library of PC application pro-
grams which otherwise would be unavailable. PFurthermore, the
user can process the PC programs in a multi-tasking environment
using enhanced graphics made capable by the host system.

It will become apparent to those skilled in the art

. that various modifications and variations can be made-in the
method of communicating data between the CPU of the host com-
puter system and the CPU of a cé—processor computer system of -
the present invention without departing from the scope or
spirit of the invention. Thus, it is intended that the present
invention covers the quifications and variations of this

invention provided they come within the scope of the intended

claims and their equivalence.
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WHAT IS CLAIMED IS
1. A method of communicating data between the cen-

tral processing unit (CPU) of a host computer system and the
CPU of a co-processor computer system, the method using a dual
port memory connected to the data and address buses of the CPUs
and comprlslng the steps of: _

requesting in one of the two computer systems
one of a plurallty'of functions to be performed;

generating, using the requesting computer sys-—-
tem, parameter data representing the requested function;

transferring, using the requesting computer sys-

tem, the parameter data to the dual port memory:

storlng the parameter data in the dual port mem-
 ory: , , _

issuing, using the requesting computer system,
an interrupt to the other one of the two computer systems, the
icterrupt indicating to the other one of the two computer sys-
tems the type of function requested; and

' accessiqg, using the other one of the two com-
puter systems, the parameter data in the duainport memory based
on the interrupt received to perform the requested function.
2. The method of claim 1 further comprising the
steps of: . »

-issuing to the requesting!computer system at the
compietion of the requested function, using the other one of
the two computer systems, an acknowledgment of the completed
requested function and

erasing the stored data from the dual port memo-.

. Ty, u51ng the other one of the two computer systems.
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3. The method of claim 1 wherein the step of trans-
ferring the parameter data to the dual port memory further in-
cludes the step of:

transferring into the dual port memory using the
requesting computer system, transfer data desired to be trans-
ferred from the requesting computer system to the other one of
the computer systems; and

the step of accessing the parameter data in the
dual port memory further includes the steps of

accessing in the dual port memory the transfer
data and

acting upon the transfer data in accordance with
the requested function using the other one of the-computer sys-
tems. '

4. The method of claim 1 further including the step
of processing requests for access to the dual port memory made
by the CPUs one at a time on a first-come, first-serve basis.

i 5. The method of .claim 3 further including the step
of translating the transfer data issued by one of the two com-
puter systems into a data format usable by the other of the two
computer systems into a data format usable by the other of the

two computer systems before the transfer data is stored in the

dual port memory.
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6. A method of communicating data between the cen-

tral processing unit (CPU) of a host computer sysﬁem and the
CPU of a co-processor computer system, the method using a dual

~

port memory connected to ,the data and address buses of the CPUs
and comprising the steps of:
requestlng in one of the two computer systems
one of a plurallty of predefined functions to be perfbrmed-
generating, using the requesting computer sys—
tenm, data representing the requested function:;
transferring, using the requestlng computer - sys-
tem, the data to the dual port memory;
' storing the data in the dual port memory;
issuing, using the requesting computéf-system,
an interrupt to the other one of the two computer systems, the
interrupt indieating to the other one of the two computer sys-
tems the type of function requested; and
. accessing, using the other one of the two com-
puter systems,. the data in the dual port memory based on the
interrupt received to perfbrm the requested function.
' 7. The method of claim 6 further comprising the
steps:

) 1ssu1ng to the requesting computer system at the
completlon of the requested function, u51ng the other one of -
the two computer systems, an acknowledgment of the completed
requested function aﬁd.erESing the stored data from- the dual
port memory, using the other one of the two eomputer eYstems.

8. The method of claim 1 further including the step:
of processing requests for access to the dual port memery made -
by the CPUs one at a time on a first-come, first-serve basis.

9. The method of clalm 6 including the step of
’ translatlng the data issued by one of the two computer systems
into the data format usable by the other of the two computer >
systehs before the data is temporaril? stored in the dual port
memory. . _ o . : -
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